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pass-by-value means 

pass-by-copy
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Dog reference

Dog objec
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size
24

int

fido
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00000111
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int

Z

copy of x
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Object
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Heap
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only refere
nce has been

 

reprogrammed for a 

different D
uck.

kid instance on
e

kid instance two
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one per class
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class with a 
risky method

throws an exception back

class Cow {
  void moo() {
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      explode();
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   }
}

your code

class Bar {
  void go() {
     moo();
  } 
  int stuff() {
     x.beep();
  }
}

calls risky method
1

2

class MyOuter  {
   
   class MyInner {
      void go() {
       }
    } 

} 

The outer and inner objects 
are now intimately linked.

These two objects o
n the 

heap have a
 special bon

d. The 

inner can us
e the outer

’s 

variables (a
nd vice-versa). 

inner

outer
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the east and 

west get their 
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preferred height.
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how to use this book

Who is this book for?
If you can answer "yes" to all of these:

E!)" Have you done some programming?

®

®

Do you want to learn Java?

Do you prefer stimulating dinner party
conversation to dry, dull, technical
lectures?

This is NOT a reference
book. Head First Java is a
book designed for 'earning,
not an encyclopedia of
Java facts.

this book is for you.

Who should probably back away frotH this book?
If you can answer "yes" to anyone of these:

Is your programming background limited
to HTML only, with no scripting language
experience?
(If you've done anything with looping, or if/then
logic , you 'll do fine with this book, but HTML
tagging alone might not be enough.)

this book is not for you .

®

®

Are you a kick-butt C++ programmer
looking for a reference book?

Are you afraid to try something different?
Would you rather have a root canal than
mix stripes with plaid? Do you believe
than a technical book can't be serious If
there's a picture of a duck in the memory
management section?

I

xxii intro
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the intra

We k.,ow what you"re thittkhtg.

A.,d we kt10w what your brain is thittkittg.
Your brain craves novelty. It's always searching, scanning, waiting for
something unusual. It was built that way, and it helps you stay alive.

Today, you're less likely to be a tiger snack. But your brain 's still
looking. Youjust never know.

So what does your brain do with all the routine, ordinary, normal
things you encounter? Everything it can to stop them from
interfering with the brain's realjotr-recording things that matter. It
doesn't bother saving the boring things; they never make it past the
"th is is obviously not important" filter.

How does your brain know what's important? Suppose you're out for
a day hike and a tigerjumps in front of you , what happens inside your
head?

Neurons fire. Emotions crank up. Chemicals suW

And that's how your brain knows ...

This must be Importantl Don't forget ItI

But imagine you're at home, or in a library. It's a safe, warm, tiger-free
zone. You're studying. Getting ready for an exam. Or trying to learn
some tough technical topic your boss thinks will take a week, ten days
at the most,

Just one problem. Your brain's trying to do you a big favor. It 's
trying to make sure that this obviou.sly non-important content
doesn't clutter up scarce resources. Resources that are better
spent storing the really bigthings. Like tigers. Like the danger of
fire. Like how you should never again snowboard in shorts.

And there's no simple way to tell your brain, "Hey brain, thank
you very much, but no matter how dull this book is. and how
little I'm registering on the emotional richter scale right now, I
really do want you to keep this stuff around.h

"How can this be a seriousJava programming book?"

"What's with all the graphics?"

"Can I actually learn it this way?"

"Do I smell pizza?"

you are he re ~ xxiII
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how to use this book

We tlUn1 of a"!lead Fll'St Java" reader as a learner.-
So what does It take to learn something? First, you have to get It, then make sure
you don't forgetll It's not about pushing facts Into your head. Based on the
latest research In cognltJve science, neurobiology, and educatJonal psychology,
learning takes a lot more than text on a page. We know what turns your brain on.

RMI"'(loo~
~ite

Use a conversational and personalized style,In recent studies,

students performed up to 40% better on post-learning tests if the content spoke

directly to the reader, using a flrst-person, conversational style rather than

taking a formal tone.Tell stories instead of lecturing. Use casual language. Don't

take yourself too seriously. Which would you pay more attention to: a stimulating

dinner party companion, or a lecture?

Soma of the Head First learning principles:

o
o

Make It visual. Images are far more memorable than words

alone, and make learning much more effective (Up to 89%

Improvement in recall and transfer studies) . It also makes

things more understandable. Put the words within
or near the graphics they relate to, rather than on the

bottom or on another page, and learners will be up to twice

as likely to solve problems related to the content.

It re4l1y SlJcks to ~ <III

Qbstl"<lct m~tkod. You

don't heve Q body.

Get the learner to think more deeply. In other words, unless

you actively flex your neurons, nothing much happens in your head.

A reader has to be motivated, engaged, curious, and inspired to

solve problems, draw conclusions, and generate new knowledge.

And for that, you need challenges, exercises, and thought­

provoking questions, and actlvlties that involve both sides

of the brain, and multiple senses.
~0llll10 ;

~,-.A 'l>o41'· ,~ t
tl4~i-
~ ;Ie. Oet-and kee,,-,he reader's attention. We've all

had the"' really want to learn this but I can't stay awake past

page one" experience. Your brain pays arrentlon to things that are out

of the ordinary, interesting, strange, eye-catching, unexpected. Learning a new,

tough, technical topic doesn't have to be boring. Yourbrain will learn much more qUicklyjf it's not.

Touch their emotlon8. We now know that your ability to remember something Is largely

dependent on Its emotional content. You remember what you care about. You remember when

you feel somethIng. No we're not talking heart-wrenching stories about a boy and hIs dog .

We're talking emotions like surprise, curiosity, fun, "what the ...T", and the feeling of "I Rulel"

that comes when you solve a puzzle, learn something everybody else thinks Is hard, or realize

you know something that ·"m more technical than thou' Bob from engineering doe$n't.

XXiv in t ra
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the intro

Metacogtlitiott: thittkittg about thittki"Q.

o
o

Ifyou really want to learn, and you want to learn more quickly and more deeply,
pay attention to how you pay attention. Think about how you think, Learn how
you learn.

Most of us did not take courses on metacognition or learning theory when we were
growing up. We were expected to learn, but rarely taught to learn.

But we assume that ifyou're holding this book, you want to learn Java. And you
probably don't want to spend a lot of time.

To get the most from this book, or any book or learning experience, take
responsibility for your brain. Your brain 00 thai content.

The trick is to get your brain to see the new material you're learning
as Really Important. Crucial to your well-being. As important as
a tiger. Otherwise, you're in for a constant battle, with your brain
doing its best to keep tile new content from sticking.

So Just how DO you get your brain to treat Java like It
was a hungry tiger?

There's the slow, tedious way, or the faster, more effective way. The
slow way is about sheer repetition. You obviously know that you are
able to learn and remember even the dullest of topics, if you keep pounding
on the same thing. With enough repetition, your brain says, "This doesn'tfeel
important to him, but he keeps looking at the same thing overand over and over, so
I suppose it must be."

The faster way is to do anything that increases brain activity, especially different types
of brain activity. The things on the previous page are a big part of the solution,
and they're all things that have been proven to help your brain work in your favor.
For example, studies show that putting words within the pictures they describe (as
opposed to somewhere else in the page, like a caption or in the body text) causes
your brain to try to makes sense of how the words and picture relate, and this
causes more neurons to fire. More neurons firing = more chances for your brain
to get that this is something worth paying attention to, and possibly recording.

A conversational style helps because people tend to pay more attention when they
perceive that they're in a conversation, since they're expected to follow along and
hold up their end. The amazing thing is, your brain doesn't necessarily care that
the "conversation" is between you and a book! On the other hand, if the writing
style is formal and dry, your brain perceives it the same way you experience being
lectured to while sitting in a roomful of passive attendees. No need to stay awake.

But pictures and conversational style are just the beginning.

you are here ~ xxv
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how to use this book

Here"s what WE did:
We used pidures, because your brain is tuned for visuals, not text As fur as your
brain's concerned, a picture really ssworth 1024 words. And when text and pictures
work together, we embedded the text in the pictures because your brain works
more effectively when the text is wiihin the thing the text refers to, as opposed to in
a caption or buried in the text somewhere.

We used repetitUm, saying the same thing in different waysand with different media
types, and multiplesenses, to increase the chance that the content gets coded coded
into more than one area of your brain.

We used concepts and pictures in ~ways because your brain is tuned for
novelty, and we used pictures and ideas with at least SO'1M emf>tional content, because
your brain is tuned to pay attention to thebiochemlstry of emotions. That which
causes you to feel something is more likely to be remembered. even if that feeling is
nothing more than a little humor; SU1"f1rise, or interest.

We used a personalized, conversational style, because your brain is tuned to pay more
attention when it believes you 're in a conversation than if it thinks you're passively
listening to a presentation. Your brain does this even when you're reading.

We included more than 50~ , because your brain is tuned to learn and
remember more when you do things than when you readabout things. And we
made the exercises challenging-yet-do-able, because that's what most pet1J/.e prefer.

We used multiple learning styles, because youmight prefer step-by-step procedures,
while someone else wants to understand the big picture first, while someone else
just wants to see a code example. But regardless ofyour own learning preference,
everyone benefits from seeing the same content represented in multiple ways.

We include content for both ridesofyourbrain; because the more of your brain you
engage, the more likely you are to learn and remember, and the longer you can
stay focused. Since working one side of the brain often means giving the other side
a chance to rest, you can be more productive at learning for a longer period of
time.

And we included storie: and exercises that present J'TUWe than one point ofview,
because your brain is tuned to learn more deeply when it's forced to make
evaluations and judgements.

We included chaIknges, with exercises, and byasking qrustions that don't always have
a straight answer, because your brain is tuned to learn and remember when it has
to work at something (just as you can't get your body in shape by watching people
at the gym). But we did our best to make sure that when you're working hard, it's
on the right things: That you'renotspending oneexITa denLfrile processing a hard-to­
understand example, or parsing difficult,jargon-Iaden, or extremely terse text.

We used an 80/20 approach. We assume that ifyou 're going for a PhD in java,
this won't be your only book. So we don't talk about everything. Just the stuff you'll
actually use.

xxvi Intra
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the intra

Listen to your brain.

Pay attention to whether your brain is getting
overloaded. If you find yourself starting to skim
the surface or forget what you just read, it's
time for a break. Once you go past a certain
point, you won't learn faster by trying to shove
more in, and you might even hurt the process.

Talk about It. Out loud.

Speaking activates a different part of
the brain. If you're trying to understand
something, or increase your chance of
remembering it later, say it out loud. Better
still, try to explain it out loud to someone
else . You'll learn more quickly, and you might
uncover ideas you hadn't known were there
when you were reading about it.

Drink water. Lots of It.

Your brain works best in a nice bath of fluid.
Dehydration (which can happen before you
ever feel thirsty) decreases cognitive function.

•

Herels what YOU ca., do to be.,d your
brah1 i"to subltdssiot1.

Do the exercises. Write your own notes.

We put them in, but if we did them for you,
that would be like having someone else
do your workouts for you. And don't just
lookat the exercises. Use a pencil. There's
plenty of evidence that physical activity
while learning can increase the learning.

Read the "There are No Dumb Questions"

That means all of them. They're not
optional side-bars-they're part of the core
contentl Sometimes the questions are more
useful than the answers.

~ . Slow down. The more you understand,
the less you have to memorize.

Don't just 'read. Stop and think. When the
book asks you a question, don't just skip to
the answer. Imagine that someone really is
asking the question. The more deeply you
force your brain to think, the better chance
you have of learning and remembering.

So, we did our part. The rest is up to you . These tips are a
starting point; Listen to your brain and figure out what works
for you and what doesn't. Try new things.

lki. -this OUt dhd sf.itk 't
Oh yOlJ.'r l'"e+l'"id9tt"ak . I

. _ - - _ . _ - - - - - - - - - - -~ -----------------------------------------------------------

•

Don't do all your reading In one place.

Stand-up, stretch, move around . change
chairs, change rooms. It'll help your brain
feelsomething, and keeps your learning from
being too connected to a particular place.

Make this the last thing you read before
bed. Or at least the last challengIng thing.

Part of the learning (especially the transfer
to long-term memory) happens afleryou put
the book down. Your brain needs time on
its own, to do more processing. Ifyou put in
something new during that processing-time,
some of what you just learned will be lost.

• Feel somethlngl
Your brain needs to know that this mauers. Get
involved with the stories. Make up your 0\\>11

captions for the photos. Groaning over a bad
joke is still better than feeling nothing at all.

.. Type and run the code.

Type and run the code examples. Then you
can experiment with changing and improving
the code (or breaking it, which is sometimes
the best way to figure alit what's really
happening). For long examples or Ready-bake
code, you can download the source files from
headfirstjava.corn
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how to use this book

What you heed for this book:
You do not need any other development tool. such as an Integrated
Development Environment (IDE). We strongly recommend that you not
use anything but a-basic text editor until you complete this book (and
especially not until after chapter 16). An IDE can protect you from some of
the details that really matter. so you're much bener off learning from the
command-line and then. once you really understand what's happening.
move to a tool that automates some of the process.

SmlNG UP JAVA ------------------,

• If you don't already have a 1.5 orgreater Java 2Standard Edition SDK (Software
Development Kit), you need it. Ifyou're on Linux, Windows, or Solaris, you can gellt for free
from java.sun.com (Sun's websile forJava developers). It usually takes nomore than two clicks
from the main page togelto the J2SE downloads page.Get the latest non-beta version posted.
The SDK includes everything you need tocompile and run Java.
Ifyou're running Mac OS X10.4. the Java SDK isalready installed. It's partof OS X, and you
don't have todoanything else. Ifyou're on an earlier version of OS X. you have an earlier
version ofJava that will wor1< for95% of the code in this book.
Note: This book isbased on Java 1.5, but forstunningly unclear mar1<eting reasons, shortly
before release, Sun renamed ItJava 5, while still keeping "1 .5" asthe version number forthe
developer's kit So, if you see Java 1.5 orJava 5orJava 5.0, or"Tiger" (version 5's original
code-name), they allmean the same thing. There was never a Java 3.0 or4.Q--it jumped from
version 1.4 to5.0,bu1 you will still find places where it'scalled 1.5 instead of5. Don'l ask.
(Oh, and just 10 make il more entertaining, Java 5 and the Mac OS X10.4 were both given the
same code-name of"Tiger", and since OS X10.4 is the version of the Mac OS you need to run
Java 5, vou'llhear people talk about "Tiger on TIger". IIjustmeans Java 5 on OS X 10.4).

• The SDK does not include the API documentatIon, and you need that! Go back tojava.sun.
com and get the J2SE APr documentation. You can also access the API docs online, without
downloading them, but thaI's apain. Trusl us, irs worth the download.

• You need a texteditor. Virtually any text editor will do(vi, emacs, pica), including the GUI ones
that come with most operating systems. Nolepad, Wordpad, TextEdlt, etc.allwork, aslong as
you make sure they don'l append a ".txt" on tothe end ofyour source code.

• Once you've downloaded and unpackedfzippedfwhatever (depends on which version and for
which OS). you need toadd an entry toyour PATH environment variable that points tothe fbln
directory inside the main Java directory. For example, if the J2SDK puts a directory on your
drive called "j2sdk1.5,O', look inside that directory and you'lI find the "bin" directory where the
Java binaries (the tools) live. The bin directory is the one you need a PATH to, sothaI when you
type:
% javac
atthe command-line, your terminal will know how tofind the javac compiler.
Note: if you have trouble with you installation, we recommend you gotojavaranch.com, and join
the Java-Beginning forum! Actually, you should dothat whether you have trouble ornot.

Nole: much of the code from this book Is available at wlckedlysmart.com
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Last...tMinute thhtgs you need to know:
This is a learning experience, not a reference book. We deliberately
stripped out everything that might get in the way of lmrningwhatever it
is we're working on at that point in the book. And the first time through,
you need to begin at the beginning, because the book makes assumptions
about what you've already seen and Learned.

We use simple UML.-IIke diagrams.
Ifwe'd used pureUML, you'd be seeing something that looks like Java , but
with syntax that's just plain 1UTfYflf;. So we use a simplified version ofUML
that doesn't conflict with Java syntax. If you don't already know UML. you
won't have to worry about leamingJava and UML at the same time.

We don't worry about organizing and packaging your own
code until the end of the book.
In this book, you can get on with the business of learningJava , without
stressing over some of the organizational or administrative details of
deveLopingJava programs. You will, in the real world, need to know-and
use--these details, so we cover them in depth. But we save them for the end
of the book (chapter 17) . Relax while you ease intoJava, gently.

The end-of-chapter exercises are mandatory; puzzles are
optional. Answers for both are at the end of each chapter.
One thing you need to know about the puzzles-tmy 're puxxles. As in Logic
puzzles, brain teasers, crossword puzzles, etc. The exercises are here to help
}'ou practice what you've learned, and you should do them all. The puzzles
are a different story, and some of them are quite challenging in a puzzle
way. These puzzles are meant for pualets, and you probably already know if
you are one. If you're not sure, we suggest you give some of them a try, but
whatever happens, don't be discouraged ifyou can't solve a puzzle or if you
simply can't be bothered to take the time to work them out.

The 'Sharpen Your Pencil' exercises don't have answers.
Not printed in the book, anyway. For some of them, there isno right
answer, and for the others, part of the learning experience for the Sharpen
activities is for you to decide if and when your answers are right, (Some of
our suggested answers are available on wickedlysman.com)

The code examples are as lean as possible
It's frustrating to wade through 200 lines of code looking for the two lines
you need to understand. Most examples in this book are shown within the
smallest possible context, so that the part you're trying to learn is clear and
simple. So don't expect the code to be robust, or even complete. That's
Jour assignment for after you finish the book. The book examples are
written specifically for learning, and aren't alwaysfully-functional .
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