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� Instructors can delete students from the system.

� Students and instructors can track grades on exercises.

The main features of the Quiz System are:

� Instructors can create/modify quizzes from the test bank or a text file or create completely
new tests online.

� Instructors can assign the quizzes to students and set a due date and test time limit for the
whole class or for individuals.

� Students and instructors can review submitted quizzes.

� Instructors can analyze quizzes and identify students• weaknesses.

� Students and instructors can track grades on quizzes.

The main features of the Peer Evaluation System include:

� Instructors can assign peer evaluation for programming exercises.

� Instructors can view peer evaluation reports.

Student Resource Website
The Student Resource Website (www.cs.armstrong.edu/liang/intro9e) contains the following
resources:

� Access to VideoNotes (www.pearsonhighered.com/liang).

� Answers to check point questions

� Solutions to even-numbered programming exercises

� Source code for the examples in the book

� Interactive self-testing (organized by sections for each chapter)

� Data structures and algorithm animations

� Errata

Instructor Resource Website
The Instructor Resource Website, accessible from www.cs.armstrong.edu/liang/intro9e, contains
the following resources:

� Microsoft PowerPoint slides with interactive buttons to view full-color, syntax-highlighted
source code and to run programs without leaving the slides.

� Solutions to all programming exercises. Students will have access to the solutions of even-
numbered programming exercises.

� Web-based quiz generator. (Instructors can choose chapters to generate quizzes from a
large database of more than two thousand questions.)

� Sample exams. Most exams have four parts:

� Multiple-choice questions or short-answer questions

� Correct programming errors

www.cs.armstrong.edu/liang/intro9e
www.pearsonhighered.com/liang
www.cs.armstrong.edu/liang/intro9e
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� Trace programs

� Write programs

� Projects. In general, each project gives a description and asks students to analyze, design,
and implement the project.

Some readers have requested the materials from the Instructor Resource Website. Please
understand that these are for instructors only. Such requests will not be answered.

Algorithm Animations
We have provided numerous animations for algorithms. These are valuable pedagogical
tools to demonstrate how algorithms work. Algorithm animations can be accessed from the
Companion Website.
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2 Chapter 1 Introduction to Computers, Programs, and Java

1.1 Introduction
The central theme of this book is to learn how to solve problems by writing a program.

This book is about programming. So, what is programming? The term programmingmeans to
create (or develop) software, which is also called a program.In basic terms, software contains
the instructions that tell a computer„or a computerized device„what to do.

Software is all around you, even in devices that you might not think would need it. Of
course, you expect to find and use software on a personal computer, but software also plays a
role in running airplanes, cars, cell phones, and even toasters. On a personal computer, you
use word processors to write documents, Web browsers to explore the Internet, and e-mail
programs to send messages. These programs are all examples of software. Software develop-
ers create software with the help of powerful tools called programming languages.

This book teaches you how to create programs by using the Java programming language.
There are many programming languages, some of which are decades old. Each language was
invented for a specific purpose„to build on the strengths of a previous language, for exam-
ple, or to give the programmer a new and unique set of tools. Knowing that there are so many
programming languages available, it would be natural for you to wonder which one is best.
But, in truth, there is no •bestŽ language. Each one has its own strengths and weaknesses.
Experienced programmers know that one language might work well in some situations, whereas
a different language may be more appropriate in other situations. For this reason, seasoned
programmers try to master as many different programming languages as they can, giving
them access to a vast arsenal of software-development tools.

If you learn to program using one language, you should find it easy to pick up other lan-
guages. The key is to learn how to solve problems using a programming approach. That is the
main theme of this book.

You are about to begin an exciting journey: learning how to program. At the outset, it is
helpful to review computer basics, programs, and operating systems. If you are already famil-
iar with such terms as CPU, memory, disks, operating systems, and programming languages,
you may skip the review in Sections 1.2…1.4.

1.2 What Is a Computer?
A computer is an electronic device that stores and processes data.

A computer includes both hardwareandsoftware.In general, hardware comprises the visible,
physical elements of the computer, and software provides the invisible instructions that con-
trol the hardware and make it perform specific tasks. Knowing computer hardware isn•t
essential to learning a programming language, but it can help you better understand the effects
that a program•s instructions have on the computer and its components. This section intro-
duces computer hardware components and their functions.

A computer consists of the following major hardware components (Figure 1.1):

� A central processing unit (CPU)

� Memory (main memory)

� Storage devices (such as disks and CDs)

� Input devices (such as the mouse and keyboard)

� Output devices (such as monitors and printers)

� Communication devices (such as modems and network interface cards)

A computer•s components are interconnected by a subsystem called a bus.You can think
of a bus as a sort of system of roads running among the computer•s components; data and

what is programming?
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FIGURE1.1 A computer consists of a CPU, memory, storage devices, input devices, output
devices, and communication devices.

motherboard
power travel along the bus from one part of the computer to another. In personal computers,
the bus is built into the computer•s motherboard,which is a circuit case that connects all of
the parts of a computer together, as shown in Figure 1.2.

1.2.1 Central Processing Unit
The central processing unit (CPU)is the computer•s brain. It retrieves instructions from
memory and executes them. The CPU usually has two components: a control unit and an
arithmetic/logic unit.The control unit controls and coordinates the actions of the other com-
ponents. The arithmetic/logic unit performs numeric operations (addition, subtraction, multi-
plication, division) and logical operations (comparisons).

Today•s CPUs are built on small silicon semiconductor chips that contain millions of tiny
electric switches, called transistors,for processing information.

Every computer has an internal clock, which emits electronic pulses at a constant rate.
These pulses are used to control and synchronize the pace of operations. A higher clock speed
enables more instructions to be executed in a given period of time. The unit of measurement of
clock speed is the hertz(Hz), with 1 hertz equaling 1 pulse per second. In the 1990s computers
measured clocked speed in megahertz(MHz), but CPU speed has been improving continuously,

CPU

speed

hertz
megahertz
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Enter this URL from a Web browser

FIGURE1.11 A Java applet for playing tic-tac-toe runs from a Web browser.

Java initially became attractive because Java programs can be run from a Web browser.
Such programs are called applets.Applets employ a modern graphical interface with buttons,
text fields, text areas, radio buttons, and so on, to interact with users on the Web and process
their requests. Applets make the Web responsive, interactive, and fun to use. Applets are
embedded in an HTML file. HTML (Hypertext Markup Language)is a simple scripting lan-
guage for laying out documents, linking documents on the Internet, and bringing images,
sound, and video alive on the Web. Figure 1.11 shows an applet running from a Web browser
for playing a tic-tac-toe game.

Tip
For a demonstration of Java applets, visit java.sun.com/applets. This site provides a rich
Java resource as well as links to other cool applet demo sites.

Java is now very popular for developing applications on Web servers. These applications
process data, perform computations, and generate dynamic Web pages. The LiveLab auto-
matic grading system, shown in Figure 1.12 and which you can use with this book, was devel-
oped using Java.

Java is a versatile programming language: You can use it to develop applications for
desktop computers, servers, and small hand-held devices. The software for Android cell
phones is developed using Java. Figure 1.13 shows an emulator for developing Android
phone applications.

1.21 Who invented Java? Which company owns Java now?

1.22 What is a Java applet?

1.23 What programming language does Android use?

HTML
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1.6 The Java Language Specification, API, JDK, and IDE
Java syntax is defined in the Java language specification, and the Java library is
defined in the Java API. The JDK is the software for developing and running Java
programs. An IDE is an integrated development environment for rapidly developing
programs.

Computer languages have strict rules of usage. If you do not follow the rules when writing a
program, the computer will not be able to understand it. The Java language specification and
the Java API define the Java standards.

The Java language specificationis a technical definition of the Java programming lan-
guage•s syntax and semantics. You can find the complete Java language specification at
java.sun.com/docs/books/jls.

The application program interface (API), also known as library, contains predefined
classes and interfaces for developing Java programs. The API is still expanding. You can view
and download the latest version of the Java API at www.oracle.com/technetwork/java/index.html.

Java is a full-fledged and powerful language that can be used in many ways. It comes in
three editions: 

� Java Standard Edition (Java SE)to develop client-side standalone applications
or applets. 

� Java Enterprise Edition (Java EE)to develop server-side applications, such as Java
servlets, JavaServer Pages (JSP), and JavaServer Faces (JSF). 

� Java Micro Edition (Java ME)to develop applications for mobile devices, such as
cell phones. 

This book uses Java SE to introduce Java programming. Java SE is the foundation upon
which all other Java technology is based. There are many versions of Java SE. The latest,
Java SE 7, is used in this book. Oracle releases each version with a Java Development Toolkit
(JDK). For Java SE 7, the Java Development Toolkit is called JDK 1.7(also known as Java 7
or JDK 7).

The JDK consists of a set of separate programs, each invoked from a command line,
for developing and testing Java programs. Instead of using the JDK, you can use a Java devel-
opment tool (e.g., NetBeans, Eclipse, and TextPad)„software that provides an integrated
development environment (IDE)for developing Java programs quickly. Editing, compiling,
building, debugging, and online help are integrated in one graphical user interface. You simply
enter source code in one window or open an existing file in a window, and then click a button
or menu item or press a function key to compile and run the program.

1.24 What is the Java language specification?

1.25 What does JDK stand for?

1.26 What does IDE stand for?

1.27 Are tools like NetBeans and Eclipse different languages from Java, or are they
dialects or extensions of Java?

1.7 A Simple Java Program
A Java program is executed from the main method in the class.

Let•s begin with a simple Java program that displays the message Welcome to Java! on the
console. (The word consoleis an old computer term that refers to the text entry and display
device of a computer. Console inputmeans to receive input from the keyboard, and console
outputmeans to display output on the monitor.) The program is shown in Listing 1.1.

Key
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Your first Java program

class
main method
display message

line numbers

class name

main method

string

statement terminator
reserved word
keyword

comment

line comment

block

LISTING 1.1 Welcome.java
1 public class Welcome { 
2 public static void main(String[] args) { 
3 // Display message Welcome to Java! on the console
4      System.out.println( "Welcome to Java!" );
5    }
6  }

Welcome to Java!

Note that the line numbers are for reference purposes only; they are not part of the pro-
gram. So, don•t type line numbers in your program.

Line 1 defines a class. Every Java program must have at least one class. Each class has a
name. By convention, class names start with an uppercase letter. In this example, the class
name is Welcome.

Line 2 defines the main method. The program is executed from the main method. A
class may contain several methods. The main method is the entry point where the program
begins execution.

A method is a construct that contains statements. The main method in this program con-
tains the System.out.println statement. This statement displays the string Welcome to
Java! on the console (line 4). String is a programming term meaning a sequence of charac-
ters. A string must be enclosed in double quotation marks. Every statement in Java ends with
a semicolon (; ), known as the statement terminator.

Reserved words, or keywords, have a specific meaning to the compiler and cannot be used
for other purposes in the program. For example, when the compiler sees the word class , it
understands that the word after class is the name for the class. Other reserved words in this
program are public , static , and void .

Line 3 is a commentthat documents what the program is and how it is constructed. Com-
ments help programmers to communicate and understand the program. They are not pro-
gramming statements and thus are ignored by the compiler. In Java, comments are preceded
by two slashes (// ) on a line, called a line comment,or enclosed between /* and*/ on one or
several lines, called a block commentor paragraph comment. When the compiler sees // , it
ignores all text after // on the same line. When it sees /* , it scans for the next */ and ignores
any text between /* and*/ . Here are examples of comments:

// This application program displays Welcome to Java!
/* This application program displays Welcome to Java! */
/* This application program 

displays Welcome to Java! */

A pair of curly braces in a program forms a blockthat groups the program•s components.
In Java, each block begins with an opening brace ({ ) and ends with a closing brace (} ). Every
class has a class blockthat groups the data and methods of the class. Similarly, every method
has a method blockthat groups the statements in the method. Blocks can be nested, meaning
that one block can be placed within another, as shown in the following code.

Tip
An opening brace must be matched by a closing brace. Whenever you type an opening
brace, immediately type a closing brace to prevent the missing-brace error. Most Java
IDEs automatically insert the closing brace for each opening brace.

VideoNote

match braces

block comment
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You will get Fahrenheit 67 degrees, which is wrong. It should be 95.0 . In Java, the divi-
sion for integers is an integer„the fractional part is truncated„so in Java 9 / 5 is 1. To get
the correct result, you need to use 9.0 / 5 , which results in 1.8 .

In general, syntax errors are easy to find and easy to correct, because the compiler gives indi-
cations as to where the errors came from and why they are wrong. Runtime errors are not diffi-
cult to find, either, since the reasons and locations for the errors are displayed on the console
when the program aborts. Finding logic errors, on the other hand, can be very challenging. In the
upcoming chapters, you will learn the techniques of tracing programs and finding logic errors.

1.45 What are syntax errors (compile errors), runtime errors, and logic errors?

1.46 Give examples of syntax errors, runtime errors, and logic errors.

1.47 If you forget to put a closing quotation mark on a string, what kind error will be raised?

1.48 If your program needs to read integers, but the user entered strings, an error would
occur when running this program. What kind of error is this?

1.49 Suppose you write a program for computing the perimeter of a rectangle and you
mistakenly write your program so that it computes the area of a rectangle. What kind
of error is this?

1.50 Identify and fix the errors in the following code:

1 public class Welcome {
2 public void Main(String[] args) {
3      System.out.println('Welcome to Java!);
4    }
5  }

1.51 The following program is wrong. Reorder the lines so that the program displays
morning followed by afternoon .

1 public static void main(String[] args) {
2    }
3 public class Welcome {
4      System.out.println( "afternoon" );
5      System.out.println( "morning" );
6  }

KEY TERMS

Application Program Interface (API) 16
assembler 10
assembly language 10
bit 4
block 17
block comment 17
bus 2
byte 4
bytecode 21
bytecode verifier 22
cable modem 8
central processing unit (CPU) 3
class loader 22
comment 17
compiler 10
console 16

dot pitch 8
DSL (digital subscriber line) 8
encoding scheme 4
hardware 2
high-level language 10
integrated development environment

(IDE) 16
interpreter 10
java command 21
Java Development Toolkit (JDK) 16
Java language specification 16
Java Virtual Machine (JVM) 21
javac command 21
keyword (or reserved word) 17
library 16
line comment 17
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logic error 27
low-level language 10
machine language 9
main method 17
memory 5
modem 8
motherboard 3
network interface card (NIC) 8
operating system (OS) 12
pixel 8
program 2

programming 2
runtime error 27
screen resolution 8
software 2
source code 10
source program 10
specific import 24
statement 10
storage devices 5
syntax error 26
wildcard import 24

Note
The above terms are defined in this chapter. Supplement I.A, Glossary, lists all the
key terms and descriptions in the book, organized by chapters.

CHAPTER SUMMARY

1. A computer is an electronic device that stores and processes data.

2. A computer includes both hardwareandsoftware.

3. Hardware is the physical aspect of the computer that can be touched.

4. Computerprograms, known as software, are the invisible instructions that control the
hardware and make it perform tasks.

5. Computerprogrammingis the writing of instructions (i.e., code) for computers to
perform.

6. The central processing unit (CPU)is a computer•s brain. It retrieves instructions
from memoryand executes them.

7. Computers use zeros and ones because digital devices have two stable states, referred
to by convention as zero and one.

8. A bit is a binary digit 0 or 1.

9. A byteis a sequence of 8 bits.

10. A kilobyte is about 1,000 bytes, a megabyte about 1 million bytes, a gigabyte about 1
billion bytes, and a terabyte about 1,000 gigabytes.

11. Memory stores data and program instructions for the CPU to execute.

12. A memory unit is an ordered sequence of bytes.

13. Memory is volatile, because information is lost when the power is turned off.

Supplement I.A
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14. Programs and data are permanently stored on storage devicesand are moved to mem-
ory when the computer actually uses them.

15. Themachine languageis a set of primitive instructions built into every computer.

16. Assembly languageis a low-level programming languagein which a mnemonic is
used to represent each machine-language instruction.

17. High-level languagesare English-like and easy to learn and program.

18. A program written in a high-level language is called a source program.

19. A compileris a software program that translates the source program into a machine-
language program.

20. The operating system (OS)is a program that manages and controls a computer•s
activities.

21. Java is platform independent, meaning that you can write a program once and run it
on any computer.

22. Java programs can be embedded in HTML pages and downloaded by Web browsers
to bring live animation and interaction to Web clients.

23. The Java source file name must match the public class name in the program. Java
source code files must end with the .java extension.

24. Every class is compiled into a separate bytecode file that has the same name as the
class and ends with the .class extension.

25. To compile a Java source-code file from the command line, use the javaccommand.

26. To run a Java class from the command line, use the javacommand.

27. Every Java program is a set of class definitions. The keyword class introduces a
class definition. The contents of the class are included in a block.

28. A block begins with an opening brace ({ ) and ends with a closing brace (} ).

29. Methods are contained in a class. To run a Java program, the program must have a
main method. The main method is the entry point where the program starts when it
is executed.

30. Every statementin Java ends with a semicolon (; ), known as the statement terminator.

31. Reserved words,or keywords,have a specific meaning to the compiler and cannot be
used for other purposes in the program.

32. In Java, comments are preceded by two slashes (// ) on a line, called a line comment,
or enclosed between /* and*/ on one or several lines, called a block commentor
paragraph comment. Comments are ignored by the compiler.

33. Java source programs are case sensitive.
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34. There are two types of import statements:specific importandwildcard import.The
specific import specifies a single class in the import statement; the wildcard import
imports all the classes in a package.

35. Programming errors can be categorized into three types: syntax errors, runtime errors,
and logic errors. Errors that occur during compilation are called syntax errors or
compile errors.Runtime errors are errors that cause a program to terminate abnor-
mally. Logic errors occur when a program does not perform the way it was intended to.

TESTQUESTIONS

Do the test questions for this chapter online at www.cs.armstrong.edu/liang/intro9e/test.html.

PROGRAMMING EXERCISES

Note
Solutions to even-numbered exercises are on the Companion Website. Solutions to
all exercises are on the Instructor Resource Website. The level of difficulty is rated
easy (no star), moderate (* ), hard (** ), or challenging (*** ).

1.1 (Display three messages) Write a program that displays Welcome to Java ,
Welcome to Computer Science , and Programming is fun .

1.2 (Display five messages) Write a program that displays Welcome to Java five times.

*1.3 (Display a pattern) Write a program that displays the following pattern:

J     A     V     V    A
J    A A     V   V    A A

J   J   AAAAA     V V    AAAAA
J J   A     A     V    A     A 

1.4 (Print a table) Write a program that displays the following table:

a      a^2    a^3
1      1      1
2      4      8
3      9      27
4      16     64

1.5 (Compute expressions) Write a program that displays the result of 

1.6 (Summation of a series) Write a program that displays the result of

1.7 (Approximate ) can be computed using the following formula:

Write a program that displays the result of 

and Use1.0 instead of 1 in your

program.
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+
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-
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pp

1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 + 9.

9.5 * 4.5 - 2.5 * 3
45.5 - 3.5

.

level of difficulty
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1.8 (Area and perimeter of a circle) Write a program that displays the area and
perimeter of a circle that has a radius of 5.5 using the following formula:

1.9 (Area and perimeter of a rectangle) Write a program that displays the area and
perimeter of a rectangle with the width of 4.5 and height of 7.9 using the follow-
ing formula:

1.10 (Average speed in miles) Assume a runner runs 14 kilometers in 45 minutes and
30 seconds. Write a program that displays the average speed in miles per hour.
(Note that 1 mile is 1.6 kilometers.)

*1.11 (Population projection) The U.S. Census Bureau projects population based on the
following assumptions:

� One birth every 7 seconds
� One death every 13 seconds
� One new immigrant every 45 seconds

Write a program to display the population for each of the next five years. Assume
the current population is 312,032,486 and one year has 365 days. Hint: In Java, if
two integers perform division, the result is an integer. The fraction part is trun-
cated. For example, 5 / 4 is 1 (not 1.25 ) and 10 / 4 is 2 (not 2.5 ).

1.12 (Average speed in kilometers) Assume a runner runs 24 miles in 1 hour, 40 minutes,
and35 seconds. Write a program that displays the average speed in kilometers per
hour. (Note that 1 mile is 1.6 kilometers.)

area = width * height

area = radius * radius * p
perimeter= 2 * radius * p
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2.8 Naming Conventions
Sticking with the Java naming conventions makes your programs easy to read and
avoids errors.

Make sure that you choose descriptive names with straightforward meanings for the variables,
constants, classes, and methods in your program. As mentioned earlier, names are case sensi-
tive. Listed below are the conventions for naming variables, methods, and classes.

� Use lowercase for variables and methods. If a name consists of several words,
concatenate them into one, making the first word lowercase and capitalizing the first
letter of each subsequent word„for example, the variables radius andarea and
the method showMessageDialog .

� Capitalize the first letter of each word in a class name„for example, the class names
ComputeArea , System , and JOptionPane .

� Capitalize every letter in a constant, and use underscores between words„for exam-
ple, the constants PI andMAX_VALUE.

It is important to follow the naming conventions to make your programs easy to read.

Caution
Do not choose class names that are already used in the Java library. For example, since
theSystem class is defined in Java, you should not name your class System .

2.5 What are the benefits of using constants? Declare an int constantSIZE with value 20.

2.6 What are the naming conventions for class names, method names, constants, and
variables? Which of the following items can be a constant, a method, a variable, or a
class according to the Java naming conventions?

MAX_VALUE, Test, read, readInt

2.7 Translate the following algorithm into Java code:

Step 1: Declare a double variable named miles with initial value 100 .

Step 2: Declare a double constant named KILOMETERS_PER_MILEwith value
1.609 .

Step 3: Declare a double variable named kilometers , multiply miles and
KILOMETERS_PER_MILE, and assign the result to kilometers .

Step 4: Display kilometers to the console.

What is kilometers after Step 4?

2.9 Numeric Data Types and Operations
Java has six numeric types for integers and floating-point numbers with operators +, - ,
* , / , and%.

2.9.1 Numeric Types
Every data type has a range of values. The compiler allocates memory space for each variable or
constant according to its data type. Java provides eight primitive data types for numeric values,
characters, and Boolean values. This section introduces numeric data types and operators.

Table 2.2 lists the six numeric data types, their ranges, and their storage sizes.

name variables and methods

name classes

name constants

name classes

Key
Point

Key
Point

� Point� Check
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TABLE2.2 Numeric Data Types

Name Range Storage Size

byte to (-128 to 127)27-1- �27 8-bit signed

short to (- �32768 to 32767)215-1- �215 16-bit signed

int to to 2147483647)(- �2147483648231-1- �231 32-bit signed

long to

(i.e., to 9223372036854775807)- �9223372036854775808

263-1- �263 64-bit signed

float Negative range: to 

Positive range: to 3.4028235E+381.4E-45

-1.4E-45- �3.4028235E+38 32-bit IEEE 754

double Negative range: to 

Positive range: to 1.7976931348623157E+3084.9E-324

- �4.9E-324- �1.7976931348623157E+308 64-bit IEEE 754

Note
IEEE 754is a standard approved by the Institute of Electrical and Electronics Engineers
for representing floating-point numbers on computers. The standard has been widely
adopted. Java uses the 32-bit IEEE 754for the float type and the 64-bit IEEE 754for
the double type. The IEEE 754standard also defines special floating-point values,
which are listed in Appendix E.

Java uses four types for integers: byte , short , int , and long . Choose the type that is
most appropriate for your variable. For example, if you know an integer stored in a variable is
within a range of a byte, declare the variable as a byte . For simplicity and consistency, we
will use int for integers most of the time in this book.

Java uses two types for floating-point numbers: float anddouble . The double type is
twice as big as float , so the double is known as double precisionandfloat assingle
precision.Normally you should use the double type, because it is more accurate than the
float type.

Caution
When a variable is assigned a value that is too large (in size) to be stored, it causes
overflow.For example, executing the following statement causes overflow, because the
largest value that can be stored in a variable of the int type is 2147483647 .
2147483648 will be too large for an int value.

int value = 2147483647 + 1;
// value will actually be -2147483648

Likewise, executing the following statement causes overflow, because the smallest value
that can be stored in a variable of the int type is -2147483648 . -2147483649 will
be too large in size to be stored in an int variable.

int value = -2147483648 - 1;
// value will actually be 2147483647

Java does not report warnings or errors on overflow, so be careful when working with
numbers close to the maximum or minimum range of a given type.

integer types

floating-point types

what is overflow?

byte type

short type

int type

long type

float type

double type
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When a floating-point number is too small (i.e., too close to zero) to be stored, it causes
underflow.Java approximates it to zero, so normally you don•t need to be concerned about
underflow.

2.9.2 Numeric Operators
The operators for numeric data types include the standard arithmetic operators: addition (+),
subtraction (…), multiplication (* ), division (/ ), and remainder (%), as shown in Table 2.3. The
operandsare the values operated by an operator.

The%operator is often used for positive integers, but it can also be used with negative inte-
gers and floating-point values. The remainder is negative only if the dividend is negative. For
example, -7 % 3 yields-1 , -12 % 4 yields0, -26 % -8 yields-2 , and 20 % -13 yields7.

Remainder is very useful in programming. For example, an even number % 2 is always 0
and an odd number % 2 is always 1. Thus, you can use this property to determine whether a
number is even or odd. If today is Saturday, it will be Saturday again in 7 days. Suppose you
and your friends are going to meet in 10 days. What day is in 10 days? You can find that the
day is Tuesday using the following expression:

what is underflow?

operators+, - , * , / , %

operands

integer division

TABLE2.3 Numeric Operators

Name Meaning Example Result

+ Addition 34 + 1 35

- Subtraction 34.0 … 0.1 33.9

* Multiplication 300 * 30 9000

/ Division 1.0 / 2.0 0.5

% Remainder 20 % 3 2

4 12

12

0

3

8 26

24

2

3

Remainder

Quotient

Divisor Dividend13 20

13

7

1

7 3

0

3

0

3 7

6

1

2

Day 6 in a week is Saturday

A week has 7 days

After 10 days
Day 2 in a week is Tuesday
Note: Day 0 in a week is Sunday

(6 + 10) % 7 is 2

When both operands of a division are integers, the result of the division is an integer and
the fractional part is truncated. For example, 5 / 2 yields2, not 2.5 , and …5 / 2 yields-2 ,
not …2.5. To perform regular mathematical division, one of the operands must be a floating-
point number. For example, 5.0 / 2 yields2.5 .

The % operator, known as remainder or modulo operator, yields the remainder after
division. The operand on the left is the dividend and the operand on the right is the divisor.
Therefore,7 % 3 yields1, 3 % 7 yields3, 12 % 4 yields0, 26 % 8 yields2, and 20 % 13
yields7.
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The program in Listing 2.4 obtains minutes and remaining seconds from an amount of time
in seconds. For example, 500 seconds contains 8 minutes and 20 seconds.

LISTING2.4 DisplayTime.java
1
2
3 public class DisplayTime {
4 public static void main(String[] args) {
5
6 // Prompt the user for input
7      System.out.print( "Enter an integer for seconds: " );
8 int seconds = ;
9

10 int minutes = ; // Find minutes in seconds
11 int remainingSeconds = ; // Seconds remaining
12      System.out.println(seconds + " seconds is " + minutes + 
13 " minutes and " + remainingSeconds + " seconds" );
14    }
15  }

seconds % 60
seconds / 60

input.nextInt()

Scanner input = new Scanner(System.in);

import java.util.Scanner; import Scanner

create a Scanner

read an integer

divide
remainder

Enter an integer for seconds: 
500 seconds is 8 minutes and 20 seconds

500

ThenextInt() method (line 8) reads an integer for seconds . Line 10 obtains the min-
utes using seconds / 60 . Line 11 (seconds % 60 ) obtains the remaining seconds after
taking away the minutes.

The+ and- operators can be both unary and binary. A unaryoperator has only one operand;
abinaryoperator has two. For example, the - operator in -5 is a unary operator to negate num-
ber5, whereas the - operator in 4 - 5 is a binary operator for subtracting 5 from 4.

Note
Calculations involving floating-point numbers are approximated because these numbers
are not stored with complete accuracy. For example,

System.out.println( 1.0 - 0.1 - 0.1 - 0.1 - 0.1 - 0.1 );

displays 0.5000000000000001 , not 0.5 , and

System.out.println( 1.0 - 0.9 );

displays 0.09999999999999998 , not 0.1 . Integers are stored precisely. Therefore,
calculations with integers yield a precise integer result.

unary operator
binary operator

line# seconds minutes remainingSeconds

8 500

10 8

11 20

floating-point approximation
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Stage 3: System Design

During system design, you identify the steps in the program.

Step 1. Prompt the user to enter the annual interest rate, the number of years, and the
loan amount.

Step 2. The input for the annual interest rate is a number in percent format, such as
4.5%. The program needs to convert it into a decimal by dividing it by 100 . To
obtain the monthly interest rate from the annual interest rate, divide it by 12,
since a year has 12 months. So, to obtain the monthly interest rate in decimal
format, you need to divide the annual interest rate in percentage by 1200 . For
example, if the annual interest rate is 4.5%, then the monthly interest rate is

Step 3. Compute the monthly payment using the preceding formula.

Step 4. Compute the total payment, which is the monthly payment multiplied by 12 and
multiplied by the number of years.

Step 5. Display the monthly payment and total payment.

Stage 4: Implementation

Implementation is also known as coding(writing the code). In the formula, you have to com-
pute which can be obtained using Math.pow(1 +
monthlyInterestRate, numberOfYears * 12) .

Listing 2.8 gives the complete program.

LISTING2.8 ComputeLoan.java
1
2
3 public class ComputeLoan {
4 public static void main(String[] args) {
5 // Create a Scanner
6
7
8 // Enter annual interest rate in percentage, e.g., 7.25%
9      System.out.print( "Enter annual interest rate, e.g., 7.25%: " );

10
11
12 // Obtain monthly interest rate
13 double monthlyInterestRate = annualInterestRate / 1200 ;
14
15 // Enter number of years
16      System.out.print(
17 "Enter number of years as an integer, e.g., 5: " );
18
19
20 // Enter loan amount
21      System.out.print( "Enter loan amount, e.g., 120000.95: " );
22
23
24 // Calculate payment
25 double = loanAmount * monthlyInterestRate / ( 1
26        - 1 / Math.pow( 1 + monthlyInterestRate, numberOfYears * 12));
27 double = monthlyPayment * numberOfYears * 12;
28
29 // Display results

totalPayment

monthlyPayment

double loanAmount = input.nextDouble();

int numberOfYears = input.nextInt();

double annualInterestRate = input.nextDouble();

Scanner input = new Scanner(System.in);

import java.util.Scanner;

(1 + monthlyInterestRate)numberOfYears*12,

4.5/1200= 0.00375.

Math.pow(a, b) method

import class

create a Scanner

enter interest rate

enter years

enter loan amount

monthlyPayment

totalPayment
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casting
30      System.out.println( "The monthly payment is $" +
31        ( int )(monthlyPayment * 100 ) / 100.0 );
32      System.out.println( "The total payment is $" +
33        ( int )(totalPayment * 100 ) / 100.0 );
34    }
35  }

casting

Enter annual interest rate, e.g., 5.75%: 

Enter number of years as an integer, e.g., 5: 

Enter loan amount, e.g., 120000.95: 

The monthly payment is $2076.02

The total payment is $373684.53

250000

15

5.75

Line 10 reads the annual interest rate, which is converted into the monthly interest rate
in line 13. 

Choose the most appropriate data type for the variable. For example, numberOfYears
is best declared as an int (line 18), although it could be declared as a long , float , or
double . Note that byte might be the most appropriate for numberOfYears . For simplic-
ity, however, the examples in this book will use int for integer and double for floating-
point values.

The formula for computing the monthly payment is translated into Java code in lines 25…27.
Casting is used in lines 31 and 33 to obtain a new monthlyPayment andtotalPayment

with two digits after the decimal points.
The program uses the Scanner class, imported in line 1. The program also uses the Math

class, and you might be wondering why that class isn•t imported into the program. The Math
class is in the java.lang package, and all classes in the java.lang package are implicitly
imported. Therefore, you don•t need to explicitly import the Math class.

Stage 5: Testing

After the program is implemented, test it with some sample input data and verify whether the
output is correct. Some of the problems may involve many cases, as you will see in later chap-
ters. For these types of problems, you need to design test data that cover all cases.

Tip
The system design phase in this example identified several steps. It is a good approach
to developing and testing these steps incrementally by adding them one at a time. This
approach makes it much easier to pinpoint problems and debug the program.

java.lang package

incremental development and
testing

line#

variables

10 13 18 22 25 27

annualInterestRate 5.75

monthlyInterestRate 0.0047916666666

numberOfYears 15

loanAmount 250000

monthlyPayment 2076.0252175

totalPayment 373684.539
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 1 import  javax.swing.JOptionPane;
 2
 3 public class  DisplayUnicode {
 4 public static void  main(String[] args) {
 5     JOptionPane.showMessageDialog( null ,
 6        "\u6B22\u8FCE \u03b1 \u03b2 \u03b3" ,
 7        "\u6B22\u8FCE Welcome" ,

2.25 How would you write the following arithmetic expression?

2.17 Character Data Type and Operations
A character data type represents a single character.

In addition to processing numeric values, you can process characters in Java. The character
data type, char , is used to represent a single character. A character literal is enclosed in sin-
gle quotation marks. Consider the following code:

char letter = 'A' ;
char numChar = '4' ;

The first statement assigns character A to the char variable letter . The second statement
assigns digit character 4 to the char variable numChar.

Caution
A string literal must be enclosed in quotation marks (" " ). A character literal is a single
character enclosed in single quotation marks (' ' ). Therefore, "A" is a string, but 'A'
is a character.

2.17.1 Unicode and ASCII code
Computers use binary numbers internally. A character is stored in a computer as a sequence of
0s and 1s. Mapping a character to its binary representation is called encoding.There are differ-
ent ways to encode a character. How characters are encoded is defined by an encoding scheme.

Java supports Unicode,an encoding scheme established by the Unicode Consortium to
support the interchange, processing, and display of written texts in the world•s diverse lan-
guages. Unicode was originally designed as a 16-bit character encoding. The primitive data
typechar was intended to take advantage of this design by providing a simple data type that
could hold any character. However, it turned out that the 65,536 characters possible in a 16-bit
encoding are not sufficient to represent all the characters in the world. The Unicode standard
therefore has been extended to allow up to 1,112,064 characters. Those characters that go
beyond the original 16-bit limit are called supplementary characters.Java supports the sup-
plementary characters. The processing and representing of supplementary characters are
beyond the scope of this book. For simplicity, this book considers only the original 16-bit
Unicode characters. These characters can be stored in a char type variable.

A 16-bit Unicode takes two bytes, preceded by \u , expressed in four hexadecimal digits
that run from \u0000 to \uFFFF . Hexadecimal numbers are introduced in Appendix F, Num-
ber Systems. For example, the English word welcome is translated into Chinese using two
characters, . The Unicodes of these two characters are \u6B22\u8FCE .

Listing 2.9 gives a program that displays two Chinese characters and three Greek letters.

LISTING2.9 DisplayUnicode.java

- �b + 2 b2 - 4ac
2a

char type

char literal

encoding

Unicode

original Unicode

supplementary Unicode

Key
Point

� Point� Check
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 8       JOptionPane.INFORMATION_MESSAGE);
 9   }
10 }

If no Chinese font is installed on your system, you will not be able to see the Chinese char-
acters. The Unicodes for the Greek letters are \u03b1 \u03b2 \u03b3 .

Most computers use ASCII (American Standard Code for Information Interchange), a 7-bit
encoding scheme for representing all uppercase and lowercase letters, digits, punctuation marks,
and control characters. Unicode includes ASCII code, with \u0000 to \u007F corresponding
to the 128 ASCII characters. (See Appendix B for a list of ASCII characters and their decimal
and hexadecimal codes.) You can use ASCII characters such as 'X' , '1' , and '$' in a Java
program as well as Unicodes. Thus, for example, the following statements are equivalent:

char letter = 'A' ;
char letter = '\u0041' ; // Character A's Unicode is 0041

Both statements assign character A to the char variable letter .

Note
The increment and decrement operators can also be used on char variables to get the
next or preceding Unicode character. For example, the following statements display
character b.

char ch = 'a' ;
System.out.println(++ch);

2.17.2 Escape Characters
Suppose you want to print a message with quotation marks in the output. Can you write a
statement like this?

System.out.println( "He said "Java is fun" " );

No, this statement has a compile error. The compiler thinks the second quotation character
is the end of the string and does not know what to do with the rest of the characters.

To overcome this problem, Java uses a special notation to represent special characters, as
shown in Table 2.6. This special notation, called an escape character, consists of a backslash
(\ ) followed by a character or a character sequence. For example, \t is an escape character
for the Tab character and an escape character such as \u03b1 is used to represent a Unicode.
The symbols in an escape character are interpreted as a whole rather than individually.

So, now you can print the quoted message using the following statement:

System.out.println( "He said \"Java is fun\"" );

The output is

He said "Java is fun"

Note that the symbols \ and" together represent one character.

2.17.3 Casting between char and Numeric Types
A char can be cast into any numeric type, and vice versa. When an integer is cast into a
char , only its lower 16 bits of data are used; the other part is ignored. For example:

char ch = ( char ) 0XAB0041; // The lower 16 bits hex code 0041 is
// assigned to ch

System.out.println(ch); // ch is character A

a b g

ASCII

char increment and
decrement

escape character
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TABLE2.6 Escape Characters

Escape Character Name Unicode Code Decimal Value

\b Backspace \u0008 8

\t Tab \u0009 9

\n Linefeed \u000A 10

\f Formfeed \u000C 12

\r Carriage Return \u000D 13

\\ Backslash \u005C 92

\" Double Quote \u0022 34

When a floating-point value is cast into a char , the floating-point value is first cast into an
int , which is then cast into a char .

char ch = ( char ) 65.25 ; // Decimal 65 is assigned to ch
System.out.println(ch); // ch is character A

When a char is cast into a numeric type, the character•s Unicode is cast into the specified
numeric type.

int i = ( int ) 'A' ; // The Unicode of character A is assigned to i
System.out.println(i); // i is 65

Implicit casting can be used if the result of a casting fits into the target variable. Otherwise,
explicit casting must be used. For example, since the Unicode of 'a' is 97, which is within
the range of a byte, these implicit castings are fine:

byte b = 'a' ;
int i = 'a' ;

But the following casting is incorrect, because the Unicode \uFFF4 cannot fit into a byte:

byte b = '\uFFF4' ;

To force this assignment, use explicit casting, as follows:

byte b = ( byte ) '\uFFF4' ;

Any positive integer between 0 and FFFF in hexadecimal can be cast into a character
implicitly. Any number not in this range must be cast into a char explicitly.

Note
All numeric operators can be applied to char operands. A char operand is automati-
cally cast into a number if the other operand is a number or a character. If the other
operand is a string, the character is concatenated with the string. For example, the fol-
lowing statements

int i = '2' + '3' ; // (int)'2' is 50 and (int)'3' is 51
System.out.println( "i is " + i); // i is 101

numeric operators on
characters
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Enter the number of years: 
The population in 5 years is 325932970

5

2.12 (Physics: finding runway length) Given an airplane•s acceleration a and take-off
speedv, you can compute the minimum runway length needed for an airplane to
take off using the following formula:

Write a program that prompts the user to enter v in meters/second (m/s) and the
accelerationa in meters/second squared and displays the minimum runway
length. Here is a sample run:

(m/s2),

length =
v2

2a

Enter speed and acceleration: 
The minimum runway length for this airplane is 514.286

60 3.5

**2.13 (Financial application: compound value) Suppose you save $100 eachmonth
into a savings account with the annual interest rate 5%. Thus, the monthly inter-
est rate is After the first month, the value in the account
becomes

100 * (1 + 0.00417) = 100.417 

After the second month, the value in the account becomes

(100 + 100.417) * (1 + 0.00417) = 201.252 

After the third month, the value in the account becomes

(100 + 201.252) * (1 + 0.00417) = 302.507 

and so on.

Write a program that prompts the user to enter a monthly saving amount and dis-
plays the account value after the sixth month. (In Exercise 4.30, you will use a
loop to simplify the code and display the account value for any month.)

0.05/12= 0.00417.

Enter the monthly saving amount: 
After the sixth month, the account value is $608.81

100

*2.14 (Health application: computing BMI) Body Mass Index (BMI) is a measure of
health on weight. It can be calculated by taking your weight in kilograms and
dividing by the square of your height in meters. Write a program that prompts the
user to enter a weight in pounds and height in inches and displays the BMI. Note
that one pound is 0.45359237 kilograms and one inch is 0.0254 meters. Here is
a sample run:

Compute BMI
VideoNote
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Enter weight in pounds: 

Enter height in inches: 

BMI is 26.8573

50

95.5

*2.15 (Geometry: area of a triangle) Write a program that prompts the user to enter
three points (x1, y1) , (x2, y2) , (x3, y3) of a triangle and displays its area.
The formula for computing the area of a triangle is

Here is a sample run:

area = 2 s(s - side1)(s - side2)(s - side3)

s = (side1 + side2 + side3)/2;

Enter three points for a triangle: 
The area of the triangle is 33.6

1.5 -3.4 4.6 5 9.5 -3.4

2.16 (Geometry: area of a hexagon) Write a program that prompts the user to enter the side
of a hexagon and displays its area. The formula for computing the area of a hexagon is 

wheres is the length of a side. Here is a sample run:

Area =
32 3

2
s2,

Enter the side: 
The area of the hexagon is 78.5895

5.5

*2.17 (Science: wind-chill temperature) How cold is it outside? The temperature alone is
not enough to provide the answer. Other factors including wind speed, relative
humidity, and sunshine play important roles in determining coldness outside. In
2001, the National Weather Service (NWS) implemented the new wind-chill tem-
perature to measure the coldness using temperature and wind speed. The formula is:

where is the outside temperature measured in degrees Fahrenheit and v is the speed
measured in miles per hour. is the wind-chill temperature. The formula cannot be
used for wind speeds below 2 mph or temperatures below or above 

Write a program that prompts the user to enter a temperature between and
and a wind speed greater than or equal to 2 and displays the wind-chill tem-

perature. Use Math.pow(a, b) to compute Here is a sample run:v0.16.
�41�F

- �58�F

�41�F.- �58�F
twc

ta

twc = 35.74 + 0.6215ta - 35.75v0.16 + 0.4275tav
0.16

Enter the temperature in Fahrenheit: 

Enter the wind speed in miles per hour: 

The wind chill index is -5.56707

6

5.3
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2.18 (Print a table) Write a program that displays the following table:

a      b      pow(a, b)
1      2      1
2      3      8
3      4      81
4      5      1024
5      6      15625

2.19 (Geometry: distance of two points) Write a program that prompts the user to enter
two points (x1, y1) and(x2, y2) and displays their distance between them. 

The formula for computing the distance is Note that 

you can use Math.pow(a, 0.5) to compute Here is a sample run:2 a.

2 (x2 - x1)
2 + ( y2 - y1)

2.

Enter x1 and y1: 

Enter x2 and y2: 
The distance between the two points is 8.764131445842194

4 5

1.5 -3.4

Sections 2.13…2.16
*2.20 (Financial application: calculate interest) If you know the balance and the annual

percentage interest rate, you can compute the interest on the next monthly pay-
ment using the following formula:

Write a program that reads the balance and the annual percentage interest rate and
displays the interest for the next month. Here is a sample run:

interest= balance* (annualInterestRate / 1200)

Enter balance and interest rate (e.g., 3 for 3%): 
The interest is 2.91667

1000 3.5

*2.21 (Financial application: calculate future investment value) Write a program that
reads in investment amount, annual interest rate, and number of years, and dis-
plays the future investment value using the following formula:

futureInvestmentValue = 
investmentAmount x (1 + monthlyInterestRate) numberOfYears*12

For example, if you enter amount 1000 , annual interest rate 3.25% , and number of
years1, the future investment value is 1032.98 .

Here is a sample run:

Enter investment amount: 
Enter annual interest rate in percentage: 
Enter number of years: 
Accumulated value is $1043.34

1
4.25

1000
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The if statement in Figure 3.4a is equivalent to the if statement in Figure 3.4b. In fact,
Figure 3.4b is the preferred coding style for multiple alternative if statements. This style, called
multi-wayif -else statements, avoids deep indentation and makes the program easy to read.

3.8 Supposex = 3 andy = 2 ; show the output, if any, of the following code. What is
the output if x = 3 andy = 4 ? What is the output if x = 2 andy = 2 ? Draw a flow-
chart of the code.

if (x > 2) {
if (y > 2) {

z = x + y;
System.out.println( "z is " + z);

}
}
else

System.out.println( "x is " + x);

3.9 Supposex = 2 andy = 3 . Show the output, if any, of the following code. What is
the output if x = 3 andy = 2 ? What is the output if x = 3 andy = 3 ? (Hint: Indent
the statement correctly first.)

if (x > 2)
if (y > 2) {

int z = x + y;
System.out.println( "z is " + z);

}
else

System.out.println( "x is " + x);

multi-way if statement

� Point� Check

grade = 'A'

true

false

false

false

false

grade = 'B'

score >= 80

true

grade = 'C'

score >= 70

true

grade = 'D'

score >= 60

true

grade = 'F'

score >= 90

FIGURE3.5 You can use a multi-wayif-else statement to assign a grade.
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3.10 What is wrong in the following code?

if (score >= 60.0 )
grade = 'D' ;

else if (score >= 70.0 )
grade = 'C' ;

else if (score >= 80.0 )
grade = 'B' ;

else if (score >= 90.0 )
grade = 'A' ;

else
grade = 'F' ;

3.7 Common Errors in Selection Statements
Forgetting necessary braces, ending an if statement in the wrong place, mistaking ==
for =, and dangling else clauses are common errors in selection statements.

The following errors are common among new programmers.

Common Err or 1: Forgetting Necessary Braces

The braces can be omitted if the block contains a single statement. However, forgetting the
braces when they are needed for grouping multiple statements is a common programming
error. If you modify the code by adding new statements in an if statement without braces,
you will have to insert the braces. For example, the following code in (a) is wrong. It should
be written with braces to group multiple statements, as shown in (b).

if (radius >= 0)
area = radius * radius * PI;
System.out.println( "The area "

+ " is " + area);

(a) Wrong

if (radius >= 0)
area = radius * radius * PI;
System.out.println( "The area "

+ " is " + area);
}

{

(b) Correct

Common Err or 2: Wr ong Semicolon at the if L ine

Adding a semicolon at the end of an if line, as shown in (a) below, is a common mistake.

if (radius >= 0)
{

area = radius * radius * PI;
System.out.println( "The area "

+ " is " + area);
}

;

(a)

if (radius >= 0) ;
{

area = radius * radius * PI;
System.out.println( "The area "

+ " is " + area);
}

{ }

(b)

Logic error

Equivalent

Empty block

This mistake is hard to find, because it is neither a compile error nor a runtime error; it is a
logic error. The code in (a) is equivalent to that in (b) with an empty block.

This error often occurs when you use the next-line block style. Using the end-of-line block
style can help prevent this error.

Key
Point
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Common Err or 3: Redundant Testing of Boolean Values

To test whether a boolean variable is true or false in a test condition, it is redundant to
use the equality comparison operator like the code in (a):

dangling else ambiguity

if (even == true )
System.out.println(

"It is even." );

(a)

if (even)
System.out.println(

"It is even." );

(b)

Equivalent

This is better

Equivalent

This is better
with correct
indentation

Instead, it is better to test the boolean variable directly, as shown in (b). Another good
reason for doing this is to avoid errors that are difficult to detect. Using the = operator instead
of the == operator to compare the equality of two items in a test condition is a common error.
It could lead to the following erroneous statement:

if (even = true )
System.out.println( "It is even." );

This statement does not have compile errors. It assigns true to even , so that even is
always true .

Common Err or 4: Dangling else Ambiguity

The code in (a) below has two if clauses and one else clause. Which if clause is matched by
the else clause? The indentation indicates that the else clause matches the first if clause.
However, the else clause actually matches the second if clause. This situation is known as
thedangling else ambiguity. The else clause always matches the most recent unmatched if
clause in the same block. So, the statement in (a) is equivalent to the code in (b).

int i = 1, j = 2, k = 3;

if (i > j) 
(i > k)

System.out.println( "A" );

System.out.println( "B" );
else

if

(a)

int i = 1, j = 2, k = 3;

if (i > j) 
(i > k)

System.out.println( "A" );

System.out.println( "B" );
else

if

(b)

Since(i > j) is false, nothing is displayed from the statements in (a) and (b). To force
theelse clause to match the first if clause, you must add a pair of braces:

int i = 1, j = 2, k = 3;

if (i > j) 
if (i > k)

System.out.println( "A" );

else
System.out.println( "B" );

This statement displays B.

}

{
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The code can be simplified by assigning the test value directly to the variable, as shown
in (b). 

3.11 Which of the following statements are equivalent? Which ones are correctly indented? 

Equivalent

This is shorter

if (number % 2 == 0)
even = true ;

else
even = false ;

(a)

boolean even
= number % 2 == 0;

(b)

if (i > 0) if
(j > 0)
x = 0; else
if (k > 0) y = 0;
else z = 0;

(a)

if (i > 0) {
if (j > 0)

x = 0;
else if (k > 0)

y = 0;
}
else

z = 0;

(b)

if (i > 0)
if (j > 0)

x = 0;
else if (k > 0)

y = 0;
else

z = 0;

(c)

if (i > 0)
if (j > 0)

x = 0;
else if (k > 0)

y = 0;
else

z = 0;

(d)

3.12 Rewrite the following statement using a Boolean expression:

if (count % 10 == 0)
newLine = true ;

else
newLine = false ;

3.13 Are the following statements correct? Which one is better?

if (age < 16)
System.out.println

( "Cannot get a driver's license" );
if (age >= 16)

System.out.println
( "Can get a driver's license" );

(a)

if (age < 16)
System.out.println

( "Cannot get a driver's license" );
else

System.out.println
( "Can get a driver's license" );

(b)

3.14 What is the output of the following code if number is 14, 15, and 30?

if (number % 2 == 0)
System.out.println

(number + " is even" );
if (number % 5 == 0)

System.out.println
(number + " is multiple of 5" );

(a)

if (number % 2 == 0)
System.out.println

(number + " is even" );
else if (number % 5 == 0)

System.out.println
(number + " is multiple of 5" );

(b)

assignboolean variable

� Point� Check

Tip
Often new programmers write the code that assigns a test condition to a boolean
variable like the code in (a):
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3.8 Generating Random Numbers
You can use Math.random() to obtain a random double value between 0.0 and1.0 ,
excluding 1.0 .

Suppose you want to develop a program for a first-grader to practice subtraction. The program
randomly generates two single-digit integers, number1 and number2 , with number1 >=
number2 , and it displays to the student a question such as •What is 9 … 2?Ž After the student
enters the answer, the program displays a message indicating whether it is correct.

The previous programs generate random numbers using System.currentTimeMillis() .
A better approach is to use the random() method in the Math class. Invoking this method
returns a random double value d such that Thus, (int)(Math.random() *
10) returns a random single-digit integer (i.e., a number between 0 and9).

The program can work as follows:

1. Generate two single-digit integers into number1 andnumber2 .

2. If number1 < number2 , swap number1 with number2 .

3. Prompt the student to answer, "What is number1 … number2?"

4. Check the student•s answer and display whether the answer is correct.

The complete program is shown in Listing 3.4.

LISTING 3.4 SubtractionQuiz.java
1 import java.util.Scanner;
2
3 public class SubtractionQuiz {
4 public static void main(String[] args) {
5 // 1. Generate two random single-digit integers
6 int number1 = ( int )(Math.random() * 10);
7 int number2 = ( int )(Math.random() * 10);
8
9 // 2. If number1 < number2, swap number1 with number2

10      {
11 int temp = number1;
12        number1 = number2;
13        number2 = temp;
14      }
15
16 // 3. Prompt the student to answer "What is number1 … number2?"
17      System.out.print
18        ( "What is " + number1 + " - " + number2 + "? " );
19      Scanner input = new Scanner(System.in);
20
21
22 // 4. Grade the answer and display the result
23
24        System.out.println( "You are correct!" );
25 else
26        System.out.println( "Your answer is wrong\n" + number1 + " - "
27          + number2 + " is " + (number1 - number2)); 
28    }
29  }

if (number1 - number2 == answer)

int answer = input.nextInt();

if (number1 < number2)

0.0 … d 6 1.0.

Key
Point

Program subtraction quiz

random() method

What is 6 - 6? 
You are correct!

0

random number

get answer

check the answer

VideoNote
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The program generates a lottery using the random() method (line 6) and prompts the user
to enter a guess (line 11). Note that guess % 10 obtains the last digit from guess andguess
/ 10 obtains the first digit from guess , since guess is a two-digit number (lines 18…19).

The program checks the guess against the lottery number in this order:

1. First, check whether the guess matches the lottery exactly (line 24).

2. If not, check whether the reversal of the guess matches the lottery (lines 26…27).

3. If not, check whether one digit is in the lottery (lines 29…32).

4. If not, nothing matches and display " Sorry, no match " (lines 34…35).

3.14 switch Statements
A switch statement executes statements based on the value of a variable or an expression.

Theif statement in Listing 3.6, ComputeTax.java, makes selections based on a single true
or false condition. There are four cases for computing taxes, which depend on the value of
status . To fully account for all the cases, nested if statements were used. Overuse of nested
if statements makes a program difficult to read. Java provides a switch statement to sim-
plify coding for multiple conditions. You can write the following switch statement to replace
the nested if statement in Listing 3.6:

switch (status) {
case 0:  compute tax for single filers;

break ;
case 1:  compute tax for married jointly or qualifying widow(er);

break ;
case 2:  compute tax for married filing separately;

break ;
case 3:  compute tax for head of household;

break ;
default : System.out.println( "Error: invalid status" );

System.exit( 1);
}

The flowchart of the preceding switch statement is shown in Figure 3.6.

Key
Point

Compute tax for single filers

Compute tax for married jointly or qualifying widow(er)

Compute tax for head of household

Default actions

status is 0

status is 1

status is 2

status is 3

default

break

break

break

break

Compute tax for married filing separately

FIGURE3.6 Theswitch statement checks all cases and executes the statements in the
matched case.
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This statement checks to see whether the status matches the value 0, 1, 2, or 3, in that
order. If matched, the corresponding tax is computed; if not matched, a message is displayed.
Here is the full syntax for the switch statement:

switch (switch-expression) {
case value1: statement(s)1;

break ;
case value2: statement(s)2;

break ;
...
case valueN: statement(s)N;

break ;
default :     statement(s)-for-default;

}

Theswitch statement observes the following rules:

� The switch-expression must yield a value of char , byte , short , int , or
String type and must always be enclosed in parentheses. (Using String type in
theswitch expression is new in JDK 7.)

� The value1 , . . ., and valueN must have the same data type as the value of the
switch-expression . Note that value1 , . . ., and valueN are constant expres-
sions, meaning that they cannot contain variables, such as 1 + x .

� When the value in a case statement matches the value of the switch-expression ,
the statements starting from this caseare executed until either a break statement or
the end of the switch statement is reached.

� Thedefault case, which is optional, can be used to perform actions when none of
the specified cases matches the switch-expression .

� The keyword break is optional. The break statement immediately ends the
switch statement.

Caution
Do not forget to use a break statement when one is needed. Once a case is matched,
the statements starting from the matched case are executed until a break statement or
the end of the switch statement is reached. This is referred to as fall-throughbehavior.
For example, the following code displays the character a three times if ch isa:

switch statement

without break

fall-through behavior

truech is 'a'

ch is 'b'

ch is 'c'

false

true

false

false

true

System.out.println(ch)

System.out.println(ch)

System.out.println(ch)

switch  (ch) {
  case 'a' : System.out.println(ch);
  case 'b' : System.out.println(ch);
  case 'c' : System.out.println(ch);
}

Tip
To avoid programming errors and improve code maintainability, it is a good idea to put a
comment in a case clause if break is purposely omitted.
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Now let us write a program to find out the Chinese Zodiac sign for a given year. The
Chinese Zodiac is based on a twelve-year cycle, with each year represented by an animal„
monkey, rooster, dog, pig, rat, ox, tiger, rabbit, dragon, snake, horse, or sheep„in this cycle,
as shown in Figure 3.7.

Note that year % 12 determines the Zodiac sign. 1900 is the year of the rat because 1900
% 12 is 4. Listing 3.10 gives a program that prompts the user to enter a year and displays the
animal for the year.

LISTING 3.10 ChineseZodiac.java
1 import java.util.Scanner;
2
3 public class ChineseZodiac {
4 public static void main(String[] args) {
5      Scanner input = new Scanner(System.in);
6
7      System.out.print( "Enter a year: " );
8 int year = input.nextInt();
9

10 switch (year % 12) {
11 case 0 : System.out.println( "monkey" ); break ;
12 case 1 : System.out.println( "rooster" ); break ;
13 case 2 : System.out.println( "dog" ); break ;
14 case 3 : System.out.println( "pig" ); break ;
15 case 4 : System.out.println( "rat" ); break ;
16 case 5 : System.out.println( "ox" ); break ;
17 case 6 : System.out.println( "tiger" ); break ;
18 case 7 : System.out.println( "rabbit" ); break ;
19 case 8 : System.out.println( "dragon" ); break ;
20 case 9 : System.out.println( "snake" ); break ;
21 case 10 : System.out.println( "horse" ); break ;
22 case 11 : System.out.println( "sheep" );
23      }
24    }
25  }

enter year

determine Zodiac sign

Enter a year: 
rabbit

1963

rat
0: monkey 
1: rooster
2: dog
3: pig
4: rat
5: ox
6: tiger
7: rabbit
8: dragon
9: snake
10: horse
11: sheep

ox

tiger

rabbit

dragon

snakehorse

sheep

monkey

rooster

dog

pig

year % 12  =

FIGURE3.7 The Chinese Zodiac is based on a twelve-year cycle.
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Enter a year: 
ox

1877

3.29 What data types are required for a switch variable? If the keyword break is not
used after a case is processed, what is the next statement to be executed? Can you
convert a switch statement to an equivalent if statement, or vice versa? What are
the advantages of using a switch statement?

3.30 What is y after the following switch statement is executed? Rewrite the code using
theif-else statement.

x = 3; y = 3;
switch (x + 3) {

case 6:  y = 1;
default : y += 1;

}

3.31 What is x after the following if-else statement is executed? Use a switch state-
ment to rewrite it and draw the flowchart for the new switch statement.

int x = 1, a = 3;
if (a == 1)

x += 5;
else if (a == 2)

x += 10;
else if (a == 3)

x += 16;
else if (a == 4)

x += 34;

3.32 Write a switch statement that assigns a String variable dayName with Sunday,
Monday, Tuesday, Wednesday, Thursday, Friday, Saturday, if day is 0, 1, 2, 3, 4, 5,
6, accordingly.

3.15 Conditional Expressions
A conditional expression evaluates an expression based on a condition.

You might want to assign a value to a variable that is restricted by certain conditions. For
example, the following statement assigns 1 to y if x is greater than 0, and -1 to y if x is less
than or equal to 0.

if (x > 0)
y = 1;

else
y = -1 ;

Alternatively, as in the following example, you can use a conditional expression to achieve
the same result.

y = (x > 0) 1 -1 ;

Conditional expressions are in a completely different style, with no explicit if in the state-
ment. The syntax is:

boolean-expression ? expression1 : expression2;

:?

� Point� Check

Key
Point

conditional expression
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example, if the user entered month 2 and year 2012 , the program should display
that February 2012 had 29 days. If the user entered month 3 and year 2015 , the
program should display that March 2015 had 31 days.

3.12 (Check a number) Write a program that prompts the user to enter an integer and
checks whether the number is divisible by both 5 and 6, or neither of them, or just
one of them. Here are some sample runs for inputs 10, 30, and 23.

10 is divisible by 5 or 6, but not both
30 is divisible by both 5 and 6
23 is not divisible by either 5 or 6

*3.13 (Financial application: compute taxes) Listing 3.6, ComputeTax.java, gives the
source code to compute taxes for single filers. Complete Listing 3.6 to give the
complete source code.

3.14 (Game: heads or tails) Write a program that lets the user guess whether the flip of
a coin results in heads or tails. The program randomly generates an integer 0 or 1,
which represents head or tail. The program prompts the user to enter a guess and
reports whether the guess is correct or incorrect.

**3.15 (Game: lottery) Revise Listing 3.9, Lottery.java, to generate a lottery of a three-
digit number. The program prompts the user to enter a three-digit number and
determines whether the user wins according to the following rules:

1. If the user input matches the lottery number in the exact order, the award is
$10,000.

2. If all the digits in the user input match all the digits in the lottery number, the
award is $3,000.

3. If one digit in the user input matches a digit in the lottery number, the award is
$1,000.

3.16 (Random character) Write a program that displays a random uppercase letter
using the Math.random() method.

*3.17 (Game: scissor, rock, paper) Write a program that plays the popular scissor-rock-
paper game. (A scissor can cut a paper, a rock can knock a scissor, and a paper can
wrap a rock.) The program randomly generates a number 0, 1, or 2 representing
scissor, rock, and paper. The program prompts the user to enter a number 0, 1, or
2 and displays a message indicating whether the user or the computer wins, loses,
or draws. Here are sample runs:

scissor (0), rock (1), paper (2): 
The computer is scissor. You are rock. You won

1

scissor (0), rock (1), paper (2): 
The computer is paper. You are paper too. It is a draw

2

*3.18 (Use the input dialog box) Rewrite Listing 3.8, LeapYear.java, using the input
dialog box.

**3.19 (Compute the perimeter of a triangle) Write a program that reads three edges for a
triangle and computes the perimeter if the input is valid. Otherwise, display that
the input is invalid. The input is valid if the sum of every pair of two edges is
greater than the remaining edge.
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<!-- Table.jsp -->
<%@ page import  = "chapter43.DBBean" %> 
<jsp:useBean id  = "dBBeanId" scope  = "session"

class  = "chapter43.DBBean">
</jsp:useBean>
<html>
  <head> 
    <title> Table</title>
  </head> 
  <body> 
  <%  String[] tables = dBBeanId.getTables(); 

if  (tables == null ) { %>
       No tables 

<% } 
else  { %>

<form method  = "post" action  = "BrowseTable.jsp">
         Select a table

<select name  = "tablename" size  = "1"> 
<% for (int  i = 0; i < tables.length; i++) { %>

            <option><%=  tables[i] %></option>
<% } 

     } %>
          </select><br /><br /><br /> 

<input type  = "submit" name = "Submit"
value  = "Browse Table Content">

<input type  = "reset" value  = "Reset">
    </form> 
  </body> 
</html>

Listing 43.23 BrowseTable.jsp 

<Side Remark line 2: import> 
<Side Remark line 3: get bean> 
<Side Remark line 13: get table name> 
<Side Remark line 15: table column> 
<Side Remark line 21: column names> 
<Side Remark line 28: table content> 
<Side Remark line 35: display content> 

<!-- BrowseTable.jsp --> 
<%@ page import  = "chapter43.DBBean" %>
<jsp:useBean id  = "dBBeanId" scope  = "session"

class  = "chapter43.DBBean" >
</jsp:useBean>
<%@ page import  = "java.sql.*" %>
<html>
  <head> 
    <title> BrowseTable</title>
  </head> 
  <body> 

  <% String tableName = request.getParameter("tablename");

     ResultSet rsColumns = dBBeanId.getConnection().getMetaData(). 
       getColumns(null , null , tableName, null );
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%>
<table border  = "1">

    <tr> 
      <%  // Add column names to the table 

while  (rsColumns.next()) { %>
<td><%= rsColumns.getString("COLUMN_NAME") %></td>

    <% }%>
    </tr> 

    <%  Statement statement =
         dBBeanId.getConnection().createStatement(); 
       ResultSet rs = statement.executeQuery( 

"select * from " + tableName); 

// Get column count
       int columnCount = rs.getMetaData().getColumnCount(); 

// Store rows to rowData
while  (rs.next()) { 

         out.println("<tr>");
for  (int  i = 0; i < columnCount; i++) { %> 

<td> <%= rs.getObject(i + 1) %></td>
<%  } 

         out.println("</tr>");
       } %>
  </table> 
  </body> 
</html>

You start the application from DBLogin.html. This page prompts the user 
to enter a JDBC driver, URL, username, and password to log in to a 
database. A list of accessible drivers and URLs is provided in the 
selection list. You must make sure that these database drivers are added 
into the Libraries node in the project.

When you click the Login button, DBLoginInitialization.jsp is invoked. 
When this page is processed for the first time, an instance of DBBean
named dBBeanId is created. The input parameters driver, url, username,
and password are passed to the bean properties. The initializeJdbc
method loads the driver and establishes a connection to the database. If 
login fails, the connection property is null. In this case, an error 
message is displayed. If login succeeds, control is forwarded to 
Table.jsp.

Table.jsp shares dBBeanId with DBLoginInitialization.jsp in the same 
session, so it can access connection through dBBeanId and obtain tables 
in the database using the database metadata. The table names are 
displayed in a selection box in a form. When the user selects a table 
name and clicks the Browse Table Content button, BrowseTable.jsp is 
processed.

BrowseTable.jsp shares dBBeanId with Table.jsp and 
DBLoginInitialization.jsp in the same session. It retrieves the table 
contents for the selected table from Table.jsp.

JSP Scripting Constructs Syntax 
�x <%= Java expression %> The expression is evaluated and inserted 

into the page. 
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�x <% Java statement %> Java statements inserted in the jspService
method.

�x <%! Java declaration %> Defines data fields and methods. 
�x <%-- JSP comment %> The JSP comments do not appear in the 

resultant HTML file. 
�x <%@ directive attribute="value" %>  The JSP directives give the JSP 

engine information about the JSP page. For example, <%@ page 
import="java.util.*, java.text.*" %> imports java.util.* and 
java.text.*.

�x <jsp:useBean id="objectName" scope="scopeAttribute" 
class="ClassName" />  Creates a bean if new. If a bean is already 
created, associates the id with the bean in the same scope. 

�x <jsp:useBean id="objectName" scope="scopeAttribute" 
class="ClassName" > statements </jsp:useBean>  The statements are 
executed when the bean is created. If a bean with the same id and 
class name already exists, the statements are not executed. 

�x <jsp:getProperty name="beanId" property="sample" />  Gets the 
property value from the bean, which is the same as <%= 
beanId.getSample() %>.

�x <jsp:setProperty name="beanId" property="sample" value="test1" />
Sets the property value for the bean, which is the same as <% 
beanId.setSample("test1"); %>.

�x <jsp:setProperty name="beanId" property="score" param="score" />
Sets the property with an input parameter.

�x <jsp:setProperty name="beanId" property="*" />  Associates and sets 
all the bean properties in beanId with the input parameters that 
match the property names.

�x <jsp:forward page="destination" />  Forwards this page to a new 
page.

JSP Predefined Variables 
�x application represents the ServletContext object for storing 

persistent data for all clients. 
�x config represents the ServletConfig object for the page. 
�x out represents the character output stream, which is an instance 

of PrintWriter, obtained from response.getWriter().
�x page is alternative to this.
�x request represents the client�s request, which is an instance of 

HttpServletRequest in the servlet�s service method. 
�x response represents the client�s response, which is an instance of 

HttpServletResponse in the servlet�s service method. 
�x session represents the HttpSession object associated with the 

request, obtained from request.getSession().

Chapter Summary 
1. A JavaServer page is like a regular HTML page with special tags, 

known as JSP tags, which enable the Web server to generate dynamic 
content. You can create a Web page with static HTML and enclose 
the code for generating dynamic content in the JSP tags. 

2. A JSP page must be stored in a file with a .jsp extension. The Web 
server translates the .jsp file into a Java servlet, compiles the 
servlet, and executes it. The result of the execution is sent to 
the browser for display. 

3. A JSP page is translated into a servlet when the page is requested 
for the first time. It is not retranslated if the page is not 
modified. To ensure that the first-time real user does not 
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encounter a delay, JSP developers should test the page after it is 
installed.

4. There are three main types of JSP constructs: scripting
constructs, directives, and actions. Scripting elements enable you 
to specify Java code that will become part of the resultant 
servlet. Directives enable you to control the overall structure of 
the resultant servlet. Actions enable you to control the behaviors 
of the JSP engine. 

5. Three types of scripting constructs can be used to insert Java 
code into the resultant servlet: expressions, scriptlets, and 
declarations.

6. The scope attribute (application, session, page, and request) 
specifies the scope of a JavaBeans object. Application specifies 
that the object be bound to the application. Session specifies 
that the object be bound to the client�s session. Page is the 
default scope, which specifies that the object be bound to the 
page. Request specifies that the object be bound to the client�s 
request.

7. Web applications developed using JSP generally consist of many 
pages linked together. JSP provides a forwarding tag in the 
following syntax that can be used to forward a page to another 
page: <jsp:forward page="destination" />.

Test Questions 

Do the test questions for this chapter online at 
www.cs.armstrong.edu/liang/intro9e/test.html .

Review Questions 
Sections 43.1-43.3 
43.1 What is the file-name extension of a JavaServer page? How is a JSP 
page processed? 
43.2 Can you create a .war that contains JSP in NetBeans? Where should 
the .war be placed in a Java application server? 
43.3 You can display an HTML file (e.g., c:\test.html) by typing the 
complete file name in the Address field of Internet Explorer. Why can�t 
you display a JSP file by simply typing the file name? 
Section 43.4
43.4 What are a JSP expression, a JSP scriptlet, and a JSP declaration? 
How do you write these constructs in JSP? 
43.5 Find three syntax errors in the following JSP code: 

<%! int  k %>
<% for  ( int  j = 1; j <= 9; j++) %>
   <%=  j; %> <br />

43.6 In the following JSP, which variables are instance variables and 
which are local variables when it is translated into in the servlet? 

<%! int  k; %>
<%! int  i; %>
<% for  ( int  j = 1; j <= 9; j++) k += 1; %>
<%= k> <br /> <%=  i ><br /> <%=  getTime() ><br />
<% private long  getTime() {

long  time = System.currentTimeMillis(); 
return  time;

}  %>

Section 43.5
43.7 Describe the predefined variables in JSP. 
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43.8 What is wrong if the JSP scriptlet <% in line 7 in ComputeLoan.jsp 
(Listing 43.3) is replaced by JSP declaration <%!?
43.9 Can you use predefined variables (e.g., request, response, out) in 
JSP declarations? 
Section 43.6
43.10 Describe the JSP directives and attributes for the page directive.
43.11 If a class does not have a package statement, can you import it? 
43.12 If you use a custom class from a JSP, where should the class be 
placed?
Section 43.7
43.13 You can create an object in a JSP scriptlet. What is the 
difference between an object created using the new operator and a bean 
created using the <jsp:useBean ... > tag? 
43.14 What is the scope attribute for? Describe four scope attributes. 
43.15 Describe how a <jsp:useBean ... > statement is processed by the 
JSP engine. 
Sections 43.8-43.10 
43.16 How do you associate bean properties with input parameters? 
43.17 How do you write a statement to forward requests to another JSP 
page?

Programming Exercises 

NOTE: Solutions to even-numbered exercises in this 
chapter are in exercise\jspexercise  from 
evennumberedexercise.zip, which can be downloaded from 
the Companion Website. 

Section 43.4
43.1
(Factorial table in JSP) Rewrite Exercise 42.1 using JSP. 
43.2
(Muliplication table in JSP) Rewrite Exercise 42.2 using JSP. 

Section 43.5
43.3*
(Obtain parameters in JSP) Rewrite the servlet in Listing 42.4, 
GetParameters.java, using JSP. Create an HTML form that is identical to 
Student_Registration_Form.html in Listing 42.3 except that the action is 
replaced by Exercise40_3.jsp for obtaining parameter values. 

Section 43.6
43.4
(Calculate tax in JSP) Rewrite Exercise 42.4 using JSP. You need to 
import ComputeTax in the JSP.

43.5*
(Find scores from text files) Rewrite Exercise 42.6 using servlets. 

43.6**
(Find scores from database tables) Rewrite Exercise 42.7 using 
servlets.

Section 43.7

43.7**
(Change the password) Rewrite Exercise 42.8 using servlets.

Comprehensive
43.8*
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