
18 Chapter 1 Introduction to Computers, Programs, and Java

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

    System.out.println("Welcome to Java!");
  }
}

Method block
Class block

TABLE 1.2 Special Characters

Character Name Description

{} Opening and closing braces Denote a block to enclose statements.

() Opening and closing parentheses Used with methods.

[] Opening and closing brackets Denote an array.

// Double slashes Precede a comment line.

" " Opening and closing quotation marks Enclose a string (i.e., sequence of characters).

; Semicolon Mark the end of a statement.

case sensitive

special characters

common errors

syntax rules

class
main method
display message

Caution
Java source programs are case sensitive. It would be wrong, for example, to replace
main in the program with Main.

You have seen several special characters (e.g., { }, //, ;) in the program. They are
used in almost every program. Table 1.2 summarizes their uses.

Programming is fun! 
Fundamentals First
Problem Driven

The most common errors you will make as you learn to program will be syntax errors. Like
any programming language, Java has its own syntax, and you need to write code that con-
forms to the syntax rules. If your program violates a rule—for example, if the semicolon is
missing, a brace is missing, a quotation mark is missing, or a word is misspelled—the Java
compiler will report syntax errors. Try to compile the program with these errors and see what
the compiler reports.

Note
You are probably wondering why the main method is defined this way and why
System.out.println(...) is used to display a message on the console. For the
time being, simply accept that this is how things are done. Your questions will be fully
answered in subsequent chapters.

The program in Listing 1.1 displays one message. Once you understand the program, it is
easy to extend it to display more messages. For example, you can rewrite the program to dis-
play three messages, as shown in Listing 1.2.

LISTING 1.2 WelcomeWithThreeMessages.java
1 public class WelcomeWithThreeMessages { 
2 public static void main(String[] args) { 
3 System.out.println("Programming is fun!");
4      System.out.println("Fundamentals First");
5      System.out.println("Problem Driven");
6    }
7  }
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more detailed guidelines, see Supplement I.D, Java Coding Style Guidelines, on the Com-
panion Website.

1.10.1 Appropriate Comments and Comment Styles
Include a summary at the beginning of the program that explains what the program does, its
key features, and any unique techniques it uses. In a long program, you should also include
comments that introduce each major step and explain anything that is difficult to read. It is
important to make comments concise so that they do not crowd the program or make it diffi-
cult to read.

In addition to line comments (beginning with //) and block comments (beginning with
/*), Java supports comments of a special type, referred to as javadoc comments. javadoc
comments begin with /** and end with */. They can be extracted into an HTML file using
the JDK’s javadoc command. For more information, see java.sun.com/j2se/javadoc.

Use javadoc comments (/** ... */) for commenting on an entire class or an entire
method. These comments must precede the class or the method header in order to be extracted
into a javadoc HTML file. For commenting on steps inside a method, use line comments (//).
To see an example of a javadoc HTML file, check out www.cs.armstrong.edu/liang/javadoc/
Exercise1.html. Its corresponding Java code is shown in www.cs.armstrong.edu/liang/javadoc/
Exercise1.java.

1.10.2 Proper Indentation and Spacing
A consistent indentation style makes programs clear and easy to read, debug, and maintain.
Indentation is used to illustrate the structural relationships between a program’s components
or statements. Java can read the program even if all of the statements are on the same long line,
but humans find it easier to read and maintain code that is aligned properly. Indent each sub-
component or statement at least two spaces more than the construct within which it is nested.

A single space should be added on both sides of a binary operator, as shown in the follow-
ing statement:

javadoc comment

indent code

System.out.println(3+4*4); Bad style

System.out.println(3 + 4 * 4); Good style

1.10.3 Block Styles
A block is a group of statements surrounded by braces. There are two popular styles, next-line
style and end-of-line style, as shown below.

public class Test
{

public static void main(String[] args)
{

System.out.println("Block Styles");
}

}

Next-line style

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

System.out.println("Block Styles");
}

}

End-of-line style

The next-line style aligns braces vertically and makes programs easy to read, whereas the
end-of-line style saves space and may help avoid some subtle programming errors. Both are
acceptable block styles. The choice depends on personal or organizational preference. You
should use a block style consistently—mixing styles is not recommended. This book uses the
end-of-line style to be consistent with the Java API source code.
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Compile

FIGURE 1.19 The compiler reports syntax errors.

1.44 Reformat the following program according to the programming style and documenta-
tion guidelines. Use the end-of-line brace style.

public class Test
{

// Main method 
public static void main(String[] args) {
/** Display output */
System.out.println("Welcome to Java");
}

}

1.11 Programming Errors
Programming errors can be categorized into three types: syntax errors, runtime errors,
and logic errors.

1.11.1 Syntax Errors
Errors that are detected by the compiler are called syntax errors or compile errors. Syntax
errors result from errors in code construction, such as mistyping a keyword, omitting some
necessary punctuation, or using an opening brace without a corresponding closing brace.
These errors are usually easy to detect, because the compiler tells you where they are and
what caused them. For example, the program in Listing 1.5 has a syntax error, as shown in
Figure 1.19.

LISTING 1.5 ShowSyntaxErrors.java
1 public class ShowSyntaxErrors {
2 public static main(String[] args) {
3      System.out.println("Welcome to Java);
4    }
5  }

Four errors are reported, but the program actually has two errors:

■ The keyword void is missing before main in line 2.

■ The string Welcome to Java should be closed with a closing quotation mark in line 3.

Since a single error will often display many lines of compile errors, it is a good practice to
fix errors from the top line and work downward. Fixing errors that occur earlier in the pro-
gram may also fix additional errors that occur later.

syntax errors

compile errors
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Run

FIGURE 1.20 The runtime error causes the program to terminate abnormally.

Tip
If you don’t know how to correct it, compare your program closely, character by char-
acter, with similar examples in the text. In the first few weeks of this course, you will
probably spend a lot of time fixing syntax errors. Soon you will be familiar with Java
syntax and can quickly fix syntax errors.

1.11.2 Runtime Errors
Runtime errors are errors that cause a program to terminate abnormally. They occur while a
program is running if the environment detects an operation that is impossible to carry out.
Input mistakes typically cause runtime errors. An input error occurs when the program is
waiting for the user to enter a value, but the user enters a value that the program cannot han-
dle. For instance, if the program expects to read in a number, but instead the user enters a
string, this causes data-type errors to occur in the program.

Another example of runtime errors is division by zero. This happens when the divisor is
zero for integer divisions. For instance, the program in Listing 1.6 would cause a runtime
error, as shown in Figure 1.20.

LISTING 1.6 ShowRuntimeErrors.java
1 public class ShowRuntimeErrors {
2 public static void main(String[] args) {
3 System.out.println(1 / 0);
4    }
5  }

1.11.3 Logic Errors
Logic errors occur when a program does not perform the way it was intended to. Errors of this
kind occur for many different reasons. For example, suppose you wrote the program in
Listing 1.7 to convert Celsius 35 degrees to a Fahrenheit degree:

LISTING 1.7 ShowLogicErrors.java
1 public class ShowLogicErrors {
2 public static void main(String[] args) {
3      System.out.println("Celsius 35 is Fahrenheit degree ");
4      System.out.println((9 / 5) * 35 + 32);
5    }
6  }

fix syntax errors

runtime errors

runtime error

logic errors

Celsius 35 is Fahrenheit degree 
67
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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
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ELEMENTARY
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Objectives
■ To write Java programs to perform simple computations (§2.2).

■ To obtain input from the console using the Scanner class (§2.3).

■ To use identifiers to name variables, constants, methods, and classes (§2.4).

■ To use variables to store data (§§2.5–2.6).

■ To program with assignment statements and assignment expressions (§2.6).

■ To use constants to store permanent data (§2.7).

■ To name classes, methods, variables, and constants by following their 
naming conventions (§2.8).

■ To explore Java numeric primitive data types: byte, short, int, long,
float, and double (§2.9.1).

■ To perform operations using operators +, -, *, /, and % (§2.9.2).

■ To perform exponent operations using Math.pow(a, b) (§2.9.3).

■ To write integer literals, floating-point literals, and literals in scientific 
notation (§2.10).

■ To write and evaluate numeric expressions (§2.11).

■ To obtain the current system time using
System.currentTimeMillis() (§2.12).

■ To use augmented assignment operators (§2.13).

■ To distinguish between postincrement and preincrement and between
postdecrement and predecrement (§2.14).

■ To cast the value of one type to another type (§2.15).

■ To describe the software development process and apply it to develop the
loan payment program (§2.16).

■ To represent characters using the char type (§2.17).

■ To represent a string using the String type (§2.18).

■ To obtain input using the JOptionPane input dialog boxes (§2.19).

CHAPTER

2
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2.1 Introduction
The focus of this chapter is on learning elementary programming techniques to
solve problems.

In Chapter 1 you learned how to create, compile, and run very basic Java programs. Now you
will learn how to solve problems by writing programs. Through these problems, you will
learn elementary programming using primitive data types, variables, constants, operators,
expressions, and input and output.

Suppose, for example, that you need to take out a student loan. Given the loan amount,
loan term, and annual interest rate, can you write a program to compute the monthly payment
and total payment? This chapter shows you how to write programs like this. Along the way,
you learn the basic steps that go into analyzing a problem, designing a solution, and imple-
menting the solution by creating a program.

2.2 Writing a Simple Program
Writing a program involves designing a strategy for solving the problem and then
using a programming language to implement that strategy.

Let’s first consider the simple problem of computing the area of a circle. How do we write a
program for solving this problem?

Writing a program involves designing algorithms and translating algorithms into pro-
gramming instructions, or code. An algorithm describes how a problem is solved by list-
ing the actions that need to be taken and the order of their execution. Algorithms can help
the programmer plan a program before writing it in a programming language. Algorithms
can be described in natural languages or in pseudocode (natural language mixed with
some programming code). The algorithm for calculating the area of a circle can be
described as follows:

1. Read in the circle’s radius.

2. Compute the area using the following formula:

3. Display the result.

Tip
It’s always good practice to outline your program (or its underlying problem) in the form
of an algorithm before you begin coding.

When you code—that is, when you write a program—you translate an algorithm into a
program. You already know that every Java program begins with a class definition in which
the keyword class is followed by the class name. Assume that you have chosen
ComputeArea as the class name. The outline of the program would look like this:

public class ComputeArea {
// Details to be given later

}

As you know, every Java program must have a main method where program execution
begins. The program is then expanded as follows:

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

// Step 1: Read in radius

// Step 2: Compute area

area = radius * radius * p

problem

algorithm

pseudocode

Key
Point

Key
Point
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// Step 3: Display the area
}

}

The program needs to read the radius entered by the user from the keyboard. This raises
two important issues:

■ Reading the radius.

■ Storing the radius in the program.

Let’s address the second issue first. In order to store the radius, the program needs to
declare a symbol called a variable. A variable represents a value stored in the computer’s
memory. 

Rather than using x and y as variable names, choose descriptive names: in this case, radius
for radius, and area for area. To let the compiler know what radius and area are, specify their
data types. That is the kind of the data stored in a variable, whether integer, floating-point
number, or something else. This is known as declaring variables. Java provides simple data types
for representing integers, floating-point numbers (i.e., numbers with a decimal point), characters,
and Boolean types. These types are known as primitive data types or fundamental types.

Declare radius and area as double-precision floating-point numbers. The program can
be expanded as follows:

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

double radius;
double area;

// Step 1: Read in radius

// Step 2: Compute area

// Step 3: Display the area
}

}

The program declares radius and area as variables. The reserved word double indicates
that radius and area are double-precision floating-point values stored in the computer.

The first step is to prompt the user to designate the circle’s radius. You will learn how to
prompt the user for information shortly. For now, to learn how variables work, you can assign
a fixed value to radius in the program as you write the code; later, you’ll modify the pro-
gram to prompt the user for this value.

The second step is to compute area by assigning the result of the expression radius *
radius * 3.14159 to area.

In the final step, the program will display the value of area on the console by using the
System.out.println method.

Listing 2.1 shows the complete program, and a sample run of the program is shown in
Figure 2.1.

LISTING 2.1 ComputeArea.java
1 public class ComputeArea {
2 public static void main(String[] args) {
3 double radius; // Declare radius
4 double area; // Declare area
5
6 // Assign a radius
7      radius = 20; // radius is now 20

variable

descriptive names

data type

floating-point number

declare variables

primitive data types



36 Chapter 2 Elementary Programming

8
9 // Compute area

10      area = radius * radius * 3.14159;
11
12 // Display results
13      System.out.println("The area for the circle of radius " +
14        radius + " is " + area);
15    }
16  }

The plus sign (+) has two meanings: one for addition and the other for concatenating (com-
bining) strings. The plus sign (+) in lines 13–14 is called a string concatenation operator. It
combines two strings into one. If a string is combined with a number, the number is converted
into a string and concatenated with the other string. Therefore, the plus signs (+) in lines
13–14 concatenate strings into a longer string, which is then displayed in the output. Strings
and string concatenation will be discussed further in Section 2.18.

Caution
A string cannot cross lines in the source code. Thus, the following statement would
result in a compile error:

System.out.println("Introduction to Java Programming,
by Y. Daniel Liang");

declare variable

assign value

tracing program

concatenate strings

concatenate strings with
numbers

Compile

Run

FIGURE 2.1 The program displays the area of a circle.

Variables such as radius and area correspond to memory locations. Every variable has a
name, a type, a size, and a value. Line 3 declares that radius can store a double value. The
value is not defined until you assign a value. Line 7 assigns 20 into variable radius. Simi-
larly, line 4 declares variable area, and line 10 assigns a value into area. The following table
shows the value in the memory for area and radius as the program is executed. Each row in
the table shows the values of variables after the statement in the corresponding line in the pro-
gram is executed. This method of reviewing how a program works is called tracing a pro-
gram. Tracing programs are helpful for understanding how programs work, and they are
useful tools for finding errors in programs.

line# radius area

3 no value

4 no value

7 20

10 1256.636
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To fix the error, break the string into separate substrings, and use the concatenation
operator (+) to combine them:

System.out.println("Introduction to Java Programming, " +
"by Y. Daniel Liang");

Tip
This example consists of three steps. It is a good approach to develop and test these
steps incrementally by adding them one at a time.

2.1 Identify and fix the errors in the following code:

1 public class Test {
2 public void main(string[] args) {
3 int i;
4 int k = 100.0;
5 int j = i + 1;
6
7      System.out.println("j is " + j + " and
8 k is " + k);
9    }

10  }

2.3 Reading Input from the Console
Reading input from the console enables the program to accept input from the user. 

In Listing 2.1, the radius is fixed in the source code. To use a different radius, you have to
modify the source code and recompile it. Obviously, this is not convenient, so instead you can
use the Scanner class for console input.

Java uses System.out to refer to the standard output device and System.in to the stan-
dard input device. By default, the output device is the display monitor and the input device is
the keyboard. To perform console output, you simply use the println method to display a
primitive value or a string to the console. Console input is not directly supported in Java, but
you can use the Scanner class to create an object to read input from System.in, as follows:

Scanner input = new Scanner(System.in);

The syntax new Scanner(System.in) creates an object of the Scanner type. The syn-
tax Scanner input declares that input is a variable whose type is Scanner. The whole
line Scanner input = new Scanner(System.in) creates a Scanner object and assigns
its reference to the variable input. An object may invoke its methods. To invoke a method on
an object is to ask the object to perform a task. You can invoke the methods listed in Table 2.1
to read various types of input.

For now, we will see how to read a number that includes a decimal point by invoking the
nextDouble() method. Other methods will be covered when they are used. Listing 2.2
rewrites Listing 2.1 to prompt the user to enter a radius.

LISTING 2.2 ComputeAreaWithConsoleInput.java
1 // Scanner is in the java.util package
2
3 public class ComputeAreaWithConsoleInput {
4 public static void main(String[] args) {
5 // Create a Scanner object
6
7

Scanner input = new Scanner(System.in);

import java.util.Scanner;

break a long string

incremental development and
testing

Obtain input
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TABLE 2.1 Methods for Scanner Objects

Method Description

nextByte() reads an integer of the byte type.

nextShort() reads an integer of the short type.

nextInt() reads an integer of the int type.

nextLong() reads an integer of the long type.

nextFloat() reads a number of the float type.

nextDouble() reads a number of the double type.

next() reads a string that ends before a whitespace character.

nextLine() reads a line of text (i.e., a string ending with the Enter key pressed).

8 // Prompt the user to enter a radius
9      System.out.print("Enter a number for radius: ");

10 double radius = 
11
12 // Compute area
13 double area = radius * radius * 3.14159;
14
15 // Display results
16      System.out.println("The area for the circle of radius " +
17        radius + " is " + area);
18    } 
19  }

input.nextDouble();read a double

Enter a number for radius: 
The area for the circle of radius 2.5 is 19.6349375

2.5

Enter a number for radius: 
The area for the circle of radius 23.0 is 1661.90111

23

The Scanner class is in the java.util package. It is imported in line 1. Line 6 creates a
Scanner object.

The statement in line 9 displays a message to prompt the user for input.

System.out. ("Enter a number for radius: ");

The print method is identical to the println method except that println moves to the
beginning of the next line after displaying the string, but print does not advance to the next
line when completed.

The statement in line 10 reads input from the keyboard.

double radius = input.nextDouble();

After the user enters a number and presses the Enter key, the program reads the number
and assigns it to radius.

print

print vs. println
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More details on objects will be introduced in Chapter 8. For the time being, simply accept
that this is how to obtain input from the console.

Listing 2.3 gives an example of reading multiple input from the keyboard. The program
reads three numbers and displays their average.

LISTING 2.3 ComputeAverage.java
1 // Scanner is in the java.util package
2
3 public class ComputeAverage {
4 public static void main(String[] args) {
5 // Create a Scanner object
6
7
8 // Prompt the user to enter three numbers
9      System.out.print("Enter three numbers: ");

10 double number1 = 
11 double number2 = 
12 double number3 = 
13
14 // Compute average
15 double average = (number1 + number2 + number3) / 3;
16
17 // Display results
18      System.out.println("The average of " + number1 + " " + number2
19        + " " + number3 + " is " + average);
20    } 
21  }

input.nextDouble();
input.nextDouble();
input.nextDouble();

Scanner input = new Scanner(System.in);

import java.util.Scanner; import class

create a Scanner

read a double

Enter three numbers:
The average of 1.0 2.0 3.0 is 2.0

1 2 3

enter input in one line

Enter three numbers:

The average of 10.5 11.0 11.5 is 11.0
11.5
11

10.5

enter input in multiple lines

The code for importing the Scanner class (line 1) and creating a Scanner object (line 6)
are the same as in the preceding example as well as in all new programs you will write for
reading input from the keyboard.

Line 9 prompts the user to enter three numbers. The numbers are read in lines 10–12. You
may enter three numbers separated by spaces, then press the Enter key, or enter each number
followed by a press of the Enter key, as shown in the sample runs of this program.

If you entered an input other than a numeric value, a runtime error would occur. In Chapter
14, you will learn how to handle the exception so that the program can continue to run.

Note
Most of the programs in the early chapters of this book perform three steps: input,
process, and output, called IPO. Input is receiving input from the user; process is pro-
ducing results using the input; and output is displaying the results.

runtime error

IPO
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2.2 How do you write a statement to let the user enter an integer or a double value from
the keyboard?

2.3 What happens if you entered 5a when executing the following code?
double radius = input.nextDouble();

2.4 Identifiers
Identifiers are the names that identify the elements such as classes, methods, and
variables in a program.

As you see in Listing 2.3, ComputeAverage, main, input, number1, number2, number3,
and so on are the names of things that appear in the program. In programming terminology,
such names are called identifiers. All identifiers must obey the following rules:

■ An identifier is a sequence of characters that consists of letters, digits, underscores
(_), and dollar signs ($).

■ An identifier must start with a letter, an underscore (_), or a dollar sign ($). It cannot
start with a digit.

■ An identifier cannot be a reserved word. (See Appendix A for a list of reserved words.)

■ An identifier cannot be true, false, or null.

■ An identifier can be of any length.

For example, $2, ComputeArea, area, radius, and showMessageDialog are legal
identifiers, whereas 2A and d+4 are not because they do not follow the rules. The Java com-
piler detects illegal identifiers and reports syntax errors.

Note
Since Java is case sensitive, area, Area, and AREA are all different identifiers.

Tip
Identifiers are for naming variables, constants, methods, classes, and packages. Descrip-
tive identifiers make programs easy to read. Avoid using abbreviations for identifiers.
Using complete words is more descriptive. For example, numberOfStudents is better
than numStuds, numOfStuds, or numOfStudents. We use descriptive names for
complete programs in the text. However, we will occasionally use variables names such
as i, j, k, x, and y in the code snippets for brevity. These names also provide a generic
tone to the code snippets.

Tip
Do not name identifiers with the $ character. By convention, the $ character should be
used only in mechanically generated source code.

2.4 Which of the following identifiers are valid? Which are Java keywords?

miles, Test, a++, ––a, 4#R, $4, #44, apps
class, public, int, x, y, radius

2.5 Variables
Variables are used to represent values that may be changed in the program.

As you see from the programs in the preceding sections, variables are used to store values to
be used later in a program. They are called variables because their values can be changed. In

identifiers

identifier naming rules

case sensitive

descriptive names

the $ character

why called variables? 
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the program in Listing 2.2, radius and area are variables of the double-precision, floating-
point type. You can assign any numerical value to radius and area, and the values of
radius and area can be reassigned. For example, in the following code, radius is initially
1.0 (line 2) and then changed to 2.0 (line 7), and area is set to 3.14159 (line 3) and then
reset to 12.56636 (line 8).

1 // Compute the first area
2  radius = 1.0; radius:  1.0
3  area = radius * radius * 3.14159; area:  3.14159
4  System.out.println("The area is " + area + " for radius " + radius);
5
6 // Compute the second area
7  radius = 2.0; radius:  2.0
8  area = radius * radius * 3.14159; area:  12.56636
9  System.out.println("The area is " + area + " for radius " + radius);

Variables are for representing data of a certain type. To use a variable, you declare it by
telling the compiler its name as well as what type of data it can store. The variable declara-
tion tells the compiler to allocate appropriate memory space for the variable based on its data
type. The syntax for declaring a variable is

datatype variableName;

Here are some examples of variable declarations:

int count; // Declare count to be an integer variable
double radius; // Declare radius to be a double variable
double interestRate; // Declare interestRate to be a double variable

These examples use the data types int and double. Later you will be introduced to addi-
tional data types, such as byte, short, long, float, char, and boolean.

If variables are of the same type, they can be declared together, as follows:

datatype variable1, variable2, ..., variablen;

The variables are separated by commas. For example,

int i, j, k; // Declare i, j, and k as int variables

Variables often have initial values. You can declare a variable and initialize it in one step.
Consider, for instance, the following code:

int count = 1;

This is equivalent to the next two statements:

int count;
count = 1;

You can also use a shorthand form to declare and initialize variables of the same type
together. For example,

int i = 1, j = 2;

Tip
A variable must be declared before it can be assigned a value. A variable declared in a
method must be assigned a value before it can be used.

Whenever possible, declare a variable and assign its initial value in one step. This will
make the program easy to read and avoid programming errors.

declare variable

initialize variables
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Every variable has a scope. The scope of a variable is the part of the program where the
variable can be referenced. The rules that define the scope of a variable will be introduced
gradually later in the book. For now, all you need to know is that a variable must be declared
and initialized before it can be used. Consider the following code:

int interestRate = 0.05
int interest = interestrate * 45

This code is wrong, because interestRate is assigned a value 0.05, but interestrate
has not been declared and initialized. Java is case sensitive, so it considers interestRate and
interestrate to be two different variables.

2.6 Assignment Statements and Assignment
Expressions
An assignment statement designates a value for a variable. An assignment statement
can be used as an expression in Java.

After a variable is declared, you can assign a value to it by using an assignment statement. In
Java, the equal sign (=) is used as the assignment operator. The syntax for assignment state-
ments is as follows:

variable = expression;

An expression represents a computation involving values, variables, and operators that,
taking them together, evaluates to a value. For example, consider the following code:

int y = 1; // Assign 1 to variable y
double radius = 1.0; // Assign 1.0 to variable radius
int x = 5 * (3 / 2); // Assign the value of the expression to x
x = y + 1; // Assign the addition of y and 1 to x
area = radius * radius * 3.14159; // Compute area

You can use a variable in an expression. A variable can also be used in both sides of the 
operator. For example,

x = x + 1;

In this assignment statement, the result of x + 1 is assigned to x. If x is 1 before the state-
ment is executed, then it becomes 2 after the statement is executed.

To assign a value to a variable, you must place the variable name to the left of the assign-
ment operator. Thus, the following statement is wrong:

1 = x; // Wrong

Note
In mathematics, x = 2 * x + 1 denotes an equation. However, in Java, x = 2 * x
+ 1 is an assignment statement that evaluates the expression 2 * x + 1 and assigns
the result to x.

In Java, an assignment statement is essentially an expression that evaluates to the value to
be assigned to the variable on the left side of the assignment operator. For this reason, an
assignment statement is also known as an assignment expression. For example, the following
statement is correct:

System.out.println(x = 1);

=

scope of a variable

assignment statement

assignment operator

expression

assignment expression
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which is equivalent to

x = 1;
System.out.println(x);

If a value is assigned to multiple variables, you can use this syntax:

i = j = k = 1;

which is equivalent to

k = 1;
j = k;
i = j;

Note
In an assignment statement, the data type of the variable on the left must be compatible
with the data type of the value on the right. For example, int x = 1.0 would be illegal,
because the data type of x is int. You cannot assign a double value (1.0) to an int
variable without using type casting. Type casting is introduced in Section 2.15. 

2.7 Named Constants
A named constant is an identifier that represents a permanent value.

The value of a variable may change during the execution of a program, but a named constant,
or simply constant, represents permanent data that never changes. In our ComputeArea pro-
gram, is a constant. If you use it frequently, you don’t want to keep typing 3.14159;
instead, you can declare a constant for Here is the syntax for declaring a constant:

final datatype CONSTANTNAME = value;

A constant must be declared and initialized in the same statement. The word final is a
Java keyword for declaring a constant. For example, you can declare as a constant and
rewrite Listing 2.1 as follows:

// ComputeArea.java: Compute the area of a circle
public class ComputeArea {

public static void main(String[] args) {
// Declare a constant

// Assign a radius
double radius = 20;

// Compute area
double area = radius * radius * ;

// Display results
System.out.println("The area for the circle of radius " +

radius + " is " + area);
}

}

There are three benefits of using constants: (1) You don’t have to repeatedly type the same
value if it is used multiple times; (2) if you have to change the constant value (e.g., from
3.14 to 3.14159 for PI), you need to change it only in a single location in the source code;
and (3) a descriptive name for a constant makes the program easy to read.

PI

final double PI = 3.14159;

p

p.
p

constant

final keyword

benefits of constants
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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 and area 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 and MAX_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
the System class is defined in Java, you should not name your class System.

2.5 What are the benefits of using constants? Declare an int constant SIZE 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_MILE with 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
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TABLE 2.2 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 754 is 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 754 for the float type and the 64-bit IEEE 754 for
the double type. The IEEE 754 standard 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 and double. The double type is
twice as big as float, so the double is known as double precision and float as single
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
operands are 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 yields 0, -26 % -8 yields -2, and 20 % -13 yields 7.

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

TABLE 2.3 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 yields 2, 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 yields 2.5.

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 yields 1, 3 % 7 yields 3, 12 % 4 yields 0, 26 % 8 yields 2, and 20 % 13
yields 7.
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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.

LISTING 2.4 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

The nextInt() 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 unary operator has only one operand;
a binary operator has two. For example, the - operator in -5 is a unary operator to negate num-
ber 5, 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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2.9.3 Exponent Operations
The Math.pow(a, b) method can be used to compute The pow method is defined in the
Math class in the Java API. You invoke the method using the syntax Math.pow(a, b) (i.e.,
Math.pow(2, 3)), which returns the result of Here a and b are parameters for the
pow method and the numbers 2 and 3 are actual values used to invoke the method. For
example,

System.out.println(Math.pow(2, 3)); // Displays 8.0 
System.out.println(Math.pow(4, 0.5)); // Displays 2.0
System.out.println(Math.pow(2.5, 2)); // Displays 6.25
System.out.println(Math.pow(2.5, -2)); // Displays 0.16

Chapter 5 introduces more details on methods. For now, all you need to know is how to
invoke the pow method to perform the exponent operation.

2.8 Find the largest and smallest byte, short, int, long, float, and double. Which
of these data types requires the least amount of memory?

2.9 Show the result of the following remainders.

56 % 6
78 % -4
-34 % 5
-34 % -5
5 % 1
1 % 5

2.10 If today is Tuesday, what will be the day in 100 days?

2.11 What is the result of 25 / 4? How would you rewrite the expression if you wished
the result to be a floating-point number?

2.12 Are the following statements correct? If so, show the output.

System.out.println("25 / 4 is " + 25 / 4);
System.out.println("25 / 4.0 is " + 25 / 4.0);
System.out.println("3 * 2 / 4 is " + 3 * 2 / 4);
System.out.println("3.0 * 2 / 4 is " + 3.0 * 2 / 4);

2.13 Write a statement to display the result of 

2.14 Suppose m and r are integers. Write a Java expression for to obtain a floating-
point result.

2.10 Numeric Literals
A literal is a constant value that appears directly in a program.

For example, 34 and 0.305 are literals in the following statements:

int numberOfYears = 34;
double weight = 0.305;

2.10.1 Integer Literals
An integer literal can be assigned to an integer variable as long as it can fit into the variable. A
compile error will occur if the literal is too large for the variable to hold. The statement byte
b = 128, for example, will cause a compile error, because 128 cannot be stored in a variable
of the byte type. (Note that the range for a byte value is from –128 to 127.)

mr2

23.5.

ab (23).

ab.Math.pow(a, b) method

literal
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An integer literal is assumed to be of the int type, whose value is between
and To denote an integer literal of the long

type, append the letter L or l to it. For example, to write integer 2147483648 in a Java pro-
gram, you have to write it as 2147483648L or 2147483648l, because 2147483648 exceeds
the range for the int value. L is preferred because l (lowercase L) can easily be confused
with 1 (the digit one).

Note
By default, an integer literal is a decimal integer number. To denote an octal integer lit-
eral, use a leading 0 (zero), and to denote a hexadecimal integer literal, use a leading 0x
or 0X (zero x). For example, the following code displays the decimal value 65535 for
hexadecimal number FFFF.

System.out.println( FFFF);

Hexadecimal numbers, binary numbers, and octal numbers are introduced in Appendix F.

2.10.2 Floating-Point Literals
Floating-point literals are written with a decimal point. By default, a floating-point literal is
treated as a double type value. For example, 5.0 is considered a double value, not a float
value. You can make a number a float by appending the letter f or F, and you can make a
number a double by appending the letter d or D. For example, you can use 100.2f or
100.2F for a float number, and 100.2d or 100.2D for a double number.

Note
The double type values are more accurate than the float type values. For example,

System.out.println("1.0 / 3.0 is " + 1.0 / 3.0);

displays 1.0 / 3.0 is 0.3333333333333333.

System.out.println("1.0F / 3.0F is " + 1.0F / 3.0F);

displays 1.0F / 3.0F is 0.33333334.

2.10.3 Scientific Notation
Floating-point literals can be written in scientific notation in the form of For exam-
ple, the scientific notation for 123.456 is and for 0.0123456 is

A special syntax is used to write scientific notation numbers. For example,
is written as 1.23456E2 or 1.23456E+2 and as

1.23456E-2. E (or e) represents an exponent and can be in either lowercase or uppercase.

Note
The float and double types are used to represent numbers with a decimal point.
Why are they called floating-point numbers? These numbers are stored in scientific
notation internally. When a number such as 50.534 is converted into scientific nota-
tion, such as 5.0534E+1, its decimal point is moved (i.e., floated) to a new position.

2.15 Which of the following are correct literals for floating-point numbers?

12.3, 12.3e+2, 23.4e-2, –334.4, 20.5, 39F, 40D

2.16 Which of the following are the same as 52.534?

5.2534e+1, 0.52534e+2, 525.34e-1, 5.2534e+0

1.23456 * 10- ˛21.23456 * 102
1.23456 * 10- ˛2.

1.23456 * 102
a * 10b.

0x

231 - 1 (2147483647).- ˛231 (- ˛2147483648) long type

octal and hex literals

suffix f or F

suffix d or D

double vs. float

why called floating-point?
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2.11 Evaluating Expressions and Operator Precedence
Java expressions are evaluated in the same way as arithmetic expressions.

Writing a numeric expression in Java involves a straightforward translation of an arithmetic
expression using Java operators. For example, the arithmetic expression

can be translated into a Java expression as:

(3 + 4 * x) / 5 – 10 * (y - 5) * (a + b + c) / x + 
9 * (4 / x + (9 + x) / y)

Though Java has its own way to evaluate an expression behind the scene, the result of a Java
expression and its corresponding arithmetic expression are the same. Therefore, you can safely
apply the arithmetic rule for evaluating a Java expression. Operators contained within pairs of
parentheses are evaluated first. Parentheses can be nested, in which case the expression in the
inner parentheses is evaluated first. When more than one operator is used in an expression, the
following operator precedence rule is used to determine the order of evaluation.

■ Multiplication, division, and remainder operators are applied first. If an expression
contains several multiplication, division, and remainder operators, they are applied
from left to right.

■ Addition and subtraction operators are applied last. If an expression contains several
addition and subtraction operators, they are applied from left to right.

Here is an example of how an expression is evaluated:

3 + 4x

5
-

10(y - 5)(a + b + c)

x
+ 9¢ 4

x
+

9 + x

y
≤

evaluating an expression

operator precedence rule

3 + 4 * 4 + 5 * (4 + 3) - 1

3 + 4 * 4 + 5 * 7 – 1

3 + 16 + 5 * 7 – 1

3 + 16 + 35 – 1

19 + 35 – 1

54 – 1

53

(1) inside parentheses first

(2) multiplication

(3) multiplication

(4) addition

(5) addition

(6) subtraction
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Listing 2.5 gives a program that converts a Fahrenheit degree to Celsius using the formula

LISTING 2.5 FahrenheitToCelsius.java
1 import java.util.Scanner;
2
3 public class FahrenheitToCelsius {
4 public static void main(String[] args) {
5      Scanner input = new Scanner(System.in);
6
7      System.out.print("Enter a degree in Fahrenheit: ");

celsius = (5
9)( fahrenheit - 32).
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line# fahrenheit celsius

8 100

11 37.77777777777778

8 double fahrenheit = input.nextDouble(); 
9

10 // Convert Fahrenheit to Celsius
11 double celsius = * (fahrenheit - 32);
12      System.out.println("Fahrenheit " + fahrenheit + " is " +
13        celsius + " in Celsius");
14    }
15  }

(5.0 / 9) divide

Enter a degree in Fahrenheit: 
Fahrenheit 100.0 is 37.77777777777778 in Celsius

100

Be careful when applying division. Division of two integers yields an integer in Java. is
translated to 5.0 / 9 instead of 5 / 9 in line 11,  because 5 / 9 yields 0 in Java.

2.17 How would you write the following arithmetic expression in Java?

2.12 Case Study: Displaying the Current Time
You can invoke System.currentTimeMillis() to return the current time.

The problem is to develop a program that displays the current time in GMT (Greenwich Mean
Time) in the format hour:minute:second, such as 13:19:8.

The currentTimeMillis method in the System class returns the current time in mil-
liseconds elapsed since the time 00:00:00 on January 1, 1970 GMT, as shown in Figure 2.2.
This time is known as the UNIX epoch. The epoch is the point when time starts, and 1970 was
the year when the UNIX operating system was formally introduced.

4

3(r + 34)
- 9(a + bc) +

3 + d(2 + a)

a + bd

5
9 integer vs. decimal division

Use operators / and %

currentTimeMillis

UNIX epoch

UNIX epoch
01-01-1970

00:00:00 GMT

Elapsed
time

Current time
System.currentTimeMillis()

Time

FIGURE 2.2 The System.currentTimeMillis() returns the number of milliseconds
since the UNIX epoch.

You can use this method to obtain the current time, and then compute the current second,
minute, and hour as follows.

1. Obtain the total milliseconds since midnight, January 1, 1970, in totalMilliseconds
by invoking System.currentTimeMillis() (e.g., 1203183068328 milliseconds).

VideoNote
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2. Obtain the total seconds totalSeconds by dividing totalMilliseconds by 1000
(e.g., 1203183068328 milliseconds / 1000 1203183068 seconds).

3. Compute the current second from totalSeconds % 60 (e.g., 1203183068 seconds
% 60 8, which is the current second).

4. Obtain the total minutes totalMinutes by dividing totalSeconds by 60 (e.g.,
1203183068 seconds / 60 20053051 minutes).

5. Compute the current minute from totalMinutes % 60 (e.g., 20053051 minutes %
60 31, which is the current minute).

6. Obtain the total hours totalHours by dividing totalMinutes by 60 (e.g.,
20053051 minutes / 60 334217 hours).

7. Compute the current hour from totalHours % 24 (e.g., 334217 hours % 24 17,
which is the current hour).

Listing 2.6 gives the complete program.

LISTING 2.6 ShowCurrentTime.java
1 public class ShowCurrentTime {
2 public static void main(String[] args) {
3 // Obtain the total milliseconds since midnight, Jan 1, 1970
4 long totalMilliseconds = System.currentTimeMillis();
5
6 // Obtain the total seconds since midnight, Jan 1, 1970
7 long totalSeconds = totalMilliseconds / 1000;
8
9 // Compute the current second in the minute in the hour

10 long currentSecond = totalSeconds % 60;
11
12 // Obtain the total minutes
13 long totalMinutes = totalSeconds / 60;
14
15 // Compute the current minute in the hour
16 long currentMinute = totalMinutes % 60;
17
18 // Obtain the total hours
19 long totalHours = totalMinutes / 60;
20
21 // Compute the current hour
22 long currentHour = totalHours % 24;
23
24 // Display results
25      System.out.println("Current time is " + currentHour + ":"
26        + currentMinute + ":" + currentSecond + " GMT");
27    }
28  }

=

=

=

=

=

=

totalMilliseconds

totalSeconds

currentSecond

totalMinutes

currentMinute

totalHours

currentHour

preparing output

Current time is 17:31:8 GMT

Line 4 invokes System.currentTimeMillis() to obtain the current time in milliseconds
as a long value. Thus, all the variables are declared as the long type in this program. The seconds,
minutes, and hours are extracted from the current time using the / and % operators (lines 6–22).
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line#
variables

4 7 10 13 16 19 22

totalMilliseconds 1203183068328

totalSeconds 1203183068

currentSecond 8

totalMinutes 20053051

currentMinute 31

totalHours 334217

currentHour 17

addition assignment operator

TABLE 2.4 Augmented Assignment Operators

Operator Name Example Equivalent

+= Addition assignment i += 8 i = i + 8

-= Subtraction assignment i -= 8 i = i – 8

*= Multiplication assignment i *= 8 i = i * 8

/= Division assignment i /=  8 i = i / 8

%= Remainder assignment i %= 8 i = i % 8

In the sample run, a single digit 8 is displayed for the second. The desirable output
would be 08. This can be fixed by using a function that formats a single digit with a prefix
0 (see Exercise 5.37).

2.13 Augmented Assignment Operators
The operators +, -, *, /, and % can be combined with the assignment operator to form
augmented operators.

Very often the current value of a variable is used, modified, and then reassigned back to the
same variable. For example, the following statement increases the variable count by 1:

count = count + 1;

Java allows you to combine assignment and addition operators using an augmented (or
compound) assignment operator. For example, the preceding statement can be written as:

count 1;

The += is called the addition assignment operator. Table 2.4 shows other augmented
assignment operators.

+=
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Point



54 Chapter 2 Elementary Programming

TABLE 2.5 Increment and Decrement Operators

Operator Name Description Example (assume i = 1)

++var preincrement Increment var by 1, and use the
new var value in the statement

int j = ++i; 
// j is 2, i is 2

var++ postincrement Increment var by 1, but use the
original var value in the statement

int j = i++; 
// j is 1, i is 2

——var predecrement Decrement var by 1, and use the
new var value in the statement

int j = ——i; 
// j is 0, i is 0

var—— postdecrement Decrement var by 1, and use the
original var value in the statement

int j = i——; 
// j is 1, i is 0

Caution
There are no spaces in the augmented assignment operators. For example, + = should
be +=.

Note
Like the assignment operator (=), the operators (+=, -=, *=, /=, %=) can be used to
form an assignment statement as well as an expression. For example, in the following
code, x += 2 is a statement in the first line and an expression in the second line.

// Statement
System.out.println( ); // Expression

2.14 Increment and Decrement Operators
The increment (++) and decrement (– –) operators are for incrementing and
decrementing a variable by 1.

The ++ and —— are two shorthand operators for incrementing and decrementing a variable by 1.
These are handy, because that’s often how much the value needs to be changed in many pro-
gramming tasks. For example, the following code increments i by 1 and decrements j by 1.

int i = 3, j = 3;
i++; // i becomes 4
j——; // j becomes 2

i++ is pronounced as i plus plus and i—— as i minus minus. These operators are known as
postfix increment (or postincrement) and postfix decrement (or postdecrement), because the
operators ++ and —— are placed after the variable. These operators can also be placed before
the variable. For example,

int i = 3, j = 3;
++i; // i becomes 4
——j; // j becomes 2

++i increments i by 1 and ——j decrements j by 1. These operators are known as prefix
increment (or preincrement) and prefix decrement (or predecrement).

As you see, the effect of i++ and ++i or i—— and ——i are the same in the preceding exam-
ples. However, their effects are different when they are used in statements that do more than
just increment and decrement. Table 2.5 describes their differences and gives examples.

x += 2
x += 2;

postincrement

postdecrement

preincrement

predecrement

Key
Point

decrement operator (––)

increment operator (++)
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int i = 10;

System.out.print("i is " + i 
+ ", newNum is " + newNum);

int newNum = 10 * i++;

Here are additional examples to illustrate the differences between the prefix form of ++ (or
——) and the postfix form of ++ (or ——). Consider the following code:

i is 11, newNum is 100

In this case, i is incremented by 1, then the old value of i is used in the multiplication. So
newNum becomes 100. If i++ is replaced by ++i as follows,

i is 11, newNum is 110

i is incremented by 1, and the new value of i is used in the multiplication. Thus newNum
becomes 110.

Here is another example:

double x = 1.0;
double y = 5.0;
double z = x–– + (++y);

After all three lines are executed, y becomes 6.0, z becomes 7.0, and x becomes 0.0.

Tip
Using increment and decrement operators makes expressions short, but it also
makes them complex and difficult to read. Avoid using these operators in expres-
sions that modify multiple variables or the same variable multiple times, such as this
one: int k = ++i + i.

2.18 Which of these statements are true?

a. Any expression can be used as a statement.

b. The expression x++ can be used as a statement.

c. The statement x = x + 5 is also an expression.

d. The statement x = y = x = 0 is illegal.

2.19 Assume that int a = 1 and double d = 1.0, and that each expression is inde-
pendent. What are the results of the following expressions?

a = 46 / 9;
a = 46 % 9 + 4 * 4 - 2;
a = 45 + 43 % 5 * (23 * 3 % 2);
a %= 3 / a + 3;
d = 4 + d * d + 4;
d += 1.5 * 3 + (++a);
d -= 1.5 * 3 + a++;

int i = 10;

System.out.print("i is " + i 
+ ", newNum is " + newNum);

int newNum = 10 * (++i);

Same effect as int newNum = 10 * i; 
i = i + 1;

Same effect as i = i + 1;
int newNum = 10 * i;

✓Point✓Check
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2.20 How do you obtain the current minute using the System.currentTimeMillis()
method?

2.15 Numeric Type Conversions
Floating-point numbers can be converted into integers using explicit casting.

Can you perform binary operations with two operands of different types? Yes. If an integer
and a floating-point number are involved in a binary operation, Java automatically converts
the integer to a floating-point value. So, 3 * 4.5 is same as 3.0 * 4.5.

You can always assign a value to a numeric variable whose type supports a larger range of
values; thus, for instance, you can assign a long value to a float variable. You cannot, how-
ever, assign a value to a variable of a type with a smaller range unless you use type casting.
Casting is an operation that converts a value of one data type into a value of another data type.
Casting a type with a small range to a type with a larger range is known as widening a type. Cast-
ing a type with a large range to a type with a smaller range is known as narrowing a type. Java
will automatically widen a type, but you must narrow a type explicitly.

The syntax for casting a type is to specify the target type in parentheses, followed by the
variable’s name or the value to be cast. For example, the following statement

System.out.println((int)1.7);

displays 1. When a double value is cast into an int value, the fractional part is truncated.
The following statement

System.out.println((double)1 / 2);

displays 0.5, because 1 is cast to 1.0 first, then 1.0 is divided by 2. However, the statement

System.out.println(1 / 2);

displays 0, because 1 and 2 are both integers and the resulting value should also be an integer.

Caution
Casting is necessary if you are assigning a value to a variable of a smaller type range,
such as assigning a double value to an int variable. A compile error will occur if cast-
ing is not used in situations of this kind. However, be careful when using casting, as loss
of information might lead to inaccurate results.

Note
Casting does not change the variable being cast. For example, d is not changed after
casting in the following code:

double d = 4.5;
int i = (int)d; // i becomes 4, but d is still 4.5

Note
In Java, an augmented expression of the form x1 op= x2 is implemented as x1 =
(T)(x1 op x2), where T is the type for x1. Therefore, the following code is correct.

int sum = 0;
sum += 4.5; // sum becomes 4 after this statement

sum += 4.5 is equivalent to sum = (int)(sum + 4.5).

casting

widening a type

narrowing a type

possible loss of precision

Key
Point

casting in an augmented
expression
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Note
To assign a variable of the int type to a variable of the short or byte type, explicit
casting must be used. For example, the following statements have a compile error:

int i = 1;
byte b = i; // Error because explicit casting is required

However, so long as the integer literal is within the permissible range of the target vari-
able, explicit casting is not needed to assign an integer literal to a variable of the short
or byte type (see Section 2.10, Numeric Literals).

The program in Listing 2.7 displays the sales tax with two digits after the decimal point.

LISTING 2.7 SalesTax.java
1 import java.util.Scanner;
2
3 public class SalesTax {
4 public static void main(String[] args) {
5      Scanner input = new Scanner(System.in);
6
7      System.out.print("Enter purchase amount: ");
8 double purchaseAmount = input.nextDouble();
9

10 double tax = purchaseAmount * 0.06;
11      System.out.println("Sales tax is $" +
12    }
13  }

(int)(tax * 100) / 100.0);
casting

Enter purchase amount: 
Sales tax is $11.85

197.55

The variable purchaseAmount is 197.55 (line 8). The sales tax is 6% of the purchase, so
the tax is evaluated as 11.853 (line 10). Note that

tax * 100 is 1185.3
(int)(tax * 100) is 1185
(int)(tax * 100) / 100.0 is 11.85

So, the statement in line 11 displays the tax 11.85 with two digits after the decimal point.

2.21 Can different types of numeric values be used together in a computation?

2.22 What does an explicit casting from a double to an int do with the fractional part of
the double value? Does casting change the variable being cast?

2.23 Show the following output:

float f = 12.5F;
int i = (int)f;

formatting numbers

line# purchaseAmount tax output

8 197.55

10 11.853

11 11.85

✓Point✓Check
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Requirements
Specification

System Analysis

System
Design

Testing

Input, Process, Output
IPO

Implementation

Maintenance

Deployment

FIGURE 2.3 At any stage of the software development life cycle, it may be necessary to go
back to a previous stage to correct errors or deal with other issues that might prevent the
software from functioning as expected.

System.out.println("f is " + f);
System.out.println("i is " + i);

2.24 If you change (int)(tax * 100) / 100.0 to (int)(tax * 100) / 100 in line 11
in Listing 2.7, what will be the output for the input purchase amount of 197.556?

2.16 Software Development Process
The software development life cycle is a multi-stage process that includes requirements
specification, analysis, design, implementation, testing, deployment, and maintenance.

Developing a software product is an engineering process. Software products, no matter how
large or how small, have the same life cycle: requirements specification, analysis, design,
implementation, testing, deployment, and maintenance, as shown in Figure 2.3.

Requirements specification is a formal process that seeks to understand the problem that
the software will address and to document in detail what the software system needs to do.
This phase involves close interaction between users and developers. Most of the examples in
this book are simple, and their requirements are clearly stated. In the real world, however,
problems are not always well defined. Developers need to work closely with their customers
(the individuals or organizations that will use the software) and study the problem carefully to
identify what the software needs to do.

System analysis seeks to analyze the data flow and to identify the system’s input and out-
put. When you do analysis, it helps to identify what the output is first, and then figure out
what input data you need in order to produce the output.

System design is to design a process for obtaining the output from the input. This phase
involves the use of many levels of abstraction to break down the problem into manageable
components and design strategies for implementing each component. You can view each
component as a subsystem that performs a specific function of the system. The essence of sys-
tem analysis and design is input, process, and output (IPO).

Software development process

requirements specification

system analysis

system design

IPO

VideoNote
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Implementation involves translating the system design into programs. Separate programs
are written for each component and then integrated to work together. This phase requires the
use of a programming language such as Java. The implementation involves coding, self-testing,
and debugging (that is, finding errors, called bugs, in the code).

Testing ensures that the code meets the requirements specification and weeds out bugs. An
independent team of software engineers not involved in the design and implementation of the
product usually conducts such testing.

Deployment makes the software available for use. Depending on the type of the soft-
ware, it may be installed on each user’s machine or installed on a server accessible on the
Internet.

Maintenance is concerned with updating and improving the product. A software product
must continue to perform and improve in an ever-evolving environment. This requires peri-
odic upgrades of the product to fix newly discovered bugs and incorporate changes. 

To see the software development process in action, we will now create a program that com-
putes loan payments. The loan can be a car loan, a student loan, or a home mortgage loan. For
an introductory programming course, we focus on requirements specification, analysis,
design, implementation, and testing.

Stage 1: Requirements Specification

The program must satisfy the following requirements:

■ It must let the user enter the interest rate, the loan amount, and the number of years
for which payments will be made.

■ It must compute and display the monthly payment and total payment amounts.

Stage 2: System Analysis

The output is the monthly payment and total payment, which can be obtained using the fol-
lowing formulas:

So, the input needed for the program is the monthly interest rate, the length of the loan in
years, and the loan amount.

Note
The requirements specification says that the user must enter the annual interest rate, the
loan amount, and the number of years for which payments will be made. During analy-
sis, however, it is possible that you may discover that input is not sufficient or that some
values are unnecessary for the output. If this happens, you can go back and modify the
requirements specification.

Note
In the real world, you will work with customers from all walks of life. You may develop
software for chemists, physicists, engineers, economists, and psychologists, and of
course you will not have (or need) complete knowledge of all these fields. Therefore,
you don’t have to know how formulas are derived, but given the monthly interest rate,
the number of years, and the loan amount, you can compute the monthly payment in
this program. You will, however, need to communicate with customers and understand
how a mathematical model works for the system.

totalPayment = monthlyPayment * numberOfYears * 12

monthlyPayment =
loanAmount * monthlyInterestRate

1 -
1

(1 + monthlyInterestRate)numberOfYears*12

implementation

testing

deployment

maintenance

Compute loan payments
VideoNote
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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.

LISTING 2.8 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 and totalPayment

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
type char 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.

LISTING 2.9 DisplayUnicode.java

- ˛b + 2b2 - 4ac

2a

char type

char literal

encoding

Unicode

original Unicode

supplementary Unicode
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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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TABLE 2.6 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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int j = 2 + 'a'; // (int)'a' is 97
System.out.println("j is " + j); // j is 99
System.out.println(j + " is the Unicode for character "

+ (char)j); // j is the Unicode for character c
System.out.println("Chapter " + '2');

display

i is 101
j is 99
99 is the Unicode for character c
Chapter 2

Note
The Unicodes for lowercase letters are consecutive integers starting from the Unicode for
'a', then for 'b', 'c', . . . , and 'z'. The same is true for the uppercase letters. Fur-
thermore, the Unicode for 'a' is greater than the Unicode for 'A', so 'a' - 'A' is
the same as 'b' - 'B'. For a lowercase letter ch, its corresponding uppercase letter is
(char)('A' + (ch - 'a')).

2.17.4 Case Study: Counting Monetary Units
Suppose you want to develop a program that changes a given amount of money into smaller
monetary units. The program lets the user enter an amount as a double value representing a
total in dollars and cents, and outputs a report listing the monetary equivalent in the maximum
number of dollars, quarters, dimes, nickels, and pennies, in this order, to result in the
minimum number of coins, as shown in the sample run.

Here are the steps in developing the program:

1. Prompt the user to enter the amount as a decimal number, such as 11.56.

2. Convert the amount (e.g., 11.56) into cents (1156).

3. Divide the cents by 100 to find the number of dollars. Obtain the remaining cents using
the cents remainder 100.

4. Divide the remaining cents by 25 to find the number of quarters. Obtain the remaining
cents using the remaining cents remainder 25.

5. Divide the remaining cents by 10 to find the number of dimes. Obtain the remaining
cents using the remaining cents remainder 10.

6. Divide the remaining cents by 5 to find the number of nickels. Obtain the remaining
cents using the remaining cents remainder 5.

7. The remaining cents are the pennies.

8. Display the result.

The complete program is given in Listing 2.10.

LISTING 2.10 ComputeChange.java
1 import java.util.Scanner;
2
3 public class ComputeChange {
4 public static void main(String[] args) {
5 // Create a Scanner
6      Scanner input = new Scanner(System.in);
7
8 // Receive the amount
9      System.out.print(

import class
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10 "Enter an amount, for example, 11.56: ");
11
12
13 int remainingAmount = (int)(amount * 100);
14
15 // Find the number of one dollars
16
17      remainingAmount = remainingAmount % 100;
18
19 // Find the number of quarters in the remaining amount
20
21      remainingAmount = remainingAmount % 25;
22
23 // Find the number of dimes in the remaining amount
24
25      remainingAmount = remainingAmount % 10;
26
27 // Find the number of nickels in the remaining amount
28
29      remainingAmount = remainingAmount % 5;
30
31 // Find the number of pennies in the remaining amount
32 int numberOfPennies = remainingAmount; 
33
34 // Display results
35      System.out.println("Your amount " + amount + " consists of \n" +
36 "\t" + numberOfOneDollars + " dollars\n" +
37 "\t" + numberOfQuarters + " quarters\n" +
38 "\t" + numberOfDimes + " dimes\n" +
39 "\t" + numberOfNickels + " nickels\n" +
40 "\t" + numberOfPennies + " pennies");
41    }
42  }

int numberOfNickels = remainingAmount / 5;

int numberOfDimes = remainingAmount / 10;

int numberOfQuarters = remainingAmount / 25;

int numberOfOneDollars = remainingAmount / 100;

double amount = input.nextDouble();enter input

dollars

quarters

dimes

nickels

pennies

output

Enter an amount, for example, 11.56: 
Your amount 11.56 consists of 

11 dollars
2 quarters
0 dimes
1 nickels
1 pennies

11.56

line#
variables

11 13 16 17 20 21 24 25 28 29 32

amount 11.56

remainingAmount 1156 56 6 6 1

numberOfOneDollars 11

numberOfQuarters 2

numberOfDimes 0

numberOfNickels 1

numberOfPennies 1
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The variable amount stores the amount entered from the console (line 11). This variable is
not changed, because the amount has to be used at the end of the program to display the
results. The program introduces the variable remainingAmount (line 13) to store the chang-
ing remaining amount.

The variable amount is a double decimal representing dollars and cents. It is converted to
an int variable remainingAmount, which represents all the cents. For instance, if amount
is 11.56, then the initial remainingAmount is 1156. The division operator yields the inte-
ger part of the division, so 1156 / 100 is 11. The remainder operator obtains the remainder
of the division, so 1156 % 100 is 56.

The program extracts the maximum number of singles from the remaining amount and
obtains a new remaining amount in the variable remainingAmount (lines 16–17). It then
extracts the maximum number of quarters from remainingAmount and obtains a new
remainingAmount (lines 20–21). Continuing the same process, the program finds the max-
imum number of dimes, nickels, and pennies in the remaining amount.

One serious problem with this example is the possible loss of precision when casting a
double amount to an int remainingAmount. This could lead to an inaccurate result. If you
try to enter the amount 10.03, 10.03 * 100 becomes 1002.9999999999999. You will
find that the program displays 10 dollars and 2 pennies. To fix the problem, enter the amount
as an integer value representing cents (see Exercise 2.24).

As shown in the sample run, 0 dimes, 1 nickels, and 1 pennies are displayed in the result.
It would be better not to display 0 dimes, and to display 1 nickel and 1 penny using the sin-
gular forms of the words. You will learn how to use selection statements to modify this pro-
gram in the next chapter (see Exercise 3.7).

2.26 Use print statements to find out the ASCII code for '1', 'A', 'B', 'a', and 'b'.
Use print statements to find out the character for the decimal codes 40, 59, 79, 85,
and 90. Use print statements to find out the character for the hexadecimal code 40,
5A, 71, 72, and 7A.

2.27 Which of the following are correct literals for characters?
'1', '\u345dE', '\u3fFa', '\b', '\t'

2.28 How do you display the characters \ and "?

2.29 Evaluate the following:

int i = '1';
int j = '1' + '2' * ('4' - '3') + 'b' / 'a';
int k = 'a';
char c = 90;

2.30 Can the following conversions involving casting be allowed? If so, find the con-
verted result.

char c = 'A';
int i = (int)c;

float f = 1000.34f;
int i = (int)f;

double d = 1000.34;
int i = (int)d;

int i = 97;
char c = (char)i;

loss of precision

✓Point✓Check
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2.31 Show the output of the following program:

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

char x = 'a';
char y = 'c';

System.out.println(++x);
System.out.println(y++);
System.out.println(x - y);

}
}

2.18 The String Type
A string is a sequence of characters.

The char type represents only one character. To represent a string of characters, use the data
type called String. For example, the following code declares the message to be a string with
the value "Welcome to Java".

String message = "Welcome to Java";

String is a predefined class in the Java library, just like the classes System, JOptionPane,
and Scanner. The String type is not a primitive type. It is known as a reference type. Any Java
class can be used as a reference type for a variable. Reference data types will be thoroughly dis-
cussed in Chapter 8, Objects and Classes. For the time being, you need to know only how to
declare a String variable, how to assign a string to the variable, and how to concatenate strings.

As first shown in Listing 2.1, two strings can be concatenated. The plus sign (+) is the con-
catenation operator if one of the operands is a string. If one of the operands is a nonstring
(e.g., a number), the nonstring value is converted into a string and concatenated with the other
string. Here are some examples:

// Three strings are concatenated
String message = "Welcome " + "to " + "Java";

// String Chapter is concatenated with number 2
String s = "Chapter" + 2; // s becomes Chapter2

// String Supplement is concatenated with character B
String s1 = "Supplement" + 'B'; // s1 becomes SupplementB

If neither of the operands is a string, the plus sign (+) is the addition operator that adds
two numbers.

The augmented += operator can also be used for string concatenation. For example, the fol-
lowing code appends the string "and Java is fun" with the string "Welcome to Java" in
message.

message += " and Java is fun";

So the new message is "Welcome to Java and Java is fun".
If i = 1 and j = 2, what is the output of the following statement?

System.out.println("i + j is " + i + j);

The output is "i + j is 12" because "i + j is " is concatenated with the value of
i first. To force i + j to be executed first, enclose i + j in the parentheses, as follows:

System.out.println("i + j is " + i + j );)(

concatenate strings and
numbers

Key
Point
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To read a string from the console, invoke the next() method on a Scanner object. For
example, the following code reads three strings from the keyboard:

Scanner input = new Scanner(System.in);
System.out.println("Enter three words separated by spaces: ");
String s1 = input.next();
String s2 = input.next();
String s3 = input.next();
System.out.println("s1 is " + s1);
System.out.println("s2 is " + s2);
System.out.println("s3 is " + s3);

read strings

Enter three words separated by spaces: 
s1 is Welcome
s2 is to
s3 is Java

Welcome to Java

The next() method reads a string that ends with a whitespace character. The characters
' ', \t, \f, \r, or \n are known as whitespace characters.

You can use the nextLine() method to read an entire line of text. The nextLine()
method reads a string that ends with the Enter key pressed. For example, the following state-
ments read a line of text.

Scanner input = new Scanner(System.in);
System.out.println("Enter a line: ");
String s = input.nextLine();
System.out.println("The line entered is " + s);

whitespace character

Enter a line: 
The line entered is Welcome to Java 

Welcome to Java

Important Caution
To avoid input errors, do not use nextLine() after nextByte(), nextShort(),
nextInt(), nextLong(), nextFloat(), nextDouble(), or next(). The rea-
sons will be explained in Section 14.11.3, “How Does Scanner Work?”

2.32 Show the output of the following statements (write a program to verify your results):

System.out.println("1" + 1);
System.out.println('1' + 1);
System.out.println("1" + 1 + 1);
System.out.println("1" + (1 + 1));
System.out.println('1' + 1 + 1);

2.33 Evaluate the following expressions (write a program to verify your results):

1 + "Welcome " + 1 + 1
1 + "Welcome " + (1 + 1)
1 + "Welcome " + ('\u0001' + 1)
1 + "Welcome " + 'a' + 1

avoid input errors

✓Point✓Check
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String input =
  JOptionPane.showInputDialog(

"Enter an input");

Click Cancel to close the
dialog without input

Click OK to accept
input and close
the dialog

FIGURE 2.4 The input dialog box enables the user to enter a string.

JOptionPane class

2.19 Getting Input from Input Dialogs
An input dialog box prompts the user to enter an input graphically.

You can obtain input from the console. Alternatively, you can obtain input from an input dia-
log box by invoking the JOptionPane.showInputDialog method, as shown in Figure 2.4.

showInputDialog method

When this method is executed, a dialog is displayed to enable you to enter an input value.
After entering a string, click OK to accept the input and close the dialog box. The input is
returned from the method as a string.

There are several ways to use the showInputDialog method. For the time being, you
need to know only two ways to invoke it.

One is to use a statement like this one:

JOptionPane.showInputDialog(x);

where x is a string for the prompting message.
The other is to use a statement such as the following:

String string = JOptionPane.showInputDialog(null, x, 
y, JOptionPane.QUESTION_MESSAGE);

where x is a string for the prompting message and y is a string for the title of the input dialog
box, as shown in the example below.

2.19.1 Converting Strings to Numbers
The input returned from the input dialog box is a string. If you enter a numeric value such as 123,
it returns "123". You have to convert a string into a number to obtain the input as a number.

To convert a string into an int value, use the Integer.parseInt method, as follows:

where intString is a numeric string such as 123.
To convert a string into a double value, use the Double.parseDouble method, as follows:

where doubleString is a numeric string such as 123.45.
The Integer and Double classes are both included in the java.lang package, and thus

they are automatically imported.

double doubleValue = Double.parseDouble(doubleString);

int intValue = Integer.parseInt(intString);

Integer.parseInt method

Double.parseDouble
method

String input =
  JOptionPane.showInputDialog(null,

"Enter an input",
"Input Dialog Demo",

  JOptionPane.QUESTION_MESSAGE);

Key
Point
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(a)

(c)

(b)

(d)

FIGURE 2.5 The program accepts the annual interest rate (a), number of years (b), and loan
amount (c), then displays the monthly payment and total payment (d).

2.19.2 Using Input Dialog Boxes
Having learned how to read input from an input dialog box, you can rewrite the program in
Listing 2.8, ComputeLoan.java, to read from input dialog boxes rather than from the console.
Listing 2.11 gives the complete program. Figure 2.5 shows a sample run of the program.

LISTING 2.11 ComputeLoanUsingInputDialog.java
1 import javax.swing.JOptionPane;
2
3 public class ComputeLoanUsingInputDialog {
4 public static void main(String[] args) {
5 // Enter annual interest rate
6      String annualInterestRateString = JOptionPane.showInputDialog(
7 "Enter annual interest rate, for example, 8.25:");
8
9 // Convert string to double

10 double annualInterestRate = 
11        Double.parseDouble(annualInterestRateString);
12
13 // Obtain monthly interest rate
14 double monthlyInterestRate = annualInterestRate / 1200;
15
16 // Enter number of years
17      String numberOfYearsString = JOptionPane.showInputDialog( 
18 "Enter number of years as an integer, for example, 5:");
19
20 // Convert string to int
21 int numberOfYears = Integer.parseInt(numberOfYearsString);
22
23 // Enter loan amount
24      String loanString = JOptionPane.showInputDialog( 
25 "Enter loan amount, for example, 120000.95:");
26
27 // Convert string to double
28 double loanAmount = Double.parseDouble(loanString);
29

enter interest rate

convert string to double
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30 // Calculate payment
31
32
33
34
35 // Format to keep two digits after the decimal point
36
37
38
39 // Display results
40
41
42      JOptionPane.showMessageDialog(null, );
43    }
44  }

The showInputDialog method in lines 6–7 displays an input dialog. Enter the interest
rate as a double value and click OK to accept the input. The value is returned as a string that
is assigned to the String variable annualInterestRateString. The
Double.parseDouble (annualInterestRateString) (line 11) is used to convert the
string into a double value. 

Pedagogical Note
For obtaining input you can use either JOptionPane or Scanner—whichever is
more convenient. For consistency and simplicity, the examples in this book use
Scanner for getting input. You can easily revise the examples using JOptionPane
for getting input.

2.34 Why do you have to import JOptionPane but not the Math class?

2.35 How do you prompt the user to enter an input using a dialog box?

2.36 How do you convert a string to an integer? How do you convert a string to a
double?

KEY TERMS

output
"\nThe total payment is $" + totalPayment;

String output = "The monthly payment is $" + monthlyPayment +

totalPayment = (int)(totalPayment * 100) / 100.0;
monthlyPayment = (int)(monthlyPayment * 100) / 100.0;

double totalPayment = monthlyPayment * numberOfYears * 12;
– 1 / Math.pow(1 + monthlyInterestRate, numberOfYears * 12));

double monthlyPayment = loanAmount * monthlyInterestRate / (1monthlyPayment

totalPayment

preparing output

JOptionPane or Scanner?

algorithm 34
assignment operator (=) 42
assignment statement 42
byte type 45
casting 56
char type 62
constant 43
data type 35
declare variables 35
decrement operator (– –) 54
double type 45
encoding 62
escape character 63
expression 42
final keyword 43
float type 45
floating-point number 35
identifier 40

increment operator (++) 54
incremental development 

and testing 37
int type 45
IPO 39
literal 48
long type 45
narrowing (of types) 56
operands 46
operator 46
overflow 45
postdecrement 54
postincrement 54
predecrement 54
preincrement 54
primitive data type 35
pseudocode 34
requirements specification 58
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CHAPTER SUMMARY

1. Identifiers are names for naming elements such as variables, constants, methods,
classes, packages in a program.

2. An identifier is a sequence of characters that consists of letters, digits, underscores (_),
and dollar signs ($). An identifier must start with a letter or an underscore. It cannot start
with a digit. An identifier cannot be a reserved word. An identifier can be of any length.

3. Variables are used to store data in a program.

4. To declare a variable is to tell the compiler what type of data a variable can hold.

5. In Java, the equal sign (=) is used as the assignment operator.

6. A variable declared in a method must be assigned a value before it can be used.

7. A named constant (or simply a constant) represents permanent data that never changes.

8. A named constant is declared by using the keyword final.

9. Java provides four integer types (byte, short, int, and long) that represent inte-
gers of four different sizes.

10. Java provides two floating-point types (float and double) that represent floating-
point numbers of two different precisions.

11. Java provides operators that perform numeric operations: + (addition), – (subtrac-
tion), * (multiplication), / (division), and % (remainder).

12. Integer arithmetic (/) yields an integer result.

13. The numeric operators in a Java expression are applied the same way as in an arith-
metic expression.

14. Java provides the augmented assignment operators += (addition assignment), –=
(subtraction assignment), *= (multiplication assignment), /= (division assignment),
and %= (remainder assignment).

15. The increment operator (++) and the decrement operator (––) increment or decre-
ment a variable by 1.

16. When evaluating an expression with values of mixed types, Java automatically con-
verts the operands to appropriate types.

17. You can explicitly convert a value from one type to another using the (type)value
notation.

scope of a variable 42
short type 45
supplementary Unicode 62
system analysis 58
system design 58
underflow 46

Unicode 62
UNIX epoch 51
variable 35
whitespace character 69
widening (of types) 56
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18. Casting a variable of a type with a small range to a variable of a type with a larger
range is known as widening a type.

19. Casting a variable of a type with a large range to a variable of a type with a smaller
range is known as narrowing a type.

20. Widening a type can be performed automatically without explicit casting. Narrowing
a type must be performed explicitly.

21. The character type char represents a single character.

22. An escape character is a notation for representing a special character. An escape
character consists of a backslash (\) followed by a character or a character
sequence.

23. The characters ' ', \t, \f, \r, and \n are known as the whitespace characters.

24. In computer science, midnight of January 1, 1970, is known as the UNIX epoch.

TEST QUESTIONS

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

PROGRAMMING EXERCISES

Note
You can run all exercises by downloading exercise9e.zip from
www.cs.armstrong.edu/liang/intro9e/exercise9e.zip and use the command java -cp
exercise9e.zip Exercisei_j to run Exercisei_ j. For example, to run
Exercise 2.1, use 

java -cp exercise9e.zip Exercise02_01

This will give you an idea how the program runs.

Debugging TIP
The compiler usually gives a reason for a syntax error. If you don’t know how to cor-
rect it, compare your program closely, character by character, with similar examples
in the text.

Pedagogical Note
Instructors may ask you to document your analysis and design for selected exercises.
Use your own words to analyze the problem, including the input, output, and what
needs to be computed, and describe how to solve the problem in pseudocode.

Sections 2.2–2.12
2.1 (Convert Celsius to Fahrenheit) Write a program that reads a Celsius degree in a

double value from the console, then converts it to Fahrenheit and displays the
result. The formula for the conversion is as follows:

fahrenheit = (9 / 5) * celsius + 32 

Hint: In Java, 9 / 5 is 1, but 9.0 / 5 is 1.8.

Here is a sample run:

sample runs

learn from examples

document analysis and design
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Enter a degree in Celsius: 
43 Celsius is 109.4 Fahrenheit

43

2.2 (Compute the volume of a cylinder) Write a program that reads in the radius and
length of a cylinder and computes the area and volume using the following formulas:

area = radius * radius * 
volume = area * length

Here is a sample run:

p

Enter the radius and length of a cylinder: 
The area is 95.0331
The volume is 1140.4

5.5 12

2.3 (Convert feet into meters) Write a program that reads a number in feet, converts it
to meters, and displays the result. One foot is 0.305 meter. Here is a sample run:

Enter a value for feet: 
16.5 feet is 5.0325 meters 

16.5

2.4 (Convert pounds into kilograms) Write a program that converts pounds into kilo-
grams. The program prompts the user to enter a number in pounds, converts it to
kilograms, and displays the result. One pound is 0.454 kilograms. Here is a
sample run:

Enter a number in pounds: 
55.5 pounds is 25.197 kilograms

55.5

*2.5 (Financial application: calculate tips) Write a program that reads the subtotal and
the gratuity rate, then computes the gratuity and total. For example, if the user
enters 10 for subtotal and 15% for gratuity rate, the program displays $1.5 as gra-
tuity and $11.5 as total. Here is a sample run:

Enter the subtotal and a gratuity rate: 
The gratuity is $1.5 and total is $11.5

10 15

**2.6 (Sum the digits in an integer) Write a program that reads an integer between 0 and
1000 and adds all the digits in the integer. For example, if an integer is 932, the
sum of all its digits is 14.

Hint: Use the % operator to extract digits, and use the / operator to remove the
extracted digit. For instance, 932 % 10 = 2 and 932 / 10 = 93.

Here is a sample run:

Enter a number between 0 and 1000: 
The sum of the digits is 27

999
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*2.7 (Find the number of years) Write a program that prompts the user to enter the
minutes (e.g., 1 billion), and displays the number of years and days for the
minutes. For simplicity, assume a year has 365 days. Here is a sample run:

Enter the number of minutes:
1000000000 minutes is approximately 1902 years and 214 days

1000000000

*2.8 (Current time) Listing 2.6, ShowCurrentTime.java, gives a program that displays
the current time in GMT. Revise the program so that it prompts the user to enter
the time zone offset to GMT and displays the time in the specified time zone. Here
is a sample run:

Enter the time zone offset to GMT: 
The current time is 4:50:34

-5

2.9 (Physics: acceleration) Average acceleration is defined as the change of velocity
divided by the time taken to make the change, as shown in the following formula:

Write a program that prompts the user to enter the starting velocity in
meters/second, the ending velocity in meters/second, and the time span t in
seconds, and displays the average acceleration. Here is a sample run:

v1

v0

a =
v1 - v0

t

Enter v0, v1, and t: 
The average acceleration is 10.0889

5.5 50.9 4.5

2.10 (Science: calculating energy) Write a program that calculates the energy needed to
heat water from an initial temperature to a final temperature. Your program should
prompt the user to enter the amount of water in kilograms and the initial and final
temperatures of the water. The formula to compute the energy is

Q = M * (finalTemperature – initialTemperature) * 4184

where M is the weight of water in kilograms, temperatures are in degrees Celsius,
and energy Q is measured in joules. Here is a sample run:

Enter the amount of water in kilograms: 
Enter the initial temperature: 
Enter the final temperature: 
The energy needed is 1625484.0

10.5
3.5

55.5

2.11 (Population projection) Rewrite Exercise 1.11 to prompt the user to enter the
number of years and displays the population after the number of years. Here is a
sample run of the program:
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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
speed v, 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
acceleration a 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 each month
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



78 Chapter 2 Elementary Programming

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 = 2s(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 

where s is the length of a side. Here is a sample run:

Area =
323

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.
˛41ЊF

- ˛58ЊF

˛41ЊF.- ˛58ЊF
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:2a.

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
years 1, 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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Sections 2.17–2.18
2.22 (Random character) Write a program that displays a random uppercase letter

using the System.CurrentTimeMillis() method.

2.23 (Find the character of an ASCII code) Write a program that receives an ASCII
code (an integer between 0 and 127) and displays its character. For example, if the
user enters 97, the program displays character a. Here is a sample run:

Enter an ASCII code: 
The character is E

69

*2.24 (Financial application: monetary units) Rewrite Listing 2.10,
ComputeChange.java, to fix the possible loss of accuracy when converting a
double value to an int value. Enter the input as an integer whose last two digits
represent the cents. For example, the input 1156 represents 11 dollars and 56 cents.

*2.25 (Financial application: payroll ) Write a program that reads the following infor-
mation and prints a payroll statement:

Employee’s name (e.g., Smith)
Number of hours worked in a week (e.g., 10)
Hourly pay rate (e.g., 6.75)
Federal tax withholding rate (e.g., 20%)
State tax withholding rate (e.g., 9%)

Enter employee's name: 
Enter number of hours worked in a week: 
Enter hourly pay rate: 
Enter federal tax withholding rate: 
Enter state tax withholding rate: 

Employee Name: Smith
Hours Worked:  10.0
Pay Rate:  $6.75
Gross Pay:  $67.5
Deductions:

Federal Withholding (20.0%):  $13.5
State Withholding (9.0%):  $6.07
Total Deduction:  $19.57

Net Pay:   $47.92

0.09
0.20

6.75
10

Smith

Section 2.19
*2.26 (Use input dialog) Rewrite Listing 2.10, ComputeChange.java, using input and

output dialog boxes.

*2.27 (Financial application: payroll ) Rewrite Exercise 2.25 using GUI input and
output dialog boxes.
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Objectives
■ To declare boolean variables and write Boolean expressions using

comparison operators (§3.2).

■ To implement selection control using one-way if statements (§3.3).

■ To program using one-way if statements (GuessBirthday) (§3.4).

■ To implement selection control using two-way if-else statements
(§3.5).

■ To implement selection control using nested if and multi-way if
statements (§3.6).

■ To avoid common errors in if statements (§3.7).

■ To generate random numbers using the Math.random() method (§3.8).

■ To program using selection statements for a variety of examples
(SubtractionQuiz, BMI, ComputeTax) (§§3.8–3.10).

■ To combine conditions using logical operators (&&, ||, and !) (§3.11).

■ To program using selection statements with combined conditions
(LeapYear, Lottery) (§§3.12–3.13).

■ To implement selection control using switch statements (§3.14).

■ To write expressions using the conditional operator (§3.15).

■ To format output using the System.out.printf method (§3.16).

■ To examine the rules governing operator precedence and associativity
(§3.17).

■ To get user confirmation using confirmation dialogs (§3.18).

■ To apply common techniques to debug errors (§3.19).

CHAPTER

3
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3.1 Introduction
The program can decide which statements to execute based on a condition.

If you enter a negative value for radius in Listing 2.2, ComputeAreaWithConsoleInput.java,
the program displays an invalid result. If the radius is negative, you don’t want the program to
compute the area. How can you deal with this situation?

Like all high-level programming languages, Java provides selection statements: statements
that let you choose actions with two or more alternative courses. You can use the following
selection statement to replace lines 12–17 in Listing 2.2:

if (radius < 0) {
System.out.println("Incorrect input");

}
else {

area = radius * radius * 3.14159;
System.out.println("Area is " + area);

}

Selection statements use conditions that are Boolean expressions. A Boolean expression is
an expression that evaluates to a Boolean value: true or false. We now introduce Boolean
types and comparison operators.

3.2 boolean Data Type
A boolean data type declares a variable with the value either true or false.

How do you compare two values, such as whether a radius is greater than 0, equal to 0, or less
than 0? Java provides six comparison operators (also known as relational operators), shown
in Table 3.1, which can be used to compare two values (assume radius is 5 in the table).

problem

selection statements

Boolean expression

Boolean value

boolean data type
comparison operators

compare characters

== vs. =

TABLE 3.1 Comparison Operators

Java Operator Mathematics Symbol Name Example (radius is 5) Result

< < less than radius < 0 false

<= <– less than or equal to radius <= 0 false

> > greater than radius > 0 true

>= >– greater than or equal to radius >= 0 true

== = equal to radius == 0 false

!= =/ not equal to radius != 0 true

Note
You can also compare characters. Comparing characters is the same as comparing their
Unicodes. For example, a is larger than A because the Unicode of a is larger than the
Unicode of A. See Appendix B, The ASCII Character Set, to find the order of characters.

Caution
The equality comparison operator is two equal signs (==), not a single equal sign (=).
The latter symbol is for assignment.

The result of the comparison is a Boolean value: true or false. For example, the follow-
ing statement displays true:

double radius = 1;
System.out.println(radius > 0);
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A variable that holds a Boolean value is known as a Boolean variable. The boolean data
type is used to declare Boolean variables. A boolean variable can hold one of the two values:
true or false. For example, the following statement assigns true to the variable lightsOn:

boolean lightsOn = true;

true and false are literals, just like a number such as 10. They are reserved words and
cannot be used as identifiers in your program.

Suppose you want to develop a program to let a first-grader practice addition. The program
randomly generates two single-digit integers, number1 and number2, and displays to the student
a question such as “What is ”, as shown in the sample run in Listing 3.1. After the student
types the answer, the program displays a message to indicate whether it is true or false.

There are several ways to generate random numbers. For now, generate the first
integer using System.currentTimeMillis() % 10 and the second using
System.currentTimeMillis() / 7 % 10. Listing 3.1 gives the program. Lines 5–6
generate two numbers, number1 and number2. Line 14 obtains an answer from the user. The
answer is graded in line 18 using a Boolean expression number1 + number2 == answer.

LISTING 3.1 AdditionQuiz.java
1 import java.util.Scanner;
2
3 public class AdditionQuiz {
4 public static void main(String[] args) {
5
6
7
8 // Create a Scanner
9      Scanner input = new Scanner(System.in);

10
11      System.out.print(
12 "What is " + number1 + " + " + number2 + "? ");
13
14
15
16      System.out.println(
17        number1 + " + " + number2 + " = " + answer + " is " +
18        ( ));
19    }
20  }

number1 + number2 == answer

int answer = input.nextInt();

int number2 = (int)(System.currentTimeMillis() / 7 % 10);
int number1 = (int)(System.currentTimeMillis() % 10);

1 + 7?

Boolean variable

Boolean literals

Program addition quiz

generate number1
generate number2

show question

display result

What is 1 + 7? 
1 + 7 = 8 is true

8

What is 4 + 8? 
4 + 8 = 9 is false

9

line# number1 number2 answer output

5 4

6 8

14 9

16 4 + 8 = 9 is false

VideoNote
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3.1 List six comparison operators.

3.2 Show the printout of the following statements:

System.out.println('a' < 'b');
System.out.println('a' <= 'A');
System.out.println('a' > 'b');
System.out.println('a' >= 'A');
System.out.println('a' == 'a');
System.out.println('a' != 'b');

3.3 Can the following conversions involving casting be allowed? If so, find the converted
result.

boolean b = true;
i = (int)b;

int i = 1;
boolean b = (boolean)i;

3.3 if Statements
An if statement executes the statements if the condition is true.

The preceding program displays a message such as “ is false.” If you wish the
message to be “ is incorrect,” you have to use a selection statement to make this
minor change. 

Java has several types of selection statements: one-way if statements, two-way if-else
statements, nested if statements, switch statements, and conditional expressions.

A one-way if statement executes an action if and only if the condition is true. The syntax
for a one-way if statement is:

if (boolean-expression) {
statement(s);

}

The flowchart in Figure 3.1 illustrates how Java executes the syntax of an if statement.
A flowchart is a diagram that describes an algorithm or process, showing the steps as boxes
of various kinds, and their order by connecting these with arrows. Process operations are
represented in these boxes, and arrows connecting them represent the flow of control. A
diamond box is used to denote a Boolean condition and a rectangle box is for representing
statements.

If the boolean-expression evaluates to true, the statements in the block are executed.
As an example, see the following code:

if (radius >= 0) {
area = radius * radius * PI;
System.out.println("The area for the circle of radius " +

radius + " is " + area);
}

The flowchart of the preceding statement is shown in Figure 3.1b. If the value of radius
is greater than or equal to 0, then the area is computed and the result is displayed; otherwise,
the two statements in the block will not be executed.

The boolean-expression is enclosed in parentheses. For example, the code in (a)
below is wrong. It should be corrected, as shown in (b).

6 + 2 = 7
6 + 2 = 7

✓Point✓Check

Key
Point

why if statement?

if statement

flowchart
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The block braces can be omitted if they enclose a single statement. For example, the fol-
lowing statements are equivalent. 

Omitting braces or not

if i > 0 {
System.out.println("i is positive");

}

if i > 0 {
System.out.println("i is positive");

}

)(

(a) Wrong (b) Correct

if (i > 0)
System.out.println("i is positive");

}

{

(a)

if (i > 0)
System.out.println("i is positive");

(b)

Equivalent

Note
Omitting braces makes the code shorter, but it is prone to errors. It is a common mistake
to forget the braces when you go back to modify the code that omits the braces.

Listing 3.2 gives a program that prompts the user to enter an integer. If the number is a
multiple of 5, the program displays HiFive. If the number is divisible by 2, it displays HiEven.

LISTING 3.2 SimpleIfDemo.java
1 import java.util.Scanner;
2
3 public class SimpleIfDemo {
4 public static void main(String[] args) {
5      Scanner input = new Scanner(System.in);
6      System.out.println("Enter an integer: ");
7 int number = input.nextInt();
8
9

10        System.out.println("HiFive");
11
12
13        System.out.println("HiEven");
14    }
15  }

if (number % 2 == 0)

if (number % 5 == 0)

enter input

check 5

check even

Statement(s)

boolean-
expression

true

false

(a)

area = radius * radius * PI;
System.out.println("The area for the circle of" +
  "radius" + radius + "is" + area);

(radius >= 0)

true

false

(b)

FIGURE 3.1 An if statement executes statements if the boolean-expression evaluates to true.



86 Chapter 3 Selections

Enter an integer: 
HiFive
HiEven

30

The program prompts the user to enter an integer (lines 6–7) and displays HiFive if it is
divisible by 5 (lines 9–10) and HiEven if it is divisible by 2 (lines 12–13).

3.4 Write an if statement that assigns 1 to x if y is greater than 0.

3.5 Write an if statement that increases pay by 3% if score is greater than 90.

3.4 Case Study: Guessing Birthdays
Guessing birthdays is an interesting problem with a simple programming solution.

You can find out the date of the month when your friend was born by asking five questions.
Each question asks whether the day is in one of the five sets of numbers.

✓Point✓Check
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16 17 18 19
20 21 22 23
24 25 26 27
28 29 30 31

9 10 11
12 13 14 15
24 25 26 27
28 29 30 31

5 6 7
12 13 14 15
20 21 22 23
28 29 30 31

2 3 6 7
10 11 14 15
18 22 23
26 27 30 31

3 5 7
9 11 13 15

17 19 1921 23
25 27 29 31

Set1 Set2 Set3 Set4 Set5

= 19

841

+

The birthday is the sum of the first numbers in the sets where the day appears. For exam-
ple, if the birthday is 19, it appears in Set1, Set2, and Set5. The first numbers in these three
sets are 1, 2, and 16. Their sum is 19.

Listing 3.3 gives a program that prompts the user to answer whether the day is in Set1
(lines 41–44), in Set2 (lines 50–53), in Set3 (lines 59–62), in Set4 (lines 68–71), and in Set5
(lines 77–80). If the number is in the set, the program adds the first number in the set to day
(lines 47, 56, 65, 74, 83).

LISTING 3.3 GuessBirthday.java
1 import java.util.Scanner;
2
3 public class GuessBirthday {
4 public static void main(String[] args) {
5      String set1 =
6 " 1  3  5  7\n" +

Enter an integer: 
HiEven

4
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7 " 9 11 13 15\n" +
8 "17 19 21 23\n" +
9 "25 27 29 31";

10
11      String set2 =
12 " 2  3  6  7\n" +
13 "10 11 14 15\n" +
14 "18 19 22 23\n" +
15 "26 27 30 31";
16
17      String set3 =
18 " 4  5  6  7\n" +
19 "12 13 14 15\n" +
20 "20 21 22 23\n" +
21 "28 29 30 31";
22
23      String set4 =
24 " 8  9 10 11\n" +
25 "12 13 14 15\n" +
26 "24 25 26 27\n" +
27 "28 29 30 31";
28
29      String set5 =
30 "16 17 18 19\n" +
31 "20 21 22 23\n" +
32 "24 25 26 27\n" +
33 "28 29 30 31";
34
35
36
37 // Create a Scanner
38      Scanner input = new Scanner(System.in);
39
40 // Prompt the user to answer questions
41      System.out.print("Is your birthday in Set1?\n");
42      System.out.print(set1);
43      System.out.print("\nEnter 0 for No and 1 for Yes: ");
44 int answer = input.nextInt();
45
46
47        day += 1;
48
49 // Prompt the user to answer questions
50      System.out.print("\nIs your birthday in Set2?\n");
51      System.out.print(set2);
52      System.out.print("\nEnter 0 for No and 1 for Yes: ");
53      answer = input.nextInt();
54
55
56        day += 2;
57
58 // Prompt the user to answer questions
59      System.out.print("Is your birthday in Set3?\n");
60      System.out.print(set3);
61      System.out.print("\nEnter 0 for No and 1 for Yes: ");
62      answer = input.nextInt();
63
64
65        day += 4;
66

if (answer == 1)

if (answer == 1)

if (answer == 1)

int day = 0; day to be determined

in Set1?

in Set2?

in Set3?
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67 // Prompt the user to answer questions
68      System.out.print("\nIs your birthday in Set4?\n");
69      System.out.print(set4);
70      System.out.print("\nEnter 0 for No and 1 for Yes: ");
71      answer = input.nextInt();
72
73
74        day += 8;
75
76 // Prompt the user to answer questions
77      System.out.print("\nIs your birthday in Set5?\n");
78      System.out.print(set5);
79      System.out.print("\nEnter 0 for No and 1 for Yes: ");
80      answer = input.nextInt();
81
82
83        day += 16;
84
85      System.out.println("\nYour birthday is " + day + "!");
86    }
87  }

if (answer == 1)

if (answer == 1)in Set4?

in Set5?

Is your birthday in Set1?
1  3  5  7
9 11 13 15

17 19 21 23
25 27 29 31
Enter 0 for No and 1 for Yes: 

Is your birthday in Set2?
2  3  6  7

10 11 14 15
18 19 22 23
26 27 30 31
Enter 0 for No and 1 for Yes: 

Is your birthday in Set3?
4  5  6  7

12 13 14 15
20 21 22 23
28 29 30 31
Enter 0 for No and 1 for Yes: 

Is your birthday in Set4?
8  9 10 11

12 13 14 15
24 25 26 27
28 29 30 31
Enter 0 for No and 1 for Yes: 

Is your birthday in Set5?
16 17 18 19
20 21 22 23
24 25 26 27
28 29 30 31
Enter 0 for No and 1 for Yes: 
Your birthday is 19!

1

0

0

1

1
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mathematics behind the gameThis game is easy to program. You may wonder how the game was created. The mathematics
behind the game is actually quite simple. The numbers are not grouped together by accident—
the way they are placed in the five sets is deliberate. The starting numbers in the five sets are 1,
2, 4, 8, and 16, which correspond to 1, 10, 100, 1000, and 10000 in binary (binary numbers are
introduced in Appendix F, Number Systems). A binary number for decimal integers between 1
and 31 has at most five digits, as shown in Figure 3.2a. Let it be Thus,

as shown in Figure 3.2b. If a day’s binary
number has a digit 1 in the number should appear in Setk. For example, number 19 is
binary 10011, so it appears in Set1, Set2, and Set5. It is binary 1 + 10 + 10000 = 10011 or
decimal 1 + 2 + 16 = 19. Number 31 is binary 11111, so it appears in Set1, Set2, Set3, Set4,
and Set5. It is binary 1 + 10 + 100 + 1000 + 10000 = 11111 or decimal 1 + 2 + 4 +
8 + 16 = 31.

bk,
b5b4b3b2b1 = b50000 + b4000 + b300 + b20 + b1,

b5b4b3b2b1.

Key
Point

line# day answer output

35 0

44 1

47 1

53 1

56 3

62 0

71 0

80 1

83 19

85 Your birthday is 19!

3.5 Two-Way if-else Statements
An if-else statement decides which statements to execute based on whether the
condition is true or false.

A one-way if statement takes an action if the specified condition is true. If the condition is
false, nothing is done. But what if you want to take alternative actions when the condition is
false? You can use a two-way if-else statement. The actions that a two-way if-else
statement specifies differ based on whether the condition is true or false.

Decimal Binary

1 00001
2 00010

000113
...
19 10011
...
31 11111

10000
10
1+

10011

19 31

10000
1000
100
10

+ 1
11111

0
0 0

0
0

0

b5

b4
b3

b2

b1

b5 b4 b3 b2 b1

0

0 00

+

(a) (b)

FIGURE 3.2 (a) A number between 1 and 31 can be represented using a 5-digit binary 
number. (b) A 5-digit binary number can be obtained by adding binary numbers 1, 10, 100,
1000, or 10000.
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Here is the syntax for a two-way if-else statement:

if (boolean-expression) {
statement(s)-for-the-true-case;

}
else {

statement(s)-for-the-false-case;
}

The flowchart of the statement is shown in Figure 3.3.

two-way if-else statement

If the boolean-expression evaluates to true, the statement(s) for the true case are exe-
cuted; otherwise, the statement(s) for the false case are executed. For example, consider the
following code:

if (radius >= 0) {
area = radius * radius * PI;
System.out.println("The area for the circle of radius " +

radius + " is " + area);
}
else {

System.out.println("Negative input");
}

If radius >= 0 is true, area is computed and displayed; if it is false, the message
"Negative input" is displayed.

As usual, the braces can be omitted if there is only one statement within them. The braces
enclosing the System.out.println("Negative input") statement can therefore be
omitted in the preceding example.

Here is another example of using the if-else statement. The example checks whether a
number is even or odd, as follows:

if (number % 2 == 0)
System.out.println(number + " is even.");

else
System.out.println(number + " is odd.");

Statement(s) for the true case Statement(s) for the false case

boolean-
expression

true false

FIGURE 3.3 An if-else statement executes statements for the true case if the Boolean-
expression evaluates to true; otherwise, statements for the false case are executed.
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3.6 Write an if statement that increases pay by 3% if score is greater than 90, other-
wise increases pay by 1%.

3.7 What is the printout of the code in (a) and (b) if number is 30? What if number
is 35?

if (number % 2 == 0)
System.out.println(number + " is even.");

System.out.println(number + " is odd.");

(a)

if (number % 2 == 0)
System.out.println(number + " is even.");

else
System.out.println(number + " is odd.");

(b)

3.6 Nested if and Multi-Way if-else Statements
An if statement can be inside another if statement to form a nested if statement.

The statement in an if or if-else statement can be any legal Java statement, including
another if or if-else statement. The inner if statement is said to be nested inside the outer
if statement. The inner if statement can contain another if statement; in fact, there is no
limit to the depth of the nesting. For example, the following is a nested if statement:

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

System.out.println("i and j are greater than k");
}
else

System.out.println("i is less than or equal to k");

The if (j > k) statement is nested inside the if (i > k) statement.
The nested if statement can be used to implement multiple alternatives. The statement

given in Figure 3.4a, for instance, assigns a letter grade to the variable grade according to the
score, with multiple alternatives.

FIGURE 3.4

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

else
if (score >= 80.0)

grade = 'B';
else

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

else
if (score >= 60.0)

grade = 'D';
else

grade = 'F';

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

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

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

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

else
grade = 'F';

Equivalent

This is better

(a) (b)

A preferred format for multiple alternatives is shown in (b) using a multi-way
if-else statement.

The execution of this if statement proceeds as shown in Figure 3.5. The first condition
(score >= 90.0) is tested. If it is true, the grade becomes A. If it is false, the second
condition (score >= 80.0) is tested. If the second condition is true, the grade becomes B.
If that condition is false, the third condition and the rest of the conditions (if necessary)
are tested until a condition is met or all of the conditions prove to be false. If all of the
conditions are false, the grade becomes F. Note that a condition is tested only when all of
the conditions that come before it are false.
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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-way if-else statements, avoids deep indentation and makes the program easy to read.

3.8 Suppose x = 3 and y = 2; show the output, if any, of the following code. What is
the output if x = 3 and y = 4? What is the output if x = 2 and y = 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 Suppose x = 2 and y = 3. Show the output, if any, of the following code. What is
the output if x = 3 and y = 2? What is the output if x = 3 and y = 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

FIGURE 3.5 You can use a multi-way if-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 Error 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 Error 2: Wrong Semicolon at the if Line

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 Error 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 Error 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
the dangling 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
the else 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)

assign boolean 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 and 1.0,
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?” 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 and 9).

The program can work as follows:

1. Generate two single-digit integers into number1 and number2.

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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What is 9 - 2? 
Your answer is wrong
9 - 2 is 7

5

line# number1 number2 temp answer output

6 2

7 9

11 2

12 9

13 2

20 5

26 Your answer is wrong 
9 – 2 should be 7

To swap two variables number1 and number2, a temporary variable temp (line 11) is used
to first hold the value in number1. The value in number2 is assigned to number1 (line 12),
and the value in temp is assigned to number2 (line 13).

3.15 Which of the following is a possible output from invoking Math.random()?

323.4, 0.5, 34, 1.0, 0.0, 0.234

3.16 a. How do you generate a random integer i such that 

b. How do you generate a random integer i such that 

c. How do you generate a random integer i such that 

3.9 Case Study: Computing Body Mass Index
You can use nested if statements to write a program that interprets body mass index.

Body Mass Index (BMI) is a measure of health based on height and weight. It can be calcu-
lated by taking your weight in kilograms and dividing it by the square of your height in
meters. The interpretation of BMI for people 20 years or older is as follows:

10 … i … 50?

10 … i 6 20?

0 … i 6 20?

✓Point✓Check

Key
Point

BMI Interpretation

Below 18.5 Underweight

18.5–24.9 Normal

25.0–29.9 Overweight

Above 30.0 Obese

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. Listing 3.5 gives the program.
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LISTING 3.5 ComputeAndInterpretBMI.java
1 import java.util.Scanner;
2
3 public class ComputeAndInterpretBMI {
4 public static void main(String[] args) {
5      Scanner input = new Scanner(System.in);
6
7 // Prompt the user to enter weight in pounds
8      System.out.print("Enter weight in pounds: ");
9 double weight = input.nextDouble();

10
11 // Prompt the user to enter height in inches
12      System.out.print("Enter height in inches: ");
13 double height = input.nextDouble();
14
15 final double KILOGRAMS_PER_POUND = 0.45359237; // Constant
16 final double METERS_PER_INCH = 0.0254; // Constant
17
18 // Compute BMI
19 double weightInKilograms = weight * KILOGRAMS_PER_POUND; 
20 double heightInMeters = height * METERS_PER_INCH; 
21 double bmi = weightInKilograms / 
22        (heightInMeters * heightInMeters);
23
24 // Display result
25      System.out.println("BMI is " + bmi); 
26 if (bmi < 18.5)
27        System.out.println("Underweight");
28 else if (bmi < 25)
29        System.out.println("Normal");
30 else if (bmi < 30)
31        System.out.println("Overweight");
32 else
33        System.out.println("Obese");
34    }
35  }

input weight

input height

compute bmi

display output

Enter weight in pounds: 
Enter height in inches: 
BMI is 20.948603801493316
Normal

70
146

line# weight height weightInKilograms heightInMeters bmi output

9 146

13 70

19 66.22448602

20 1.778

21 20.9486

25 BMI is
20.95

31 Normal
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The constants KILOGRAMS_PER_POUND and METERS_PER_INCH are defined in lines
15–16. Using constants here makes programs easy to read.

3.10 Case Study: Computing Taxes
You can use nested if statements to write a program for computing taxes.

The United States federal personal income tax is calculated based on filing status and taxable
income. There are four filing statuses: single filers, married filing jointly or qualified widow(er),
married filing separately, and head of household. The tax rates vary every year. Table 3.2 shows
the rates for 2009. If you are, say, single with a taxable income of $10,000, the first $8,350 is
taxed at 10% and the other $1,650 is taxed at 15%, so, your total tax is $1,082.50.

Key
Point

TABLE 3.2 2009 U.S. Federal Personal Tax Rates

Marginal
Tax Rate Single

Married Filing Jointly 
or Qualifying Widow(er) Married Filing Separately Head of Household

10% $0 – $8,350 $0 – $16,700 $0 – $8,350 $0 – $11,950

15% $8,351– $33,950 $16,701 – $67,900 $8,351 – $33,950 $11,951 – $45,500

25% $33,951 – $82,250 $67,901 – $137,050 $33,951 – $68,525 $45,501 – $117,450

28% $82,251 – $171,550 $137,051 – $208,850 $68,526 – $104,425 $117,451 – $190,200

33% $171,551 – $372,950 $208,851 – $372,950 $104,426 – $186,475 $190,201 – $372,950

35% $372,951˛ + $372,951˛ + $186,476˛ + $372,951˛ +

You are to write a program to compute personal income tax. Your program should prompt
the user to enter the filing status and taxable income and compute the tax. Enter 0 for single
filers, 1 for married filing jointly or qualified widow(er), 2 for married filing separately, and 3
for head of household.

Your program computes the tax for the taxable income based on the filing status. The filing
status can be determined using if statements outlined as follows:

if (status == 0) {
// Compute tax for single filers

}
else if (status == 1) {

// Compute tax for married filing jointly or qualifying widow(er)
}
else if (status == 2) {

// Compute tax for married filing separately
}
else if (status == 3) {

// Compute tax for head of household
}
else {

// Display wrong status
}

For each filing status there are six tax rates. Each rate is applied to a certain amount of taxable
income. For example, of a taxable income of $400,000 for single filers, $8,350 is taxed at 10%,
(33,950 – 8,350) at 15%, (82,250 – 33,950) at 25%, (171,550 – 82,250) at 28%, (372,950 –
171,550) at 33%, and (400,000 – 372,950) at 35%.

Listing 3.6 gives the solution for computing taxes for single filers. The complete solution
is left as an exercise.

VideoNote

Use multi-way if-else
statements
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LISTING 3.6 ComputeTax.java
1 import java.util.Scanner;
2
3 public class ComputeTax {
4 public static void main(String[] args) {
5 // Create a Scanner
6      Scanner input = new Scanner(System.in);
7
8 // Prompt the user to enter filing status
9      System.out.print(

10 "(0-single filer, 1-married jointly or qualifying widow(er),
11        + "\n2-married separately, 3-head of household)\n" +
12 "Enter the filing status: ");
13 int status = input.nextInt();
14
15 // Prompt the user to enter taxable income
16      System.out.print("Enter the taxable income: ");
17 double income = input.nextDouble();
18
19 // Compute tax
20 double tax = 0;
21
22 // Compute tax for single filers
23 if (income <= 8350)
24          tax = income * 0.10;
25 else if (income <= 33950)
26          tax = 8350 * 0.10 + (income - 8350) * 0.15;
27 else if (income <= 82250)
28          tax = 8350 * 0.10 + (33950 - 8350) * 0.15 +
29            (income - 33950) * 0.25;
30 else if (income <= 171550)
31          tax = 8350 * 0.10 + (33950 - 8350) * 0.15 +
32            (82250 - 33950) * 0.25 + (income - 82250) * 0.28;
33 else if (income <= 372950)
34          tax = 8350 * 0.10 + (33950 - 8350) * 0.15 +
35            (82250 - 33950) * 0.25 + (171550 - 82250) * 0.28 +
36            (income - 171550) * 0.33;
37 else
38          tax = 8350 * 0.10 + (33950 - 8350) * 0.15 +
39            (82250 - 33950) * 0.25 + (171550 - 82250) * 0.28 +
40            (372950 - 171550) * 0.33 + (income - 372950) * 0.35;
41      }
42 // Left as exercise
43 // Compute tax for married file jointly or qualifying widow(er)
44      }
45 // Compute tax for married separately
46 // Left as exercise
47      }
48 // Compute tax for head of household
49 // Left as exercise
50      }
51
52        System.out.println("Error: invalid status");
53        System.exit(1);
54      }
55
56 // Display the result
57      System.out.println("Tax is " + (int)(tax * 100) / 100.0);
58    }
59  }

else {

else if (status == 3) {

else if (status == 2) {

else if (status == 1) {

if (status == 0) {

input status

input income

compute tax

exit program

display output
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(0-single filer, 1-married jointly or qualifying widow(er),
2-married separately, 3-head of household)
Enter the filing status: 
Enter the taxable income: 
Tax is 117683.5

400000
0

The program receives the filing status and taxable income. The multi-way if-else state-
ments (lines 22, 42, 45, 48, 51) check the filing status and compute the tax based on the filing
status.

System.exit(status) (line 53) is defined in the System class. Invoking this method
terminates the program. The status 0 indicates that the program is terminated normally. A
nonzero status code indicates abnormal termination.

An initial value of 0 is assigned to tax (line 20). A compile error would occur if it had no
initial value, because all of the other statements that assign values to tax are within the if
statement. The compiler thinks that these statements may not be executed and therefore
reports a compile error.

To test a program, you should provide the input that covers all cases. For this program,
your input should cover all statuses (0, 1, 2, 3). For each status, test the tax for each of the six
brackets. So, there are a total of 24 cases.

Tip
For all programs, you should write a small amount of code and test it before moving on
to add more code. This is called incremental development and testing. This approach
makes testing easier, because the errors are likely in the new code you just added.

3.17 Are the following two statements equivalent?

3.11 Logical Operators
The logical operators !, &&, ||, and ^ can be used to create a compound Boolean
expression.

Sometimes, whether a statement is executed is determined by a combination of several condi-
tions. You can use logical operators to combine these conditions to form a compound Boolean
expression. Logical operators, also known as Boolean operators, operate on Boolean values

System.exit(status)

test all cases

incremental development and
testing

✓Point✓Check

Key
Point

line# status income tax output

13 0

17 400000

20 0

38 117683.5

57 Tax is 117683.5

if (income <= 10000)
tax = income * 0.1;

else if (income <= 20000)
tax = 1000 +

(income - 10000) * 0.15;

if (income <= 10000)
tax = income * 0.1;

else if (income > 10000 &&
income <= 20000)

tax = 1000 +
(income - 10000) * 0.15;
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TABLE 3.6 Truth Table for Operator ||

p1 p2 p1 || p2 Example (assume age = 24, gender = 'F')

false false false (age > 34) || (gender == 'F') is true, because
(gender == 'F') is true.

false true true

true false true (age > 34) || (gender == 'M') is false, because (age
> 34) and (gender == 'M') are both false.

true true true

to create a new Boolean value. Table 3.3 lists the Boolean operators. Table 3.4 defines the not
(!) operator, which negates true to false and false to true. Table 3.5 defines the and
(&&) operator. The and (&&) of two Boolean operands is true if and only if both operands are
true. Table 3.6 defines the or (||) operator. The or (||) of two Boolean operands is true if
at least one of the operands is true. Table 3.7 defines the exclusive or (^) operator. The
exclusive or (^) of two Boolean operands is true if and only if the two operands have differ-
ent Boolean values. Note that p1 ^ p2 is the same as p1 != p2.

TABLE 3.3 Boolean Operators

Operator Name Description

! not logical negation

&& and logical conjunction

|| or logical disjunction

^ exclusive or logical exclusion

TABLE 3.4 Truth Table for Operator !

p !p Example (assume age = 24, gender = 'F')

true false !(age > 18) is false, because (age > 18) is true.

false true !(gender == 'M') is true, because (gender == 'M')
is false.

TABLE 3.5 Truth Table for Operator &&

p1 p2 p1 && p2 Example (assume age = 24, gender = 'F')

false false false (age > 18) && (gender == 'F') is true,
because (age > 18) and (gender == 'F') are
both true.

false true false

true false false (age > 18) && (gender != 'F') is false,

because (gender != 'F') is false.

true true true
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import class

TABLE 3.7 Truth Table for Operator ^

p1 p2 p1 ^ p2 Example (assume age = 24, gender = 'F')

false false false (age > 34) ^ (gender == 'F') is true, because (age > 34) is
false but (gender == 'F') is true.

false true true

true false true (age > 34) ^ (gender == 'M') is false, because (age > 34) and

(gender == 'M') are both false.

true true false

Listing 3.7 gives a program that checks whether a number is divisible by 2 and 3, by 2 or
3, and by 2 or 3 but not both:

LISTING 3.7 TestBooleanOperators.java
1 import java.util.Scanner;
2
3 public class TestBooleanOperators {
4 public static void main(String[] args) {
5 // Create a Scanner
6      Scanner input = new Scanner(System.in);
7
8 // Receive an input
9      System.out.print("Enter an integer: ");

10
11
12 if (number % 2 == 0 number % 3 == 0)
13        System.out.println(number + " is divisible by 2 and 3.");
14
15 if (number % 2 == 0 number % 3 == 0)
16        System.out.println(number + " is divisible by 2 or 3.");
17
18 if (number % 2 == 0 number % 3 == 0)
19        System.out.println(number + 
20 " is divisible by 2 or 3, but not both.");
21    }
22  }

^

||

&&

int number = input.nextInt(); input

and

or

exclusive or

Enter an integer: 
4 is divisible by 2 or 3.
4 is divisible by 2 or 3, but not both.

4

Enter an integer: 
18 is divisible by 2 and 3.
18 is divisible by 2 or 3.

18

(number % 2 == 0 && number % 3 == 0) (line 12) checks whether the number is
divisible by both 2 and 3. (number % 2 == 0 || number % 3 == 0) (line 15) checks
whether the number is divisible by 2 and/or by 3. (number % 2 == 0 ^ number % 3 ==
0) (line 18) checks whether the number is divisible by 2 or 3, but not both.

Caution
In mathematics, the expression

1 <= numberOfDaysInAMonth <= 31
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is correct. However, it is incorrect in Java, because 1 <= numberOfDaysInAMonth is
evaluated to a boolean value, which cannot be compared with 31. Here, two operands
(a boolean value and a numeric value) are incompatible. The correct expression in Java is

(1 <= numberOfDaysInAMonth) && (numberOfDaysInAMonth <= 31)

Note
As shown in the preceding chapter, a char value can be cast into an int value, and
vice versa. A boolean value, however, cannot be cast into a value of another type, nor
can a value of another type be cast into a boolean value.

Note
De Morgan’s law, named after Indian-born British mathematician and logician Augustus
De Morgan (1806–1871), can be used to simplify Boolean expressions. The law states:

!(condition1 && condition2) is the same as
!condition1 || !condition2

!(condition1 || condition2) is the same as
!condition1 && !condition2

For example,

(number % 2 == 0 number % 3 == 0)

can be simplified using an equivalent expression:

(number % 2 != 0 || number % 3 != 0)

As another example,

!(number == 2 || number == 3)

is better written as

number != 2 && number != 3

If one of the operands of an && operator is false, the expression is false; if one of the
operands of an || operator is true, the expression is true. Java uses these properties to improve
the performance of these operators. When evaluating p1 && p2, Java first evaluates p1 and then,
if p1 is true, evaluates p2; if p1 is false, it does not evaluate p2. When evaluating p1 || p2,
Java first evaluates p1 and then, if p1 is false, evaluates p2; if p1 is true, it does not evaluate
p2. Therefore, && is referred to as the conditional or short-circuit AND operator, and is
referred to as the conditional or short-circuit OR operator. Java also provides the conditional
AND (&) and OR (|) operators, which are covered in Supplement III.C and III.D for advanced
readers.

3.18 Assuming that x is 1, show the result of the following Boolean expressions.

(true) && (3 > 4)
!(x > 0) && (x > 0)
(x > 0) || (x < 0)

(x != 0) || (x == 0)
(x >= 0) || (x < 0)
(x != 1) == !(x == 1)

3.19 Write a Boolean expression that evaluates to true if a number stored in variable num
is between 1 and 100.

3.20 Write a Boolean expression that evaluates to true if a number stored in variable num
is between 1 and 100 or the number is negative.

� �

&&!

De Morgan’s law

conditional operator

short-circuit operator

✓Point✓Check

incompatible operands

cannot cast boolean
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3.21 Assume that x and y are int type. Which of the following are legal Java expressions?

x > y > 0
x = y && y
x /= y
x or y
x and y
(x != 0) || (x = 0)

3.22 Suppose that x is 1. What is x after the evaluation of the following expression?

a. (x >= 1) && (x++ > 1)
b. (x > 1) && (x++ > 1)

3.23 What is the value of the expression ch >= 'A' && ch <= 'Z' if ch is 'A', 'p',
'E', or '5'?

3.24 Suppose, when you run the program, you enter input 2 3 6 from the console. What
is the output?

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

java.util.Scanner input = new java.util.Scanner(System.in);
double x = input.nextDouble();
double y = input.nextDouble();
double z = input.nextDouble();

System.out.println("(x < y && y < z) is " + (x < y && y < z));
System.out.println("(x < y || y < z) is " + (x < y || y < z));
System.out.println("!(x < y) is " + !(x < y));
System.out.println("(x + y < z) is " + (x + y < z));
System.out.println("(x + y < z) is " + (x + y < z));

}
}

3.25 Write a Boolean expression that evaluates true if age is greater than 13 and less
than 18.

3.26 Write a Boolean expression that evaluates true if weight is greater than 50 pounds
or height is greater than 60 inches.

3.27 Write a Boolean expression that evaluates true if weight is greater than 50 pounds
and height is greater than 60 inches.

3.28 Write a Boolean expression that evaluates true if either weight is greater than 50
pounds or height is greater than 60 inches, but not both.

3.12 Case Study: Determining Leap Year
A year is a leap year if it is divisible by 4 but not by 100, or if it is divisible by 400.

You can use the following Boolean expressions to check whether a year is a leap year:

// A leap year is divisible by 4
boolean isLeapYear = (year % 4 == 0);

// A leap year is divisible by 4 but not by 100
isLeapYear = isLeapYear && (year % 100 != 0);

// A leap year is divisible by 4 but not by 100 or divisible by 400
isLeapYear = isLeapYear || (year % 400 == 0);

Or you can combine all these expressions into one like this:

isLeapYear = (year % 4 == 0 && year % 100 != 0) || (year % 400 == 0);

Key
Point
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Listing 3.8 gives the program that lets the user enter a year and checks whether it is a leap
year.

LISTING 3.8 LeapYear.java
1 import java.util.Scanner;
2
3 public class LeapYear {
4 public static void main(String[] args) {
5 // Create a Scanner
6      Scanner input = new Scanner(System.in);
7      System.out.print("Enter a year: ");
8 int year = input.nextInt();
9

10 // Check if the year is a leap year
11 boolean isLeapYear = 
12 ;
13
14 // Display the result
15      System.out.println(year + " is a leap year? " + isLeapYear);
16    } 
17  }

(year % 4 == 0 && year % 100 != 0) || (year % 400 == 0)

input

leap year?

display result

Enter a year: 
2008 is a leap year? true

2012

Enter a year: 
1900 is a leap year? false

1900

Enter a year: 
2002 is a leap year? false

2002

3.13 Case Study: Lottery
The lottery program involves generating random numbers, comparing digits, and
using Boolean operators.

Suppose you want to develop a program to play lottery. The program randomly generates a
lottery of a two-digit number, prompts the user to enter a two-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.

The complete program is shown in Listing 3.9.

LISTING 3.9 Lottery.java
1 import java.util.Scanner;
2
3 public class Lottery {
4 public static void main(String[] args) {
5 // Generate a lottery number

Key
Point



3.13 Case Study: Lottery 107

generate a lottery number6
7
8 // Prompt the user to enter a guess
9      Scanner input = new Scanner(System.in);

10      System.out.print("Enter your lottery pick (two digits): ");
11
12
13 // Get digits from lottery
14 int lotteryDigit1 = lottery / 10;
15 int lotteryDigit2 = lottery % 10;
16
17 // Get digits from guess
18 int guessDigit1 = guess / 10;
19 int guessDigit2 = guess % 10;
20
21      System.out.println("The lottery number is " + lottery);
22
23 // Check the guess
24
25        System.out.println("Exact match: you win $10,000");
26
27
28        System.out.println("Match all digits: you win $3,000");
29
30
31
32
33        System.out.println("Match one digit: you win $1,000");
34 else
35        System.out.println("Sorry, no match");
36    }
37  }

|| guessDigit2 == lotteryDigit2)
|| guessDigit2 == lotteryDigit1
|| guessDigit1 == lotteryDigit2

else if (guessDigit1 == lotteryDigit1

&& guessDigit1 == lotteryDigit2)
else if (guessDigit2 == lotteryDigit1

if (guess == lottery)

int guess = input.nextInt();

int lottery = (int)(Math.random() * 100);

enter a guess

exact match?

match all digits?

match one digit?

Enter your lottery pick (two digits): 
The lottery number is 12
Sorry, no match

45

Enter your lottery pick: 
The lottery number is 34
Match one digit: you win $1,000 

23

line#

variable

6 11 14 15 18 19 33

lottery 34

guess 23

lotteryDigit1 3

lotteryDigit2 4

guessDigit1 2

guessDigit2 3

Output Match one digit:
you win $1,000
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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 and guess
/ 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.

The if 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

FIGURE 3.6 The switch 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;

}

The switch 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
the switch 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 case are executed until either a break statement or
the end of the switch statement is reached.

■ The default 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-through behavior.
For example, the following code displays the character a three times if ch is a:

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 =

FIGURE 3.7 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
the if-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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The result of this conditional expression is expression1 if boolean-expression is true;
otherwise the result is expression2.

Suppose you want to assign the larger number of variable num1 and num2 to max. You can
simply write a statement using the conditional expression:

max = (num1 > num2) ? num1 : num2;

For another example, the following statement displays the message “num is even” if num is
even, and otherwise displays “num is odd.”

System.out.println((num % 2 == 0) ? "num is even" : "num is odd");

As you can see from these examples, conditional expressions enable you to write short and
concise code.

Note
The symbols ? and : appear together in a conditional expression. They form a condi-
tional operator called a ternary operator because it uses three operands. It is the only
ternary operator in Java.

3.33 Suppose that, when you run the following program, you enter input 2 3 6 from the
console. What is the output?

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

java.util.Scanner input = new java.util.Scanner(System.in);
double x = input.nextDouble();
double y = input.nextDouble();
double z = input.nextDouble();

System.out.println((x < y && y < z) ? "sorted" : "not sorted");
}

}

3.34 Rewrite the following if statements using the conditional operator.

✓Point✓Check

Key
Point

if (ages >= 16)
ticketPrice = 20;

else
ticketPrice = 10;

if (count % 10 == 0)
System.out.print(count + "\n");

else
System.out.print(count);

3.35 Rewrite the following conditional expressions using if-else statements.

a. score = (x > 10) ? 3 * scale : 4 * scale;
b. tax = (income > 10000) ? income * 0.2 : income * 0.17 + 1000;
c. System.out.println((number % 3 == 0) ? i : j);

3.16 Formatting Console Output
You can use the System.out.printf method to display formatted output on the console.

Often it is desirable to display numbers in a certain format. For example, the following code
computes interest, given the amount and the annual interest rate.

double amount = 12618.98;
double interestRate = 0.0013;
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double interest = amount * interestRate;
System.out.println("Interest is " + interest);

Interest is 16.404674

Because the interest amount is currency, it is desirable to display only two digits after the
decimal point. To do this, you can write the code as follows:

double amount = 12618.98;
double interestRate = 0.0013;
double interest = amount * interestRate;
System.out.println("Interest is "

+ (int)(interest * 100) / 100.0);

Interest is 16.4

However, the format is still not correct. There should be two digits after the decimal point:
16.40 rather than 16.4. You can fix it by using the printf method, like this:

Interest is 16.40

The syntax to invoke this method is

System.out.printf(format, item1, item2, ..., itemk)

where format is a string that may consist of substrings and format specifiers.
A format specifier specifies how an item should be displayed. An item may be a

numeric value, a character, a Boolean value, or a string. A simple format specifier consists
of a percent sign (%) followed by a conversion code. Table 3.8 lists some frequently used
simple format specifiers.

format specifier

TABLE 3.8 Frequently Used Format Specifiers

Format Specifier Output Example

%b a Boolean value true or false

%c a character ‘a’

%d a decimal integer 200

%f a floating-point number 45.460000

%e a number in standard scientific notation 4.556000e˛ + ˛01

%s a string “Java is cool”

% 2 f4 .

field width

precision

conversion code

format specifierdouble amount = 12618.98;
double interestRate = 0.0013;
double interest = amount * interestRate;
System.out.printf("Interest is %4.2f", interest);

printf
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TABLE 3.9 Examples of Specifying Width and Precision

Example Output

%5c Output the character and add four spaces before the character item, because the width is 5.

%6b Output the Boolean value and add one space before the false value and two spaces before
the true value.

%5d Output the integer item with width at least 5. If the number of digits in the item is
add spaces before the number. If the number of digits in the item is the width is 
automatically increased.

75,
65,

%10.2f Output the floating-point item with width at least 10 including a decimal point and two
digits after the point. Thus there are 7 digits allocated before the decimal point. If the
number of digits before the decimal point in the item is add spaces before the 
number. If the number of digits before the decimal point in the item is the width is
automatically increased.

77,
67,

%10.2e Output the floating-point item with width at least 10 including a decimal point, two digits
after the point and the exponent part. If the displayed number in scientific notation has
width less than 10, add spaces before the number.

%12s Output the string with width at least 12 characters. If the string item has fewer than 12
characters, add spaces before the string. If the string item has more than 12 characters, the
width is automatically increased.

Here is an example:

int count = 5;
double amount = 45.56;
System.out.printf("count is %d and amount is %f", count, amount);

display count is 5 and amount is 45.560000

items

Items must match the format specifiers in order, in number, and in exact type. For example,
the format specifier for count is %d and for amount is %f. By default, a floating-point value
is displayed with six digits after the decimal point. You can specify the width and precision in
a format specifier, as shown in the examples in Table 3.9.

If an item requires more spaces than the specified width, the width is automatically
increased. For example, the following code

System.out.printf("%3d#%2s#%3.2f\n", 1234, "Java", 51.6653);

displays

1234#Java#51.67

The specified width for int item 1234 is 3, which is smaller than its actual size 4. The
width is automatically increased to 4. The specified width for string item Java is 2, which is
smaller than its actual size 4. The width is automatically increased to 4. The specified width
for double item 51.6653 is 3, but it needs width 5 to display 51.67, so the width is auto-
matically increased to 5.
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right justify

left justify

✓Point✓Check

By default, the output is right justified. You can put the minus sign (-) in the format spec-
ifier to specify that the item is left justified in the output within the specified field. For exam-
ple, the following statements

System.out.printf("%8d%8s%8.1f\n", 1234, "Java", 5.63);
System.out.printf("%-8d%-8s%-8.1f \n", 1234, "Java", 5.63);

display

Key
Point

8
1234 Java 5.6

1234 Java 5.6

8 8

where the square box ( ) denotes a blank space.

Caution
The items must match the format specifiers in exact type. The item for the format spec-
ifier %f or %e must be a floating-point type value such as 40.0, not 40. Thus, an int
variable cannot match %f or %e.

Tip
The % sign denotes a format specifier. To output a literal % in the format string, use %%.

3.36 What are the format specifiers for outputting a Boolean value, a character, a decimal
integer, a floating-point number, and a string?

3.37 What is wrong in the following statements?

a. System.out.printf("%5d %d", 1, 2, 3);

b. System.out.printf("%5d %f", 1);

c. System.out.printf("%5d %f", 1, 2);

3.38 Show the output of the following statements.

a. System.out.printf("amount is %f %e\n", 32.32, 32.32);

b. System.out.printf("amount is %5.4f %5.4e\n", 32.32, 32.32);

c. System.out.printf("%6b\n", (1 > 2));

d. System.out.printf("%6s\n", "Java");

e. System.out.printf("%-6b%s\n", (1 > 2), "Java");

f. System.out.printf("%6b%-8s\n", (1 > 2), "Java");

3.17 Operator Precedence and Associativity
Operator precedence and associativity determine the order in which operators are
evaluated.

Section 2.11 introduced operator precedence involving arithmetic operators. This section
discusses operator precedence in more details. Suppose that you have this expression:

3 + 4 * 4 > 5 * (4 + 3) – 1 && (4 - 3 > 5)

What is its value? What is the execution order of the operators?
The expression in the parentheses is evaluated first. (Parentheses can be nested, in which case

the expression in the inner parentheses is executed first.) When evaluating an expression without
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parentheses, the operators are applied according to the precedence rule and the associativity
rule.

The precedence rule defines precedence for operators, as shown in Table 3.10, which
contains the operators you have learned so far. Operators are listed in decreasing order of
precedence from top to bottom. The logical operators have lower precedence than the
relational operators and the relational operators have lower precedence than the arithmetic
operators. Operators with the same precedence appear in the same group. (See Appendix C,
Operator Precedence Chart, for a complete list of Java operators and their precedence.)

operator associativity

behind the scenes

If operators with the same precedence are next to each other, their associativity deter-
mines the order of evaluation. All binary operators except assignment operators are left asso-
ciative. For example, since + and – are of the same precedence and are left associative, the
expression

a = b += c = 5
is equivalent to 

a = (b += (c = 5))

a - b + c – d
is equivalent to

((a - b) + c) - d

Assignment operators are right associative. Therefore, the expression

Suppose a, b, and c are 1 before the assignment; after the whole expression is evaluated, a
becomes 6, b becomes 6, and c becomes 5. Note that left associativity for the assignment
operator would not make sense.

Note
Java has its own way to evaluate an expression internally. The result of a Java evaluation
is the same as that of its corresponding arithmetic evaluation. Advanced readers may
refer to Supplement III.B for more discussions on how an expression is evaluated in Java
behind the scenes.

operator precedence

TABLE 3.10 Operator Precedence Chart

Precedence Operator

var++ and var–– (Postfix)

+, – (Unary plus and minus), ++var and ––var (Prefix)

(type) (Casting)

!(Not)

*, /, % (Multiplication, division, and remainder)

+, – (Binary addition and subtraction)

<, <=, >, >= (Comparison)

==, != (Equality)

^ (Exclusive OR)

&& (AND)

|| (OR)

=, +=, –=, *=, /=, %= (Assignment operator)
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3.39 List the precedence order of the Boolean operators. Evaluate the following expressions:

true || true && false
true && true || false

3.40 True or false? All the binary operators except = are left associative.

3.41 Evaluate the following expressions:

2 * 2 - 3 > 2 && 4 – 2 > 5
2 * 2 - 3 > 2 || 4 – 2 > 5

3.42 Is (x > 0 && x < 10) the same as ((x > 0) && (x < 10))? Is (x > 0 || x <
10) the same as ((x > 0) || (x < 10))? Is (x > 0 || x < 10 && y < 0) the
same as (x > 0 || (x < 10 && y < 0))?

3.18 Confirmation Dialogs
You can use a confirmation dialog to obtain a confirmation from the user. 

You have used showMessageDialog to display a message dialog box and
showInputDialog to display an input dialog box. Occasionally it is useful to answer a ques-
tion with a confirmation dialog box. A confirmation dialog can be created using the following
statement:

import class

set1

set2

int option =

JOptionPane.showConfirmDialog

(null, "Continue");

When a button is clicked, the method returns an option value. The value is
JOptionPane.YES_OPTION (0) for the Yes button, JOptionPane.NO_OPTION (1) for the
No button, and JOptionPane.CANCEL_OPTION (2) for the Cancel button.

You may rewrite the guess-birthday program in Listing 3.3 using confirmation dialog
boxes, as shown in Listing 3.11. Figure 3.8 shows a sample run of the program for the day
19.

LISTING 3.11 GuessBirthdayUsingConfirmationDialog.java
1 import javax.swing.JOptionPane;
2
3 public class GuessBirthdayUsingConfirmationDialog {
4 public static void main(String[] args) {
5
6 " 1  3  5  7\n" +
7 " 9 11 13 15\n" +
8 "17 19 21 23\n" +
9 "25 27 29 31";

10
11
12 " 2  3  6  7\n" +
13 "10 11 14 15\n" +
14 "18 19 22 23\n" +
15 "26 27 30 31";
16

String set2 =

String set1 =
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17
18 " 4  5  6  7\n" +
19 "12 13 14 15\n" +
20 "20 21 22 23\n" +
21 "28 29 30 31";
22
23
24 " 8  9 10 11\n" +
25 "12 13 14 15\n" +
26 "24 25 26 27\n" +
27 "28 29 30 31";
28
29
30 "16 17 18 19\n" +
31 "20 21 22 23\n" +
32 "24 25 26 27\n" +
33 "28 29 30 31";
34
35 int day = 0;
36
37 // Prompt the user to answer questions
38
39
40
41
42        day += 1;
43
44      answer = JOptionPane.showConfirmDialog(null,
45 "Is your birthday in these numbers?\n" + set2);
46
47 if (answer == JOptionPane.YES_OPTION) 
48        day += 2;
49
50      answer = JOptionPane.showConfirmDialog(null,
51 "Is your birthday in these numbers?\n" + set3);
52
53 if (answer == JOptionPane.YES_OPTION) 
54        day += 4;
55
56      answer = JOptionPane.showConfirmDialog(null,
57 "Is your birthday in these numbers?\n" + set4);
58
59 if (answer == JOptionPane.YES_OPTION) 
60        day += 8;
61
62      answer = JOptionPane.showConfirmDialog(null,
63 "Is your birthday in these numbers?\n" + set5);
64
65 if (answer == JOptionPane.YES_OPTION) 
66        day += 16;
67
68      JOptionPane.showMessageDialog(null, "Your birthday is " +
69        day + "!");
70    }
71  }

The program displays confirmation dialog boxes to prompt the user to answer whether a
number is in Set1 (line 38), Set2 (line 44), Set3 (line 50), Set4 (line 56), and Set5 (line 62). If
the answer is Yes, the first number in the set is added to day (lines 42, 48, 54, 60, and 66).

if (answer == JOptionPane.YES_OPTION)

"Is your birthday in these numbers?\n" + set1);
int answer = JOptionPane.showConfirmDialog(null,

String set5 =

String set4 =

String set3 =

confirmation dialog

in set1?

in set2?

in set3?

in set4?

in set5?

set3

set4

set5
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3.43 How do you display a confirmation dialog? What value is returned when invoking
JOptionPane.showConfirmDialog?

3.19 Debugging
Debugging is the process of finding and fixing errors in a program.

As mentioned in Section 1.11,1, syntax errors are easy to find and easy to correct because
the compiler gives indications as to where the errors came from and why they are there.
Runtime errors are not difficult to find either, because the Java interpreter displays them on
the console when the program aborts. Finding logic errors, on the other hand, can be very
challenging.

Logic errors are called bugs. The process of finding and correcting errors is called
debugging. A common approach to debugging is to use a combination of methods to help pin-
point the part of the program where the bug is located. You can hand-trace the program (i.e.,
catch errors by reading the program), or you can insert print statements in order to show the
values of the variables or the execution flow of the program. These approaches might work for
debugging a short, simple program, but for a large, complex program, the most effective
approach is to use a debugger utility.

JDK includes a command-line debugger, jdb, which is invoked with a class name. jdb is
itself a Java program, running its own copy of Java interpreter. All the Java IDE tools, such as
Eclipse and NetBeans, include integrated debuggers. The debugger utilities let you follow the
execution of a program. They vary from one system to another, but they all support most of
the following helpful features.

■ Executing a single statement at a time: The debugger allows you to execute one
statement at a time so that you can see the effect of each statement.

■ Tracing into or stepping over a method: If a method is being executed, you can
ask the debugger to enter the method and execute one statement at a time in the
method, or you can ask it to step over the entire method. You should step over the
entire method if you know that the method works. For example, always step over
system-supplied methods, such as System.out.println.

bugs

debugging

hand-traces

(a) (b) (c)

(e)(d) (f)

FIGURE 3.8 Click Yes in (a), Yes in (b), No in (c), No in (d), and Yes in (e).
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CHAPTER SUMMARY

1. A boolean type variable can store a true or false value.

2. The relational operators (<, <=, ==, !=, >, >=) work with numbers and characters, and
yield a Boolean value.

3. The Boolean operators &&, ||, !, and ^ operate with Boolean values and variables.

4. When evaluating p1 && p2, Java first evaluates p1 and then evaluates p2 if p1 is
true; if p1 is false, it does not evaluate p2. When evaluating p1 || p2, Java first
evaluates p1 and then evaluates p2 if p1 is false; if p1 is true, it does not evaluate
p2. Therefore, && is referred to as the conditional or short-circuit AND operator, and
|| is referred to as the conditional or short-circuit OR operator.

5. Selection statements are used for programming with alternative courses of actions.
There are several types of selection statements: if statements, two-way if-else
statements, nested if statements, multi-way if-else statements, switch state-
ments, and conditional expressions.

■ Setting breakpoints: You can also set a breakpoint at a specific statement. Your
program pauses when it reaches a breakpoint. You can set as many breakpoints as
you want. Breakpoints are particularly useful when you know where your program-
ming error starts. You can set a breakpoint at that statement and have the program
execute until it reaches the breakpoint.

■ Displaying variables: The debugger lets you select several variables and display
their values. As you trace through a program, the content of a variable is continuously
updated.

■ Displaying call stacks: The debugger lets you trace all of the method calls. This
feature is helpful when you need to see a large picture of the program-execution flow.

■ Modifying variables: Some debuggers enable you to modify the value of a vari-
able when debugging. This is convenient when you want to test a program with dif-
ferent samples but do not want to leave the debugger.

Tip
If you use an IDE such as Eclipse or NetBeans, please refer to Learning Java Effectively
with Eclipse/NetBeans in Supplements II.C and II.E on the Companion Website. The
supplement shows you how to use a debugger to trace programs and how debugging
can help in learning Java effectively.

KEY TERMS
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boolean data type 82
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operator precedence 116
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short-circuit operator 104

debugging in IDE
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think before coding

6. The various if statements all make control decisions based on a Boolean expression.
Based on the true or false evaluation of the expression, these statements take one
of two possible courses.

7. The switch statement makes control decisions based on a switch expression of type
char, byte, short, int, or String.

8. The keyword break is optional in a switch statement, but it is normally used at
the end of each case in order to skip the remainder of the switch statement. If the
break statement is not present, the next case statement will be executed.

9. The operators in expressions are evaluated in the order determined by the rules of
parentheses, operator precedence, and operator associativity.

10. Parentheses can be used to force the order of evaluation to occur in any sequence.

11. Operators with higher precedence are evaluated earlier. For operators of the same
precedence, their associativity determines the order of evaluation.

12. All binary operators except assignment operators are left-associative; assignment
operators are right-associative.

TEST QUESTIONS

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

PROGRAMMING EXERCISES

Pedagogical Note
For each exercise, carefully analyze the problem requirements and design strategies
for solving the problem before coding.

Debugging Tip
Before you ask for help, read and explain the program to yourself, and trace it using
several representative inputs by hand or using an IDE debugger. You learn how to
program by debugging your own mistakes.

Section 3.2
*3.1 (Algebra: solve quadratic equations) The two roots of a quadratic equation

can be obtained using the following formula:

is called the discriminant of the quadratic equation. If it is positive, the
equation has two real roots. If it is zero, the equation has one root. If it is negative,
the equation has no real roots.

Write a program that prompts the user to enter values for a, b, and c and displays
the result based on the discriminant. If the discriminant is positive, display two
roots. If the discriminant is 0, display one root. Otherwise, display “The equation
has no real roots”.

b2 - 4ac

r1 =
- ˛b + 2b2 - 4ac

2a
 and r2 =

- ˛b - 2b2 - 4ac

2a

ax2 + bx + c = 0

learn from mistakes



122 Chapter 3 Selections

Enter a, b, c, d, e, f: 
The equation has no solution

1.0 2.0 2.0 4.0 4.0 5.0

**3.4 (Game: learn addition) Write a program that generates two integers under 100
and prompts the user to enter the sum of these two integers. The program then
reports true if the answer is correct, false otherwise. The program is similar to
Listing 3.1.

*3.5 (Find future dates) Write a program that prompts the user to enter an integer for
today’s day of the week (Sunday is 0, Monday is 1, . . ., and Saturday is 6). Also
prompt the user to enter the number of days after today for a future day and dis-
play the future day of the week. Here is a sample run:

Enter today's day: 

Enter the number of days elapsed since today: 

Today is Monday and the future day is Thursday

3

1

Note that you can use Math.pow(x, 0.5) to compute Here are some sam-
ple runs.

2x.

Enter a, b, c: 
The roots are -0.381966 and -2.61803

1.0 3 1

Enter a, b, c: 
The root is -1

1 2.0 1

Enter a, b, c: 
The equation has no real roots

1 2 3

3.2 (Game: add three numbers) The program in Listing 3.1 generates two integers and
prompts the user to enter the sum of these two integers. Revise the program to
generate three single-digit integers and prompt the user to enter the sum of these
three integers.

Sections 3.3–3.8
*3.3 (Algebra: solve linear equations) You can use Cramer’s rule to solve the

following system of linear equation:

Write a program that prompts the user to enter a, b, c, d, e, and f and displays the
result. If is 0, report that “The equation has no solution”.ad - bc

ax + by = e

cx + dy = f
 x =

ed - bf

ad - bc
 y =

af - ec

ad - bc

2 * 2
2 * 2

Enter a, b, c, d, e, f: 
x is -2.0 and y is 3.0 

9.0 4.0 3.0 -5.0 -6.0 -21.0
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Enter today's day: 

Enter the number of days elapsed since today: 

Today is Sunday and the future day is Wednesday 

31

0

*3.6 (Health application: BMI) Revise Listing 3.5, ComputeAndInterpretBMI.java,
to let the user enter weight, feet, and inches. For example, if a person is 5 feet and
10 inches, you will enter 5 for feet and 10 for inches. Here is a sample run:

Enter weight in pounds: 

Enter feet: 

Enter inches: 

BMI is 20.087702275404553

Normal

10

5

140

3.7 (Financial application: monetary units) Modify Listing 2.10, ComputeChange.java,
to display the nonzero denominations only, using singular words for single units such
as 1 dollar and 1 penny, and plural words for more than one unit such as 2 dollars and
3 pennies.

*3.8 (Sort three integers) Write a program that sorts three integers. The integers are
entered from the input dialogs and stored in variables num1, num2, and num3,
respectively. The program sorts the numbers so that 

**3.9 (Business: check ISBN-10) An ISBN-10 (International Standard Book Number)
consists of 10 digits: The last digit, is a checksum,
which is calculated from the other nine digits using the following formula:

If the checksum is 10, the last digit is denoted as X according to the ISBN-10
convention. Write a program that prompts the user to enter the first 9 digits and
displays the 10-digit ISBN (including leading zeros). Your program should read
the input as an integer. Here are sample runs:

d6 * 6 + d7 * 7 + d8 * 8 + d9 * 9) % 11

(d1 * 1 + d2 * 2 + d3 * 3 + d4 * 4 + d5 * 5 +

d10,d1d2d3d4d5d6d7d8d9d10.

num1 … num2 … num3.

Sort three integers

3.10 (Game: addition quiz) Listing 3.4, SubtractionQuiz.java, randomly generates a
subtraction question. Revise the program to randomly generate an addition ques-
tion with two integers less than 100.

Sections 3.9–3.19
*3.11 (Find the number of days in a month) Write a program that prompts the user to

enter the month and year and displays the number of days in the month. For

Enter the first 9 digits of an ISBN as integer: 
The ISBN-10 number is 0136012671

013601267

Enter the first 9 digits of an ISBN as integer: 
The ISBN-10 number is 013031997X

013031997

VideoNote
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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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*3.20 (Science: wind-chill temperature) Programming Exercise 2.17 gives a formula
to compute the wind-chill temperature. The formula is valid for temperatures in
the range between ºF and 41ºF and wind speed greater than or equal to 2.
Write a program that prompts the user to enter a temperature and a wind speed.
The program displays the wind-chill temperature if the input is valid; otherwise,
it displays a message indicating whether the temperature and/or wind speed is
invalid.

Comprehensive
**3.21 (Science: day of the week) Zeller’s congruence is an algorithm developed by

Christian Zeller to calculate the day of the week. The formula is

where

■ h is the day of the week (0: Saturday, 1: Sunday, 2: Monday, 3: Tuesday, 4:
Wednesday, 5: Thursday, 6: Friday).

■ q is the day of the month.

■ m is the month (3: March, 4: April, . . ., 12: December). January and February
are counted as months 13 and 14 of the previous year.

■ j is the century (i.e., ).

■ k is the year of the century (i.e., year % 100).

Note that the division in the formula performs an integer division. Write a pro-
gram that prompts the user to enter a year, month, and day of the month, and
displays the name of the day of the week. Here are some sample runs:

year

100

h = ¢q +
26(m + 1)

10
+ k +

k

4
+

j

4
+ 5j≤  % 7

- ˛58

Enter year: (e.g., 2012): 

Enter month: 1-12: 

Enter the day of the month: 1-31: 

Day of the week is Sunday

25

1

2015

Enter year: (e.g., 2012): 

Enter month: 1-12: 

Enter the day of the month: 1-31: 

Day of the week is Saturday

12

5

2012

(Hint: January and February are counted as 13 and 14 in the formula, so you need
to convert the user input 1 to 13 and 2 to 14 for the month and change the year to
the previous year.)

**3.22 (Geometry: point in a circle?) Write a program that prompts the user to enter a
point (x, y) and checks whether the point is within the circle centered at (0, 0) with
radius 10. For example, (4, 5) is inside the circle and (9, 9) is outside the circle, as
shown in Figure 3.9a.

Check point location
VideoNote
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Enter a point with two coordinates: 
Point (9.0, 9.0) is not in the circle

9 9

**3.23 (Geometry: point in a rectangle?) Write a program that prompts the user to enter a
point (x, y) and checks whether the point is within the rectangle centered at (0,
0) with width 10 and height 5. For example, (2, 2) is inside the rectangle and (6,
4) is outside the rectangle, as shown in Figure 3.9b. (Hint: A point is in the rectan-
gle if its horizontal distance to (0, 0) is less than or equal to 10 / 2 and its verti-
cal distance to (0, 0) is less than or equal to 5.0 / 2. Test your program to cover
all cases.) Here are two sample runs.

Enter a point with two coordinates: 
Point (2.0, 2.0) is in the rectangle

2 2

Enter a point with two coordinates: 
Point (6.0, 4.0) is not in the rectangle

6 4

**3.24 (Game: pick a card ) Write a program that simulates picking a card from a deck of
52 cards. Your program should display the rank (Ace, 2, 3, 4, 5, 6, 7, 8, 9, 10,
Jack, Queen, King) and suit (Clubs, Diamonds, Hearts, Spades) of the card
Here is a sample run of the program:

The card you picked is Jack of Hearts

*3.25 (Geometry: intersecting point) Two points on line 1 are given as (x1, y1) and (x2,
y2) and on line 2 as (x3, y3) and (x4, y4), as shown in Figure 3.10a–b. 

(Hint: A point is in the circle if its distance to (0, 0) is less than or equal to 10. The 
formula for computing the distance is Test your pro-
gram to cover all cases.) Two sample runs are shown below.

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

2.

Enter a point with two coordinates: 
Point (4.0, 5.0) is in the circle

4 5

x-axis(0, 0)

(a) (b)

y-axis

(4, 5)

(9, 9)

(2, 2)
(6, 4)

x-axis

y-axis

(0, 0)

FIGURE 3.9 (a) Points inside and outside of the circle. (b) Points inside and outside of the
rectangle.
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The intersecting point of the two lines can be found by solving the following lin-
ear equation:

This linear equation can be solved using Cramer’s rule (see Exercise 3.3). If the
equation has no solutions, the two lines are parallel (Figure 3.10c). Write a pro-
gram that prompts the user to enter four points and displays the intersecting point.
Here are sample runs:

(y3 - y4)x - (x3 - x4)y = (y3 - y4)x3 - (x3 - x4)y3

(y1 - y2)x - (x1 - x2)y = (y1 - y2)x1 - ( x1 - x2)y1

(x1, y1)

(x2, y2) (x3, y3)

(x4, y4)

(a) (b) (c)

(x1, y1)

(x2, y2)

(x3, y3)

(x4, y4)
(x1, y1)

(x2, y2)

(x3, y3)

(x4, y4)

FIGURE 3.10 Two lines intersect in (a and b) and two lines are parallel in (c).

Enter x1, y1, x2, y2, x3, y3, x4, y4: 
The intersecting point is at (2.88889, 1.1111)

2 2 5 -1.0 4.0 2.0 -1.0 -2.0

Enter x1, y1, x2, y2, x3, y3, x4, y4: 
The two lines are parallel

2 2 7 6.0 4.0 2.0 -1.0 -2.0

3.26 (Use the &&, || and ^ operators) Write a program that prompts the user to enter an
integer and determines whether it is divisible by 5 and 6, whether it is divisible by
5 or 6, and whether it is divisible by 5 or 6, but not both. Here is a sample run of
this program:

Enter an integer: 
Is 10 divisible by 5 and 6? false
Is 10 divisible by 5 or 6? true
Is 10 divisible by 5 or 6, but not both? true

10

**3.27 (Geometry: points in triangle?) Suppose a right triangle is placed in a plane as
shown below. The right-angle point is placed at (0, 0), and the other two points are
placed at (200, 0), and (0, 100). Write a program that prompts the user to enter a
point with x- and y-coordinates and determines whether the point is inside the tri-
angle. Here are the sample runs:

(0, 100)

(0, 0) (200, 0)

p2

p1
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Here are the sample runs:

Enter r1's center x-, y-coordinates, width, and height: 

Enter r2's center x-, y-coordinates, width, and height: 

r2 is inside r1

1.5 5 0.5 3

2.5 4 2.5 43

Enter r1's center x-, y-coordinates, width, and height: 

Enter r2's center x-, y-coordinates, width, and height: 

r2 overlaps r1 

3 4 4.5 5

1 2 3 5.5

Enter r1's center x-, y-coordinates, width, and height: 

Enter r2's center x-, y-coordinates, width, and height: 

r2 does not overlap r1 

40 45 3 2

1 2 3 3

**3.29 (Geometry: two circles) Write a program that prompts the user to enter the center
coordinates and radii of two circles and determines whether the second circle is
inside the first or overlaps with the first, as shown in Figure 3.12. (Hint: circle2 is
inside circle1 if the distance between the two centers <= |r1 - r2| and circle2
overlaps circle1 if the distance between the two centers <= r1 + r2. Test your
program to cover all cases.)

Enter a point's x- and y-coordinates: 
The point is in the triangle

100.5 25.5

Enter a point's x- and y-coordinates: 
The point is not in the triangle

100.5 50.5

**3.28 (Geometry: two rectangles) Write a program that prompts the user to enter the
center x-, y-coordinates, width, and height of two rectangles and determines
whether the second rectangle is inside the first or overlaps with the first, as shown
in Figure 3.11. Test your program to cover all cases.

(a)

w1

(x1, y1)
(x2, y2)

w2

h2h1

(b)

w1

(x1, y1)

(x2, y2)

w2

h2

h1

FIGURE 3.11 (a) A rectangle is inside another one. (b) A rectangle overlaps another one.
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Here are the sample runs:

Enter circle1's center x-, y-coordinates, and radius: 

Enter circle2's center x-, y-coordinates, and radius: 

circle2 is inside circle1

1 1.7 4.5

0.5 5.1 13

(a) (b)

(x1, y1)

(x2, y2)

r2

r1

(x1, y1)

r1

(x2, y2)

r2

FIGURE 3.12 (a) A circle is inside another circle. (b) A circle overlaps another circle.

Enter circle1's center x-, y-coordinates, and radius: 

Enter circle2's center x-, y-coordinates, and radius: 

circle2 overlaps circle1

6.7 3.5 3

3.4 5.7 5.5

Enter circle1's center x-, y-coordinates, and radius: 

Enter circle2's center x-, y-coordinates, and radius: 

circle2 does not overlap circle1

5.5 7.2 1

3.4 5.5 1

*3.30 (Current time) Revise Programming Exercise 2.8 to display the hour using a 12-
hour clock. Here is a sample run:

Enter the time zone offset to GMT: 
The current time is 4:50:34 AM

-5

*3.31 (Financials: currency exchange) Write a program that prompts the user to enter
the exchange rate from currency in U.S. dollars to Chinese RMB. Prompt the user
to enter 0 to convert from U.S. dollars to Chinese RMB and 1 to convert from
Chinese RMB and U.S. dollars. Prompt the user to enter the amount in U.S. dollars
or Chinese RMB to convert it to Chinese RMB or U.S. dollars, respectively. Here
are the sample runs:

Enter the exchange rate from dollars to RMB: 

Enter 0 to convert dollars to RMB and 1 vice versa: 

Enter the dollar amount: 

$100.0 is 681.0 yuan

100

0

6.81
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*3.32 (Geometry: point position) Given a directed line from point p0(x0, y0) to p1(x1,
y1), you can use the following condition to decide whether a point p2(x2, y2) is on
the left of the line, on the right, or on the same line (see Figure 3.13):

(x1 - x0)*(y2 - y0) - (x2 - x0)*(y1 - y0) c 70 p2 is on the left side of the line

=0 p2 is on the same line

60 p2 is on the right side of the line

Write a program that prompts the user to enter the three points for p0, p1, and p2
and displays whether p2 is on the left of the line from p0 to p1, to the right, or on
the same line. Here are some sample runs:

Enter three points for p0, p1, and p2: 
p2 is on the left side of the line

4.4 2 6.5 9.5 -5 4

Enter three points for p0, p1, and p2: 
p2 is on the same line

1 1 5 5 2 2

Enter three points for p0, p1, and p2: 
p2 is on the right side of the line

3.4 2 6.5 9.5 5 2.5

*3.33 (Financial: compare costs) Suppose you shop for rice in two different packages.
You would like to write a program to compare the cost. The program prompts the
user to enter the weight and price of the each package and displays the one with
the better price. Here is a sample run:

p0

p2
p1

p0

p2

p1

p0

p2

p1

(a) (b) (c)

FIGURE 3.13 (a) p2 is on the left of the line. (b) p2 is on the right of the line. (c) p2 is on
the same line.

Enter the exchange rate from dollars to RMB: 

Enter 0 to convert dollars to RMB and 1 vice versa: 

Enter the RMB amount: 

10000.0 yuan is $1468.43

10000

1

6.81

Enter the exchange rate from dollars to RMB: 

Enter 0 to convert dollars to RMB and 1 vice versa: 

Incorrect input

5

6.81
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Enter weight and price for package 1: 

Enter weight and price for package 2: 

Package 1 has a better price.

25 11.99

50 24.59

*3.34 (Geometry: point on line segment) Exercise 3.32 shows how to test whether a
point is on an unbounded line. Revise Exercise 3.32 to test whether a point is on a
line segment. Write a program that prompts the user to enter the three points for
p0, p1, and p2 and displays whether p2 is on the line segment from p0 to p1. Here
are some sample runs:

Enter three points for p0, p1, and p2: 
(1.5, 1.5) is on the line segment from (1.0, 1.0) to (2.5, 2.5)

1 1 2.5 2.5 1.5 1.5

Enter three points for p0, p1, and p2: 
(3.5, 3.5) is not on the line segment from (1.0, 1.0) to (2.0, 2.0)

1 1 2 2 3.5 3.5

*3.35 (Decimal to hex) Write a program that prompts the user to enter an integer
between 0 and 15 and displays its corresponding hex number. Here are some sam-
ple runs:

Enter a decimal value (0 to 15): 
The hex value is B

11

Enter a decimal value (0 to 15): 
The hex value is 5

5

Enter a decimal value (0 to 15): 
Invalid input

31



SINGLE-DIMENSIONAL
ARRAYS

CHAPTER

6

Objectives
■ To describe why arrays are necessary in programming (§6.1).

■ To declare array reference variables and create arrays (§§6.2.1–6.2.2).

■ To obtain array size using arrayRefVar.length and know default values
in an array (§6.2.3).

■ To access array elements using indexed variables (§6.2.4).

■ To declare, create, and initialize an array using an array initializer (§6.2.5).

■ To program common array operations (displaying arrays, summing all 
elements, finding the minimum and maximum elements, random shuffling,
and shifting elements) (§6.2.6).

■ To simplify programming using the for-each loops (§6.2.7).

■ To apply arrays in application development (LottoNumbers,
DeckOfCards) (§§6.3–6.4).

■ To copy contents from one array to another (§6.5).

■ To develop and invoke methods with array arguments and return values
(§§6.6–6.8).

■ To define a method with a variable-length argument list (§6.9).

■ To search elements using the linear (§6.10.1) or binary (§6.10.2) search 
algorithm.

■ To sort an array using the selection sort approach (§6.11.1).

■ To sort an array using the insertion sort approach (§6.11.2).

■ To use the methods in the java.util.Arrays class (§6.12).
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6.1 Introduction
A single array variable can reference a large collection of data.

Often you will have to store a large number of values during the execution of a program.
Suppose, for instance, that you need to read 100 numbers, compute their average, and find out
how many numbers are above the average. Your program first reads the numbers and computes
their average, then compares each number with the average to determine whether it is above
the average. In order to accomplish this task, the numbers must all be stored in variables. You
have to declare 100 variables and repeatedly write almost identical code 100 times. Writing a
program this way would be impractical. So, how do you solve this problem?

An efficient, organized approach is needed. Java and most other high-level languages
provide a data structure, the array, which stores a fixed-size sequential collection of elements
of the same type. In the present case, you can store all 100 numbers into an array and access
them through a single array variable. The solution may look like this:

1 public class AnalyzeNumbers {
2 public static void main(String[] args) {
3 final int NUMBER_OF_ELEMENTS = 100;
4
5 double sum = 0;
6
7      java.util.Scanner input = new java.util.Scanner(System.in);
8 for (int i = 0; i < NUMBER_OF_ELEMENTS; i++) {
9        System.out.print("Enter a new number: ");

10
11        sum += numbers[i];
12      }
13
14 double average = sum / NUMBER_OF_ELEMENTS; 
15
16 int count = 0; // The number of elements above average
17 for (int i = 0; i < NUMBER_OF_ELEMENTS; i++) 
18 if (numbers[i] > average) 
19          count++;
20
21      System.out.println("Average is " + average);
22      System.out.println("Number of elements above the average "
23        + count);
24    }
25  }

numbers[i] = input.nextDouble();

double[] numbers = new double[NUMBER_OF_ELEMENTS];

Key
Point

problem

why array?

what is array?

create array

store number in array

get average

above average?

Key
Point

index

numbers array

numbers[0]:
numbers[1]:
numbers[2]:

.
numbers[i] .

.
numbers[97]:
numbers[98]:
numbers[99]:

The program creates an array of 100 elements in line 4, stores numbers into the array in line
10, adds each number to sum in line 11, and obtains the average in line 14. It then compares
each number in the array with the average to count the number of values above the average
(lines 16–19).

This chapter introduces single-dimensional arrays. The next chapter will introduce two-
dimensional and multidimensional arrays.

6.2 Array Basics
Once an array is created, its size is fixed. An array reference variable is used to access
the elements in an array using an index.

An array is used to store a collection of data, but often we find it more useful to think of an array
as a collection of variables of the same type. Instead of declaring individual variables, such as
number0, number1, . . . , and number99, you declare one array variable such as numbers and
use numbers[0], numbers[1], . . . , and numbers[99] to represent individual variables.
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This section introduces how to declare array variables, create arrays, and process arrays using
indexed variables.

6.2.1 Declaring Array Variables
To use an array in a program, you must declare a variable to reference the array and specify
the array’s element type. Here is the syntax for declaring an array variable:

elementType[] arrayRefVar;

The elementType can be any data type, and all elements in the array will have the same
data type. For example, the following code declares a variable myList that references an
array of double elements.

double[] myList;

Note
You can also use elementType arrayRefVar[] to declare an array variable. This
style comes from the C language and was adopted in Java to accommodate C program-
mers. The style elementType[] arrayRefVar is preferred.

6.2.2 Creating Arrays
Unlike declarations for primitive data type variables, the declaration of an array variable does not
allocate any space in memory for the array. It creates only a storage location for the reference to
an array. If a variable does not contain a reference to an array, the value of the variable is null.
You cannot assign elements to an array unless it has already been created. After an array variable
is declared, you can create an array by using the new operator with the following syntax:

arrayRefVar = new elementType[arraySize];

This statement does two things: (1) it creates an array using new elementType[array-
Size]; (2) it assigns the reference of the newly created array to the variable arrayRefVar.

Declaring an array variable, creating an array, and assigning the reference of the array to
the variable can be combined in one statement as:

elementType[] arrayRefVar = new elementType[arraySize];

or

elementType arrayRefVar[] = new elementType[arraySize];

Here is an example of such a statement:

double[] myList = new double[10];

This statement declares an array variable, myList, creates an array of ten elements of double
type, and assigns its reference to myList. To assign values to the elements, use the syntax:

arrayRefVar[index] = value;

For example, the following code initializes the array.

myList[0] = 5.6;
myList[1] = 4.5;
myList[2] = 3.3;
myList[3] = 13.2;

element type

preferred syntax

null

new operator



226 Chapter 6 Single-Dimensional Arrays

myList[4] = 4.0;
myList[5] = 34.33;
myList[6] = 34.0;
myList[7] = 45.45;
myList[8] = 99.993;
myList[9] = 11123;

This array is illustrated in Figure 6.1.

Note
An array variable that appears to hold an array actually contains a reference to that array.
Strictly speaking, an array variable and an array are different, but most of the time the
distinction can be ignored. Thus it is all right to say, for simplicity, that myList is an
array, instead of stating, at greater length, that myList is a variable that contains a ref-
erence to an array of ten double elements.

6.2.3 Array Size and Default Values
When space for an array is allocated, the array size must be given, specifying the number of ele-
ments that can be stored in it. The size of an array cannot be changed after the array is created.
Size can be obtained using arrayRefVar.length. For example, myList.length is 10.

When an array is created, its elements are assigned the default value of 0 for the numeric
primitive data types, \u0000 for char types, and false for boolean types.

6.2.4 Array Indexed Variables
The array elements are accessed through the index. Array indices are 0 based; that is, they
range from 0 to arrayRefVar.length-1. In the example in Figure 6.1, myList holds ten
double values, and the indices are from 0 to 9.

Each element in the array is represented using the following syntax, known as an indexed
variable:

arrayRefVar[index];

For example, myList[9] represents the last element in the array myList.

Caution
Some programming languages use parentheses to reference an array element, as in
myList(9), but Java uses brackets, as in myList[9].

array vs. array variable

array length

default values

double[] myList = new double[10];

myList reference
myList[0]

myList[1]

myList[2]

myList[3]

myList[4]

myList[6]

myList[5]

myList[7]

myList[8]

myList[9]

Array reference
variable

Array element at
index 5

5.6

4.5

3.3

13.2

4.0

34.33

34.0

45.45

99.993

11123

Element value

FIGURE 6.1 The array myList has ten elements of double type and int indices from 0 to 9.

0 based

indexed variable
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After an array is created, an indexed variable can be used in the same way as a regular
variable. For example, the following code adds the values in myList[0] and
myList[1] to myList[2].

myList[2] = myList[0] + myList[1];

The following loop assigns 0 to myList[0], 1 to myList[1], . . . , and 9 to myList[9]:

for (int i = 0; i < myList.length; i++) {
myList[i] = i;

}

6.2.5 Array Initializers
Java has a shorthand notation, known as the array initializer, which combines the declaration,
creation, and initialization of an array in one statement using the following syntax:

elementType[] arrayRefVar = {value0, value1, ..., valuek};

For example, the statement

double[] myList = {1.9, 2.9, 3.4, 3.5};

declares, creates, and initializes the array myList with four elements, which is equivalent to
the following statements:

double[] myList = new double[4];
myList[0] = 1.9;
myList[1] = 2.9;
myList[2] = 3.4;
myList[3] = 3.5;

Caution
The new operator is not used in the array-initializer syntax. Using an array initializer, you
have to declare, create, and initialize the array all in one statement. Splitting it would
cause a syntax error. Thus, the next statement is wrong:

double[] myList;
myList = {1.9, 2.9, 3.4, 3.5};

6.2.6 Processing Arrays
When processing array elements, you will often use a for loop—for two reasons:

■ All of the elements in an array are of the same type. They are evenly processed in the
same fashion repeatedly using a loop.

■ Since the size of the array is known, it is natural to use a for loop.

Assume the array is created as follows:

double[] myList = new double[10];

The following are some examples of processing arrays.

1. Initializing arrays with input values: The following loop initializes the array myList
with user input values.

java.util.Scanner input = new java.util.Scanner(System.in);
System.out.print("Enter " + myList.length + " values: ");
for (int i = 0; i < myList.length; i++) 

myList[i] = input.nextDouble();

array initializer
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2. Initializing arrays with random values: The following loop initializes the array
myList with random values between 0.0 and 100.0, but less than 100.0.

for (int i = 0; i < myList.length; i++) {
myList[i] = Math.random() * 100;

}

3. Displaying arrays: To print an array, you have to print each element in the array using
a loop like the following:

for (int i = 0; i < myList.length; i++) {
System.out.print(myList[i] + " ");

}

Tip
For an array of the char[] type, it can be printed using one print statement. For exam-
ple, the following code displays Dallas:

char[] city = {'D', 'a', 'l', 'l', 'a', 's'};
System.out.println(city);

4. Summing all elements: Use a variable named total to store the sum. Initially total
is 0.  Add each element in the array to total using a loop like this:

double total = 0;
for (int i = 0; i < myList.length; i++) {

total += myList[i];
}

5. Finding the largest element: Use a variable named max to store the largest element. Ini-
tially max is myList[0]. To find the largest element in the array myList, compare
each element with max, and update max if the element is greater than max.

double max = myList[0];
for (int i = 1; i < myList.length; i++) {

if (myList[i] > max) max = myList[i];
}

6. Finding the smallest index of the largest element: Often you need to locate the
largest element in an array. If an array has more than one largest element, find the
smallest index of such an element. Suppose the array myList is {1, 5, 3, 4, 5, 5}.
The largest element is 5 and the smallest index for 5 is 1. Use a variable named max
to store the largest element and a variable named indexOfMax to denote the index
of the largest element. Initially max is myList[0], and indexOfMax is 0. Compare
each element in myList with max, and update max and indexOfMax if the element
is greater than max.

double max = myList[0];
int indexOfMax = 0;
for (int i = 1; i < myList.length; i++) {

if {
max = myList[i];
indexOfMax = i;

}
}

7. Random shuffling: In many applications, you need to randomly reorder the ele-
ments in an array. This is called shuffling. To accomplish this, for each element

(myList[i] > max)

print character array

VideoNote

Random shuffling
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8. Shifting elements: Sometimes you need to shift the elements left or right. Here is an
example of shifting the elements one position to the left and filling the last element with
the first element:

double temp = myList[0]; // Retain the first element

// Shift elements left
for (int i = 1; i < myList.length; i++) {
  myList[i - 1] = myList[i];
}

// Move the first element to fill in the last position
myList[myList.length - 1] = temp;

myList

myList[i], randomly generate an index j and swap myList[i] with myList[j],
as follows:

swap

myList

i
[1]

for (int i = 0; i < myList.length; i++) { 
// Generate an index j randomly 
int j = (int) (Math.random() 

    * mylist.length); 

// Swap myList[i] with myList[j] 
double temp = myList[i]; 

  myList[i] = myList[j]
  myList[j] = temp; 
}

.

.

.

[0]

A random index [j]

9. Simplifying coding: Arrays can be used to greatly simplify coding for certain tasks. For
example, suppose you wish to obtain the English name of a given month by its number.
If the month names are stored in an array, the month name for a given month can be
accessed simply via the index. The following code prompts the user to enter a month
number and displays its month name:

String[] months = {"January", "February", ..., "December"};
System.out.print("Enter a month number (1 to 12): ");
int monthNumber = input.nextInt();
System.out.println("The month is " + months[monthNumber - 1]);

If you didn’t use the months array, you would have to determine the month name using
a lengthy multi-way if-else statement as follows:

if (monthNumber == 1)
System.out.println("The month is January");

else if (monthNumber == 2)
System.out.println("The month is February");

...
else

System.out.println("The month is December");

6.2.7 for-each Loops
Java supports a convenient for loop, known as a for-each loop or enhanced for loop, which
enables you to traverse the array sequentially without using an index variable. For example,
the following code displays all the elements in the array myList:

for (double u: myList) {
System.out.println(u);

}
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You can read the code as “for each element u in myList, do the following.” Note that the vari-
able, u, must be declared as the same type as the elements in myList.

In general, the syntax for a for-each loop is

for (elementType element: arrayRefVar) {
// Process the element

}

You still have to use an index variable if you wish to traverse the array in a different order or
change the elements in the array.

Caution
Accessing an array out of bounds is a common programming error that throws a runtime
ArrayIndexOutOfBoundsException. To avoid it, make sure that you do not use
an index beyond arrayRefVar.length – 1.

Programmers often mistakenly reference the first element in an array with index 1, but it
should be 0. This is called the off-by-one error. Another common error in a loop is using
<= where < should be used. For example, the following loop is wrong.

for (int i = 0; i list.length; i++)
System.out.print(list[i] + " ");

The <= should be replaced by <.

6.1 How do you declare an array reference variable and how do you create an array?

6.2 When is the memory allocated for an array?

6.3 What is the printout of the following code?

int x = 30;
int[] numbers = new int[x];
x = 60;
System.out.println("x is " + x);
System.out.println("The size of numbers is " + numbers.length);

6.4 Indicate true or false for the following statements:

■ Every element in an array has the same type.

■ The array size is fixed after an array reference variable is declared.

■ The array size is fixed after it is created.

■ The elements in an array must be a primitive data type.

6.5 Which of the following statements are valid?

int i = new int(30);
double d[] = new double[30];
char[] r = new char(1..30);
int i[] = (3, 4, 3, 2);
float f[] = {2.3, 4.5, 6.6};
char[] c = new char();

6.6 How do you access elements in an array? What is an array indexed variable?

6.7 What is the array index type? What is the lowest index? What is the representation of
the third element in an array named a?

6.8 Write statements to do the following:

a. Create an array to hold 10 double values.

b. Assign the value 5.5 to the last element in the array.

c. Display the sum of the first two elements.

d. Write a loop that computes the sum of all elements in the array.

<=

ArrayIndexOutOfBounds-
Exception

off-by-one error

✓Point✓Check
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e. Write a loop that finds the minimum element in the array.

f. Randomly generate an index and display the element of this index in the array.

g. Use an array initializer to create another array with the initial values 3.5, 5.5,
4.52, and 5.6.

6.9 What happens when your program attempts to access an array element with an
invalid index?

6.10 Identify and fix the errors in the following code:

1 public class Test {
2 public static void main(String[] args) {
3 double[100] r;
4
5 for (int i = 0; i < r.length(); i++);
6        r(i) = Math.random * 100;
7    }
8  }

6.11 What is the output of the following code?

1 public class Test { 
2 public static void main(String[] args) {
3 int list[] = {1, 2, 3, 4, 5, 6};
4 for (int i = 1; i < list.length; i++)
5        list[i] = list[i - 1];
6
7 for (int i = 0; i < list.length; i++)
8        System.out.print(list[i] + " ");
9    }

10  }

6.3 Case Study: Lotto Numbers
The problem is to write a program that checks if all the input numbers cover 1 to 99.

Each ticket for the Pick-10 lotto has 10 unique numbers ranging from 1 to 99. Suppose you
buy a lot of tickets and like to have them cover all numbers from 1 to 99. Write a program that
reads the ticket numbers from a file and checks whether all numbers are covered. Assume the
last number in the file is 0. Suppose the file contains the numbers

80 3 87 62 30 90 10 21 46 27
12 40 83 9 39 88 95 59 20 37
80 40 87 67 31 90 11 24 56 77
11 48 51 42 8 74 1 41 36 53
52 82 16 72 19 70 44 56 29 33
54 64 99 14 23 22 94 79 55 2
60 86 34 4 31 63 84 89 7 78
43 93 97 45 25 38 28 26 85 49
47 65 57 67 73 69 32 71 24 66
92 98 96 77 6 75 17 61 58 13
35 81 18 15 5 68 91 50 76 
0

Your program should display

The tickets cover all numbers

Suppose the file contains the numbers

11 48 51 42 8 74 1 41 36 53
52 82 16 72 19 70 44 56 29 33
0

Key
Point
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Lotto numbers
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The algorithm for the program can be described as follows:

for each number k read from the file, 
mark number k as covered by setting isCovered[k – 1] true;

if every isCovered[i] is true
The tickets cover all numbers

else
The tickets don't cover all numbers

The complete program is given in Listing 6.1.

LISTING 6.1 LottoNumbers.java
1 import java.util.Scanner;
2
3 public class LottoNumbers {
4 public static void main(String[] args) {
5      Scanner input = new Scanner(System.in);
6 boolean[] isCovered = new boolean[99]; // Default is false
7
8 // Read each number and mark its corresponding element covered
9 int number = input.nextInt();

10 while (number != 0) {
11        isCovered[number - 1] = true;
12        number = input.nextInt();
13      }
14

Your program should display

The tickets don't cover all numbers

How do you mark a number as covered? You can create an array with 99 boolean elements.
Each element in the array can be used to mark whether a number is covered. Let the array be
isCovered. Initially, each element is false, as shown in Figure 6.2a. Whenever a number is
read, its corresponding element is set to true. Suppose the numbers entered are 1, 2, 3, 99,
0. When number 1 is read, isCovered[0] is set to true (see Figure 6.2b). When
number 2 is read, isCovered[2 - 1] is set to true (see Figure 6.2c). When number 3 is read,
isCovered[3 - 1] is set to true (see Figure 6.2d). When number 99 is read, isCovered[98]
is set to true (see Figure 6.2e).
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FIGURE 6.2 If number i appears in a Lotto ticket, isCovered[i-1] is set to true.
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15 // Check whether all covered
16 boolean allCovered = true; // Assume all covered initially
17 for (int i = 0; i < isCovered.length; i++) 
18 if (!isCovered[i]) {
19          allCovered = false; // Find one number not covered
20 break;
21        } 
22
23 // Display result
24 if (allCovered)
25        System.out.println("The tickets cover all numbers");
26 else
27        System.out.println("The tickets don't cover all numbers");
28    } 
29  }

Suppose you have created a text file named LottoNumbers.txt that contains the input data 2 5
6 5 4 3 23 43 2 0. You can run the program using the following command:

java LottoNumbers < LottoNumbers.txt

The program can be traced as follows:

check allCovered?

Line# Representative elements in array isCovered number allCovered

[1] [2] [3] [4] [5] [22] [42]

6 false false false false false false false

9 2

11 true

12 5

11 true

12 6

11 true

12 5

11 true

12 4

11 true

12 3

11 true

12 23

11 true

12 43

11 true

12 2

11 true

12 0

16 true

18(i=0) false
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The program creates an array of 99 boolean elements and initializes each element to
false (line 6). It reads the first number from the file (line 9). The program then repeats the
following operations in a loop:

■ If the number is not zero, set its corresponding value in array isCovered to true
(line 11);

■ Read the next number (line 12).

When the input is 0, the input ends. The program checks whether all numbers are covered in
lines 16–21 and displays the result in lines 24–27.

6.4 Case Study: Deck of Cards
The problem is to create a program that will randomly select four cards from a deck of
cards.

Say you want to write a program that will pick four cards at random from a deck of 52 cards.
All the cards can be represented using an array named deck, filled with initial values 0 to 51,
as follows:

int[] deck = new int[52];

// Initialize cards
for (int i = 0; i < deck.length; i++)

deck[i] = i;

Card numbers 0 to 12, 13 to 25, 26 to 38, and 39 to 51 represent 13 Spades, 13 Hearts,
13 Diamonds, and 13 Clubs, respectively, as shown in Figure 6.3. cardNumber / 13 deter-
mines the suit of the card and cardNumber % 13 determines the rank of the card, as shown
in Figure 6.4. After shuffling the array deck, pick the first four cards from deck. The pro-
gram displays the cards from these four card numbers.
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Card number 6 is the 
7 (6 % 13 = 6) of
Spades (7 / 13 is 0)

Card number 48 is the 
10 (48 % 13 = 9) of
Clubs (48 / 13 is 3)
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Queen (11 % 13 = 11) of
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Card number 24 is the 
Queen (24 % 13 = 11) of
Hearts (24 / 13 is 1)

13 Hearts (  )

13 Spades (  )

FIGURE 6.3 52 cards are stored in an array named deck.
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Listing 6.2 gives the solution to the problem.

LISTING 6.2 DeckOfCards.java
1 public class DeckOfCards {
2 public static void main(String[] args) {
3 int[] deck = new int[52];
4      String[] suits = {"Spades", "Hearts", "Diamonds", "Clubs"};
5      String[] ranks = {"Ace", "2", "3", "4", "5", "6", "7", "8", "9",
6 "10", "Jack", "Queen", "King"};
7
8 // Initialize the cards
9 for (int i = 0; i < deck.length; i++) 

10        deck[i] = i;
11
12 // Shuffle the cards
13 for (int i = 0; i < deck.length; i++) {
14 // Generate an index randomly
15 int index = (int)(Math.random() * deck.length);
16 int temp = deck[i];
17        deck[i] = deck[index]; 
18        deck[index] = temp;
19      }
20
21 // Display the first four cards
22 for (int i = 0; i < 4; i++) {
23        String suit = suits[deck[i] / 13];
24        String rank = ranks[deck[i] % 13];
25        System.out.println("Card number " + deck[i] + ": "
26          + rank + " of " + suit);
27      }
28    }
29  }

cardNumber / 13 = 

0

3
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1

Spades

Hearts

Diamonds

Clubs

cardNumber % 13 = 

0
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1 2
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12
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FIGURE 6.4 How cardNumber identifies a card’s suit and rank number.

Card number 6: 7 of Spades
Card number 48: 10 of Clubs
Card number 11: Queen of Spades
Card number 24: Queen of Hearts

create array deck
array of strings
array of strings

initialize deck

shuffle deck

suit of a card
rank of a card
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The program defines an array suits for four suits (line 4) and an array ranks for 13 cards in
a suit (lines 5–6). Each element in these arrays is a string.

The program initializes deck with values 0 to 51 in lines 9–10. The deck value 0 repre-
sents the card Ace of Spades, 1 represents the card 2 of Spades, 13 represents the card Ace of
Hearts, and 14 represents the card 2 of Hearts.

Lines 13–19 randomly shuffle the deck. After a deck is shuffled, deck[i] contains an
arbitrary value. deck[i] / 13 is 0, 1, 2, or 3, which determines the suit (line 23). deck[i]
% 13 is a value between 0 and 12, which determines the rank (line 24). If the suits array is
not defined, you would have to determine the suit using a lengthy multi-way if-else state-
ment as follows:

if (deck[i] / 13 == 0)
System.out.print("suit is Spades");

else if (deck[i] / 13 == 1)
System.out.print("suit is Hearts");

else if(deck[i] / 13 == 2)
System.out.print("suit is Diamonds");

else
System.out.print("suit is Clubs");

With suits = {"Spades", "Hearts", "Diamonds", "Clubs"} created in an array,
suits[deck / 13] gives the suit for the deck. Using arrays greatly simplifies the solution
for this program.

6.5 Copying Arrays
To copy the contents of one array into another, you have to copy the array’s individual
elements into the other array.

Often, in a program, you need to duplicate an array or a part of an array. In such cases you
could attempt to use the assignment statement (=), as follows:

list2 = list1;

However, this statement does not copy the contents of the array referenced by list1 to list2,
but instead merely copies the reference value from list1 to list2. After this statement,
list1 and list2 reference the same array, as shown in Figure 6.5. The array previously ref-
erenced by list2 is no longer referenced; it becomes garbage, which will be automatically
collected by the Java Virtual Machine (this process is called garbage collection).
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copy reference

garbage collection

Contents
of list1

Contents
of list1

Contents
of list2

Contents
of list2

list1

list2

Before the assignment
list2 = list1;

list1

list2

After the assignment
list2 = list1;

FIGURE 6.5 Before the assignment statement, list1 and list2 point to separate memory
locations. After the assignment, the reference of the list1 array is passed to list2.

In Java, you can use assignment statements to copy primitive data type variables, but not
arrays. Assigning one array variable to another array variable actually copies one reference to
another and makes both variables point to the same memory location.
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There are three ways to copy arrays:

■ Use a loop to copy individual elements one by one.

■ Use the static arraycopy method in the System class.

■ Use the clone method to copy arrays; this will be introduced in Chapter 15,
Abstract Classes and Interfaces.

You can write a loop to copy every element from the source array to the corresponding ele-
ment in the target array. The following code, for instance, copies sourceArray to
targetArray using a for loop.

int[] sourceArray = {2, 3, 1, 5, 10};
int[] targetArray = new int[sourceArray.length];
for (int i = 0; i < sourceArray.length; i++) {

targetArray[i] = sourceArray[i];
}

Another approach is to use the arraycopy method in the java.lang.System class to copy
arrays instead of using a loop. The syntax for arraycopy is:

arraycopy(sourceArray, src_pos, targetArray, tar_pos, length);

The parameters src_pos and tar_pos indicate the starting positions in sourceArray and
targetArray, respectively. The number of elements copied from sourceArray to
targetArray is indicated by length. For example, you can rewrite the loop using the fol-
lowing statement:

System.arraycopy(sourceArray, 0, targetArray, 0, sourceArray.length);

The arraycopy method does not allocate memory space for the target array. The target array
must have already been created with its memory space allocated. After the copying takes place,
targetArray and sourceArray have the same content but independent memory locations.

Note
The arraycopy method violates the Java naming convention. By convention, this
method should be named arrayCopy (i.e., with an uppercase C).

6.12 Use the arraycopy() method to copy the following array to a target array t:

int[] source = {3, 4, 5};

6.13 Once an array is created, its size cannot be changed. Does the following code resize
the array?

int[] myList;
myList = new int[10];
// Sometime later you want to assign a new array to myList
myList = new int[20];

6.6 Passing Arrays to Methods
When passing an array to a method, the reference of the array is passed to the method.

Just as you can pass primitive type values to methods, you can also pass arrays to methods.
For example, the following method displays the elements in an int array:

public static void printArray(int[] array) {
for (int i = 0; i < array.length; i++) {

✓Point✓Check
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arraycopy method
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System.out.print(array[i] + " ");
}

}

You can invoke it by passing an array. For example, the following statement invokes the
printArray method to display 3, 1, 2, 6, 4, and 2.

printArray(new int[]{3, 1, 2, 6, 4, 2});

Note
The preceding statement creates an array using the following syntax:

new elementType[]{value0, value1, ..., valuek};

There is no explicit reference variable for the array. Such array is called an anonymous
array.

Java uses pass-by-value to pass arguments to a method. There are important differences
between passing the values of variables of primitive data types and passing arrays.

■ For an argument of a primitive type, the argument’s value is passed.

■ For an argument of an array type, the value of the argument is a reference to an array;
this reference value is passed to the method. Semantically, it can be best described as
pass-by-sharing, that is, the array in the method is the same as the array being
passed. Thus, if you change the array in the method, you will see the change outside
the method.

Take the following code, for example:

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

int x = 1; // x represents an int value
int[] y = new int[10]; // y represents an array of int values

; // Invoke m with arguments x and y

System.out.println("x is " + x);
System.out.println("y[0] is " + y[0]);

}

public static void {
number = 1001; // Assign a new value to number
numbers[0] = 5555; // Assign a new value to numbers[0]

}
}

m(int number, int[] numbers)

m(x, y)

anonymous array

pass-by-value

pass-by-sharing

x is 1
y[0] is 5555

You may wonder why after m is invoked, x remains 1, but y[0] become 5555. This is
because y and numbers, although they are independent variables, reference the same array, as
illustrated in Figure 6.6. When m(x, y) is invoked, the values of x and y are passed to
number and numbers. Since y contains the reference value to the array, numbers now con-
tains the same reference value to the same array.
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Note
Arrays are objects in Java (objects are introduced in Chapter 8). The JVM stores the objects
in an area of memory called the heap, which is used for dynamic memory allocation.

Listing 6.3 gives another program that shows the difference between passing a primitive data
type value and an array reference variable to a method.

The program contains two methods for swapping elements in an array. The first method,
named swap, fails to swap two int arguments. The second method, named
swapFirstTwoInArray, successfully swaps the first two elements in the array argument.

LISTING 6.3 TestPassArray.java
1 public class TestPassArray {
2 /** Main method */
3 public static void main(String[] args) {
4
5
6 // Swap elements using the swap method
7      System.out.println("Before invoking swap");
8      System.out.println("array is {" + a[0] + ", " + a[1] + "}");
9

10      System.out.println("After invoking swap");
11      System.out.println("array is {" + a[0] + ", " + a[1] + "}");
12
13 // Swap elements using the swapFirstTwoInArray method
14      System.out.println("Before invoking swapFirstTwoInArray");
15      System.out.println("array is {" + a[0] + ", " + a[1] + "}");
16
17      System.out.println("After invoking swapFirstTwoInArray");
18      System.out.println("array is {" + a[0] + ", " + a[1] + "}");
19    }
20
21 /** Swap two variables */
22 public static void {
23 int temp = n1;
24      n1 = n2;
25      n2 = temp;
26    }
27
28 /** Swap the first two elements in the array */
29 public static void {
30 int temp = array[0];
31      array[0] = array[1];
32      array[1] = temp;
33    }
34  }

swapFirstTwoInArray(int[] array)

swap(int n1, int n2)

swapFirstTwoInArray(a);

swap(a[0], a[1]);

int[] a = {1, 2};

reference

Space required for the
main method

int[] y:
int x: 1

Stack

Space required for
method m
int[] numbers:
int number: 1 An array of

ten int
values is
stored here

Arrays are
stored in a
heap.

Heap

reference

FIGURE 6.6 The primitive type value in x is passed to number, and the reference value in y
is passed to numbers.

heap

false swap

swap array elements
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Before invoking swap
array is {1, 2}
After invoking swap
array is {1, 2}
Before invoking swapFirstTwoInArray
array is {1, 2}
After invoking swapFirstTwoInArray
array is {2, 1}

As shown in Figure 6.7, the two elements are not swapped using the swap method. However,
they are swapped using the swapFirstTwoInArray method. Since the parameters in the swap
method are primitive type, the values of a[0] and a[1] are passed to n1 and n2 inside the
method when invoking swap(a[0], a[1]). The memory locations for n1 and n2 are inde-
pendent of the ones for a[0] and a[1]. The contents of the array are not affected by this call.

The parameter in the swapFirstTwoInArray method is an array. As shown in Figure 6.7,
the reference of the array is passed to the method. Thus the variables a (outside the method)
and array (inside the method) both refer to the same array in the same memory location.
Therefore, swapping array[0] with array[1] inside the method swapFirstTwoInArray
is the same as swapping a[0] with a[1] outside of the method.

6.7 Returning an Array from a Method
When a method returns an array, the reference of the array is returned.

You can pass arrays when invoking a method. A method may also return an array. For exam-
ple, the following method returns an array that is the reversal of another array.

Key
Point

create array

return array

Invoke swap(int n1, int n2).
The primitive type values in
a[0] and a[1] are passed to the
swap method.

Invoke swapFirstTwoInArray(int[]
array). The reference value in a is passed 
to the swapFirstTwoInArray method.

The arrays are
stored in a
heap.

Stack Heap

Space required for the
swap method

Space required for the
main method

n2: 2
n1: 1

int[] a reference reference

reference

Stack

Space required for the
swapFirstTwoInArray
method

Space required for the
main method

int[] a

int[] array

a[0]: 1
a[1]: 2

FIGURE 6.7 When passing an array to a method, the reference of the array is passed to the
method.

 l public static int[] reverse(int[] list) {
 2 int[] result = new int[list.length];
 3 
 4 for (int i = 0, j = result.length - 1;
 5        i < list.length; i++, j--) {
 6     result[j] = list[i];
 7   }
 8
 9 return result;
10 }

list

result
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Line 2 creates a new array result. Lines 4–7 copy elements from array list to array
result. Line 9 returns the array. For example, the following statement returns a new array
list2 with elements 6, 5, 4, 3, 2, 1.

int[] list1 = {1, 2, 3, 4, 5, 6};
int[] list2 = reverse(list1);

6.8 Case Study: Counting the Occurrences of Each Letter
This section presents a program to count the occurrences of each letter in an array of
characters. 

The program given in Listing 6.4 does the following:

1. Generates 100 lowercase letters randomly and assigns them to an array of characters, as
shown in Figure 6.8a. You can obtain a random letter by using the getRandomLower-
CaseLetter() method in the RandomCharacter class in Listing 5.10.

2. Count the occurrences of each letter in the array. To do so, create an array, say counts,
of 26 int values, each of which counts the occurrences of a letter, as shown in Figure
6.8b. That is, counts[0] counts the number of a’s, counts[1] counts the number of
b’s, and so on.

Key
Point

…

…

chars[0]

chars[1]

…

…

chars[98]

chars[99]

…

…

counts[0]

counts[1]

…

…

counts[24]

counts[25]

(a) (b)

FIGURE 6.8 The chars array stores 100 characters, and the counts array stores 26 counts,
each of which counts the occurrences of a letter.

LISTING 6.4 CountLettersInArray.java
1 public class CountLettersInArray {
2 /** Main method */
3 public static void main(String[] args) {
4 // Declare and create an array
5 char[] chars = 
6
7 // Display the array
8      System.out.println("The lowercase letters are:");
9

10
11 // Count the occurrences of each letter
12 int[] counts = ; 
13
14 // Display counts
15      System.out.println();
16      System.out.println("The occurrences of each letter are:");
17
18    }
19
20 /** Create an array of characters */

displayCounts(counts);

countLetters(chars)

displayArray(chars);

createArray(); create array

pass array

return array

pass array
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21 public static {
22 // Declare an array of characters and create it
23 char[] chars = new char[100];
24
25 // Create lowercase letters randomly and assign 
26 // them to the array
27 for (int i = 0; i < chars.length; i++) 
28        chars[i] = RandomCharacter.getRandomLowerCaseLetter();
29
30 // Return the array
31 return chars;
32    }
33
34 /** Display the array of characters */
35 public static {
36 // Display the characters in the array 20 on each line
37 for (int i = 0; i < chars.length; i++) {
38 if ((i + 1) % 20 == 0)
39          System.out.println(chars[i]);
40 else
41          System.out.print(chars[i] + " ");
42      }
43    }
44
45 /** Count the occurrences of each letter */
46 public static {
47 // Declare and create an array of 26 int
48 int[] counts = new int[26];
49
50 // For each lowercase letter in the array, count it
51 for (int i = 0; i < chars.length; i++) 
52        counts[chars[i] - 'a']++;
53
54 return counts;
55    }
56
57 /** Display counts */
58 public static {
59 for (int i = 0; i < counts.length; i++) {
60 if ((i + 1) % 10 == 0)
61          System.out.println(counts[i] + " " + (char)(i + 'a'));
62 else
63          System.out.print(counts[i] + " " + (char)(i + 'a') + " ");
64      }
65    }
66  }

void displayCounts(int[] counts)

int[] countLetters(char[] chars)

void displayArray(char[] chars)

char[] createArray()

increase count

The lowercase letters are:
e y l s r i b k j v j h a b z n w b t v 
s c c k r d w a m p w v u n q a m p l o 
a z g d e g f i n d x m z o u l o z j v 
h w i w n t g x w c d o t x h y v z y z 
q e a m f w p g u q t r e n n w f c r f 

The occurrences of each letter are:
5 a 3 b 4 c 4 d 4 e 4 f 4 g 3 h 3 i 3 j
2 k 3 l 4 m 6 n 4 o 3 p 3 q 4 r 2 s 4 t
3 u 5 v 8 w 3 x 3 y 6 z 
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The createArray method (lines 21–32) generates an array of 100 random lowercase letters.
Line 5 invokes the method and assigns the array to chars. What would be wrong if you
rewrote the code as follows?

char[] chars = new char[100];
chars = createArray();

You would be creating two arrays. The first line would create an array by using new
char[100]. The second line would create an array by invoking createArray() and assign
the reference of the array to chars. The array created in the first line would be garbage
because it is no longer referenced, and as mentioned earlier Java automatically collects
garbage behind the scenes. Your program would compile and run correctly, but it would cre-
ate an array unnecessarily.

Invoking getRandomLowerCaseLetter() (line 28) returns a random lowercase letter.
This method is defined in the RandomCharacter class in Listing 5.10.

The countLetters method (lines 46–55) returns an array of 26 int values, each of
which stores the number of occurrences of a letter. The method processes each letter in the
array and increases its count by one. A brute-force approach to count the occurrences of each
letter might be as follows:

for (int i = 0; i < chars.length; i++) 
if (chars[i] == 'a')

counts[0]++;
else if (chars[i] == 'b')

counts[1]++;
...

But a better solution is given in lines 51–52.

for (int i = 0; i < chars.length; i++) 
counts[chars[i] - 'a']++;

If the letter (chars[i]) is a, the corresponding count is counts['a' - 'a'] (i.e.,
counts[0]). If the letter is b, the corresponding count is counts['b' - 'a'] (i.e.,
counts[1]), since the Unicode of b is one more than that of a. If the letter is z, the corre-
sponding count is counts['z' - 'a'] (i.e., counts[25]), since the Unicode of z is 25
more than that of a.

Figure 6.9 shows the call stack and heap during and after executing createArray.
See Checkpoint Question 6.16 to show the call stack and heap for other methods in the
program.

Array of 100
characters

Stack

(a) Executing
createArray in line 5

(b) After exiting
createArray in line 5

Heap

Space required for the
createArray method

Space required for the
main method

Array of 100
characters

Stack Heap

Space required for the
main method

char[] chars: refchar[] chars: ref

char[] chars: ref

FIGURE 6.9 (a) An array of 100 characters is created when executing createArray.
(b) This array is returned and assigned to the variable chars in the main method.
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6.14 True or false? When an array is passed to a method, a new array is created and passed
to the method. 

6.15 Show the output of the following two programs:

6.16 Where are the arrays stored during execution? Show the contents of the stack and
heap during and after executing displayArray, countLetters, displayCounts
in Listing 6.4.

6.9 Variable-Length Argument Lists
A variable number of arguments of the same type can be passed to a method and
treated as an array.

You can pass a variable number of arguments of the same type to a method. The parameter in
the method is declared as follows:

typeName... parameterName

In the method declaration, you specify the type followed by an ellipsis (...). Only one
variable-length parameter may be specified in a method, and this parameter must be the last
parameter. Any regular parameters must precede it.

Java treats a variable-length parameter as an array. You can pass an array or a variable
number of arguments to a variable-length parameter. When invoking a method with a variable
number of arguments, Java creates an array and passes the arguments to it. Listing 6.5 con-
tains a method that prints the maximum value in a list of an unspecified number of values.

LISTING 6.5 VarArgsDemo.java
1 public class VarArgsDemo {
2 public static void main(String[] args) {
3
4
5    }
6
7 public static void printMax( ) {
8 if (numbers.length == 0) {
9        System.out.println("No argument passed");

double... numbers

printMax(new double[]{1, 2, 3});
printMax(34, 3, 3, 2, 56.5);

✓Point✓Check
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public class Test {
public static void main(String[] args) {

int number = 0;
int[] numbers = new int[1];

m(number, numbers);

System.out.println("number is " + number
+ " and numbers[0] is " + numbers[0]);

}

public static void m(int x, int[] y) {
x = 3;
y[0] = 3;

}
}

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

int[] list = {1, 2, 3, 4, 5};
reverse(list);
for (int i = 0; i < list.length; i++)

System.out.print(list[i] + " ");
}

public static void reverse(int[] list) {
int[] newList = new int[list.length];

for (int i = 0; i < list.length; i++)
newList[i] = list[list.length - 1 - i];

list = newList;
}

}

(a) (b)

pass variable-length arg list
pass an array arg

a variable-length arg
parameter
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10 return;
11      }
12
13 double result = numbers[0];
14
15 for (int i = 1; i < numbers.length; i++)
16 if (numbers[i] > result)
17          result = numbers[i];
18
19      System.out.println("The max value is " + result);
20    }
21  }

Line 3 invokes the printMax method with a variable-length argument list passed to the array
numbers. If no arguments are passed, the length of the array is 0 (line 8).

Line 4 invokes the printMax method with an array.

6.17 What is wrong in the following method header?

public static void print(String... strings, double... numbers)
public static void print(double... numbers, String name)
public static double... print(double d1, double d2)

6.18 Can you invoke the printMax method in Listing 6.5 using the following statements?

printMax(1, 2, 2, 1, 4);
printMax(new double[]{1, 2, 3});
printMax(new int[]{1, 2, 3});

6.10 Searching Arrays
If an array is sorted, binary search is more efficient than linear search for finding an
element in the array.

Searching is the process of looking for a specific element in an array—for example, discover-
ing whether a certain score is included in a list of scores. Searching is a common task in com-
puter programming. Many algorithms and data structures are devoted to searching. This
section discusses two commonly used approaches, linear search and binary search.

6.10.1 The Linear Search Approach
The linear search approach compares the key element key sequentially with each element in
the array. It continues to do so until the key matches an element in the array or the array is
exhausted without a match being found. If a match is made, the linear search returns the index
of the element in the array that matches the key. If no match is found, the search returns -1.
The linearSearch method in Listing 6.6 gives the solution. 

LISTING 6.6 LinearSearch.java

Key
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binary search

linear search animation on
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key Compare key with list[i] for i = 0, 1, …

[0] [1] [2]  …

1 public class LinearSearch {
2   /** The method for finding a key in the list */
3 public static int linearSearch(int[] list, int key) {
4 for (int i = 0; i < list.length; i++) {
5 if (key == list[i])
6 return i;
7     }
8 return -1;
9   }
10 }
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To better understand this method, trace it with the following statements:

1 int[] list = {1, 4, 4, 2, 5, -3, 6, 2};
2 int i = linearSearch(list, 4); // Returns 1
3 int j = linearSearch(list, -4); // Returns -1
4 int k = linearSearch(list, -3); // Returns 5

The linear search method compares the key with each element in the array. The elements can
be in any order. On average, the algorithm will have to examine half of the elements in an
array before finding the key, if it exists. Since the execution time of a linear search increases
linearly as the number of array elements increases, linear search is inefficient for a large array.

6.10.2 The Binary Search Approach
Binary search is the other common search approach for a list of values. For binary search to
work, the elements in the array must already be ordered. Assume that the array is in ascend-
ing order. The binary search first compares the key with the element in the middle of the array.
Consider the following three cases:

■ If the key is less than the middle element, you need to continue to search for the key
only in the first half of the array.

■ If the key is equal to the middle element, the search ends with a match.

■ If the key is greater than the middle element, you need to continue to search for the
key only in the second half of the array.

Clearly, the binary search method eliminates at least half of the array after each comparison.
Sometimes you eliminate half of the elements, and sometimes you eliminate half plus one.
Suppose that the array has n elements. For convenience, let n be a power of 2. After the first
comparison, n/2 elements are left for further search; after the second comparison, (n/2)/2
elements are left. After the kth comparison, n/2k elements are left for further search. When k
= log2n, only one element is left in the array, and you need only one more comparison.
Therefore, in the worst case when using the binary search approach, you need log2n+1 com-
parisons to find an element in the sorted array. In the worst case for a list of 1024 (210) ele-
ments, binary search requires only 11 comparisons, whereas a linear search requires 1023
comparisons in the worst case. 

The portion of the array being searched shrinks by half after each comparison. Let low and
high denote, respectively, the first index and last index of the array that is currently being
searched. Initially, low is 0 and high is list.length–1. Let mid denote the index of the
middle element, so mid is (low + high)/2. Figure 6.10 shows how to find key 11 in the list
{2, 4, 7, 10, 11, 45, 50, 59, 60, 66, 69, 70, 79} using binary search.

You now know how the binary search works. The next task is to implement it in Java.
Don’t rush to give a complete implementation. Implement it incrementally, one step at a time.
You may start with the first iteration of the search, as shown in Figure 6.11a. It compares the
key with the middle element in the list whose low index is 0 and high index is
list.length - 1. If key < list[mid], set the high index to mid - 1; if key ==
list[mid], a match is found and return mid; if key > list[mid], set the low index to
mid + 1.

Next consider implementing the method to perform the search repeatedly by adding a loop,
as shown in Figure 6.11b. The search ends if the key is found, or if the key is not found when
low > high.

When the key is not found, low is the insertion point where a key would be inserted to
maintain the order of the list. It is more useful to return the insertion point than -1. The
method must return a negative value to indicate that the key is not in the list. Can it simply
return –low? No. If the key is less than list[0], low would be 0. -0 is 0. This would

binary search animation on
Companion Website

why not –1?
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key is 11 low

key Ͻ 50

key Ͼ 7

[0] [1] [2] [3] [4] [5] [7] [8] [9] [10] [11]

2list 4 7 10 11 45 50 59 60 66 69 70 79

mid

[6]

high

[12]

low

[0] [1] [2] [3] [4] [5]

2list 4 7 10 11 45

mid high

key ϭϭ 11

[3] [4] [5]

list 10 11 45

low mid high

FIGURE 6.10 Binary search eliminates half of the list from further consideration after each
comparison.

public static int binarySearch(
int[] list, int key) {

int low = 0;
int high = list.length - 1;

if (key < list[mid])
high = mid - 1;

else if (key == list[mid])

else
low = mid + 1;

}

return mid;

int mid = (low + high) / 2;

(a) Version 1

public static int binarySearch(
int[] list, int key) {

int low = 0;
int high = list.length - 1;

int mid = (low + high) / 2;
if (key < list[mid])

high = mid - 1;
else if (key == list[mid])

return mid;
else

low = mid + 1;

// Not found
}
return -1;

}

while (high >= low) {

(b) Version 2

FIGURE 6.11 Binary search is implemented incrementally.

indicate that the key matches list[0]. A good choice is to let the method return –low – 1
if the key is not in the list. Returning –low – 1 indicates not only that the key is not in the list,
but also where the key would be inserted.

The complete program is given in Listing 6.7.

LISTING 6.7 BinarySearch.java
1 public class BinarySearch {
2 /** Use binary search to find the key in the list */
3 public static int binarySearch(int[] list, int key) {
4 int low = 0;
5 int high = list.length - 1;
6
7
8
9 if (key < list[mid])

10          high = mid - 1;
11 else if (key == list[mid])

int mid = (low + high) / 2;
while (high >= low) {

first half
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12
13 else
14          low = mid + 1;
15
16
17 // Now high < low, key not found 
18    }
19  }

The binary search returns the index of the search key if it is contained in the list (line 12). Oth-
erwise, it returns –low – 1 (line 17).

What would happen if we replaced (high >= low) in line 7 with (high > low)? The
search would miss a possible matching element. Consider a list with just one element. The search
would miss the element.

Does the method still work if there are duplicate elements in the list? Yes, as long as the
elements are sorted in increasing order. The method returns the index of one of the matching
elements if the element is in the list.

To better understand this method, trace it with the following statements and identify low
and high when the method returns.

int[] list = {2, 4, 7, 10, 11, 45, 50, 59, 60, 66, 69, 70, 79};
int i = BinarySearch.binarySearch(list, 2); // Returns 0
int j = BinarySearch.binarySearch(list, 11); // Returns 4
int k = BinarySearch.binarySearch(list, 12); // Returns –6
int l = BinarySearch.binarySearch(list, 1); // Returns –1
int m = BinarySearch.binarySearch(list, 3); // Returns –2

Here is the table that lists the low and high values when the method exits and the value
returned from invoking the method.

return –low - 1;

}

return mid;

second half

binary search benefits

selection sort

insertion sort

Method Low High Value Returned

binarySearch(list, 2) 0 1 0

binarySearch(list, 11) 3 5 4

binarySearch(list, 12) 5 4 -6

binarySearch(list, 1) 0 -1 -1

binarySearch(list, 3) 1 0 -2

Note
Linear search is useful for finding an element in a small array or an unsorted array, but it
is inefficient for large arrays. Binary search is more efficient, but it requires that the array
be presorted.

6.11 Sorting Arrays
There are many strategies for sorting elements in an array. Selection sort and insertion
sort are two common approaches.

Sorting, like searching, is a common task in computer programming. Many different algo-
rithms have been developed for sorting. This section introduces two simple, intuitive sorting
algorithms: selection sort and insertion sort.

Key
Point
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6.11.1 Selection Sort
Suppose that you want to sort a list in ascending order. Selection sort finds the smallest number
in the list and swaps it with the first element. It then finds the smallest number remaining and
swaps it with the second element, and so on, until only a single number remains. Figure 6.12
shows how to sort the list {2, 9, 5, 4, 8, 1, 6} using selection sort. 

VideoNote

Selection sort

Select 1 (the smallest) and swap it
with 2 (the first) in the list.

The number 1 is now in the
correct position and thus no
longer needs to be considered.

The number 2 is now in the
correct position and thus no
longer needs to be considered. 

The number 4 is now in the
correct position and thus no
longer needs to be considered.

The number 5 is now in the
correct position and thus no
longer needs to be considered.

The number 6 is now in the
correct position and thus no
longer needs to be considered.
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The number 8 is now in the
correct position and thus no
longer needs to be considered.

Select 2 (the smallest) and swap it
with 9 (the first) in the remaining
list.

Select 4 (the smallest) and swap it
with 5 (the first) in the remaining
list.

5 is the smallest and in the right
position. No swap is necessary.

Select 6 (the smallest) and swap it
with 8 (the first) in the remaining
list.

Select 8 (the smallest) and swap it
with 9 (the first) in the remaining
list.

Since there is only one element
remaining in the list, the sort is
completed.

swap

swap

swap

swap

FIGURE 6.12 Selection sort repeatedly selects the smallest number and swaps it with the first number 
in the list.

You know how the selection-sort approach works. The task now is to implement it in
Java. Beginners find it difficult to develop a complete solution on the first attempt. Start by
writing the code for the first iteration to find the smallest element in the list and swap it with
the first element, and then observe what would be different for the second iteration, the
third, and so on. The insight this gives will enable you to write a loop that generalizes all
the iterations.

The solution can be described as follows:

for (int i = 0; i < list.length - 1; i++) {
select the smallest element in list[i..list.length-1];
swap the smallest with list[i], if necessary;
// list[i] is in its correct position. 
// The next iteration apply on list[i+1..list.length-1]

}

selection sort  animation on
Companion Website
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Listing 6.8 implements the solution.

LISTING 6.8 SelectionSort.java
1 public class SelectionSort {
2 /** The method for sorting the numbers */
3 public static void selectionSort(double[] list) {
4
5 // Find the minimum in the list[i..list.length-1]
6 double currentMin = list[i];
7 int currentMinIndex = i;
8
9

10 if (currentMin > list[j]) {
11            currentMin = list[j];
12            currentMinIndex = j;
13          }
14        }
15
16 // Swap list[i] with list[currentMinIndex] if necessary
17 if (currentMinIndex != i) {
18          list[currentMinIndex] = list[i];
19          list[i] = currentMin;
20        }
21      }
22    }
23  }

The selectionSort(double[] list) method sorts any array of double elements. The
method is implemented with a nested for loop. The outer loop (with the loop control variable
i) (line 4) is iterated in order to find the smallest element in the list, which ranges from
list[i] to list[list.length-1], and exchange it with list[i].

The variable i is initially 0. After each iteration of the outer loop, list[i] is in the right
place. Eventually, all the elements are put in the right place; therefore, the whole list is sorted.

To understand this method better, trace it with the following statements:

double[] list = {1, 9, 4.5, 6.6, 5.7, -4.5};
SelectionSort.selectionSort(list);

6.11.2 Insertion Sort
Suppose that you want to sort a list in ascending order. The insertion-sort algorithm sorts a list
of values by repeatedly inserting a new element into a sorted sublist until the whole list is
sorted. Figure 6.13 shows how to sort the list {2, 9, 5, 4, 8, 1, 6} using insertion sort.

The algorithm can be described as follows:

for (int i = 1; i < list.length; i++) {
insert list[i] into a sorted sublist list[0..i-1] so that
list[0..i] is sorted.

}

To insert list[i] into list[0..i-1], save list[i] into a temporary variable, say
currentElement. Move list[i-1] to list[i] if list[i-1] > currentElement,
move list[i-2] to list[i-1] if list[i-2] > currentElement, and so on, until
list[i-k] <= currentElement or k > i (we pass the first element of the sorted list).
Assign currentElement to list[i-k+1]. For example, to insert 4 into {2, 5, 9} in Step 4
in Figure 6.14, move list[2] (9) to list[3] since 9 > 4, and move list[1] (5) to
list[2] since 5 > 4. Finally, move currentElement (4) to list[1].

for (int j = i + 1; j < list.length; j++) {

for (int i = 0; i < list.length - 1; i++) {

select

swap

insertion sort animation on
Companion Website
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The algorithm can be expanded and implemented as in Listing 6.9.

LISTING 6.9 InsertionSort.java
1 public class InsertionSort {
2 /** The method for sorting the numbers */
3 public static void insertionSort(double[] list) {
4 for (int i = 1; i < list.length; i++) {
5 /** Insert list[i] into a sorted sublist list[0..i-1] so that
6 list[0..i] is sorted. */
7 double currentElement = list[i];
8 int k;
9

10          list[k + 1] = list[k];
11        }
12
13 // Insert the current element into list[k + 1]

for (k = i - 1; k >= 0 && list[k] > currentElement; k——) {

Step 1: Initially, the sorted sublist contains the 
first element in the list. Insert 9 into the sublist.

Step 2: The sorted sublist is {2, 9}. Insert 5 into 
the sublist.

Step 3: The sorted sublist is {2, 5, 9}. Insert 4 
into the sublist.

Step 4: The sorted sublist is {2, 4, 5, 9}. Insert 8
into the sublist.

Step 5: The sorted sublist is {2, 4, 5, 8, 9}. Insert 
1 into the sublist.

Step 6: The sorted sublist is {1, 2, 4, 5, 8, 9}.
Insert 6 into the sublist.

2

2

2

2

2

1

1

9

9

5

4

4

2

2

5

5

9

5

5

4

4

4

4

4

9

8

5

5

8

8

8

8

9

8

6

1

1

1

1

1

9

8

6

6

6

6

6

6

9Step 7: The entire list is now sorted.

FIGURE 6.13 Insertion sort repeatedly inserts a new element into a sorted sublist.

[0][1][2][3][4][5][6]

2 5 9 4list Step 1: Save 4 to a temporary variable currentElement

[0][1][2][3][4][5][6]

2 5 9list Step 2: Move list[2] to list[3]

[0][1][2][3][4][5][6]

2 5 9list Step 3: Move list[1] to list[2]

[0][1][2][3][4][5][6]

2 4 5 9list Step 4: Assign currentElement to list[1]

FIGURE 6.14 A new element is inserted into a sorted sublist.
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14
15      }
16    }
17  }

The insertionSort(double[] list) method sorts any array of double elements. The
method is implemented with a nested for loop. The outer loop (with the loop control variable
i) (line 4) is iterated in order to obtain a sorted sublist, which ranges from list[0] to
list[i]. The inner loop (with the loop control variable k) inserts list[i] into the sublist
from list[0] to list[i-1].

To better understand this method, trace it with the following statements:

double[] list = {1, 9, 4.5, 6.6, 5.7, -4.5};
InsertionSort.insertionSort(list);

6.19 Use Figure 6.10 as an example to show how to apply the binary search approach to a
search for key 10 and key 12 in list {2, 4, 7, 10, 11, 45, 50, 59, 60, 66, 69, 70, 79}.

6.20 If the binary search method returns -4, is the key in the list? Where should the key be
inserted if you wish to insert the key into the list?

6.21 Use Figure 6.12 as an example to show how to apply the selection-sort approach to
sort {3.4, 5, 3, 3.5, 2.2, 1.9, 2}.

6.22 Use Figure 6.13 as an example to show how to apply the insertion-sort approach to
sort {3.4, 5, 3, 3.5, 2.2, 1.9, 2}.

6.23 How do you modify the selectionSort method in Listing 6.8 to sort numbers in
decreasing order?

6.24 How do you modify the insertionSort method in Listing 6.9 to sort numbers in
decreasing order?

6.12 The Arrays Class
The java.util.Arrays class contains useful methods for common array operations
such as sorting and searching.

The java.util.Arrays class contains various static methods for sorting and searching
arrays, comparing arrays, filling array elements, and returning a string representation of the
array. These methods are overloaded for all primitive types.

You can use the sort method to sort a whole array or a partial array. For example, the fol-
lowing code sorts an array of numbers and an array of characters.

double[] numbers = {6.0, 4.4, 1.9, 2.9, 3.4, 3.5};
// Sort the whole array

char[] chars = {'a', 'A', '4', 'F', 'D', 'P'};
// Sort part of the array

Invoking sort(numbers) sorts the whole array numbers. Invoking sort(chars, 1, 3)
sorts a partial array from chars[1] to chars[ ].

You can use the binarySearchmethod to search for a key in an array. The array must be pre-
sorted in increasing order. If the key is not in the array, the method returns –(insertionindex
+ 1). For example, the following code searches the keys in an array of integers and an array of
characters.

int[] list = {2, 4, 7, 10, 11, 45, 50, 59, 60, 66, 69, 70, 79};
System.out.println("(1) Index is " +

java.util.Arrays.binarySearch(list, 11));

3-1

java.util.Arrays.sort(chars, 1, 3);

java.util.Arrays.sort(numbers);

list[k + 1] = currentElement;insert

✓Point✓Check

sort

binarySearch

Key
Point
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System.out.println("(2) Index is " +
java.util.Arrays.binarySearch(list, 12));

char[] chars = {'a', 'c', 'g', 'x', 'y', 'z'};
System.out.println("(3) Index is " +

java.util.Arrays.binarySearch(chars, 'a'));
System.out.println("(4) Index is " +

java.util.Arrays.binarySearch(chars, 't'));

The output of the preceding code is

1. Index is 4

2. Index is –6

3. Index is 0

4. Index is –4

You can use the equals method to check whether two arrays are equal. Two arrays are equal
if they have the same contents. In the following code, list1 and list2 are equal, but list2
and list3 are not.

int[] list1 = {2, 4, 7, 10};
int[] list2 = {2, 4, 7, 10};
int[] list3 = {4, 2, 7, 10};
System.out.println( ); // true
System.out.println( ); // false

You can use the fill method to fill in all or part of the array. For example, the following code
fills list1 with 5 and fills 8 into elements list2[1] and list2[3-1].

int[] list1 = {2, 4, 7, 10};
int[] list2 = {2, 4, 7, 10};

; // Fill 5 to the whole array
; // Fill 8 to a partial array

You can also use the toString method to return a string that represents all elements in the
array. This is a quick and simple way to display all elements in the array. For example, the fol-
lowing code

int[] list = {2, 4, 7, 10};
System.out.println(Arrays.toString(list));

displays [2, 4, 7, 10].

6.25 What types of array can be sorted using the java.util.Arrays.sort method?
Does this sort method create a new array?

6.26 To apply java.util.Arrays.binarySearch(array, key), should the array be
sorted in increasing order, in decreasing order, or neither?

6.27 Show the output of the following code:

int[] list1 = {2, 4, 7, 10};
java.util.Arrays.fill(list1, 7);
System.out.println(java.util.Arrays.toString(list1));

int[] list2 = {2, 4, 7, 10};
System.out.println(java.util.Arrays.toString(list2));
System.out.print(java.util.Arrays.equals(list1, list2));

java.util.Arrays.fill(list2, 1, 3, 8)
java.util.Arrays.fill(list1, 5)

java.util.Arrays.equals(list2, list3)
java.util.Arrays.equals(list1, list2)

equals

fill

toString

✓Point✓Check
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CHAPTER SUMMARY

1. A variable is declared as an array type using the syntax elementType[] arrayRefVar
or elementType arrayRefVar[]. The style elementType[] arrayRefVar is
preferred, although elementType arrayRefVar[] is legal.

2. Unlike declarations for primitive data type variables, the declaration of an array vari-
able does not allocate any space in memory for the array. An array variable is not a
primitive data type variable. An array variable contains a reference to an array.

3. You cannot assign elements to an array unless it has already been created. You can
create an array by using the new operator with the following syntax: new element-
Type[arraySize].

4. Each element in the array is represented using the syntax arrayRefVar[index].
An index must be an integer or an integer expression.

5. After an array is created, its size becomes permanent and can be obtained using
arrayRefVar.length. Since the index of an array always begins with 0, the last
index is always arrayRefVar.length - 1. An out-of-bounds error will occur if
you attempt to reference elements beyond the bounds of an array.

6. Programmers often mistakenly reference the first element in an array with index 1,
but it should be 0. This is called the index off-by-one error.

7. When an array is created, its elements are assigned the default value of 0 for the
numeric primitive data types, \u0000 for char types, and false for boolean types.

8. Java has a shorthand notation, known as the array initializer, which combines declar-
ing an array, creating an array, and initializing an array in one statement, using the
syntax elementType[] arrayRefVar = {value0, value1, ..., valuek}.

9. When you pass an array argument to a method, you are actually passing the reference
of the array; that is, the called method can modify the elements in the caller’s original
array.

10. If an array is sorted, binary search is more efficient than linear search for finding an
element in the array.

11. Selection sort finds the smallest number in the list and swaps it with the first element.
It then finds the smallest number remaining and swaps it with the first element in the
remaining list, and so on, until only a single number remains.
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12. The insertion-sort algorithm sorts a list of values by repeatedly inserting a new element
into a sorted sublist until the whole list is sorted.

TEST QUESTIONS

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

PROGRAMMING EXERCISES

Sections 6.2–6.5
*6.1 (Assign grades) Write a program that reads student scores, gets the best score, and

then assigns grades based on the following scheme:

Grade is A if score is best

Grade is B if score is best ;

Grade is C if score is best ;

Grade is D if score is best ;

Grade is F otherwise.

The program prompts the user to enter the total number of students, then prompts
the user to enter all of the scores, and concludes by displaying the grades. Here is
a sample run:

- 407=
- 307=
- 207=
- 107=

Enter the number of students: 
Enter 4 scores: 
Student 0 score is 40 and grade is C
Student 1 score is 55 and grade is B
Student 2 score is 70 and grade is A
Student 3 score is 58 and grade is B

40 55 70 58
4

6.2 (Reverse the numbers entered ) Write a program that reads ten integers and dis-
plays them in the reverse of the order in which they were read.

**6.3 (Count occurrence of numbers) Write a program that reads the integers between 1
and 100 and counts the occurrences of each. Assume the input ends with 0. Here is
a sample run of the program:

Enter the integers between 1 and 100: 
2 occurs 2 times
3 occurs 1 time
4 occurs 1 time
5 occurs 2 times
6 occurs 1 time
23 occurs 1 time
43 occurs 1 time

2 5 6 5 4 3 23 43 2 0

Note that if a number occurs more than one time, the plural word “times” is used
in the output.



256 Chapter 6 Single-Dimensional Arrays

6.4 (Analyze scores) Write a program that reads an unspecified number of scores and
determines how many scores are above or equal to the average and how many
scores are below the average. Enter a negative number to signify the end of the
input. Assume that the maximum number of scores is 100.

**6.5 (Print distinct numbers) Write a program that reads in ten numbers and displays
distinct numbers (i.e., if a number appears multiple times, it is displayed only
once). (Hint: Read a number and store it to an array if it is new. If the number is
already in the array, ignore it.) After the input, the array contains the distinct num-
bers. Here is the sample run of the program:

Enter ten numbers: 
The distinct numbers are: 1 2 3 6 4 5 

1 2 3 2 1 6 3 4 5 2

*6.6 (Revise Listing 4.14, PrimeNumber.java) Listing 4.14 determines whether a num-
ber n is prime by checking whether 2, 3, 4, 5, 6, ..., n/2 is a divisor. If a divisor is
found, n is not prime. A more efficient approach is to check whether any of the
prime numbers less than or equal to can divide n evenly. If not, n is prime.
Rewrite Listing 4.14 to display the first 50 prime numbers using this approach.
You need to use an array to store the prime numbers and later use them to check
whether they are possible divisors for n.

*6.7 (Count single digits) Write a program that generates 100 random integers between 0
and 9 and displays the count for each number. (Hint: Use (int)(Math.random()
* 10) to generate a random integer between 0 and 9. Use an array of ten integers,
say counts, to store the counts for the number of 0s, 1s, ..., 9s.)

Sections 6.6–6.8
6.8 (Average an array) Write two overloaded methods that return the average of an

array with the following headers:

public static int average(int[] array)
public static double average(double[] array)

Write a test program that prompts the user to enter ten double values, invokes this
method, and displays the average value.

6.9 (Find the smallest element) Write a method that finds the smallest element in an
array of double values using the following header:

public static double min(double[] array)

Write a test program that prompts the user to enter ten numbers, invokes this
method to return the minimum value, and displays the minimum value. Here is a
sample run of the program:

2n

Enter ten numbers: 
The minimum number is: 1.5 

1.9 2.5 3.7 2 1.5 6 3 4 5 2

6.10 (Find the index of the smallest element) Write a method that returns the index of
the smallest element in an array of integers. If the number of such elements is
greater than 1, return the smallest index. Use the following header:

public static int indexOfSmallestElement(double[] array)
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Enter ten numbers: 
The mean is 3.11
The standard deviation is 1.55738

1.9 2.5 3.7 2 1 6 3 4 5 2

*6.12 (Reverse an array) The reverse method in Section 6.7 reverses an array by
copying it to a new array. Rewrite the method that reverses the array passed in the
argument and returns this array. Write a test program that prompts the user to
enter ten numbers, invokes the method to reverse the numbers, and displays the
numbers.

Section 6.9
*6.13 (Random number chooser) Write a method that returns a random number between

1 and 54, excluding the numbers passed in the argument. The method header is
specified as follows:

public static int getRandom(int... numbers)

6.14 (Computing gcd ) Write a method that returns the gcd of an unspecified number of
integers. The method header is specified as follows:

public static int gcd(int... numbers)

Write a test program that prompts the user to enter five numbers, invokes the
method to find the gcd of these numbers, and displays the gcd.

Sections 6.10–6.12
6.15 (Eliminate duplicates) Write a method that returns a new array by eliminating the

duplicate values in the array using the following method header:

public static int[] eliminateDuplicates(int[] list)

Write a test program that prompts the user to enter ten numbers, invokes this
method to return the index of the smallest element, and displays the index.

*6.11 (Statistics: compute deviation) Programming Exercise 5.37 computes the standard
deviation of numbers. This exercise uses a different but equivalent formula to
compute the standard deviation of n numbers.

To compute the standard deviation with this formula, you have to store the indi-
vidual numbers using an array, so that they can be used after the mean is obtained.

Your program should contain the following methods:

/** Compute the deviation of double values */
public static double deviation(double[] x) 

/** Compute the mean of an array of double values */
public static double mean(double[] x) 

Write a test program that prompts the user to enter ten numbers and displays the
mean and standard deviation, as shown in the following sample run:

mean =
a

n

i=1
x i

n
=

x1 + x2 + c + xn

n
 deviation = Qa

n

i=1
(x i - mean)2

n - 1
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Write a test program that reads in ten integers, invokes the method, and displays
the result. Here is the sample run of the program:

Enter ten numbers: 
The distinct numbers are: 1 2 3 6 4 5 

1 2 3 2 1 6 3 4 5 2

6.16 (Execution time) Write a program that randomly generates an array of 100,000
integers and a key. Estimate the execution time of invoking the linearSearch
method in Listing 6.6. Sort the array and estimate the execution time of invoking
the binarySearch method in Listing 6.7. You can use the following code tem-
plate to obtain the execution time:

long startTime = System.currentTimeMillis();
perform the task;
long endTime = System.currentTimeMillis();
long executionTime = endTime - startTime;

**6.17 (Sort students) Write a program that prompts the user to enter the number of stu-
dents, the students’ names, and their scores, and prints student names in decreas-
ing order of their scores.

**6.18 (Bubble sort) Write a sort method that uses the bubble-sort algorithm. The bubble-
sort algorithm makes several passes through the array. On each pass, successive
neighboring pairs are compared. If a pair is not in order, its values are swapped;
otherwise, the values remain unchanged. The technique is called a bubble sort or
sinking sort because the smaller values gradually “bubble” their way to the top and
the larger values “sink” to the bottom. Write a test program that reads in ten double
numbers, invokes the method, and displays the sorted numbers.

**6.19 (Sorted?) Write the following method that returns true if the list is already sorted
in increasing order.

public static boolean isSorted(int[] list)

Write a test program that prompts the user to enter a list and displays whether the
list is sorted or not. Here is a sample run. Note that the first number in the input
indicates the number of the elements in the list.

Enter list: 
The list is not sorted

8 10 1 5 16 61 9 11 1

Enter list: 
The list is already sorted

10 1 1 3 4 4 5 7 9 11 21

*6.20 (Revise selection sort) In Section 6.11.1, you used selection sort to sort an array.
The selection-sort method repeatedly finds the smallest number in the current
array and swaps it with the first. Rewrite this program by finding the largest num-
ber and swapping it with the last. Write a test program that reads in ten double
numbers, invokes the method, and displays the sorted numbers.

***6.21 (Game: bean machine) The bean machine, also known as a quincunx or the Gal-
ton box, is a device for statistics experiments named after English scientist Sir
Francis Galton. It consists of an upright board with evenly spaced nails (or pegs)
in a triangular form, as shown in Figure 6.15.



Programming Exercises 259

Balls are dropped from the opening of the board. Every time a ball hits a nail, it
has a 50% chance of falling to the left or to the right. The piles of balls are accu-
mulated in the slots at the bottom of the board.

Write a program that simulates the bean machine. Your program should prompt
the user to enter the number of the balls and the number of the slots in the
machine. Simulate the falling of each ball by printing its path. For example, the
path for the ball in Figure 6.15b is LLRRLLR and the path for the ball in Figure
6.15c is RLRRLRR. Display the final buildup of the balls in the slots in a his-
togram. Here is a sample run of the program:

Enter the number of balls to drop: 
Enter the number of slots in the bean machine: 

LRLRLRR
RRLLLRR
LLRLLRR
RRLLLLL
LRLRRLR

O
O

OOO

7
5

(Hint: Create an array named slots. Each element in slots stores the number
of balls in a slot. Each ball falls into a slot via a path. The number of Rs in a
path is the position of the slot where the ball falls. For example, for the path
LRLRLRR, the ball falls into slots[4], and for the path is RRLLLLL, the
ball falls into slots[2].)

***6.22 (Game: Eight Queens) The classic Eight Queens puzzle is to place eight queens
on a chessboard such that no two queens can attack each other (i.e., no two
queens are on the same row, same column, or same diagonal). There are many
possible solutions. Write a program that displays one such solution. A sample
output is shown below:
|Q| | | | | | | |
| | | | |Q| | | |
| | | | | | | |Q|
| | | | | |Q| | |
| | |Q| | | | | |
| | | | | | |Q| |
| |Q| | | | | | |
| | | |Q| | | | |

(a) (b) (c)

FIGURE 6.15 Each ball takes a random path and falls into a slot.
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**6.23 (Game: locker puzzle) A school has 100 lockers and 100 students. All lockers are
closed on the first day of school. As the students enter, the first student, denoted
S1, opens every locker. Then the second student, S2, begins with the second
locker, denoted L2, and closes every other locker. Student S3 begins with the third
locker and changes every third locker (closes it if it was open, and opens it if it was
closed). Student S4 begins with locker L4 and changes every fourth locker. Stu-
dent S5 starts with L5 and changes every fifth locker, and so on, until student S100
changes L100.

After all the students have passed through the building and changed the lockers,
which lockers are open? Write a program to find your answer.

(Hint: Use an array of 100 Boolean elements, each of which indicates whether a
locker is open (true) or closed (false). Initially, all lockers are closed.) 

**6.24 (Simulation: coupon collector’s problem) Coupon collector is a classic statistics
problem with many practical applications. The problem is to pick objects from a
set of objects repeatedly and find out how many picks are needed for all the
objects to be picked at least once. A variation of the problem is to pick cards from
a shuffled deck of 52 cards repeatedly and find out how many picks are needed
before you see one of each suit. Assume a picked card is placed back in the deck
before picking another. Write a program to simulate the number of picks needed to
get four cards from each suit and display the four cards picked (it is possible a card
may be picked twice). Here is a sample run of the program:

Coupon collector’s problem

Queen of Spades
5 of Clubs
Queen of Hearts
4 of Diamonds
Number of picks: 12

6.25 (Algebra: solve quadratic equations) Write a method for solving a quadratic equa-
tion using the following header:

public static int solveQuadratic(double[] eqn, double[] roots)

The coefficients of a quadratic equation are passed to the array
eqn and the noncomplex roots are stored in roots. The method returns the number
of roots. See Programming Exercise 3.1 on how to solve a quadratic equation.

Write a program that prompts the user to enter values for a, b, and c and displays
the number of roots and all noncomplex roots.

6.26 (Strictly identical arrays) The arrays list1 and list2 are strictly identical if
their corresponding elements are equal. Write a method that returns true if
list1 and list2 are strictly identical, using the following header:

public static boolean equals(int[] list1, int[] list2)

Write a test program that prompts the user to enter two lists of integers and dis-
plays whether the two are strictly identical. Here are the sample runs. Note that the
first number in the input indicates the number of the elements in the list.

ax2 + bx + c = 0

Enter list1: 
Enter list2: 
Two lists are strictly identical

5 2 5 6 1 6
5 2 5 6 1 6

VideoNote
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Enter list1: 
Enter list2: 
Two lists are not strictly identical

5 2 5 6 1 6
5 2 5 6 6 1

6.27 (Identical arrays) The arrays list1 and list2 are identical if they have the same
contents. Write a method that returns true if list1 and list2 are identical,
using the following header:

public static boolean equals(int[] list1, int[] list2)

Write a test program that prompts the user to enter two lists of integers and dis-
plays whether the two are identical. Here are the sample runs. Note that the first
number in the input indicates the number of the elements in the list.

Enter list1: 
Enter list2: 
Two lists are identical

5 5 2 6 1 6
5 2 5 6 6 1

Enter list1: 
Enter list2: 
Two lists are not identical

5 2 5 6 1 6
5 5 5 6 6 1

*6.28 (Math: combinations) Write a program that prompts the user to enter 10 integers
and displays all combinations of picking two numbers from the 10.

*6.29 (Game: pick four cards) Write a program that picks four cards from a deck of 52
cards and computes their sum. An Ace, King, Queen, and Jack represent 1, 13, 12,
and 11, respectively. Your program should display the number of picks that yields
the sum of 24.

*6.30 (Pattern recognition: consecutive four equal numbers) Write the following
method that tests whether the array has four consecutive numbers with the same
value.

public static boolean isConsecutiveFour(int[] values)

Write a test program that prompts the user to enter a series of integers and displays
true if the series contains four consecutive numbers with the same value. Other-
wise, display false. Your program should first prompt the user to enter the input
size—i.e., the number of values in the series.

**6.31 (Merge two sorted lists) Write the following method that merges two sorted lists
into a new sorted list.

public static int[] merge(int[] list1, int[] list2)

Implement the method in a way that takes list1.length + list2.length
comparisons. Write a test program that prompts the user to enter two sorted lists
and displays the merged list. Here is a sample run. Note that the first number in the
input indicates the number of the elements in the list.

Consecutive four
VideoNote
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Enter list1: 
Enter list2: 
The merged list is 1 2 4 5 5 6 16 61 111

4 2 4 5 6
5 1 5 16 61 111

**6.32 (Partition of a list) Write the following method that partitions the list using the
first element, called a pivot.

public static int partition(int[] list)

After the partition, the elements in the list are rearranged so that all the elements
before the pivot are less than or equal to the pivot and the elements after the pivot
are greater than the pivot. The method returns the index where the pivot is located
in the new list. For example, suppose the list is . After the parti-
tion, the list becomes . Implement the method in a way that takes
list.length comparisons. Write a test program that prompts the user to enter
a list and displays the list after the partition. Here is a sample run. Note that the
first number in the input indicates the number of the elements in the list.

{3, 2, 5, 9, 6, 8}
{5, 2, 9, 3, 6, 8}

Enter list: 
After the partition, the list is 9 1 5 1 10 61 11 16

8 10 1 5 16 61 9 11 1

*6.33 (Culture: Chinese Zodiac) Simplify Listing 3.10 using an array of strings to store
the animal names.

***6.34 (Game: multiple Eight Queens solutions) Exercise 6.22 finds one solution for the
Eight Queens problem. Write a program to count all possible solutions for the
Eight Queens problem and display all solutions.


