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To Our Valued Readers:

Thank you for looking to Sybex for your Java certification exam prep needs. We at Sybex are
proud of the reputation we’ve established for providing certification candidates with the prac-
tical knowledge and skills needed to succeed in the highly competitive I'T marketplace.

The author, editors, and technical reviewers have worked hard to ensure that the updated
fifth edition of the Complete Java 2 Certification Study Guide you hold in your hands is com-
prehensive, in-depth, and pedagogically sound. We’re confident that this book will exceed the
demanding standards of the certification marketplace and help you, the Java certification can-
didate, succeed in your endeavors.

As always, your feedback is important to us. If you believe you’ve identified an error in the

book, please send a detailed e-mail to support@sybex.com. And if you have general comments
or suggestions, feel free to drop me a line directly at nedde@sybex.com. At Sybex we're con-
tinually striving to meet the needs of individuals preparing for certification exams.

Good luck in pursuit of your Java certification!

Neil Edde
Publisher—Certification
Sybex, Inc.




Software License Agreement: Terms and Conditions

The media and/or any online materials accompanying
this book that are available now or in the future contain
programs and/or text files (the "Software") to be used in
connection with the book. SYBEX hereby grants to you
a license to use the Software, subject to the terms that
follow. Your purchase, acceptance, or use of the Soft-
ware will constitute your acceptance of such terms.
The Software compilation is the property of SYBEX
unless otherwise indicated and is protected by copyright
to SYBEX or other copyright owner(s) as indicated in the
media files (the "Owner(s)"). You are hereby granted a
single-user license to use the Software for your personal,
noncommercial use only. You may not reproduce, sell,
distribute, publish, circulate, or commercially exploit the
Software, or any portion thereof, without the written
consent of SYBEX and the specific copyright owner(s)
of any component software included on this media.

In the event that the Software or components include spe-
cific license requirements or end-user agreements, state-
ments of condition, disclaimers, limitations or warranties
("End-User License"), those End-User Licenses supersede
the terms and conditions herein as to that particular Soft-
ware component. Your purchase, acceptance, or use of
the Software will constitute your acceptance of such End-
User Licenses.

By purchase, use or acceptance of the Software you fur-
ther agree to comply with all export laws and regulations
of the United States as such laws and regulations may exist
from time to time.

Reusable Code in This Book

The author(s) created reusable code in this publication
expressly for reuse by readers. Sybex grants readers
limited permission to reuse the code found in this pub-
lication, its accompanying CD-ROM or available for
download from our website so long as the author(s) are
attributed in any application containing the reusable code
and the code itself is never distributed, posted online by
electronic transmission, sold, or commercially exploited
as a stand-alone product.]

Software Support

Components of the supplemental Software and any offers
associated with them may be supported by the specific
Owner(s) of that material, but they are not supported by
SYBEX. Information regarding any available support may
be obtained from the Owner(s) using the information pro-
vided in the appropriate read.me files or listed elsewhere
on the media.

Should the manufacturer(s) or other Owner(s) cease to
offer support or decline to honor any offer, SYBEX bears
no responsibility. This notice concerning support for the
Software is provided for your information only. SYBEX is
not the agent or principal of the Owner(s), and SYBEX is
in no way responsible for providing any support for the
Software, nor is it liable or responsible for any support
provided, or not provided, by the Owner(s).

Warranty

SYBEX warrants the enclosed media to be free of physical
defects for a period of ninety (90) days after purchase.
The Software is not available from SYBEX in any other
form or media than that enclosed herein or posted to
www . sybex . com. If you discover a defect in the media
during this warranty period, you may obtain a replace-
ment of identical format at no charge by sending the defec-
tive media, postage prepaid, with proof of purchase to:

SYBEX Inc.

Product Support Department
1151 Marina Village Parkway
Alameda, CA 94501

Web: http://www.sybex.com

After the 90-day period, you can obtain replacement
media of identical format by sending us the defective
disk, proof of purchase, and a check or money order for
$10, payable to SYBEX.

Disclaimer

SYBEX makes no warranty or representation, either
expressed or implied, with respect to the Software or its
contents, quality, performance, merchantability, or fit-
ness for a particular purpose. In no event will SYBEX,
its distributors, or dealers be liable to you or any other
party for direct, indirect, special, incidental, consequen-
tial, or other damages arising out of the use of or inabil-
ity to use the Software or its contents even if advised of
the possibility of such damage. In the event that the Soft-
ware includes an online update feature, SYBEX further
disclaims any obligation to provide this feature for any
specific duration other than the initial posting.

The exclusion of implied warranties is not permitted
by some states. Therefore, the above exclusion may not
apply to you. This warranty provides you with specific
legal rights; there may be other rights that you may
have that vary from state to state. The pricing of the
book with the Software by SYBEX reflects the alloca-
tion of risk and limitations on liability contained in this
agreement of Terms and Conditions.

Shareware Distribution

This Software may contain various programs that are
distributed as shareware. Copyright laws apply to both
shareware and ordinary commercial software, and the
copyright Owner(s) retains all rights. If you try a share-
ware program and continue using it, you are expected to
register it. Individual programs differ on details of trial
periods, registration, and payment. Please observe the
requirements stated in appropriate files.

Copy Protection

The Software in whole or in part may or may not be copy-
protected or encrypted. However, in all cases, reselling or
redistributing these files without authorization is expressly
forbidden except as specifically provided for by the
Owner(s) therein.
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Introduction

Tiger is a very big deal. Actually, we should say that release 5.0 of Java 2 is a very big deal. “Tiger”
was the project’s code name during development. Now that it’s been released to the world, they’ve
given it a number and taken away its name.

We have only good things to say about the release. It makes our lives better, because it invites
us to write cleaner Java code. It also requires us to make some mental adjustments. It will do the
same to you, if you haven’t already adjusted. You’re going to have to get used to structures like

enum Size { SMALL, MEDIUM, LARGE; }

and

for (String s : myVectorOfStrings)

and even

Map<String, Float> myMap = new HashMap<String, Float>();

Since the new Java release is a very big deal, you would expect the Sun Certified Java Program-
mer (SCJP) and Sun Certified Java Developer (SCJD) exams to be similarly big deals. And they
are. The Programmer Exam has been extensively revised, with new objectives and questions
covering new subject matter.

) At the time of this writing, Sun was keeping quiet about the Developer Exam,
TE which is mostly a programming assignment, but you can be sure that you will be
expected to know about Java’s new features and to use them appropriately.(By
the way, your authors are the people who created the current edition of the
Developer Exam. Our non-disclosure agreements limit what we’'re allowed to
tell you, but we can guarantee that everything we say about that exam is truth-
ful and helpful. Other authors will claim to be able to tell you about the exam,
but they don’t have full access to it, and they will have to rely on guesswork.)

And since the new exams are very big deals, this edition of this book is a very big deal. When
JavaSoft revises Java, you can count on Sun to revise the exams. And when Sun revises the exams,
you can count on us to revise this book.

The first part of the book contains nine chapters that discuss the content of every objective
of the Programmer Exam. The second part of the book contains five chapters that prepare you
to write the programming assignment and take the essay exam for the SCJD certification.

There are several ways to prepare for the Java certification exams, including attending sem-
inars and study groups, visiting websites and newsgroups, programming at home and at work,
and of course, reading study guides such as this. We’re glad you chose our book as one of your
preparation tools, and we encourage you to exploit as many other resources as you can to
ensure your success.
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We believe you’ll find this book particularly helpful because it was written by Java instruc-
tors and practitioners who have also taken part in the writing of the Java certification exams.

Why Become Java 2 Certified?

There are a number of reasons for becoming Java 2 certified:

= It provides proof of professional achievement.

= It increases your marketability.

= It provides greater opportunity for advancement in your field.

= It is increasingly found as a requirement for some types of advanced training.
= It raises customer confidence in you and your company’s services.

Let’s explore each reason in detail.

Provides Proof of Professional Achievement

Specialized certifications are the best way to stand out from the crowd. In this age of technology
certifications, you will find hundreds of thousands of administrators who have successfully
completed the Microsoft and Cisco certification tracks. To set yourself apart from the crowd,
you need a little bit more. The Java Programmer Certification is the most basic Java certification
and the Developer Certification is the most prestigious. If you pass either of these exams, you
will get the recognition you deserve.

Increases Your Marketability

Almost anyone can bluff their way through an interview. Once you have been certified in Java,
you will have the credentials to prove your competency. And certifications are not something
that can be taken from you when you change jobs. Once certified, you can take that certification
with you to any position you accept.

Provides Opportunity for Advancement

Those individuals who prove themselves as competent and dedicated are the ones who will most
likely be promoted. Becoming certified is a great way to prove your skill level, and it shows your
employers that you are committed to improving your skill set. Look around you at those who
are certified. They are probably the ones who receive good pay raises and promotions when they
come up.

Fulfills Training Requirements

Many companies have set training requirements for their staff so that they stay up-to-date on the
latest technologies. Having a certification program for Sun’s Java family of products provides
administrators another certification path to follow when they have exhausted some of the other
industry-standard certifications.
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Raises Customer Confidence

As companies continue to write their production software using Java, they will undoubtedly
require qualified staff to embrace this ever-changing technology. Many companies outsource
the work to consulting firms with experience working with Java. Those firms that have certified
staff have a definite advantage over other firms that do not.

Who Should Buy This Book?

If you want to acquire a solid foundation in Java and your goal is to prepare for the exam by learn-
ing how to program and develop in Java, this book is for you. You’ll find clear explanations of the
concepts you need to grasp and plenty of help to achieve the high level of professional competency
you need in order to succeed in your chosen field.

If you want to become certified as a Java programmer and developer, this book is definitely
for you. However, if you just want to attempt to pass the exam without really understanding
Java, this study guide is not for you. It is written for people who want to acquire hands-on skills
and in-depth knowledge of programming Java.

How to Become a Sun Certified Java Programmer
for the Java 2 Platform 5.0

You can take the Sun Certified Java Programmer Exam whenever you like by making an appoint-
ment with Sun Educational Services. Sun contracts with third-party test centers throughout the
world, so you probably won’t have to travel far. The cost of taking the exam is $150.

)’ The U.S. telephone number for Sun Educational Services is (800) 422-8020; their
A&TE URL is http://suned.sun.com. From there it will be easy to find the links you
need. We hesitate to give more detailed instructions, because the site layout

may change.

You can make an appointment for any time during regular business hours. When you make
the appointment, ask how much time you will have. This is subject to change; on average, you’ll
be given two minutes per question. You will not be allowed to bring food or personal belongings
into the test area. One piece of scratch paper is permitted; you will not be allowed to keep it after
you have finished the exam. Most sites have security cameras.

You will be escorted to a cubicle containing a PC. The exam program will present you with
randomly selected questions. Navigation buttons take you to the next or previous question for
review and checking. When you have finished the test, the program will immediately present
you with your score and a pass/fail indication. You will also be given feedback that indicates
how well you performed in each of the dozen or so categories of the objectives. You will not be
told which particular questions you got right or wrong.
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Formalities of the Programmer’s Exam

There are no trick questions on the exam, but every question requires careful thought. The
wording of the questions is highly precise; the exam has been reviewed not just by Java experts,
but also by language experts whose task was to eliminate any possible ambiguity. All you have
to worry about is knowing Java; your score will not depend on your ability to second-guess the
examiners.

Itis not a good idea to try to second-guess the question layout. For example, do not be biased
toward answer C simply because C has not come up recently. The questions are taken from a
pool and presented to you in a random order, so it is entirely possible to get a run of a particular
option; it is also possible to get the answers neatly spread out.

Most of the questions are multiple-choice. Some are drag-and-drop: you might be called on
to arrange four lines of code into the correct order or to drop each of five technical words near
the phrase that best describes it. Be aware that where multiple answers are possible, you are
being asked to make a decision about each answer, almost as though the question were five
individual true/false questions. This requires more effort and understanding from you, because
you have to get all the pieces correct. Think carefully, and always base your answer on your
knowledge of Java.

The test is taken using a windowed interface that can be driven almost entirely with the mouse.
Many of the screens require scrolling. Always check the scroll bar so you can be sure you have read
a question in its entirety. It would be a shame to get a question wrong because you didn’t realize
you needed to scroll down a few lines.

Some of the questions are easier than others, and undoubtedly you will be able to answer some
more quickly than others. However, you really do need to answer all the questions if you possibly
can. Unlike some exams, this one doesn’t penalize you for wrong answers. If you leave a question
blank, you don’t have a chance. If a blind guess is your best shot, at least you have a chance. But
best of all, study this book. It will prepare you so that you won’t need to guess about anything—
you’ll know it all!

How to Become a Sun Certified Java Developer
for the Java 2 Platform 5.0

The Sun Certified Java Developer Exam costs $250. You aren’t allowed to register for this exam
unless you are a certified Java programmer. As with the Programmer’s Exam, you can register
by phone or on the Web; you can use the phone number or URL given above for the Program-
mer’s Exam.

The Developer Exam requires you to write a Java application based on a specification. You
do this on your own time, not at a testing site. After you complete your assignment and submit
your work, you go to a testing site to take a follow-up exam. Chapter 10, “About the Devel-
oper’s Exam,” gives you all the details about this process.
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Conventions Used in This Book

This book uses a number of conventions to present information in as readable a manner as pos-
sible. Tips, Notes, and Warnings, shown here, appear from time to time in the text in order to
call attention to specific highlights.

< This is a Tip. Tips contain specific programming information.
P
) This is a Note. Notes contain important side discussions.
TE
2 This is a Warning. Warnings call attention to bugs, design omissions, and other
ING trouble spots.

This book takes advantage of several font styles. Bold font in text indicates something that the
user types. A monospaced font is used for code, output, URLs, and file and directory names. A
monospaced italic font is used for code variables mentioned in text.

These style conventions are intended to facilitate your learning experience with this book—
in other words, to increase your chances of passing the exam.

If you type, compile, and run the sample code in this book, you may observe slightly different
results than what you see in the book. This is particularly true with code that has a GUL Each plat-
form has its own windowing system that displays buttons, check boxes, and so on differently.

How to Use This Book and the CD

We’ve included several testing features in both the book and on the CD bound at the back of the
book. These tools will help you retain vital exam content as well as prepare to sit for the actual
exam. Using our custom test engine, you can identify weak areas up front and then develop a
solid studying strategy using each of these robust testing features. Our thorough readme will
walk you through the quick and easy installation process.

Before you begin At the beginning of the book (right after this introduction, in fact) is an
assessment test that you can use to check your readiness for the actual exam. Take this test
before you start reading the book. It will help you determine the areas you may need to brush
up on. The answers to each assessment test question appear on a separate page after the last
question of the test. Each answer also includes an explanation and a note telling you in which
chapter this material appears.

Chapter review questions To test your knowledge as you progress through the book, in Part 1
of this book there are review questions at the end of each chapter. As you finish each chapter,
answer the review questions and then check to see if your answers are right—the correct answers
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appear on the page following the last review question. You can go back and reread the section
that deals with each question you got wrong to ensure that you get the answer correctly the next
time you are tested on the material.

Test engine In addition to the assessment test and the chapter review tests, you’ll find four
sample exams, three that are only on the CD and one that is both printed and electronic. Take
these practice exams just as if you were taking the actual exam (that is, without any reference
material). When you have finished the first exam, move onto the next one to solidify your test-
taking skills. If you get more than 90 percent of the answers correct, you’re ready to go ahead
and take the certification exam.

Real-World Scenarios and Chapter Review Labs The chapters in Part 1 of this book have Real
World Scenarios, which are small programming exercises that give you a chance to put your new
knowledge to use or to explore Java’s features in more depth. In the Programmer Exam part of this
book you’ll find Chapter Review Labs, which let you practice the techniques you’ve just learned.
You’ll find solutions to these scenarios and labs on the CD-ROM that accompanies this book,
in the solutions directory. If you prefer to look on the Web, check out the book’s website at
www . sybex. com .

Full Text of the book in PDF If you have to travel but still need to study for the Java 2 pro-
gramming exam and you have a laptop with a CD drive, you can carry this entire book with you
just by taking along the CD. The CD contains this book in PDF (Adobe Acrobat) format so it
can be easily read on any computer.

About the Authors

Philip Heller is a technical author, novelist, public speaker, and consultant. He has been instru-
mental in the creation and maintenance of the Java Programmer and Developer exams. His
popular seminars on certification have been delivered internationally. He is also the author of
Ground-Up Java (available from Sybex), which uses interactive animated illustrations to
present fundamental concepts of Java programming to new programmers.
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1.  Which of the following are valid declarations? Assume java.util.* is imported.

A.
B.
C.
D.

Vector<Map> v;
Set<String> s;
Map<String> m;
Map<String, String> m;

2. You can determine all the keys in a Map in which of the following ways?

A. By getting a Set object from the Map and iterating through it.
B. By iterating through the Iterator of the Map.

C.
D
E

By enumerating through the Enumeration of the Map.

. By getting a List from the Map and enumerating through the List.

. You cannot determine the keys in a Map.

3. What keyword is used to prevent an object from being serialized?

A.
B.
C.
D.
E.

private
volatile
protected
transient

None of the above

4. An abstract class can contain methods with declared bodies.

A.
B.

True

False

5. Select the order of access modifiers from least restrictive to most restrictive.

A. public, private, protected, default
B. default, protected, private, public
C.
D
E

pubTic, default, protected, private

. default, public, protected, private

public, protected, default, private

6. Which access modifier allows you to access method calls in libraries not created in Java?

A.

moow

pubTic
static
native
transient

volatile
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7. Which of the following statements are true? (Select all that apply.)
. A final object’s data cannot be changed.

. A final class can be subclassed.

A

B

C. A final method cannot be overloaded.

D. A final object cannot be reassigned a new address in memory.
E

. None of the above.

8. The keyword extends refers to what type of relationship?

A. “isa”

B. “hasa”

C. “wasa”

D. “will bea”

E. None of the above

9. Which of the following keywords is used to invoke a method in the parent class?
A. this

B. super
C. final
D. static

10. Given the following code, what will be the outcome?
public class Funcs extends java.lang.Math {
public int add(int x, int y) {
return x +vy;

}
public int sub(int x, int y) {
return x - vy;

}

public static void main(String [] a) {
Funcs f = new Funcs();
System.out.printin("" + f.add(1, 2));

The code compiles but does not output anything.
“3” is printed out to the console.

The code does not compile.

SO0 wp»

None of the above.
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11. Given the following code, what is the expected outcome?

public class Test {
public static void main(String [] a) {
int [] b = [1,2,3,4,5,6,7,8,9,0];
System.out.printin("a[2]=" + a[2]);

The code compiles but does not output anything.
“a[2]=3” is printed out to the console.
“a[2]=27 is printed out to the console.

The code does not compile.

moow»

None of the above.

12. What is the value of x after the following operation is performed?
X =23 % 4;

23

5.3

SO0 wp»

E. S

13. Given the following code, what keyword must be used at line 4 in order to stop execution of the
for loop?
1. boolean b = true;
2. for (535 {
3. if (b) {
<insert code>

}
// do something

N o v b

stop
continue

break

Sowp

None of the above
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14. What method call is used to tell a thread that it has the opportunity to run?
A. wait(Q)

B. notify()
C. start()
D. run()

15. Given the following code, which of the results that follow would you expect?

package mail;

1.
2
3. dinterface Box {

4. protected void open();
5 void close();

6 public void empty();
7.}

The code will not compile because of line 4.
The code will not compile because of line 5.

The code will not compile because of line 6.

Sowp»

The code will compile.

16. Assertions are used to enforce all but which of the following?
A. Preconditions
B. Postconditions
C. Exceptions

D. Class invariants

17. The developer can force garbage collection by calling System.gc().
A. True
B. False

18. Select the valid primitive data types. (Select all that apply.)
A. boolean

bit

char

float

All of the above

moow
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19. How many bits does a float contain?

20.

X =

21. A

A.

B.

moowy

.1

8

A
B
C. 16
D.
E
W

32
64

hat is the value of x after the following line is executed?
32 % (31 - 10 * 3);

32
31
3
704

None of the above

StringBuffer is slower than a StringBuilder, but a StringBuffer is threadsafe.

True

False

22. Select the list of primitives ordered in smallest to largest bit size representation.

A. boolean, char, byte, double
B. byte, int, float, char

C.
D
E

char, short, Tong, float

. char, int, float, long

. None of the above

23. Which class provides locale-sensitive text formatting for date and time information?

A.
B.
C.
D.

java.util.TimeFormat
java.util.DateFormat
java.text.TimeFormat

java.text.DateFormat

24. The following line of code is valid.

int x = 9; byte b = x;

A. True

False

XXix
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25. Which of the following code snippets compile?
A. Integer i = 7;
Integer i = new Integer(5); int j = i;
byte b = 7;
int i = 7; byte b = 1;

Sow

E. None of the above

26. What will be the output of the following code?
public class StringTest {
public static void main(String [] a) {

String sl = "test string';

String s2 = "test string";

if (s1 == s2) {
System.out.printin("same");

} else {
System.out.printin("different");

The code will compile but not run.
The code will not compile.

“different” will be printed out to the console.

Sow>»

“same” will be printed out to the console.
E. None of the above.

27. Java arrays always start at index 1.
A. True
B. False

28. Which of the following statements accurately describes how variables are passed to methods?
A. Arguments are always passed by value.
B. Arguments are always passed by reference.
C. Arguments that are primitive type are passed by value.
D

. Arguments that are passed with the & operator are passed by reference.
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29. How do you change the value that is encapsulated by a wrapper class after you have instan-
tiated it?

A. Use the setXXX() method defined for the wrapper class.
B. Use the parseXXX() method defined for the wrapper class.
C. Use the equals() method defined for the wrapper class.
D. None of the above.
30. Suppose you are writing a class that provides custom deserialization. The class implements

java.io.Serializable (and not java.io.Externalizable). What method should imple-
ment the custom deserialization, and what is its access mode?

A. private readObject
B. public readObject()
C. private readExternal()
D. public readExternal()
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Answers to Assessment Test

10.

1.

12.

13

A, B, D. The angle-bracket notation is part of release 5.0’s generic collections. See Chapter 6
for more information.

A. A Map contains a Set, which is a list that does not allow duplicates. Once you acquire the
Set you can iterate through the keys. See Chapter 8 for more information.

D. By placing the keyword transient before an object’s declaration, that value will not be
included with the serialized data of the parent object. See Chapter 9 for more information.

A. Abstract classes can contain methods that are defined and methods that are not defined. See
Chapter 3 for more information.

E. The public access modifier means the element is available to all; protected lets those
within the class, package, or subclass gain access to the element. The lack of a modifier, that s,
“default,” means that it is accessible only within the package. Finally, private is the most
restrictive and provides access within the class only. See Chapter 3 for more information.

C. The native modifier is an indicator to the Java Virtual Machine that the method actually
lives in a library outside of Java. The System.lToadLibrary() method is required to indicate
which library contains the method. See Chapter 3 for more information.

D. An object denoted as final can have its data changed; however, the address location is
what is determined as unchangeable. The third statement is false because a final method means
it cannot be overridden, and the second statement is false because a final class means it cannot
be subclassed. See Chapter 3 for more information.

A. The keyword extends is used when referring to another class. The extending class will have
all access to all the available methods in the extended class, and the methods may be called as
though they are defined in the extending class. If the extending class defines a method that exists
in the extended class, that method is said to be overridden in the extending class. Because the
extending class does not have to define any of the methods available in the extended class, it is
said that the subclass X “is a” Y. See Chapter 6 for more information.

B. The super keyword is used to invoke a method or constructor in a parent class. See Chapter 6
for more information.

C. The code does not compile because it extends the Math class, which has been declared as final.
A class cannot extend a class that has been declared final. See Chapter 3 for more information.

D. The declaration of the integer array is incorrect. An array is declared by using curly braces
({}) instead of square brackets ([1). See Chapter 1 for more information.

D. The modulo (%) operator returns the leftover value after a division operation. In the given
example, 23 /4 = 5, with 3 remaining after the division. Therefore, the answer is 3. See Chap-
ter 2 for more information.

. C. Thebreak keyword is used to stop execution of a loop. See Chapter 5 for more information.
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B. The notify() method is used to tell a pool of waiting threads that one of them can run.
There is no guarantee as to which thread will run, though. See Chapter 7 for more information.

A. All methods in an interface must be pubTic. The default access modifier automatically
assumes the method or constant to be pubTic. See Chapter 1 for more information.

C. Assertions do not enforce exceptions in any way. Assertions do, however, augment the use
of exceptions to ensure that code is used correctly. See Chapter 5 for more information.

B. Garbage collection cannot be forced by the developer. The call to System.gc() schedules
garbage collection in the thread queue, but it is up to the Java Virtual Machine to allow the gar-
bage collection to run. See Chapter 1 for more information.

A, C,D. The second option is incorrect because there is no primitive named “bit”; there is a
5 s p p 5
primitive named byte, however. See Chapter 1 for more information.

D. A float is represented using 32 bits for data storage. See Chapter 1 for more information.

A. Using the order of precedence, the equation contained within the parentheses is evaluated first.
Again, using the order of precedence within the parentheses, the multiplication is executed
first (10 * 3 = 30) and then the subtraction (31 - 30 = 1). Once this is completed, the final
equation is executed as 32 * 1, which equals 32. See Chapter 2 for more information.

A. The StringBuilder class is compatible with StringBuffer but is not threadsafe and is
generally faster. See Chapter 8 for more information.

D. The sizes of the primitives are as follows: byte, 8 bits; char, 16 bits; short, 16 bits; int,
32 bits; float, 32 bits; Tong, 64 bits; double, 64 bits. The Java specification does not state the
size of a booTlean, so it is not accurate to call it the smallest primitive. See Chapter 1 for more
information.

D. The java.text.DateFormat class formats date and time data into strings that are appro-
priate to locales. See Chapter 8 for more information.

B. Due to the rules of widening conversions, the integer value of x cannot be automatically con-
verted to a byte. The assignment of the variable x to the variable b would require an explicit cast.
This cast could result in a loss of data, though. See Chapter 4 for more information.

A, B, C. A and B are examples of 5.0’s boxing and unboxing functionality. See Chapter 8 for
details. C is a legal assignment, but D is an illegal assignment that requires a cast; see Chapter 4
for details.

D. Both String variables are assigned the same string, "test string". Because these strings
are not created using the new String() method, the strings are placed in the string pool, and
a reference to those strings is stored in the String variables. Because the reference to the string
pool is the same, the == comparison will return true. If the strings were created using the new
String() method, the references would be different and the == comparison would return
false. See Chapter 8 for more information.

B. Java arrays always start at index 0. See Chapter 1 for more information.
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28. C. Arguments are not always passed only by reference or only by value. It depends on the
argument itself, and primitives are always passed by value. Java does not use the & operator
to denote “pass by reference” as is done in the C programming language. See Chapter 1 for
more information.

29. D. The value encapsulated by a wrapper class is immutable. See Chapter 8 for more information.

30. A. The readObject() method must be private. See Chapter 9 for more information.
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JAVA CERTIFICATION EXAM OBJECTIVES
COVERED IN THIS CHAPTER:

v" 1.1 Develop code that declares classes (including abstract
and all forms of nested classes), interfaces, and enums,
and includes the appropriate use of package and import
statements (including static imports).

v" 1.3 Develop code that declares, initializes, and uses
primitives, arrays, enums, and objects as static, instance,
and local variables. Also, use legal identifiers for variable
names.

v' 7.2 Given an example of a class and a command-line,
determine the expected runtime behavior.

v 7.3 Determine the effect upon object references and primitive
values when they are passed into methods that perform
assignments or other modifying operations on the
parameters.

v" 7.4 Given a code example, recognize the point at which
an object becomes eligible for garbage collection, and
determine what is and is not guaranteed by the garbage
collection system. Recognize the behaviors of System.gc
and finalization.




This book is not an introduction to Java. Since you’re getting
ready to take the Programmer Exam, it’s safe to assume that you
know how to write code, what an object is, what a constructor is,
and so on. So we’re going to dive right in and start looking at what you need to know to pass
the exam

This chapter covers a lot of objectives. They may seem unrelated, but they all have a common
thread: they deal with the fundamentals of the language. Here you will look at Java’s keywords
and identifiers. Then you’ll read about primitive data types and the literal values that can be
assigned to them. You’ll also cover some vital information about arrays, variable initialization,
argument passing, and garbage collection.

Source Files

All Java source files must end with the . java extension. A source file should generally con-
tain, at most, one top-level public class definition; if a public class is present, the class name
should match the unextended filename. For example, if a source file contains a public class
called RayTraceApplet, then the file must be called RayTraceApplet.java. A source file
may contain an unlimited number of non-public class definitions.

TE ment of many compilers, including the reference compilers from Sun. Itis unwise
to ignore this convention, because doing so limits the portability of your source
files (but not, of course, your compiled files).

%’/ This is not actually a language requirement, but it is an implementation require-

Three top-level elements known as compilation units may appear in a file. None of these
elements is required. If they are present, then they must appear in the following order:

1. Package declaration
2. Import statements
3. Class, interface, and enum definitions

The format of the package declaration is quite simple. The keyword package occurs first and
is followed by the package name. The package name is a series of elements separated by periods.
When class files are created, they must be placed in a directory hierarchy that reflects their package
names. You must be careful that each component of your package name hierarchy is a legitimate
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directory name on all platforms. Therefore, you must not use characters such as the space, for-
ward slash, backslash, or other symbols. Use only alphanumeric characters in package names.

Import statements have a similar form, but you may import either an individual class from
a package or the entire package. To import an individual class, simply place the fully qualified
class name after the import keyword and finish the statement with a semicolon (;); to import
an entire package, simply add an asterisk (*) to the end of the package name.

) Java’s import functionality was enhanced in 5.0. For more information, see the
TE “Importing” section later in this chapter.

White space and comments may appear before or after any of these elements.
For example, a file called Test.java might look like this:

// Package declaration
package exam.prepguide;

// Imports
import java.awt.Button; // imports a specific class
import java.util.*; // imports an entire package

// Class definition
public class Test {...}

O 0 N O U1 b W N B

) Sometimes you might use classes with the same name in two different pack-
TE ages, such as the Date classes in the packages java.util and java.sql. If you
use the asterisk form of import to import both entire packages and then attempt
to use a class simply called Date, you will get a compiler error reporting that
this usage is ambiguous. You must either make an additional import, naming
one or the other Date class explicitly, or you must refer to the class using its
fully qualified name.

Keywords and ldentifiers

A keyword is a word whose meaning is defined by the programming language. Anyone who
claims to be competent in a language must at the very least be familiar with that language’s key-
words. Java’s keywords and other special-meaning words are listed in Table 1.1.

Most of the words in Table 1.1 are keywords. Strictly speaking, true and false aren’t really
keywords, they are literal boolean values. Also, goto and const are reserved words, which
means that although they have no meaning to the Java compiler, programmers may not use
them as identifiers.
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TABLE 1.1 JavaKeywords and Reserved Words

abstract class extends implements null strictfp true
assert const false import package super try
booTlean continue final instanceof private switch void
break default finally int protected synchronized volatile
byte do float interface public this while
case double for Tong return throw
catch else goto native short throws
char enum if new static transient
) Fortunately, the exam doesn’t require you to distinguish among keywords, lit-
TE eral booleans, and reserved words. You won't be asked trick questions like “Is

goto a keyword?” You will be expected to know what each word in Table 1.1
does, except for strictfp, transient, and volatile.

An identifier is a word used by a programmer to name a variable, method, class, or label.
Keywords and reserved words may not be used as identifiers. An identifier must begin with a
letter, a dollar sign ($), or an underscore (_); subsequent characters may be letters, dollar signs,
underscores, or digits.

Some examples are

foobar // legal

BIGinterface // legal: embedded keywords are ok
$incomeAfterTaxes // Tegal

3_node5 // illegal: starts with a digit
ItheCase // illegal: bad 1st char

Identifiers are case sensitive—for example, radius and Radius are distinct identifiers.

) The exam is careful to avoid potentially ambiguous questions that require you
TE to make purely academic distinctions between reserved words and keywords.
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Primitive Data Types

A primitive is a simple non-object data type that represents a single value. Java’s primitive data
types are

booTlean
char
byte
short
int
Tong
float
doubTe

The apparent bit patterns of these types are defined in the Java language specification, and

their effective sizes are listed in Table 1.2.

) Variables of type boolean may take only the values true or false. Their repre-

TE sentation size might vary.

TABLE 1.2 Primitive Data Types and Their Effective Sizes

Type Effective Representation Size (bits)
byte 8

int 32

float 32

char 16

short 16

Tong 64

doubTe 64
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A signed data type is a numeric type whose value can be positive, zero, or negative. (So the
number has an implicit plus sigz or minus sign.) An unsigned data type is a numeric type whose
value can only be positive or zero. The four signed integral data types are

=  byte
= short
= qnt

= Jong

Variables of these types are two’s-complement numbers; their ranges are given in Table 1.3.
Notice that for each type, the exponent of 2 in the minimum and maximum is one less than the
size of the type.

) Two’s-complement is a way of representing signed integers that was originally
TE developed for microprocessors in such a way as to have a single binary repre-
sentation for the number 0. The most significant bit is used as the sign bit,
where 0 is positive and 1 is negative.

TABLE 1.3 Ranges of the Integral Primitive Types

Type Size Minimum Maximum
byte 8 bits -27 27 -1
short 16 bits —215 215 -1
int 32 bits —231 231 -1
Tong 64 bits —283 263 -1

The char type is integral but unsigned. The range of a variable of type char is from 0 through
216 — 1. Java characters are in Unicode, which is a 16-bit encoding capable of representing a wide
range of international characters. If the most significant 9 bits of a char are all 0, then the encod-
ing is the same as 7-bit ASCII.

The two floating-point types are

=  float
= double

The ranges of the floating-point primitive types are given in Table 1.4.
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TABLE 1.4 Ranges of the Floating-Point Primitive Types

Type Size Minimum Maximum
float 32 bits +/-1.40239846-45 +/-3.40282347+38
double 16 bits +/-4.94065645841246544-324  +/-1.79769313486231570+308

These types conform to the IEEE 754 specification. Many mathematical operations can yield
results that have no expression in numbers (infinity, for example). To describe such non-numeric
situations, both double and float can take on values that are bit patterns that do not represent
numbers. Rather, these patterns represent non-numeric values. The patterns are defined in the
Float and DoubTe classes and may be referenced as follows (NaN stands for Not a Number):

= Float.NaN
=  Float.NEGATIVE_INFINITY
=  Float.POSITIVE_INFINITY
= Double.NaN
= Double.NEGATIVE_INFINITY
=  Double.POSITIVE_INFINITY
The following code fragment shows the use of these constants:
1. double d = -10.0 / 0.0;
2. if (d == Double.NEGATIVE_INFINITY) {
3
4

System.out.printin("d just exploded: " + d);
-}

In this code fragment, the test on line 2 passes, so line 3 is executed.

%{ All numeric primitive types are signed.
TE

Literals

A literal is a value specified in the program source, as opposed to one determined at runtime.
Literals can represent primitive or string variables and may appear on the right side of assign-
ments or in method calls. You cannot assign values into literals, so they cannot appear on the
left side of assignments.
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In this section you’ll look at the literal values that can be assigned to boolean, character, integer,
floating-point, and String variables.
The only valid literals of booTlean type are true and false. For example:

1. boolean isBig = true;
2. boolean isLittle = false;

A chararacter literal (char) represents a single Unicode character. (Unicode is a convention
for using 16-bit unsigned numeric values to represent characters of all languages. For more on
Unicode, see Chapter 9, “I/O and Streams”. Usually a char literal can be expressed by enclosing
the desired character in single quotes, as shown here:

char c = 'w';

Of course, this technique works only if the desired character is available on the keyboard at hand.
Another way to express a char literal is as a Unicode value specified using four hexadecimal digits,
preceded by \u, with the entire expression in single quotes. For example:

char cl = '\u4567';

Java supports a few escape sequences for denoting special characters:
. "\n' for new line
. "\r" for return
= '\t' for tab
. "\b"' for backspace
. "\f' for formfeed
= '"\'' for single quote
= '"\" ' for double quote
= "\\' for backslash

Integral literals may be assigned to any numeric primitive data type. They may be expressed
in decimal, octal, or hexadecimal. The default is decimal. To indicate octal, prefix the literal
with 0 (zero). To indicate hexadecimal, prefix the literal with 0x or 0X; the hex digits may be
upper- or lowercase. The value 28 may thus be expressed six ways:

= 28

= 034
= Oxlc
= 0x1C
= 0Xlc

= 0X1C



Arrays 1"

By default, an integral literal is a 32-bit value. To indicate a Tong (64-bit) literal, append the
suffix L to the literal expression. (The suffix can be lowercase, but then it looks so much like a
one that your readers are bound to be confused.)

A floating-point literal expresses a floating-point number. In order to be interpreted as a
floating-point literal, a numerical expression must contain one of the following:

= A decimal point, such as 1.414
= The letter E or e, indicating scientific notation, such as 4.23E+21
*  The suffix F or f, indicating a float literal, such as 1.828f
=  The suffix D or d, indicating a doubTe literal, such as 1234d
A floating-point literal with no F or D suffix defaults to doubTe type.

String Literals

A string literal is a sequence of characters enclosed in double quotes. For example:
String s = "Characters in strings are 16-bit Unicode.";

Java provides many advanced facilities for specifying non-literal string values, including a
concatenation operator and some sophisticated constructors for the String class. These facil-
ities are discussed in detail in Chapter 8, “The java.lang and java.util Packages.”

Arrays

A Java array is an ordered collection of primitives, object references, or other arrays. Java arrays
are homogeneous: except as allowed by polymorphism, all elements of an array must be of the
same type. That is, when you create an array, you specify the element type, and the resulting
array can contain only elements that are instances of that class or subclasses of that class.

To create and use an array, you must follow three steps:

1. Declaration
2. Construction
3. [Initialization

Declaration tells the compiler the array’s name and what type its elements will be. For example:

1. int[] ints;
2. Dimension[] dims;
3. float[][] twoDee;
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Line 1 declares an array of a primitive type. Line 2 declares an array of object references
(Dimension is a class in the java.awt package). Line 3 declares a two-dimensional array—that
is, an array of arrays of floats.

The square brackets can come before or after the array variable name. This is also true, and
perhaps most useful, in method declarations. A method that takes an array of doubles could
be declared as myMethod(double dubs[]) or as myMethod(double[] dubs);a method that
returns an array of doubles may be declared as either double[] anotherMethod() or as
double anotherMethod()[]. In this last case, the first form is probably more readable.

ing the variable or method, allows the type declaration partto be read as a single
unit: int array or float array, which might make more sense. However, C/C++
programmers will be more familiar with the form where the brackets are placed
to the right of the variable or method declaration. Given the number of mag-
azine articles that have been dedicated to ways to correctly interpret complex
C/C++ declarations (perhaps you recall the “spiral rule”), it's probably not a
bad thing that Java has modified the syntax for these declarations. Either way,
you need to recognize both forms.

% Generally, placing the square brackets adjacent to the type, rather than follow-
P

Notice that the declaration does not specify the size of an array. Size is specified at runtime,
when the array is allocated via the new keyword. For example

1. int[] ints; // Declaration to the compiler
2. ints = new int[25]; // Runtime construction

Since array size is not used until runtime, it is legal to specify size with a variable rather than
a literal:

1. int size = 1152 * 900;
2. 1int[] raster;
3. raster = new int[size];

Declaration and construction may be performed in a single line:
1. int[] ints = new int[25];

When an array is constructed, its elements are automatically initialized to their default values.
These defaults are the same as for object member variables. Numerical elements are initialized to
0; non-numeric elements are initialized to 0-like values, as shown in Table 1.5.

JTE them (mostly the methods of the Object class), although you cannot subclass
the array class. So this initialization is exactly the same as for other objects, and
as a consequence you will see this table again in the next section.

%’ Arrays are actually objects, even to the extent that you can execute methods on



Arrays

13

TABLE 1.5 Array Element Initialization Values
Element Type Initial Value
byte 0

int 0

float 0.0f

char “\u0000’
object reference null

short 0

Tong oL

double 0.0d
boolean false

If you want to initialize an array to values other than those shown in Table 1.5, you can com-
bine declaration, construction, and initialization into a single step. The following line of code
creates a custom-initialized array of five floats:

1. float[] diameters = {1.1f, 2.2f, 3.3f, 4.4f, 5.5f};

The array size is inferred from the number of elements within the curly braces.
Of course, an array can also be initialized by explicitly assigning a value to each element,
starting at array index 0:

1. long[] squares;

2. squares = new long[6000];

3. for (int i = 0; i < 6000; i++) {
4. squares[i] =1 * 1;

5

-}

When the array is created at line 2, it is full of default values (OL), which are replaced in lines
3-4. The code in the example works but can be improved. If you later need to change the array
size (in line 2), the loop counter will have to change (in line 3), and the program could be dam-
aged if line 3 is not taken care of. The safest way to refer to the size of an array is to append the
. Tength member variable to the array name. Thus, our example becomes

1. Tong[] squares;
2. squares = new long[6000];
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3. for (int i = 0; i < squares.length; i++) {
4. squares[i] =1 * 1;
5.}

When an array has more than one dimension, there is more going on than you might think.
Consider this declaration plus initialization:

int[][] myInts = new int[3][4];

It’s natural to assume that the myInts contains 12 ints and to imagine them as organized into
rows and columns, as shown in Figure 1.1.

Actually, Figure 1.1 is misleading. myInts is actually an array with three elements. Each element
is a reference to an array containing 4 ints, as shown in Figure 1.2.

The subordinate arrays in a multi-dimension array don’t have to all be the same length. It’s
possible to create an array that looks like Figure 1.3.

FIGURE 1.1 The wrong way to think about multi-dimension arrays

1 2 3 4
91 92 93 94
2001 2002 2003 2004

FIGURE 1.2 The right way to think about multi-dimension arrays

> 1
2
3
. 4
. > 91
. 92
> 2001 93
2002 94
2003
2004
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FIGURE 1.3 Anirregular multi-dimension array

> 1
2
3
[ > 91
. 92
> 2001 93
2002 94

Figure 1.3 shows an array whose elements are an array of 3 ints, an array of 4 ints, and an
array of 2 ints. Such an array may be created like this:

int[I1[] myInts = { {1, 2, 3}, {91, 92, 93, 94}, {2001, 2002} };

When you realize that the outermost array is a single-dimension array containing references,
you understand that you can replace any of the references with a reference to a different sub-
ordinate array, provided the new subordinate array is of the right type. For example, you can
do the following:

int[][] myInts = { {1, 2, 3}, {91, 92, 93, 94}, {2001, 2002} };
int[] replacement = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12};
myInts[1l] = replacement;

Importing

The term “import” can be confusing. In common speech, import means to bring something
from abroad into one’s own territory. In the Java context, it’s natural to wonder what is getting
brought in, and where it is getting brought into. A common mistake is to guess that importing
has something to do with class loading. It’s a reasonable mistake, since the class loader is the
only obvious Java entity that brings something (class definitions) into somewhere (the Java Vir-
tual Machine). However, the guess is dead wrong.

What gets brought in is the import class’ name. The name is brought into the source file’s
namespace. A namespace is a kind of place—not a physical place, but an abstract place such as
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a directory or a source file—that contains items with unique names. The easiest example is a
directory: within a directory, all filenames must be different from all other filenames. Names
may be duplicated in different namespaces. For example, readme. txt may appear only once
within a single directory but may appear in any other directory.

Items that appear in namespaces have short names and long names. The short name is for
use within the namespace. The long name is for use outside the namespace. Suppose directory
C:\MyCode\Projects contains a file named Sphinx.java. When you are working in C: \MyCode\
Projects, you can refer to the file by its short name: Sphinx.java. However, when your work-
ing directory is not C: \MyCode\Projects, you need to use the file’s full name: C: \MyCode\
Projects\Sphinx.java.

The namespace of a Java source file contains the names of all classes and interfaces in the
source file’s package. In other words, within the source file you may refer to any class by its
short name; classes outside the package must be called by their complete names. Suppose the
current package contains a class named FormuTa. The following code creates an instance of
Formula and an instance of Vector:

1. Formula f = new Formula();
2. java.util.Vector vec = new java.util.Vector();

Line 2 is a mess. The Vector class resides in the java.uti1 package, so it must be referred
to by its full name...twice! (Once in the declaration, and again in the constructor call.) If there
were no workaround, the only thing worse than writing Java code would be reading Java code.
Fortunately, Java provides a workaround. The source file needs an import statement:

import java.util.Vector;
Then line 2 becomes
2. Vector vec = new Vector();

This statement imports the name “Vector” into the namespace, allowing it to be used without
the “java.util” prefix. When the compiler encounters a short class name, it checks the current
package. If the class name is not found, the compiler then checks its import statements. In our
example, the compiler will notice that there is no Vector class in the current package, but there
is an import statement. The import tells the compiler, “When I say Vector, I really mean
java.util.Vector.”

Java’s static import facility, which was introduced in rev 5.0, allows you to import static
data and methods, as well as classes. In other words, you may refer to static data and methods
in external classes without using full names. For example, the java.awt.Color class contains
static data members names RED, GREEN, BLUE, and so on. Suppose you want to set myColor to
GREEN. Without static imports, you have to do the following;:

import java.awt.Color;

myColor = Color.GREEN;
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With a static import, you can import the name “GREEN” into your namespace:

import static java.awt.Color.GREEN;

myColor = GREEN;

Note that the import keyword is followed by static. This tells the compiler to import the
name of a static element of a class, rather than a class name.

Static imports eliminate the nuisance of constant interfaces. Constant interfaces are fairly
common, since before rev 5.0 there was no good alternative. Many packages or applications
define constants that are needed by more than one source file. For example, an application that
uses both English and metric weights might need the following;:

public static float LBS_PER_KG
public static float KGS_PER_LB

2.2f;
1 / LBS_PER_KG;

Now the question is, where do these lines belong? The general answer to this question is that
they belong in the most appropriate class or interface. Unfortunately, “most appropriate”
doesn’t always mean most convenient. Suppose you put our two lines in a class called ScaTes.
Since the constants are in the namespace of Scales, they may appear there without prefix. For
example, Scales might contain

massInPounds = massInKgs * LBS_PER_KG;

However, other classes must go to more trouble. Any class except Scales has to do the
following:

massInPounds = massInKgs * Scales.LBS_PER_KG;

Many programmers, wishing to avoid the inconvenience of prefixing, have discovered the
trick of creating an interface (known as a constant interface) to contain constants. This trick has
two benefits. First, you don’t have to decide which class to put the constants in; they go in the
interface. Second, in any class that implements the constant interface, you don’t have to prefix
the constants. In our example, you might be tempted to place the constant definitions in an
interface called Conversion. Then the Scales class, and all other classes that convert between
pounds and kilos, can implement Conversion.

Unfortunately, constant interfaces have several drawbacks. In the first place, to say that a
class implements an interface really means that the class exposes the public methods listed in the
interface. Interfaces are for defining types and should be used exclusively for that purpose. Con-
stant interfaces only contain data, so they definitely don’t define types.

The second disadvantage is a bit more complicated. Suppose someone you work with writes
some code that uses an instance of Scales. This person can legally reference that instance with
a variable of type Conversion, even though doing so would be quite inappropriate. Later, if
you wanted to eliminate the Conversion interface, you couldn’t do so, because your misguided
colleague would be relying on the existence of the interface.
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With static imports, you have an alternative to constant interfaces. To use static imports, you
first locate your constants in the classes where they belong. Let’s assume you put LBS_PER_KG
and KGS_PER_LB in the Scales class. Now any other source file can use the following syntax:

import static Scales.LBS_PER_KG;
import static Scales.KGS_PER_LB;

Any source file that uses these statements may refer to LBS_PER_KG and KGS_PER_LB, rather
than Scales.LBS_PER_KG and Scales.KGS_PER_LB.

The static import facility is aware of packages and access modes. To do a static import
from a class in a different package, you have to prefix the class name with its package path. For
example, to import the constant NORTH from class java.awt.BorderLayout, you would use

import static java.awt.BorderLayout.NORTH;

Only public data may be imported from classes in external packages. Data imported from
other classes in the same package may be public, protected, or default, but not private. These
rules are consistent with the meanings of public, protected, default, and private.

4 Java’s access modes are discussed in detail in Chapter 3, “Modifiers.”
ITE

You can use the star notation to import all accessible constants from a class. The line
import static pkga.pkgb.AClassName.*;

will import all non-private constants if AC1assName is in the current package or all public constants
if ACTassName is in a different package.

Static importing gives you access to static methods as well as static data. Suppose class
measure.Scales has a method called poundsToMicrograms() that looks like this:

public static float poundsToMicrograms(float pounds) {
return pounds * KGS_PER_LB * 1.0e6f;

Any source file can import this method as follows:
import static measure.Scales.poundsToMicrograms();
A source file that performs this import may invoke the method as (for example)
float ugs = poundsToMicrograms(lbs);
This is a bit more convenient than

float ugs = Scales.poundsToMicrograms(lbs);
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As with ordinary imports, static imports have only a slight compile-time cost and zero run-
time cost. Many programmers are unclear on this point, perhaps because the word “import”
feels like such an active verb; it seems as if surely the class loader or some other mechanism must
be hard at work. Remember that importing does nothing more than bring a name into the local
namespace. So importing and static importing are quite inexpensive.

Class Fundamentals

Java is all about classes, and a review of the exam objectives will show that you need to be
intimately familiar with them. Classes are discussed in detail in Chapter 6, “Objects and
Classes.” For now, let’s examine a few fundamentals.

Class Paths

When the Java compiler or the Virtual Machine needs a classfile, it searches all the locations
listed in its classpath. The classpath is formed by merging the CLASSPATH environment variable
and any locations specified in -classpath or -cp command line arguments. The members of
a classpath may be directories or jar files.

Let’s take an example. Suppose the compiler is looking for class sgsware.sphinx.Domain.
The package structure sgsware.sphinx requires that the Domain.class file must be in a directory
called sphinx, which must be in a directory called sgsware. So the compiler checks each class-
path member to see if it contains sgsware\sphinx\Domain.class.

On Windows platforms, directories and jar files in a classpath are separated by a semicolon
(“;”). On UNIX platforms the separator is a colon (“:”).

The main() Method

The main() method is the entry point for standalone Java applications. To create an applica-
tion, you write a class definition that includes amain() method. To execute an application, type
java at the command line, followed by the name of the class containing the main() method to
be executed.

The signature for main() is

public static void main(String[] args)

The main() method must be public so that the JVM can call it. It is static so that it can be
executed without the necessity of constructing an instance of the application class. The return
type must be void.

The argument to main() is a single-dimension array of Strings, containing any arguments
that the user might have entered on the command line. For example, consider the following
command line:

% java Mapper France Belgium
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With this command line, the args[] array has two elements: France in args[0], and Belgium
in args[1]. Note that neither the class name (Mapper) nor the command name (java) appears in
the array. Of course, the name args is purely arbitrary: any legal identifier may be used, pro-
vided the array is a single-dimension array of String objects.

Variables and Initialization

Java supports variables of three different lifetimes:

Member variable A member variable of a class is created when an instance is created, and it
is destroyed when the object is destroyed. Subject to accessibility rules and the need for a ref-
erence to the object, member variables are accessible as long as the enclosing object exists.

Automatic variable An automatic variable of a method is created on entry to the method and
exists only during execution of the method, and therefore it is accessible only during the exe-
cution of that method. (You’ll see an exception to this rule when you look at inner classes, but
don’t worry about that for now.)

Class variable A class variable (also known as a static variable) is created when the class is
loaded and is destroyed when the class is unloaded. There is only one copy of a class variable, and
it exists regardless of the number of instances of the class, even if the class is never instantiated.

All member variables that are not explicitly assigned a value upon declaration are automat-
ically assigned an initial value. The initialization value for member variables depends on the
member variable’s type. Values are listed in Table 1.6.

The values in Table 1.6 are the same as those in Table 1.5; member variable initialization values
are the same as array element initialization values.

A member value may be initialized in its own declaration line:

1. class HasVariables {
2. int x = 20;
3. static int y = 30;

When this technique is used, nonstatic instance variables are initialized just before the class con-
structor is executed; here x would be set to 20 just before invocation of any HasVariables con-
structor. Static variables are initialized at class load time; here y would be set to 30 when the
HasVariabTes class is loaded.

Automatic variables (also known as method local variables are not initialized by the system;
every automatic variable must be explicitly initialized before being used. For example, this
method will not compile:

1. pubTlic int wrong() {
2. int 1;

3 return i+5;

4.}
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The compiler error at line 3 is, “Variable i may not have been initialized.” This error often
appears when initialization of an automatic variable occurs at a lower level of curly braces than the
use of that variable. For example, the following method returns the fourth root of a positive number:

1. pubTlic double fourthRoot(double d) {

2 double result;

3 if (d >=0) {

4. result = Math.sqrt(Math.sqrt(d));
5 }

6 return result;

7.}

Here the result is initialized on line 4, but the initialization takes place within the curly braces
of lines 3 and 5. The compiler will flag line 6, complaining that “Variable result may not have
been initialized.” A common solution is to initialize result to some reasonable default as soon
as it is declared:

1. pubTlic double fourthRoot(double d) {

2 double result = 0.0; // Initialize
3 if (d >=0) {

4. result = Math.sqrt(Math.sqrt(d));
5 }

6 return result;

7.}

Now result is satisfactorily initialized. Line 2 demonstrates that an automatic variable may
be initialized in its declaration line. Initialization on a separate line is also possible.
Class variables are initialized in the same manner as for member variables.

TABLE 1.6 |Initialization Values for Member Variables

Element Type Initial Value Element Type Initial Value
byte 0 short 0

int 0 Tong oL

float 0.0f double 0.0d

char “\u0000’ booTlean false

object reference null
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Argument Passing: By Reference
or by Value

When Java passes an argument into a method call, a copy of the argument is actually passed.
Consider the following code fragment:

1. double radians = 1.2345;
2. System.out.printIn("Sine of " + radians +
3. " =" + Math.sin(radians));

The variable radians contains a pattern of bits that represents the number 1.2345. On line 2,
a copy of this bit pattern is passed into the method-calling apparatus of the JVM.

When an argument is passed into a method, changes to the argument value by the method
do not affect the original data. Consider the following method:

1. pubTlic void bumper(int bumpMe) {
2. bumpMe += 15;
3.}

Line 2 modifies a copy of the parameter passed by the caller. For example

1. int xx = 12345;
2. bumper(xx);
3. System.out.printIn("Now xx is " + xx);

On line 2, the caller’s xx variable is copied; the copy is passed into the bumper() method and
incremented by 15. Because the original xx is untouched, line 3 will report that xx is still
12345.

This is also true when the argument to be passed is an object rather than a primitive. How-
ever, it is crucial for you to understand that the effect is very different. In order to understand
the process, you have to understand the concept of the object reference.

Java programs do not deal directly with objects. When an object is constructed, the construc-
tor returns a value—a bit pattern—that uniquely identifies the object. This value is known as a
reference to the object. For example, consider the following code:

1. Button btn;
2. btn = new Button('Ok");

In line 2, the Button constructor returns a reference to the just-constructed button—not the
actual button object or a copy of the button object. This reference is stored in the variable btn.
In some implementations of the JVM, a reference is simply the address of the object; however,
the JVM specification gives wide latitude as to how references can be implemented. You can
think of a reference as simply a pattern of bits that uniquely identifies an individual object.
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How to Create a Reference to a Primitive

This is a useful technique if you need to create the effect of passing primitive values by refer-
ence. Simply pass an array of one primitive element over the method call, and the called
method can now change the value seen by the caller. To do so, use code like this:

1. public class PrimitiveReference {
2 public static void main(String args[]) {
3 int [] myvalue = { 1 };
4 modifyIt(myValue);
5. System.out.printIin("myValue contains " +
6 myValue[0]);
7 }
8 public static void modifyIt(int [] value) {
9 value[0]++;

10. }

11. }

%)’ In most JVMs, the reference value is actually the address of an address. This
ITE second address refers to the real data. This approach, called double indirection,

allows the garbage collector to relocate objects to reduce memory fragmentation.

When Java code appears to store objects in variables or pass objects into method calls, the
object references are stored or passed.
Consider this code fragment:

Button btn;

btn = new Button("Pink");
replacer(btn);
System.out.printin(btn.getlLabel());

public void replacer(Button replaceMe) {
replaceMe = new Button("Blue");

}

Line 2 constructs a button and stores a reference to that button in btn. In line 3, a copy of
the reference is passed into the replacer() method. Before execution of line 7, the value in
replaceMe is a reference to the Pink button. Then line 7 constructs a second button and stores
a reference to the second button in replaceMe, thus overwriting the reference to the Pink button.

00 N O U1 AW N R
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However, the caller’s copy of the reference is not affected, so on line 4 the call tobtn.getLabe1()
calls the original button; the string printed out is “Pink”.

You have seen that called methods cannot affect the original value of their arguments—that is,
the values stored by the caller. However, when the called method operates on an object via the ref-
erence value that is passed to it, there are important consequences. If the method modifies the
object via the reference, as distinguished from modifying the method argument—the reference—
then the changes will be visible to the caller. For example

Button btn;

btn = new Button("Pink");
changer(btn);
System.out.printin(btn.getlLabel());

public void changer(Button changeMe) {
changeMe.setlLabel("Blue");
}

In this example, the variable changeMe is a copy of the reference btn, just as before. How-
ever, this time the code uses the copy of the reference to change the actual original object rather
than trying to change the reference. Because the caller’s object is changed rather than the callee’s
reference, the change is visible and the value printed out by line 4 is “Blue”.

Arrays are objects, meaning that programs deal with references to arrays, not with arrays
themselves. What gets passed into a method is a copy of a reference to an array. It is therefore
possible for a called method to modify the contents of a caller’s array.

O N O U1 AW N

Garbage Collection

Most modern languages permit you to allocate data storage during a program run. In Java, this
is done directly when you create an object with the new operation and indirectly when you call
a method that has local variables or arguments. Method locals and arguments are allocated
space on the stack and are discarded when the method exits, but objects are allocated space on
the heap and have a longer lifetime.

)’ Each process has its own stack and heap, and they are located on opposite
A&TE sides of the process address space. The sizes of the stack and heap are limited
by the amount of memory that is available on the host running the program.

They may be further limited by the operating system or user-specific limits.
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It is important to recognize that objects are always allocated on the heap. Even if they are
created in a method using code like

public void aMethod() {
MyClass mc = new MyClass();

}

the local variable mc is a reference, allocated on the stack, whereas the object to which that
variable refers, an instance of MyClass, is allocated on the heap.

In this discussion, we are concerned with recovery of space allocated on the heap. The increased
lifetime raises the question of when storage allocation on the heap can be released. Some lan-
guages require that you, the programmer, explicitly release the storage when you have finished
with it. This approach has proven seriously error-prone, because you might release the storage
too soon (causing corrupted data if any other reference to the data is still in use) or forget to
release it altogether (causing a memory shortage). Java’s garbage collection solves the first of these
problems and greatly simplifies the second.

How to Cause Leaks in a Garbage Collection System

The nature of automatic garbage collection has an important consequence: you can still get
memory leaks. If you allow live, accessible references to unneeded objects to persist in your
programs, then those objects cannot be garbage collected. Therefore, it may be a good idea to
explicitly assign null into a variable when you have finished with it. This issue is particularly
noticeable if you are implementing a collection of some kind.

In this example, assume the array storage is being used to maintain the storage of a stack. This
pop() method is inappropriate:

1. public Object pop() {
2. return storage[index--];
3. )

If the caller of this pop() method abandons the popped value, it will not be eligible for garbage
collection until the array element containing a reference to it is overwritten. This might take a
long time. You can speed up the process like this:

1. public Object pop() {

2 Object returnValue = storage[index];
3 storage[index--] = null;

4. return returnValue;
5
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In Java, you never explicitly free memory that you have allocated; instead, Java provides
automatic garbage collection. The runtime system keeps track of the memory that is allocated
and is able to determine whether that memory is still useable. This work is usually done in the
background by a low-priority thread that is referred to as the garbage collector. When the gar-
bage collector finds memory that is no longer accessible from any live thread (the object is out
of scope), it takes steps to release it back into the heap for re-use. Specifically, the garbage col-
lector calls the class destructor method called finalize() (if it is defined) and then frees the
memory.

Garbage collection can be done in a number of different ways; each has advantages and
disadvantages, depending on the type of program that is running. A real-time control system,
for example, needs to know that nothing will prevent it from responding quickly to interrupts;
this application requires a garbage collector that can work in small chunks or that can be inter-
rupted easily. On the other hand, a memory-intensive program might work better with a garbage
collector that stops the program from time to time but recovers memory more urgently as a
result. At present, garbage collection is hardwired into the Java runtime system; most garbage
collection algorithms use an approach that gives a reasonable compromise between speed of
memory recovery and responsiveness. In the future, you will probably be able to plug in dif-
ferent garbage-collection algorithms or buy different JVMs with appropriate collection algo-
rithms, according to your particular needs.

This discussion leaves one crucial question unanswered: When is storage recovered? The best
answer is that storage is not recovered unless it is definitely no longer in use. That’s it. Even though
you are not using an object any longer, you cannot say if it will be collected in 1 millisecond, in 100
milliseconds, or even if it will be collected at all. The methods System.gc() and Runtime.gc()
look as if they run the garbage collector, but even these cannot be relied upon in general, because
some other thread might prevent the garbage-collection thread from running. In fact, the documen-
tation for the gc() methods states:

Calling this method suggests that the Java Virtual Machine expends effort
toward recycling unused objects.

Summary

This chapter has covered a variety of topics. You learned that a source file’s elements must
appear in this order:

1. Package declaration
2. Import statements
3. Class, interface, and enum definitions

Imports may be static. There should be, at most, one public class definition per source file; the
filename must match the name of the public class.

You also learned that an identifier must begin with a letter, a dollar sign, or an underscore;
subsequent characters may be letters, dollar signs, underscores, or digits. Java has four signed
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integral primitive data types: byte, short, int, and Tong; all four types display the behavior
of two’s-complement representation. Java’s two floating-point primitive data types are float
and doubTe; the char type is unsigned and represents a Unicode character; the boolean type
may take on only the values true and false.

In addition, you learned that arrays must be (in order)

1. Declared
2. Constructed
3. Initialized

Default initialization is applied to member variables, class variables, and array elements, but not
automatic variables. The default values are 0 for numeric types, the nul1 value for object ref-
erences, the nul11 character for char, and false for boolean. The Tength member of an array
gives the number of elements in the array. A class with amain() method can be invoked from
the command line as a Java application. The signature for main() is public static void
main(String[] args). Theargs[] array contains all command-line arguments that appeared
after the name of the application class.

You should also understand that method arguments are copies, not originals. For arguments
of primitive data type, this means that modifications to an argument within a method are not
visible to the caller of the method. For arguments of object type (including arrays), modifica-
tions to an argument value within a method are still not visible to the caller of the method; how-
ever, modifications in the object or array to which the argument refers do appear to the caller.

Finally, Java’s garbage-collection mechanism may recover only memory that is definitely
unused. It is not possible to force garbage collection reliably. It is not possible to predict when
a piece of unused memory will be collected, only to say when it becomes eligible for collection.
Garbage collection does not prevent memory leaks; they can still occur if unused references are
not cleared to nul1 or destroyed.

Exam Essentials

Recognize and create correctly constructed source files. You should know the various kinds
of compilation units and their required order of appearance.

Recognize and create correctly constructed declarations. You should be familiar with decla-
rations of packages, classes, interfaces, methods, and variables.

Recognize Java keywords. You should recognize the keywords and reserved words listed in
Table 1.1.

Distinguish between legal and illegal identifiers. You should know the rules that restrict the
first character and the subsequent characters of an identifier.

Know all the primitive data types and the ranges of the integral data types. These are summa-
rized in Tables 1.2 and 1.3.
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Recognize correctly formatted literals. You should be familiar with all formats for literal
characters, strings, and numbers.

Know how to declare and construct arrays. The declaration includes one empty pair of
square brackets for each dimension of the array. The square brackets can appear before or after
the array name. Arrays are constructed with the keyword new.

Know the default initialization values for all possible types of class variables and array elements.
Know when data is initialized. Initialization takes place when a class or array is constructed.
The initialization values are 0 for numeric type arrays, false for boolean arrays, and nu11 for
object reference type arrays.

Understand importing and static importing. Be aware of the difference between traditional
importing and the new static import facility.

Know the contents of the argument list of an application’s main() method, given the command
line that invoked the application. Be aware that the list is an array of Strings containing every-
thing on the command line except the java command, command-line options, and the name of
the class.

Know that Java passes method arguments by value. Changes made to a method argument
are not visible to the caller, because the method argument changes a copy of the argument.
Objects are not passed to methods; only references to objects are passed.

Understand memory reclamation and the circumstances under which memory will be reclaimed.
If an object is still accessible to any live thread, that object will certainly not be collected. This is
true even if the program will never access the object again—the logic is simple and cannot make
inferences about the semantics of the code. No guarantees are made about reclaiming available
memory or the timing of reclamation if it does occur. A standard JVM has no entirely reliable,
platform-independent way to force garbage collection. The System and Runtime classes each
have a gc() method, and these methods make it more likely that garbage collection will run, but
they provide no guarantee.
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Review Questions

1. A signed data type has an equal number of non-zero positive and negative values available.
A. True
B. False

2. Choose the valid identifiers from those listed here. (Choose all that apply.)

A. BigOlLongStringWithMeaninglessName
B. $int

C. bytes

D. $1

E. finalist

3. Which of the following signatures are valid for the main() method entry point of an application?
(Choose all that apply.)

A. public static void main()
public static void main(String arg[])
public void main(String [] arg)

public static void main(String[] args)

moow

public static int main(String [] arg)

4. If all three top-level elements occur in a source file, they must appear in which order?
A. Imports, package declarations, classes/interfaces/enums
B. Classes/interfaces/enums, imports, package declarations

C. Package declaration must come first; order for imports and class/interfaces/enum definitions
is not significant

D. Package declaration, imports, class/interface/enum definitions.
E. Imports must come first; order for package declarations and class/interface/enum definitions
is not significant
5. Consider the following line of code:

int[] x = new int[25];

After execution, which statements are true? (Choose all that apply.)

A. x[24]1is0
B. x[24] is undefined
C. x[25]is0

D. x[0] is null
E. x.lengthis 25
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6. Consider the following application:
1. class Q6 {

2 pubTlic static void main(String args[]) {
3 Holder h = new Holder();

4 h.held = 100;

5. h.bump(h);

6. System.out.printinCh.held);

7. }

8. }

9

10. class Holder {

11. pubTlic int held;

12. public void bump(Holder theHolder) {
13. theHolder.held++; }

14. }

15. }

What value is printed out at line 6?2
A. 0

B. 1

C. 100

D. 101

7. Consider the following application:
1. class Q7 {

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

3 double d = 12.3;

4 Decrementer dec = new Decrementer();

5. dec.decrement(d);

6 System.out.println(d);

7

8

9

10. class Decrementer {

11. public void decrement(double decMe) {
12. decMe = decMe - 1.0;

13. 1}

14. )
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Review Questions

What value is printed out at line 6?

A.
B.
C.
D.

0.0
1.0
12.3
11.3

How can you force garbage collection of an object?

A. Garbage collection cannot be forced.
B. Call System.gc().

C.
D
E

Call System.gc(), passing in a reference to the object to be garbage-collected.

. Call Runtime.gc().

. Set all references to the object to new values (nu11, for example).

What is the range of values that can be assigned to a variable of type short?

moow>

Depends on the underlying hardware
0 through 216 -1

0 through 232 -1

—215 through 215 — 1

—231 through 231 -1

What is the range of values that can be assigned to a variable of type byte?

moowp»

Depends on the underlying hardware
0 through 28 -1

0 through 216 — 1

—27 through 27 -1

—215 through 215 — 1

3

Suppose a source file contains a large number of import statements. How do the imports affect
the time required to compile the source file?

A.
B.
C.

Compilation takes no additional time.
Compilation takes slightly more time.

Compilation takes significantly more time.

Suppose a source file contains a large number of import statements and one class definition.
How do the imports affect the time required to load the class?

A.
B.
C.

Class loading takes no additional time.
Class loading takes slightly more time.

Class loading takes significantly more time.
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13. Which of the following are legal import statements?
A. import java.util.Vector;
B. static import java.util.Vector.*;
C. import static java.util.Vector.*;

D. import java.util.Vector static;

14. Which of the following may be statically imported? (Choose all that apply.)
A. Package names
B. Static method names
C. Static field names

D. Method-local variable names

15. What happens when you try to compile and run the following code?
public class Q15 {
static String s;
public static void main(String[] args) {
System.out.printIn(">>" + s + "<<");

A. The code does not compile
B. The code compiles, and prints out >><<
C. The code compiles, and prints out >>nu11<<

16. Which of the following are legal? (Choose all that apply.)
A. int a = abcd;
B. int b = ABCD;

int ¢ = Oxabcd;

int d = O0XABCD;

int e = Oabcd;

int £ = 0ABCD;

mmoo

17. Which of the following are legal? (Choose all that apply.)

A. double d = 1.2d;
B. double d = 1.2D;
C. double d = 1.2d5;
D. double d = 1.2D5;
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19.

20.

Review Questions

Which of the following are legal?
A. char c = 0x1234;
B. char c = \ul234;

C. char c = '"\ul234';

Consider the following code:

1. StringBuffer sbuf = new StringBuffer();
2. sbuf = null;
3. System.gc();

Choose all true statements:

A. After line 2 executes, the StringBuffer object is garbage collected.

B. After line 3 executes, the StringBuffer object is garbage collected.

C. After line 2 executes, the StringBuffer object is eligible for garbage collection.
D. After line 3 executes, the StringBuffer object is eligible for garbage collection.

Which of the following are true? (Choose all that apply.)
A. Primitives are passed by reference.

B. Primitives are passed by value.

C. References are passed by reference.

D

. References are passed by value.

33
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Answers to Review Questions

1.
2.

10.

1.
12.

13.
14.
15.

16.

B. The range of negative numbers is greater by one than the range of positive numbers.

A, B, C, D, E. All of the identifiers are valid. An identifier begins with a letter, a dollar sign, or
an underscore; subsequent characters may be letters, dollar signs, underscores, or digits. And of
course keywords and their kin may not be identifiers.

B, D. All the choices are valid method signatures. However, in order to be the entry point of an
application, a main() method must be public, static, and void; it must take a single argument
of type String[].

D. Package declaration must come first, followed by imports, followed by class/interface/enum
definitions.

A, E. The array has 25 elements, indexed from 0 through 24. All elements are initialized to 0.

D. A holder is constructed on line 3. A reference to that holder is passed into method bump() on
line 5. Within the method call, the holder’s held variable is bumped from 100 to 101.

C. The decrement() method is passed a copy of the argument d; the copy gets decremented, but
the original is untouched.

A. Garbage collection cannot be forced. Calling System.gc() or Runtime.gc() is not 100 per-
cent reliable, because the garbage-collection thread might defer to a thread of higher priority;
thus options B and D are incorrect. Option C is incorrect because the two gc() methods do not
take arguments; in fact, if you still have a reference to pass into any method, the object is not yet
eligible to be collected. Option E will make the object eligible for collection the next time the gar-
bage collector runs.

D. The range for a 16-bit short is =215 through 215 — 1. This range is part of the Java specifi-
cation, regardless of the underlying hardware.

D. The range for an 8-bit byte is =27 through 27—1. Table 1.3 lists the ranges for Java’s integral
primitive data types.

B . Importing slightly increases compilation time.

A.. Importing is strictly a compile-time function. It has no effect on class loading or on any other
run-time function.

A, C. The import keyword may optionally be followed by the static keyword.
B, C. You may statically import method and field names.

C. The code compiles without error. At static initialization time, s is initialized to null (and not
to a reference to an empty string, as suggested by C).

C, D. The characters a—f and A-F may be combined with the digits 0-9 to create a hexadecimal
literal, which must begin with 0x.
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18.
19.

20.
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A, B. The d suffix in option A and the D suffix in option B are optional. Options C and D are
illegal because the notation requires e or E, not d or D.

C. A Unicode literal character must be enclosed in single quotes and must begin with \u.

C.. After line 2 executes, there are no references to the StringBuffer object, so it becomes
eligible for garbage collection.

B, D. In Java, all arguments are passed by value.






Operators and
Assignments

JAVA CERTIFICATION EXAM OBJECTIVES
COVERED IN THIS CHAPTER:

v' 7.6 Write code that correctly applies the appropriate
operators including assignment operators (limited to: =,
+ =, -=), arithmetic operators (limited to: +, -, *, /, %, ++, --),
relational operators (limited to: <, <=, >, > =, = =, =), the
instanceof operator, logical operators (limited to: &, |, A, !,
&&, [|), and the conditional operator ( ? : ), to produce a
desired result. Write code that determines the equality of
two objects or two primitives.



Java provides a full set of operators, most of which are taken from
C and C++. However, Java’s operators differ in some important

aspects from their counterparts in these other languages, and you
need to understand clearly how Java’s operators behave. This chapter describes all the operators.
Some are described briefly, whereas operators that sometimes cause confusion are described in more
detail. You will also learn about the behavior of expressions under conditions of arithmetic over-
flow. In this chapter, we will first look at the different Java operators. The rest of this chapter exam-
ines each of these operators. But before we start, let’s consider the general issue of evaluation order.

Overview of the Java Operators

Java’s operators, which are shown in Table 2.1, perform traditional arithmetic and logical oper-
ations, as well as the object-oriented cast and instanceof operations. They are listed in prece-
dence order, with the highest precedence at the top of the table. Each group has been given a
name for reference purposes; that name is shown in the left column of the table. Arithmetic and
comparison operators are each split further into two subgroupings because they have different
levels of precedence. We’ll discuss these groupings later.

TABLE 2.1 Operatorsin Java, in Descending Order of Precedence

Category Operators
Unary ++ -- + - 1 7 (type)
Arithmetic * /%
+ -
Shift L >> >

Comparison < <= > >= 1nstanceof
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TABLE 2.1 Operatorsin Java, in Descending Order of Precedence (continued)

Category Operators
Bitwise & ~ |
Short-circuit && ||
Conditional ?:
Assignment = op=

Evaluation Order

In Java, the order of evaluation of operands in an expression is fixed. Consider this code fragment:

1. int [] a={ 4, 4 };
2. int b = 1;
3. a[b] = b = 0;

In this case, it might be unclear which element of the array is modified: Which value of b
is used to select the array element, 0 or 1? An evaluation from left to right requires that the
leftmost expression, a[b], be evaluated first, so it is a reference to the element a[1]. Next, b is
evaluated, which is simply a reference to the variable called b. The constant expression 0 is eval-
uated next, which clearly does not involve any work. Now that the operands have been evalu-
ated, the operations take place. This is done in the order specified by precedence and associativity.
For assignments, associativity is right to left, so the value 0 is first assigned to the variable called
b; then the value 0 is assigned into the last element of the array a.

We will look at each of these operators in more detail in the rest of this chapter.

Although Table 2.1 shows the precedence order, the degree of detail in this

P precedence ordering is rather high. It is generally better style to keep expres-
sions simple and to use redundant bracketing to make it clear how any partic-
ular expression should be evaluated. This approach reduces the chance that
less-experienced programmers will have difficulty trying to read or maintain
your code. Bear in mind that the code generated by the compiler will be the
same despite redundant brackets.
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The Unary Operators

The first group of operators in Table 2.1 consists of the unary operators. Most operators take two
operands. When you multiply, for example, you work with two numbers. Unary operators, on the
other hand, take only a single operand and work just on that. Java provides seven unary operators:

= The increment and decrement operators: ++ and --
*  The unary plus and minus operators: + and -

= The bitwise inversion operator: ~

*  The boolean complement operator: !

*  The cast: ()

4 Strictly speaking, the castis not an operator. However, we discuss it as if it were
JTE for simplicity, because it fits well with the rest of our discussion.

The Increment and Decrement Operators: ++ and --

The ++ and -- operators modify the value of an expression by adding or subtracting 1. So, for
example, if an int variable x contains 10, then ++x results in 11. Similarly, --x, again applied
when x contains 10, gives a value of 9. In this case, the expression --x itself describes storage
(the value of the variable x), so the resulting value is stored in x.

The preceding examples show the operators positioned before the expression (known as pre-
increment or pre-decrement). They can, however, be placed after the expression instead (known
as post-increment or post-decrement). To understand how the position of these operators affects
their operation, you must appreciate the difference between the value stored by these operators
and the result value they give. Both x++ and ++x cause the same result in x. However, the value
of the expression itself is different. For example, if you sayy = x++;, then the value assigned to
y is the original value of x. If you say y = ++x;, then the value assigned to y is 1 more than the
original value of x. In both cases, the value of x is incremented by 1.

Table 2.2 shows the values of x and y before and after particular assignments using these
operators.

TABLE 2.2 Examples of Pre-and Post- Increment and Decrement Operations

Initial Value of x Expression Final Value of y Final Value of x

5 y = x++ 5 6

5 y = ++x 6 6
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TABLE 2.2 Examples of Pre-and Post- Increment and Decrement Operations (continued)

Initial Value of x Expression Final Value of y Final Value of x
5 y = X-- 5 4
5 y = --X 4 4

The Unary Plus and Minus Operators: + and -

The unary operators + and - are distinct from the more common binary + and - operators,
which are usually just referred to as add and subtract. Both the programmer and the compiler
are able to determine which meaning these symbols should have in a given context.

Unary + has no effect beyond emphasizing the positive nature of a numeric literal. Unary -
negates an expression. So, you might make a block of assignments like this:

1. x = -3;
2.y = +3;
3. z=-(y +6);

In such an example, the only reasons for using the unary + operator are to make it explicit that
y is assigned a positive value and perhaps to keep the code aligned more pleasingly. At line 3,
notice that these operators are not restricted to literal values but can be applied to expressions
equally well, so the value of z is initialized to —9.

The Bitwise Inversion Operator: ~

The ™ operator performs bitwise inversion on integral types. For each primitive type, Java uses
a virtual machine representation that is platform independent. This means that the bit pattern
used to represent a particular value in a particular variable type is always the same. This feature
makes bit-manipulation operators even more useful, because they do not introduce platform
dependencies. The ~ operator works by inverting all the 1 bits in a binary value to Os and all the
0 bits to 1s.

For example, applying this operator to a byte containing 00001111 would result in the value
11110000. The same simple logic applies, no matter how many bits there are in the value being
operated on. This operator is often used in conjunction with shift operators (<<, >>, and >>>)
to perform bit manipulation, for example, when driving I/O ports.

The Boolean Complement Operator: !/

The ! operator inverts the value of a boolean expression. So ! true gives false and ! false gives
true. This operator is often used in the test part of an if() statement. The effect is to change
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the value of the boolean expression. In this way, for example, the body of the if() and else
parts can be swapped. Consider these two equivalent code fragments:

1. pubTic Object myMethod(Object x) {
2 if (x instanceof String) {

3 // do nothing

4 }

5. else {

6 X = Xx.toString();

7 }

8
9

. return Xx;
-}
and
1. pubTlic Object myMethod(Object x) {
2 if (!(x instanceof String)) {
3. X = X.toString();
4. }
5 return x;
6. }

In the first fragment, a test is made at line 2, but the conversion and assignment, at line 6,
occur only if the test failed. This is achieved by the somewhat cumbersome technique of using
only the e1se part of an if/else construction. The second fragment uses the complement oper-
ator so that the overall test performed at line 2 is reversed; it may be read as, “If it is false that
X is an instance of a string,” or more likely, “If x is not a string.” Because of this change to the
test, the conversion can be performed at line 3 in the situation that the test has succeeded; no
else part is required, and the resulting code is cleaner and shorter.

4 This is a simple example, but such usage is common. This level of understand-
ITE ing will leave you well armed for the Certification Exam.

The Cast Operator: (type)

Casting is used for explicit conversion of the type of an expression. This is possible only for
plausible target types. The compiler and the runtime system check for conformance with typing
rules, which are described in Chapter 4, “Converting and Casting.”

Casts can be applied to change the type of primitive values—for example, forcing a double
value into an int variable like this:

int circum = (int)(Math.PI * diameter);
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If the cast, which is represented by the (int) part, were not present, the compiler would
reject the assignment; a double value, such as is returned by the arithmetic here, cannot be rep-
resented accurately by an int variable. The cast is the programmer’s way to say to the compiler,
“I know you think this is risky, but trust me—I’m an engineer.” Of course, if the result loses
value or precision to the extent that the program does not work properly, then you are on your
own. Casts can also be applied to object references. This often happens when you use contain-
ers, such as the Vector object. If you put, for example, String objects into a Vector, then when
you extract them, the return type of the elementAt() method is simply Object. To use the
recovered value as a String reference, a cast is needed, like this:

1. Vector v = new Vector();
2. v.add ("Hello");
3. String s = (String)v.get(0);

The cast here occurs at line 3, in the form (String). Although the compiler allows this cast,
checks occur at runtime to determine if the object extracted from the Vector really is a String.

) Chapter 4, “Converting and Casting,” covers casting, the rules governing which
TE casts are legal and which are not, and the nature of the runtime checks that are
performed on cast operations.

Now that we have considered the unary operators, which have the highest precedence, we
will discuss the five arithmetic operators.

The Arithmetic Operators

Next highest in precedence, after the unary operators, are the arithmetic operators. This group

includes, but is not limited to, the four most familiar operators, which perform addition, sub-
traction, multiplication, and division. Arithmetic operators are split into two further subgroup-
ings, as shown in Table 2.1. In the first group are *, /, and %; in the second group, at a lower

precedence, are + and -. The following sections discuss these operators and also what happens

when arithmetic goes wrong.

The Multiplication and Division Operators: * and /

The * and / operators perform multiplication and division on all primitive numeric types and
char. Integer division will generate an ArithmeticException when attempting to divide by zero.

You probably understand multiplication and division quite well from years of rote learning
at school. In programming, of course, some limitations are imposed by the representation of
numbers in a computer. These limitations apply to all number formats, from byte to double,
but are perhaps most noticeable in integer arithmetic.
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If you multiply or divide two integers, the result will be calculated using integer arithmetic
in either int or Tong representation. If the numbers are large enough, the result will be bigger
than the maximum number that can be represented, and the final value will be meaningless.
This condition is referred to as overflow. For example, byte values can represent a range of
—128 to +127, so if two particular bytes have the values 64 and 4, then multiplying them should,
arithmetically, give a value of 256 (100000000 in binary—note that this value has nine digits).
Actually, when you store the result in a byte variable, you will get a value of 0, because only
the low-order eight bits of the result can be represented.

On the other hand, when you divide with integer arithmetic, the result is forced into an integer
and, typically, a lot of information that would have formed a fractional part of the answer is lost.
This condition is referred to as underflow. For example, 7 / 4 should give 1.75, but integer arith-
metic will result in a value of 1. You therefore have a choice in many expressions: multiply first and
then divide, which risks overflow, or divide first and then multiply, which risks underflow. Con-
ventional wisdom says that you should multiply first and then divide, because this at least might
work perfectly, whereas dividing first almost definitely loses precision. Consider this example:

1. int a = 12345, b = 234567, c, d;

2. long e, f;

3.

4. c=a * b / b; // this should equal a, that is, 12345
5.d=a /b * b; // this should also equal a
6. System.out.printin('a is " + a +

7. "\nb is " + b +

8. "\nc is " + c +

9. "\nd is " + d);

10.

11. e = (Tongla * b / b;

12. f = (Tong)a / b * b;

13. System.out.printin(

14 "\ne is " + e +

15 "\nf is " + f);

The output from this code is

is 12345

is 234567
is -5965

is 0

is 12345

is 0

-~ ® Qo N T W
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Do not worry about the exact numbers in this example. The important feature is that in the
case where multiplication is performed first, the calculation overflows when performed with int
values, resulting in a nonsense answer. However, the result is correct if the representation is wide
enough—as when using the Tong variables. In both cases, dividing first has a catastrophic effect
on the result, regardless of the width of the representation.

The Modulo Operator: %

Although multiplication and division are generally familiar operations, the % operator is perhaps
less well known. The modulo operator gives a value that is related to the remainder of a division.
It is generally applied to two integers, although it can be applied to floating-point numbers, too.
In school, we learned that 7 divided by 4 gives 1, remainder 3. In Java, we say x = 7 % 4; and
expect that x will have the value 3.

This is the simple behavior of the modulo operator, but additional concerns appear if you use
negative or floating-point operands. In such cases, follow this procedure:

1. Reduce the magnitude of the left operand by the magnitude of the right one.
2. Repeat until the magnitude of the result is less than the magnitude of the right operand.

This gives the result of the modulo operator. Figure 2.1 shows some examples of this process.

Note that the sign of the result is entirely determined by the sign of the left operand. When the
modulo operator is applied to floating-point types, the effect is to perform an integral number of
subtractions, leaving a floating-point result that might well have a fractional part.

A useful rule of thumb for dealing with modulo calculations that involve negative numbers
is this: Simply drop any negative signs from either operand and calculate the result. Then, if the
original left operand was negative, negate the result. The sign of the right operand is irrelevant.

FIGURE 2.1 Calculating the result of the modulo operator for a variety of conditions

17%5 5 %2
17-5—12 Here, to reduce absolute value by 2, we must add
12-5—- 7 5+2=-3
7-5— 2 Br2o
2<550 17%5=2 Absolute value of —1is 1and 1 <2
S0 5% 2=-1
2 %7 =
21-7=14 5% -2
14-7=17

Again, we must reduce absolute value of -5

1=7= 2 by the absolute value of -2 which is 2
0<7s021%7=0 5 (-2)=-3
7.6%2.9 —3-(2)=-
so again, -5 % -2 =-1
76-29=47 =
47-29=18

1.8<295076%29=18
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The modulo operation involves division during execution. As a result, it can throw an
ArithmeticException if it’s applied to integral types and the second operand is 0.

You might not have learned about the modulo operator in school, but you will certainly
recognize the + and - operators. Although basically familiar, the + operator has some capa-
bilities beyond simple addition.

The Addition and Subtraction Operators: + and -

The operators + and - perform addition and subtraction. They apply to operands of any
numeric type but, uniquely, + is also permitted where either operand is a String object. Java
does not allow the programmer to perform operator overloading, but the + operator is over-
loaded by the language. This is not surprising, because in most languages that support multiple
arithmetic types, the arithmetic operators (+, -, *, /, and so forth) are overloaded to handle
these different types. Java, however, further overloads the + operator to support concatena-
tion—that is, joining together—of String objects. The use of + with String arguments also
performs conversions, and these can be succinct and expressive if you understand them. First,
we will consider the use of the + operator in its conventional role of numeric addition.

ITE piece of code, and the code that is to be used is selected by the argument or
operand types provided. For example, the print1n() method can be given a
String argument or an int. These two uses actually refer to entirely different
methods; only the name is reused. Similarly, the + symbol is used to indicate
addition of int values, but the exact same symbol is also used to indicate the
addition of float values. These two forms of addition require entirely different
code to execute; again, the operand types are used to decide which code is to
be run. Where an operator can take different operand types, we refer to operator
overloading. Some languages, but not Java, allow you to use operator over-
loading to define multiple uses of operators for your own types. Overloading is
described in detail in Chapter 6, “Objects and Classes.”

%’ Overloading is the term given when the same name is used for more than one

Where the + operator is applied to purely numeric operands, its meaning is simple and famil-
iar. The operands are added together to produce a result. Of course, some promotions might
take place, according to the normal rules, and the result might overflow. Generally, however,
numeric addition behaves as you would expect.

)’ Promotions are discussed in a later section, “Arithmetic Promotion of Operands.”
‘&

If overflow or underflow occurs during numeric addition or subtraction, then data is lost but
no exception occurs. A more detailed description of behavior in arithmetic error conditions
appears in a later section, “Arithmetic Error Conditions.” Most of the new understanding to be
gained about the + operator relates to its role in concatenating text.
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Where either of the operands of a + expression is a String object, the meaning of the operator
is changed from numeric addition to string concatenation. In order to achieve this result, both
operands must be handled as text. If both operands are in fact String objects, this is simple. If,
however, one of the operands is not a String object, then the non-String operand is converted
to a String object before the concatenation takes place.

For object types, conversion to a String object is performed by invoking the toString()
method of that object. The toString() method is defined in java.lang.0Object, which is the
root of the class hierarchy, and therefore all objects inherit a toString() method. Sometimes,
the effect of the toString() method is to produce rather cryptic text that is suitable only for
debugging output, but it definitely exists and may legally be called.

Conversion of an operand of primitive type to a String is typically achieved by using, indi-
rectly, the conversion utility methods in the wrapper classes. So, for example, an int value is
converted by the static method Integer.toString().

The toString() method in the java.lang.0Object class produces a String that contains the
name of the object’s class and some identifying value—typically its reference value, separated by
the at symbol (@). For example, this String might look like java.lang.0Object@lcc6dd. This
behavior is inherited by subclasses unless they deliberately override it.

even if you do not require it as part of the class behavior. Code the toString()
method so that it represents the state of the object in a fashion that can assist
in debugging; for example, output the names and values of the main instance
variables.

% It is a good idea to define a helpful toString() method in all your classes,
P

To prepare for the Certification Exam questions, and to use the + operator effectively in your
own programs, you should understand the following points:

=  For a + expression with two operands of primitive numeric type, the result
= Is of a primitive numeric type.
= Isatleast int, because of normal promotions.
= s of a type at least as wide as the wider of the two operands.

= Hasavalue calculated by promoting the operands to the result type and then performing
the addition using that type. This might result in overflow or loss of precision.

= For a + expression with any operand that is not of primitive numeric type,
= Atleast one operand must be a String object or literal; otherwise, the expression is illegal.

*  Any remaining non-String operands are converted to String, and the result of the
expression is the concatenation of all operands.

= To convert an operand of some object type to a String, the conversion is performed by
invoking the toString() method of that object.

=  To convert an operand of a primitive type to a String, the conversion is performed by a
static method in a container class, such as Integer.toString().
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) If you want to control the formatting of the converted result, you should use the
TE facilities in the java.text package.

Now that you understand arithmetic operators and the concatenation of text using the + oper-
ator, you should realize that sometimes arithmetic does not work as intended—it could result in
an error of some kind. The next section discusses what happens under such error conditions.

Arithmetic Error Conditions

We expect arithmetic to produce “sensible” results that reflect the mathematical meaning of the
expression being evaluated. However, because the computation is performed on a machine with
specific limits on its ability to represent numbers, calculations can sometimes result in errors. You
saw, in the section on the multiplication and division operators, that overflow and underflow can
occur if the operands are too large or too small. In exceptional conditions, the following rules apply:

= Integer division by zero, including modulo (%) operation, results in an ArithmeticException.

= No other arithmetic causes any exception. Instead, the operation proceeds to a result, even
though that result might be arithmetically incorrect.

*  Floating-point calculations represent out-of-range values using the IEEE 754 infinity, minus
infinity, and Not a Number (NaN) values. Named constants representing these are declared
in both the Float and DoubTe classes.

= Integer calculations, other than division by zero, that cause overflow or a similar error simply
leave the final, typically truncated bit pattern in the result. This bit pattern is derived from the
operation and the number representation and might even be of the wrong sign. Because the
operations and number representations do not depend upon the platform, neither do the
result values under error conditions.

These rules describe the effect of error conditions, but some additional significance is asso-
ciated with the NaN values. NaN values are used to indicate that a calculation has no result in
ordinary arithmetic, such as some calculations involving infinity or the square root of a negative
number.

Some floating-point calculations can return a NaN. This occurs, for example, as a result of
calculating the square root of a negative number. Two NaN values are defined in the java. Tang
package (Float.NaN and Double.NaN) and are considered non-ordinal for comparisons. This
means that for any value of x, including NaN itself, all of the following comparisons will return
false:

x < Float.NaN
x <= Float.NaN
x == Float.NaN
x > Float.NaN
x >= Float.NaN
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In fact, the test
Float.NaN != Float.NaN

and the equivalent with Double.NaN return true, as you might deduce from the fact that x ==
Float.NaN gives false even if x contains Float.NaN.

The most appropriate way to test for a NaN result from a calculation is to use the Float
.isNaN(float) or Double.isNaN(double) static method provided in the java.lang package.

Arithmetic Promotion of Operands

Arithmetic promotion of operands takes place before any binary operator is applied so that all
numeric operands are at least int type. This promotion has an important consequence for the
unsigned right-shift operator when applied to values that are narrower than int.

The diagram in Figure 2.2 shows the process by which a byte is shifted right. First the byte
is promoted to an int, which is done treating the byte as a signed quantity. Next, the shift
occurs, and 0 bits are indeed propagated into the top bits of the result—Dbut these bits are not
part of the original byte. When the result is cast down to a byte again, the high-order bits of
that byte appear to have been created by a signed shift right, rather than an unsigned one. This
is why you should generally not use the logical right-shift operator with operands smaller than
an int: It is unlikely to produce the result you expected.

FIGURE 2.2 Unsigned right shift of a byte

Calculation for —64 >>> 4.

Original data (64 decimal) 11000000

Promote to int gives: 11111111 {11111111|11111111{11000000
Shift right unsigned 4 bits gives: |00001111{11111111{11111111{11111100
Truncate to byte gives: 11111100

Expected result was: 00001100

The Comparison Operators

Comparison operators—<, <=, >, >=, == and !|=—return a boolean result; the relation as
written is either true or it is false. In addition, the instanceof operator determines whether
or not a given object is an instance of a particular class. These operators are commonly used
to form conditions, such as in if() statements or in loop control. There are three types of
comparison: Ordinal comparisons test the relative value of numeric operands. Object-type
comparisons determine whether the run-time type of an object is of a particular type or a
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subclass of that particular type. Equality comparisons test whether two values are the same
and may be applied to values of non-numeric types.

The Ordinal Comparisons Operators: <, <=, >, and >=

The ordinal comparison operators are
= Less than: <

= Less than or equal to: <=

= Greater than: >

= Greater than or equal to: >=

These are applicable to all numeric types and to char and produce a boolean result.
So, for example, given the following declarations,

int p = 9;

int q = 65;

int r = -12;
float f = 9.0F;
char c = 'A';

the following tests all return true:

p<q
f<q
f<=c
c>r
c>=q

Notice that arithmetic promotions are applied when these operators are used. This is entirely
according to the normal rules discussed in Chapter 4. For example, although it would be an
error to attempt to assign, say, the f1oat value 9.0F to the char variable c, it is perfectly accept-
able to compare the two. To achieve the result, Java promotes the smaller type to the larger type;
hence the char value ‘A’ (represented by the Unicode value 65) is promoted to a float 65.0F.
The comparison is then performed on the resulting f1oat values.

Although the ordinal comparisons operate satisfactorily on dissimilar numeric types, including
char, they are not applicable to any non-numeric types. They cannot take boolean or any class-
type operands.

The instanceof Operator

The instanceof operator tests the class of an object at runtime. The left argument can be any
object reference expression, usually a variable or an array element, whereas the right operand
must be a class, interface, or array type. You cannot use a java.lang.Class object reference
or a String representing the name of the class as the right operand. A compiler error results if
the left operand cannot be cast to the right operand.
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) Casting is discussed in Chapter 4.
TE

This code fragment shows an example of how instanceof may be used. Assume that a class
hierarchy exists with Person as a base class and Parent as a subclass:

1. public class Classroom {

2 private Hashtable inTheRoom = new Hashtable();
3 public void enterRoom(Person p) {

4 inTheRoom.put(p.getName(), p);

5 }

6. public Person getParent(String name) {

7 Object p = inTheRoom.get(name);

8 if (p instanceof Parent) {

9. return (Parent)p;
10. }

11. else {

12. return null;
13. }

14. }

15. }

The method getParent() at lines 614 checks to see if the Hashtable contains a parent with
the specified name. This is done by first searching the Hashtable for an entry with the given
name and then testing to see if the entry that is returned is actually a Parent. The instanceof
operator returns true if the class of the left argument is the same as, or is some subclass of, the
class specified by the right operand.

The right operand may equally well be an interface. In such a case, the test determines whether
the object at the left argument implements the specified interface.

You can also use the instanceof operator to test whether a reference refers to an array. Because
arrays are themselves objects in Java, this is natural enough, but the test that is performed actually
checks two things: First, it checks whether the object is an array, and then it checks whether the ele-
ment type of that array is some subclass of the element type of the right argument. This is a logical
extension of the behavior that is shown for simple types and reflects the idea that an array of, say,
Button objects is an array of Component objects, because a Button is a Component. A test for an
array type looks like this:

if (x instanceof Component[])

Note, however, that you cannot simply test for “any array of any element type,” as the syntax.
This line is not legal:

if (x instanceof [])
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Neither is it sufficient to test for arrays of Object element type like this
if (x instanceof Object [])

because the array might be of a primitive base type, in which case the test will fail.

P to know that you can determine whether an object is in fact an array without
regard to the base type. You can do this using the isArray() method of the
Class class. For example, this test returns true if the variable myObject refers to
an array: myObject.getClass().isArray().

é/ Although it is not required by the Certification Exam, you might find it useful

If the left argument of the instanceof operator is a nu11 value, the instanceof test simply
returns false; it does not cause an exception.

The Equality Comparison Operators: ==and /=

The operators == and ! = test for equality and inequality, respectively, returning a boolean
value. For primitive types, the concept of equality is quite straightforward and is subject to pro-
motion rules so that, for example, a f1oat value of 10.0 is considered equal to a byte value of
10. For variables of object type, the “value” is taken as the reference to the object—typically,
the memory address. You should not use these operators to compare the contents of objects,
such as strings, because they will return true if two references refer to the same object, rather
than if the two objects have equivalent value. Object comparisons compare the data of two
objects, whereas reference comparisons compare the memory locations of two objects.

To achieve a content or semantic comparison, for example, so that two different DoubTe
objects containing the value 1234 are considered equal, you must use the equals() method
rather than the == or != operator.

To operate appropriately, the equals() method must have been defined for the class of the
objects you are comparing. To determine whether it has, check the documentation supplied with
the JDK or, for third-party classes, produced by Javadoc. The documentation should report that
an equals() method is defined for the class and overrides equals() in some superclass. If this
is not indicated, then you should assume that the equals() method will not produce a useful
content comparison. You also need to know that equals() is defined as accepting an Object
argument, but the actual argument must be of the same type as the object upon which the method
is invoked—that is, for x.equals(y), the test y instanceof the-type-of-x must be true. If
this is not the case, then equals() must return false.

The Bitwise Operators

The bitwise operators—&, ~, and |—provide bitwise AND, eXclusive-OR (XOR), and OR
operations, respectively. They are applicable to integral types. Collections of bits are sometimes
used to save storage space where several boolean values are needed or to represent the states
of a collection of binary inputs from physical devices.
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Defining an equals() Method

This information is not required for the Certification Exam but is generally of value when writ-
ing real programs. If you define an equals() method in your own classes, you should be care-
ful to observe three rules, or else your classes might behave incorrectly in some specific
circumstances.

First, the argument to the equals() method is an Object; you must avoid the temptation
to make the argument to equals() specific to the class you are defining. If you do this,
you will have overloaded the equals() method, not overridden it, and functionality in
other parts of the Java APIs that depends on the equals() method will fail. Perhaps most
significant, lookup methods in containers, such as containsKey() and get() in the HashMap,
will fail.

The second rule is that the equals() method should be commutative: The result of x.equals(y)
should always be the same as the result of y.equals(x).

The final rule is that if you define an equals() method, you should also define a hashCode()
method. This method should return the same value for objects that compare equal using the
equals() method. Again, this behavior is needed to support the containers and other classes.
A minimal but acceptable behavior for the hashCode() method is simply to return 1. Doing so
removes any efficiency gains that hashing would give, forcing a HashMap to behave like a linked
list when storing such objects, but at least the behavior is correct.

The bitwise operations calculate each bit of their results by comparing the corresponding bits

of the two operands on the basis of these three rules:
= For AND operations, 1 AND 1 produces 1. Any other combination produces 0.

=  For XOR operations, 1 XOR 0 produces 1, as does 0 XOR 1. (All these operations are
commutative.) Any other combination produces 0.

= For OR operations, 0 OR 0 produces 0. Any other combination produces 1.

The names AND, XOR, and OR are intended to be mnemonic for these operations. You get
a 1 result from an AND operation if both the first operand and the second operand are 1. An
XOR gives a 1 result if one or the other operand, but not both (this is the exclusiveness), is 1.
In the OR operation, you get a 1 result if either the first operand or the second operand (or both)

is 1. These rules are represented in Tables 2.3 through 2.5.

Compare the rows of each table with the corresponding rule for the operations listed in the

previous bullets. You will see that for the AND operation, the only situation that leads to a

1 bit as the result is when both operands are 1 bits. For XOR, a 1 bit results when one or the

other (but not both) of the operands is a 1 bit. Finally, for the OR operation, the result is a

1 bit, except when both operands are 0 bits. Now let’s see how this concept works when applied
to whole binary numbers, rather than just single bits. The approach can be applied to any size
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of integer, but we will look at bytes because they serve to illustrate the idea without putting so
many digits on the page as to cause confusion. Consider this example:

00110011
11110000
AND —-------

00110000

TABLE 2.3 The AND Operation

Op1 Op2 Op1 AND Op2

0 0 0

0 1 0

1 0 0

1 1 1

TABLE 2.4 The XOR Operation

Op1 Op2 Op1 XOR Op2

0 0 0

0 1 1

1 0 1

1 1 0

TABLE 2.5 The OR Operation

Op1 Op2 Op1 OR Op2

0 0 0
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TABLE 2.5 The OR Operation (continued)

op1 Op2 Op1 OR Op2
1 0 1
1 1 1

Observe that each bit in the result is calculated solely on the basis of the two bits appearing
directly above it in the calculation. Take a look at the least significant bit:

001100
111100

This result bit is calculated as 1 and 0, which gives 0.
Now observe the fourth bit from the left:

00110011
11110000
AND  —-—f-----
001{10000

This result bit is calculated as 1 AND 1, which gives 1. All the other bits in the result are
calculated in the same fashion, using the two corresponding bits and the rules stated earlier.

Exclusive-OR operations are done by using the same bit-by-bit approach, using the appro-
priate rules for calculating the individual bits, as the following calculations show:

0110011 001100

1110000 1111000
XOR  |~F------- XOR  ------A

11000011 110000

The indicated bit positions above are calculated as either 1 XOR 0 or as 0 XOR 1, producing
1 in either case.

00110011
111110000
XOR  —=~----
11000011

In the previous calculation, the result bit is 0 because both operand bits were 1.

00110011
11110000

11000011
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And here, the 0 operand bits also result in a 0 result bit.
The OR operation again takes a similar approach, but with its own rules for calculating the
result bits. Consider this example:

001100
111100

111100

Here, the two operand bits are 1 and 0, so the result is 1.
oo11o11
11110000

OR -———H---
11110011

However, in this calculation, both operand bits are 0, which is the condition that produces
a 0 result bit for the OR operation.

Although programmers usually apply these operators to the bits in integer variables, it is also
permitted to apply them to Boolean operands.

Boolean Operations

The comparison operators behave in fundamentally the same way when applied to arguments
of boolean, rather than integral, types. However, instead of calculating the result on a bit-by-
bit basis, the boolean values are treated as single bits, with true corresponding to a 1 bit and
false to a 0 bit. The general rules discussed in the previous section may be modified like this
when applied to boolean values:

= For AND operations, true AND true produces true. Any other combination produces false.

= For XOR operations, true XOR false produces true, and false XOR true produces true.
Other combinations produce false.

= For OR operations, false OR false produces false. Any other combination produces true.

These rules are represented in Tables 2.6 through 2.8.

Again, compare these tables with the rules stated in the bulleted list. Also compare them with
Tables 2.3 through 2.5, which describe the same operations on bits. You will see that 1 bits are
replaced by true, and 0 bits are replaced by false.

TABLE 2.6 The AND Operation on boolean Values

Op1 Op2 Op1 AND Op2

false false false

false true false
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TABLE 2.6 The AND Operation on boolean Values (continued)
Op1 Op2 Op1 AND Op2
true false false
true true true
TABLE 2.7 The XOR Operation on boolean Values
Op1 Op2 Op1 XOR Op2
false false false
false true true
true false true
true true false
TABLE 2.8 The OR Operation on boolean Values
Op1 Op2 Op1 OR Op2
false false false
false true true
true false true
true true true

) As with all operations, the two operands must be of compatible types. So, if

TE either operand is of boolean type, both must be. Java does not permit you to

cast any type to boolean; instead you must use comparisons or methods that

return booTlean values.

The next section covers the short-circuit logical operators. These operators perform logical
AND and OR operations but are slightly different in implementation from the operators just

discussed.
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The Short-Circuit Logical Operators

The short-circuit logical operators—&& and | | —provide logical AND and OR operations on
boolean types. Note that no XOR operation is provided. Superficially, these operators are
similar to the & and | operators, with the limitation of being applicable only to booTean values
and not integral types. However, the & and | | operations have a valuable additional feature:
the ability to “short circuit” a calculation if the result is definitely known. This feature makes
these operators central to a popular nul1-reference-handling idiom in Java programming.
They can also improve efficiency.

The main difference between the & and & and between the | and | | operators is that the right
operand might not be evaluated in the latter cases. We will look at how this happens in the rest
of this section. This behavior is based on two mathematical rules that define conditions under
which the result of a booTean AND or OR operation is entirely determined by one operand with-
out regard for the value of the other:

= Foran AND operation, if one operand is false, the result is false, without regard to the other
operand.

=  For an OR operation, if one operand is true, the result is true, without regard to the other
operand.

To put it another way, for any boolean value X,
= false AND X = false
= true OR X = true

Given these rules, if the left operand of a booTean AND operation is false, then the result
is definitely false, whatever the right operand. It is therefore unnecessary to evaluate the right
operand. Similarly, if the left operand of a booTean OR operation is true, the result is definitely
true and the right operand need not be evaluated.

Consider a fragment of code intended to print out a String if that String exists and is
longer than 20 characters:

1. if (s !'= null) {

2 if (s.Tength() > 20) {
3. System.out.println(s);
4.

5.}

However, the same operation can be coded very succinctly like this:

=

. if ((s !'= null) && (s.length() > 20)) {
System.out.printin(s);

N
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If the String reference s is nul11, then calling the s.Tength() method would raise a
NulTPointerException. In both of these examples, however, the situation never arises. In the
second example, avoiding execution of the s.Tength() method is a direct consequence of the
short-circuit behavior of the & operator. If the test (s !'= nul1) returns false (if s is in fact nu11),
then the whole test expression is guaranteed to be false. Where the first operand is false, the &&
operator does not evaluate the second operand; so, in this case, the expression (s. Tength() > 20)
is not evaluated.

Although these shortcuts do not affect the result of the operation, side effects might well be
changed. If the evaluation of the right operand involves a side effect, then omitting the evalua-
tion will change the overall meaning of the expression in some way. This behavior distinguishes
these operators from the bitwise operators applied to booTlean types. Consider these fragments:

//first example:
1. int val = (int)(2 * Math.random());
2. boolean test = (val == 0) || (+tval == 2);

3. System.out.printin("test = " + test + "\nval = " + val);
//second example:

1. int val = (int)(2 * Math.random());

2. boolean test = (val == 0) | (++val == 2);

3. System.out.printin("test = " + test + "\nval = " + val);

The first example will sometimes print

test = true
val = 0

and sometimes it will print

test = true
val = 2

The second example will sometimes print

test = true
val = 1

and sometimes it will print

test = true
val = 2

The point is that in the case of the short-circuit operator, if val starts out at 0, then the second
part of the expression (++val) is never executed, and val remains at 0. Alternatively, val starts
at 1 and is incremented to 2. In the second case, the non-short-circuit version, the increment
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always occurs, and val ends up as either 1 or 2, depending on the original value returned by the
random() method. In all cases, the value of test is true, because either val starts out at 0, or it
starts at 1 and the test (++val == 2) is true.

So, the essential points about the & and | | operators are as follows:

= They accept booTlean operands.

*  They evaluate the right operand only if the outcome is not certain based solely on the left
operand. This is determined using these identities:

= false AND X = false
= true OR X = true

The next section discusses the conditional, or ternary, operator. Like the short-circuit logical
operators, this operator may be less familiar than others, especially to programmers without a
background in C, C++, or C#.

The Conditional Operator

The conditional operator—7? :— (also known as a ternary operator, because it takes three operands)
provides a way to code simple conditions (i f/else) into a single expression. The (boolean) expres-
sion to the left of the ? is evaluated. If true, the result of the whole expression is the value of the
expression to the left of the colon; otherwise, it is the value of the expression to the right of the colon.
The expressions on either side of the colon must be assignment-compatible with the result type.

For example, if a, b, and c are int variables, and x is a boolean, then the statementa = x
? b : c; is directly equivalent to the textually longer version:

1. if () {
2. a = b;
3.}

4. else {
5 a = c;
6. }

Of course x, a, b, and ¢ can all be complex expressions if you desire.

< Many people do not like the conditional operator, and in some companies its

P use is prohibited by the local style guide. This operator does keep source code
more concise, but in many cases an optimizing compiler will generate equally
compact and efficient code from the longer, and arguably more readable, if/
else approach. One particularly effective way to abuse the conditional operator is
to nest it, producing expressions oftheforma=b ? c?d : e? f : g: h?
i:j ?k: 1;.Whateveryourfeelings or corporate mandate, you should at least
be able to read this operator, because you will find it used by other programmers.
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Here are the points you should review for handling conditional operators in an exam question,
or to use them properly in a program. In an expression of the forma = x ? b : ¢;

= The types of the expressions b and ¢ should be compatible and are made identical through
conversion.

*  The type of the expression x should be boolean.
= The types of the expressions b and c should be assignment-compatible with the type of a.
=  The value assigned to a will be b if x is true or will be c if x is false.

Now that we have discussed the conditional (ternary) operator, only one group of operators
remains: the assignment operators.

The Assignment Operators

Assignment operators—= andop=— set the value of a variable or expression to a new value.
Assignments are supported by a battery of operators. Simple assignment uses =. Operators such
as += and *= provide compound “calculate and assign” functions. These compound operators
take a general form op=, where op can be any of the binary non-boolean operators already dis-
cussed. In general, for any compatible expressions x and y, the expression x op= vy is a shorthand
for x = x op y. However, there are two differences you must know. First, be aware that side effects
in the expression x are evaluated exactly once, not twice, as the expanded view might suggest. The
second issue is that the assignment operators include an implicit cast. Consider this situation:

1. byte x = 2;
2. x += 3;

If this had been written using the longhand approach

1. byte x = 2;
2. x = (byte)(x + 3);

the cast to byte would have been necessary because the result of an integer addition is at least an

int. In the first case, using the assignment operator, this cast is implied. This is one of two situations
where Java allows down-casting without explicit programmer intervention. (The other situation is
in combined declaration and initialization.) Be sure to compare this with the general principles of

assignment and casting laid out in Chapter 4.

no more effective than the longer version x = x + 2; and is neither more nor
less readable. However, if x is a complex expression, such as target[temp
.calculateOffset(1.9F) + depth++].1item, itis definitely more readable to
express incrementing this value by 2 using the += 2 form. This is because these
operators define that the exact same thing will be read on the right side as is writ-
ten on the left side. So the maintainer does not have to struggle to decide whether
the two complex expressions are actually the same, and the original programmer
avoids some of the risk of mistyping a copy of the expression.

é/ The statement x += 2; involves typing two fewer characters but is otherwise
P



62 Chapter 2 - Operators and Assignments

All the operators discussed up to this point have produced a value as a result of the operation.
The expression 1 ? 2, for example, results in a value 3, which can then be used in some further
way—perhaps assignment to a variable. The assignment operators in Java are considered to be
operators because they have a resulting value. So, given three int variables a, b, and ¢, the state-
menta = b = ¢ = 0; is entirely legal. It is executed from right to left, so that first 0 is assigned
into the variable c. After it has been executed, the expression ¢ = 0 takes the value that was
assigned to the left side—that is, 0. Next, the assignment of b takes place, using the value of the
expression to the right of the equal sign—again, 0. Similarly, that expression takes the value that
was assigned, so finally the variable a is also set to 0.

Although execution order is determined by precedence and associativity, evaluation order of
the arguments is not. Be sure you understand the points made in the section “Evaluation Order”
at the start of this chapter.

issues to matter. A sequence of simply constructed expressions is easier to read
and is less likely to cause confusion or other errors than complex ones. You are
also likely to find that the compiler will optimize multiple simple expressions
just as well as it would a single, very complex one.

% As a general rule, avoid writing expressions that are complex enough for these
P

Summary

We have covered a lot of material in this chapter, so let’s recap some of the key points.
The unary operators were the first topics we covered. Recall that they take only a single oper-
and. The seven unary operators are ++, --, +, -, |~ and (). Their key points are as follows:

= The ++and -- operators increment and decrement expressions. The position of the operator
(either prefix or suffix) is significant.

= The + operator has no effect on an expression other than to make it clear that a literal
constant is positive. The - operator negates an expression’s value.

= The ! operator inverts the value of a boolean expression.
= The ~ operator inverts the bit pattern of an integral expression.

= The (type) operator is used to persuade the compiler to permit certain assignments that
the programmer believes are appropriate, but that break the normal, rigorous rules of the
language. Its use is subject to extensive checks at compile time and runtime.

Next we covered arithmetic operators. We discussed in detail the four most familiar opera-
tors, which perform addition, subtraction, multiplication, and division. Recall that this group
is further split into two subgroupings. There are five arithmetic operators:

= Multiplication: *

= Division: /
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= Modulo: %
= Addition and String concatenation: +
= Subtraction: -

The arithmetic operators can be applied to any numeric type. Also, the + operator performs
text concatenation if either of its operands is a String object. Under the conditions where one
operand in a + expression is a String object, the other is forced to be a String object, too. Con-
versions are performed as necessary. They might result in cryptic text, but they are definitely legal.

Under conditions of arithmetic overflow or similar errors, accuracy is generally lost silently.
Only integer division by zero can throw an exception. Floating-point calculations can produce
NaN—indicating Not a Number (that is, the expression has no meaning in normal arithmetic)—
or infinity as their result under error conditions.

We also discussed bitwise operators, which are sometimes used to save storage space,
for instance. There are three bitwise operators: &, *, and |. They are usually named AND,
eXclusive-OR (XOR), and OR, respectively. For these operators, the following points apply:

= In bitwise operations, each result bit is calculated on the basis of the two bits from the same,
corresponding position in the operands.

= For the AND operation, a 1 bit results if the first operand bit and the second operand bit
are both 1.

= For the XOR operation, a 1 bit results only if exactly one operand bit is 1.

=  For the OR operation, a 1 bit results if either the first operand bit or the second operand
bit is 1.
For boolean operations, the arguments and results are treated as single-bit values with true
represented by 1 and false by 0.
We described assignment operators, which set the value of a variable or expression to a new
value. The key points about the assignment operators are as follows:

=  Simple assignment, using =, assigns the value of the right operand to the left operand.
= The value of an object is its reference, not its contents.

= The right operand must be a type that is assignment-compatible with the left operand.
Assignment compatibility and conversions are discussed in detail in Chapter 4.

= The assignment operators all return a value so that they can be used within larger expres-
sions. The value returned is the value that was assigned to the left operand.

= The compound assignment operators, of the form op=, when applied in an expression like
a op=b;, appear to behave like a = a op b;, except that the expression a and any of its
side effects are evaluated only once.

Compound assignment operators exist for all binary, non-booTean operators: *=, /=, %=, +=,
-=, &=, "=, and |=. We have now discussed all the operators provided by Java.

The ternary operator ?: (also referred to as the conditional operator) requires three operands
and provides the programmer with a more compact way to write an if/else statement.
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The short-circuit Boolean operators & and | | are binary operators that allow the program-
mer to circumvent evaluating one or more expressions, thereby making the code more efficient
at runtime.

The remainder of the operators discussed in this chapter are the comparison operators <, <=,
>,>=,and instanceof. These binary operators compare the left operand with the right operand
and return a Boolean result of either true or false.

Exam Essentials

Understand the functionality of all the operators discussed in this chapter. Theseoperators
are unary operators, the cast operator, binary arithmetic operators, comparison operators, bit-
wise operators, short-circuit operators, the conditional operator, and assignment operators.

Understand when arithmetic promotion takes place. You should know the type of the result
of unary and binary arithmetic operations performed on operands of any type.

Understand the difference between object equality and reference equality. Object equality
checks the data of two possibly distinct objects. Reference equality checks whether two refer-
ences point to the same object.

Know the functionality of the equals() method of the Object, Boolean, and String classes.
The Object version uses a reference equality check; the Boolean and String versions compare
encapsulated data.
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Review Questions

1. After execution of the following code fragment, what are the values of the variables x, a, and b?
1. int x, a =6, b = 7;
2. X = at+ + bt+;
A x=15,a=7,b=8
B. x=15,a=6,b=7
C. x=13,a=7,b=8
D. x=13,a=6,b=7

2. Which of the following expressions are legal? (Choose all that apply.)
A. int x = 6; x = Ix;
B. int x = 6; if (!(x > 3)) {}
C. int x

6; X = 7Xx;

3.  Which of the following expressions results in a positive value in x?
A. int x = -1; x = x >>> 5;
B. int x = -1; x = x >»>> 32;
C. byte x = -1; x = x >>> 5;
D. int x = -1; x = x > 5;

4. Which of the following expressions are legal? (Choose all that apply.)
A. String x = "Hello"; int y = 9; x +=vy;
B. String x = "Hello"; int y = 9; if (x == y) {}
C. String x

"Hello"; int y = 9; x = x + vy;
D. String x = "Hello"; inty =9; y =y + X;

5. Whatis-8 % 5?
A. -3
B. 3
C. -2
D. 2

6. Whatis 7 % -4?
A. -3

oo W
N
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7. What results from running the following code?

1. public class Xor {

2 pubTlic static void main(String args[]) {
3 byte b = 10; // 00001010 binary

4. byte ¢ = 15; // 00001111 binary

5 b = (byte)(b * c);

6 System.out.printin("b contains " + b);
7
8.

}
The output: b contains 10

The output: b contains 5
The output: b contains 250

Sowp»

The output: b contains 245

8. What results from attempting to compile and run the following code?

1. public class Conditional {

2 public static void main(String args[]) {
3 int x = 4;

4. System.out.printin("value is " +
5 ((x >4) ?799.99 : 9));

6. }

7.}

A. The output: value is 99.99

B. The output: value is 9

C. The output: value is 9.0

D. A compiler error at line 5

9. What does the following code do?
Integer i = null;
if (i !'= null & i.intvalue() == 5)
System.out.printin("Value is 5");
A. Prints “Value is 5”.

B. Throws an exception.
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10. Is it possible to define a class called Thing so that the following method can return true under
certain circumstances?

boolean weird(Thing s) {
Integer x = new Integer(5);
return s.equals(x);

A. Yes
B. No
11. Suppose obl and ob2 are references to instances of java.lang.0Object. If (obl == ob2) is
false, can obl.equals(ob2) ever be true?
A. Yes
B. No

12. When a byte is added to a char, what is the type of the result?

A. byte

B. char

C. int

D. short

E. You can’t add a byte to a char.

13. When a short is added to a float, what is the type of the result?

A. short
B. int
C. float

D. You can’t add a short to a float.

14. Which statement is true about the following method?

int selfXor(int i) {
return i ~ i;

It always returns 0.
It always returns 1.

It always an int where every bit is 1.

Sow>»

The returned value varies depending on the argument.



68

15.

16.

17.

18.

19.

20.
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Which of the following operations might throw an ArithmeticException?
A >>

B. >>>

C. «

D. None of these

Which of the following operations might throw an ArithmeticException?
A +
B. -
C. *
D. /
E

. None of these

What is the return type of the instanceof operator?
A. A reference

B. A class

C. Anint

D. A boolean

Which of the following may appear on the left-hand side of an instanceof operator?

A. A reference

B. Aclass

C. An interface

D. A variable of primitive type

Which of the following may appear on the right-hand side of an instanceof operator? (Choose
all that apply.)

A. A reference

B. A class

C. An interface
D. A variable of primitive type
E

. The name of a primitive type

What is -50 >> 1?

A negative number with very large magnitude.
A positive number with very large magnitude.
-100

25

100

25

Mmoo wp
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Answers to Review Questions

1.

10.

C. The assignment statement is evaluated as if it were
=a+b;a=a+1; b=>b+ 1;

So the assignment to x is made using the sum of 6 + 7, giving 13. After the addition, the values
of a and b are incremented; the new values, 7 and 8, are stored in the variables.

B, C. In option A, the use of ! is illegal because x is of int type, not boolean. In option B, the
comparison operation is valid, because the expression (x > 3) isa boolean type and the ! oper-
ator can properly be applied to it. In option C, the bitwise inversion operator is legally applied
to an integral type.

A. Option A uses the unsigned right shift, so Os are shifted into the most significant positions; any
two’s-complement number with a 0 in the most significant position is positive. Option B shifts by
32 % 32 = 0 positions, so there is no effect. Option C doesn’t compile, because “x >>> 5” is an
int, which can’t be assigned to a byte. Option D applies the signed shift to a negative operand,
so the result is negative.

A, C. Options A and C are equivalent. They both add a String to an int; the resulting String is
assigned to x, whose type is String, so the code is legal. Option B doesn’t compile because an
int and a String may not be compared. C is illegal because the last statement tries to assign a
String to an int.

A. When doing modulo arithmetic with a negative left-hand operand, the result is the negative
of what it would be if both operands were positive. So -8 % 35 is the negative of 8 % 5.

B. When doing modulo arithmetic with a negative right-hand operand, the result is the same as
it would be if the right-hand operand were positive. So 7 % -4 is the same as 7 % 4.

B. The XOR operator produces a 1 bit in any position where the operand bits are different. So
00001010 ~ 00001111 is 00000101, which is 5.

C. In this code, the optional result values for the conditional operator, 99.99 (a double) and 9
(an int), are of different types. The result type of a conditional operator must be fully deter-
mined at compile time, and in this case the type chosen, using the rules of promotion for binary
operands, is doubTe. Because the result is a double, the output value is printed in a floating-
point format.

If the two possible argument types had been entirely incompatible—for example, (x > 4) ?
"Hello" : 9—then the compiler would have issued an error at that line.

B. The & operator does not short circuit. Even though the left-hand operand is nu11, the right-
hand operand is still evaluated. Attempting to call the intValue() method on nul1 results in
a NulTPointerException.

A. The Thing class is free to override equals() to do anything it likes. The method can even
return true when comparing the current instance to an instance of Integer.
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1.

12.

13.

14.
15.
16.

17.

18.
19.

20.
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B. The Object class’ equals() method just does an == check, so if (ob1l == ob2) is false, then
obl.equals(ob2) will always be false.

C. Byte, short, and char operands are widened to ints before the addition is performed. The
result type is the same as the operands: int.

C. When a short is added to a float, the narrower data type (short) is widened to match the wider
type (float), and the result is a float.

A. Any value XOR itself is always 0.

D. Only non-floating division can throw an ArithmeticException.
D. Only non-floating division can throw an ArithmeticException.
D. The instanceof operator generates a boolean value.

A. Only references may be the left-hand operands of instanceof.

B, C. Classes, interfaces, arrays of classes, and arrays of interfaces may be the right-hand operands
of instanceof.

D. >> is the signed right-shift operator, so the result has the same sign as the left-hand operand.
Right-shifting by n bit positions is equivalent to dividing by 2-to-the-n, so the result is -50 / 2,
which is -25.
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JAVA CERTIFICATION EXAM OBJECTIVES
COVERED IN THIS CHAPTER:

v" 1.2 Develop code that declares an interface. Develop code
thatimplements or extends one or more interfaces. Develop
code that extends an abstract class.

v' 1.4 Develop code that declares both static and non-static
methods, and - if appropriate - use method names that
adhere to the JavaBeans naming standards. Also develop
code that declares and uses a variable-length argument list.

v' 5.3 Explain the effect of modifiers on inheritance with
respect to constructors, instance or static variables, and
instance or static methods.

v" 7.1 Given a code example and a scenario, write code
that uses the appropriate access modifiers, package
declarations, and import statements to interact with
(through access or inheritance) the code in the example.




When you create a class, a variable, or a method, you have some
control over how it will behave under certain situations, such as
access from external classes, multi-threaded contention, or serial-
ization. You enforce this control by using modifiers.

In this chapter you will learn about all of Java’s modifiers as they apply to top-level classes.
Inner classes are not discussed here but are covered in Chapter 6, “Objects and Classes.”

Modifier Overview

Modifiers are Java keywords that give the compiler information about the nature of code, data,
or classes. Modifiers specify, for example, that a particular feature is static, final, or transient.
(A feature is a class, a method, or a variable.) A group of modifiers, called access modifiers, dic-
tates which classes are allowed to use a feature. Other modifiers can be used in combination to
describe the attributes of a feature.

The most common modifiers are the access modifiers:

= public

= private

= protected
The remaining modifiers do not fall into any clear categorization. They are

= final

= abstract

=  static

= native

= transient

= synchronized

= volatile

In the following sections, we will first look at the access modifiers, and then look at the other
modifiers.
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The Access Modifiers

Access modifiers control which classes may use a feature. A class’s features are
= The class itself

= Its member variables

= Its methods and constructors

= Its nested classes

- Since nested (or inner) classes are not presented until Chapter 6, this discus-
TE sion concerns only access modifiers as they apply to regular classes, member
variables, methods, and constructors.

Note that, with rare exceptions, the only variables that may be controlled by access modifiers
are class-level variables. The variables that you declare and use within a class’s methods may not
have access modifiers. This makes sense; a method variable can be used only within its method.

The access modifiers are

= public
= private
= protected

The only access modifier permitted to non-nested classes is pub11i c; there is no such thing as
a protected or private top-level class.

A feature may have at most one access modifier. If a feature has no access modifier, its access
defaults to a mode that, unfortunately, has no standardized name. The default access mode is
known variously as friendly, package, or default. In this book, we use the term default. Be aware
that Sun is encouraging us to avoid the use of friendly, due to confusion with a somewhat sim-
ilar concept in C++.

The following declarations are all legal (provided they appear in an appropriate context):

class Parser { ... }

public class EightDimensionalComplex { ... }
private int i;

Graphics offScreenGC;

protected double getChiSquared() { ... }
private class Horse { ... }

The following declarations are illegal:

public protected int x; // At most 1 access modifier
default Button getBtn() {...} // default 1isn't a keyword
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public

The most generous access modifier is pubTic. A public class, variable, or method may be used
in any Java program without restriction. Any public method may be overridden by any subclass.
An application declares its main() method to be public so thatmain() can be invoked from any
Java runtime environment.

private

The least generous access modifier is private. Top-level (that is, not inner) classes may not be
declared private. A private variable or method may be used only by an instance of the class that
declares the variable or method. For an example of the private access modifier, consider the

following code:

1. class Complex {

2 private double real, imaginary;

3

4 pubTic Complex(double r, double i) {
5. real = r; imaginary = 1i;

6 }

7 public Complex add(Complex c) {

8 return new Complex(real + c.real,
9 imaginary + c.imaginary);
10. }
11. }
12.

13. class Client {
14. void useThem() {

15. Complex cl1 = new Complex(1l, 2);
16. Complex c2 = new Complex(3, 4);
17. Complex c3 = cl.add(c2);

18. double d = c3.real; // I1legal!
19. }

20. }

On line 17, a call is made to c1.add(c2). Object c1 will execute the method using object c2
as a parameter. In line 8, c1 accesses its own private variables as well as those of c2. There is
nothing wrong with this. Declaring real and imaginary to be private means that they can be
accessed only by instances of the CompTex class, but they can be accessed by any instance of
CompTlex. Thus c1 may access its own real and imaginary variables, as well as the real and
imaginary of any other instance of CompTlex. Access modifiers dictate which classes, not which
instances, may access features.
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Line 18 is illegal and will cause a compiler error. The error message says, “Variable real in
class Complex not accessible from class Client.” The private variable real may be accessed only
by an instance of Complex.

Private data can be hidden from the very object that owns the data. If class CompTlex has
a subclass called SubComplex, then every instance of SubCompTlex will inherit its own real
and imaginary variables. Nevertheless, no instance of SubComplex can ever access those vari-
ables. Once again, the private features of Complex can be accessed only within the CompTex
class; an instance of a subclass is denied access. Thus, for example, the following code will not
compile:

1. class Complex {

2 private double real, imaginary;
3.1

4.

5.

6. class SubComplex extends Complex {
7 SubCompTex(double r, double i) {
8 real = r; // TroubTle!
9. }

10. }

In the constructor for class SubComplex (on line 8), the variable real is accessed. This line
causes a compiler error, with a message that is very similar to the message of the previous example:
“Undefined variable: real.” The private nature of variable real prevents an instance of
SubComplex from accessing one of its own variables!

Default

Default is the name of the access of classes, variables, and methods if you don’t specify an access
modifier. A class’s data and methods may be default, as well as the class itself. A class’s default
features are accessible to any class in the same package as the class in question. A default method
may be overridden by any subclass that is in the same package as the superclass.

Default is not a Java keyword; it is simply a name that is given to the access level that results
from not specifying an access modifier.

It would seem that default access is of interest only to people who are in the business of mak-
ing packages. This is technically true, but actually everybody is always making packages, even
if they aren’t aware of it. The result of this behind-the-scenes package making is a degree of con-
venience for programmers that deserves investigation.

When you write an application that involves developing several different classes, you prob-
ably keep all your . java sources and all your . class class files in a single working directory.
When you execute your code, you do so from that directory. The Java runtime environment
considers that all class files in its current working directory constitute a package.
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Imagine what happens when you develop several classes in this way and don’t bother to pro-
vide access modifiers for your classes, data, or methods. These features are neither public nor
private nor protected. They result in default access, which means they are accessible to any other
classes in the package. Because Java considers that all the classes in the directory actually make
up a package, all your classes get to access one another’s features. This makes it easy to develop
code quickly without worrying too much about access.

Now imagine what happens if you are deliberately developing your own package. A little
extra work is required: You have to put a package statement in your source code, and you have
to compile with the -d option. Any features of the package’s classes that you do not explicitly
mark with an access modifier will be accessible to all the members of the package, which is
probably what you want. Fellow package members have a special relationship, and it stands to
reason that they should get access not granted to classes outside the package. Classes outside the
package may not access the default features, because the features are default, not public. Classes
outside the package may subclass the classes in the package (you do something like this, for
example, when you write an applet); however, even the subclasses may not access the default
features, because the features are default, not protected or public. Figure 3.1 illustrates default
access both within and outside a package.

FIGURE 3.1 Default access

Package

Only classes that are

in the package may

access default

features of

classes that are
in the package.

protected

The name protected is a bit misleading. From the sound of it, you might guess that protected
access is extremely restrictive—perhaps the next closest thing to private access. In fact, protected
features are even more accessible than default features.
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Only variables and methods may be declared protected. A protected feature of a class is avail-
able to all classes in the same package, just like a default feature. Moreover, a protected feature
of a class can be available in certain limited ways to all subclasses of the class that owns the pro-
tected feature. This access is provided even to subclasses that reside in a different package from
the class that owns the protected feature.

It’s important to be aware that different-package subclasses don’t have unlimited access to
protected superclass features. In fact, different-package subclasses have only the following
privileges:
= They may override protected methods of the superclass.

*  Aninstance may read and write protected fields that it inherits from its superclass. However,
the instance may not read or write protected inherited fields of other instances.

*  An instance may call protected methods that it inherits from its superclass. However, the
instance may not call protected methods of other instances.

As an example of the protected access modifier, consider the following code:

1. package sportinggoods;

2. class Ski {

3. void applyWax() { . . . }
4. 1}

The applyWax() method has default access. Now consider the following subclass:

1. package sportinggoods;
2. class Downhil1Ski extends Ski {

3 void tuneup() {

4. applyWax();

5 // other tuneup functionality here
6
7

-}
The subclass calls the inherited method app1yWax (). This is not a problem as long as both
the Ski and Downhi11Ski classes reside in the same package. However, if either class were
to be moved to a different package, Downhi11Ski would no longer have access to the inher-

ited appTyWax() method, and compilation would fail. The problem would be fixed by mak-
ing applyWax() protected on line 3:

1. package adifferentpackage; // Class Ski now in
// a different package
2. class Ski {
3. protected void applyWax() { . . . }
4.}
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@ Real World Scenario
Protected Access in Depth

In this exercise you will look at how protected data can be accessed from a subclass that belongs
to a different package. Because access is enforced at compile time, you will not be writing code
thatis intended to be executed. Rather, you will write several simple classes and see which ones
compile.

Begin by creating a public superclass called Bird, in a package called birdpack. This superclass
should have a single data member: a protected int called nFeathers. Then create four sub-
classes of Bird, all of which reside in a package called duckpack. Thus you will have subclasses
whose package is different from their superclass’ package; this is exactly the situation for which
protected access is designed.

The first subclass, called Duck1, should have a method that accesses the nFeathers variable of the
current instance of Duckl. Before compiling Duckl. java, ask yourself if the code should compile.

The second subclass, called Duck2, should have a method that constructs a new instance of
Duck2 and accesses the nFeathers variable of the new instance. Before compiling Duck2. java,
ask yourself if the code should compile.

The third subclass, called Duck3, should have a method that constructs an instance of Bird
(the superclass) and accesses the nFeathers variable of the Bird instance. Before compiling
Duck3. java, ask yourself if the code should compile.

The fourth and last subclass, called Swan, should have a method that constructs a new instance
of Duckl and accesses the nFeathers variable of that instance. Before compiling Swan. java, ask
yourself if the code should compile.

Sample solutions appear on your CD-ROM in the directory solutions\Chapter_03.

A note on compilation: When a source file contains a package declaration, it is generally most
convenient to compile with the -d option. Doing so will ensure creation of an appropriate pack-
age directory hierarchy, with class files installed correctly. Thus, for example, the easiest way
to compile Bird. java is with the following command line:

javac -d . Bird.java

Subclasses and Method Privacy

Java specifies that methods may not be overridden to be more private. For example, most
applets provide an init() method, which overrides the do-nothing version inherited from the
java.applet.Applet superclass. The inherited version is declared public, so declaring the
subclass version to be private, protected, or default would result in a compiler error. The error
message says, “Methods can’t be overridden to be more private.”
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Figure 3.2 shows the legal access types for subclasses. A method with some particular access
type may be overridden by a method with a different access type, provided there is a path in the
figure from the original type to the new type.

FIGURE 3.2 Legal overridden method access

The rules for overriding can be summarized as follows:
= A private method may be overridden by a private, default, protected, or public method.
= A default method may be overridden by a default, protected, or public method.
= A protected method may be overridden by a protected or public method.
= A public method may be overridden only by a public method.

Figure 3.3 shows the illegal access types for subclasses. A method with some particular access
type may not be shadowed by a method with a different access type, if there is a path in the figure
from the original type to the new type.

FIGURE 3.3 lllegal overridden method access

The illegal overriding combinations can be summarized as follows:
= A default method may not be overridden by a private method.
= A protected method may not be overridden by a default or private method.

= A public method may not be overridden by a protected, default, or private method.

Other Modifiers

In this section, we will discuss Java’s other modifiers, namely:
= final

= abstract

= static

=  native

= transient

= volatile

= synchronized
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) The transient and volatile modifiers are not mentioned in the Certification
TE Exam objectives, so they are just touched on briefly in this chapter. In addition,
the synchronized modifier is discussed in more detail in Chapter 7, “Threads.”

Unlike the access modifiers, the modifiers listed above are unrelated to one another. Each one
relates to a distinct programming concept. A feature may have more than one of these modifiers;
in this situation the order of appearance of the keywords does not matter.

) Not every modifier can be applied to every kind of feature. Table 3.2, at the end
TE of this chapter, summarizes which modifiers apply to which features.

final

The final modifier applies to classes, variables, and methods. The meaning of final varies from
context to context, but the essential idea is the same: final features may not be changed.

A final class cannot be subclassed. For example, the following code will not compile, because
the java.lang.Math class is final:

class SubMath extends java.lang.Math { }

The compiler error says, “Can’t subclass final classes.”

A final variable cannot be modified once it has been assigned a value. In Java, final variables play
the same role as consts in C++ and #define constants in C. For example, the java.lang.Math
class has a final variable, of type doub1e, called PI. Obviously, pi is not the sort of value that should
be changed during the execution of a program.

If a final variable is a reference to an object, it is the reference that must stay the same, not
the object. This is shown in the following code:

1. class Walrus {

2. int weight;

3. Walrus(int w) { weight = w; }

4. }

5.

6. class Tester {

7. final Walrus wl = new Walrus(1500);
8. void test() {

9. wl = new Walrus(1400); // I1legal
10. wl.weight = 1800; // Legal
11. )

=
N
—
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Here the final variable is wl, declared on line 7. Because it is final, wl cannot receive a new
value; line 9 is illegal. However, the data inside wl is not final, and line 10 is perfectly legal. In
other words,

*  You may not change a final object reference variable.

*  You may change data owned by an object that is referred to by a final object reference
variable.

A final method may not be overridden. For example, the following code will not compile:

1. class Mammal {
final void getAround() { }

2
3
4.
5. class Dolphin extends Mammal {
6 void getAround() { }

7

-}

Dolphins get around in a very different way from most mammals, so it makes sense to try to
override the inherited version of getAround(). However, getAround() is final, so the only
result is a compiler error at line 6 that says, “Final methods can’t be overridden.”

abstract

The abstract modifier can be applied to classes and methods.

A class that is abstract may not be instantiated (that is, you may not call its constructor).
Abstract classes provide a way to defer implementation to subclasses. Consider the class hier-
archy shown in Figure 3.4.

The designer of class Animal has decided that every subclass should have a travel() method.
Each subclass has its own unique way of traveling, so it is not possible to provide travel() in
the superclass and have each subclass inherit the same parental version. Instead, the Animal
superclass declares travel() to be abstract. The declaration looks like this:

abstract void travel();

At the end of the line is a semicolon where you would expect to find curly braces containing
the body of the method. The method body—its implementation—is deferred to the subclasses.
The superclass provides only the method name and signature. Any subclass of Animal must
provide an implementation of travel() or declare itself to be abstract. In the latter case,
implementation of travel() is deferred yet again, to a subclass of the subclass.

If a class contains one or more abstract methods, the compiler insists that the class must be
declared abstract. This is a great convenience to people who will be using the class: they need
to look in only one place (the class declaration) to find out if they are allowed to instantiate the
class directly or if they have to build a subclass.
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FIGURE 3.4 Aclass hierarchy with abstraction

abstract class animal

abstract void travel ()

void travel () void travel () void travel ()

class Bird class Fish class Snake

In fact, the compiler insists that a class must be declared abstract if any of the following
conditions is true:

= The class has one or more abstract methods.

= The class inherits one or more abstract methods (from an abstract parent) for which it does
not provide implementations.

= Theclass declares that it implements an interface but does not provide implementations for
every method of that interface.

These three conditions are very similar to one another. In each case, there is an incomplete
class. Some part of the class’s functionality is missing and must be provided by a subclass.

- In a way, abstract is the opposite of final. A final class, for example, may not
TE be subclassed; an abstract class must be subclassed.

static

The static modifier can be applied to variables, methods, and even a strange kind of code that
is not part of a method. You can think of static features as belonging to a class, rather than being
associated with an individual instance of the class.
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The following example shows a simple class with a single static variable:

1. class Ecstatic{

2. static int x = 0;
3. Ecstatic() { x++; }
4.}

Variable x is static; this means that there is only one x, no matter how many instances of class
Ecstatic might exist at any moment. There might be one Ecstatic instance, or many, or even
none, yet there is always precisely one x. The 4 bytes of memory occupied by x are allocated
when class Ecstatic is loaded. The initialization to 0 (line 2) also happens at class-load time.
The static variable is incremented every time the constructor is called, so it is possible to know
how many instances have been created.

You can reference a static variable two ways:

=  Via a reference to any instance of the class
= Via the class name

The first method works, but it can result in confusing code and is considered bad form. The
following example shows why:

1. Ecstatic el = new Ecstatic();
2. Ecstatic e2 = new Ecstatic();
3. el.x = 100;

4. e2.x = 200;

5.

reallyImportantVariable = el.x;

If you didn’t know that x is static, you might think that reallyImportantVariable gets set to
100 in line 5. In fact, it gets set to 200, because el.x and e2 . x refer to the same (static) variable.

A better way to refer to a static variable is via the class name. The following code is identical
to the previous code:

Ecstatic el = new Ecstatic();

Ecstatic e2 = new Ecstatic();

Ecstatic.x = 100; // Why did I do this?
Ecstatic.x = 200;

reallyImportantVariable = Ecstatic.x;

[ B N O N S

Now it is clear that line 3 is useless, and the value of reallyImportantVariabTle gets set to 200
in line 5. Referring to static features via the class name rather than an instance results in source
code that more clearly describes what will happen at runtime.

Methods, as well as data, can be declared static. Static methods are not allowed to use the
nonstatic features of their class (although they are free to access the class’s static data and call
its other static methods). Thus, static methods are not concerned with individual instances of a



84 Chapter 3 - Modifiers

class. They may be invoked before even a single instance of the class is constructed. Every Java
application is an example, because every application has a main() method that is static:

1. class SomeClass {
static int i = 48;
int j = 1;

2

3

4

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

6. i += 100;

7 // j *=5; Lucky for us this is commented out!
8

9

}

When this application is started (that is, when somebody types java SomeClass on a com-
mand line), no instance of class SomeClass exists. At line 6, the 1 that gets incremented is static,
so it exists even though there are no instances. Line 7 would result in a compiler error if it were
not commented out, because j is nonstatic.

Instance methods have an implicit variable named this, which is a reference to the object
executing the method. In nonstatic code, you can refer to a variable or method without speci-
fying which object’s variable or method you mean. The compiler assumes you mean this. For
example, consider the following code:

class Xyzzy {
int w;

W+

1
2
3.
4. void bumpW() {
5
6
7

}

On line 5, the programmer has not specified which object’sw is to be incremented. The compiler
assumes that line 5 is an abbreviation for this.w++;.

With static methods, there is no this. If you try to access an instance variable or call an
instance method within a static method, you will get an error message that says, “Undefined
variable: this.” The concept of “the instance that is executing the current method” does not
mean anything, because there is no such instance. Like static variables, static methods are not
associated with any individual instance of their class.

If a static method needs to access a nonstatic variable or call a nonstatic method, it must spec-
ify which instance of its class owns the variable or executes the method. This situation is familiar
to anyone who has ever written an application with a GUI:

1. import java.awt.*;
2.
3. public class MyFrame extends Frame {
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4. MyFrame() {

5. setSize(300, 300);

6. }

7.

8. public static void main(String args[]) {
9. MyFrame theFrame = new MyFrame();

10. theFrame.setVisible(true);

11. }

12.

In line 9, the static method main() constructs an instance of class MyFrame. In the next line,
that instance is told to execute the (nonstatic) method setVisible(). This technique bridges
the gap from static to nonstatic, and it is frequently seen in applications.

The following code, for example, will not compile:

1. class Cattle {
static void foo() {}

class Sheep extends Cattle {
void foo() {}

}

The compiler flags line 6 with the message, “Static methods can’t be overridden.” If line 6 were
changed to static void foo() { },thencompilation would succeed. Static methods can appear
to be overridden—a superclass and a subclass can have static methods with identical names, argu-
ment lists, and return types—but technically this is not considered overriding because the methods
are static.

To summarize static methods:

N O v B WwWN

= A static method may access only the static data of its class; it may not access nonstatic data.

= A static method may call only the static methods of its class; it may not call nonstatic
methods.

= A static method has no this.

= A static method may not be overridden to be nonstatic.

Static Initializers

It is legal for a class to contain static code that does not exist within a method body. A class may
have a block of initializer code that is simply surrounded by curly braces and labeled static.
For example:

1. public class StaticExample {
2. static double d = 1.23;
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3.

4. static {

5. System.out.printIin("Static code: d=" + d++);
6. }

7.

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

9. System.out.printin("main: d = " + d++);

10. }

1. }

Something seems to be missing from line 4. You might expect to see a complete method
declaration there: static void printAndBump(), for example, instead of just static. In
fact, line 4 is perfectly valid; it is known as static initializer code. The code inside the curlies
is executed exactly once, at the time the class is loaded. At class-load time, all static initial-
ization (such as line 2) and all free-floating static code (such as lines 4—6) are executed in order
of appearance within the class definition.

The output from this code is:

Static code: d=1.23
main: d = 2.23

4 Free-floating initializer code should be used with caution because it can easily

P become difficult to read. The compiler supports multiple initializer blocks
within a class, but there is rarely a good reason for having more than one
such block.

Static Imports and Access

You saw in Chapter 1, “Language Fundamentals,” that static features of a class can be imported,
using Java 1.5°s static import facility. Static data and methods may have any of the four access
modes discussed earlier in this chapter: public, private, protected, and default. A feature’s
access mode dictates which source files may statically import that feature.

When you think about how access mode affects static importing, you don’t have to consider
class/subclass relationships (which you have to do, for example, when thinking about protected
features). This is because static imports appear in source files just after package declarations,
before any classes are defined. Remember, you import into the namespace of a source file, not
into the definition of a class. A source file may contain one, several, or many class definitions,
or it may contain no class definitions at all.

So the interaction between access mode and static importing is very simple: any nonprivate
feature may be statically imported into a source file of the same package; only a public feature
may be statically imported into a source file in a different package. This is summarized in
Table 3.1.
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TABLE 3.1 Access and Static Imports

Feature May Be Statically Feature May Be Statically
Imported into Same-Package Imported into Different-Package
Feature Access Mode Source File Source File
Public Yes Yes
Protected Yes No
Default Yes No
Private No No

native

The native modifier can refer only to methods. Like the abstract modifier, native indicates
that the body of a method is to be found elsewhere. In the case of abstract methods, the body
is in a subclass; with native methods, the body lies entirely outside the Java Virtual Machine
(JVM), in a library.

Native code is written in a non-Java language, typically C or C++, and compiled for a single
target machine type. (Thus Java’s platform independence is violated.) People who port Java to
new platforms implement extensive native code to support GUI components, network commu-
nication, and a broad range of other platform-specific functionality. However, it is rare for
application and applet programmers to need to write native code.

One technique, however, is of interest in light of the last section’s discussion of static code.
When a native method is invoked, the library that contains the native code ought to be loaded
and available to the JVM; if it is not loaded, there will be a delay. The library is loaded by calling
System.TloadLibrary ("library_name") and, to avoid a delay, it is desirable to make this
call as early as possible. Often programmers will use the technique shown in the following code
sample, which assumes the library name is MyNativeLib:

. class NativeExample {
native void doSomethinglLocal(int 1i);

1

2

3.

4. static {
5 System.ToadLibrary("MyNativelLib");
6

7

}

Notice the native declaration on line 2, which declares that the code that implements
doSomethinglLocal() resides in a local library. Lines 4-6 are static initializer code, so they are
executed at the time that class NativeExample is loaded; this ensures that the library will be
available by the time somebody needs it.
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Callers of native methods do not have to know that the method is native. The call is made
in exactly the same way as if it were nonnative:

1. NativeExample natex;
2. natex = new NativeExample();
3. natex.doSomethinglLocal(5);

Many common methods are native, including the cTone() and notify() methods of the
Object class.

transient

The transient modifier applies only to variables. A transient variable is not stored as part of its
object’s persistent state. (If you’re not familiar with object persistence, it is covered in Chapter 12,
“Input and Output™.)

Many objects (specifically, those that implement the Serializable or Externalizable inter-
faces) can have their state serialized and written to some destination outside the JVM. This is done
by passing the object to the writeObject() method of the ObjectOutputStream class. If the
stream is chained to a FileOutputStream, then the object’s state is written to a file. If the stream
is chained to a socket’s QutputStream, then the object’s state is written to the network. In both
cases, the object can be reconstituted by reading it from an ObjectInputStream.

Sometimes an object contains extremely sensitive information. Consider the following class:

1. class WealthyCustomer

2. extends Customer implements Serializable {
3 private float $wealth;

4. private String accessCode;
5

}

Once an object is written to a destination outside the JVM, none of Java’s elaborate security
mechanisms is in effect. If an instance of this class were to be written to a file or to the Internet,
somebody could snoop the access code. Line 4 should be marked with the transient keyword:

1. class WealthyCustomer

2. extends Customer implements Serializable {
3 private float $wealth;

4. private transient String accessCode;
5.1

Now the value of accessCode will not be written out during serialization.

volatile

The volatile modifier is not in common use. Only variables may be volatile; declaring them so
indicates that such variables might be modified asynchronously, so the compiler takes special
precautions. Volatile variables are of interest in multiprocessor environments.
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synchronized

The synchronized modifier is used to control access to critical code in multithreaded programs.
Multithreading is an extensive topic in its own right and is covered in Chapter 7.

Modifiers and Features

Not all modifiers can be applied to all features. Top-level classes may not be protected.
Methods may not be transient. Static is so general that you can apply it to free-floating
blocks of code.

Table 3.2 shows all the possible combinations of features and modifiers. Note that
classes here are strictly top-level (that is, not inner) classes. (Inner classes are covered in
Chapter 6.)

TABLE 3.2 All Possible Combinations of Features and Modifiers

Modifier Class Variable Method Constructor Free-Floating Block
public yes yes yes yes no
protected no yes yes yes no
(default)* yes yes yes yes yes
private no yes yes yes no
final yes yes yes no no
abstract yes no yes no no
static no yes yes no yes
native no no yes no no
transient no yes no no no
volatile no yes no no no
synchronized no no yes no yes

Default is not a modifier; it is just the name of the access if no modifier is specified.
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Summary

The focus of this chapter was to understand how all of the modifiers work and how they can or
cannot work together. Some modifiers can be used in combination. Java’s access modifiers are:

= public
= protected
=  private

If a feature does not have an access modifier, its access is “default.”
Java’s other modifiers are:

= final

= abstract

= static

= native

= transient

= synchronized

= volatile

Exam Essentials

Understand the four access modes and the corresponding keywords. You should know the
significance of public, private, protected, and default access when applied to data and methods.

Know the effect of declaring a final class, variable, or method. A final class cannot be
subclassed; a final variable cannot be modified after initialization; a final method cannot be
overridden.

Know the effect of declaring an abstract class or method. An abstract class cannot be instan-
tiated; an abstract method’s definition is deferred to a subclass.

Understand the effect of declaring a static variable or method. Static variables belong to the
class; static methods have no this pointer and may not access nonstatic variables and methods
of their class.

Know how to reference a static variable or method. A static feature may be referenced through
the class name—the preferred method—or through a reference to any instance of the class.

Be able to recognize static initializer code. Static initializer code appears in curly brackets
with no method declaration. Such code is executed once, when the class is loaded.
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Review Questions

1. Which of the following declarations are illegal? (Choose all that apply.)
. default String s;

. transient int i = 41;

. abstract double d;

A

B

C. public final static native int w();

D

E. abstract final double hyperbolicCosine();

2. Which of the following statements is true?
A. An abstract class may not have any final methods.

B. A final class may not have any abstract methods.

3. What is the minimal modification that will make this code compile correctly?

1. final class Aaa

2. |

3. int xxx;

4. void yyy() { xxx = 1; }

5.}

6.

7.

8. class Bbb extends Aaa

9. {

10. final Aaa finalref = new Aaa();
11.

12. final void yyy()

13. {

14. System.out.printIn("In method yyy()");
15. finalref.xxx = 12345;

16. }

17. )

A. On line 1, remove the final modifier.

B. On line 10, remove the final modifier.

C. Remove line 15.

D. On lines 1 and 10, remove the final modifier.
E

. The code will compile as is. No modification is needed.
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Which of the following statements is true?

moow>»

Transient methods may not be overridden.
Transient methods must be overridden.
Transient classes may not be serialized.
Transient variables must be static.

Transient variables are not serialized.

Which statement is true about this application?

1.
2

3
4
5.
6.
7
8
9

10.
11.
12.
13.

moowp»

class StaticStuff

{
static int x = 10;
static { x += 5; }
public static void main(String args[])
{
System.out.printin("x = " + x);
}
static {x /= 5; }
}

Lines 5 and 12 will not compile because the method names and return types are missing.
Line 12 will not compile because you can only have one static initializer.

The code compiles and execution produces the output x = 10.

The code compiles and execution produces the output x = 15.

The code compiles and execution produces the output x = 3.

Which statement is true about this code?

1.
2.

10.

O 00 N O v W

class HasStatic

{

private static int x = 100;

public static void main(String args[])

{
HasStatic hsl = new HasStatic();
hsl.x++;
HasStatic hs2 = new HasStatic();
hs2.x++;



11.
12.
13.
14.
15.
16.

moow>
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hsl = new HasStatic();
hsl.x++;
HasStatic.x++;
System.out.printin("x = " + x);
}
}
Line 8 will not compile because it is a static reference to a private variable.
Line 13 will not compile because it is a static reference to a private variable.
The program compiles and the output is x = 102.
The program compiles and the output is x = 103.
The program compiles and the output is x = 104.
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Given the following code, and making no other changes, which combination of access modifiers

(public, protected, or private) can legally be placed before aMethod() on line 3 and be

placed before aMethod() on line 8?

=

O 00 N O U1 A W N

moow>»

. class SuperDuper

{
void aMethod() { }
}
class Sub extends SuperDuper
{
void aMethod() { }
}

line 3: pubTic; line 8: private
line 3: protected; line 8: private
line 3: default; line 8: private
line 3: private; line 8: protected

line 3: public; line 8: protected

Which modifier or modifiers should be used to denote a variable that should not be written out
as part of its class’s persistent state? (Choose the shortest possible answer.)

A.

moow

private

protected

private protected
transient

volatile
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This question concerns the following class definition:

. package abcde;

public class Bird {
protected static int referenceCount = 0;
public Bird() { referenceCount++; }
protected void fly() { /* Flap wings, etc. */ }
static int getRefCount() { return referenceCount; }

}

Which statement is true about class Bird and the following class Parrot?

>

O 00 N O U1 A W N R

package abcde;

class Parrot extends abcde.Bird {
pubTic void fly() {
/* Parrot-specific flight code. */
}
pubTlic int getRefCount() {
return referenceCount;

}

Compilation of Parrot.java fails at line 4 because method f1y() is protected in the
superclass, and classes Bird and Parrot are in the same package.

Compilation of Parrot.java fails at line 4 because method f1y() is protected in the
superclass and public in the subclass, and methods may not be overridden to be more public.

Compilation of Parrot. java fails at line 7 because method getRefCount() is static in the
superclass, and static methods may not be overridden to be nonstatic.

Compilation of Parrot. java succeeds, but a runtime exception is thrown if method f1y()
is ever called on an instance of class Parrot.

Compilation of Parrot.java succeeds, but a runtime exception is thrown if method
getRefCount() is ever called on an instance of class Parrot.

10. This question concerns the following class definition:

. package abcde;

1
2.
3. public class Bird {
4.
5
6

protected static int referenceCount = 0;
public Bird() { referenceCount++; }
protected void fly() { /* Flap wings, etc. */ }
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static int getRefCount() { return referenceCount; }

8.1}

Which statement is true about class Bird and the following class Nightingale?

1.

Sow>»

m

package singers;

. class Nightingale extends abcde.Bird {

Nightingale() { referenceCount++; }

pubTlic static void main(String args[]) {
System.out.print("Before: " + referenceCount);
Nightingale florence = new Nightingale();
System.out.println(" After: " + referenceCount);
florence.fly();

-}

The program will compile and execute. The output will be Before: 0 After: 2.
The program will compile and execute. The output will be Before: 0 After: 1.
Compilation of Nightingale will fail at line 4 because static members cannot be overridden.

Compilation of Nightingale will fail at line 10 because method f1y() is protected in the
superclass.

Compilation of Nightingale will succeed, but an exception will be thrown at line 10,
because method f1y() is protected in the superclass.

Suppose class Supe, in package packagea, has a method called doSomething(). Suppose class
Subby, in package packageb, overrides doSomething(). What access modes may Subby’s
version of the method have? (Choose all that apply.)

A.
B.
C.
D.

pubTic
protected
Default

private

Which of the following statements are true?

mmOoOOwWP

An abstract class may be instantiated.

An abstract class must contain at least one abstract method.
An abstract class must contain at least one abstract data field.
An abstract class must be overridden.

An abstract class must declare that it implements an interface.

None of the above.
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13.

14.

15.

16.

17.

18.
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Suppose interface Inty defines five methods. Suppose class Classy declares that it implements
Inty but does not provide implementations for any of the five interface methods. Which is/are true?

A. The class will not compile.
B. The class will compile if it is declared public.
C. The class will compile if it is declared abstract.

D. The class may not be instantiated.

Which of the following may be declared final? (Choose all that apply.)
A. Classes

B. Data

C. Methods

Which of the following may follow the static keyword? (Choose all that apply.)

A. Class definitions

B. Data

C. Methods

D. Code blocks enclosed in curly brackets

Suppose class A has a method called doSomething(), with default access. Suppose class B

extends A and overrides doSomething(). Which access modes may apply to B’s version of
doSomething()? (Choose all that apply.)

A. public

B. private

C. protected

D. Default

True or false: If class Y extends class X, the two classes are in different packages, and class X has

a protected method called abby(), then any instance of Y may call the abby() method of any
other instance of Y.

A. True
B. False

Which of the following statements are true?

A. A final class must be instantiated.

A final class must contain at least one final method.
A final class must contain at least one final data field.

A final class may not be extended.

moowm

None of the above.
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19. Which of the following statements are true?

A.

Sow

E.

A final class must be instantiated.

A final class may only contain final methods.

A final class may not contain non-final data fields.
A final class may not be extended.

None of the above.

20. What does the following code print?

public class A

{

static int x;

public static void main(String[] args) {

—

SO0 wp»

A thatl = new A(Q);
A that2 = new AQ);
thatl.x = 5;
that2.x = 1000;

x = -1;

System.out.printTn(x);

97
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Answers to Review Questions

10.

A, D, E. A is illegal because “default” is not a keyword. B is a legal transient declaration. C is
strange but legal. D is illegal because only methods and classes may be abstract. E is illegal
because abstract and final are contradictory.

B. Any class with abstract methods must itself be abstract, and a class may not be both abstract
and final. Statement A says that an abstract class may not have final methods, but there is noth-
ing wrong with this. The abstract class will eventually be subclassed, and the subclass must avoid
overriding the parent’s final methods. Any other methods can be freely overridden.

A. The code will not compile because on line 1, class Aaa is declared final and may not be sub-
classed. Lines 10 and 15 are fine. The instance variable finalref is final, so it may not be
modified; it can reference only the object created on line 10. However, the data within that
object is not final, so nothing is wrong with line 135.

E. A, B, and C don’t mean anything because only variables may be transient, not methods or
classes. D is false because transient variables need not be static, and in fact they very rarely are..
E is a good one-sentence definition of transient.

E. Multiple static initializers (lines 5 and 12) are legal. All static initializer code is executed at
class-load time, so before main() is ever run, the value of x is initialized to 10 (line 3), then
bumped to 15 (line 5), and then divided by 5 (line 12).

E. The program compiles fine; the “static reference to a private variable” stuff in answers A and
B is nonsense. The static variable x gets incremented four times, on lines 8, 10, 12, and 13.

D. The basic principle is that a method may not be overridden to be more private. (See Figure
3.2 in this chapter.) All choices except D make the access of the overriding method more private.

D. A and B are access modifiers. C is an illegal combination of two access modifiers. E (“volatile”)
is used for certain multi-threaded situations, and is not covered in the Exam.

C. Static methods may not be overridden to be nonstatic. B is incorrect because it states the case
backward: methods can be overridden to be more public, not more private. Answers A, D, and
E make no sense.

A. There is nothing wrong with Nightingale. The static referenceCount is bumped twice:
once on line 4 of Nightingale and once on line 5 of Bird. (The no-argument constructor
of the superclass is always implicitly called at the beginning of a class’s constructor, unless

a different superclass constructor is requested. This has nothing to do with modifiers; see
Chapter 6.) Because referenceCount is bumped twice and not just once, answer B is wrong.
C says that statics cannot be overridden, but no static method is being overridden on line 4; all
that is happening is an increment of an inherited static variable. D is wrong because protected
is precisely the access modifier you want Bird.fly() to have: you are calling Bird. fly()
from a subclass in a different package. Answer E is ridiculous, but it uses credible terminology.
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A, B. Since the method in the superclass is overridden in a different package, the superclass ver-
sion must be public or protected. (Default methods may be overridden only if the subclass is in
the same package as the superclass; private methods may not be overridden at all.) An over-
riding method’s access mode must be the same as, or more open than, the superclass version’s
access mode.

F. A s false because the compiler forbids construction of an abstract class. B is false because abstract
classes need not contain any abstract methods (though if a class does contain any abstract methods,
it must be abstract). C is false because there is no such thing as an abstract data field. D is false
because, when you really think about it, it doesn’t make any sense; the compiler compiles classes one
at a time and has no interest in whether or not a class is overridden. E is false because there is no
compiler requirement that an abstract class must declare that it implements any interface.

C, D. If a class does not provide implementations for all methods of all interfaces that the
class declares it implements, that class must be declared abstract. Abstract classes may not be
instantiated.

A, B, C. Classes, data, and methods can be declared final. Variables cannot.

B, C, D. Classes may not be static. Data and methods may be static, and often they are. When
the static keyword is followed by a code block, the block is a static initializer and is executed
when the class is loaded.

A, C, D. An overriding method’s access mode must be the same as, or more open than, the
superclass version’s access mode.

B. An object that inherits a protected method from a superclass in a different package may call
that method on itself but not on other instances of the same class.

D. There is only one restriction on a final class: A final class may not be extended.
D. There is only one restriction on a final class: A final class may not be extended.

D. Since X is static, there is only one variable, which is shared by all instances along with the
class. Thus the last assignment wins.
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JAVA CERTIFICATION EXAM OBJECTIVE
COVERED IN THIS CHAPTER:

v' 5.2 Given a scenario, develop code that demonstrates the
use of polymorphism. Further, determine when casting will
be necessary and recognize compiler vs. runtime errors
related to object reference casting.

v" 7.6 Write code that correctly applies the appropriate
operators including assignment operators (limited to: =,
+ =, -=), arithmetic operators (limited to: +, -, *, /, %, ++, --),
relational operators (limited to: <, < =, >, > =, = =, I=), the
instanceof operator, logical operators (limited to: &, |, A, !,
&&, ||), and the conditional operator ( ? : ), to produce a
desired result. Write code that determines the equality of
two objects or two primitives.




Every Java variable has a type. Primitive data types include int,
Tong, and doubTe. Object reference data types may be classes (such
as Vector or Graphics) or interfaces (such as LayoutManager or
RunnabTe). There can also be arrays of primitives, objects, or arrays.

This chapter discusses the ways that a data value can change its type. Values can change
type either implicitly or explicitly; that is, they change either at the system’s initiative or at your
request. These two styles of type change are technically known as converting and casting. Java
places a lot of importance on type, and successful Java programming requires that you be
aware of type changes.

Explicit and Implicit Type Changes

You can explicitly change the type of a value by casting. To cast an expression to a new type,
just prefix the expression with the new type name in parentheses. For example, the following
line of code retrieves an element from a vector, casts that element to type Button, and assigns
the result to a variable called btn:

Button btn = (Button) (myVector.elementAt(5));

Of course, the sixth element of the vector must be capable of being treated as a Button. Compile-
time rules and runtime rules must be observed. This chapter will familiarize you with those rules.
In some situations, the system implicitly changes the type of an expression without your

explicitly performing a cast. For example, suppose you have a variable called myColor that
refers to an instance of Color, and you want to store myCoTlor in a vector. You would probably
do the following:

myVector.add(myColor);

There is more to this code than meets the eye. The add() method of class Vector is declared
with a parameter of type Object, not of type Color. As the argument is passed to the method,
it undergoes an implicit type change. Such automatic, nonexplicit type changing is known as
conversion. Conversion, like casting, is governed by rules. Unlike the casting rules, all conver-
sion rules are enforced at compile time.

The number of casting and conversion rules is rather large, due to the large number of cases to
be considered. (For example, can you cast a char to a double? Can you convert an interface to
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a final class? Yes to the first, no to the second.) The good news is that most of the rules accord with
common sense, and most of the combinations can be generalized into rules of thumb. By the end
of this chapter, you will know when you can explicitly cast and when the system will implicitly
convert on your behalf.

Primitives and Conversion

The two broad categories of Java data types are primitives and objects. Primitive data types
include ints, floats, booleans, and so on. (There are eight primitive data types in all; see
Chapter 1, “Language Fundamentals,” for a complete explanation of Java’s primitives.) Object
data types (or more properly, object reference data types) are the hundreds of classes and inter-
faces provided with the JDK, plus the infinitude of classes and interfaces to be invented by Java
programmers.

Both primitive values and object references can be converted and cast, so you must consider
four general cases:
= Conversion of primitives
= Casting of primitives
= Conversion of object references
= Casting of object references
The simplest topic is implicit conversion of primitives. All conversion of primitive data types
takes place at compile time; this is the case because all the information needed to determine
whether the conversion is legal is available at compile time.

Conversion of a primitive might occur in three contexts or situations:
= Assignment
= Method call

= Arithmetic promotion

The following sections deal with each of these contexts in turn.

Primitive Conversion: Assignment

Assignment conversion happens when you assign a value to a variable of a different type from
the original value. For example

1. int i;

2. double d;

3. 7 = 10;

4. d =1; // Assign an int value to a double variable
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Obviously, d cannot hold an integer value. At the moment that the fourth line of code is
executed, the integer 10 that is stored in variable i gets converted to the double-precision
value 10.0000000000000 (remaining zeros omitted for brevity).

The previous code is perfectly legal. Some assignments, on the other hand, are illegal. For
example

1. doubTe d;

2. short s;

3. d = 1.2345;

4. s = d; // Assign a double value to a short variable

This code will not compile. (The error message says, “Incompatible type for =.”) The com-
piler recognizes that trying to cram a doubTe value into a short variable is like trying to pour
a quart of milk into an eight-ounce cup, as shown in Figure 4.1. It can't be done without mess
and loss. If you see someone trying to do it, you might be tempted to say, “Are you sure you
know what you’re doing? Shouldn’t you do that in the sink?” In other words, you would want
some reassurance that the other person wanted the result they were about to get.

When the compiler notices that you are trying to cram a big value into a little variable, it goes
through a similar process. Line 4 above could easily be a mistake, so the compiler needs to be
convinced that it’s really what you want. To convince the compiler, you must use an explicit
cast, which will be explained in the following section.

FIGURE 4.1 lllegal conversion of a quart to a cup, with loss of data
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The general rules for primitive assignment conversion can be stated as follows:
= A boolean cannot be converted to any other type.

* A non-boolean can be converted to another non-boolean type, provided the conversion is
a widening conversion.

= A non-boolean cannot be converted to another non-boolean type if the conversion would
be a narrowing conversion.

Widening conversions change a value to a type that accommodates a wider range of values
than the original type can accommodate. In most cases, the new type has more bits than the
original and can be visualized as being “wider” than the original, as shown in Figure 4.2.

Widening conversions do not lose information about the magnitude of a value. In the first
example in this section, an int value was assigned to a double variable. This conversion was
legal because doubles are wider (represented by more bits) than ints, so there is room in a
double to accommodate the information in an int. Java’s widening conversions are

= From a byte to a short, an int, a Tong, a float, or a double
= From a short to an int, a Tong, a float, or a double

= From a char to an int, a long, a float, or a double

= Fromanint toa long, a float, or a double

= Froma long to a float or a double

= Froma float to a doubTe

Figure 4.3 illustrates all the widening conversions. The arrows can be taken to mean “can be
widened to.” To determine whether it is legal to convert from one type to another, find the first
type in the figure and see if you can reach the desired type by following the arrows.

FIGURE 4.2 Widening conversion of a positive value

XXXX. ..

0 0 XXXX. ..
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FIGURE 4.3 Widening conversions
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The figure shows, for example, that it is perfectly legal to assign a byte value to a f1oat vari-
able, because you can trace a path from byte to float by following the arrows (byte to short
to int to Tong to float). You cannot, on the other hand, trace a path from Tong to short, so
it is not legal to assign a Tong value to a short variable.

Figure 4.3 is easy to memorize. The figure consists mostly of the numeric data types in order
of size. The only extra piece of information is char, but that goes in the only place it could go:
a 16-bit char “fits inside” a 32-bit int. (Note that you can’t convert a byte to a char or a char
to a short, even though it seems reasonable to do so.)

Any conversion between primitive types that is not represented by a path of arrows in
Figure 4.3 is a narrowing conversion. These conversions lose information about the magnitude
of the value being converted and are not allowed in assignments. It is graphically impossible
to portray the narrowing conversions in a diagram like Figure 4.3, but they can be summarized
as follows:

= From a byte to a char

=  From a short to a byte or a char

= From a char to a byte or a short

= From an int to a byte, a short, or a char

= From a long to a byte, a short, a char, or an int

= From a float to a byte, a short, a char, an int, or a Tong

= From a double to a byte, a short, a char, an int, a Tong, or a float

You do not really need to memorize this list. It simply represents all the conversions not shown
in Figure 4.3, which is easier to memorize.

Assignment Conversion, Narrower Primitives, and Literal Values

Java’s assignment conversion rule is sometimes inconvenient when a literal value is assigned to
a primitive. By default, a numeric literal is either a double or an int, so the following line of
code generates a compiler error:

float f = 1.234;

The literal value 1.234 is a doubTe, so it cannot be assigned to a float variable.
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You might assume that assigning a literal int to some narrower integral type (byte, short,
or char) would fail to compile in a similar way. For example, it would be reasonable to assume
that all of the following lines generate compiler errors:

byte b = 1;
short s 2;
char c 3;

In fact, all three of these lines compile without error. The reason is that Java relaxes its assign-
ment conversion rule when a literal int value is assigned to a narrower primitive type (byte,
short, or char), provided the literal value falls within the legal range of the primitive type.

This relaxation of the rule applies only when the assigned value is an integral literal. Thus the
second line of the following code will 7zot compile:

int i = 12;
byte b = I

Primitive Conversion: Method Call

Another kind of conversion is method-call conversion. A method-call conversion happens when
you pass a value of one type as an argument to a method that expects a different type. For example,
the cos() method of the Math class expects a single argument of type double. Consider the fol-
lowing code:

float frads;

double d;

frads = 2.34567f;

d = Math.cos(frads); // Pass float to method
// that expects double

AW N R

The float value in frads is automatically converted to a doubTe value before it is handed
to the cos() method. Just as with assignment conversions, strict rules govern which conversions
are allowed and which conversions will be rejected by the compiler. The following code quite
reasonably generates a compiler error (assuming there is a vector called myVector):

1. double d = 12.0;
2. Object ob = myVector.elementAt(d);

The compiler error message says, “Incompatible type for method. Explicit cast needed to convert
double to int.” This means the compiler can’t convert the double argument to a type that is sup-
ported by a version of the elementAt() method. It turns out that the only version of e1ementAt ()
is the version that takes an integer argument. Thus a value can be passed to elementAt() only if
that value is an int or can be converted to an int.
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Fortunately, the rule that governs which method-call conversions are permitted is the same
rule that governs assignment conversions. Widening conversions (as shown in Figure 4.3) are
permitted; narrowing conversions are forbidden.

Primitive Conversion: Arithmetic Promotion

The last kind of primitive conversion to consider is arithmetic promotion. Arithmetic-promotion
conversions happen within arithmetic statements while the compiler is trying to make sense out
of many different possible kinds of operand.

Consider the following fragment:

1. short s = 9;

2. int i = 10;

3. float f = 11.1f;

4. double d = 12.2;

5. ifF (-s *1i > f / d)

6 System.out.printin(">=");
7. else

8 System.out.printIn("<");

The code on line 5 multiplies a negated short by an int; then it divides a f1oat by a double;
finally, it compares the two results. Behind the scenes, the system is doing extensive type con-
version to ensure that the operands can be meaningfully incremented, multiplied, divided, and
compared. These conversions are all widening conversions. Thus they are known as arithmetic-
promotion conversions because values are promoted to wider types.

The rules that govern arithmetic promotion distinguish between unary and binary operators.
Unary operators operate on a single value. Binary operators operate on two values. Figure 4.4
shows Java’s unary and binary arithmetic operators.

For unary operators, two rules apply, depending on the type of the single operand:

= Ifthe operand is a byte, a short, or a char, it is converted to an int (unless the operator
is ++ or --, in which case no conversion happens).

= Else there is no conversion.

FIGURE 4.4 Unary and binary arithmetic operators

Unary operators: + - ++ . =

Binary operators: ~ t - . %
>> >>> << & 2
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For binary operators, there are four rules, depending on the types of the two operands:
= If one of the operands is a doubTe, the other operand is converted to a double.
= Else if one of the operands is a f1oat, the other operand is converted to a float.
= Else if one of the operands is a Tong, the other operand is converted to a Tong.
= FElse both operands are converted to ints.

With these rules in mind, it is possible to determine what really happens in the code example
given at the beginning of this section:

1. The short s is promoted to an int and then negated.

2. The result of step 1 (an int) is multiplied by the int 1. Because both operands are of the
same type, and that type is not narrower than an int, no conversion is necessary. The result
of the multiplication is an int.

3. Before float f is divided by double d, f is widened to a double. The division generates
a double-precision result.

4. The result of step 2 (an int) is to be compared to the result of step 3 (a double). The int is
converted to a double, and the two operands are compared. The result of a comparison is
always of type boolean.

Primitives and Casting

So far, this chapter has shown that Java is perfectly willing to perform widening conversions on
primitives. These conversions are implicit and behind the scenes; you don’t need to write any
explicit code to make them happen.

Casting is explicitly telling Java to make a conversion. A casting operation may widen or
narrow its argument. To cast, just precede a value with the parenthesized name of the desired
type. For example, the following lines of code cast an int to a doubTe:

1. int i = 5;
2. double d = (double)i;

Of course, the cast is not always necessary. The following code, in which the cast has been
omitted, would do an assignment conversion on i, with the same result as the previous example:

1. int i = 5;
2. double d = 1;

Casts are required when you want to perform a narrowing conversion. Such conversion will
never be performed implicitly; you have to program an explicit cast to convince the compiler
that what you really want is a narrowing conversion. Narrowing runs the risk of losing infor-
mation; the cast tells the compiler that you accept the risk.
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For example, the following code generates a compiler error:

1. short s = 259;
2. byte b = s; // Compiler error
3. System.out.printin("s =" + s+ ", b ="+ b);

The compiler error message for the second line will say (among other things), “Explicit cast
needed to convert short to byte.” Adding an explicit cast is easy:

1. short s = 259;
2. byte b = (byte)s; // Explicit cast
3. System.out.printin('b = " + b);

When this code is executed, the number 259 (binary 100000011) must be squeezed into a
single byte. This is accomplished by preserving the low-order byte of the value and discarding
the rest. The code prints out the (perhaps surprising) message:

b=3

The 1 bit in bit position 8 is discarded, leaving only 3, as shown in Figure 4.5. Narrowing
conversions can result in radical value changes; this is why the compiler requires you to cast
explicitly. The cast tells the compiler, “Yes, I really want to do it.”

Casting a value to a wider value (as shown in Figure 4.3) is always permitted but never
required; if you omit the cast, an implicit conversion will be performed on your behalf. How-
ever, explicitly casting can make your code a bit more readable. For example

1. int i = 2;
2. double radians;
// Hundreds of
// lines of
// code
600. radians = (double)i;

The cast in the last line is not required, but it serves as a good reminder to any readers (including
yourself) who might have forgotten the type of radians.
Two simple rules govern casting of primitive types:

=  You can cast any non-boolean type to any other non-boolean type.
*  You cannot cast a boolean to any other type; you cannot cast any other type to a boolean.

Note that although casting is ordinarily used when narrowing, it is perfectly legal to cast
when widening. The cast is unnecessary, but it provides a bit of clarity.
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@ Real World Scenario
Legal and lllegal Casts

Write an application that illustrates legal and illegal casts. Work with the following class/
interface hierarchy:

class Fruit

class Apple extends Fruit

interface Squeezable

class Citrus extends Fruit implements Squeezable
class Orange extends Citrus

You will have to define the classes and the interface, but the definitions can be empty. Your
application should construct one instance of each of the following classes:

=  Object
= Fruit
- Apple
= (Citrus
. Orange

Try to cast each of these objects to the following types:
. Fruit

- Apple

= Squeezable

= Citrus

- Orange

For each attempted cast, print out a message stating whether the cast succeeded. (A
ClassCastException is thrown if the cast failed; if no exception is thrown, the cast
succeeded.) A fragment of the output of the sample solution (Caster.java on the
CD-ROM) looks like this:

Checking casts for FruitFruit: OKApple: NOSqueezable: NOCitrus: NOOrange: NO
Checking casts for AppleFruit: OKApple: OKSqueezable: NOCitrus: NOOrange: NO
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FIGURE 4.5 Casting ashortto a byte
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Object Reference Conversion

Object reference variables, like primitive values, participate in assignment conversion, method-
call conversion, and casting. (There is no arithmetic promotion of object references, because ref-
erences cannot be arithmetic operands.) Object reference conversion is more complicated than
primitive conversion, because there are more possible combinations of old and new types—and
more combinations mean more rules.

Reference conversion, like primitive conversion, takes place at compile time, because the
compiler has all the information it needs to determine whether the conversion is legal. Later you
will see that this is not the case for object casting.

The following sections examine object reference assignment, method-call, and casting
conversions.

Object Reference Assignment Conversion

Object reference assignment conversion happens when you assign an object reference value to
a variable of a different type. There are three general kinds of object reference type:

= A class type, such as Button or FileWriter

An interface type, such as Cloneable or LayoutManager
= An array type, such as int[J[] or TextArea[]

Generally speaking, assignment conversion of a reference looks like this:

1. Oldtype x = new Oldtype();
2. Newtype y = Xx; // reference assignment conversion



Object Reference Conversion 113

This is the general format of an assignment conversion from an 01dtype to a Newtype. Unfor-
tunately, OTdtype can be a class, an interface, or an array; Newtype can also be a class, an inter-
face, or an array. Thus there are nine (= 3 ... 3) possible combinations to consider. Figure 4.6
shows the rules for all nine cases.

It would be difficult to memorize the nine rules shown in Figure 4.6. Fortunately, there is a
rule of thumb.

Recall that with primitives, conversions were permitted, provided they were widening
conversions. The notion of widening does not really apply to references, but a similar prin-
ciple is at work. In general, object reference conversion is permitted when the direction of
the conversion is “up” the inheritance hierarchy; that is, the old type should inherit from the
new type. This rule of thumb does not cover all nine cases, but it is a helpful way to look
at things.

The rules for object reference conversion can be stated as follows:

=  An interface type can be converted only to an interface type or to Object. If the new type
is an interface, it must be a superinterface of the old type.

= Aclass type can be converted to a class type or to an interface type. If converting to a class
type, the new type must be a superclass of the old type. If converting to an interface type,
the old class must implement the interface.

= Anarray may be converted to the class Object, to the interface Cloneable or Serializable,
or to an array. Only an array of object reference types can be converted to an array, and the
old element type must be convertible to the new element type.

Toillustrate these rules, consider the inheritance hierarchy shown in Figure 4.7 (assume there
is an interface called Squeezable).

FIGURE 4.6 The rules for object reference assignment conversion

Converting o1dtype to Newtype:
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Compiler error
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array of
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FIGURE 4.7 Asimple class hierarchy

Citrus
(implements
Squeezable)

Tangelo

As a first example, consider the following code:

1. Tangelo tange = new Tangelo();
2. Citrus cit = tange;

This code is fine. A Tangelo is being converted to a Citrus. The new type is a superclass of the
old type, so the conversion is allowed. Converting in the other direction (“down” the hierarchy
tree) is not allowed:

1. Citrus cit = new Citrus();
2. Tangelo tange = cit;

This code will result in a compiler error.
What happens when one of the types is an interface?

1. Grapefruit g = new Grapefruit();
2. Squeezable squee = g; // No problem
3. Grapefruit g2 = squee; // Error

The second line (“No problem™) changes a class type (Grapefruit) to an interface type.
This is correct, provided Grapefruit really implements Squeezable. A glance at Figure 4.7
shows that this is indeed the case, because Grapefruit inherits from Citrus, which imple-
ments Squeezable. The third line is an error, because an interface can never be implicitly con-
verted to any reference type other than Object.
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Finally, consider an example with arrays:

1. Fruit fruits[];

2. Lemon lemons[];

3. Citrus citruses[] = new Citrus[10];
4. for (int i = 0; i < 10; i++) {

5. citruses[i] = new Citrus(Q);

6. }

7. fruits = citruses; // No problem
8. Temons = citruses; // Error

Line 7 converts an array of Citrus to an array of Fruit. This is fine, because Fruit is a super-
class of Citrus. Line 8 converts in the other direction and fails, because Lemon is not a superclass
of Citrus.

Object Method-Call Conversion

Fortunately, the rules for method-call conversion of object reference values are the same as the
rules described earlier for assignment conversion of objects. The general rule of thumb is that
converting to a superclass is permitted and converting to a subclass is not permitted.

To see how the rules make sense in the context of method calls, consider the extremely useful
java.lang.Vector class. You can store anything you like in a vector (anything nonprimitive,
that is) by calling the method add (Object ob). For example, the following code stores a
Tangelo in a vector:

1. Vector myVec = new Vector();
2. Tangelo tange = new Tangelo();
3. myVec.add (tange);

The tange argument will automatically be converted to type Object. The automatic conversion
means that the people who wrote the java. Tang.Vector class didn’t have to write a separate
method for every possible type of object that anyone might conceivably want to store in a vec-
tor. This is fortunate: the Tangelo class was developed years after the invention of the vector,
so the developer of the Vector class could not possibly have written specific Tangelo-handling
code. An object of any class (and even an array of any type) can be passed into the single add
(Object ob) method.

Object Reference Casting

Object reference casting is like primitive casting: by using a cast, you convince the compiler to
let you do a conversion that otherwise might not be allowed.
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Any kind of conversion that is allowed for assignments or method calls is allowed for explicit
casting. For example, the following code is legal:

1. Lemon lem = new Lemon();
2. Citrus cit = (Citrus)lem;

The cast is legal but not needed; if you leave it out, the compiler will do an implicit assignment
conversion. The power of casting appears when you explicitly cast to a type that is not allowed
by the rules of implicit conversion.

To understand how object casting works, it is important to understand the difference between
objects and object reference variables. Every object (well, nearly every object—there are some
obscure cases) is constructed via the new operator. The class name following new determines for
all time the true class of the object. For example, if an object is constructed by calling new
Color(222, 0, 255), then throughout that object’s lifetime, its class will be Color.

Java programs do not deal directly with objects. They deal with references to objects. For
example, consider the following code:

Color purple = new Color(222, 0, 255);

The variable purple is not an object; it is a reference to an object. The object itself lives in memory
somewhere in the Java Virtual Machine (JVM). The variable purple contains something similar
to the address of the object. This address is known as a reference to the object. The difference
between a reference and an object is illustrated in Figure 4.8. References are stored in variables,
and variables have types that are specified by the programmer at compile time. Object reference
variable types can be classes (such as Graphics or FileWriter), interfaces (such as Runnable
or LayoutManager), or arrays (such as int[][] or Vector[]).

FIGURE 4.8 Reference and object
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Although an object’s class is unchanging, it may be referenced by variables of many dif-
ferent types. For example, consider a stack. It is constructed by calling new Stack(), so its
class really is Stack. Yet at various moments during the lifetime of this object, it may be ref-
erenced by variables of type Stack (of course), or of type Vector (because Stack inherits
from Vector), or of type Object (because everything inherits from Object). It may even be
referenced by variables of type Serializable, which is an interface, because the Stack class
implements the Serializable interface. This situation is shown in Figure 4.9.

FIGURE 4.9 Many variable types, one class
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The type of a reference variable is obvious at compile time. However, the class of an object
referenced by such a variable cannot be known until runtime. This lack of knowledge is not a
shortcoming of Java technology; it results from a fundamental principle of computer science.
The distinction between compile-time knowledge and runtime knowledge was not relevant to
our discussion of conversions; however, the difference becomes important with reference value
casting. The rules for casting are a bit broader than those for conversion. Some of these rules
concern reference type and can be enforced by the compiler at compile time; other rules concern
object class and can be enforced only during execution.

Quite a few rules govern object casting because a large number of obscure cases must be cov-
ered. For the exam, the important rules to remember when casting from O1dtype to Newtype
are as follows:

=  When both O1dtype and Newtype are classes, one class must be a subclass of the other.

=  When both 01dtype and Newtype are arrays, both arrays must contain reference types
(not primitives), and it must be legal to cast an element of O1dtype to an element of
Newtype.

= You can always cast between an interface and a nonfinal object.
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Assuming that a desired cast survives compilation, a second check must occur at runtime. The
second check determines whether the class of the object being cast is compatible with the new
type. (This check could not be made at compile time, because the object being cast did not exist
then.) Here, compatible means that the class can be converted according to the conversion rules
discussed in the previous two sections. The following rules cover the most common runtime cases:

= If Newtype is a class, the class of the expression being converted must be Newtype or must
inherit from Newtype.

= If Newtype is an interface, the class of the expression being converted must implement
Newtype.

It is definitely time for some examples! Look once again at the Fruit/Citrus hierarchy that
you saw earlier in this chapter, which is repeated in Figure 4.10.
First, consider the following code:

1. Grapefruit g, gl;

2. Citrus c;

3. Tangelo t;

4. g = new Grapefruit(); // Class is Grapefruit

5. c =g; // Legal assignment conversion,
// no cast needed

6. gl = (Grapefruit)c; // Legal cast

7. t = (Tangelo)c; // I1legal cast

// (throws an exception)

FIGURE 4.10 Fruit hierarchy (reprise)
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This code has four references but only one object. The object’s class is Grapefruit, because
Grapefruit’s constructor is called on line 4. The assignment ¢ = g on line 5 is a perfectly legal
assignment conversion (“up” the inheritance hierarchy), so no explicit cast is required. In lines 6
and 7, the Citrus is cast to a Grapefruit and to a Tangelo. Recall that for casting between class
types, one of the two classes (it doesn’t matter which one) must be a subclass of the other. The first
cast is from a Ci trus to its subclass Grapefruit; the second cast is from a Citrus to its subclass
Tangelo. Thus both casts are legal—at compile time. The compiler cannot determine the class of
the object referenced by c, so it accepts both casts and lets fate determine the outcome at runtime.

When the code is executed, eventually the JVM attempts to execute line 6: g1 =
(Grapefruit)c;. The class of c is determined to be Grapefruit, and there is no objection

to converting a Grapefruit to a Grapefruit.

Line 7 attempts (at runtime) to cast c to type Tangelo. The class of c is still Grapefruit, and
a Grapefruit cannot be cast to a Tangelo. In order for the cast to be legal, the class of c would
have to be Tangelo itself or some subclass of Tangelo. Because this is not the case, a runtime
exception (java.lang.ClassCastException) is thrown.

Now take an example where an object is cast to an interface type. Begin by considering the
following code fragment:

1. Grapefruit g, gl;

2. Squeezable s;

3. g = new Grapefruit();

4. s = g; // Convert Grapefruit to Squeezable (OK)
5. g1 = s; // Convert Squeezable to Grapefruit

// (Compile error)

This code will not compile. Line 5 attempts to convert an interface (SqueezabTle) to a class
(Grapefruit). It doesn’t matter that Grapefruit implements Squeezable. Implicitly converting
an interface to a class is never allowed; it is one of those cases where you have to use an explicit
cast to tell the compiler that you really know what you’re doing. With the cast, line 5 becomes

5. g1 = (Grapefruit)s;

Adding the cast makes the compiler happy. At runtime, the JVM checks whether the class of
s (which is Grapefruit) can be converted to Grapefruit. It certainly can, so the cast is allowed.
For a final example, involving arrays, look at the following code:

1. Grapefruit g[];
2. Squeezable s[];
3. Citrus c[];
4. g = new Grapefruit[500];
5. s =g; // Convert Grapefruit array to
// Squeezable array (OK)
6. c = (Citrus[])s; // Cast Squeezable array to Citrus

// array (0K)
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Line 6 casts an array of SqueezabTles (s) to an array of Citruses (c). An array cast is legal
if casting the array element types is legal (and if the element types are references, not primi-
tives). In this example, the question is whether a SqueezabTe (the element type of array s) can
be cast to a Citrus (the element type of the cast array). The previous example showed that
this is a legal cast.

Summary

Primitive values and object references are very different kinds of data. Both can be converted
(implicitly) or cast (explicitly). Primitive type changes are caused by assignment conversion,
method-call conversion, arithmetic-promotion conversion, or explicit casting.

Primitives can be converted only if the conversion widens the data. Primitives can be narrowed
by casting, as long as neither the old nor the new type is boolean.

Object references can be converted or cast; the rules that govern these activities are extensive
because many combinations of cases must be covered. In general, going “up” the inheritance
tree can be accomplished implicitly through conversion; going “down” the tree requires explicit
casting. Object reference type changes are caused by assignment conversion, method-call con-
version, or explicit casting.

Exam Essentials

Understand when primitive conversion takes place. Assignment and method-call conversion
take place when the new data type is the same as or wider than the old type. Type widths are
summarized in Figure 4.3.

Understand when arithmetic promotion takes place. You should know the type of result of
unary and binary arithmetic operations performed on operands of any type.

Understand when primitive casting is required. Casting is required when the new data type is
neither the same as nor wider than the old type.

Understand when object reference conversion takes place. The rules are summarized in
Figure 4.6. The most common case is when the new type is a parent class of the old type.

Understand when object reference casting is required. The most common case is when the
new type inherits from the old type.
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Review Questions

1.  Which of the following statements is correct? (Choose one.)

A. Only primitives are converted automatically; to change the type of an object reference, you
have to do a cast.

B. Only object references are converted automatically; to change the type of a primitive, you
have to do a cast.
C. Arithmetic promotion of object references requires explicit casting.

D. Both primitives and object references can be both converted and cast.

E. Casting of numeric types may require a runtime check.

2.  Which one line in the following code will not compile?
byte b = 5;
char c = '5';
short s = 55;
int i = 555;
float f = 555.5f;
b =s;
i=c;
if (f > b)
f=1;

O 00 N O U1 A W N R

Line 1
Line 2
Line 3
Line 4
Line 5
Line 6
Line 7
Line 8

Line 9

IOGMMmMOO WP

3. Will the following code compile?

1. byte b = 2;

2. byte bl = 3;

3. b=Db * bl;
A. Yes

B. No
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4. Inthe following code, what are the possible types for variable result? (Choose the most complete
true answer.)

1. byte b = 11;
2. short s = 13;
3. result = b * ++s;

byte, short, int, Tong, float, double

boolean, byte, short, char, int, Tong, float, double
byte, short, char, int, Tong, float, double

byte, short, char

moowp»

int, Tong, float, double

5. Consider the following class:

1. class Cruncher {

2 void crunch(int i) {

3 System.out.printIin("int version");
4, }

5. void crunch(String s) {
6 System.out.println("String version");
7

8

9

}
public static void main(String args[]) {
10. Cruncher crun = new Cruncher();
11. char ch = 'p';
12. crun.crunch(ch);
13. }
14. }

Which of the following statements is true? (Choose one.)

A. Line 5 will not compile, because void methods cannot be overridden.

Line 12 will not compile, because no version of crunch() takes a char argument.
The code will compile but will throw an exception at line 12.

The code will compile and produce the following output: int version.

moowm

The code will compile and produce the following output: String version.
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6. Which of the following statements is true? (Choose one.)

A.
B.
C.

D.

E.

Object references can be converted in assignments but not in method calls.
Object references can be converted in method calls but not in assignments.

Object references can be converted in both method calls and assignments, but the rules
governing these conversions are very different.

Object references can be converted in both method calls and assignments, and the rules
governing these conversions are identical.

Object references can never be converted.

7. Consider the following code. Which line will not compile?

N o v AW N

o wr

D.

Object ob = new Object();

String[] stringarr = new String[50];
Float floater = new Float(3.14f);

ob = stringarr;

ob = stringarr[5];

floater = ob;

. ob = floater;

Line 4
Line 5§
Line 6
Line 7

Questions 8-10 refer to the class hierarchy shown in the graphic below.

Cat
(implements
Washer)

Raccoon
(implements
Washer)

8. Consider the following code:

1.
2.
3.

Dog rover, fido;
Animal anim;
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4.
5.
6. fido = (Dog)anim;

N o v W N R
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rover = new Dog();
anim = rover;

Which of the following statements is true? (Choose one.)

A. Line 5 will not compile.
B. Line 6 will not compile.
C.
D
E

The code will compile but will throw an exception at line 6.

. The code will compile and run.

. The code will compile and run, but the cast in line 6 is not required and can be eliminated.

Consider the following code:

Cat sunflower;
Washer wawa;
SwampThing pogo;

sunflower = new Cat();
wawa = sunflower;

. pogo = (SwampThing)wawa;

Which of the following statements is true? (Choose one.)

A

Line 6 will not compile; an explicit cast is required to convert a Cat to a Washer.

B. Line 7 will not compile, because you cannot cast an interface to a class.
C.
D

. The code will compile but will throw an exception at line 7, because runtime conversion

The code will compile and run, but the cast in line 7 is not required and can be eliminated.

from an interface to a class is not permitted.

The code will compile but will throw an exception at line 7, because the runtime class of
wawa cannot be converted to type SwampTh1ing.

10. Consider the following code:

N o vl AW N

Raccoon rocky;
SwampThing pogo;
Washer w;

rocky = new Raccoon();
w = rocky;

. pogo = w;
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12.

13.

14.
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Which of the following statements is true? (Choose one.)

A. Line 6 will not compile; an explicit cast is required to convert a Raccoon to a Washer.

B. Line 7 will not compile; an explicit cast is required to convert a Washer to a SwampThing.
C. The code will compile and run.
D

. The code will compile but will throw an exception at line 7, because runtime conversion
from an interface to a class is not permitted.

m

The code will compile but will throw an exception at line 7, because the runtime class of w
cannot be converted to type SwampThing.

Which of the following may legally appear as the new type (between the parentheses) in a cast
operation?

. Classes

. Interfaces

A

B

C. Arrays of classes

D. Arrays of interfaces
E

. All of the above
Which of the following may legally appear as the new type (between the parentheses) in a cast
operation?
A. Abstract classes
B. Final classes
C. Primitives
D. All of the above
Suppose the declared type of x is a class, and the declared type of y is an interface. When is the
assignment X = y; legal?
A. When the type of x is Object
B. When the type of x is an array
C. Always
D. Never
Suppose the type of xarr is an array of XXX, and the type of yarr is an array of YYY. When is
the assignment xarr = yarr; legal?
A. Sometimes
B. Always
C. Never
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15. Whenis x & y an int? (Choose one).
A. Always
B. Sometimes

C. When neither x nor y is a float, a long, or a double

16. What are the legal types for whatsMyType?
short s = 10;
whatsMyType = !s;
A. short
B. int
C. There are no possible legal types.

17. When a negative Tong is cast to a byte, what are the possible values of the result?

A. Positive
B. Zero
C. Negative

D. All of the above

18. When a negative byte is cast to a Tong, what are the possible values of the result?

A. Positive
B. Zero
C. Negative

19. Which of the following operators can perform promotion on their operands? (Choose all
that apply.)

A. +

++

mmo o

I
20. Whatis the difference between the rules for method-call conversion and the rules for assignment
conversion?
A. There is no difference; the rules are the same.
B. Method-call conversion supports narrowing, assignment conversion does not.
C. Assignment conversion supports narrowing, method-call conversion does not.
D.

Method-call conversion supports narrowing if the method declares that it throws
ClassCastException.
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Answers to Review Questions

1.

8.

9.

D. D is correct because in Java primitives and object references can be both converted and cast.
A and B are wrong because they contradict D. C is wrong because objects do not take part in
arithmetic operations. E is wrong because only casting of object references potentially requires
a runtime check.

F. The code b = s will not compile, because converting a short to a byte is a narrowing conver-
sion, which requires an explicit cast. The other assignments in the code are widening conversions.

B. Surprisingly, the code will fail to compile at line 3. The two operands, which are originally
bytes, are converted to ints before the multiplication. The result of the multiplication is an int,
which cannot be assigned to byte b.

E. The result of the calculation on line 2 is an int (because all arithmetic results are ints or
wider). An int can be assigned to an int, Tong, float, or double.

D. At line 12, the char argument ch is widened to type int (a method-call conversion) and
passed to the int version of method crunch().

D. Method-call and assignment conversions are governed by the same rules concerning the legal
relationships between the old and new types.

C. Changing an Object toa Float is going “down” the inheritance hierarchy tree, so an explicit
cast is required.

Questions 8-10 refer to the class hierarchy shown in the graphic below.

Cat
(implements
Washer)

Raccoon
(implements
Washer)

D. 80The code will compile and run. The cast in line 6 is required, because changing an Animal
to a Dog is going “down” the tree.

E. The cast in line 7 is required. Answer D is a preposterous statement expressed in a tone of
authority.
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10.

1.

12.

13.
14.

15.

16.
17.

18.

19.
20.
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B. The conversion in line 6 is fine (class to interface), but the conversion in line 7 (interface
to class) is not allowed. A cast in line 7 will make the code compile, but then at runtime a
ClassCastException will be thrown, because Washer and SwampThing are incompatible.

E. Any type may appear inside the parentheses of a cast.

E. Any type, including classes with any kind of modifier, may appear inside the parentheses
of a cast.

A. An interface may be converted only to a class, and the class must be Object.

A. An array may be converted to another array, provided the element types of the arrays are
compatible. This is sometimes, but not always, the case.

B. The result is an int whenever the operands are bytes, shorts, chars, or ints. C is wrong
because it does not account for the situation where both operands are booleans.

C. The expression !'s won’t compile, because the ! operator may be applied only to booTleans.

D. When a Tong is cast to a byte, all but the least-significant 8 bits are discarded. The remaining
bits might represent a positive number, zero, or a negative number.

C. When a numeric primitive is cast or converted to a wider type, the original value is preserved,
so naturally the original sign cannot change.

A, B, E. All numeric operators promote. !, which is strictly boolean, does not promote.

A. Method-call conversion and assignment conversion are governed by the same rules.
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COVERED IN THIS CHAPTER:

v' 2.1 Develop code that implements an if or switch statement;
and identify legal argument types for these statements.

v' 2.2 Develop code that implements all forms of loops and
iterators, including the use of for, the enhanced for loop
(for-each), do, while, labels, break, and continue; and explain
the values taken by loop counter variables during and after
loop execution.

v 2.3 Develop code that makes use of assertions, and distinguish
appropriate from inappropriate uses of assertions.

v' 2.4 Develop code that makes use of exceptions and exception
handling clauses (try, catch, finally), and declares methods and
overriding methods that throw exceptions.

v' 2.5 Recognize the effect of an exception arising at a specified
point in a code fragment. Note that the exception may be a
runtime exception, a checked exception, or an error.

v 2.6 Recognize situations that will result in any of the following
being thrown: ArraylndexOutOfBoundsException, ClassCast-
Exception, lllegalArgumentException, lllegalState-Exception,
NullPointerException, NumberFormatException, Assertion-
Error, ExceptionlinlnitializerError, StackOverflow-Error or
NoClassDefFoundError.EUnderstand which of these are
thrown by the virtual machine and recognize situations in
which others should be thrown programatically.



Programming is the art of getting program execution to flow to the
right place at the right time. Java lets you control program flow
with traditional features such as loops, conditionals, and switches.
Java also supports two more modern flow-control constructs: exceptions and assertions. More-
over, Java has enhanced the for-loop syntax to make it more closely integrated with collections.

In this chapter you’ll look at both the traditional and the new facilities for controlling pro-
gram flow.

The Loop Constructs

Java provides three loop constructions. Taken from C and C++, these are the while(), do, and
for() constructs. Each provides the facility for repeating the execution of a block of code until
some condition occurs.

The while() Loop
The general form of the while() loop is

1. while (boolean_condition)
2. repeated_statement_or_bTlock

In such a construct, the element booTlean_condition must be an expression that returns a
boolean result. Notice that this differs from C and C++, where a variety of types may be used:
In Java you can use only a boolean expression. Typically, you might use a comparison of some
kind, such as x > 5.

The repeated_statement_or_bTlock will be executed again and again as long as the
boolean_condition is true. If the condition never becomes false, then the loop will repeat
forever. In practice, this really means that the loop will repeat until the program is stopped
or the machine is turned off.

Notice that we’ve described the loop body as a “repeated statement or block.” We need to
make two important points here. The first is one of coding style, and as such is not directly related
to the Programmer’s Exam (although it might be relevant to the Developer’s Exam when you take
that). The second is the strict interpretation of the language specification, and as such might be
needed in the Programmer’s Exam. The two issues are related, so we will discuss them over the
next few paragraphs.
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The first point is that you would be well advised always to write a block to contain the code
for the body of a loop or an () statement. That is, always use a pair of braces so your code
will look like this:

1. while (boolean_condition) ({
2. statement(s);
3.}

You should do so even where the loop contains only a single statement. The reason is that in many
situations, you will change from a single line to multiple lines, and if the braces are in position
already, that is one less thing to forget. One typical situation where this arises is when you add
debug output to the middle of a loop to see how many times the loop is executed. It’s very frus-
trating to realize after 20 minutes of messing about that the loop was executed 10 times, although
the message was printed only on exit from the loop. It’s perhaps worse to see the message printed
10 times but to have moved the proper body of the loop outside of it entirely.

The second point is that, from the position of strict correctness, you need to know that a single
statement without braces is allowed in loops and 1 statements. So, the following code is correct
and prints “five times” five times, but “once” only once:

1. 1int i = 0;

2. while (i++ < 5)

3 System.out.printin("five times");
4. System.out.printin("once");

It is highly unlikely that you will be presented with code that uses a single nonblocked state-
ment as the body of a loop or the conditional part of an if statement, but if you do, you need
to recognize how it will behave and that it is not incorrect.

P ter of near-religious contention. Some programmers put it at the end of a line, as
in most of the examples in this book. Others put it on a line by itself. Provided it
is otherwise placed in the correct sequence, it does not matter how many space,
tab, and newline characters are placed before or after the opening curly brace. In
other words, this positioning is not relevant to syntactic correctness. You should
be aware, however, that the style used in presenting the exam questions, as well
as that used for the code in the developer-level exam, is the style shown here,
where the opening brace is placed at the end of the line.

é/ The exact position of the opening curly brace that marks a block of code is a mat-

Observe that if the booTean_condition is already false when the loop is first encountered,
then the body of the loop will never be executed. This fact relates to the main distinguishing fea-
ture of the do loop, which we will discuss next.
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The do Loop

The general form of the do loop is

1. do
2. repeated_statement_or_bTlock
3. while (boolean_condition);

It is similar to the while() loop just discussed, and as before, it is best to have a loop body
formed with a block:

1. do {

2. do_something

3 do_more

4. } while (boolean_condition);

Again, repetition of the loop is terminated when the booTean_condition becomes false.
The significant difference is that this loop always executes the body of the loop at least once,
because the test is performed at the end of the body.

Notice that the do loop (as opposed to the whiTle loop) is guaranteed to run at least once,
regardless of the value of the conditional expression. The do loop is probably used less frequently
than the while() loop, but the third loop format is perhaps the most common. The third form is
the for() loop, which we will discuss next.

The for() Loop

A common requirement in programming is to perform a loop so that a single variable is incre-
mented over a range of values between two limits. This ability is frequently provided by a loop
that uses the keyword for. Java’swhile() loop can achieve this effect, but it is most commonly
achieved using the for() loop. However, as with C and C++, using the for() loop is more gen-
eral than simply providing for iteration over a sequence of values.

The general form of the for() loop is

1. for (statement ; condition ; expression)
2. Toop_body

Again, a block should normally be used as the Toop_body part, like this:

1. for (statement ; condition ; expression) {
2. do_something

3 do_more

4
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The keys to this loop are in the three parts contained in the brackets following the for keyword:

= The statement is executed immediately before the loop itself is started. It is often used to set
up starting conditions. You will see shortly that it can also contain variable declarations.

=  The condition must be a boolean expression and is treated exactly the same as in the
while() loop. The body of the loop will be executed repeatedly until the condition ceases
to be true. As with the while() loop, it is possible that the body of a for() loop might
never be executed. This occurs if the condition is already false at the start of the loop.

= The expression (short for “iteration expression”) is executed immediately after the body of the
loop, just before the test is performed again. Commonly, it is used to increment a loop counter.

If you have already declared an int variable x, you can code a simple sequence-counting loop

like this:

1. for (x = 0; x < 10; x++) {
2. System.out.printin(" value is " + x);
3.}

This code would result in 10 lines of output, starting with
value is 0

and ending with

value is 9

In fact, because for() loops commonly need a counting variable, you are allowed to declare
variables in the statement part. The scope of such a variable is restricted to the statement or
block following the for() statement and the for() part itself. This limitation protects loop
counter variables from interfering with each other and prevents leftover loop count values from
accidental re-use. The result is code like this:

1. for (int x = 0; x < 10; x++) {
2. System.out.printin("value is " + x);
3.}

It might be useful to look at the equivalent of this code implemented using a while() loop:

1. {
2. int x = 0;

3. while (x < 10) {

4. System.out.printin("value is " + x);
5. X++;

6.

7.
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This version reinforces a couple of points. First, the scope of the variable x, declared in
the statement part of the for() loop, is restricted to the loop and its control parts (that is, the
statement, condition, and expression). Second, the expression is executed after the rest of
the loop body, effectively before control comes back to the test condition.

Empty for() Loops

Any part of a for() loop’s control may be omitted if you wish. Omitting the test is equivalent
to a perpetually true test, so the construct

for(5;) {}

creates a loop that repeats forever. Notice that both semicolons must still be included for correct
syntax, even though the statement, condition, and expression are omitted.

The for() Loop and the Comma Separator

The for() loop allows the use of the comma separator in a special way. The statement and
expression parts described previously can contain a sequence of expressions rather than just
a single one. If you want such a sequence, you should separate those expressions, not with a
semicolon (which would be mistaken as the separator between the three parts of the for() loop
control structure), but with a comma. This behavior is borrowed from C and C++, where the
comma is an operator; in Java the comma serves only as a special case separator for conditions
where the semicolon would be unsuitable. This example demonstrates:

1. int j, k;

2. for (3 =3, k=6; j +k<20; j++, k +=2) {

3 System.out.println("j is " + j + " k is " + k);
4.}

Note that although you can use the comma to separate several expressions, you cannot mix
expressions with variable declarations, nor can you have multiple declarations of different types.
So these would be illegal:

1. int i = 7;
2. for (i++, int j = 0; i < 10; j++) { } // illegal!
1. for (int i =7, long j = 0; i < 10; j++) { } // illegal!

A final note on this issue is that the use of the comma to separate multiple declarations of a
single type is allowed, like this:

1. for Gint i =7, j =0; 1<10; j+) { }

This line declares two int variables, i and j, and initializes them to 7 and 0 respectively. This,
however, is a standard feature of declarations and is not specific to the for() loop.
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Enhanced for Loops

Java’s for loops were enhanced in release 1.5 to work more easily with arrays and collections.
Collections and their for loop enhancements are discussed in Chapter 8, “The java.lang and
java.util Packages.” Here we will just look at how arrays work with enhanced for loops.
You often want to perform identical processing on every element of an array. For example,
the following method returns the sum of the squares of the members of an array of floats:

float sumOfSquares(float[] floats) {
float sum = 0;
for (int i=0; i<floats.length; i++)
sum += floats[i];
return sum;

With enhanced for loops, this method can be rewritten as

float sumOfSquares(float[] floats) {
float sum = 0;
for (float f:floats)
sum += f;
return sum;

The new version eliminates the loop counter. The new syntax is

for (type variable_name:array)

The type must be compatible with the array type. The colon is pronounced “in,” so if you were
reading the new for line out loud you would say, “for float f in floats.” The loop executes once
for each member of the array, with the variable taking on each array member value in turn.

The array may contain primitives or references. The next example is a method that computes
the sum of the lengths of an array of strings:

int sumOfLengths(String[] strings) {
int totallLength = 0;
for (String s:strings)
totalLength += s.length();
return totallLength;

In Chapter 8 you will see how the enhanced for loop can iterate over collection
TE members as well as array members.
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We have now discussed the loop constructions in their basic forms. The next section looks
at more advanced flow control in loops, specifically the use of the break and continue
statements.

The break and continue Statements in Loops

Sometimes you need to abandon execution of the body of a loop—or perhaps a number of nested
loops. Java provides two statements, break and continue, which can be used to achieve this
effect. The break statement terminates execution of a loop. The continue statement terminates
the current pass through a loop. Let’s look in more detail at these two keywords.

Using continue

Suppose you have a loop that is processing an array of items that each contain two String ref-
erences. The first String is always non-nu11, but the second might not be present. To process
this, you might decide that you want, in pseudocode, something along these lines:

for each element of the array
process the first String
if the second String exists
process the second String
endif
endfor

You will recognize that this can be coded easily by using an if block to control processing
of the second String. However, you can also use the continue statement like this:

for (int i = 0; i < array.length; i++) {
// process first string
if (array[i].secondString == null) {
continue;

}

// process second string

}

In this case, the example is sufficiently simple that you probably do not see any advantage over
using the if() condition to control the execution of the second part. If the second String pro-
cessing was long, and perhaps heavily indented in its own right, you might find that the use of
continue was slightly simpler visually.

The real strength of continue is that it is able to skip out of multiple levels of loop. Suppose
the example, instead of being two String objects, is two-dimensional arrays of char values.
Now you will need to nest your loops. Consider this sample:

N o v W N R

1. mainLoop: for (int i = 0; i < array.length; i++) {
2. for (int j = 0; j < array[i].length; j++) {
3. if (array[i]1[3j] == '\u0000") {
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continue mainLoop;

N o v b
—

}

Notice particularly the label mainLoop that has been applied to the for() on line 1. The fact
that this is a label is indicated by the trailing colon. You typically apply labels of this form to
the opening loop statements: while(), do, or for().

Here, when the processing of the second array comes across a 0 value, it abandons the whole
processing not just for the inner loop but for the current object in the main array. This is equiv-
alent to jumping to the statement i++ in the first for() statement.

You might still think this is not really any advantage over using i () statements, but imagine
that further processing was done between lines 6 and 7, and that finding the 0 character in the
array was required to avoid that further processing. To achieve that without using continue,
you would have to set a flag in the inner loop and use it to abandon the outer loop processing.
It can be done, but it is rather messy.

Using break

The break statement, when applied to a loop, is somewhat similar to the continue statement.
However, instead of prematurely completing the current iteration of a loop, break causes the
entire loop to be abandoned. Consider this example:

1. for (int j = 0; j < array.length; j++) {

2 if (array[j] == null) {

3 break; //break out of inner Toop
4.

5 // process array[j]

6. }

In this case, instead of simply skipping some processing for array[j] and proceeding directly to
processing array[j+11, this version quits the entire inner loop as soon as a nu11 element is found.

You can also use labels on break statements, and as before, you must place a matching label
on one of the enclosing blocks. The break and continue statements provide a convenient way
to make parts of a loop conditional, especially when used in their labeled formats.

The next section discusses the if()/else and switch() constructions, which provide the
normal means of implementing conditional code.

The Selection Statements

Java provides a choice of two selection constructs: the 1f()/e1se and switch() mechanisms.
You can easily write simple conditional code for a choice of two execution paths based on the
value of a booTlean expression using if()/else. If you need more complex choices between
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multiple execution paths, and if an integral argument is available to control the choice, then you
can use switch(); otherwise you can use either nests or sequences of 1f()/else.

The if()/else Construct

The if()/else construct takes a boolean argument as the basis of its choice. Often you will use
a comparison expression to provide this argument. For example

1. if (x > 5) {
2. System.out.printIn("x is more than 5");
3.}

This sample executes line 2, provided the test (x > 5) in line 1 returns true. Notice that we used
a block even though there is only a single conditional line, just as we suggested you should gen-
erally do with the loops discussed earlier.

You can use an else block to give code that is executed under the conditions that the test
returns false. For example

1. if (x > 5) {

2 System.out.printin("x is more than 5");
3.}

4. else {

5 System.out.printin("x is not more than 5");
6. }

You can also use if()/else in a nested fashion, refining conditions to more specific, or
narrower, tests at each point.

The if()/else construction makes a test between only two possible paths of execution.
However, you can also use the 1f()/else construction to choose between multiple possible
execution paths by using the 1f()/else if() variation of the construction. For example

1. if Chours > 1700) {

2 System.out.printin("good evening");
3.}

4. else if (hours > 1200){

5. System.out.printin("good afternoon");
6. }

7. else {

8 System.out.printin("good morning");
9

}

The code snippet above can be rewritten using the switch() statement. The next section dis-
cusses the switch() statement, which allows a single value to select between multiple possible
execution paths.
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The switch() Construct

If you need to make a choice between multiple alternative execution paths, and the choice can
be based upon an int value, you can use the switch() construct. Consider this example:

1. switch (x) {

2. case 1:

3. System.out.printin("Got a 1");

4. break;

5. case 2:

6. case 3:

7. System.out.println("Got 2 or 3");
8. break;

9. default:
10. System.out.printin("Not a 1, 2, or 3");
11. break;
12. }

Note that, although you cannot determine the fact by inspection of this code, the variable
x must be either byte, short, char, or int. It must not be Tong, either of the floating-point
types, booTlean, or an object reference. Strictly, the value must be “assignment compatible”
with int.

The comparison of values following case labels with the value of the expression supplied as
an argument to switch() determines the execution path. The arguments to case labels must
be constants, or at least constant expressions that can be fully evaluated at compile time. You
cannot use a variable or an expression involving variables.

Each case label takes only a single argument, but when execution jumps to one of these
labels, it continues downward until it reaches a break statement. This occurs even if execu-
tion passes another case label or the default label. So, in the previous example, if x has the
value 2, execution goes through lines 1, 5, 6, 7, and 8 and continues beyond line 12. This
requirement for break to indicate the completion of the case part is important. More often
than not, you do not want to omit the break, because you do not want execution to “fall
through.” However, to achieve the effect shown in the example, where more than one par-
ticular value of x causes execution of the same block of code, you use multiple case labels
with only a single break.

The default statement is comparable to the e1se part of an if()/else construction. Exe-
cution jumps to the default statement if none of the explicit case values matches the argument
provided to switch(). Although the default statement is shown at the end of the switch()
block in the example (and this is both a conventional and reasonably logical place to put it), no
rule requires this placement.

Now that you have examined the constructions that provide for iteration and selection under
normal program control, let’s look at the flow of control under exception conditions—that is,
conditions when some runtime problem has arisen.
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Exceptions

Occasionally when a program is executing something occurs that is not quite normal from the
point of view of the goal at hand. For example, a user might type an invalid filename; a file might
contain corrupted data; a network link could fail; or a bug in the program might cause it to try
to make an illegal memory access, such as referring to an element beyond the end of an array.

Circumstances of this type are called exception conditions in Java and are represented using
objects. An extensive class hierarchy descending from java.lang.Throwable is dedicated to
describing them.

Most new Java programmers first encounter exceptions when they try to call a useful method
that they read about in the API pages. Usually it’s the pages for the java. i0 package, whose meth-
ods throw lots of exceptions. For example, you might decide to call the getCanonicalFile()
method of an instance of java.io.File. (Don’t worry about what the method actually does!
We’re here to study exceptions, not file I/0.)

If you don’t know anything about exceptions, you might try to do the following;:

myFile.getCanonicalFile();
Unfortunately, this doesn’t compile. The compiler error says something like

unreported exception java.io.IOException; must be caught or declared to be
thrown

On closer inspection of the API page for the FiTe class, you see that the getCanonicalFile()
method declaration includes the words “throws IOException.” Whenever you see “throws” in
a method description on an API page, you can’t just call the method. You need to deal with the
exception in one of two ways: you can catch it or you can declare it. These options are explained
in the next two sections.

Catching Exceptions

One way to call a method that throws an exception is to create a try block and a catch block.
The structure looks like this:

try {
// Exception-throwing code
}
catch (Exception_type name) {
// Exception-handling code

The try block contains code that throws exceptions. Code that doesn’t throw exceptions
may also be included.

The catch keyword is followed by a declaration, which appears in parentheses. Like any
declaration, this consists of a type followed by a name. The type must match the type of the
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exception being thrown in the try block. (Well, not exactly, but it’s a good enough explanation
for now.) The name may be anything you like; it has scope within the curlies ({ }) of the catch

block. To make sense of all this, let’s see what happens when an exception is thrown. We’ll con-
tinue the example of the previous section.

1. File myFile = getMyFile();

2.
3. try {

4 System.out.printin("About to call.");
5 myFile.getCanonicalFile();

6. System.out.printin("Call succeeded.");
7

8

9

. catch (IOException xceptn) {
10. System.out.printin("File stress! " + xceptn.getMessage());
11. xceptn.printStackTrace();
12. }
13.
14. System.out.printIin('Life goes on.");

Line 1 is just setup. The try block is lines 3—-7. Note that only line 5 can throw an exception.
(Recall that the API explanation for getCanonicalFile() says, “throws IOException.”) Lines
9-12 are the catch block.

When this code executes, there are two possible scenarios, because the
getCanonicalFile() call might or might not find itself in an abnormal condition. When a
method declares that it throws an exception type, it doesn’t mean that an exception is thrown
every time the method is called. It just means that an exception might get thrown, if the method
gets into trouble.

In the simpler scenario, no exception is thrown. Execution starts on line 1 and then enters the
try block. Lines 4, 5, and 6 execute. The catch block is skipped, and execution continues at
line 14.

In the more interesting scenario, execution runs as before until the getCanonicalFile() call
on line 5 gets into trouble. Then the getCanonicalFile() method throws an IOException.
(Youwll see a little later how methods throw exceptions.) In Java, exceptions are objects, and so in
our example an instance of IOException is created (somehow, somewhere) and given to the Java
Virtual Machine (JVM). The current execution of the try block is abandoned, so line 6 does not
execute. Instead, execution jumps into the catch block. Within the block (lines 10 and 11 in our
example) xceptn is a reference to the exception object.

All exceptions descend from the java.lang.Throwable superclass, from which they inherit
two very useful methods. When an exception object is constructed, a text message is stored
inside it. This message describes the circumstances that caused the exception to be thrown. It
can be retrieved by calling getMessage () on the exception, as in line 10. Often the way to handle
an exception is to display the message to the user and let the user figure out what to do next. The
second useful method is printStackTrace(), as seen on line 11, which displays a snapshot of
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the JVM’s call stack at the moment the exception was created. The stack trace tells you on what
line of what source file the exception was created. It also tells you from where (line number and
source filename) the method containing that line was called. And it also tells from where the
method containing that line was called, and so on, up and up until you get to a line in main().
So the stack trace tells you who called the code that called the code that called the code, et cetera,
which is extremely useful for debugging.

) As useful as stack traces are for debugging, they are inappropriate for deployed
TE code, since they expose users to information they shouldn’t have to worry
about.

A try block may contain code that throws different exception types. This can even happen
if the block contains only a single line of code, because a method is allowed to throw different
types to indicate different kinds of trouble. When multiple exception types are thrown, you use
multiple catch blocks. Here’s an example of a try block that throws two different exception
types, with one catch block for each type:

. File myFile = getMyFile();
. String s = getStringAndHopeForAl1Digits();

1
2
3.
4. try {

5. System.out.printin("About to call.");
6 int x = Integer.parselnt(s);

7 myFile.getCanonicalFile();

8 System.out.printin("Call succeeded.");
9

10.
11. catch (NumberFormatException xceptn) {

12. System.out.printin("Bad text! " + xceptn.getMessage());
13. xceptn.printStackTrace();

14. }

15.

16. catch (IOException xceptn) {

17. System.out.printin("File stress! " + xceptn.getMessage());
18. xceptn.printStackTrace();

19. }

20.

21. System.out.printIin('Life goes on.");

The first catch block, on lines 11-14, handles the NumberFormatException that parseInt()
throws. The second catch block, on lines 16-19, is the same as the one from the previous
example, handling the T0OException thrown by the getCanonicalFile() call.
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If no exception is thrown, the try block runs to completion, and then execution continues
at the first line after the last catch block. If an exception is thrown, the appropriate catch block
executes, and then execution continues at the first line after the last catch block.

There is more to say about catch blocks, but first let’s look at a way to handle exceptions
without using catch blocks at all.

Declaring Exceptions

There is a way to call exception-throwing methods without enclosing the calls in try blocks. A
method declaration may end with the throws keyword, followed by an exception type, or by
multiple exception types followed by commas. A throws declaration may be combined without
restriction with any other modifiers. Here are some examples:

public void throwsOne() throws IOException {

private static synchronized int throwsTwo()
throws IOException, AWTException {

When a method declares that it throws exceptions, any method call that throws exception
types listed in the method declaration does not need to appear in a try block. So in the examples
above, throwsOne() may contain calls to methods that throw I0Exception, without enclosing
those calls in try blocks. Similarly, within throwsTwo(), any calls to methods that throw
TIOException or AWTException need not appear in try blocks.

Of course, methods that call throwsOne() or throwsTwo() must either enclose those calls
in try blocks or declare that they, too, throw the exception types.

How the JVM Dispatches Exceptions

When a method throws an exception, an exception object is (somehow) created and (somehow)
handed off to the JVM. We’ll examine these somehows in the next section. For now, it’s time
to see what really happens when the JVM needs to process an exception.

The JVM begins by checking whether the exception came from code in a try block. If so,
each catch block following that try block is checked, in order of appearance, for compati-
bility with the exception. A catch block is compatible if the exception is an instance of the
class declared at the beginning of the catch block. The check is made using the instanceof
operator. So, for example, if a catch block looks like this

catch (IOException x) { ..}
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then the block will handle any IOException instance and also (because that’s how instanceof
works) any instance of any subclass of IOException.

If the exception is not compatible with any catch block, or if it wasn’t thrown from a try
block, the JVM checks the exception types declared to be thrown by the current method. If a com-
patible type is found (again using instanceof), then the JVM’s attention turns to the method that
called the current method, and this entire process repeats...possibly many times, if the exception
is to be handled far up the calling chain.

If there simply isn’t a compatible catch block for the exception, then the JVM prints out the
exception’s stack trace and then terminates itself. The compiler makes every possible effort to
prevent you from writing code in which this happens.

Notice that if a try block throws 15 different exception types, and all the types are sub-
classes of, for example, I0Exception, then you don’t need 15 catch blocks. You can have
asingle catch (I0Exception x) block, because every exception that can possibly be thrown
will be an instanceof IOException. You would do this if every different exceptional con-
dition required the same processing.

Two Kinds of Exception

Java has two kinds of exception: checked and runtime. A good way to understand the differ-
ence is to look at some exception class names. All of Java’s exception classes have names that
are somewhat long and quite descriptive. (It’s a worthwhile trade-off.) For example, there’s
ArrayIndexOutOfBoundsException. It’s obvious what condition that one indicates. There’s
also FileNotFoundException, which is equally obvious.

There’s an important difference between an array index that’s too large and a file that can’t
be found. The array index problem is completely avoidable: there is no reason why anyone
should ever ship code that tries to index nonexistent array elements. On the other hand, the
existence or nonexistence of files out on a disk is not something over which the program or the
programmer has any control. At the time you write your code, you can’t possibly have knowl-
edge about what files will exist on all disks attached to all computers that will run your pro-
gram at any time in the infinite future.

To put it bluntly, an out-of-bounds array index is all your fault. An absent file is nobody’s fault.

In Java terminology, the avoidable exceptions that are your fault are known as runtime
exceptions. The term isn’t very descriptive; you might want to think of it as an abbreviation
for “these-should-never-happen-at-runtime” exceptions. Other runtime exceptions include
ArithmeticException, which as you’ve seen indicates division by zero, and NegativeArray-
SizeException, which is thrown when you construct an array with—you guessed it—nega-
tive length.

The right time to deal with runtime exceptions is when you’re designing, developing, and
debugging your code. Since runtime exceptions should never be thrown in finished code, it’s not
appropriate to deal with them in catch blocks. In fact, runtime exceptions are exempt from all
the rules we’ve discussed so far. You are free to call methods that throw runtime exceptions,
without enclosing the calls in try blocks or adding throws to the declaration of your enclosing
methods. (If it weren’t for this exemption, Java source would be all but impossible to read.
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Every expression that uses division, every array construction, and every array access would need
an exception-handling mechanism.)

The compiler and JVM define runtime exceptions to be the java.lang.RuntimeException
class, as well as all its subclasses. Figure 5.1 shows the big picture of the exception hierarchy.

Any exception class that doesn’t descend from RuntimeException is known as a checked
exception. It is the checked exceptions that must be handled by either the try-catch mecha-
nism or the throws-declaration mechanism. The compiler ensures that every checked excep-
tion has a handler somewhere.

Errors, which appear on the right side of the figure, behave just like other checked exceptions.
However, programmers should never throw or catch errors, which mostly are reserved for indi-
cating trouble in JVM. The only errors that programmers are ever likely to see are assertion
errors, which are discussed later in this chapter.

FIGURE 5.1 The Exception Inheritance Hierarchy

| java.lang.Throwable |
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(fj:va.lang.Exception
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The finally Block

The last catch block associated with a try block may be followed by a finally block. This
is a block of code, enclosed in curlies ({ }) and preceded by the keyword finally. Here’s an
example:

1. File myFile = getMyFile();
. String s = getStringAndHopeForAl1Digits();

2
3.
4. try {

5. System.out.printin("About to call.");
6 int x = Integer.parselnt(s);

7 myFile.getCanonicalFile();
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[o5]

System.out.printin("Call succeeded.");

10.

11. catch (NumberFormatException xceptn) {

12. System.out.printin("Bad text! " + Xxceptn.getMessage());
13. xceptn.printStackTrace();

14. }

15.

16. catch (IOException xceptn) {

17. System.out.printin("File stress! " + xceptn.getMessage());
18. xceptn.printStackTrace();

19. }

20.

21. finally {

22. System.out.printin("In the finally block.");

23. }

24.

25. System.out.printIin('Life goes on.");

The finally block’s code is guaranteed to execute in nearly all circumstances. If the block
throws its own exception, execution jumps to the corresponding exception handler, and so the
finally block doesn’t run to completion. Aside from that it almost takes a catastrophe to pre-
vent a finally block from running to completion. Here’s what it takes:

= The death of the current thread
= Execution of System.exit()
*  Turning off the computer

At first glance, finally blocks don’t seem very useful. After all, won’t the first line of code
after the try/catch/finally stuff run in all circumstances? In most cases this is so, but it’s pos-
sible to create code that never gets to that line. For example, a catch block might call a method
that throws an exception out of the current method; in that case execution will never get around
to the first line after the try/catch/finally code.

Throwing Exceptions

The methods that you write can throw exceptions. To throw your own exception, first decide
whether the exception should be checked at runtime. Then choose the appropriate exception
type. Check the API pages. An easy way is to check the exceptions listing for the major packages
(java.lang, java.utiT, etc.). If you find a class whose name describes the situation you want
to signal, use that class. If you don’t, you’ll have to create your own exception class, as described
in the next section.
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At the point where you want your method to throw, construct an instance of your chosen
exception type. Then use the throw keyword as shown in the example below:

IOException x = new IOException("Phaser bank Tockup.");
throw x;

All the exception classes in the core packages have two constructors. One is a no-args con-
structor. It’s bad form to use that one. It’s much more helpful to pass a descriptive string into the
constructor. This string becomes the text that is returned when someone catches your exception
and calls its getMessage() method.

The moment an exception is constructed, the current thread’s call stack is recorded in the
exception object, where it can be retrieved by a printStackTrace() call. It’s good practice to
throw an exception as soon as possible after construction, so that the stack trace will nearly
reflect the thread’s status at the moment the exception was thrown.

All checked exception types thrown from a method must be represented in the method’s
“throws” list. To be properly represented, an exception type must either appear on the list or
descend from a type that appears on the list.

Creating Your Own Exception Classes

Creating your own exception classes is easy. First, decide whether you want a checked or

a runtime exception. Checked exceptions should extend java.lang.Exception or one of

its subclasses. Runtime exceptions should extend java.lang.RuntimeException or one

of its subclasses. Choose a descriptive name for your class; it should end with exception.
The class doesn’t need any methods, unless you see a special need for them. It should have

three constructors. The argument list of these constructors should include

= A message
= A cause
= A message and a cause

A message is a string that is retrieved by the getMessage() call. A cause is another exception.
Causes come into play when a method handles an exception by throwing a different exception
type, one that will have more meaning to that method’s callers. The code that catches the new
exception might need information embedded in the original exception: the cause or the stack trace
might be especially useful.

To retrieve an exception’s cause, call its getCause() method. The return type is actually
Throwable, which allows throwables and errors to have causes. A cause might have its own
cause, and so on; this structure is known as exception chaining.

All you need to do with the message and the cause is pass them to the superclass constructor.
Here’s an example:

public class PhaserBankException extends Exception {
public PhaserBankException(String message) {
super(message);
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}

public PhaserBankException(Throwable cause) {
super(cause);

}

public PhaserBankException(String message, Throwable cause) {
super(message);

}

Custom exception types are always the right choice when the core classes don’t contain an
exception whose name describes your situation.

Exceptions and Overriding

When you extend a class and override a method, the Java compiler insists that all exception
classes thrown by the new method must be the same as, or subclasses of, the exception classes
thrown by the original method. Consider these examples (assume they are declared in separate
source files; the line numbers are simply for reference):

1. public class BaseClass {

2 pubTlic void method() throws IOException {
3 }

4.}

5.

6. public class LegalOne extends BaseClass {
7 public void method() throws IOException {
8. }

9.}

10.

11. public class LegalTwo extends BaseClass {
12. public void method() {

13. }

14. }

15.

16. public class LegalThree extends BaseClass {
17.  public void method()

18. throws EOFException, MalformedURLException {
19. }

20. }

21.
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22. public class I1legalOne extends BaseClass {
23. public void method()

24. throws IOException, ITlegalAccessException {
25. }

26. }

27.

28. public class IllegalTwo extends BaseClass {
29. public void method()

30. throws Exception {

31. }

32. }

Notice that the original method() in BaseClass is declared as throwing an IOException
This declaration allows it, and any overriding method defined in a subclass, to throw an
IO0Exception or any object that is a subclass of I0Exception. Overriding methods cannot,
however, throw any checked exceptions that are not subclasses of IOException

Given these rules, you will see that line 7 in LegaT0ne is correct, because method() is declared
exactly the same way as the original that it overrides. Similarly, line 18 in LegalThree is correct,
because both EOFException and MalformedURLException are subclasses of IOException—so
this adheres to the rule that nothing may be thrown that is not a subclass of the exceptions already
declared. Line 12 in LegalTwo is correct, because it throws no exceptions and therefore cannot
throw any exceptions that are not subclasses of IOException.

The methods at lines 23 and 29 are not permissible, because both of them throw checked
exceptions that are not subclasses of IOException. In I11egalOne, I11egalAccessException
is a subclass of Exception;in I11egalTwo, Exception itself is a superclass of IOException
Both I11egalAccessException and Exception are checked exceptions, so the methods that
attempt to throw them are illegal as overriding methods of method() in BaseClass.

The point of this rule relates to the use of base class variables as references to objects of sub-
class type. Chapter 4, “Converting and Casting,” explains that you can declare a variable of
a class X and then use that variable to refer to any object that is of class X or any subclass of X.

Imagine that in the examples just described, you declared a variable myBaseObject of class
BaseClass; you can use it to refer to objects of any of the classes LegalOne, LegalTwo, and
LegalThree. (You can’t use it to refer to objects of class I11egal0ne or I11egalTwo, because
those objects cannot be created in the first place: their code won’t compile.) The compiler imposes
checks on how you call myBaseObject.method(). Those checks ensure that for each call, either
you have enclosed the call in a try block and provided a corresponding catch block or you have
declared that the calling method itself might throw an IOException. Now suppose that at runt-
ime, the variable myBaseObject was used to refer to an object of class I11egal0ne. Under these
conditions, the compiler would still believe that the only exceptions that must be dealt with are of
class IOException, because it believes that myBaseObject refers to an object of class BaseClass.
The compiler would therefore not insist that you provide a try/catch construct that catches the
I11egalAccessException, nor that you declare the calling method as throwing that exception.
Thus if the class I11egalOne were permitted, overriding methods would be able to bypass the
enforced checks for checked exceptions.
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It is important to consider the likely needs of subclasses whenever you define a class. Recall that
itis entirely permissible to declare that a method throws an exception even if no code exists to actu-
ally throw that exception. Now that you know an overriding method cannot throw exceptions that
were not declared in the parent method, you will recognize that some parent classes need to declare
exceptions in methods that do not in fact throw any exceptions. For example, the InputStream
class cannot, of itself, actually throw any exceptions, because it doesn’t interact with real devices
that could fail. However, it is used as the base class for a whole hierarchy of classes that do interact
with physical devices: FileInputStreamand so forth. It is important that the read() methods
of those subclasses be able to throw exceptions, so the corresponding read() methods in the
InputStream class itself must be declared as throwing I0OException.

We have now looked at all the aspects of exception handling that you will need to prepare
for the Programmer’s Exam and to make effective use of exceptions in your programs.

Assertions

A new facility called assertions was introduced in the Java 1.4 release. Assertions provide a con-
venient mechanism for verifying that a class’s methods are called correctly. This mechanism can
be enabled or disabled at runtime. The intention is that assertions typically will be enabled during
development and disabled in the field.

The new assert keyword has the following syntax:

assert Expressionl;
assert Expressionl:Expression2;

Expressionl must have boolean type. Expression2 may have any type. If assertions are dis-
abled at runtime (the default state), the assert statement does absolutely nothing. If assertions
are enabled at runtime (via a command-line argument to the JVM), then Expressionl is evalu-
ated. If its value is true, no further action is taken. If its value is false, then an AssertionError
is thrown. If Expression2 is present, it is passed into the constructor of the AssertionError,
where it is converted to a String and used as the error’s message.

If you want to use assertions, you need to understand three concepts: how to compile them,
how to enable them at runtime, and how to use them appropriately. We’ll look at these concepts
in the next three sections.

Assertions and Compilation

Sun is generally reluctant to expand the Java language, and with good reason. Unbridled language
expansion would compromise Java’s simplicity and could also create compatibility problems with
existing code.

For example, the introduction of the assert keyword in release 1.4 was inconvenient for
developers who had used assert as an identifier in pre-1.4 code (perhaps to implement their own
home-grown assertion facility). Thus it was necessary to introduce a compiler flag to control
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whether assert should be treated as an identifier or as a keyword. To treat it as a keyword (that
is, to take advantage of the new facility), you had to compile with -source 1.4 as in the following
example:

javac -source 1.4 UsefulApplication.java

If the flag was omitted, the 1.4 compiler treated source code as if the assert keyword did
not exist; thus assert could be used as an identifier.

Release 5.0 automatically treats assert as a keyword, so it is no longer necessary to compile
with a -source flag.

Runtime Enabling of Assertions

Assertions are disabled by default. To enable assertions at runtime, use the -enableassertions
or -ea flag on the Java command line, as in the following example:

java -ea UsefulAppTlication

Additional runtime flags enable or disable assertions at the class level, but they are beyond
the scope of the exam and of this book. If assertions are disabled, assert statements have no
effect.

The -ea flag means that code can be developed with heavy reliance on assertions for debug-
ging. The code can be shipped without removing the assert statements from the source files.

Using Assertions

Assertions are commonly used to check preconditions, postconditions, and class invariants.
Before going further, we should define these terms.

A precondition is a constraint that must be met on entry of a method. If a method’s precondi-
tions are not met, the method should terminate at once before it can do any damage. A method’s
preconditions are typically functions of its arguments and the state of its object. Argument range
checking at the start of a method is a common form of precondition testing.

A postcondition is a constraint that must be met on return from a method. If a method’s post-
conditions are not met, the method should not be allowed to return. A method’s postconditions
are typically functions of its return value and the state of its object. In a general sense, if a precon-
dition fails, the problem lies in the method’s caller, whereas if a postcondition fails, the problem
lies in the method itself.

A class invariant is a constraint on a class’s state that must be met before and after execution
of any non-private method of a class. (Private methods might be used to restore the required
state after execution of a non-private method.)

To see how assertions can be used to enforce pre- and postconditions, imagine a class called
Library that models a library (not a software library, but the kind where you can borrow
books). Such a class might have a method called reserveACopy() that reserves a copy of a
book on behalf of a library member. This method might look as follows, assuming the existence
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of classes Member (representing a person who is a member of the library) and Book (representing
a single copy of a book):

1. private Book reserveACopy(String title, Member member) {
2. assert isValidTitle(title);

3.

4. Book book = getAvailableCopy(title);

5. reserve(book, member);

6.

7. assert bookIsInStock(book);

8. return book;

9.}

Line 2 enforces a precondition. If the title is not valid (perhaps someone accidentally
typed “Moby-Duck”), then the method should terminate as soon as possible, before any
damage can be done. In fact, if the precondition fails, the failure indicates that the class needs
more work. The code that called reserveACopy() with bad arguments needs to be fixed.
The assertion failed (we hope) during in-house testing. Eventually the Library class would
be debugged so that reserveACopy() would never be called with bad arguments. At this
point (and not before this point), the class would be ready for shipment to the field, where
assertions would be disabled.

Line 7 enforces a postcondition. The body of the method is supposed to find an available
copy of the desired book. If the book that was found is not available after all, then a problem
exists with the method’s algorithm. The method should be terminated immediately before the
library’s data gets hopelessly corrupted, and the method should be debugged. When the author
of the method has faith in the algorithm’s correctness, the method can be shipped to an envi-
ronment where assertions can be disabled.

There is a subtle point to be made about the appropriateness of using assertions to check
preconditions of public methods. Note that the method in our example was private, so it
could be called only from within its own class. Thus if the assertion on line 2 failed, you could
point the finger of blame only at yourself or at a colleague down the hall; nobody else could
call reserveACopy(). However, if the method were public, it could be called by anyone,
including a customer who bought the class for re-use in a separate product. Such a program-
mer is beyond the control of your quality assurance system. A call to reserveACopy() with
bad arguments would not necessarily indicate an internal problem with the Library class. So,
if the reserveACopy () method were public, preconditions would have to be checked without
the assertion mechanism, because the bad call would happen in the field with assertions dis-
abled. The following code shows how to use an exception to indicate precondition failure:

1. pubTlic Book reserveACopy(String title, Member member) {
if (lisvalidTitle(title))
throw new I1legalArgumentException("Bad title: " + title);

Book book = getAvailableCopy(title);
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6. reserve(book, member);

7.

8. assert bookIsInStock(book);
9. return book;

10. }

IT11egalArgumentException is a runtime exception, so reserveACopy() does not need a
throws clause and callers do not need to use the try/catch mechanism.

This previous example demonstrates that assertions are not appropriate for checking pre-
conditions in public methods.

@ Real World Scenario
Practicing with Assertions

In this exercise, you will modify a very simple class to take advantage of assertions. The original
code, which appears in the AssertCheckStarting.java file on the CD-ROM, is as follows:

public class AssertCheckStarting
{

private final static int SUIT_CLUBS = 0;
private final static int SUIT_DIAMONDS = 1;
private final static int SUIT_HEARTS = 2;
private final static int SUIT_SPADES = 3;

private final static String[] suitNames =

{

"Clubs", "Diamonds", "Hearts", "Spades"

}s

private static String suitToName(int suitNum)

{

return suitNames[suitNum];

public static void explainSuitNum(int suitNum)

{
System.out.printIn("Suit #" + suitNum + " is " +

suitToName(suitNum));
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public static void main(String[] args)
{
int suitNum = Integer.parselnt(args[0]);

explainSuitNum(suitNum);

}

The explainSuitToName()method is public, presumably so that it can be called from other
classes; it calls suitToName(), which is appropriately private, since it uses knowledge of the
way the class internally represents suit names.

Your assignment is to modify suitToName(), explainSuitToName(), or both, so that
they appropriately check their preconditions. One possible solution appears in the file
AssertCheckFinal.java on the CD-ROM. The method comments explain the solution.

Summary

This chapter covered various aspects of flow control in Java.

We began by discussing Java’s three loop constructions: while(), do, and for(). These can
be used with traditional syntax, but Java has expanded them by adding labeled break and
continue statements, as well as the enhanced-for syntax.

We then covered Java’s two selection constructs: the if()/else and switch() statements
which provide ways to conditionally execute code.

The chapter ended with a discussion of exceptions and assertions. Exceptions indicate abnor-
mal termination of try blocks or methods, and must be dealt with programmatically. Assertions
indicate bugs.

Exam Essentials

Understand the operation of Javawhile, do, and for loops. Understand labeled loops, labeled
breaks, and labeled continues in these loops. You should be able to construct each kind of
loop and know when blocks are executed and conditions are evaluated. Know how flow control
proceeds in each of these structures.

Know the syntax of the enhanced for loop. The syntaxis for (type variable_name:array).

Know the legal argument types for if and switch() statements. The argument of an if
statement must be of type boolean. The argument of a switch() must be of type byte, short,
char, or int.
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Recognize and create correctly constructed switch() statements. You should be able to create
regular and default cases, with or without break statements.

Analyze code that uses a try block, and understand the flow of control no matter what excep-
tion types are thrown. You should be completely familiar with all the functionality of the try,
catch, and finally blocks.

Understand the difference between checked exceptions and runtime exceptions. Know the
inheritance of these families of exception types and know which kinds must be explicitly handled
in your code.

Understand all of your exception-handling options when calling methods that throw checked
exceptions. You should know how to create try blocks and how to declare that a method
throws exceptions.

Know what exception types may be thrown when you override a method that throws exceptions.
You need to be familiar with the required relationships between the superclass version’s exception
types and the subclass version’s exception types.

Know how to use the assertions facility. You need to know the syntax of assert statements
and behavior when the booTean statement is true or false. You also need to know how to enable
assertions at compile- and runtime.
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Review Questions

1. Consider the following code:
1. for (int i =0; i < 2; i++) {
2 for (int j = 0; j < 3; j++) {
3. AF G )
4. continue;
5 }

6

7

8.

System.out.printin('i = " + 14 + " j =" + j);
}

Which lines would be part of the output? (Choose all that apply.)

A.i=0j=0
B.i=07-=1
C.i=07=2
D.i=13=0
E.i=13-=1
F i=19=2

2. Consider the following code:
1. outer: for (int i = 0; i < 2; i++) {
2 for (int j = 0; j < 3; j++) {
3 if (== 3j) {
4. continue outer;
5 }

6

7

8.

System.out.printIn("i = " + 3 + " j =" + j);
}

Which lines would be part of the output? (Choose all that apply.)

A.i=03j=0
B. i=0j=1
C.i=03j=2
D.i=13j=0
E.i=13j=1
F i=13j=2
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Which of the following are legal loop constructions? (Choose all that apply.)
A. while (int i<7) {
i+t
System.out.printIn("i is " + i);
}
B. int i = 3;
while (i) {
System.out.printIn("i is " + 1);
}
C. int j = 0;
for (int k=0, j+k != 10; j++,k++) {
System.out.printin("j=" + j + ", k=" + k);

}
D. int j=0;
do {
System.out.printin("j=" + j++);
if (§==3)

continue loop;
} while (j<10);

What would be the output from this code fragment?
1. int x =0, y=4, z=075;

2. if (x > 2) {

3. if (y <5) {

4. System.out.println("message one");
5. }

6. else {

7. System.out.println("message two");
8. }

9.}

10. else if (z > 5) {
11. System.out.println("message three");

12. }
13. else {
14.  System.out.printin('message four");
15. }
A. message one
B. message two
C. message three
D. message four

157
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Which statement is true about the following code fragment?
1. int j = 2;
2. switch (3) {
3. case 2:
4. System.out.printin("value is two");
5. case 2 + 1:
6. System.out.printin("value is three");
7. break;
8. default:
9. System.out.printin("value is " + j);
10. break;
11. }
A. The code is illegal because of the expression at line 5.
B. The acceptable types for the variable j, as the argument to the switch() construct, could
be any of byte, short, int, or Tong.
C. The output would be the text value is two.
D. The output would be the text value is two followed by the text value is three.
E. The output would be the text value is two, followed by the text value is three, fol-
lowed by the text value is 2.
Consider the following class hierarchy and code fragment:
java.lang.Exception
java.io.IOEiception
/ \
java.io.StreamCorruptedException java.net.MalformedURLException
1. try {
2. // assume s is previously defined
3. URL u = new URL(s);
4. // in is an ObjectInputStream
5. Object o = in.readObject();
6. System.out.println("Success");
7.}
8. catch (MalformedURLException e) {
9. System.out.printin("Bad URL");
10. }
11. catch (StreamCorruptedException e) {
12. System.out.printin("Bad file contents");
13. }
14. catch (Exception e) {
15 System.out.printin("General exception");



16.
17.
18.
19.
20.
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}
finally {
System.out.printin("Doing finally part");
}
System.out.printin("Carrying on");

What lines are output if the constructor at line 3 throws a MalformedURLException? (Choose
all that apply.)

mmoowp

Success

Bad URL

Bad file contents
General exception
Doing finally part

Carrying on

Consider the following class hierarchy and code fragment:

N R B R PR R R R R
©O ©W o N UL BsWNR O

O 00 N O U1 »h W N

java.lang.Exception

\
java.io.IOException
/ \
java.io.StreamCorruptedException java.net.MalformedURLException

try {
// assume s is previously defined

URL u = new URL(s);
// in is an ObjectInputStream
Object o = in.readObject();
System.out.printin("Success");
}
catch (MalformedURLException e) {
System.out.printin("Bad URL");

}

. catch (StreamCorruptedException e) {

System.out.printin('Bad file contents");
}

. catch (Exception e) {

System.out.printin("General exception");

}

. finally {

System.out.printin("Doing finally part");
}

. System.out.printin("Carrying on");
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What lines are output if the methods at lines 3 and 5 complete successfully without throwing any
exceptions? (Choose all that apply.)

Success
Bad URL
Bad file contents
General exception

Doing finally part

mmoOoOow»

Carrying on

8. Consider the following class hierarchy and code fragment:

java.lang.Throwable

java.]ang.Eiror jav;.1ang.Exception

java.1ang.0utéfMemoryError java.io.IOException
java.10.StreamCorruptedExcept{on java.net.MalformedURLException

1. try {

2. // assume s is previously defined

3. URL u = new URL(s);

4. // in is an ObjectInputStream

5. Object o = in.readObject();

6. System.out.printin("Success");

7.}

8. catch (MalformedURLException e) {

9. System.out.printin("Bad URL");

10. }

11. catch (StreamCorruptedException e) {

12. System.out.printin("Bad file contents");

13. }

14. catch (Exception e) {

15. System.out.printin("General exception");

16. }

17. finally {

18. System.out.printin("Doing finally part");

19. }

20. System.out.printin("Carrying on");
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What lines are output if the method at line 5 throws an OutOfMemoryError? (Choose all that apply.)
Success

Bad URL

Bad file contents

General exception

Doing finally part

Mmoo wp»

Carrying on

9. Which of the following are appropriate situations for assertions?
A. Preconditions of a public method
B. Postconditions of a public method
C. Preconditions of a private method

D. Postconditions of a private method

10. Consider the following code:

1. public class Assertification {
2 public static void main(String[] args) {
3 assert args.length == 0;
4 }
5.}

Which of the following conditions must be true in order for the code to throw an AssertionError?
Assume you are using release 5.0. (Choose all that apply.)

A. The source code must be compiled with the -source 1.5 flag.

B. The application must be run with the -enableassertions flag or another assertion-
enabling flag.

C. The args array must have exactly zero elements.
D. The args array must have one or more elements.
11. Which of the following is the most appropriate way to handle invalid arguments in a public
method?
A. Throw java.lang.InvalidArgumentException.
B. Throw java.lang.I1legalArgumentException.

C. Check for argument validity in an assert statement, which throws AssertionError when
the arguments are invalid.

D. Use non-assert code to check for argument validity. If invalid arguments are detected,
explicitly throw AssertionError.
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12.

13.

14.

15.

16.
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Suppose salaries is an array containing floats. Which of the following are valid loop control
statements for processing each element of salaries?

A.
B.
C.
D.

for (float f:salaries)
for (int i:salaries)
for (float f::salaries)

for (int i::salaries)

Which of the following are legal? (Choose all that apply.)

A.
B.
C.
D.

for (int i=0, j=1; i<10; i++, j++)

for (int i=0, j=1;; i++, j++)

for (int i=0, float j=1; ; i++, j++)

for (String s = ""; s.length()<10; s += '!")

Suppose a method called finallyTest() consists of a try block, followed by a catch block,
followed by a finally block. Assuming the JVM doesn’t crash and the code does not execute
a System. exit() call, under what circumstances will the finally block nof begin to execute?

A.
B.
C.

D.

The try block throws an exception, and the catch block also throws an exception.
The try block throws an exception that is not handled by the catch block.

The try block throws an exception, and the catch block calls final1yTest() in a way that
causes another exception to be thrown.

If the JVM doesn’t crash and the code does not execute a System.exit() call, the finally
block will always execute.

Which of the following are legal loop definitions? (Choose all that apply.)

A.
B.

mmoo

while (int a = 0) { /* whatever */ }

while (int a == 0) { /* whatever */ }

do { /* whatever */ } while (int a = 0)

do { /* whatever */ } while (int a == 0)

for (int a==0; a<100; a++) { /* whatever */ }

None of them are legal.

Which of the following are legal argument types for a switch statement?

mmoowp

byte
int
Tong
float
char

String
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18.

19.
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When is it appropriate to pass a cause to an exception’s constructor?

A.
B.
C.
D.

Always

When the exception is being thrown in response to catching of a different exception type

When the exception is being thrown from a public method

When the exception is being thrown from a private method

Which of the following should always be caught?

A.
B.
C.
D.

Runtime exceptions
Checked exceptions
Assertion errors

Errors other than assertion errors

When does an exception’s stack trace get recorded in the exception object?

A.
B.
C.
D.

When the exception is constructed

When the exception is thrown

When the exception is caught

When the exception’s printStackTrace() method is called

When is it appropriate to write code that constructs and throws an error?

A.

moow

When a public method’s preconditions are violated
When a public method’s postconditions are violated
When a nonpublic method’s preconditions are violated
When a nonpublic method’s postconditions are violated

Never
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Answers to Review Questions

B, C, D, F. The loops iterate i from 0 to 1 and j from 0 to 2. However, the inner loop executes a
continue statement whenever the values of i and j are the same. Because the output is generated
inside the inner loop, after the continue statement, no output is generated when the values are the
same. Therefore, the outputs suggested by options A and E are skipped.

D. It seems that the variable i will take the values 0 and 1, and for each of these values, j will
take values 0, 1, and 2. However, whenever i and j have the same value, the outer loop is con-
tinued before the output is generated. Because the outer loop is the target of the continue
statement, the whole of the inner loop is abandoned. Therefore, the only line to be output is
that shown in option D.

C. In A, the variable declaration for 1 is illegal. This type of declaration is permitted only in the
first part of a for() loop. In B, the loop control expression—the variable i in this case—is of
type int. A boolean expression is required. C is valid. Despite the complexity of declaring one
value inside the for() construction and one outside (along with the use of the comma operator
in the end part), this code is entirely legitimate. D would be correct, except that the label has been
omitted from the 2nd line, which should read Toop: do {.

D. The first test at line 2 fails, which immediately causes control to skip to line 10, bypassing
both the possible tests that might result in the output of message one or message two. So, even
though the test at line 3 would be true, it is never made; A is not correct. At line 10, the test is
again false, so the message at line 11 is skipped, but message four, at line 14, is output.

D. Aisincorrect because the code is legal despite the expression at line 5; the expression itself
is a constant. B is incorrect because it states that the switch() part can take a Tong argu-
ment. Only byte, short, char, and int are acceptable. The output results from the value 2
like this: first, the option case 2: is selected, which outputs value is two. However, there
is no break statement between lines 4 and 3, so the execution falls into the next case and
outputs value is three from line 6. The default: part of a switch() is executed only
when no other options have been selected, or if no break precedes it. Neither of these situ-
ations holds true, so the output consists only of the two messages listed in D.

B, E, F. The exception causes a jump out of the try block, so the message Success from line 6 is
not printed. The first applicable catch is at line 8, which is an exact match for the thrown excep-
tion. This results in the message at line 9 being printed, so B is one of the required answers. Only
one catch block is ever executed, so control passes to the finally block, which results in the
message at line 18 being output; so E is part of the correct answer. Execution continues after
the finally block. This results in the output of the message at line 20, so F is also part of the
correct answer.

A, E, F. With no exceptions, the try block executes to completion, so the message Success
from line 6 is printed and A is part of the correct answer. No catch is executed, so B, C, and D
are incorrect. Control then passes to the finally block, which results in the message at line 18
being output, so E is part of the correct answer. Because no exception was thrown, execution
continues after the finally block, resulting in the output of the message at line 20; so F is also
part of the correct answer.
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E. The thrown error prevents completion of the try block, so the message Success from line 6
is not printed. No catch is appropriate, so B, C, and D are incorrect. Control then passes to the
finally block, which results in the message at line 18 being output; so option E is part of the
correct answer. Because the error was not caught, execution exits the method and the error is
rethrown in the caller of this method; so F is not part of the correct answer.

B, C, D. Assertions should not be used to check preconditions of a public method.

A, B, D. The 1.4 compiler only treated assert as a keyword (and not an ordinary identifier) if
the -source 1.4 flag appeared in the command line. However, 5.0 does not require a -source
flag. So A is not a requirement. If the application is not run with assertions explicitly enabled,
all assert statements will be ignored. If the args array does not have exactly zero arguments,
no AssertionError will be thrown.

B. Assertions should not be used to check preconditions in a public method. Some kind of runtime
exception should be thrown, and I11egalArgumentException is the most appropriate class
name for this situation. There is no such thing as java.lang.InvalidArgumentException.

A. Option A demonstrates the correct syntax of an enhanced for loop, traversing the elements
of an array of floats.

A, B, D. A and B demonstrate multiple initialization and increment parts, which are legal. In B,
the test part is empty, so the loop will run forever unless it hits a break statement, throws an
exception, or does something equally catastrophic. C is illegal because only one type may be
declared in the initialization. D is unusual because it uses strings rather than the more commonly
seen ints, but it is perfectly legal.

D. Unless execution terminates abnormally, the finally block will always eventually execute.

F. A through D are all illegal because only for loops allow loop variables to be declared in the
loop control code. E is illegal because the variable must be initialized with =, not ==.

A, B, E. The argument of a switch statement must be a byte, char, short, int, or enum. Enums
are discussed in Chapter 6, “Objects and Classes.”

B. Exception chaining is appropriate when an exception is being thrown in response to catching
a different exception type.

B. Runtime exceptions don’t have to be caught. Errors should never be caught.
. A. The stack trace is recorded when the exception is constructed.

E. It is never appropriate for application programmers to construct and throw errors.






Objects and Classes

JAVA CERTIFICATION EXAM OBJECTIVES
COVERED IN THIS CHAPTER:

v" 1.1 Develop code that declares classes (including abstract
and all forms of nested classes), interfaces, and enums,
and includes the appropriate use of package and import
statements (including static imports).

v' 1.4 Develop code that declares both static and non-static
methods, and - if appropriate - use method names that
adhere to the JavaBeans naming standards. Also develop
code that declares and uses a variable-length argument list.

v" 1.5 Given a code example, determine if a method is correctly
overriding or overloading another method, and identify
legal return values (including covariant returns), for the
method.

v" 1.6 Given a set of classes and superclasses, develop
constructors for one or more of the classes. Given a
class declaration, determine if a default constructor will
be created, and if so, determine the behavior of that
constructor. Given a nested or non-nested class listing,
write code to instantiate the class.

v' 5.1 Develop code that implements tight encapsulation,
loose coupling, and high cohesion in classes, and describe
the benefits.

v' 5.2 Given a scenario, develop code that demonstrates the
use of polymorphism. Further, determine when casting will
be necessary and recognize compiler vs. runtime errors
related to object reference casting.

v' 5.3 Explain the effect of modifiers on inheritance with
respect to constructors, instance or static variables, and
instance or static methods.




5.4 Given a scenario, develop code that declares and/or
invokes overridden or overloaded methods and code
that declares and/or invokes superclass, overridden, or
overloaded constructors.

5.5 Develop code that implements "is-a" and/or "has-a'
relationships.

6.2 Distinguish between correct and incorrect overrides
of corresponding hashCode() and equals() methods, and
explain the difference between == and the equals() method.

7.5 Given the fully-qualified name of a class that is deployed
inside and/or outside a JAR file, construct the appropriate
directory structure for that class. Given a code example and
a classpath, determine whether the classpath will allow the
code to compile successfully.



This chapter discusses the object-oriented features of Java.
Good coding in Java requires a sound understanding of the
object-oriented (OO) paradigm, and this in turn requires a good
grasp of the language features that implement objects and classes. The many benefits of object
orientation have been the subject of considerable public debate, but for many programmers

these benefits have not been realized. In most cases, the reason the promise has not been ful-
filled is simply that programmers have not been writing objects. Instead, many programmers
have been writing hybrid applications with a mixture of procedural and object-oriented code.
Unfortunately, while such an approach has given rise to some of the benefits of OO, it has also
engendered all the disadvantages of both styles. So you can see why the designers of the exam
believe that it is important to understand object-oriented concepts.

This chapter assumes that you know what classes and interfaces are. However, you may not
be familiar with enums, which were introduced in release 5.0. Enums are also presented in detail
in this chapter.

Benefits of Object-Oriented
Implementation

As a Java programmer and developer, you should have an understanding of the benefits of
object-oriented design. These benefits accrue from two particular features of the OO paradigm.
The first of these, and perhaps the most important, is the notion of encapsulation; the second
and perhaps better known is the extensibility provided by inberitance.

Encapsulation

Encapsulation is really just a fancy name for the aggregation of data and behavior. Consider the
primitive data types of any programming language you have ever used. You do not know how
these data items are stored and, for the most part, you do not care. What matters are the oper-
ations that you can perform on these data items and the boundary conditions within which you
can expect those operations to properly work. These primitive types are in fact reference types,
albeit not user-defined.
Your first goal in defining a good class should be to clearly define the data members that

describe instances of that class, keeping in mind that this should be done only with variables of
private accessibility. Next, consider how to represent the behavior associated with these data.
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All behavior should be accessed only via methods. By insisting that the variables inside an
object are inaccessible outside the object, you ensure that the nature of those variables is irrel-
evant outside the object. This in turn means that you can freely change the nature of the stor-
age for maintenance purposes, performance improvement, or any other reason. This is the
essence of encapsulation.

Sometimes, perhaps as a consequence of the way you have stored the state in a class, boundary
conditions must be applied to its methods. A boundary condition is a limit on the range of
arguments for which a method can operate properly. As examples, a square-root function can-
not operate on a negative number unless imaginary numbers are included in its range; an add
operation cannot operate if both of its arguments are more than half the maximum value for
the operation’s return type.

When you encounter a boundary condition that results from your choice of storage format,
you must make a choice. If you consider that the boundary conditions are reasonable, then you
should do two things. First, document the boundary condition. Next, test the boundary con-
ditions at the entry to the method and, if the boundary condition has been exceeded, throw a
runtime exception of some kind. Alternatively, you might decide that the boundary condition
is not acceptable, in which case you should redesign the storage used in the class.

Now, consider this: if you had allowed access to any of the variables used to represent the
object state, then redefining the way the object’s state is stored would immediately cause any
other code that uses these variables to have to be rewritten. However, by using only private
member variables, you have insisted that all interaction with this object is made through meth-
ods and never by direct variable access—so you have eliminated this problem. In consequence,
you are able to redesign your internal storage freely and, provided the signatures of all the
methods remain the same, no other code needs to change.

Re-use

We discussed how tight encapsulation can make code that is more reliable and robust. Now we
will consider the second most significant advantage of object-oriented programming: code re-use.

Writing good, encapsulated classes usually requires more work in the initial stages than would
be required to produce the same functionality with a traditional programming approach. How-
ever, you will normally find that using rigorous OO techniques will actually reduce the overall
time required to produce finished code. This is the case for two reasons. First, the robust classes
you produce require less time to integrate into the final program and less time to fix bugs. Second,
with careful design, you can re-use classes even in some circumstances that are different from the
original intent of the class.

This re-use is possible in two ways, using either composition (the “has a” relation) or inheritance
(the “is a” relation). Composition is probably safer and easier to control, although inheritance—
perhaps because it is perceived as “pure OO”—seems to be more interesting and appealing to most
programmers.

As a certified Java programmer, you don’t really need to know the details of object-oriented
design techniques or the relative merits and weaknesses of composition versus inheritance.
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However, you should appreciate one significant sequence of facts: if a class is well encapsu-
lated, it will be easier to re-use successfully. The more a class is re-used, the better tested it will
be and the fewer bugs it will have. Better-tested, less-buggy classes are easier to re-use. This
sequence leads to a positive spiral of quality because the better the class, the easier and safer
it becomes to re-use. All these benefits come from tight encapsulation.

Coupling and Cohesion

After object-oriented programming had been in practice for a while, the research community
coined the terms “coupling” and “cohesion” to describe two related qualities of object-oriented
programs. The Programmer’s Exam requires you to be familiar with these concepts.

Coupling is an object’s reliance on knowledge of the internals of another entity’s implemen-
tation. When object A is tightly coupled to object B, a programmer who wants to use or modify
A is required to have an inappropriately extensive expertise in how to use B.

The best insurance against coupling between classes is good encapsulation. However, Java’s
access model makes it possible to create coupling between two instances of the same class, even
if that class is well encapsulated. Recall from Chapter 3, “Modifiers,” that an object’s private
data and methods may be accessed by any instance of that object’s class. If an instance uses
another instance’s private data or methods, the result is tight coupling.

Cobesion is the degree to which a class or method resists being broken down into smaller
pieces. Cohesion is desirable and is easy to recognize in its absence.

Consider a Telescope class with methods that aim and focus a telescope and other methods
that process the images that the scope captures. If you were modeling the Hubble, your class
would have a lot of methods of each type. If you looked at the class’ source, you would probably
find that the aiming and focusing methods might call each other, but they wouldn’t call the
image-processing methods or access the image-processing data. The converse would also be
true: the image-processing code wouldn’t have much contact with the aiming/focusing code.

A class like TeTlescope that can easily be split into distinct elements probably models not
one but two (or more!) real-world objects. Such a class ought to be divided into its natural
constituents.

Methods as well as classes can have or lack cohesion. A low-cohesion method can
often be spotted by the presence of “and” in its name. For example, if you’re reading
the source code for a Java-based guitar-playing robot, you might come across a method
named tuneDStringAndPlayDMinorScale(). Obviously this method performs two differ-
ent tasks; the only reason they are together is that playing a scale on a string is often done right
after tuning that string. But often isn’t always. If you separate the code into tuneDString()
and playDMinorScale(), then people have the option of playing a different scale, or not
playing a scale at all, after they tune the string.

Now that we’ve discussed why you would want to write object-oriented code, let’s look at
how this is achieved.
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Implementing Object-Oriented
Relationships

This section considers the implementation of classes for which you have been given a basic
description.

There are two phrases that are commonly used when describing a class in plain English: “is a”
and “has a.” As a working simplification, they are used to describe the superclass and member
variables, respectively. For example, consider this description:

“A home is a house that has a family and a pet.”

This description would give rise to the outline of a Java class in this form:

1. public class Home extends House {
2. Family inhabitants;

3. Pet thePet;

4.}

Notice the direct correspondence between the “is a” clause and the extends clause. In this
example, a direct correspondence also exists between the items listed after “has a” and the member
variables. Such a correspondence is representative in simple examples and in a test situation; how-
ever, you should be aware that in real examples, there are other ways you can provide a class with
attributes. Probably the most important of these alternatives is the approach taken by JavaBeans,
which is to supply accessor and mutator methods that operate on private data members.

P that is required by the exam. In a real situation, the variables should generally
be private (or at least some specific rationale should apply to whatever acces-
sibility they have), and some methods will be needed in the class.

é/ The example shown is simplified to focus on the knowledge and understanding

Methods, Overloading and Overriding

As you construct classes and add methods to them, in some circumstances you will want to re-use
the same name for a method. You can do so two ways with Java. Re-using the same method name
with different arguments and perhaps a different return type is known as overloading. Using the
same method name with identical arguments and return type is known as overriding.

A method name can be re-used anywhere, as long as certain conditions are met:

= Inan unrelated class, no special conditions apply, and the two methods are not considered
related in any way.

= In the class that defines the original method, or a subclass of that class, the method name
can be re-used if the argument list differs in terms of the type of at least one argument. This
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is overloading. It is important to realize that a difference in return type or list of thrown
exceptions is insufficient to constitute an overload and is illegal.

= In a strict subclass of the class that defines the original method, the method name can be
re-used with identical argument types and order and with identical return type. This is
overriding. In this case, additional restrictions apply to the accessibility of, and exceptions
that may be thrown by, the method.

In general, a class is considered to be a subclass of itself. That is, if classes A,
TE B, and C are defined so that C extends B and B extends A, then the subclasses of

A are A, B, and C. The term strict subclass is used to describe the subclasses

excluding the class itself. So the strict subclasses of A are only B and C.

Now let’s take a look at these ideas in detail. First, we will consider overloading method names.

Overloading Method Names

In Java, a method is uniquely identified by the combination of its fully qualified class name, the
method name, and the exact sequence of its argument types. Overloading is the re-use of a method
name in the one class or subclass for a different method. It is not related to object orientation,
although a purely coincidental correlation shows that object-oriented languages are more likely to
support overloading. Notice that overloading is essentially a trick with names; hence this section’s
title is “Overloading Method Names” rather than “Overloading Methods.” The following are all
different methods:

1. pubTlic void aMethod(String s) { }

2. public void aMethod() { }

3. public void aMethod(int i, String s) { }
4. public void aMethod(String s, int i) { }

These methods all have identical return types and names, but their argument lists are different
either in the types of the arguments that they take or in the order. Only the argument types are
considered, not their names, so a method such as

public void aMethod(int j, String name) { }

would 7ot be distinguished from the method defined in line 3.

What Is Overloading For?

Why is overloading useful? Sometimes you will be creating several methods that perform closely
related functions under different conditions. For example, imagine methods that calculate the
area of a triangle. One such method might take the Cartesian coordinates of the three vertices,
and another might take the polar coordinates. A third method might take the lengths of all three
sides, whereas a fourth might take three angles and the length of one side. These methods would
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all be performing the same essential function, so it is entirely proper to use the same name for
the methods. In languages that do not permit overloading, you would have to think up four dif-
ferent method names, such as

areaByCoord(Point p, Point q, Point r)

areaByPolarCoord(PolarPt p, PolarPt q, PolarPt r)
areaBySidelLengths(int 11, int 12, int 13)
areaByAnglesAndASide(int 11, int anglel, int angle2, int angle3)

Overloading is really nothing new. Almost every language that has a type system has used over-
loading in a way, although most have not allowed the programmer free use of it. Consider the
arithmetic operators +, -, *, and /. In most languages, they can be used with integer or floating-
point operands. The implementation of, say, multiplication for integer and floating-point oper-
ands generally involves completely different code, and yet the compiler permits the same symbol
to be used. Because the operand types are different, the compiler can decide which version of the
operation should be used. This process is known as operator overloading and is the same principle
as method overloading.

It is quite useful, for thinking up method names and for improving program readability, to be
able to use one method name for several related methods requiring different implementations.
However, you should restrict your use of overloaded method names to situations where the
methods really are performing the same basic function with different data sets. Methods that
perform different jobs should have different names.

One last point to consider is the return type of an overloaded method. The language treats
methods with overloaded names as totally different methods, and as such they can have differ-
ent return types (you will see shortly that overriding methods do not have this freedom).

Invoking Overloaded Methods

When you write multiple methods that perform the same basic function with different arguments,
you often find that it would be useful to call one of these methods as support for another version.
Consider a method called printRJI() that is to be provided in versions that take a String or an
int value. The version that takes an int could most easily be coded so that it converts the int to
a String and then calls the version that operates on String objects.

You can do this easily. Remember that the compiler decides which method to call simply by
looking at the argument list and that the various overloaded methods are in fact unrelated. All
you have to do is write the method call exactly as normal—the compiler will do the rest. Con-
sider this example:

1. public class RightJustify {

2 // Declare a String of 80 spaces

3 private static final String padding =
4. ! "+

5 " L

6
7

n [

n "
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8. public static void printRI(String s, int w) {

9. System.out.print(

10. padding.substring(0, w - s.length()));
11. System.out.print(s);

12. }

13. public static void printRI(int i, int w) {
14. printRI("", w);

5.}

16. }

At line 14, the int argument is converted to a String object by adding it to an empty
String. The method call at this same line is then seen by the compiler as a call to a method
called print() that takes a String as the first argument, which results in selection of the
method at line 8.

To summarize, these are the key points about overloading methods:

*  The identity of a method is determined by the combination of its fully qualified class; its
name; and the type, order, and count of arguments in the argument list.

=  Two or more methods in the same class (including methods inherited from a superclass)
with the same name but different argument lists are called overloaded.

*  Methods with overloaded names are effectively independent methods—using the same name
is really just a convenience to the programmer. Return type, accessibility, and exception lists
may vary freely.

Now that we have considered overloading thoroughly, let’s look at overriding.

Method Overriding

You have just seen that overloading is essentially a trick with names, effectively treating the
argument list as part of the method identification. Overriding is somewhat more subtle, relating
directly to subclassing and hence to the object-oriented nature of a language.

When you extend one class to produce a new one, you inherit and have access to certain non-
private methods of the original class (as dictated by access modifiers and package relationships).
Sometimes, however, you might need to modify the behavior of one of these methods to suit
your new class. In this case, you actually want to redefine the method, and this is the essential
purpose of overriding.

There are a number of key distinctions between overloading and overriding:

= Opverloaded methods supplement each other; an overriding method replaces the method it
overrides.

= Opverloaded methods can exist, in any number, in the same class. Each method in a parent
class can be overridden at most once in any one subclass.

= Overloaded methods must have different argument lists; overriding methods must have
argument lists of identical type and order (otherwise they are simply treated as over-
loaded methods).
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= The return type of an overloaded method may be chosen freely; the return type of an over-
riding method must be identical to that of the method it overrides.

= The exception list of an overloaded method may be chosen according to the rules defined
earlier in this chapter.

*  The access modifiers of an overloaded method may be chosen according to the rules defined
earlier in this chapter.

What Is Overriding For?

Overloading allows multiple implementations of the same essential functionality to use the
same name. Overriding, on the other hand, modifies the implementation of a particular piece
of behavior for a subclass.

Consider a class that describes a rectangle. Imaginatively, we’ll call it Rectangle. We’re talk-
ing about an abstract rectangle here, so no visual representation is associated with it. This class
has a method called setSize(), which is used to set width and height values. In the Rectangle
class, the implementation of the setSize() method simply sets the value of the private width
and height variables for later use. Now, imagine you create a DisplayedRectangle class that
is a subclass of the original Rectangle. When the setSize() method is called, you need to
arrange a new behavior. Specifically, the width and height variables must be changed, but also
the visual representation must be redrawn. This is achieved by overriding.

If you define a method that has exactly the same name and exactly the same argument types
as a method in a parent class, then you are overriding the method. Under these conditions, the
method must also have the identical return type and follow the accessibility and exception list
rules for that of the method it overrides. Consider this example:

1. class Rectangle {

2 int x, y, w, h;

3

4 public void setSize(int w, int h) {
5. this.w = w; this.h = h;

6. }

7.}

8. class DisplayedRectangle extends Rectangle {
9 pubTlic void setSize(int w, int h) {
10. this.w = w; this.h = h;

11. redisplay(); // implementation
12. )

13. public void redisplay() {

14. // implementation not shown

15. }

16. }

17.
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18. public class TestRectangle {
19. public static void main(String args[]) {

20. Rectangle [] recs = new Rectangle[4];
21. recs[0] = new Rectangle();

22. recs[1] = new DisplayedRectangle();

23. recs[2] = new DisplayedRectangle();

24. recs[3] = new Rectangle();

25. for (int r=0; r<4; r++) {

26. int w = ((int)(Math.random() * 400));
27. int h = ((int)(Math.random() * 200));
28. recs[r].setSize(w, h);

29. }

30. }

31. }

Clearly this example is incomplete, because no code exists to cause the display of the
DisplayedRectangle objects, but it is complete enough for us to discuss.

At line 20, the array recs is created as an array of Rectangle objects; yet at lines 21-24,
the array is used to hold not only two instances of Rectangle but also two instances of
DisplayedRectangle. Subsequently, when the setSize() method is called, it will be impor-
tant that the executed code be the code associated with the actual object referred to by the
array element, rather than always being the code of the Rectangle class. This is exactly what
Java does, and this is the essential point of overriding methods. It is as if you ask an object
to perform certain behavior, and that object makes its own interpretation of the request. C++
programmers should take particular note of this point, because it differs significantly from the
default behavior of overriding methods in that language.

In order for any particular method to override another correctly, some requirements must be
met. Some of them have been mentioned before in comparison with overloading, but all are
listed here for completeness:

*  The method name and the type and order of arguments must be identical to those of a
method in a parent class. If this is the case, then the method is an attempt to override the
corresponding parent class method, and the remaining points listed here must be adhered
to or a compiler error arises. If these criteria are not met, then the method is not an attempt
to override and the following rules are irrelevant.

= The return type must be the same as, or a subclass of, the superclass version’s return type.
= Methods marked final may not be overridden.
= The accessibility must not be more restrictive than that of the original method.

*  The method may throw only checked exception types that are the same as, or subclasses of,
exception types thrown by the original method.

The second rule is new in release 5.0. Prior to 5.0, an overriding method’s return type had to
exactly match the superclass version’s return type. Now the rule has been expanded, to support
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covariant return types. A covariant return type of an overriding method is a subclass of the return
type of the superclass version. Here’s an example:

class TheSuperclass {
Number getValue() {
return new Long(33);

class TheSubclass extends TheSuperclass {
Float getValue() {
return new Float(1l.23f);

The superclass version returns a Number. The subclass version returns a Float, which extends
Number. This would be illegal without covariant return types.

The accessibility of an overriding method must not be less than that of the method it overrides,
simply because it is considered to be the replacement method in conditions like those of the rectan-
gles example earlier. So, imagine that the setSize() method of DisplayedRectangle was inac-
cessible from the main() method of the TestRectangle class. The calls to recs[1] .setSize()
and recs[2].setSize() would be illegal, but the compiler would be unable to determine this
because it knows only that the elements of the array are Rectangle objects. The extends keyword
literally requires that the subclass be an extension of the parent class: if methods could be removed
from the class or made less accessible, then the subclass would not be a simple extension but would
potentially be a reduction. Under those conditions, the idea of treating DisplayedRectangle
objects as being Rectangle objects when used as method arguments or elements of a collection
would be severely flawed.

A similar logic gives rise to the final rule relating to checked exceptions. Checked exceptions
are those that the compiler ensures are handled in the source you write. As with accessibility,
it must be possible for the compiler to make correct use of a variable of the parent class even if
that variable really refers to an object of a derived class. For checked exceptions, this require-
ment means that an overriding method must not be able to throw exceptions that would not be
thrown by the original method.

4 Chapter 5, “Flow Control, Assertions, and Exception Handling,” discussed
ITE checked exceptions and this rule in more detail.

Late Binding

Normally, when a compiler for a non-object-oriented language comes across a method (or
function or procedure) invocation, it determines exactly what target code should be called
and builds machine language to represent that call. In an object-oriented language, this
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behavior is not possible because the proper code to invoke is determined based upon the class
of the object being used to make the call, not the type of the variable. Instead, code is gen-
erated that will allow the decision to be made at runtime. This delayed decision-making is
variously referred to as late binding (binding is one term for the job a linker does when it
glues various bits of machine code together to make an executable program file).

The Java Virtual Machine (JVM) has been designed from the start to support an object-
oriented programming system, so there are machine-level instructions for making method
calls. The compiler needs only to prepare the argument list and produce one method invo-
cation instruction; the job of identifying and calling the proper target code is performed by
the JVM.

If the JVM is to be able to decide what code should be invoked by a particular method call,
it must be able to determine the class of the object upon which the call is based. Again, the
JVM design has supported this process from the beginning. Unlike traditional languages or
runtime environments, every time the Java system allocates memory, it marks that memory
with the type of the data that it has been allocated to hold. So, given any object, and without
regard to the type associated with the reference variable acting as a handle to that object, the
runtime system can determine the real class of that object by inspection. This process is the
basis of the instanceof operator, which allows you to program a test to determine the actual
class of an object at runtime.

) The instanceof operator was described in Chapter 2, “Operators and
TE Assignments.”

Invoking Overridden Methods

When we discussed overloading methods, you saw how to invoke one version of a method from
another. It is also useful to be able to invoke an overridden method from the method that over-
rides it. Consider that when you write an overriding method, that method entirely replaces the
original method. However, sometimes you wish only to add a little extra behavior and want to
retain all the original behavior. This goal can be achieved, although it requires a small trick of
syntax to perform. Look at this example:

1. class Rectangle {

2 private int x, y, w, h;

3 public String toString() {

4 return "x = "+ x + ", y="+y+

5. "sw="+w+", h="+h;

6 }

7.}

8. class DecoratedRectangle extends Rectangle {
9 private int borderWidth;

10. public String toString() {
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11. return super.toString() + ", borderWidth = " +
12. borderWidth;

13. )

14. }

At line 11, the overriding method in the DecoratedRectangle class uses the parental
toString() method to perform the greater part of its work. Because the variables x, y, w,
and h in the Rectangle class are marked as private, it would have been impossible for the
overriding method in DecoratedRectangle to achieve its work directly.

A call of the form super. xxx() always invokes the behavior that would have been used if the
current overriding method had not been defined. It does not matter whether the parental method
is defined in the immediate superclass or in some ancestor class further up the hierarchy: super
invokes the version of this method that is “next up the tree.”

To summarize, these are the key points about overriding methods:

* A method that has an identical name and identical number, types, and order of arguments
as a method in a parent class is an overriding method.

= Each parent class method may be overridden once at most in any one subclass. (That is, you
cannot have two identical methods in the same class.)

= An overriding method must return exactly the same type as the method it overrides.
= An overriding method must not be less accessible than the method it overrides.

= An overriding method must not throw any checked exceptions (or subclasses of th