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Preface

JAVA AND LINUX

Why another book on Java? Why a book on Java and Linux? Isn’t Java a plat-
form-independent system? Aren’t there enough books on Java? Can’t I learn
everything I need to know from the Web?

No doubrt, there are a host of Java books on the market. We didn’t wake
up one morning and say, “You know what the world really needs? Another book
about Java!” No. What we realized was that there are a couple of “holes” in the
Java book market.

First, Linux as a development platform and deployment platform for Java
applications has been largely ignored. This is despite the fact that the *nix
platform (meaning all UNIX and UNIX-like systems, Linux included) has long
been recognized as one of the most programmer-friendly platforms in existence.
Those few resources for Java on Linux that exist emphasize tools to the exclu-
sion of the Java language and APIs.

Second, books on the Java language and APIs have focused on pedagogical
examples that serve to illustrate the details of the language and its libraries, but
very few of these examples are in themselves practically useful, and they tend
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to deal only with the issues of writing programs, and not at all with deploying
and maintaining them. Anyone who has worked on a major software project,
especially a software project that is developed and deployed in a business for a
business, knows that designing and coding are only about half of the work in-
volved. Yes, writing Java code is only slightly affected by the development and
the deployment platform, but the process of releasing and maintaining such
applications is significantly different between platforms.

To address these missing pieces, we decided to cover development and
deployment of a Java application that has command-line, GUI, servlet, and
enterprise components on a Linux platform. We're writing the guide book we
wish we had had when we started writing and deploying Java applications on
Linux. We're going to show you a simplistic enterprise application, “from cradle
to grave,” but along the way cover issues of design process, production environ-
ment, setup, administration, and maintenance that few books bother to cover.!

If you are considering buying this book and you are wondering if there is
any information in here that you can’t get for free on the Web, then, no. There
is not. In fact, there is little information in any Java or Linux book that is not
available for free on the Internet. In fact, in each of our chapters we will tell
you where on the Web to find virtually all of the information we present, and
then some. And yet books continue to sell, and we have the chutzpah to ask
you to buy the book. The reason is that Web information is scattered, unorga-
nized, and of highly variable quality. We will be trying to bring all the relevant
information together in this book, in a clearly organized manner (and, we
would like to believe, at an acceptably high level of quality). We think that
has value.

Also, this book is part of the Bruce Perens’ Open Source Series. This book
is part of the Web literature. And you may freely read it and use it on the Web.
We hope this book will be one of those you use on the Web and buy on paper.
We don’t know about you, but we like to use Web books for reference, but for
reading, we like books. We own at least three books that are available for free
on the Web: Thinking in C++, Thinking in Java, and O’Reilly’s Docbook: The
Definitive Guide. We hope that open publishing will be the new model.

1. This is not to say this book is without purely pedagogical examples. Especially in Part I we
make use of your typical “throwaway” examples and single classes. To try to illustrate the basics
with a complete application would obscure and confuse the points being illustrated.
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FREE SOFTWARE AND JAVA

GNU/Linux? is Free Software. It is Open Source. I don’t even want to start
the debate on what each term means and which one is “right.” One of the two
authors of this book is a Free Software advocate, and the other is of a purely
laissez-faire attitude towards the question (we won’t tell you which, although
we invite you to guess). But even with a deliberate decision to cease-fire, the
question remains: Is Java Open Source or Free Software?

The answer is mixed. Neither Sun’s nor IBM’s Java implementations are
Open Source or Free Software. You may download and use them for free, but
you do not have the source code to them, nor do you have the right to make
modifications to them.3 This book will cover the GNU Compiler for Java,
which compiles Java source code to native machine code. The GNU Compiler
for Java (ggj) is both Open Source and Free Software. It is, however, supporting
differing levels of the Java APIs (some packages are current, some are back at
1.1.x levels) and does not fully support the AWT or Swing GUIs.

However, none of this means that you cannot write your own Java pro-
grams and release them under a Free Software or Open Source license. So you
can certainly develop Free Software in Java. Staunch Free Software partisans
(such as Richard Stallman and the Free Software Foundation) would question
the wisdom of doing so. Their argument would be that a Free Software product
that depends on non-Free tools isn’t really Free Software, since to compile, use,
or modify it, you need to make use of a proprietary tool.

There is more than one effort to produce a Free Software Java runtime
implementation. None of them is “ready for prime time.” It would, in our
opinion, be a very good thing for Sun to release their SDK and Java Virtual
Machine as Free Software. But so far, they have steadily resisted calls to do so.

2. This is the only time we will refer to it as “GNU/Linux.” See Section 7.3 for the story of
why GNU/Linux is the preferred name of some. We understand Stallman and the FSF’s posi-
tion, but “Linux” is much easier on the eyes and ears than “GNU/Linux.” And that, not prin-
ciple, is how names and words go into the language. For better or for worse, “Linux” is the
name of the operating system.

3. As we write this, a very public discussion is taking place between Sun, IBM, and Eric Ray-
mond, founder of the Open Source Initiative, about opening Java under some sort of open
source license. At this time, no one knows how this will turn out, but it is possible that Java
will be Free Software in the future.
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The fact, however, that two distinct vendors (Sun and IBM) produce ef-
fectively interchangeable development and runtime environments reduces some
of the risk that you face when you select a platform available only from a single
vendor who does not provide source code.

So, to put the case firmly: Java is free for use, but it is certainly not Free
Software as defined in 7he GNU Manifesto* or the GNU General Public Li-
cense.> This is a political and philosophical issue of interest only to those
aforementioned Free Software partisans. For the rest of us, this has no bearing
on Java’s technical or business merits. As for us, obviously we like the language
or we wouldn’t be writing about it.

You CAN HELP!

This book is part of the Bruce Perens’ Open Source Series. Shortly after this
book is published in dead-tree form, it will be on the Web,¢ free for use, redis-
tribution, and modification in compliance with the terms of the Open Publica-
tion License,” with no options taken. You can immediately create your own
version as permitted in that license.

Naturally enough, we plan to maintain our “official” version of the online
book, so we encourage you to send suggestions, corrections, extensions, com-
ments, and ideas to us. Please send any such to javalinux@multitool.net
and we will try to keep our little tome up-to-date so it continues to serve the
needs of the Java and Linux development communities.

ACKNOWLEDGMENTS

First off, we naturally wish to thank Mark L. Taub, our acquisitions editor at
Prentice Hall PTR, for believing in the book and in open publishing as the way
to put it out there. We also want to thank Bruce Perens for lending his name
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PTR Bruce Peren’s Open Source Series. Thanks, too, to Patrick Cash-Peterson

4.http://www.gnu.org/gnu/manifesto.html
5. http://www.gnu.org/copyleft/gpl.html
6.http://www.javalinuxbook.com/

7. http://www.opencontent.org/openpub/
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to: Kirk Vogen of IBM Consulting in Minneapolis for his article on using SWT
with gcj, and for his kind help in allowing us to use ideas he first presented in
his IBM developerWorks articles; and to Deepak Kumar® for graciously allow-
ing us to base our build.xml file for EJBs off of a version that he wrote.

Thanks, too, to Andrew Albing for his help in drawing some of our dia-
grams, and to George Logajan and to Andy Miller for sharing their insights on
the more intricate details of Swing.

We also wish to express our great indebtedness to our technical reviewers,
especially Andrew Hayes, Steve Huseth, and Dan Moore. A very large thank-
you is also due to Alina Kirsanova whose eye for detail, endless patience, and
tenacity, and overall talent with proofing, layout, and more added so much
refinement and improvement to the book. We are greatful for all their contri-
butions. Any errors or omissions in this text are our fault and certainly not
theirs. The book is much stronger for all their efforts.

There are likely many more people we ought to thank, especially those at
Prentice Hall PTR, whose names and contributions we may never know, but
we do know that this was an effort of many more people than just the authors,
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Introduction

This book has the unfortunate burden of serving a diverse set of audiences. We
realize that this book might appeal to both experienced Java programmers who
are new to Linux, and to experienced Linux programmers who are new to Java,
with all possible shadings in between.

In addition to balancing these two poles, we are also trying to strike a bal-
ance between the size of the book and the range of our topic. Fortunately, there
is today quite a range of both book and Web publishing on both Java and
Linux, so we are able to do our best within the limits of a book a normal person
may lift, and we can make recourse to a number of outside references you might
wish to use to supplement our efforts.

WHO SHouLD Buy THIS BOoOK

If you are an experienced Java programmer, but quite new to Linux, and you
have been looking for information on the tools available to develop and deploy
Java applications on Linux systems, this book will provide a lot of useful
information.
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If you are an experienced Linux user or developer, and you are interested
in using the Java language on that platform, this book will guide you through
some advanced Java development topics and will present, we hope, some novel
uses for familiar Linux and GNU tools.

If you are a rank beginner to either Linux or Java, we still think this book
has value, but we would recommend that you use it in conjunction with more
introductory books. For a basic introduction to Java and object-oriented pro-
gramming, we recommend Bruce Eckel’s excellent book, Thinking in Java
(ISBN 0-13-100287-2). For an introduction to Linux and its tools, we can
recommend 7he Linux Book by David Elboth (ISBN 0-13-032765-4)! as an
all-around title. We also list several other books in sections titled Resources
throughout this book. Many books we recommend are not actually Linux-
specific. Since Linux duplicates (in most respects) a UNIX platform, we do
occasionally recommend books that are general to all *nix systems.

If you are a developer, contractor, or MIS development manager with
more projects than budget, our book will introduce you to many solid tools
that are free of license fees for the development and deployment of production
Java applications. We are all being asked to do more with less all the time. In
many (but certainly not all) cases, Free and Open Source software is an excellent
way to do that.

WHO SHoOuULD NOT Buy THIS BOOK

Those looking for complete documentation on Java APIs and Linux-based Java
application servers will be disappointed. Complete reference material on Free
Software and Open Source Software may be found in book form, but it is most
certainly out-of-date. And while this is an open-content book, we know full
well that we will only be updating it as our “day jobs” permit. In other words,
those seeking complete and current reference material should go to the Web.
Those who have a multimillion-dollar budget for applications development
will probably be well served by commercial application server products. While
we very much believe that Linux and Java on Linux are fully capable of support-
ing production environments, we recognize that products such as BEAWeblogic

and IBM’s WebSphere have large support organizations behind them, and

1. Note that we do tend to recommend titles from Pearson Education (our publishers), but
that we by no means confine ourselves to that publisher.
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(at least for now) a larger base of developers and contracting organizations with
staff (variably) experienced in writing and supporting applications in these en-
vironments. Please note that you can run these products on Linux systems, and
that they are part of the Linux-Java world. Our book does not cover them,
however, both because they are well-covered elsewhere, and because we have
chosen to emphasize the Free and Open Source tools merely to keep the book
small enough to lift, while still covering those tools most in need of well-written
supporting documentation.

How 1o USE THIS BOOK

There are many approaches to a book. Some people like to start with the last
chapter to see how it all turns out in the end; others like to start at the front
and master each topic before moving on; some read through quickly, then
reread for detail; still others prefer to skip around, “cherry picking” topics as
whim and fancy strike. We hope this book will work for you, whatever
your style.

Each chapter is not really free-standing, nor is it intricately tied to the
previous chapters. If we were writing in depth on a single topic we might be
able to build chapter by chapter. Instead, we've tackled an immense amount
of information in hopes of condensing it down to give a good overview, to give
you a glimpse of the possibilities, and to whet your appetite for more. Some
chapters will be strongly related to previous chapters; others you may be able
to read without having read any of the preceding chapters—it will depend on
the topic.

Many Paths

What we’re describing below are a few possible paths that you might take
through the book, depending on what you bring to the task—your experience
and skills, your patience and persistence. We have tried to pack a lot of useful
and practical information into these few chapters, distilling down the most
important topics for each subject area. We hope that, even for the most experi-
enced of our readers, we still offer, if not some new facts, at least some fresh
explanations that might give you new insight into familiar topics.
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The Linux Newbie Path

If you are new to Linux, then you’ll want to start with the first two chapters.
If you are already experienced in Java, feel free to skip Chapter 3, but you may
want at least to skim Chapters 4 and 5. You will definitely want to check out
Chapter 7 as we are almost sure that it is something you didn’t know about.

Chapter 8 is another topic you may not have encountered outside of
Linux, although CVS is not limited to Linux environments. Beyond that, it
will depend on what else you already know. See what other categories, below,
might fit your situation.

The Java Newbie Path

If you are new to Java, then be sure to read Chapters 3 and 4, but if you are
not already an experienced programmer you should probably bring along
another, more introductory text.

Chapters 5 and 10 will give you some good background for choosing your
Java development tools. So many Java projects these days are tied to Ant that
you should also cover Chapter 9 if you don’t already know the tool.

With your experience in other languages you may have done a lot of unit
testing; read about the approach most popular with Java developers in

Chapter 13.

The Client-Side Path

Depending on what type of Java development that you hope to do, you may
want to concentrate on certain parts of the latter half of the book. Those most
interested in the front end or client side should focus on the middle chapters.
Of most interest to you will be Chapters 16 and 17. Your client-side emphasis
should also include Chapters 18 and 19.

The Server-Side Path

For those with an emphasis on the middle and third tier, or those with a general
server emphasis, all of Part IV will be helpful. This is in addition to a solid
grounding in the previous chapters in Parts I and II.

The Enterprise Path

The final Part V will discuss enterprise scale software. Such software also typi-
cally includes JSP and Servlet software, as covered in Chapters 18, 19, and 20.
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For those working at this level, the projects are usually large enough to be
staffed with a variety of roles. Even if your role doesn’t include the deployment
of the software, we encourage you to read these chapters (20 and 24) so as to
get some understanding of what is needed and how it fits together.

Now, let’s get to work, and discover some of the amazing capabilities
available to you when you combine two of the most powerful software trends
in the history of computing—Java and Linux.
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Chapter 1

An Embarrassment of Riches:
The Linux Environment

The reader is introduced to the vast possibilities of the Linux command line,
and excuses are made for its eclecticism.

1.1 WHAT YOoU WILL LEARN

Some basic shell commands are described in this chapter, especially those relat-
ed to some common programming tasks. Used as a toolkit, they can be a handy
collection of tools for everyday use.

Linux provides an incredible array of such tools, useful for any develop-
ment effort, Java or otherwise. They will be important not only for the develop-
ment of your Java code, but for all the hundreds of related housekeeping tasks
associated with programming and with managing your development environ-
ment. A few tools are described briefly in this chapter, to hint at what can be
done and to whet your appetite for more.

We will also describe a command which will help you learn about other
commands. Even so, it may be quite worth your while to have another book
about UNIX/Linux handy. If there is something you, as a programmer, need

3
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to do on a Linux system, chances are there is already a command (or a sequence
of commands) which will do it.

Finally, we will discuss the extent of our remaining ignorance upon
finishing the chapter.

Let us take a moment to explain that last comment. As readers of comput-
er books ourselves, we are often frustrated when we discover how lightly a topic
has been covered, but particularly so when other parts of the same book are
found to fully explore their topics. When only some parts of a book are thor-
ough, you often don’t know that you don’t know it all. We will introduce some
basic shell concepts and commands here, and we may expand on some of these
in later chapters, but each of our chapters covers topics that could each fill its
own book. Therefore we need to leave out lots of material. We will also let you
know when we have left things out because they are off-topic, or because we
don’t have room. We'll also try to tell you where to look for the rest of the
knowledge. We try to sum this up in a final section of each chapter entitled
What You Still Don’t Know. But we do have a lot of information to impart,
so let’s get going.

1.2 THE COMMAND LINE: WHAT’S THE BIG DEAL?

One of the revolutionary things that UNIX (and thus Linux) did was to sepa-
rate operating system commands from the operating system itself. The com-
mands to display files, show the contents of directories, set permissions, and so
on were, in the “olden days,” an integral part of an operating system. UNIX
removed all that from the operating system proper, leaving only a small “kernel”
of necessary functionality in the operating system. The rest became executables
that lived outside of the operating system and could be changed, enhanced, or
even replaced individually by (advanced) users without modifying the operating
system. The most significant of these standalone pieces was the command
processor itself, called the shell.

The shell is the program that takes command-line input, decides what
program(s) you are asking to have run, and then runs those programs. Before
there were Graphical User Interfaces, the shell was #he user interface to UNIX.
As more developers began working with UNIX, different shells were developed
to provide different features for usability. Now there are several shells to
choose from, though the most popular is bash. Some BSD/UNIX die hards
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still swear by csh, a.k.a. the C=shell, though most of its best features have been
incorporated into bash.

TIP

There are actually quite a few shells to choose from, and several editors for
entering text. Our recommendation: If you learn only one shell, learn bash. If
you learn only one editor, learn vi. Some basic shell scripting will go a long way
to eliminating mundane, repetitive tasks. Some basic vi editing will let you do
things so much faster than what GUI editors support. (More on editing in
Chapter 2.)

Since commands could be developed and deployed apart from the operat-
ing system, UNIX and Linux have, over the years, had a wide variety of tools
and commands developed for them. In fact, much of what is called Linux is
really the set of GNU tools which began development as Open Source long
before Linux even existed. These tools, while not technically part of the operat-
ing system, are written to work atop any UNIX-like operating system and pro-
grammers have come to expect them on any Linux system that they use. Some
commands and utilities have changed over the years, some are much the same
as they first were in the early days of UNIX.

Developers, encouraged by the openness of Open Source (and perhaps
having too much free time on their hands) have continued to create new utili-
ties to help them get their job done better/faster/cheaper. That Linux supports
such a model has helped it to grow and spread. Thus Linux presents the first
time user with a mind-boggling array of commands to try to learn. We will
describe a few essential tools and help you learn about more.

BAsIC LINUX CONCEPTS AND COMMANDS

There are some basic Linux commands and concepts that you should know in
order to be able to move around comfortably in a Linux filesystem. Check your
knowledge of these commands, and if need be, brush up on them. At the end
of the chapter, we list some good resources for learning more about these and
other commands. Remember, these are commands that you type, not icons for
clicking, though the windowing systems will let you set up icons to represent
those commands, once you know what syntax to use.
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So let’s get started. Once you’ve logged in to your Linux system, regardless
of which windowing system you are using—KDE, Gnome, Window Maker,
and so on, start up an xterm window by running xterm (or even konsole) and
you’ll be ready to type these commands.!

1.3.1 Redirecting I/O

The second great accomplishment of UNIX,? carried on into its Linux descen-
dants, was the concept of redirecting input and output (I/O). It was based on

the concept of a standardized way in which I/O would be done, called
standard I/O.

1.3.1.1 Standard I/O

A familiar concept to Linux developers is the notion of standard I/O. Virtually
every Linux process begins its life with three open file descriptors—standard
in, standard out, and standard error. Standard in is the source of input for the
process; standard out is the destination of the process’ output; and standard
error is the destination for error messages. For “old fashioned” command-line
applications, these correspond to keyboard input for standard in and the output
window or screen for both standard out and error.

A feature of Linux that makes it so adaptable is its ability to redirect its
I/O. Programs can be written generically to read from standard in and write to
standard out, but then when the user runs the program, he or she can change
(or redirect) the source (in) or destination (out) of the I/O. This allows a
program to be used in different ways without changing its code.

Redirecting I/O is accomplished on the Linux shell command line by the
“<” and “>” characters. Consider the Is program which lists the contents of a
directory. Here is a sample run of Is:

S 1s
afile more.data zz.top

$

1. If you're not using a windowing system, these commands are typed at the shell prompt that
you get after you log in. But if you’re not using a windowing system, either you’re not a begin-
ner (and don’t need this introduction) or you can’t get your windowing system to work, in
which case you may need more help that we can give you here.

2. Yes, we are aware that much of UNIX actually comes from the Multics project, but we
credit UNIX with popularizing it.
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We can redirect its output to another location, a file, with the “>”
character:

$ 1s > my.files
$

The output from the Is command no longer appears on the screen (the
default location of standard out); it has been redirected to the file my . files.

What makes this so powerful a construct (albeit for a very simple example)
is the fact that not only was no change to the program required, but the pro-
grammer who wrote the Is program also did nothing special for I/O. He simply
built the program to write to standard out. The shell did the work of redirecting
the output. This means that any program invoked by the shell can have its
output similarly redirected.

Standard error is another location for output, but it was meant as the des-
tination for error messages. For example, if you try to list the contents of a
nonexistent directory, you get an error message:

$ 1ls bogus
1ls: bogus: No such file or directory
$

If you redirect standard out, nothing changes:

S 1ls bogus > save.out
1ls: bogus: No such file or directory

$

That’s because the programmer wrote the program to send the message to
standard error, not standard out. In the shell (bash) we can redirect standard
error by preceding the redirect symbol with the number 2, as follows:3

$ 1ls bogus 2> save.out

$

3. The use of the number 2 comes from an implementation detail: All the I/O descriptors for
a UNIX process were kept in an array. The first three elements of the array, numbered 0, 1,
and 2, were defined to be the standard in, out, and err, in that order. Thus in the shell you can
also redirect standard out by using “1>” as well as the shorter “>”.
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Note there is no output visible from Is. The error message, 1s: bogus:
No such file or directory, has been written to the file save.out.

In a similar way standard input (stdin) can be redirected from its default
source, the keyboard.

As an example, we'll run the sort program. Unless you tell it otherwise,
sort will read from stdin—that is, the keyboard. We type a short list of
phrases and then type a ~D (a Control-D) which won’t really echo to the screen
as we have shown but will tell Linux that it has reached the end of the input.
The lines of text are then printed back out, now sorted by the first character of
each line. (This is just the tip of the iceberg of what sort can do.)

$ sort

once upon a time
a small creature
came to live in
the forest.

~“D

a small creature
came to live in
once upon a time
the forest.

Now let’s assume that we already have our text inside a file called
story.txt. We can use that file as input to the sort program by redirecting
the input with the “<” character. The sort doesn’t know the difference. Our
output is the same:

$ sort < story.txt
a small creature
came to live in
once upon a time
the forest.

1.3.1.2 Pipes

The output from one command can also be sent directly to the input of another
command. Such a connection is called a pipe. Linux command-line users also
use “pipe” as a verb, describing a sequence of commands as piping the output
of one command into another. Some examples:

$ 1s | we > wc.fields
$ java MyCommand < data.file | grep -i total > out.put
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The first example runs Is, then pipes its output to the input of the wc
program. The output of the we command is redirected to the file we . fields.
The second example runs java, giving it a class file named MyCommand. Any
input that this command would normally read from keyboard input will be
read this time from the file data.file. The output from this will be piped
into grep, and the output from grep will be put into out .put.

Don’t worry about what these commands really do. The point of the ex-
ample is to show how they connect. This has wonderful implications for devel-
opers. You can write your program to read from the keyboard and write to a
window, but then, without any change to the program, it can be instructed to
read from files and write to files, or be interconnected with other programs.

This leads to a modularization of functions into small, reusable units. Each
command can do a simple task, but it can be interconnected with other com-
mands to do more, with each pipeline tailored by the user to do just what is
needed. Take wc for example. Its job is to count words, lines, and characters
in a file. Other commands don’t have to provide an option to do this; any time
you want to count the lines in your output, just pipe it into wc.

1.3.2 Thels Command

The Is command is so basic, showing the names of files in a directory. Be sure
that you know how to use these options:

* 1s lists the files in a directory.
* 1s -1 is the long form, showing permissions, ownership, and size.

* 1s -1d doesn’t look inside the directory, so you can see the directory’s
permissions.

* 1s -1rt shows the most recently modified files last, so you can see what
you've just changed.

1.3.3 Filenames

Filenames in Linux can be quite long and composed of virtually any character.
Practically speaking, however, you're much better off if you limit the length to
something reasonable, and keep to the alphanumeric characters, period, and
the underscore (“_"). That’s because almost all the other punctuation characters
have a special meaning to the shell, so if you want to type them, you need to
escape their special meaning, or suffer the results of unintended actions.
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Filenames are case sensitive—upper- and lowercase names are different.
The files ReadMe . txt and readme. txt could both be in the same directory;
they are distinct files.

Avoid using spaces in filenames, as the shell uses whitespace to delineate
between arguments on a command line. You caz put a blank in a name, but
then you always have to put the name in quotes to refer to it in the shell.

To give a filename more visual clues, use a period or an underscore.
You can combine several in one filename, too. The filenames
read_me_before_you_begin or test.data.for_my_program may be

annoyingly long to type, but they are legal filenames.

NOTE

The period, or “dot,” in Linux filenames has no special meaning. If you come
from the MS-DOS world, you may think of the period as separating the filename
from the extension, as in myprogrm.bas where the filename is limited to eight
characters and the extension to three characters. Not so in Linux. There is no
“extension,” it’s all just part of the filename.

You will still see names like delim.c or Account.java, butthe .c or
. Java are simply the last two characters or the last five characters, respective-
ly, of the filenames. That said, certain programs will insist on those endings for
their files. The Java compiler will insist that its source files end in . java and
will produce files that end in . class—»but there is no special part of the file-
name to hold this. This will prove to be very handy, both when you name your
files and when you use patterns to search for files (see below).

1.3.4 Permissions

Permissions in Linux are divided into three categories: the owner of a file
(usually the user who created it), the group (a collection of users), and ozhers,
meaning everyone who is not the owner and not in the group. Any file belongs
to a single owner and, simultaneously, to a single group. It has separate
read/write/execute permissions for its owner, its group, and all others. If you
are the owner of a file, but also a member of the group that owns the file, then
the owner permissions are what counts. If you’re not the owner, but a member
of the group, then the group permissions will control your access to the file. All
others get the “other” permissions.

If you think of the three permissions, read/write/execute, as three bits of
a binary number, then a permission can be expressed as an octal digit—where
the most significant bit represents read permission, the middle bit is write
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permission, and the least significant bit is execute permission. If you think of
the three categories, user/group/others, as three digits, then you can express the
permissions of a file as three octal digits, for example “750”. The earliest ver-
sions of this command required you to set file permissions this way, by specify-
ing the octal number. Now, although there is a fancier syntax (for example,
g+a), you can still use the octal numbers in the chmod command. See the
example below.

The fancier, or more user-friendly, syntax uses letters to represent the var-
ious categories and permissions. The three categories of user, group, and other
are represented by their first letters: u, g, and o. The permissions are similarly
represented by r, w, and x. (OK, we know “x” is not the first letter, but it is a
reasonable choice.) For both categories and permissions, the letter a stands for
“all.” Then, to add permissions, use the plus sign (+); to remove permissions,
use the minus sign (-). So g+a means “add all permissions to the group catego-
ry,” and a+r means “add read permissions to all categories.”

Be sure that you know these commands for manipulating permissions:

e chmod changes the mode of a file, where mode refers to the
read/write/execute permissions.

* chown changes the owner of a file.4

* chgrp changes the group owner of a file.

Table 1.1 shows some common uses of these commands.

Table 1.1 Changing permissions

Command Explanation

chmod a+r file Gives everyone read permission.
chmod go-w file Takes away write permission from group, others.
chmod u+x file  Sets up a shell script so you can execute it like a command.

chmod 600 file  Sets permission to read and write for the owner but no permissions
for anyone else.

4. On Linux the use of this command is restricted to the superuser, or “root.”
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1.3.5 File Copying

Do you know these commands?

* mv

.CP

e In

The mv command (short for “move”) lets you move a file from one place
in the hierarchy of files to another—that is, from one directory to another.
When you move the file, you can give it a new name. If you move it without
putting it in a different directory, well, that’s just renaming the file.

* mv Classy.java Nouveau.java
®* mv Classy.java /tmp/outamy.way
®* mv Classx.java Classz.java

®* mv /usr/oldproject/*.java

The first example moves Classy.java to a new name, Nouveau. java,
while leaving the file in the same directory.

The second example moves the file named classy. java from the current
directory over to the /tmp directory and renames it outamy . way—unless the
file outamy.way is an already existing directory. In that case, the file
Classy.java will end up (still named classy.java) inside the directory
outamy.way.

The next example just moves the two Java source files up one level, to the
parent directory. The “. .” is a feature of every Linux directory. Whenever you
create a directory, it gets created with two links already built in: “. .” points to
its parent (the directory that contains it), and “.” points to the directory itself.

A common question at this point is, “Why does a directory need a refer-
ence to itself?” Whatever other reasons there may be, it certainly is a handy
shorthand to refer to the current directory. If you need to move a whole lot of
files from one directory to another, you can use the “.” as your destination.
That’s the fourth example.

The ¢p command is much like the mv command, but the original file is
left right where it is. In other words, it copies files instead of moving them. So:

cp Classy.java Nouveau.java
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will make a copy of clas sy.java named Nouveau. java, and:
cp Classy.java /tmp

will make a copy of classy.java in the /tmp directory, and:
cp *.java /tmp

will put the copies of all the Java sources in the current directory to the /tmp
directory.
If you run this command,

1n Classy.java /tmp

you might think that In copies files, too. You will see classy.java in your
present working directory and you will see what appears to be a copy of the file
in the /tmp directory. But if you edit your local copy of classy.java and
then look at the “copy” that you made in the /tmp directory, you will see the
changes that you made to your local file now also appear in the file in the /tmp
directory.

That’s because In doesn’t make a copy. It makes a /ink. A link is just an-
other name for the same contents. We will discuss linking in detail later in the
book (see Section 6.2.1).

1.3.6 Seeing Stars

We need to describe shell pattern matching for those new to it. It’s one of the

more powerful things that the shell (the command processor) does for the

user—and it makes all the other commands seem that much more powerful.
When you type a command like we did previously:

mv /usr/oldproject/*.java .

the asterisk character (called a “star” for short) is a shorthand to match any
characters, which in combination with the .java will then match any file in
the /usr/oldproject directory whose name ends with . java.

There are two significant things to remember about this feature. First, the
star and the other shell pattern matching characters (described below) do 7oz
mean the same as the regular expressions in vi or other programs or languages.
Shell pattern matching is similar in concept, but quite different in specifics.
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Second, the pattern matching is done by the shell, the command inter-
preter, before the arguments are handed off to the specific command. Any text
with these special characters is replaced, by the shell, with one or more filenames
that match the pattern. This means that all the other Linux commands (mv,
cp; Is, and so on) never see the special characters—they don’t do the pattern
matching, the shell does. The shell just hands them a list of filenames.

The significance here is that this functionality is available to any and every
command, including shell scripts and Java programs that you write, with no
extra effort on your part. It also means that the syntax for specifying multiple
files doesn’t change between commands—since the commands don’t implement
that syntax; it’s all taken care of in the shell before they ever see it. Any com-
mand that can handle multiple filenames on a command line can benefit from
this shell feature.

If you’re familiar with MS-DOS commands, consider the way pattern
matching works (or doesn’t work) there. The limited pattern matching you
have available for a dir command in MS-DOS doesn’t work with other com-
mands—unless the programmer who wrote that command also implemented
the same pattern matching feature.

What are the other special characters for pattern matching with filenames?
Two other constructs worth knowing are the question mark and the square
brackets. The “?” will match any single character.

The [...] construct is a bit more complicated. In its simplest form, it
matches any of the characters inside; for example, [abc] matches any of a or
b or c. So Version[123].java would match a file called version2.java
but not those called Versionl2.java or VersionC.java. The pattern
Version*.java would match all of those. The pattern version?. java would
match all except Versionl2.java, since it has two characters where the 2
matches only one.

The brackets can also match a range of characters, as in [a-z] or [0-9].
If the first character inside the brackets is a “~” ora “1”, then (think “not”) the
meaning is reversed, and it will match anything but those characters. So
Version[~0-9].java will match Vversionc.java but not versionl.java.
How would you match a “-”, without it being taken to mean a range? Put it
first inside the brackets. How would you match a “~” or “1” without it being
understood as the “not”? Don’ put it first.

Some sequences are so common that a shorthand syntax is included. Some
other sequences are not sequential characters and are not easily expressed as a
range, so a shorthand is included for those, too. The syntax for these special
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sequences is [ :name:] where name is one of: alnum, alpha, ascii, blank,
cntrl, digit, graph, lower, print, punct, space, upper, xdigit. The
phrase [:alpha:] matches any alphabetic character. The phrase [:punct:]
matches any punctuation character. We think you got the idea.

1.3.6.1 Escape at Last

Of course there are always times when you want the special character to be just
that character, without its special meaning to the shell. In that case you need
to escape the special meaning, either by preceding it with a backslash or by en-
closing the expression in single quotes. The commands rm Account\$1.class
orrm 'Account$l.class' would remove the file even though it has a dollar
sign in its name (which would normally be interpreted by the shell as a vari-
able). Any character sequence in single quotes is left alone by the shell; no spe-
cial substitutions are done. Double quotes still do some substitutions inside
them, such as shell variable substitution, so if you want literal values, use the
single quotes.

TIP

As a general rule, if you are typing a filename which contains something other
than alphanumeric characters, underscores, or periods, you probably want to
enclose it in single quotes, to avoid any special shell meaning.

1.3.7 File Contents

Let’s look at a directory of files. How do you know what’s there? We can start
with an Is to list the names:

$ 1s

ReadMe. txt Shift.java dispColrs moresrc
Shift.class anIcon.gif Jjam.jar moresrc.zip
$

That lists them alphabetically, top to bottom, then left to right, arranged
so as to make the most use of the space while keeping the list in columns.
(There are options for other orderings, single column, and so on.)

An 1s without options only tells us the names, and we can make some
guesses based on those names (for example, which file is Java source, and which
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is a compiled class file). The long listing 1s -1 will tell us more: permissions,
links, owner, group, size (in bytes), and the date of last modification.

$ 1s -1

total 2414

-Yw-r--r-- 1 albing users 132 Jan 22 07:53 ReadMe.txt
-Yw-r--r-- 1 albing users 637 Jan 22 07:52 Shift.class
-YwW-r--r-- 1 albing users 336 Jan 22 07:55 shift.java
-rw-r--r-- 1 albing users 1374 Jan 22 07:58 anIcon.gif
-Yw-r--r-- 1 albing users 8564 Jan 22 07:59 dispColrs
-Yw-r--r-- 1 albing users 1943 Jan 22 08:02 jam.jar
drwxr-xr-x 2 albing users 48 Jan 22 07:52 moresrc
-Yw-r--r-- 1 albing users 2435522 Jan 22 07:56 moresrc.zip
$

While Is is only looking at the “outside” of files,> there is a command that
looks at the “inside,” the data itself, and based on that, tries to tell you what
kind of file it found. The command is called file, and it takes as arguments a
list of files, so you can give it the name of a single file or you can give it a whole

long list of files.

NOTE

Remember what was said about pattern matching in the shell: we can let the
shell construct that list of files for us. We can give f£ile the list of all the files
in our current directory by using the “*” on the command line so that the shell
does the work of expanding it to the names of all the files in our directory (since
any filename will match the star pattern).

$ file *

ReadMe.txt: ASCII text

Shift.class: compiled Java class data, version 45.3
Shift.java: ASCII Java program text

anIcon.gif: GIF image data, version 89%a, 26 x 26,

dispColrs: PNG image data, 565 x 465, 8-bit/color RGB, non-interlaced
jam.jar: Zip archive data, at least v2.0 to extract
moresrc: directory

moresrc.zip: Zip archive data, at least v1.0 to extract

$

5. Technically, 1s (without arguments) need only read the directory, whereas 1s -1 looks at
the contents of the inode in order to get all the other information (permissions, size, and so
on), but it doesn’t look at the data blocks of the file.
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The file looks at the first several hundred bytes of the file and does a statis-
tical analysis of the types of characters that it finds there, along with other spe-
cial information it uses about the formats of certain files.

Three things to note with this output from file. First, notice that
dispColrs was (correctly) identified as a PNG file, even without the .png
suffix that it would normally have. That was done deliberately to show you that
the type of file is based not just on the name but on the actual contents of
the file.

Second, notice that the . jar file is identified as a ZIP archive. They really
do use a identical internal format.

Thirdly, file is not foolproof. It’s possible to have perfectly valid, compil-
able Java files that file thinks are C++ source, or even just English text. Still,
it’s a great first guess when you need to figure out what’s in a directory.

Now let’s look at a file. This simplest way to display its contents is to
use cat.

$ cat Shift.java
import java.io.*;
import java.net.*;
/**

* The Shift object
*/

public class

Shift

{

private int val;
public Shift() { }
// ... and so on

} // class Shift

When a file is longer than a few lines you may want to use more or less
to look at the file.¢ These programs provide a screen’s worth of data, then pause

6. Like any open marketplace, the marketplace of ideas and open source software has its “me-
too” products. Someone thought they could do even better than more, so they wrote a new,
improved and largely upward compatible command. They named it less, on the minimalist
philosophy (with apologies to Dave Barry: “I am not making this up”) that “less is more.”
Nowadays, the more is rather passe. The less command has more features and has largely
replaced it. In fact, on many Linux distributions, more is a link to less. In the name of full
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for your input. You can press the space bar to get the next screen’s worth of
output. You can type a slash, then a string, and it will search forward for that

«, »

string. If you have gone farther forward in the file than you wanted, press “b
to go backwards.

To find out more about the many, many commands available, press ?
(the question mark) while it’s running.

Typical uses for these commands are:

* To view one or more files, for example more *.java, where you can type
:n to skip to the next file.

* To page through long output from a previous pipe of commands, for ex-
ample, $ grep Account *.java | more, which will search (see more
on grep below) for the string Account in all of the files whose names end
in .java and print out each line that is found—and that output will be
paginated by more.

If you need only to check the top few lines of a file, use head. You can
choose how many lines from the front of the file to see with a simple parameter.
The command head -7 will write out the first seven lines, then exit.

If your interest is the last few lines of a file, use tail. You can choose how
many lines from the end of the file to see; the command tail -7 will write
out the last seven lines of the file. But tail has another interesting parameter,
-f. Though tail normally prints its lines and then, having reached the end of
file, it quits, the - £ option tells tail to wait after it prints the last few lines and
then try again.” If some other program is writing to this file, then tail will, on
its next read, find more data and print it out. It’s a great way to watch a log file,
for example, tail -f /tmp/server.log.

In this mode, tail won’t end when it reaches the end of file, so when you
want it to stop you’ll have to manually interrupt it with a ~c (Control-C—i.e.,

hold down the Control key and press the C key).

disclosure, there is also a paging program called pg, the precursor to more, but we’ll say no
more about that.

7. The less command has the same feature. If you press “F” while looking at a file, it goes into
an identical mode to the tail -f command. As is often the case in the wacky world of Linux,
there is more than one way to do it.
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1.3.8 The grep Command

No discussion of Linux commands would be complete without mentioning
grep. Grep, an acronym for “generalized regular expression processor,” is a tool
for searching through the contents of a file. It searches not just for fixed
sequences of characters, but can also handle regular expressions.

In its simplest form, grep myClass *.java will search for and display
all lines from the specified files that contain the string myclass. (Recall that
the *.java expansion is done by the shell, listing all the files that end with
.java.)

The first parameter to grep, myClass in the example above, is the string
that you want to search for. But the first nonoption parameter to grep is con-
sidered a regular expression meaning that it can contain special characters for
pattern matching to make for more powerful searches (see Section 2.2.3). Some
of the most common option parameters for grep are listed in Table 1.2.

Here’s a quick example:

grep println *.java | grep -v System.out

It will look for every occurrence of print1n but then exclude those that contain
System.out. Be aware that while it will exclude lines like

System.out.println (msg) ;
it will also exclude lines like this:
file.println (msg) ; // I'm not using System.out

It is, after all, just doing string searches.

Table 1.2 Options for grep

Option Explanation

-i Ignore upper/lower case differences in its matching.

-1 Only list the filename, not the actual line that matched.

-n Show the line number where the match was found.

-v Reverses the meaning of the search—shows every line that does not match the

pattern.
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1.3.9 The find Command

If someone compiled a list of the top 10 most useful Linux utilities, find would
most likely be near the top of the list. But it would also make the top 10 most
confusing. Its syntax is very unlike other Linux utilities. It consists of
predicates—logical expressions that cause actions and have true/false values that
determine if the rest of the expression is executed. Confused? If you haven’t
used find before you probably are. We'll try to shed a little light by showing a

few examples.
find . -name '*frag*' -print

This command looks for a file whose name contains frag. It starts looking in
the current directory and descends into all subdirectories in its search.

find /over/there . /tmp/here -name '*frag*.java' -print

This command looks for a file that has frag in its name and ends with . java.
It searches for this file starting in three different directories—the current
directory (“.”), /over/there, and /tmp/here.

find . -name 'My[A-Z]*.java' -exec 1ls -1 '"{}' \;

Starting in the current directory, this command searches for a file whose name
begins with My followed by an uppercase alphabetic character followed by
anything else, ending with . java. When it finds such a file, it will execute a
command—in this case, the Is command with the -1 option. The braces are
replaced with the name of the file that is found; the “\;” indicates to find the
end of the command.

The -name is called a predicate; it takes a regular expression as an argu-
ment. Any file that matches that regular expression pattern is considered true,
so control passes on to the next predicate—which in the first example is simply
-print that prints the filename (to standard out) and is always true (but since
no other predicate follows it in this example, it doesn’t matter). Since only the
names that match the regular expression cause the -name predicate to be true,
only those names will get printed.

There are other predicates besides -name. You can get an entire list by
typingman findatacommand prompt, but Table 1.3 lists a few gems, to give
you a taste of what find can do.

Let’s look at an example to see how they fit together:
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Table 1.3 Some find predicates

Option Explanation

-type d Is true if the file is a directory.

-type f Is true if the file is a plain file (e.g., not a directory).
-mtime -5 Is true if the file is less than five days old, that is, has been

modified within the last five days. A +5 would mean older than
five days and a 5 with no sign means exactly five days.

-atime -5 Is true if the file was accessed within the last five days. The +
and - mean greater and less than the specified time, as in the
previous example.

-newer myEx.class Is true if the file is newer than the file myEx . class.

-size +24k Is true if the file is greater than 24K. The suffix ¢ would mean
bytes or characters (since b stands for 512-byte blocks in this
context). The + and - mean greater and less than the specified
size, as in the other examples.

$ find . -name '*.java' -mtime +90 -atime +30 -print
. /MyExample.java

./0ld/sample/MyPrev.java

$

This command printed out the names of two files that end with . java found
beneath the current directory. These files hadn’t been modified in the last
90 days nor accessed within the last 30 days. The next thing you might want
to do is to run this command again adding something at the end to remove

these old files.

$ find . -name '*.java' -mtime +90 -atime +30 -print -exec rm '{}' \;
. /MyExample.java

./0ld/sample/MyPrev.java

$

1.3.10 The Shell Revisited

Most Linux shells—the command interpreters—can be considered program-
ming languages in their own right. That is, they have variables and control
structures—i £ statements, for loops, and so on. While the syntax can be subtly
different between shells, the basic constructs are all there.
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Entire books can be—and have been—written on shell programming.
(Is one of our favorite subjects to teach.) Programs written in the shell lan-
guage are often called shell scripts. Such scripts can be powerful yet easy to write
(once you are familiar with the syntax) and can make you very productive in
dealing with all those little housekeeping tasks that accompany program
development. All you need to do (dangerous words, no?) is to put commands
in a text file and give the file execute permissions. But that’s a subject for
another day.

Some elements of shell scripting, however, are useful even if you never
create a single shell script. Of these, perhaps the most important to know
(especially for Java programmers) is how to deal with shell variables.

NOTE

We’ll be describing the syntax for bash, the default shell on most Linux
distributions. The syntax will differ for other shells, but the concepts are largely
the same.

Any string of alphanumeric or underscore characters can be used as the
name of a variable. By convention shell variables typically use uppercase
names—but that is only convention (although it will hold true for most if
not all of our examples, t00). Since commands in Linux are almost always
lowercase, the use of uppercase for shell variables helps them to stand out.

Set the value of a shell variable with the familiar method—the equal sign:

$ FILE=/tmp/abc.out
$

This has assigned the variable FILE the value /tmp/abc . out. But to make
use of the value that is now in FILE, the shell uses syntax that might not be
familiar to you: The name must be preceded with a “s”.

Shell variables can be passed on to other environments if they are exporzed,
but they can never be passed back up. To set a shell variable for use by your
current shell and every subsequent subshell, export the variable:

$ export FILE
$
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You can combine the assignment of a value with the exporting into one
step. Since repeating the export doesn’t hurt, you will often see shell scripts use
the export command every time they do an assignment, as if it were part of
the assignment syntax—but you know better.

$ export FILE="/tmp/way.out"
$

NOTE

The shell uses the dollar sign to distinguish between the variable name and just
text of the same letters. Consider the following example:

$ echo first > FILE

S echo second > TEXT
S FILE=TEXT

S cat FILE

first

$

The cat command will dump the contents of the file named FILE to the
screen—and you should see first. But how would you tell the shell that you
want to see the contents of the file whose name you have put in the shell
variable FILE? For that you need the “s”:

S cat SFILE
second

$

This is a contrived example, but the point is that shell syntax supports ar-
bitrary strings of characters in the command line—some of them are filenames,
others are just characters that you want to pass to a program. It needs a way
to distinguish those from shell variables. It doesn’t have that problem on the
assignment because the “=" provides the needed clue. To say it in computer
science terms, the “$” syntax provides the R-value of the variable. (Not the
insulation R-value, but what you expect when a variable is used on the Right-
hand-side of an assignment operator, as opposed to the L-value used on the
Left-hand-side of an assignment operator.)

There are several shell variables that are already exported because they are
used by the shell and other programs. You may need or want to set them to
customize your environment. Since they are already exported, you won’t need
to use the export command and can just assign a value, but it doesn’t hurt.
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The most important shell variable to know is PATH. It defines the directo-
ries in the filesystem where the shell will look for programs to execute. When
you type a command like Is or javac the shell will look in all of the directories
specified in the PATH variable, in the order specified, until it finds the
executable.

$ echo S$PATH
/usr/local/bin:/usr/bin:/usr/X11R6/bin: /bin:.
$

The pATH shown in the example has five directories, separated by colons
(“:7). (Note the fifth one, the “.”; it says to look in the current directory.)
Where do you suppose it will find cat? You can look for it yourself by search-
ing in each directory specified in PATH. Or you can use the which command:

$ which cat
/bin/cat
$

Some commands (like exit) don’t show up, since they are built into the
shell. Others may be aliases—but that opens a whole other topic that we aren’t
covering here. Just remember that each directory in the PATH variable is exam-
ined for the executable you want to run. If you get a command not found error,
the command may be there, it just may not be on your PATH.

To look at it the other way around: If you want to install a command so
that you can execute it from the command line, you can either always type its
full pathname, or (a more user-friendly choice) you can set your pPATH variable
to include the location of the new command’s executable.

So where and how do you set PATH? Whenever a shell is started up, it reads
some initialization files. These are shell scripts that are read and executed as if
they were typed by the user—that is, not in a subshell. Among other actions,
they often set values for variables like PaTH. If you are using bash, look at
.bashrc in your home directory.

Shell scripts are just shell commands stored in a file so that you don’t need
to type the same commands and options over and over. There are two ways to
run a shell script. The easiest, often used when testing the script, is

$ sh myscript
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where myscript is the name of the file in which you have put your commands.
(See Chapter 2 for more on how to do that.) Once you’ve got a script running
the way you’d like, you might want to make its invocation as seamless as any
other command. To do that, change its permissions to include the execution
permission and then, if the file is located in a place that your PATH variable
knows about, it will run as a command. Here’s an example:

$ chmod a+rx myscript
S mv myscript ${HOME}/bin
$ myscript

(script runs)

$

The file was put into the bin directory off of the home directory. That’s
a common place to put homebrew commands. Just be sure that $HOME/bin is
in your PATH, or edit .bashrc and add it.

If you want to parameterize your shell, you’ll want to use the variables $1,
$2, and so on which are given the first, second, and so on parameters on the
command line that you used to invoke your script. If you type myscript
Account . java then $1 will have the value Account . java for that invocation
of the script.

We don’t have the space to go into all that we’d like to about shell pro-
gramming, but let us leave you with a simple example that can show you some
of its power. Used in shell scripts, for loops can take a lot of drudgery out of
file maintenance. Here’s a simple but real example.

Imagine that your project has a naming convention that all Java files asso-
ciated with the user interface on your project will begin with the letters “UI”.
Now suppose your boss decides to change that convention to “GUI” but you’ve
already created 200 or more files using the old naming convention. Shell script
to the rescue:

for i in UI*.java

do
new="Gs${i}"
echo $i ' ==> ' S$new
mv $i Snew

done

You could just type those commands from the command line—that’s the
nature of shell syntax. But putting them into a file lets you test out the script
without having to type it over and over, and keeps the correct syntax once



26

Chapter 1 An Embarrassment of Riches: The Linux Environment

you've got it debugged. Assuming we put those commands into a file called
myscript, here’s a sample run:

$ myscript

UI_Button.java ==> GUI_Button.java
UI_Plovar.java ==> GUI_Plovar.java
UI_Screen.java ==> GUI_Screen.java
UI_Tofal.java ==> GUI_Tofal.java
UI_Unsov.java ==> GUI_Unsov.java

$

Imagine having to rename 200 files. Now imagine having to do that with
a point-and-click interface. It could take you all morning. With our shell script,
it will be done in seconds.

We can’t hope to cover all that we’d like to about shell scripting. Perhaps
we have been able to whet your appetite. There are lots of books on the subject
of shell programming. We've listed a few at the end of this chapter.

1.3.11 The tar and zip Commands

The tar and zip commands allow you to pack data into an archive or extract it
back. They provide lossless data compression (unlike some image compression
algorithms) so that you get back out exactly what you put in, but it can take
up less space when archived.® Therefore tar and zip are often used for data
backup, archival, and network transmission.

There are three basic actions that you can take with tar, and you can
specify which action you want with a single letter? in the arguments on the
command line. You can either

8. Well, technically, tar doesn’t compress the data in the file, but it does provide a certain
amount of “compression” by cutting off the tail ends of blocks of data; for example, a file of
37 bytes in its own file takes up 4K of disk space since disk blocks are allocated in “chunks”
(not the technical term). When you tar together a whole bunch of files, those extra tail-end
empty bytes are not used (except in the final block of the TAR file). So, for example, 10 files
of 400 bytes could be packed into a single 4K file, instead of the 40K bytes they would occupy
on the filesystem. So, while tar won’t compress the data inside the file (and thus is quite
assuredly “lossless”) it does result in a smaller file.

9. Linux option strings always start with a “-”, right? Yes, except for tar. It seems there is always
an exception to every rule. The newer versions of tar allow the leading minus sign, but can also
work without it, for historical compatibility reasons. Early versions of UNIX only had single
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e ¢: Create an archive.

e x: Extract from an archive.

¢ t: Get a table of contents.

In addition, you’ll want to know these options:

* £: The next parameter is the filename of the archive.

* v: Provide more verbose output.

Using these options, Table 1.4 shows examples of each of the basic

functions.

Now let’s do the same thing using the zip command (Table 1.5). There
are actually two commands here—one to compress the files into an archive
(zip), and the other to reverse the process (unzip).

Table 1.4 Examples of the tar command

Command

Explanation

tar tvf packedup.tar

tar xvf packedup.tar

tar cvf packedup.tar mydir

Gives a table of contents, in long (or verbose) form.
Without the v, all you get is the filenames; with the v
you get additional information similar in format to the
1s -1 command.

Extracts all the files from the TAR file, creating them
according to their specified pathname, assuming your
user ID and file permissions allow it. Remove the v
option if you don’t want to see each filename as the file
is extracted.

Creates a TAR archive named packedup. tar from
the mydir directory and its contents. Remove the v
option if you don’t want to see each filename as the file
is added to the archive.

letter options. Newer POSIX versions of UNIX and the GNU tools, which means all flavors
of Linux, also support longer full-word options prefixed with a double minus, as in --extract

instead of x or -x.
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Table 1.5 Examples of the zip and unzip commands

Command Explanation

unzip -1 packedup.zip Gives a table of contents of the archive with some extra frill
around the edges, like a count of the files in the archive.

unzip packedup.zip Extracts all the files from the ZIP file, creating them
according to their specified pathname, assuming your user
ID and file permissions allow it. Add the quiet option with
-q if you would like unzip not to list each file as it unzips it.

zip -r packedup mydir Creates a ZIP archive named packedup.zip from the
mydir directory and its contents. The -r tells zip to
recursively descend into all the subdirectories, their
subdirectories, and so on; otherwise, zip will just take the
files at the first layer and go no deeper.

TIP

Since TAR and ZIP files can contain absolute as well as relative pathnames, it
is a good idea to look at their contents (e.g., tar tvf file)before unpacking
them, so that you know what is going to be written where.

There are many, many more options for tar and zip that we are not cover-
ing here, but these are the most common in our experience, and they will give
you a good start.

The tar and zip commands are also worth knowing about by a Java devel-
oper because of their relationship to JAR files. If you are working with Java you
will soon run across the notion of a Java ARchive file, or JAR file. They are
recognizable by name, ending in .jar. Certain Java tools are built to under-
stand the internal format of JAR files. For Enterprise Java (J2EE) there are
similar archives known as WAR files and EAR files. The command syntax for
dealing with the jar command that builds these archives is very similar to the
basic commands of tar. The internal format of a jar is the same as a ZIP file.
In fact, most places where you can use a JAR file you can use a ZIP file as well.
(You will see more about this when we discuss the standard Java tools in
Section 5.11.)



1.3 Basic Linux Concepts and Commands 29

TIP
Here’s one more handy example we know you’ll use:

find . -name '*.java' -print | zip allmysource -@

“w »

This command starts in the current directory (“.”) finding every file that ends in
. Java and gives their names to zip which will read them from standard in in-
stead of its argument list (told to do so with the -@ argument) and zip them all
into an archive named allmysource.zip. To put it simply, it will zip up all
your Java source files from the current directory on down.

1.3.12 The man Command

Primitive but handy, the man command (short for manual) was the early
UNIX online manual. While we’ve come to expect (and ignore) online help,
the idea of online manuals was rather revolutionary in the early days of UNIX.
In contrast to walls of printed documentation, UNIX provided terse but
definitive descriptions of its various commands. When they are done well, these
descriptions are an invaluable handy reference. They are not the best way to
learn about a command, but they can be a great guide to using the command’s
options correctly.

The format is simply man followed by the name of the command about
which you want information. So man man will tell you about the man
command itself.

The most useful option to man is the -k option. It will do a keyword
search in the titles of all the manpages looking for the keyword that you give.
Try typingman -k java to see what commands are available. The (1) means
that it’s a user command—something that you can type from the shell prompt,
as opposed to (2) which is a system call or (3) which is a C library call. These
numbers refer to the original UNIX documentation volumes (volume one was
shell commands and so on), and it all fit into a single three ring binder.

TIP

One other way to find out something about a command, if you know the com-
mand name already, is to ask the command itself for help. Most commands
have either a -2 or --help option. Try --help first. If you need to type -2
either put it in single quotes or type it with a backslash before the question mark,
as in -\ 2, since the ? is a pattern-matching character to the shell.
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1.4

1.5

1.6

There are other help systems available, such as info and some GUI-based
ones. But man provides some of the quickest and most terse help when you
need to check the syntax of a command or find out if there is an option that
does what you need.

REVIEW

We've looked at commands that will show you where files are in your directory
structure, show files” permissions and sizes, change the permissions, show you
what is in a file, look for files by searching for strings, and look for files based
on names or other properties.

Even so, we’ve given only the briefest coverage to only a few of the scores
of Linux commands worth knowing. Tops among these is the shell, bash in
our case. Whole books have been written on this subject, and you would do
well to have one at hand.

WHAT You STiLL DON’T KNOW

The shell is a powerful language in its own right. While you think of it mostly
as a command interpreter used for running other commands, it is, in fact, a
language, complete with variables, logic and looping constructs. We are not
suggesting that you write your application in shell scripts, but you will find it
useful for automating many repetitive tasks. There is so much that can be done
with shell scripts that we encourage you to read more about this and to talk
with other Linux users.

Linux is replete with so many different commands. Some are powerful
languages like awk and perl, others are simple handy utilities like head, tail,
sort, tr, and diff. There are hundreds of other commands that we don’t even
have time to mention.

RESOURCES

* Cameron Newham and Bill Rosenblatt, Learning the Bash Shell, O’Reilly
Associates, ISBN 1565923472,

* Ellie Quigley, Linux Shells by Example, 4th ed., Prentice Hall PTR, ISBN
013147572X.
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* Rafeeq Rehman and Christopher Paul, 7he Linux Development Platform,
Prentice Hall PTR.

* Mark G. Sobell, A Practical Guide to Linux, Addison-Wesley, ISBN
0201895498.

* Mark G. Sobell, A Practical Guide to Red Har Linux, Addison-Wesley,
ISBN 0201703130.






2.1

Chapter 2

An Embarrassment of Riches:
Editors

Here the joys of creating and changing text files are introduced, the rudiments
of the venerable vi editor are presented, and the power of text is exalted.

WHAT YOU WILL LEARN

Readers are encouraged, but not required, to plumb the depths of vi. Other
text editor choices are briefly covered.

Remember our recommendation: If you learn only one shell, learn bash.
If you learn only one editor, learn vi. Some basic shell scripting will go a long
way to eliminating mundane, repetitive tasks. Some basic vi editing will let you
do things much faster than you can with GUI editors.

33
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2.2 EYE TO EYE WITH VI

Java programs consist of Java classes. Java classes are text files with Java state-
ments and expressions. In order to write a Java program, then, you need to be
able to enter text into a file. Sounds simple enough.

With Linux and its GNU tools, you have an amazing array of choices for
how to do this. Some are GUI tools not unlike simple word processors. Others,
like vi and Emacs, predate GUI tools, but provide much the same capability
without the luxury (or annoyance) of a mouse or menus.!

The editor named vi (pronounced as you would spell it: “vee-eye”) is one
of the most enduring tools in Linux. Its popularity comes from a combination
of power and ubiquity—you can find it on virtually every release of UNIX and
Linux since 1985. But it is a powerful editor that can do a lot with only a few
keystrokes.

There are actually several variants of vi from which to choose. Each is
someone’s attempt to go one better on vi, but all retain the same basic syntax
and what you learn here will work equally well on any of the vi clones. You can
choose among

* elvis
* nvi
* vim
Start up vi by typing the command name at a shell prompt, followed by
the name of the file(s) that you want to edit:

$ vi Account.java

Keep in mind that vi was developed in the days of character-only video
screens. Keyboards didn’t always have arrow keys or other special characters,
which have since been (largely) standardized by the advent of the IBM PC. In

that situation, the authors of vi had only the alphabetic characters to use for all

1. We realize that vi is famous for being difficult to learn and nonintuitive. The UT design of
vi dates back to earliest cursor-addressable display terminals. User interface design has come a
long way since then. The vi UI does indeed show its age. But the program refuses to die. Why?
Because while simple GUI editors make the easy stuff easy, vi makes the hard stuff easy. You
can fall back on pico or kate or other GUI editors if you want, but bear with us. Mastering vi
really does pay off.
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of their commands . . . and did they make good use of those keys! Virtually
every letter is used, both lower and upper case, to mean something unique in
vi. But don’t be put off by the large number of commands to learn; they fit
some patterns that will make it easy for you to become proficient in a short
time by learning a few commands and applying the patterns.

NOTE

If you really can’t bear to part with your mouse and menus, try gvim. We haven’t
used it, but we hear that it has support for mice to help with cut and paste and
the like. After you learn vi and get a little practice, though, you may find that
you’re never reaching for your mouse any more when you edit.

There are three modes to vi: the regular vi mode, some extended
commands in the ex mode, and the input mode.

The simplest mode is the input mode. In input mode, every character you
type becomes part of the text of the file. It's how you enter the bulk of the text
for your Java programs. But vi doesn’t start up in input mode; you have to “get
into” input mode, and then get back out. Once out, you can use other vi
commands to save the text and exit vi. More about those in a bit.

NOTE

Get out of input mode by pressing the Escape key. You can press it more than
once, too, just to be sure that you are no longer in input mode. If you are no
longer in input mode and you press escape, it will beep at you—with an audible
or visual notification, depending on how your terminal window is set to respond.

In both vim and elvis (two popular vi clones) there is a status line at the
bottom of the window that will show if you are in input mode. In vim, look
in the lower left and elvis, the lower right. When in input mode, you will see
a status word displayed like nsert or replace.

In the vi mode, the default mode that you start in, all the keystrokes are
interpreted as commands to the editor. They are 7ot displayed as characters. So
when we describe a command, such as dt ;, you can type those three characters
but will not see those characters on your screen. Instead you will see some ac-
tion taken by vi—in this case it will delete text from your cursor up to the first
semicolon on that line, if any (otherwise it will just beep).
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There are several ways to get into input mode, depending on where you
want to do the insert. When the file you're editing is completely empty, all
these commands are equivalent, but for nonempty files, each command will
begin input mode in a different place in the file:

* i inserts before the cursor.

* I inserts at the beginning of the line.

* a appends after the cursor.

* aappends at the end of the line.

* o “opens” a line for input after the line on which the cursor sits.

* 0 “opens” a line for input before the line on which the cursor sits.

Remember that this is character-based editing, before the days of mice and
[-bars. So there is no meta-character for the cursor to show its position berween
two characters in the file. Instead, the cursor sits on top of a character, and thus
inserts or appends will happen before or after that character.

Reminder: Get out of input mode by pressing the Escape key.

Next, let’s move the cursor around. The simplest way to do that is one
character at a time. Using the (lowercase) h, j, k, and 1 keys—notice that
they’re all in a row on QWERTY keyboards—you have the “arrow” keys for
left, down, up, and right. One of the common enhancements for vi clones is
to include support for the arrow keys on standard PC keyboards. Even so, the
convenience of having the motion keys on the “home row” for touch typists
can be a great speedup.

* h moves left one character.
* 5 moves down one line.
* k moves up one line.

* 1 moves right one character; same as a space.

Often, character- or line-at-a-time is too slow. Move to the beginning of
the line that you are on with 0 (zero), or to the end of the line with $. Move
to the top and bottom of the window with u (think “High”) and L (think
“Low”). So first type L then hold down j. To move back in a file, first type H
then hold down k. That gets the display moving down or up respectively.

* # (“high”) moves to the top line of the window.

* M (“middle”) moves to the middle line of the window.
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* L (“low”) moves to the bottom line of the window.
* 0 moves to the beginning of the line.

e $ moves to the end of the line.

This may still be too slow for you, especially if you are working your way
through a large file. If you want to page up and down half a page at a time, try
~u and ~D (think “up” and “down”). To move a full page at each keystroke, try
~F and ~B (think “forward” and “back”).

This may still take a while, especially if you want to get to the absolute
beginning or end of the file. For those locations, type a three-character se-
quence, starting with a colon—which will jump your cursor to the status line
of the window—then type either zero or the dollar sign, then press the Enter
key. For example, : 3.

So what’s with the colon? Just when you thought you were getting the
hang of the vi keystrokes, this odd pattern appears. It’s called ex mode, and has
to do with the history of vi being built atop the ex editor. Typing the colon
got you back giving commands to ex, without the fancier screen-based
GUL (Even editors can have command lines.) There are many powerful
search/replace commands that you can do from the ex command line; more on
that later. For now, though, remember that you can type the colon, then a line
number, then the Enter key and vi will position the cursor (and thus what is
displayed on the screen) to that line number. The 0 and $ are just special cases
of that more generic way to position your place in the file.

Back to our positioning in the file. Recall that h, j, k, and 1 will move you
one unit (char or line) at a time. Now enhance that motion by typing a number
first, then the h, 5, k, or 1. So to move five lines up type 5k (just be sure you
use a lowercase letter). You can move way down in a file by typing something
like 20005 which will move down 2,000 lines. If the file doesn’t have that many
lines, you will find your cursor at the end of the file.

The point here is that almost any vi command can be preceded by a count,
to repeat it that many times.

A few more navigation tips. Another useful way to move through text is a
word at a time. You can move your cursor forward by a word with the letter w
(for “word”). You can move “back” with the letter b. You can move five words
at a time with 5w or 5b. See?

The definition of “word” to vi has to do with alphanumerics separated by
whitespace, but also by certain punctuation characters. So to vi, the following
Java code consists of how many words? Seven.
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myArraylist.doSomething (magical); // cool

From the beginning of the line, you’d need to type w seven times (or know
to type 7w—but how could you guess seven?) To help out, vi uses the upper-
case W to skip words defined not by punctuation but solely by white space.
Think of it as “bigger” words. And of course B will go “back” by these bigger
words. So on our example line, a single w will get you to the start of the
comment.

Be sure that you're not just reading these descriptions. Run vi on any file
that you can find and practice navigating by lines or words or screens. Once
you get the hang of it, it can be so much faster than reaching for the mouse and
trying to maneuver the cursor into just the right spot between letters.

Sometimes you can see where you want to go based on the characters of
text in the document. See that “x”? That’s a relatively rare character on any line
of text. If you see a character, your cursor can “find” it if you type £ and then
the character you are looking for. So £x would search forward on the line for
an “x”. And Fx would search backward from the cursor. To repeat the search,
just type a semicolon (“;”).

Searching for a string is another good way to move your way through a
file. To search forward, type a slash (/), then the characters for which you want

to search, and end the string with a second slash and then Enter:2
/myArrayList/

To search backwards (towards the first line of the file) use the question
mark rather than the slash to bracket your search string. In either case, to jump
to the next occurrence, type n, or 27n to jump to the 27th occurrence. Whether
you are searching forward (/) or backward (?), using uppercase N will reverse
the direction as it searches for the next occurrence. So, you can search forward
with /myvar/ and then press n for each next occurrence forward. If you go too
far, just type N to back up. Similarly, if you were going backwards looking for
an occurrence of a constructor, say something like: 2new HotClass?; then
each n will search toward the top of the file, and each N will search toward the

end of file.

2. The second slash is optional in most vi implementations, but used for consistency with the
same command in ex mode which has optional suffix characters.
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In both cases, when you hit the top or bottom of the file, vi will wrap and
keep searching from the opposite end, though a warning message will appear
in the status bar.

OK, enough navigation. Let’s start modifying text.

Copy and paste operations can be done easily on whole lines. Just yank
and pur the lines. You can yank a single line or several at a time (e.g., 7y) and
then a single put (p) will deposit a copy just after the current line (the line
where your cursor sits). If you want to put the text before, not after, the current
line, use uppercase P.

Go ahead. Try it on the file you’re practicing on. It’s the best way to get
a feel for what we’re describing here.

Cut and paste operations involve deleting the lines, not just copying them.
This gets us into our third and final kind of syntax in vi, the double letter
commands. Use dd to delete a line. Try it and you will find that the line your
cursor is on just got deleted, and the cursor now rests comfortably on the next
line. To paste that line back, use the same p or P that we used for to put the
lines that we had copied (a.k.a. “yanked”) above.

But why the aa? What’s with the double letters? Think of “delete” for a
and then add another letter to describe how much you want to delete—dw for
“delete word” or aw for “delete the bigger words” (see above). So why dd for a
line? We don’t know for a fact, but we suspect that it’s just for speed. You can
also follow a a@ with the h, 3, k, or 1 of our cursor movement, and that will
delete either a character or a line in the appropriate direction.

A faster way (one keystroke, not two) to delete a single character is with
the x key. And of course 5x, or 27x, will delete multiple characters. But if
you're deleting many characters you will probably get it done faster by deleting
“words” (aw or dw).

Another powerful way to delete text is to delete it from the cursor up 7 a
specific character. The sequence dt ; will delete from the cursor up to (but not
including) the semicolon on the current line. If there is no semicolon, vi will
beep, and no change will be made. To delete from the cursor up to and includ-
ing the semicolon, use df;.

Everything you’ve just learned about delete is also true for change, the ¢
in vi. You can combine it with itself (cc) to change a whole line. You can
combine it with w to change a word (cw), or you can change from the cursor
up to the next semicolon (ct;), and so on.
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Change does the delete, then puts you in input mode. (Notice the re-
minder on the status line.) Remember, to get out of input mode and back into
vi mode, press the Escape key.

Sometimes you’ve done too much, and you’d like to undo what you’ve
just done. Typing u will undo the last change that you made. But here’s a dif-
ference between the classic vi and some of the new, improved versions. In classic
vi, if you type another u, then you are telling vi to undo what it just
did—which was an undo. So the undo of an undo remakes the change that you
had originally made. But in vim, “vi improved,” typing u again and again will
just keep undoing previous changes. If you want to undo the undo, in vim,
you need to type :redo and then Enter.

The vi editor has shortcuts for helping you to change the indentation of
your code. Typing two less-than signs (<<) will shift the line to the left; typing
two greater-than signs (>>) will shift the line to the right. Typing a number
first and then the less-than or greater-than signs will shift that many lines at
once. But how far will they shift? The default is usually set at eight, but you
can set it to any value you want. In ex mode you can set all sorts of values and
flags, customizing vi’s operation. The value we’re interested in here is
shiftwidth which can be abbreviated sw. So the command would be :set
sw=4 if you want each shift to move by four characters. For more about this,
and how to make it your default, see Section 2.2.4.

Any command that you do may be worth repeating. Say, you just shifted
14 lines and you’d like to shift them further. Or you just deleted five lines, and
would like to delete five more. Well, you could just retype the command, but
an easier way is just to type the period (.) and let vi repeat it for you.

2.2.1 Exiting

There are three ways of exiting vi (22, :q, :q!) that you should know. The
correct one to use depends on whether or not you want to save the changes to
the file and on whether or not you have saved your changes.

* 27 saves and quits in one step (three keystrokes).
* :w writes what you've been editing but doesn’t quit.

* :w filename writes what you've been editing to a new file named
filename; it will complain (and not write out anything) if the file
already exists.
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* :7,.w! filenamewriteslinesfrom line 7 up to and including the current
line to the named file, clobbering any previous contents (think of the “I”
as meaning “and don’t argue with me!”).

* :g quits, provided you’ve saved your changes (e.g., with :w).
* :g! quits without saving any changes to the file.

* :n doesn’t exit vi, but moves on to the next file if you started up with
more than one file to edit (e.g., vi Fir.java Pine.java). When you’ve
reached the last file in the list, you need to quit—for example, with :q.

2.2.2 Search and Replace

We've mentioned searching for a string with / or 2, but what about replacing?
Once you've located a string with /, you can use cw or C or R or other such
commands to effect the change. Search for the next occurrence with n, and then
you can repeat your change (the last c, s, r, and so on) by typing the period
“.” that will repeat that last substitution, insert, and so on.

But what if you want to make 225 substitutions? Typingn.n.n.n.n.n.
would get old after a while. Here, the ex mode, like any good command line,
comes to the rescue to help with repetitive tasks.

If we want to search and replace all occurrences of one string for another,
we can use the command

:1,$s/one string/another/

Almost all ex commands take an address range, that is, the lines of the file
over which they will operate. If just one line number is given, the command
will operate on that one line. Two numbers, separated by commas, represent
the start and end lines—inclusive—of the operation. The first line is line 1, so
a 0 as line number would mean “before the first line.” The line where the cursor
is currently located is just “.” (a period). The last line of the file can be repre-
sented by the dollar sign ($). You can even do some simple math on the
addresses—for example, .+2 meaning the second line in front of the cursor’s
current line.

TIP

There is a shortcut for the 1, $ address range. Use % to mean “all lines—for
example, $s/one string/another/.
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Here are a few more substitution examples along with an explanation
for each.

.,$s/here/eternity/
From here to the end of the file, replace here with eternity.

27,%-5s/lost/found/
From line 27 to the 5th line prior to the end of the file, replace 1ost with
found.

s/here/now/
Replace here with now, on the current line only.

Each line that has a match will do the substitution on only the firsz occur-
rence of the string. If you want to change all occurrences on those lines, you
append a g (for “global” substitution) to the end of the command. Consider
this snippet of Java:

class tryout
{
int tryout;

tryout (int startval) { // make a new tryout
tryout = startval;
} // tryout constructor

// a tryout-like resetting

public void

setTryout (int toval) {
tryout = toval;

}

// willfindtryoutinhere

} // class tryout

1,8s/tryout/sample/
Works as expected except for line 5, where “tryout” appears as the
constructor name but also in the comment.

1,$s/tryout/sample/g
Works better (note the trailing g). But neither command can deal with
“Tryout” in the setTryout method name. That’s because of the uppercase
“T”, which doesn’t match “tryout”.



2.2 Eyeto Eye with vi 43

1,$s/Tryout/Sample/g
Will make the substitution in that method name.

TIP

Remember to precede these commands with a colon (“:”) to put you into ex
mode which puts your cursor on the status bar of the window.

2.2.3 The Joy of Regular Expressions

The substitution command really becomes powerful when you start using reg-
ular expressions. Our examples so far have only had plain alphanumeric charac-
ters between the slashes of the substitution. But other characters take on special
meanings inside the search and replace strings. Table 2.1 shows just a few.

From this small collection we can do some useful things. We show just a
few in Table 2.2. All commands begin with :1, $ to say that the substitution
will be attempted from the first through the last line of the file.> You could use
a smaller range for any of these substitutions, as we discussed above.

Table 2.1 Regular expression character meanings

Character Meaning

A

The beginning of the line.

$ The end of the line.
Any single character.
* Zero or more repetitions of the previous expression.
+ One or more repetitions of the previous expression.
[] Any of the characters inside the brackets will match—e.g., [abc] matches any

of a, b, c. Ranges are allowed too—e.g., [a-z].

& When used on the right-hand side, stands for whatever was found with the
search string on the left-hand side (for an example, see Table 2.2).

3. Note that % is valid substitute for 1, ¢.
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Table 2.2 Some useful vi substitutions

Command Explanation

:1,8s/ *$// Removes all (any number of) trailing blanks—that is, looks for zero or
more blanks followed immediately by the end of line, and replaces
them with nothing (no characters between the last two slashes).

:1,$s/7.%$/" "/ Puts quotes around the text of each and every line.
:1,8s/7°"// Removes the leading quote from any line that starts with one.

:1,$s/"$// Removes the trailing quote from any line that ends with one.

There is so much more that could be said about regular expressions. They
are one of the most powerful features for making big changes with few
keystrokes. It’s an integral part of sed, Perl, and other tools. It’s in such demand
that it has been added to Java for better pattern matching. See Section 2.6 for
ways to learn more about regular expressions.

2.2.4 Starting Off Right: . exrc

You can preset certain behaviors in vi by putting ex commands in a file called
.exrc in your home directory. Those commands will be read whenever you
invoke vi and before you begin typing commands.

Here’s a simple but useful . exrc example:

" set my favorite options:
set autoindent shiftwidth=4
set ignorecase

As you can see from the example, settings can be combined on one line.
Note also that these lines do 7oz begin with a colon. A colon 75 needed if you
type these lines from within vi—because you need to get into ex mode; but
since these are assumed to be ex commands (hence the name . exrc) they are
going straight to the ex side of vi and no colon is needed. Comment lines
begin with a double quote; the rest of the line is ignored, and doesn’t need a
matching quote.

The ignorecase command tells vi to ignore any difference between
upper- and lowercase characters when searching for text with the / or ? com-
mands. The single character searches on the current line (£ and F) are not
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2.3

affected by this setting. The default for vi is noignorecase, which means case
is significant.

The autoindent setting (can be abbreviated ai) means that when you do
an o or O to gpen a line after or before (o versus 0) the line on which your cursor
rests, vi will automatically add whitespace so that the text that you enter begins
at the same column where the current line begins.

For example, suppose you are editing an if statement like this:

if (userBalance < minDaily) {
userAccount.chargeFees () ;

With your cursor on the middle line, if you type an o or 0, the new (blank)
line will open with your cursor at the fifth character position, right in line with
the “u” of useraccount. If you find that your cursor is flush left when you try
this, then you need to set autoindent. You can do this from within vi by typing
:set ai or the longer :set autoindent. The leading “:” is important—it
gets you to ex mode. (Don’t forget to press Enter at the end of the command.)

The shiftwidth setting tells vi how many character positions to move
text left or right with each << (left) or >> (right) command, as well as when
typing “Dand T in input mode. When typing text in input mode, people often
use the Tab key to indent their text, for example inside an if or for statement.
You can do this in vi, and the actual tab character will be the character in your
text. But if you want tighter indenting, use the ~T (that’s Control-T, “T” for
Tab, we suppose) to increase your indent and ~D to decrease your indent while
in input mode. The vi editor will automatically compute how much whitespace
to use and will put an optimal combination of tabs and spaces as needed to line
things up. Alternately, you can have vi always expand tabs into spaces and not
mix tabs and spaces, but just use spaces, with set expandtab. (Remember to
add a “:” if you want to type this from the command line.)

EDITORS GALORE

There are many editors available to a programmer on a Linux system. Some are
text-based editors, typically antedating GUI interfaces. Many have graphical
interfaces, with mouse-based cut and paste and the like. We will mention sev-
eral here and encourage you to find the one with which you are comfortable.
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The list of choices for editors is quite long. One of the beauties of the
Open Source approach is that personal choices like favorite editors aren’t
squashed by arbitrary decisions: If you want, you can write an editor; others
can adopt it.

Test drive a few; try them on for size. Remember that there can be a
learning curve to climb. Don’t necessarily settle for the easiest to learn—it may
not be able to handle all that you’ll need it to do, which may cost you more in
the long run.

Speaking of editors that aren’t easy to learn, we can’t discuss editors
without a mention of Emacs. To quote the GNU Emacs project home page:*

Emacs is the extensible, customizable, self-documenting real-time display
editor. If this seems to be a bit of a mouthful, an easier explanation is Emacs
is a text editor and more. At its core is an interpreter for Emacs Lisp (“elisp,”
for short), a dialect of the Lisp programming language with extensions to
support text editing. Some of the features of GNU Emacs include:

* Content sensitive major modes for a wide variety of file types, from
plain text to source code to HTML files.

* Complete online documentation, including a tutorial for new users.

* Highly extensible through the Emacs Lisp language.

* Support for many languages and their scripts, including all the Euro-
pean “Latin” scripts, Russian, Greek, Japanese, Chinese, Korean, Thai,
Vietnamese, Lao, Ethiopian, and some Indian scripts. (Sorry, Mayan
hieroglyphs are not supported.)

* A large number of extensions which add other functionality. The

GNU Emacs distribution includes many extensions; many others are
available separately—even a Web browser.

There is another variant of Emacs called XEmacs. It came from the same
code base but split over differences both technical and philosophical.> Now if
you thought that vi had a lot of obscure key sequences, you ain’t seen nothin’
yet. With its Lisp interpreter Emacs is incredibly extensible and powerful, but

4. This is from http: //www.gnu.org/software/emacs/emacs.html#Whatis.

5.If you want to read more about those differences, and how they came about, see
http://www.xemacs.org/About/XEmacsVsGNUemacs.html.
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has a huge learning curve—which is why we aren’t going to cover Emacs or
XEmacs at all in this book.

Our favorite editor is still vi—in part, we're sure, because we already know
it so well. But like any skilled craftsman, even though you may have a favorite
hammer or saw that you use on most of your work, you will still have several
others ready in your toolkit, and use specialized ones for certain tasks.

2.3.1 Editing Your Pipes (sed, the Stream EDitor)

One important kind of editor available on Linux is the stream editor, or sed. It
allows you to perform editing on the data that comes in on standard in and
writes its result to standard out. Similar to the syntax from ex mode in vi (and
based on the simple ed editor), it can be very useful for making changes to large
numbers of files in one go.

You can learn much more about sed from its manpage or from the book
UNIX AWK and SED Programmer’s Interactive Workbook by Peter Patsis.

2.3.2 Simple Graphical Editors

Linux comes with a wide range of open source software, not all of which is in-
stalled on every installation. You may need to use your Linux installation disks
to add these programs to your system. Whether it’s RedHat’s package manager
or SuSE’s YaST2 or Debian’s apt-get, most Linux admin interfaces make it
easy to add these extra packages. Of course you can also resort to the Web for
finding and downloading additional open source software.

Here’s a quick listing of some of the many editors that you might find to
your liking. The description of each is largely “in its own words,” based on the
text that the authors supply with their software.

* jedit is a cross-platform programmer’s text editor written in Java. The
Java-based portability seems appealing. This is a very powerful editor and
a popular choice.

* pico is a small easy to use editor.
* mbedit is a multiplatform editor.

* NEdit is a GUI style text editor for workstations with X Window and
Motif. NEdit provides all of the standard menu, dialog, editing, mouse
support, as well as macro extension language, syntax highlighting, and a
lot of other nice features (and extensions for programmers).
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* xcoral comes up fast; seems well done. Half of the YaST developers swear

by it, not only because of the built-in C/C++/Java browser. This editor
provides support for C, C++, Java, Perl, Ada, and Fortran programs, as
well as INTEX and HTML documents. With the help of the built-in SMall
ANSI C Interpreter (SMAC), xcoral can be configured and extended
in almost arbitrary ways. Examples can be found in the directory
/usr/lib/xcoral (or wherever xcoral is installed on your system).
Further information about xcoral and SMAC is available in the detailed
online help system (also available in HTML and PostScript format).

axe features multiple windows, multiple buffers, configurable menus and
buttons, access to external filters, keyboard macros, comprehensive online
help, and more.

eddi is an X editor based on the TiX shell, with syntax highlighting and

several other useful features.

the: If you're an IBMer from the heyday of mainframes, perhaps you’ve
used xedit from VM/CMS. If so, you might want to check out the, whose
name is the acronym of “The Hessling Editor.”

JED is an extremely powerful but small Emacs-like editor for programmers
that is extensible in a C-like macro language and is able to perform color
syntax highlighting. Among the many features: Emacs, WordStar,
EDT emulation; C, Fortran, TEX, text editing modes; full undo; Emacs-
compatible info reader, and lots more. It claims to be 8-bit clean, so you
can even edit binary files.

Glimmer is the editor formerly known as CodeCommander. It is a full
featured code editor with many advanced features, including full scripting
integration with either Python or Guile.

joe (Joe’s own editor) is a freeware ASCII editor for UNIX. joe is similar
to most IBM PC text editors. The keyboard shortcuts are similar to
WordStar and Turbo C. When joe has several files opened at the same
time, each file is displayed in its own window. Additionally, joe supports
shell windows whereby the output of the executed commands is saved in
a buffer, automatic filename completion (via Tab), help windows, undo/
redo, search and replace using regular expressions.

gEdit is a small but powerful text editor designed expressly for GNOME.
It supports a split-screen mode and plug-ins that make it even more pow-
erful. Developers can develop their own plug-ins if they desire.
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e fte is an editor “with many features and simple usage for X11 and
console.”

* €3 is a very tiny editor (only .07MB) that offers many different modes
such as vi, Emacs, and WordStar. The default mode is WordStar.

* asedit is a simple ASCII text editor for X11/Motif. Mouse support, dialog
boxes, hypertext online help, undo/redo. Named for its author, Andrzej
Stochniol.

2.4 REVIEW

We've given a good foundation for using vi—a set of commands that will help
you with much of your daily editing. While not as pretty as a GUI tool, vi can
be much more productive once you get familiar with the commands. Start with
some basic commands, then refer to this chapter or another vi resource and
learn a new keystroke each week. By next year, you’ll be a master at vi—and
incredibly productive at producing code.

We also described several other editors available under Linux. If you know
them already, or are wed to your mouse, then try one on for size. The choice
of an editor can be as much about personality and “fit” as it is a technical
choice.

2.5 WHAT You STILL DON’T KNOW

There is still a lot more to learn about regular expressions. They may take a bit
of practice, but it is a skill that can be used in a variety of contexts, in a variety
of languages.

2.6 RESOURCES

* Rafeeq Rehman and Christopher Paul, The Linux Development Platform,
Prentice Hall PTR, especially Chapter 2 on editors vim, Emacs, and jed.

* DPeter Patsis, UNIX AWK and SED Programmer’s Interactive Workbook,
Prentice Hall PTR, ISBN 0130826758.






Chapter 3

An Experienced Programmer’s
Introduction to Java

Here the reader is rapidly acquainted with the manner in which Java imple-
ments the OO (Object-Oriented) concepts. The language’s statements are un-
ceremoniously presented. Much deference is paid to other texts in print and
on the Web, since this is well traveled ground. We then present a simple sample
Java application that will be used throughout the rest of this introductory part
as an example that can be easily built in all of the Java environments available
for Linux.

3.1 WHAT YOou WILL LEARN

* Javasyntax and semantics for the familiar (to an experienced programmer)
programming constructs.

* How Java implements the OO: buzzwords of inheritance, encapsulation,
and polymorphism.

* How Java deals with the absence of C++-style multiple inheritance.

51
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3.2

e Why the absence of templates in Java is not as crippling as a C++
programmer might suppose.

* How final is better than virtual and how interfaces are often better
than multiple inheritance.

This is going to be a whirlwind tour. Our book assumes that you already
know programming in general, and have had some exposure to OO program-
ming. We are going to distill into a single chapter material that comprises sig-
nificant portions of other books. In particular, if there are concepts here that
you are not already familiar with, look at Chapters 1-9 of Bruce Eckel’s won-
derful book, Thinking in Java, 3rd ed., published by Prentice Hall PTR (ISBN
0-131-00287-2). It is, genuinely, one of the best books on the market for
learning the Java language and the design principles Java embodies.

If you are somewhat new to programming, but technically quite adept
(maybe a system administrator or database administrator with little formal
programming background), you may want to supplement your reading with a
book that, unlike Eckel’s, is targeted more toward the novice programmer. We
like Java Software Solutions: Foundations of Program Design, 3rd ed., by John
Lewis and William Loftus, Addison-Wesley, 2003 (ISBN 0-201-78129-8).
It will introduce the concepts behind the programming constructs, whereas
we will assume that you know these concepts so we can focus only on the
Java syntax.

FUNDAMENTAL LANGUAGE ELEMENTS

Before the object-oriented structures, Java (like C) has a small number of
fundamental statements and (again, like C and C++) some fundamental
“nonobject” data types.!

1. The existence of these nonobject data types is another thing that brings up criticism of the
Java language. Since Java does not have C++’s operator overloading features, you cannot use
objects in standard algebraic expressions. I'm not sure if the inclusion of scalar classes was mo-
tivated by speed, or by the lack of operator overloading. Whatever the reason, like any other
design compromise, it has both advantages and disadvantages, as we shall see throughout

the book.
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3.2.1 Scalar Types

Java has a number of built-in scalar (in this context, nonobject) types. We
discuss these below.

3.2.1.1 Integer Types

Java defines four integer types—byte, short, int, and long. Unlike some
languages, Java defines the precision, that is, the bit size, of these types.

e byte: 8 bits

* short: 16 bits
e int: 32 bits

* long: 64 bits

For Java, the goal is “compile once, run anywhere.” Defining that int
means 32 bits—everywhere—helps to achieve this goal. By contrast, when C
language was first defined, its goal was different: to be available quickly on a
variety of architectures, not to produce object code that would be portable be-
tween architectures. Thus, for C, the choice was up to the compiler developer
to choose a size that was most “natural” (i.e., convenient) for that particular
architecture.2 This would make it easiest on the compiler writer. It
succeeded—C was an easy language to implement, and it spread widely.

Back to Java. Note that all these values are signed. Java has no
“unsigned” type.

Note also that byte is listed here. It can be treated as a numeric value, and
calculations performed on it. Note especially that it is a signed number (i.e.,
values range from —128 to 127 and not from 0 to 255). Be careful when pro-
moting a byte to an int (or other numeric value). Java will sign-extend on the
promotion. If the value in the byte variable was a character (e.g., an ASCII
value) then you really wanted it treated like an unsigned value. To assign such
a value to an int you’ll need to mask off the upper bits, as in Example 3.1.

You may never encounter such a situation, but if you are ever working
with bytes (e.g., byte arrays) and start to mess with the individual bytes, don’t
say we didn’t warn you.

2. In fact, C’s only rule is that a short int will not be longer than an int and a long will
not be shorter than an int. It is both ANSI and K&R compatible for all integer types ina C
compiler to be the same size!
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Example 3.1 Coercing a byte to int as if the byte were unsigned

byte c;
int ival;

ival = ((int) c) && OxXFF; // explicit cast needed

3.2.1.2 Floating Point Types

Java provides two different precisions of floating point numbers. They are:

* float: 32 bits
* double: 64 bits

The float type is not very useful at that precision, so double is much
more commonly seen. For other situations where precision is important, but
you can spare some cycles, consider the BigDecimal and BigInteger
object classes.

Java floating point numbers are specified to follow the IEEE floating point
standard, IEEE 754.

3.2.1.3 Other Types

Java also has a boolean type, along with constants true and false. In Java,
unlike C/C++, boolean values are a distinct type, and do not convert to
numeric types. For example, it is common in C to write:

if (strlen(instr)) {
strcpy (buffer, instr);
}

In this case, the integer result of strlen() is used as a boolean, where 0 is
false and any other value is true. This doesn’t work in Java. The expression
must be of a boolean type.

Java also has a char type, which is 7oz the same as a byte. The char is a
character, and in Java, characters are represented using Unicode (UTF-16).
They take two bytes each.

For more discussion on the differences between bytes and chars and
about Unicode, read the Java tutorial on the java.sun.com Web site or visit
www .unicode.org, the international standard’s Web site.
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3.2.1.4 Operators

Before we move on to the topic of arrays (which are sort of a hybrid scalar/
object type in Java), let’s spend a moment on the operators that can be used in
expressions (Table 3.1). Most deal with numeric or boolean operands. For
completeness, we'll include the operators that deal exclusively with arrays
(the “[17) and classes (“.”, new, and instanceof), even though we haven’t
discussed them yet.

Operators listed on the same row in the table have the same precedence.
Operators with the same precedence, except for the unary operators, group
from left to right. Unary operators group from right to left.

3.2.1.5 Arrays
Example 3.2 demonstrates the array syntax in Java.

Example 3.2 Example array syntax

int [] oned = new int[35]; // array = new typel[size]
int alta [] {1, 3, 5, 14, 11, 6, 24}; // alternative syntax plus
// initialization

int j=0;

for (int 1=0; 1<35; i++) {
oned[i] = valcomp (i, prop, altaljl); // array[index]
if (++3j > alta.length) { // array.length
j = 0;

The array can be declared with the [1 on either side of the variable name.
While our example uses the primitive type int, array syntax looks just the same
for any objects.

Note that in Java, one doesn’t declare the size of the array. It’s only in
creating the array with a new that the array gets created to a particular size.
(The {...} syntax is really just a special compiler construct for what is
essentially a new followed by an assignment of values.)

Multidimensional arrays follow the syntax of simple arrays, but with
additional adjacent square brackets, as shown in Example 3.3.



56

Chapter 3 An Experienced Programmer’s Introduction to Java

Table 3.1 Arithmetic and logical Java operators in order of precedence

Operators Explanation

[1

array indexing, member reference

I unary operators: negate, increment, decrement, logical-not, bitwise-not

(type) new coercion, or casting to a different type; creating a new object

/% multiplication, division, remainder

+ - addition, subtraction

<< >> >>> shift-left, shift-right-sign-extend, shift-right-zero-fill

< > <= >= less-than, greater-than, less-or-equal, greater-or-equal, comparing object

instanceof types

== I= equal, not-equal

& bitwise-and (boolean for boolean operands with no short-circuit)”

~ bitwise-xor (with boolean operands it is a boolean-xor)™

| bitwise-or (boolean for boolean operands with no short-circuit)”

&& logical-and (with short-circuit)®

[ logical-or (with short-circuit)

?: Inline if expression, e.g.,a ? b : csays, if a is true, then the value
is b, else it is c.

= += -= *= /= Assignment; those with an operator, as in a op= b will perform the

§= <<= >>= | operation a op b then assign the result back to a.

>>>= &= "= =

*

Hok

In Java there are two ways to do a boolean AND operation: using & or &&. Remember that

for “a AND b”, if either is false, then the result is false. That means that if “a” is

false, there is no need to evaluate “b” because it will not affect the result. Skipping the

evaluation of “b” in this case is called short-circuiting. Java will use short-circuit evaluation

when using the && operator, but not &. The same applies to the OR operators | | and |

where Java can short-circuit on a true evaluation of the first operand for | |. This is an
«»

important distinction when “a” and “b” are not just simple variable references but rather
method calls or other complex expressions, especially ones with side effects.

XOR is exclusive or, where the result of “a XOR b” is true if “a” or “b” is true, but not
both. For bitwise operands, “a” and “b” refer here to bits in the operand; for boolean
operands it is the one value. Examples: 56 is 3; true~false is true but true~true
is false.
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Example 3.3 Example two-dimensional array syntax

int [][] ragtag = new int[35][10];

for (int i=0; 1<35; i++) {
for (int j=0; j<10; j++) {
ragtag[il[J] = i*3J;
} // next j
} // next i

Multidimensional arrays are built as arrays of arrays. Therefore, we can
actually allocate it in a piecemeal fashion and have ragged-edged arrays, where
each row has a different number of columns, as shown in Example 3.4.

Example 3.4 Ragged two-dimensional array syntax

int [][] ragtag = new int[17]11[1];

for (int 1=0; i<17; i++) {
ragtagl[i] = new int[10+i];
} // next 1

for (int 1=0; 1i<17; i++) {
System.out.println("ragtag["+i+"] is "+ragtag[i].length+" long.");
} // next i

For a fuller discussion of arrays, see Chapter 9 of Eckel or Chapter 6 of
Lewis&Loftus.

3.2.2 ObjectTypes

The real power in Java, or any object-oriented language, comes not from the
scalar types, cool operators, or powerful control statements it provides (see
below), but from its objects.

Object-oriented programming is a relatively recent innovation in software
design and development. Objects are meant to embody the real world in a more
natural way; they give us a way to describe, in our programs, the real-world
objects with which we deal. If you are programming a business application,
think of real-world business objects such as orders, customers, employees,
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addresses, and so on. Java is an object-oriented programming language and thus
has some significant syntax related to OO concepts.

If you are new to object-oriented programming, be sure to read Chapter 1
of Eckel’s Thinking in Java.

In Java, we define a class to represent the objects about which we want to
program. A class consists of the data and the methods to operate on that data.
When we create a new instance of some class, that instance is an object of that
type of class. Example 3.5 shows a simple class.

Example 3.5 Simple class

class

PairInt

{
// data
int 1i;
int j;

// constructors
PairInt() { i=0; j=0; }
PairInt (int ival, int jval) { i=ival; j=jval; }

// methods

setI(int val) { i=val; }
setd (int val) { j=val; }
int getI() { return 1i; }
int getd() { return j; }

Note that this class defines both data (i, j) and methods (setI (),
getJ (), and so on). We put all this into a file named PairInt.java to match
the name of the class definition.

If some other Java code wanted to create and use a PairInt object, it
would create it with the new keyword followed by a call to a constructor
(Example 3.6).

This example shows only a snippet of code, not the entire PairInt class.
That class, though, would likely reside in its own source file (named for its class
name). In Java you normally create lots of files, one for each class. When it’s
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Example 3.6 Using simple class

// declare a reference to one:
PairInt twovals;

// now create one:
twovals = new PairInt (5, 4);

// we can also declare and create in one step:
PairInt twothers = new PairInt (7, 11);

time to run the program, its various classes are loaded as needed. We’ll discuss
grouping classes together and how Java locates them in Section 3.3.1.

In Java, each source file contains one class and the file is named after that
class. It is possible to define 7nner classes located inside another class definition
and thus inside its file, but that introduces other complexities that we wish to
avoid discussing at this point. Most importantly, an inner class has access to
even the private members of the enclosing class. (Read more about inner classes
in any of the Java books that we recommend at the end of this chapter.)

For each of the class methods, class data declarations, and the class itself,
Java has syntax to limit the scope, or visibility, of those pieces. The examples
above didn’t include those keywords—that is, they took the default values.
Usually you’ll want to specify something. See Section 3.4.1.

3.2.2.1 Objects as References

So far we have not explained something important about object type variables.
These variables can all be thought of as pointers or references to an object.
When you declare a variable of an object type, what you are declaring is a vari-
able that is capable of referring to an object of that type. When declared, it does
not point at anything. It has a value of n#// and any attempt to use it will result
in a null pointer exception (more on those later).

Before an object variable might be used, it must be made to refer to an
instance of an object. This is done by assignment. You can assign an existing
object, or you can use the new operator.

Any new class will have a constructor, that is, a method whose name is the
name of the class. There can be many different constructors for the same class,
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each with unique types of parameters. For example, the String class has many
different constructors, including one which constructs a new string from a
different string and another that constructs a new String from an array

of bytes.

String strbystr = new String(oldstr);
String strbyarr = new String (myByteArray) ;

3.22.2 Strings

One of the most commonly used classes is the string class. It comes already
defined as part of Java and has some special syntax for initialization which
makes it look familiar. Whereas other objects need a new keyword and a con-
structor call, a String object can be created and initialized with the intuitive
double quotes, as in:

String xyz="this is the stringtext";

The compiler also makes a special allowance for strings with respect to
the plus sign (+). It can be used to concatenate two Strings into a third, new
String.

String phrase = "That is"
String fullsent = phrase + " all.";

It is worth noting that Strings do not change—they are immutable.
When you assign a String the value of one String plus another, there’s a lot
of string object creation going on behind the scenes. If you need to do a lot
of concatenation of Strings, say inside loops, then you should look into the
use of the stringBuffer object. See Appendix A of Thinking in Java, 3rd ed.,
the section titled Overloading “+” and the stringBuffer, for a full discussion
of the tradeoffs here.

There are a variety of methods for string—ones that will let you make
substrings, search for substrings at the start or end or anywhere in the string,
or check for equality of two strings.

Table 3.2 shows some of the most useful methods associated with string
objects.
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Table 3.2 Useful String methods

Return type Method

Description

int

boolean

boolean

String

String

boolean

boolean

String

length ()

equals (Object obj)

equalsIgnoreCase(String str)

toLowerCase ()

toUpperCase ()

startsWith(String substr)

endsWith(String substr)

substring (int index)

Returns the length, i.e. number of characters,
in the String.

Returns true if the object is a String
object and is equal to the String. (Aside:
the argument takes a generic Object type
rather than only a String object because it’s
meant to override the equals () method in
the class Object of which stringisa
descendant.) This is the way to compare two
Strings to see if they are both holding the
same sequence of characters. Using stringa
== stringB will only tell you if stringa
and stringB are referencing the same object
(pointing to the same location in memory).
What you typically want is
stringA.equals (stringB).

Similar to equals (), but this one only
allows a String parameter, and it ignores
the upper/lower case distinction between
letters. For example:

String sample = "abcdefg";
String sample2 = "AbCJAEfG";
sample.equalsIgnoreCase (sample?2)

returns true.

Returns a string with all characters converted
to lowercase.

Returns a string with all characters converted
to uppercase.

Returns true if the String starts with the
given substring.

Returns true if the String ends with the
given substring.

Returns a string starting at position index
to the end of the String.
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Table 3.2 (Continued)

Return

type Method Description

String

substring (int first, int last) Returns astring starting at position first
and up to, but not including, character
position last. If 1ast is greater than the
length of the String, or last is less than
first, it throws an IndexOutOfBounds
exception.

3.2.2.3 Other Classes: Reading Javadoc

Java comes with a huge collection of existing classes for you to use. The simplest
ones are just wrappers for the primitive classes. There is an int primitive data
type, but Java provides an Integer class, so that you can have an integer as an
object. Similarly, there are classes for Long, Float, Boolean, and so on. Such
classes aren’t nearly as interesting as the myriad other classes that come with
Java. These others provide objects for doing I/O, networking, 2D and 3D
graphics, graphical user interfaces (GUIs), and distributed computing. Java
provides ready-to-use classes for strings, math functions, and for special kinds
of data structures like trees and sets and hash tables. There are classes to help
you with the manipulation of HTML, XML, and SQL, as well as classes for
sound, music, and video. All these objects can be yours to use and enjoy if you
just learn the magic of reading Jzvadoc—online documentation for Java classes.
The documentation for all these classes is viewed with a Web browser. (In a
following chapter we’ll describe how you can make Javadoc documents for the
classes that you write, too.)
The online version of the API documentation can be found at

http://java.sun.com/j2se/1.4.2/docs/api/

for Java 1.4.2. (Similarly, put 1.5.1 or whatever version you want at the
appropriate place in the URL.) When displayed, it shows a three-frame page,
as seen in Figure 3.1, except that we've overlaid the image with three labels:
A, B, and C.

The upper left frame of the Javadoc display, the area labeled with A in our
figure, lists all the packages that are part of Java 2 Standard Edition (J2SE).
While there are many other packages of classes available for Java, these classes
are the standard ones available without any other class libraries, with no
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Figure 3.1 The three frames of a Javadoc page

additional downloads necessary. Other classes are documented in the same
way—with Javadoc—but they are downloaded and displayed separately.

Frame B initially lists all the classes and interfaces available in all of the
packages. When you select a package in A, B will display only those interfaces
and classes that are part of the chosen package.

Frame C starts out with a list and description of all packages. Once you
have selected a package in A, C will show the overview of that package, showing
its classes and interfaces with descriptions.

But C is most often used to display the detailed description of a class.
Choose a class or interface in B and you will see C filled with its descrip-
tion—some opening information followed by a list of the visible members of
that class, followed by the possible constructors for that class and all the meth-
ods in that class (Figure 3.2). Each method is shown with its parameters and a
one-sentence description. Clicking on the method name will open a fuller
description (Figure 3.3).
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equals
public boolean equalsi{Object anObject)

Compares this string to the specified object. The resultis true if and only if the argument is notnull andis a String object
that represents the same sequence of characters as this object.

Overrides:
equals in class Object
Parameters:
anfbject - the object to compare this String against
Returns:
true if the String are equal; false otherwise.
See Also:

conpareTo (java, lang. String), equalsTgnoreCase (java. lang. Strin

Figure 3.3 Javadoc display of a single method

Since you will likely be referencing the Javadoc pages regularly, you may
want to download a copy to your hard drive. From the same page on the
java.sun.com Web site where you can download the Java SDK you can also
download the API documentation.

If you agree to the licensing terms, you will download a large ZIP file. In-
stalling the documentation, then, is just a matter of unzipping the file—but it’s
best if you put it in a sensible location. If you have installed your Java SDK
into a location like /usr/local/java then cd into that directory and unzip
the file that you downloaded. Assuming that you saved the downloaded file
into /tmp, a good place to put temporary files, and assuming that you have in-
stalled your version of Java into /usr/local/java and that you have write



3.2 Fundamental Language Elements 65

permission in that directory (check the permissions with 1s -1d .) then you
can run these commands:

$ cd /usr/local/java
$ unzip -gq /tmp/j2sdk-1_4_2-doc.zip

There may be quite a pause (tens of seconds) while it unzips everything.
The unzip command will spew out a huge list of filenames as it unpacks them
unless you use the -g option (“quiet”) on the command line (which we did, to
avoid all that). The files are all unzipped into a directory named docs. So now
you can point your browser to

file:///usr/local/java/docs/api/index.html

Now you have your own local copy for quick reference, regardless of how
busy the network or Sun’s Web site gets. Be sure to bookmark this page; you’ll
want to reference it often. It’s your best source of information about all the
standard Java2 classes.

3.2.3 Statements

This section is not intended to be a formal presentation of Java syntactic
elements.3 Our purpose here is merely to show you the Java way to express
common programming constructs. You will find that these are fundamentally
similar to the analogous statements in C and C++. For much more detail on
these subjects, see Chapter 3 of Thinking in Java by Bruce Eckel.

Like C, Java has a very small set of statements. Most constructs are actually
expressions. Most operations are either assignments or method calls. Those few
statements that are not expressions fall into two broad categories:

¢ Conditional execution statements

* Loop control statements

By the way, you may have already noticed one of the two kinds of
comments that Java supports. They are like the C/C++ comments—a pair of
slashes (//) marks a comment from there to the end of the line, and a block

3. For those so inclined, Sun has a BNF language grammar (http://java.sun.com/docs/
books/jls/secondﬁedition/html/syntax.doc.html)OnthdrVVébske,andthelcwdsand
Loftus book, Appendix L, has a good set of syntax diagrams.
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comment consists of everything from the opening /* to the closing */
sequence.

3.2.3.1 Conditional Execution

An experienced programmer probably only needs to see examples of if and
other such statements to learn them. It’s only a matter of syntax. Java breaks
no new ground here; it adds no new semantics to conditional execution
constructs.

The if-else statement.  The if can take a single statement without any
braces, but we always use the braces as a matter of good style (Example 3.7).

Example 3.7 A compound Java if-else statement

if (x < 0) {

Yy = z + progo;

} else if (x > 5) {
Yy = z + hmron;
mylon.grebzob() ;

} else {

Yy = z + engrom;
mylon.kuggle() ;

TIP

An important thing to remember about the Java if statement (and all other
conditional tests, such as while, do-while, and for) is that, unlike C/C++,
its expression needs to evaluate to a boolean. In C/C++, numeric expressions
are valid, any nonzero value being considered true, but not so in Java.

The switch statement. For a multiway branch Java, like C/C++, has a
switch statement, though the Java version of switch is a bit more restrictive.
Example 3.8 shows the syntax.

In Java, the expression in the switch statement must evaluate to either
an int or a char. Even short and long are not allowed.

As in C/C++, be sure to put the break statement at the end of each case,
or else control will flow right into the next case. Sometimes this is the desired
behavior—but if you ever do that deliberately, be sure to add a comment.
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Example 3.8 A switch statement in Java

switch (rval*k+zval)
{
case 0O:
mylon.reset () ;
break;
case 1:
case 4:
// matches either 1 or 4
y = zval+engrom;
mylon.kuggle(y) ;
break;
default:
// all other values end up here
System.out.println("Unexpected value.");
break;

The default case is where control goes when no other case matches the
expression. It is optional—you don’t need to have one among your switch cases.
Its location is also arbitrary; it could come first, but by convention programmers
put it last in the sequence of cases, as a visual “catch all.”

TIP

For whichever case is last (typically default), the ending break is redundant
because control will continue outside the break—but we show it here in the
example, and use it ourselves in our code. Why? Well, code gets edited—for
bug fixes and for feature additions. It is especially important to use break in all
the cases in switch statements that have no default case, but even in
those that do, we keep the break to avoid forgetting it, should another case
ever be added or this last one relocated. We recommend that you do the same.

3.2.3.2 Looping and Related Statements

The while statement. Like the while construct in other computer lan-
guages, the expression inside the parentheses is evaluated, and if true, the
statement following it is executed. Then the expression is evaluated again, and
if still true, the looped statement is again executed. This continues until the
expression evaluates to false (Example 3.9).
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Example 3.9 A Java while statement

while (greble != null)
{
greble.glib() ;
greble = treempl.morph() ;

Technically, the while statement consists of the expression and a single
statement, but that single statement can be replaced by a set of statements en-
closed in braces (you know, the characters { and }). We will always use braces,
even if there is only one statement in our while loop. Experience has shown
that it’s a safer practice that leads to code that is easier to maintain. Just treat
it as if the braces were required syntax, and you’ll never forget to add them
when you add a second statement to a loop.

The do-while loop. To put the terminating check at the bottom of the
loop, use do-while as shown in Example 3.10. Notice the need for the
terminating semicolon after the expression.

Example 3.10 A Java do-while statement

do {

greble.morph () ;
xrof = treempl.glib();

} while (xrof == null);

Die-hard Pascal programmers should note that Java has no repeat-until
statement. Sorry. Of course the logic of an until (condition) is equivalent
to do-while(!condition).

The for loop. The for loop in Java is very similar to C/C++. It consists of
three parts (Example 3.11):

* The initializing expression, done up front before the loop begins

* The conditional expression for terminating the loop
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* The expression that gets executed at the end of each loop iteration, just
prior to retesting the conditional

Example 3.11 A Java for loop

for (i = 0; 1 < 8; i++) {
System.out.println(i) ;

Unlike C/C++, Java doesn’t have the comma operator for use within arbi-
trary expressions, but the comma is supported as special syntax in Java for
loops. It makes it possible to have multiple initializers in the opening of the
for loop and multiple expressions in the portion repeated at each iteration of
the loop. The result is much the same—you can initialize and increment
multiple variables or objects in your for loop.

More formally, the full syntax of the for loop can be described with fol-
lowing meta-language as shown in Example 3.12 (where the []1* means “zero
or more repetitions of”).

Example 3.12 Java for loop syntax

for ( before [, beforel* ; exit_condition ; each_time [, each_timel*
statement

The biggest difference between C and Java for loops, however, is that Java
allows you to declare one or more variables of a single type in the initializing
expression of the for loop (Example 3.13). Such a variable’s scope is the for
loop itself, so don’t declare a variable there if you want to reference it outside
the loop. It is a very handy construct, however, for enumerators, iterators, and
simple counters.

Example 3.13 A Java for loop with local index

for (int i = 0; 1 < 8; i++) {
System.out.println(i) ;
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As in the if and while statements, the braces are optional when only a
single statement is involved, but good practice compels us always to use the
braces. Additional code can easily be added without messing up the logic—
should one forget, at that point, the need to add braces.

Speaking of the while loop: When do you use a for and when do you
use a while loop? The big advantage of the for loop is its readability. It con-
solidates the loop control logic into a single place—within the parentheses.
Anyone reading your code can see at once what variable(s) are being used to
control how many times the loop executes and what needs to be done on each
iteration (e.g., just increment i). If no initialization is needed before starting
the loop, or if the increment happens indirectly as part of what goes on in the
body of the loop, then you might as well use a while loop. But when the ini-
tialization and iteration parts can be clearly spelled out, use the for loop for
the sake of the next programmer who might be reading your code.

The for loop with iterators.  As of Java 5.0, there is additional syntax for a
for loop. It is meant to provide a useful shorthand when looping over the
members of an iterator.# So what’s an iterator? Well, it has to do with collec-
tions. Uh, oh, we’re surrounded by undefined terms. One step at a time, here.
Java has a whole bunch (we won’t say “collection,” it’s a loaded term) of utility
classes that come with it. We mentioned these classes in our discussion of
Javadoc. While not part of the language syntax, some of these classes are so
useful that you will see them throughout many, if not most, Java programs.

Collection is a generic term (in fact, it’s a Java interface) for several classes
that allow you to group similar objects together. It covers such classes as Lists,
LinkedLists, Hashtables, Sets, and the like. They are implementations of
all those things that you (should have) learned in a Data Structures course in
school. Typically you want to add (and sometimes remove) members from a
collection, and you may also want to look something up in the collection. (If
you’re new to collections, think “array,” as they are a simple and familiar type
of collection.) Sometimes, though, you don’t want just one item from the col-
lection, but you want to look at all of the objects in the collection, one at a
time. The generic way to do that, the way that hides the specifics of what kind
of collection you have (linked list, or array, or map) is called an iterator.>

4. This feature is related to the topic of templates and generics. See Section 3.5.

5. The eatliest versions of Java used an object called an Enumeration. It does much the same
thing as an iterator, but with somewhat clumsier method names. Iterators also allow for a
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The purpose of an iterator, then, is to step through a collection one item
at a time. Example 3.14 shows a collection being built from the arguments on
the command line. Then two iterators are used to step through the collection

Example 3.14 Using iterators

import java.util.*;

public class
Iter8
{
public static void
main(String [] args)
{
// create a new (empty) ArrayList
ArrayList al = new ArrayList();

// £ill the ArrayList with args
for(int i = 0; i1 < args.length; i++) {
al.add(args([i]);

// use the iterator in the while loop
Iterator itrl = al.iterator();

while(itrl.hasNext ()) {
String onearg;
onearg = (String) (itrl.next());
System.out.println("arg=" + onearg) ;

// define and use the iterator in the for loop:

for(Iterator itr2 = al.iterator(); itr2.hasNext(); ) {
String onearg;
onearg = (String) (itr2.next());

System.out.println("arg=" + onearg) ;

} // main

} // Iters8

remove () method, something that Enumeration doesn’t support. The Enumeration class
is still around, but less frequently used. It is only available from certain older utility classes.
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and print the objects in the collection to the command window. The first iter-
ator uses the while loop, the second one uses a for loop, but they both do the
same thing.

As of Java 5.0, there is another way to work your way through a collection,
one that requires less type casting, but more importantly one that can enforce
the type of objects at compile time.

Notice in Example 3.14 that the result of the next () is coerced into type
string. That’s because everything coming from the iterator (via the next ()
method) comes to us as a generic object. That way an iterator can handle any
type of object, but that also means that it is up to the application program to
know what type should be coming back from the iterator. Any typecasting error
won’t be found until runtime.

With the syntax added in 5.0, not only is there a shorthand in the for
loop for looping with an iterator. There is also syntax to tell the compiler explic-
itly what type of objects you are putting into your collection or array so that
the compiler can enforce that type.

Example 3.15 may help to make this clearer.

Example 3.15 Using a for loop iterator

import java.util.*;

public class

Foreign

{
public static void
main(String [] args)
{

List <String> loa = Arrays.asList(args);
System.out.println("size=" + loa.size());
for(String str : loa) {

System.out.println("arg=" + str);

} // main
} // Foreign

Here we build a List from the arguments supplied on the command line.
Notice the type name inside of angle brackets (less-than and greater-than signs).
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This is the new syntax that tells the compiler that we are putting Strings into
the List. The compiler will enforce that and give a compile time error if we
try to add any other type to the List.

Now we come to the for loop. Read it as “for str in 1oa” or “for String
values of str iterating over loa.” We will get an iterator working out of sight
that will iterate over the values of 1oa, our List. The values (the result of the
next () method) will be put in the string variable str. So we can use str
inside the body of the loop, with it taking on successive values from the
collection.

Let’s describe the syntax, then, as

for ( SomeType variable : SomeCollectionVariable ) {

}

which will define variable to be of type SomeType and then iterate over the
SomeCollectionvariable. Each iteration will execute the body of the loop,
with the variable set to the next () value from the iterator. If the collection is
empty, the body of the loop will not be executed.

This variation of the for loop works for arrays as well as for these new
typed collections. The syntax for arrays is the same. Example 3.16 will echo the
arguments on the command line, but without loading up a List like we did
in our previous example.

Example 3.16 A for loop iterator for arrays

import java.util.*;

public class
Forn
{

public static void

main(String [] args)

{

for (String str : args) {
System.out.println("arg="+str) ;

} // main
} // Forn




74

Chapter 3 An Experienced Programmer’s Introduction to Java

The break and continue statements. There are two statements that will
change the course of execution of the while, do-while, and for loops from
within the loop. A continue will cause execution to skip the rest of the body
of the loop and go on to the next iteration. With a for loop, this means execut-
ing the iteration expression, and then executing the test-for-termination expres-
sion. With the while and do-while loops, this means just going to the test
expression.

You can quit out of the loop entirely with the break statement. Execution
continues on the next statement after the loop.

3.2.3.3 The return statement

There is one more statement that we need to cover. The return statement is
optionally followed by an expression. Execution of the current method ends at
once upon executing return, and the expression is used as the return value of
the method. Obviously, the type of the expression must match the return type
of the method. If the method is void, there should be no return expression.

3.2.4 Error Handling, Java Style

Errors in Java are handled through exceptions. In some circumstances, the Java
runtime will #hrow an exception, for example, when you reference a null
pointer. Methods you write may also throw exceptions. This is quite similar to
C++. But Java exceptions are classes. They descend from object, and you can
write your own classes that exzend an existing exception. By so doing, you can
carry up to the handler any information you would like. But we’re getting ahead
of ourselves here. Let’s first describe the basics of exceptions, how to catch them,
how to pass them along, and so forth.

In other programming languages a lot of code can be spent checking return
codes of function or subroutine calls. If A calls B and B calls C and C calls D,
then at each step the return value of the called function should be checked
to see if the call succeeded. If not, something should be done about the
error—though that “something” is usually just returning the error code to the
next level up. So function C checks D’s return value, and if in error, returns an
error code for B to check. B in turn looks for an error returned from C and re-
turns an error code to A. In a sense, the error checking in B and C is superflu-
ous. Its only purpose is to pass the error from its origin in D to the function
that has some logic to deal with the error—in our example that’s A.
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Java provides the try/catch/throw mechanism for more sophisticated
error handling. It avoids a lot of unnecessary checking and passing on of errors.
The only parts of a Java program that need to deal with an error are those that
know what to do with it.

The throw in Java is really just a nonlocal “goto”—it will branch the exe-
cution of your program to a location which can be quite far away from the
method where the exception was thrown. But it does so in a very structured
and well-defined manner.

In our simple example of A calling B calling C calling D, D implemented
as a Java method can #hrow an exception when it runs into an error. Control
will pass to the first enclosing block of code on the call stack that contains a
catch for that kind of exception. So A can have code that will cazch an excep-
tion, and B and C need not have any error handling code at all. Example 3.17
demonstrates the syntax.

Example 3.17 A simple try/catch block

try {

for (1 = 0; 1 < max; 1i++) {

someobj.methodB (paraml, 1);

}
} catch (Exception e) {

// do the error handling here:

System.out.println("Error encountered. Try again.");
}
// continues execution here after successful completion
// but also after the catch if an error occurs

In the example, if any of the calls to methodB() in the for loop go
awry—that is, anywhere inside methodB () or whatever methods it may call an
exception is thrown (and assuming those called methods don’t have their own
try/catch blocks), then control is passed up to the catch clause in our exam-
ple. The for loop is exited unfinished, and execution continues first with the
catch clause and then with the statements after the catch.

How does an error get thrown in the first place? One simply creates an
Exception object and then throws the exception (Example 3.18).
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Example 3.18 Throwing an Exception, step by step

Exception ex = new Exception("Bad News") ;
throw ex;

Since there is little point in keeping the reference to the object for the local
method—execution is about to leave the local method—there is no need to
declare a local variable to hold the exception. Instead, we can create the excep-
tion and throw it all in one step (Example 3.19).

Example 3.19 Throwing an Exception, one step

throw new Exception("Bad News") ;

Exception is an object, and as such it can be extended. So we can create
our own unique kinds of exceptions to differentiate all sorts of error conditions.
Moreover, as objects, exceptions can contain any data that we might want to
pass back to the calling methods to provide better diagnosis and recovery.

The try/catch block can catch different kinds of exceptions much
like cases in a switch/case statement, though with different syntax
(Example 3.20).

Notice that each catch has to declare the type of each exception and
provide a local variable to hold a reference to that exception. Then method calls
can be made on that exception or references to any of its publicly available data
can be made.

Remember how we created an exception (new Exception('"message"))?
That message can be retrieved from the exception with the toString()
method, as shown in that example. The method printstackTrace () is also
available to print out the sequence of method calls that led up to the creation
of the exception (Example 3.21).

The exception’s stack trace is read top to bottom showing the most
recently called module first. Our example shows that the exception occurred
(i.e., was constructed) on line 6 of the class named InnerMost, inside a method
named dootherstuff (). The dootherstuff () method was called from
inside the class MidModule—on line 7—in a method named dostuff ().
In turn, dostuff () had been called by dosomething(), at line 11 inside
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Example 3.20 Catching different kinds of exceptions

try {
for (i = 0; i < max; 1i++) {
someobj.methodB (paraml, 1i);
} // next 1

} catch (SpecialException sp) {
System.out.println(sp.whatWentWrong()) ;

} catch (AlternateException alt) {
alt.attemptRepair (paraml) ;

} catch (Exception e) {
// do the error handling here:
System.out.println(e.toString());
e.printStackTrace() ;

}

// continues execution here after any catch

Example 3.21 Output from printStackTrace ()

java.lang.Exception: Error in the fraberstam.
at InnerMost.doOtherStuff (InnerMost.java:6)
at MidModule.doStuff (MidModule.java:7)
at AnotherClass.doSomething (AnotherClass.java:11)
at ExceptExample.main (ExceptExample.java:14)

AnotherClass, which itself had been called from line 14 in the
ExceptExample class’ main () method.

We want to mention one more piece of syntax for the try/catch block.
Since execution may never get to all of the statements in a try block (the excep-
tion may make it jump out to a catch block), there is a need, sometimes,
for some statements to be executed regardless of whether all the try code
completed successfully. (One example might be the need to close an I/O con-
nection.) For this we can add a finally clause after the last catch block. The
code in the finally block will be executed (only once) after the try or after
the catch—even if the path of execution is about to leave because of throwing
an exception (Example 3.22).
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Example 3.22 Use of a finally clause

try {
for (i = 0; i < max; 1i++) {
someobj.methodB (paraml, 1i);
} // next 1

} catch (SpecialException sp) {
System.out.println(sp.whatWentWrong()) ;

} catch (AlternateException alt) {
alt.attemptRepair (paraml) ;
throw alt; // pass it on

} catch (Exception e) {
// do the error handling here:
System.out.println(e.toString());
e.printStackTrace() ;

} finally {
// Continue execution here after any catch
// or after a try with no exceptions.
// It will even execute after the AlternateException
// before the throw takes execution away from here.
gone = true;
someobj = null;

3.25 print(),println(),printf ()

We've already used println () in several examples, and assumed that you can
figure out what it’s doing from the way we have used it. Without going whole-
hog into an explanation of Java I/O and its various classes, we’d like to say a
little more about the three various output methods on a PrintStream object.®

Two of the methods, print () and println (), are almost identical. They
differ only in that the latter one appends a newline (hence the 1n) at the end
of its output, thereby also flushing the output. They expect a string as their
only argument, so when you want to output more than one thing, you add the
Strings together, as in:

6. The mention of the PrintStream object was meant to be a hint, to tell you that you can
find out more about this sort of thing on the Javadoc pages for the PrintStream object.
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System.out.println("The answer is "+val);

“But what if val is not a String?” we hear you asking. Don’t worry, the
Java compiler is smart enough to know, that when you are adding with a
String argument it must convert the other argument to a String, too. So for
any Object, it will implicitly call its tostring () method. For any primitive
type (e.g., int or boolean), the compiler will convert it to a string, too.

The third of the three output methods, printf (), sounds very familiar
to C/C++ programmers, but be warned:

* It is only available in Java 5.07 and after.

e It is similar but not identical to the C/C++ version.

Perhaps the most significant enhancement to printf () is its additional
syntax for dealing with internationalization. It’s all well and good to translate
your Strings to a foreign language, but in doing so you may need to change
the word order and thus the order of the arguments to print £ (). For example,
the French tend to put the adjective affer rather than before the noun (as we do
in English). We say “the red balloon” and they say “le balloon rouge.” If your
program had strings for adjective and noun, then a printf () like this:

String format = "the %s %s\n";
System.out.printf (format, adjective, noun);

wouldn’t work if you translate just the format string:

String format = "le %s %s\n";
System.out.printf (format, noun, adjective);

You’d like to be able to do the translation without changing the code in your
program.8 With the Java version of print£ (), there is syntax for specifying
which argument corresponds to which format field in the format string. It uses

7. Remember, you’ll need the -source 5.0 option on the command line.

8. Java has good support for internationalization, another topic for which we don’t have the
time. The ability to translate the strings without otherwise modifying the program is a crucial
part to internationalization, and the print£ () in Java 5.0 is certainly a help in this regard. In
a similar vein, the Eclipse IDE, covered in Chapter 10, includes a feature to take all string
constants and convert them to external properties at a stroke, making internationalization much
easier to do.
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a number followed by a dollar sign as part of the format field. This may be
easier to explain by example; our French translation, switching the order in
which the arguments are used, would be as follows:

String format = "le %2$s %1S$s\n";
System.out.printf (format, noun, adjective);

The format field $2$s says to use the second argument from the argument
list—in this case, adjective—as the string that gets formatted here. Similarly,
the format field $1$s says to use the first argument. In effect, the arguments
get reversed without having to change the call to println (), only by translat-
ing the format string. Since such translations are often done in external files,
rather than by assignment statements like we did for our example, it means that
such external files can be translated without modifying the source to move ar-
guments around.

This kind of argument specification can also be used to repeat an argument
multiple times in a format string. This can be useful in formatting Date objects,
where you use the same argument for each of the different pieces that make up
a date—day, month, and so on. Each has its own format, but they can be
combined by repeating the same argument for each piece. One format field
formats the month, the next format field formats the day, and so on. Again an
example may make it easier to see:

import java.util.Date;
Date today = new Date();
System.out.printf("%1$tm / %1std / %$1sty\n", today);

The previous statement uses the single argument, today, and formats it
in three different ways, first giving the month, then the day of the month, then
the year. The t format indicates a date/time format. There are several suffixes
for it that specify parts of a date, a few of which are used in the example.”

NOTE

Don’t forget the trailing \n at the end of the format string, if you want the output
to be a line by itself.

9. There are many more, familiar to C/C++ UNIX/Linux/POSIX programmers who have used
the strftime () library call.
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The details for all the different format fields can be found in the Javadoc
for the java.util.Formatter class, a class that is used by printf () to do
its formatting, but one that you can also use by itself (C programmers: think
“sprintf”).

In order to implement printf () for Java, the language also had to be ex-
tended to allow for method calls with a varying number of arguments. So as of
Java 5.0, a method’s argument list can be declared like this:

methodName (Type ... arglist)

This results in a method declaration which takes as its argument an array
named arglist of values of type Type. That is, it is much the same as if you
declared methodName (Type [] arglist) except that now the Compiler will
let you call the method with a varying number of arguments and it will load up
the arguments into the array before calling the method. One other implication
of this is that if you have a declaration like this:

varOut (String ... slist)
then you can’t, in the same class, also have one like this:
varOut (String [] alist)

because the former is just a compiler alias for the latter.

TIP

We recommend that you avoid methods with variable argument list length. You
lose the compile-time checking on the number of arguments that you supply
(since it can vary). Often the type of the arguments in the list will be Object,
the most general type, to allow anything to be passed in. This, too, circumvents
type checking of arguments, and can lead to runtime class-cast exceptions and
other problems. Methods with variable argument list length are often a lazy
approach, but were necessary to make printf () work, and for that we
are grateful.
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3.3 USING (AND MAKING) JAVA APIs

With every class you write, you define a name—the name of the class. But what
if someone else has already used that name? Java programming should encour-
age reuse of existing code, so how do you keep straight which names are
available?

This is a namespace issue—who can use which names. A classic way to
solve a namespace issue is to divide the namespace up into domains. On the
Internet, host names are sectioned off into domains, so that I can have a host
named Pluto or www and so can lots of others—because each host is gualified
by its domain (e.g., myco.com). Thus www.myco.com isn’t confused with
www . otherco.com or www.hisgroup.org. Each host is named www, but each
is unique because of the qualifying domain.

Java solves the problem in much the same way, but with the names in the
reverse order. Think of the “host” as the class name; the “domain” name, used
to sort out identical host names, is, in Java parlance, the package name. When
you see a name like com.myco. finapp.Account, that can be a Java package
com.myco . finapp qualifying a class named Account.

Beyond just keeping the namespace clean, Java packages serve another
important function. They let you group together similar classes and interfaces
to control access to them. Classes within the same package can access each
others’ members and methods even when they are not declared public, provid-
ed they are not declared to be private. This level of intimacy, sometimes
called package protection, means that you should group classes together that are
related, but avoid grouping too many classes together. It’s tempting just to
put all your classes for a project into the same package, for example,
com.myco.ourproject, but you will provide better safety and perhaps pro-
mote better reuse by grouping them into several smaller packages, for example,

com.myco.util, com.myco.financial, and com.myco.gui.

3.3.1 The package Statement

So how do you make a Java class part of a package? It’s easy—you just put, as
the first (noncomment) line of the file, the package statement, naming the
package to which you want this class to belong. So if you want your account
class to be part of the com.myco. financial package, your Java code would
look as shown in Example 3.23.



3.3 Using (and Making) Java APIs 83

Example 3.23 Use of a package statement

package com.myco.financial;

public class
Account
{

//

Making a class part of a package is easy. What's tricky is putting the class
file in the right location so that Java can find it.

Think of the current directory as the root of your package tree. Each part
of a package name represents a directory from that point on down. So if you
have a package named com.myco.financial then you’ll need a directory
named com and within that a directory named myco and within that a directory
named financial. Inside that financial directory you can put your
Account.class file.

When Java runs a class file, it will look in all the directories named in the
CLASSPATH environment variable. Check its current value:

$ echo $CLASSPATH

$

If it’s empty, as in this example, then the only place where it will look for
your classes will be the current directory. That’s a handy default, because it is
just what you want when your class file has no package statement in it. With
no package statement, your class becomes part of the unnamed package. That’s
fine for simple sample programs, but for serious application development you’ll
want to use packages.

Let’s assume that you’re in your home directory, /home/joeuser, and
beneath that you have a com directory and beneath that a myco directory with
two subdirectories financial and util. Then with your classes in those lower
level directories, you can run your Java program from the home directory.
If you want to run it from any arbitrary directory (e.g., /tmp or
/home/joeuser/alt) then you need to set CLASSPATH so it can find this
package tree. Try:
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S export CLASSPATH="/home/joeuser"
$

Now Java knows where to look to find classes of the
com.myco. financial and com.myco.util packages.

3.3.2 The import Statement

Once we have put our classes into packages, we have to use that package’s name
when we refer to those classes—unless we use the import statement.

Continuing our example, if we want to declare a reference to an Account
object, but Account is now part of com.myco. financial, then we could refer
to it with its full name, as in:

com.myco.financial.Account =
new com.myco.financial.Account (user, number) ;

which admittedly is a lot more cumbersome than just:

Account = new Account (user, number) ;

To avoid the unnecessarily long names, Java has import statements. They
are put at the beginning of the class file, outside the class definition, just after
any package statement. In an import statement, you can name a class with
its full name, to avoid having to use the full name all the time. So our example
becomes:

import com.myco.financial.Account;
//

Account = new Account (user, number) ;

If you have several classes from that package that you want to reference,
you can name them all with a “+”, and you can have multiple different import
statements, as in:

import java.util.*;
import com.myco.financial.*;

//

Account = new Account (user, number) ;

Here are a few things to remember about import statements. First, they
don’t bring in any new code into the class. While their syntax and placement
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3.4

is reminiscent of the C/C++ include preprocessor directive, their function is
not the same. An import statement does not include any new code; it only aids
name resolution. Secondly, the “*” can only be used at the end of the package
name; it is not a true wildcard in the regular expression sense of the word.
Thirdly, every class has what is in effect an implicit import java.lang.* so
that you don’t need to put one there. References to string or System or other
core language classes can be made without the need for either the import
statement or the fully qualified name (except as described in the next
paragraph).

If you need to use two different classes that have the same name but come
from different packages, you will still need to refer to them by their full names;
import can’t help you here. As an example of this, consider the two classes
java.util.Dateand java.sql.Date (though with any luck you won’t need
to refer to both of them within the same class).

ENCAPSULATION, INHERITANCE, AND POLYMORPHISM

The classic troika of OOP buzzwords is “encapsulation, inheritance, and
polymorphism.” How does Java do each of these things?

3.4.1 Encapsulation

Encapsulation is the grouping of data and algorithms together into units, and
it’s also about hiding implementation details that are not important to the users
of the unit. The basic unit of encapsulation is the class. All Java code exists in
classes. A class is declared with the class keyword (Example 3.24).

Example 3.24 A sample Java class declaration that doesn’t actually do anything useful

public class
Sample
{

private int id;

public void method ()
{

System.out.println(id) ;
}
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3.4.2 Inheritance

Inheritance is how a class places itself in a hierarchy of existing classes. In Java,
each class inherits from exactly one existing class. A class names the class from
which it inherits with the extends keyword. We said a Java class inherits from
exactly one class, and yet our Example 3.24 doesn’t contain the extends
keyword. What gives?

If a class doesn’t explicitly extend an existing class, it implicitly extends
the “root” Java class, object. The object class has some interesting features,
and the fact that all Java classes directly or indirectly extend object has
interesting consequences that we will explore later.

Persons coming to Java from another object-oriented language whose
name shall remain C++ might wonder about multiple inheritance. Java has the
concept of interfaces. An interface is like a class, except that it may not contain
data'® and may contain only method definitions, without any implementation
(Example 3.25). An interface may not be instantiated (created with the new
operator),!! so how do you make use of interfaces? Well, a class extends exactly
one existing base class, but it may implement any number of interfaces by using
the implements keyword (Example 3.26).

Example 3.25 An interface

public interface
Identifiable
{

public int getID() ;

Asyou can see, a class that implements an interface must provide an imple-
mentation of all the methods defined in the interface. We said that an interface
cannot be instantiated, but you can declare a variable of type Identifiable

10. Actually, an interface may contain final static data, but since we haven’t introduced
these concepts yet, just pretend interfaces cannot contain data for now and we’ll put the lie to
it later.

11. Although you can do something that looks suspiciously like it with anonymous inner
classes—Dbut since we haven’t introduced these concepts yet, just pretend that you cannot instan-
tiate an interface; you will see such use later.
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Example 3.26 A class that implements an interface

class
Sample
implements Identifiable

private int id;

public void method()

{
System.out.println(id) ;

public int getID()
{

return id;

and assign an instance of the sample class to it. In fact, you could assign an
instance of any class that implements the Identifiable interface to it.
Interfaces may also have an extends keyword. In other words, an interface
may inherit from an existing interface. This may be useful if you know you will
want to use methods from both the extended and the base interface without
having to cast the object reference. Otherwise extending an interface is
unnecessary since a given class may implement as many interfaces as desired.

3.4.2.1 Inheritance and Encapsulation

Encapsulation and inheritance are related to one another and are controlled by
access modifiers on classes, data members, and methods. Let’s spend a little time
talking about these modifiers and what they mean.

The access modifier keywords are public, private, and protected.
When a data member or method is private, it can only be accessed or called
from within this specific class. Neither classes that extend this class, nor classes
outside this class may access such a data member or call such a method. How-
ever, one instance of a class can access private members of another instance
of the same class. We don’t encourage such use.

When a data member or method is marked protected, however, the only
classes that can access such a data member or method are either 1) classes that
extend this class and their descendants, or 2) other classes in this package (even



88

Chapter 3 An Experienced Programmer’s Introduction to Java

if they don’t extend this class). Classes in other packages (unless they extend
this class) can not get at such members.

A public data member or method may be accessed by any code in
any class.

What if you do not put an access specifier on? Then the item (data mem-
ber, method, or class) has package visibility. Such an item is accessible to any
other class within the package, but no further. Not even derived classes, unless
they are in the same package, are allowed to see it.!2

In terms of how restrictive the access is, you can think of the terms in order
of decreasing strictness as:

®* private

(package)!3
® protected

* public

TIP

Beginner Java programmers often declare everything as public, so that they
can ignore such issues. But then they get the OO religion, and having experi-
enced reliability issues (others messing with their variables) they go to the other
extreme and declare private as much as possible. The problem here is that
they often don’t know how others will want to reuse their code. Restricting every-
thing to private makes reuse more narrow. We prefer using private for
data members but protected for those internal helper methods that you might
otherwise make private; this hides your implementation from most other
classes while allowing someone to override your methods, effectively providing
a way for them to override your implementation. Allow those who would build
on your work the ability to do so w