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CHAPTER 2

Basic programming elements

INTRODUCTION

This chapter describes some basic programming elements that we need to master in order
to write computer programs. Many of these elements are also found in other program-
ming languages, and understanding them is therefore also useful for learning languages
other than Java. However, this chapter focuses on basic programming elements provided
in Java, and on demonstrating their use in simple, but functioning, programs.

2.1 Printing to the terminal window

The print() and println() methods

Programs can calculate values and print them directly to the terminal window. For
example, the method call shown in Figure 2.1 prints the sum of the integers 9 and 7. Each
of the integers is called a literal, and 9+7 is an expression. A literal is a value written

LEARNING OBJECTIVES

By the end of this chapter you will understand the following:

● How to print strings and numerical values to the terminal window.

● How to store values in your programs.

● What a primitive data type is, and which primitive data types are defined by 
Java.

● How to write arithmetic expressions.

● How to format program output.

● How to read numbers and strings from the keyboard.
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directly in the source code. There are many types of expressions, one of the simplest being
the addition of two integers. An expression always evaluates to a value. 2

FIGURE 2.1 Printing the sum of two integers to the terminal window

PROGRAM 2.1 Printing strings and numerical values to the terminal window

// Printing text strings and numerical values to the terminal window. 
public class SimplePrint {
  public static void main(String[] args) {           // (1)
    System.out.println("The value of 9 + 7 is ");    // (2)
    System.out.println(9+7);                         // (3)
    System.out.print("The value of 9 + 7 is ");      // (4)
    System.out.println(9+7);                         // (5)
  }
}

Program output:

The value of 9 + 7 is
16
The value of 9 + 7 is 16

Program 2.1 prints strings and numerical values to the terminal window at (2) to (5) using
the System.out object. This object is called standard out, and is by default connected to
the terminal window. The System.out object offers a println() method for printing a
string and terminating the line. Terminating the current line results in the cursor in the
terminal window moving to the beginning of the next line. There is also a print() method
that does not move the cursor to the next line in the terminal window after printing on
the current line. Thus, the code at (4) and (5) prints:

The value of 9 + 7 is 16

The following commands will compile and run the program, respectively:

> javac SimplePrint.java
> java -ea SimplePrint

System.out.println(9+7);  

print and terminate the line

expressionstandard out

 

 

literals
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The JVM will start the execution of the main() method, which must be declared exactly
as shown at (1) in Program 2.1. The syntax is fully described in later chapters, but for now
we will use the following source code as a template for our programs:

// Comment explaining the purpose of the program.
public class PrimaryClass {

public static void main(String[] args) {
  

// Code to solve the problem at hand...
  

}
}

Creating program output using strings

A sequence of characters enclosed in double quotes (") is called a string literal, or just a
string. We can see examples of strings at (2) and (4) in Program 2.1. The operator + can
be used to concatenate strings and string representations of other values. Concatenation
means that the contents of two strings are appended and the result is assigned to a new
string. For example, concatenating the strings "High" and "Five" produces a new string
"HighFive". Some more examples of string concatenation are provided below. Prudent use
of the concatenation operator + and the print methods can aid in formatting results before
they are printed.

Details of strings can be found in Section 4.2 on page 81. Here we will only use the string
operator + to create the program output we want to print to the terminal window.

The two print statements below illustrate how we can use the + operator to create strings
that can be printed by calling the println() method:

System.out.println("Multiple strings can be printed" + " on the same line");
System.out.println(

"We can also print a number together with this string, e.g. " + 2006);

We get the following output from these statements:

Multiple strings can be printed on the same line
We can also print a number together with this string, e.g. 2006

In the first print statement, we join the two strings "Multiple strings can be printed"
and " on the same line" using the + operator, and the resulting string "Multiple strings
can be printed on the same line" is printed by the println() method. 

In the second print statement, we join the string "We can also print a number together
with this string, e.g." and the string representation of the value 2006, i.e. "2006", and
the resulting string "We can also print a number together with this string, e.g. 2006"
is printed by the println() method. The value 2006 is converted to its representation
"2006" by the + operator.

Using the + operator on numerical values, such as in the statement:

System.out.println(9+7);
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causes the two values to be added. In this case the result will be the value 16, which is
sent to the println() method as a parameter. This method call will print the given value,
converted to a string, i.e. "16", to the terminal window.

The + operator can be used several times in a statement. This is commonly done, for
example, to print a combination of text and numerical values to the terminal window in
the same method call.

Thus, we can replace the statements at (4) and (5) in Program 2.1 with the following:

System.out.println("The value of 9+7 is " + (9 + 7));

Note the mandatory use of the parentheses around the expression 9 + 7. We want the
result of the arithmetic addition, i.e. 16, to be joined with the explanatory text. Without
the parentheses, the output would be:

The value of 9+7 is 97

The string "The value of 9+7 is " is first concatenated with the string representation of
the value 9, then the result is concatenated with the string representation of the value 7.

2.2 Local variables

Programs can evaluate expressions and print results to the terminal window immediately.
However, we often want to store values in computer memory, to retrieve them for use
during program execution.

Programming languages offer variables for this purpose. A variable designates a location
in memory where a value of a certain data type can be stored. A variable has a name that
can be used to access the memory location. A data type (or just type) is defined by a set
of valid values and a set of operations that can be performed on those values.

In this section we will look at variables defined inside methods. Such variables are called
local variables.

Declaring variables

Figure 2.2 shows how we can declare a variable.

FIGURE 2.2 Declaring a variable

The declaration starts with a keyword, int, that specifies that the variable can only store
integer values. The keyword is followed by the variable’s name. A semicolon (;) termi-

int numberOfCourses;  // number of courses this semester

variable name

declaration
 

type  

comment
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nates the declaration. The rest of the line is a comment explaining the purpose of the
variable. The comment starts with the character sequence “//”. It is not a part of the
declaration.

If we need several variables of the same type, we can write them in the same declaration,
separated by a comma (,). For example, two integer variables are declared by the follow-
ing declaration:

int numberOfCourses, numberOfStudents; // number of courses and number of
                                       // students this semester

This declaration is equivalent to writing multiple declarations, one declaration per varia-
ble:

int numberOfCourses;  // number of courses this semester
int numberOfStudents; // number of students this semester

Some examples in this chapter leave out such comments, because the purpose of the
variable is obvious from its name.

Assigning variables

After declaring a variable, we can assign a value to it. The first time we assign a value to a
variable, we are initializing it. Later in the program we can change the value of the variable
by assigning a new value. The old value is then overwritten by the new value.

In Java, we use the assignment operator = for this purpose. For example, the following
statement assigns the value 2 to the integer variable numberOfCourses:

numberOfCourses = 2;

Whatever value the variable had before the assignment is overwritten.

FIGURE 2.3 Declaring and initializing a variable

Program 2.2 uses two integer variables, numberOfCourses and numberOfStudents. After
declaring and initializing the numberOfCourses variable, we print its value at (1). We can
also initialize a variable as part of the declaration, as shown in Figure 2.3 and at (2) in

BEST PRACTICES

Documenting the source code with comments is very important, as it aids in understanding the 
program. Writing a short comment for each variable makes the purpose of the variable evident.

int numberOfCourses = 2;

variable name

assignmentdeclaration

type initial value
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Program 2.2. If we want to update the value in a variable, we simply assign a new value,
using the assignment operator =, as shown at (3).

A local variable must always be initialized before it is used. If we try to remove the line:

numberOfCourses = 2;

from Program 2.2, the compiler will report an error at (1), because the value of the varia-
ble numberOfCourses is not known. The compiler will not generate a class file, and we
cannot run the program.

PROGRAM 2.2 A simple program with local variables

// Using local variables to hold numerical values.
public class LocalVariables {
  public static void main(String[] args) {
    int numberOfCourses = 2;
    System.out.println("Number of courses this semester is " +
                       numberOfCourses);                     // (1)

    int numberOfStudents = 37;                               // (2)
    System.out.println("The course Java-101 has " +
                       numberOfStudents + " students");

    numberOfStudents = 23;                                   // (3)
    System.out.println("The course Java-102 has " +
                       numberOfStudents + " students");
  }
}

Program output:

Number of courses this semester is 2
The course Java-101 has 37 students
The course Java-102 has 23 students

Logical errors

Program 2.3 uses two local variables, which are both assigned integer values several times
during program execution. It is important that if the value of a variable changes, calcula-
tions that depend on its value are also repeated, otherwise the program will report incor-

BEST PRACTICES

Declare local variables where they are first assigned a value. This initializes the variable properly. 
The source code is easier to understand, and the risk of using or modifying variables incorrectly 
is reduced.
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rect results. This is the case at (11) in Program 2.3, where we have intentionally skipped
the calculation of the area variable after changing the value in the breadth variable at (10).
The last printout is thus:

The area of a rectangle with length 6 and breadth 5 is 24

We have a logical error in our program, which does not behave as expected. The program
reports the value that the area variable had before the value of the breadth variable was
changed. The area must be recalculated with the new breadth in order to report the
results correctly.

Figure 2.4 on page 24 shows how the values of the local variables change as the different
assignment statements are executed from (1) to (10) in Program 2.3. The coloured
background marks the value being changed by the corresponding statement (i).

PROGRAM 2.3 Assigning new values to local variables

// Calculating and printing the area of a rectangle. 
public class Assignment {
  public static void main(String[] args) {
    int length = 5;                                            // (1)
    int breadth = 4;                                           // (2)
    int area = length * breadth;                               // (3)
    System.out.println("The area of a rectangle with length "
                       + length + " and breadth " + breadth
                       + " is " +  area);
    length = 2;                                                // (4)
    breadth = length;                                          // (5)
    area = length * breadth;                                   // (6)
    System.out.println("The area of a rectangle with length "
                       + length + " and breadth " + breadth
                       + " is " +  area);
    length = 6;                                                // (7)
    breadth = 4;                                               // (8)
    area = length * breadth;                                   // (9)
    breadth = 5;                                               // (10)
    System.out.println("The area of a rectangle with length "
                       + length + " and breadth " + breadth
                       + " is " +  area);                      // (11)
  }
}

Program output:

The area of a rectangle with length 5 and breadth 4 is 20
The area of a rectangle with length 2 and breadth 2 is 4
The area of a rectangle with length 6 and breadth 5 is 24
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Literals and constants

A literal is written directly in the program. Literals can also be used to define mathemat-
ical constants (e.g. pi), a factor in an expression (e.g. the interest rate) or a size denoting
some maximum capacity (e.g. the number of seats in a cinema hall). However, if the same
literal is used in several places in a program, it is a good idea to define it as a constant.

A constant is a variable that cannot change its value after initialization. In Java, a constant
is defined like this:

final double INTEREST_RATE = 3.5;

FIGURE 2.4 Assigning values to local variables (Program 2.3)

We prefix the declaration with the keyword final, which indicates that the variable’s
value cannot be changed. If we try to assign a new value to such a variable, the compiler
will report an error and the compilation will be terminated.

If the value of a constant needs to be changed, for example if the interest rate changes,
we need only make the change in the declaration and compile the program. Names of
constants are usually written with uppercase letters. This allows us to easily distinguish
constants from variables, which may change value many times after initialization. Using
uppercase letters for constants makes them easier to identify in the source code.

Choosing names

When choosing names for variables we need to remember two things: rules for what Java
accepts as valid names, and conventions for variable names. The following example illus-
trates these rules:

// Rules for variable names
int agent007;        // Names can contain letters and digits
                     // but cannot start with a digit.
int 1001nights;      // This declaration will not compile!

After (1) 5

After (2) 5 4

After (3) 5 4 20

After (5) 2 2

 

20

After (6) 2 2 4

After (7) 6 2 4

After (8) 6 4 4

After (9) 6 4 24

After (10) 6 5 24

length breadth area

After (4) 2 4 20
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                     // A digit CANNOT be the first character in a name.

int my_lucky_number; // Underscore (_) is allowed.
int _number_drawn;   // Underscore can be the first character in the name.
int numberOfMinutes; // Java distinguishes between lower and upper-case
int numberofminutes; // letters, so these are two different variables.
                     // However, both names are valid in Java.

int int;             // This declaration will not compile!
                     // Keywords like int CANNOT be used as variable names.

// Conventions for variable names
int size             // Use lower-case letters.
    numberOfHours,   // Use lower-case letters, except for the first
    itemPrize,       // letter of each consecutive word.
    discountedItemPrize;

final int DAYS_IN_WEEK = 7,   // Constants are always in upper-case letters,
          HOURS_IN_WEEK = 168;// and underscore is used to separate words.

int sportscarWithFourCylinders; // Avoid more than 15-20 characters in a name.

Table B.1 on page 321 lists all keywords in Java. These keywords cannot be used as
ordinary names. It is a good idea to avoid long names. Long names can be tiresome to type,
and it is easy to make a mistake. Long names also make the source more difficult to read.

2.3 Numerical data types

Many programming languages provide primitive data types for numerical values. The
primitive data types define the range of valid values and provide a set of operators to
perform calculations on these values. A value of a primitive type is not an object, and
therefore it is not possible to call any methods on a value of a primitive data type.

Java provides six different data types for integers (i.e. whole numbers) and floating-point
numbers (i.e. decimal numbers). In this section, we will look at two of the most common
primitive data types: int and double. In addition, Java provides the data type char for
values that are single characters.

Primitive data type int

The primitive data type int in Java can hold values ranging from -231 to +231-1, i.e. from
-2147483648 to +2147483647. The language provides the common arithmetic operators
(+, -, *, /) for calculations involving int values.

Integer values are commonly used for counting purposes, for example to keep track of the
number of students enrolled in a course or the number of points scored in a game. Integer
variables are also used to hold values that must be whole numbers, such as the number of
characters in a string, and the number of books ordered from an online bookstore.
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Primitive data type double

The data type double in Java can hold values ranging from approximately -1.7x10308 to
+1.7x10308 (that is 170000000… followed by three hundred more zeros), with fifteen
significant figures. This provides sufficient range and accuracy for floating-point values in
most programming problems. The usual arithmetic operators (+, -, *, /) are provided for
calculations involving double values.

Floating-point values can be used for fractional numbers. For example, when calculating
the total cost of an order from an online bookstore, the current balance of a customer’s
bank account or the distance between two points when planning a hiking trip.

2.4 Arithmetic expressions and operators

The most common arithmetic operators for numerical values – multiplication, division,
addition and subtraction – are available in all common programming languages. Figure 2.5
illustrates how some arithmetic expressions are constructed by using operators and one or
more operands. An operator defines an arithmetic operation. Each operator accepts one
or more operands as arguments, i.e. the values of the operands are used in the calculation
for the chosen operation.

FIGURE 2.5 Operators and operands in arithmetic expressions

Arithmetic expression evaluation rules

The operators for multiplication (*), division (/), addition (+), subtraction (-) and
modulus (%) all requires two operands. They are therefore termed binary operators.

You might be unfamiliar with the modulus operator (%). It calculates the remainder after
division is performed. Here are some examples:

● 16 % 4 evaluates to 0

● 15 % 2 evaluates to 1

● 15 % 4 evaluates to 3

The modulus operator is useful to calculate, for example, the number of players without
an opponent in a tennis tournament. If fifteen players have signed on, and they are to play
single matches simultaneously, there will be 15 % 2, i.e. one player, without an opponent.

9 + 7

unary operator

 

price + price * 0.23 -273.15

binary operator

operands

binary operator

operands

operandoperand

binary operator

operand
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For a tournament with double matches, on the other hand, there would be 15 % 4, i.e.
three players left who would not be able to play a doubles match.

There are two unary operators, + (unary plus) and - (unary minus), which only accept one
operand. This operand must also be an arithmetic expression that evaluates to a numerical
value. The simplest forms of arithmetic expression are a literal, a variable or a constant.

The following expressions are all valid in Java:

● 4 + 16, which evaluates to the integer value 20

● 12 / 3, which evaluates to the integer value 4

● 12.0 / 3.0, which evaluates to the floating-point value 4.0

● -16.50 / -2.0, which evaluates to the floating-point value 8.25

With the exception of the addition operator +, the operators above are only defined for
numerical values. The + operator can also be used to concatenate strings, as we have
already seen.

Conversion between primitive data types

If the operands of a binary operator are of the same type, the result is also of the same
type as the operands. If we combine numerical values of different types using a binary
operator, the two values will be converted to a common type before the operation is
performed. This is called type conversion. In some cases the rules of the Java programming
language ensure that the proper conversion is implicitly carried out (implicit conversion),
while in other cases we have explicitly to specify the conversion in the source code
(explicit conversion).

Implicit conversions

Since the range of values for the data type double is broader than that of the data type int,
we say that double is a broader data type than int. Vice versa, we say that int is a narrower
data type than double.

If we use both integers and floating-point values in an expression, Java automatically
converts the integer value to a floating-point value before the expression is evaluated. For
example, the integer value 4 in the expression 4 + 12.6 will be converted to the floating-
point value 4.0 before the addition is carried out. In arithmetic expressions with binary
operators, Java automatically promotes operand values to the broader type before evalua-
tion is performed.

Similarly, Java will automatically perform type conversion if we assign a value of a narrow
data type to a variable of a broader data type. For example, when assigning an integer value
to a floating-point variable, as in (1):

int numberOfFullHours = 10;
double numberOfHours = numberOfFullHours; // (1)

Java automatically performs an implicit conversion, converting the integer value 10 to the
floating-point value 10.0 (of type double) before the assignment is performed.

Chapter2.fm  Page 27  Tuesday, November 28, 2006  1:12 PM



2
2

28 CHAPTER 2 BASIC PROGRAMMING ELEMENTS

Explicit conversions

If we assign a numerical value of a broad data type to a variable of a narrower data type,
we risk loss of information. This can happen, for example, if we assign a floating-point
value to an integer variable. If the floating-point value has a decimal part, this cannot be
stored in the integer variable. To avoid accidental loss of information, Java demands that
we explicitly specify that this type of conversion is to be performed, as shown below:

double numberOfHours = 40.65;
int numberOfFullHours = (int) numberOfHours; // (1) Value 40 is assigned.

The floating-point value is truncated. We specify explicit type conversion, or casting, by
the notation (typename), where typename is the type to which we want to convert. If we
leave out (int) from the assignment statement in (1) above, the compiler will reject it.
Hence explicit conversion is required in cases where we would otherwise risk losing preci-
sion, such as when truncating a decimal value to the nearest integer. Explicit casts inform
the compiler that we are aware of the potential loss of precision, and that this is acceptable
in our program.

Precedence and associativity rules

Evaluation of the operands of an arithmetic operator in Java is always performed from left
to right. How the operators are applied is determined by operator precedence, which speci-
fies the mutual ranking between different operators. If two operators with different prece-
dence are next to each other in an expression, the operator with the highest precedence is
applied first. For example, the expression 4 + 5 * 2 will be interpreted as 4 + (5 * 2)
during compilation. This expression will be evaluated to 4 + 10, and finally to 14, because
the * operator has higher precedence than the + operator. The parentheses are used to
indicate the sequence in which the compiler associates operands to operators when inter-
preting the expression.

We can change the order in which operators are applied by using parentheses. The paren-
theses in the expression below force the addition operator to be applied first, resulting in
the value 18:

(4 + 5) * 2

Table 2.1 shows the precedence of the arithmetic operators in Java.

TABLE 2.1 Precedence of arithmetic operators

Precedence level Type operator Operator

high unary +, -

binary *, /, %

low binary +, -
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Associativity rules are used to determine which operator will be evaluated first if there
are two consecutive operators with the same precedence in an expression. Left associativ-
ity means that operands are grouped from left to right. For example, the expression:

1 + 2 - 3 

will be interpreted as ((1 + 2) - 3), since the binary operators + and - are both left-associ-
ative. Right-associativity means the operands are grouped from right to left. For example,
the expression - - 4 will be interpreted as (- (- 4)), which evaluates to 4, because the
unary operator - is right-associative.

Unary operators have higher precedence than binary operators. Multiplication, division
and modulus are on the same level of the precedence hierarchy, and all have higher prece-
dence than addition and subtraction. Consequently, the expression 5 * - 6 / 2 is evalu-
ated as follows:

= 5 * (- 6) / 2
= (5 * -6) / 2
= -30 / 2
= -15

Integer and floating-point division

Most arithmetic operators in Java behave as one would expect them to do from basic
knowledge of arithmetic or from using a pocket calculator. One exception is the division
operator / when both the numerator and denominator are integer expressions. Integer
division always results in an integer value. If we try to calculate the expression 30 / 4 in
a Java program, the result will be 7, and not 7.5 as a pocket calculator would have
computed. However, if one of the operands of the division operator / is a floating-point
value, a floating-point division is performed.

Program 2.4 illustrates arithmetic operators. It also shows what happens if we try to
divide by zero. Note the difference between integer and floating-point division. If we
divide the numerator by the floating-point value 0.0, we get the value Infinity or NaN
(Not a Number), depending on whether the numerator is zero or not. Integer division by
0 always results in a runtime error, called an exception, no matter what value the numer-
ator has. In this case, the Java Virtual Machine will print a message about the cause of the
error and terminate the program.

Program 2.4 illustrates the use of the division and the modulus operators. It is instructive
to try these operators on other values.

BEST PRACTICES

Use additional parentheses in arithmetic expressions to make the evaluation order explicit, and 
include extra spaces to make the expression easier to read.
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PROGRAM 2.4 Testing the division and modulus operators

// Experimenting with the division operator.
public class Division {
  public static void main(String[] args) {
    System.out.println("Integer division and modulus:");
    System.out.println(" 3/2 = " + (3/2));
    System.out.println(" 4/4 = " + (4/4));
    System.out.println(" 3%2 = " + (3%2));

    System.out.println("Floating-point division and modulus:");
    System.out.println(" 3.0/2.0 = " + (3.0/2.0));
    System.out.println(" 3.0/4.0 = " + (3.0/4.0));
    System.out.println(" 3.0%2.0 = " + (3.0%2.0));

    System.out.println("Division by zero:");
    System.out.println(" 2.0/0.0 = " + (2.0/0.0));
    System.out.println(" 0.0/0.0 = " + (0.0/0.0));
    System.out.println(" 2.0/0 = " + (2.0/0));
    System.out.println(" 2/0 = " + (2/0));
  }
}

Program output:

Integer division and modulus:
 3/2 = 1
 4/4 = 1
 3%2 = 1
Floating-point division and modulus:
 3.0/2.0 = 1.5
 3.0/4.0 = 0.75
 3.0%2.0 = 1.0
Division by zero:
 2.0/0.0 = Infinity
 0.0/0.0 = NaN
 2.0/0 = Infinity
Exception in thread "main" java.lang.ArithmeticException: / by zero

at Division.main(Division.java:18)

2.5 Formatted output

Program output printed to the terminal window can be formatted using the printf()
method of the System.out object:

printf(String format, Object... args)
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The parameter format specifies how formatting will be done. This is a format string
containing format specifications that determine how each subsequent value in the param-
eter args will be formatted and printed. The parameter declaration Object... args means
that the method accepts zero or more parameters.

The following calls to the printf() method:

System.out.printf("Player\Game         %6d%6d%6d%n", 1, 2, 3);
System.out.printf("%-20s%6d%6d%6d%n", "F. Reshmann", 320, 160, 235);
System.out.printf("%-20s%6d%6d%6d%n", "A. King", 1250, 1875, 2500);

will generate this tabular printout of game results:

Player\Game               1     2     3
F. Reshmann             320   160   235
A. King                1250  1875  2500

The format specifications used here are explained below when we write a short program
to print a formatted bill for a computer store (see Program 2.5).

Format string

A format string can contain both fixed text and format specifications.The fixed text is
printed exactly as specified in the format string. The format specifications control how
the values of the subsequent parameters are formatted and printed.

Formatting of floating-point values is localised. This means that the formatting is custom-
ised to a locale. A locale defines, among other things, the character used as the decimal
point in a country or a region. Comma (,) is used as decimal point in Norway and
Denmark, while in many other countries, such as the United Kingdom and the USA, the
dot (.) is used to separate the integer and decimal part of a floating-point value. We will
primarily use the dot (.) as decimal point in this book.

Sample format specifications

Table 2.2 shows some common format specifications in Java. See also Appendix C. All
values are converted to their string representation and formatted by the printf() method
before being printed to the terminal window.

Printing with fixed field widths

Before diving further into formatted printing, let’s look at an example. Program 2.5 on
page 33 prints a simple bill using the printf() method.

At the top of the bill, the company name is printed at (1) with a format string that
contains only fixed text. Date and time of day is printed on the same line, with leading
zeros at (2). A heading is then printed at (3) by means of the format specification "%-24s"
for the left-justified column Item, "%8s" for the right-justified columns Price and Sum, and
"%6s" for the right-justified column Count.
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TABLE 2.2 Format specifications in Java

Underneath the heading, the items purchased are printed at (4)–(5), (6)–(7) and (8)–(9)
using the same field widths as the column headings. The item name is printed with the
format string "%-24s", resulting in a twenty-four character wide string, left justified. The
item price and the total cost for each type of item are printed as floating-point values using
the format specification "%8.2f", and the number of items is printed as an integer using
the format specification "%6d". The strings are left-justified, while all numbers are right-

Parameter 
value

Format
specification

Example val-
ue

String printed Comment

Integer "%d" 125 "125" Occupies as many character 
places as needed.

"%6d" 125 " 125" Occupies six character 
places and is right-justified. 
The printed string is padded 
with spaces to the left.

"%02d" 3 "03" Occupies two character 
places and is padded with 
leading zeros.

Floating 
point value

"%f" 16.746 "16.746000" Occupies as many character 
places as needed, but always 
includes six decimal places.

"%.2f" 16.746 "16.75" Occupies as many character 
places as needed, but 
includes only two decimal 
places.

"%8.2f" 16.7466 " 16.75" Occupies eight character 
places, including the deci-
mal point, and uses two 
decimal places.

String "%s" "Hi!" "Hi!" Occupies as many character 
places as are needed.

"%12s" "Hi Dude!" " Hi Dude!" Occupies twelve character 
places and is right-justified.

"%-12s" "Hi Dude!" "Hi Dude! " Occupies twelve character 
places and is left-justified.

Linefeed "%n" (none) (none) Moves the cursor to the 
next line in the terminal 
window.
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justified. The character 's' is the conversion code for strings, while floating-point and
integer values are printed using codes 'f' and 'i' respectively.

At (10) the total cost of all items is printed using the format specification "%8.2f". To
position this value correctly under the column Sum, we print the string "Total:" using the
format "%40s". The width of forty characters is found by adding the width of the first
three columns of the bill and the spaces between them.

PROGRAM 2.5 Printing a simple bill for computer goods

// Using the printf() method to prepare a nicely formatted bill.
public class SmallBill {
  public static void main(String[] args) {
    System.out.printf("Easy Data Ltd.          ");                    // (1)
    System.out.printf("%02d/%02d/%04d, %02d:%02d:%02d%n%n",           // (2)
                       20, 3, 2006, 19, 6, 9);
    System.out.printf("%-24s %8s %6s %8s%n",                          // (3)
                      "Item", "Price", "Count", "Sum");

    int count =2;
    double price = 132.25, sum = count*price, total = sum;
    System.out.printf("%-24s %8.2f %6d %8.2f%n",                      // (4)
                      "Ultraflash, USB 2.0, 1GB", price, count, sum); // (5)

    count =1;
    price = 355.0; sum = count*price; total = total + sum;
    System.out.printf("%-24s %8.2f %6d %8.2f%n",                      // (6)
                      "Mega HD, 300GB", price, count, sum);           // (7)

    count = 3;
    price = 8.33; sum = count*price; total = total + sum;
    System.out.printf("%-24s %8.2f %6d %8.2f%n",                      // (8)
                      "USB 2.0 cable, 2m", price, count, sum);        // (9)

    System.out.printf("%40s %8.2f%n", "Total:", total);               // (10)
  }
}

Program output:

Easy Data Ltd.          20/03/2006, 19:06:09

Item                        Price  Count      Sum
Ultraflash, USB 2.0, 1GB   132.25      2   264.50
Mega HD, 300GB             355.00      1   355.00
USB 2.0 cable, 2m            8.33      3    24.99
                                  Total:   644.49
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2.6 Reading numbers from the keyboard

The Scanner class

This book uses the class Scanner from the Java standard library to read numbers and
strings from the keyboard. This class offers two methods, nextInt() and nextDouble(), for
reading integer and floating-point values respectively.

Figure 2.6 shows the method calls involved in reading an integer in Program 2.6. First we
have to tell the Java compiler that we want to use the Scanner class from the Java standard
library in our program. This is done by the import statement at (1). In (2) we create a
Scanner object and connect it to the keyboard through the System.in object, which is
called the standard in. The program then prints a prompt at (3) to let the user know what
type of value is required. Reading from the keyboard is done at (4) by calling the nextInt()
method in the Scanner class. The value read is assigned to a variable of the correct type (in
this case, int). At (5) the program echoes the number read, so that we can check whether
reading from the keyboard was successful.

FIGURE 2.6 Reading from the keyboard

PROGRAM 2.6 Reading an integer from the keyboard

// Reading an integer from the keyboard using the Scanner class.
import java.util.Scanner;                                          // (1)
public class IntegerReader {
  public static void main(String[] args) {
    Scanner keyboard = new Scanner(System.in);                     // (2)

    System.out.print("Enter an integer: ");                        // (3)
    int numberRead = keyboard.nextInt();                           // (4)

    System.out.printf("You entered the number %d%n", numberRead);  // (5)
  }

Keyboard

Screen
I t ' s  no w  o r  n e ve r

F lam ing  St a r 

S u sp iou s  M ind s

A n ge l

IntegerReader 

keyboard:Scanner 

nextInt()
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new Scanner(System.in) 
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}

Program output:

Enter an integer: 123
You enterd the number 123

Reading integers

Values read from the keyboard can be stored in the program and used in computations.
Program 2.7 shows how we can let a user enter the length and breadth of a rectangle at
the keyboard to calculate the area of the rectangle.

At (1) and (3) the program prompts the user to enter a value. Reading the value is done
at (2) and (4), and in both cases an integer value is read by calling the nextInt() method.
When the area has been calculated at (5), its value is printed at (6). Note that the program
uses the print() method, rather than the println() method, to display the explanatory
text in the terminal window, allowing the user to enter a value on the same line as the
prompt text.

PROGRAM 2.7 Reading multiple integers from the keyboard

// Calculating the area of rectangle whose sides are input from the keyboard.
import java.util.Scanner;
public class IntegerArea {
  public static void main(String[] args) {
    Scanner keyboard = new Scanner(System.in);

    System.out.print("Enter the rectangle length [integer]: ");    // (1)
    int length = keyboard.nextInt();                               // (2)
    System.out.print("Enter the rectangle breadth [integer]: ");   // (3)
    int breadth = keyboard.nextInt();                              // (4)

    int area = length * breadth;                                   // (5)
    System.out.printf("A rectangle of length %d cm and breadth" +
                      " %d cm has area %d sq. cm.%n",
                      length, breadth, area);                      // (6)
  }
}

Program output:

Enter the rectangle length [integer]: 6
Enter the rectangle breadth [integer]: 4
A rectangle of length 6 cm and breadth 4 cm has area 24 sq. cm.
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Reading floating-point numbers

To make the calculation of the area more flexible, we can modify the program to read
floating-point values. The source code using floating-point variables and values is shown
in Program 2.8. All variables are now of type double, and the program calls the nextDou-
ble() method at (2) and (4) to read floating-point values. The program will also read any
integer value entered at the keyboard as a floating-point value.

PROGRAM 2.8 Reading floating-point values from the keyboard

// Calculating the area of rectangle whose sides are input from the keyboard.
import java.util.Scanner;
public class FloatingPointArea {
  public static void main(String[] args) {
    Scanner keyboard = new Scanner(System.in);

    System.out.print("Enter the rectangle length [decimal number]: ");// (1)
    double length = keyboard.nextDouble();                           // (2)
    System.out.print("Enter the rectangle breadth " +
                     "[decimal number]: ");                          // (3)
    double breadth = keyboard.nextDouble();                          // (4)

    double area = length * breadth;                                  // (5)
    System.out.printf(
      "A rectangle of length %.2f cm and breadth %.2f cm" +
      " has area %.2f sq. cm.%n",
      length, breadth, area);                                        // (6)
  }
}

Program output:

Enter the rectangle length [decimal number]: 15.5
Enter the rectangle breadth [decimal number]: 4.25
A rectangle of length 15.50 cm and breadth 4.25 cm has area 65.88 sq. cm.

BEST PRACTICES

Provide meaningful prompts to make the use of the program self-explanatory. The prompts 
should be short, enabling a user to enter the required value on the same line.

Chapter2.fm  Page 36  Tuesday, November 28, 2006  1:12 PM



2

2.6   READING NUMBERS FROM THE KEYBOARD 37

Error handling

When entering numbers at the keyboard in Program 2.7 or Program 2.8, a user might
unintentionally enter an invalid value. For example, typing a floating-point value when
running Program 2.7 will result in the program terminating with the following error
message:

Enter the rectangle length [integer]: 6.5
Exception in thread "main" java.util.InputMismatchException
at java.util.Scanner.throwFor(Unknown Source)
at java.util.Scanner.next(Unknown Source)
at java.util.Scanner.nextInt(Unknown Source)
at java.util.Scanner.nextInt(Unknown Source)

at IntegerArea.main(IntegerArea.java:7)

This type of error is called an exception and is explained in Basic exception handling on
page 278.

The Scanner class will take the localisation into consideration when reading values. For
example, if the localisation is for the UK, a dot (.) must be used as the decimal point.
Should a user accidentally use a comma (,) as the decimal point, the nextDouble() method
will print an error message similar to the one above and the execution will be aborted.

For both integer and floating-point values, the syntax of the input value determines
whether it is accepted. The Scanner class has no way of catching values that are meaning-
less to the program. For example, a user can enter a negative value for length and/or
breadth in Program 2.7 and Program 2.8. Since the program does not check the values,
the area will still be computed. Input validation is the responsibility of the calling method,
in this case the main() method. The Scanner class is meant to be flexible, and therefore
only offers syntactic validation of input data.

Reading multiple values per line

Using the Scanner class, we can also read multiple values from the same line in the termi-
nal window, as illustrated by Program 2.9. After the user has entered two integers, the call
to the nextInt() method at (1) assigns the first value to the variable number1, and the call
to the same method at (2) assigns the second value to the variable number2. The program
then adds the two input values and prints the result to the terminal window at (3).

PROGRAM 2.9 Reading multiple values from the same line

// Reading multiple values from the same line on the keybouard.
import java.util.Scanner;
public class ReadingMultipleValues {
  public static void main(String[] args) {
    Scanner keyboard = new Scanner(System.in);

    System.out.print("Enter two numbers [integer integer]: ");
    int number1 = keyboard.nextInt();                              // (1)
    int number2 = keyboard.nextInt();                              // (2)
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    int sum = number1 + number2;
    System.out.printf("The sum of integers %d and %d is %d%n",
                       number1, number2, sum);                     // (3)
  }
}

Program output:

Enter two numbers [integer integer]: 23 347
The sum of integers 23 and 347 is 370

Skipping the rest of the line when reading values from the keyboard

The previous example showed how to use the Scanner class to read multiple values from
the same line. If we instead want to read only one value per line, the program can read the
first value that is entered, then call the nextLine() method in the Scanner class to skip the
rest of the current line. 

Program 2.10 calls the nextDouble() method at (1) to read the first value that is entered
on the current line. The nextLine() method is called at (2) to skip any input remaining in
the current line. Even if the user enters two or more values on the line, only the first value
will be read by the program, and the rest skipped.

PROGRAM 2.10 Skipping the rest of the current line when reading

// Calculating the area of rectangle whose sides are input from the keyboard.
import java.util.Scanner;
public class FloatingPointArea2 {
  public static void main(String[] args) {
    Scanner keyboard = new Scanner(System.in);

    System.out.println("Area calculation - one value per line");
    System.out.print("Enter the rectangle length [decimal number]: ");
    double length = keyboard.nextDouble(); // (1)
    keyboard.nextLine();                   // (2) Empty the rest of the line.
    System.out.print("Enter the rectangle breadth [decimal number]: ");
    double breadth = keyboard.nextDouble();

    double area = length * breadth;
    System.out.printf(
      "A rectangle of length %.2f cm and breadth %.2f cm " +
      "has area %.2f sq. cm.%n",
      length, breadth, area);
  }
}
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Program output:

Area calculation - one value per line
Enter the rectangle length [decimal number]: 15.5 3.9
Enter the rectangle breadth [decimal number]: 4.25
A rectangle of length 15.50 cm and breadth 4.25 cm has area 65.88 sq. cm.

Program 2.8 does not use the nextLine() method. When running that program, the user
can enter both numbers on the same line, as illustrated below:

Enter the rectangle length [decimal number]: 15.5 4.25
Enter the rectangle breadth [decimal number]: A rectangle of length 15.50 cm 
and breadth 4.25 cm has area 65.88 sq. cm.

The program will read the second floating-point value on the first line of input, and assign
it to the variable breadth. The second prompt and the result of the calculation are then
printed on the same line in the terminal window. The program reports the correct answer,
but the printout is a bit confusing. If we want our program to read multiple values, but
only one value per line, the nextLine() method can be used, as illustrated in Program 2.10.
We empty the current line by calling nextLine() method before reading the next value.

2.7 Review questions

1. What is printed to the terminal window by the method calls below?

System.out.println("10+10 is " + 20);
System.out.println("10+10 is " + 10 + 10);
System.out.println(10 + 10 + 20);

2. What is a variable? What is a local variable?

3. Write the declaration for an integer variable called numberOfPoints, and initialize it to 
the value 35. What do we call a value that is written directly in the source code?

4. What is a constant? Modify the declaration from Question 2.3 to declare a constant.

5. Which of the following variable names are valid in Java? Which variables have 
meaningful names? Justify your answer.

a minimum-Price

b minimumPrice

c XYZ

d xCoordinate

e y2k

f isDone

g numberOfDaysInALeapYear

h JDK_1_6_0

6. What is a data type? What is a primitive data type?
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7. Fill in the blanks.

a An arithmetic expression can consist of _____________ and operands.

b Multiplication (*) requires __ operands, and is thus a _______ operator.

c The operator - in the expression -4 is a _________ operator, while the operator -
in the expression 5 - 4 is a ____________ operator.

8. The operands in an expression in Java are always evaluated from _____ to _____. 

If two operators with different __________ are next to each other in an expression, 
the operator with the _____________ will be evaluated first.

9. If two operators with the same precedence are next to each other in an expression, 
_________ rules are used to determine which operator will be evaluated first. 

The operator - (unary minus) is left-associative and groups from ______ to ______, 
while the operator - (subtraction) is right-associative and groups from ______ to 
______.

10. Evaluate the following expressions. Explain in what order the operators are evaluated 
in each case.

a 3 + 2 - 1

b 2 + 6 * 7

c - 5 + 7 - - 6

d 2 + 4 / 5

e 5 * 2 - - 3 * 4

f 10 / 0

g 2 + 4.0 / 5

h 10 / 0.0

i 4.0 / 0.0

j 2 * 4 % 2

11. Use the System.out.printf() method to print the following values:

a A six-digit integer, including the sign, e.g. 123456 as +123456.

b The floating-point value 123456789.3837 in scientific notation, i.e. as 
1.234567e+08.

c The string "We are 100% motivated to learn Java!".

d The number 1024 as a right-justified eight-digit integer, i.e. as 00001024.

2.8 Programming exercises

1. Write a program that converts the temperature in degrees Celsius to degrees Fahren-
heit. In this version of the program, do the conversion for a particular temperature in 
degrees Celsius, say 25.5°C. Use the following formula for doing the conversion: 

fahrenheit = (9.0 × celsius)/5.0 + 32.0
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2. Extend the program in Exercise 2.1 to also calculate the corresponding temperature 
in degrees Kelvin. The following formula calculates the temperature in degrees 
Kelvin:

kelvin = celsius + 273.16

3. Extend the program in Exercise 2.2 to read the temperature value from the 
keyboard. Print a suitable prompt to the terminal window before reading the value, 
so that the user knows what type of value is expected.

4. Write a program that calculates the volume v of a cube with dimensions l, b and h, all 
floating-point values, using the following formula:

  v = l × b × h

Print a suitable prompt to the terminal window before reading values from the 
keyboard using the Scanner class.

5. Write a program that calculates the area a and circumference c of a circle:

  a = p × r 2 

  c = 2 × p × r 

where p is a mathematical constant, and r is the radius of the circle. The square of 
the radius can be calculated by multiplying r with itself. Assume a value of 
3.1415927 for p, which should be defined as a constant in your program. 

Print a suitable prompt to the terminal window before reading a value for the radius 
from the keyboard.

6. A company pays its salesmen based on commissions on their sales. For example, a 
salesman that has sold products for 5000 GBP receives a payment of 200 GBP plus 
9% of 5000 GBP, i.e. 650 GBP.

The price of the different products are:

● Product A: 239.99 GBP.

● Product B: 129.75 GBP.

● Product C: 99.95 GBP.

● Product D: 350.89 GBP.

Write a program that reads the number of sales for each product in the current week 
by a salesman, and calculates the salary based on these sales. The program should 
print a formatted salary slip, including the number of units sold and the unit price of 
each product sold. The user dialogue and program output could look like this:

Salesman's salary calculation

Enter units sold of Product A [integer]: 25
Enter units sold of Product B [integer]: 2
Enter units sold of Product C [integer]: 12
Enter units sold of Product D [integer]: 4
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Enter provision rate in percent [decimal value]: 9.0

Salary slip

Product A:  20 units x 239.99 GBP =  4799.80 GBP
Product B:   2 units x 129.75 GBP =   259.50 GBP
Product C:  12 units x  99.95 GBP =  1199.40 GBP
Product D:   4 units x 350.89 GBP =  1403.56 GBP
                                  --------------
                      Total sales =  7662.26 GBP

Fixed part of salary              =   200.00 GBP
Provision (9% of sales)           =   689.03 GBP
                                  --------------
                     Total salary =   889.03 GBP

7. Your company provides IT consultancy services to the public sector, and the financial 
department in each country wants a program to print invoices for their national 
customers. Write a program that allows an accountant to specify the regular hours 
worked, the hourly rate, the number of hours worked overtime and the percentage 
increase in hourly rate for the overtime. Here is an example of a dialogue between 
the program and the user:

Invoice preparation for IT ConsultPro Inc.
Your national currency is GBP

Enter the client name [string]: Orange County
Enter the regular working hours [decimal number]: 120.0
Enter the hourly rate [decimal number]: 60.0
Enter the number of hours worked overtime [decimal number]: 40.0
Enter the percentage increase in hourly rate [decimal number]: 25.0

Based on this information, the program should print a formatted invoice:
IT ConsultPro Inc. - Invoice for Orange County

Regular working hours  : 120 hours a 60 GBP:  7200 GBP
Overtime work          :  40 hours a 75 GBP:  3000 GBP
------------------------------------------------------
                                     Total : 10200 GBP

The national currency used should be defined as a constant in the program.

The name of the client company can be read by the following code:

Scanner keyboard = new Scanner(System.in);
String clientName = keyboard.nextLine();

Any input on the current line will be read as one string and assigned to the client-
Name variable. This code allows text with multiple words to be read as one string, for 
example "Orange County".
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8. Your multinational company has just started offering IT consultancy to governmental 
organisations in the European Union, and must provide invoices in Euros (¤). Modify 
the program in Exercise 2.7 to allow the national currency to be used, as well as the 
exchange rate between the national currency and the Euro.

9. Extend the program in Exercise 2.5 to read the units measurement for the radius, 
e.g. cm, m or km, as a string. You can use the nextLine() method for this purpose, as 
explained in Exercise 2.7. 

Run the program to calculate the circumference of the Earth at equator, when the 
equatorial radius is 6378.135 km.

10. Write a program that calculates how much an amount deposited in a bank account at 
r% annual interest has grown to after one, two and three years. The general formula 
for computing the amount including interest after n years is:

Kn = K0 × (1 + r / 100)n

when K0 is the principle amount. The user dialogue and output from the program 
could look like this:

Calculation of deposits with interests

Enter the initial amount deposited [decimal value]: 10000.00
Enter the interest rate [decimal value]: 4.5
Enter the currency used [string]: USD

Amount with interest after 1 year :  10450.00 USD
Amount with interest after 2 years:  10920.25 USD
Amount with interest after 3 years:  11411.66 USD
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