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Foreword

JavaFX was born amid a particularly interesting confluence of upheavals in the technology 
industry and the way commerce was conducted in the developed world.

At the turn of the twenty-first century, companies were looking for ways to do business 
directly with their customers. Whether they had goods to sell, information to impart, or enter-
tainment to offer, the immediacy and low overhead of the Internet compared with traditional 
in-person interactions were changing how business was done. Even the most traditional com-
panies were seeking more compelling ways to conduct business with their customers through 
the devices they owned. And new businesses for search and retailing that relied on the Internet 
as the sole mode of interaction with their customers were gathering momentum.

During the same period, the number and variety of devices that connected to the 
Internet„cell phones, TV set-top boxes, or desktop computers„were rapidly increasing. 
Those devices were becoming more capable of processing information from the Internet 
in faster and increasingly sophisticated ways. Organizations of all kinds were given the 
potential to be mere inches from people•s eyes. As early as the 1930s, the television set had 
been described by those in the nascent advertising industry as a •selling machine.Ž By the 
1990s selling machines were to be found not only in people•s living rooms (where they had 
evolved interactive features), but in their offices, in their children•s bedrooms, and in their 
pocket. The virtual doors of the retail world were being flung open. It was becoming less a 
matter of how to get people into your store, and more a matter of how to get a toehold on all 
their devices. The more intuitive, entertaining, and enriching the interaction those custom-
ers had through their various devices, the more likely that the business would be brisk.

The Internet had brought sweeping changes to how many user interfaces were 
designed. The tide had turned from the traditional rich-client GUIs. Web sites brought a 
new energy and simplicity to the limited palette of components supported in markup lan-
guages and its constrained interaction model. Thanks to the central update model of web 
applications, these applications employed a new and evolutionary development style. A web 
site could change its branding or functionality week to week, even day to day. This brought a 
radically less formal approach to presenting and gathering information to end users through 
the large new commerce web sites. These websites created venues for purchasing books, 
bidding on secondhand memorabilia, and searching for lost schoolmates, just to name a 
few. But in many ways, while the development process for the Web was lightweight and 
experimental, user interfaces still were constrained to a visual idiom that could be as boring 
as filling out the paper forms of yesteryear.
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Ever searching for more compelling interactions via the Internet, a new wave of artis-
tically savvy designers were starting to develop user interfaces that were fluid, playful, 
expressive, and entertaining. These designers often did not have the formal computer sci-
ence background of a Lisp, C++, or even Java programmer, but they promised to enrich the 
experiences of people like you and me. We were starting to use their applications to interact 
online with one another and with the companies to whom we had given our most personal 
information. Activities like downloading music, playing games, sharing photos of embar-
rassing childhood experiences with friends, and even sharing viral videos of solitary music 
lipsyncers were replacing much of the time people had spent in front of the humble televi-
sion: the original selling machine. And so a new generation of technologies such as Ajax and 
Adobe•s Flex began to emerge to support the quest to create more of these rich applications. 
The Rich Internet Application (RIA) was born.

Java technology had established itself since its release in 1995 as one of the key lan-
guages and application development platforms in the computing industry. It had editions 
that spanned smart cards (JavaCard), cell phones and TV set-top boxes (Java Mobile Edition), 
PCs (Java Standard Edition), and the multinode distributed application servers that run some 
of the world•s biggest and most complex web sites (Java Enterprise Edition). Yet despite Java 
technology•s early fame as the intelligence that enriched the dull, static web pages of 1995, and 
despite having the most robust and scalable runtime architecture in the industry, Java was not 
being chosen to create RIAs by the newest generation of designers and developers.

My own involvement in the birth of JavaFX began when I led a series of internal meetings 
code-named Client.Next in early 2007 across the Java SE and Java ME engineering groups in 
order to define our technical direction for the next few years. We knew that we needed a much 
simpler way to attract the RIA developer-designer to the Java platform. We were aware that we 
had to make it easier for designers and developers to reach a variety of devices. In addition, we 
needed ways to create a new generation of media-rich, expressive user interfaces. It was obvi-
ous that we couldn•t continue making incremental steps in each of the separate editions of 
Java. We knew where we wanted to go, but we didn•t yet know how we would get there.

Meanwhile an engineer who had joined Sun as part of its storage product group was 
quietly working on a side project called F3. F3 was a new language for the Java runtime that 
was born out of this engineer•s own frustration in trying to create rich web-based interfaces 
with Java and Swing. The engineer, Chris Oliver, was sure that F3 was a kite that could fly high 
but could not find the wind to lift it. So he built demos and blogged. His demos were impres-
sive to see, but it was the simplicity of the code behind them was the clincher. The language 
was declarative and compact, meaning that looking at the code told you what the application 
would do when you ran it, not waste time telling you how it would do it.

It was clear when F3 met Client.Next that the seed of JavaFX had already germinated. At 
the annual JavaOne developer conference in 2007, we announced we were working on a new 
cross-device RIA environment built on Java called JavaFX. Inside Sun, we had begun the engi-
neering work turning the F3 prototype language into what is now JavaFX Script, designing and 
building the first JavaFX APIs, and reshaping the underlying Java runtimes in anticipation of 
the first release.

And so JavaFX was released, after much hard work, in late 2008.
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The central concepts of JavaFX are the JavaFX Script language and its scene graph. JavaFX 
Script is a declarative language with a Java-like syntax that is appealing to developers and 
designers with no more than a background in a scripting language. It uses object-oriented 
concepts like encapsulation, inheritance, and modules to organize code cleanly. It contains 
some highly appealing features, consciously designed to simplify GUI programming. Triggers 
simplify the tasks of associating the execution of a piece of code (for example, sending a mul-
timedia message) with an event (the user clicks on a glowing face). The �^�e�j�` keyword makes 
it a trivial task to keep two pieces of data (for example, a slider and the zoom level in a map) 
synchronized by simply saying that it be so. The scene graph is a post-GUI toolkit approach to 
visual design, whereby visual objects are modeled simply as a hierarchy of nodes, expressed in 
a model to which it is easy to attach behaviors such as animation and transition effects, or to 
bind to an underlying data model. JavaFX contains fully integrated media capabilities, allow-
ing media to break free of the display rectangle, and be fully integrated, layered, diffracted, 
mixed, and mashed into the application. And to connect the richness and power of a beauti-
ful JavaFX application to interesting data on the Internet, the web services APIs supported in 
JavaFX provide a simple-to-use capability familiar to web developers. The beauty and appeal 
of JavaFX are in how simply it can express the moving characteristics of beautiful, immersive, 
fluid, and enticing applications„and do so consistently all the way from small cell phones to 
high-end PC desktops.

Pro JavaFX’ Platform: Script, Desktop and Mobile RIA with Java’ Technology  is both 
a comprehensive grounding in the JavaFX Script language and APIs as well as a practical 
hands-on developer•s guide to this exciting technology. You can read it chapter by chapter, 
starting with a must-read first chapter, •Getting a Jump Start in JavaFX,Ž followed by a detailed 
language primer, •Taking a Close Look at the JavaFX Script Language.Ž Subsequent chapters 
cover all aspects of the most up-to-date JavaFX APIs, including the latest additions to layout 
and UI components in JavaFX 1.2. You may choose to read these chapters either in sequence 
or focus on topic areas: from laying out interfaces, to mobile application development to 
media capabilities, to more advanced topics such as creating custom JavaFX components. By 
stepping through well-chosen example applications, hand in hand with clear and thorough 
explanations and end-of-chapter summaries, you will quickly acquire proficiency in exploiting 
all aspects of JavaFX technology.

This book brings together all the aspects of developing engaging, interactive, and beauti-
ful RIAs that we envisioned when the seeds of JavaFX were first planted.

Danny Coward
Chief Architect, Client Software, Sun Microsystems
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Introduction

What an exciting time to be a software developer or designer! Opportunity is all around 
us. Never before have there been so many platforms capable of delivering compelling user 
experiences that utilize rich media and rich graphical interfaces. Whether you develop for the 
computer desktop, the Web, today•s more powerful mobile devices, or even consumer elec-
tronics devices such as TVs, you are in the middle of a revolution in the way we think about 
designing the interactions between people and their devices. And these people! Now that they 
have tasted the forbidden fruit of rich interfaces, they have come to expect (no, demand!) 
compelling experiences from all of the software they use. An interface that is engaging, attrac-
tive, and (dare we say it?) even playful can be the difference between success and obscurity 
for an application or a mobile device. Your customers have seen the likes of the iPhone. If 
you can•t give them an equally rich experience, your application, mobile device, or fancy new 
piece of electronic equipment is in very real danger of debuting to the resounding silence of 
indifference.

Unfortunately, opportunity and challenge often go together like 1s and 0s. To match the 
explosion of delivery platforms and devices we have an explosion of programming platforms 
and media standards. You may make the enormous investment to deliver a rich client applica-
tion in a web browser, but what happens when you want to deliver it on a mobile device? It•s 
not just the challenge of transferring your rich user experience to a smaller screen; you also 
need to learn a whole new platform, new tools, and new languages. Imagine, though: what if 
there were one technology platform that could be used to deliver rich client experiences to the 
desktop, the web browser, mobile devices, and consumer electronics? This is the vision driving 
the development of the JavaFX platform! At the heart of this audacious goal is a powerful new 
programming language that features a time-saving declarative syntax, built-in binding capa-
bilities, and a sprinkling of functional programming„all running on top of the world•s most 
mature and highest-performing virtual machine.

We are honored and excited that you have chosen us (Weiqi, Stephen, Dean, and Jim) as 
your tour guides in the amazingly cool new world of JavaFX technology. We collaborated daily 
in writing the pages of this book to ensure that it flows in a manner that will bring you up to 
speed quickly and completely in JavaFX. Each of us has different areas of expertise and passion 
that is reflected in the book: 

�Ê �U�Ê ���ˆ�“�½�Ã�Ê�“�>�ˆ�˜�Ê�ˆ�˜�Ì�i�À�i�Ã�Ì�Ê�ˆ�˜�Ê���>�Û�>���8�Ê�ˆ�Ã�Ê�Ì�…�>�Ì�Ê�ˆ�Ì�Ê�«�•�>�Þ�Ã�Ê�>�Ê�Ž�i�Þ�Ê�À�œ�•�i�Ê�ˆ�˜�Ê�Ì�…�i�Ê�•�œ�˜�}�‡�>�Ü�>�ˆ�Ì�i�`�Ê�«�À�œ�“�ˆ�Ã�i�Ê
of ubiquitous rich-client Java, which will help restore sanity to Internet application 
development.

�Ê �U�Ê �7�i�ˆ�µ�ˆ�Ê�ˆ�Ã�Ê�>�Ê�À�i�V�œ�}�˜�ˆ�â�i�`�Ê�i�Ý�«�i�À�Ì�Ê�ˆ�˜�Ê�Ì�…�i�Ê���>�Û�>���8�Ê�-�V�À�ˆ�«�Ì�Ê�•�>�˜�}�Õ�>�}�i�°�Ê���i�Ê�ˆ�Ã�Ê�«�>�À�Ì�ˆ�V�Õ�•�>�À�•�Þ�Ê�ˆ�˜�Ì�i�À�i�Ã�Ì�i�`�Ê
in its object literal and sequence notations that create a declarative syntax for describ-
ing GUIs; its support for object-oriented and functional programming through classes, 
mixins, functions and closures; and its intuitive data binding syntax.
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�Ê �U�Ê �-�Ì�i�«�…�i�˜�Ê�ˆ�Ã�Ê�«�>�Ã�Ã�ˆ�œ�˜�>�Ì�i�Ê�>�L�œ�Õ�Ì�Ê�Ã�ˆ�“�«�•�ˆ�v�Þ�ˆ�˜�}�Ê�V�œ�`�i�Ê�Ü�ˆ�Ì�…�Ê�`�Þ�˜�>�“�ˆ�V�Ê�•�>�Þ�œ�Õ�Ì�Ã�]�Ê�œ�«�i�˜�ˆ�˜�}�Ê�Õ�«�Ê
mobile devices to new audiences with seamless mobile integration, and the JavaFX 
open source ecosystem.

�Ê �U�Ê ���i�>�˜�Ê�ˆ�Ã�Ê�i�Ý�V�ˆ�Ì�i�`�Ê�>�L�œ�Õ�Ì�Ê�Ì�…�i�Ê�i�˜�…�>�˜�V�i�`�Ê�`�i�Û�i�•�œ�«�i�À�Ê�«�À�œ�`�Õ�V�Ì�ˆ�Û�ˆ�Ì�Þ�Ê�Ì�…�>�Ì�Ê�V�œ�“�i�Ã�Ê�v�À�œ�“�Ê�Ì�…�i�Ê
declarative syntax, powerful binding, functional programming, and a killer scene 
graph. To quote Dean: •What? I•m lazy! I just want to build awesome Internet-enabled 
applications as quickly as possible.Ž

Along the way we will demonstrate how to effortlessly build rich graphics, animation, and 
media into your applications. We•ll also show you how to distribute these applications to the 
desktop, web browser, and mobile devices. JavaFX even makes it easy for developers to collab-
orate with designers using plug-ins for the most popular design tools (but you•re still on your 
own when trying to teach artists, bless their many-hued hearts, the value of revision control 
systems„not even JavaFX is all-powerful).

Let•s get started!

Who This Book Is For
This book is targeted to software application developers and graphic artists who have some 
programming background.

How This Book Is Structured
This book is written in a tutorial-style, with lots of hands-on examples and instructions that 
walk you through using and understanding them.

Chapter 1, •Getting a Jump Start in JavaFX,Ž helps you learn how to develop applications 
in the JavaFX language, brings you up-to-date on the brief history of JavaFX, and shows you 
how to get the JavaFX software development kit. It then walks you through the process of com-
piling and running JavaFX applications, and teaches you a lot about the JavaFX language and 
API while walking through example application code.

Chapter 2, •Taking a Closer Look at the JavaFX Script Language,Ž covers the fundamentals 
of the JavaFX Script language, including concepts such as variables, primitive types, literal val-
ues, and basic operations. JavaFX sequences are introduced in this chapter, along with how to 
access their members and perform sequence comprehension.

Chapter 3, •Creating a User Interface in JavaFX,Ž associates the metaphor of creating a 
theater play with JavaFX development, and discusses creating a stage, a scene, nodes, a model, 
and event handlers, and animating some of the nodes. It then delves into each of these con-
cepts using JavaFX examples. We finish up with a Pong-like game that demonstrates how to 
detect when nodes in the scene have collided.
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Chapter 4, •Using Functions, Classes, and Other Advanced Features,Ž discusses how to 
define functions and classes of your own. It then covers function signatures and function 
types, and how to write anonymous functions. From there, this chapter explains how to define 
classes and class hierarchies, and covers details about class types. We also discuss what hap-
pens when an object is instantiated and how you can exert control over the process.

Chapter 5, •Creating Custom UI Components and Charts in JavaFX,Ž explains how to 
define custom UI components of two fundamentally different types„custom nodes and UI 
controls. After showing you how to create custom nodes in the context of creating a couple of 
color selection components, we cover how to create UI controls in the context of a stoplight 
control that has multiple skins. The chapter finishes by showing you how to use the charting 
controls to simply and easily create charts in JavaFX.

Chapter 6, •Using the Media Classes,Ž explores the capabilities of the JavaFX media 
classes that make it easy for developers to incorporate playback support for most of the 
popular formats out there. This chapter demonstrates how simple it is to include basic media 
playback support in your JavaFX applications and then shows you how to build more sophisti-
cated playback applications.

Chapter 7, •Dynamically Laying Out Nodes in the User Interface,Ž shows how you can 
leverage the dynamic layouts mechanisms of JavaFX to build complicated user interfaces with 
zero static positioning. These mechanisms include the �^�e�j�` statement, powerful custom lay-
outs built on top of the �L�]�j�a�h and �?�k�j�p�]�e�j�a�n classes, and the built-in layouts including �D�>�k�t, 
�R�>�k�t, �B�h�k�s, �P�e�h�a, and �O�p�]�_�g.

Chapter 8, •Extending JavaFX with Third-Party Libraries,Ž introduces several of the 
JavaFX third-party extensions that simplify the development of applications. All of the third-
party extensions introduced in this chapter are available as free or open source libraries. This 
ensures that anyone can make use of these libraries, and also guarantees that you will not be 
locked into a specific vendor.

Chapter 9, •Building a Professional JavaFX Application,Ž shows you some of the profes-
sional techniques we use to write real-world JavaFX applications. You will need them when 
working with a graphic designer, and you will find them useful when you are confronted with 
the memory usage and performance trade-offs that developers need to consider for real appli-
cations. This chapter also provides tips and techniques for enhancing the user•s experience.

Chapter 10, •Developing JavaFX Mobile Applications,Ž teaches you the basics of JavaFX 
Mobile development, which will enable you to write portable applications that work on both 
desktop and mobile devices. You•ll gain an understanding of the Common Profile, learn how 
to take advantage of the Java ME capabilities beneath JavaFX Mobile, and adopt JavaFX Mobile 
best practices that will enable you to write high-performance applications.
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Getting a Jump Start in JavaFX

Don•t ask what the world needs. Ask what makes you come alive, and go do it. Because 
what the world needs is people who have come alive.

„Howard Thurman

At the annual JavaOne conference in May 2007, Sun Microsystems announced a new 
product family named JavaFX. Its stated purpose includes enabling the development and 
deployment of content-rich applications on consumer devices such as cell phones, televi-
sions, in-dash car systems, and browsers. According to Sun, the vision of the JavaFX product 
family is to deliver •the ability to create interactive content, applications and services from 
the desktop to mobile devices to the living room.Ž More recently, Sun has articulated this 
vision as •Rich Internet Experiences for all screens of your life.Ž

Stripping away the marketing-speak, our interest in JavaFX as software developers is to 
enable Java-based rich Internet applications (RIAs) on our computers, cell phones, and other 
devices that people frequently use. Josh Marinacci, a software engineer at Sun, made the fol-
lowing statement very appropriately in a recent Java Posse interview: •JavaFX is sort of a code 
word for reinventing client Java and fixing the sins of the past.Ž Josh was referring to the fact 
that Java Swing and Java 2D have lots of capability, but are also very complex. JavaFX Script 
allows us to simply and elegantly express user interfaces (UIs) with a declarative programming 
style. It also leverages the full power of Java, because you can instantiate and use the millions 
of Java classes that exist today directly from JavaFX Script. Add features like binding the UI to 
attributes in a model and triggers that reduce the need for setter methods, and you have a lan-
guage that will help restore Java to the client side of the RIA equation.

In this chapter, we•re going to give you a jump start in developing applications in the 
JavaFX language. After bringing you up to date on the brief history of JavaFX, we•ll show 
you how to get the JavaFX software development kit (SDK). We•ll explore some great JavaFX 
resources and walk you through the process of compiling and running JavaFX applications. 
In the process you•ll learn a lot about the JavaFX language and API as we walk through appli-
cation code together. First, however, we•re going to point out a related technology that is 
enabling the rise of rich-client Java.

1
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JavaFX Can•t Bring Rich-Client Java Back by Itself
When Java was first introduced in 1995, the hope was that the Java Runtime Environment 
(JRE) would become the common client platform on which the UI portion of client-server 
applications could be deployed. While the JRE became ubiquitous on the server side of the 
equation, factors such as the browser wars of the late 1990s delayed the prospect of achieving 
a consistent JRE on client machines. The result has been that web browser technologies such 
as HTML and JavaScript have stepped in to fill the gap, which we feel has proven suboptimal 
at best. The software development industry and the users we serve need to have the JRE on all 
client machines so that we can break free from browser technologies and enable graphically 
rich, fast-performing applications. Fortunately, the technology known as Java SE 6 Update 10 
is solving that problem.

�NNote What has come to be known as Java SE 6 Update 10 has actually had several names. It started life 
as the Consumer JRE, and then Java SE 6 Update N. Then it became known as Java SE 6 Update 10. As of 
this writing, Java SE 6 Update 14 has been released, but we•re just going to refer this technology as Java SE 
6 Update 10.

Java SE 6 Update 10 consists of several technologies that improve the user experience 
related to installing the JRE, and to deploying and running rich-client Java (and JavaFX)  
programs:

� Ê � U� ÊJava Kernel Online Installer„The JRE is now divided into small bundles. If the user•s 
machine doesn•t have the JRE installed when a Java program is invoked, the online 
installer will ascertain which of the bundles are needed to run the program. Those 
bundles will be installed first and the program will begin executing as soon as this  
takes place. 

� Ê � U� ÊJava Auto-Updater : This provides a faster and more reliable process for updating the 
JRE by using a patch-in-place  mechanism.

� Ê � U� ÊJava Quick Starter: After a cold boot of the system, portions of the JRE are prefetched 
into memory. This enables a Java program to start more quickly.

� Ê � U� ÊPack200 Format: Pack200 is a highly compressed format that enables Java libraries and 
resources, for example, to download more quickly than traditional JAR files.

� Ê � U� ÊJava Deployment Toolkit : This includes a simple JavaScript interface with which to 
deploy Java applets and applications. The JavaScript library is located at a well-known 
URL, and is engineered to make the right deployment decisions based on the detected 
JRE environment on the user•s machine.
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� Ê � U� ÊNext Generation Java Plug-in: This Java plug-in is much more reliable and versatile 
than its predecessor. For example, you now have the ability to specify large heap sizes, 
and per-applet command-line arguments. Also, it has built-in Java Network Launching 
Protocol (JNLP) support as well as improved Java/JavaScript communications.

� Ê � U� ÊHardware Acceleration Support : In a media-rich environment, it is crucial to take 
advantage of the graphics capabilities on the underlying hardware. For example, Java 
SE 6 Update 10 currently has a hardware accelerated graphics pipeline based on the 
Microsoft Direct3D API.

The net result is that we are now at a point in software development history when two 
technologies (JavaFX and Java SE 6 Update 10) are working together to restore rich client Java. 
We feel that sanity is in the process of being restored to Internet software development, and 
we want you to join us in this RIA revolution. But first, a brief history lesson about JavaFX.

�NNote JavaFX is the short name for the technology created by Sun called the JavaFX Rich Client platform. 
Components of this platform include a programming language named JavaFX Script, a runtime platform for 
various computers and devices, and tools for developing JavaFX applications. Because the main focus of this 
book is the JavaFX Script language, we•ll often refer to JavaFX Script simply as JavaFX.  

A Brief History of JavaFX
JavaFX started life as the brainchild of Chris Oliver when he worked for a company named 
SeeBeyond. They had the need for richer user interfaces, so Chris created a language that he 
dubbed F3 (Form Follows Function) for that purpose. In the article •Mind-Bendingly Cool 
InnovationŽ (cited in the Resources section at the end of this chapter), Chris is quoted as fol-
lows: •When it comes to integrating people into business processes, you need graphical user 
interfaces for them to interact with, so there was a use case for graphics in the enterprise appli-
cation space, and there was an interest at SeeBeyond in having richer user interfaces.Ž 

SeeBeyond was acquired by Sun, who subsequently changed the name of F3 to JavaFX, 
and announced it at JavaOne 2007. Chris joined Sun during the acquisition and continued to 
lead the development of JavaFX.

The first version of JavaFX Script was an interpreted language, and was considered a 
prototype of the compiled JavaFX Script language that was to come later. Interpreted JavaFX 
Script was very robust, and there were two JavaFX books published in the latter part of 2007 
based on that version. One was written in Japanese, and the other was written in English and 
published by Apress (JavaFX Script: Dynamic Java Scripting for Rich Internet/Client-Side Appli-
cations, Apress 2007).
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While developers were experimenting with JavaFX and providing feedback for improve-
ment, the JavaFX Script compiler team at Sun was busy creating a compiled version of the 
language. This included a new set of runtime API libraries. The JavaFX Script compiler project 
reached a tipping point in early December 2007, which was commemorated in a blog post 
entitled •Congratulations to the JavaFX Script Compiler Team„The Elephant Is Through the 
Door.Ž That phrase came from the JavaFX Script compiler project leader Tom Ball in a blog 
post, which contained the following excerpt:

An elephant analogy came to me when I was recently grilled about exactly when the 
JavaFX Script compiler team will deliver our first milestone release. •I can•t give you 
an accurate date,Ž I said. •It•s like pushing an elephant through a door; until a critical 
mass makes it past the threshold you just don•t know when you•ll be finished. Once you 
pass that threshold, though, the rest happens quickly and in a manner that can be more 
accurately predicted.Ž

A screenshot of the silly, compiled JavaFX application written by one of the authors, 
Jim Weaver, for that post is shown in Figure 1-1, demonstrating that the project had in fact 
reached the critical mass to which Tom Ball referred.

Figure 1-1. Screenshot for the •Elephant Is Through the DoorŽ program

Much progress continued to be made on JavaFX in 2008:

�Ê �U�Ê �/�…�i�Ê� �i�Ì�	�i�>�˜�Ã�Ê���>�Û�>���8�Ê�«�•�Õ�}�‡�ˆ�˜�Ê�L�i�V�>�“�i�Ê�>�Û�>�ˆ�•�>�L�•�i�Ê�v�œ�À�Ê�Ì�…�i�Ê�V�œ�“�«�ˆ�•�i�`�Ê�Û�i�À�Ã�ˆ�œ�˜�Ê�ˆ�˜�Ê 
March 2008. 

�Ê �U�Ê ���>�˜�Þ�Ê�œ�v�Ê�Ì�…�i�Ê���>�Û�>���8�Ê�À�Õ�˜�Ì�ˆ�“�i�Ê�•�ˆ�L�À�>�À�ˆ�i�Ã�Ê�­�“�œ�Ã�Ì�•�Þ�Ê�v�œ�V�Õ�Ã�ˆ�˜�}�Ê�œ�˜�Ê�Ì�…�i�Ê�1���Ê�>�Ã�«�i�V�Ì�Ã�Ê�œ�v�Ê���>�Û�>���8�®�Ê
were rewritten by a team that included some very talented developers from the Java 
Swing team. 

�Ê �U�Ê ���˜�Ê���Õ�•�Þ�Ê�Ó�ä�ä�n�]�Ê�Ì�…�i�Ê���>�Û�>���8�Ê�*�À�i�Û�ˆ�i�Ü�Ê�-�����Ê�Ü�>�Ã�Ê�À�i�•�i�>�Ã�i�`�]�Ê�>�˜�`�Ê�>�Ì�Ê���>�Û�>�"�˜�i�Ê�Ó�ä�ä�n�Ê�-�Õ�˜�Ê
announced that the JavaFX 1.0 SDK would be released in fall 2008.

�Ê �U�Ê �"�˜�Ê���i�V�i�“�L�i�À�Ê�{�]�Ê�Ó�ä�ä�n�]�Ê�Ì�…�i�Ê���>�Û�>���8�Ê�£�°�ä�Ê�-�����Ê�Ü�>�Ã�Ê�À�i�•�i�>�Ã�i�`�°�Ê�/�…�ˆ�Ã�Ê�i�Û�i�˜�Ì�Ê�ˆ�˜�V�À�i�>�Ã�i�`�Ê�Ì�…�i�Ê�>�`�œ�«-
tion rate of JavaFX by developers and IT managers because it represented a stable 
codebase.
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The JavaFX 1.2 SDK, released at JavaOne 2009, is significant because it is purportedly the 
version with which all future JavaFX APIs will be compatible. 

Now that you•ve had the obligatory history lesson in JavaFX, let•s get one step closer to 
writing code by showing you where some examples, tools, and other resources are.

Going to the Source: Sun•s JavaFX Web Sites
When the JavaFX SDK was released, Sun•s remodeled JavaFX.com site was unveiled as well. 
It is a great resource for seeing example JavaFX programs, downloading the JavaFX SDK and 
tools, taking tutorials on JavaFX, and linking to other resources. See Figure 1-2 for a screenshot 
of this web site.

Figure 1-2. Sun•s official JavaFX web site

In addition, Sun Developer Network (SDN) has a JavaFX Developer Home web site that 
has many useful developer resources, including links to JavaFX documentation such as the 
SDK API. The SDN JavaFX website is located at �d�p�p�l�6�+�+�f�]�r�]�*�o�q�j�*�_�k�i�+�f�]�r�]�b�t.

Take a few minutes to explore these sites. Next we•ll point out some valuable resources 
you can take advantage of.
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Accessing the JavaFX SDK API
A useful resource available from the JavaFX sites is the SDK API JavaFXdoc documentation. 
The SDK API JavaFXdoc is analogous to the SDK API JavaDoc in Java, but as you can see in  
Figure 1-3, its appearance has been updated.

Figure 1-3. JavaFX SDK API JavaFXdoc

The API documentation in Figure 1-3, for example, shows how to use the �N�a�_�p�]�j�c�h�a class, 
located in the �f�]�r�]�b�t�*�o�_�a�j�a�*�o�d�]�l�a package, to draw a rectangle with rounded corners on the 
screen. Scrolling down this web page shows the variables in the �N�a�_�p�]�j�c�h�a class, as well as 
functions and variables that it inherits from its super classes. By the way, this API documenta-
tion is available in the JavaFX SDK that you•ll download shortly, but we wanted you to know 
how to find it online as well.

�NNote If you are not familiar with concepts such as inheritance and package, don•t be concerned. We•ll 
cover such concepts soon in the context of the first program that you•ll examine shortly.
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Now that you•ve explored Sun•s JavaFX web sites and available resources, it•s time to 
obtain the JavaFX SDK and related tools so that you can begin developing JavaFX programs.

Obtaining the JavaFX SDK
You can get the JavaFX SDK from either of Sun•s JavaFX web sites mentioned earlier, or you 
can use the URL listed in the Resources section at the end of this chapter. Currently you have 
the choice of downloading the JavaFX SDK bundled with the NetBeans integrated develop-
ment environment (IDE), or by itself. We recommend that you choose the former, as it makes 
development much easier than compiling and running from the command line. This is due in 
part to the fact that it generates the deployment-related code contained in HTML and JNLP 
files and provides error annotations, formatting, import management, code completion, and 
syntax highlighting. The instructions for the examples in this first chapter will assume that you 
have NetBeans installed. 

Go ahead and download the JavaFX SDK and follow the installation instructions. In addi-
tion, so that you can use the command-line tools (such as �f�]�r�]�b�t�_ for compiling JavaFX files), 
add the directory that contains these commands to your system•s �L�=�P�D variable. As of this 
writing, the path to this directory is �f�]�r�]�b�t�.�+�f�]�r�]�b�t�)�o�`�g�+�^�e�j, and is located subordinate to the 
NetBeans installation. 

�NNote Be sure to use the correct type of slashes (forward slash or backslash) in the path for your platform. 
This advice applies to anywhere in the book where a directory is specified. Also note that arguments to the 
JavaFX and Java command-line tools can take forward slashes in paths, regardless of platform.

JavaFX Production Suite
There is another download named the JavaFX Production Suite that has plug-ins for Adobe 
Photoshop and Adobe Illustrator. These plug-ins enable you to generate JavaFX data files from 
the graphics created in either of those applications. These data files have an �*�b�t� ̀extension, 
and when compressed have an �*�b�t�v extension. The JavaFX Production Suite also includes 
an SVG Convertor tool that converts scalable vector graphics (SVG) files to JavaFX data files. 
Download and install the JavaFX Production Suite so that you•ll be ready to use it when we 
cover this topic.

Other Available Tools
There are other tools available for developing JavaFX applications. For example, there are 
JavaFX plug-ins for the Eclipse IDE, but at the time of this writing they aren•t as mature as 
the NetBeans plug-in. There is also a preview release of a visual design tool from ReportMill 
named JFXBuilder that you might want to experiment with. The URLs for both of these tools 
are listed in the Resources section.

Now that you have the tools installed, we•ll show you how to create a simple JavaFX pro-
gram, and then we•ll walk through it in detail. The first program that we•ve chosen for you is 
called •Hello Earthrise,Ž which demonstrates more features than the typical beginning •Hello 
WorldŽ program.
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Developing Your First JavaFX Program:  
•Hello EarthriseŽ
On Christmas Eve in 1968 the crew of Apollo 8 entered lunar orbit for the first time in history. 
They were the first humans to witness an •Earthrise,Ž taking the magnificent picture shown in 
���ˆ�}�Õ�À�i�Ê�£�‡�{�°�Ê�/�…�ˆ�Ã�Ê�ˆ�“�>�}�i�]�Ê�>�˜�`�Ê�Ì�…�i�Ê�>�V�V�œ�“�«�>�˜�Þ�ˆ�˜�}�Ê�>�Õ�`�ˆ�œ�Ê���������Ê�v�ˆ�•�i�]�Ê�ˆ�Ã�Ê�`�Þ�˜�>�“�ˆ�V�>�•�•�Þ�Ê�•�œ�>�`�i�`�Ê�v�À�œ�“�Ê�Ì�…�ˆ�Ã�Ê
book•s web site when the program starts, so you•ll need to be connected to the Internet to view 
and hear it.

Figure 1-4. The Hello Earthrise program

In addition to demonstrating how to dynamically load images over the Internet and play 
audio media, this example shows you how to use animation in JavaFX. Now it•s time for you 
to compile and run the program. We•ll show you two ways to do this: from the command line, 
and using NetBeans with the JavaFX plug-in.

Compiling and Running from the Command Line
We usually use an IDE to build and run JavaFX programs, but to take all of the mystery out of 
the process we•re going to use the command-line tools first. 

�NNote For this exercise, as with most others in the book, you•ll need the source code. If you•d prefer not 
to type the source code into a text editor, you can obtain the source code for all of the examples in this book 
from the code download site. See the Resources section at the end of this chapter for the location of this site.
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Assuming that you•ve downloaded and extracted the source code for this book into a 
directory, follow the directions in this exercise, performing all of the steps as instructed. We•ll 
dissect the source code after the exercise.

COMPILING AND RUNNING THE HELLO EARTHRISE PROGRAM FROM THE COMMAND 
LINE

You•ll use the �f�]�r�]�b�t�_ and �f�]�r�]�b�t command-line tools to compile and run the program in this exercise. From the 
command-line prompt on your machine:

 1. Navigate to the �?�d�]�l�p�a�n�,�-�+�D�a�h�h�k directory.

 2. Execute the following command to compile the �D�a�h�h�k�A�]�n�p�d�N�e�o�a�I�]�e�j�*�b�t file. Note that the �f�]�r�]�b�t�_ 
command-line tool for JavaFX is analogous to the �f�]�r�]�_ tool for Java programs.

�f�]�r�]�b�t�_���)�`���*���D�a�h�h�k�A�]�n�p�d�N�e�o�a�I�]�e�j�*�b�t

  Because the �Ì�  ̀option was used in this command, the class files generated are placed in directories 
matching the �l�]�_�g�]�c�a statements in the source files. The root of those directories are specified by the 
argument given for the �Ì�  ̀option, in this case the current directory. We•ll cover �l�]�_�g�]�c�a statements in a bit. 

 3. To run the program, execute the following command. Note that the �f�]�r�]�b�t command-line tool for JavaFX is 
analogous to the �f�]�r�] tool for Java programs. Note as well that we use the fully qualified name of the script 
that will be executed, which entails specifying the nodes of the path name and the name of the script, all 
separated by periods. Unlike when compiling scripts, running and appending the FX extension will result in 
an error.

�f�]�r�]�b�t���l�n�k�f�]�r�]�b�t�*�d�a�h�h�k�a�]�n�p�d�n�e�o�a�*�q�e�*�D�a�h�h�k�A�]�n�p�d�N�e�o�a�I�]�e�j

The program should appear as shown in Figure 1-4 earlier, with the text scrolling slowly upward, reminiscent of 
the Star Wars opening crawls.

Congratulations on completing your first exercise as you explore JavaFX!

Understanding the Hello Earthrise Program
Now that you•ve run the application, let•s walk through the program listing together. The code 
for the Hello Earthrise application is shown in Listing 1-1.

Listing 1-1. The HelloEarthRiseMain.fx Program

�+�&
���&�����D�a�h�h�k�A�]�n�p�d�N�e�o�a�I�]�e�j�*�b�t���)���=���F�]�r�]�B�T���O�_�n�e�l�p�����D�a�h�h�k���S�k�n�h�`�����o�p�u�h�a���a�t�]�i�l�h�a
���&
���&�����@�a�r�a�h�k�l�a�`���.�,�,�5���^�u���F�]�i�a�o���H�*���S�a�]�r�a�n���f�e�i�*�s�a�]�r�a�n���W�]�p�Y���f�]�r�]�b�t�l�a�n�p�*�_�k�i
���&�����]�o���]���F�]�r�]�B�T���O�_�n�e�l�p���O�@�G���-�*�.���a�t�]�i�l�h�a���b�k�n���p�d�a���L�n�k���F�]�r�]�B�T���^�k�k�g�*
���&�+
�l�]�_�g�]�c�a���l�n�k�f�]�r�]�b�t�*�d�a�h�h�k�a�]�n�p�d�n�e�o�a�*�q�e�7
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�e�i�l�k�n�p���f�]�r�]�b�t�*�]�j�e�i�]�p�e�k�j�*�p�n�]�j�o�e�p�e�k�j�*�P�n�]�j�o�h�]�p�a�P�n�]�j�o�e�p�e�k�j�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�]�j�e�i�]�p�e�k�j�*�&�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�p�]�c�a�*�O�p�]�c�a�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�&�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�e�i�]�c�a�*�&�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�i�a�`�e�]�*�&�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�l�]�e�j�p�*�?�k�h�k�n�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�o�d�]�l�a�*�N�a�_�p�]�j�c�h�a�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�p�a�t�p�*�&�7

�r�]�n���p�a�t�p�N�a�b�6�P�a�t�p�7

�+�+���L�n�k�r�e�`�a�o���p�d�a���]�j�e�i�]�p�a�`���o�_�n�k�h�h�e�j�c���^�a�d�]�r�e�k�n���b�k�n���p�d�a���p�a�t�p
�r�]�n���p�n�]�j�o�P�n�]�j�o�e�p�e�k�j���9���P�n�]�j�o�h�]�p�a�P�n�]�j�o�e�p�e�k�j���w
�����`�q�n�]�p�e�k�j�6���3�1�o
�����j�k�`�a�6���^�e�j�`���p�a�t�p�N�a�b
�����p�k�U�6���)�4�.�,
�����e�j�p�a�n�l�k�h�]�p�k�n�6���E�j�p�a�n�l�k�h�]�p�k�n�*�H�E�J�A�=�N
�����n�a�l�a�]�p�?�k�q�j�p�6���P�e�i�a�h�e�j�a�*�E�J�@�A�B�E�J�E�P�A
�y

�O�p�]�c�a���w
�����p�e�p�h�a�6�����D�a�h�h�k���A�]�n�p�d�n�e�o�a��
�����o�_�a�j�a�6���O�_�a�j�a���w
���������d�a�e�c�d�p�6���/�4�3
���������s�e�`�p�d�6���1�-�2
���������_�k�j�p�a�j�p�6���W
�������������E�i�]�c�a�R�e�a�s���w
�����������������e�i�]�c�a�6���E�i�]�c�a���w
���������������������q�n�h�6�����d�p�p�l�6�+�+�l�n�k�f�]�r�]�b�t�*�_�k�i�+�e�i�]�c�a�o�+�a�]�n�p�d�n�e�o�a�*�f�l�c��
�����������������y
�������������y�(
�������������C�n�k�q�l���w
�����������������h�]�u�k�q�p�T�6���1�,
�����������������h�]�u�k�q�p�U�6���-�4�,
�����������������_�k�j�p�a�j�p�6���W
���������������������p�a�t�p�N�a�b���9���P�a�t�p���w
�������������������������h�]�u�k�q�p�U�6���-�,�,
�������������������������p�a�t�p�K�n�e�c�e�j�6���P�a�t�p�K�n�e�c�e�j�*�P�K�L
�������������������������p�a�t�p�=�h�e�c�j�i�a�j�p�6���P�a�t�p�=�h�e�c�j�i�a�j�p�*�F�Q�O�P�E�B�U
�������������������������s�n�]�l�l�e�j�c�S�e�`�p�d�6���/�4�,
�������������������������+�+���J�k�p�a���p�d�]�p���p�d�e�o���o�u�j�p�]�t���_�n�a�]�p�a�o���k�j�a���h�k�j�c���o�p�n�e�j�c���k�b���p�a�t�p
�������������������������_�k�j�p�a�j�p�6��
�������������������������������A�]�n�p�d�n�e�o�a���]�p���?�d�n�e�o�p�i�]�o�6����
�������������������������������W�B�k�n�p�u�Y���u�a�]�n�o���]�c�k���p�d�e�o���?�d�n�e�o�p�i�]�o�(���]���p�q�n�^�q�h�a�j�p���s�k�n�h�`����
�������������������������������h�k�k�g�a�`���p�k���p�d�a���d�a�]�r�a�j�o���b�k�n���]���q�j�e�m�q�a���r�e�a�s���k�b���k�q�n���d�k�i�a����
�������������������������������l�h�]�j�a�p�*���P�d�e�o���l�d�k�p�k���k�b���A�]�n�p�d�n�e�o�a���k�r�a�n���p�d�a���h�q�j�]�n���d�k�n�e�v�k�j����
�������������������������������s�]�o���p�]�g�a�j���^�u���p�d�a���=�l�k�h�h�k���4���_�n�a�s���e�j���@�a�_�a�i�^�a�n���-�5�2�4�(���o�d�k�s�e�j�c����
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�������������������������������A�]�n�p�d���b�k�n���p�d�a���b�e�n�o�p���p�e�i�a���]�o���e�p���]�l�l�a�]�n�o���b�n�k�i���`�a�a�l���o�l�]�_�a�*����
�������������������������������=�o�p�n�k�j�]�q�p�o���B�n�]�j�g���>�k�n�i�]�j�(���F�e�i���H�k�r�a�h�h���]�j�`���S�e�h�h�e�]�i���=�j�`�a�n�o����
�������������������������������d�]�`���^�a�_�k�i�a���p�d�a���b�e�n�o�p���d�q�i�]�j�o���p�k���h�a�]�r�a���A�]�n�p�d���k�n�^�e�p�(����
�������������������������������a�j�p�a�n�e�j�c���h�q�j�]�n���k�n�^�e�p���k�j���?�d�n�e�o�p�i�]�o���A�r�a�*���E�j���]���d�e�o�p�k�n�e�_���h�e�r�a����
�������������������������������^�n�k�]�`�_�]�o�p���p�d�]�p���j�e�c�d�p�(���p�d�a���_�n�a�s���p�k�k�g���p�q�n�j�o���n�a�]�`�e�j�c���b�n�k�i����
�������������������������������p�d�a���>�k�k�g���k�b���C�a�j�a�o�e�o�(���_�h�k�o�e�j�c���s�e�p�d���]���d�k�h�e�`�]�u���s�e�o�d���b�n�k�i����
�������������������������������?�k�i�i�]�j�`�a�n���>�k�n�i�]�j�6���X���S�a���_�h�k�o�a���s�e�p�d���c�k�k�`���j�e�c�d�p�(���c�k�k�`���h�q�_�g�(����
�������������������������������]���I�a�n�n�u���?�d�n�e�o�p�i�]�o�(���]�j�`���C�k�`���^�h�a�o�o���]�h�h���k�b���u�k�q���)�)���]�h�h���k�b����
�������������������������������u�k�q���k�j���p�d�a���c�k�k�`���A�]�n�p�d�*�X����
�������������������������+�+���P�d�a���]�l�l�n�k�t�e�i�]�p�a���_�k�h�k�n���q�o�a�`���e�j���p�d�a���o�_�n�k�h�h�e�j�c���O�p�]�n���S�]�n�o���e�j�p�n�k
�������������������������b�e�h�h�6���?�k�h�k�n�*�n�c�^�$�-�4�3�(���-�5�1�(���-�,�3�%
�������������������������b�k�j�p�6���B�k�j�p�*�b�k�j�p�$���O�]�j�o�O�a�n�e�b���(���B�k�j�p�S�a�e�c�d�p�*�>�K�H�@�(���.�0�%�7
���������������������y
�����������������Y
�����������������_�h�e�l�6���N�a�_�p�]�j�c�h�a���w
���������������������s�e�`�p�d�6���0�/�,
���������������������d�a�e�c�d�p�6���4�1
�����������������y
�������������y
���������Y
�����y
�y
�+�+���O�p�]�n�p���l�h�]�u�e�j�c���]�j���]�q�`�e�k���_�h�e�l
�I�a�`�e�]�L�h�]�u�a�n���w
�����]�q�p�k�L�h�]�u�6���p�n�q�a
�����n�a�l�a�]�p�?�k�q�j�p�6���I�a�`�e�]�L�h�]�u�a�n�*�N�A�L�A�=�P�[�B�K�N�A�R�A�N
�����i�a�`�e�]�6���I�a�`�e�]���w
���������o�k�q�n�_�a�6�����d�p�p�l�6�+�+�l�n�k�f�]�r�]�b�t�*�_�k�i�+�]�q�`�e�k�+�v�]�n�]�p�d�q�o�p�n�]�*�i�e�`��
�����y
�y�+�+���O�p�]�n�p���p�d�a���p�a�t�p���]�j�e�i�]�p�e�k�j
�p�n�]�j�o�P�n�]�j�o�e�p�e�k�j�*�l�h�]�u�$�%�7

Now that you•ve seen the code, let•s take a look at its constructs and concepts in detail, 
beginning with one of the easiest: comments.

Comments

There are two types of comments in JavaFX: multiline comments  and single-line comments. 
Multiline comments begin with the two characters �+�& and end with the same two characters in 
reverse order, �&�+. JavaFX will ignore anything in between. The beginning of the listing shows 
an example of a multiline comment. Single-line comments begin with the two characters �+�+. 
Anything that follows these two characters on a single line will be ignored. An example of a 
single-line comment is shown near the top of Listing 1-1.

The package Declaration

JavaFX packages are analogous to folders in a file system. They provide namespaces to logi-
cally organize the scripts and classes that comprise an application. Package names may 
consist of more than one node (for example, �_�k�i�*�]�l�n�a�o�o�*�l�n�k�f�]�r�]�b�t). In fact, it is a common 
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practice for a package name to begin with the domain name of the company or organization 
that developed the application (in reverse order, beginning with the top-level domain name, 
such as �_�k�i or �k�n�c).

The �l�]�_�g�]�c�a declaration is optional, but it is good practice to use it in all but the most 
trivial programs. If used, the �l�]�_�g�]�c�a statement must be at the top of the source code (exclud-
ing whitespace and comments).

import Statements

JavaFX programs typically use libraries that consist of JavaFX (and optionally Java) code. In 
this example, each �e�i�l�k�n�p statement indicates the location (package) of the JavaFX classes that 
the code in the rest of this �D�a�h�h�k�A�]�n�p�d�N�e�o�a�I�]�e�j�*�b�t script depends on for rendering the user 
interface. An �e�i�l�k�n�p statement can end with an asterisk (*), indicating that the program may 
use any of the classes in the package. An alternative form is to specifically name each class 
being used, as in the example near the top of Listing 1-1:

�e�i�l�k�n�p���f�]�r�]�b�t�*�o�p�]�c�a�*�O�p�]�c�a�7

All but the most trivial applications should organize their source code via �l�]�_�g�]�c�a dec-
larations. A source code file uses �e�i�l�k�n�p statements to indicate its use of classes contained in 
source code files that have a different �l�]�_�g�]�c�a statement.

Declarative Code That Defines the User Interface

One of the most exciting features of JavaFX is its ability to express a graphical user interface 
(GUI) using a simple, consistent, and powerful declarative syntax. Declarative code consists of 
a single expression (rather than multiple expressions that are executed sequentially). 

�NNote As you•ll see a little later, JavaFX supports data binding, which is characterized by binding the value 
of a variable (such as the height of a rectangle) to an expression. Data binding is a major enabler of using 
declarative expressions.

In this example, most of the program is declarative in that it contains a large expression. 
This declarative expression begins by defining a �O�p�]�c�a object followed by an open curly brace, 
and ends with the matching curly brace near the end of the program. Nested within that are 
instance variables of the �O�p�]�c�a object, including the �o�_�a�j�a variable, which is assigned a �O�_�a�j�a 
instance. A �O�_�a�j�a has an instance variable named �_�k�j�p�a�j�p that holds the graphical elements that 
are displayed on the �O�p�]�c�a, in this case an �E�i�]�c�a�R�e�a�s��instance (which displays an image) and a 
�C�n�k�q�l instance. Nested within the �C�n�k�q�l is a �_�k�j�p�a�j�p instance variable that holds a �P�a�t�p instance 
(which is a graphical element, usually called a graphical node , or simply node) and so on.

�NNote This declarative expression is an example of object literal syntax, in which instances of these 
classes are created when the expression is evaluated.
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Declarative code automatically creates an instance (also known as an object) of each 
JavaFX class in the expression. It also assigns values to the variables of the new instance. For 
example, look at the portion of code that creates an instance of the �N�a�_�p�]�j�c�h�a class:

�N�a�_�p�]�j�c�h�a���w
�����s�e�`�p�d�6���0�/�,
�����d�a�e�c�d�p�6���4�1
�y

This code creates an instance of the JavaFX �N�a�_�p�]�j�c�h�a�Ê�V�•�>�Ã�Ã�Ê�>�˜�`�Ê�>�Ã�Ã�ˆ�}�˜�Ã�Ê�Ì�…�i�Ê�Û�>�•�Õ�i�Ê�{�Î�ä�Ê�Ì�œ�Ê
the �s�e�`�p�d variable of the new �N�a�_�p�]�j�c�h�a instance, and the value 85 to its �d�a�e�c�d�p variable. Notice 
that the instance variable name is always followed by a colon ( �6), which in JavaFX declarative 
syntax means •assign the value of the expression on the right to the instance variable on the 
left.Ž These same concepts are true for all of the classes (�O�p�]�c�a, �O�_�a�j�a, �E�i�]�c�a�R�e�a�s, �E�i�]�c�a, �C�n�k�q�l, 
�P�a�t�p, �P�n�]�j�o�h�]�p�a�P�n�]�j�o�e�p�e�k�j, �I�a�`�e�]�L�h�]�u�a�n and �I�a�`�e�]) in this script. Let•s look at each of these 
classes individually. 

Using the Stage Class

A �O�p�]�c�a contains the user interface of a JavaFX app, whether it is deployed on the desktop, 
within a browser, or on a mobile device. On the desktop, for example, a �O�p�]�c�a has its own top-
level window, which typically includes a border and title bar. In the browser the �O�p�]�c�a doesn•t 
have a window, but is rendered as an applet within a rectangular area of the browser.

As with any class, the �O�p�]�c�a class has a set of instance variables. Some of these variables, 
as shown in the following code snippet from the listing, are as follows:

� Ê � U� Ê � �� Ê�p�e�p�h�a that appears in the title bar of the window (when deployed on the desktop)

� Ê � U� Ê � �� Ê�o�_�a�j�a that contains the graphical nodes in the user interface

�O�p�]�c�a���w
�����p�e�p�h�a�6�����D�a�h�h�k���A�]�n�p�d�n�e�o�a��
�����o�_�a�j�a�6���O�_�a�j�a���w
���������Å�o�k�i�a���_�k�`�a���k�i�e�p�p�a�`�Å
�����y
�y

Creating String Literals

One of the basic JavaFX data types is the �O�p�n�e�j�c, which consists of zero or more characters 
strung together. As shown in the following �p�e�p�h�a variable of the �O�p�]�c�a instance, a �O�p�n�e�j�c literal 
is defined by enclosing a set of characters in double quotes:

�p�e�p�h�a�6�����D�a�h�h�k���A�]�n�p�d�n�e�o�a��

For convenience, as shown in the �_�k�j�p�a�j�p variable of the �P�a�t�p instance in Listing 1-1, a 
�O�p�n�e�j�c literal may be defined with multiple sets of quoted characters. Alternatively, �O�p�n�e�j�c 
literals may be enclosed in single quotes. �O�p�n�e�j�cs have more capabilities than described here, 
but we•ll cover them as they occur in code examples.
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Using the Scene Class

As mentioned previously, a �O�_�a�j�a holds the graphical elements that are displayed on the �O�p�]�c�a. 
Every element in a �O�_�a�j�a is a graphical node, which is any class that extends the �f�]�r�]�b�t�*�o�_�a�j�a.
�J�k�`�a class. Take another look at the declarative code that creates the �O�_�a�j�a in our example 
program:

�o�_�a�j�a�6���O�_�a�j�a���w
�����_�k�j�p�a�j�p�6���W
���������E�i�]�c�a�R�e�a�s���w
�������������Å�o�k�i�a���_�k�`�a���k�i�e�p�p�a�`�Å
���������y�(
���������C�n�k�q�l���w
�������������Å�o�k�i�a���_�k�`�a���k�i�e�p�p�a�`�Å
���������y
�����Y
�y

Notice that the �_�k�j�p�a�j�p variable of the �O�_�a�j�a is followed by a left square bracket, �W, which 
is the literal notation for a sequence. A sequence is a one-dimensional data structure that is 
native to JavaFX. Take a look at the JavaFX API documentation that we showed you how to 
access in the •Accessing the JavaFX SDK APIŽ section earlier. You•ll see that the �_�k�j�p�a�j�p vari-
able of the �O�_�a�j�a class is of type �J�k�`�a�W�Y, which means that it can reference a sequence of �J�k�`�a 
instances. 

While you•re looking at the API docs, check out the �J�k�`�a class to see the variables and 
functions available to any graphical node. Also, take a look at the �E�i�]�c�a�R�e�a�s class in the 
�f�]�r�]�b�t�*�o�_�a�j�a�*�e�i�]�c�a package and the �C�n�k�q�l class in the �f�]�r�]�b�t�*�o�_�a�j�a package. In both cases, 
you•ll see that they inherit from the �J�k�`�a class.

�NTip We can•t emphasize enough the importance of having the JavaFX API documentation handy while 
reading this book. As classes, variables, and functions are mentioned, it•s often a good idea to look at the 
documentation to get more information. In addition, this habit helps you become more familiar with what is 
available to you in the API.

Displaying Images

As shown in the following code, displaying an image entails using an �E�i�]�c�a�R�e�a�s instance in 
conjunction with an �E�i�]�c�a instance:

�E�i�]�c�a�R�e�a�s���w
�����e�i�]�c�a�6���E�i�]�c�a���w
���������q�n�h�6�����d�p�p�l�6�+�+�l�n�k�f�]�r�]�b�t�*�_�k�i�+�e�i�]�c�a�o�+�a�]�n�p�d�n�e�o�a�*�f�l�c��
�����y
�y�(
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The �E�i�]�c�a instance identifies the image resource and loads it from the URL assigned to its 
�q�n�h variable. Both of these classes are located in the �f�]�r�]�b�t�*�o�_�a�j�a�*�e�i�]�c�a package.

Working with Graphical Nodes as a Group

One powerful graphical feature of JavaFX is the ability to create scene graphs, which con-
sist of a tree of graphical nodes. You can then assign values to variables of a �C�n�k�q�l located in 
the hierarchy, and the nodes contained in the �C�n�k�q�l will be affected. In our current example 
from Listing 1-1, we•re using a �C�n�k�q�l to contain a �P�a�t�p node and to clip  a specific rectangular 
region within the �C�n�k�q�l so that the text doesn•t appear on the moon or the Earth as it animates 
upward. Here•s the relevant code snippet:

�C�n�k�q�l���w
�����h�]�u�k�q�p�T�6���1�,
�����h�]�u�k�q�p�U�6���-�4�,
�����_�k�j�p�a�j�p�6���W
���������p�a�t�p�N�a�b���9���P�a�t�p���w
�������������h�]�u�k�q�p�U�6���-�,�,
�������������p�a�t�p�K�n�e�c�e�j�6���P�a�t�p�K�n�e�c�e�j�*�P�K�L
�������������p�a�t�p�=�h�e�c�j�i�a�j�p�6���P�a�t�p�=�h�e�c�j�i�a�j�p�*�F�Q�O�P�E�B�U
�������������s�n�]�l�l�e�j�c�S�e�`�p�d�6���/�4�,
�������������_�k�j�p�a�j�p�6��
�������������������A�]�n�p�d�n�e�o�a���]�p���?�d�n�e�o�p�i�]�o�6����
�����������������*�*�*�o�k�i�a���_�k�`�a���k�i�e�p�p�a�`�*�*�*
�������������b�e�h�h�6���?�k�h�k�n�*�n�c�^�$�-�4�3�(���-�5�1�(���-�,�3�%
�������������b�k�j�p�6���B�k�j�p�*�b�k�j�p�$���O�]�j�o�O�a�n�e�b���(���B�k�j�p�S�a�e�c�d�p�*�>�K�H�@�(���.�0�%�7
���������y
�����Y
�����_�h�e�l�6
���������N�a�_�p�]�j�c�h�a���w
�������������s�e�`�p�d�6���0�/�,
�������������d�a�e�c�d�p�6���4�1
���������y
�y

Notice that the �C�n�k�q�l is located 50 pixels to the right and 180 pixels down, from where 
it would have been located by default. This is due to the values assigned to the �h�]�u�k�q�p�T 
and �h�]�u�k�q�p�U variables of the �C�n�k�q�l instance. Because this �C�n�k�q�l is contained directly by the 
�O�_�a�j�a, its upper-left corner•s location is 50 pixels to the right and 180 pixels down from the 
upper-left corner of the �O�_�a�j�a. Take a look at Figure 1-5 to see this example illustrated as 
you read the rest of the explanation.
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Figure 1-5. The Scene, Group, Text, and clip illustrated

Like a �O�_�a�j�a, a �C�n�k�q�l instance contains instances of ���J�k�`�a subclasses by assigning a 
sequence of them to the �_�k�j�p�a�j�p variable. In the previous code snippet, the �C�n�k�q�l contains a 
�P�a�t�p instance that has a value assigned to its �h�]�u�k�q�p�U variable. Because this �P�a�t�p is contained 
by a �C�n�k�q�l, it assumes the two-dimensional space (also called the coordinate space) of the 
�C�n�k�q�l, with the origin of the Text node (0,0) coincident with the top-left corner of the �C�n�k�q�l. 
Assigning a value of 100 to the �h�]�u�k�q�p�U variable causes the �P�a�t�p to be located 100 pixels down 
from the top of the �C�n�k�q�l, which is just below the bottom of the clip region, thus causing it to 
be out of view until the animation begins. Because a value isn•t assigned to the �h�]�u�k�q�p�T vari-
able, its value is 0 (the default).

The �h�]�u�k�q�p�T and �h�]�u�k�q�p�U variables of the �C�n�k�q�l just described are examples of our earlier 
statement that nodes contained in a �C�n�k�q�l will be affected by values assigned to variables of 
the �C�n�k�q�l. Another example is setting the �k�l�]�_�e�p�u variable of a �C�n�k�q�l instance to 0.5, which 
causes all of the nodes contained in that �C�n�k�q�l to become translucent. If the JavaFX API docu-
mentation is handy, look at the variables available in the �f�]�r�]�b�t�*�o�_�a�j�a�*�C�n�k�q�l class. Then scroll 
down to see the variables inherited from the �f�]�r�]�*�o�_�a�j�a�*�J�k�`�a class, which is where you•ll find 
the �h�]�u�k�q�p�T, �h�]�u�k�q�p�U, and �k�l�]�_�e�p�u variables.
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Drawing Text

In the previous snippet, notice that several variables are available in the �P�a�t�p class. This partic-
ular example is a little more complicated than the normal use of the �P�a�t�p class. Let•s first look 
at a typical case, shown in the following snippet, in which you simply want to draw a string of 
text characters somewhere in the scene:

�P�a�t�p���w
�����h�]�u�k�q�p�T�6���2�1
�����h�]�u�k�q�p�U�6���-�.
�����p�a�t�p�K�n�e�c�e�j�6���P�a�t�p�K�n�e�c�e�j�*�P�K�L
�����b�e�h�h�6���?�k�h�k�n�*�S�D�E�P�A
�����_�k�j�p�a�j�p�6�����=�q�`�e�k���?�k�j�b�e�c�q�n�]�p�e�k�j��
�����b�k�j�p�6���B�k�j�p�*�b�k�j�p�$���O�]�j�o�O�a�n�e�b���(���B�k�j�p�S�a�e�c�d�p�*�>�K�H�@�(���.�,�%
�y�(

This snippet, borrowed from the Audio Configuration example in Figure 1-7 and Listing 
1-3 later in this chapter, draws the graphical �P�a�t�p string •Audio ConfigurationŽ in a bold, Sans 
Serif font. The font size is 20, and the color of the text is white.

Referring again to the JavaFX API documentation, you•ll notice that the �P�a�t�p�K�n�e�c�e�j  
class (in the �f�]�r�]�b�t�*�o�_�a�j�a�*�p�a�t�p package) has three fields that serve as constants: �>�=�O�A�H�E�J�A, 
�>�K�P�P�K�I, and �P�K�L. These control the origin of the text with respect to vertical locations on the 
displayed �P�a�t�p:

�Ê �U�Ê �/�…�i�Ê�P�K�L origin, as we•re using it in the previous code snippet, places the top of the text 
(including ascenders) at the �h�]�u�k�q�p�U position, relative to the coordinate space in which 
the �P�a�t�p is located. 

�Ê �U�Ê �/�…�i�Ê�>�K�P�P�K�I origin would place the bottom of the text, including descenders (located in 
a lowercase •gŽ for example) at the �h�]�u�k�q�p�U position.

�Ê �U�Ê �/�…�i�Ê�>�=�O�A�H�E�J�A origin would place the baseline of the text (excluding descenders) at the 
�h�]�u�k�q�p�U position. This is the default value for the �p�a�t�p�K�n�e�c�e�j variable of a �P�a�t�p instance.

While you•re looking at the �f�]�r�]�b�t�*�o�_�a�j�a�*�p�a�t�p package in the API documentation, take a 
look at the �b�k�j�p function of the �B�k�j�p class, which is used in the previous snippet to define the 
font family, weight, and size of the �P�a�t�p.

Turning back again to the Hello Earthrise example in Listing 1-1, we•re using some addi-
tional variables of the �P�a�t�p class that enable it to flow from one line to the next:

�Ê �U�Ê �/�…�i�Ê�s�n�]�l�l�e�j�c�S�e�`�p�d variable enables you to specify at what number of pixels the text  
will wrap.

�Ê �U�Ê �/�…�i�Ê�p�a�t�p�=�h�e�c�j�i�a�j�p variable enables you to control how the text will be justified. In 
our example, �P�a�t�p�=�h�e�c�j�i�a�j�p�*�F�Q�O�P�E�B�U aligns the text on both the left and right sides, 
expanding the space between words to achieve that.

The text that we•re displaying is sufficiently long to wrap and be drawn on the Earth, so we 
need to define a rectangular region outside of which that text can•t be seen.
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Clipping Graphical Areas

To define a clipping area, we assign a �J�k�`�a subclass to the �_�h�e�l variable that defines the clip-
ping shape, in this case a �N�a�_�p�]�j�c�h�a�Ê�Ì�…�>�Ì�Ê�ˆ�Ã�Ê�{�Î�ä�Ê�«�ˆ�Ý�i�•�Ã�Ê�Ü�ˆ�`�i�Ê�>�˜�`�Ê�n�x�Ê�«�ˆ�Ý�i�•�Ã�Ê�…�ˆ�}�…�°�Ê���˜�Ê�>�`�`�ˆ�Ì�ˆ�œ�˜�Ê�Ì�œ�Ê
keeping the �P�a�t�p from covering the moon, when the �P�a�t�p scrolls up as a result of animation the 
clipping area keeps the �P�a�t�p from covering the earth.

Animating the Text to Make It Scroll Up

When the �D�a�h�h�k�A�]�n�p�d�n�e�o�a�I�]�e�j�*�b�t script is invoked, the �P�a�t�p begins scrolling up slowly. To 
achieve this animation, we•re using the �P�n�]�j�o�h�]�p�a�P�n�]�j�o�e�p�e�k�j class located in the �f�]�r�]�b�t�*��
�]�j�e�i�]�p�e�k�j�*�p�n�]�j�o�e�p�e�k�j package, as shown in the following snippet from Listing 1-1:

�+�+���L�n�k�r�e�`�a�o���p�d�a���]�j�e�i�]�p�a�`���o�_�n�k�h�h�e�j�c���^�a�d�]�r�e�k�n���b�k�n���p�d�a���p�a�t�p
�r�]�n���p�n�]�j�o�P�n�]�j�o�e�p�e�k�j���9���P�n�]�j�o�h�]�p�a�P�n�]�j�o�e�p�e�k�j���w
�����`�q�n�]�p�e�k�j�6���3�1�o
�����j�k�`�a�6���^�e�j�`���p�a�t�p�N�a�b
�����p�k�U�6���)�4�.�,
�����e�j�p�a�n�l�k�h�]�p�k�n�6���E�j�p�a�n�l�k�h�]�p�k�n�*�H�E�J�A�=�N
�����n�a�l�a�]�p�?�k�q�j�p�6���P�e�i�a�h�e�j�a�*�E�J�@�A�B�E�J�E�P�A
�y
�*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
�+�+���O�p�]�n�p���p�d�a���p�a�t�p���]�j�e�i�]�p�e�k�j
�p�n�]�j�o�P�n�]�j�o�e�p�e�k�j�*�l�h�]�u�$�%�7

The �f�]�r�]�b�t�*�]�j�e�i�]�p�e�k�j�*�p�n�]�j�o�e�p�e�k�j package contains convenience classes for animating 
nodes. This �P�n�]�j�o�h�]�p�a�P�n�]�j�o�e�p�e�k�j instance translates the �P�a�t�p node from its original Y posi-
tion of 100 pixels to a Y position of …820 pixels, over a �`�q�n�]�p�e�k�j of 75 seconds (the duration of 
the audio clip). Note that the �P�a�t�p node is referenced by the �p�a�t�p�N�a�b variable, as we•ll explain 
shortly, and that we•re using the �^�e�j�` operator in the assignment to the �j�k�`�a variable (we•ll 
cover the �^�e�j�` operator later in this chapter). The �E�j�p�a�n�l�k�h�]�p�k�n�*�H�E�J�A�=�N constant is assigned to 
the �e�j�p�a�n�l�k�h�]�p�k�n variable, which causes the animation to proceed in a linear fashion. A look at 
the API docs for the �E�j�p�a�n�l�k�h�]�p�k�n��class in the �f�]�r�]�b�t�*�]�j�e�i�]�p�e�k�j package will reveal that there 
are other forms of interpolation available, one of which is �A�=�O�A�K�Q�P, which slows down the ani-
mation toward the end of the specified duration.

�NNote Interpolation in this context is the process of calculating the value at any point in time, given a 
beginning value, an ending value, and a duration.

The last line in the previous snippet begins executing the �l�h�]�u function of the  
�P�n�]�j�o�h�]�p�a�P�n�]�j�o�e�p�e�k�j instance created earlier in the script. This makes the �P�a�t�p begin  
scrolling upward. Because of the value assigned to the �n�a�l�a�]�p�?�k�q�j�p variable, this transition 
will repeat indefinitely.
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Look again at the entire �D�a�h�h�k�A�]�n�p�d�N�e�o�a�I�]�e�j�*�b�t script in Listing 1-1 to get an overall pic-
ture of how it is processed when invoked:

 1. The first statement declares a variable of type �P�a�t�p, named �p�a�t�p�N�a�b, which is used to 
hold a reference to the �P�a�t�p instance that will have a transition applied to it (as we just 
finished discussing).

 2. The second statement declares a variable named �p�n�]�j�o�P�n�]�j�o�e�p�e�k�j and creates an 
instance of the �P�n�]�j�o�h�]�p�a�P�n�]�j�o�e�p�e�k�j class, assigning its reference to the �p�n�]�j�o�P�n�]�j�o�e�p�e�k�j 
variable.

 3. Next, the declarative expression that comprises most of the rest of the script is  
evaluated, which creates an instance of the �O�p�]�c�a class and the other classes in the 
UI scene graph.

 4. The statement at the end of the script is executed, which plays the transition.

Finally, let•s discuss how the audio media is played as the text is scrolling.

Playing Media

The following code snippet from Listing 1-1 demonstrates how to load and play audio media:

�I�a�`�e�]�L�h�]�u�a�n���w
�����]�q�p�k�L�h�]�u�6���p�n�q�a
�����n�a�l�a�]�p�?�k�q�j�p�6���I�a�`�e�]�L�h�]�u�a�n�*�N�A�L�A�=�P�[�B�K�N�A�R�A�N
�����i�a�`�e�]�6���I�a�`�e�]���w
���������o�k�q�n�_�a�6�����d�p�p�l�6�+�+�l�n�k�f�]�r�]�b�t�*�_�k�i�+�]�q�`�e�k�+�v�]�n�]�p�d�q�o�p�n�]�*�i�e�`��
�����y
�y

As shown here, the audio clip automatically begins playing and repeats indefinitely 
(until the program exits). We•ll have a lot more to say about playing audio and video media 
in Chapter 6, so stay tuned!

Now that you•ve compiled and run this example using the command-line tools and we•ve 
walked through the code together, it is time to begin using the NetBeans IDE with the JavaFX 
plug-in to make the development and deployment process faster and easier.

Building and Running the Program with NetBeans
Assuming that you•ve downloaded and extracted the source code for this book into a directory, 
follow the directions in this exercise to build and run the Hello Earthrise program in NetBeans 
with the JavaFX Plug-in. If you haven•t yet downloaded the version of the JavaFX SDK that con-
tains NetBeans, please do so from the JavaFX downloads page listed in the Resources section 
at the end of this chapter.
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BUILDING AND RUNNING HELLO EARTHRISE WITH NETBEANS

To build and run the Hello Earthrise program, perform the following steps:

 1. Start up the version of NetBeans that is available for download with the JavaFX SDK.

 2. Choose File �¢  New Project from the menu bar. The first window of the New Project Wizard will appear:

 3. Choose JavaFX in the Categories pane and JavaFX Script Application in the Projects pane, and click the Next 
button. The next page in the New Project Wizard should appear:
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 4. On this screen, type the project name (we used HelloEarthrise) and click the Browse button.

 5. On the Select Project Location screen, navigate to the directory in which you•d like to create this project (we 
used C:\MyJavaFX), and click the Open button.

 6. Select the From Sources radio button and click the Add Folder button. 

 7. On the Browse Source Packages Editor screen, navigate to the �?�d�]�l�p�a�n�,�-�+�D�a�h�h�k�A�]�n�p�d�n�e�o�a�+�o�n�_ direc-
tory subordinate to where you expanded this book•s code download bundle, and click the Open button.

�NNote These instructions are for creating a new NetBeans project from JavaFX source code. Step 7 won•t 
be successful if NetBeans finds a directory named �j�^�l�n�k�f�a�_�p and/or a �^�q�e�h�`�*�t�i�h file. This is because 
NetBeans assumes that the �o�n�_ directory is part of another project and refuses to add the source files to the 
new project. The build and run instructions in the Audio Configuration example later in this chapter demon-
strate how to work with a NetBeans JavaFX project that already exists.

 8. Click the Finish button. The HelloEarthrise project should now be created, and you•re ready to run it.

 9. Right-click on the HelloEarthrise project in the Projects pane and select Run Project from the context menu.

 10. The Run Project dialog box, shown next, will appear the first time you run the project, asking for the main 
class. Choose the �l�n�k�f�]�r�]�b�t�*�d�a�h�h�k�a�]�n�p�d�n�e�o�a�*�q�e�*�D�a�h�h�k�A�]�n�p�d�N�e�o�a�I�]�e�j class (the only class in the 
list for this simple example), and click OK.

The �D�a�h�h�k�A�]�n�p�d�N�e�o�a program should begin executing, as you saw in Figure 1-4 earlier in the chapter.
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At this point, you•ve built and run the •Hello EarthriseŽ program application„both from 
the command line and using NetBeans. Now we•re going to show you how to deploy this pro-
gram using Java Web Start, and then as an applet in a browser.

Deploying JavaFX Applications
As mentioned earlier in this chapter, the JavaFX and Java SE 6 update 10 technologies are 
working together to restore rich client Java. In this section you•ll configure and deploy the 
Hello Earthrise application with Java Web Start and as a JavaFX applet. The underlying fea-
tures of Java SE 6 Update 10 will be leveraged in this process.

Deploying JavaFX Applications with Java Web Start
To build the •Hello EarthriseŽ program with NetBeans to deploy as a Java Web Start applica-
tion, you need to create a configuration for that purpose. The following exercise walks you 
through this process.

DEPLOYING THE HELLO EARTHRISE PROGRAM WITH JAVA WEB START 

To create a configuration for deploying the Hello Earthrise program with Java Web Start, perform the following steps:

 1. Right-click on the HelloEarthrise project in the Projects pane and select Set Configuration �¢  Customize from 
the context menu, as shown here:

 2. The Project Properties dialog box, shown next, will appear. Choose Run from the Categories pane, and click 
the Web Start Execution radio button in the Application Execution Model options.
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 3. While still in the Project Properties dialog box, choose Application from the Categories pane, as shown next. Select 
the Self Signed Jar and Pack200 Compression check boxes. The Applet Specific Properties section is not appli-
cable for Web Start execution, so you can safely ignore these options for now. Click OK to close this dialog box.

�NCaution Selecting Self Signed Jar signs the Web Start application, but it doesn•t use an authoritative 
certificate. A security dialog box will appear, but it will indicate that the signature can•t be verified. For this 
reason, posting (or executing) JavaFX applications with self-signed JARs on the Internet is not a good prac-
tice. If the application doesn•t require access outside the sandbox (for example, to the NASA web site as 
this one does), then there is no need to sign the code anyway. If the application needs access outside the 
sandbox and you want to put your application on the Internet, then we suggest that you get a code-signing 
certificate (from VeriSign or Thawte, for example).

Because of the configuration that you just performed, when you run the project as described previously it should be 
invoked via Java Web Start; see Figure 1-4 earlier.
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Now that you•ve configured and run Hello Earthrise as a Java Web Start application, let•s 
deploy it as an applet inside your web browser.

Deploying JavaFX Applets
To deploy the •Hello EarthriseŽ program as a Java Web Start application, you need to create 
a configuration in the NetBeans project for that purpose. The following exercise walks you 
through this process.

DEPLOYING THE HELLO EARTHRISE PROGRAM AS AN APPLET IN A WEB BROWSER 

To create a configuration for deploying the Hello Earthrise program as an applet in a browser, perform the fol-
lowing steps:

 1. Right-click on the HelloEarthrise project in the Projects pane and select Set Configuration �¢  Customize from 
the context menu.

 2. The Project Properties dialog box, shown next, will appear. Choose Run from the Categories pane, and click 
the Run in Browser radio button from the Application Execution Model options.

 3. While still in the Project Properties dialog box, choose Application from the Categories pane, as shown next. 
Select the Self Signed Jar and Pack 200 Compression check boxes. In Applet Specific Properties, enter �1�-�2 
in the Width field and �/�4�3 in the Height field, and select the Draggable Applet check box. The reason for 
these particular width and height numbers is that these are the dimensions of the image that fills the scene. 
Choosing to make the applet draggable when run in a browser on which Java SE 6 Update 10 is installed 
allows that applet to be dragged from the browser onto the desktop. Click OK to close this dialog box.
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Because of the configuration that you just performed, when you run the project as described previously, it should 
be invoked in your default browser. If you have Java SE 6 Update 10 installed, then hold down the Alt key while 
clicking and dragging the applet onto the desktop, as shown here:
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Before leaving this example, we•d like to show you another way to clip the scrolling �P�a�t�p 
node. There is a class in the �f�]�r�]�b�t�*�o�_�a�j�a�*�h�]�u�k�q�p package named �?�h�e�l�R�e�a�s whose purpose is 
to provide a clipped view of a node that is typically larger than the view. In addition, the user 
can drag the node being viewed within the clipped area. Figure 1-6 shows the Hello Earthrise 
program after being modified to use the �?�h�e�l�R�e�a�s layout container.

Figure 1-6. Using the ClipView layout container to clip the Text node

Notice that the move cursor is visible, signifying that the user can drag the node around 
the clipped area. Note that the screenshot in Figure 1-6 is of the program running on Win-
dows, and the move cursor has a different appearance on other platforms. Listing 1-2 contains 
the code for this example, named �D�a�h�h�k�?�h�e�l�R�e�a�s�A�t�]�i�l�h�a�*�b�t.

Listing 1-2. The HelloClipViewExample.fx Program

�*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�h�]�u�k�q�p�*�?�h�e�l�R�e�a�s�7

�r�]�n���p�a�t�p�N�a�b�6�P�a�t�p�7

�+�+���L�n�k�r�e�`�a�o���p�d�a���]�j�e�i�]�p�a�`���o�_�n�k�h�h�e�j�c���^�a�d�]�r�e�k�n���b�k�n���p�d�a���p�a�t�p
�r�]�n���p�n�]�j�o�P�n�]�j�o�e�p�e�k�j���9���P�n�]�j�o�h�]�p�a�P�n�]�j�o�e�p�e�k�j���w
�����*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
�y

�O�p�]�c�a���w
�����p�e�p�h�a�6�����D�a�h�h�k���?�h�e�l�R�e�a�s��
�����o�_�a�j�a�6���O�_�a�j�a���w
���������d�a�e�c�d�p�6���/�4�3
���������s�e�`�p�d�6���1�-�2
���������_�k�j�p�a�j�p�6���W
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�������������E�i�]�c�a�R�e�a�s���w
�����������������e�i�]�c�a�6���E�i�]�c�a���w
���������������������q�n�h�6�������d�p�p�l�6�+�+�l�n�k�f�]�r�]�b�t�*�_�k�i�+�e�i�]�c�a�o�+�a�]�n�p�d�n�e�o�a�*�f�l�c��
�����������������y
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�����������������h�]�u�k�q�p�T�6���1�,
�����������������h�]�u�k�q�p�U�6���-�4�,
�����������������s�e�`�p�d�6���0�/�,
�����������������d�a�e�c�d�p�6���4�1
�����������������j�k�`�a�6
���������������������p�a�t�p�N�a�b���9���P�a�t�p���w
�������������������������h�]�u�k�q�p�U�6���-�,�,
�������������������������p�a�t�p�K�n�e�c�e�j�6���P�a�t�p�K�n�e�c�e�j�*�P�K�L
�������������������������p�a�t�p�=�h�e�c�j�i�a�j�p�6���P�a�t�p�=�h�e�c�j�i�a�j�p�*�F�Q�O�P�E�B�U
�������������������������s�n�]�l�l�e�j�c�S�e�`�p�d�6���/�4�,
�������������������������+�+���J�k�p�a���p�d�]�p���p�d�e�o���o�u�j�p�]�t���_�n�a�]�p�a�o���k�j�a���h�k�j�c���o�p�n�e�j�c���k�b���p�a�t�p
�������������������������_�k�j�p�a�j�p�6��
�������������������������������A�]�n�p�d�n�e�o�a���]�p���?�d�n�e�o�p�i�]�o�6����
�����������������������������*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
�������������������������+�+���P�d�a���]�l�l�n�k�t�e�i�]�p�a���_�k�h�k�n���q�o�a�`���e�j���p�d�a���o�_�n�k�h�h�e�j�c���O�p�]�n���S�]�n�o���e�j�p�n�k
�������������������������b�e�h�h�6���?�k�h�k�n�*�n�c�^�$�-�4�3�(���-�5�1�(���-�,�3�%
�������������������������b�k�j�p�6���B�k�j�p�*�b�k�j�p�$���O�]�j�o�O�a�n�e�b���(���B�k�j�p�S�a�e�c�d�p�*�>�K�H�@�(���.�0�%�7
���������������������y
�������������y
���������Y
�����y
�y
�*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*

Later chapters will cover other layout containers in the �f�]�r�]�b�t�*�o�_�a�j�a�*�h�]�u�k�q�p package, 
such as �D�>�k�t, �R�>�k�t, �B�h�k�s, �P�e�h�a, and �O�p�]�_�g. For now, let•s examine another JavaFX example 
application to help you learn more JavaFX Script concepts and constructs.

Developing Your Second JavaFX Program:  
•More Cowbell!Ž
If you•re familiar with the Saturday Night Live  television show, you may have seen the More 
Cowbell sketch, in which Christopher Walken•s character keeps asking for •more cowbellŽ 
during a Blue Oyster Cult recording session. The following JavaFX example program covers 
some of the simple but powerful concepts of JavaFX in the context of an imaginary applica-
tion that lets you select a music genre and control the volume. Of course, •Cowbell Metal,Ž 
shortened to •Cowbell,Ž is one of the available genres. Figure 1-7 shows a screenshot of this 
application, which has a sort of iPhone application look.
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Figure 1-7. The Audio Configuration •More CowbellŽ program

Building and Running the Audio Configuration Program
Earlier in the chapter, we showed you how to create a new JavaFX project in NetBeans, and 
how to add a folder that contains source code files to the project.

For this example (and the rest of the examples in the book), we•ll take advantage of the 
fact that the code download bundle for the book contains both NetBeans and Eclipse project 
files for each example. Follow the instructions in this exercise to build and run the Audio Con-
figuration application.

BUILDING AND RUNNING THE AUDIO CONFIGURATION PROGRAM USING NETBEANS 

To build and execute this program using NetBeans, perform the following steps:

 1. From the File menu, select the Open Project menu item. In the Open Project dialog box, navigate to the  
�?�d�]�l�p�a�n�,�- directory where you extracted the book•s code download bundle, as shown here:
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 2. Select the AudioConfig project in the pane on the left, and click the Open Project button.

 3. Run the project as discussed previously.

The application should appear as shown in Figure 1-7.

The Behavior of the Audio Configuration Program
When you run the application, notice that adjusting the volume slider changes the associ-
ated decibel (dB) level displayed. Also, selecting the Muting check box disables the slider, and 
selecting various genres changes the volume slider. This behavior is enabled by concepts that 
you•ll see in the code that follows, such as

�Ê �U�Ê �	�ˆ�˜�`�ˆ�˜�}�Ê�Ì�œ�Ê�>�Ê�V�•�>�Ã�Ã�Ê�Ì�…�>�Ì�Ê�V�œ�˜�Ì�>�ˆ�˜�Ã�Ê�>�Ê�“�œ�`�i�•

�Ê �U�Ê �1�Ã�ˆ�˜�}�Ê�k�j���n�a�l�h�]�_�a triggers 

�Ê �U�Ê �
�À�i�>�Ì�ˆ�˜�}�Ê�Ã�i�µ�Õ�i�˜�V�i�Ã

Understanding the Audio Configuration Program
The Audio Configuration program contains two source code files, shown in Listing 1-3 and 
���ˆ�Ã�Ì�ˆ�˜�}�Ê�£�‡�{�Ê�­�Ü�…�ˆ�V�…�Ê�>�«�«�i�>�À�Ã�Ê�ˆ�˜�Ê�Ì�…�i�Ê�Ã�i�V�Ì�ˆ�œ�˜�Ê�º�/�…�i�Ê���œ�`�i�•�Ê�
�•�>�Ã�Ã�Ê�v�œ�À�Ê�Ì�…�i�Ê���Õ�`�ˆ�œ�Ê�
�œ�˜�v�ˆ�}�Õ�À�>�Ì�ˆ�œ�˜�Ê�
�Ý�>�“-
pleŽ in just a moment):

�Ê �U�Ê �/�…�i�Ê�=�q�`�e�k�?�k�j�b�e�c�I�]�e�j�*�b�t file in Listing 1-3 contains the main script, and expresses the UI 
in a manner that you are familiar with from the Hello Earthrise example in Listing 1-1.

�Ê �U�Ê �/�…�i�Ê�=�q�`�e�k�?�k�j�b�e�c�I�k�`�a�h�*�b�t�Ê�v�ˆ�•�i�Ê�ˆ�˜�Ê���ˆ�Ã�Ì�ˆ�˜�}�Ê�£�‡�{�Ê�V�œ�˜�Ì�>�ˆ�˜�Ã�Ê�>�Ê�“�œ�`�i�•�Ê�v�œ�À�Ê�Ì�…�ˆ�Ã�Ê�«�À�œ�}�À�>�“�]�Ê�Ü�…�ˆ�V�…�Ê
holds the state of the application, to which the UI is bound . 

Take a look at the �=�q�`�e�k�?�k�j�b�e�c�I�]�e�j�*�b�t source code in Listing 1-3, and then we•ll examine 
it together, focusing on concepts not covered in the previous example.

Listing 1-3. The AudioConfigMain.fx Program

�l�]�_�g�]�c�a���l�n�k�f�]�r�]�b�t�*�]�q�`�e�k�_�k�j�b�e�c�*�q�e�7

�e�i�l�k�n�p���f�]�r�]�b�t�*�a�t�p�*�o�s�e�j�c�*�O�s�e�j�c�?�k�i�^�k�>�k�t�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�a�t�p�*�o�s�e�j�c�*�O�s�e�j�c�?�k�i�^�k�>�k�t�E�p�a�i�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�&�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�_�k�j�p�n�k�h�*�O�h�e�`�a�n�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�_�k�j�p�n�k�h�*�?�d�a�_�g�>�k�t�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�l�]�e�j�p�*�&�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�o�d�]�l�a�*�&�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�p�a�t�p�*�&�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�p�]�c�a�*�O�p�]�c�a�7
�e�i�l�k�n�p���l�n�k�f�]�r�]�b�t�*�]�q�`�e�k�_�k�j�b�e�c�*�i�k�`�a�h�*�=�q�`�e�k�?�k�j�b�e�c�I�k�`�a�h�7
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�������������H�e�j�a���w
�����������������o�p�]�n�p�T�6���5
�����������������o�p�]�n�p�U�6���5�3
�����������������a�j�`�T�6���/�,�5
�����������������a�j�`�U�6���5�3
�����������������o�p�n�k�g�a�6���?�k�h�k�n�*�_�k�h�k�n�$�,�*�2�2�(���,�*�2�3�(���,�*�2�5�%
�������������y�(
�������������P�a�t�p���w
�����������������h�]�u�k�q�p�T�6���-�4
�����������������h�]�u�k�q�p�U�6���-�-�/
�����������������p�a�t�p�K�n�e�c�e�j�6���P�a�t�p�K�n�e�c�e�j�*�P�K�L
�����������������b�e�h�h�6���?�k�h�k�n�*�s�a�^�$���,�t�-�/�-�,�.�-���%
�����������������_�k�j�p�a�j�p�6�����I�q�p�e�j�c��
�����������������b�k�j�p�6���B�k�j�p�*�b�k�j�p�$���O�]�j�o�O�a�n�e�b���(���B�k�j�p�S�a�e�c�d�p�*�>�K�H�@�(���-�4�%
�������������y�(
�������������?�d�a�_�g�>�k�t���w
�����������������h�]�u�k�q�p�T�6���.�4�,
�����������������h�]�u�k�q�p�U�6���-�-�/
�����������������o�a�h�a�_�p�a�`�6���^�e�j�`���]�_�I�k�`�a�h�*�i�q�p�e�j�c���s�e�p�d���e�j�r�a�n�o�a
�������������y�(
�������������H�e�j�a���w
�����������������o�p�]�n�p�T�6���5
�����������������o�p�]�n�p�U�6���-�0�-
�����������������a�j�`�T�6���/�,�5
�����������������a�j�`�U�6���-�0�-
�����������������o�p�n�k�g�a�6���?�k�h�k�n�*�_�k�h�k�n�$�,�*�2�2�(���,�*�2�3�(���,�*�2�5�%
�������������y�(
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�������������P�a�t�p���w
�����������������h�]�u�k�q�p�T�6���-�4
�����������������h�]�u�k�q�p�U�6���-�1�3
�����������������p�a�t�p�K�n�e�c�e�j�6���P�a�t�p�K�n�e�c�e�j�*�P�K�L
�����������������b�e�h�h�6���?�k�h�k�n�*�s�a�^�$���,�t�-�/�-�,�.�-���%
�����������������_�k�j�p�a�j�p�6�����C�a�j�n�a��
�����������������b�k�j�p�6���B�k�j�p�*�b�k�j�p�$���O�]�j�o�O�a�n�e�b���(���B�k�j�p�S�a�e�c�d�p�*�>�K�H�@�(���-�4�%
�������������y�(
�������������O�s�e�j�c�?�k�i�^�k�>�k�t���w
�����������������h�]�u�k�q�p�T�6���.�,�0
�����������������h�]�u�k�q�p�U�6���-�0�4
�����������������s�e�`�p�d�6���5�/
�����������������e�p�a�i�o�6���^�e�j�`���b�k�n���$�c�a�j�n�a���e�j���]�_�I�k�`�a�h�*�c�a�j�n�a�o�%���w
���������������������O�s�e�j�c�?�k�i�^�k�>�k�t�E�p�a�i���w
�������������������������p�a�t�p�6���c�a�j�n�a
���������������������y
�����������������y
�����������������o�a�h�a�_�p�a�`�E�j�`�a�t�6���^�e�j�`���]�_�I�k�`�a�h�*�o�a�h�a�_�p�a�`�C�a�j�n�a�E�j�`�a�t���s�e�p�d���e�j�r�a�n�o�a
�������������y
���������Y
�����y
�y

Now that you•ve seen the main script in this application, let•s walk through the new  
concepts.

Creating an Instance of the Model, and the Magic of Binding

One of the powerful aspects of JavaFX is binding, which enables the application•s UI to easily 
stay in sync with the state, or model, of the application. The model for a JavaFX application 
is typically held in one or more classes, in this case the �=�q�`�e�k�?�k�j�b�e�c�I�k�`�a�h class. To make an 
instance of this class, we use the same object literal syntax that we•ve used to create instances 
of UI classes. Look at the following snippet, taken from Listing 1-3:

�����`�a�b���]�_�I�k�`�a�h���9���=�q�`�e�k�?�k�j�b�e�c�I�k�`�a�h���w
���������o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o�6���/�1
�����y

This instantiates the �=�q�`�e�k�?�k�j�b�e�c�I�k�`�a�h class, initializing its �o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o instance 
variable to a value of 35. In addition, a reference to that instance is held by a variable named 
�]�_�I�k�`�a�h.

�NNote The �`�a�b keyword in this snippet is similar to �r�]�n, except that its value must be assigned and ini-
tialized when it is declared. Also, it cannot subsequently be assigned a value. The �`�a�b keyword enables the 
compiler to perform related optimizations.
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There are several graphical node instances in the scene of this UI (recall that a scene con-
sists of a sequence of nodes). Skipping past several of them, we come to the graphical nodes 
shown in the following snippet that have an instance variable bound to the �o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o 
variable in the model:

�������������P�a�t�p���w
�����������������h�]�u�k�q�p�T�6���-�4
�����������������h�]�u�k�q�p�U�6���2�5
�����������������p�a�t�p�K�n�e�c�e�j�6���P�a�t�p�K�n�e�c�e�j�*�P�K�L
�����������������b�e�h�h�6���?�k�h�k�n�*�s�a�^�$���,�t�-�/�-�,�.�-���%
�����������������_�k�j�p�a�j�p�6���^�e�j�`�����w�!�-�*�,�b���]�_�I�k�`�a�h�*�o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o�y���`�>��
�����������������b�k�j�p�6���B�k�j�p�*�b�k�j�p�$���O�]�j�o�O�a�n�e�b���(���B�k�j�p�S�a�e�c�d�p�*�>�K�H�@�(���-�4�%
�������������y�(
�������������O�h�e�`�a�n���w
�����������������h�]�u�k�q�p�T�6���-�/�1
�����������������h�]�u�k�q�p�U�6���2�5
�����������������s�e�`�p�d�6���-�2�.
�����������������`�e�o�]�^�h�a�6���^�e�j�`���]�_�I�k�`�a�h�*�i�q�p�e�j�c
�����������������i�e�j�6���^�e�j�`���]�_�I�k�`�a�h�*�i�e�j�@�a�_�e�^�a�h�o
�����������������i�]�t�6���^�e�j�`���]�_�I�k�`�a�h�*�i�]�t�@�a�_�e�^�a�h�o
�����������������r�]�h�q�a�6���^�e�j�`���]�_�I�k�`�a�h�*�o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o���s�e�p�d���e�j�r�a�n�o�a
�������������y�(

As shown in this snippet, the �_�k�j�p�a�j�p variable of the �P�a�t�p object is bound to a �O�p�n�e�j�c. The 
curly braces in this �O�p�n�e�j�c contain an expression (that includes the �o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o variable), 
which is evaluated and becomes part of the �O�p�n�e�j�c. Look at Figure 1-7 (or check the running 
application) to see the �_�k�j�p�a�j�p value of the �P�a�t�p node displayed to the left of the slider.

�NNote The �!�-�*�,�b string formatting specification causes the decimal portion of �o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o to be 
suppressed. See Chapter 4 for details on string formatting and its use for internationalization. 

Notice also in the snippet that the �r�]�h�q�a instance variable of the �O�h�e�`�a�n node is bound to 
the �o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o variable in the model as well, but that it has the keywords �s�e�p�d���e�j�r�a�n�o�a 
at the end of the expression. This causes the bind to be bidirectional, so in this case when 
the slider is moved, the �o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o value in the model changes. Conversely, when the 
�o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o value changes (as a result of changing the genre), the slider moves.

Go ahead and move the slider to demonstrate the effects of the bind expressions in the 
snippet. The number of decibels displayed at the left of the slider should change as the slider is 
adjusted.

There are other bound instance variables in Listing 1-3 that we•ll point out when we walk 
through the model class. Before leaving the UI, we•d like to point out some color-related con-
cepts in this example.



CHAPTER 1 �N��  GETTING A JUMP START IN JAVAFX34

Colors and Gradients

The following snippet from Listing 1-3 contains an example of defining a color gradient pat-
tern, as well as defining colors:

�������������N�a�_�p�]�j�c�h�a���w
�����������������+�+���J�k���j�a�a�`���p�k���]�o�o�e�c�j���,���p�k���t���]�j�`���u�(���^�a�_�]�q�o�a���,���e�o���p�d�a���`�a�b�]�q�h�p
�����������������s�e�`�p�d�6���/�.�,
�����������������d�a�e�c�d�p�6���0�1
�����������������b�e�h�h�6���H�e�j�a�]�n�C�n�]�`�e�a�j�p���w
���������������������+�+���J�k���j�a�a�`���p�k���]�o�o�e�c�j���,���p�k���o�p�]�n�p�T���]�j�`���o�p�]�n�p�U�(���^�a�_�]�q�o�a���,���e�o���`�a�b�]�q�h�p
���������������������a�j�`�T�6���,�*�,
���������������������a�j�`�U�6���-�*�,
���������������������o�p�k�l�o�6���W
�������������������������O�p�k�l���w
�����������������������������_�k�h�k�n�6���?�k�h�k�n�*�s�a�^�$���,�t�=�A�>�>�?�?���%
�����������������������������k�b�b�o�a�p�6���,�*�,
�������������������������y�(
�������������������������O�p�k�l���w
�����������������������������_�k�h�k�n�6���?�k�h�k�n�*�s�a�^�$���,�t�2�@�4�0�=�/���%
�����������������������������k�b�b�o�a�p�6���-�*�,����
�������������������������y
���������������������Y
�����������������y
�������������y�(

If the JavaFX API docs are handy, first take a look at the �f�]�r�]�b�t�*�o�_�a�j�a�*�o�d�]�l�a�*�N�a�_�p�]�j�c�h�a 
class and notice that it inherits an instance variable named �b�e�h�h that is of type �f�]�r�]�b�t�*�o�_�a�j�a�*
�l�]�e�j�p�*�L�]�e�j�p. Looking at the JavaFX API docs for the �L�]�e�j�p class, you•ll see that the �?�k�h�k�n,  
�H�e�j�a�]�n�C�n�]�`�e�a�j�p, and �N�]�`�e�]�h�C�n�]�`�e�a�j�p classes are subclasses of �L�]�e�j�p. This means that the fill  
of any shape can be assigned a color or a gradient.

To create a �H�e�j�a�]�n�C�n�]�`�e�a�j�p, as shown in the snippet, you need to define at least two stops, 
which define the location and color at that location. In this example the �k�b�b�o�a�p value of the 
first stop is 0.0, and the �k�b�b�o�a�p value of the second stop is 1.0. These are the values at both 
extremes of the unit square , the result being that the gradient will span the entire node (in this 
case a �N�a�_�p�]�j�c�h�a). The direction of the �H�e�j�a�]�n�C�n�]�`�e�a�j�p is controlled by its �o�p�]�n�p�T, �o�p�]�n�p�U, �a�j�`�T 
and �a�j�`�U values. In this case, the direction is only vertical because the �o�p�]�n�p�U value is 0.0 and 
the �a�j�`�U value is 1.0, while the �o�p�]�n�p�T and �a�j�`�T values are both 0.0. 

Note that in the Hello Earthrise example in Listing 1-1, the constant named �?�k�h�k�n�*�S�D�E�P�A 
was used to represent the color white. In the previous snippet, the �s�a�^ function of the �?�k�h�k�n 
class is used to define a color from a hexadecimal value.

The Model Class for the Audio Configuration Example

Take a look at the source code for the �=�q�`�e�k�?�k�j�b�e�c�I�k�`�a�h �V�•�>�Ã�Ã�Ê�ˆ�˜�Ê���ˆ�Ã�Ì�ˆ�˜�}�Ê�£�‡�{�°
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Listing 1-4. The Source Code for AudioConfigModel.fx

�l�]�_�g�]�c�a���l�n�k�f�]�r�]�b�t�*�]�q�`�e�k�_�k�j�b�e�c�*�i�k�`�a�h�7

�+�&�&
���&���P�d�a���i�k�`�a�h���_�h�]�o�o���p�d�]�p���p�d�a���=�q�`�e�k�?�k�j�b�e�c�I�]�e�j�*�b�t���o�_�n�e�l�p���q�o�a�o
���&�+
�l�q�^�h�e�_���_�h�]�o�o���=�q�`�e�k�?�k�j�b�e�c�I�k�`�a�h���w
�����+�&�&
�������&���P�d�a���i�e�j�e�i�q�i���]�q�`�e�k���r�k�h�q�i�a���e�j���`�a�_�e�^�a�h�o
�������&�+
�����l�q�^�h�e�_���`�a�b���i�e�j�@�a�_�e�^�a�h�o�6�J�q�i�^�a�n���9���,�7

�����+�&�&
�������&���P�d�a���i�]�t�e�i�q�i���]�q�`�e�k���r�k�h�q�i�a���e�j���`�a�_�e�^�a�h�o
�������&�+
�����l�q�^�h�e�_���`�a�b���i�]�t�@�a�_�e�^�a�h�o�6�J�q�i�^�a�n���9���-�2�,�7

�����+�&�&
�������&���P�d�a���o�a�h�a�_�p�a�`���]�q�`�e�k���r�k�h�q�i�a���e�j���`�a�_�e�^�a�h�o
�������&�+
�����l�q�^�h�e�_���r�]�n���o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o�6�J�q�i�^�a�n�7

�����+�&�&
�������&���E�j�`�e�_�]�p�a�o���s�d�a�p�d�a�n���]�q�`�e�k���e�o���i�q�p�a�`
�������&�+
�����l�q�^�h�e�_���r�]�n���i�q�p�e�j�c�6�>�k�k�h�a�]�j�7�����+�+���b�]�h�o�a���e�o���`�a�b�]�q�h�p���b�k�n���>�k�k�h�a�]�j

�����+�&�&
�������&���H�e�o�p���k�b���o�k�i�a���i�q�o�e�_�]�h���c�a�j�n�a�o
�������&�+
�����l�q�^�h�e�_���`�a�b���c�a�j�n�a�o���9���W
�����������?�d�]�i�^�a�n���(
�����������?�k�q�j�p�n�u���(
�����������?�k�s�^�a�h�h���(
�����������I�a�p�]�h���(
�����������L�k�h�g�]���(
�����������N�k�_�g��
�����Y�7

�����+�&�&
�������&���E�j�`�a�t���k�b���p�d�a���o�a�h�a�_�p�a�`���c�a�j�n�a
�������&�+
�����l�q�^�h�e�_���r�]�n���o�a�h�a�_�p�a�`�C�a�j�n�a�E�j�`�a�t�6�E�j�p�a�c�a�n���k�j���n�a�l�h�]�_�a���w
���������e�b���$�c�a�j�n�a�o�W�o�a�h�a�_�p�a�`�C�a�j�n�a�E�j�`�a�t�Y���9�9�����?�d�]�i�^�a�n���%���w
�������������o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o���9���4�,�7
���������y
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���������a�h�o�a���e�b���$�c�a�j�n�a�o�W�o�a�h�a�_�p�a�`�C�a�j�n�a�E�j�`�a�t�Y���9�9�����?�k�q�j�p�n�u���%���w
�������������o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o���9���-�,�,�7
���������y
���������a�h�o�a���e�b���$�c�a�j�n�a�o�W�o�a�h�a�_�p�a�`�C�a�j�n�a�E�j�`�a�t�Y���9�9�����?�k�s�^�a�h�h���%���w
�������������o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o���9���-�1�,�7
���������y
���������a�h�o�a���e�b���$�c�a�j�n�a�o�W�o�a�h�a�_�p�a�`�C�a�j�n�a�E�j�`�a�t�Y���9�9�����I�a�p�]�h���%���w
�������������o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o���9���-�0�,�7
���������y
���������a�h�o�a���e�b���$�c�a�j�n�a�o�W�o�a�h�a�_�p�a�`�C�a�j�n�a�E�j�`�a�t�Y���9�9�����L�k�h�g�]���%���w
�������������o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o���9���-�.�,�7
���������y
���������a�h�o�a���e�b���$�c�a�j�n�a�o�W�o�a�h�a�_�p�a�`�C�a�j�n�a�E�j�`�a�t�Y���9�9�����N�k�_�g���%���w
�������������o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o���9���-�/�,�7
���������y
�����y�7
�y

Structure of a Minimal JavaFX Class

JavaFX is fully object-oriented, and even supports mixin inheritance  and closures (both of 
�Ü�…�ˆ�V�…�Ê�Ü�ˆ�•�•�Ê�L�i�Ê�`�ˆ�Ã�V�Õ�Ã�Ã�i�`�Ê�ˆ�˜�Ê�
�…�>�«�Ì�i�À�Ê�{�®�°�Ê�/�…�i�Ê�“�ˆ�˜�ˆ�“�Õ�“�Ê�V�œ�`�i�Ê�Ì�…�>�Ì�Ê�Þ�œ�Õ�Ê�˜�i�i�`�Ê�Ì�œ�Ê�V�À�i�>�Ì�i�Ê�>�Ê�V�•�>�Ã�Ã�Ê�ˆ�˜�Ê
JavaFX is the class declaration. The declaration of a class always includes the �_�h�]�o�o keyword 
and, as shown in the preceding code snippet, has opening and closing curly braces. There are 
other JavaFX keywords, such as �l�q�^�h�e�_ and �a�t�p�a�j�`�o, that can modify the �_�h�]�o�o keyword. We•ll 
�`�ˆ�Ã�V�Õ�Ã�Ã�Ê�Ì�…�i�Ã�i�Ê�ˆ�˜�Ê�`�i�Ì�>�ˆ�•�Ê�ˆ�˜�Ê�
�…�>�«�Ì�i�À�Ê�{�°

���˜�œ�Ì�…�i�À�Ê�L�>�Ã�ˆ�V�Ê�V�œ�˜�Ã�Ì�À�Õ�V�Ì�Ê�œ�v�Ê�>�Ê�V�•�>�Ã�Ã�Ê�`�i�V�•�>�À�>�Ì�ˆ�œ�˜�Ê�ˆ�Ã�Ê�Ì�…�i�Ê�ˆ�˜�Ã�Ì�>�˜�V�i�Ê�Û�>�À�ˆ�>�L�•�i�°�Ê�/�…�i�Ê�V�•�>�Ã�Ã�Ê�ˆ�˜�Ê���ˆ�Ã�Ì�ˆ�˜�}�Ê�£�‡�{�Ê
defines several instance variables. When an instance of this class is created, space is carved out in 
memory for each instance variable.

Defining Triggers in the Model Class

Triggers are a construct in JavaFX that helps enable declarative programming. For example, 
the �k�j���n�a�l�h�]�_�a trigger shown in this snippet executes whenever the value of the �o�a�h�a�_�p�a�`�C�a�j�)
�n�a�E�j�`�a�t variable changes:

�����l�q�^�h�e�_���r�]�n���o�a�h�a�_�p�a�`�C�a�j�n�a�E�j�`�a�t�6�E�j�p�a�c�a�n���k�j���n�a�l�h�]�_�a���w
���������e�b���$�c�a�j�n�a�o�W�o�a�h�a�_�p�a�`�C�a�j�n�a�E�j�`�a�t�Y���9�9�����?�d�]�i�^�a�n���%���w
�������������o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o���9���4�,�7
���������y
���������a�h�o�a���e�b���$�c�a�j�n�a�o�W�o�a�h�a�_�p�a�`�C�a�j�n�a�E�j�`�a�t�Y���9�9�����?�k�q�j�p�n�u���%���w
�������������o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o���9���-�,�,�7
���������y
���������a�h�o�a���e�b���$�c�a�j�n�a�o�W�o�a�h�a�_�p�a�`�C�a�j�n�a�E�j�`�a�t�Y���9�9�����?�k�s�^�a�h�h���%���w
�������������o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o���9���-�1�,�7
���������y
���������a�h�o�a���e�b���$�c�a�j�n�a�o�W�o�a�h�a�_�p�a�`�C�a�j�n�a�E�j�`�a�t�Y���9�9�����I�a�p�]�h���%���w
�������������o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o���9���-�0�,�7
���������y
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���������a�h�o�a���e�b���$�c�a�j�n�a�o�W�o�a�h�a�_�p�a�`�C�a�j�n�a�E�j�`�a�t�Y���9�9�����L�k�h�g�]���%���w
�������������o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o���9���-�.�,�7
���������y
���������a�h�o�a���e�b���$�c�a�j�n�a�o�W�o�a�h�a�_�p�a�`�C�a�j�n�a�E�j�`�a�t�Y���9�9�����N�k�_�g���%���w
�������������o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o���9���-�/�,�7
���������y
�����y�7

What causes �o�a�h�a�_�p�a�`�C�a�j�n�a�E�j�`�a�t to change, though? To see the answer to this, we have to 
revisit the declarative UI script in Listing 1-3. Here•s the relevant snippet:

�������������O�s�e�j�c�?�k�i�^�k�>�k�t���w
�����������������h�]�u�k�q�p�T�6���.�,�0
�����������������h�]�u�k�q�p�U�6���-�0�4
�����������������s�e�`�p�d�6���5�/
�����������������e�p�a�i�o�6���^�e�j�`���b�k�n���$�c�a�j�n�a���e�j���]�_�I�k�`�a�h�*�c�a�j�n�a�o�%���w
���������������������O�s�e�j�c�?�k�i�^�k�>�k�t�E�p�a�i���w
�������������������������p�a�t�p�6���c�a�j�n�a
���������������������y
�����������������y
�����������������o�a�h�a�_�p�a�`�E�j�`�a�t�6���^�e�j�`���]�_�I�k�`�a�h�*�o�a�h�a�_�p�a�`�C�a�j�n�a�E�j�`�a�t���s�e�p�d���e�j�r�a�n�o�a
�������������y

Notice that the �o�a�h�a�_�p�a�`�E�j�`�a�t variable of the �O�s�e�j�c�?�k�i�^�k�>�k�t is bidirectionally bound 
(recall our �s�e�p�d���e�j�r�a�n�o�a discussion) to the �o�a�h�a�_�p�a�`�C�a�j�n�a�E�j�`�a�t variable in the model. Because 
of this, whenever the user selects a different genre in the combo box, the �k�j���n�a�l�h�]�_�a trigger is 
executed. Looking again at the code in the �k�j���n�a�l�h�]�_�a trigger, you•ll see that the value of the 
�o�a�h�a�_�p�a�`�@�a�_�e�^�a�h�o variable changes, which as you may recall, is bidirectionally bound to the 
slider. This is why the slider moves when you select a genre in the combo box. Go ahead and 
test this out by running the Audio Config program.

We•ll point out one more example of binding in this program, and then we•ll let you study 
the code independently to find the rest. In the most recent code snippet, binding is used to 
populate the �O�s�e�j�c�?�k�i�^�k�>�k�t with �O�s�e�j�c�?�k�i�^�k�>�k�t�E�p�a�i instances that each contains a genre.  
�/�…�ˆ�Ã�Ê�Ã�˜�ˆ�«�«�i�Ì�Ê�v�À�œ�“�Ê�Ì�…�i�Ê�“�œ�`�i�•�Ê�V�œ�`�i�Ê�ˆ�˜�Ê���ˆ�Ã�Ì�ˆ�˜�}�Ê�£�‡�{�Ê�V�œ�˜�Ì�>�ˆ�˜�Ã�Ê�Ì�…�i�Êsequence to which the  
�O�s�e�j�c�?�k�i�^�k�>�k�t�E�p�a�i instances are bound: 

�����+�&�&
�������&���H�e�o�p���k�b���o�k�i�a���i�q�o�e�_�]�h���c�a�j�n�a�o
�������&�+
�����l�q�^�h�e�_���r�]�n���c�a�j�n�a�o���9���W
�����������?�d�]�i�^�a�n���(
�����������?�k�q�j�p�n�u���(
�����������?�k�s�^�a�h�h���(
�����������I�a�p�]�h���(
�����������L�k�h�g�]���(
�����������N�k�_�g��
�����Y�7

The means by which the �c�a�j�n�a�o sequence is bound to the �O�s�e�j�c�?�k�i�^�k�>�k�t �e�p�a�i�o variable 
(using the �b�k�n keyword in the explicit sequence expression) will be covered in Chapter 2.
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Surveying JavaFX Features
We•d like to close this chapter by surveying many of the features of JavaFX, some of which will 
be a review for you. We•ll do this by describing several of the more commonly used packages 
and classes in the JavaFX SDK API.:

The �f�]�r�]�b�t�*�o�p�]�c�a package contains:

�Ê �U�Ê �/�…�i�Ê�O�p�]�c�a class, which is the top level of the UI containment hierarchy for any JavaFX 
application, regardless of where it is deployed (such as the desktop, a browser, or a cell 
phone).

�Ê �U�Ê �/�…�i�Ê�=�h�a�n�p class, which has functions that may be called to make alert dialog boxes 
(such as a confirmation dialog box) appear.

�Ê �U�Ê �/�…�i�Ê�O�_�n�a�a�j class, which represents the displays on the machine in which a JavaFX pro-
gram is running. This enables you to get information about the screens, such as size 
and resolution.

The �f�]�r�]�b�t�*�o�_�a�j�a package contains some classes that you•ll use often:

�Ê �U�Ê �/�…�i�Ê�O�_�a�j�a class is the second level of the UI containment hierarchy for JavaFX applica-
tions. It includes all of the UI elements contained in the application. These elements 
are called graphical nodes, or simply nodes.

�Ê �U�Ê �/�…�i�Ê�J�k�`�a class is the base class of all of the graphical nodes in JavaFX. As you•ll see, UI 
elements such as text, images, media, shapes, and controls (such as text boxes and but-
tons) are all subclasses of �J�k�`�a. Take a moment to look at the variables and functions in 
the �J�k�`�a class to appreciate the capabilities provided to all of its subclasses, including 
bounds calculation and mouse and keyboard event handling.

�Ê �U�Ê �/�…�i�Ê�?�q�o�p�k�i�J�k�`�a class enables you to create your own UI elements.

�Ê �U�Ê �/�…�i�Ê�C�n�k�q�l class is a subclass of the �J�k�`�a class whose purpose includes grouping nodes 
together into a single coordinate space and allowing transforms (such as rotate) to 
be applied to the whole group. Also, attributes of the group that are changed (such as 
opacity) apply to all of the nodes contained within the group.

Several packages begin with �f�]�r�]�b�t�*�o�_�a�j�a that contain subclasses of �J�k�`�a of various types. 
For example:

�Ê �U�Ê �/�…�i�Ê�f�]�r�]�b�t�*�o�_�a�j�a�*�e�i�]�c�a package contains the �E�i�]�c�a and �E�i�]�c�a�R�e�a�s classes, which 
enables images to be displayed in the �O�_�a�j�a. The �E�i�]�c�a�R�e�a�s class is a subclass of �J�k�`�a.

�Ê �U�Ê �/�…�i�Ê�f�]�r�]�b�t�*�o�_�a�j�a�*�o�d�]�l�a package contains several classes for drawing shapes such as 
�?�e�n�_�h�a, �N�a�_�p�]�j�c�h�a, �H�e�j�a, �L�k�h�u�c�k�j, and �=�n�_. The base class of the shapes, named �O�d�]�l�a, 
contains an attribute named �b�e�h�h that enables you to specify a color or gradient with 
which to fill the shape.

�Ê �U�Ê �/�…�i�Ê�f�]�r�]�b�t�*�o�_�a�j�a�*�p�a�t�p package contains the �P�a�t�p class for drawing text in the scene. 
The �B�k�j�p class enables you to specify the font name and size of the text.
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�Ê �U�Ê �/�…�i�Ê�f�]�r�]�b�t�*�o�_�a�j�a�*�i�a�`�e�] package has classes that enable you to play media. The  
�I�a�`�e�]�R�e�a�s class is a subclass of �J�k�`�a that displays the media.

�Ê �U�Ê �/�…�i�Ê�f�]�r�]�b�t�*�o�_�a�j�a�*�_�d�]�n�p package has classes that help you easily create area, bar, 
bubble, line , pie, and scatter charts. The corresponding UI classes in this package are 
�=�n�a�]�?�d�]�n�p, �>�]�n�?�d�]�n�p, �>�q�^�^�h�a�?�d�]�n�p, �H�e�j�a�?�d�]�n�p, �L�e�a�?�d�]�n�p, and �O�_�]�p�p�a�n�?�d�]�n�p.

Although it doesn•t begin with �f�]�r�]�b�t�*�o�_�a�j�a, the �f�]�r�]�b�t�*�a�t�p�*�o�s�e�j�c package contains  
UI controls (such as �O�s�e�j�c�?�k�i�^�k�^�k�t) that subclass �J�k�`�a. Many of the Swing •componentsŽ  
are available in this package, and because these components are actually nodes, any of the 
transforms and other capabilities of �J�k�`�a are available with these classes. Also, any Swing  
components that aren•t in this package may be used in JavaFX by wrapping them with the  
�s�n�]�l function of the �O�s�e�j�c�?�k�i�l�k�j�a�j�p class.

Here are the other packages in the JavaFX 1.2 API:

�Ê �U�Ê �/�…�i�Ê�f�]�r�]�b�t�*�o�_�a�j�a�*�_�k�j�p�n�k�h package contains several UI controls, each one having the 
ability to be skinned and styled via CSS. The �?�k�j�p�n�k�h, �O�g�e�j, and �>�a�d�]�r�e�k�n classes in this 
package give you the ability to create your own skinned and CSS-styled controls.

�Ê �U�Ê �/�…�i�Ê�f�]�r�]�b�t�*�o�_�a�j�a�*�p�n�]�j�o�b�k�n�i package enables you to transform nodes (scale, rotate, 
translate, shear, and affine).

�Ê �U�Ê �/�…�i�Ê�f�]�r�]�b�t�*�o�_�a�j�a�*�e�j�l�q�p package contains classes such as �I�k�q�o�a�A�r�a�j�p and �G�a�u�A�r�a�j�p 
that provide information about these events from within an event handler function 
such as the �J�k�`�a class•s �k�j�I�k�q�o�a�?�h�e�_�g�a�` event.

�Ê �U�Ê �/�…�i�Ê�f�]�r�]�b�t�*�o�_�a�j�a�*�h�]�u�k�q�p package contains several layout containers, including �D�>�k�t, 
�R�>�k�t, �?�h�e�l�R�e�a�s, �B�h�k�s, �O�p�]�_�g, and �P�e�h�a. The �?�k�j�p�]�e�j�a�n class in that package enables writ-
ing custom layout classes.

�Ê �U�Ê �/�…�i�Ê�f�]�r�]�b�t�*�o�_�a�j�a�*�a�b�b�a�_�p and �f�]�r�]�b�t�*�o�_�a�j�a�*�a�b�b�a�_�p�*�h�e�c�d�p packages contain easy-to-
use effects such as �N�a�b�h�a�_�p�e�k�j, �C�h�k�s, �O�d�]�`�k�s, �>�k�t�>�h�q�n and �H�e�c�d�p�e�j�c.

�Ê �U�Ê �/�…�i�Ê�f�]�r�]�b�t�*�]�j�e�i�]�p�e�k�j and �f�]�r�]�b�t�*�]�j�e�i�]�p�e�k�j�*�p�n�]�j�o�e�p�e�k�j packages contain time-based 
interpolations typically used for animation, and convenience classes for common tran-
sitions, respectively.

�Ê �U�Ê �/�…�i�Ê�f�]�r�]�b�t�*�e�k�*�d�p�p�l, �f�]�r�]�b�t�*�`�]�p�]�*�l�q�h�h, and �f�]�r�]�b�t�*�`�]�p�]�*�t�i�h packages provide a way 
to communicate with servers via HTTP, JSON, and XML from any JavaFX enabled 
device (such as the desktop and cell phones).

�Ê �U�Ê �/�…�i�Ê�f�]�r�]�b�t�*�`�]�p�]�*�b�a�a�`�*�]�p�k�i and �f�]�r�]�b�t�*�`�]�p�]�*�b�a�a�`�*�n�o�o packages contain classes that 
facilitate reading Atom and RSS feeds, respectively.

�Ê �U�Ê �/�…�i�Ê�f�]�r�]�b�t�*�]�o�u�j�_ package provides support for asynchronous processing. Classes in 
this package are extended by classes such as �D�p�p�l�N�a�m�q�a�o�p to provide asynchronous 
capability.

�Ê �U�Ê �/�…�i�Ê�f�]�r�]�b�t�*�e�k package has classes that utilize local storage facilities of a machine with-
out requiring that a JavaFX program be signed.

�Ê �U�Ê �/�…�i�Ê�f�]�r�]�b�t�*�q�p�e�h package contains several utility classes such as �I�]�p�d, �O�a�m�q�a�j�_�a�o, and 
�L�n�k�l�a�n�p�e�a�o.
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Take a look at the JavaFX API docs again in the light of the information to get a deeper 
sense for how you can use its capabilities.

Summary
Congratulations, you learned a lot about JavaFX in this chapter, including:

�Ê �U�Ê ���>�Û�>���8�Ê�ˆ�Ã�Ê�À�ˆ�V�…�‡�V�•�ˆ�i�˜�Ì�Ê���>�Û�>�]�Ê�>�˜�`�Ê�ˆ�Ã�Ê�˜�i�i�`�i�`�Ê�L�Þ�Ê�Ì�…�i�Ê�Ã�œ�v�Ì�Ü�>�À�i�Ê�`�i�Û�i�•�œ�«�“�i�˜�Ì�Ê�ˆ�˜�`�Õ�Ã�Ì�À�Þ�°

�Ê �U�Ê ���>�Û�>�Ê�-�
�Ê�È�Ê�1�«�`�>�Ì�i�Ê�£�ä�Ê�ˆ�Ã�Ê�>�Ê�Ì�i�V�…�˜�œ�•�œ�}�Þ�Ê�L�Þ�Ê�-�Õ�˜�Ê�Ì�…�>�Ì�Ê�Ã�œ�•�Û�i�Ã�Ê�Ì�…�i�Ê�`�i�«�•�œ�Þ�“�i�˜�Ì�Ê�«�À�œ�L�•�i�“�Ã�Ê�Ì�…�>�Ì�Ê
have prevented the Java Runtime Environment (JRE) from being ubiquitous on client 
machines. Java SE 6 Update 10 also addresses the ease and speed of deploying Java/
JavaFX applications.

�Ê �U�Ê �-�œ�“�i�Ê�œ�v�Ê�Ì�…�i�Ê�…�ˆ�}�…�Ê�«�œ�ˆ�˜�Ì�Ã�Ê�œ�v�Ê�Ì�…�i�Ê�…�ˆ�Ã�Ì�œ�À�Þ�Ê�œ�v�Ê���>�Û�>���8�°

�Ê �U�Ê �7�…�i�À�i�Ê�Ì�œ�Ê�v�ˆ�˜�`�Ê���>�Û�>���8�Ê�À�i�Ã�œ�Õ�À�V�i�Ã�]�Ê�ˆ�˜�V�•�Õ�`�ˆ�˜�}�Ê�Ì�…�i�Ê���>�Û�>���8�Ê�-�����Ê�Ü�ˆ�Ì�…�Ê� �i�Ì�	�i�>�˜�Ã�Ê�>�˜�`�Ê�Ì�…�i�Ê���*���Ê
documentation.

�Ê �U�Ê ���œ�Ü�Ê�Ì�œ�Ê�V�œ�“�«�ˆ�•�i�Ê�>�˜�`�Ê�À�Õ�˜�Ê�>�Ê���>�Û�>���8�Ê�«�À�œ�}�À�>�“�Ê�v�À�œ�“�Ê�Ì�…�i�Ê�V�œ�“�“�>�˜�`�Ê�•�ˆ�˜�i�]�Ê�>�Ê�Ã�Ž�ˆ�•�•�Ê�Ì�…�>�Ì�Ê�Þ�œ�Õ�½�•�•�Ê
practice a lot in Chapter 2.

�Ê �U�Ê ���œ�Ü�Ê�Ì�œ�Ê�`�i�V�•�>�À�>�Ì�ˆ�Û�i�•�Þ�Ê�i�Ý�«�À�i�Ã�Ã�Ê�>�Ê�Õ�Ã�i�À�Ê�ˆ�˜�Ì�i�À�v�>�V�i�Ê�ˆ�˜�Ê���>�Û�>���8�]�Ê�Õ�Ã�ˆ�˜�}�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ê�Ã�Þ�˜�Ì�>�Ý�°

�Ê �U�Ê ���œ�Ü�Ê�Ì�œ�Ê�Õ�Ã�i�Ê�Ã�i�Û�i�À�>�•�Ê�œ�v�Ê�Ì�…�i�Ê�•�>�˜�}�Õ�>�}�i�Ê�v�i�>�Ì�Õ�À�i�Ã�Ê�œ�v�Ê���>�Û�>���8�°

�Ê �U�Ê ���œ�Ü�Ê�Ì�œ�Ê�L�Õ�ˆ�•�`�Ê�>�˜�`�Ê�À�Õ�˜�Ê�>�Ê���>�Û�>���8�Ê�«�À�œ�}�À�>�“�Ê�Õ�Ã�ˆ�˜�}�Ê� �i�Ì�	�i�>�˜�Ã�°

�Ê �U�Ê ���œ�Ü�Ê�Ì�œ�Ê�`�i�«�•�œ�Þ�Ê�>�Ê���>�Û�>���8�Ê�>�«�«�•�ˆ�V�>�Ì�ˆ�œ�˜�Ê�Û�ˆ�>�Ê���>�Û�>�Ê�7�i�L�Ê�-�Ì�>�À�Ì�°

�Ê �U�Ê ���œ�Ü�Ê�Ì�œ�Ê�`�i�«�•�œ�Þ�Ê�>�Ê���>�Û�>���8�Ê�>�«�«�•�i�Ì�Ê�ˆ�˜�Ê�>�Ê�L�À�œ�Ü�Ã�i�À�]�Ê�Ü�ˆ�Ì�…�Ê�Ì�…�i�Ê�>�L�ˆ�•�ˆ�Ì�Þ�Ê�Ì�œ�Ê�`�À�>�}�Ê�ˆ�Ì�Ê�œ�˜�Ì�œ�Ê�Ì�…�i�Ê�`�i�Ã�Ž�Ì�œ�«�°

�Ê �U�Ê ���œ�Ü�Ê�Ì�œ�Ê�Õ�Ã�i�Ê�Ã�i�Û�i�À�>�•�Ê�œ�v�Ê�Ì�…�i�Ê�V�•�>�Ã�Ã�i�Ã�Ê�ˆ�˜�Ê�Ì�…�i�Ê���>�Û�>���8�Ê���*���°

�Ê �U�Ê ���œ�Ü�Ê�Ì�œ�Ê�V�À�i�>�Ì�i�Ê�>�Ê�V�•�>�Ã�Ã�Ê�ˆ�˜�Ê���>�Û�>���8�Ê�>�˜�`�Ê�Õ�Ã�i�Ê�ˆ�Ì�Ê�>�Ã�Ê�>�Ê�“�œ�`�i�•�Ê�V�œ�˜�Ì�>�ˆ�˜�Ã�Ê�Ì�…�i�Ê�Ã�Ì�>�Ì�i�Ê�œ�v�Ê�>�Ê���>�Û�>���8�Ê
application.

�Ê �U�Ê ���œ�Ü�Ê�Ì�œ�Ê�Õ�Ã�i�Ê�Ì�…�i�Ê�L�ˆ�˜�`�Ê�œ�«�i�À�>�Ì�œ�À�Ê�Ì�œ�Ê�i�>�Ã�ˆ�•�Þ�Ê�Ž�i�i�«�Ê�Ì�…�i�Ê�1���Ê�ˆ�˜�Ê�Ã�Þ�˜�V�Ê�Ü�ˆ�Ì�…�Ê�Ì�…�i�Ê�“�œ�`�i�•�°

We also looked at many of the available API packages and classes, and you learned how 
you can leverage their capabilities.

Now that you have a jump start in JavaFX, you•ll begin learning the details of the JavaFX 
language in Chapter 2. The examples in that chapter may be easily compiled and run using the 
�f�]�r�]�b�t�_ and �f�]�r�]�b�t��command-line tools that you learned how to use earlier in this chapter.
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Resources
For some background information on JavaFX, you can consult the following resources:

� Ê � U� ÊThis book•s code examples: The Source Code/Download section at the Apress web site 
(�s�s�s�*�]�l�n�a�o�o�*�_�k�i)

� Ê � U� ÊJava Posse #163: Newscast for February 8, 2008: This is a podcast of a Java Posse inter-
view with Josh Marinacci and Richard Bair on the subject of JavaFX. The URL is �s�s�s�*
�f�]�r�]�l�k�o�o�a�*�_�k�i�+�e�j�`�a�t�*�l�d�l�;�l�k�o�p�[�e�`�9�/�,�1�3�/�1.

� Ê � U� Ê•Mind-Bendingly Cool InnovationŽ : This article contains an interview with Chris Oliver, 
the founder of JavaFX. The URL is �d�p�p�l�6�+�+�n�a�o�a�]�n�_�d�*�o�q�j�*�_�k�i�+�i�e�j�`�o�+�.�,�,�4�)�-�.�,�.�+.

� Ê � U� Ê•Congratulations to the JavaFX Script Compiler Team„The Elephant Is Through the 
DoorŽ: A blog post by one of this book•s authors, Jim Weaver, that congratulated the 
JavaFX compiler team for reaching a tipping point in the project. The URL is �d�p�p�l�6�+�+
�h�a�]�n�j�f�]�r�]�b�t�*�p�u�l�a�l�]�`�*�_�k�i�+�s�a�^�h�k�c�+�.�,�,�3�+�-�.�+�_�k�j�c�n�]�p�q�h�]�p�e�k�j�o�*�d�p�i�h.

� Ê � U� Ê•Development and Deployment of Java Web Apps (Applets and Java Web Start Applica-
tions) for JavaSE 6u10Ž: This set of web pages from Sun discusses the features of Java 
SE 6 Update 10 and how to use them. The URL is �d�p�p�l�6�+�+�f�]�r�]�*�o�q�j�*�_�k�i�+�f�]�r�]�o�a�+�2�+�`�k�_�o�+
�p�a�_�d�j�k�p�a�o�+�c�q�e�`�a�o�+�f�s�a�^�+�e�j�`�a�t�*�d�p�i�h.

� Ê � U� ÊSun•s JavaFX.com site: This is a resource provided by Sun that provides examples of 
and downloadable tools for JavaFX. The URL is �s�s�s�*�f�]�r�]�b�t�*�_�k�i.

� Ê � U� ÊSun Developer Network•s JavaFX Developer Home web site: Contains JavaFX developer 
resources. The URL is �d�p�p�l�6�+�+�f�]�r�]�*�o�q�j�*�_�k�i�+�f�]�r�]�b�t�+.

� Ê � U� ÊJim Weaver•s JavaFX Blog: A blog, started in October 2007, whose stated purpose is to 
help the reader become a •JavaFXpert.Ž The URL is �d�p�p�l�6�+�+�f�]�r�]�b�t�l�a�n�p�*�_�k�i.

� Ê � U� ÊJavaFX Downloads page: The Sun web page where you can download the JavaFX SDK 
and related tools. The URL is �d�p�p�l�6�+�+�f�]�r�]�b�t�*�_�k�i�+�`�k�s�j�h�k�]�`�o.

� Ê � U� ÊJavaFX plug-in for Eclipse from Sun•s Project Kenai: The URL is �d�p�p�l�6�+�+�g�a�j�]�e�*�_�k�i�+��
�l�n�k�f�a�_�p�o�+�a�l�h�q�c�e�j.

� Ê � U� ÊJavaFX plug-in for Eclipse from Exadel: The URL for Exadel is �d�p�p�l�6�+�+�a�t�]�`�a�h�*�_�k�i.

� Ê � U� ÊJFXBuilder: A preview release of a visual designer tool for JavaFX. The URL is �s�s�s�*
�n�a�l�k�n�p�i�e�h�h�*�_�k�i�+�f�b�t�+.





C H A P T E R  2

Taking a Closer Look at the 
JavaFX Script Language

A journey of a thousand leagues starts from where your feet stand.

„Lao Tzu

In Chapter 1, we introduced you to the JavaFX platform. You downloaded the JavaFX SDK or 
the JavaFX Plug-in for NetBeans or Eclipse. You wrote and ran your first JavaFX GUI script. You 
witnessed the simplicity and expressiveness of the JavaFX Script language and the power and 
versatility of the JavaFX APIs.

In the rest of this book, we will cover the JavaFX platform in more detail. We will split 
our coverage between the JavaFX Script programming language features and the JavaFX 
APIs that are built on top of the JavaFX Script programming language. Chapters 2 and 4 are 
dedicated to the JavaFX Script programming language. In the other chapters we teach you 
the various JavaFX APIs. This •split-and-intersperseŽ strategy allows us to keep the flow of 
the entire book at a fast pace to make it an engaging read while covering the lower-level  
language features at a slower pace.

�NNote Although JavaFX Script is a programming language for the Java platform, our coverage does not 
require any prior Java programming experience. Because of the close relationship between JavaFX Script 
and Java, it is sometimes inevitable that we will use certain Java concepts to explain the corresponding 
JavaFX Script concepts. We will fully explain these Java concepts when the need arises.

43
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An Overview of JavaFX Script
The JavaFX Script programming language is the foundation of the JavaFX platform. It has the 
following characteristics:

�Ê �U�Ê ���Ì�Ê�ˆ�Ã�Ê�>�˜�Ê�œ�L�•�i�V�Ì�‡�œ�À�ˆ�i�˜�Ì�i�`�Ê�•�>�˜�}�Õ�>�}�i�°�Ê���Ì�Ê�Ã�Õ�«�«�œ�À�Ì�Ã�Ê�V�•�>�Ã�Ã�i�Ã�]�Ê�ˆ�˜�Ã�Ì�>�˜�V�i�Ê�Û�>�À�ˆ�>�L�•�i�Ã�]�Ê�ˆ�˜�Ã�Ì�>�˜�V�i�Ê�v�Õ�˜�V-
tions, and inheritance.

�Ê �U�Ê ���Ì�Ê�ˆ�Ã�Ê�>�Ê�v�Õ�˜�V�Ì�ˆ�œ�˜�>�•�Ê�•�>�˜�}�Õ�>�}�i�°�Ê���Õ�˜�V�Ì�ˆ�œ�˜�Ã�Ê�>�À�i�Ê�v�ˆ�À�Ã�Ì�‡�V�•�>�Ã�Ã�Ê�i�˜�Ì�ˆ�Ì�ˆ�i�Ã�Ê�Ì�…�>�Ì�Ê�V�>�˜�Ê�L�i�Ê�>�Ã�Ã�ˆ�}�˜�i�`�Ê�Ì�œ�Ê�Û�>�À�ˆ-
ables, passed in, and returned from functions.

�Ê �U�Ê ���Ì�Ê�ˆ�Ã�Ê�>�˜�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ê�•�>�˜�}�Õ�>�}�i�°�Ê���•�•�Ê�i�Ý�i�V�Õ�Ì�>�L�•�i�Ê�V�œ�`�i�Ê�ˆ�˜�Ê���>�Û�>���8�Ê�V�œ�˜�Ã�ˆ�Ã�Ì�Ã�Ê�œ�v�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ã�°

�Ê �U�Ê ���Ì�Ê�Ã�Õ�«�«�œ�À�Ì�Ã�Ê�>�Ê�`�i�V�•�>�À�>�Ì�ˆ�Û�i�Ê�Ã�Ì�Þ�•�i�Ê�Ã�Õ�ˆ�Ì�>�L�•�i�Ê�v�œ�À�Ê���1���Ê�«�À�œ�}�À�>�“�“�ˆ�˜�}�°�Ê���Ì�Ã�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ê�Ã�Þ�˜�Ì�>�Ý�Ê
and sequence syntax make describing GUIs easy.

�Ê �U�Ê ���Ì�Ê�Ã�Õ�«�«�œ�À�Ì�Ã�Ê�`�>�Ì�>�Ê�L�ˆ�˜�`�ˆ�˜�}�°�Ê���Ì�Ê�>�•�•�œ�Ü�Ã�Ê�v�œ�À�Ê�i�>�Ã�Þ�Ê�Ã�i�«�>�À�>�Ì�ˆ�œ�˜�Ê�œ�v�Ê���1���Ê�Û�ˆ�i�Ü�Ã�Ê�>�˜�`�Ê�“�œ�`�i�•�Ã�]�Ê�>�˜�`�Ê
gives rise to •the way of JavaFX.Ž

�Ê �U�Ê ���Ì�Ê�ˆ�Ã�Ê�>�Ê�Ã�Ì�>�Ì�ˆ�V�>�•�•�Þ�Ê�Ì�Þ�«�i�`�]�Ê�V�œ�“�«�ˆ�•�i�`�Ê�•�>�˜�}�Õ�>�}�i�Ê�Ü�ˆ�Ì�…�Ê�L�>�Ã�ˆ�V�Ê�Ì�Þ�«�i�Ê�ˆ�˜�v�i�À�i�˜�V�i�Ê�V�>�«�>�L�ˆ�•�ˆ�Ì�ˆ�i�Ã�°�Ê���Ì�Ê�V�œ�“-
piles source code into Java classes.

�Ê �U�Ê ���Ì�Ê�V�>�˜�Ê�•�i�Û�i�À�>�}�i�Ê�Ì�…�i�Ê�Û�>�Ã�Ì�Ê�˜�Õ�“�L�i�À�Ê�œ�v�Ê���>�Û�>�Ê�•�ˆ�L�À�>�À�ˆ�i�Ã�°�Ê���>�Û�>���8�Ê�V�•�>�Ã�Ã�i�Ã�Ê�V�>�˜�Ê�i�Ý�Ì�i�˜�`�Ê���>�Û�>�Ê�V�•�>�Ã�Ã�i�Ã�Ê
�>�˜�`�Ê�ˆ�˜�Ì�i�À�v�>�V�i�Ã�]�Ê�>�˜�`�Ê���>�Û�>���8�Ê�V�œ�`�i�Ê�V�>�˜�Ê�ˆ�˜�Ã�Ì�>�˜�Ì�ˆ�>�Ì�i�Ê���>�Û�>�Ê�œ�L�•�i�V�Ì�Ã�Ê�>�˜�`�Ê�V�>�•�•�Ê���>�Û�>�Ê�“�i�Ì�…�œ�`�Ã�°

We will use JavaFX Script data types as guideposts in our coverage of the programming 
language. There are four kinds of data types in JavaFX Script: primitive, sequence, class, and 
function types. We concentrate on primitive and sequence types in Chapter 2. We deal with 
function and class types in Chapter 4. Chapter 4 will also focus on advanced features like 
reflection and Java interoperability.

Understanding Variables, Values, and Their Types
The simplest construct in JavaFX Script is the variable . A variable can be assigned values. 
Values can be literals  or expressions. Each variable has a declared type. Each value has a run-
time type. An assignment is valid only if the runtime type of the value is compatible with the 
declared type of the variable.

As you can see in Listing 2-1, variable declarations are introduced by the �r�]�n keyword, fol-
lowed by the name of the variable, an optional type specifier, and an optional initializer, and 
are terminated by a semicolon ( �7). 

Listing 2-1. Variable Declarations

�r�]�n���^�6���>�k�k�h�a�]�j���9���p�n�q�a�7
�r�]�n���e�6���E�j�p�a�c�a�n���9���-�,�.�0�7
�r�]�n���j�6���J�q�i�^�a�n���9���/�*�-�0�7
�r�]�n���o�p�n�6���O�p�n�e�j�c���9���Î�D�a�h�h�k�(���S�k�n�h�`�Ï�7
�r�]�n���`�q�n�6���@�q�n�]�p�e�k�j���9���2�,�o�7
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In Listing 2-1, we declare five variables:

�Ê �U�Ê �/�…�i�Ê�Û�>�À�ˆ�>�L�•�i�Ê�  ̂is of type �>�k�k�h�a�]�j and is initialized to the literal value �p�n�q�a. 

�Ê �U�Ê �/�…�i�Ê�Û�>�À�ˆ�>�L�•�i�Ê�e is of type �E�j�p�a�c�a�n and is initialized to the literal value �-�,�.�0. 

�Ê �U�Ê �/�…�i�Ê�Û�>�À�ˆ�>�L�•�i�Ê�j is of type �J�q�i�^�a�n and is initialized to the literal value �/�*�-�0. 

�Ê �U�Ê �/�…�i�Ê�Û�>�À�ˆ�>�L�•�i�Ê�o�p�n is of type �O�p�n�e�j�c and is initialized to the literal value ���D�a�h�h�k�(���S�k�n�h�`��. 

�Ê �U�Ê �/�…�i�Ê�Û�>�À�ˆ�>�L�•�i�Ê�`�q�n is of type �@�q�n�]�p�e�k�j and is initialized to the literal value �2�,�o, meaning 60 
seconds.

Understanding Variable Names
JavaFX Script variable names follow the JavaFX Script identifier  syntax. A JavaFX Script identi-
fier starts with a letter, followed by letters, digits, or both. For the purpose of forming JavaFX 
Script identifiers, letters include the uppercase and lowercase ASCII letters and other Unicode 
letters, the underscore ( �[), and the dollar character ( � ) and other currency characters. Digits 
include digits �, through �5 and other Unicode digits.

The following are valid JavaFX Script identifiers:

�e
�t�.
�>�q�e�h�p�e�j�o
�p�k�O�p�n�e�j�c
�[�p�i�l� �c�a�p�p�a�n

The following are invalid JavaFX Script identifiers:

�.�t
�l�]�_�g�]�c�a�)�e�j�b�k
�D�a�h�h�k�(���S�k�n�h�`

JavaFX Script identifiers are case sensitive. Therefore �_�k�q�j�p, �?�k�q�j�p, and �?�K�Q�J�P are consid-
ered three distinct identifiers.

Understanding Variable Types
JavaFX Script variables may be declared with an explicit type, as we did in Listing 2-1. The type 
of a variable follows the variable name and is separated from the name by a colon ( �6). The 
colon is not considered a part of the variable name or a part of the type name. The type of a 
variable dictates the kind of values that can be assigned to the variable. For example, it is ille-
gal to assign a �O�p�n�e�j�c value to an �E�j�p�a�c�a�n variable.

JavaFX Script has a type inference facility that allows you to declare a variable without an 
explicit type. The JavaFX Script compiler will infer the variable•s type from the initializer in the 
declaration or, if no initializer is given in the declaration, the first subsequent assignment.

Therefore, you can safely rewrite the variable declarations from Listing 2-1 as shown in 
Listing 2-2.
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Listing 2-2. Variable Declarations with Inferred Types

�r�]�n���^���9���p�n�q�a�7
�r�]�n���e���9���-�,�.�0�7
�r�]�n���j���9���/�*�-�0�7
�r�]�n���o�p�n���9�����D�a�h�h�k�(���S�k�n�h�`���7
�r�]�n���`�q�n���9���2�,�o�7

JavaFX Script•s type system consists of various kinds of types. These include the primitive, 
sequence, function, and class types. You will learn about them in the next few sections and in 
Chapter 4.

Understanding the Primitive Types
JavaFX Script intrinsically understands a few data types. These are called the primitive types . 
You have already met some of them in the previous section: �>�k�k�h�a�]�j, �E�j�p�a�c�a�n, �J�q�i�^�a�n, �O�p�n�e�j�c, 
and �@�q�n�]�p�e�k�j. These five types were present since JavaFX 1.0. JavaFX 1.1 introduced the primi-
tive types �?�d�]�n�]�_�p�a�n, �>�u�p�a, �O�d�k�n�p, �H�k�j�c, �B�h�k�]�p, and �@�k�q�^�h�a. These additional types allow JavaFX 
Script programs to integrate more smoothly with class libraries written in Java. You can also 
write programs that consume less memory by using the smaller-sized data types. However, for 
most JavaFX Script programs, the five primitive types from JavaFX 1.0 are sufficient.

The primitive types share some common characteristics: 

�Ê �U�Ê �
�>�V�…�Ê�«�À�ˆ�“�ˆ�Ì�ˆ�Û�i�Ê�Ì�Þ�«�i�p�i�Ý�V�i�«�Ì�Ê�Ì�…�i�Ê�Ì�…�À�i�i�Ê�º�Ã�“�>�•�•�»�Ê�Ì�Þ�«�i�Ã�]�Ê�?�d�]�n�]�_�p�a�n, �>�u�p�a, and �O�d�k�n�p„has 
its own literal syntax so that you can put values directly into a JavaFX Script program. 

�Ê �U�Ê �
�>�V�…�Ê�«�À�ˆ�“�ˆ�Ì�ˆ�Û�i�Ê�Ì�Þ�«�i�Ê�…�>�Ã�Ê�>�Ê�`�i�v�>�Õ�•�Ì�Ê�Û�>�•�Õ�i�Ê�Ì�…�>�Ì�Ê�>�Ê�Û�>�À�ˆ�>�L�•�i�Ê�œ�v�Ê�Ì�…�i�Ê�Ì�Þ�«�i�Ê�}�i�Ì�Ã�Ê�ˆ�v�Ê�ˆ�Ì�Ê�ˆ�Ã�Ê�`�i�V�•�>�À�i�`�Ê
without an initializer. 

�Ê �U�Ê �
�>�V�…�Ê�«�À�ˆ�“�ˆ�Ì�ˆ�Û�i�Ê�Ì�Þ�«�i�Ê�Ã�Õ�«�«�œ�À�Ì�Ã�Ê�>�Ê�Ã�i�Ì�Ê�œ�v�Ê�œ�«�i�À�>�Ì�ˆ�œ�˜�Ã�Ê�Ì�…�>�Ì�Ê�>�À�i�Ê�>�«�«�À�œ�«�À�ˆ�>�Ì�i�Ê�v�œ�À�Ê�Ì�…�i�Ê�Ì�Þ�«�i�°�Ê

�Ê �U�Ê �
�>�V�…�Ê�«�À�ˆ�“�ˆ�Ì�ˆ�Û�i�Ê�Ì�Þ�«�i�Ê�ˆ�Ã�Ê�L�>�V�Ž�i�`�Ê�L�Þ�Ê�>�Ê�V�•�>�Ã�Ã�Ê�Ì�…�>�Ì�Ê�«�À�œ�Û�ˆ�`�i�Ã�Ê�“�œ�À�i�Ê�V�>�«�>�L�ˆ�•�ˆ�Ì�ˆ�i�Ã�Ê�v�œ�À�Ê�Ü�œ�À�Ž�ˆ�˜�}�Ê
with variables of the type.

�NCaution If you are familiar with the Java programming language, you should recognize that the concept 
of primitive types in JavaFX Script is different from that in Java. For example, �O�p�n�e�j�c is a primitive type in 
JavaFX Script but is a reference type in Java, and Java primitive types are not backed by classes.

Understanding the Boolean Type
The �>�k�k�h�a�]�j type has two possible values: �p�n�q�a and �b�]�h�o�a. You can use a �>�k�k�h�a�]�j variable to 
denote a condition in a JavaFX Script program. �>�k�k�h�a�]�j values are used in conditional and 
looping expressions.
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Boolean Literals and the Default Value

To specify an explicit �>�k�k�h�a�]�j value in JavaFX Script, you use the literals �p�n�q�a and �b�]�h�o�a. The 
default value of a �>�k�k�h�a�]�j variable is �b�]�h�o�a.

Boolean Operators

JavaFX Script•s Boolean operators allow you to build new �>�k�k�h�a�]�j values from existing ones.
The �j�k�p operator is a unary operator. Its operand must evaluate to a �>�k�k�h�a�]�j value, and it 

negates its operand.
The �]�j�  ̀and �k�n operators are binary infix operators. An infix operator is an operator that 

appears between its operands. Both operands must evaluate to �>�k�k�h�a�]�j values. The �]�j�  ̀opera-
tor produces �p�n�q�a if both operands are �p�n�q�a, and �b�]�h�o�a otherwise; the �k�n operator produces 
�p�n�q�a if at least one operand is �p�n�q�a, and �b�]�h�o�a otherwise. Both operators perform their evalu-
ation in a short-circuit fashion. If the first operand of an �]�j�  ̀expression is �b�]�h�o�a, then the �]�j�  ̀
expression•s value will be �b�]�h�o�a and the second operand is not evaluated. Similarly, if the first 
operand of an �k�n expression is �p�n�q�a, then the �k�n expression•s value will be �p�n�q�a and the second 
operand is not evaluated.

The Backing Class of the Boolean Type

The �>�k�k�h�a�]�j type is backed by the Java class �f�]�r�]�*�h�]�j�c�*�>�k�k�h�a�]�j. This means that you can call 
any Java methods, including static methods, in �f�]�r�]�*�h�]�j�c�*�>�k�k�h�a�]�j on a JavaFX Script �>�k�k�h�a�]�j 
value.

Since �f�]�r�]�*�h�]�j�c�*�>�k�k�h�a�]�j is a small class and most of its methods are geared toward sup-
porting Java functionality, the fact that it is the backing class of the JavaFX Script �>�k�k�h�a�]�j type 
is rarely used.

In Listing 2-3, you can see JavaFX Script �>�k�k�h�a�]�j variables at work.

Listing 2-3. Boolean Variables at Work

�r�]�n���]���9���p�n�q�a�7
�r�]�n���^���9���b�]�h�o�a�7

�l�n�e�j�p�h�j�$���]���9���w�]�y���%�7
�l�n�e�j�p�h�j�$���^���9���w�^�y���%�7

�l�n�e�j�p�h�j�$���j�k�p���]���9���w�j�k�p���]�y���%�7
�l�n�e�j�p�h�j�$���j�k�p���^���9���w�j�k�p���^�y���%�7

�l�n�e�j�p�h�j�$���]���]�j�`���]���9���w�]���]�j�`���]�y���%�7
�l�n�e�j�p�h�j�$���]���]�j�`���^���9���w�]���]�j�`���^�y���%�7
�l�n�e�j�p�h�j�$���^���]�j�`���]���9���w�^���]�j�`���]�y���%�7
�l�n�e�j�p�h�j�$���^���]�j�`���^���9���w�^���]�j�`���^�y���%�7

�l�n�e�j�p�h�j�$���]���k�n���]���9���w�]���k�n���]�y���%�7
�l�n�e�j�p�h�j�$���]���k�n���^���9���w�]���k�n���^�y���%�7
�l�n�e�j�p�h�j�$���^���k�n���]���9���w�^���k�n���]�y���%�7
�l�n�e�j�p�h�j�$���^���k�n���^���9���w�^���k�n���^�y���%�7



CHAPTER 2 �N��  TAKING A CLOSER LOOK AT THE JAVAFX SCRIPT LANGUAGE48

In Listing 2-3, we used two features of JavaFX Script that we have not covered in detail so 
far. The �l�n�e�j�p�h�j�$�% function prints its argument to the console. It is a built-in function.

The curly braces embedded in a �O�p�n�e�j�c allow us to put the �O�p�n�e�j�c representation of an 
arbitrary JavaFX Script expression in a �O�p�n�e�j�c. We will have more to say about them in the sec-
tion •Understanding the String Type,Ž later in this chapter.

Understanding the Integer Type
The �E�j�p�a�c�a�n type represents 32-bit signed integral values, with valid values ranging from 
�)�.�-�0�3�0�4�/�2�0�4 to �.�-�0�3�0�4�/�2�0�3. You can use �E�j�p�a�c�a�n values as counters and sequence indexes.

Integer Literals and the Default Value

JavaFX supports three forms of integral type literals . Decimal literals  consist of a leading 
nonzero decimal digit ( �- through �5) followed by a series of decimal digits ( �, through �5). Octal 
literals  consist of a leading digit zero ( �,) followed by a series of octal digits ( �, through �3). Hexa-
decimal literals  consist of a leading digit zero ( �,) followed by the character �t or �T, and then a 
series of hexadecimal digits (�, through �5, �] through �b, and �= through �B). The default value of an 
�E�j�p�a�c�a�n variable is �,.

Here are some examples of integral type literals:

�.�,�,�5
�,�/�3�/�-
�,�t�,�3�`�5
�,�T�,�3�@�5

An integral type literal whose value falls within the range of the �E�j�p�a�c�a�n type is an �E�j�p�a�c�a�n 
literal. It has an inferred type of �E�j�p�a�c�a�n. An integral type literal can also be a �H�k�j�c literal, as 
you•ll see shortly.

�NCaution When you•re initializing or assigning to an �E�j�p�a�c�a�n variable, the integral type literal that you 
use must be an �E�j�p�a�c�a�n literal. Using an integral type literal outside the range of the �E�j�p�a�c�a�n type will 
cause a compilation error. Catching errors early is one of the benefits of a compiled language.

Arithmetic Operators

JavaFX Script•s arithmetic operators operate on �?�d�]�n�]�_�p�a�n, �>�u�p�a, �O�d�k�n�p, �E�j�p�a�c�a�n, and �H�k�j�c val-
ues as well as �J�q�i�^�a�n, �B�h�k�]�p, �@�k�q�^�h�a, and �@�q�n�]�p�e�k�j values. These operators are the addition (�'), 
subtraction ( �)), multiplication ( �&), division ( �+), and modulo ( �i�k�)̀ operators. Notice that not all 
arithmetic operations are meaningful for �@�q�n�]�p�e�k�j values. For example, you cannot multiply 
two �@�q�n�]�p�e�k�j values.

When applied to �E�j�p�a�c�a�n operands, these operators always produce �E�j�p�a�c�a�n values. They 
associate from left to right. The �&, �+, and �i�k� ̀operators have higher precedence over the �' and 
�) operators. The �', �), and �& operators are capable of overflowing the legal limits of the �E�j�p�a�c�a�n 
type. In such cases JavaFX Script will silently produce an inaccurate result. Dividing an �E�j�p�a�c�a�n 
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value by 0 causes an exception to be thrown at runtime. You will learn more about exceptions 
in Chapter 4.

JavaFX Script supports the preincrement operator ( �'�'�e), the post-increment operator 
(�e�'�'), the predecrement operator ( �)�)�e), and the postdecrement operator ( �e�)�)). JavaFX Script 
also supports the negation operator ( �)�t).

The Backing Class of the Integer Type

The �E�j�p�a�c�a�n type is backed by the Java class �f�]�r�]�*�h�]�j�c�*�E�j�p�a�c�a�n. This means that you can call any 
Java methods, including static methods in �f�]�r�]�*�h�]�j�c�*�E�j�p�a�c�a�n, on a JavaFX Script �E�j�p�a�c�a�n value.

Again, since most methods of �f�]�r�]�*�h�]�j�c�*�E�j�p�a�c�a�n are geared toward supporting Java func-
tionality, you will rarely call these methods on JavaFX Script �E�j�p�a�c�a�n values.

Listing 2-4 shows JavaFX Script �E�j�p�a�c�a�n variables at work.

Listing 2-4. Integer Variables at Work

�r�]�n���e���9���-�,�.�0�7
�r�]�n���f���9���.�,�0�4�7
�r�]�n���g���9���-�1�2�.�1�7

�l�n�e�j�p�h�j�$���e���9���w�e�y���%�7
�l�n�e�j�p�h�j�$���f���9���w�f�y���%�7
�l�n�e�j�p�h�j�$���g���9���w�g�y���%�7

�l�n�e�j�p�h�j�$���e���'���f���9���w�e���'���f�y���%�7
�l�n�e�j�p�h�j�$���e���)���f���9���w�e���)���f�y���%�7
�l�n�e�j�p�h�j�$���e���&���g���9���w�e���&���g�y���%�7
�l�n�e�j�p�h�j�$���g���+���e���9���w�g���+���e�y���%�7
�l�n�e�j�p�h�j�$���g���i�k�`���f���9���w�g���i�k�`���f�y���%�7

�r�]�n���i�]�t���9���f�]�r�]�*�h�]�j�c�*�E�j�p�a�c�a�n�*�I�=�T�[�R�=�H�Q�A�7
�r�]�n���i�e�j���9���f�]�r�]�*�h�]�j�c�*�E�j�p�a�c�a�n�*�I�E�J�[�R�=�H�Q�A�7

�l�n�e�j�p�h�j�$���i�]�t���9���w�i�]�t�y���%�7
�l�n�e�j�p�h�j�$���i�e�j���9���w�i�e�j�y���%�7

�l�n�e�j�p�h�j�$���i�]�t���'���-���s�e�h�h���k�r�a�n�b�h�k�s���p�k���w�i�]�t���'���-�y���%�7
�l�n�e�j�p�h�j�$���i�e�j���)���-���s�e�h�h���k�r�a�n�b�h�k�s���p�k���w�i�e�j���)���-�y���%�7
�l�n�e�j�p�h�j�$���i�]�t���&���i�e�j���s�e�h�h���k�r�a�n�b�h�k�s���p�k���w�i�]�t���&���i�e�j�y���%�7

�l�n�e�j�p�h�j�$���e���9���w�e�y�(���'�'�e���9���w�'�'�e�y���%�7
�l�n�e�j�p�h�j�$���f���9���w�f�y�(���)�)�f���9���w�)�)�f�y���%�7
�l�n�e�j�p�h�j�$���g���9���w�g�y�(���g�'�'���9���w�g�'�'�y���%�7
�l�n�e�j�p�h�j�$���g���9���w�g�y�(���g�)�)���9���w�g�)�)�y���%�7

In Listing 2-4, we used a JavaFX Script feature that allows us to access Java classes and 
their members directly. We accessed the static fields �I�=�T�[�R�=�H�Q�A and �I�E�J�[�R�=�H�Q�A of the Java class 
�f�]�r�]�*�h�]�j�c�*�E�j�p�a�c�a�n directly. You will learn how to access Java programming language features 
from JavaFX Script in Chapter 4.
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Understanding the Character Type
The �?�d�]�n�]�_�p�a�n type represents 16-bit unsigned character values, with valid values in the range 
from �, to �2�1�1�/�1. You can use �?�d�]�n�]�_�p�a�n values to represent Unicode characters.

Sources of Character Values and the Default Value

JavaFX Script does not support �?�d�]�n�]�_�p�a�n literals. The main source of �?�d�]�n�]�_�p�a�n values is  
from Java code that contains fields and returns values of the Java �_�d�]�n type or the �f�]�r�]�*�h�]�j�c�*
�?�d�]�n�]�_�p�a�n wrapper type. You can assign �E�j�p�a�c�a�n literals that fall within the �?�d�]�n�]�_�p�a�n range  
to �?�d�]�n�]�_�p�a�n type variables. The default value of a �?�d�]�n�]�_�p�a�n variable is �,.

You can also assign values of other numeric types to variables of the �?�d�]�n�]�_�p�a�n type.  
However, doing so will result in a loss of precision and a compilation warning will be generated.

Here are some examples:

�r�]�n���_�d�6���?�d�]�n�]�_�p�a�n���9���-�,�,�7
�l�n�e�j�p�h�j�$���_�d�9�w�_�d�y�*���%�7

This will print �_�d�9�` to the console since �-�,�, is the Unicode value, as well as the ASCII 
value, of the character � .̀

�NCaution If you are familiar with Java, you might be tempted to try to assign �#�`�# to a variable of  
�?�d�]�n�]�_�p�a�n type. This will generate a compilation error because �#�`�# is a �O�p�n�e�j�c value in JavaFX Script  
and cannot be assigned to a �?�d�]�n�]�_�p�a�n variable.

Arithmetic Operations

�?�d�]�n�]�_�p�a�n values may participate in arithmetic operations. The type of the result of an arith-
metic operation involving a �?�d�]�n�]�_�p�a�n value depends on the type of the other operand:

�Ê �U�Ê ���Ì�Ê�ˆ�Ã�Ê�E�j�p�a�c�a�n if the other operand is a �?�d�]�n�]�_�p�a�n, �>�u�p�a, �O�d�k�n�p, or �E�j�p�a�c�a�n value. 

�Ê �U�Ê ���Ì�Ê�ˆ�Ã�Ê�H�k�j�c if the other operand is a �H�k�j�c value. 

�Ê �U�Ê ���Ì�Ê�ˆ�Ã�Ê�B�h�k�]�p if the other operand is a �B�h�k�]�p value. 

�Ê �U�Ê ���Ì�Ê�ˆ�Ã�Ê�@�k�q�^�h�a if the other operand is a �@�k�q�^�h�a value.

The Backing Class of the Character Type

The �?�d�]�n�]�_�p�a�n type is backed by the Java class �f�]�r�]�*�h�]�j�c�*�?�d�]�n�]�_�p�a�n. This means that you can 
call any Java methods, including static methods in �f�]�r�]�*�h�]�j�c�*�?�d�]�n�]�_�p�a�n, on a JavaFX Script 
�?�d�]�n�]�_�p�a�n value. Many of the methods are geared toward supporting Java functionality, and 
will rarely be called from JavaFX Script.
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Understanding the Byte, Short, and Long Types
The �>�u�p�a type represents 8-bit signed integer values, with valid values ranging from �)�-�.�4 to 
�-�.�3. The �O�d�k�n�p type represents 16-bit signed integer values, with valid values ranging from 
�)�/�.�3�2�4 to �/�.�3�2�3. The �H�k�j�c type represents 64-bit signed integer values, with valid values rang-
ing from �)�.�2�/ to �.�2�/�)�-.

Sources of Byte and Short Values, Long Literals, and the Default Values

JavaFX Script does not support �>�u�p�a or �O�d�k�n�p literals. The main source of values of �>�u�p�a and 
�O�d�k�n�p types is from Java code that contains fields and returns values of the corresponding Java 
primitive types, �^�u�p�a and �o�d�k�n�p, and their wrapper types, �f�]�r�]�*�h�]�j�c�*�>�u�p�a and �f�]�r�]�*�h�]�j�c�*�O�d�k�n�p. 
You can assign integral type literals that fall within their range to �>�u�p�a or �O�d�k�n�p variables.

An integral type literal whose value falls outside the range of the �E�j�p�a�c�a�n type but within 
the range of the �H�k�j�c type is a �H�k�j�c literal. It has an inferred type of �H�k�j�c. You can assign any 
�E�j�p�a�c�a�n or �H�k�j�c literals to �H�k�j�c variables.

�NCaution An integral type literal whose value falls outside the range of the �H�k�j�c type will generate a  
compilation error.

The default values of �>�u�p�a, �O�d�k�n�p, or �H�k�j�c variables are �,.
You can also assign values of other numeric types to variables of �>�u�p�a, �O�d�k�n�p, or �H�k�j�c types. 

A compilation warning is generated if you are assigning a wider typed value to a narrower 
typed variable, such as assigning an �E�j�p�a�c�a�n value to a �O�d�k�n�p variable.

Arithmetic Operations

Values of �>�u�p�a, �O�d�k�n�p, or �H�k�j�c types may participate in arithmetic operations with other 
numeric values. The general rules governing the type of the result of arithmetic operations of 
numeric values are the same as those in the Java programming language:

�Ê �U�Ê ���v�Ê�œ�˜�i�Ê�œ�v�Ê�Ì�…�i�Ê�œ�«�i�À�>�˜�`�Ã�Ê�ˆ�Ã�Ê�>�Ê�@�k�q�^�h�a value, the result is a �@�k�q�^�h�a value.

�Ê �U�Ê �"�Ì�…�i�À�Ü�ˆ�Ã�i�]�Ê�ˆ�v�Ê�œ�˜�i�Ê�œ�v�Ê�Ì�…�i�Ê�œ�«�i�À�>�˜�`�Ã�Ê�ˆ�Ã�Ê�>�Ê�B�h�k�]�p value, the result is a �B�h�k�]�p value.

�Ê �U�Ê �"�Ì�…�i�À�Ü�ˆ�Ã�i�]�Ê�ˆ�v�Ê�œ�˜�i�Ê�œ�v�Ê�Ì�…�i�Ê�œ�«�i�À�>�˜�`�Ã�Ê�ˆ�Ã�Ê�>�Ê�H�k�j�c value, the result is a �h�k�j�c value.

�Ê �U�Ê �"�Ì�…�i�À�Ü�ˆ�Ã�i�]�Ê�Ì�…�i�Ê�À�i�Ã�Õ�•�Ì�Ê�ˆ�Ã�Ê�>�˜�Ê�E�j�p�a�c�a�n value.

The Backing Classes of the Byte, Short, and Long Types

The �>�u�p�a, �O�d�k�n�p, and �H�k�j�c types are backed by the Java classes �f�]�r�]�*�h�]�j�c�*�>�u�p�a, �f�]�r�]�*�h�]�j�c�*
�O�d�k�n�p, and �f�]�r�]�*�h�]�j�c�*�H�k�j�c, respectively. This means that you can call any Java methods, 
including static methods in their backing classes on JavaFX Script �>�u�p�a, �O�d�k�n�p, or �H�k�j�c values.
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Understanding the Number Type
The �J�q�i�^�a�n type represents 32-bit floating-point numeric values, with valid absolute values 
between approximately �-�*�0�� �-�,�)�0�1 and �/�*�0�,�� �-�,�/�4. Not every real number can be represented by 
a floating-point number. Therefore, floating-point arithmetic is only an approximation.

�NCaution If you are familiar with the Java programming language, notice that the JavaFX Script �J�q�i�^�a�n  
type is distinct from the �f�]�r�]�*�h�]�j�c�*�J�q�i�^�a�n abstract class in Java. Note also that the meaning of the 
JavaFX Script �J�q�i�^�a�n type changed between JavaFX 1.0 and JavaFX 1.1. Whereas in JavaFX 1.0, �J�q�i�^�a�n 
represented 64-bit floating-point values backed by �f�]�r�]�*�h�]�j�c�*�@�k�q�^�h�a, in JavaFX 1.1 it represents 32-bit 
floating-point values backed by �f�]�r�]�*�h�]�j�c�*�B�h�k�]�p.

Number Literals and the Default Value

JavaFX Script supports two forms of floating-point type literals . In the decimal notation , you 
specify a floating-point type literal as an integral part followed by the decimal point ( �*) and 
then the fractional part. Either the integral part or the fractional part, but not both, may be 
omitted. In the scientific notation , you specify a floating-point type literal as a magnitude fol-
lowed by the letter �A or �a and then an exponent. The magnitude may be an integral number or 
a decimal number. The exponent may be a positive or a negative integer. The default value for 
a �J�q�i�^�a�n variable is �,�*�,.

The following are some examples of floating-point type literals:

�/�*�-�0
�.�*
�*�3�1
�/�a�4
�-�*�/�4�,�A�)�.�/

A floating-point type literal whose value falls within the range of the �J�q�i�^�a�n type is a �J�q�i�^�a�n 
literal. It has an inferred type of �J�q�i�^�a�n. A floating-point type literal can also be a �@�k�q�^�h�a literal, 
as you will see shortly.

Arithmetic Operations

All the arithmetic operators you learned in the section •Understanding the Integer TypeŽ 
apply to the �J�q�i�^�a�n type. Moreover, you can use the binary arithmetic operators on mixed 
�E�j�p�a�c�a�n and �J�q�i�^�a�n values producing �J�q�i�^�a�n values. In such calculations, the �E�j�p�a�c�a�n value is 
first promoted to a �J�q�i�^�a�n value before the arithmetic operation is performed.

Arithmetic operations on �J�q�i�^�a�n values may overflow the legal limits of the �J�q�i�^�a�n type and 
become positive infinity or negative infinity. Certain operations may produce results so small 
that they underflow the legal limits of the �J�q�i�^�a�n type and become zero (�,�*�,). Certain invalid 
expressions, such as dividing infinity by infinity, produces a NaN value (Not a Number).
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The Backing Class of the Number Type

The �J�q�i�^�a�n type is backed by the Java class �f�]�r�]�*�h�]�j�c�*�B�h�k�]�p. This means that you can call any 
Java methods, including static methods, in �f�]�r�]�*�h�]�j�c�*�B�h�k�]�p on a JavaFX Script �J�q�i�^�a�n value.

You can use the �e�o�E�j�b�e�j�e�p�a�$�% and �e�o�J�]�J�$�% methods of �f�]�r�]�*�h�]�j�c�*�B�h�k�]�p to test whether a 
�J�q�i�^�a�n value is infinity or a NaN.

Listing 2-5 shows JavaFX Script �J�q�i�^�a�n variables at work.

Listing 2-5. Number Variables at Work

�r�]�n���t���9���/�*�-�0�-�1�5�7
�r�]�n���u���9���.�*�3�-�4�.�4�7

�l�n�e�j�p�h�j�$���t���9���w�t�y���%�7
�l�n�e�j�p�h�j�$���u���9���w�u�y���%�7

�l�n�e�j�p�h�j�$���t���'���u���9���w�t���'���u�y���%�7
�l�n�e�j�p�h�j�$���t���)���u���9���w�t���)���u�y���%�7
�l�n�e�j�p�h�j�$���t���&���u���9���w�t���&���u�y���%�7
�l�n�e�j�p�h�j�$���t���+���u���9���w�t���+���u�y���%�7
�l�n�e�j�p�h�j�$���t���i�k�`���u���9���w�t���i�k�`���u�y���%�7

�r�]�n���i�]�t���9���f�]�r�]�*�h�]�j�c�*�B�h�k�]�p�*�I�=�T�[�R�=�H�Q�A�7
�r�]�n���i�e�j���9���f�]�r�]�*�h�]�j�c�*�B�h�k�]�p�*�I�E�J�[�R�=�H�Q�A�7

�l�n�e�j�p�h�j�$���i�]�t���9���w�i�]�t�y���%�7
�l�n�e�j�p�h�j�$���i�e�j���9���w�i�e�j�y���%�7

�l�n�e�j�p�h�j�$���i�]�t���&���.���s�e�h�h���k�r�a�n�b�h�k�s���p�k���w�i�]�t���&���.�y���%�7
�l�n�e�j�p�h�j�$���i�e�j���+���.���s�e�h�h���q�j�`�a�n�b�h�k�s���p�k���w�i�e�j���+���.�y���%�7

�r�]�n���e�j�b���9���i�]�t���&���i�]�t�7

�l�n�e�j�p�h�j�$���e�j�b���9���w�e�j�b�y���%�7
�l�n�e�j�p�h�j�$���e�j�b�*�e�o�E�j�b�e�j�e�p�a�$�%���9���w�e�j�b�*�e�o�E�j�b�e�j�e�p�a�$�%�y���%�7
�l�n�e�j�p�h�j�$���e�j�b���+���e�j�b���9���w�e�j�b���+���e�j�b�y���%�7

�r�]�n���j�]�j���9���e�j�b���+���e�j�b�7

�l�n�e�j�p�h�j�$���j�]�j���9���w�j�]�j�y���%�7
�l�n�e�j�p�h�j�$���j�]�j�*�e�o�J�]�J�$�%���9���w�j�]�j�*�e�o�J�]�J�$�%�y���%�7
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Understanding the Float and Double Types
In JavaFX 1.1, the �B�h�k�]�p type is synonymous with the �J�q�i�^�a�n type. They have the same behav-
ior under all circumstances. The �@�k�q�^�h�a type represents 64-bit floating-point numeric values, 
with valid absolute values between approximately �0�*�5�� �-�,�)�/�.�0 and �-�*�3�5�� �-�,�/�,�4.

Double Literals and the Default Value

A floating-point type literal whose value falls outside the range of the �B�h�k�]�p type but within the 
range of the �@�k�q�^�h�a type is a �@�k�q�^�h�a literal. It has an inferred type of �@�k�q�^�h�a. You can assign any 
�J�q�i�^�a�n (�B�h�k�]�p) or �@�k�q�^�h�a literals to �@�k�q�^�h�a variables.

The Backing Class of the Double Type

The �@�k�q�^�h�a type is backed by the Java class �f�]�r�]�*�h�]�j�c�*�@�k�q�^�h�a. This means that you can call any 
Java methods, including static methods, in �f�]�r�]�*�h�]�j�c�*�@�k�q�^�h�a on a JavaFX Script �@�k�q�^�h�a value.

Understanding the String Type
The �O�p�n�e�j�c type represents a sequence of Unicode characters. You have seen JavaFX Script 
�O�p�n�e�j�c values in use in previous examples.

String Literals and the Default Value

JavaFX Script supports �O�p�n�e�j�c literals enclosed in double-quote ( ��) or single-quote ( �#) charac-
ters. The two notations are interchangeable with two exceptions:

�Ê �U�Ê �/�…�i�Ê�`�œ�Õ�L�•�i�‡�µ�Õ�œ�Ì�i�Ê�V�…�>�À�>�V�Ì�i�À�Ê�ˆ�Ì�Ã�i�•�v�Ê�V�>�˜�Ê�>�«�«�i�>�À�Ê�Õ�˜�i�Ã�V�>�«�i�`�Ê�ˆ�˜�Ê�>�Ê�Ã�ˆ�˜�}�•�i�‡�µ�Õ�œ�Ì�i�`�Ê�Ã�Ì�À�ˆ�˜�}�Ê�L�Õ�Ì�Ê
must be escaped by a backslash (�X) prefix in a double-quoted string.

�Ê �U�Ê �/�…�i�Ê�Ã�ˆ�˜�}�•�i�‡�µ�Õ�œ�Ì�i�Ê�V�…�>�À�>�V�Ì�i�À�Ê�ˆ�Ì�Ã�i�•�v�Ê�V�>�˜�Ê�>�«�«�i�>�À�Ê�Õ�˜�i�Ã�V�>�«�i�`�Ê�ˆ�˜�Ê�>�Ê�`�œ�Õ�L�•�i�‡�µ�Õ�œ�Ì�i�`�Ê�Ã�Ì�À�ˆ�˜�}�Ê�L�Õ�Ì�Ê
must be escaped by a backslash prefix in a single-quoted string.

JavaFX Script does not support multi-line strings: �O�p�n�e�j�c literals may not span multiple 
�•�ˆ�˜�i�Ã�°�Ê�/�…�i�Ê���>�Û�>���8�Ê�-�V�À�ˆ�«�Ì�Ê�V�œ�“�«�ˆ�•�i�À�Ê�Ü�ˆ�•�•�Ê�>�Õ�Ì�œ�“�>�Ì�ˆ�V�>�•�•�Þ�Ê�“�i�À�}�i�Ê�>�`�•�>�V�i�˜�Ì�Ê�O�p�n�e�j�c literals and �O�p�n�e�j�c 
expressions into one at compile time.

Unescaped open and close brace characters (�w, �y) have special meaning in �O�p�n�e�j�c literals. 
They are used to form �O�p�n�e�j�c expressions, which we will cover in the upcoming section.

The backslash character is an escape character. JavaFX Script understands the following 
escape sequences in its �O�p�n�e�j�c literals:

� Ê � U� Ê�X�q�`�`�`�`: A Unicode character, with each �  ̀a hexadecimal digit

� Ê � U� Ê�X�`�`�`: An octal character, with each �  ̀an octal digit

� Ê � U� Ê�X�:̂ Backspace (�X�q�,�,�,�4)

� Ê � U� Ê�X�b: Form feed (�X�q�,�,�,�?)

� Ê � U� Ê�X�j: Newline ( �X�q�,�,�,�=)

� Ê � U� Ê�X�n: Return (�X�q�,�,�,�@)

� Ê � U� Ê�X�p: Tab (�X�q�,�,�,�5)
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� Ê � U� Ê�X�#: Single quote

� Ê � U� Ê�X��: Double quote

� Ê � U� Ê�X�w�\�Ê�"�«�i�˜�Ê�L�À�>�V�i

� Ê � U� Ê�X�y: Close brace

The default value of a �O�p�n�e�j�c variable is ���� (the empty string).
Here are some examples of �O�p�n�e�j�c literals:

���D�a�h�h�k�(���S�k�n�h�`�*��
���E�p�#�o���n�]�e�j�e�j�c�*��
�#�P�d�a���o�p�n�e�j�c�����]�^�_�����d�]�o���p�d�n�a�a���_�d�]�n�]�_�p�a�n�o�#

String Expressions

You can include a string representation of any JavaFX Script expression in a JavaFX Script 
string by forming string expressions. A string expression is formed by adding brace-delimited 
segments into a string literal, with each brace-delimited segment containing a JavaFX Script 
expression.

You have seen string expressions at work in Listings 2-3, 2-4, and 2-5.

The Backing Class of the String Type

The �O�p�n�e�j�c type is backed by the Java class �f�]�r�]�*�h�]�j�c�*�O�p�n�e�j�c. This means that you can call  
any Java methods, including static methods, in �f�]�r�]�*�h�]�j�c�*�O�p�n�e�j�c on a JavaFX Script �O�p�n�e�j�c 
value.

The �f�]�r�]�*�h�]�j�c�*�O�p�n�e�j�c class is a fairly extensive class, and you can take advantage of many 
of its methods in your JavaFX Script code. Here•s a sampling of the methods that are of interest 
to JavaFX Script programmers:

� Ê � U� Ê�h�a�j�c�p�d�$�%

� Ê � U� Ê�o�p�]�n�p�o�S�e�p�d�$�l�n�a�b�e�t�%

� Ê � U� Ê�o�p�]�n�p�o�S�e�p�d�$�l�n�a�b�e�t�(���k�b�b�o�a�p�%

� Ê � U� Ê�a�j�`�o�S�e�p�d�$�o�q�b�b�e�t�%

� Ê � U� Ê�e�j�`�a�t�K�b�$�o�p�n�%

� Ê � U� Ê�e�j�`�a�t�K�b�$�o�p�n�(���b�n�k�i�E�j�`�a�t�%

� Ê � U� Ê�h�]�o�p�E�j�`�a�t�K�b�$�o�p�n�%

� Ê � U� Ê�h�]�o�p�E�j�`�a�t�K�b�$�o�p�n�(���b�n�k�i�E�j�`�a�t�%

� Ê � U� Ê�o�q�^�o�p�n�e�j�c�$�^�a�c�e�j�E�j�`�a�t�%

� Ê � U� Ê�o�q�^�o�p�n�e�j�c�$�^�a�c�e�j�E�j�`�a�t�(���a�j�`�E�j�`�a�t�%

� Ê � U� Ê�i�]�p�_�d�a�o�$�n�a�c�a�t�%

� Ê � U� Ê�_�k�j�p�]�e�j�o�$�o�%

� Ê � U� Ê�n�a�l�h�]�_�a�B�e�n�o�p�$�n�a�c�a�t�(���n�a�l�h�]�_�a�i�a�j�p�%

� Ê � U� Ê�n�a�l�h�]�_�a�=�h�h�$�n�a�c�a�t�(���n�a�l�h�]�_�a�i�a�j�p�%
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� Ê � U� Ê�n�a�l�h�]�_�a�$�p�]�n�c�a�p�(���n�a�l�h�]�_�a�i�a�j�p�%

� Ê � U� Ê�p�k�H�k�s�a�n�?�]�o�a�$�%

� Ê � U� Ê�p�k�Q�l�l�a�n�?�]�o�a�$�%

� Ê � U� Ê�p�n�e�i�$�%

These methods do what their names suggest. Each character in a string has an index, 
which is zero based. Thus the first character has index 0, the second character has index 1, 
and so forth. JavaFX Script strings are immutable. None of the methods modify the string on 
which they are called. Some of the methods, such as �p�n�e�i�$�%, return a new string. Therefore, if 
the variable �o�p�n has the value �����D�a�h�h�k����, calling �o�p�n�*�p�n�e�i�$�% will not change what•s stored in 
the �o�p�n variable. To capture the trimmed string, you must assign the return value of the call to 
a variable.

In Listing 2-6, you can see JavaFX Script �O�p�n�e�j�c variables at work.

Listing 2-6. String Variables at Work

�r�]�n���c�n�a�a�p�e�j�c���9�����D�a�h�h�k�(���S�k�n�h�`�*���7

�l�n�e�j�p�h�j�$���c�n�a�a�p�e�j�c���9���w�c�n�a�a�p�e�j�c�y���%�7
�l�n�e�j�p�h�j�$���c�n�a�a�p�e�j�c�*�h�a�j�c�p�d�$�%���9���w�c�n�a�a�p�e�j�c�*�h�a�j�c�p�d�$�%�y���%�7
�l�n�e�j�p�h�j�$���c�n�a�a�p�e�j�c�*�o�p�]�n�p�o�S�e�p�d�$�X���D�X���%���9���w�c�n�a�a�p�e�j�c�*�o�p�]�n�p�o�S�e�p�d�$���D���%�y���%�7
�l�n�e�j�p�h�j�$���c�n�a�a�p�e�j�c�*�a�j�`�o�S�e�p�d�$�X���*�X���%���9���w�c�n�a�a�p�e�j�c�*�a�j�`�o�S�e�p�d�$���*���%�y���%�7
�l�n�e�j�p�h�j�$���c�n�a�a�p�e�j�c�*�e�j�`�a�t�k�b�$�X���(�X���%���9���w�c�n�a�a�p�e�j�c�*�e�j�`�a�t�K�b�$���(���%�y���%�7
�l�n�e�j�p�h�j�$���c�n�a�a�p�e�j�c�*�o�q�^�o�p�n�e�j�c�$�/�(���1�%���9���w�c�n�a�a�p�e�j�c�*�o�q�^�o�p�n�e�j�c�$�/�(���1�%�y���%�7
�l�n�e�j�p�h�j�$���c�n�a�a�p�e�j�c�*�p�k�Q�l�l�a�n�?�]�o�a�$�%���9���w�c�n�a�a�p�e�j�c�*�p�k�Q�l�l�a�n�?�]�o�a�$�%�y���%�7
�l�n�e�j�p�h�j�$���c�n�a�a�p�e�j�c�*�p�k�H�k�s�a�n�?�]�o�a�$�%���9���w�c�n�a�a�p�e�j�c�*�p�k�H�k�s�a�n�?�]�o�a�$�%�y���%�7

�r�]�n���i�q�h�p�e�H�e�j�a���9�����P�k���_�k�j�o�p�n�q�_�p���]���i�q�h�p�e�)�h�e�j�a���o�p�n�e�j�c���e�j���F�]�r�]�B�T���O�_�n�e�l�p�(�X�j��
�����������������������u�k�q���_�]�j���q�o�a���e�p�o���o�p�n�e�j�c���h�e�p�a�n�a�]�h���]�j�`���o�p�n�e�j�c���a�t�l�n�a�o�o�e�k�j�X�j��
�����������������������_�k�j�_�]�p�a�j�]�p�e�k�j���_�]�l�]�^�e�h�e�p�e�a�o�*���7
�l�n�e�j�p�h�j�$�i�q�h�p�e�H�e�j�a�%�7

�r�]�n���o�p�n���9�����]�^�_�]�^�_���7
�l�n�e�j�p�h�j�$���o�p�n���9���w�o�p�n�y���%�7
�l�n�e�j�p�h�j�$���o�p�n�*�e�j�`�a�t�K�b�$�#�^�#�%���9���w�o�p�n�*�e�j�`�a�t�K�b�$�#�^�#�%�y���%�7
�l�n�e�j�p�h�j�$���o�p�n�*�h�]�o�p�E�j�`�a�t�K�b�$�#�^�#�%���9���w�o�p�n�*�h�]�o�p�E�j�`�a�t�K�b�$�#�^�#�%�y���%�7
�l�n�e�j�p�h�j�$���o�p�n�*�_�k�j�p�]�e�j�o�$�#�_�]�^�#�%���9���w�o�p�n�*�_�k�j�p�]�e�j�o�$�#�_�]�^�#�%�y���%�7
�l�n�e�j�p�h�j�$���o�p�n�*�n�a�l�h�]�_�a�B�e�n�o�p�$�#�]�#�(���#�t�#�%���9���w�o�p�n�*�n�a�l�h�]�_�a�B�e�n�o�p�$�#�]�#�(���#�t�#�%�y���%�7
�l�n�e�j�p�h�j�$���o�p�n�*�n�a�l�h�]�_�a�=�h�h�$�#�]�#�(���#�t�#�%���9���w�o�p�n�*�n�a�l�h�]�_�a�=�h�h�$�#�]�#�(���#�t�#�%�y���%�7

�"�˜�i�Ê�Ì�…�ˆ�˜�}�Ê�v�À�œ�“�Ê���ˆ�Ã�Ì�ˆ�˜�}�Ê�Ó�‡�È�Ê�Ì�…�>�Ì�Ê�L�i�>�À�Ã�Ê�“�i�˜�Ì�ˆ�œ�˜�ˆ�˜�}�Ê�ˆ�Ã�Ê�Ì�…�>�Ì�Ê�ˆ�˜�Ê�Ì�…�i�Ê�i�“�L�i�`�`�i�`�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ê
region of a string expression, you do not need to escape the single-quote or double-quote 
characters even if they are the same ones used in the surrounding string expression.
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Understanding the Duration Type
The �@�q�n�]�p�e�k�j type represents an amount of time. �@�q�n�]�p�e�k�j values are used in JavaFX•s key-
frame animation facilities. We will cover animation in Chapter 3.

Duration Literals and the Default Value

�@�q�n�]�p�e�k�j literals are formed by appending a time unit to an integer or decimal literal. JavaFX 
Script understands four time units: hour ( �d), minute ( �i), second (�o), and millisecond ( �i�o). The 
default value of a �@�q�n�]�p�e�k�j variable is �,�*�,�i�o.

The following are some examples of �@�q�n�]�p�e�k�j literals:

�,�*�-�d
�.�i
�/�,�o
�-�,�,�,�i�o

Arithmetic Operations Involving Durations

By their nature, �@�q�n�]�p�e�k�j values can enter into arithmetic operations. JavaFX Script supports 
adding two �@�q�n�]�p�e�k�j values, subtracting one �@�q�n�]�p�e�k�j value from another, multiplying a  
�@�q�n�]�p�e�k�j value by a numeric value, and dividing a �@�q�n�]�p�e�k�j value by a numeric value. The 
results of these operations are �@�q�n�]�p�e�k�j values. JavaFX 1.1 added support for dividing one 
�@�q�n�]�p�e�k�j value by another �@�q�n�]�p�e�k�j value, resulting in a �J�q�i�^�a�n value. The negation operator 
also applies to �@�q�n�]�p�e�k�j values.

The Backing Class of the Duration Type

Unlike the other four primitive types, which are backed by Java classes, the �@�q�n�]�p�e�k�j type 
is backed by a JavaFX Script class �f�]�r�]�b�t�*�h�]�j�c�*�@�q�n�]�p�e�k�j. Here are instance functions of the 
�f�]�r�]�b�t�*�h�]�j�c�*�@�q�n�]�p�e�k�j class that should be of interest to you:

� Ê � U� Ê�p�k�I�e�h�h�e�o�$�%

� Ê � U� Ê�p�k�O�a�_�k�j�`�o�$�%

� Ê � U� Ê�p�k�I�e�j�q�p�a�o�$�%

� Ê � U� Ê�p�k�D�k�q�n�o�$�%

� Ê � U� Ê�r�]�h�q�a�K�b�$�i�o�%

Internally, JavaFX Script keeps track of �@�q�n�]�p�e�k�j values in terms of numbers of milliseconds 
since midnight Greenwich Mean Time (GMT) January 1, 1970. The first four functions convert a 
�@�q�n�]�p�e�k�j to the specified unit and return a �J�q�i�^�a�n.

The �r�]�h�q�a�K�b�$�i�o�% function is a factory function and should be called on the �@�q�n�]�p�e�k�j class 
instead of on any �@�q�n�]�p�e�k�j values. It returns a newly constructed �@�q�n�]�p�e�k�j value that repre-
sents the supplied number of milliseconds.

�NNote We will show you the usage of JavaFX Script classes in much more detail in the •Understanding 
Object LiteralsŽ section later in this chapter. We will teach you how to write JavaFX Script classes in Chapter 4.
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Listing 2-7 shows the JavaFX Script �@�q�n�]�p�e�k�j variables at work.

Listing 2-7. Duration Variables at Work

�r�]�n���k�j�a�D�k�q�n���9���-�d�7
�r�]�n���k�j�a�I�e�j�q�p�a���9���-�i�7
�r�]�n���k�j�a�O�a�_�k�j�`���9���-�o�7
�r�]�n���k�j�a�I�e�h�h�e�o�a�_�k�j�`���9���-�i�o�7

�l�n�e�j�p�h�j�$���k�j�a�D�k�q�n���9���w�k�j�a�D�k�q�n�y���%�7
�l�n�e�j�p�h�j�$���k�j�a�I�e�j�q�p�a���9���w�k�j�a�I�e�j�q�p�a�y���%�7
�l�n�e�j�p�h�j�$���k�j�a�O�a�_�k�j�`���9���w�k�j�a�O�a�_�k�j�`�y���%�7
�l�n�e�j�p�h�j�$���k�j�a�I�e�h�h�e�o�a�_�k�j�`���9���w�k�j�a�I�e�h�h�e�o�a�_�k�j�`�y���%�7

�l�n�e�j�p�h�j�$���k�j�a�D�k�q�n���'���/�,���&���k�j�a�I�e�j�q�p�a���9���w�k�j�a�D�k�q�n���'���/�,���&���k�j�a�I�e�j�q�p�a�y���%�7
�l�n�e�j�p�h�j�$���k�j�a�I�e�j�q�p�a���)���.�,���&���k�j�a�O�a�_�k�j�`���9���w�k�j�a�I�e�j�q�p�a���)���.�,���&���k�j�a�O�a�_�k�j�`�y���%�7
�l�n�e�j�p�h�j�$���k�j�a�O�a�_�k�j�`���+���.���9���w�k�j�a�O�a�_�k�j�`���+���.�y���%�7
�l�n�e�j�p�h�j�$���)�k�j�a�I�e�h�h�e�o�a�_�k�j�`���9���w�)�k�j�a�I�e�h�h�e�o�a�_�k�j�`�y���%�7

�l�n�e�j�p�h�j�$���k�j�a�D�k�q�n�*�p�k�D�k�q�n�o�$�%���9���w�k�j�a�D�k�q�n�*�p�k�D�k�q�n�o�$�%�y���%�7
�l�n�e�j�p�h�j�$���k�j�a�D�k�q�n�*�p�k�I�e�j�q�p�a�o�$�%���9���w�k�j�a�D�k�q�n�*�p�k�I�e�j�q�p�a�o�$�%�y���%�7
�l�n�e�j�p�h�j�$���k�j�a�I�e�j�q�p�a�*�p�k�O�a�_�k�j�`�o�$�%���9���w�k�j�a�I�e�j�q�p�a�*�p�k�O�a�_�k�j�`�o�$�%�y���%�7
�l�n�e�j�p�h�j�$���k�j�a�O�a�_�k�j�`�*�p�k�I�e�h�h�e�o�$�%���9���w�k�j�a�O�a�_�k�j�`�*�p�k�I�e�h�h�e�o�$�%�y���%�7

�r�]�n���j�k�s���9���@�q�n�]�p�e�k�j�*�r�]�h�q�a�K�b�$�-�.�.�5�5�.�/�/�,�5�3�/�0�*�,�%�7
�l�n�e�j�p�h�j�$���j�k�s���9���w�j�k�s�y���%�7

Working with Sequences
In the previous section, you learned about JavaFX Script primitive types. Primitive types rep-
resent indivisible pieces of data. However, sometimes you need to aggregate individual data 
together and manipulate that data as a unit. JavaFX Script provides two mechanisms for data 
�>�}�}�À�i�}�>�Ì�ˆ�œ�˜�°�Ê���ˆ�À�Ã�Ì�]�Ê�Þ�œ�Õ�Ê�V�>�˜�Ê�}�À�œ�Õ�«�Ê�`�ˆ�Ã�Ã�ˆ�“�ˆ�•�>�À�Ê�`�>�Ì�>�Ê�ˆ�˜�Ì�œ�Ê�V�•�>�Ã�Ã�i�Ã�]�Ê�V�À�i�>�Ì�i�Ê�œ�L�•�i�V�Ì�Ã�Ê�œ�v�Ê�V�•�>�Ã�Ã�i�Ã�]�Ê�>�˜�`�Ê
�“�>�˜�ˆ�«�Õ�•�>�Ì�i�Ê�Ì�…�i�Ê�œ�L�•�i�V�Ì�Ã�Ê�ˆ�˜�Ê�Þ�œ�Õ�À�Ê�V�œ�`�i�°�Ê�-�i�V�œ�˜�`�]�Ê�Þ�œ�Õ�Ê�V�>�˜�Ê�}�À�œ�Õ�«�Ê�Ã�ˆ�“�ˆ�•�>�À�Ê�`�>�Ì�>�Ê�ˆ�˜�Ì�œ�Ê�>�Ê�V�œ�˜�Ã�Ì�À�Õ�V�Ì�Ê
called a sequence, and manipulate the sequence and its values in your code.

�9�œ�Õ�Ê�Ü�ˆ�•�•�Ê�•�i�>�À�˜�Ê�…�œ�Ü�Ê�Ì�œ�Ê�V�À�i�>�Ì�i�Ê�œ�L�•�i�V�Ì�Ã�Ê�œ�v�Ê�i�Ý�ˆ�Ã�Ì�ˆ�˜�}�Ê�V�•�>�Ã�Ã�i�Ã�Ê�ˆ�˜�Ê�Ì�…�i�Ê�º�1�˜�`�i�À�Ã�Ì�>�˜�`�ˆ�˜�}�Ê�"�L�•�i�V�Ì�Ê���ˆ�Ì�i�À-
alsŽ section later in this chapter. You will learn how to create classes in Chapter 4.

In this section, we will teach you the JavaFX Script sequence concept, how to create 
sequences, and how to manipulate sequences.

Understanding Sequence Types
A JavaFX Script sequence represents an ordered list of data of the same type. Each individual 
piece of data in a sequence is an element of the sequence. The type of elements of a sequence 
is called the sequence•s element type. The type of a sequence is written as its element type fol-
lowed by a pair of square brackets (�W�Y).
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Here are some examples of sequences of primitive types:

�r�]�n���^�k�k�h�a�]�j�o�6���>�k�k�h�a�]�j�W�Y���9���W�p�n�q�a�(���b�]�h�o�a�(���p�n�q�a�(���p�n�q�a�(���b�]�h�o�a�Y�7
�r�]�n���e�j�p�a�c�a�n�o�6���E�j�p�a�c�a�n�W�Y���9���W�-�(���/�(���1�(���3�(���5�Y�7
�r�]�n���j�q�i�^�a�n�o�6���J�q�i�^�a�n�W�Y���9���W�/�*�-�0�-�1�5�(���.�*�3�-�4�.�4�Y�7
�r�]�n���o�p�n�e�j�c�o�6���O�p�n�e�j�c�W�Y���9���W���d�a�h�h�k���(�����d�a�h�h�k���]�c�]�e�j���(�����c�k�k�`�^�u�a���Y�7
�r�]�n���`�q�n�]�p�e�k�j�o�6���@�q�n�]�p�e�k�j�W�Y���9���W�,�*�1�i�(���-�*�,�i�(���-�*�1�i�(���.�*�,�i�Y�7

In these examples, the variables are of sequence types. With the help of JavaFX Script•s 
type inference facility, you can omit the data types:

�r�]�n���^�k�k�h�a�]�j�o���9���W�p�n�q�a�(���b�]�h�o�a�(���p�n�q�a�(���p�n�q�a�(���b�]�h�o�a�Y�7
�r�]�n���e�j�p�a�c�a�n�o���9���W�-�(���/�(���1�(���3�(���5�Y�7
�r�]�n���j�q�i�^�a�n�o���9���W�/�*�-�0�-�1�5�(���.�*�3�-�4�.�4�Y�7
�r�]�n���o�p�n�e�j�c�o���9���W���d�a�h�h�k���(�����d�a�h�h�k���]�c�]�e�j���(�����c�k�k�`�^�u�a���Y�7
�r�]�n���`�q�n�]�p�e�k�j�o���9���W�,�*�1�i�(���-�*�,�i�(���-�*�1�i�(���.�*�,�i�Y�7

The element type of a sequence can be one of the primitive types, a class type, or a func-
tion type. We will cover class types and function types in detail in Chapter 4. In this section, 
we will use one small example of the class type to illustrate the interaction between sequence 
types and class types. We will use the class

�_�h�]�o�o���L�k�e�j�p���w
�����r�]�n���t�6���J�q�i�^�a�n�7
�����r�]�n���u�6���J�q�i�^�a�n�7
�y

for the rest of this section. This defines a class type �L�k�e�j�p. You can declare a variable of type 
�L�k�e�j�p�Ê�­�V�>�•�•�i�`�Ê�>�˜�Ê�œ�L�•�i�V�Ì�®�Ê�>�˜�`�Ê�ˆ�˜�ˆ�Ì�ˆ�>�•�ˆ�â�i�Ê�ˆ�Ì�Ê�Ü�ˆ�Ì�…�Ê�>�˜�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ê�>�Ã�Ê�v�œ�•�•�œ�Ü�Ã�\

�r�]�n���l�6���L�k�e�j�p���9���L�k�e�j�p���w���t�6���/�*�,�(���u�6���0�*�,���y�7

�"�˜�V�i�Ê�>�}�>�ˆ�˜�]�Ê�Þ�œ�Õ�Ê�V�>�˜�Ê�œ�“�ˆ�Ì�Ê�Ì�…�i�Ê�Ì�Þ�«�i�Ê�Ã�«�i�V�ˆ�v�ˆ�i�À�Ê�v�œ�À�Ê�Ì�…�i�Ê�Û�>�À�ˆ�>�L�•�i�Ê�>�˜�`�Ê�•�i�Ì�Ê���>�Û�>���8�Ê�-�V�À�ˆ�«�Ì�¿�Ã�Ê�Ì�Þ�«�i�Ê
inference facility deduce the type:

�r�]�n���l���9���L�k�e�j�p���w���t�6���1�*�,�(���u�6���-�.�*�,���y�7

You can also declare a variable of a class type without giving it an initializer:

�r�]�n���l�6���L�k�e�j�p�7

In this case, the variable will get the default value for class types: �j�q�h�h.
You are now ready to declare a variable of type �L�k�e�j�p�W�Y, a sequence of �L�k�e�j�p�Ê�œ�L�•�i�V�Ì�Ã�\

�r�]�n���l�k�e�j�p�o�6���L�k�e�j�p�W�Y���9���W�L�k�e�j�p���w�t�6���/�*�,�(���u�6���0�*�,�y�(���L�k�e�j�p���w�t�6���1�*�,�(���u�6���-�.�*�,�y�Y�7

With the help of type inference, you can omit the type specifier:

�r�]�n���l�k�e�j�p�o���9���W�L�k�e�j�p���w�t�6���/�*�,�(���u�6���0�*�,�y�(���L�k�e�j�p���w�t�6���1�*�,�(���u�6���-�.�*�,�y�Y�7

As is the case with primitive types, if a variable is declared to be of a sequence type but 
without an explicit initializer, then it gets the default value of the sequence type. The default 
value of a sequence type is a sequence with zero elements in it. This sequence is called the 
empty sequence.
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Constructing Sequences Using Explicit Sequence Expressions
In the previous section, all variables of sequence types are initialized with explicit sequence 
expressions. An explicit sequence expression is constructed by enclosing its elements within a 
pair of brackets. The elements in an explicit sequence expression are separated by commas. 
�/�…�i�Ê�V�œ�“�“�>�Ê�“�>�Þ�Ê�L�i�Ê�œ�“�ˆ�Ì�Ì�i�`�Ê�>�v�Ì�i�À�Ê�>�˜�Ê�i�•�i�“�i�˜�Ì�Ê�ˆ�v�Ê�ˆ�Ì�Ê�ˆ�Ã�Ê�>�˜�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ê�œ�À�Ê�œ�Ì�…�i�À�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ê�Ì�…�>�Ì�Ê
ends with a closing brace.

Thus, the declaration

�r�]�n���l�k�e�j�p�o���9���W�L�k�e�j�p���w�t�6���/�*�,�(���u�6���0�*�,�y�(���L�k�e�j�p���w�t�6���1�*�,�(���u�6���-�.�*�,�y�Y�7

can be written as

�r�]�n���l�k�e�j�p�o���9���W
�����L�k�e�j�p���w�t�6���/�*�,�(���u�6���0�*�,�y
�����L�k�e�j�p���w�t�6���1�*�,�(���u�6���-�.�*�,�y
�Y�7

You cannot create a sequence with •holesŽ in it. In other words, every element in a 
sequence must be a non-null value of the element type. Since primitive values are always  
non-null, this rule applies only to sequences of nonprimitive types.

The empty sequence can be constructed with the �W�Y expression.

Constructing Numeric Sequences Using Range Expressions
When creating numeric sequences„that is, sequences of �E�j�p�a�c�a�n or �J�q�i�^�a�n values„you can 
use range expressions in addition to explicit sequence expressions. A JavaFX Script range 
expression allows you to create an arithmetic progression from a start value, an end value, and 
an optional step value. The step value defaults to �- or �-�*�,, depending on whether the element 
type is �E�j�p�a�c�a�n or �J�q�i�^�a�n. Here are a few examples:

�r�]�n���k�j�a�P�k�P�a�j���9���W�-�*�*�-�,�Y�7
�r�]�n���k�j�a�P�k�P�a�j�K�`�`���9���W�-�*�*�-�,���o�p�a�l���.�Y�7
�r�]�n���p�e�_�g�o���9���W�/�*�,���*�*���1�*�,���o�p�a�l���,�*�1�Y�7
�r�]�n���`�a�_�n�a�]�o�e�j�c���9���W�-�,�*�*�-���o�p�a�l���)�-�Y�7

�NTip JavaFX Script represents range expressions internally in an efficient manner. When you use a range 
expression like �W�,�*�*�-�,�,�,�,�,�,�Y, JavaFX Script will not actually build a sequence with a million elements and 
therefore will not take up megabytes of memory.
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In the previous range expressions, the start value and the end value are separated with 
two dots ( �*�*), and the step value, if present, is separated from the end value with �o�p�a�l. This 
notation produces sequences that may include the end value itself. To obtain a sequence that 
does not include the end value, two dots and a less-than sign ( �*�*�8) may be places between the 
start value and the end value. Here is an example of this form of range expression:

�r�]�n���k�j�a�P�k�J�e�j�a���9���W�-���*�*�8���-�,�Y�7

�NCaution If the step value is negative while the end value is greater than the start value, or if the step 
value is positive while the end value is less than the start value, the range expression produces an empty 
sequence. This may happen when you try to construct a decreasing sequence, one in which the end value 
is less than the start value, but you fail to specify a negative step value. For example, the range expression 
�W�-�,�*�*�-�Y will produce an empty sequence. The JavaFX Script compiler will generate a warning for such 
expressions.

In Listing 2-8, you can see explicit sequence expressions and range expressions at work.

Listing 2-8. Constructing Sequences with Explicit Sequence Expressions and Range Expressions

�r�]�n���^�k�k�h�a�]�j�o���9���W�p�n�q�a�(���b�]�h�o�a�(���p�n�q�a�(���p�n�q�a�(���b�]�h�o�a�Y�7
�r�]�n���e�j�p�a�c�a�n�o���9���W�-�(���/�(���1�(���3�(���5�Y�7
�r�]�n���j�q�i�^�a�n�o���9���W�/�*�-�0�-�1�5�(���.�*�3�-�4�.�4�Y�7
�r�]�n���o�p�n�e�j�c�o���9���W���d�a�h�h�k���(�����d�a�h�h�k���]�c�]�e�j���(�����c�k�k�`�^�u�a���Y�7
�r�]�n���`�q�n�]�p�e�k�j�o���9���W�,�*�1�i�(���-�*�,�i�(���-�*�1�i�(���.�*�,�i�Y�7

�l�n�e�j�p�$���^�k�k�h�a�]�j�o���9�����%�7���l�n�e�j�p�h�j�$�^�k�k�h�a�]�j�o�%�7
�l�n�e�j�p�$���e�j�p�a�c�a�n�o���9�����%�7���l�n�e�j�p�h�j�$�e�j�p�a�c�a�n�o�%�7
�l�n�e�j�p�$���j�q�i�^�a�n�o���9�����%�7���l�n�e�j�p�h�j�$�j�q�i�^�a�n�o�%�7
�l�n�e�j�p�$���o�p�n�e�j�c�o���9�����%�7���l�n�e�j�p�h�j�$�o�p�n�e�j�c�o�%�7
�l�n�e�j�p�$���`�q�n�]�p�e�k�j�o���9�����%�7���l�n�e�j�p�h�j�$�`�q�n�]�p�e�k�j�o�%�7

�_�h�]�o�o���L�k�e�j�p���w
�����r�]�n���t�6���J�q�i�^�a�n�7
�����r�]�n���u�6���J�q�i�^�a�n�7
�y

�r�]�n���l�k�e�j�p�o���9���W�L�k�e�j�p���w�t�6���/�*�,�(���u�6���0�*�,�y�(���L�k�e�j�p���w�t�6���1�*�,�(���u�6���-�.�*�,�y�Y�7

�l�n�e�j�p�$���l�k�e�j�p�o���9�����%�7���l�n�e�j�p�h�j�$�l�k�e�j�p�o�%�7
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�e�j�p�a�c�a�n�o���9���W�-�(���/�(���1�(���3�(���5�Y�7
�l�n�e�j�p�$���e�j�p�a�c�a�n�o���9�����%�7���l�n�e�j�p�h�j�$�e�j�p�a�c�a�n�o�%�7

�r�]�n���k�j�a�P�k�P�a�j���9���W�-�*�*�-�,�Y�7
�r�]�n���k�j�a�P�k�P�a�j�K�`�`���9���W�-�*�*�-�,���o�p�a�l���.�Y�7
�r�]�n���p�e�_�g�o���9���W�/�*�,���*�*���1�*�,���o�p�a�l���,�*�1�Y�7
�r�]�n���`�a�_�n�a�]�o�e�j�c���9���W�-�,�*�*�-���o�p�a�l���)�-�Y�7
�r�]�n���k�j�a�P�k�J�e�j�a���9���W�-���*�*�8���-�,�Y�7

�l�n�e�j�p�$���k�j�a�P�k�P�a�j���9�����%�7���l�n�e�j�p�h�j�$�k�j�a�P�k�P�a�j�%�7
�l�n�e�j�p�$���k�j�a�P�k�P�a�j�K�`�`���9�����%�7���l�n�e�j�p�h�j�$�k�j�a�P�k�P�a�j�K�`�`�%�7
�l�n�e�j�p�$���p�e�_�g�o���9�����%�7���l�n�e�j�p�h�j�$�p�e�_�g�o�%�7
�l�n�e�j�p�$���`�a�_�n�a�]�o�e�j�c���9�����%�7���l�n�e�j�p�h�j�$�`�a�_�n�a�]�o�e�j�c�%�7
�l�n�e�j�p�$���k�j�a�P�k�J�e�j�a���9�����%�7���l�n�e�j�p�h�j�$�k�j�a�P�k�J�e�j�a�%�7

�l�n�e�j�p�$���W�-�,�*�*�-�Y���9�����%�7���l�n�e�j�p�h�j�$�W�-�,�*�*�-�Y�%�7

In Listing 2-8, we used another JavaFX Script built-in function, �l�n�e�j�p�$�%. The �l�n�e�j�p�$�% func-
tion differs from , �l�n�e�j�p�h�j�$�% in that it does not append a newline at the end of its output.

�NNote In JavaFX 1.0, 1.1,  and 1.2, converting a sequence to a string via ���w�o�a�m�y�� will produce a string 
without the surrounding brackets and separators between elements. For example, �l�n�e�j�p�h�j�$���w�W�-�(���.�(���/�Y�y���% 
prints �-�.�/, while �l�n�e�j�p�h�j�$�W�-�(���.�(���/�Y�% prints �W���-�(���.�(���/���Y.

Manipulating Sequences
JavaFX Script provides a rich set of built-in facilities for you to easily manipulate sequences: 

�Ê �U�Ê �9�œ�Õ�Ê�V�>�˜�Ê�>�V�V�i�Ã�Ã�Ê�Ì�…�i�Ê�Ã�ˆ�â�i�Ê�œ�v�Ê�>�Ê�Ã�i�µ�Õ�i�˜�V�i�]�Ê�>�Ê�Ã�ˆ�˜�}�•�i�Ê�i�•�i�“�i�˜�Ì�Ê�œ�v�Ê�>�Ê�Ã�i�µ�Õ�i�˜�V�i�]�Ê�>�Ê�Ã�•�ˆ�V�i�Ê�œ�À�Ê�>�Ê�Ã�i�}-
ment of consecutive elements of a sequence, or a subset of nonconsecutive elements 
that satisfy certain criteria. 

�Ê �U�Ê �9�œ�Õ�Ê�V�>�˜�Ê�À�i�Û�i�À�Ã�i�Ê�>�Ê�Ã�i�µ�Õ�i�˜�V�i�°�Ê

�Ê �U�Ê �9�œ�Õ�Ê�V�>�˜�Ê�ˆ�˜�Ã�i�À�Ì�Ê�>�˜�Ê�i�•�i�“�i�˜�Ì�Ê�ˆ�˜�Ì�œ�Ê�>�Ê�Ã�i�µ�Õ�i�˜�V�i�°�Ê

�Ê �U�Ê �9�œ�Õ�Ê�V�>�˜�Ê�ˆ�˜�Ã�i�À�Ì�Ê�>�˜�œ�Ì�…�i�À�Ê�Ã�i�µ�Õ�i�˜�V�i�Ê�ˆ�˜�Ì�œ�Ê�>�Ê�Ã�i�µ�Õ�i�˜�V�i�°�Ê

�Ê �U�Ê �9�œ�Õ�Ê�V�>�˜�Ê�`�i�•�i�Ì�i�Ê�>�˜�Ê�i�•�i�“�i�˜�Ì�Ê�v�À�œ�“�Ê�>�Ê�Ã�i�µ�Õ�i�˜�V�i�°

�Ê �U�Ê �9�œ�Õ�Ê�V�>�˜�Ê�`�i�•�i�Ì�i�Ê�>�Ê�Ã�•�ˆ�V�i�Ê�v�À�œ�“�Ê�>�Ê�Ã�i�µ�Õ�i�˜�V�i�°

Each element in a sequence has an index and sequence indexes are zero-based. The first 
element has index 0, the second element has index 1, and so on.
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Accessing the Size of a Sequence

You can use the �o�e�v�a�k�b operator to access the size of a sequence. The size of a sequence is the 
number of elements in the sequence. The size of an empty sequence is zero. In the following 
example:

�r�]�n���e�j�p�a�c�a�n�o���9���W�-�(���/�(���1�(���3�(���5�Y�7
�r�]�n���o���9���o�e�v�a�k�b���e�j�p�a�c�a�n�o�7

the value of �o would be �1.

�NNote Although the �o�e�v�a�k�b operator is primarily used with sequences, you can use it with nonsequence 
variables and values. A primitive value always has size �-. A variable of class type has size �- if it holds an 
object of the class, and it has size �, if it is �j�q�h�h.

Accessing an Element in a Sequence

To access a single element of a sequence, you use the sequence indexing expression. It consists 
of the sequence name or another expression that evaluates to a sequence followed by a pair of 
brackets that encloses the index of the element. Here are some examples:

�r�]�n���e�j�p�a�c�a�n�o���9���W�-�(���/�(���1�(���3�(���5�Y�7
�r�]�n���]���9���e�j�p�a�c�a�n�o�W�,�Y�7
�r�]�n���^���9���e�j�p�a�c�a�n�o�W�0�Y�7
�r�]�n���_���9���e�j�p�a�c�a�n�o�W�)�-�Y�7
�r�]�n���`���9���e�j�p�a�c�a�n�o�W�1�Y�7

If the index is within the range between zero and one less than the size of the sequence, 
the appropriate element will be produced. If the index is outside of that range, the default 
value of the element type of the sequence will be produced. Thus in this example, �] would be 
�-, �  ̂would be �5, and both �_ and �  ̀would be �,, the default value for the �E�j�p�a�c�a�n type.

�NNote Although indexing a variable of sequence type is the most common use of sequence indexing 
expressions, the JavaFX Script syntax allows you to index any expression that evaluates to a sequence. For 
example, �W�-�(���/�(���1�(���3�(���5�Y�W�.�Y is a valid sequence indexing expression. Its value is �1. This is also the case 
for the sequence slice expression and the sequence select expression that you will learn in the next two  
sections.
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Accessing a Slice of a Sequence

To access a consecutive subset of elements of a sequence, you use the sequence slice expres-
sion. It consists of the sequence name or another expression that evaluates to a sequence, 
followed by a pair of brackets that encloses a starting index and an optional ending index 
separated by two dots (�*�*) or two dots and a less-than sign (�*�*�8). If the ending index is not 
specified, it is understood to be the index of the last element of the sequence, namely, the size 
of the sequence minus one. This expression produces a slice of the original sequence. Here are 
some examples:

�r�]�n���e�j�p�a�c�a�n�o���9���W�-�(���/�(���1�(���3�(���5�Y�7
�r�]�n���o�a�m�-���9���e�j�p�a�c�a�n�o�W�,�*�*�.�Y�7
�r�]�n���o�a�m�.���9���e�j�p�a�c�a�n�o�W�,�*�*�8�.�Y�7
�r�]�n���o�a�m�/���9���e�j�p�a�c�a�n�o�W�.�*�*�Y�7
�r�]�n���o�a�m�0���9���e�j�p�a�c�a�n�o�W�)�/�*�*�-�,�Y�7
�r�]�n���o�a�m�1���9���e�j�p�a�c�a�n�o�W�.�*�*�8�.�Y�7
�r�]�n���o�a�m�2���9���e�j�p�a�c�a�n�o�W�.�*�*�,�Y�7
�r�]�n���o�a�m�3���9���e�j�p�a�c�a�n�o�W�)�.�*�*�)�-�Y�7
�r�]�n���o�a�m�4���9���e�j�p�a�c�a�n�o�W�1�*�*�2�Y�7

If the two dots notation is used, all elements of the original sequence whose index is 
greater than or equal to the starting index and less than or equal to the ending index are ele-
ments of the slice. If the two dots and a less-than sign notation is used, all elements of the 
original sequence whose index is greater than or equal to the starting index and less than the 
ending index are elements of the slice. The elements in the slice appear in the same order as 
they appear in the original sequence.

If no element of the original sequence satisfies the slice•s condition, then the slice is an 
empty sequence. This is the case, for example, if the slice•s ending index is less than the slice•s 
starting index, if the slice•s starting index is greater than or equal to the size of the sequence, or 
if the slice•s ending index is less than zero. Notice that it is okay for the starting index to be less 
than zero or for the ending index to be greater than or equal to the size of the sequence.

Thus in the previous example, �o�a�m�- is �W�-�(���/�(���1�Y, �o�a�m�. is �W�-�(���/�Y, �o�a�m�/ is �W�1�(���3�(���5�Y, and 
�o�a�m�0 is �W�-�(���/�(���1�(���3�(���5�Y. And �o�a�m�1, �o�a�m�2, �o�a�m�3, and �o�a�m�4 are equal to the empty sequence �W�Y. 
The conditions in �o�a�m�1 and �o�a�m�2 are not satisfied by any indexes. The condition in �o�a�m�3 is satis-
fied only by �)�. and �)�-, but �e�j�p�a�c�a�n�o does not contain elements with indexes �)�. or �)�-. Similarly, 
the condition in �o�a�m�4 is satisfied by �1 and �2, but �e�j�p�a�c�a�n�o does not contain elements with 
indexes �1 or �2.

Accessing a Subset of a Sequence through a Predicate

To access a not necessarily consecutive subset of elements of a sequence, you use the sequence 
select expression. It consists of 

�Ê �U�Ê �/�…�i�Ê�Ã�i�µ�Õ�i�˜�V�i�Ê�˜�>�“�i�Ê�œ�À�Ê�>�˜�œ�Ì�…�i�À�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ê�Ì�…�>�Ì�Ê�i�Û�>�•�Õ�>�Ì�i�Ã�Ê�Ì�œ�Ê�>�Ê�Ã�i�µ�Õ�i�˜�V�i�Ê

�Ê �U�Ê ���Ê�«�>�ˆ�À�Ê�œ�v�Êbrackets that encloses a predicate in the form of a selection variable 

�Ê �U�Ê ���Ê�Û�i�À�Ì�ˆ�V�>�•�Êbar (�x) 

� Ê � U� Ê � �� Ê�>�k�k�h�a�]�j expression involving the selection variable 

Here are some examples:
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�r�]�n���e�j�p�a�c�a�n�o���9���W�-�(���/�(���1�(���3�(���5�Y�7
�r�]�n���o�a�m�-���9���e�j�p�a�c�a�n�o�W�t���x���t���:���0�Y�7
�r�]�n���o�a�m�.���9���e�j�p�a�c�a�n�o�W�t���x���e�j�`�a�t�k�b���t���8���.�Y�7
�r�]�n���o�a�m�/���9���e�j�p�a�c�a�n�o�W�t���x���t���:���-�,�Y�7

The resulting sequence will contain all elements of the original sequence whose value 
satisfy the predicate. A value satisfies a predicate if the �>�k�k�h�a�]�j expression in the predicate is 
true when the value is substituted for the selection variable. The �e�j�`�a�t�k�b operator can be used 
inside the predicate to obtain the index of the selection variable �t in the original sequence. If 
no elements of the original sequence satisfy the predicate, the resulting sequence is the empty 
sequence. The elements in the resulting sequence appear in the same order as they appear in 
the original sequence.

Thus, in the previous example �o�a�m�- is �W�1�(���3�(���5�Y, �o�a�m�. is �W�-�(���/�Y, and �o�a�m�/ is the empty 
sequence.

Reversing a Sequence

JavaFX Script provides the �n�a�r�a�n�o�a operator that reverses a sequence. The reverse operator 
does not modify the original sequence but produces a new sequence that contains the same 
elements as the original sequence in the reverse order. Here is an example:

�r�]�n���e�j�p�a�c�a�n�o���9���W�-�(���/�(���1�(���3�(���5�Y�7
�r�]�n���o�a�m�-���9���n�a�r�a�n�o�a���e�j�p�a�c�a�n�o�7

In this example, �o�a�m�- is �W�5�(���3�(���1�(���/�(���-�Y.

Inserting an Element into a Sequence

So far, �Þ�œ�Õ�½�Û�i�Ê�•�i�>�À�˜�i�`�Ê�v�œ�Õ�À�Ê�“�i�Ì�…�œ�`�Ã�Ê�œ�v�Ê�>�V�V�i�Ã�Ã�ˆ�˜�}�Ê�Ì�…�i�Ê�i�•�i�“�i�˜�Ì�Ã�Ê�œ�v�Ê�>�Ê�Ã�i�µ�Õ�i�˜�V�i�°�Ê�"�˜�i�Ê�Ì�…�ˆ�˜�}�Ê�Ì�…�>�Ì�Ê
these methods have in common is that they do not change the original sequence in any way. 
Coming up, we will show you methods for altering an existing sequence.

To add one element to a sequence, you use the �e�j�o�a�n�p�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�°�Ê�"�˜�•�Þ�Ê�>�Ê�Û�>�•�Õ�i�Ê�œ�v�Ê�>�Ê�V�œ�“-
patible type may be inserted into a sequence. The only time you are allowed to insert a value 
of one primitive type into a sequence of a different type is when you are inserting a numeric 
�Û�>�•�Õ�i�Ê�ˆ�˜�Ì�œ�Ê�>�Ê�Ã�i�µ�Õ�i�˜�V�i�Ê�œ�v�Ê�>�Ê�`�ˆ�v�v�i�À�i�˜�Ì�Ê�˜�Õ�“�i�À�ˆ�V�Ê�Ì�Þ�«�i�°�Ê�9�œ�Õ�Ê�“�>�Þ�Ê�•�œ�Ã�i�Ê�«�À�i�V�ˆ�Ã�ˆ�œ�˜�Ê�Ü�…�i�˜�Ê�Ì�…�i�Ê�Ã�i�µ�Õ�i�˜�V�i�¿�Ã�Ê
element type is narrower than the type of the value being inserted. For example, inserting 
a �J�q�i�^�a�n value into an �E�j�p�a�c�a�n sequence will cause the �J�q�i�^�a�n�Ê�Û�>�•�Õ�i�¿�Ã�Ê�v�À�>�V�Ì�ˆ�œ�˜�>�•�Ê�«�>�À�Ì�Ê�Ì�œ�Ê�L�i�Ê
�`�À�œ�«�«�i�`�°�Ê���œ�À�Ê�V�•�>�Ã�Ã�Ê�Ì�Þ�«�i�Ã�]�Ê�Þ�œ�Õ�Ê�>�À�i�Ê�>�•�•�œ�Ü�i�`�Ê�Ì�œ�Ê�ˆ�˜�Ã�i�À�Ì�Ê�>�˜�Ê�œ�L�•�i�V�Ì�Ê�œ�v�Ê�V�•�>�Ã�Ã�Ê�Ì�Þ�«�i�Ê�ˆ�˜�Ì�œ�Ê�>�Ê�Ã�i�µ�Õ�i�˜�V�i�Ê�œ�v�Ê�ˆ�Ì�Ã�Ê
super class type. You will learn about super classes in Chapter 4.

There are three forms of insert expressions: the �e�j�o�a�n�p �e�j�p�k form, the �e�j�o�a�n�p �^�a�b�k�n�a form, 
and the �e�j�o�a�n�p �]�b�p�a�n form. Here are some examples:

�r�]�n���j�q�i�^�a�n�o���9���W�/�*�-�0�-�1�5�(���.�*�3�-�4�.�4�Y�7
�e�j�o�a�n�p���,�*�1�3�3�.�.���e�j�p�k���j�q�i�^�a�n�o�7
�e�j�o�a�n�p���-�*�2�-�4���^�a�b�k�n�a���j�q�i�^�a�n�o�W�,�Y�7
�e�j�o�a�n�p���-�*�0�-�0�.���]�b�p�a�n���j�q�i�^�a�n�o�W�.�Y�7

The �e�j�o�a�n�p �e�j�p�k form takes two pieces of information as its input: the value to be inserted 
and the sequence variable to insert the value into. It then appends the value to the end of 
the sequence. Thus, after the first insert expression in the previous example, �j�q�i�^�a�n�o will be 
�W�/�*�-�0�-�1�5�(���.�*�3�-�4�.�4�(���,�*�1�3�3�.�.�Y.
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The �e�j�o�a�n�p �^�a�b�k�n�a form takes three pieces of information as its input: the value to be 
inserted, the sequence variable to insert the value into, and an index. It then inserts the value 
�ˆ�˜�Ì�œ�Ê�Ì�…�i�Ê�Ã�i�µ�Õ�i�˜�V�i�Ê�>�Ì�Ê�>�Ê�«�œ�Ã�ˆ�Ì�ˆ�œ�˜�Ê�•�Õ�Ã�Ì�Ê�L�i�v�œ�À�i�Ê�Ì�…�i�Ê�ˆ�˜�`�i�Ý�°�Ê�/�…�Õ�Ã�]�Ê�>�v�Ì�i�À�Ê�Ì�…�i�Ê�Ã�i�V�œ�˜�`�Ê�ˆ�˜�Ã�i�À�Ì�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�]�Ê
�j�q�i�^�a�n�o will be �W�-�*�2�-�4�(���/�*�-�0�-�1�5�(���.�*�3�-�4�.�4�(���,�*�1�3�3�.�.�Y.

The �e�j�o�a�n�p �]�b�p�a�n form takes the same three pieces of information as the �e�j�o�a�n�p �^�a�b�k�n�a form 
�>�Ã�Ê�ˆ�Ì�Ã�Ê�ˆ�˜�«�Õ�Ì�]�Ê�>�˜�`�Ê�ˆ�˜�Ã�i�À�Ì�Ã�Ê�Ì�…�i�Ê�Û�>�•�Õ�i�Ê�ˆ�˜�Ì�œ�Ê�Ì�…�i�Ê�Ã�i�µ�Õ�i�˜�V�i�Ê�>�Ì�Ê�>�Ê�«�œ�Ã�ˆ�Ì�ˆ�œ�˜�Ê�•�Õ�Ã�Ì�Ê�>�v�Ì�i�À�Ê�Ì�…�i�Ê�ˆ�˜�`�i�Ý�°�Ê�/�…�Õ�Ã�]�Ê�>�v�Ì�i�À�Ê
the third insert expression, �j�q�i�^�a�n�o will be �W�-�*�2�-�4�(���/�*�-�0�-�1�5�(���.�*�3�-�4�.�4�(���-�*�0�-�0�.�(���,�*�1�3�3�.�.�Y.

Attempting to insert an element after an invalid index will keep the sequence un-
changed. Attempting to insert an element before an invalid index will also keep the 
sequence unchanged, except when the index is equal to the size of the sequence (in that 
case, the element is appended to the sequence).

�NCaution The way you provide the requisite information to the three insert forms is somewhat unconven-
tional. It is designed to make the whole expression easy to remember. You should keep in mind that although 
the last part of the �e�j�o�a�n�p �^�a�b�k�n�a and the �e�j�o�a�n�p �]�b�p�a�n forms looks identical to an element access 
expression, it is in fact not one.

Inserting Another Sequence into a Sequence

In addition to inserting a single element into a sequence, JavaFX Script supports inserting 
another sequence into a sequence. You can use the same three forms of insert expressions 
�Þ�œ�Õ�Ê�•�Õ�Ã�Ì�Ê�•�i�>�À�˜�i�`�Ê�Ì�œ�Ê�`�œ�Ê�Ã�œ�°�Ê���Ã�Ê�Ü�ˆ�Ì�…�Ê�>�Ê�Ã�ˆ�˜�}�•�i�Ê�i�•�i�“�i�˜�Ì�Ê�ˆ�˜�Ã�i�À�Ì�ˆ�œ�˜�]�Ê�Ì�…�i�Ê�i�•�i�“�i�˜�Ì�Ê�Ì�Þ�«�i�Ê�œ�v�Ê�Ì�…�i�Ê�œ�Ì�…�i�À�Ê
sequence must be compatible with the target sequence.

Notice that after the insertion, the original sequence is still a flat sequence, only with more 
elements. JavaFX Script does not support nested sequences.

Attempting to insert an empty sequence will keep the original sequence unchanged. 
Attempting to insert �j�q�h�h into a sequence will also keep the original sequence unchanged.

Here is an example:

�r�]�n���o�p�n�e�j�c�o���9���W���d�a�h�h�k���(�����d�a�h�h�k���]�c�]�e�j���(�����c�k�k�`�^�u�a���Y�7
�e�j�o�a�n�p���W���d�k�s���]�n�a���u�k�q���(�����o�a�a���u�k�q���Y���]�b�p�a�n���o�p�n�e�j�c�o�W�-�Y�7

After this insertion, the sequence �o�p�n�e�j�c�o will be �W���d�a�h�h�k���(�����d�a�h�h�k���]�c�]�e�j���(�����d�k�s���]�n�a��
�u�k�q���(�����o�a�a���u�k�q���(�����c�k�k�`�^�u�a���Y.

Deleting Elements from a Sequence

To delete elements from a sequence, you use the �`�a�h�a�p�a expression. There are four forms of 
�`�a�h�a�p�a expressions, as you can see here:

�r�]�n���o�p�n�e�j�c�o���9���W���d�a�h�h�k���(�����d�a�h�h�k���]�c�]�e�j���(�����d�k�s���]�n�a���u�k�q���(�����o�a�a���u�k�q���(�����c�k�k�`�^�u�a���Y�7
�`�a�h�a�p�a�����o�a�a���u�k�q�����b�n�k�i���o�p�n�e�j�c�o�7
�`�a�h�a�p�a���o�p�n�e�j�c�o�W�.�Y�7
�`�a�h�a�p�a���o�p�n�e�j�c�o�W�,�*�*�-�Y�7
�`�a�h�a�p�a���o�p�n�e�j�c�o�7
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The �`�a�h�a�p�a �b�n�k�i form takes two pieces of information as its input: the value to be deleted 
and the sequence variable to delete the value from. It then deletes all occurrences of the value 
from the sequence. The type of the value must be compatible with the element type of the 
sequence. If the value does not occur in the sequence, the sequence is unchanged. Thus, after 
the first delete expression in the previous example, �o�p�n�e�j�c�o will be �W���d�a�h�h�k���(�����d�a�h�h�k���]�c�]�e�j���(��
���d�k�s���]�n�a���u�k�q���(�����c�k�k�`�^�u�a���Y.

The other three forms are variants of the �`�a�h�a�p�a form. The first variant takes two pieces of 
information as its input: a sequence variable and an index. It then deletes the element at the 
index from the sequence. If the index is not a valid index, the sequence remains unchanged. 
Thus, after the second delete expression, �o�p�n�e�j�c�o will be �W���d�a�h�h�k���(�����d�a�h�h�k���]�c�]�e�j���(�����c�k�k�`�^�u�a���Y.

The second variant takes three pieces of information as its input: a sequence variable, a 
starting index, and an optional ending index. It then deletes the slice from the sequence. The 
information is arranged in a form that reminds you of a sequence slice expression. Both the �*�* 
and the �*�*�8 forms are supported. If the ending index is not specified, it is understood to be the 
index of the last element of the sequence. Thus, after the third delete expression in the previ-
ous example, �o�p�n�e�j�c�o will be �W���c�k�k�`�^�u�a���Y.

The third variant takes only one piece of information, a sequence variable, and deletes 
all elements from the sequence. Thus, after the fourth delete expression, �o�p�n�e�j�c�o will be the 
empty sequence �W�Y.

�NCaution Although the last part of the first and the second variants of the �`�a�h�a�p�a form looks identical to 
a sequence indexing expression or a sequence slice expression, it is in fact not one.

A Sequence Manipulation Example

Listing 2-9 shows sequence manipulation constructs at work.

Listing 2-9. Manipulating Sequences

�r�]�n���e�j�p�a�c�a�n�o���9���W�-�(���/�(���1�(���3�(���5�Y�7

�l�n�e�j�p�$���e�j�p�a�c�a�n�o���9�����%�7���l�n�e�j�p�h�j�$�e�j�p�a�c�a�n�o�%�7
�l�n�e�j�p�$���o�e�v�a�k�b���e�j�p�a�c�a�n�o���9�����%�7���l�n�e�j�p�h�j�$�o�e�v�a�k�b���e�j�p�a�c�a�n�o�%�7
�l�n�e�j�p�$���e�j�p�a�c�a�n�o�W�,�Y���9�����%�7���l�n�e�j�p�h�j�$�e�j�p�a�c�a�n�o�W�,�Y�%�7
�l�n�e�j�p�$���e�j�p�a�c�a�n�o�W�0�Y���9�����%�7���l�n�e�j�p�h�j�$�e�j�p�a�c�a�n�o�W�0�Y�%�7
�l�n�e�j�p�$���e�j�p�a�c�a�n�o�W�)�-�Y���9�����%�7���l�n�e�j�p�h�j�$�e�j�p�a�c�a�n�o�W�)�-�Y�%�7
�l�n�e�j�p�$���e�j�p�a�c�a�n�o�W�1�Y���9�����%�7���l�n�e�j�p�h�j�$�e�j�p�a�c�a�n�o�W�1�Y�%�7

�l�n�e�j�p�$���e�j�p�a�c�a�n�o�W�,�*�*�.�Y���9�����%�7���l�n�e�j�p�h�j�$�e�j�p�a�c�a�n�o�W�,�*�*�.�Y�%�7
�l�n�e�j�p�$���e�j�p�a�c�a�n�o�W�,�*�*�8�.�Y���9�����%�7���l�n�e�j�p�h�j�$�e�j�p�a�c�a�n�o�W�,�*�*�8�.�Y�%�7
�l�n�e�j�p�$���e�j�p�a�c�a�n�o�W�.�*�*�Y���9�����%�7���l�n�e�j�p�h�j�$�e�j�p�a�c�a�n�o�W�.�*�*�Y�%�7
�l�n�e�j�p�$���e�j�p�a�c�a�n�o�W�)�/�*�*�-�,�Y���9�����%�7���l�n�e�j�p�h�j�$�e�j�p�a�c�a�n�o�W�)�/�*�*�-�,�Y�%�7
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�l�n�e�j�p�$���e�j�p�a�c�a�n�o�W�.�*�*�8�.�Y���9�����%�7���l�n�e�j�p�h�j�$�e�j�p�a�c�a�n�o�W�.�*�*�8�.�Y�%�7
�l�n�e�j�p�$���e�j�p�a�c�a�n�o�W�.�*�*�,�Y���9�����%�7���l�n�e�j�p�h�j�$�e�j�p�a�c�a�n�o�W�.�*�*�,�Y�%�7
�l�n�e�j�p�$���e�j�p�a�c�a�n�o�W�)�.�*�*�)�-�Y���9�����%�7���l�n�e�j�p�h�j�$�e�j�p�a�c�a�n�o�W�)�.�*�*�)�-�Y�%�7
�l�n�e�j�p�$���e�j�p�a�c�a�n�o�W�1�*�*�2�Y���9�����%�7���l�n�e�j�p�h�j�$�e�j�p�a�c�a�n�o�W�1�*�*�2�Y�%�7

�l�n�e�j�p�$���e�j�p�a�c�a�n�o�W�t���x���t���:���0�Y���9�����%�7���l�n�e�j�p�h�j�$�e�j�p�a�c�a�n�o�W�t���x���t���:���0�Y�%�7
�l�n�e�j�p�$���e�j�p�a�c�a�n�o�W�t���x���e�j�`�a�t�k�b���t���8���.�Y���9�����%�7���l�n�e�j�p�h�j�$�e�j�p�a�c�a�n�o�W�t���x���e�j�`�a�t�k�b���t���8���.�Y�%�7
�l�n�e�j�p�$���e�j�p�a�c�a�n�o�W�t���x���t���:���-�,�Y���9�����%�7���l�n�e�j�p�h�j�$�e�j�p�a�c�a�n�o�W�t���x���t���:���-�,�Y�%�7

�l�n�e�j�p�$���n�a�r�a�n�o�a���e�j�p�a�c�a�n�o���9�����%�7���l�n�e�j�p�h�j�$�n�a�r�a�n�o�a���e�j�p�a�c�a�n�o�%�7

�r�]�n���j�q�i�^�a�n�o���9���W�/�*�-�0�-�1�5�(���.�*�3�-�4�.�4�Y�7
�l�n�e�j�p�$���j�q�i�^�a�n�o���9�����%�7���l�n�e�j�p�h�j�$�j�q�i�^�a�n�o�%�7

�e�j�o�a�n�p���,�*�1�3�3�.�.���e�j�p�k���j�q�i�^�a�n�o�7
�l�n�e�j�p�$���j�q�i�^�a�n�o���9�����%�7���l�n�e�j�p�h�j�$�j�q�i�^�a�n�o�%�7

�e�j�o�a�n�p���-�*�2�-�4���^�a�b�k�n�a���j�q�i�^�a�n�o�W�,�Y�7
�l�n�e�j�p�$���j�q�i�^�a�n�o���9�����%�7���l�n�e�j�p�h�j�$�j�q�i�^�a�n�o�%�7

�e�j�o�a�n�p���-�*�0�-�0�.���]�b�p�a�n���j�q�i�^�a�n�o�W�.�Y�7
�l�n�e�j�p�$���j�q�i�^�a�n�o���9�����%�7���l�n�e�j�p�h�j�$�j�q�i�^�a�n�o�%�7

�r�]�n���o�p�n�e�j�c�o���9���W���d�a�h�h�k���(�����d�a�h�h�k���]�c�]�e�j���(�����c�k�k�`�^�u�a���Y�7
�l�n�e�j�p�$���o�p�n�e�j�c�o���9�����%�7���l�n�e�j�p�h�j�$�o�p�n�e�j�c�o�%�7

�e�j�o�a�n�p���W���d�k�s���]�n�a���u�k�q���(�����o�a�a���u�k�q���Y���]�b�p�a�n���o�p�n�e�j�c�o�W�-�Y�7
�l�n�e�j�p�$���o�p�n�e�j�c�o���9�����%�7���l�n�e�j�p�h�j�$�o�p�n�e�j�c�o�%�7

�`�a�h�a�p�a�����o�a�a���u�k�q�����b�n�k�i���o�p�n�e�j�c�o�7
�l�n�e�j�p�$���o�p�n�e�j�c�o���9�����%�7���l�n�e�j�p�h�j�$�o�p�n�e�j�c�o�%�7

�`�a�h�a�p�a���o�p�n�e�j�c�o�W�.�Y�7
�l�n�e�j�p�$���o�p�n�e�j�c�o���9�����%�7���l�n�e�j�p�h�j�$�o�p�n�e�j�c�o�%�7

�`�a�h�a�p�a���o�p�n�e�j�c�o�W�,�*�*�-�Y�7
�l�n�e�j�p�$���o�p�n�e�j�c�o���9�����%�7���l�n�e�j�p�h�j�$�o�p�n�e�j�c�o�%�7

�`�a�h�a�p�a���o�p�n�e�j�c�o�7��
�l�n�e�j�p�$���o�p�n�e�j�c�o���9�����%�7���l�n�e�j�p�h�j�$�o�p�n�e�j�c�o�%�7

Understanding Sequence Comprehension
Sequences play an important role in JavaFX Script. They are a versatile container of applica-
�Ì�ˆ�œ�˜�Ê�œ�L�•�i�V�Ì�Ã�°�Ê�/�…�i�Ê�i�Ý�«�•�ˆ�V�ˆ�Ì�Ê�Ã�i�µ�Õ�i�˜�V�i�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ê�Ã�Þ�˜�Ì�>�Ý�]�Ê�Ì�œ�}�i�Ì�…�i�À�Ê�Ü�ˆ�Ì�…�Ê�Ì�…�i�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ê�Ã�Þ�˜�Ì�>�Ý�]�Ê
form the basis of the declarative GUI programming style that is a distinguishing characteristic 
of JavaFX applications.
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In the previous section, you learned how to create sequences; how to access elements, 
slices, or subsets of sequences; and how to modify sequences with insert and delete expres-
sions. JavaFX Script allows you to do more with sequences by using the for expression, which 
produces new sequences based on one or more existing sequences. Following the functional 
programming language tradition, syntaxes for generating new sequences from existing ones 
are called sequence comprehension.

The for expression starts with the �b�k�n keyword. The �b�k�n keyword is followed by one or 
more comma-separated �e�j clauses enclosed in a pair of parentheses  (�$�%). Each �e�j clause may 
have an optional �s�d�a�n�a clause. The �e�j clauses are followed by the body of the for expression. 
The following is a simple example of a for expression:

�b�k�n���$�t���e�j���W�-�*�*�0�Y�%���t�&�t

Its �e�j clause has the form �t���e�j���W�-�*�*�0�Y and its body is the expression �t�&�t. It produces the 
sequence �W�-�(���0�(���5�(���-�2�Y.

An �e�j clause starts with a variable name followed by the �e�j keyword and a sequence 
expression. The variable named in the �e�j clause is called the iteration variable . The optional 
�s�d�a�n�a clause, if present, follows the �e�j clause with the �s�d�a�n�a keyword and a �>�k�k�h�a�]�j expression 
involving the iteration variable of the �e�j clause. The following example shows a for expression 
with a �s�d�a�n�a clause:

�b�k�n���$�t���e�j���W�-�*�*�0�Y���s�d�a�n�a���t���:���.�%���t�&�t

Its �e�j clause has the form �t���e�j���W�-�*�*�0�Y���s�d�a�n�a���t���:���.. The �s�d�a�n�a clause serves to filter out 
some of the elements from the sequence in the �e�j clause. This for expression produces the 
sequence �W�5�(���-�2�Y.

When a for expression has multiple �e�j clauses, the iteration variable names of the �e�j 
clauses must be distinct. The elements of the resulting sequence are ordered as if an iteration 
variable in a later �e�j clause varies faster than iteration variables in earlier �e�j clauses. Therefore 
in the following example:

�r�]�n���n�k�s�o���9���W���=���(�����>���Y�7
�r�]�n���_�k�h�q�i�j�o���9���W�-�(���.�Y�7
�r�]�n���i�]�p�n�e�t���9���b�k�n���$�n�k�s���e�j���n�k�s�o�(���_�k�h�q�i�j���e�j���_�k�h�q�i�j�o�%�����w�n�k�s�y�w�_�k�h�q�i�j�y���7

the resulting sequence �i�]�p�n�e�t will be �W���=�-���(�����=�.���(�����>�-���(�����>�.���Y. The sequences iterated by 
the different �e�j clauses need not be different sequences, as shown here:

�r�]�n���`�e�c�e�p�o���9���W�-�(���.�(���/�Y�7
�r�]�n���o�a�m���9���b�k�n���$�t���e�j���`�e�c�e�p�o�(���u���e�j���`�e�c�e�p�o�%�����w�t�y�w�u�y���7

The resulting sequence �o�a�m will be �W���-�-���(�����-�.���(�����-�/���(�����.�-���(�����.�.���(�����.�/���(�����/�-���(�����/�.���(��
���/�/���Y.

In a for expression with multiple �e�j clauses, the �s�d�a�n�a clause associated with a later �e�j 
clause may refer to iteration variables of earlier �e�j clauses. However, the �s�d�a�n�a clause associ-
ated with an earlier �e�j clause cannot refer to iteration variables of later �e�j clauses. In other 
words, the scope of an iteration variable of an �e�j clause is its own �s�d�a�n�a clause, the �s�d�a�n�a 
clause of later �e�j clauses, and the body of the for expression. You will learn about more details 
of scopes of variables in JavaFX Script later in this chapter when we talk about JavaFX Script 
expressions. In the following example, the �s�d�a�n�a clause of the second �e�j clause refers to the 
iteration variable of both the first and the second �e�j clauses:
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�r�]�n���`�e�c�e�p�o���9���W�-�(���.�(���/�Y�7
�r�]�n���o�a�m�9���b�k�n���$�t���e�j���`�e�c�e�p�o���s�d�a�n�a���t���:���-�(���u���e�j���`�e�c�e�p�o���s�d�a�n�a���u���:�9���t�%���w
�������w�t�y�w�u�y��
�y

The resulting sequence �o�a�m will be �W���.�.���(�����.�/���( "�/�/���Y. This example also illustrates the 
use of a block expression as the body of a for expression. You will learn more about block 
expressions in the •JavaFX Script ExpressionsŽ section later in this chapter.

In Listing 2-10, you can see sequence comprehension at work.

Listing 2-10. Sequence Comprehension

�r�]�n���o�a�m���9���b�k�n���$�t���e�j���W�-�*�*�0�Y�%���t�&�t�7
�l�n�e�j�p�$���o�a�m���9�����%�7���l�n�e�j�p�h�j�$�o�a�m�%�7

�o�a�m���9���b�k�n���$�t���e�j���W�-�*�*�0�Y���s�d�a�n�a���t���:���.�%���t�&�t�7
�l�n�e�j�p�$���o�a�m���9�����%�7���l�n�e�j�p�h�j�$�o�a�m�%�7

�r�]�n���n�k�s�o���9���W���=���(�����>���Y�7
�r�]�n���_�k�h�q�i�j�o���9���W�-�(���.�Y�7
�r�]�n���i�]�p�n�e�t���9���b�k�n���$�n�k�s���e�j���n�k�s�o�(���_�k�h�q�i�j���e�j���_�k�h�q�i�j�o�%�����w�n�k�s�y�w�_�k�h�q�i�j�y���7
�l�n�e�j�p�$���i�]�p�n�e�t���9�����%�7���l�n�e�j�p�h�j�$�i�]�p�n�e�t�%�7

�r�]�n���`�e�c�e�p�o���9���W�-�(���.�(���/�Y�7
�r�]�n���o�a�m�-���9���b�k�n���$�t���e�j���`�e�c�e�p�o�(���u���e�j���`�e�c�e�p�o�%�����w�t�y�w�u�y���7
�l�n�e�j�p�$���o�a�m�-���9�����%�7���l�n�e�j�p�h�j�$�o�a�m�-�%�7

�r�]�n���o�a�m�.���9���b�k�n���$�t���e�j���`�e�c�e�p�o���s�d�a�n�a���t���:���-�(���u���e�j���`�e�c�e�p�o���s�d�a�n�a���u���:�9���t�%���w
�������w�t�y�w�u�y��
�y
�l�n�e�j�p�$���o�a�m�.���9�����%�7���l�n�e�j�p�h�j�$�o�a�m�.�%�7

Using Utility Functions in javafx.util.Sequences
The JavaFX Script runtime includes a class �f�]�r�]�b�t�*�q�p�e�h�*�O�a�m�q�a�j�_�a�o that provides some useful 
sequence manipulation functions. It includes the following functions:

� Ê � U� Ê�^�e�j�]�n�u�O�a�]�n�_�d�$�o�a�m�(���g�a�u�%

� Ê � U� Ê�^�e�j�]�n�u�O�a�]�n�_�d�$�o�a�m�(���g�a�u�(���_�k�i�l�]�n�]�p�k�n�%

� Ê � U� Ê�e�j�`�a�t�>�u�E�`�a�j�p�e�p�u�$�o�a�m�(���g�a�u�%

� Ê � U� Ê�e�j�`�a�t�K�b�$�o�a�m�(���g�a�u�%

� Ê � U� Ê�e�o�A�m�q�]�h�>�u�?�k�j�p�a�j�p�E�`�a�j�p�e�p�u�$�o�a�m�-�(���o�a�m�.�%
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� Ê � U� Ê�i�]�t�$�o�a�m�%

� Ê � U� Ê�i�]�t�$�o�a�m�(���_�k�i�l�]�n�]�p�k�n�%

� Ê � U� Ê�i�e�j�$�o�a�m�%

� Ê � U� Ê�i�e�j�$�o�a�m�(���_�k�i�l�]�n�]�p�k�n�%

� Ê � U� Ê�j�a�t�p�E�j�`�a�t�>�u�E�`�a�j�p�e�p�u�$�o�a�m�(���g�a�u�(���l�k�o�%

� Ê � U� Ê�j�a�t�p�E�j�`�a�t�K�b�$�o�a�m�(���g�a�u�(���l�k�o�%

� Ê � U� Ê�n�a�r�a�n�o�a�$�o�a�m�%

� Ê � U� Ê�o�d�q�b�b�h�a�$�o�a�m�%

� Ê � U� Ê�o�k�n�p�$�o�a�m�%

� Ê � U� Ê�o�k�n�p�$�o�a�m�(���_�k�i�l�]�n�]�p�k�n�%

All of the functions take at least one argument of the sequence type. A sequence that is 
passed in as a parameter is not modified by the functions. A new sequence is returned instead 
if necessary.

Some functions have a variant that takes an additional comparator argument. The vari-
ant that takes a comparator is necessary only if the element type of the sequence does not 
have its own natural ordering or if you want to override the natural ordering. All JavaFX Script 
primitive types have a natural ordering. A �V�œ�“�«�>�À�>�Ì�œ�À�Ê�ˆ�Ã�Ê�>�˜�Ê�œ�L�•�i�V�Ì�Ê�œ�v�Ê�>�Ê���>�Û�>���8�Ê�-�V�À�ˆ�«�Ì�Ê�œ�À�Ê���>�Û�>�Ê
class that implements the �f�]�r�]�*�q�p�e�h�*�?�k�i�l�]�n�]�p�k�n Java interface. We will explain how to define 
JavaFX Script classes and how to use JavaFX Script•s Java interoperability in Chapter 4.

A few of the methods deal with identities of elements in sequences. You will learn about 
�ˆ�`�i�˜�Ì�ˆ�Ì�ˆ�i�Ã�Ê�œ�v�Ê���>�Û�>���8�Ê�-�V�À�ˆ�«�Ì�Ê�œ�L�•�i�V�Ì�Ã�Ê�ˆ�˜�Ê�Ì�…�i�Ê�¸�1�˜�`�i�À�Ã�Ì�>�˜�`�ˆ�˜�}�Ê�Ì�…�i�Ê�,�i�•�>�Ì�ˆ�œ�˜�>�•�Ê�"�«�i�À�>�Ì�œ�À�Ã�¸�Ê�Ã�i�V�Ì�ˆ�œ�˜�Ê
�•�>�Ì�i�À�Ê�ˆ�˜�Ê�Ì�…�ˆ�Ã�Ê�V�…�>�«�Ì�i�À�°�Ê���œ�À�Ê�˜�œ�Ü�]�Ê�Ã�Õ�v�v�ˆ�V�i�Ê�Ì�œ�Ê�Ã�>�Þ�Ê�Ì�…�>�Ì�Ê�i�Û�i�À�Þ�Ê���>�Û�>���8�Ê�-�V�À�ˆ�«�Ì�Ê�œ�L�•�i�V�Ì�Ê�…�>�Ã�Ê�>�˜�Ê�ˆ�`�i�˜�Ì�ˆ�Ì�Þ�Ê�>�˜�`�Ê
�>�Ê�Û�>�•�Õ�i�]�Ê�>�˜�`�Ê�œ�L�•�i�V�Ì�Ê�V�œ�“�«�>�À�ˆ�Ã�œ�˜�Ã�Ê�ˆ�˜�Ê���>�Û�>���8�Ê�-�V�À�ˆ�«�Ì�Ê�>�À�i�Ê�Õ�Ã�Õ�>�•�•�Þ�Ê�V�>�À�À�ˆ�i�`�Ê�œ�Õ�Ì�Ê�L�Þ�Ê�V�œ�“�«�>�À�ˆ�˜�}�Ê�œ�L�•�i�V�Ì�Ê
�Û�>�•�Õ�i�Ã�°�Ê���œ�Ü�i�Û�i�À�]�Ê�Õ�˜�`�i�À�Ê�Ã�œ�“�i�Ê�Ã�«�i�V�ˆ�>�•�Ê�V�ˆ�À�V�Õ�“�Ã�Ì�>�˜�V�i�Ã�Ê�ˆ�Ì�Ê�ˆ�Ã�Ê�˜�i�V�i�Ã�Ã�>�À�Þ�Ê�Ì�œ�Ê�V�œ�“�«�>�À�i�Ê�œ�L�•�i�V�Ì�Ê�ˆ�`�i�˜�Ì�ˆ-
ties. Values of primitive types have values but not identities.

The �^�e�j�]�n�u�O�a�]�n�_�d�$�% function takes a sorted sequence and a key (and an optional com-
parator) and uses a binary search algorithm to find the index of the key in the sequence. The 
result is a meaningless integer if the sequence is not sorted. The result is the index of the key 
in the sequence if the key appears in the sequence. If the key appears multiple times, then 
one of the indexes is returned, but we cannot tell which one. If the key does not appear in the 
sequence, then a negative integer is returned.

The �e�j�`�a�t�K�b�$�%�% and �e�j�`�a�t�>�u�E�`�a�j�p�e�p�u�$�% functions take a sequence and a key and find 
the index of the first occurrence of the key in the sequence. If the key does not appear in the 
sequence, �)�- is returned.

The �j�a�t�p�E�j�`�a�t�K�b�$�% and �j�a�t�p�E�j�`�a�t�>�u�E�`�a�j�p�e�p�u�$�% functions takes a sequence, a key, and a 
starting position and finds the index of the first occurrence of the key in the sequence on or 
after the specified position. If the key does not appear on or after the specified position, �)�- is 
returned.
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The �e�o�A�m�q�]�h�>�u�?�k�j�p�a�j�p�E�`�a�j�p�e�p�u�$�% takes two sequences and determines if the sequences 
�V�œ�˜�Ì�>�ˆ�˜�Ê�Ì�…�i�Ê�Ã�>�“�i�Ê�i�•�i�“�i�˜�Ì�Ã�Ê�>�V�V�œ�À�`�ˆ�˜�}�Ê�Ì�œ�Ê�œ�L�•�i�V�Ì�Ê�ˆ�`�i�˜�Ì�ˆ�Ì�Þ�°

The �i�]�t�$�%,�i�e�j�$�%, �n�a�r�a�n�o�a�$�%, �o�d�q�b�b�h�a�$�%, and �o�k�n�p�$�% functions work as their name suggests. 
A runtime exception will be thrown if an empty sequence is passed to the �i�]�t�$�% and �i�e�j�$�% 
functions.

Listing 2-11 uses some of the utility functions.

Listing 2-11. Sequence Utility Functions

�e�i�l�k�n�p���f�]�r�]�b�t�*�q�p�e�h�*�O�a�m�q�a�j�_�a�o�*�&�7

�r�]�n���o�a�m���9���W�-�(���0�(���.�(���4�(���1�(���3�Y�7
�l�n�e�j�p�$���o�a�m���9�����%�7���l�n�e�j�p�h�j�$�o�a�m�%�7

�l�n�e�j�p�h�j�$���P�d�a���e�j�`�a�t���k�b���0���e�j���o�a�m���9���w�e�j�`�a�t�K�b�$�o�a�m�(���0�%�y���%�7
�l�n�e�j�p�h�j�$���P�d�a���i�]�t���r�]�h�q�a���k�b���o�a�m���9���w�i�]�t�$�o�a�m�%�y���%�7
�l�n�e�j�p�h�j�$���P�d�a���i�e�j���r�]�h�q�a���k�b���o�a�m���9���w�i�e�j�$�o�a�m�%�y���%�7

�l�n�e�j�p�$���n�a�r�a�n�o�a�$�o�a�m�%���9�����%�7���l�n�e�j�p�h�j�$�n�a�r�a�n�o�a�$�o�a�m�%�%�7
�l�n�e�j�p�$���o�d�q�b�b�h�a�$�o�a�m�%���9�����%�7���l�n�e�j�p�h�j�$�o�d�q�b�b�h�a�$�o�a�m�%�%�7

�r�]�n���o�k�n�p�a�`���9���o�k�n�p�$�o�a�m�%�7
�l�n�e�j�p�$���o�k�n�p�a�`���9�����%�7���l�n�e�j�p�h�j�$�o�k�n�p�a�`�%�7

�r�]�n���e�j�`�a�t���9���^�e�j�]�n�u�O�a�]�n�_�d�$�o�k�n�p�a�`�(���0�%�7
�l�n�e�j�p�h�j�$���B�k�q�j�`���0���e�j���o�k�n�p�a�`���]�p���e�j�`�a�t���w�e�j�`�a�t�y���%�7

�r�]�n���e�j�p�a�c�a�n�o���9���W�-�(���/�(���1�(���/�(���-�Y�7
�l�n�e�j�p�$���e�j�p�a�c�a�n�o���9�����%�7���l�n�e�j�p�h�j�$�e�j�p�a�c�a�n�o�%�7
�l�n�e�j�p�h�j�$���e�j�`�a�t�K�b�$�e�j�p�a�c�a�n�o�(���/�%���9���w�e�j�`�a�t�K�b�$�e�j�p�a�c�a�n�o�(���/�%�y���%�7
�l�n�e�j�p�h�j�$���j�a�t�p�E�j�`�a�t�K�b�$�e�j�p�a�c�a�n�o�(���/�(���.�%���9���w�j�a�t�p�E�j�`�a�t�K�b�$�e�j�p�a�c�a�n�o�(���/�(���.�%�y���%�7

In Listing 2-11, the import statement �e�i�l�k�n�p���f�]�r�]�b�t�*�q�p�e�h�*�O�a�m�q�a�j�_�a�o�*�&�7 allows you to call 
the functions of the class. We covered import statements briefly in Chapter 1 and will cover 
them in more detail in Chapter 4.

So far, you•ve learned about JavaFX Script variables and their declared types. We•ve 
explored JavaFX Script values and their runtime types, and you•ve learned about the primitive 
types, sequence types, and their literal representations. You also saw some simple expressions 
that are built out of primitive values and sequences.
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JavaFX Script Expressions
In this section, we will explore JavaFX Script expressions. A JavaFX Script expression is a chunk 
of JavaFX Script code that the JavaFX Script compiler understands. The compiler will generate 
code that evaluates JavaFX Script expressions into JavaFX Script values. The values are fed into 
yet more expressions, which evaluate to more values, leading eventually to the solution of your 
problem.

Understanding Expressions and Their Types
JavaFX Script understands many kinds of expressions. The expressions that you have learned 
so far include �>�k�k�h�a�]�j expressions, arithmetic expressions, string expressions, explicit 
sequence expressions, range expressions, sequence indexing expressions, sequence slice 
expressions, sequence select expressions, insert expressions, delete expressions, and for 
expressions. You have also seen function invocation expressions, assignment expressions, and 
�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ã�]�Ê�Ü�…�ˆ�V�…�Ê�Ü�i�Ê�…�>�Û�i�Ê�Þ�i�Ì�Ê�Ì�œ�Ê�V�œ�Û�i�À�Ê�ˆ�˜�Ê�`�i�Ì�>�ˆ�•�°�Ê���ˆ�Ì�i�À�>�•�Ã�Ê�v�œ�À�Ê�Ì�…�i�Ê�«�À�ˆ�“�ˆ�Ì�ˆ�Û�i�Ê�Ì�Þ�«�i�Ã�Ê
are also considered expressions.

All executable JavaFX Script code are expressions. In the rest of this chapter, you will see 
�Ì�…�i�Ê�“�>�•�œ�À�ˆ�Ì�Þ�Ê�œ�v�Ê�Ì�…�i�Ê�À�i�“�>�ˆ�˜�ˆ�˜�}�Ê���>�Û�>���8�Ê�-�V�À�ˆ�«�Ì�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ã�°�Ê�	�Õ�Ì�Ê�L�i�v�œ�À�i�Ê�}�œ�ˆ�˜�}�Ê�œ�Û�i�À�Ê�Ì�…�i�Ê�ˆ�˜�`�ˆ�Û�ˆ�`�Õ�>�•�Ê
expressions, we•d like to point out some general characteristics of JavaFX Script expressions.

Every expression has some expectation for its constituent parts and makes certain guar-
�>�˜�Ì�i�i�Ã�Ê�v�œ�À�Ê�Ì�…�i�Ê�Û�>�•�Õ�i�Ê�ˆ�Ì�Ê�«�À�œ�`�Õ�V�i�Ã�°�Ê���v�Ê�Ì�…�i�Ã�i�Ê�i�Ý�«�i�V�Ì�>�Ì�ˆ�œ�˜�Ã�Ê�>�À�i�Ê�˜�œ�Ì�Ê�“�i�Ì�]�Ê�Ì�…�i�Ê�V�œ�“�«�ˆ�•�i�À�Ê�Ü�ˆ�•�•�Ê�À�i�•�i�V�Ì�Ê�Ì�…�i�Ê
program and report an error. For example, the expression �]���]�j�`���  ̂expects its operands to be 
values of type �>�k�k�h�a�]�j, and produces a �>�k�k�h�a�]�j value as a result. The compiler will flag the 
expression �/���]�j�`���0 as an error. As another example, consider the variant of the delete expres-
sion that deletes all elements from a sequence. This expression expects the operand following 
�`�a�h�a�p�a to be a variable of the sequence type, and produces no results. The compiler will flag 
the expression �`�a�h�a�p�a���1�7 as an error. The expression �`�a�h�a�p�a���W�-�(���/�(���1�(���3�(���5�Y�7 is similarly 
in error because its operand, although a sequence, is not a variable of the sequence type but 
rather an explicit sequence expression. These checks are called type checks. And because the 
JavaFX Script compiler performs type checks at compile time, JavaFX Script falls into the cat-
egory of statically typed  programming languages. In JavaFX Script all variables have a static 
type: it is either explicitly specified or inferred. The type of a variable cannot be changed dur-
ing the lifetime of the variable. This is another benefit of type checking.

Expressions such as the delete expression that produce no results are said to be of the void 
type. The void type is a special type. There could never be a value of the void type, and you 
cannot declare a variable to be of the void type. You can use �R�k�e�` as a function•s return type to 
indicate that the function returns nothing. Expressions that are not of the void type are called 
value expressions.
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�NNote There is a difference between an expression being of the void type and having value �j�q�h�h. An 
expression of the void type can never have a value, not even �j�q�h�h. On the other hand, if an expression is 
capable of having a �j�q�h�h value, then it is capable of having a non-�j�q�h�h value.

Understanding the Block Expression
The block expression is formed by enclosing a number of other expressions within a pair of 
braces (�w�y). The type of the block expression is the type of the last expression it encloses. If the 
last expression is not of the void type, then the value of the last expression is the value of the 
block expression. Here is an example:

�r�]�n���t���9���w
�����r�]�n���]���9���/�7
�����r�]�n���^���9���0�7
�����]�&�]���'���^�&�^
�y�7

The block in the example contains three expressions: two variable declaration expressions 
and an arithmetic expression. After execution, the variable �t will have the value �.�1.

Blocks introduce a new scope. Variables declared inside the block are not visible to code 
outside the block. You cannot declare a variable with the same name as another variable in the 
current block level or the surrounding level, up to the enclosing function or class.

In the next example, we use a block of the void type:

�r�]�n���]���9���/�7
�r�]�n���^���9���0�7
�w
�����r�]�n���o���9���]�&�]���'���^�&�^�7
�����l�n�e�j�p�h�j�$���o���9���w�o�y���%�7
�y

Since the block is of the void type, we cannot assign it to a variable. The block only serves 
to confine the scope of the variable �o.

Understanding Precedence and Groupings
When presented with a compound expression that involves multiple operators, JavaFX Script 
will carry out the operations in accordance with the precedence assigned to each operator. For 
operators of the same precedence, JavaFX Script will carry out the operations in accordance 
to the associativity assigned to the operators. For example, the well-known precedence rules 
for arithmetic operators are observed in JavaFX Script. Thus, the value of �-���'���.���&���/ is �3 rather 
than �5, and the value of �2���+���.���&���/ is �5 rather than �-.
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A pair of parentheses can be used to force the operations to be done in a different order. 
Thus, the value of �$�-���'���.�%���&���/ is �5, and the value of 6 �+���$�.���&���/�% is �-.

�"�˜�•�Þ�Ê�Û�>�•�Õ�i�Êexpressions can be surrounded by parentheses.

Understanding the Expression Separator
The semicolon ( �7)serves as an expression terminator. You have seen its use in all the example 
programs in this book so far. Some expressions have a natural termination point. For example, 
both the block expression you learned in this section and the for expression you learned in the 
previous section naturally terminate at the closing brace. For such expressions, the semico-
lon is optional; in other words, the compiler will not specifically look for a semicolon at these 
locations, but if a semicolon is present the compiler will not complain either. A few expres-
sions that you will learn later in this chapter„such as the while expression, one form of the if 
�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�]�Ê�>�˜�`�Ê�Ì�…�i�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�p�>�•�Ã�œ�Ê�v�>�•�•�Ê�ˆ�˜�Ì�œ�Ê�Ì�…�ˆ�Ã�Ê�V�>�Ì�i�}�œ�À�Þ�°

The semicolon is also optional after the last expression in a block. For all other expres-
sions, a semicolon is required.

Understanding Variable and Constant Declarations
By now you have seen the basic form of a JavaFX Script variable declaration many times. 
In JavaFX Script, variable declarations are expressions. They are called variable declaration 
expressions. Here are examples of the basic forms of variable declaration expressions:

�r�]�n���]�7
�r�]�n���^�6���E�j�p�a�c�a�n�7
�r�]�n���_�6���J�q�i�^�a�n���9���/�*�-�0�7
�r�]�n���`���9�����D�a�h�h�k�(���S�k�n�h�`�*���7
�r�]�n���a���9���^�e�j�`���_�7
�r�]�n���b���9���`���k�j���n�a�l�h�]�_�a���w���l�n�e�j�p�h�j�$���b���_�d�]�j�c�a�`�*���%���y�7

Here we declared six variables:

�Ê �U�Ê �6�>�À�ˆ�>�L�•�i�Ê�] is declared with neither a type nor an initializer. 

�Ê �U�Ê �6�>�À�ˆ�>�L�•�i�Ê�  ̂is declared to be of type �E�j�p�a�c�a�n but without an initializer. 

�Ê �U�Ê �6�>�À�ˆ�>�L�•�i�Ê�_ is declared to be of type �J�q�i�^�a�n and initialized to the value �/�*�-�0. 

�Ê �U�Ê �6�>�À�ˆ�>�L�•�i�Ê�  ̀is declared without a type specifier and initialized to the string ���D�a�h�h�k�(��
�S�k�n�h�`�*��. 

�Ê �U�Ê �6�>�À�ˆ�>�L�•�i�Ê�a is declared without a type but with a binding. 

�Ê �U�Ê �6�>�À�ˆ�>�L�•�i�Ê�b is declared without a type but with an initializer and a trigger.

A variable declaration is introduced by the keyword �r�]�n followed by a variable name and 
an optional type specifier, an optional value expression or bind expression, and an optional 
trigger. You have seen bindings and triggers at work in Chapter 1. We will provide an in-depth 
coverage of bind expressions in the section •Working with Data BindingsŽ later in this chapter. 
Chapter 4 covers triggers in more detail.



CHAPTER 2 �N��  TAKING A CLOSER LOOK AT THE JAVAFX SCRIPT LANGUAGE76

Notice that the colon that separates the variable name and the type is omitted if the type is 
omitted. If a type is not specified, then the type of the variable is determined by JavaFX Script•s 
type inference facility. If an initializer is given in the variable declaration, the type of the initial 
�Û�>�•�Õ�i�Ê�ˆ�Ã�Ê�Ì�>�Ž�i�˜�Ê�>�Ã�Ê�Ì�…�i�Ê�Ì�Þ�«�i�Ê�œ�v�Ê�Ì�…�i�Ê�Û�>�À�ˆ�>�L�•�i�°�Ê�"�Ì�…�i�À�Ü�ˆ�Ã�i�]�Ê�Ì�…�i�Ê�Ì�Þ�«�i�Ê�œ�v�Ê�Ì�…�i�Ê�Û�>�À�ˆ�>�L�•�i�Ê�ˆ�Ã�Ê�`�i�Ì�i�À�“�ˆ�˜�i�`�Ê�L�Þ�Ê
the first subsequent assignment to the variable. If the variable is never assigned a value in the 
program, the variable is taken to be of type �K�^�f�a�_�p, which is a class type.

�"�˜�V�i�Ê�Ì�…�i�Ê�V�œ�“�«�ˆ�•�i�À�Ê�`�i�Ì�i�À�“�ˆ�˜�i�Ã�Ê�Ì�…�i�Ê�Ì�Þ�«�i�Ê�œ�v�Ê�>�Ê�Û�>�À�ˆ�>�L�•�i�Ê�Ì�…�>�Ì�Ê�ˆ�Ã�Ê�`�i�V�•�>�À�i�`�Ê�Ü�ˆ�Ì�…�œ�Õ�Ì�Ê�>�Ê�Ì�Þ�«�i�]�Ê�ˆ�Ì�Ê�Ü�ˆ�•�•�Ê
treat the variable as if it is declared with the inferred type.

If the type is specified, the type of the initializer value or the binding expression must be 
compatible with the specified type.

�NCaution It is generally a good idea to either specify a type or an initializer in a variable declaration. If nei-
ther is specified, then only nonsequence values can be assigned to the variable.

Constants are named values that cannot be subsequently assigned. They are declared in 
constant declaration expressions. A constant declaration is introduced by the keyword �`�a�b fol-
lowed by a constant name and an optional type specifier, a required value expression or bind 
expression, and an optional trigger. Here are some examples:

�`�a�b���L�E���9���/�*�-�0�-�1�5�7
�`�a�b���C�N�A�A�P�E�J�C���9�����D�a�h�h�k���7
�r�]�n���t���9���-�,�.�0�7
�`�a�b���u���9���^�e�j�`���t�7

Although constants can never be assigned new values, their value may change if it is 
declared with a data binding and the expression it binds to changes.

Variable and constant names cannot be keywords and must be unique within the same 
function.

Understanding the Assignment Operator
The assignment expression assigns a new value to a previously declared variable. The second 
line in the following example is an assignment expression:

�r�]�n���t�6���E�j�p�a�c�a�n���9���-�,�.�0�7
�t���9���.�,�0�4�7

The assignment expression consists of a variable name followed by the equal sign ( �9) and 
an expression. The value on the right-hand side must have a type that is compatible with the 
type of the variable. After the assignment expression, the value of the variable will be the value 
on the right-hand side.
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As you have learned in the previous section, if the variable is declared without a type and 
without an initializer or binding, then the first subsequent assignment will determine the vari-
able•s type.

The assignment expression itself, considered as an expression, has a value that is the same 
as the value that is assigned to the variable. You can chain several assignments together, as 
shown in the following code:

�r�]�n���]�7
�r�]�n���^�7
�]���9���^���9���/�7

The assignment operator is right associative. Thus, the third line in the previous code is 
equivalent to �]���9���$�^���9���/�%. Therefore, �  ̂is assigned the value �/, and then �] is assigned the value 
of the expression �^���9���/, which is also �/.

Understanding the Compound Assignment Operators
The compound assignment expression performs an arithmetic operation between the value 
of the left-hand side variable and the value of the right-hand side expression and assigns the 
result to the variable. The second to the fifth lines of the following example are compound 
assignment expressions:

�r�]�n���t�6���E�j�p�a�c�a�n���9���-�,�.�0�7
�t���'�9���-�7
�t���)�9���.�7
�t���&�9���/�7
�t���+�9���0�7

The compound assignment expression consists of a variable name followed by one of the 
compound assignment operators ( �'�9, �)�9, �&�9, �+�9) and an expression. The value of the variable 
and the value of the expression must be numeric or duration values. The appropriate arithme-
tic operations indicated by the compound assignment operator is performed and the result 
assigned to the variable. Thus, �t���'�9���- behaves the same as �t���9���t���'���-, and �t will be �-�,�.�1 after 
it. Similarly, �t���)�9���. behave the same as �t���9���t���)���. and �t will be �-�,�.�/ after it. And �t will be �/�,�2�5 
after �t���&�9���/, and �3�2�3 after �t���+�9���0.

Compound assignment operations play the same role as the regular assignment operation 
in inferring variable types.

The compound assignment expression itself has a value that is the same as the value that 
is assigned to the variable. The compound assignment operators are right associative and can 
be chained together, although such chaining is rarely used.
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Understanding the Relational Operators
JavaFX Script supports six relational operators: the equals operator ( �9�9), the not-equals opera-
tor ( ���9), the less-than operator ( �8), the less-than or equal operator ( �8�9), the greater-than 
operator ( �:), and the greater-than or equal operator ( �:�9).

The relational expression  consists of a left-hand side expression followed by a relational 
operator and a right-hand side expression. The equals and the not-equals operators can be 
used to compare values of any types, whereas the other four operators can be used only to 
compare values of numeric or duration type.

The JavaFX Script equals operator performs value comparisons. For primitive types this 
gives you intuitive results. For example, the expressions �p�n�q�a���9�9���p�n�q�a, �/���9�9���/, �0���9�9���0�*�,, �1�*�1��
�9�9���1�*�1, ���d�a�h�h�k�����9�9�����d�a�h�h�k��, and �-�i���9�9���2�,�o all evaluate to �p�n�q�a.

For class types, value comparison is done using the �a�m�q�]�h�o�$�% instance function of the 
class. You will learn more about classes in Chapter 4. For now it is enough to know that value 
comparison for class types can be controlled by the programmer. The default behavior of the 
�a�m�q�]�h�o�$�%�Ê�ˆ�˜�Ã�Ì�>�˜�V�i�Ê�v�Õ�˜�V�Ì�ˆ�œ�˜�Ê�ˆ�Ã�Ê�Ì�œ�Ê�«�i�À�v�œ�À�“�Ê�œ�L�•�i�V�Ì�Ê�ˆ�`�i�˜�Ì�ˆ�Ì�Þ�Ê�V�œ�“�«�>�À�ˆ�Ã�œ�˜�Ã�°�Ê���˜�Ê�Ì�…�ˆ�Ã�Ê�V�œ�“�«�>�À�ˆ�Ã�œ�˜�]�Ê
�i�>�V�…�Ê�˜�i�Ü�•�Þ�Ê�V�À�i�>�Ì�i�`�Ê�œ�L�•�i�V�Ì�Ê�ˆ�Ã�Ê�˜�œ�Ì�Ê�i�µ�Õ�>�•�Ê�Ì�œ�Ê�>�˜�Þ�Ê�«�À�i�Û�ˆ�œ�Õ�Ã�•�Þ�Ê�V�À�i�>�Ì�i�`�Ê�œ�L�•�i�V�Ì�Ã�°

�NCaution If you are familiar with the Java programming language, you should recognize that the seman-
tics of the �9�9 operator in JavaFX Script is different from that of the �9�9 operator in Java, where the former 
performs value comparisons and the latter performs object identity comparisons.

Two sequences are equal if they have the same size and if for each valid index the corre-
sponding elements are equal.

In Listing 2-12 you can see some of the expressions you have learned in this section at 
work.

Listing 2-12. Basic Expressions

�+�+���^�h�k�_�g���a�t�l�n�a�o�o�e�k�j�o
�r�]�n���t���9���w
�����r�]�n���]���9���/�7
�����r�]�n���^���9���0�7
�����]�&�]���'���^�&�^
�y�7
�l�n�e�j�p�h�j�$���P�d�a���r�]�h�q�a���k�b���t���e�o���w�t�y���%�7

�+�+���l�n�a�_�a�`�a�j�_�a���]�j�`���c�n�k�q�l�e�j�c�o
�l�n�e�j�p�h�j�$���-���'���.���&���/���9���w�-���'���.���&���/�y���%�7
�l�n�e�j�p�h�j�$���$�-���'���.�%���&���/���9���w�$�-���'���.�%���&���/�y���%�7
�l�n�e�j�p�h�j�$���2���+���.���&���/���9���w�2���+���.���&���/�y���%�7
�l�n�e�j�p�h�j�$���2���+���$�.���&���/�%���9���w�2���+���$�.���&���/�%�y���%�7
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�+�+���r�]�n���]�j�`���`�a�b
�r�]�n���k�7
�r�]�n���e�6���E�j�p�a�c�a�n�7
�r�]�n���j�6���J�q�i�^�a�n���9���/�*�-�0�7
�r�]�n���o�p�n���9�����D�a�h�h�k�(���S�k�n�h�`�*���7
�r�]�n���f���9���^�e�j�`���e�7
�r�]�n���c�n�a�a�p�e�j�c���9���o�p�n���k�j���n�a�l�h�]�_�a���w���l�n�e�j�p�h�j�$���c�n�a�a�p�e�j�c���_�d�]�j�c�a�`���%���y�7

�`�a�b���L�E���9���/�*�-�0�-�1�5�7
�`�a�b���g���9���^�e�j�`���e�7

�+�+���]�o�o�e�c�j�i�a�j�p���]�j�`���p�u�l�a���e�j�b�a�n�a�j�_�a
�r�]�n���r�-�7
�l�n�e�j�p�h�j�$���>�a�b�k�n�a�6���r�-���9���w�r�-�y���%�7
�r�-���9���0�.�7
�l�n�e�j�p�h�j�$���=�b�p�a�n�6���r�-���9���w�r�-�y���%�7

�_�h�]�o�o���L�k�e�j�p���w
�����r�]�n���t�6���J�q�i�^�a�n�7
�����r�]�n���u�6���J�q�i�^�a�n�7
�y
�r�]�n���r�.�7
�l�n�e�j�p�h�j�$���>�a�b�k�n�a�6���r�.���9���w�r�.�y���%�7
�r�.���9���L�k�e�j�p���w�t�6���/�(���u�6���0�y�7
�l�n�e�j�p�h�j�$���=�b�p�a�n�6���r�.���9�w�r�.�y���%�7

�+�+���_�k�i�l�k�q�j�`���]�o�o�e�c�j�i�a�j�p
�t���9���-�,�.�0�7
�l�n�e�j�p�h�j�$���t���9���w�t�y���%�7
�t���'�9���-�7
�l�n�e�j�p�h�j�$���t���9���w�t�y���%�7
�t���)�9���.�7
�l�n�e�j�p�h�j�$���t���9���w�t�y���%�7
�t���&�9���/�7
�l�n�e�j�p�h�j�$���t���9���w�t�y���%�7
�t���+�9���0�7
�l�n�e�j�p�h�j�$���t���9���w�t�y���%�7

�+�+���n�a�h�]�p�e�k�j�]�h���k�l�a�n�]�p�k�n�o
�l�n�e�j�p�h�j�$���p�n�q�a���9�9���p�n�q�a���e�o���w�p�n�q�a���9�9���p�n�q�a�y���%�7
�l�n�e�j�p�h�j�$���/���9�9���/�*�,���e�o���w�/���9�9���/�*�,�y���%�7
�l�n�e�j�p�h�j�$�#���d�a�h�h�k�����9�9�����d�a�h�h�k�����e�o���w���d�a�h�h�k�����9�9�����d�a�h�h�k���y�#�%�7

�l�n�e�j�p�h�j�$���/�*�-�0�-�1�5���:���.�*�3�-�4�.�4���e�o���w�/�*�-�0�-�1�5���:���.�*�3�-�4�.�4�y���%�7
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�l�n�e�j�p�h�j�$���-�d���8���-�,�,�i���e�o���w�-�d���8���-�,�,�i�y���%�7

�r�]�n���l�-���9���L�k�e�j�p���w�t�6���/�(���u�6���0�y�7
�r�]�n���l�.���9���L�k�e�j�p���w�t�6���/�(���u�6���0�y�7
�l�n�e�j�p�h�j�$���l�-���9�9���l�-���e�o���w�l�-���9�9���l�-�y���%�7
�l�n�e�j�p�h�j�$���l�-���9�9���l�.���e�o���w�l�-���9�9���l�.�y���%�7

Understanding the While Expression
A while expression is introduced by the �s�d�e�h�a keyword, followed by a pair of parentheses that 
encloses a condition , which must be an expression of type ���>�k�k�h�a�]�j, and a body expression 
after the closing parenthesis. Although the syntax allows any expression to be the body, a block 
is the most common body of while expressions. A semicolon is required to terminate the while 
expression if the body is not a block.

First the condition is checked. If it is true, the body of the while expression is evaluated 
and the condition is checked again. As long as the condition is true, the body is executed 
repeatedly. The while expression itself is of the void type, so you cannot assign a while expres-
sion to a variable as you can with blocks.

The following code prints the squares of the first ten natural numbers:

�r�]�n���e���9���-�7
�s�d�e�h�a���$�e���8�9���-�,�%���w
�����l�n�e�j�p�h�j�$���w�e�y���o�m�q�]�n�a�`�6���w�e���&���e�y���%�7
�����e���'�9���-�7
�y

You can use the keyword �^�n�a�]�g to break out of a while expression. The keyword �_�k�j�p�e�j�q�a 
can be used to skip the rest of the code in one iteration. If there are multiple nested loops in 
your code, these keywords only affect the innermost loop that encloses them. In the following 
code, the first loop prints natural numbers up to 7 and the second prints only the even ones:

�r�]�n���e���9���-�7
�s�d�e�h�a���$�e���8�9���-�,�%���w
�����e�b���$�e���:���3�%���w
���������^�n�a�]�g�7
�����y���a�h�o�a���w
���������l�n�e�j�p�h�j�$�e�%�7
�����y
�����e���'�9���-�7
�y

�r�]�n���f���9���-�7
�s�d�e�h�a���$�f���8�9���-�,�%���w
�����e�b���$�f���i�k�`���.�����9���,�%���w
���������f���'�9���-�7
���������_�k�j�p�e�j�q�a�7
�����y���a�h�o�a���w
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���������l�n�e�j�p�h�j�$�f�%�7
���������f���'�9���-�7
�����y
�y

Revisiting the For Expression
Because of its close relationship with sequence comprehension, we covered the for expression 
in the •Working with SequencesŽ section earlier in this chapter. Recall that a for expression is 
introduced by the �b�k�n keyword, followed by a pair of parentheses that enclose one or more 
comma-separated �e�j clauses, and an expression after the closing parenthesis.

Strictly speaking, a for expression is sequence comprehension only if its body is a value 
expression. If the body of a for expression is of the void type, then the for expression is more 
like the while expression and exhibits a loop behavior. Here is an example that prints the first 
ten natural numbers:

�b�k�n���$�t���e�j���W�-�*�*�-�,�Y�%���w
�����l�n�e�j�p�h�j�$�e�%�7
�y

As is the case for while loops, the keywords �^�n�a�]�g and �_�k�j�p�e�j�q�a can be used in for loops. 
Again, you can use the �^�n�a�]�g keyword to break out of a for loop and the �_�k�j�p�e�j�q�a keyword to 
skip the rest of the code in one iteration. In the following code, the first for loop prints natural 
numbers up to 7, and the second for loop prints only the even ones:

�b�k�n���$�t���e�j���W�-�*�*�-�,�Y�%���w
�����e�b���$�t���:���3�%���w
���������^�n�a�]�g�7
�����y���a�h�o�a���w
���������l�n�e�j�p�h�j�$�t�%�7
�����y
�y

�b�k�n���$�t���e�j���W�-�*�*�-�,�Y�%���w
�����e�b���$�t���i�k�`���.�����9���,�%���w
���������_�k�j�p�e�j�q�a�7
�����y���a�h�o�a���w
���������l�n�e�j�p�h�j�$�t�%�7
�����y
�y

�NCaution The syntax of the for expression allows the �^�n�a�]�g and �_�k�j�p�e�j�q�a keywords to be used in 
any kind of for expression. However, with the JavaFX 1.0, 1.1, and 1.2 compiler, using these keywords in 
sequence comprehension will cause either a compiler crash or a runtime exception.
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Understanding the If Expression
The if expression is introduced by the �e�b keyword, followed by a pair of parentheses that 
enclose a condition , which must be an expression of type �>�k�k�h�a�]�j; a �p�d�a�j clause after the clos-
ing parenthesis; and an optional �a�h�o�a clause. The �p�d�a�j clause has two forms: it can either be an 
expression or the �p�d�a�j keyword followed by an expression. The �a�h�o�a clause is the �a�h�o�a keyword 
followed by an expression. The �p�d�a�j keyword is customarily used in short if expressions where 
both the �p�d�a�j clause and the �a�h�o�a clause contain simple nonblock expressions. Here are some 
examples:

�+�+���o�d�k�n�p���b�k�n�i���e�b���a�t�l�n�a�o�o�e�k�j
�r�]�n���t���9���e�b���$�e���9�9���f�%���p�d�a�j���-���a�h�o�a���,�7

�+�+���h�k�j�c���b�k�n�i���e�b���a�t�l�n�a�o�o�e�k�j
�e�b���$�t���8���,�%���w
�����l�n�e�j�p�h�j�$���w�t�y���8���,���%�7
�y���a�h�o�a���w
�����l�n�e�j�p�h�j�$���w�t�y���:�9���,���%�7
�y

In the short-form if expression, the expressions for the �p�d�a�j and the �a�h�o�a clauses are 
simple �E�j�p�a�c�a�n values. Thus, the entire if expression is of type �E�j�p�a�c�a�n. In the long-form if 
expression, the expressions for the �p�d�a�j and �a�h�o�a clauses are both block expressions of the 
void type. Consequently, the entire if expression is of the void type and cannot be assigned to 
another variable.

In general, the type of an if expression is determined by the types of the two expressions 
in the �p�d�a�j and �a�h�o�a clauses. If both expressions are of the same type, then the entire if expres-
sion is of that type. If one of them is of the void type, the entire if expression is of the void type. 
If the �a�h�o�a clause is omitted, the if expression is of the void type.

The situation becomes more complicated if the two expressions are of different types. In 
such situations JavaFX Script will attempt to find a type that will accommodate both expres-
sions. Consider the following examples:

�r�]�n���t���9���e�b���$�p�n�q�a�%���p�d�a�j���/���a�h�o�a�����0���7
�r�]�n���u���9���e�b���$�p�n�q�a�%���p�d�a�j���1���a�h�o�a���W�2�Y�7

After the assignments, the variable �t will have the type �K�^�f�a�_�p and value �/, and �u will have 
the type �E�j�p�a�c�a�n�W�Y and value �W�1�Y. In practice, if expressions with dissimilar �p�d�a�j clause and 
�a�h�o�a clause expressions are rarely needed.

The �a�h�o�a�Ê�V�•�>�Õ�Ã�i�Ê�œ�v�Ê�œ�˜�i�Ê�ˆ�v�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ê�V�>�˜�Ê�L�i�Ê�>�˜�œ�Ì�…�i�À�Ê�ˆ�v�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�°�Ê�/�…�ˆ�Ã�Ê�•�œ�ˆ�˜�i�`�Ê�ˆ�v�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ê
allows you to test for multiple conditions, as you can see here:

�e�b���$�t���8���,�%���w
�����l�n�e�j�p�h�j�$���w�t�y���8���,���%�7
�y���a�h�o�a���e�b���$�t���9�9���,�%���w
�����l�n�e�j�p�h�j�$���w�t�y���9���,���%�7
�y���a�h�o�a���w
�����l�n�e�j�p�h�j�$���w�t�y���:���,���%�7
�y

Listing 2-13 shows the looping and conditional expressions at work.
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Listing 2-13. Looping and Conditional Expressions

�+�+���s�d�e�h�a���h�k�k�l
�r�]�n���e���9���-�7
�s�d�e�h�a���$�e���8�9���-�,�%���w
�����l�n�e�j�p�h�j�$���w�e�y���o�m�q�]�n�a�`�6���w�e���&���e�y���%�7
�����e���'�9���-�7
�y

�+�+���^�n�a�]�g���b�n�k�i���s�d�e�h�a���h�k�k�l
�r�]�n���f���9���-�7
�s�d�e�h�a���$�f���8�9���-�,�%���w
�����e�b���$�f���i�k�`���.�����9���,�%���w
���������f���'�9���-�7
���������_�k�j�p�e�j�q�a�7
�����y���a�h�o�a���w
���������l�n�e�j�p�h�j�$�f�%�7
���������f���'�9���-�7
�����y
�y

�+�+���_�k�j�p�e�j�q�a���e�j���b�k�n���h�k�k�l
�b�k�n���$�t���e�j���W�-�*�*�-�,�Y�%���w
�����e�b���$�t���:���3�%���w
���������^�n�a�]�g�7
�����y���a�h�o�a���w
���������l�n�e�j�p�h�j�$�t�%�7
�����y
�y

�+�+���e�b���a�t�l�n�a�o�o�e�k�j�o
�r�]�n���g���9���e�b���$�e���9�9���f�%���p�d�a�j���-���a�h�o�a���,�7

�e�b���$�g���8���,�%���w
�����l�n�e�j�p�h�j�$���w�g�y���8���,���%�7
�y���a�h�o�a���w
�����l�n�e�j�p�h�j�$���w�g�y���:�9���,���%�7
�y

�b�k�n���$�t���e�j���W�)�-�*�*�-�Y�%���w
�����e�b���$�t���8���,�%���w
���������l�n�e�j�p�h�j�$���w�t�y���8���,���%�7
�����y���a�h�o�a���e�b���$�t���9�9���,�%���w
���������l�n�e�j�p�h�j�$���w�t�y���9���,���%�7
�����y���a�h�o�a���w
���������l�n�e�j�p�h�j�$���w�t�y���:���,���%�7
�����y
�y
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�+�+���e�b���a�t�l�n�a�o�o�e�k�j���s�e�p�d���`�e�o�o�e�i�e�h�]�n���p�d�a�j���]�j�`���a�h�o�a���_�h�]�q�o�a�o
�r�]�n���]���9���e�b���$�p�n�q�a�%���p�d�a�j���/���a�h�o�a�����0���7
�l�n�e�j�p�h�j�$���]���9���w�]�y���%�7
�+�+���]�o�o�e�c�j���]�j���E�j�p�a�c�a�n���p�k���]
�]���9���1�7
�l�n�e�j�p�h�j�$���]���9���w�]�y���%�7
�+�+���]�o�o�e�c�j���]���O�p�n�e�j�c���p�k���]
�]���9�����d�e���7
�l�n�e�j�p�h�j�$���]���9���w�]�y���%�7

�r�]�n���^���9���e�b���$�p�n�q�a�%���p�d�a�j���3���a�h�o�a���W�4�Y�7
�l�n�e�j�p�$���^���9�����%�7���l�n�e�j�p�h�j�$�^�%�7

In this section, we covered some of the most basic expressions in JavaFX Script. These 
expressions are building blocks for larger pieces of code. In the remaining sections of this 
�V�…�>�«�Ì�i�À�Ê�Þ�œ�Õ�½�•�•�Ê�•�i�>�À�˜�Ê�>�L�œ�Õ�Ì�Ê�Ì�Ü�œ�Ê�“�œ�À�i�Ê�ˆ�“�«�œ�À�Ì�>�˜�Ì�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ã�\�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ã�Ê�>�˜�`�Ê�`�>�Ì�>�Ê�L�ˆ�˜�`�ˆ�˜�}�°

Understanding Object Literals
In this section, we continue our coverage of JavaFX Script expressions. So far we have illus-
trated basic language features using primitive values and sequences. Now let•s concentrate 
�œ�˜�Ê�V�•�>�Ã�Ã�Ê�Ì�Þ�«�i�Ã�Ê�>�˜�`�Ê�Ì�…�i�ˆ�À�Ê�œ�L�•�i�V�Ì�Ã�°�Ê�7�i�½�•�•�Ê�L�i�}�ˆ�˜�Ê�Ü�ˆ�Ì�…�Ê�Õ�Ã�ˆ�˜�}�Ê���>�Û�>���8�Ê�-�V�À�ˆ�«�Ì�Ê�V�•�>�Ã�Ã�i�Ã�Ê�Ã�ˆ�˜�V�i�Ê�ˆ�Ì�Ê�ˆ�Ã�Ê�i�>�Ã�ˆ�i�À�Ê
to use them than to write them, and there are plenty of classes already written for you in the 
JavaFX SDK. Writing your own classes is covered in Chapter 4.

Understanding Classes and Objects
The class is a unit of code that encapsulates a data model and functions that manipulates the 
data model. A class contains instance variables, instance functions , and initialization blocks . 
The instance variables represent the data modeled by the class, and the instance functions 
perform computations based on the values of the instance variables. The initialization blocks 
set up the initial values of the instance variables in a way that is meaningful to the class.

To use a class, you must instantiate it. When you instantiate a class, the JavaFX Script run-
time system allocates memory to hold all the instance variables of the class and initialize the 
memory according to the initializers and initialization blocks. This properly initialized mem-
ory is called an object of the class. It is also called an instance of the class. The runtime system 
may also perform some other housekeeping chores before it hands you an object reference.

�/�…�i�Ê�œ�L�•�i�V�Ì�Ê�À�i�v�i�À�i�˜�V�i�Ê�>�•�•�œ�Ü�Ã�Ê�Þ�œ�Õ�Ê�Ì�œ�Ê�À�i�>�`�Ê�v�À�œ�“�Ê�>�˜�`�Ê�Ü�À�ˆ�Ì�i�Ê�Ì�œ�Ê�ˆ�Ì�Ã�Ê�ˆ�˜�Ã�Ì�>�˜�V�i�Ê�Û�>�À�ˆ�>�L�•�i�Ã�Ê�Ì�…�>�Ì�Ê�>�À�i�Ê
accessible to you as specified by the class. It also allows you to call its instance functions that 
are accessible to you as specified by the class.

�7�…�i�˜�Ê�Þ�œ�Õ�Ê�>�À�i�Ê�`�œ�˜�i�Ê�Ü�ˆ�Ì�…�Ê�>�˜�Ê�œ�L�•�i�V�Ì�Ê�À�i�v�i�À�i�˜�V�i�]�Ê�Þ�œ�Õ�Ê�`�œ�˜�½�Ì�Ê�…�>�Û�i�Ê�Ì�œ�Ê�`�œ�Ê�>�˜�Þ�Ì�…�ˆ�˜�}�Ê�Ã�«�i�V�ˆ�>�•�°�Ê�9�œ�Õ�Ê
simply let it go out of scope. The runtime system will figure out that you will never use that 
�œ�L�•�i�V�Ì�Ê�À�i�v�i�À�i�˜�V�i�Ê�>�}�>�ˆ�˜�Ê�>�˜�`�Ê�À�i�V�•�>�ˆ�“�Ê�Ì�…�i�Ê�“�i�“�œ�À�Þ�Ê�Ì�…�>�Ì�Ê�ˆ�Ì�Ê�œ�V�V�Õ�«�ˆ�i�Ã�°�Ê�/�…�ˆ�Ã�Ê�«�À�œ�V�i�Ã�Ã�Ê�ˆ�Ã�Ê�V�>�•�•�i�`�Êgarbage 
collection .
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�9�œ�Õ�Ê�V�>�˜�Ê�ˆ�˜�Ã�Ì�>�˜�Ì�ˆ�>�Ì�i�Ê�>�Ê�V�•�>�Ã�Ã�Ê�“�Õ�•�Ì�ˆ�«�•�i�Ê�Ì�ˆ�“�i�Ã�Ê�Ì�œ�Ê�V�À�i�>�Ì�i�Ê�“�Õ�•�Ì�ˆ�«�•�i�Ê�œ�L�•�i�V�Ì�Ã�Ê�œ�v�Ê�Ì�…�i�Ê�V�•�>�Ã�Ã�°�Ê���ˆ�v�v�i�À-
�i�˜�Ì�Ê�œ�L�•�i�V�Ì�Ã�Ê�œ�v�Ê�Ì�…�i�Ê�Ã�>�“�i�Ê�V�•�>�Ã�Ã�Ê�“�>�Þ�Ê�…�>�Û�i�Ê�Ì�…�i�Ê�Ã�>�“�i�Ê�Ã�i�Ì�Ê�œ�v�Ê�ˆ�˜�Ã�Ì�>�˜�V�i�Ê�Û�>�À�ˆ�>�L�•�i�Ã�]�Ê�L�Õ�Ì�Ê�i�>�V�…�Ê�œ�L�•�i�V�Ì�½�Ã�Ê
�ˆ�˜�Ã�Ì�>�˜�V�i�Ê�Û�>�À�ˆ�>�L�•�i�Ê�Û�>�•�Õ�i�Ã�Ê�>�À�i�Ê�ˆ�˜�`�i�«�i�˜�`�i�˜�Ì�Ê�œ�v�Ê�i�Û�i�À�Þ�Ê�œ�Ì�…�i�À�Ê�œ�L�•�i�V�Ì�½�Ã�Ê�ˆ�˜�Ã�Ì�>�˜�V�i�Ê�Û�>�À�ˆ�>�L�•�i�Ê�Û�>�•�Õ�i�Ã�°

The Object Literal Expression
To instantiate a JavaFX Script class, you use an object literal expression. Unlike some of the 
�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ã�Ê�Þ�œ�Õ�Ê�i�˜�V�œ�Õ�˜�Ì�i�À�i�`�Ê�ˆ�˜�Ê�Ì�…�i�Ê�«�À�i�Û�ˆ�œ�Õ�Ã�Ê�Ã�i�V�Ì�ˆ�œ�˜�]�Ê�Ì�…�i�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ê�ˆ�Ã�Ê�µ�Õ�ˆ�Ì�i�Ê
involved and sometimes occupies numerous program lines.

To illustrate this point, we•ll pick a class from the JavaFX SDK, whose fully qualified name 
is �f�]�r�]�b�t�*�o�_�a�j�a�*�o�d�]�l�a�*�?�e�n�_�h�a, and try to instantiate it in various ways. We will refer to it by its 
simple name, �?�e�n�_�h�a. Since this class represents an onscreen circle, when you compile and run 
the snippets of codes in this section, a window will pop up with a circle drawn in it. You will 
need to close the window manually when you are done examining its content.

To instantiate a class, you must know what the class offers. You get that information by 
reading the Javafxdoc of the class. Javafxdoc is the documentation that is generated directly 
from the source code using the �f�]�r�]�b�t�`�k�_ tool.

Initializing Instance Variables

According to the API documentation, the �?�e�n�_�h�a class defines three instance variables: �_�a�j�p�a�n�T, 
�_�a�j�p�a�n�U, and �n�]�`�e�q�o, all of type �J�q�i�^�a�n and all having a default value of �,�*�,. We can read, write, 
and initialize all three instance variables. In the following example, we instantiate a circle of 
radius 100.0 centered at the point (100.0, 100.0):

�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�o�d�]�l�a�*�?�e�n�_�h�a�7

�r�]�n���_�e�n�_�h�a���9���?�e�n�_�h�a���w���_�a�j�p�a�n�T�6���-�,�,�*�,�(���_�a�j�p�a�n�U�6���-�,�,�*�,�(���n�]�`�e�q�o�6���-�,�,�*�,���y

���˜�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ê�Ã�Ì�>�À�Ì�Ã�Ê�Ü�ˆ�Ì�…�Ê�Ì�…�i�Ê�˜�>�“�i�Ê�œ�v�Ê�Ì�…�i�Ê�V�•�>�Ã�Ã�]�Ê�v�œ�•�•�œ�Ü�i�`�Ê�L�Þ�Ê�>�Ê�«�>�ˆ�À�Ê�œ�v�Êbraces 
that encloses the following parts:

�Ê �U�Ê ���˜�Ã�Ì�>�˜�V�i�Ê�Û�>�À�ˆ�>�L�•�i�Ê�ˆ�˜�ˆ�Ì�ˆ�>�•�ˆ�â�i�À�Ã

�Ê �U�Ê �6�>�À�ˆ�>�L�•�i�Ê�`�i�V�•�>�À�>�Ì�ˆ�œ�˜�Ã

�Ê �U�Ê ���˜�Ã�Ì�>�˜�V�i�Ê�Û�>�À�ˆ�>�L�•�i�Ê�œ�Û�i�À�À�ˆ�`�i�Ã

�Ê �U�Ê ���˜�Ã�Ì�>�˜�V�i�Ê�v�Õ�˜�V�Ì�ˆ�œ�˜�Ê�œ�Û�i�À�À�ˆ�`�i�Ã

In the previous example, we supplied three instance variable initializers. An instance vari-
able initializer  consists of the instance variable name followed by a colon and a value or a bind 
expression. You will learn about bind expressions in the next section. The expression must be 
of a type that is compatible with the type of the instance variable. If multiple instance variable 
initializers are present, they can be separated by commas, semicolons, or spaces. Commas are 
typically used when the initializers all appear on the same line, and white spaces are typically 
used when the initializers contain complicated expressions and must be presented one per 
line. We could have written this example in a multi-line form:
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�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�o�d�]�l�a�*�?�e�n�_�h�a�7

�r�]�n���_�e�n�_�h�a���9���?�e�n�_�h�a���w
�����_�a�j�p�a�n�T�6���-�,�,�*�,
�����_�a�j�p�a�n�U�6���-�,�,�*�,
�����n�]�`�e�q�o�6���-�,�,�*�,
�y�7

Declaring Constants and Variables

You can declare constants and �Û�>�À�ˆ�>�L�•�i�Ã�Ê�ˆ�˜�Ê�>�˜�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ê�Ì�œ�Ê�>�ˆ�`�Ê�Ì�…�i�Ê�ˆ�˜�ˆ�Ì�ˆ�>�•�ˆ�â�>�Ì�ˆ�œ�˜�Ê
�«�À�œ�V�i�Ã�Ã�°�Ê�
�œ�˜�Ã�Ì�>�˜�Ì�Ê�>�˜�`�Ê�Û�>�À�ˆ�>�L�•�i�Ê�`�i�V�•�>�À�>�Ì�ˆ�œ�˜�Ã�Ê�ˆ�˜�Ê�>�˜�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ê�“�Õ�Ã�Ì�Ê�L�i�Ê�Ã�i�«�>�À�>�Ì�i�`�Ê�v�À�œ�“�Ê�œ�Ì�…�i�À�Ê
�«�>�À�Ì�Ã�Ê�œ�v�Ê�Ì�…�i�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ê�L�Þ�Ê�>�Ê�Ã�i�“�ˆ�V�œ�•�œ�˜�°�Ê�
�œ�˜�Ã�Ì�>�˜�Ì�Ã�Ê�>�˜�`�Ê�Û�>�À�ˆ�>�L�•�i�Ã�Ê�`�i�v�ˆ�˜�i�`�Ê�ˆ�˜�Ê�>�˜�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ê
�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ê�>�À�i�Ê�V�œ�˜�v�ˆ�˜�i�`�Ê�Ì�œ�Ê�Ì�…�i�Ê�Ã�V�œ�«�i�Ê�œ�v�Ê�Ì�…�i�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�°�Ê���˜�Ê���ˆ�Ã�Ì�ˆ�˜�}�Ê�Ó�‡�£�{�]�Ê�Ü�i�½�Û�i�Ê
introduced a variable �n to help initialize the �?�e�n�_�h�a instance.

Listing 2-14. Declaring a Variable in an Object Literal Expression

�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�o�d�]�l�a�*�?�e�n�_�h�a�7

�r�]�n���_�e�n�_�h�a���9���?�e�n�_�h�a���w
�����r�]�n���n���9���-�,�,�*�,�7
�����_�a�j�p�a�n�T�6���n
�����_�a�j�p�a�n�U�6���n
�����n�]�`�e�q�o�6���n
�y�7

Figure 2-1 shows the window that pops up when Listing 2-14 is compiled and run.

Figure 2-1. A circle in a window

Overriding Instance Functions and Instance Variables

You can override �ˆ�˜�Ã�Ì�>�˜�V�i�Ê�Û�>�À�ˆ�>�L�•�i�Ã�Ê�>�˜�`�Ê�ˆ�˜�Ã�Ì�>�˜�V�i�Ê�v�Õ�˜�V�Ì�ˆ�œ�˜�Ã�Ê�ˆ�˜�Ê�>�˜�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ê�Ì�œ�Ê
�V�…�>�˜�}�i�Ê�Ì�…�i�Ê�L�i�…�>�Û�ˆ�œ�À�Ê�œ�v�Ê�Ì�…�i�Ê�V�•�>�Ã�Ã�Ê�•�Õ�Ã�Ì�Ê�v�œ�À�Ê�Ì�…�i�Ê�ˆ�˜�Ã�Ì�>�˜�V�i�°�Ê�-�Õ�V�…�Ê�œ�Û�i�À�À�ˆ�`�i�Ã�Ê�“�Õ�Ã�Ì�Ê�L�i�Ê�Ã�i�«�>�À�>�Ì�i�`�Ê�v�À�œ�“�Ê
�œ�Ì�…�i�À�Ê�«�>�À�Ì�Ã�Ê�œ�v�Ê�Ì�…�i�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ê�L�Þ�Ê�>�Ê�Ã�i�“�ˆ�V�œ�•�œ�˜�Ê�ˆ�v�Ê�Ì�…�i�Þ�Ê�`�œ�Ê�˜�œ�Ì�Ê�i�˜�`�Ê�Ü�ˆ�Ì�…�Ê�>�Ê�V�•�œ�Ã�ˆ�˜�}�Ê�L�À�>�V�i�°�Ê�9�œ�Õ�Ê�“�>�Þ�Ê
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want to override an instance variable to add a trigger. We will cover instance variable overrides 
and instance function overrides in more detail in Chapter 4. We will also discuss triggers in 
Chapter 4.

���ˆ�Ã�Ì�ˆ�˜�}�Ê�Ó�‡�£�x�Ê�ˆ�•�•�Õ�Ã�Ì�À�>�Ì�i�Ã�Ê�L�œ�Ì�…�Ê�ˆ�˜�Ã�Ì�>�˜�V�i�Ê�Û�>�À�ˆ�>�L�•�i�Ê�>�˜�`�Ê�ˆ�˜�Ã�Ì�>�˜�V�i�Ê�v�Õ�˜�V�Ì�ˆ�œ�˜�Ê�œ�Û�i�À�À�ˆ�`�ˆ�˜�}�Ê�ˆ�˜�Ê�œ�L�•�i�V�Ì�Ê
literal expressions. We overrode the instance variable �t to add a replace trigger. We also over-
rode the �p�k�O�p�n�e�j�c�$�% instance function to give our point �l a nicer printed representation. 

Listing 2-15. Overriding Instance Variables and Functions in an Object Literal Expression

�_�h�]�o�o���L�k�e�j�p���w
�����r�]�n���t�6���J�q�i�^�a�n�7
�����r�]�n���u�6���J�q�i�^�a�n�7
�y

�r�]�n���l���9���L�k�e�j�p���w��
�����k�r�a�n�n�e�`�a���r�]�n���t���k�j���n�a�l�h�]�_�a���w
���������l�n�e�j�p�h�j�$���t���e�o���j�k�s���w�t�y���%�7
�����y
�����k�r�a�n�n�e�`�a���b�q�j�_�p�e�k�j���p�k�O�p�n�e�j�c�$�%�6���O�p�n�e�j�c���w
�����������L�k�e�j�p�$�w�t�y�(���w�u�y�%��
�����y
�����t�6���/�*�,
�����u�6���0�*�,
�y�7

�l�n�e�j�p�h�j�$�l�%�7

The instance function �p�k�O�p�n�e�j�c�$�% in �L�k�e�j�p is inherited from the �f�]�r�]�*�h�]�j�c�*�K�^�f�a�_�p class. 
The �l�n�e�j�p�h�j�$�%�Ê�v�Õ�˜�V�Ì�ˆ�œ�˜�Ê�Õ�Ã�i�Ã�Ê�>�˜�Ê�œ�L�•�i�V�Ì�½�Ã�Ê�p�k�O�p�n�e�j�c�$�% instance function to generate a string rep-
�À�i�Ã�i�˜�Ì�>�Ì�ˆ�œ�˜�Ê�œ�v�Ê�Ì�…�i�Ê�œ�L�•�i�V�Ì�°�Ê�7�…�i�˜�Ê�Ì�…�i�Ê�V�œ�`�i�Ê�ˆ�˜�Ê���ˆ�Ã�Ì�ˆ�˜�}�Ê�Ó�‡�£�x�Ê�ˆ�Ã�Ê�À�Õ�˜�]�Ê�Ì�…�i�Ê�v�œ�•�•�œ�Ü�ˆ�˜�}�Ê�œ�Õ�Ì�«�Õ�Ì�Ê�ˆ�Ã�Ê�«�À�ˆ�˜�Ì�i�`�Ê
to the console:

�t���e�o���j�k�s���/�*�,
�L�k�e�j�p�$�/�*�,�(���0�*�,�%

Manipulating Objects
�"�˜�V�i�Ê�Þ�œ�Õ�Ê�œ�L�Ì�>�ˆ�˜�Ê�>�˜�Ê�œ�L�•�i�V�Ì�Ê�À�i�v�i�À�i�˜�V�i�Ê�L�Þ�Ê�ˆ�˜�Ã�Ì�>�˜�Ì�ˆ�>�Ì�ˆ�˜�}�Ê�>�Ê���>�Û�>���8�Ê�-�V�À�ˆ�«�Ì�Ê�V�•�>�Ã�Ã�Ê�Õ�Ã�ˆ�˜�}�Ê�>�˜�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì-
�i�À�>�•�Ê�˜�œ�Ì�>�Ì�ˆ�œ�˜�]�Ê�Þ�œ�Õ�Ê�V�>�˜�Ê�“�>�˜�ˆ�«�Õ�•�>�Ì�i�Ê�Ì�…�i�Ê�œ�L�•�i�V�Ì�Ê�Ì�…�À�œ�Õ�}�…�Ê�Ì�…�i�Ê�œ�L�•�i�V�Ì�Ê�À�i�v�i�À�i�˜�V�i�°�Ê�9�œ�Õ�Ê�V�>�˜�Ê�>�•�Ã�œ�Ê�>�Ã�Ã�ˆ�}�˜�Ê
�Ì�…�i�Ê�œ�L�•�i�V�Ì�Ê�À�i�v�i�À�i�˜�V�i�Ê�Ì�œ�Ê�>�Ê�Û�>�À�ˆ�>�L�•�i�Ê�>�˜�`�Ê�“�>�˜�ˆ�«�Õ�•�>�Ì�i�Ê�Ì�…�i�Ê�œ�L�•�i�V�Ì�Ê�Ì�…�À�œ�Õ�}�…�Ê�Ì�…�i�Ê�œ�L�•�i�V�Ì�Ê�Û�>�À�ˆ�>�L�•�i�°�Ê�9�œ�Õ�Ê
�V�>�˜�Ê�«�>�Ã�Ã�Ê�Ì�…�i�Ê�œ�L�•�i�V�Ì�Ê�À�i�v�i�À�i�˜�V�i�Ê�œ�À�Ê�Ì�…�i�Ê�œ�L�•�i�V�Ì�Ê�Û�>�À�ˆ�>�L�•�i�Ê�>�Ã�Ê�v�Õ�˜�V�Ì�ˆ�œ�˜�Ê�«�>�À�>�“�i�Ì�i�À�Ã�°�Ê���˜�Ê�}�i�˜�i�À�>�•�]�Ê�Þ�œ�Õ�Ê�V�>�˜�Ê
�Õ�Ã�i�Ê�œ�L�•�i�V�Ì�Ê�À�i�v�i�À�i�˜�V�i�Ã�Ê�>�˜�`�Ê�œ�L�•�i�V�Ì�Ê�Û�>�À�ˆ�>�L�•�i�Ã�Ê�Ì�…�i�Ê�Ã�>�“�i�Ê�Ü�>�Þ�Ê�Þ�œ�Õ�Ê�Õ�Ã�i�Ê�«�À�ˆ�“�ˆ�Ì�ˆ�Û�i�Ê�Û�>�•�Õ�i�Ã�Ê�>�˜�`�Ê�Û�>�À�ˆ�>�L�•�i�Ã�Ê
or sequence values and variables.

To take advantage of the functionality the class provides, you need to access the instance 
variables and instance functions of the class.
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Manipulating Object States

The values �œ�v�Ê�>�•�•�Ê�ˆ�˜�Ã�Ì�>�˜�V�i�Ê�Û�>�À�ˆ�>�L�•�i�Ã�Ê�œ�v�Ê�>�˜�Ê�œ�L�•�i�V�Ì�Ê�>�À�i�Ê�V�>�•�•�i�`�Ê�Ì�…�i�Ê�œ�L�•�i�V�Ì�½�Ã�Êstate. You access an 
�œ�L�•�i�V�Ì�½�Ã�Ê�ˆ�˜�Ã�Ì�>�˜�V�i�Ê�Û�>�À�ˆ�>�L�•�i�Ã�Ê�Õ�Ã�ˆ�˜�}�Ê�>�Êmember access expression. The member access expression 
consists of a left side, a dot (�*), and a right side. The left side of the dot must be an expression 
�Ì�…�>�Ì�Ê�i�Û�>�•�Õ�>�Ì�i�Ã�Ê�Ì�œ�Ê�>�˜�Ê�œ�L�•�i�V�Ì�Ê�À�i�v�i�À�i�˜�V�i�°�Ê�/�…�i�Ê�À�ˆ�}�…�Ì�Ê�Ã�ˆ�`�i�Ê�œ�v�Ê�Ì�…�i�Ê�`�œ�Ì�Ê�“�Õ�Ã�Ì�Ê�L�i�Ê�Ì�…�i�Ê�˜�>�“�i�Ê�œ�v�Ê�>�˜�Ê�ˆ�˜�Ã�Ì�>�˜�V�i�Ê
variable or an instance function of the class. Assume �l is a variable of type �L�k�e�j�p and is 
assigned a valid instance of �L�k�e�j�p; then �l�*�t and �l�*�u are member access expressions that refer 
�Ì�œ�Ê�Ì�…�i�Ê�Ã�Ì�>�Ì�i�Ê�œ�v�Ê�Ì�…�i�Ê�œ�L�•�i�V�Ì�°

���Ì�Ê�ˆ�Ã�Ê�Ì�…�i�Ê�V�•�>�Ã�Ã�Ê�Ü�À�ˆ�Ì�i�À�½�Ã�Ê�•�œ�L�Ê�Ì�œ�Ê�`�i�V�ˆ�`�i�Ê�Ü�…�>�Ì�Ê�Ž�ˆ�˜�`�Ê�œ�v�Êaccess rights you have regarding instance 
variables and instance functions of its instances. Access rights are granted based on whether 
your code is in the same script file, in the same package, or in a different package than the 
class you are accessing. You will learn how to use access modifiers to specify instance variable 
and instance function access rights in Chapter 4. For now, suffice to say that any code that is 
in the same file as the class has full access rights to all its instance variables and instance func-
tions. Listing 2-16 shows code in the same file reading from and writing to instance variables �t 
and �u of the class �L�k�e�j�p.

Listing 2-16. Accessing Instance Variables

�_�h�]�o�o���L�k�e�j�p���w
�����r�]�n���t�6���J�q�i�^�a�n�7
�����r�]�n���u�6���J�q�i�^�a�n�7
�����k�r�a�n�n�e�`�a���b�q�j�_�p�e�k�j���p�k�O�p�n�e�j�c�$�%�6���O�p�n�e�j�c���w
�����������L�k�e�j�p�$�w�t�y�(���w�u�y�%��
�����y
�y

�+�+���n�a�]�`�e�j�c���e�j�o�p�]�j�_�a���r�]�n�e�]�^�h�a�o
�r�]�n���l���9���L�k�e�j�p���w���t�6���/�*�,�(���u�6���0�*�,���y�7
�l�n�e�j�p�h�j�$���l�*�t���9���w�l�*�t�y���%�7
�l�n�e�j�p�h�j�$���l�*�u���9���w�l�*�u�y���%�7
�l�n�e�j�p�h�j�$���l���9���w�l�y���%�7

�+�+���s�n�e�p�e�j�c���p�k���e�j�o�p�]�j�_�a���r�]�n�e�]�^�h�a�o
�l�*�t���9���1�*�,�7
�l�*�u���9���-�.�*�,�7
�l�n�e�j�p�h�j�$���l���9���w�l�y���%�7

Invoking Instance Functions

The dot notation also allows you to access instance functions of a class. Functions play an 
important role in the JavaFX Script language. Not only can you define and call functions and 
instance functions, you can assign functions to variables, pass functions into other functions, 
and use functions as return values in another function. Variables that refer to functions have 
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�v�Õ�˜�V�Ì�ˆ�œ�˜�Ê�Ì�Þ�«�i�Ã�°�Ê���Õ�˜�V�Ì�ˆ�œ�˜�Ê�Ì�Þ�«�i�Ã�]�Ê�>�•�œ�˜�}�Ê�Ü�ˆ�Ì�…�Ê�«�À�ˆ�“�ˆ�Ì�ˆ�Û�i�]�Ê�Ã�i�µ�Õ�i�˜�V�i�]�Ê�>�˜�`�Ê�œ�L�•�i�V�Ì�Ê�Ì�Þ�«�i�Ã�]�Ê�>�À�i�Ê�Ì�…�i�Ê�œ�˜�•�Þ�Ê
four kinds of types of JavaFX Script. We will fully explore this functional programming aspect 
of JavaFX Script in Chapter 4.

The function invocation expression  consists of a function name or an expression of the 
function type followed by a pair of parentheses that encloses a comma-separated list of argu-
ments. The number of arguments must agree with the number of arguments in the function•s 
definition. The type of each argument must be compatible with the type that is specified for 
that argument in the function definition. The function invocation expression•s type is the 
return type of the function it invokes. If that type is not the void type, the function invocation 
expression•s value is the return value of the function.

You have seen function invocation expressions at work throughout this chapter. We have 
used the �l�n�e�j�p�h�j�$�% function in our examples.

���Ã�Ê�ˆ�Ã�Ê�Ì�…�i�Ê�V�>�Ã�i�Ê�v�œ�À�Ê�ˆ�˜�Ã�Ì�>�˜�V�i�Ê�Û�>�À�ˆ�>�L�•�i�Ã�]�Ê�ˆ�Ì�Ê�ˆ�Ã�Ê�Ì�…�i�Ê�V�•�>�Ã�Ã�Ê�Ü�À�ˆ�Ì�i�À�½�Ã�Ê�•�œ�L�Ê�Ì�œ�Ê�`�i�V�ˆ�`�i�Ê�Ü�…�>�Ì�Ê�Ž�ˆ�˜�`�Ê�œ�v�Ê�>�V�V�i�Ã�Ã�Ê
rights you have regarding instance functions. Listing 2-17 shows several instance function 
invocations.

Listing 2-17. Invoking Instance Functions

�e�i�l�k�n�p���f�]�r�]�*�h�]�j�c�*�I�]�p�d�*�&�7

�_�h�]�o�o���L�k�e�j�p���w
�����r�]�n���t�6���J�q�i�^�a�n�7
�����r�]�n���u�6���J�q�i�^�a�n�7
�����b�q�j�_�p�e�k�j���`�e�o�p�]�j�_�a�B�n�k�i�K�n�e�c�e�j�$�%�6���J�q�i�^�a�n���w
���������o�m�n�p�$�t�&�t���'���u�&�u�%
�����y
�����b�q�j�_�p�e�k�j���p�n�]�j�o�h�]�p�a�$�`�t�6���J�q�i�^�a�n�(���`�u�6���J�q�i�^�a�n�%���w
���������t���'�9���`�t�7
���������u���'�9���`�u�7
�����y
�����k�r�a�n�n�e�`�a���b�q�j�_�p�e�k�j���p�k�O�p�n�e�j�c�$�%�6���O�p�n�e�j�c���w
�����������L�k�e�j�p�$�w�t�y�(���w�u�y�%��
�����y
�y

�r�]�n���l���9���L�k�e�j�p���w���t�6���/�*�,�(���u�6���0�*�,���y�7
�l�n�e�j�p�h�j�$���l���9���w�l�y���%�7
�l�n�e�j�p�h�j�$���@�e�o�p�]�j�_�a���^�a�p�s�a�a�j���l���]�j�`���p�d�a���k�n�e�c�e�j���9���w�l�*�`�e�o�p�]�j�_�a�B�n�k�i�K�n�e�c�e�j�$�%�y���%�7

�l�*�p�n�]�j�o�h�]�p�a�$�.�*�,�(���4�*�,�%�7
�l�n�e�j�p�h�j�$���l���9���w�l�y���%�7
�l�n�e�j�p�h�j�$���@�e�o�p�]�j�_�a���^�a�p�s�a�a�j���l���]�j�`���p�d�a���k�n�e�c�e�j���9���w�l�*�`�e�o�p�]�j�_�a�B�n�k�i�K�n�e�c�e�j�$�%�y���%�7

�l�n�e�j�p�$���@�e�o�p�]�j�_�a���^�a�p�s�a�a�j���L�k�e�j�p���X�w�t�6���4�*�,�(���u�6���-�1�*�,�X�y���]�j�`���p�d�a���k�n�e�c�e�j���9�����%�7
�l�n�e�j�p�h�j�$�L�k�e�j�p���w�t�6���4�*�,�(���u�6���-�1�*�,�y�*�`�e�o�p�]�j�_�a�B�n�k�i�K�n�e�c�e�j�$�%�%�7
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The first line in Listing 2-17 imports a number of methods, including �o�m�n�p�$�%, from the Java 
class �f�]�r�]�*�h�]�j�c�*�I�]�p�d into the program. We used �o�m�n�p�$�% in the �`�e�o�p�]�j�_�a�B�n�k�i�K�n�e�c�e�j�$�% instance 
function to calculate the distance from the point to the origin. In the second line from the last, 
we escaped the brace characters in the string literal to turn off the special meaning of braces. 
�/�…�i�Ê�•�>�Ã�Ì�Ê�•�ˆ�˜�i�Ê�œ�v�Ê�Ì�…�i�Ê�V�œ�`�i�Ê�`�i�“�œ�˜�Ã�Ì�À�>�Ì�i�Ã�Ê�ˆ�˜�Û�œ�Ž�ˆ�˜�}�Ê�>�˜�Ê�ˆ�˜�Ã�Ì�>�˜�V�i�Ê�v�Õ�˜�V�Ì�ˆ�œ�˜�Ê�`�ˆ�À�i�V�Ì�•�Þ�Ê�œ�˜�Ê�>�˜�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì-
�i�À�>�•�]�Ê�Ü�ˆ�Ì�…�œ�Õ�Ì�Ê�>�Ã�Ã�ˆ�}�˜�ˆ�˜�}�Ê�Ì�…�i�Ê�œ�L�•�i�V�Ì�Ê�À�i�v�i�À�i�˜�V�i�Ê�Ì�œ�Ê�>�Ê�Û�>�À�ˆ�>�L�•�i�°

Creating Java Objects with the new Operator
While we won•t start our in-depth coverage of Java interoperability features until Chapter 4, we 
want to introduce you to the simplest form of Java interoperability now so that you can take 
advantage of them in your JavaFX Script programs.

The new expression consists of the keyword �j�a�s, followed by the name of a Java class and 
an optional pair of parentheses that encloses a comma-separated list of constructor argu-
ments. It calls the constructor of the Java class that matches the number and type of the 
�>�À�}�Õ�“�i�˜�Ì�Ã�Ê�>�˜�`�Ê�À�i�Ã�Õ�•�Ì�Ã�Ê�ˆ�˜�Ê�>�˜�Ê�œ�L�•�i�V�Ì�Ê�À�i�v�i�À�i�˜�V�i�°�Ê���v�Ê�Ì�…�i�Ê�V�œ�˜�Ã�Ì�À�Õ�V�Ì�œ�À�Ê�Ü�ˆ�Ì�…�œ�Õ�Ì�Ê�>�˜�Þ�Ê�>�À�}�Õ�“�i�˜�Ì�Ã�Ê�­�>�•�Ã�œ�Ê
called the no-arg or default constructor) is intended, you can either use a pair of empty paren-
theses or omit the parentheses altogether.

In the following example, we instantiate the �f�]�r�]�*�q�p�e�h�*�@�]�p�a class and call its �c�a�p�P�e�i�a�$�% 
method:

�e�i�l�k�n�p���f�]�r�]�*�q�p�e�h�*�@�]�p�a�7

�r�]�n���`�]�p�a���9���j�a�s���@�]�p�a�$�%�7
�r�]�n���p�e�i�a���9���`�]�p�a�*�c�a�p�P�e�i�a�$�%�7

�NNote JavaFX Script allows you to use a new expression to instantiate a JavaFX Script class. The effect 
of the new expression for a JavaFX Script class is the same as an object literal expression with an empty 
pair of braces. For consistency, you should always use object literal expressions to instantiate JavaFX Script 
classes.

The Making of a Declarative Syntax
�"�˜�i�Ê�V�…�>�À�>�V�Ì�i�À�ˆ�Ã�Ì�ˆ�V�Ê�œ�v�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ã�Ê�ˆ�Ã�Ê�Ì�…�>�Ì�Ê�Ì�…�i�Þ�Ê�>�À�i�Ê�Ã�i�•�v�‡�i�Ý�«�•�>�˜�>�Ì�œ�À�Þ�°�Ê�9�œ�Õ�Ê�V�>�˜�Ê�Õ�˜�`�i�À-
�Ã�Ì�>�˜�`�Ê�Ü�…�>�Ì�Ê�ˆ�Ã�Ê�L�i�ˆ�˜�}�Ê�ˆ�˜�Ã�Ì�>�˜�Ì�ˆ�>�Ì�i�`�Ê�L�Þ�Ê�À�i�>�`�ˆ�˜�}�Ê�Ì�…�i�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ê�Ü�ˆ�Ì�…�œ�Õ�Ì�Ê�…�>�Û�ˆ�˜�}�Ê�Ì�œ�Ê�À�i�v�i�À�Ê
to the class definition. If an instance variable in a class is itself of the class type or the sequence 
�Ì�Þ�«�i�]�Ê�ˆ�Ì�Ã�Ê�ˆ�˜�Ã�Ì�>�˜�V�i�Ê�Û�>�À�ˆ�>�L�•�i�Ê�ˆ�˜�ˆ�Ì�ˆ�>�•�ˆ�â�i�À�Ê�V�>�˜�Ê�L�i�Ê�>�˜�œ�Ì�…�i�À�Ê�˜�i�Ã�Ì�i�`�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ê�œ�À�Ê�>�˜�Ê
�i�Ý�«�•�ˆ�V�ˆ�Ì�Ê�Ã�i�µ�Õ�i�˜�V�i�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�°�Ê�/�…�ˆ�Ã�Ê�V�œ�“�L�ˆ�˜�>�Ì�ˆ�œ�˜�Ê�}�ˆ�Û�i�Ã�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ã�Ê�>�Ê�…�ˆ�i�À�>�À�V�…�ˆ�V�>�•�Ê
feel, which makes it ideal for describing graphical user interfaces (GUIs). You have seen some 
declarative GUIs in the two examples in Chapter 1, and you will see a lot more in the coming 
chapters.
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Working with Data Bindings
JavaFX Script•s data binding facility allows any variable to be bound to a value expression. 
When any constituent part of the bound expression is changed, the bound expression is recal-
culated and the variable•s value is also changed. The data binding capability is at the center 
of the JavaFX approach for GUI development, in which onscreen UI controls• properties are 
�L�œ�Õ�˜�`�Ê�Ì�œ�Ê�>�Ê�“�œ�`�i�•�Ê�œ�L�•�i�V�Ì�Ê�>�˜�`�Ê�Ì�…�i�Ê���1���Ê�ˆ�Ã�Ê�V�œ�˜�Ì�À�œ�•�•�i�`�Ê�Ì�…�À�œ�Õ�}�…�Ê�Ã�Ì�>�Ì�i�Ê�V�…�>�˜�}�i�Ã�Ê�ˆ�˜�Ê�Ì�…�i�Ê�“�œ�`�i�•�Ê�œ�L�•�i�V�Ì�°

Understanding the Bind Expression
A bind expression is introduced by the �^�e�j�` keyword, followed by a value expression and 
optionally the �s�e�p�d���e�j�r�a�n�o�a keywords. Bind expressions are automatically reevaluated when 
their dependencies change. Unlike all the other expressions that you•ve learned so far, bind 
expressions are not true stand-alone expressions. A bind expression must appear on the 
right-hand side of constant declarations, variable declarations, or instance variable initial-
�ˆ�â�i�À�Ã�Ê�ˆ�˜�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ã�°�Ê���Ì�Ê�>�•�Ã�œ�Ê�«�Õ�Ì�Ã�Ê�À�i�Ã�Ì�À�ˆ�V�Ì�ˆ�œ�˜�Ã�Ê�œ�˜�Ê�Ì�…�i�Ê�Û�>�•�Õ�i�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ê�Ì�…�>�Ì�Ê�>�«�«�i�>�À�Ã�Ê
on its right-hand side. The constant, variable, or instance variable is said to be bound  to the 
expression.

Here are some examples of bind expressions:

�r�]�n���]���9���/�*�-�0�-�1�5�7
�`�a�b���^���9���^�e�j�`���]�7
�r�]�n���_���9���^�e�j�`���]�7
�r�]�n���l���9���L�k�e�j�p���w���t�6���^�e�j�`���]�(���u�6���^�e�j�`���]���y�7

The constant � ,̂ variable �_, and instance variables �l�*�t and �l�*�u are all bound to the bind 
expression �^�e�j�`���]. Any value assigned to �] after the binding will also become the new value of 
� ,̂ �_, �l�*�t, and �l�*�u.

A bound variable or a bound instance variable (except for bindings with inverse, which we 
will explain shortly) cannot be assigned another value. The following lines will cause a compi-
lation error:

�r�]�n���]���9���-�,�.�0�7
�r�]�n���^���9���^�e�j�`���]�7
�^���9���.�,�0�4�7

�NCaution The compiler cannot effectively detect all assignments to bound variables at compile time. 
Assignments to bound variables will cause a runtime exception to be thrown.

What Does the Data Binding Remember?

With a regular (nonbinding) assignment or initialization, the right-hand side expression is 
evaluated and its value is assigned to the left-hand side variable. With a binding assignment or 
initialization, the JavaFX Script runtime system not only evaluates the expression and assigns 
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the value to the variable, but also remembers the entire expression, figuring out which vari-
ables the expression depends on and keeping an eye on the dependent variables. When any 
one of them gets a new value, the saved expression is updated in a bind context  and its value 
becomes the new value of the bound variable.

In the following example, the variable �v becomes a bound variable in the third line. It gets 
the value �3. The JavaFX Script also remembers that �v is bound to �t���'���u, which depends on the 
variables �t and �u. When the value of �t or �u is changed, the expression �t���'���u is updated, and its 
new value becomes the new value of �v.

�r�]�n���t���9���/�7
�r�]�n���u���9���0�7
�r�]�n���v���9���^�e�j�`���t���'���u�7

A bind expression cannot contain assignments, pre- or postincrement or decrement 
expressions, or while expressions.

Binding to If Expressions

When a variable is bound to an if expression, its dependencies are the union of the dependen-
cies of the condition, the �p�d�a�j clause, and the �a�h�o�a clause. To update an if expression in a bind 
context, the if expression is simply reevaluated. Here is an example:

�r�]�n���^���9���p�n�q�a�7
�r�]�n���t���9���/�7
�r�]�n���u���9���0�7
�`�a�b���v���9���^�e�j�`���e�b���$�^�%���p�d�a�j���t���a�h�o�a���u�7

In this example, �v depends on � ,̂ �t�( and �u. When any one of them changes, the value of �v is 
updated by reevaluating the if expression.

Binding to For Expressions

Since for expressions of the void type are not value expressions, the only kind of for expres-
sions that can appear in a bind expression are sequence comprehensions. When a variable 
is bound to a for expression, its dependencies are the union of the dependencies of the 
sequences specified in the �e�j clauses and the dependencies of the �s�d�a�n�a clauses, excluding the 
iteration variables. To update a for expression in the bind context, the body of the for expres-
sion is reevaluated for a minimal number of element tuples in the sequences.

In the example

�r�]�n���]���9���-�7
�r�]�n���^���9���-�,�7
�r�]�n���i���9���0�7
�`�a�b���_���9���^�e�j�`���b�k�n���$�t���e�j���W�]�*�*�^�Y���s�d�a�n�a���t���8���i�%���w���t���&���t���y�7

the dependencies of �_ are the union of the dependencies of �W�]�*�*�^�Y, which is �] and � ,̂ and the 
dependencies of �t���8���i, which is �t and �i. Excluding the iteration variable �t, that gives us the 
dependencies �], � ,̂ and �i. With the given values of �], � ,̂ and �i, the qualified �t values are �-, �., �/. 
If �i is changed to �3, then the qualified �t values will also include �0, �1, and �2. The body of the for 
expression is only evaluated for the new �t values of �0, �1, and �2.
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Binding to a Block

JavaFX Script restricts the expressions that can appear in a block in a binding context. The 
block can only have a certain number of constant declarations and a final value expression. The 
constant declarations are treated as if they are binding declarations. When a variable is bound 
to a block, its dependencies are the dependencies of the last expression in the block, which may 
in turn depend on the constant declarations in the block or variables outside the block.

In the example

�r�]�n���]���9���/�7
�r�]�n���^���9���0�7
�`�a�b���_���9���^�e�j�`���w
�����`�a�b���`���9���]�7
�����`�a�b���a���9���^�7
�����`���&���`
�y�7

the dependencies of �_ are the same as the dependencies of �`���&���`, which are the same as 
the dependencies of � ,̀ which is �]. Therefore, the value of �_ is updated when the value of �] is 
changed, but not when the value of �  ̂is changed.

The restrictions on the content of blocks under a binding context apply also to blocks in if 
and for expressions.

�NNote The compiler allows you to include variable declarations in a block in the bind context. However, 
since no assignments can appear in the block, these variable declarations are effectively constant declara-
tions. They are also treated as if they are binding declarations.

Binding to Function Invocation Expressions

JavaFX Script has two kinds of functions: functions and bound functions. Both kinds of func-
tions behave the same way except when their invocation is under a binding context. You will 
learn how to define functions and bound functions in Chapter 4.

When a variable is bound to a (nonbound) function invocation expression, its dependen-
cies are the union of the dependencies of the arguments. When a variable is bound to a bound 
function invocation expression, its dependencies are the dependencies of the bound function 
body treated like a block. The update rule for functions is that the function is re-invoked when 
the dependencies change. The update rule for bound functions is the same as the update rule 
for blocks.

In the example

�b�q�j�_�p�e�k�j���o�q�i�K�b�O�m�q�]�n�a�o�$�t�(���u�%���w���t���&���t���'���u���&���u���y
�r�]�n���]���9���/�7
�`�a�b���_���9���^�e�j�`���o�q�i�K�b�O�m�q�]�n�a�o�$�]���'���1�(���]���'���2�%�7

the dependency of �_ is the union of that of �]���'���1 and �]���'���2, which is �]. Therefore, the value of �_ 
is updated when the value of �] is changed. The function is re-invoked with the new arguments.
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Binding to Object Literal Expressions

When a �Û�>�À�ˆ�>�L�•�i�Ê�ˆ�Ã�Ê�L�œ�Õ�˜�`�Ê�Ì�œ�Ê�>�˜�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�]�Ê�ˆ�Ì�Ã�Ê�`�i�«�i�˜�`�i�˜�V�ˆ�i�Ã�Ê�>�À�i�Ê�Ì�…�i�Ê�Õ�˜�ˆ�œ�˜�Ê�œ�v�Ê�Ì�…�i�Ê
dependencies of the right-hand side expressions of those instance variable initializers whose 
right-hand side expression is not already a bound expression. When a dependency changes, a 
�˜�i�Ü�Ê�œ�L�•�i�V�Ì�Ê�ˆ�Ã�Ê�ˆ�˜�Ã�Ì�>�˜�Ì�ˆ�>�Ì�i�`�°

In the example

�r�]�n���]���9���/�7
�r�]�n���^���9���0�7
�`�a�b���l���9���^�e�j�`���L�k�e�j�p���w���t�6���]�(���u�6���^���y�7
�`�a�b���m���9���^�e�j�`���L�k�e�j�p���w���t�6���^�e�j�`���]�(���u�6���^���y�7
�`�a�b���n���9���^�e�j�`���L�k�e�j�p���w���t�6���^�e�j�`���]�(���u�6���^�e�j�`���^���y�7

the dependencies of �l are �] and � ,̂ the dependency of �m is � ,̂ and the dependency of �n is empty. 
When �] is changed, a new instance of �L�k�e�j�p is created for �l, but not for �m and �n. However, since 
�m�*�t and �n�*�t are bound to �], their value will be updated. Similarly, when �  ̂is changed, a new 
instance of �L�k�e�j�p is created for �l and �m, but not for �n. However �n�*�u is updated. Since the depen-
dencies of �n are empty, the binding of �n�Ê�Ì�œ�Ê�Ì�…�i�Ê�œ�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ê�ˆ�Ã�Ê�Õ�˜�˜�i�V�i�Ã�Ã�>�À�Þ�°

�NCaution There are two levels of binding at work in the above example: one at the object level, and one 
at the instance variable level.  Changes in dependencies of bound instance variables will not cause a new 
instance of �L�k�e�j�p to be created; only the value of the instance variable is updated.  Changes in dependen-
cies of bound object literal will cause the creation of a new instance of �L�k�e�j�p.  This subtle difference may 
not be readily differentiated when you print out the value of �l, �m, or �n with �l�n�e�j�p�h�j�$�%.

Understanding Bidirectional Bindings and Lazy Bindings
JavaFX Script supports bidirectional bindings. A bidirectional binding is specified by append-
ing the �s�e�p�d���e�j�r�a�n�o�a keywords to the end of a bind expression. The only expression allowed is 
a variable name. The following trivial example illustrates this construct:

�r�]�n���]���9���/�7
�r�]�n���^���9���^�e�j�`���]���s�e�p�d���e�j�r�a�n�o�a�7

A bidirectionally bound variable can be assigned to, and its new value will also become 
the new value of its peer. Bidirectional bindings are useful in GUI programs where several 
onscreen elements are used to edit the same underlying quantity, such as when you want the 
user to change the RGB settings of a color by using sliders and text fields.

JavaFX Script supports lazy bindings. A lazy binding is specified by adding the lazy key-
word after bind. Both regular bindings and bidirectional bindings can be lazy bindings. Lazy 
bindings have the same meaning as regular bindings with the exception that the bound vari-
able is not updated until its value is needed. This may reduce the number of recalculations to 
the minimum and therefore boost the performance of the code.

In Listing 2-18, you can see JavaFX Script bindings at work.
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Listing 2-18. Data Bindings

�_�h�]�o�o���L�k�e�j�p���w
�����r�]�n���t�6���J�q�i�^�a�n�7
�����r�]�n���u�6���J�q�i�^�a�n�7
�����k�r�a�n�n�e�`�a���l�q�^�h�e�_���b�q�j�_�p�e�k�j���p�k�O�p�n�e�j�c�$�%���w
�����������L�k�e�j�p�$�w�t�y�(���w�u�y�%�<�w�d�]�o�d�?�k�`�a�$�%�y��
�����y
�y

�+�+���`�]�p�]���^�e�j�`�e�j�c�o
�r�]�n���]���9���/�*�-�0�-�1�5�7
�`�a�b���^���9���^�e�j�`���]�7
�r�]�n���_���9���^�e�j�`���]�7
�r�]�n���l���9���L�k�e�j�p���w���t�6���^�e�j�`���]�(���u�6���^�e�j�`���]���y�7
�l�n�e�j�p�h�j�$���]���9���w�]�y�(���^���9���w�^�y�(���_���9���w�_�y�(���l�*�t���9���w�l�*�t�y�(���l�*�u���9���w�l�*�u�y���%�7

�]���9���.�*�-�3�4�.�4�7
�l�n�e�j�p�h�j�$���]���9���w�]�y�(���^���9���w�^�y�(���_���9���w�_�y�(���l�*�t���9���w�l�*�t�y�(���l�*�u���9���w�l�*�u�y���%�7

�+�+���^�e�j�`�e�j�c���p�k���]�n�e�p�d�i�a�p�e�_���a�t�l�n�a�o�o�e�k�j�o
�r�]�n���t�-���9���/�7
�r�]�n���u�-���9���0�7
�r�]�n���v�-���9���^�e�j�`���t�-���'���u�-�7
�l�n�e�j�p�h�j�$���t�-���9���w�t�-�y�(���u�-���9���w�u�-�y�(���v�-���9���w�v�-�y���%�7
�t�-���9���1�7
�l�n�e�j�p�h�j�$���t�-���9���w�t�-�y�(���u�-���9���w�u�-�y�(���v�-���9���w�v�-�y���%�7
�u�-���9���-�.�7
�l�n�e�j�p�h�j�$���t�-���9���w�t�-�y�(���u�-���9���w�u�-�y�(���v�-���9���w�v�-�y���%�7

�+�+���^�e�j�`�e�j�c���p�k���e�b���a�t�l�n�a�o�o�e�k�j
�r�]�n���^�.���9���p�n�q�a�7
�r�]�n���t�.���9���/�7
�r�]�n���u�.���9���0�7
�`�a�b���v�.���9���^�e�j�`���e�b���$�^�.�%���p�d�a�j���t�.���a�h�o�a���u�.�7
�l�n�e�j�p�h�j�$���^�.���9���w�^�.�y�(���t�.���9���w�t�.�y�(���u�.���9���w�u�.�y�(���v�.���9���w�v�.�y���%�7
�^�.���9���b�]�h�o�a�7
�l�n�e�j�p�h�j�$���^�.���9���w�^�.�y�(���t�.���9���w�t�.�y�(���u�.���9���w�u�.�y�(���v�.���9���w�v�.�y���%�7
�t�.���9���1�7
�l�n�e�j�p�h�j�$���^�.���9���w�^�.�y�(���t�.���9���w�t�.�y�(���u�.���9���w�u�.�y�(���v�.���9���w�v�.�y���%�7
�u�.���9���-�.�7
�l�n�e�j�p�h�j�$���^�.���9���w�^�.�y�(���t�.���9���w�t�.�y�(���u�.���9���w�u�.�y�(���v�.���9���w�v�.�y���%�7
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�+�+���^�e�j�`�e�j�c���p�k���b�k�n���a�t�l�n�a�o�o�e�k�j
�r�]�n���]�/���9���-�7
�r�]�n���^�/���9���-�,�7
�r�]�n���i�/���9���0�7
�`�a�b���_�/���9���^�e�j�`���b�k�n���$�t���e�j���W�]�/�*�*�^�/�Y���s�d�a�n�a���t���8���i�/�%���w���t���&���t���y�7
�l�n�e�j�p�$���]�/���9���w�]�/�y�(���^�/���9���w�^�/�y�(���i�/���9���w�i�/�y�(���_�/���9�����%�7���l�n�e�j�p�h�j�$�_�/�%�7
�i�/���9���3�7
�l�n�e�j�p�$���]�/���9���w�]�/�y�(���^�/���9���w�^�/�y�(���i�/���9���w�i�/�y�(���_�/���9�����%�7���l�n�e�j�p�h�j�$�_�/�%�7
�]�/���9���.�7
�l�n�e�j�p�$���]�/���9���w�]�/�y�(���^�/���9���w�^�/�y�(���i�/���9���w�i�/�y�(���_�/���9�����%�7���l�n�e�j�p�h�j�$�_�/�%�7
�^�/���9���1�7
�l�n�e�j�p�$���]�/���9���w�]�/�y�(���^�/���9���w�^�/�y�(���i�/���9���w�i�/�y�(���_�/���9�����%�7���l�n�e�j�p�h�j�$�_�/�%�7

�+�+���^�e�j�`�e�j�c���p�k���^�h�k�_�g
�r�]�n���]�0���9���/�7
�r�]�n���^�0���9���0�7
�`�a�b���_�0���9���^�e�j�`���w
�����`�a�b���`�0���9���]�0�7
�����`�a�b���a�0���9���^�0�7
�����`�0���&���`�0
�y�7
�l�n�e�j�p�h�j�$���]�0���9���w�]�0�y�(���^�0���9���w�^�0�y�(���_�0���9���w�_�0�y���%�7
�]�0���9���1�7
�l�n�e�j�p�h�j�$���]�0���9���w�]�0�y�(���^�0���9���w�^�0�y�(���_�0���9���w�_�0�y���%�7
�^�0���9���-�.�7
�l�n�e�j�p�h�j�$���]�0���9���w�]�0�y�(���^�0���9���w�^�0�y�(���_�0���9���w�_�0�y���%�7

�+�+���^�e�j�`�e�j�c���p�k���b�q�j�_�p�e�k�j���e�j�r�k�_�]�p�e�k�j���a�t�l�n�a�o�o�e�k�j
�b�q�j�_�p�e�k�j���o�q�i�K�b�O�m�q�]�n�a�o�$�t�(���u�%���w���t���&���t���'���u���&���u���y
�r�]�n���]�1���9���/�7
�r�]�n���^�1���9���0�7
�`�a�b���_�1���9���^�e�j�`���o�q�i�K�b�O�m�q�]�n�a�o�$�]�1���'���1�(���]�1���'���2�%�7
�l�n�e�j�p�h�j�$���]�1���9���w�]�1�y�(���^�1���9���w�^�1�y�(���_�1���9���w�_�1�y���%�7
�]�1���9���1�7
�l�n�e�j�p�h�j�$���]�1���9���w�]�1�y�(���^�1���9���w�^�1�y�(���_�1���9���w�_�1�y���%�7
�^�1���9���-�.�7
�l�n�e�j�p�h�j�$���]�1���9���w�]�1�y�(���^�1���9���w�^�1�y�(���_�1���9���w�_�1�y���%�7

�+�+���^�e�j�`�e�j�c���p�k���k�^�f�a�_�p���h�e�p�a�n�]�h�o
�r�]�n���]�2���9���/�7
�r�]�n���^�2���9���0�7
�`�a�b���l�2���9���^�e�j�`���L�k�e�j�p���w���t�6���]�2�(���u�6���^�2���y�7
�`�a�b���m�2���9���^�e�j�`���L�k�e�j�p���w���t�6���^�e�j�`���]�2�(���u�6���^�2���y�7
�`�a�b���n�2���9���^�e�j�`���L�k�e�j�p���w���t�6���^�e�j�`���]�2�(���u�6���^�e�j�`���^�2���y�7
�l�n�e�j�p�h�j�$���]�2���9���w�]�2�y�(���^�2���9���w�^�2�y�(���l�2���9���w�l�2�y�(���m�2���9���w�m�2�y�(���n�2���9���w�n�2�y���%�7
�]�2���9���1�7
�l�n�e�j�p�h�j�$���]�2���9���w�]�2�y�(���^�2���9���w�^�2�y�(���l�2���9���w�l�2�y�(���m�2���9���w�m�2�y�(���n�2���9���w�n�2�y���%�7
�^�2���9���-�.�7
�l�n�e�j�p�h�j�$���]�2���9���w�]�2�y�(���^�2���9���w�^�2�y�(���l�2���9���w�l�2�y�(���m�2���9���w�m�2�y�(���n�2���9���w�n�2�y���%�7
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�+�+���^�e�`�e�n�a�_�p�e�k�j�]�h���^�e�j�`�e�j�c
�r�]�n���]�3���9���/�7
�r�]�n���^�3���9���^�e�j�`���]�3���s�e�p�d���e�j�r�a�n�o�a�7
�l�n�e�j�p�h�j�$���]�3���9���w�]�3�y�(���^�3���9���w�^�3�y���%�7
�]�3���9���0�7
�l�n�e�j�p�h�j�$���]�3���9���w�]�3�y�(���^�3���9���w�^�3�y���%�7
�^�3���9���1�7
�l�n�e�j�p�h�j�$���]�3���9���w�]�3�y�(���^�3���9���w�^�3�y���%�7

Summary
In this chapter, you learned the fundamentals of the JavaFX Script language, which include the 
following:

�Ê �U�Ê �6�>�À�ˆ�>�L�•�i�Ã�]�Ê�Û�>�•�Õ�i�Ã�]�Ê�>�˜�`�Ê�Ì�…�i�ˆ�À�Ê�Ì�Þ�«�i�Ã

�Ê �U�Ê �/�…�i�Ê�«�À�ˆ�“�ˆ�Ì�ˆ�Û�i�Ê�Ì�Þ�«�i�Ã�Ê�Ì�…�>�Ì�Ê���>�Û�>���8�Ê�-�V�À�ˆ�«�Ì�Ê�Ã�Õ�«�«�œ�À�Ì�Ã�]�Ê�Ì�…�i�ˆ�À�Ê�•�ˆ�Ì�i�À�>�•�Ê�À�i�«�À�i�Ã�i�˜�Ì�>�Ì�ˆ�œ�˜�Ã�]�Ê�Ì�…�i�ˆ�À�Ê
backing classes, and their basic operations 

�Ê �U�Ê �-�i�µ�Õ�i�˜�V�i�Ã�]�Ê�Ã�i�µ�Õ�i�˜�V�i�Ê�“�i�“�L�i�À�Ê�>�V�V�i�Ã�Ã�i�Ã�]�Ê�>�˜�`�Ê�Ã�i�µ�Õ�i�˜�V�i�Ê�V�œ�“�«�À�i�…�i�˜�Ã�ˆ�œ�˜�Ã

�Ê �U�Ê �/�…�i�Ê�L�>�Ã�ˆ�V�Ê�i�Ý�«�À�i�Ã�Ã�ˆ�œ�˜�Ã�Ê�œ�v�Ê���>�Û�>���8�Ê�-�V�À�ˆ�«�Ì�Ê

�Ê �U�Ê �"�L�•�i�V�Ì�Ê�•�ˆ�Ì�i�À�>�•�Ã�Ê�>�˜�`�Ê�`�>�Ì�>�Ê�L�ˆ�˜�`�ˆ�˜�}�Ã�Ê

In the next chapter, you•ll learn how to build a node-centric user interface using classes 
provided by the JavaFX SDK.





C H A P T E R  3

Creating a User Interface in 
JavaFX

Life is the art of drawing without an eraser.

„John W. Gardner

Chapter 1 gave you a jump start using JavaFX by covering the basics in developing and exe-
cuting JavaFX programs. Chapter 2 gave you an in-depth understanding of many of the JavaFX 
language constructs. Now we•re going to cover many of the details about creating a user inter-
face in JavaFX that were glossed over in the Chapter 1 jump start. First on the agenda is to get 
you acquainted with the theater metaphor used by JavaFX to express user interfaces and to 
cover the significance of what we call a node-centric UI .

Introduction to Node-Centric UIs
As you experienced in Chapter 1, creating a user interface in JavaFX is like creating a theater 
play in that it typically consists of these very simple steps:

 1. Create a stage on which your program will perform : The realization of your stage will 
depend on the platform on which it is deployed (for example, a web page, the desktop, 
or a mobile device).

 2. Create a scene in which the actors and props (nodes) will visually interact with each 
other and the audience (the users of your program): JavaFX programs usually have just 
one �O�_�a�j�a, but it is possible to create more than one and associate them one at a time 
to the �O�p�]�c�a. Like any good set designer in the theater business, good JavaFX develop-
ers endeavor to make their scenes visually appealing. To this end, it is often a good idea 
to collaborate with a graphic designer on your •theater play.Ž
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 3. Create nodes in the scene using the declarative syntax that you experienced in  
Chapter 1: These nodes are subclasses of the �f�]�r�]�b�t�*�o�_�a�j�a�*�J�k�`�a class, which include 
UI controls, shapes, �P�a�t�p (a type of shape), images, media players, and custom UI 
components that you create. Nodes may also be containers for other nodes, often 
providing cross-platform layout capabilities. A scene has a scene graph that contains 
a directed graph of nodes. Individual nodes and groups of nodes can be manipulated 
in many ways (such as moving, scaling, and setting opacity) by changing the values 
of a very rich set of �J�k�`�a instance variables.

 4. Create variables and classes that represent the model  for the nodes in the scene:  
As mentioned in Chapter 1, one of the very powerful aspects of JavaFX is binding, 
which enables the application•s UI to easily stay in sync with the state, or model, of  
the application.

�NNote Most of the examples in this chapter are small programs intended to demonstrate UI concepts. For 
this reason, the model in many of these examples consists of variables appearing in the main script, rather 
than being contained by separate JavaFX classes (such as the �=�q�`�e�k�?�k�j�b�e�c�I�k�`�a�h class in Chapter 1). Later 
chapters in this book contain examples that have model classes that you can use for reference.

 5. Create event handlers , like �k�j�I�k�q�o�a�L�n�a�o�o�a�`, that allow the user to interact with your 
program : Often these event handlers manipulate instance variables in the model.

 6. Create timelines  and transitions  that animate your scene: For example, you may want 
the thumbnail images of a list of books to move smoothly across the scene or a page in 
the UI to fade into view. You•ll see an example of these in the BookStoreFX application 
in Chapter 9. You may simply want a ping-pong ball to move across the scene, bounc-
ing off of walls and paddles, which will be demonstrated later in this chapter in the 
section •The Zen of Node Collision Detection.Ž

Let•s get started with a closer look at step 1, in which we•ll examine in a fair level of detail 
the capabilities of the stage.

Setting the Stage
The appearance and functionality of your stage will depend on the platform on which it is 
deployed. For example, if deployed in a web browser, your stage will be a rectangular area, 
called an applet , within a web page. The stage for a JavaFX program deployed via Java Web 
Start will be a window. When deployed on a mobile device such as a cell phone, the stage for 
your JavaFX program will live on that device•s display.
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Understanding the Stage Class
The �O�p�]�c�a class is the top-level container for any JavaFX program that has a graphical UI. It 
has several instance variables that allow it, for example, to be positioned, sized, given a title, 
made invisible, or given some degree of opacity. The two best ways that we know of to learn 
the capabilities of a class are to study the JavaFX API documentation and to examine (and 
write) programs that use it. In this section, we•ll ask you to do both, beginning with looking 
at the API docs.

Consulting the API Docs for the Stage Class

The JavaFX API docs may be found in the �`�k�_�o�+�]�l�e directory subordinate to where you 
installed the JavaFX SDK. Also, they are available online at the URL given in the Resources 
section at the end of this chapter. Open the �e�j�`�a�t�*�d�p�i�h file in your browser, navigate to the 
�f�]�r�]�b�t�*�o�p�]�c�a package, and select the �O�p�]�c�a class. That page should contain a table of variables 
as shown in the excerpt in Figure 3-1.

Figure 3-1. A portion of the Stage class documentation in the JavaFX API

This table lists the public variables in the �O�p�]�c�a class, revealing information such as their 
access modifier (�l�q�^�h�e�_, �l�q�^�h�e�_�)�n�a�]�`, or �l�q�^�h�e�_�)�e�j�e�p), type, default value, and description. 
Access modifiers will be covered in more detail in Chapter 4, but for now note that this table 
has three columns (Can Read, Can Init, and Can Write) that provide an easy reference for the 
access to each variable. For example, the �_�k�j�p�]�e�j�o�B�k�_�q�o variable in the table shows that it may 
be read but not initialized when the �O�p�]�c�a class is created, or subsequently written to.

Go ahead and explore the documentation for each of the variables and functions in the 
�O�p�]�c�a class, remembering to click the right arrow button in the description column when 
available to expose more information. When you•re finished, come back and we•ll show you a 
program that demonstrates most of the variables and functions available in the �O�p�]�c�a class.
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Using the Stage Class: The StageCoach Example
A screenshot of the unassuming, purposely ill-fitting StageCoach example program is shown 
in Figure 3-2.

Figure 3-2. A screenshot of the StageCoach example

The StageCoach program was created to coach you through the finer points of using the 
�O�p�]�c�a class and related classes such as �O�p�]�c�a�O�p�u�h�a, �O�_�n�a�a�j, and �=�h�a�n�p. Also, we•re going to use 
this program to show you how get arguments passed into the program, read system properties, 
and use local storage. Before walking through the behavior of the program, go ahead and open 
the project and execute it by following the instructions for building and executing the Audio-
Config project in Chapter 1. The project file is located in the �?�d�]�l�p�a�n�,�/ directory subordinate 
to where you extracted the book•s code download bundle.

EXAMINING THE BEHAVIOR OF THE STAGECOACH PROGRAM

When the program starts, its appearance should be similar to the screenshot in Figure 3-2. To fully examine its 
behavior, perform the following steps. Note that for instructional purposes, the variable and function names on the 
UI correspond to the variables and functions in the �O�p�]�c�a instance.

 1. Notice that the StageCoach program•s window is initially displayed near the top of the screen, with its hori-
zontal position in the center of the screen. Drag the program•s window and observe that the x and y values 
near the top of the UI are dynamically updated to reflect its position on the screen.

 2. Resize the program•s window and observe that the width and height values change to reflect the width and 
height of the �O�p�]�c�a. Note that this size includes the decorations (title bar and borders) of the window.
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 3. Click the program (or cause it to be in focus some other way) and notice that the �_�k�j�p�]�e�j�o�B�k�_�q�o value is 
�p�n�q�a. Cause the window to lose focus, perhaps by clicking somewhere else on the screen, and notice that 
the �_�k�j�p�]�e�j�o�B�k�_�q�o value becomes �b�]�h�o�a.

 4. Deselect the resizable check box and then notice that the resizable value becomes �b�]�h�o�a. Then try to resize 
the window and note that it is not permitted. Select the resizable check box again to make the window  
resizable.

 5. Select the fullScreen check box. Notice that the program occupies the full screen and that the window deco-
rations are not visible. Also note that the fullScreen value is true. Deselect the fullScreen check box to restore 
the program to its former size, noticing that the fullScreen value changes back to false.

 6. Edit the text in the text field below the title label and press the Enter key. Notice that the text in the window•s 
title bar is changed to reflect the new value.

 7. Drag the window to partially cover another window, and click the toBack() button. Notice that this places the 
program behind the other window, therefore causing the z-order to change.

 8. With a portion of the program•s window behind another window, but the toFront() button visible, press that 
button. Notice that the program•s window is placed in front of the other window.

 9. Make note of the location of the program on the screen. Click the close() button. Notice that the strings 
•properties writtenŽ and •Stage is closingŽ print to the console and that the window closes. Notice also that 
the program exits.

 10. Execute the StageCoach program again, noticing that it appears in the same location on the screen as when 
you clicked the close() button.

 11. Right-click somewhere on the blue area of the program•s UI, and notice that an alert dialog containing some 
system properties appears, as shown in Figure 3-3.

Figure 3-3. Invoking an alert dialog that displays some system properties
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 12. Click the OK button to close the dialog.

 13. Drag the program to somewhere else on the screen. Click the FX.exit() button, noting that an alert dialog 
appears asking if you want to exit without saving the screen position. Click the No button. Click the FX.exit() 
button again, this time choosing the Yes button. Note that the program closes, but that the string •Stage is 
closingŽ does not print to the console.

 14. Invoke the program again, passing in the string •undecoratedŽ. If invoking from NetBeans, use the Project 
Properties dialog to pass this argument as shown in Figure 3-4. See the Hello Earthrise example in Chapter 1 
for instructions on accessing this dialog.

Figure 3-4. Using NetBeans• Project Properties dialog to pass an argument into the program

 15. Notice that the program appears in a different location than it was in when you last exited. Also notice that 
this time the program appears without any window decorations, but that the white background of the pro-
gram includes the background of the window. The black outline in the screenshot shown in Figure 3-5 is part 
of the desktop background.

 16. Exit the program again by clicking either the close() or FX.exit() button, and then run the program again, 
passing in the string •transparentŽ as the argument. Notice that the program appears in the shape of a 
rounded rectangle, as shown in Figure 3-6.
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Figure 3-5. The StageCoach program after being invoked with the undecorated argument

Figure 3-6. The StageCoach program after being invoked with the transparent argument

 17. Click the application•s UI and drag it around the screen, and click the close() or FX.exit() button when finished.

Congratulations on sticking with this 17-step exercise! Performing this exercise has prepared you to relate to the 
code behind it, which we•ll now walk through together.
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Understanding the StageCoach Program
Take a look at the code for the StageCoach program in Listing 3-1, and after that we•ll point out 
new and relevant concepts.

Listing 3-1. StageCoachMain.fx

�l�]�_�g�]�c�a���l�n�k�f�]�r�]�b�t�*�o�p�]�c�a�_�k�]�_�d�*�q�e�7

�e�i�l�k�n�p���f�]�r�]�*�e�k�*�E�j�l�q�p�O�p�n�a�]�i�7
�e�i�l�k�n�p���f�]�r�]�*�e�k�*�E�K�A�t�_�a�l�p�e�k�j�7
�e�i�l�k�n�p���f�]�r�]�*�e�k�*�K�q�p�l�q�p�O�p�n�a�]�i�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�q�p�e�h�*�L�n�k�l�a�n�p�e�a�o�7

�e�i�l�k�n�p���f�]�r�]�b�t�*�e�k�*�O�p�k�n�]�c�a�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�e�k�*�N�a�o�k�q�n�_�a�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�O�_�a�j�a�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�_�k�j�p�n�k�h�*�>�q�p�p�k�j�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�_�k�j�p�n�k�h�*�?�d�a�_�g�>�k�t�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�_�k�j�p�n�k�h�*�H�]�^�a�h�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�_�k�j�p�n�k�h�*�P�a�t�p�>�k�t�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�e�j�l�q�p�*�I�k�q�o�a�A�r�a�j�p�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�h�]�u�k�q�p�*�R�>�k�t�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�o�d�]�l�a�*�N�a�_�p�]�j�c�h�a�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�l�]�e�j�p�*�?�k�h�k�n�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�p�a�t�p�*�&�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�p�]�c�a�*�=�h�a�n�p�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�p�]�c�a�*�O�_�n�a�a�j�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�p�]�c�a�*�O�p�]�c�a�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�p�]�c�a�*�O�p�]�c�a�O�p�u�h�a�7

�r�]�n���]�n�c�o���9���B�T�*�c�a�p�=�n�c�q�i�a�j�p�o�$�%�7
�r�]�n���o�p�]�c�a�O�p�u�h�a���9���O�p�]�c�a�O�p�u�h�a�*�@�A�?�K�N�=�P�A�@�7
�e�b���$�o�e�v�a�k�b���]�n�c�o���:�9���-�%���w
�����e�b���$�]�n�c�o�W�,�Y�*�p�k�H�k�s�a�n�?�]�o�a�$�%���9�9�����p�n�]�j�o�l�]�n�a�j�p���%���w
���������o�p�]�c�a�O�p�u�h�a���9���O�p�]�c�a�O�p�u�h�a�*�P�N�=�J�O�L�=�N�A�J�P�7
�����y
�����a�h�o�a���e�b���$�]�n�c�o�W�,�Y�*�p�k�H�k�s�a�n�?�]�o�a�$�%���9�9�����q�j�`�a�_�k�n�]�p�a�`���%�w
���������o�p�]�c�a�O�p�u�h�a���9���O�p�]�c�a�O�p�u�h�a�*�Q�J�@�A�?�K�N�=�P�A�@�7
�����y
�y
�r�]�n���n�a�o�e�v�]�^�h�a�6�>�k�k�h�a�]�j���9���p�n�q�a�7
�r�]�n���b�q�h�h�O�_�n�a�a�j�6�>�k�k�h�a�]�j���9���b�]�h�o�a�7
�r�]�n���p�e�p�h�a�6�O�p�n�e�j�c���9�����O�p�]�c�a���?�k�]�_�d���7
�r�]�n���o�p�]�c�a�N�a�b�6�O�p�]�c�a�7
�r�]�n���a�j�p�n�u�6�O�p�k�n�]�c�a�7
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�b�q�j�_�p�e�k�j���o�]�r�a�L�n�k�l�a�n�p�e�a�o�$�%�6�R�k�e�`���w
�����l�n�e�j�p�h�j�$���O�p�k�n�]�c�a�*�h�e�o�p�$�%�6�w�O�p�k�n�]�c�a�*�h�e�o�p�$�%�y���%�7
�����a�j�p�n�u���9���O�p�k�n�]�c�a���w
���������o�k�q�n�_�a�6�����o�p�]�c�a�_�k�]�_�d�*�l�n�k�l�a�n�p�e�a�o��
�����y�7
�����r�]�n���n�a�o�k�q�n�_�a�6�N�a�o�k�q�n�_�a���9���a�j�p�n�u�*�n�a�o�k�q�n�_�a�7
�����r�]�n���l�n�k�l�a�n�p�e�a�o�6�L�n�k�l�a�n�p�e�a�o���9���j�a�s���L�n�k�l�a�n�p�e�a�o�$�%�7
�����l�n�k�l�a�n�p�e�a�o�*�l�q�p�$���t�L�k�o���(�����w�o�p�]�c�a�N�a�b�*�t�y���%�7
�����l�n�k�l�a�n�p�e�a�o�*�l�q�p�$���u�L�k�o���(�����w�o�p�]�c�a�N�a�b�*�u�y���%�7
�����p�n�u���w
���������r�]�n���k�q�p�l�q�p�O�p�n�a�]�i�6�K�q�p�l�q�p�O�p�n�a�]�i���9���n�a�o�k�q�n�_�a�*�k�l�a�j�K�q�p�l�q�p�O�p�n�a�]�i�$�p�n�q�a�%�7
���������l�n�k�l�a�n�p�e�a�o�*�o�p�k�n�a�$�k�q�p�l�q�p�O�p�n�a�]�i�%�7
���������k�q�p�l�q�p�O�p�n�a�]�i�*�_�h�k�o�a�$�%�7
���������l�n�e�j�p�h�j�$���l�n�k�l�a�n�p�e�a�o���s�n�e�p�p�a�j���%�7
�����y
�����_�]�p�_�d���$�e�k�a�6�E�K�A�t�_�a�l�p�e�k�j�%���w
���������l�n�e�j�p�h�j�$���E�K�A�t�_�a�l�p�e�k�j���e�j���o�]�r�a�L�n�k�l�a�n�p�e�a�o�6�w�e�k�a�y���%�7
�����y
�y

�b�q�j�_�p�e�k�j���h�k�]�`�L�n�k�l�a�n�p�e�a�o�$�%�6�R�k�e�`���w
�����l�n�e�j�p�h�j�$���O�p�k�n�]�c�a�*�h�e�o�p�$�%�6�w�O�p�k�n�]�c�a�*�h�e�o�p�$�%�y���%�7
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�����k�j�?�h�k�o�a�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
���������l�n�e�j�p�h�j�$���O�p�]�c�a���e�o���_�h�k�o�e�j�c���%�7
�����y
�����o�_�a�j�a�6�O�_�a�j�a���w
���������b�e�h�h�6���?�k�h�k�n�*�P�N�=�J�O�L�=�N�A�J�P
���������_�k�j�p�a�j�p�6���W
�������������N�a�_�p�]�j�c�h�a���w
�����������������s�e�`�p�d�6���/�,�,
�����������������d�a�e�c�d�p�6���1�,�,
�����������������]�n�_�S�e�`�p�d�6���1�,
�����������������]�n�_�D�a�e�c�d�p�6���1�,
�����������������b�e�h�h�6���?�k�h�k�n�*�O�G�U�>�H�Q�A
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Obtaining Program Arguments

The first new concept introduced by this program is the ability to read the arguments passed 
into a JavaFX program. The �f�]�r�]�b�t�*�h�]�j�c package includes a class named �B�T that has utility 
functions such as �l�n�e�j�p�h�j�$�%, which you used in Chapter 2. Another function in the FX class is 
�c�a�p�=�n�c�q�i�a�j�p�o�$�%, which returns a sequence of strings containing the arguments passed into the 
program. Here•s the relevant code snippet from Listing 3-1 for your convenience:
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�����y
�y

�NTip It is not necessary to import the �f�]�r�]�b�t�*�h�]�j�c package to use its classes (such as the �B�T class in 
the preceding code snippet). Also, any functions in the �f�]�r�]�b�t�*�h�]�j�c�*�>�q�e�h�p�e�j�o class are automatically 
imported and may be used without qualifying them with a class name. This is why the �B�T�*�l�n�e�j�p�h�j�$�% func-
tion may be expressed as simply �l�n�e�j�p�h�j�$�%.

Setting the Style of the Stage

We•re using the �c�a�p�=�n�c�q�i�a�j�p�o�$�% function described previously to get an argument that tells  
us whether the �o�p�]�c�a�O�p�u�h�a variable of the �O�p�]�c�a instance should be its default ( �O�p�]�c�a�O�p�u�h�a�*
�@�A�?�K�N�=�P�A�@), �O�p�]�c�a�O�p�u�h�a�*�Q�J�@�A�?�K�N�=�P�A�@, or �O�p�]�c�a�O�p�u�h�a�*�P�N�=�J�O�L�=�N�A�J�P. You saw the effects of each 
in the preceding exercise, specifically in Figures 3-2, 3-5, and 3-6.

Controlling Whether a Stage Is Resizable

As shown in Listing 3-1, to make this application•s window resizable, we•re setting the �n�a�o�e�v�]�^�h�a 
variable of the �O�p�]�c�a instance to �p�n�q�a. To make it nonresizable, we set it to �b�]�h�o�a. To accomplish 
this, the resizable check box is bidirectionally bound to a variable in our model, arbitrarily named 
�n�a�o�e�v�]�^�h�a. The �n�a�o�e�v�]�^�h�a variable of the �O�p�]�c�a instance is then bound to the �n�a�o�e�v�]�^�h�a variable 
in the model. As mentioned earlier in the chapter, the model in this chapter•s example programs 
is typically a set of variables declared at the top of the script.

Making a Stage Full Screen

Making the �O�p�]�c�a show in full-screen mode is done by setting the �b�q�h�h�O�_�n�a�a�j variable of 
the �O�p�]�c�a instance to �p�n�q�a. This is accomplished in the same manner as manipulating the 
�n�a�o�e�v�]�^�h�a value.
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Working with the Bounds of the Stage

The bounds of the �O�p�]�c�a are represented by its �t, �u, �s�e�`�p�d, and �d�a�e�c�d�p instance variables. 
Because these variables are �l�q�^�h�e�_ (and not �l�q�^�h�e�_�)�e�j�e�p or �l�q�^�h�e�_�)�n�a�]�`), their values can be 
changed at will. This is demonstrated in the following snippet from Listing 3-1 where the �O�p�]�c�a 
is placed near the top and centered horizontally on the primary screen after the �O�p�]�c�a has 
been instantiated:

�o�p�]�c�a�N�a�b�*�t���9���$�O�_�n�a�a�j�*�l�n�e�i�]�n�u�*�r�e�o�q�]�h�>�k�q�j�`�o�*�s�e�`�p�d���)���o�p�]�c�a�N�a�b�*�s�e�`�p�d�%���+���.�7
�o�p�]�c�a�N�a�b�*�u���9���$�O�_�n�a�a�j�*�l�n�e�i�]�n�u�*�r�e�o�q�]�h�>�k�q�j�`�o�*�d�a�e�c�d�p���)���o�p�]�c�a�N�a�b�*�d�a�e�c�d�p�%���+���0�7

We•re using the �O�_�n�a�a�j class of the �f�]�r�]�b�t�*�o�p�]�c�a package to get the dimensions of the pri-
mary screen so that the desired position may be calculated.

�NNote We intentionally made the �O�p�]�c�a in Figure 3-2 larger than the �O�_�a�j�a contained within to make the 
following point: the width and height of a �O�p�]�c�a includes its decorations (title bar and border), which vary on 
different platforms. It is therefore usually better to control the width and height of the �O�_�a�j�a (we•ll show you 
how in a bit), and let the �O�p�]�c�a conform to that size.

Drawing Rounded Rectangles

As pointed out in Chapter 1, you can put rounded corners on a �N�a�_�p�]�j�c�h�a by specifying the 
�]�n�_�S�e�`�p�d and �]�n�_�D�a�e�c�d�p for the corners. The following snippet from Listing 3-1 draws the sky-
blue rounded rectangle that becomes the background for the transparent window example in 
Figure 3-6:

�������������N�a�_�p�]�j�c�h�a���w
�����������������s�e�`�p�d�6���/�,�,
�����������������d�a�e�c�d�p�6���1�,�,
�����������������]�n�_�S�e�`�p�d�6���1�,
�����������������]�n�_�D�a�e�c�d�p�6���1�,
�����������������b�e�h�h�6���?�k�h�k�n�*�O�G�U�>�H�Q�A
�����������������k�j�I�k�q�o�a�@�n�]�c�c�a�`�6���b�q�j�_�p�e�k�j�$�i�a�6�I�k�q�o�a�A�r�a�j�p�%�6�R�k�e�`���w
���������������������o�p�]�c�a�N�a�b�*�t���'�9���i�a�*�`�n�]�c�T�7
���������������������o�p�]�c�a�N�a�b�*�u���'�9���i�a�*�`�n�]�c�U�7
�����������������y�(
�����������������*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
�������������y�(

Dragging the Stage on the Desktop When a Title Bar Isn•t Available

The �O�p�]�c�a may be dragged on the desktop using its title bar, but in the case where its  
�o�p�]�c�a�O�p�u�h�a is �Q�J�@�A�?�K�N�=�P�A�@ or �P�N�=�J�O�L�=�N�A�J�P, the title bar isn•t available. To allow dragging in 
this circumstance, we added the code shown at the end of the preceding code snippet.
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Event handlers will be covered a little later in the chapter, but as a preview, the anony-
mous function that is assigned to the �k�j�I�k�q�o�a�@�n�]�c�c�a�` variable is called when the mouse is 
dragged. As a result, the values of the �t and �u instance variables are altered by the number of 
pixels that the mouse was dragged, which moves the �O�p�]�c�a as the mouse is dragged.

�NNote By changing the �o�p�]�c�a•s position in the �k�j�I�k�q�o�a�@�n�]�c�c�a�` handler, we are effectively changing 
the behavior of the �`�n�]�c�T/�`�n�]�c�U variables. Instead of being relative to the pressed event (as we•ll cover in 
the •Handling a Pop-up Trigger EventŽ section), they become relative to the last drag (due to the change in 
�O�p�]�c�a position).

Using UI Layout Containers

When developing applications that will be deployed in a cross-platform environment or are 
internationalized, it is good to use layout containers . One advantage of using layout containers 
is that when the node sizes change, their visual relationships with each other are predictable. 
Another advantage is that you don•t have to calculate the location of each node that you place 
in the UI.

The following snippet from Listing 3-1 shows how the �R�>�k�t layout class, located in the 
�f�]�r�]�b�t�*�o�_�a�j�a�*�h�]�u�k�q�p package, is used to arrange the �P�a�t�p, �?�d�a�_�g�>�k�t, �H�]�^�a�h, �P�a�t�p�>�k�t, and  
�>�q�p�p�k�j nodes in a column:

�*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
�o�p�]�c�a�N�a�b���9���O�p�]�c�a���w
�����*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
�����o�_�a�j�a�6�O�_�a�j�a���w
���������b�e�h�h�6���?�k�h�k�n�*�P�N�=�J�O�L�=�N�A�J�P
���������_�k�j�p�a�j�p�6���W
�������������N�a�_�p�]�j�c�h�a���w
�����������������*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
�������������y�(
�������������R�>�k�t���w
�����������������h�]�u�k�q�p�T�6���.�,
�����������������h�]�u�k�q�p�U�6���.�,
�����������������o�l�]�_�e�j�c�6���-�,
�����������������_�k�j�p�a�j�p�6���W
���������������������P�a�t�p���w
�������������������������p�a�t�p�K�n�e�c�e�j�6���P�a�t�p�K�n�e�c�e�j�*�P�K�L
�������������������������b�k�j�p�6���B�k�j�p�*�b�k�j�p�$���O�]�j�o���O�a�n�e�b���(���-�0�%
�������������������������_�k�j�p�a�j�p�6���^�e�j�`�����t�6���w�o�p�]�c�a�N�a�b�*�t�y��
���������������������y�(
���������������������*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*



CHAPTER 3 �N��  CREATING A USER INTERFACE IN JAVAFX114

���������������������?�d�a�_�g�>�k�t���w
�������������������������^�h�k�_�g�o�I�k�q�o�a�6���p�n�q�a
�������������������������p�a�t�p�6�����n�a�o�e�v�]�^�h�a��
�������������������������_�d�a�_�g�a�`�6���^�e�j�`���n�a�o�e�v�]�^�h�a���s�e�p�d���e�j�r�a�n�o�a
���������������������y�(
���������������������*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
���������������������H�]�^�a�h���w
�������������������������b�k�j�p�6���B�k�j�p�*�b�k�j�p�$���O�]�j�o���O�a�n�e�b���(���-�0�%
�������������������������p�a�t�p�6�����p�e�p�h�a�6��
���������������������y�(
���������������������P�a�t�p�>�k�t���w
�������������������������^�h�k�_�g�o�I�k�q�o�a�6���p�n�q�a
�������������������������p�a�t�p�6���^�e�j�`���p�e�p�h�a���s�e�p�d���e�j�r�a�n�o�a
�������������������������_�k�h�q�i�j�o�6���-�1
���������������������y�(
���������������������*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
���������������������>�q�p�p�k�j���w
�������������������������p�a�t�p�6�����p�k�B�n�k�j�p�$�%��
�������������������������]�_�p�e�k�j�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
�����������������������������o�p�]�c�a�N�a�b�*�p�k�B�n�k�j�p�$�%�7
�������������������������y
���������������������y
�����������������Y
�������������y
���������Y
�����y
�y

The �R�>�k�t layout class is similar to the �C�n�k�q�l class discussed in the Hello Earthrise exam-
ple in Chapter 1, in that it contains a sequence of nodes within it. Like the �C�n�k�q�l class, this 
sequence is referred to by the �_�k�j�p�a�j�p instance variable. Unlike the �C�n�k�q�l class, the �R�>�k�t class 
arranges its contained nodes vertically, spacing them apart from each other by the number of 
pixels specified in the �o�l�]�_�e�j�c variable.

Also in the �f�]�r�]�b�t�*�o�_�a�j�a�*�h�]�u�k�q�p package is a class named �D�>�k�t, which arranges nodes 
contained within the �D�>�k�t node just like �R�>�k�t does, only in a horizontal orientation. See 
Chapter 7 for information about �D�>�k�t and how to use other layout containers in the �f�]�r�]�b�t�*
�o�_�a�j�a�*�h�]�u�k�q�p package.

On the subject of layout containers, the MigLayout manager, popular in the Java develop-
ment world, is one of several layout containers available for JavaFX in the open source JFXtras 
project. See the Resources section at the end of this chapter for a URL to that project. Also, see 
Chapter 8, which contains information on the growing functionality available through third-
party JavaFX libraries.

Ascertaining Whether the Stage Is in Focus

To know whether your JavaFX application is the one that currently is in focus (e.g., keys 
pressed are delivered to the application), simply consult the �_�k�j�p�]�e�j�o�B�k�_�q�o instance variable 
of the �O�p�]�c�a instance. The following snippet from Listing 3-1 demonstrates this:
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���������������������P�a�t�p���w
�������������������������p�a�t�p�K�n�e�c�e�j�6���P�a�t�p�K�n�e�c�e�j�*�P�K�L
�������������������������b�k�j�p�6���B�k�j�p�*�b�k�j�p�$���O�]�j�o���O�a�n�e�b���(���-�0�%
�������������������������_�k�j�p�a�j�p�6���^�e�j�`�����_�k�j�p�]�e�j�o�B�k�_�q�o�6���w�o�p�]�c�a�N�a�b�*�_�k�j�p�]�e�j�o�B�k�_�q�o�y��
���������������������y�(

Here•s a pop-quiz: can you set the �_�k�j�p�]�e�j�o�B�k�_�q�o�a�` variable in order to make your appli-
cation gain or lose focus? Hint: consult the JavaFX API docs to see whether the Can Write 
column of the �_�k�j�p�]�e�j�o�B�k�_�q�o�a�` variable is checked.

�NNote The answer to the �_�k�j�p�]�e�j�o�B�k�_�q�o question will be revealed when we cover the �n�a�m�q�a�o�p�B�k�_�q�o�$�% 
function of the �J�k�`�a class in the •Giving Keyboard Input Focus to a NodeŽ section.

Controlling the Z-Order of the Stage

In the event that you want your JavaFX application to appear on top of other windows or 
behind other windows onscreen, you can use the �p�k�B�n�k�j�p�$�% and �p�k�>�]�_�g�$�% functions, respec-
tively. The following snippet from Listing 3-1 shows how this is accomplished:

���������������������>�q�p�p�k�j���w
�������������������������p�a�t�p�6�����p�k�>�]�_�g�$�%��
�������������������������]�_�p�e�k�j�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
�����������������������������o�p�]�c�a�N�a�b�*�p�k�>�]�_�g�$�%�7
�������������������������y
���������������������y�(
���������������������>�q�p�p�k�j���w
�������������������������p�a�t�p�6�����p�k�B�n�k�j�p�$�%��
�������������������������]�_�p�e�k�j�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
�����������������������������o�p�]�c�a�N�a�b�*�p�k�B�n�k�j�p�$�%�7
�������������������������y
���������������������y�(

Closing the Stage and Detecting When It Is Closed

As shown in the following code snippet from Listing 3-1, you can programmatically close 
the �O�p�]�c�a with its �_�h�k�o�a�$�% function. This is important when the �o�p�]�c�a�O�p�u�h�a is undecorated or 
transparent, because the close button supplied by the windowing system is not present.

���������������������>�q�p�p�k�j���w
�������������������������p�a�t�p�6�����_�h�k�o�a�$�%��
�������������������������]�_�p�e�k�j�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
�����������������������������o�]�r�a�L�n�k�l�a�n�p�e�a�o�$�%�7
�����������������������������o�p�]�c�a�N�a�b�*�_�h�k�o�a�$�%�7
�������������������������y
���������������������y�(
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�NNote In the preceding snippet, before closing the �O�p�]�c�a, we save its screen position in the user•s local 
storage area. Looking at the �o�]�r�a�L�n�k�l�a�n�p�e�a�o�$�% function defined earlier in this program, you•ll see that we 
use the �O�p�k�n�]�c�a and �N�a�o�k�q�n�_�a classes in the �f�]�r�]�b�t�*�e�k package to save �L�n�k�l�a�n�p�e�a�o that contain the 
screen position. Conversely, the �h�k�]�`�L�n�k�l�a�n�p�e�a�o�$�% function uses the �O�p�k�n�]�c�a and �N�a�o�k�q�n�_�a classes to 
load the �L�n�k�l�a�n�p�e�a�o that contain the screen position.

By the way, you can detect when the �O�p�]�c�a has been closed by using the �k�j�?�h�k�o�a event 
handler as shown in the following code snippet from Listing 3-1:

�����k�j�?�h�k�o�a�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
���������l�n�e�j�p�h�j�$���O�p�]�c�a���e�o���_�h�k�o�e�j�c���%�7
�����y

Exiting the Application

A JavaFX application that has a �O�p�]�c�a will end when the last �O�p�]�c�a is closed. Normally there is 
just one �O�p�]�c�a in an application, but nothing prevents you from creating other �O�p�]�c�a instances. 
If you would like to end the application more abruptly, you can use the �B�T�*�a�t�e�p�$�% function as 
shown in the following snippet from Listing 3-1:

���������������������>�q�p�p�k�j���w
�������������������������p�a�t�p�6�����B�T�*�a�t�e�p�$�%��
�������������������������]�_�p�e�k�j�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
�����������������������������e�b���$�=�h�a�n�p�*�m�q�a�o�p�e�k�j�$���=�n�a���U�k�q���O�q�n�a�;���(
���������������������������������������������������������������������A�t�e�p���s�e�p�d�k�q�p���o�]�r�e�j�c���o�_�n�a�a�j���l�k�o�e�p�e�k�j�;���%�%���w
���������������������������������B�T�*�a�t�e�p�$�%�7
�����������������������������y
�������������������������y
���������������������y

As you noticed when using the StageCoach program earlier, the program ends immedi-
ately without calling the �k�j�?�h�k�o�a event handler that we previously discussed.

�NTip If you want to specify actions to be executed when �B�T�*�a�t�e�p�$�% is encountered, you can use the 
�]�`�`�O�d�q�p�`�k�s�j�=�_�p�e�k�j function of the �f�]�r�]�b�t�*�h�]�j�c�*�B�T class. Here•s an example:

�B�T�*�]�`�`�O�d�q�p�`�k�s�j�=�_�p�e�k�j�$�b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w�l�n�e�j�p�h�j�$���o�d�q�p�`�k�s�j���]�_�p�e�k�j���_�]�h�h�a�`���%�y�%�7

Displaying Alert Dialogs

As shown in the previous snippet, you can display an alert dialog that presents the user with 
some information and requires that the dialog be dismissed.
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Three types of alert dialogs are available: confirm, inform, and question. Each type of dia-
log may be displayed by calling the corresponding function of the �f�]�r�]�b�t�*�o�p�]�c�a�*�=�h�a�n�p class.

Handling a Pop-up Trigger Event

Recall that when you right-clicked the blue rectangular area in the StageCoach program, an 
alert dialog appeared that contained some system properties such as your operating system 
type. The following snippet from Listing 3-1 shows how to determine when a mouse event is 
a •pop-up triggerŽ gesture (e.g., right-click on a Windows system, Ctrl-click on a Mac). It also 
demonstrates how to obtain system properties.

�b�q�j�_�p�e�k�j���o�d�k�s�O�u�o�p�a�i�L�n�k�l�a�n�p�e�a�o�$�%�6�R�k�e�`���w
�����=�h�a�n�p�*�e�j�b�k�n�i�$���O�k�i�a���O�u�o�p�a�i���L�n�k�l�a�n�p�e�a�o���(
���������������������������������f�]�r�]�*�k�o�*�j�]�i�a�6���w�B�T�*�c�a�p�L�n�k�l�a�n�p�u�$���f�]�r�]�b�t�*�k�o�*�j�]�i�a���%�y�X�j��
���������������������������������f�]�r�]�b�t�*�k�o�*�]�n�_�d�6���w�B�T�*�c�a�p�L�n�k�l�a�n�p�u�$���f�]�r�]�b�t�*�k�o�*�]�n�_�d���%�y�X�j��
���������������������������������f�]�r�]�*�k�o�*�r�a�n�o�e�k�j�6���w�B�T�*�c�a�p�L�n�k�l�a�n�p�u�$���f�]�r�]�b�t�*�k�o�*�r�a�n�o�e�k�j���%�y���%�7
�y

�o�p�]�c�a�N�a�b���9���O�p�]�c�a���w
�����*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
�����o�_�a�j�a�6�O�_�a�j�a���w
���������b�e�h�h�6���?�k�h�k�n�*�P�N�=�J�O�L�=�N�A�J�P
���������_�k�j�p�a�j�p�6���W
�������������N�a�_�p�]�j�c�h�a���w
�����������������s�e�`�p�d�6���/�,�,
�����������������d�a�e�c�d�p�6���1�,�,
�����������������]�n�_�S�e�`�p�d�6���1�,
�����������������]�n�_�D�a�e�c�d�p�6���1�,
�����������������b�e�h�h�6���?�k�h�k�n�*�O�G�U�>�H�Q�A
�����������������k�j�I�k�q�o�a�@�n�]�c�c�a�`�6���b�q�j�_�p�e�k�j�$�i�a�6�I�k�q�o�a�A�r�a�j�p�%�6�R�k�e�`���w
���������������������o�p�]�c�a�N�a�b�*�t���'�9���i�a�*�`�n�]�c�T�7
���������������������o�p�]�c�a�N�a�b�*�u���'�9���i�a�*�`�n�]�c�U�7
�����������������y
�����������������k�j�I�k�q�o�a�L�n�a�o�o�a�`�6���b�q�j�_�p�e�k�j�$�i�a�6�I�k�q�o�a�A�r�a�j�p�%�6�R�k�e�`���w
���������������������e�b���$�i�a�*�l�k�l�q�l�P�n�e�c�c�a�n�%���o�d�k�s�O�u�o�p�a�i�L�n�k�l�a�n�p�e�a�o�$�%�7
�����������������y
�����������������k�j�I�k�q�o�a�N�a�h�a�]�o�a�`�6���b�q�j�_�p�e�k�j�$�i�a�6�I�k�q�o�a�A�r�a�j�p�%�6�R�k�e�`���w
���������������������e�b���$�i�a�*�l�k�l�q�l�P�n�e�c�c�a�n�%���o�d�k�s�O�u�o�p�a�i�L�n�k�l�a�n�p�e�a�o�$�%�7
�����������������y
�������������y�(
�������������*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
���������Y
�����y
�y

To make the alert dialog appear when the mouse is right-clicked, the �k�j�I�k�q�o�a�L�n�a�o�o�a�` and 
�k�j�I�k�q�o�a�N�a�h�a�]�o�a event handlers shown in this snippet check to see whether the mouse event 
was a •pop-up triggerŽ gesture. If it was, our �o�d�k�s�O�u�o�p�a�i�L�n�k�l�a�n�p�e�a�o�$�% function is invoked.
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�NNote In the interest of keeping this example as simple and clear as possible, we didn•t factor out the 
common code in the �k�j�I�k�q�o�a�L�n�a�o�o�a�` and �k�j�I�k�q�o�a�N�a�h�a�]�o�a�` handlers. Of course, a nonexample applica-
tion should always adhere to the DRY (don•t repeat yourself) practice.

Obtaining System Properties

Also shown in the previous snippet is �c�a�p�L�n�k�l�a�n�p�u�$�%, a function in the �B�T class that you can use 
to obtain some system properties. Here we•re using it to get the OS name, version number, and 
architecture. Several other properties are available by calling the �c�a�p�L�n�k�l�a�n�p�u�$�% function, such 
as the user•s home directory (�f�]�r�]�b�t�*�q�o�a�n�*�d�k�i�a) and the user•s time zone (�f�]�r�]�b�t�*�p�e�i�a�v�k�j�a). 
To see a list of these, take a look at the JavaFX API docs for that function in the FX class.

Making a Scene
Continuing on with our theater metaphor for creating JavaFX applications, we•re going to now 
discuss putting a �O�_�a�j�a on the �O�p�]�c�a. The �O�_�a�j�a, as you recall, is the place in which the actors 
and props  (nodes) will visually interact with each other and the audience (the users of your 
program).

Using the Scene Class: The OnTheScene Example
As with the �O�p�]�c�a class, we•re going to use a contrived example application whose purpose  
is to demonstrate and teach the details of the available capabilities in the �O�_�a�j�a class. See 
Figure 3-7 for a screenshot of the OnTheScene program.

Figure 3-7. The OnTheScene program when first invoked

Go ahead and run the OnTheScene program, putting it through its paces as instructed in 
the following exercise. We•ll follow up with a walkthrough of the code so that you can associate 
the behavior with the code behind it.
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EXAMINING THE BEHAVIOR OF THE ONTHESCENE PROGRAM

When the OnTheScene program starts, its appearance should be similar to the screenshot in Figure 3-7. To fully 
examine its behavior, perform the following steps. Note that the variable and function names on the UI correspond 
to the variables and functions in the �O�_�a�j�a, �O�p�]�c�a, and �?�q�n�o�k�n classes, as well as CSS (Cascading Style Sheets) 
file names.

 1. Drag the application around, noticing that although the �O�p�]�c�a x and y values are relative to the screen, the 
�O�_�a�j�a•s �t and �u values are relative to the upper-left corner of the exterior of the �O�p�]�c�a (including decora-
tions). Similarly, the width and height of the �O�_�a�j�a are the dimensions of the interior of the �O�p�]�c�a (which 
doesn•t include decorations). As noted earlier, it is best to set the �O�_�a�j�a width and height explicitly (or let it 
be set implicitly by assuming the size of the contained nodes), rather than setting the width and height of a 
decorated �O�p�]�c�a.

 2. Resize the program•s window and observe that the width and height values change to reflect the width 
and height of the �O�_�a�j�a. Also notice that the position of much of the content in the scene changes as you 
change the height of the window.

 3. Click the lookup() hyperlink and notice that the string •Scene height: XXX.XŽ prints in the console, where 
XXX.X is the �O�_�a�j�a•s height.

 4. Hover the mouse over the combo box and notice that its text becomes blue. Click the combo box and choose 
a cursor style in the list, noticing that the cursor changes to that style. Be careful with choosing NONE, as the 
cursor may disappear, and you•ll need to use the keyboard (or psychic powers while moving the mouse) to 
make it visible.

 5. Drag the slider on the left, noticing that the fill color of the �O�_�a�j�a changes and that the string at the top of 
the �O�_�a�j�a reflects the red-green-blue (RGB) and opacity values of the current fill color.

 6. Notice the appearance and content of the text on the �O�_�a�j�a. Then click the changeOfScene.css button, 
noticing that the color and font and content characteristics for some of the text on the �O�_�a�j�a changes as 
shown in the screenshot in Figure 3-8.

Figure 3-8. The OnTheScene program with the changeOfScene CSS style sheet applied

 7. Click the onTheScene.css button, noticing that the color and font characteristics return to their previous state.

Now that you•ve explored this example program that demonstrates features of the �O�_�a�j�a, let•s walk through  
the code!
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Understanding the OnTheScene Program
Take a look at the code for the OnTheScene program in Listing 3-2, and after that we•ll point 
out new and relevant concepts.

Listing 3-2. OnTheSceneMain.fx

�l�]�_�g�]�c�a���l�n�k�f�]�r�]�b�t�*�k�j�p�d�a�o�_�a�j�a�*�q�e�7

�e�i�l�k�n�p���f�]�r�]�b�t�*�a�t�p�*�o�s�e�j�c�*�O�s�e�j�c�?�k�i�^�k�>�k�t�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�a�t�p�*�o�s�e�j�c�*�O�s�e�j�c�?�k�i�^�k�>�k�t�E�p�a�i�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�c�a�k�i�a�p�n�u�*�D�L�k�o�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�_�k�j�p�n�k�h�*�D�u�l�a�n�h�e�j�g�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�_�k�j�p�n�k�h�*�O�h�e�`�a�n�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�_�k�j�p�n�k�h�*�N�]�`�e�k�>�q�p�p�k�j�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�_�k�j�p�n�k�h�*�P�k�c�c�h�a�C�n�k�q�l�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�?�q�n�o�k�n�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�O�_�a�j�a�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�h�]�u�k�q�p�*�B�h�k�s�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�h�]�u�k�q�p�*�D�>�k�t�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�l�]�e�j�p�*�?�k�h�k�n�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�p�a�t�p�*�&�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�p�]�c�a�*�O�p�]�c�a�7

�r�]�n���o�_�a�j�a�N�a�b�6���O�_�a�j�a�7
�r�]�n���_�q�n�o�k�n�J�]�i�a�o���9���W
�������@�A�B�=�Q�H�P���(
�������?�N�K�O�O�D�=�E�N���(
�������S�=�E�P���(
�������P�A�T�P���(
�������D�=�J�@���(
�������I�K�R�A���(
�������J�[�N�A�O�E�V�A���(
�������J�A�[�N�A�O�E�V�A���(
�������A�[�N�A�O�E�V�A���(
�������O�A�[�N�A�O�E�V�A���(
�������O�[�N�A�O�E�V�A���(
�������O�S�[�N�A�O�E�V�A���(
�������S�[�N�A�O�E�V�A���(
�������J�S�[�N�A�O�E�V�A���(
�������J�K�J�A��
�Y�7

�r�]�n���_�q�n�o�k�n�o���9���W
�����?�q�n�o�k�n�*�@�A�B�=�Q�H�P�(
�����?�q�n�o�k�n�*�?�N�K�O�O�D�=�E�N�(
�����?�q�n�o�k�n�*�S�=�E�P�(
�����?�q�n�o�k�n�*�P�A�T�P�(



CHAPTER 3 �N��  CREATING A USER INTERFACE IN JAVAFX121

�����?�q�n�o�k�n�*�D�=�J�@�(
�����?�q�n�o�k�n�*�I�K�R�A�(
�����?�q�n�o�k�n�*�J�[�N�A�O�E�V�A�(
�����?�q�n�o�k�n�*�J�A�[�N�A�O�E�V�A�(
�����?�q�n�o�k�n�*�A�[�N�A�O�E�V�A�(
�����?�q�n�o�k�n�*�O�A�[�N�A�O�E�V�A�(
�����?�q�n�o�k�n�*�O�[�N�A�O�E�V�A�(
�����?�q�n�o�k�n�*�O�S�[�N�A�O�E�V�A�(
�����?�q�n�o�k�n�*�S�[�N�A�O�E�V�A�(
�����?�q�n�o�k�n�*�J�S�[�N�A�O�E�V�A�(
�����?�q�n�o�k�n�*�J�K�J�A
�Y�7

�r�]�n���o�a�h�a�_�p�a�`�?�q�n�o�k�n�E�j�`�a�t�6���E�j�p�a�c�a�n�7
�r�]�n���b�e�h�h�R�]�h�o�6�J�q�i�^�a�n���9���.�1�1�7

�r�]�n���k�j�P�d�a�O�_�a�j�a�O�a�h�a�_�p�a�`�6�>�k�k�h�a�]�j���9���p�n�q�a���k�j���n�a�l�h�]�_�a���w
�����e�b���$�k�j�P�d�a�O�_�a�j�a�O�a�h�a�_�p�a�`�%���w
���������o�_�a�j�a�N�a�b�*�o�p�u�h�a�o�d�a�a�p�o���9�����w�[�[�@�E�N�[�[�y�k�j�P�d�a�O�_�a�j�a�*�_�o�o���7
�����y
�y�7

�r�]�n���_�d�]�j�c�a�K�b�O�_�a�j�a�O�a�h�a�_�p�a�`�6�>�k�k�h�a�]�j���k�j���n�a�l�h�]�_�a���w
�����e�b���$�_�d�]�j�c�a�K�b�O�_�a�j�a�O�a�h�a�_�p�a�`�%���w
���������o�_�a�j�a�N�a�b�*�o�p�u�h�a�o�d�a�a�p�o���9�����w�[�[�@�E�N�[�[�y�_�d�]�j�c�a�K�b�O�_�a�j�a�*�_�o�o���7
�����y
�y�7

�O�p�]�c�a���w
�����p�e�p�h�a�6�����K�j���p�d�a���O�_�a�j�a��
�����o�_�a�j�a�6���o�_�a�j�a�N�a�b���9���O�_�a�j�a���w
���������s�e�`�p�d�6���2�,�,
���������d�a�e�c�d�p�6���.�0�,
���������_�q�n�o�k�n�6���^�e�j�`���_�q�n�o�k�n�o�W�o�a�h�a�_�p�a�`�?�q�n�o�k�n�E�j�`�a�t�Y
���������b�e�h�h�6���^�e�j�`���?�k�h�k�n�*�n�c�^�$�b�e�h�h�R�]�h�o�(���b�e�h�h�R�]�h�o�(���b�e�h�h�R�]�h�o�%
���������_�k�j�p�a�j�p�6���W
�������������B�h�k�s���w
�����������������r�]�n���p�k�c�c�h�a�C�n�l�6�P�k�c�c�h�a�C�n�k�q�l���9���P�k�c�c�h�a�C�n�k�q�l���w�y
�����������������h�]�u�k�q�p�T�6���.�,
�����������������h�]�u�k�q�p�U�6���0�,
�����������������s�e�`�p�d�6���^�e�j�`���o�_�a�j�a�N�a�b�*�s�e�`�p�d���)���.�,
�����������������d�a�e�c�d�p�6���^�e�j�`���o�_�a�j�a�N�a�b�*�d�a�e�c�d�p���)���0�,
�����������������r�a�n�p�e�_�]�h�6���p�n�q�a
�����������������r�c�]�l�6���-�,
�����������������d�c�]�l�6���.�,
�����������������j�k�`�a�D�L�k�o�6���D�L�k�o�*�H�A�B�P
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�����������������_�k�j�p�a�j�p�6���W
���������������������D�>�k�t���w
�������������������������o�l�]�_�e�j�c�6���-�,
�������������������������_�k�j�p�a�j�p�6���W
�����������������������������O�h�e�`�a�n���w
���������������������������������i�e�j�6���,
���������������������������������i�]�t�6���.�1�1
���������������������������������r�a�n�p�e�_�]�h�6���p�n�q�a
���������������������������������r�]�h�q�a�6���^�e�j�`���b�e�h�h�R�]�h�o���s�e�p�d���e�j�r�a�n�o�a
�����������������������������y�(
�����������������������������O�s�e�j�c�?�k�i�^�k�>�k�t���w
���������������������������������e�p�a�i�o�6���^�e�j�`���b�k�n���$�_�q�n�o�k�n�J�]�i�a���e�j���_�q�n�o�k�n�J�]�i�a�o�%���w
�������������������������������������O�s�e�j�c�?�k�i�^�k�>�k�t�E�p�a�i���w
�����������������������������������������p�a�t�p�6���_�q�n�o�k�n�J�]�i�a
�������������������������������������y
���������������������������������y
���������������������������������o�a�h�a�_�p�a�`�E�j�`�a�t�6���^�e�j�`���o�a�h�a�_�p�a�`�?�q�n�o�k�n�E�j�`�a�t���s�e�p�d���e�j�r�a�n�o�a
���������������������������������e�`�6�����_�k�i�^�k��
�����������������������������y
�������������������������Y
���������������������y�(
���������������������P�a�t�p���w
�������������������������b�k�j�p�6���B�k�j�p�*�b�k�j�p�$���O�]�j�o���O�a�n�e�b���(���-�0�%
�������������������������_�k�j�p�a�j�p�6���^�e�j�`�����O�_�a�j�a���t�6���w�o�_�a�j�a�N�a�b�*�t�y��
���������������������y�(
���������������������P�a�t�p���w
�������������������������b�k�j�p�6���B�k�j�p�*�b�k�j�p�$���O�]�j�o���O�a�n�e�b���(���-�0�%
�������������������������_�k�j�p�a�j�p�6���^�e�j�`�����O�_�a�j�a���u�6���w�o�_�a�j�a�N�a�b�*�u�y��
���������������������y�(
���������������������P�a�t�p���w
�������������������������b�k�j�p�6���B�k�j�p�*�b�k�j�p�$���O�]�j�o���O�a�n�e�b���(���-�0�%
�������������������������_�k�j�p�a�j�p�6���^�e�j�`�����O�_�a�j�a���s�e�`�p�d�6���w�o�_�a�j�a�N�a�b�*�s�e�`�p�d�y��
���������������������y�(
���������������������P�a�t�p���w
�������������������������b�k�j�p�6���B�k�j�p�*�b�k�j�p�$���O�]�j�o���O�a�n�e�b���(���-�0�%
�������������������������_�k�j�p�a�j�p�6���^�e�j�`�����O�_�a�j�a���d�a�e�c�d�p�6���w�o�_�a�j�a�N�a�b�*�d�a�e�c�d�p�y��
�������������������������e�`�6�����o�_�a�j�a�D�a�e�c�d�p�P�a�t�p��
���������������������y�(
���������������������D�u�l�a�n�h�e�j�g���w
�������������������������p�a�t�p�6�����h�k�k�g�q�l�$�%��
�������������������������e�`�6�����h�k�k�g�q�l��
�������������������������]�_�p�e�k�j�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
�����������������������������r�]�n���p�a�t�p�N�a�b���9���o�_�a�j�a�N�a�b�*�h�k�k�g�q�l�$���o�_�a�j�a�D�a�e�c�d�p�P�a�t�p���%���]�o���P�a�t�p�7
�����������������������������l�n�e�j�p�h�j�$�p�a�t�p�N�a�b�*�_�k�j�p�a�j�p�%�7
�������������������������y
���������������������y�(
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���������������������N�]�`�e�k�>�q�p�p�k�j���w
�������������������������p�a�t�p�6�����k�j�P�d�a�O�_�a�j�a�*�_�o�o��
�������������������������p�k�c�c�h�a�C�n�k�q�l�6���p�k�c�c�h�a�C�n�l
�������������������������o�a�h�a�_�p�a�`�6���^�e�j�`���k�j�P�d�a�O�_�a�j�a�O�a�h�a�_�p�a�`���s�e�p�d���e�j�r�a�n�o�a
�������������������������e�`�6�����n�]�`�e�k�-��
�������������������������o�p�u�h�a�?�h�]�o�o�6�����n�]�`�e�k�o��
���������������������y�(
���������������������N�]�`�e�k�>�q�p�p�k�j���w
�������������������������p�a�t�p�6�����_�d�]�j�c�a�K�b�O�_�a�j�a�*�_�o�o��
�������������������������p�k�c�c�h�a�C�n�k�q�l�6���p�k�c�c�h�a�C�n�l
�������������������������o�a�h�a�_�p�a�`�6���^�e�j�`���_�d�]�j�c�a�K�b�O�_�a�j�a�O�a�h�a�_�p�a�`���s�e�p�d���e�j�r�a�n�o�a
�������������������������e�`�6�����n�]�`�e�k�.��
�������������������������o�p�u�h�a�?�h�]�o�o�6�����n�]�`�e�k�o��
���������������������y�(
���������������������P�a�t�p���w
�������������������������e�`�6�����o�p�]�c�a�T��
�������������������������b�k�j�p�6���B�k�j�p�*�b�k�j�p�$���O�]�j�o���O�a�n�e�b���(���-�0�%
�������������������������_�k�j�p�a�j�p�6���^�e�j�`�����O�p�]�c�a���t�6���w�o�_�a�j�a�N�a�b�*�o�p�]�c�a�*�t�y��
���������������������y�(
���������������������P�a�t�p���w
�������������������������e�`�6�����o�p�]�c�a�U��
�������������������������b�k�j�p�6���B�k�j�p�*�b�k�j�p�$���O�]�j�o���O�a�n�e�b���(���-�0�%
�������������������������_�k�j�p�a�j�p�6���^�e�j�`�����O�p�]�c�a���u�6���w�o�_�a�j�a�N�a�b�*�o�p�]�c�a�*�u�y��
���������������������y�(
���������������������P�a�t�p���w
�������������������������b�k�j�p�6���B�k�j�p�*�b�k�j�p�$���O�]�j�o���O�a�n�e�b���(���-�0�%
�������������������������_�k�j�p�a�j�p�6���^�e�j�`�����O�p�]�c�a���s�e�`�p�d�6���w�o�_�a�j�a�N�a�b�*�o�p�]�c�a�*�s�e�`�p�d�y��
���������������������y�(
���������������������P�a�t�p���w
�������������������������b�k�j�p�6���B�k�j�p�*�b�k�j�p�$���O�]�j�o���O�a�n�e�b���(���-�0�%
�������������������������_�k�j�p�a�j�p�6���^�e�j�`�����O�p�]�c�a���d�a�e�c�d�p�6���w�o�_�a�j�a�N�a�b�*�o�p�]�c�a�*�d�a�e�c�d�p�y��
���������������������y
�����������������Y
�������������y
���������Y
���������o�p�u�h�a�o�d�a�a�p�o�6�����w�[�[�@�E�N�[�[�y�k�j�P�d�a�O�_�a�j�a�*�_�o�o���7
�����y
�y

�+�+���@�a�i�k�j�o�p�n�]�p�a���]�`�`�e�j�c���]�j���a�h�a�i�a�j�p���p�k���p�d�a���_�k�j�p�a�j�p���o�a�m�q�a�j�_�a���k�b���p�d�a���O�_�a�j�a
�`�a�b���p�a�t�p�N�a�b���9���P�a�t�p���w
�����h�]�u�k�q�p�T�6���.�,
�����h�]�u�k�q�p�U�6���-�,
�����p�a�t�p�K�n�e�c�e�j�6���P�a�t�p�K�n�e�c�e�j�*�P�K�L
�����b�e�h�h�6���?�k�h�k�n�*�>�H�Q�A
�����b�k�j�p�6���B�k�j�p�*�b�k�j�p�$���O�]�j�o���O�a�n�e�b���(���B�k�j�p�S�a�e�c�d�p�*�>�K�H�@�(���-�0�%
�����_�k�j�p�a�j�p�6���^�e�j�`�����o�_�a�j�a�N�a�b�*�b�e�h�h�6���w�o�_�a�j�a�N�a�b�*�b�e�h�h�y��
�y�7
�e�j�o�a�n�p���p�a�t�p�N�a�b���e�j�p�k���o�_�a�j�a�N�a�b�*�_�k�j�p�a�j�p�7
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Setting the Cursor for the Scene

The cursor can be set for a given node and/or for the entire scene. To do the latter, set the cur-
sor variable of the �O�_�a�j�a instance to one of the constant values in the �?�q�n�o�k�n class, as shown in 
the following snippet from Listing 3-2:

���������_�q�n�o�k�n�6���^�e�j�`���_�q�n�o�k�n�o�W�o�a�h�a�_�p�a�`�?�q�n�o�k�n�E�j�`�a�t�Y

These cursor values can be seen by looking at the �f�]�r�]�b�t�*�o�_�a�j�a�*�?�q�n�o�k�n class in the JavaFX 
API docs; we•ve created a sequence of these constants in Listing 3-2. We•ve also created a cor-
responding sequence of strings that appear as items in the combo box.

Painting the Scene•s Background

The �O�_�a�j�a class has a �b�e�h�h variable whose type is �f�]�r�]�b�t�*�o�_�a�j�a�*�l�]�e�j�p�*�L�]�e�j�p. Looking at the 
JavaFX API will reveal that the known subclasses of �L�]�e�j�p are �?�k�h�k�n, �H�e�j�a�]�n�C�n�]�`�e�a�j�p, and 
�N�]�`�e�]�h�C�n�]�`�e�a�j�p. Therefore, a �O�_�a�j�a•s background may be filled with solid colors and gradi-
ents. If you don•t set the �b�e�h�h variable of the �O�_�a�j�a, the default color (white) will be used.

�NTip One of the �?�k�h�k�n constants is �?�k�h�k�n�*�P�N�=�J�O�L�=�N�A�J�P, so you may make the �O�_�a�j�a•s background com-
pletely transparent if desired. In fact, the reason that the �O�_�a�j�a behind the rounded-cornered rectangle in the 
StageCoach screenshot in Figure 3-6 isn•t white is that its �b�e�h�h variable is set to �?�k�h�k�n�*�P�N�=�J�O�L�=�N�A�J�P (see 
Listing 3-1 again).

To set the �b�e�h�h variable in the OnTheScene example, instead of using one of the constants 
in the �?�k�h�k�n class (such as �?�k�h�k�n�*�>�H�Q�A), we•re using an RGB formula to create the color. Take 
a look at the �f�]�r�]�b�t�*�o�_�a�j�a�*�l�]�e�j�p�*�?�k�h�k�n class in the JavaFX API docs and scroll down past the 
variables such as �=�H�E�?�A�>�H�Q�A and �S�D�E�P�A�O�I�K�G�A to see the functions. We•re using the �_�k�h�k�n func-
tion of the �?�k�h�k�n class, binding the �b�e�h�h variable to it, as shown in the following snippet from 
Listing 3-2:

���������b�e�h�h�6���^�e�j�`���?�k�h�k�n�*�n�c�^�$�b�e�h�h�R�]�h�o�(���b�e�h�h�R�]�h�o�(���b�e�h�h�R�]�h�o�%

As you move the �O�h�e�`�a�n, which is bidirectionally bound to the �b�e�h�h�R�]�h�o variable, each of 
the arguments to the �?�k�h�k�n�*�n�c�^�$�% function are set to a value from �, to �.�1�1, as indicated in the 
following code snippet from Listing 3-2:

�����������������O�h�e�`�a�n���w
���������������������i�e�j�6���,
���������������������i�]�t�6���.�1�1
���������������������r�a�n�p�e�_�]�h�6���p�n�q�a
���������������������r�]�h�q�a�6���^�e�j�`���b�e�h�h�R�]�h�o���s�e�p�d���e�j�r�a�n�o�a
�����������������y�(
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�NNote Most of the binding discussed in the book so far has been to variables. Here we•re binding the �b�e�h�h 
variable to a function. Chapter 4 explains the concept of bound functions in a good bit of detail.

Populating the Scene with Nodes

As covered in Chapter 1, the way to populate a �O�_�a�j�a with nodes is to instantiate them in the 
�_�k�j�p�a�j�p sequence, typically using the object literal syntax that you•ve become familiar with. 
We•ve also discussed that some nodes (such as �C�n�k�q�l and �R�>�k�t) can contain other nodes. These 
capabilities enable you to construct complex scene graphs containing nodes. In the current 
example, the content sequence contains a �B�h�k�s layout container, which causes its contents to 
flow either vertically or horizontally, wrapping as necessary. The �B�h�k�s container in our exam-
ple contains an �D�>�k�t (which contains a �O�h�e�`�a�n and a �O�s�e�j�c�?�k�i�^�k�>�k�t) and several other nodes 
(instances of �P�a�t�p, �D�u�l�a�n�h�e�j�g, and �N�]�`�e�k�>�q�p�p�k�j classes).

Finding a Scene Node by ID

Each node in a �O�_�a�j�a can be assigned an ID in the �e� ̀variable of the node. For example, in the 
following snippet from Listing 3-2, the �e� ̀variable of a �P�a�t�p node is assigned the �O�p�n�e�j�c •scene-
HeightTextŽ. When the �]�_�p�e�k�j event handler in the �D�u�l�a�n�h�e�j�g control is called, the �h�k�k�g�q�l�$�% 
function of the �O�_�a�j�a instance is used to obtain a reference to the node whose �e� ̀is •scene-
HeightTextŽ. The event handler then prints the �_�k�j�p�a�j�p of the �P�a�t�p node to the console.

�NNote The �D�u�l�a�n�h�e�j�g control is essentially a button that has the appearance of hyperlink text. It has an 
�]�_�p�e�k�j event handler in which you could place code that opens a browser page, or any other desired func-
tionality.

���������������������P�a�t�p���w
�������������������������b�k�j�p�6���B�k�j�p�*�b�k�j�p�$���O�]�j�o���O�a�n�e�b���(���-�0�%
�������������������������_�k�j�p�a�j�p�6���^�e�j�`�����O�_�a�j�a���d�a�e�c�d�p�6���w�o�_�a�j�a�N�a�b�*�d�a�e�c�d�p�y��
�������������������������e�`�6�����o�_�a�j�a�D�a�e�c�d�p�P�a�t�p��
���������������������y�(
���������������������D�u�l�a�n�h�e�j�g���w
�������������������������p�a�t�p�6�����h�k�k�g�q�l�$�%��
�������������������������e�`�6�����h�k�k�g�q�l��
�������������������������]�_�p�e�k�j�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
�����������������������������r�]�n���p�a�t�p�N�a�b���9���o�_�a�j�a�N�a�b�*�h�k�k�g�q�l�$���o�_�a�j�a�D�a�e�c�d�p�P�a�t�p���%���]�o���P�a�t�p�7
�����������������������������l�n�e�j�p�h�j�$�p�a�t�p�N�a�b�*�_�k�j�p�a�j�p�%�7
�������������������������y
���������������������y�(



CHAPTER 3 �N��  CREATING A USER INTERFACE IN JAVAFX126

A close examination of the �]�_�p�e�k�j event handler reveals a construct that we haven•t cov-
ered yet: casting in JavaFX. It is used here because the �h�k�k�g�q�l�$�% function returns a �J�k�`�a, but 
the actual type of object returned in this snippet is a �P�a�t�p object. Because we need to access an 
instance variable of the �P�a�t�p class (�_�k�j�p�a�j�p) that isn•t in the �J�k�`�a class, it is necessary to coerce 
the compiler into trusting that at runtime the object will be an instance of the �P�a�t�p class. To 
do this, we use the syntax �]�o���P�a�t�p. Concepts related to subclassing and casting are covered in 
Chapter 4.

Accessing the Stage from the Scene

To obtain a reference to the �O�p�]�c�a instance from the �O�_�a�j�a, we use an instance variable in the 
�O�_�a�j�a class named �o�p�]�c�a. This variable appears in the following snippet from Listing 3-2 to get 
the �t and �u coordinates of the �O�p�]�c�a on the screen:

�r�]�n���o�_�a�j�a�N�a�b�6�O�_�a�j�a�7
�����*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
�����o�_�a�j�a�6���o�_�a�j�a�N�a�b���9���O�_�a�j�a���w
�������������������������*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
�������������������������P�a�t�p���w
�����������������������������e�`�6�����o�p�]�c�a�T��
�����������������������������b�k�j�p�6���B�k�j�p�*�b�k�j�p�$���O�]�j�o���O�a�n�e�b���(���-�0�%
�����������������������������_�k�j�p�a�j�p�6���^�e�j�`�����O�p�]�c�a���t�6���w�o�_�a�j�a�N�a�b�*�o�p�]�c�a�*�t�y��
�������������������������y�(
�������������������������P�a�t�p���w
�����������������������������e�`�6�����o�p�]�c�a�U��
�����������������������������b�k�j�p�6���B�k�j�p�*�b�k�j�p�$���O�]�j�o���O�a�n�e�b���(���-�0�%
�����������������������������_�k�j�p�a�j�p�6���^�e�j�`�����O�p�]�c�a���u�6���w�o�_�a�j�a�N�a�b�*�o�p�]�c�a�*�u�y��
�������������������������y�(

Inserting a Node into the Scene•s Content Sequence

Sometimes it is useful to dynamically add a node to the �_�k�j�p�a�j�p sequence of the �O�_�a�j�a 
instance. For example, in the drawing exercise that we•ll challenge you to do in Chapter 5, the 
user can choose shapes from a toolbox and make them appear dynamically on the �O�_�a�j�a. Like-
wise, the user can delete shapes that have been drawn on the �O�_�a�j�a. To accomplish this, the 
example solution uses the technique demonstrated in the following snippet from Listing 3-2:

�`�a�b���p�a�t�p�N�a�b���9���P�a�t�p���w
�����h�]�u�k�q�p�T�6���.�,
�����h�]�u�k�q�p�U�6���-�,
�����p�a�t�p�K�n�e�c�e�j�6���P�a�t�p�K�n�e�c�e�j�*�P�K�L
�����b�e�h�h�6���?�k�h�k�n�*�>�H�Q�A
�����b�k�j�p�6���B�k�j�p�*�b�k�j�p�$���O�]�j�o���O�a�n�e�b���(���B�k�j�p�S�a�e�c�d�p�*�>�K�H�@�(���-�0�%
�����_�k�j�p�a�j�p�6���^�e�j�`�����o�_�a�j�a�N�a�b�*�b�e�h�h�6���w�o�_�a�j�a�N�a�b�*�b�e�h�h�y��
�y�7
�e�j�o�a�n�p���p�a�t�p�N�a�b���e�j�p�k���o�_�a�j�a�N�a�b�*�_�k�j�p�a�j�p�7
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This technique uses the �e�j�o�a�n�p���e�j�p�k syntax that you learned in Chapter 2 to add a �P�a�t�p node 
to the �O�_�a�j�a. This particular �P�a�t�p node is the one at the top of the �O�_�a�j�a shown in Figures 3-7 and 
3-8, in which the value of the �O�_�a�j�a•s �b�e�h�h variable is displayed. Any of the sequence manipula-
tion constructs may be used to directly affect what nodes are displayed on the �O�_�a�j�a.

CSS Styling the Nodes in a Scene

A very powerful aspect of JavaFX is the ability to use CSS to dynamically style the nodes 
in a �O�_�a�j�a. You used this capability in step 6 of the previous exercise when you clicked the 
changeOfScene.css button to change the appearance of the UI from what you saw in Figure 3-7 
to what was shown in Figure 3-8. Also, in step 7 of the exercise, the appearance of the UI 
changed back to what was shown in Figure 3-7 when you clicked the onTheScene.css radio 
button. The relevant code snippet from Listing 3-2 is shown here:

�r�]�n���k�j�P�d�a�O�_�a�j�a�O�a�h�a�_�p�a�`�6�>�k�k�h�a�]�j���9���p�n�q�a���k�j���n�a�l�h�]�_�a���w
�����e�b���$�k�j�P�d�a�O�_�a�j�a�O�a�h�a�_�p�a�`�%���w
���������o�_�a�j�a�N�a�b�*�o�p�u�h�a�o�d�a�a�p�o���9�����w�[�[�@�E�N�[�[�y�k�j�P�d�a�O�_�a�j�a�*�_�o�o���7
�����y
�y�7

�r�]�n���_�d�]�j�c�a�K�b�O�_�a�j�a�O�a�h�a�_�p�a�`�6�>�k�k�h�a�]�j���k�j���n�a�l�h�]�_�a���w
�����e�b���$�_�d�]�j�c�a�K�b�O�_�a�j�a�O�a�h�a�_�p�a�`�%���w
���������o�_�a�j�a�N�a�b�*�o�p�u�h�a�o�d�a�a�p�o���9�����w�[�[�@�E�N�[�[�y�_�d�]�j�c�a�K�b�O�_�a�j�a�*�_�o�o���7
�����y
�y�7
�O�p�]�c�a���w
�����p�e�p�h�a�6�����K�j���p�d�a���O�_�a�j�a��
�����o�_�a�j�a�6���o�_�a�j�a�N�a�b���9���O�_�a�j�a���w
���������������������*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
���������������������N�]�`�e�k�>�q�p�p�k�j���w
�������������������������p�a�t�p�6�����k�j�P�d�a�O�_�a�j�a�*�_�o�o��
�������������������������p�k�c�c�h�a�C�n�k�q�l�6���p�k�c�c�h�a�C�n�l
�������������������������o�a�h�a�_�p�a�`�6���^�e�j�`���k�j�P�d�a�O�_�a�j�a�O�a�h�a�_�p�a�`���s�e�p�d���e�j�r�a�n�o�a
�������������������������e�`�6�����n�]�`�e�k�-��
�������������������������o�p�u�h�a�?�h�]�o�o�6�����n�]�`�e�k�o��
���������������������y�(
���������������������N�]�`�e�k�>�q�p�p�k�j���w
�������������������������p�a�t�p�6�����_�d�]�j�c�a�K�b�O�_�a�j�a�*�_�o�o��
�������������������������p�k�c�c�h�a�C�n�k�q�l�6���p�k�c�c�h�a�C�n�l
�������������������������o�a�h�a�_�p�a�`�6���^�e�j�`���_�d�]�j�c�a�K�b�O�_�a�j�a�O�a�h�a�_�p�a�`���s�e�p�d���e�j�r�a�n�o�a
�������������������������e�`�6�����n�]�`�e�k�.��
�������������������������o�p�u�h�a�?�h�]�o�o�6�����n�]�`�e�k�o��
���������������������y�(
���������������������*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
���������o�p�u�h�a�o�d�a�a�p�o�6�����w�[�[�@�E�N�[�[�y�k�j�P�d�a�O�_�a�j�a�*�_�o�o��
�����y
�y
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In this snippet, the �o�p�u�h�a�o�d�a�a�p�o variable of the �O�_�a�j�a is initialized to the location of the 
�k�j�P�d�a�O�_�a�j�a�*�_�o�o file. �[�[�@�E�N�[�[ is a predefined variable definition, known as a pseudo-variable , 
that is a string representation of the same directory as the class file that references it. Because 
this script is in the �l�n�k�f�]�r�]�b�t�*�k�j�p�d�a�o�_�a�j�a�*�q�e package, when compiled, the CLASS files will 
be located in a directory named �l�n�k�f�]�r�]�b�t�+�k�j�p�d�a�o�_�a�j�a�+�q�e, which is where it will look for the 
�_�d�]�j�c�a�K�b�O�_�a�j�a�*�_�o�o file. We enclose �[�[�@�E�N�[�[ in curly braces so that this pseudo-variable is 
evaluated and placed in front of •changeOfScene.cssŽ in the resultant string. The value of the 
�[�[�@�E�N�[�[ pseudo-variable includes a trailing slash, which is why we don•t have to include one in 
the string.

Also shown in the snippet is the assignment of the CSS files to the �o�p�u�h�a�o�d�a�a�p�o instance 
variable as the appropriate buttons are clicked. Take a look at Listing 3-3 to see the style sheet 
that corresponds to the screenshot in Figure 3-7. The CSS selectors in this style sheet represent 
the nodes whose �e� ̀variable value is either •lookupŽ, stageXŽ, •stageYŽ, •radio1Ž, •radio2Ž, or 
•comboŽ. There is also a selector in this style sheet that represents nodes whose �o�p�u�h�a�?�h�]�o�o 
variable is •radiosŽ. The properties in this style sheet correspond to instance variables of their 
respective nodes (such as �b�e�h�h) or, in the case of UI control styles, the instance variables of 
their skins (such as �^�]�o�a or �`�k�p�B�e�h�h). You can also use some standard CSS properties such 
as �b�k�j�p, �b�k�j�p�)�o�p�u�h�a, �b�k�j�p�)�s�a�e�c�d�p, and �b�k�j�p�)�o�e�v�a. The values in this style sheet (such as �n�a�`, 
�e�p�]�h�e�_, and �-�2�l�p) are expressed as standard CSS values.

Listing 3-3. onTheScene.css

���h�k�k�g�q�l���w
�����p�a�t�p�6�����h�k�k�g�q�l�$�%���7
�y

���o�p�]�c�a�T�(�����o�p�]�c�a�U���w
�����b�k�j�p�)�o�p�u�h�a�6���e�p�]�h�e�_�7
�����b�k�j�p�)�s�a�e�c�d�p�6���^�k�h�`�7
�����b�e�h�h�6���n�a�`�7
�y

�*�n�]�`�e�k�o���w
�����b�k�j�p�)�o�e�v�a�6���-�2�l�p�7
�y

���n�]�`�e�k�-���w
�����^�]�o�a�6���^�h�q�a�7
�����p�a�t�p�B�e�h�h�6���`�]�n�g�^�h�q�a�7
�����o�e�v�a�6���-�0�7
�y

���n�]�`�e�k�.���w
�����^�]�o�a�6���^�h�q�a�7
�����p�a�t�p�B�e�h�h�6���`�]�n�g�^�h�q�a�7
�����`�k�p�B�e�h�h�6���h�e�c�d�p�^�h�q�a�7
�����o�e�v�a�6���-�0�7
�y
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���_�k�i�^�k�6�d�k�r�a�n���w
�����b�k�n�a�c�n�k�q�j�`�6���^�h�q�a
�y

Listing 3-4 is the style sheet that corresponds to the screenshot in Figure 3-8. For more 
information on CSS style sheets, see the Resources section at the end of this chapter.

Listing 3-4. changeOfScene.css

���h�k�k�g�q�l���w
�����p�a�t�p�6�����H�k�k�g���Q�l���7
�y

���o�p�]�c�a�T�(�����o�p�]�c�a�U���w
�����b�k�j�p�)�s�a�e�c�d�p�6���^�k�h�`�7
�����b�e�h�h�6���^�h�q�a�7
�y

�*�n�]�`�e�k�o���w
�����b�k�j�p�)�o�e�v�a�6���-�2�l�p�7
�y

���n�]�`�e�k�-���w
�����^�]�o�a�6���k�n�]�j�c�a�7
�����p�a�t�p�B�e�h�h�6���`�]�n�g�k�n�]�j�c�a�7
�����o�e�v�a�6���-�0�7
�y

���n�]�`�e�k�.���w
�����^�]�o�a�6���k�n�]�j�c�a�7
�����p�a�t�p�B�e�h�h�6���`�]�n�g�k�n�]�j�c�a�7
�����`�k�p�B�e�h�h�6���h�e�c�d�p�_�u�]�j�7
�����o�e�v�a�6���-�0�7
�y

Understanding the JavaFX Node Class Hierarchy

JavaFX has a rich, ever-increasing set of UI nodes, each of which extend the �J�k�`�a class. 
Figure 3-9 shows a high-level view of this hierarchy. We•ve included package names in this 
diagram for ease of locating them in the JavaFX API documentation.
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Figure 3-9. JavaFX API node class hierarchy with some intermediary classes removed

You•ve seen many of these node types in use so far in this book. Some notable exceptions 
are as follows:

� Ê � U� Ê�I�a�`�e�]�R�e�a�s, which displays media and is covered in Chapter 6

� Ê � U� Ê�?�q�o�p�k�i�J�k�`�a and �?�k�j�p�n�k�h, which enable the creation of custom UI elements and are  
covered in Chapter 5

�NNote Many of the object-oriented concepts in JavaFX, including class hierarchy and inheritance, will be 
covered in Chapter 4.

Now that you•ve had some experience with using the �O�p�]�c�a and �O�_�a�j�a classes, several of 
the �J�k�`�a subclasses, and CSS styling, we•ll show you how to handling events that can occur 
when your JavaFX program is running.

Handling Input Events
So far we•ve shown you a couple examples of event handling. For example, we used the 
�k�j�?�h�k�o�a event handler of the �O�p�]�c�a class to execute code when the �O�p�]�c�a is closing. We also 
used the �]�_�p�e�k�j event handler to execute code when a button is clicked. In this section, we•ll 
explore more of the event handlers available in JavaFX.
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Surveying Mouse and Keyboard Events and Handlers
Most of the events that occur in JavaFX programs are related to the user manipulating input 
devices such as a mouse and keyboard. To see the available event handlers and their associ-
ated event objects, we•ll take yet another look at the JavaFX API documentation. First, navigate 
to the �f�]�r�]�b�t�*�o�_�a�j�a�*�J�k�`�a class and look for the variables that begin with the letters •onŽ. These 
variables represent the event handlers common to all nodes in JavaFX. Here is a list of these 
event handlers in the JavaFX 1.2 API:

� Ê � U� ÊKey event handlers: �k�j�G�a�u�L�n�a�o�o�a�`, �k�j�G�a�u�N�a�h�a�]�o�a�`, �k�j�G�a�u�P�u�l�a�`

� Ê � U� ÊMouse event handlers: �k�j�I�k�q�o�a�?�h�e�_�g�a�`, �k�j�I�k�q�o�a�@�n�]�c�c�a�`, �k�j�I�k�q�o�a�A�j�p�a�n�a�`, �k�j�I�k�q�o�a�A�t�e�p�a�`,  
�k�j�I�k�q�o�a�I�k�r�a�`, �k�j�I�k�q�o�a�L�n�a�o�o�a�`, �k�j�I�k�q�o�a�N�a�h�a�]�o�a�`, �k�j�I�k�q�o�a�S�d�a�a�h�I�k�r�a�`

Each of these is a variable whose value is a function. In the case of the key event handlers, 
as shown in the JavaFX API docs, the function•s parameter is a �f�]�r�]�b�t�*�o�_�a�j�a�*�e�j�l�q�p�*�G�a�u�A�r�a�j�p 
instance. The function•s parameter for the mouse event handlers is a �f�]�r�]�b�t�*�o�_�a�j�a�*�e�j�l�q�p�*��
�I�k�q�o�a�A�r�a�j�p. The return type for both functions is �R�k�e�`.

Understanding the KeyEvent Class

Take a look at the JavaFX API docs for the �G�a�u�A�r�a�j�p class, and you•ll see that it contains several 
variables, a commonly used one being �_�k�`�a. The �_�k�`�a variable contains a �G�a�u�?�k�`�a instance 
representing the key that caused the event when pressed. Looking at the �f�]�r�]�b�t�*�o�_�a�j�a�*�e�j�l�q�p�*
�G�a�u�?�k�`�a class in the JavaFX API docs reveals that a multitude of constants exist that represent 
keys on an international set of keyboards. Another way to find out what key was pressed is to 
check the �_�d�]�n variable, which contains a string that represents the character associated with 
the key pressed.

The �G�a�u�A�r�a�j�p class also enables you to see whether the Alt, Ctrl, Meta, and/or Shift  
keys were down at the time of the event by checking the �]�h�p�@�k�s�j, �_�k�j�p�n�k�h�@�k�s�j, �i�a�p�]�@�k�s�j, or 
�o�d�e�b�p�@�k�s�j variables, respectively.

Another useful variable is �j�k�`�a, which is a reference to the node in which the event origi-
nated. Consider carefully, however, between accessing the node directly and getting/setting 
model variables to which instance variables of the node are bound. The latter is sometimes the 
preferred approach.

Understanding the MouseEvent Class

Take a look at the �I�k�q�o�a�A�r�a�j�p class in the JavaFX API docs, and you•ll see that significantly 
more instance variables are available than in �G�a�u�A�r�a�j�p. Like �G�a�u�A�r�a�j�p, �I�k�q�o�a�A�r�a�j�p has the 
�]�h�p�@�k�s�j, �_�k�j�p�n�k�h�@�k�s�j, �i�a�p�]�@�k�s�j, �o�d�e�b�p�@�k�s�j, and �j�k�`�a variables. In addition, it has several 
variables that pinpoint various coordinate spaces where the mouse event occurred, all 
expressed in pixels:

� Ê � U� Ê�t and �u contain the horizontal and vertical position of the mouse event, relative to the 
origin of the node in which the mouse event occurred.

� Ê � U� Ê�o�_�a�j�a�T and �o�_�a�j�a�U contain the horizontal and vertical position of the mouse event, 
relative to the �O�_�a�j�a.

� Ê � U� Ê�o�_�n�a�a�j�T and �o�_�n�a�a�j�U contain the horizontal and vertical position of the mouse event, 
relative to the screen.
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Here are a few other commonly useful variables:

� Ê � U� Ê�`�n�]�c�=�j�_�d�k�n�T and �`�n�]�c�=�j�_�d�k�n�U contain the horizontal and vertical position  of the most 
recent mouse pressed event, if the user is performing a mouse press-and-drag gesture.

� Ê � U� Ê�`�n�]�c�T and �`�n�]�c�U contain the horizontal and vertical distance from the most recent 
mouse pressed event, if the user is performing a mouse press-and-drag gesture.

� Ê � U� Ê�^�q�p�p�k�j, �l�n�e�i�]�n�u�>�q�p�p�k�j�@�k�s�j, �o�a�_�k�j�`�]�n�u�>�q�p�p�k�j�@�k�s�j, �i�e�`�`�h�a�>�q�p�p�k�j�@�k�s�j, �_�h�e�_�g�?�k�q�j�p, 
�l�k�l�q�l�P�n�e�c�c�a�n, and �s�d�a�a�h�N�k�p�]�p�e�k�j contain information about what button was clicked, 
how many times it was clicked, whether the button has the semantic meaning of •show 
a pop-up menu,Ž and how many clicks the mouse wheel was rotated.

Using Mouse and Key Events: The MobileEqualizer Example
In February, 2009 Sun released JavaFX Mobile so that JavaFX programs can run on mobile 
devices such as cell phones. The following MobileEqualizer example not only demonstrates 
how to respond to key and mouse events, but also runs on the JavaFX Mobile platform.

The screenshot in Figure 3-10 shows the MobileEqualizer program running in the JavaFX 
Mobile Emulator, but you can also run it as a JavaFX application via Web Start or as an applet 
on a web page. Before we dig into the code, go ahead and try the program by doing the follow-
ing exercise.

Figure 3-10. The MobileEqualizer program running in the JavaFX Mobile Emulator
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EXAMINING THE BEHAVIOR OF THE MOBILEEQUALIZER PROGRAM

When the MobileEqualizer program starts, its appearance should be similar to the phone•s display in Figure 3-10. 
To fully examine its behavior, perform the following steps:

 1. Press the down arrow key a few times. Notice that each time you press the key, the blue bar below the 
highlighted one becomes highlighted. When the bottom bar is highlighted and you press the down arrow key 
once more, the top bar should become highlighted.

 2. Perform step 1 as instructed, using the up arrow key instead, noticing that the bar above the currently high-
lighted bar becomes highlighted each time.

 3. While a bar is highlighted, press the right arrow key a few times, noticing that the length of the bar grows 
and that the Level value at the bottom of the �O�p�]�c�a increases in value. Do the same with the left arrow key, 
noticing the opposite results.

 4. Click one of the bars and notice that it becomes highlighted, dragging the end of the bar to the right and left. 
Notice that the length of the bar changes to correspond with the position of the mouse and that the Level 
value at the bottom of the �O�p�]�c�a changes appropriately.

 5. If your platform supports the JavaFX Mobile Emulator, click the right, left, up, and down buttons on the phone 
keypad to observe the behavior in steps 1, 2, and 3.

Now let•s take a look at the code behind the behavior that you observed while performing the preceding steps.

Understanding the MobileEqualizer Program
Take a look at the code for the MobileEqualizer program in Listing 3-5, and after that we•ll 
elaborate on event handling and other relevant concepts that occur in this program.

Listing 3-5. MobileEqualizerMain.fx

�l�]�_�g�]�c�a���l�n�k�f�]�r�]�b�t�*�i�k�^�e�h�a�^�e�j�`�e�j�c�*�q�e�7

�e�i�l�k�n�p���f�]�r�]�b�t�*�o�p�]�c�a�*�O�p�]�c�a�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�C�n�k�q�l�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�O�_�a�j�a�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�e�j�l�q�p�*�G�a�u�?�k�`�a�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�e�j�l�q�p�*�G�a�u�A�r�a�j�p�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�e�j�l�q�p�*�I�k�q�o�a�A�r�a�j�p�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�l�]�e�j�p�*�?�k�h�k�n�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�l�]�e�j�p�*�H�e�j�a�]�n�C�n�]�`�e�a�j�p�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�l�]�e�j�p�*�O�p�k�l�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�o�d�]�l�a�*�N�a�_�p�]�j�c�h�a�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�p�a�t�p�*�&�7
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�r�]�n���h�a�r�a�h�o�6���J�q�i�^�a�n�W�Y���9���W�/�,�(���0�,�(���1�,�(���0�1�(���/�1�Y�7
�r�]�n���o�a�h�a�_�p�a�`�>�]�n�E�j�`�a�t�6���E�j�p�a�c�a�n���9���,�7
�`�a�b���I�=�T�[�H�A�R�A�H�6���J�q�i�^�a�n���9���.�/�,�7
�`�a�b���I�E�J�[�H�A�R�A�H�6�J�q�i�^�a�n���9���-�,�7
�r�]�n���c�n�k�q�l�N�a�b�6���C�n�k�q�l�7

�O�p�]�c�a���w
�����p�e�p�h�a�6�����>�e�j�`�e�j�c���A�t�]�i�l�h�a��
�����o�_�a�j�a�6���O�_�a�j�a���w
���������b�e�h�h�6���?�k�h�k�n�*�>�H�=�?�G
���������s�e�`�p�d�6���.�0�,
���������d�a�e�c�d�p�6���/�.�,
���������_�k�j�p�a�j�p�6���W
�������������P�a�t�p���w
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Understanding the Model Used in This Program

The model for this simple program consists of two variables and two constants near the top of 
the script in Listing 3-5. The �h�a�r�a�h�o variable is a sequence that represents the number of bars 
and length of each bar. The �o�a�h�a�_�p�a�`�>�]�n�E�j�`�a�t variable is the index in the �h�a�r�a�h�o sequence of 
the currently selected bar. The two constants, �I�=�T�[�H�A�R�A�H and �I�E�J�[�H�A�R�A�H, are the maximum and 
minimum allowable lengths for the bars.

Now we•ll elaborate on the event handling used in the program, beginning with mouse 
events.
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Using the onMousePressed Event Handler

As shown in the following snippet from Listing 3-5, the for expression causes several �N�a�_�p�]�j�c�h�a 
nodes to be drawn on the UI, one for each element in the �h�a�r�a�h�o sequence. Recall from  
Chapter 2 that the iteration variable, in this case �h�a�r�a�h, contains the value held in the element 
of the �h�a�r�a�h�o sequence corresponding to a given iteration.

When the user presses a mouse button while on one of the �N�a�_�p�]�j�c�h�a nodes, the anony-
mous function assigned to the �k�j�I�k�q�o�a�L�n�a�o�o�a�` variable of the rectangle is invoked. This 
function, shown in the following snippet, causes the �o�a�h�a�_�p�a�`�>�]�n�E�j�`�a�t variable to be assigned 
the value of �e�j�`�a�t�k�b���h�a�r�a�h. Because the �k�l�]�_�e�p�u of the �N�a�_�p�]�j�c�h�a is bound to an �e�b expression 
whose value is determined by the equality of �e�j�`�a�t�k�b���h�a�r�a�h and �o�a�h�a�_�p�a�`�>�]�n�E�j�`�a�t, the opacity 
of the �N�a�_�p�]�j�c�h�a is immediately affected. In this case, the opacity value of the rectangle is 1.0 
(fully opaque) when selected and 0.7 (70% opaque) when not selected. Check the �k�l�]�_�e�p�u vari-
able of the �J�k�`�a class in the JavaFX API docs for details.
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Using the onMouseDragged Event Handler

When the user presses a mouse button and begins dragging the mouse, the anonymous func-
tion assigned to the �k�j�I�k�q�o�a�@�n�]�c�c�a�` variable is invoked, passing a �I�k�q�o�a�A�r�a�j�p instance that 
contains information about the event. As shown in the preceding snippet from Listing 3-5, if 
the horizontal location of the mouse cursor ( �i�a�*�t) is within the minimum and maximum lev-
els, the appropriate element in the �h�a�r�a�h�o sequence is assigned that value.

As a result, the width of the rectangle is altered, because it is bound to the �h�a�r�a�h variable.
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�NNote As pointed out in the •Understanding the MouseEvent ClassŽ section previously, the �`�n�]�c�T and 
�`�n�]�c�U instance variables of the �I�k�q�o�a�A�r�a�j�p object are available within an �k�j�I�k�q�o�a�@�n�]�c�c�a�` event handler. 
We were able to use the �t variable of the �I�k�q�o�a�A�r�a�j�p object for simplicity in this particular case. You•ll see an 
example of using the �`�n�]�c�U variable of the �I�k�q�o�a�A�r�a�j�p object in the ZenPong example later in this chapter.

Now we•ll show you how the program responds when the user presses keys on the  
keyboard.

Giving Keyboard Input Focus to a Node

In order for a node to receive key events, it has to have keyboard focus. This is accomplished in 
the MobileEqualizer example by doing these two things, as shown in the snippet that follows 
from Listing 3-5:

 1. Assigning �p�n�q�a to the �b�k�_�q�o�P�n�]�r�a�n�o�]�^�h�a instance variable of the �C�n�k�q�l node. This allows 
the node to accept keyboard focus.

 2. Calling the �n�a�m�q�a�o�p�B�k�_�q�o�$�% function of the �C�n�k�q�l node (referred to by the �c�n�k�q�l�N�a�b vari-
able). This requests that the node obtains focus.

�NTip The answer to the pop quiz earlier in the chapter, as you probably gleaned from the hint given, is that 
you cannot directly set the value of the �b�k�_�q�o�a�` variable of a �O�p�]�c�a. Consulting the API docs will also reveal 
that neither can you set the value of the �b�k�_�q�o�a�` variable of a �J�k�`�a (e.g., the �C�n�k�q�l that we•re discuss-
ing now). However, as discussed in point 2, you can call �n�a�m�q�a�o�p�B�k�_�q�o�$�% on the node, which if granted 
(and �b�k�_�q�o�P�n�]�r�a�n�o�]�^�h�a is �p�n�q�a) sets the �b�k�_�q�o�a�` variable to �p�n�q�a. By the way, �O�p�]�c�a doesn•t have a 
�n�a�m�q�a�o�p�B�k�_�q�o�$�% function, but it does have a �p�k�B�n�k�j�p�$�% function, which should give it keyboard focus.
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�������������������������o�a�h�a�_�p�a�`�>�]�n�E�j�`�a�t���9���$�o�e�v�a�k�b���h�a�r�a�h�o���'���o�a�h�a�_�p�a�`�>�]�n�E�j�`�a�t���)���-�%���i�k�`
�����������������������������������������������������������������o�e�v�a�k�b���h�a�r�a�h�o�7
���������������������y
�����������������y
�������������y�(
�������������*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
�y
�c�n�k�q�l�N�a�b�*�n�a�m�q�a�o�p�B�k�_�q�o�$�%�7

Now that the node has focus, when the user interacts with the keyboard, the appropriate 
event handlers will be invoked. In this example, we•re interested in whenever certain keys are 
pressed, as discussed next.

Using the onKeyPressed Event Handler

When the user presses a key, the anonymous function assigned to the �k�j�G�a�u�L�n�a�o�o�a�` variable is 
invoked, passing a �G�a�u�A�r�a�j�p instance that contains information about the event. This function, 
shown in the preceding snippet from Listing 3-5, compares the �_�k�`�a variable of the �G�a�u�A�r�a�j�p 
instance to the �G�a�u�?�k�`�a constants that represent the arrow keys.

If the up or down arrow keys are pressed, this function causes the previous or next bar, 
respectively, to be selected, cycling around by using the �i�k� ̀operator (the modulus operator 
was covered in Chapter 2).

If the left and right arrow keys are pressed, this function decreases or increases, respec-
tively, the value of the selected element in the levels sequence.

�NNote You may have noticed that we used the �k�j�I�k�q�o�a�L�n�a�o�o�a�` and �k�j�I�k�q�o�a�@�n�]�c�c�a�` event handlers 
of the rectangles, but used the �k�j�G�a�u�L�n�a�o�o�a�` event handler of the �C�n�k�q�l that contains the rectangles. The 
�C�n�k�q�l is the node for which we requested keyboard focus, because the user needs to be able to navigate 
from one rectangle to another with the keyboard. Putting the �k�j�G�a�u�L�n�a�o�o�a�` event handler in the �C�n�k�q�l 
allows it to have logic that controls all of the rectangles contained by the �C�n�k�q�l. In contrast, the user is con-
trolling individual �N�a�_�p�]�j�c�h�a nodes when clicking and dragging on them with the mouse.
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Now that you•ve had some experience with creating key and mouse event handlers, we•ll 
give you a look at how you can animate the nodes that you put in your scene.

Animating Nodes in the Scene
One of the strengths of JavaFX is the ease in which you can create graphically rich user inter-
faces. Part of that richness is the ability to animate nodes that live in the �O�_�a�j�a. At its core, 
animating a node involves changing the value of its attributes over a period of time. Examples 
of animating a node include the following:

�Ê �U�Ê ���À�>�`�Õ�>�•�•�Þ�Ê�ˆ�˜�V�À�i�>�Ã�ˆ�˜�}�Ê�Ì�…�i�Ê�Ã�ˆ�â�i�Ê�œ�v�Ê�>�Ê�˜�œ�`�i�Ê�Ü�…�i�˜�Ê�Ì�…�i�Ê�“�œ�Õ�Ã�i�Ê�i�˜�Ì�i�À�Ã�Ê�ˆ�Ì�Ã�Ê�L�œ�Õ�˜�`�Ã�]�Ê�>�˜�`�Ê�}�À�>�`�Õ-
ally decreasing the size when the mouse exits its bounds. Note that this requires scaling 
the node, which is referred to as a transform.  (We cover transforms in Chapter 5.)

�Ê �U�Ê ���À�>�`�Õ�>�•�•�Þ�Ê�ˆ�˜�V�À�i�>�Ã�ˆ�˜�}�Ê�œ�À�Ê�`�i�V�À�i�>�Ã�ˆ�˜�}�Ê�Ì�…�i�Ê�œ�«�>�V�ˆ�Ì�Þ�Ê�œ�v�Ê�>�Ê�˜�œ�`�i�Ê�Ì�œ�Ê�«�À�œ�Û�ˆ�`�i�Ê�>�Ê�v�>�`�i�‡�ˆ�˜�Ê�œ�À�Ê�v�>�`�i�‡
out effect, respectively.

�Ê �U�Ê ���À�>�`�Õ�>�•�•�Þ�Ê�>�•�Ì�i�À�ˆ�˜�}�Ê�Û�>�•�Õ�i�Ã�Ê�œ�v�Ê�Û�>�À�ˆ�>�L�•�i�Ã�Ê�ˆ�˜�Ê�>�Ê�˜�œ�`�i�Ê�Ì�…�>�Ì�Ê�V�…�>�˜�}�i�Ê�ˆ�Ì�Ã�Ê�•�œ�V�>�Ì�ˆ�œ�˜�]�Ê�V�>�Õ�Ã�ˆ�˜�}�Ê�ˆ�Ì�Ê�Ì�œ�Ê
move from one location to another. This is useful, for example, when creating a game 
such as Pong. A related capability is detecting when a node has collided another node.

Animating a node involves the use of the �P�e�i�a�h�e�j�a class, located in the �f�]�r�]�b�t�*�]�j�e�i�]�p�e�k�j 
package. Depending on the requirements of an animation and personal preference, you•ll use 
one of two general techniques:

 1. Create an instance of the �P�e�i�a�h�e�j�a class directly and supply key frames that specify val-
ues and actions at specific points in time.

 2. Use the �f�]�r�]�b�t�*�]�j�e�i�]�p�e�k�j�*�p�n�]�j�o�e�p�e�k�j�*�P�n�]�j�o�e�p�e�k�j subclasses to define and associate 
specific transitions to a node. Examples of transitions include causing a node to move 
along a defined path over a period of time and rotating a node over a period of time. 
Each of these transition classes extends the �P�e�i�a�h�e�j�a class.

We•ll cover these techniques, showing examples of each, beginning with the first one 
listed.

Using a Timeline for Animation
Take a look at the �f�]�r�]�b�t�*�]�j�e�i�]�p�e�k�j package in the JavaFX API docs, and you•ll see three of the 
classes that are used when directly creating a timeline: �P�e�i�a�h�e�j�a, �G�a�u�B�n�]�i�a, and �E�j�p�a�n�l�k�h�]�p�k�n. 
Peruse the docs for these classes, and then come back so we can show you some examples of 
using them.

�NNote Hopefully it is now second nature to consult the JavaFX API docs for any new packages, classes, 
variables, and functions that you encounter. If you agree to do that, we•ll try not to remind you so frequently.
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The Metronome1 Example

We•re going to use a simple metronome example to demonstrate how to create a timeline.
As the screenshot in Figure 3-11 shows, the Metronome1 program has a pendulum as well 

as four buttons that start, pause, resume, and stop the animation. The pendulum in this exam-
ple is a �H�e�j�a node, and we•re going to animate that node by interpolating  its �o�p�]�n�p�T variable 
over the period of 1 second. Go ahead and take this example for a spin by doing the following 
exercise.

Figure 3-11. The Metronome1 program

EXAMINING THE BEHAVIOR OF THE METRONOME1 PROGRAM

When the Metronome1 program starts, its appearance should be similar to the screenshot in Figure 3-11. To fully 
examine its behavior, perform the following steps:

 1. Observe that of the four buttons on the scene, only the Start button is enabled.

 2. Click the Start button. Notice that the top of the line moves back and forth, taking 1 second to travel each 
direction. Also, observe that the Start and Resume buttons are disabled and that the Pause and Stop buttons 
are enabled.

 3. Click the Pause button, noticing that the animation pauses. Also, observe that the Start and Pause buttons 
are disabled and that the Resume and Stop buttons are disabled.
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 4. Click the Resume button, noticing that the animation resumes from where it was paused.

 5. Click the Stop button, noticing that the animation stops and that the button states are the same as they were 
when the program was first started (see step 1).

 6. Click the Start button again, noticing that the line jumps back to its starting point before beginning the ani-
mation (rather than simply resuming as it did in step 4).

 7. Click the Stop button.

Now that you•ve experienced the behavior of the Metronome1 program, we•ll walk through the code behind it.

Understanding the Metronome1 Program

Take a look at the code for the Metronome1 program in Listing 3-6, and then we•ll point out 
relevant concepts.

Listing 3-6. Metronome1Main.fx

�l�]�_�g�]�c�a���l�n�k�f�]�r�]�b�t�*�i�a�p�n�k�j�k�i�a�-�*�q�e�7

�e�i�l�k�n�p���f�]�r�]�b�t�*�]�j�e�i�]�p�e�k�j�*�G�a�u�B�n�]�i�a�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�]�j�e�i�]�p�e�k�j�*�E�j�p�a�n�l�k�h�]�p�k�n�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�]�j�e�i�]�p�e�k�j�*�P�e�i�a�h�e�j�a�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�O�_�a�j�a�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�_�k�j�p�n�k�h�*�>�q�p�p�k�j�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�o�d�]�l�a�*�H�e�j�a�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�h�]�u�k�q�p�*�D�>�k�t�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�l�]�e�j�p�*�?�k�h�k�n�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�p�]�c�a�*�O�p�]�c�a�7

�r�]�n���o�p�]�n�p�T�R�]�h�6�J�q�i�^�a�n���9���-�,�,�7
�r�]�n���]�j�e�i���9���P�e�i�a�h�e�j�a���w
�����]�q�p�k�N�a�r�a�n�o�a�6���p�n�q�a
�����g�a�u�B�n�]�i�a�o�6���W
���������G�a�u�B�n�]�i�a���w
�������������p�e�i�a�6���,�o
�������������r�]�h�q�a�o�6���o�p�]�n�p�T�R�]�h���9�:���-�,�,
���������y�(
���������G�a�u�B�n�]�i�a���w
�������������p�e�i�a�6���-�o
�������������r�]�h�q�a�o�6���o�p�]�n�p�T�R�]�h���9�:���/�,�,���p�s�a�a�j���E�j�p�a�n�l�k�h�]�p�k�n�*�H�E�J�A�=�N
���������y
�����Y
�����n�a�l�a�]�p�?�k�q�j�p�6���P�e�i�a�h�e�j�a�*�E�J�@�A�B�E�J�E�P�A
�y�7
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�O�p�]�c�a���w
�����p�e�p�h�a�6�����I�a�p�n�k�j�k�i�a���-��
�����s�e�`�p�d�6���0�,�,
�����d�a�e�c�d�p�6���1�,�,
�����r�e�o�e�^�h�a�6���p�n�q�a
�����o�_�a�j�a�6���O�_�a�j�a���w
���������_�k�j�p�a�j�p�6���W
�������������H�e�j�a���w
�����������������o�p�]�n�p�T�6���^�e�j�`���o�p�]�n�p�T�R�]�h
�����������������o�p�]�n�p�U�6���1�,
�����������������a�j�`�T�6���.�,�,
�����������������a�j�`�U�6���0�,�,
�����������������o�p�n�k�g�a�S�e�`�p�d�6���0
�����������������o�p�n�k�g�a�6���?�k�h�k�n�*�>�H�Q�A
�������������y�(
�������������D�>�k�t���w
�����������������h�]�u�k�q�p�T�6���2�,
�����������������h�]�u�k�q�p�U�6���0�.�,
�����������������o�l�]�_�e�j�c�6���-�,
�����������������_�k�j�p�a�j�p�6���W
���������������������>�q�p�p�k�j���w
�������������������������p�a�t�p�6�����O�p�]�n�p��
�������������������������`�e�o�]�^�h�a�6���^�e�j�`���]�j�e�i�*�n�q�j�j�e�j�c
�������������������������]�_�p�e�k�j�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
�����������������������������]�j�e�i�*�l�h�]�u�B�n�k�i�O�p�]�n�p�$�%�7
�������������������������y
���������������������y�(
���������������������>�q�p�p�k�j���w
�������������������������p�a�t�p�6�����L�]�q�o�a��
�������������������������`�e�o�]�^�h�a�6���^�e�j�`���]�j�e�i�*�l�]�q�o�a�`���k�n���j�k�p���]�j�e�i�*�n�q�j�j�e�j�c
�������������������������]�_�p�e�k�j�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
�����������������������������]�j�e�i�*�l�]�q�o�a�$�%�7
�������������������������y
���������������������y�(
���������������������>�q�p�p�k�j���w
�������������������������p�a�t�p�6�����N�a�o�q�i�a��
�������������������������`�e�o�]�^�h�a�6���^�e�j�`���j�k�p���]�j�e�i�*�l�]�q�o�a�`
�������������������������]�_�p�e�k�j�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
�����������������������������]�j�e�i�*�l�h�]�u�$�%�7
�������������������������y
���������������������y�(
���������������������>�q�p�p�k�j���w
�������������������������p�a�t�p�6�����O�p�k�l��
�������������������������`�e�o�]�^�h�a�6���^�e�j�`���j�k�p���]�j�e�i�*�n�q�j�j�e�j�c
�������������������������]�_�p�e�k�j�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
�����������������������������]�j�e�i�*�o�p�k�l�$�%�7



CHAPTER 3 �N��  CREATING A USER INTERFACE IN JAVAFX143

�������������������������y
���������������������y
�����������������Y
�������������y
���������Y
�����y
�y

Understanding the Timeline Class

The main purpose for the �P�e�i�a�h�e�j�a class is to provide the ability to change the values of vari-
ables in a gradual fashion over given periods of time. Take a look at the following snippet from 
Listing 3-6 to see the timeline being created, along with some of its commonly used instance 
variables:

�r�]�n���o�p�]�n�p�T�R�]�h�6�J�q�i�^�a�n���9���-�,�,�7
�r�]�n���]�j�e�i���9���P�e�i�a�h�e�j�a���w
�����]�q�p�k�N�a�r�a�n�o�a�6���p�n�q�a
�����g�a�u�B�n�]�i�a�o�6���W
���������G�a�u�B�n�]�i�a���w
�������������p�e�i�a�6���,�o
�������������r�]�h�q�a�o�6���o�p�]�n�p�T�R�]�h���9�:���-�,�,
���������y�(
���������G�a�u�B�n�]�i�a���w
�������������p�e�i�a�6���-�o
�������������r�]�h�q�a�o�6���o�p�]�n�p�T�R�]�h���9�:���/�,�,���p�s�a�a�j���E�j�p�a�n�l�k�h�]�p�k�n�*�H�E�J�A�=�N
���������y
�����Y
�����n�a�l�a�]�p�?�k�q�j�p�6���P�e�i�a�h�e�j�a�*�E�J�@�A�B�E�J�E�P�A
�y�7

�O�p�]�c�a���w
�����*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
�����o�_�a�j�a�6���O�_�a�j�a���w
���������_�k�j�p�a�j�p�6���W
�������������H�e�j�a���w
�����������������o�p�]�n�p�T�6���^�e�j�`���o�p�]�n�p�T�R�]�h
�����������������o�p�]�n�p�U�6���1�,
�����������������a�j�`�T�6���.�,�,
�����������������a�j�`�U�6���0�,�,
�����������������o�p�n�k�g�a�S�e�`�p�d�6���0
�����������������o�p�n�k�g�a�6���?�k�h�k�n�*�>�H�Q�A
�������������y�(
�������������*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
���������Y
�����y
�y
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Inserting Key Frames into the Timeline

Our timeline contains a sequence of two �G�a�u�B�n�]�i�a instances. One of these instances assigns 
�-�,�, to the �o�p�]�n�p�T�R�]�h variable at the beginning of the timeline, and the other assigns �/�,�, to the 
�o�p�]�n�p�T�R�]�h variable when the timeline has been running for 1 second. Because the �o�p�]�n�p�T vari-
able of the �H�e�j�a is bound to the value of the �o�p�]�n�p�T�R�]�h variable, the net result is that the top of 
the line moves 200 pixels horizontally over the course of 1 second. Recall from Chapter 2 that 
�,�o and �-�o are examples of �@�q�n�]�p�e�k�j literals.

In the second �G�a�u�B�n�]�i�a of the timeline, the �r�]�h�q�a�o variable is assigned a value that  
specifies that the interpolation from �-�,�, to �/�,�, will occur in a linear fashion over the  
1-second duration. Other �E�j�p�a�n�l�k�h�]�p�e�k�j constants include �A�=�O�A�E�J, �A�=�O�A�K�Q�P, and �A�=�O�A�>�K�P�D. 
These cause the interpolation in a �G�a�u�B�n�]�i�a to be slower in the beginning, ending, or both, 
respectively.

�NTip The �p�e�i�a variable in the �G�a�u�B�n�]�i�a instances of a �P�e�i�a�h�e�j�a indicates the accumulated duration over 
the entire timeline. For example, if we inserted another �G�a�u�B�n�]�i�a whose �p�e�i�a value is �.�o at the end of the 
sequence, that �G�a�u�B�n�]�i�a would be reached at 2 seconds from the beginning of the timeline, not at 3 sec-
onds. Also, even though it is not a requirement, declaring key frames in ascending order (by time) is certainly 
a good practice.

The �G�a�u�B�n�]�i�a instance created previously is assigned to the �g�a�u�B�n�]�i�a variable of the time-
line. Following are the other timeline variables used in this example:

� Ê � U� Ê�]�q�p�k�N�a�r�a�n�o�a, which we•re initializing to �p�n�q�a. This causes the timeline to automatically 
reverse when it reaches the last �G�a�u�B�n�]�i�a. When reversed, the interpolation goes from 
300 to 100 over the course of 1 second.

� Ê � U� Ê�n�a�l�a�]�p�?�k�q�j�p, which we•re initializing to �P�e�i�a�h�e�j�a�*�E�J�@�A�B�E�J�E�P�A. This causes the timeline 
to repeat indefinitely until stopped by the �o�p�k�l�$�% function of the �P�e�i�a�h�e�j�a class.

Speaking of the functions of the �P�e�i�a�h�e�j�a class, now is a good time to show you how to 
control the timeline and monitor its state.

Controlling and Monitoring the Timeline

As you observed when using the Metronome1 program, clicking the buttons causes the 
animation to start, pause, resume, and stop. This in turn has an effect on the states of the 
animation (running and/or paused). Those states are reflected in the buttons in the form of 
being enabled/disabled. The following snippet from Listing 3-6 shows how to start, pause, 
resume, and stop the timeline, as well as how to tell whether the timeline is running and/or 
paused.
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�r�]�n���]�j�e�i���9���P�e�i�a�h�e�j�a���w
�������*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
�y�7
���������������������*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
���������������������>�q�p�p�k�j���w
�������������������������p�a�t�p�6�����O�p�]�n�p��
�������������������������`�e�o�]�^�h�a�6���^�e�j�`���]�j�e�i�*�n�q�j�j�e�j�c
�������������������������]�_�p�e�k�j�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
�����������������������������]�j�e�i�*�l�h�]�u�B�n�k�i�O�p�]�n�p�$�%�7
�������������������������y
���������������������y�(
���������������������>�q�p�p�k�j���w
�������������������������p�a�t�p�6�����L�]�q�o�a��
�������������������������`�e�o�]�^�h�a�6���^�e�j�`���]�j�e�i�*�l�]�q�o�a�`���k�n���j�k�p���]�j�e�i�*�n�q�j�j�e�j�c
�������������������������]�_�p�e�k�j�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
�����������������������������]�j�e�i�*�l�]�q�o�a�$�%�7
�������������������������y
���������������������y�(
���������������������>�q�p�p�k�j���w
�������������������������p�a�t�p�6�����N�a�o�q�i�a��
�������������������������`�e�o�]�^�h�a�6���^�e�j�`���j�k�p���]�j�e�i�*�l�]�q�o�a�`
�������������������������]�_�p�e�k�j�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
�����������������������������]�j�e�i�*�l�h�]�u�$�%�7
�������������������������y
���������������������y�(
���������������������>�q�p�p�k�j���w
�������������������������p�a�t�p�6�����O�p�k�l��
�������������������������`�e�o�]�^�h�a�6���^�e�j�`���j�k�p���]�j�e�i�*�n�q�j�j�e�j�c
�������������������������]�_�p�e�k�j�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
�����������������������������]�j�e�i�*�o�p�k�l�$�%�7
�������������������������y
���������������������y

As shown here in the �]�_�p�e�k�j event handler of the Start button, the �l�h�]�u�B�n�k�i�O�p�]�n�p�$�% function 
of the �P�e�i�a�h�e�j�a instance is called, which begins playing the timeline from the beginning. In addi-
tion, the �`�e�o�]�^�h�a variable of that �>�q�p�p�k�j is bound to the �n�q�j�j�e�j�c variable of the timeline, which 
causes the button to be disabled when the timeline is running. By the way, the �n�q�j�j�e�j�c state of a 
timeline is �p�n�q�a from when it has been started until it has stopped, regardless of whether it is cur-
rently paused.

When the user clicks the Pause button, the �]�_�p�e�k�j event handler calls the timeline•s 
�l�]�q�o�a�$�% function, which pauses the animation. The expression bound to the Pause button•s 
�`�e�o�]�^�h�a variable evaluates to �p�n�q�a when the timeline is paused or the timeline is not running.

The Resume button is only disabled when the timeline is not �l�]�q�o�a�`. To resume the 
timeline from where it was paused, the �]�_�p�e�k�j event handler calls the �l�h�]�u�$�% function of the 
timeline.

Finally, the Stop button is disabled when the timeline is not running. To stop the timeline, 
the �]�_�p�e�k�j event handler calls the �o�p�k�l�$�% function of the timeline.
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Shorthand Syntax for Key Frames

An abbreviated syntax, shown in Listing 3-7, exists for creating �G�a�u�B�n�]�i�a instances. This is the 
preferred syntax for cases in which you don•t need to handle an action event on the key frame.

�NNote The ZenPong example in the section •The Zen of Node Collision DetectionŽ later in the chapter 
demonstrates the use of an action event on a key frame.

Listing 3-7. Shorthand Syntax for Key Frames from Metronome2Main.fx

�r�]�n���]�j�e�i���9���P�e�i�a�h�e�j�a���w
�����]�q�p�k�N�a�r�a�n�o�a�6���p�n�q�a
�����g�a�u�B�n�]�i�a�o�6���W
���������]�p�$�,�*�,�o�%���w���o�p�]�n�p�T�R�]�h���9�:���-�,�,���y�(
���������]�p�$�-�*�,�o�%���w���o�p�]�n�p�T�R�]�h���9�:���/�,�,���p�s�a�a�j���E�j�p�a�n�l�k�h�]�p�k�n�*�H�E�J�A�=�N�y
�����Y
�����n�a�l�a�]�p�?�k�q�j�p�6���P�e�i�a�h�e�j�a�*�E�J�@�A�B�E�J�E�P�A
�y�7

Now that you know how to animate nodes by creating a �P�e�i�a�h�e�j�a class and creating  
�G�a�u�B�n�]�i�a instances, it•s time to learn how to use the transition classes to animate nodes.

Using the Transition Classes for Animation
The �f�]�r�]�b�t�*�]�j�e�i�]�p�e�k�j�*�p�n�]�j�o�e�p�e�k�j package contains several classes whose purpose is to pro-
vide convenient ways to do commonly used animation tasks. For example, Table 3-1 contains 
a list of transition classes in that package.

Table 3-1. Transition Classes in the javafx.animation.transition Package for Animating Nodes

Transition Class Name Description

�P�n�]�j�o�h�]�p�a�P�n�]�j�o�e�p�e�k�jTranslates (moves) a node from one location to another over a given 
period of time. This was employed in the Hello Earthrise example 
program in Chapter 1.

�N�k�p�]�p�a�P�n�]�j�o�e�p�e�k�j Rotates a node over a given period of time.

�O�_�]�h�a�P�n�]�j�o�e�p�e�k�j Scales  (increases or decreases the size of) a node over a given period 
of time.

�B�]�`�a�P�n�]�j�o�e�p�e�k�j Fades  (increases or decreases the opacity of) a node over a given 
period of time.

�L�]�p�d�P�n�]�j�o�e�p�e�k�j Moves a node along a geometric path over a given period of time.

�L�]�q�o�a�P�n�]�j�o�e�p�e�k�j Executes an action at the end of its duration. Designed mainly to be 
used in a �O�a�m�q�a�j�p�e�]�h�P�n�]�j�o�e�p�e�k�j as a means to wait for a period of time.

�O�a�m�q�a�j�p�e�]�h�P�n�]�j�o�e�p�e�k�jAllows you to define a series of transitions that execute sequentially.

�L�]�n�]�h�h�a�h�P�n�]�j�o�e�p�e�k�jAllows you to define a series of transitions that execute in parallel.
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Let•s take a look at a variation on the metronome theme in which we•ll create a metro-
nome using �P�n�]�j�o�h�]�p�a�P�n�]�j�o�e�p�e�k�j for the animation.

The MetronomeTransition Example

When using the transition classes, we take a different approach toward animation than when 
using the �P�e�i�a�h�e�j�a class directly:

�Ê �U�Ê ���˜�Ê�Ì�…�i�Ê�Ì�ˆ�“�i�•�ˆ�˜�i�‡�L�>�Ã�i�`�Ê���i�Ì�À�œ�˜�œ�“�i�£�Ê�«�À�œ�}�À�>�“�]�Ê�Ü�i�Ê�L�œ�Õ�˜�`�Ê�>�˜�Ê�ˆ�˜�Ã�Ì�>�˜�V�i�Ê�Û�>�À�ˆ�>�L�•�i�Ê�œ�v�Ê�>�Ê�˜�œ�`�i�Ê
(specifically �o�p�]�n�p�T) to a variable in the model ( �o�p�]�n�p�T�R�]�h), and then used the timeline 
to interpolate the value of the variable in the model.

�Ê �U�Ê �7�…�i�˜�Ê�Õ�Ã�ˆ�˜�}�Ê�>�Ê�Ì�À�>�˜�Ã�ˆ�Ì�ˆ�œ�˜�Ê�V�•�>�Ã�Ã�]�Ê�…�œ�Ü�i�Û�i�À�]�Ê�Ü�i�Ê�>�Ã�Ã�ˆ�}�˜�Ê�Û�>�•�Õ�i�Ã�Ê�Ì�œ�Ê�Ì�…�i�Ê�ˆ�˜�Ã�Ì�>�˜�V�i�Ê�Û�>�À�ˆ�>�L�•�i�Ã�Ê�œ�v�Ê
the �P�n�]�j�o�e�p�e�k�j subclass, one of which is �j�k�`�a. The net result is that the node itself is 
affected, rather than just a bound attribute of the node being affected.

The distinction between these two approaches will become clear as we walk through the 
MetronomeTransition example. Figure 3-12 shows a screenshot of this program when it is first 
invoked.

Figure 3-12. The MetronomeTransition program

The first noticeable difference between this example and the previous (Metronome1) 
example is that instead of one end of a line moving back and forth, we•re going to make a  
�?�e�n�_�h�a node move back and forth.
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The Behavior of the MetronomeTransition Program

Go ahead and run the program, and perform the same steps that you did in the previous 
•Examining the Behavior of the Metronome1 ProgramŽ exercise. Everything should function 
the same, except for the visual difference pointed out previously.

Understanding the MetronomeTransition Program

Take a look at the code for the MetronomeTransition program in Listing 3-8, and then we•ll 
point out relevant concepts.

Listing 3-8. MetronomeTransitionMain.fx

�l�]�_�g�]�c�a���l�n�k�f�]�r�]�b�t�*�i�a�p�n�k�j�k�i�a�p�n�]�j�o�e�p�e�k�j�*�q�e�7

�e�i�l�k�n�p���f�]�r�]�b�t�*�]�j�e�i�]�p�e�k�j�*�E�j�p�a�n�l�k�h�]�p�k�n�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�]�j�e�i�]�p�e�k�j�*�P�e�i�a�h�e�j�a�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�]�j�e�i�]�p�e�k�j�*�p�n�]�j�o�e�p�e�k�j�*�P�n�]�j�o�h�]�p�a�P�n�]�j�o�e�p�e�k�j�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�O�_�a�j�a�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�_�k�j�p�n�k�h�*�>�q�p�p�k�j�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�o�d�]�l�a�*�?�e�n�_�h�a�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�h�]�u�k�q�p�*�D�>�k�t�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�_�a�j�a�*�l�]�e�j�p�*�?�k�h�k�n�7
�e�i�l�k�n�p���f�]�r�]�b�t�*�o�p�]�c�a�*�O�p�]�c�a�7

�r�]�n���_�e�n�_�h�a�6�?�e�n�_�h�a�7

�r�]�n���]�j�e�i���9���P�n�]�j�o�h�]�p�a�P�n�]�j�o�e�p�e�k�j���w
�����`�q�n�]�p�e�k�j�6���-�o
�����j�k�`�a�6���^�e�j�`���_�e�n�_�h�a
�����b�n�k�i�T�6���,
�����p�k�T�6���.�,�,
�����e�j�p�a�n�l�k�h�]�p�k�n�6���E�j�p�a�n�l�k�h�]�p�k�n�*�H�E�J�A�=�N
�����]�q�p�k�N�a�r�a�n�o�a�6���p�n�q�a
�����n�a�l�a�]�p�?�k�q�j�p�6���P�e�i�a�h�e�j�a�*�E�J�@�A�B�E�J�E�P�A
�y�7

�O�p�]�c�a���w
�����p�e�p�h�a�6�����I�a�p�n�k�j�k�i�a���q�o�e�j�c���P�n�]�j�o�h�]�p�a�P�n�]�j�o�e�p�e�k�j��
�����s�e�`�p�d�6���0�,�,
�����d�a�e�c�d�p�6���1�,�,
�����r�e�o�e�^�h�a�6���p�n�q�a
�����o�_�a�j�a�6���O�_�a�j�a���w
���������_�k�j�p�a�j�p�6���W
�������������_�e�n�_�h�a���9���?�e�n�_�h�a���w
�����������������_�a�j�p�a�n�T�6���-�,�,
�����������������_�a�j�p�a�n�U�6���1�,
�����������������n�]�`�e�q�o�6���0
�����������������b�e�h�h�6���?�k�h�k�n�*�>�H�Q�A
�������������y�(
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�������������D�>�k�t���w
�����������������h�]�u�k�q�p�T�6���2�,
�����������������h�]�u�k�q�p�U�6���0�.�,
�����������������o�l�]�_�e�j�c�6���-�,
�����������������_�k�j�p�a�j�p�6���W
���������������������>�q�p�p�k�j���w
�������������������������p�a�t�p�6�����O�p�]�n�p��
�������������������������`�e�o�]�^�h�a�6���^�e�j�`���]�j�e�i�*�n�q�j�j�e�j�c
�������������������������]�_�p�e�k�j�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
�����������������������������]�j�e�i�*�l�h�]�u�B�n�k�i�O�p�]�n�p�$�%�7
�������������������������y
���������������������y�(
���������������������>�q�p�p�k�j���w
�������������������������p�a�t�p�6�����L�]�q�o�a��
�������������������������`�e�o�]�^�h�a�6���^�e�j�`���]�j�e�i�*�l�]�q�o�a�`���k�n���j�k�p���]�j�e�i�*�n�q�j�j�e�j�c
�������������������������]�_�p�e�k�j�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
�����������������������������]�j�e�i�*�l�]�q�o�a�$�%�7
�������������������������y
���������������������y�(
���������������������>�q�p�p�k�j���w
�������������������������p�a�t�p�6�����N�a�o�q�i�a��
�������������������������`�e�o�]�^�h�a�6���^�e�j�`���j�k�p���]�j�e�i�*�l�]�q�o�a�`
�������������������������]�_�p�e�k�j�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
�����������������������������]�j�e�i�*�l�h�]�u�$�%�7
�������������������������y
���������������������y�(
���������������������>�q�p�p�k�j���w
�������������������������p�a�t�p�6�����O�p�k�l��
�������������������������`�e�o�]�^�h�a�6���^�e�j�`���j�k�p���]�j�e�i�*�n�q�j�j�e�j�c
�������������������������]�_�p�e�k�j�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
�����������������������������]�j�e�i�*�o�p�k�l�$�%�7
�������������������������y
���������������������y
�����������������Y
�������������y
���������Y
�����y
�y

Using the TranslateTransition Class

As shown in the following snippet from Listing 3-8, to create a �P�n�]�j�o�h�]�p�a�P�n�]�j�o�e�p�e�k�j we•re 
supplying values that are reminiscent of the values that we used when creating a timeline 
in the previous example. For example, we•re setting �]�q�p�k�N�a�r�a�n�o�a to �p�n�q�a and �n�a�l�a�]�p�?�k�q�j�p to 
�P�e�i�a�h�e�j�a�*�E�J�@�A�B�E�J�E�P�A. Also, just as when creating a �G�a�u�B�n�]�i�a for a timeline, we•re supplying a 
duration and an interpolation type here as well.
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In addition, we•re supplying some values to variables that are specific to a  
�P�n�]�j�o�h�]�p�a�P�n�]�j�o�e�p�e�k�j, namely �b�n�k�i�T and �p�k�T. These values are interpolated over the requested 
duration and assigned to the �h�]�u�k�q�p�T variable of the node controlled by the transition (in this 
case, the �_�e�n�_�h�a). If we also wanted to cause vertical movement, assigning values to �b�n�k�i�U and 
�p�k�U would cause interpolated values between them to be assigned to the �]�u�k�q�p�U variable.

An alternative to supplying �p�k�T and �p�k�U values is to provide values to the �^�u�T and �^�u�U vari-
ables, which enables you to specify the distance in each direction to travel rather than start 
and end points. Also, if you don•t supply a value for �b�n�k�i�T, the interpolation will begin with the 
current value of the node•s �h�]�u�k�q�p�T variable. The same holds true for �b�n�k�i�U (if not supplied, the 
interpolation will begin with the value of �h�]�u�k�q�p�U).

�r�]�n���_�e�n�_�h�a�6�?�e�n�_�h�a�7

�r�]�n���]�j�e�i���9���P�n�]�j�o�h�]�p�a�P�n�]�j�o�e�p�e�k�j���w
�����`�q�n�]�p�e�k�j�6���-�o
�����j�k�`�a�6���^�e�j�`���_�e�n�_�h�a
�����b�n�k�i�T�6���,
�����p�k�T�6���.�,�,
�����e�j�p�a�n�l�k�h�]�p�a�6���E�j�p�a�n�l�k�h�]�p�k�n�*�H�E�J�A�=�N
�����]�q�p�k�N�a�r�a�n�o�a�6���p�n�q�a
�����n�a�l�a�]�p�?�k�q�j�p�6���P�e�i�a�h�e�j�a�*�E�J�@�A�B�E�J�E�P�A
�y�7

Controlling and Monitoring the Transition

The �P�n�]�j�o�h�]�p�a�P�n�]�j�o�e�p�e�k�j class, like all of the classes in Table 3-1 earlier, extend the �f�]�r�]�b�t�*
�]�j�e�i�]�p�e�k�j�*�p�n�]�j�o�e�p�e�k�j�*�P�n�]�j�o�e�p�e�k�j class, which in turn extends the �P�e�i�a�h�e�j�a class. As a result, 
as you can see by comparing Listings 3-6 and 3-8, all of the code for the buttons in this exam-
ple is identical to that in the previous example.

The MetronomePathTransition Example

As shown in Table 3-1 earlier, �L�]�p�d�P�n�]�j�o�e�p�e�k�j is a transition class that enables you to move 
a node along a defined geometric path. Figure 3-13 shows a screenshot of a version of the 
metronome example, named MetronomePathTransition, that demonstrates how to use the 
�L�]�p�d�P�n�]�j�o�e�p�e�k�j class.
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Figure 3-13. The MetronomePathTransition program

The Behavior of the MetronomePathTransition Program

Go ahead and run the program, performing once again the same steps that you did in the 
•Examining the Behavior of the Metronome1 ProgramŽ exercise. Everything should function 
the same as it did in the MetronomeTransition example, except that the node is an ellipse 
instead of a circle, and the node moves along the path of an arc.

Understanding the MetronomePathTransition Program

Listing 3-9 contains code snippets from the MetronomePathTransition program that highlight 
the differences from the preceding (MetronomeTransition) program. Take a look at the code, 
and we•ll point out relevant concepts.

Listing 3-9. Portions of MetronomePathTransitionMain.fx

�l�]�_�g�]�c�a���l�n�k�f�]�r�]�b�t�*�i�a�p�n�k�j�k�i�a�p�n�]�j�o�e�p�e�k�j�*�q�e�7
�*�*�*�e�i�l�k�n�p�o���k�i�e�p�p�a�`�*�*�*
�r�]�n���a�h�h�e�l�o�a�6�A�h�h�e�l�o�a�7
�r�]�n���l�]�p�d�6�L�]�p�d���9���L�]�p�d���w
�����a�h�a�i�a�j�p�o�6���W
���������I�k�r�a�P�k���w
�������������t�6���-�,�,
�������������u�6���1�,
���������y�(
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���������=�n�_�P�k���w
�������������t�6���/�,�,
�������������u�6���1�,
�������������n�]�`�e�q�o�T�6���/�1�,
�������������n�]�`�e�q�o�U�6���/�1�,
�������������o�s�a�a�l�B�h�]�c�6���p�n�q�a
���������y
�����Y
�y

�r�]�n���]�j�e�i���9���L�]�p�d�P�n�]�j�o�e�p�e�k�j���w
�����`�q�n�]�p�e�k�j�6���-�o
�����j�k�`�a�6���^�e�j�`���a�h�h�e�l�o�a
�����l�]�p�d�6���=�j�e�i�]�p�e�k�j�L�]�p�d�*�_�n�a�]�p�a�B�n�k�i�L�]�p�d�$�l�]�p�d�%
�����k�n�e�a�j�p�]�p�e�k�j�6���K�n�e�a�j�p�]�p�e�k�j�P�u�l�a�*�K�N�P�D�K�C�K�J�=�H�[�P�K�[�P�=�J�C�A�J�P
�����e�j�p�a�n�l�k�h�]�p�k�n�6���E�j�p�a�n�l�k�h�]�p�k�n�*�H�E�J�A�=�N
�����]�q�p�k�N�a�r�a�n�o�a�6���p�n�q�a
�����n�a�l�a�]�p�?�k�q�j�p�6���P�e�i�a�h�e�j�a�*�E�J�@�A�B�E�J�E�P�A
�y�7

�O�p�]�c�a���w
�����p�e�p�h�a�6�����I�a�p�n�k�j�k�i�a���q�o�e�j�c���L�]�p�d�P�n�]�j�o�e�p�e�k�j��
�����s�e�`�p�d�6���0�,�,
�����d�a�e�c�d�p�6���1�,�,
�����r�e�o�e�^�h�a�6���p�n�q�a
�����o�_�a�j�a�6���O�_�a�j�a���w
���������_�k�j�p�a�j�p�6���W
�������������a�h�h�e�l�o�a���9���A�h�h�e�l�o�a���w
�����������������_�a�j�p�a�n�T�6���-�,�,
�����������������_�a�j�p�a�n�U�6���1�,
�����������������n�]�`�e�q�o�T�6���0
�����������������n�]�`�e�q�o�U�6���4
�����������������b�e�h�h�6���?�k�h�k�n�*�>�H�Q�A
�������������y�(
�������������*�*�*�D�>�k�t���]�j�`���>�q�p�p�k�j���e�j�o�p�]�j�_�a�o���k�i�e�p�p�a�`�*�*�*
���������Y
�����y
�y
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Using the PathTransition Class

As shown in Listing 3-9, defining a �L�]�p�d�P�n�]�j�o�e�p�e�k�j includes supplying a value to the �l�]�p�d 
variable that represents the geometric path that the node is to travel. This variable is of type 
�=�j�e�i�]�p�e�k�j�L�]�p�d, which is located in the �f�]�r�]�b�t�*�]�j�e�i�]�p�e�k�j�*�p�n�]�j�o�e�p�e�k�j package and has helper 
functions that create an �=�j�e�i�]�p�e�k�j�L�]�p�d from a �L�]�p�d, an �O�R�C�L�]�p�d, or a �O�d�]�l�a. Each of the three 
classes just mentioned, by the way, reside in the �f�]�r�]�b�t�*�o�_�a�j�a�*�o�d�]�l�a package.

In Listing 3-9, we•re creating a �L�]�p�d instance that defines an arc beginning at 100 pixels on 
the �t axis and 50 pixels on the �u axis, ending at 300 pixels on the �t axis and 50 pixels on the �u 
axis, with 350 pixel horizontal and vertical radii. This is accomplished by assigning a sequence 
to the �a�h�a�i�a�j�p�o variable that contains the �I�k�r�a�P�k and �=�n�_�P�k path elements shown previously. 
Take a look at the �f�]�r�]�b�t�*�o�_�a�j�a�*�o�d�]�l�a�o package in the JavaFX API docs for more information 
on the �L�]�p�d�A�h�a�i�a�j�p class and its subclasses, which are used for creating a path.

�NTip The variables in the �=�n�_�P�k class are fairly intuitive except for �o�s�a�a�l�B�h�]�c. If �o�s�a�a�l�B�h�]�c is �p�n�q�a, the 
line joining the center of the arc to the arc itself sweeps through increasing angles. Otherwise, it sweeps 
through decreasing angles.

Another instance variable in the �L�]�p�d�P�n�]�j�o�e�p�e�k�j class is �k�n�e�a�j�p�]�p�e�k�j, which controls 
whether the node•s orientation remains unchanged or stays perpendicular to the path•s tan-
gent as it moves along the path. Listing 3-9 uses the �K�n�e�a�j�p�]�p�e�k�j�P�u�l�a�*�K�N�P�D�K�C�K�J�=�H�[�P�K�[�P�=�J�C�A�J�P 
constant to accomplish the latter, as the former is the default.

Drawing an Ellipse

As shown in Listing 3-9, drawing an �A�h�h�e�l�o�a is similar to drawing a �?�e�n�_�h�a, the difference being 
that an additional radius is required ( �n�]�`�e�q�o�T and �n�]�`�e�q�o�U instead of just �n�]�`�e�q�o).

Now that you•ve learned how to animate nodes by creating a timeline and by creating 
transitions, we•re going to create a very simple Pong-style game that requires animating a 
ping-pong ball. In the process, you•ll learn how to detect when the ball has hit a paddle or wall 
in the game.

The Zen of Node Collision Detection
When animating a node, you sometimes need to know when the node has collided with 
another node. To demonstrate this capability, our colleague Chris Wright developed a simple 
version of the Pong-style game that we call ZenPong. Originally we asked him to build the 
game with only one paddle, which brought the famous Zen koan (philosophical riddle) •What 
is the sound of one hand clappingŽ to mind. Chris had so much fun developing the game that 
he snuck a second paddle in, but we•re still calling this example ZenPong. Figure 3-14 shows 
this very simple form of the game when first invoked.
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Figure 3-14. The initial state of the ZenPong game

Try out the game by following the instructions in the upcoming exercise, remembering that 
you control both paddles (unless you can get a colleague to share your keyboard and play).

EXAMINING THE BEHAVIOR OF THE ZENPONG GAME

When the program starts, its appearance should be similar to the screenshot in Figure 3-14. To fully examine its 
behavior, perform the following steps:

 1. Even before clicking the Start button, drag each of the paddles vertically to other positions. One game cheat 
is to drag the left paddle up and the right paddle down, which will put them in good positions to respond to 
the ball after being served.

 2. Practice using the A key to move the left paddle up, the Z key to move the left paddle down, the up arrow 
key to move the right paddle up, and the down arrow key to move the right paddle down.

 3. Click the Start button to begin playing the game. Notice that the Start button disappears and the ball begins 
moving at a 45 degree angle, bouncing off of paddles and the top and bottom walls. The screen should look 
similar to Figure 3-15.
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Figure 3-15. The ZenPong game in action

 4. If the ball hits the left or right wall, one of your hands has lost the game. Notice that the game resets, looking 
again like the screenshot in Figure 3-14.

Now that you•ve experienced the behavior of the ZenPong program, we•ll walk through the code behind it.

Understanding the ZenPong Program

Examine the code for the ZenPong program in Listing 3-10, and then we•ll highlight some con-
cepts demonstrated within.

Listing 3-10. ZenPongMain.fx

�l�]�_�g�]�c�a���l�n�k�f�]�r�]�b�t�*�v�a�j�l�k�j�c�*�q�e�7
�*�*�*�e�i�l�k�n�p�o���k�i�e�p�p�a�`�*�*�*
�+�&�&
���&���P�d�a���_�a�j�p�a�n���l�k�e�j�p�o���k�b���p�d�a���i�k�r�e�j�c���^�]�h�h
���&�+
�r�]�n���_�a�j�p�a�n�T�6���J�q�i�^�a�n�7
�r�]�n���_�a�j�p�a�n�U�6���J�q�i�^�a�n�7
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�+�&�&
���&���P�d�a���u���_�k�k�n�`�e�j�]�p�a���k�b���p�d�a���h�a�b�p���l�]�`�`�h�a
���&�+
�r�]�n���h�a�b�p�L�]�`�`�h�a�U�6���J�q�i�^�a�n�7

�+�&�&
���&���P�d�a���u���_�k�k�n�`�e�j�]�p�a���k�b���p�d�a���n�e�c�d�p���l�]�`�`�h�a
���&�+
�r�]�n���n�e�c�d�p�L�]�`�`�h�a�U�6���J�q�i�^�a�n�7

�+�&�&
���&���P�d�a���i�k�r�e�j�c���^�]�h�h
���&�+
�r�]�n���^�]�h�h�6���?�e�n�_�h�a�7

�+�&�&
���&���P�d�a���C�n�k�q�l���_�k�j�p�]�e�j�e�j�c���]�h�h���k�b���p�d�a���s�]�h�h�o�(���l�]�`�`�h�a�o�(���]�j�`���^�]�h�h�*�����P�d�e�o���]�h�o�k
���&���]�h�h�k�s�o���q�o���p�k���n�a�m�q�a�o�p�B�k�_�q�o���b�k�n���G�a�u�A�r�a�j�p�o���k�j���p�d�a���C�n�k�q�l
���&�+
�r�]�n���l�k�j�c�?�k�i�l�k�j�a�j�p�o�6���C�n�k�q�l�7

�+�&�&
���&���P�d�a���h�a�b�p���]�j�`���n�e�c�d�p���l�]�`�`�h�a�o
���&�+
�r�]�n���h�a�b�p�L�]�`�`�h�a�6���N�a�_�p�]�j�c�h�a�7
�r�]�n���n�e�c�d�p�L�]�`�`�h�a�6���N�a�_�p�]�j�c�h�a�7

�+�&�&
���&���P�d�a���s�]�h�h�o
���&�+
�r�]�n���p�k�l�S�]�h�h�6���N�a�_�p�]�j�c�h�a�7
�r�]�n���n�e�c�d�p�S�]�h�h�6���N�a�_�p�]�j�c�h�a�7
�r�]�n���h�a�b�p�S�]�h�h�6���N�a�_�p�]�j�c�h�a�7
�r�]�n���^�k�p�p�k�i�S�]�h�h�6���N�a�_�p�]�j�c�h�a�7

�+�&�&
���&���?�k�j�p�n�k�h�o���s�d�a�p�d�a�n���p�d�a���o�p�]�n�p�>�q�p�p�k�j���e�o���r�e�o�e�^�h�a
���&�+
�r�]�n���o�p�]�n�p�R�e�o�e�^�h�a�6���>�k�k�h�a�]�j���9���p�n�q�a�7

�+�&�&
���&���P�d�a���]�j�e�i�]�p�e�k�j���k�b���p�d�a���^�]�h�h
���&�+
�r�]�n���l�k�j�c�=�j�e�i�]�p�e�k�j�6���P�e�i�a�h�e�j�a�7



CHAPTER 3 �N��  CREATING A USER INTERFACE IN JAVAFX157

�+�&�&
���&���?�k�j�p�n�k�h�o���s�d�a�p�d�a�n���p�d�a���^�]�h�h���e�o���i�k�r�e�j�c���n�e�c�d�p
���&�+
�r�]�n���i�k�r�e�j�c�N�e�c�d�p�6���>�k�k�h�a�]�j���9���p�n�q�a�7

�+�&�&
���&���?�k�j�p�n�k�h�o���s�d�a�p�d�a�n���p�d�a���^�]�h�h���e�o���i�k�r�e�j�c���`�k�s�j
���&�+
�r�]�n���i�k�r�e�j�c�@�k�s�j�6���>�k�k�h�a�]�j���9���p�n�q�a�7

�+�&�&
���&���P�d�a���]�_�p�e�k�j���_�]�h�h�o���p�d�a�����_�d�a�_�g�B�k�n�?�k�h�h�e�o�e�k�j�����b�q�j�_�p�e�k�j���p�k���_�k�j�p�n�k�h���p�d�a
���&���`�e�n�a�_�p�e�k�j���k�b���p�d�a���^�]�h�h�*
���&�+
�l�k�j�c�=�j�e�i�]�p�e�k�j���9���P�e�i�a�h�e�j�a���w
�����g�a�u�B�n�]�i�a�o�6���G�a�u�B�n�]�i�a���w
���������p�e�i�a�6���-�,�i�o
���������]�_�p�e�k�j�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
�������������_�d�a�_�g�B�k�n�?�k�h�h�e�o�e�k�j�$�%�7
�������������_�a�j�p�a�n�T���'�9���e�b���$�i�k�r�e�j�c�N�e�c�d�p�%���-���a�h�o�a���)�-�7
�������������_�a�j�p�a�n�U���'�9���e�b���$�i�k�r�e�j�c�@�k�s�j�%���-���a�h�o�a���)�-�7
���������y
�����y
�����n�a�l�a�]�p�?�k�q�j�p�6���P�e�i�a�h�e�j�a�*�E�J�@�A�B�E�J�E�P�A
�y�7

�+�&�&
���&���O�a�p�o���p�d�a���e�j�e�p�]�h���o�p�]�n�p�e�j�c���l�k�o�e�p�e�k�j�o���k�b���p�d�a���^�]�h�h���]�j�`���l�]�`�`�h�a�o
���&�+
�b�q�j�_�p�e�k�j���e�j�e�p�e�]�h�e�v�a�$�%�6�R�k�e�`���w
�����_�a�j�p�a�n�T���9���.�1�,�7
�����_�a�j�p�a�n�U���9���.�1�,�7
�����h�a�b�p�L�]�`�`�h�a�U���9���.�/�1�7
�����n�e�c�d�p�L�]�`�`�h�a�U���9���.�/�1�7
�����o�p�]�n�p�R�e�o�e�^�h�a���9���p�n�q�a�7
�����l�k�j�c�?�k�i�l�k�j�a�j�p�o�*�n�a�m�q�a�o�p�B�k�_�q�o�$�%�7
�y

�+�&�&
���&���?�d�a�_�g�o���s�d�a�p�d�a�n���k�n���j�k�p���p�d�a���^�]�h�h���d�]�o���_�k�h�h�e�`�a�`���s�e�p�d���a�e�p�d�a�n���p�d�a���l�]�`�`�h�a�o�(
���&���p�k�l�S�]�h�h�(���k�n���^�k�p�p�k�i�S�]�h�h�*�����E�b���p�d�a���^�]�h�h���d�e�p�o���p�d�a���s�]�h�h���^�a�d�e�j�`���p�d�a���l�]�`�`�h�a�o�(
���&���p�d�a���c�]�i�a���e�o���k�r�a�n�*
���&�+
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�b�q�j�_�p�e�k�j���_�d�a�_�g�B�k�n�?�k�h�h�e�o�e�k�j�$�%���w
�����e�b���$�^�]�h�h�*�e�j�p�a�n�o�a�_�p�o�$�n�e�c�d�p�S�]�h�h�*�^�k�q�j�`�o�E�j�H�k�_�]�h�%���k�n
�������������^�]�h�h�*�e�j�p�a�n�o�a�_�p�o�$�h�a�b�p�S�]�h�h�*�^�k�q�j�`�o�E�j�H�k�_�]�h�%�%���w
���������l�k�j�c�=�j�e�i�]�p�e�k�j�*�o�p�k�l�$�%�7
���������e�j�e�p�e�]�h�e�v�a�$�%�7
�����y
�����a�h�o�a���e�b���$�^�]�h�h�*�e�j�p�a�n�o�a�_�p�o�$�^�k�p�p�k�i�S�]�h�h�*�^�k�q�j�`�o�E�j�H�k�_�]�h�%���k�n
�����������������������^�]�h�h�*�e�j�p�a�n�o�a�_�p�o�$�p�k�l�S�]�h�h�*�^�k�q�j�`�o�E�j�H�k�_�]�h�%�%���w
���������i�k�r�e�j�c�@�k�s�j���9���j�k�p���i�k�r�e�j�c�@�k�s�j�7
�����y
�����a�h�o�a���e�b���$�^�]�h�h�*�e�j�p�a�n�o�a�_�p�o�$�h�a�b�p�L�]�`�`�h�a�*�^�k�q�j�`�o�E�j�H�k�_�]�h�%���]�j�`���j�k�p���i�k�r�e�j�c�N�e�c�d�p�%���w
���������i�k�r�e�j�c�N�e�c�d�p���9���j�k�p���i�k�r�e�j�c�N�e�c�d�p�7
�����y
�����a�h�o�a���e�b���$�^�]�h�h�*�e�j�p�a�n�o�a�_�p�o�$�n�e�c�d�p�L�]�`�`�h�a�*�^�k�q�j�`�o�E�j�H�k�_�]�h�%���]�j�`���i�k�r�e�j�c�N�e�c�d�p�%���w
���������i�k�r�e�j�c�N�e�c�d�p���9���j�k�p���i�k�r�e�j�c�N�e�c�d�p�7
�����y
�y

�O�p�]�c�a���w
�����p�e�p�h�a�6�����V�a�j�L�k�j�c���A�t�]�i�l�h�a��
�����o�_�a�j�a�6���O�_�a�j�a���w
���������s�e�`�p�d�6���1�,�,
���������d�a�e�c�d�p�6���1�,�,
���������b�e�h�h�6���H�e�j�a�]�n�C�n�]�`�e�a�j�p���w
�������������o�p�]�n�p�T�6���,�*�,�(
�������������o�p�]�n�p�U�6���,�*�,�(
�������������a�j�`�T�6���,�*�,�(
�������������a�j�`�U�6���-�*�,
�������������o�p�k�l�o�6���W
�����������������O�p�k�l���w
���������������������k�b�b�o�a�p�6���,�*�,
���������������������_�k�h�k�n�6���?�k�h�k�n�*�>�H�=�?�G
�����������������y�(
�����������������O�p�k�l���w
���������������������k�b�b�o�a�p�6���-�*�,
���������������������_�k�h�k�n�6���?�k�h�k�n�*�C�N�=�U
�����������������y
�������������Y
���������y
���������_�k�j�p�a�j�p�6���W
�������������+�&
���������������&���J�k�p�a���p�d�]�p���a�]�_�d���s�]�h�h���i�q�o�p���d�]�r�a���]���d�a�e�c�d�p���]�j�`���s�e�`�p�d���k�b���]�p���h�a�]�o�p���k�j�a
���������������&���l�e�t�a�h���b�k�n���p�d�a���J�k�`�a���e�j�p�a�n�o�a�_�p�o���b�q�j�_�p�e�k�j���p�k���s�k�n�g�*
���������������&�+
�������������l�k�j�c�?�k�i�l�k�j�a�j�p�o���9���C�n�k�q�l���w
�����������������b�k�_�q�o�P�n�]�r�a�n�o�]�^�h�a�6���p�n�q�a
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�����������������_�k�j�p�a�j�p�6���W
���������������������^�]�h�h���9���?�e�n�_�h�a���w
�������������������������_�a�j�p�a�n�T�6���^�e�j�`���_�a�j�p�a�n�T
�������������������������_�a�j�p�a�n�U�6���^�e�j�`���_�a�j�p�a�n�U
�������������������������n�]�`�e�q�o�6���1
�������������������������b�e�h�h�6���?�k�h�k�n�*�S�D�E�P�A
���������������������y�(
���������������������p�k�l�S�]�h�h���9���N�a�_�p�]�j�c�h�a���w
�������������������������t�6���,
�������������������������u�6���,
�������������������������s�e�`�p�d�6���1�,�,
�������������������������d�a�e�c�d�p�6���-
���������������������y�(
���������������������h�a�b�p�S�]�h�h���9���N�a�_�p�]�j�c�h�a���w
�������������������������t�6���,
�������������������������u�6���,
�������������������������s�e�`�p�d�6���-
�������������������������d�a�e�c�d�p�6���1�,�,
���������������������y�(
���������������������n�e�c�d�p�S�]�h�h���9���N�a�_�p�]�j�c�h�a���w
�������������������������t�6���1�,�,
�������������������������u�6���,
�������������������������s�e�`�p�d�6���-
�������������������������d�a�e�c�d�p�6���1�,�,
���������������������y�(
���������������������^�k�p�p�k�i�S�]�h�h���9���N�a�_�p�]�j�c�h�a���w
�������������������������t�6���,
�������������������������u�6���1�,�,
�������������������������s�e�`�p�d�6���1�,�,
�������������������������d�a�e�c�d�p�6���-
���������������������y�(
���������������������h�a�b�p�L�]�`�`�h�a���9���N�a�_�p�]�j�c�h�a���w
�������������������������r�]�n���`�n�]�c�O�p�]�n�p�U�6���J�q�i�^�a�n���9���,�7
�������������������������t�6���.�,
�������������������������u�6���^�e�j�`���h�a�b�p�L�]�`�`�h�a�U
�������������������������s�e�`�p�d�6���-�,
�������������������������d�a�e�c�d�p�6���/�,
�������������������������b�e�h�h�6���?�k�h�k�n�*�H�E�C�D�P�>�H�Q�A
�������������������������k�j�I�k�q�o�a�L�n�a�o�o�a�`�6���b�q�j�_�p�e�k�j�$�i�a�6�I�k�q�o�a�A�r�a�j�p�%�6�R�k�e�`���w
�����������������������������`�n�]�c�O�p�]�n�p�U���9���h�a�b�p�L�]�`�`�h�a�*�u�7
�������������������������y
�������������������������k�j�I�k�q�o�a�@�n�]�c�c�a�`�6���b�q�j�_�p�e�k�j�$�i�a�6�I�k�q�o�a�A�r�a�j�p�%�6�R�k�e�`���w
�����������������������������h�a�b�p�L�]�`�`�h�a�U���9���`�n�]�c�O�p�]�n�p�U���'���i�a�*�`�n�]�c�U�7
�������������������������y
���������������������y�(
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���������������������n�e�c�d�p�L�]�`�`�h�a���9���N�a�_�p�]�j�c�h�a���w
�������������������������r�]�n���`�n�]�c�O�p�]�n�p�U�6���J�q�i�^�a�n���9���,�7
�������������������������t�6���0�3�,
�������������������������u�6���^�e�j�`���n�e�c�d�p�L�]�`�`�h�a�U
�������������������������s�e�`�p�d�6���-�,
�������������������������d�a�e�c�d�p�6���/�,
�������������������������b�e�h�h�6���?�k�h�k�n�*�H�E�C�D�P�>�H�Q�A
�������������������������k�j�I�k�q�o�a�L�n�a�o�o�a�`�6���b�q�j�_�p�e�k�j�$�i�a�6�I�k�q�o�a�A�r�a�j�p�%�6�R�k�e�`���w
�����������������������������`�n�]�c�O�p�]�n�p�U���9���n�e�c�d�p�L�]�`�`�h�a�*�u�7
�������������������������y
�������������������������k�j�I�k�q�o�a�@�n�]�c�c�a�`�6���b�q�j�_�p�e�k�j�$�i�a�6�I�k�q�o�a�A�r�a�j�p�%�6�R�k�e�`���w
�����������������������������n�e�c�d�p�L�]�`�`�h�a�U���9���`�n�]�c�O�p�]�n�p�U���'���i�a�*�`�n�]�c�U�7
�������������������������y
���������������������y
�����������������Y
�����������������+�&�&
�������������������&���?�k�j�p�n�k�h�o���p�d�a���i�k�r�a�i�a�j�p���k�b���p�d�a���h�a�b�p���]�j�`���n�e�c�d�p���l�]�`�`�h�a�o
�������������������&���H�a�b�p���l�]�`�`�h�a�6���=�$�q�l�%�(���V�$�`�k�s�j�%
�������������������&���N�e�c�d�p���l�]�`�`�h�a�6���Q�l���=�n�n�k�s�$�q�l�%�(���@�k�s�j���=�n�n�k�s�$�`�k�s�j�%
�������������������&�+
�����������������k�j�G�a�u�L�n�a�o�o�a�`�6���b�q�j�_�p�e�k�j�$�g�6�G�a�u�A�r�a�j�p�%�6�R�k�e�`���w
���������������������e�b���$�g�*�_�k�`�a���9�9���G�a�u�?�k�`�a�*�R�G�[�Q�L���]�j�`
�����������������������������j�k�p���n�e�c�d�p�L�]�`�`�h�a�*�e�j�p�a�n�o�a�_�p�o�$�p�k�l�S�]�h�h�*�^�k�q�j�`�o�E�j�H�k�_�]�h�%�%���w
�������������������������n�e�c�d�p�L�]�`�`�h�a�U���)�9���2�7
���������������������y
���������������������a�h�o�a���e�b���$�g�*�_�k�`�a���9�9���G�a�u�?�k�`�a�*�R�G�[�@�K�S�J���]�j�`
�����������������������������j�k�p���n�e�c�d�p�L�]�`�`�h�a�*�e�j�p�a�n�o�a�_�p�o�$�^�k�p�p�k�i�S�]�h�h�*�^�k�q�j�`�o�E�j�H�k�_�]�h�%�%���w
�������������������������n�e�c�d�p�L�]�`�`�h�a�U���'�9���2�7
���������������������y
���������������������a�h�o�a���e�b���$�g�*�_�k�`�a���9�9���G�a�u�?�k�`�a�*�R�G�[�=���]�j�`
�����������������������������j�k�p���h�a�b�p�L�]�`�`�h�a�*�e�j�p�a�n�o�a�_�p�o�$�p�k�l�S�]�h�h�*�^�k�q�j�`�o�E�j�H�k�_�]�h�%�%���w
�������������������������h�a�b�p�L�]�`�`�h�a�U���)�9���2�7
���������������������y
���������������������a�h�o�a���e�b���$�g�*�_�k�`�a���9�9���G�a�u�?�k�`�a�*�R�G�[�V���]�j�`
�����������������������������j�k�p���h�a�b�p�L�]�`�`�h�a�*�e�j�p�a�n�o�a�_�p�o�$�^�k�p�p�k�i�S�]�h�h�*�^�k�q�j�`�o�E�j�H�k�_�]�h�%�%���w
�������������������������h�a�b�p�L�]�`�`�h�a�U���'�9���2�7
���������������������y
�����������������y
�������������y�(
�������������C�n�k�q�l���w
�����������������r�]�n���o�p�]�n�p�>�q�p�p�k�j�6���>�q�p�p�k�j�7
�����������������h�]�u�k�q�p�T�6���.�.�1
�����������������h�]�u�k�q�p�U�6���0�3�,
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�����������������_�k�j�p�a�j�p�6���o�p�]�n�p�>�q�p�p�k�j���9���>�q�p�p�k�j���w
���������������������p�a�t�p�6�����O�p�]�n�p����
���������������������r�e�o�e�^�h�a�6���^�e�j�`���o�p�]�n�p�R�e�o�e�^�h�a
���������������������]�_�p�e�k�j�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
�������������������������o�p�]�n�p�R�e�o�e�^�h�a���9���b�]�h�o�a�7
�������������������������l�k�j�c�=�j�e�i�]�p�e�k�j�*�l�h�]�u�B�n�k�i�O�p�]�n�p�$�%�7
���������������������y
�����������������y
�������������y
���������Y
�����y
�y
�+�+���E�j�e�p�e�]�h�e�v�a���p�d�a���c�]�i�a
�e�j�e�p�e�]�h�e�v�a�$�%�7

Using the KeyFrame Action Event Handler

We•re using a different technique in the timeline than demonstrated in the Metronome1 pro-
gram earlier in the chapter (see Figure 3-11 and Listing 3-6). Instead of interpolating two values 
over a period of time, we•re using the �]�_�p�e�k�j event handler of the �G�a�u�B�n�]�i�a instance in our time-
line. Take a look at the following snippet from Listing 3-10 to see this technique in use:

�l�k�j�c�=�j�e�i�]�p�e�k�j���9���P�e�i�a�h�e�j�a���w
�����g�a�u�B�n�]�i�a�o�6���G�a�u�B�n�]�i�a���w
���������p�e�i�a�6���-�,�i�o
���������]�_�p�e�k�j�6���b�q�j�_�p�e�k�j�$�%�6�R�k�e�`���w
�������������_�d�a�_�g�B�k�n�?�k�h�h�e�o�e�k�j�$�%�7
�������������_�a�j�p�a�n�T���'�9���e�b���$�i�k�r�e�j�c�N�e�c�d�p�%���-���a�h�o�a���)�-�7
�������������_�a�j�p�a�n�U���'�9���e�b���$�i�k�r�e�j�c�@�k�s�j�%���-���a�h�o�a���)�-�7
���������y
�����y
�����n�a�l�a�]�p�?�k�q�j�p�6���P�e�i�a�h�e�j�a�*�E�J�@�A�B�E�J�E�P�A
�y�7

As shown in the snippet, we use only one �G�a�u�B�n�]�i�a, and it has a very short time (10 mil-
liseconds). When a �G�a�u�B�n�]�i�a has an �]�_�p�e�k�j event handler, the code in that handler is executed 
when the �p�e�i�a for that �G�a�u�B�n�]�i�a is reached. Because the �n�a�l�a�]�p�?�k�q�j�p of this timeline is indefi-
nite, the �]�_�p�e�k�j event handler will be executed every 10 milliseconds. The code in this event 
handler does two things:

 1. Calls a function named �_�d�a�_�g�B�k�n�?�k�h�h�e�o�e�k�j�$�% which is defined in this program, whose 
purpose is to see whether the ball has collided with either paddle or any of the walls

 2. Updates the variables in the model to which the position of the ball is bound, taking 
into account the direction that the ball is already moving
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Using the Node intersects() Function to Detect Collisions

Take a look inside the �_�d�a�_�g�B�k�n�?�k�h�h�e�o�e�k�j�$�% function in the following snippet from Listing 3-10 
to see how we check for collisions by detecting when two nodes intersect (share any of the 
same pixels):

�b�q�j�_�p�e�k�j���_�d�a�_�g�B�k�n�?�k�h�h�e�o�e�k�j�$�%���w
�����e�b���$�^�]�h�h�*�e�j�p�a�n�o�a�_�p�o�$�n�e�c�d�p�S�]�h�h�*�^�k�q�j�`�o�E�j�H�k�_�]�h�%���k�n
�������������^�]�h�h�*�e�j�p�a�n�o�a�_�p�o�$�h�a�b�p�S�]�h�h�*�^�k�q�j�`�o�E�j�H�k�_�]�h�%�%���w
���������l�k�j�c�=�j�e�i�]�p�e�k�j�*�o�p�k�l�$�%�7
���������e�j�e�p�e�]�h�e�v�a�$�%�7
�����y
�����a�h�o�a���e�b���$�^�]�h�h�*�e�j�p�a�n�o�a�_�p�o�$�^�k�p�p�k�i�S�]�h�h�*�^�k�q�j�`�o�E�j�H�k�_�]�h�%���k�n
�����������������������^�]�h�h�*�e�j�p�a�n�o�a�_�p�o�$�p�k�l�S�]�h�h�*�^�k�q�j�`�o�E�j�H�k�_�]�h�%�%���w
���������i�k�r�e�j�c�@�k�s�j���9���j�k�p���i�k�r�e�j�c�@�k�s�j�7
�����y
�����a�h�o�a���e�b���$�^�]�h�h�*�e�j�p�a�n�o�a�_�p�o�$�h�a�b�p�L�]�`�`�h�a�*�^�k�q�j�`�o�E�j�H�k�_�]�h�%���]�j�`���j�k�p���i�k�r�e�j�c�N�e�c�d�p�%���w
���������i�k�r�e�j�c�N�e�c�d�p���9���j�k�p���i�k�r�e�j�c�N�e�c�d�p�7
�����y
�����a�h�o�a���e�b���$�^�]�h�h�*�e�j�p�a�n�o�a�_�p�o�$�n�e�c�d�p�L�]�`�`�h�a�*�^�k�q�j�`�o�E�j�H�k�_�]�h�%���]�j�`���i�k�r�e�j�c�N�e�c�d�p�%���w
���������i�k�r�e�j�c�N�e�c�d�p���9���j�k�p���i�k�r�e�j�c�N�e�c�d�p�7
�����y
�y

The �e�j�p�a�n�o�a�_�p�o�$�% function of the �J�k�`�a class shown here takes an argument of type �>�k�q�j�`�o, 
located in the �f�]�r�]�b�t�*�c�a�k�i�a�p�n�u package. It represents the rectangular bounds of a node, for 
example, the �h�a�b�p�L�]�`�`�h�a node shown in the preceding code snippet. Notice that we•re using 
the �^�k�q�j�`�o�E�j�H�k�_�]�h instance variable that the �h�a�b�p�L�]�`�`�h�a (a �N�a�_�p�]�j�c�h�a) inherited from the �J�k�`�a 
class. The �^�k�q�j�`�o�E�j�H�k�_�]�h instance variable is of type �N�a�_�p�]�j�c�h�a�.�@, and its value is the bounds of 
the �h�a�b�p�L�]�`�`�h�a node.

The net results of the intersect function invocations in the preceding snippet is as follows:

�Ê �U�Ê ���v�Ê�Ì�…�i�Ê�^�]�h�h intersects with the bounds of the �n�e�c�d�p�S�]�h�h or �h�a�b�p�S�]�h�h, the �l�k�j�c�=�j�e�i�]�p�e�k�j 
�P�e�i�a�h�e�j�a is stopped and the game is initialized for the next play. Note that the �n�e�c�d�p�S�]�h�h 
and �h�a�b�p�S�]�h�h nodes are 1-pixel-wide rectangles on the left and right sides of the �O�_�a�j�a. 
Take a peek at Listing 3-10 to see where these are defined.

�Ê �U�Ê ���v�Ê�Ì�…�i�Ê�^�]�h�h intersects with the bounds of the �^�k�p�p�k�i�S�]�h�h or �p�k�l�S�]�h�h, the vertical direc-
tion of the ball will be changed by negating the program•s Boolean �i�k�r�e�j�c�@�k�s�j variable.

�Ê �U�Ê ���v�Ê�Ì�…�i�Ê�^�]�h�h intersects with the bounds of the �h�a�b�p�L�]�`�`�h�a or �n�e�c�d�p�L�]�`�`�h�a, the horizontal 
direction of the ball will be changed by negating the program•s Boolean �i�k�r�e�j�c�N�e�c�d�p 
variable.
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�NTip For more information on �^�k�q�j�`�o�E�j�H�k�_�]�h and its related variables, �h�]�u�k�q�p�>�k�q�j�`�o and  
�^�k�q�j�`�o�E�j�L�]�n�a�j�p, see the •Bounding RectanglesŽ discussion at the beginning of the �f�]�r�]�b�t�*�o�_�a�j�a�*
�J�k�`�a class in the JavaFX API docs. For example, it is a common practice to find out the width or height  
of a node by using the expression �i�u�J�k�`�a�*�h�]�u�k�q�p�>�k�q�j�`�o�*�s�e�`�p�d or �i�u�J�k�`�a�*�h�]�u�k�q�p�>�k�q�j�`�o�*�d�a�e�c�d�p. 
Also see Chapter 7, which includes a detailed discussion of this topic.

Dragging a Node

The MobileEqualizer example earlier in this chapter demonstrated a simplistic technique for 
dragging the mouse and affecting the width of a rectangle node in the process. The ZenPong 
example shows a technique which employs the �`�n�]�c�T and �`�n�]�c�U variables of the �I�k�q�o�a�A�r�a�j�p 
class to drag a node. See the following snippet from Listing 3-10 for an example of this 
technique:

�r�]�n���n�e�c�d�p�L�]�`�`�h�a�U�6���J�q�i�^�a�n�7
�*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
�b�q�j�_�p�e�k�j���e�j�e�p�e�]�h�e�v�a�$�%�6�R�k�e�`���w
�����_�a�j�p�a�n�T���9���.�1�,�7
�����_�a�j�p�a�n�U���9���.�1�,�7
�����h�a�b�p�L�]�`�`�h�a�U���9���.�/�1�7
�����n�e�c�d�p�L�]�`�`�h�a�U���9���.�/�1�7
�����o�p�]�n�p�R�e�o�e�^�h�a���9���p�n�q�a�7
�����l�k�j�c�?�k�i�l�k�j�a�j�p�o�*�n�a�m�q�a�o�p�B�k�_�q�o�$�%�7
�y
�*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
�O�p�]�c�a���w
���������������������*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
���������������������n�e�c�d�p�L�]�`�`�h�a���9���N�a�_�p�]�j�c�h�a���w
�������������������������r�]�n���`�n�]�c�O�p�]�n�p�U�6���J�q�i�^�a�n���9���,�7
�������������������������t�6���0�3�,
�������������������������u�6���^�e�j�`���n�e�c�d�p�L�]�`�`�h�a�U
�������������������������s�e�`�p�d�6���-�,
�������������������������d�a�e�c�d�p�6���/�,
�������������������������b�e�h�h�6���?�k�h�k�n�*�H�E�C�D�P�>�H�Q�A
�������������������������k�j�I�k�q�o�a�L�n�a�o�o�a�`�6���b�q�j�_�p�e�k�j�$�i�a�6�I�k�q�o�a�A�r�a�j�p�%�6�R�k�e�`���w
�����������������������������`�n�]�c�O�p�]�n�p�U���9���n�e�c�d�p�L�]�`�`�h�a�*�u�7
�������������������������y
�������������������������k�j�I�k�q�o�a�@�n�]�c�c�a�`�6���b�q�j�_�p�e�k�j�$�i�a�6�I�k�q�o�a�A�r�a�j�p�%�6�R�k�e�`���w
�����������������������������n�e�c�d�p�L�]�`�`�h�a�U���9���`�n�]�c�O�p�]�n�p�U���'���i�a�*�`�n�]�c�U�7
�������������������������y
���������������������y
���������������������*�*�*�_�k�`�a���k�i�e�p�p�a�`�*�*�*
�y
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Note that in this ZenPong example, we•re dragging the paddles only vertically, not hori-
zontally. Therefore, the code snippet only deals with dragging on the y axis. The elements of 
this technique when applied to both x and y axes are as follows:

�Ê �U�Ê �6�>�À�ˆ�>�L�•�i�Ã�Ê�>�À�i�Ê�`�i�V�•�>�À�i�`�Ê�ˆ�˜�Ê�Ì�…�i�Ê�“�œ�`�i�•�Ê�Ì�œ�Ê�Ü�…�ˆ�V�…�Ê�Ì�…�i�Ê�Ý�Ê�>�˜�`�Ê�Þ�Ê�•�œ�V�>�Ì�ˆ�œ�˜�Ã�Ê�œ�v�Ê�Ì�…�i�Ê�˜�œ�`�i�Ê�>�À�i�Ê
bound. The x and y locations are relative to the node•s local coordinate space (plus 
any transforms, which will be discussed in Chapter 5). The node•s local coordinate 
space could be the �O�_�a�j�a or a �C�n�k�q�l in which the node is a member (which is the case 
in this example). Note that in this example, the �n�e�c�d�p�L�]�`�`�h�a node is only allowed to be 
dragged vertically, so we•re only declaring one variable, named �n�e�c�d�p�L�]�`�`�h�a�U.

�Ê �U�Ê �6�>�À�ˆ�>�L�•�i�Ã�Ê�>�À�i�Ê�`�i�V�•�>�À�i�`�Ê�Ì�…�>�Ì�Ê�Ã�Ì�œ�À�i�Ê�Ì�…�i�Ê�Ý�Ê�>�˜�`�Ê�Þ�Ê�•�œ�V�>�Ì�ˆ�œ�˜�Ã�Ê�œ�v�Ê�Ü�…�i�À�i�Ê�Ì�…�i�Ê�“�œ�Õ�Ã�i�Ê�Ü�>�Ã�Ê�«�À�i�Ã�Ã�i�`�Ê
prior to being dragged. The �`�n�]�c�O�p�]�n�p�U variable in the preceding snippet is declared for 
this purpose.

�Ê �U�Ê ���˜�Ê�Ì�…�i�Ê�k�j�I�k�q�o�a�L�n�a�o�o�a�` event handler, assign the x and y locations of the �I�k�q�o�a�A�r�a�j�p to 
the variables declared for this purpose.

�Ê �U�Ê ���˜�Ê�Ì�…�i�Ê�k�j�I�k�q�o�a�@�n�]�c�c�a�` event handler, update the model variables that represent the 
node•s location (in this example, just �n�e�c�d�p�L�]�`�`�h�a�U) with the location in which the drag 
started (�`�n�]�c�O�p�]�n�p�U) plus the number of pixels in each dimension that the mouse was 
dragged (�i�a�*�`�n�]�c�U).

Note that we bound the �u value of the �n�e�c�d�p�L�]�`�`�h�a �N�a�_�p�]�j�c�h�a to the �n�e�c�d�p�L�]�`�`�h�a�U variable. 
While this is convenient, a more generalized approach for dragging nodes is to bind the �h�]�u�k�q�p�T 
and �h�]�u�k�q�p�U instance variables to model variables.

Summary
Congratulations, you have learned a lot in this chapter about creating UIs in JavaFX, including 
the following:

�Ê �U�Ê �
�À�i�>�Ì�ˆ�˜�}�Ê�>�Ê�Õ�Ã�i�À�Ê�ˆ�˜�Ì�i�À�v�>�V�i�Ê�ˆ�˜�Ê���>�Û�>���8�]�Ê�Ü�…�ˆ�V�…�Ê�Ü�i�Ê�•�œ�œ�Ã�i�•�Þ�Ê�L�>�Ã�i�`�Ê�œ�˜�Ê�Ì�…�i�Ê�“�i�Ì�>�«�…�œ�À�Ê�œ�v�Ê�V�À�i�>�Ì-
ing a theater play and typically consists of creating a stage, a scene, nodes, a model, 
and event handlers, and animating some of the nodes

�Ê �U�Ê �/�…�i�Ê�`�i�Ì�>�ˆ�•�Ã�Ê�>�L�œ�Õ�Ì�Ê�Õ�Ã�ˆ�˜�}�Ê�“�œ�Ã�Ì�Ê�œ�v�Ê�Ì�…�i�Ê�Û�>�À�ˆ�>�L�•�i�Ã�Ê�>�˜�`�Ê�v�Õ�˜�V�Ì�ˆ�œ�˜�Ã�Ê�œ�v�Ê�Ì�…�i�Ê�O�p�]�c�a class, includ-
ing how to create a �O�p�]�c�a that is transparent with no window decorations

�Ê �U�Ê ���œ�Ü�Ê�Ì�œ�Ê�Õ�Ã�i�Ê�Ì�…�i�Ê�D�>�k�t and �R�>�k�t layout containers to organize nodes horizontally and  
vertically, respectively

�Ê �U�Ê �/�…�i�Ê�`�i�Ì�>�ˆ�•�Ã�Ê�>�L�œ�Õ�Ì�Ê�Õ�Ã�ˆ�˜�}�Ê�“�œ�Ã�Ì�Ê�œ�v�Ê�Ì�…�i�Ê�Û�>�À�ˆ�>�L�•�i�Ã�Ê�>�˜�`�Ê�v�Õ�˜�V�Ì�ˆ�œ�˜�Ã�Ê�œ�v�Ê�Ì�…�i�Ê�O�_�a�j�a class

�Ê �U�Ê ���œ�Ü�Ê�Ì�œ�Ê�V�À�i�>�Ì�i�Ê�>�˜�`�Ê�>�«�«�•�Þ�Ê�
�-�-�Ê�Ã�Ì�Þ�•�i�Ã�Ê�Ì�œ�Ê�˜�œ�`�i�Ã�Ê�ˆ�˜�Ê�Þ�œ�Õ�À�Ê�«�À�œ�}�À�>�“�Ê�L�Þ�Ê�>�Ã�Ã�œ�V�ˆ�>�Ì�ˆ�˜�}�Ê�œ�˜�i�Ê�œ�À�Ê
more style sheets to the �O�_�a�j�a

�Ê �U�Ê �/�…�i�Ê�1���Ê�˜�œ�`�i�Ã�Ê�Ì�…�>�Ì�Ê�>�À�i�Ê�>�Û�>�ˆ�•�>�L�•�i�Ê�Ü�…�i�˜�Ê�V�À�i�>�Ì�ˆ�˜�}�Ê�>�Ê�1���Ê�>�˜�`�Ê�Ü�…�>�Ì�Ê�«�>�V�Ž�>�}�i�Ã�Ê�Ì�…�i�Ê�˜�œ�`�i�Ã�Ê�>�À�i�Ê
contained in

�Ê �U�Ê ���œ�Ü�Ê�Ì�œ�Ê�…�>�˜�`�•�i�Ê�Ž�i�Þ�L�œ�>�À�`�Ê�>�˜�`�Ê�“�œ�Õ�Ã�i�Ê�ˆ�˜�«�Õ�Ì�Ê�i�Û�i�˜�Ì�Ã
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Index

Symbols
.*, import directive and, 211
$ character, 206
+ addition operator, 48, 77
\ backslash, 54
: colon. See colon
{} curly braces. See curly braces
/ division operator, 48, 77
. dot. See dot
..< two dots and less-than sign, 61, 64
.. two dots notation, 61, 64
== equals operator, 78
> greater-than operator, 78
>= greater-than or equal operator, 78
## hash marks, double, 223
[, indicating sequences, 14
--i, pre-decrement operator, 49
++i, pre-increment operator, 49
< less-than operator, 78
<=less-than or equal operator, 78
* multiplication operator, 48, 77
!= not-equals operator, 78
/*ƒ */ multiline comments, 11
( ) parentheses. See parentheses
% percent character, 221
<< >>, quoting keywords and, 226
 • Ž double quotes, 54
• • single quotes, 54
; semicolon. See semicolon
// single-line comments, 11
[ ] square brackets. See square brackets
- subtraction operator, 48, 77
| vertical bar, 64
-x, negation operator, 49

A
abnormal exits, from function calls, 183
abstract classes, 201, 231
abstract instance functions, 201
abstract keyword, 201

access, levels of, 206
access modifiers, 205, 206

Stage class and, 101
types of, 212

access rights, instance variables/instance 
functions and, 88

action event handler, 130
Metronome1 sample application and, 145
ZenPong sample game and, 161

action variable, 283
addition operator (+), 48, 77
addShutdownAction() function, 116
Adobe Illustrator

exported resources and, 475
JavaFX Production Suite and, 7, 469

Adobe Photoshop, 
exported resources and, 475
JavaFX Production Suite and, 7, 469

Aguilar, Mauricio, 443
Alert class, 38, 117
alert dialogs, 116
alignment

directional, 323…328
of components via bind statement, 317

allocate() function, 234
altDown variable, 131
Amazon Associates Web Service, 468

REST requests and, 471
search items and, 489

AmazonTopSellers class, 483, 491
and operator, 47
animation

Duration primitive type and, 57
nodes and, 139…164
text and, 18
transition classes for, 146…153

animation package, 18, 39, 139
AnimationPath, 153
anonymous class expressions, unsupported 

with Version 1.2 of JavaFX, 189
anonymous function expressions, 178
Apple Dashboard, 368
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