
CHAPTER 2

Ja va Syntax
from the Ground Up

This chapter is a terse but comprehensive introduction to Java syntax. It is written
primarily for readers who are new to the language, but have at least some previ-
ous programming experience. Determined novices with no prior programming
experience may also find it useful. If you already know Java, you should find it a
useful language refer ence. In previous editions of this book, this chapter was writ-
ten explicitly for C and C++ programmers making the transition to Java. It has
been rewritten for this edition to make it more generally useful, but it still contains
comparisons to C and C++ for the benefit of programmers coming from those
languages.*

This chapter documents the syntax of Java programs by starting at the very lowest
level of Java syntax and building from there, covering increasingly higher orders of
structur e. It covers:

• The characters used to write Java programs and the encoding of those
characters.

• Data types, literal values, identifiers, and other tokens that comprise a Java
pr ogram.

• The operators used in Java to group individual tokens into larger expressions.

• Statements, which group expressions and other statements to form logical
chunks of Java code.

• Methods (also called functions, procedur es, or subroutines), which are named
collections of Java statements that can be invoked by other Java code.

* Readers who want even more thor ough coverage of the Java language should consider The Java Pro-
gramming Language, Second Edition, by Ken Arnold and James Gosling (the creator of Java) (Addison
Wesley Longman). And hardcore readers may want to go straight to the primary source: The Java Lan-
guage Specification, by James Gosling, Bill Joy, and Guy Steele (Addison Wesley Longman). This speci-
fication is available in printed book form, but is also freely available for download from Sun’s web site
at http://java.sun.com/docs/books/jls/. I found both documents quite helpful while writing this chapter.
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• Classes, which are collections of methods and fields. Classes are the central
pr ogram element in Java and form the basis for object-oriented programming.
Chapter 3 is devoted entirely to a discussion of classes and objects.

• Packages, which are collections of related classes.

• Java programs, which consist of one or more interacting classes that may be
drawn from one or more packages.

The syntax of most programming languages is complex, and Java is no exception.
In general, it is not possible to document all elements of a language without refer-
ring to other elements that have not yet been discussed. For example, it is not
really possible to explain in a meaningful way the operators and statements sup-
ported by Java without referring to objects. But it is also not possible to document
objects thoroughly without referring to the operators and statements of the lan-
guage. The process of learning Java, or any language, is therefor e an iterative one.
If you are new to Java (or a Java-style programming language), you may find that
you benefit greatly from working through this chapter and the next twice, so that
you can grasp the interrelated concepts.

The Unicode Character Set
Java programs are written using the Unicode character set. Unlike the 7-bit ASCII
encoding, which is useful only for English, and the 8-bit ISO Latin-1 encoding,
which is useful only for major Wester n Eur opean languages, the 16-bit Unicode
encoding can repr esent virtually every written language in common use on the
planet. Very few text editors support Unicode, however, and in practice, most Java
pr ograms ar e written in plain ASCII. 16-bit Unicode characters are typically written
to files using an encoding known as UTF-8, which converts the 16-bit characters
into a stream of bytes. The format is designed so that plain ASCII and Latin-1 text
ar e valid UTF-8 byte streams. Thus, you can simply write plain ASCII programs,
and they will work as valid Unicode.

If you want to embed a Unicode character within a Java program that is written in
plain ASCII, use the special Unicode escape sequence \uxxxx. That is, a backslash
and a lowercase u, followed by four hexadecimal characters. For example, \u0020
is the space character, and \u03c0 is the character π. You can use Unicode charac-
ters anywhere in a Java program, including comments and variable names.

Comments
Java supports three types of comments. The first type is a single-line comment,
which begins with the characters // and continues until the end of the current
line. For example:

int i = 0; // Initialize the loop variable

The second kind of comment is a multiline comment. It begins with the characters
/* and continues, over any number of lines, until the characters */. Any text
between the /* and the */ is ignored by the Java compiler. Although this style of
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comment is typically used for multiline comments, it can also be used for single-
line comments. This type of comment cannot be nested (i.e., one /* */ comment
cannot appear within another one). When writing multiline comments, program-
mers often use extra * characters to make the comments stand out. Here is a typi-
cal multiline comment:

/*
* Step 4: Print static methods, both public and protected,
* but don't list deprecated ones.
*/

The third type of comment is a special case of the second. If a comment begins
with /**, it is regarded as a special doc comment. Like regular multiline com-
ments, doc comments end with */ and cannot be nested. When you write a Java
class you expect other programmers to use, use doc comments to embed docu-
mentation about the class and each of its methods directly into the source code. A
pr ogram named javadoc extracts these comments and processes them to create
online documentation for your class. A doc comment can contain HTML tags and
can use additional syntax understood by javadoc. For example:

/**
* Display a list of classes, many to a line.
*
* @param classes The classes to display
* @return <tt>true</tt> on success,
* <tt>false</tt> on failure.
* @author David Flanagan
*/

See Chapter 7 for more infor mation on the doc-comment syntax and Chapter 8 for
mor e infor mation on the javadoc pr ogram.

Identifier s and Reserved Words
An identifier is any symbolic name that refers to something in a Java program.
Class, method, parameter, and variable names are all identifiers. An identifier must
begin with a letter, an underscor e (_ ), or a Unicode currency symbol (e.g., $, £,
¥). This initial letter can be followed by any number of letters, digits, underscores,
or currency symbols. Remember that Java uses the Unicode character set, which
contains quite a few letters and digits other than those in the ASCII character set.
The following are legal identifiers:

i
engine3
theCurrentTime
the_current_time
θ

Identifiers can include numbers, but cannot begin with a number. In addition, they
cannot contain any punctuation characters other than underscores and currency
characters. By convention, dollar signs and other currency characters are reserved
for identifiers automatically generated by a compiler or some kind of code prepr o-
cessor. It is best to avoid these characters in your own identifiers.
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Another important restriction on identifiers is that you cannot use any of the key-
words and literals that are part of the Java language itself. These reserved words
ar e listed in Table 2-1.

Table 2−1. Java reserved words

abstract default if package synchronized

assert do implements private this

boolean double import protected throw

break else instanceof public throws

byte extends int return transient

case false interface short true

catch final long static try

char finally native strictfp void

class float new super volatile

const for null switch while

continue goto

Note that const and goto ar e reserved words but aren’t part of the Java language.
assert is a reserved word as of Java 1.4

Pr imitive Data Types
Java supports eight basic data types known as primitive types. In addition, it sup-
ports classes and arrays as composite data types, or refer ence types. Classes and
arrays are documented later in this chapter. The primitive types are: a boolean
type, a character type, four integer types, and two floating-point types. The four
integer types and the two floating-point types differ in the number of bits that rep-
resent them, and therefor e in the range of numbers they can repr esent. Table 2-2
summarizes these primitive data types.

Table 2−2. Java primitive data types

Type Contains Default Size Range

boolean true or false false 1 bit NA

char Unicode character \u0000 16 bits \u0000 to \uFFFF

byte Signed integer 0 8 bits –128 to 127

short Signed integer 0 16 bits –32768 to 32767

int Signed integer 0 32 bits –2147483648 to 2147483647

long Signed integer 0 64 bits –9223372036854775808 to
9223372036854775807

float 0.0 32 bitsIEEE 754
floating point

±1.4E–45 to
±3.4028235E+38
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Table 2−2. Java primitive data types (continued)

Type Contains Default Size Range

double 0.0 64 bitsIEEE 754
floating point

±4.9E–324 to
±1.7976931348623157E+308

The boolean Type

The boolean type repr esents truth values. There are only two possible values of
this type, repr esenting the two boolean states: on or off, yes or no, true or false.
Java reserves the words true and false to repr esent these two boolean values.

C and C++ programmers should note that Java is quite strict about its boolean
type: boolean values can never be converted to or from other data types. In partic-
ular, a boolean is not an integral type, and integer values cannot be used in place
of a boolean. In other words, you cannot take shortcuts such as the following in
Java:

if (o) {
while(i) {
}

}

Instead, Java forces you to write cleaner code by explicitly stating the comparisons
you want:

if (o != null) {
while(i != 0) {
}

}

The char Type

The char type repr esents Unicode characters. It surprises many experienced pro-
grammers to learn that Java char values are 16 bits long, but in practice this fact is
totally transparent. To include a character literal in a Java program, simply place it
between single quotes (apostrophes):

char c = 'A';

You can, of course, use any Unicode character as a character literal, and you can
use the \u Unicode escape sequence. In addition, Java supports a number of other
escape sequences that make it easy both to repr esent commonly used nonprinting
ASCII characters such as newline and to escape certain punctuation characters that
have special meaning in Java. For example:

char tab = '\t', apostrophe = '\'', nul = '', aleph='\u05D0';

Table 2-3 lists the escape characters that can be used in char literals. These charac-
ters can also be used in string literals, which are cover ed later in this chapter.
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Table 2−3. Java escape characters

Escape sequence Character value

\b Backspace

\t Horizontal tab

\n Newline

\f For m feed

\r Carriage retur n

\" Double quote

\' Single quote

\\ Backslash

\xxx The Latin-1 character with the encoding xxx, wher e xxx is an
octal (base 8) number between 000 and 377. The forms \x
and \xx ar e also legal, as in '\0', but are not recommended
because they can cause difficulties in string constants where
the escape sequence is followed by a regular digit.

\uxxxx The Unicode character with encoding xxxx, wher e xxxx is four
hexadecimal digits. Unicode escapes can appear anywhere in
a Java program, not only in character and string literals.

char values can be converted to and from the various integral types. Unlike byte,
short, int, and long, however, char is an unsigned type. The Character class
defines a number of useful static methods for working with characters, including
isDigit(), isJavaLetter(), isLowerCase(), and toUpperCase().

Integer Types

The integer types in Java are byte, short, int, and long. As shown in Table 2-2,
these four types differ only in the number of bits and, therefor e, in the range of
numbers each type can repr esent. All integral types repr esent signed numbers;
ther e is no unsigned keyword as there is in C and C++.

Literals for each of these types are written exactly as you would expect: as a string
of decimal digits, optionally preceded by a minus sign.* Her e ar e some legal inte-
ger literals:

0
1
123
-42000

* Technically, the minus sign is an operator that operates on the literal, not part of the literal itself. Also,
all integer literals are 32-bit int values unless followed by the letter L, in which case they are 64-bit
long values. There is no special syntax for byte and short literals, but int literals are usually converted
to these shorter types as needed. For example, in the code:

byte b = 123;

123 is a 32-bit int literal that is automatically converted (without requiring a cast) to a byte in the
assignment statement.
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Integer literals can also be expressed in hexadecimal or octal notation. A literal
that begins with 0x or 0X is taken as a hexadecimal number, using the letters A to F
(or a to f) as the additional digits requir ed for base-16 numbers. Integer literals
beginning with a leading 0 ar e taken to be octal (base-8) numbers and cannot
include the digits 8 or 9. Java does not allow integer literals to be expressed in
binary (base-2) notation. Legal hexadecimal and octal literals include:

0xff // Decimal 255, expressed in hexadecimal
0377 // The same number, expressed in octal (base 8)
0xCAFEBABE // A magic number used to identify Java class files

Integer literals are 32-bit int values unless they end with the character L or l, in
which case they are 64-bit long values:

1234 // An int value
1234L // A long value
0xffL // Another long value

Integer arithmetic in Java is modular, which means that it never produces an over-
flow or an underflow when you exceed the range of a given integer type. Instead,
numbers just wrap around. For example:

byte b1 = 127, b2 = 1; // Largest byte is 127
byte sum = (byte)(b1 + b2); // Sum wraps to –128, which is the smallest byte

Neither the Java compiler nor the Java interpreter warns you in any way when this
occurs. When doing integer arithmetic, you simply must ensure that the type you
ar e using has a sufficient range for the purposes you intend. Integer division by
zer o and modulo by zero are illegal and cause an ArithmeticException to be
thr own.

Each integer type has a corresponding wrapper class: Byte, Short, Integer, and
Long. Each of these classes defines MIN_VALUE and MAX_VALUE constants that
describe the range of the type. The classes also define useful static methods, such
as Byte.parseByte() and Integer.parseInt(), for converting strings to integer
values.

Floating-Point Types

Real numbers in Java are repr esented with the float and double data types. As
shown in Table 2-2, float is a 32-bit, single-precision floating-point value, and
double is a 64-bit, double-precision floating-point value. Both types adhere to the
IEEE 754-1985 standard, which specifies both the format of the numbers and the
behavior of arithmetic for the numbers.

Floating-point values can be included literally in a Java program as an optional
string of digits, followed by a decimal point and another string of digits. Here are
some examples:

123.45
0.0
.01

Floating-point literals can also use exponential, or scientific, notation, in which a
number is followed by the letter e or E (for exponent) and another number. This
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second number repr esents the power of ten by which the first number is multi-
plied. For example:

1.2345E02 // 1.2345 × 102, or 123.45
1e-6 // 1 × 10-6, or 0.000001
6.02e23 // Avogadro's Number: 6.02 × 1023

Floating-point literals are double values by default. To include a float value liter-
ally in a program, follow the number by the character f or F:

double d = 6.02E23;
float f = 6.02e23f;

Floating-point literals cannot be expressed in hexadecimal or octal notation.

Most real numbers, by their very nature, cannot be repr esented exactly in any
finite number of bits. Thus, it is important to remember that float and double val-
ues are only approximations of the numbers they are meant to repr esent. A float
is a 32-bit approximation, which results in at least 6 significant decimal digits, and
a double is a 64-bit approximation, which results in at least 15 significant digits. In
practice, these data types are suitable for most real-number computations.

In addition to repr esenting ordinary numbers, the float and double types can also
repr esent four special values: positive and negative infinity, zero, and NaN. The
infinity values result when a floating-point computation produces a value that
over flows the repr esentable range of a float or double. When a floating-point
computation underflows the repr esentable range of a float or a double, a zer o
value results. The Java floating-point types make a distinction between positive
zer o and negative zero, depending on the direction from which the underflow
occurr ed. In practice, positive and negative zero behave pretty much the same.
Finally, the last special floating-point value is NaN, which stands for not-a-number.
The NaN value results when an illegal floating-point operation, such as 0.0/0.0, is
per formed. Here are examples of statements that result in these special values:

double inf = 1.0/0.0; // Infinity
double neginf = -1.0/0.0; // -Infinity
double negzero = -1.0/inf; // Negative zero
double NaN = 0.0/0.0; // Not-a-Number

Because the Java floating-point types can handle overflow to infinity and under-
flow to zero and have a special NaN value, floating-point arithmetic never throws
exceptions, even when perfor ming illegal operations, like dividing zero by zer o or
taking the square root of a negative number.

The float and double primitive types have corresponding classes, named Float
and Double. Each of these classes defines the following useful constants:
MIN_VALUE, MAX_VALUE, NEGATIVE_INFINITY, POSITIVE_INFINITY, and NaN.

The infinite floating-point values behave as you would expect. Adding or subtract-
ing any finite value to or from infinity, for example, yields infinity. Negative zero
behaves almost identically to positive zero, and, in fact, the == equality operator
reports that negative zero is equal to positive zero. One way to distinguish nega-
tive zero from positive, or regular, zer o is to divide by it. 1.0/0.0 yields positive
infinity, but 1.0 divided by negative zero yields negative infinity. Finally, since NaN
is not-a-number, the == operator says that it is not equal to any other number,
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including itself ! To check whether a float or double value is NaN, you must use
the Float.isNaN() and Double.isNaN() methods.

Str ings

In addition to the boolean, character, integer, and floating-point data types, Java
also has a data type for working with strings of text (usually simply called strings).
The String type is a class, however, and is not one of the primitive types of the
language. Because strings are so commonly used, though, Java does have a syntax
for including string values literally in a program. A String literal consists of arbi-
trary text within double quotes. For example:

"Hello, world"
"'This' is a string!"

String literals can contain any of the escape sequences that can appear as char lit-
erals (see Table 2-3). Use the \" sequence to include a double-quote within a
String literal. Strings and string literals are discussed in more detail later in this
chapter. Chapter 4 demonstrates some of the ways you can work with String
objects in Java.

Type Conversions

Java allows conversions between integer values and floating-point values. In addi-
tion, because every character corresponds to a number in the Unicode encoding,
char values can be converted to and from the integer and floating-point types. In
fact, boolean is the only primitive type that cannot be converted to or from
another primitive type in Java.

Ther e ar e two basic types of conversions. A widening conversion occurs when a
value of one type is converted to a wider type—one that has a larger range of
legal values. Java perfor ms widening conversions automatically when, for exam-
ple, you assign an int literal to a double variable or a char literal to an int
variable.

Narr owing conversions are another matter, however. A narr owing conversion
occurs when a value is converted to a type that is not wider than it. Narrowing
conversions are not always safe: it is reasonable to convert the integer value 13 to
a byte, for example, but it is not reasonable to convert 13000 to a byte, since byte
can only hold numbers between –128 and 127. Because you can lose data in a
narr owing conversion, the Java compiler complains when you attempt any nar-
rowing conversion, even if the value being converted would in fact fit in the nar-
rower range of the specified type:

int i = 13;
byte b = i; // The compiler does not allow this

The one exception to this rule is that you can assign an integer literal (an int
value) to a byte or short variable, if the literal falls within the range of the
variable.

If you need to perfor m a narr owing conversion and are confident you can do so
without losing data or precision, you can force Java to perfor m the conversion
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using a language construct known as a cast. Per form a cast by placing the name of
the desired type in parentheses before the value to be converted. For example:

int i = 13;
byte b = (byte) i; // Force the int to be converted to a byte
i = (int) 13.456; // Force this double literal to the int 13

Casts of primitive types are most often used to convert floating-point values to
integers. When you do this, the fractional part of the floating-point value is simply
truncated (i.e., the floating-point value is rounded towards zero, not towards the
near est integer). The methods Math.round(), Math.floor(), and Math.ceil() per-
for m other types of rounding.

The char type acts like an integer type in most ways, so a char value can be used
anywher e an int or long value is requir ed. Recall, however, that the char type is
unsigned, so it behaves differ ently than the short type, even though both of them
ar e 16 bits wide:

short s = (short) 0xffff; // These bits represent the number –1
char c = '\uffff'; // The same bits, representing a Unicode character
int i1 = s; // Converting the short to an int yields –1
int i2 = c; // Converting the char to an int yields 65535

Table 2-4 is a grid that shows which primitive types can be converted to which
other types and how the conversion is perfor med. The letter N in the table means
that the conversion cannot be perfor med. The letter Y means that the conversion
is a widening conversion and is therefor e per formed automatically and implicitly
by Java. The letter C means that the conversion is a narrowing conversion and
requir es an explicit cast. Finally, the notation Y* means that the conversion is an
automatic widening conversion, but that some of the least significant digits of the
value may be lost by the conversion. This can happen when converting an int or
long to a float or double. The floating-point types have a larger range than the
integer types, so any int or long can be repr esented by a float or double. How-
ever, the floating-point types are appr oximations of numbers and cannot always
hold as many significant digits as the integer types.

Table 2−4. Java primitive type conversions

Convert Convert to:
fr om: boolean byte short char int long float double

boolean – N N N N N  N N

byte N – Y C Y Y  Y Y

short N C – C Y Y  Y Y

char N C C – Y Y  Y Y

int N C C C – Y  Y* Y

long N C C C C –  Y* Y*

float N C C C C C  – Y

double N C C C C C  C –
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Reference Types

In addition to its eight primitive types, Java defines two additional categories of
data types: classes and arrays. Java programs consist of class definitions; each class
defines a new data type that can be manipulated by Java programs. For example,
a program might define a class named Point and use it to store and manipulate
X,Y points in a Cartesian coordinate system. This makes Point a new data type in
that program. An array type repr esents a list of values of some other type. char is
a data type, and an array of char values is another data type, written char[]. An
array of Point objects is a data type, written Point[]. And an array of Point arrays
is yet another type, written Point[][].

As you can see, there are an infinite number of possible class and array data types.
Collectively, these data types are known as refer ence types. The reason for this
name will become clear later in this chapter. For now, however, what is important
to understand is that class and array types differ significantly from primitive types,
in that they are compound, or composite, types. A primitive data type holds
exactly one value. Classes and arrays are aggr egate types that contain multiple val-
ues. The Point type, for example, holds two double values repr esenting the X and
Y coordinates of the point. And char[] is obviously a compound type because it
repr esents a list of characters. By their very nature, class and array types are mor e
complicated than the primitive data types. We’ll discuss classes and arrays in detail
later in this chapter and examine classes in even more detail in Chapter 3.

Expressions and Operator s
So far in this chapter, we’ve learned about the primitive types that Java programs
can manipulate and seen how to include primitive values as literals in a Java pro-
gram. We’ve also used variables as symbolic names that repr esent, or hold, values.
These literals and variables are the tokens out of which Java programs are built.

An expr ession is the next higher level of structure in a Java program. The Java
interpr eter evaluates an expression to compute its value. The very simplest expres-
sions are called primary expressions and consist of literals and variables. So, for
example, the following are all expressions:

1.7 // A floating-point literal
true // A boolean literal
sum // A variable

When the Java interpreter evaluates a literal expression, the resulting value is the
literal itself. When the interpreter evaluates a variable expression, the resulting
value is the value stored in the variable.

Primary expressions are not very interesting. More complex expressions are made
by using operators to combine primary expressions. For example, the following
expr ession uses the assignment operator to combine two primary expressions — a
variable and a floating-point literal—into an assignment expression:

sum = 1.7
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But operators are used not only with primary expressions; they can also be used
with expressions at any level of complexity. Thus, the following are all legal
expr essions:

sum = 1 + 2 + 3*1.2 + (4 + 8)/3.0
sum/Math.sqrt(3.0 * 1.234)
(int)(sum + 33)

Operator Summary

The kinds of expressions you can write in a programming language depend
entir ely on the set of operators available to you. Table 2-5 summarizes the opera-
tors available in Java. The P and A columns of the table specify the precedence
and associativity of each group of related operators, respectively.

Table 2−5. Java operators

P A Operator Operand type(s) Operation per formed

15 L . object, member object member access

[] array, int array element access

( args ) method, arglist method invocation

++, −− variable post-increment, decrement

14 R ++, −− variable pre-incr ement, decr ement

+, − number unary plus, unary minus

˜ integer bitwise complement

! boolean boolean NOT

13 R new class, arglist object cr eation

( type ) type, any cast (type conversion)

12 L *, /, % number, number multiplication, division,
remainder

11 L +, − number, number addition, subtraction

+ string, any string concatenation

10 L << integer, integer left shift

>> integer, integer right shift with sign extension

>>> integer, integer right shift with zero extension

9 L <, <= number, number less than, less than or equal

>, >= number, number gr eater than, greater than or
equal

instanceof refer ence, type type comparison

8 L == primitive, primitive equal (have identical values)

!= primitive, primitive not equal (have differ ent values)

== refer ence, refer ence equal (refer to same object)
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Table 2−5. Java operators (continued)

P A Operator Operand type(s) Operation per formed

!= refer ence, refer ence not equal (refer to differ ent
objects)

7 L & integer, integer bitwise AND

& boolean, boolean boolean AND

6 L ˆ integer, integer bitwise XOR

ˆ boolean, boolean boolean XOR

5 L | integer, integer bitwise OR

| boolean, boolean boolean OR

4 L && boolean, boolean conditional AND

3 L || boolean, boolean conditional OR

2 R ?: boolean, any, any conditional (ternary) operator

1 R = variable, any assignment

*=, /=, %=, variable, any assignment with operation

+=, −=, <<=,

>>=, >>>=,

&=, ˆ=, |=

Precedence

The P column of Table 2-5 specifies the pr ecedence of each operator. Precedence
specifies the order in which operations are per formed. Consider this expression:

a + b * c

The multiplication operator has higher precedence than the addition operator, so a
is added to the product of b and c. Operator precedence can be thought of as a
measur e of how tightly operators bind to their operands. The higher the number,
the more tightly they bind.

Default operator precedence can be overridden through the use of parentheses, to
explicitly specify the order of operations. The previous expression can be rewrit-
ten as follows to specify that the addition should be perfor med befor e the
multiplication:

(a + b) * c

The default operator precedence in Java was chosen for compatibility with C; the
designers of C chose this precedence so that most expressions can be written nat-
urally without parentheses. There are only a few common Java idioms for which
par entheses ar e requir ed. Examples include:

// Class cast combined with member access
((Integer) o).intValue();

// Assignment combined with comparison
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while((line = in.readLine()) != null) { ... }

// Bitwise operators combined with comparison
if ((flags & (PUBLIC | PROTECTED)) != 0) { ... }

Associativity

When an expression involves several operators that have the same precedence,
the operator associativity governs the order in which the operations are per-
for med. Most operators are left-to-right associative, which means that the opera-
tions are per formed from left to right. The assignment and unary operators,
however, have right-to-left associativity. The A column of Table 2-5 specifies the
associativity of each operator or group of operators. The value L means left to
right, and R means right to left.

The additive operators are all left-to-right associative, so the expression a+b-c is
evaluated from left to right: (a+b)-c. Unary operators and assignment operators
ar e evaluated from right to left. Consider this complex expression:

a = b += c = -˜d

This is evaluated as follows:

a = (b += (c = -(˜d)))

As with operator precedence, operator associativity establishes a default order of
evaluation for an expression. This default order can be overridden through the use
of parentheses. However, the default operator associativity in Java has been cho-
sen to yield a natural expression syntax, and you rarely need to alter it.

Operand number and type

The fourth column of Table 2-5 specifies the number and type of the operands
expected by each operator. Some operators operate on only one operand; these
ar e called unary operators. For example, the unary minus operator changes the
sign of a single number:

-n // The unary minus operator

Most operators, however, are binary operators that operate on two operand values.
The − operator actually comes in both forms:

a - b  // The subtraction operator is a binary operator

Java also defines one ternary operator, often called the conditional operator. It is
like an if statement inside an expression. Its three operands are separated by a
question mark and a colon; the second and third operands must be convertible to
the same type:

x > y ? x : y  // Ternary expression; evaluates to the larger of x and y

In addition to expecting a certain number of operands, each operator also expects
particular types of operands. Column four of the table lists the operand types.
Some of the codes used in that column requir e further explanation:
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number
An integer, floating-point value, or character (i.e., any primitive type except
boolean)

integer
A byte, short, int, long, or char value (long values are not allowed for the
array access operator [])

refer ence
An object or array

variable
A variable or anything else, such as an array element, to which a value can be
assigned

Retur n type

Just as every operator expects its operands to be of specific types, each operator
pr oduces a value of a specific type. The arithmetic, increment and decrement, bit-
wise, and shift operators retur n a double if at least one of the operands is a dou-
ble. Otherwise, they retur n a float if at least one of the operands is a float.
Otherwise, they retur n a long if at least one of the operands is a long. Otherwise,
they retur n an int, even if both operands are byte, short, or char types that are
narr ower than int.

The comparison, equality, and boolean operators always retur n boolean values.
Each assignment operator retur ns whatever value it assigned, which is of a type
compatible with the variable on the left side of the expression. The conditional
operator retur ns the value of its second or third argument (which must both be of
the same type).

Side effects

Every operator computes a value based on one or more operand values. Some
operators, however, have side effects in addition to their basic evaluation. If an
expr ession contains side effects, evaluating it changes the state of a Java program
in such a way that evaluating the expression again may yield a differ ent result. For
example, the ++ incr ement operator has the side effect of incrementing a variable.
The expression ++a incr ements the variable a and retur ns the newly incremented
value. If this expression is evaluated again, the value will be differ ent. The various
assignment operators also have side effects. For example, the expression a*=2 can
also be written as a=a*2. The value of the expression is the value of a multiplied
by 2, but the expression also has the side effect of storing that value back into a.
The method invocation operator () has side effects if the invoked method has side
ef fects. Some methods, such as Math.sqrt(), simply compute and retur n a value
without side effects of any kind. Typically, however, methods do have side effects.
Finally, the new operator has the profound side effect of creating a new object.
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Order of evaluation

When the Java interpreter evaluates an expression, it perfor ms the various opera-
tions in an order specified by the parentheses in the expression, the precedence of
the operators, and the associativity of the operators. Before any operation is per-
for med, however, the interpreter first evaluates the operands of the operator. (The
exceptions are the &&, ||, and ?: operators, which do not always evaluate all their
operands.) The interpreter always evaluates operands in order from left to right.
This matters if any of the operands are expr essions that contain side effects. Con-
sider this code, for example:

int a = 2;
int v = ++a + ++a * ++a;

Although the multiplication is perfor med befor e the addition, the operands of the
+ operator are evaluated first. Thus, the expression evaluates to 3+4*5, or 23.

Ar ithmetic Operator s

Since most programs operate primarily on numbers, the most commonly used
operators are often those that perfor m arithmetic operations. The arithmetic opera-
tors can be used with integers, floating-point numbers, and even characters (i.e.,
they can be used with any primitive type other than boolean). If either of the
operands is a floating-point number, floating-point arithmetic is used; otherwise,
integer arithmetic is used. This matters because integer arithmetic and floating-
point arithmetic differ in the way division is perfor med and in the way underflows
and overflows are handled, for example. The arithmetic operators are:

Addition (+)
The + operator adds two numbers. As we’ll see shortly, the + operator can
also be used to concatenate strings. If either operand of + is a string, the other
one is converted to a string as well. Be sure to use parentheses when you
want to combine addition with concatenation. For example:

System.out.println("Total: " + 3 + 4); // Prints "Total: 34", not 7!

Subtraction (−)
When − is used as a binary operator, it subtracts its second operand from its
first. For example, 7–3 evaluates to 4. The − operator can perfor m unary
negation.

Multiplication (*)
The * operator multiplies its two operands. For example, 7*3 evaluates to 21.

Division (/)
The / operator divides its first operand by its second. If both operands are
integers, the result is an integer, and any remainder is lost. If either operand is
a floating-point value, however, the result is a floating-point value. When
dividing two integers, division by zero thr ows an ArithmeticException. For
floating-point calculations, however, division by zero simply yields an infinite
result or NaN:
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7/3 // Evaluates to 2
7/3.0f // Evaluates to 2.333333f
7/0 // Throws an ArithmeticException
7/0.0 // Evaluates to positive infinity
0.0/0.0 // Evaluates to NaN

Modulo (%)
The % operator computes the first operand modulo the second operand (i.e., it
retur ns the remainder when the first operand is divided by the second
operand an integral number of times). For example, 7%3 is 1. The sign of the
result is the same as the sign of the first operand. While the modulo operator
is typically used with integer operands, it also works for floating-point values.
For example, 4.3%2.1 evaluates to 0.1. When operating with integers, trying to
compute a value modulo zero causes an ArithmeticException. When work-
ing with floating-point values, anything modulo 0.0 evaluates to NaN, as does
infinity modulo anything.

Unary minus (−)
When − is used as a unary operator, befor e a single operand, it perfor ms
unary negation. In other words, it converts a positive value to an equivalently
negative value, and vice versa.

Str ing Concatenation Operator

In addition to adding numbers, the + operator (and the related += operator) also
concatenates, or joins, strings. If either of the operands to + is a string, the opera-
tor converts the other operand to a string. For example:

System.out.println("Quotient: " + 7/3.0f); // Prints "Quotient: 2.3333333"

As a result, you must be careful to put any addition expressions in parentheses
when combining them with string concatenation. If you do not, the addition oper-
ator is interpreted as a concatenation operator.

The Java interpreter has built-in string conversions for all primitive types. An
object is converted to a string by invoking its toString() method. Some classes
define custom toString() methods, so that objects of that class can easily be con-
verted to strings in this way. An array is converted to a string by invoking the
built-in toString() method, which, unfortunately, does not retur n a useful string
repr esentation of the array contents.

Increment and Decrement Operator s

The ++ operator increments its single operand, which must be a variable, an ele-
ment of an array, or a field of an object, by one. The behavior of this operator
depends on its position relative to the operand. When used before the operand,
wher e it is known as the pr e-incr ement operator, it incr ements the operand and
evaluates to the incremented value of that operand. When used after the operand,
wher e it is known as the post-incr ement operator, it incr ements its operand, but
evaluates to the value of that operand before it was incremented.
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For example, the following code sets both i and j to 2:

i = 1;
j = ++i;

But these lines set i to 2 and j to 1:

i = 1;
j = i++;

Similarly, the −− operator decrements its single numeric operand, which must be a
variable, an element of an array, or a field of an object, by one. Like the ++ opera-
tor, the behavior of −− depends on its position relative to the operand. When used
befor e the operand, it decrements the operand and retur ns the decremented value.
When used after the operand, it decrements the operand, but retur ns the undecr e-
mented value.

The expressions x++ and x− − ar e equivalent to x=x+1 and x=x−1, respectively,
except that when using the increment and decrement operators, x is only evalu-
ated once. If x is itself an expression with side effects, this makes a big differ ence.
For example, these two expressions are not equivalent:

a[i++]++; // Increments an element of an array
a[i++] = a[i++] + 1; // Adds one to an array element and stores it in another

These operators, in both prefix and postfix forms, are most commonly used to
incr ement or decrement the counter that controls a loop.

Compar ison Operator s

The comparison operators consist of the equality operators that test values for
equality or inequality and the relational operators used with ordered types (num-
bers and characters) to test for greater than and less than relationships. Both types
of operators yield a boolean result, so they are typically used with if statements
and while and for loops to make branching and looping decisions. For example:

if (o != null) ...; // The not equals operator
while(i < a.length) ...; // The less than operator

Java provides the following equality operators:

Equals (==)
The == operator evaluates to true if its two operands are equal and false
otherwise. With primitive operands, it tests whether the operand values them-
selves are identical. For operands of refer ence types, however, it tests whether
the operands refer to the same object or array. In other words, it does not test
the equality of two distinct objects or arrays. In particular, note that you can-
not test two distinct strings for equality with this operator.

If == is used to compare two numeric or character operands that are not of
the same type, the narrower operand is converted to the type of the wider
operand before the comparison is done. For example, when comparing a
short to a float, the short is first converted to a float befor e the compari-
son is perfor med. For floating-point numbers, the special negative zero value
tests equal to the regular, positive zero value. Also, the special NaN (not-a-
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number) value is not equal to any other number, including itself. To test
whether a floating-point value is NaN, use the Float.isNan() or Dou-
ble.isNan() method.

Not equals (!=)
The != operator is exactly the opposite of the == operator. It evaluates to
true if its two primitive operands have differ ent values or if its two refer ence
operands refer to differ ent objects or arrays. Otherwise, it evaluates to false.

The relational operators can be used with numbers and characters, but not with
boolean values, objects, or arrays because those types are not ordered. Java pro-
vides the following relational operators:

Less than (<)
Evaluates to true if the first operand is less than the second.

Less than or equal (<=)
Evaluates to true if the first operand is less than or equal to the second.

Gr eater than (>)
Evaluates to true if the first operand is greater than the second.

Gr eater than or equal (>=)
Evaluates to true if the first operand is greater than or equal to the second.

Boolean Operator s

As we’ve just seen, the comparison operators compare their operands and yield a
boolean result, which is often used in branching and looping statements. In order
to make branching and looping decisions based on conditions more inter esting
than a single comparison, you can use the boolean (or logical) operators to com-
bine multiple comparison expressions into a single, more complex, expression.
The boolean operators requir e their operands to be boolean values and they eval-
uate to boolean values. The operators are:

Conditional AND (&&)
This operator perfor ms a boolean AND operation on its operands. It evaluates
to true if and only if both its operands are true. If either or both operands
ar e false, it evaluates to false. For example:

if (x < 10 && y > 3) ... // If both comparisons are true

This operator (and all the boolean operators except the unary ! operator)
have a lower precedence than the comparison operators. Thus, it is perfectly
legal to write a line of code like the one above. However, some programmers
pr efer to use parentheses to make the order of evaluation explicit:

if ((x < 10) && (y > 3)) ...

You should use whichever style you find easier to read.

This operator is called a conditional AND because it conditionally evaluates its
second operand. If the first operand evaluates to false, the value of the
expr ession is false, regardless of the value of the second operand. Therefor e,
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to increase efficiency, the Java interpreter takes a shortcut and skips the sec-
ond operand. Since the second operand is not guaranteed to be evaluated,
you must use caution when using this operator with expressions that have
side effects. On the other hand, the conditional nature of this operator allows
us to write Java expressions such as the following:

if (data != null && i < data.length && data[i] != -1) ...

The second and third comparisons in this expression would cause errors if the
first or second comparisons evaluated to false. Fortunately, we don’t have to
worry about this because of the conditional behavior of the && operator.

Conditional OR (||)
This operator perfor ms a boolean OR operation on its two boolean operands.
It evaluates to true if either or both of its operands are true. If both operands
ar e false, it evaluates to false. Like the && operator, || does not always eval-
uate its second operand. If the first operand evaluates to true, the value of
the expression is true, regardless of the value of the second operand. Thus,
the operator simply skips that second operand in that case.

Boolean NOT (!)
This unary operator changes the boolean value of its operand. If applied to a
true value, it evaluates to false, and if applied to a false value, it evaluates
to true. It is useful in expressions like these:

if (!found) ... // found is a boolean variable declared somewhere
while (!c.isEmpty()) ... // The isEmpty() method returns a boolean value

Because ! is a unary operator, it has a high precedence and often must be
used with parentheses:

if (!(x > y && y > z))

Boolean AND (&)
When used with boolean operands, the & operator behaves like the && opera-
tor, except that it always evaluates both operands, regardless of the value of
the first operand. This operator is almost always used as a bitwise operator
with integer operands, however, and many Java programmers would not even
recognize its use with boolean operands as legal Java code.

Boolean OR (|)
This operator perfor ms a boolean OR operation on its two boolean operands.
It is like the || operator, except that it always evaluates both operands, even
if the first one is true. The | operator is almost always used as a bitwise oper-
ator on integer operands; its use with boolean operands is very rare.

Boolean XOR (ˆ)
When used with boolean operands, this operator computes the Exclusive OR
(XOR) of its operands. It evaluates to true if exactly one of the two operands
is true. In other words, it evaluates to false if both operands are false or if
both operands are true. Unlike the && and || operators, this one must always
evaluate both operands. The ˆ operator is much more commonly used as a
bitwise operator on integer operands. With boolean operands, this operator is
equivalent to the != operator.
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Bitwise and Shift Operator s

The bitwise and shift operators are low-level operators that manipulate the individ-
ual bits that make up an integer value. The bitwise operators are most commonly
used for testing and setting individual flag bits in a value. In order to understand
their behavior, you must understand binary (base-2) numbers and the twos-com-
plement format used to repr esent negative integers. You cannot use these opera-
tors with floating-point, boolean, array, or object operands. When used with
boolean operands, the &, |, and ˆ operators perfor m a dif ferent operation, as
described in the previous section.

If either of the arguments to a bitwise operator is a long, the result is a long. Oth-
erwise, the result is an int. If the left operand of a shift operator is a long, the
result is a long; otherwise, the result is an int. The operators are:

Bitwise complement (˜)
The unary ˜ operator is known as the bitwise complement, or bitwise NOT,
operator. It inverts each bit of its single operand, converting ones to zeros and
zer os to ones. For example:

byte b = ˜12; // ˜00001100 ==> 11110011 or -13 decimal
flags = flags & ˜f; // Clear flag f in a set of flags

Bitwise AND (&)
This operator combines its two integer operands by perfor ming a boolean
AND operation on their individual bits. The result has a bit
set only if the corresponding bit is set in both operands. For example:

10 & 7 // 00001010 & 00000111 ==> 00000010 or 2
if ((flags & f) != 0) // Test whether flag f is set

When used with boolean operands, & is the infrequently used boolean AND
operator described earlier.

Bitwise OR (|)
This operator combines its two integer operands by perfor ming a boolean OR
operation on their individual bits. The result has a bit set if the corresponding
bit is set in either or both of the operands. It has a zero bit only where both
corr esponding operand bits are zer o. For example:

10 | 7 // 00001010 | 00000111 ==> 00001111 or 15
flags = flags | f; // Set flag f

When used with boolean operands, | is the infrequently used boolean OR
operator described earlier.

Bitwise XOR (ˆ)
This operator combines its two integer operands by perfor ming a boolean
XOR (Exclusive OR) operation on their individual bits. The result has a bit set
if the corresponding bits in the two operands are dif ferent. If the correspond-
ing operand bits are both ones or both zeros, the result bit is a zero. For
example:

10 ˆ 7 // 00001010 ˆ 00000111 ==> 00001101 or 13
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When used with boolean operands, ˆ is the infrequently used boolean XOR
operator.

Left shift (<<)
The << operator shifts the bits of the left operand left by the number of places
specified by the right operand. High-order bits of the left operand are lost,
and zero bits are shifted in from the right. Shifting an integer left by n places
is equivalent to multiplying that number by 2n. For example:

10 << 1 // 00001010 << 1 = 00010100 = 20 = 10*2
7 << 3  // 00000111 << 3 = 00111000 = 56 = 7*8
-1 << 2 // 0xFFFFFFFF << 2 = 0xFFFFFFFC = -4 = -1*4

If the left operand is a long, the right operand should be between 0 and 63.
Otherwise, the left operand is taken to be an int, and the right operand
should be between 0 and 31.

Signed right shift (>>)
The >> operator shifts the bits of the left operand to the right by the number
of places specified by the right operand. The low-order bits of the left
operand are shifted away and are lost. The high-order bits shifted in are the
same as the original high-order bit of the left operand. In other words, if the
left operand is positive, zeros are shifted into the high-order bits. If the left
operand is negative, ones are shifted in instead. This technique is known as
sign extension; it is used to preserve the sign of the left operand. For
example:

10 >> 1 // 00001010 >> 1 = 00000101 = 5 = 10/2
27 >> 3 // 00011011 >> 3 = 00000011 = 3 = 27/8
-50 >> 2 // 11001110 >> 2 = 11110011 = -13 != -50/4

If the left operand is positive and the right operand is n, the >> operator is the
same as integer division by 2n.

Unsigned right shift (>>>)
This operator is like the >> operator, except that it always shifts zeros into the
high-order bits of the result, regardless of the sign of the left-hand operand.
This technique is called zer o extension ; it is appr opriate when the left
operand is being treated as an unsigned value (despite the fact that Java inte-
ger types are all signed). Examples:

0xff >>> 4 // 11111111 >>> 4 = 00001111 = 15 = 255/16
-50 >>> 2 // OxFFFFFFCE >>> 2 = Ox3FFFFF33 = 107371811

Assignment Operator s

The assignment operators store, or assign, a value into some kind of variable. The
left operand must evaluate to an appropriate local variable, array element, or
object field. The right side can be any value of a type compatible with the vari-
able. An assignment expression evaluates to the value that is assigned to the vari-
able. More importantly, however, the expression has the side effect of actually
per forming the assignment. Unlike all other binary operators, the assignment oper-
ators are right-associative, which means that the assignments in a=b=c ar e per-
for med right-to-left, as follows: a=(b=c).

40 Chapter 2 – Java Syntax from the Ground Up

7 March 2002 11:18



The basic assignment operator is =. Do not confuse it with the equality operator,
==. In order to keep these two operators distinct, I recommend that you read = as
“is assigned the value.”

In addition to this simple assignment operator, Java also defines 11 other operators
that combine assignment with the 5 arithmetic operators and the 6 bitwise and
shift operators. For example, the += operator reads the value of the left variable,
adds the value of the right operand to it, stores the sum back into the left variable
as a side effect, and retur ns the sum as the value of the expression. Thus, the
expr ession x+=2 is almost the same as x=x+2. The differ ence between these two
expr essions is that when you use the += operator, the left operand is evaluated
only once. This makes a differ ence when that operand has a side effect. Consider
the following two expressions, which are not equivalent:

a[i++] += 2;
a[i++] = a[i++] + 2;

The general form of these combination assignment operators is:

var op= value

This is equivalent (unless there are side effects in var) to:

var = var op value

The available operators are:

+= -= *= /= %= // Arithmetic operators plus assignment
&= |= ˆ= // Bitwise operators plus assignment
<<= >>= >>>= // Shift operators plus assignment

The most commonly used operators are += and −=, although &= and |= can also
be useful when working with boolean flags. For example:

i += 2; // Increment a loop counter by 2
c -= 5; // Decrement a counter by 5
flags |= f; // Set a flag f in an integer set of flags
flags &= ˜f; // Clear a flag f in an integer set of flags

The Conditional Operator

The conditional operator ?: is a somewhat obscure ter nary (thr ee-operand) opera-
tor inherited from C. It allows you to embed a conditional within an expression.
You can think of it as the operator version of the if/else statement. The first and
second operands of the conditional operator are separated by a question mark (?),
while the second and third operands are separated by a colon (:). The first
operand must evaluate to a boolean value. The second and third operands can be
of any type, but they must be convertible to the same type.

The conditional operator starts by evaluating its first operand. If it is true, the
operator evaluates its second operand and uses that as the value of the expression.
On the other hand, if the first operand is false, the conditional operator evaluates
and retur ns its third operand. The conditional operator never evaluates both its
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second and third operand, so be careful when using expressions with side effects
with this operator. Examples of this operator are:

int max = (x > y) ? x : y;
String name = (name != null) ? name : "unknown";

Note that the ?: operator has lower precedence than all other operators except the
assignment operators, so parentheses are not usually necessary around the
operands of this operator. Many programmers find conditional expressions easier
to read if the first operand is placed within parentheses, however. This is espe-
cially true because the conditional if statement always has its conditional expres-
sion written within parentheses.

The instanceof Operator

The instanceof operator requir es an object or array value as its left operand and
the name of a refer ence type as its right operand. It evaluates to true if the object
or array is an instance of the specified type; it retur ns false otherwise. If the left
operand is null, instanceof always evaluates to false. If an instanceof expr es-
sion evaluates to true, it means that you can safely cast and assign the left
operand to a variable of the type of the right operand.

The instanceof operator can be used only with array and object types and values,
not primitive types and values. Object and array types are discussed in detail later
in this chapter. Examples of instanceof ar e:

"string" instanceof String // True: all strings are instances of String
"" instanceof Object // True: strings are also instances of Object
null instanceof String // False: null is never instanceof anything

Object o = new int[] {1,2,3};
o instanceof int[] // True: the array value is an int array
o instanceof byte[] // False: the array value is not a byte array
o instanceof Object // True: all arrays are instances of Object

// Use instanceof to make sure that it is safe to cast an object
if (object instanceof Point) {
Point p = (Point) object;

}

Special Operator s

Ther e ar e five language constructs in Java that are sometimes considered operators
and sometimes considered simply part of the basic language syntax. These “opera-
tors” are listed in Table 2-5 in order to show their precedence relative to the other
true operators. The use of these language constructs is detailed elsewhere in this
chapter, but is described briefly here, so that you can recognize these constructs
when you encounter them in code examples:

Object member access (.)
An object is a collection of data and methods that operate on that data; the
data fields and methods of an object are called its members. The dot (.)
operator accesses these members. If o is an expression that evaluates to an
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object refer ence, and f is the name of a field of the object, o.f evaluates to
the value contained in that field. If m is the name of a method, o.m refers to
that method and allows it to be invoked using the () operator shown later.

Array element access ([])
An array is a numbered list of values. Each element of an array can be
referr ed to by its number, or index. The [] operator allows you to refer to the
individual elements of an array. If a is an array, and i is an expression that
evaluates to an int, a[i] refers to one of the elements of a. Unlike other
operators that work with integer values, this operator restricts array index val-
ues to be of type int or narrower.

Method invocation (())
A method is a named collection of Java code that can be run, or invoked, by
following the name of the method with zero or mor e comma-separated
expr essions contained within parentheses. The values of these expressions are
the ar guments to the method. The method processes the arguments and
optionally retur ns a value that becomes the value of the method invocation
expr ession. If o.m is a method that expects no arguments, the method can be
invoked with o.m(). If the method expects three arguments, for example, it
can be invoked with an expression such as o.m(x,y,z). Befor e the Java inter-
pr eter invokes a method, it evaluates each of the arguments to be passed to
the method. These expressions are guaranteed to be evaluated in order from
left to right (which matters if any of the arguments have side effects).

Object creation (new)
In Java, objects (and arrays) are created with the new operator, which is fol-
lowed by the type of the object to be created and a parenthesized list of argu-
ments to be passed to the object constructor. A constructor is a special
method that initializes a newly created object, so the object creation syntax is
similar to the Java method invocation syntax. For example:

new ArrayList();
new Point(1,2)

Type conversion or casting (())
As we’ve already seen, parentheses can also be used as an operator to per-
for m narr owing type conversions, or casts. The first operand of this operator
is the type to be converted to; it is placed between the parentheses. The sec-
ond operand is the value to be converted; it follows the parentheses. For
example:

(byte) 28 // An integer literal cast to a byte type
(int) (x + 3.14f) // A floating-point sum value cast to an integer value
(String)h.get(k) // A generic object cast to a more specific string type

Statements
A statement is a single command executed b the Java interpreter. By default, the
Java interpreter runs one statement after another, in the order they are written.
Many of the statements defined by Java, however, are flow-contr ol statements,

Java
Syntax

Statements 43

7 March 2002 11:18



such as conditionals and loops, that alter this default order of execution in well-
defined ways. Table 2-6 summarizes the statements defined by Java.

Table 2−6. Java statements

Statement Purpose Syntax

expr ession side effects var = expr;

expr++;

method();

new Type();

compound gr oup statements { statements }

empty do nothing ;

labeled name a statement label : statement

variable declar e a variable [final] type name [= value] [,

name [= value]] ...;

if conditional if ( expr ) statement [ else statement]

switch conditional switch ( expr ) {

[ case expr : statements ] ...

[ default: statements ]

}

while loop while ( expr ) statement

do loop do statement while ( expr );

for simplified loop for ( init ; test ; increment ) statement

break exit block break [ label ] ;

continue restart loop continue [ label ] ;

return end method return [ expr ] ;

synchronized critical section synchronized ( expr ) { statements }

throw thr ow exception throw expr ;

try handle exception try { statements }

[ catch ( type name ) { statements } ]

...

[ finally { statements } ]

assert verify invariant assert invariant [ : error] ; (Java 1.4
and later)

Expression Statements

As we saw earlier in the chapter, certain types of Java expressions have side
ef fects. In other words, they do not simply evaluate to some value, but also
change the program state in some way. Any expression with side effects can be
used as a statement simply by following it with a semicolon. The legal types of
expr ession statements are assignments, increments and decrements, method calls,
and object creation. For example:
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a = 1; // Assignment
x *= 2; // Assignment with operation
i++; // Post-increment
--c; // Pre-decrement
System.out.println("statement"); // Method invocation

Compound Statements

A compound statement is any number and kind of statements grouped together
within curly braces. You can use a compound statement anywhere a statement is
requir ed by Java syntax:

for(int i = 0; i < 10; i++) {
a[i]++; // Body of this loop is a compound statement.
b[i]--; // It consists of two expression statements

} // within curly braces.

The Empty Statement

An empty statement in Java is written as a single semicolon. The empty statement
doesn’t do anything, but the syntax is occasionally useful. For example, you can
use it to indicate an empty loop body of a for loop:

for(int i = 0; i < 10; a[i++]++) // Increment array elements
/* empty */; // Loop body is empty statement

Labeled Statements

A labeled statement is simply a statement that has been given a name by prepend-
ing an identifier and a colon to it. Labels are used by the break and continue
statements. For example:

rowLoop: for(int r = 0; r < rows.length; r++) { // A labeled loop
colLoop: for(int c = 0; c < columns.length; c++) { // Another one
break rowLoop; // Use a label

}
}

Local Var iable Dec laration Statements

A local variable, often simply called a variable, is a symbolic name for a location
wher e a value can be stored that is defined within a method or compound state-
ment. All variables must be declared before they can be used; this is done with a
variable declaration statement. Because Java is a strongly typed language, a vari-
able declaration specifies the type of the variable, and only values of that type can
be stored in the variable.

In its simplest form, a variable declaration specifies a variable’s type and name:

int counter;
String s;
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A variable declaration can also include an initializer : an expr ession that specifies
an initial value for the variable. For example:

int i = 0;
String s = readLine();
int[] data = {x+1, x+2, x+3}; // Array initializers are documented later

The Java compiler does not allow you to use a local variable that has not been ini-
tialized, so it is usually convenient to combine variable declaration and initializa-
tion into a single statement. The initializer expression need not be a literal value or
a constant expression that can be evaluated by the compiler; it can be an arbitrar-
ily complex expression whose value is computed when the program is run.

A single variable declaration statement can declare and initialize more than one
variable, but all variables must be of the same type. Variable names and optional
initializers are separated from each other with commas:

int i, j, k;
float x = 1.0, y = 1.0;
String question = "Really Quit?", response;

In Java 1.1 and later, variable declaration statements can begin with the final key-
word. This modifier specifies that once an initial value is specified for the variable,
that value is never allowed to change:

final String greeting = getLocalLanguageGreeting();

C programmers should note that Java variable declaration statements can appear
anywher e in Java code; they are not restricted to the beginning of a method or
block of code. Local variable declarations can also be integrated with the initial-
ize portion of a for loop, as we’ll discuss shortly.

Local variables can be used only within the method or block of code in which
they are defined. This is called their scope or lexical scope :

void method() { // A generic method
int i = 0; // Declare variable i
while (i < 10) { // i is in scope here
int j = 0; // Declare j; the scope of j begins here
i++; // i is in scope here; increment it

} // j is no longer in scope; can't use it anymore
System.out.println(i); // i is still in scope here

} // The scope of i ends here

The if/else Statement

The if statement is the fundamental control statement that allows Java to make
decisions or, mor e pr ecisely, to execute statements conditionally. The if statement
has an associated expression and statement. If the expression evaluates to true,
the interpreter executes the statement. If the expression evaluates to false, how-
ever, the interpreter skips the statement. For example:

if (username == null) // If username is null,
username = "John Doe"; // define it
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Although they look extraneous, the parentheses around the expression are a
requir ed part of the syntax for the if statement.

As I already mentioned, a block of statements enclosed in curly braces is itself a
statement, so we can also write if statements that look as follows:

if ((address == null) || (address.equals(""))) {
address = "[undefined]";
System.out.println("WARNING: no address specified.");

}

An if statement can include an optional else keyword that is followed by a sec-
ond statement. In this form of the statement, the expression is evaluated, and, if it
is true, the first statement is executed. Otherwise, the second statement is exe-
cuted. For example:

if (username != null)
System.out.println("Hello " + username);

else {
username = askQuestion("What is your name?");
System.out.println("Hello " + username + ". Welcome!");

}

When you use nested if/else statements, some caution is requir ed to ensure that
the else clause goes with the appropriate if statement. Consider the following
lines:

if (i == j)
if (j == k)
System.out.println("i equals k");

else
System.out.println("i doesn't equal j"); // WRONG!!

In this example, the inner if statement forms the single statement allowed by the
syntax of the outer if statement. Unfortunately, it is not clear (except from the
hint given by the indentation) which if the else goes with. And in this example,
the indentation hint is wrong. The rule is that an else clause like this is associated
with the nearest if statement. Properly indented, this code looks like this:

if (i == j)
if (j == k)
System.out.println("i equals k");

else
System.out.println("i doesn't equal j"); // WRONG!!

This is legal code, but it is clearly not what the programmer had in mind. When
working with nested if statements, you should use curly braces to make your
code easier to read. Here is a better way to write the code:

if (i == j) {
if (j == k)
System.out.println("i equals k");

}
else {
System.out.println("i doesn't equal j");

}
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The else if clause

The if/else statement is useful for testing a condition and choosing between two
statements or blocks of code to execute. But what about when you need to
choose between several blocks of code? This is typically done with an else if
clause, which is not really new syntax, but a common idiomatic usage of the stan-
dard if/else statement. It looks like this:

if (n == 1) {
// Execute code block #1

}
else if (n == 2) {

// Execute code block #2
}
else if (n == 3) {

// Execute code block #3
}
else {

// If all else fails, execute block #4
}

Ther e is nothing special about this code. It is just a series of if statements, where
each if is part of the else clause of the previous statement. Using the else if
idiom is preferable to, and more legible than, writing these statements out in their
fully nested form:

if (n == 1) {
// Execute code block #1

}
else {
if (n == 2) {
// Execute code block #2

}
else {
if (n == 3) {
// Execute code block #3

}
else {
// If all else fails, execute block #4

}
}

}

The switch Statement

An if statement causes a branch in the flow of a program’s execution. You can
use multiple if statements, as shown in the previous section, to perfor m a multi-
way branch. This is not always the best solution, however, especially when all of
the branches depend on the value of a single variable. In this case, it is inefficient
to repeatedly check the value of the same variable in multiple if statements.

A better solution is to use a switch statement, which is inherited from the C pro-
gramming language. Although the syntax of this statement is not nearly as elegant
as other parts of Java, the brute practicality of the construct makes it worthwhile. If
you are not familiar with the switch statement itself, you may at least be familiar
with the basic concept, under the name computed goto or jump table. A switch
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statement has an integer expression and a body that contains various numbered
entry points. The expression is evaluated, and control jumps to the entry point
specified by that value. For example, the following switch statement is equivalent
to the repeated if and else/if statements shown in the previous section:

switch(n) {
case 1: // Start here if n == 1
// Execute code block #1
break; // Stop here

case 2: // Start here if n == 2
// Execute code block #2
break; // Stop here

case 3: // Start here if n == 3
// Execute code block #3
break; // Stop here

default: // If all else fails...
// Execute code block #4

break; // Stop here
}

As you can see from the example, the various entry points into a switch statement
ar e labeled either with the keyword case, followed by an integer value and a
colon, or with the special default keyword, followed by a colon. When a switch
statement executes, the interpreter computes the value of the expression in paren-
theses and then looks for a case label that matches that value. If it finds one, the
interpr eter starts executing the block of code at the first statement following the
case label. If it does not find a case label with a matching value, the interpreter
starts execution at the first statement following a special-case default: label. Or, if
ther e is no default: label, the interpreter skips the body of the switch statement
altogether.

Note the use of the break keyword at the end of each case in the previous code.
The break statement is described later in this chapter, but, in this case, it causes
the interpreter to exit the body of the switch statement. The case clauses in a
switch statement specify only the starting point of the desired code. The individ-
ual cases are not independent blocks of code, and they do not have any implicit
ending point. Therefor e, you must explicitly specify the end of each case with a
break or related statement. In the absence of break statements, a switch statement
begins executing code at the first statement after the matching case label and con-
tinues executing statements until it reaches the end of the block. On rare occa-
sions, it is useful to write code like this that falls through from one case label to
the next, but 99% of the time you should be careful to end every case and
default section with a statement that causes the switch statement to stop execut-
ing. Normally you use a break statement, but return and throw also work.

A switch statement can have more than one case clause labeling the same state-
ment. Consider the switch statement in the following method:

boolean parseYesOrNoResponse(char response) {
switch(response) {
case 'y':
case 'Y': return true;
case 'n':
case 'N': return false;
default: throw new IllegalArgumentException("Response must be Y or N");
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}
}

Ther e ar e some important restrictions on the switch statement and its case labels.
First, the expression associated with a switch statement must have a byte, char,
short, or int value. The floating-point and boolean types are not supported, and
neither is long, even though long is an integer type. Second, the value associated
with each case label must be a constant value or a constant expression the com-
piler can evaluate. A case label cannot contain a runtime expression involving
variables or method calls, for example. Third, the case label values must be within
the range of the data type used for the switch expr ession. And finally, it is obvi-
ously not legal to have two or more case labels with the same value or more than
one default label.

The while Statement

Just as the if statement is the basic control statement that allows Java to make
decisions, the while statement is the basic statement that allows Java to perfor m
repetitive actions. It has the following syntax:

while (expression)
statement

The while statement works by first evaluating the expression. If it is false, the
interpr eter skips the statement associated with the loop and moves to the next
statement in the program. If it is true, however, the statement that forms the body
of the loop is executed, and the expression is reevaluated. Again, if the value of
expression is false, the interpreter moves on to the next statement in the pro-
gram; otherwise it executes the statement again. This cycle continues while the
expression remains true (i.e., until it evaluates to false), at which point the
while statement ends, and the interpreter moves on to the next statement. You can
cr eate an infinite loop with the syntax while(true).

Her e is an example while loop that prints the numbers 0 to 9:

int count = 0;
while (count < 10) {
System.out.println(count);
count++;

}

As you can see, the variable count starts off at 0 in this example and is incre-
mented each time the body of the loop runs. Once the loop has executed 10
times, the expression becomes false (i.e., count is no longer less than 10), the
while statement finishes, and the Java interpreter can move to the next statement
in the program. Most loops have a counter variable like count. The variable names
i, j, and k ar e commonly used as a loop counters, although you should use more
descriptive names if it makes your code easier to understand.
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The do Statement

A do loop is much like a while loop, except that the loop expression is tested at
the bottom of the loop, rather than at the top. This means that the body of the
loop is always executed at least once. The syntax is:

do
statement

while ( expression ) ;

Ther e ar e a couple of differ ences to notice between the do loop and the more
ordinary while loop. First, the do loop requir es both the do keyword to mark the
beginning of the loop and the while keyword to mark the end and introduce the
loop condition. Also, unlike the while loop, the do loop is terminated with a semi-
colon. This is because the do loop ends with the loop condition, rather than sim-
ply ending with a curly brace that marks the end of the loop body. The following
do loop prints the same output as the while loop shown above:

int count = 0;
do {
System.out.println(count);
count++;

} while(count < 10);

Note that the do loop is much less commonly used than its while cousin. This is
because, in practice, it is unusual to encounter a situation where you are sur e you
always want a loop to execute at least once.

The for Statement

The for statement provides a looping construct that is often more convenient than
the while and do loops. The for statement takes advantage of a common looping
patter n. Most loops have a counter, or state variable of some kind, that is initial-
ized before the loop starts, tested to determine whether to execute the loop body,
and then incremented, or updated somehow, at the end of the loop body before
the test expression is evaluated again. The initialization, test, and update steps are
the three crucial manipulations of a loop variable, and the for statement makes
these three steps an explicit part of the loop syntax:

for(initialize ; test ; update)
statement

This for loop is basically equivalent to the following while loop:*

initialize;
while(test) {
statement;
update;

}

Placing the initialize, test, and update expr essions at the top of a for loop
makes it especially easy to understand what the loop is doing, and it prevents

* As you’ll see when we consider the continue statement, this while loop is not exactly equivalent to the
for loop.
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mistakes such as forgetting to initialize or update the loop variable. The interpreter
discards the values of the initialize and update expr essions, so in order to be
useful, these expressions must have side effects. initialize is typically an assign-
ment expression, while update is usually an increment, decrement, or some other
assignment.

The following for loop prints the numbers 0 to 9, just as the previous while and
do loops have done:

int count;
for(count = 0 ; count < 10 ; count++)
System.out.println(count);

Notice how this syntax places all the important information about the loop vari-
able on a single line, making it very clear how the loop executes. Placing the
update expression in the for statement itself also simplifies the body of the loop
to a single statement; we don’t even need to use curly braces to produce a state-
ment block.

The for loop supports some additional syntax that makes it even more convenient
to use. Because many loops use their loop variables only within the loop, the for
loop allows the initialize expr ession to be a full variable declaration, so that the
variable is scoped to the body of the loop and is not visible outside of it. For
example:

for(int count = 0 ; count < 10 ; count++)
System.out.println(count);

Further more, the for loop syntax does not restrict you to writing loops that use
only a single variable. Both the initialize and update expr essions of a for loop
can use a comma to separate multiple initializations and update expressions. For
example:

for(int i = 0, j = 10 ; i < 10 ; i++, j--)
sum += i * j;

Even though all the examples so far have counted numbers, for loops are not
restricted to loops that count numbers. For example, you might use a for loop to
iterate through the elements of a linked list:

for(Node n = listHead; n != null; n = n.nextNode())
process(n);

The initialize, test, and update expr essions of a for loop are all optional; only
the semicolons that separate the expressions are requir ed. If the test expr ession is
omitted, it is assumed to be true. Thus, you can write an infinite loop as for(;;).

The break Statement

A break statement causes the Java interpreter to skip immediately to the end of a
containing statement. We have already seen the break statement used with the
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switch statement. The break statement is most often written as simply the key-
word break followed by a semicolon:

break;

When used in this form, it causes the Java interpreter to immediately exit the
inner most containing while, do, for, or switch statement. For example:

for(int i = 0; i < data.length; i++) { // Loop through the data array.
if (data[i] == target) { // When we find what we're looking for,
index = i; // remember where we found it
break; // and stop looking!

}
} // The Java interpreter goes here after executing break

The break statement can also be followed by the name of a containing labeled
statement. When used in this form, break causes the Java interpreter to immedi-
ately exit from the named block, which can be any kind of statement, not just a
loop or switch. For example:

testfornull: if (data != null) { // If the array is defined,
for(int row = 0; row < numrows; row++) { // loop through one dimension,
for(int col = 0; col < numcols; col++) { // then loop through the other.
if (data[row][col] == null) // If the array is missing data,
break testfornull; // treat the array as undefined.

}
}

} // Java interpreter goes here after executing break testfornull

The continue Statement

While a break statement exits a loop, a continue statement quits the current itera-
tion of a loop and starts the next one. continue, in both its unlabeled and labeled
for ms, can be used only within a while, do, or for loop. When used without a
label, continue causes the innermost loop to start a new iteration. When used with
a label that is the name of a containing loop, it causes the named loop to start a
new iteration. For example:

for(int i = 0; i < data.length; i++) { // Loop through data.
if (data[i] == -1) // If a data value is missing,
continue; // skip to the next iteration.

process(data[i]); // Process the data value.
}

while, do, and for loops differ slightly in the way that continue starts a new
iteration:

• With a while loop, the Java interpreter simply retur ns to the top of the loop,
tests the loop condition again, and, if it evaluates to true, executes the body
of the loop again.

• With a do loop, the interpreter jumps to the bottom of the loop, where it tests
the loop condition to decide whether to perfor m another iteration of the loop.
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• With a for loop, the interpreter jumps to the top of the loop, where it first
evaluates the update expr ession and then evaluates the test expr ession to
decide whether to loop again. As you can see, the behavior of a for loop
with a continue statement is differ ent fr om the behavior of the “basically
equivalent” while loop I presented earlier; update gets evaluated in the for
loop, but not in the equivalent while loop.

The retur n Statement

A return statement tells the Java interpreter to stop executing the current method.
If the method is declared to retur n a value, the return statement is followed by an
expr ession. The value of the expression becomes the retur n value of the method.
For example, the following method computes and retur ns the square of a number:

double square(double x) { // A method to compute x squared
return x * x; // Compute and return a value

}

Some methods are declar ed void to indicate they do not retur n any value. The
Java interpreter runs methods like this by executing its statements one by one until
it reaches the end of the method. After executing the last statement, the interpreter
retur ns implicitly. Sometimes, however, a void method has to retur n explicitly
befor e reaching the last statement. In this case, it can use the return statement by
itself, without any expression. For example, the following method prints, but does
not retur n, the square root of its argument. If the argument is a negative number, it
retur ns without printing anything:

void printSquareRoot(double x) { // A method to print square root of x
if (x < 0) return; // If x is negative, return explicitly
System.out.println(Math.sqrt(x)); // Print the square root of x

} // End of method: return implicitly

The synchronized Statement

Since Java is a multithreaded system, you must often take care to prevent multiple
thr eads fr om modifying an object simultaneously in a way that might corrupt the
object’s state. Sections of code that must not be executed simultaneously are
known as critical sections. Java provides the synchronized statement to protect
these critical sections. The syntax is:

synchronized ( expression ) {
statements

}

expression is an expression that must evaluate to an object or an array. The
statements constitute the code of the critical section and must be enclosed in
curly braces. Before executing the critical section, the Java interpreter first obtains
an exclusive lock on the object or array specified by expression. It holds the lock
until it is finished running the critical section, then releases it. While a thread holds
the lock on an object, no other thread can obtain that lock. Therefor e, no other
thr ead can execute this or any other critical sections that requir e a lock on the
same object. If a thread cannot immediately obtain the lock requir ed to execute a
critical section, it simply waits until the lock becomes available.
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Note that you do not have to use the synchronized statement unless your program
cr eates multiple threads that share data. If only one thread ever accesses a data
structur e, ther e is no need to protect it with synchronized. When you do have to
use synchronized, it might be in code like the following:

public static void SortIntArray(int[] a) {
// Sort the array a. This is synchronized so that some other thread
// cannot change elements of the array while we're sorting it (at
// least not other threads that protect their changes to the array
// with synchronized).
synchronized (a) {
// Do the array sort here
}

}

The synchronized keyword is also available as a modifier in Java and is more
commonly used in this form than as a statement. When applied to a method, the
synchronized keyword indicates that the entire method is a critical section. For a
synchronized class method (a static method), Java obtains an exclusive lock on
the class before executing the method. For a synchronized instance method, Java
obtains an exclusive lock on the class instance. (Class and instance methods are
discussed in Chapter 3.)

The throw Statement

An exception is a signal that indicates some sort of exceptional condition or error
has occurred. To thr ow an exception is to signal an exceptional condition. To
catch an exception is to handle it—to take whatever actions are necessary to
recover from it.

In Java, the throw statement is used to throw an exception:

throw expression ;

The expression must evaluate to an exception object that describes the exception
or error that has occurred. We’ll talk more about types of exceptions shortly; for
now, all you need to know is that an exception is repr esented by an object. Here
is some example code that throws an exception:

public static double factorial(int x) {
if (x < 0)
throw new IllegalArgumentException("x must be >= 0");

double fact;
for(fact=1.0; x > 1; fact *= x, x--)
/* empty */ ; // Note use of the empty statement

return fact;
}

When the Java interpreter executes a throw statement, it immediately stops normal
pr ogram execution and starts looking for an exception handler that can catch, or
handle, the exception. Exception handlers are written with the try/catch/finally
statement, which is described in the next section. The Java interpreter first looks at
the enclosing block of code to see if it has an associated exception handler. If so,
it exits that block of code and starts running the exception-handling code associ-
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ated with the block. After running the exception handler, the interpreter continues
execution at the statement immediately following the handler code.

If the enclosing block of code does not have an appropriate exception handler,
the interpreter checks the next higher enclosing block of code in the method. This
continues until a handler is found. If the method does not contain an exception
handler that can handle the exception thrown by the throw statement, the inter-
pr eter stops running the current method and retur ns to the caller. Now the inter-
pr eter starts looking for an exception handler in the blocks of code of the calling
method. In this way, exceptions propagate up through the lexical structure of Java
methods, up the call stack of the Java interpreter. If the exception is never caught,
it propagates all the way up to the main() method of the program. If it is not han-
dled in that method, the Java interpreter prints an error message, prints a stack
trace to indicate where the exception occurred, and then exits.

Exception types

An exception in Java is an object. The type of this object is java.lang.Throwable,
or more commonly, some subclass of Throwable that more specifically describes
the type of exception that occurred.* Throwable has two standard subclasses:
java.lang.Error and java.lang.Exception. Exceptions that are subclasses of
Error generally indicate unrecoverable problems: the virtual machine has run out
of memory, or a class file is corrupted and cannot be read, for example. Excep-
tions of this sort can be caught and handled, but it is rare to do so. Exceptions that
ar e subclasses of Exception, on the other hand, indicate less severe conditions.
These are exceptions that can be reasonably caught and handled. They include
such exceptions as java.io.EOFException, which signals the end of a file, and
java.lang.ArrayIndexOutOfBoundsException, which indicates that a program has
tried to read past the end of an array. In this book, I use the term “exception” to
refer to any exception object, regardless of whether the type of that exception is
Exception or Error.

Since an exception is an object, it can contain data, and its class can define meth-
ods that operate on that data. The Throwable class and all its subclasses include a
String field that stores a human-readable error message that describes the excep-
tional condition. It’s set when the exception object is created and can be read from
the exception with the getMessage() method. Most exceptions contain only this
single message, but a few add other data. The java.io.InterruptedIOException,
for example, adds a field named bytesTransferred that specifies how much input
or output was completed before the exceptional condition interrupted it.

Dec laring exceptions

In addition to making a distinction between Error and Exception classes, the Java
exception-handling scheme also makes a distinction between checked and
unchecked exceptions. Any exception object that is an Error is unchecked. Any
exception object that is an Exception is checked, unless it is a subclass of
java.lang.RuntimeException, in which case it is unchecked. (RuntimeException

* We haven’t talked about subclasses yet; they are cover ed in detail in Chapter 3.
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is a subclass of Exception.) The reason for this distinction is that virtually any
method can throw an unchecked exception, at essentially any time. There is no
way to predict an OutOfMemoryError, for example, and any method that uses
objects or arrays can throw a NullPointerException if it is passed an invalid null
argument. Checked exceptions, on the other hand, arise only in specific, well-
defined circumstances. If you try to read data from a file, for example, you must at
least consider the possibility that a FileNotFoundException will be thrown if the
specified file cannot be found.

Java has differ ent rules for working with checked and unchecked exceptions. If
you write a method that throws a checked exception, you must use a throws
clause to declare the exception in the method signature. The reason these types of
exceptions are called checked exceptions is that the Java compiler checks to make
sur e you have declared them in method signatures and produces a compilation
err or if you have not. The factorial() method shown earlier throws an exception
of type java.lang.IllegalArgumentException. This is a subclass of RuntimeEx-
ception, so it is an unchecked exception, and we do not have to declare it with a
throws clause (although we can if we want to be explicit).

Even if you never throw an exception yourself, there are times when you must use
a throws clause to declare an exception. If your method calls a method that can
thr ow a checked exception, you must either include exception-handling code to
handle that exception or use throws to declare that your method can also throw
that exception.

How do you know if the method you are calling can throw a checked exception?
You can look at its method signature to find out. Or, failing that, the Java compiler
will tell you (by reporting a compilation error) if you’ve called a method whose
exceptions you must handle or declare. The following method reads the first line
of text from a named file. It uses methods that can throw various types of
java.io.IOException objects, so it declares this fact with a throws clause:

public static String readFirstLine(String filename) throws IOException {
BufferedReader in = new BufferedReader(new FileReader(filename));
return in.readLine();

}

We’ll talk more about method declarations and method signatures later in this
chapter.

The try/catch/finally Statement

The try/catch/finally statement is Java’s exception-handling mechanism. The
try clause of this statement establishes a block of code for exception handling.
This try block is followed by zero or mor e catch clauses, each of which is a
block of statements designed to handle a specific type of exception. The catch
clauses are followed by an optional finally block that contains cleanup code
guaranteed to be executed regardless of what happens in the try block. Both the
catch and finally clauses are optional, but every try block must be accompanied
by at least one or the other. The try, catch, and finally blocks all begin and end
with curly braces. These are a requir ed part of the syntax and cannot be omitted,
even if the clause contains only a single statement.
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The following code illustrates the syntax and purpose of the try/catch/finally
statement:

try {
// Normally this code runs from the top of the block to the bottom
// without problems. But it can sometimes throw an exception,
// either directly with a throw statement or indirectly by calling
// a method that throws an exception.

}
catch (SomeException e1) {
// This block contains statements that handle an exception object
// of type SomeException or a subclass of that type. Statements in
// this block can refer to that exception object by the name e1.

}
catch (AnotherException e2) {
// This block contains statements that handle an exception object
// of type AnotherException or a subclass of that type. Statements
// in this block can refer to that exception object by the name e2.

}
finally {
// This block contains statements that are always executed
// after we leave the try clause, regardless of whether we leave it:
// 1) normally, after reaching the bottom of the block;
// 2) because of a break, continue, or return statement;
// 3) with an exception that is handled by a catch clause above; or
// 4) with an uncaught exception that has not been handled.
// If the try clause calls System.exit(), however, the interpreter
// exits before the finally clause can be run.

}

tr y

The try clause simply establishes a block of code that either has its exceptions
handled or needs special cleanup code to be run when it terminates for any rea-
son. The try clause by itself doesn’t do anything interesting; it is the catch and
finally clauses that do the exception-handling and cleanup operations.

catch

A try block can be followed by zero or mor e catch clauses that specify code to
handle various types of exceptions. Each catch clause is declared with a single
argument that specifies the type of exceptions the clause can handle and also pro-
vides a name the clause can use to refer to the exception object it is currently han-
dling. The type and name of an exception handled by a catch clause are exactly
like the type and name of an argument passed to a method, except that for a
catch clause, the argument type must be Throwable or one of its subclasses.

When an exception is thrown, the Java interpreter looks for a catch clause with an
argument of the same type as the exception object or a superclass of that type.
The interpreter invokes the first such catch clause it finds. The code within a
catch block should take whatever action is necessary to cope with the exceptional
condition. If the exception is a java.io.FileNotFoundException exception, for
example, you might handle it by asking the user to check his spelling and try
again. It is not requir ed to have a catch clause for every possible exception; in
some cases the correct response is to allow the exception to propagate up and be
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caught by the invoking method. In other cases, such as a programming error sig-
naled by NullPointerException, the correct response is probably not to catch the
exception at all, but allow it to propagate and have the Java interpreter exit with a
stack trace and an error message.

finally

The finally clause is generally used to clean up after the code in the try clause
(e.g., close files, shut down network connections). What is useful about the
finally clause is that it is guaranteed to be executed if any portion of the try
block is executed, regardless of how the code in the try block completes. In fact,
the only way a try clause can exit without allowing the finally clause to be exe-
cuted is by invoking the System.exit() method, which causes the Java interpreter
to stop running.

In the normal case, control reaches the end of the try block and then proceeds to
the finally block, which perfor ms any necessary cleanup. If control leaves the
try block because of a return, continue, or break statement, the finally block is
executed before contr ol transfers to its new destination.

If an exception occurs in the try block, and there is an associated catch block to
handle the exception, control transfers first to the catch block and then to the
finally block. If there is no local catch block to handle the exception, control
transfers first to the finally block, and then propagates up to the nearest contain-
ing catch clause that can handle the exception.

If a finally block itself transfers control with a return, continue, break, or throw
statement or by calling a method that throws an exception, the pending control
transfer is abandoned, and this new transfer is processed. For example, if a
finally clause throws an exception, that exception replaces any exception that
was in the process of being thrown. If a finally clause issues a return statement,
the method retur ns nor mally, even if an exception has been thrown and has not
been handled yet.

try and finally can be used together without exceptions or any catch clauses. In
this case, the finally block is simply cleanup code that is guaranteed to be exe-
cuted, regardless of any break, continue, or return statements within the try
clause.

In previous discussions of the for and continue statements, we’ve seen that a for
loop cannot be naively translated into a while loop because the continue state-
ment behaves slightly differ ently when used in a for loop than it does when used
in a while loop. The finally clause gives us a way to write a while loop that han-
dles the continue statement in the same way that a for loop does. Consider the
following generalized for loop:

for( initialize ; test ; update )
statement

The following while loop behaves the same, even if the statement block contains
a continue statement:

initialize ;
while ( test ) {
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try { statement }
finally { update ; }

}

Note, however, that placing the update statement within a finally block causes
this while loop to respond to break statements differ ently than the for loop does.

The asser t Statement

An assert statement is used to document and verify design assumptions in Java
code. This statement was added in Java 1.4 and cannot be used with previous ver-
sions of the language. An assertion consists of the assert keyword followed by a
boolean expression that the programmer believes should always evaluate to true.
By default, assertions are not enabled, and the assert statement does not actually
do anything. It is possible to enable assertions as a debugging and testing tool,
however; when this is done, the assert statement evaluates the expression. If it is
indeed true, assert does nothing. On the other hand, if the expression evaluates
to false, the assertion fails, and the assert statement throws a java.lang.Asser-
tionError.

The assert statement may include an optional second expression, separated from
the first by a colon. When assertions are enabled, and the first expression evalu-
ates to false, the value of the second expression is taken as an error code or error
message and is passed to the AssertionError() constructor. The full syntax of the
statement is:

assert assertion ;

or:

assert assertion : errorcode ;

It is important to remember that the assertion must be a boolean expression,
which typically means that it contains a comparison operator or invokes a
boolean-valued method.

Compiling assertions

Because the assert statement was added in Java 1.4, and because assert was not
a reserved word prior to Java 1.4, the introduction of this new statement can cause
code that uses “assert” as an identifier to break. For this reason, the javac compiler
does not recognize the assert statement by default. To compile Java code that
uses the assert statement, you must use the command-line argument -source
1.4. For example:

javac -source 1.4 ClassWithAssertions.java

The javac compiler allows “assert” to be used as an identifier unless -source 1.4
is specified. If it finds assert used as an identifier, it issues an incompatibility
war ning. In future releases, the command-line option may no longer be requir ed,
and the assert statement may be recognized by default, so code that uses assert
as an identifier should be phased out or fixed.
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Enabling assertions

assert statements encode assumptions that should always be true. For efficiency,
it does not make sense to test assertions each time code is executed. Thus, by
default, assertions are disabled, and assert statements have no effect. The asser-
tion code remains compiled in the class files, however, so it can always be
enabled for testing, diagnostic, and debugging purposes. You can enable asser-
tions, either across the board or selectively, with command-line arguments to the
Java interpreter. To enable assertions in all classes except for system classes, use
the -ea argument. To enable assertions in system classes, use -esa. To enable
assertions within a specific class, use -ea followed by a colon and the classname:

java -ea:com.example.sorters.MergeSort com.example.sorters.Test

To enable assertions for all classes in a package and in all of its subpackages, fol-
low the -ea argument with a colon, the package name, and three dots:

java -ea:com.example.sorters... com.example.sorters.Test

You can disable assertions in the same way, using the -da argument. For example,
to enable assertions throughout a package and then disable them in a specific
class or subpackage, use:

java -ea:com.example.sorters... -da:com.example.sorters.QuickSort
java -ea:com.example.sorters... -da:com.example.sorters.plugins...

If you prefer verbose command-line arguments, you can use -enableassertions
and -disableassertions instead of -ea and -da and -enablesystemassertions
instead of -esa.

Java 1.4 adds to java.lang.ClassLoader methods for enabling and disabling the
assertions for classes loaded through that ClassLoader. If you use a custom class
loader in your program and want to turn on assertions, you may be interested in
these methods. See ClassLoader in Chapter 11.

Using assertions

Because assertions are disabled by default and impose no perfor mance penalty on
your code, you can use them liberally to document any assumptions you make
while programming. It may take some time to get used to this, but as you do,
you’ll find more and more uses for the assert statement. Suppose, for example,
that you’re writing a method in such a way that you know that the variable x is
either 0 or 1. Without assertions, you might code an if statement that looks like
this:

if (x == 0) {
...

}
else { // x is 1
...

}

The comment in this code is an informal assertion indicating that you believe that
within the body of the else clause, x will always equal 1.
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Now suppose that your code is later modified in such a way that x can take on a
value other than 0 and 1. The comment and the assumption that go along with it
ar e no longer valid, and this may cause a bug that is not immediately apparent or
is difficult to localize. The solution in this situation is to convert your comment
into an assert statement. The code becomes:

if (x == 0) {
...

}
else {
assert x == 1 : x  // x must be 0 or 1
...

}

Now, if x somehow ends up holding an unexpected value, an AssertionError is
thr own, which makes the bug immediately apparent and easy to pinpoint. Further-
mor e, the second expression (following the colon) in the assert statement
includes the unexpected value of x as the “error message” of the AssertionError.
This message is not intended to mean anything to an end user, but to provide
enough information so that you know not just that an assertion failed but also
what caused it to fail.

A similar technique is useful with switch statements. If you write a switch state-
ment without a default clause, you make an assumption about the set of possible
values for the switch expr ession. If you believe that no other value is possible,
you can add an assert statement to document and validate that fact. For example:

switch(x) {
case -1: return LESS;
case 0: return EQUALS;
case 1: return GREATER;
default: assert false:x; // Throw AssertionError if x is not -1, 0, or 1.

}

Note that assert false; always fails. This form of the statement is a useful “dead-
end” statement when you believe that the statement can never be reached.

Another common use of the assert statement is to test whether the arguments
passed to a method all have values that are legal for that method; this is also
known as enforcing method preconditions. For example:

private static Object[] subArray(Object[] a, int x, int y) {
assert x <= y : "subArray: x > y"; // Precondition: x must be <= y
// Now go on to create and return a subarray of a...

}

Note that this is a private method. The programmer has used an assert statement
to document a precondition of the subArray() method and state that she believes
that all methods that invoke this private method do in fact honor that precondi-
tion. She can state this because she has control over all the methods that invoke
subArray(). She can verify her belief by enabling assertions while testing the
code. But once the code is tested, if assertions are left disabled, the method does
not suffer the overhead of testing its arguments each time it is called. Note that the
pr ogrammer did not use an assert statement to test that argument a is non-null
and that the x and y arguments were legal indexes into that array. These implicit
pr econditions ar e always tested by Java at runtime, and a failure results in an
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unchecked NullPointerException or an ArrayIndexOutOfBoundsException, so an
assertion is not requir ed for them.

It is important to understand that the assert statement is not suitable for enforcing
pr econditions on public methods. A public method can be called from anywhere,
and the programmer cannot assert in advance that it will be invoked correctly. To
be robust, a public API must explicitly test its arguments and enforce its precondi-
tions each time it is called, whether or not assertions are enabled.

A related use of the assert statement is to verify a class invariant. Suppose you
ar e cr eating a class that repr esents a list of objects and allows objects to be
inserted and deleted, but always maintains the list in sorted order. You can assert
this invariant by writing a method that tests whether the list is actually sorted, then
using an assert statement to invoke the method at the end of each method that
modifies the list. For example:

public void insert(Object o) {
... // Do the insertion here
assert isSorted(); // Assert the class invariant here

}

When writing code that must be thread-safe, you must obtain locks (using a syn-
chronized method or statement) when requir ed. One common use of the assert
statement in this situation is to verify that the current thread holds the lock it
requir es:

assert Thread.holdsLock(data);

The Thread.holdsLock() method was added in Java 1.4 primarily for use with the
assert statement.

To use assertions effectively, there are a couple of things that you should avoid
doing. First, remember that your programs will sometimes run with assertions
enabled and sometimes with assertions disabled. This means that you should be
car eful not to write assertion expressions that contain side effects. If you do, your
code will run differ ently when assertions are enabled than it will when they are
disabled. There are a few exceptions to this rule, of course. For example, if a
method contains two assert statements, the first can include a side effect that
af fects only the second assertion. Another use of side effects in assertions is the
following idiom that determines whether assertions are enabled (which is not
something that your code should ever really need to do):

boolean assertions = false; // Whether assertions are enabled
assert assertions = true; // This assert never fails but has a side effect

Note that the expression in the assert statement is an assignment, not a compari-
son. The value of an assignment expression is always the value assigned, so this
expr ession always evaluates to true, and the assertion never fails. Because this
assignment expression is part of an assert statement, the assertions variable is
set to true only if assertions are enabled.

In addition to avoiding side effects in your assertions, another rule for working
with the assert statement is that you should never try to catch an AssertionError
(unless you catch it at the top level simply so that you can display the error in a
mor e user-friendly fashion). If an AssertionError is thrown, it indicates that one
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of the programmer’s assumptions has not held up. This means that the code is
being used outside of the parameters for which it was designed, and it cannot be
expected to work correctly. In short, there is no plausible way to recover from an
AssertionError, and you should not attempt to catch it.

Methods
A method is a named sequence of Java statements that can be invoked by other
Java code. When a method is invoked, it is passed zero or mor e values known as
arguments. The method perfor ms some computations and, optionally, retur ns a
value. A method invocation is an expression that is evaluated by the Java inter-
pr eter. Because method invocations can have side effects, however, they can also
be used as expression statements.

You alr eady know how to define the body of a method; it is simply an arbitrary
sequence of statements enclosed within curly braces. What is more inter esting
about a method is its signatur e. The signature specifies:*

• The name of the method

• The number, order, type and name of the parameters used by the method

• The type of the value retur ned by the method

• The checked exceptions that the method can throw (the signature may also
list unchecked exceptions, but these are not requir ed)

• Various method modifiers that provide additional information about the
method

A method signature defines everything you need to know about a method before
calling it. It is the method specification and defines the API for the method. The
refer ence section of this book is essentially a list of method signatures for all pub-
licly accessible methods of all publicly accessible classes of the Java platform. In
order to use the refer ence section of this book, you need to know how to read a
method signature. And, in order to write Java programs, you need to know how to
define your own methods, each of which begins with a method signature.

A method signature looks like this:

modifiers type name ( paramlist ) [ throws exceptions ]

The signature (the method specification) is followed by the method body (the
method implementation), which is simply a sequence of Java statements enclosed
in curly braces. In certain cases (described in Chapter 3), the implementation is
omitted, and the method body is replaced with a single semicolon.

Her e ar e some example method definitions. The method bodies have been omit-
ted, so we can focus on the signatures:

public static void main(String[] args) { ... }
public final synchronized int indexOf(Object element, int startIndex) { ... }

* In the Java Language Specification, the term “signatur e” has a technical meaning that is slightly differ ent
than that used here. This book uses a less formal definition of method signature.
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double distanceFromOrigin() { ... }
static double squareRoot(double x) throws IllegalArgumentException { ... }
protected abstract String readText(File f, String encoding)

throws FileNotFoundException, UnsupportedEncodingException;

modifiers is zero or mor e special modifier keywords, separated from each other
by spaces. A method might be declared with the public and static modifiers, for
example. Other valid method modifiers are abstract, final, native, private,
protected, and synchronized. The meanings of these modifiers are not important
her e; they are discussed in Chapter 3.

The type in a method signature specifies the retur n type of the method. If the
method retur ns a value, this is the name of a primitive type, an array type, or a
class. If the method does not retur n a value, type must be void. A constructor is a
special kind of method used to initialize newly created objects. As we’ll see in
Chapter 3, constructors are defined just like methods, except that their signatures
do not include this type specification.

The name of a method follows the specification of its modifiers and type. Method
names, like variable names, are Java identifiers and, like all Java identifiers, may
contain letters in any language repr esented by the Unicode character set. It is legal
(and sometimes useful) to define more than one method with the same name, as
long as each version of the method has a differ ent parameter list. Defining multi-
ple methods with the same name is called method overloading. The Sys-
tem.out.println() method we’ve seen so much of is an overloaded method.
Ther e is one method by this name that prints a string and other methods by the
same name that print the values of the various primitive types. The Java compiler
decides which method to call based on the type of the argument passed to the
method.

When you are defining a method, the name of the method is always followed by
the method’s parameter list, which must be enclosed in parentheses. The parame-
ter list defines zero or mor e arguments that are passed to the method. The param-
eter specifications, if there are any, each consist of a type and a name and are
separated from each other by commas (if there are multiple parameters). When a
method is invoked, the argument values it is passed must match the number, type,
and order of the parameters specified in this method signature line. The values
passed need not have exactly the same type as specified in the signature, but they
must be convertible to those types without casting. C and C++ programmers
should note that when a Java method expects no arguments, its parameter list is
simply (), not (void).

The final part of a method signature is the throws clause, which I first described
when we discussed the throw statement. If a method uses the throw statement to
thr ow a checked exception, or if it calls some other method that throws a checked
exception and does not catch or handle that exception, the method must declare
that it can throw that exception. If a method can throw one or more checked
exceptions, it specifies this by placing the throws keyword after the argument list
and following it by the name of the exception class or classes it can throw. If a
method does not throw any exceptions, it does not use the throws keyword. If a
method throws more than one type of exception, separate the names of the
exception classes from each other with commas.
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Classes and Objects
Now that we have introduced operators, expressions, statements, and methods, we
can finally talk about classes. A class is a named collection of fields that hold data
values and methods that operate on those values. Some classes also contain nested
inner classes. Classes are the most fundamental structural element of all Java pro-
grams. You cannot write Java code without defining a class. All Java statements
appear within methods, and all methods are defined within classes.

Classes are mor e than just another structural level of Java syntax. Just as a cell is
the smallest unit of life that can survive and repr oduce on its own, a class is the
smallest unit of Java code that can stand alone. The Java compiler and interpreter
do not recognize fragments of Java code that are smaller than a class. A class is the
basic unit of execution for Java, which makes classes very important. Java actually
defines another construct, called an inter face, that is quite similar to a class. The
distinction between classes and interfaces will become clear in Chapter 3, but for
now I’ll use the term “class” to mean either a class or an interface.

Classes are important for another reason: every class defines a new data type. For
example, you can define a class named Point to repr esent a data point in the two-
dimensional Cartesian coordinate system. This class can define fields (each of type
double) to hold the X and Y coordinates of a point and methods to manipulate
and operate on the point. The Point class is a new data type.

When discussing data types, it is important to distinguish between the data type
itself and the values the data type repr esents. char is a data type: it repr esents Uni-
code characters. But a char value repr esents a single specific character. A class is a
data type; a class value is called an object. We use the name class because each
class defines a type (or kind, or species, or class) of objects. The Point class is a
data type that repr esents X,Y points, while a Point object repr esents a single spe-
cific X,Y point. As you might imagine, classes and their objects are closely linked.
In the sections that follow, we will discuss both.

Defining a Class

Her e is a possible definition of the Point class we have been discussing:

/** Represents a Cartesian (x,y) point */
public class Point {
public double x, y; // The coordinates of the point
public Point(double x, double y) { // A constructor that
this.x = x; this.y = y; // initializes the fields

}

public double distanceFromOrigin() { // A method that operates on
return Math.sqrt(x*x + y*y); // the x and y fields

}
}

This class definition is stored in a file named Point.java and compiled to a file
named Point.class, at which point it is available for use by Java programs and
other classes. This class definition is provided here for completeness and to
pr ovide context, but don’t expect to understand all the details just yet; most of
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Chapter 3 is devoted to the topic of defining classes. Do pay extra attention to the
first (non-comment) line of the class definition, however. Just as the first line of a
method definition—the method signature—defines the API for the method, this
line defines the basic API for a class (as described in the next chapter).

Keep in mind that you don’t have to define every class you want to use in a Java
pr ogram. The Java platform consists of over 1,500 predefined classes that are guar-
anteed to be available on every computer that runs Java.

Creating an Object

Now that we have defined the Point class as a new data type, we can use the fol-
lowing line to declare a variable that holds a Point object:

Point p;

Declaring a variable to hold a Point object does not create the object itself, how-
ever. To actually create an object, you must use the new operator. This keyword is
followed by the object’s class (i.e., its type) and an optional argument list in paren-
theses. These arguments are passed to the constructor method for the class, which
initializes internal fields in the new object:

// Create a Point object representing (2,-3.5) and store it in variable p
Point p = new Point(2.0, -3.5);

// Create some other objects as well
Date d = new Date(); // A Date object that represents the current time
Vector list = new Vector(); // A Vector object to hold a list of objects

The new keyword is by far the most common way to create objects in Java. There
ar e a few other ways that are worth mentioning, however. First, there are a couple
of classes so important that Java defines special literal syntax for creating objects
of those types (as we’ll discuss in the next section). Second, Java supports a
dynamic loading mechanism that allows programs to load classes and create
instances of those classes dynamically. This dynamic instantiation is done with the
newInstance() methods of java.lang.Class and java.lang.reflect.Construc-
tor. Finally, in Java 1.1 and later, objects can also be created by deserializing
them. In other words, an object that has had its state saved, or serialized, usually
to a file, can be recr eated using the java.io.ObjectInputStream class.

Object Literals

As I just said, Java defines special syntax for creating instances of two very impor-
tant classes. The first class is String, which repr esents text as a string of charac-
ters. Since programs usually communicate with their users through the written
word, the ability to manipulate strings of text is quite important in any program-
ming language. In some languages, strings are a primitive type, on a par with inte-
gers and characters. In Java, however, strings are objects; the data type used to
repr esent text is the String class.
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Because strings are such a fundamental data type, Java allows you to include text
literally in programs by placing it between double-quote (") characters. For
example:

String name = "David";
System.out.println("Hello, " + name);

Don’t confuse the double-quote characters that surround string literals with the
single-quote (or apostrophe) characters that surround char literals. String literals
can contain any of the escape sequences char literals can (see Table 2-3). Escape
sequences are particularly useful for embedding double-quote characters within
double-quoted string literals. For example:

String story = "\t\"How can you stand it?\" he asked sarcastically.\n";

String literals cannot contain comments, and may consist of only a single line. Java
does not support any kind of continuation-character syntax that allows two sepa-
rate lines to be treated as a single line. If you need to repr esent a long string of
text that does not fit on a single line, break it into independent string literals and
use the + operator to concatenate the literals. For example:

String s = "This is a test of the // This is illegal; string literals
emergency broadcast system"; // cannot be broken across lines.

String s = "This is a test of the " + // Do this instead
"emergency broadcast system";

This concatenation of literals is done when your program is compiled, not when it
is run, so you do not need to worry about any kind of perfor mance penalty.

The second class that supports its own special object literal syntax is the class
named Class. Class is a (self-refer ential) data type that repr esents all Java data
types, including primitive types and array types, not just class types. To include a
Class object literally in a Java program, follow the name of any data type with
.class. For example:

Class typeInt = int.class;
Class typeIntArray = int[].class;
Class typePoint = Point.class;

This feature is supported by Java 1.1 and later.

The Java reserved word null is a special literal that can be used with any class.
Instead of repr esenting a literal object, it repr esents the absence of an object. For
example:

String s = null;
Point p = null;

Finally, objects can also be included literally in a Java program through the use of
a construct known as an anonymous inner class. Anonymous classes are discussed
in Chapter 3.
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Using an Object

Now that we’ve seen how to define classes and instantiate them by creating
objects, we need to look at the Java syntax that allows us to use those objects.
Recall that a class defines a collection of fields and methods. Each object has its
own copies of those fields and has access to those methods. We use the dot char-
acter (.) to access the named fields and methods of an object. For example:

Point p = new Point(2, 3); // Create an object
double x = p.x; // Read a field of the object
p.y = p.x * p.x; // Set the value of a field
double d = p.distanceFromOrigin(); // Access a method of the object

This syntax is central to object-oriented programming in Java, so you’ll see it a lot.
Note, in particular, the expression p.distanceFromOrigin(). This tells the Java
compiler to look up a method named distanceFromOrigin() defined by the class
Point and use that method to perfor m a computation on the fields of the object p.
We’ll cover the details of this operation in Chapter 3.

Ar ray Types
Array types are the second kind of refer ence types in Java.* An array is an ordered
collection, or numbered list, of values. The values can be primitive values, objects,
or even other arrays, but all of the values in an array must be of the same type.
The type of the array is the type of the values it holds, followed by the characters
[]. For example:

byte b; // byte is a primitive type
byte[] arrayOfBytes; // byte[] is an array type: array of byte
byte[][] arrayOfArrayOfBytes; // byte[][] is another type: array of byte[]
Point[] points; // Point[] is an array of Point objects

For compatibility with C and C++, Java also supports another syntax for declaring
variables of array type. In this syntax, one or more pairs of square brackets follow
the name of the variable, rather than the name of the type:

byte arrayOfBytes[]; // Same as byte[] arrayOfBytes
byte arrayOfArrayOfBytes[][]; // Same as byte[][] arrayOfArrayOfBytes
byte[] arrayOfArrayOfBytes[]; // Ugh! Same as byte[][] arrayOfArrayOfBytes

This is often a confusing syntax, however, and should be avoided.

With classes and objects, we have separate terms for the type and the values of
that type. With arrays, the single word array does double duty as the name of both
the type and the value. Thus, we can speak of the array type int[] (a type) and
an array of int (a particular array value). In practice, it is usually clear from con-
text whether a type or a value is being discussed.

* Arrays are actually Java objects, but they have specialized syntax and behavior, which makes it easy to
consider them separately.
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Creating Arra ys

To create an array value in Java, you use the new keyword, just as you do to create
an object. Arrays don’t need to be initialized like objects do, however, so you
don’t pass a list of arguments between parentheses. What you must specify,
though, is how big you want the array to be. If you are creating a byte[], for
example, you must specify how many byte values you want it to hold. Array val-
ues have a fixed size in Java. Once an array is created, it can never grow or
shrink. Specify the desired size of your array as a non-negative integer between
squar e brackets:

byte[] buffer = new byte[1024];
String[] lines = new String[50];

When you create an array with this syntax, each of the values held in the array is
automatically initialized to its default value. This is false for boolean values,
'\u0000' for char values, 0 for integer values, 0.0 for floating-point values, and
null for objects or array values.

Using Arra ys

Once you’ve created an array with the new operator and the square-bracket syntax,
you also use square brackets to access the individual values contained in the array.
Remember that an array is an ordered collection of values. The elements of an
array are number ed sequentially, starting with 0. The number of an array element
refers to the element. This number is often called the index, and the process of
looking up a numbered value in an array is sometimes called indexing the array.

To refer to a particular element of an array, simply place the index of the desired
element in square brackets after the name of the array. For example:

String[] responses = new String[2]; // Create an array of two strings
responses[0] = "Yes"; // Set the first element of the array
responses[1] = "No"; // Set the second element of the array

// Now read these array elements
System.out.println(question + " (" + responses[0] + "/" +

responses[1] + " ): ");

In some programming languages, such as C and C++, it is a common bug to write
code that tries to read or write array elements that are past the end of the array.
Java does not allow this. Every time you access an array element, the Java inter-
pr eter automatically checks that the index you have specified is valid. If you spec-
ify a negative index or an index that is greater than the last index of the array, the
interpr eter thr ows an exception of type ArrayIndexOutOfBoundsException. This
pr events you from reading or writing nonexistent array elements.

Array index values are integers; you cannot index an array with a floating-point
value, a boolean, an object, or another array. char values can be converted to int
values, so you can use characters as array indexes. Although long is an integer
data type, long values cannot be used as array indexes. This may seem surprising
at first, but consider that an int index supports arrays with over two billion ele-
ments. An int[] with this many elements would requir e eight gigabytes of

70 Chapter 2 – Java Syntax from the Ground Up

7 March 2002 11:18



memory. When you think of it this way, it is not surprising that long values are
not allowed as array indexes.

Besides setting and reading the value of array elements, there is one other thing
you can do with an array value. Recall that whenever we create an array, we must
specify the number of elements the array holds. This value is referr ed to as the
length of the array; it is an intrinsic property of the array. If you need to know the
length of the array, append .length to the array name:

if (errorCode < errorMessages.length)
System.out.println(errorMessages[errorCode]);

Every array has a length field that specifies the number of elements it contains.
Note that this field is read-only: you can use it to read the length of the array, but
you cannot assign any value to it or use it to set or change the length of an array.

In the previous example, the array index within square brackets is a variable, not
an integer literal. In fact, arrays are most often used with loops, particularly for
loops, where they are indexed using a variable that is incremented or decre-
mented each time through the loop:

int[] values; // Assume array is created and initialized elsewhere
int total = 0; // Store sum of elements here
for(int i = 0; i < values.length; i++) // Loop through array elements
total += values[i]; // Add them up

In Java, the first element of an array is always element number 0. If you are accus-
tomed to a programming language that numbers array elements beginning with 1,
this will take some getting used to. For an array a, the first element is a[0], the
second element is a[1], and the last element is:

a[a.length - 1] // The last element of any array named a

Ar ray Literals

The null literal used to repr esent the absence of an object can also be used to
repr esent the absence of an array. For example:

char[] password = null;

In addition to the null literal, Java also defines special syntax that allows you to
specify array values literally in your programs. There are actually two differ ent syn-
taxes for array literals. The first, and more commonly used, syntax can be used
only when declaring a variable of array type. It combines the creation of the array
object with the initialization of the array elements:

int[] powersOfTwo = {1, 2, 4, 8, 16, 32, 64, 128};

This creates an array that contains the eight int elements listed within the curly
braces. Note that we don’t use the new keyword or specify the type of the array in
this array literal syntax. The type is implicit in the variable declaration of which the
initializer is a part. Also, the array length is not specified explicitly with this syntax;
it is determined implicitly by counting the number of elements listed between the
curly braces. There is a semicolon following the close curly brace in this array

Java
Syntax

Array Types 71

7 March 2002 11:18



literal. This is one of the fine points of Java syntax. When curly braces delimit
classes, methods, and compound statements, they are not followed by semicolons.
However, for this array literal syntax, the semicolon is requir ed to terminate the
variable declaration statement.

The problem with this array literal syntax is that it works only when you are
declaring a variable of array type. Sometimes you need to do something with an
array value (such as pass it to a method) but are going to use the array only once,
so you don’t want to bother assigning it to a variable. In Java 1.1 and later, ther e is
an array literal syntax that supports this kind of anonymous arrays (so called
because they are not assigned to variables, so they don’t have names). This kind
of array literal looks as follows:

// Call a method, passing an anonymous array literal that contains two strings
String response = askQuestion("Do you want to quit?",

new String[] {"Yes", "No"});

// Call another method with an anonymous array (of anonymous objects)
double d = computeAreaOfTriangle(new Point[] { new Point(1,2),

new Point(3,4),
new Point(3,2) });

With this syntax, you use the new keyword and specify the type of the array, but
the length of the array is not explicitly specified.

It is important to understand that the Java Virtual Machine architectur e does not
support any kind of efficient array initialization. In other words, array literals are
cr eated and initialized when the program is run, not when the program is com-
piled. Consider the following array literal:

int[] perfectNumbers = {6, 28};

This is compiled into Java byte codes that are equivalent to:

int[] perfectNumbers = new int[2];
perfectNumbers[0] = 6;
perfectNumbers[1] = 28;

Thus, if you want to include a large amount of data in a Java program, it may not
be a good idea to include that data literally in an array, since the Java compiler has
to create lots of Java byte codes to initialize the array, and then the Java interpreter
has to laboriously execute all that initialization code. In cases like this, it is better
to store your data in an external file and read it into the program at runtime.

The fact that Java does all array initialization explicitly at runtime has an important
cor ollary, however. It means that the elements of an array literal can be arbitrary
expr essions that are computed at runtime, rather than constant expressions that
ar e resolved by the compiler. For example:

Point[] points = { circle1.getCenterPoint(), circle2.getCenterPoint() };

72 Chapter 2 – Java Syntax from the Ground Up

7 March 2002 11:18



Multidimensional Arra ys

As we’ve seen, an array type is simply the element type followed by a pair of
squar e brackets. An array of char is char[], and an array of arrays of char is
char[][]. When the elements of an array are themselves arrays, we say that the
array is multidimensional. In order to work with multidimensional arrays, there
ar e a few additional details you must understand.

Imagine that you want to use a multidimensional array to repr esent a multiplica-
tion table:

int[][] products; // A multiplication table

Each of the pairs of square brackets repr esents one dimension, so this is a two-
dimensional array. To access a single int element of this two-dimensional array,
you must specify two index values, one for each dimension. Assuming that this
array was actually initialized as a multiplication table, the int value stored at any
given element would be the product of the two indexes. That is, products[2][4]
would be 8, and products[3][7] would be 21.

To create a new multidimensional array, use the new keyword and specify the size
of both dimensions of the array. For example:

int[][] products = new int[10][10];

In some languages, an array like this would be created as a single block of 100
int values. Java does not work this way. This line of code does three things:

• Declar es a variable named products to hold an array of arrays of int.

• Creates a 10-element array to hold 10 arrays of int.

• Creates 10 more arrays, each of which is a 10-element array of int. It assigns
each of these 10 new arrays to the elements of the initial array. The default
value of every int element of each of these 10 new arrays is 0.

To put this another way, the previous single line of code is equivalent to the fol-
lowing code:

int[][] products = new int[10][]; // An array to hold 10 int[] values
for(int i = 0; i < 10; i++) // Loop 10 times...
products[i] = new int[10]; // ...and create 10 arrays

The new keyword perfor ms this additional initialization automatically for you. It
works with arrays with more than two dimensions as well:

float[][][] globalTemperatureData = new float[360][180][100];

When using new with multidimensional arrays, you do not have to specify a size
for all dimensions of the array, only the leftmost dimension or dimensions. For
example, the following two lines are legal:

float[][][] globalTemperatureData = new float[360][][];
float[][][] globalTemperatureData = new float[360][180][];

The first line creates a single-dimensional array, where each element of the array
can hold a float[][]. The second line creates a two-dimensional array, where

Java
Syntax

Array Types 73

7 March 2002 11:18



each element of the array is a float[]. If you specify a size for only some of the
dimensions of an array, however, those dimensions must be the leftmost ones. The
following lines are not legal:

float[][][] globalTemperatureData = new float[360][][100]; // Error!
float[][][] globalTemperatureData = new float[][180][100]; // Error!

Like a one-dimensional array, a multidimensional array can be initialized using an
array literal. Simply use nested sets of curly braces to nest arrays within arrays. For
example, we can declare, create, and initialize a 5×5 multiplication table like this:

int[][] products = { {0, 0, 0, 0, 0},
{0, 1, 2, 3, 4},
{0, 2, 4, 6, 8},
{0, 3, 6, 9, 12},
{0, 4, 8, 12, 16} };

Or, if you want to use a multidimensional array without declaring a variable, you
can use the anonymous initializer syntax:

boolean response = bilingualQuestion(question, new String[][] {
{ "Yes", "No" },
{ "Oui", "Non" }});

When you create a multidimensional array using the new keyword, you always get
a rectangular array: one in which all the array values for a given dimension have
the same size. This is perfect for rectangular data structures, such as matrixes.
However, because multidimensional arrays are implemented as arrays of arrays in
Java, instead of as a single rectangular block of elements, you are in no way con-
strained to use rectangular arrays. For example, since our multiplication table is
symmetrical about the diagonal from top left to bottom right, we can repr esent the
same information in a nonrectangular array with fewer elements:

int[][] products = { {0},
{0, 1},
{0, 2, 4},
{0, 3, 6, 9},
{0, 4, 8, 12, 16} };

When working with multidimensional arrays, you’ll often find yourself using
nested loops to create or initialize them. For example, you can create and initialize
a large triangular multiplication table as follows:

int[][] products = new int[12][]; // An array of 12 arrays of int.
for(int row = 0; row < 12; row++) { // For each element of that array,
products[row] = new int[row+1]; // allocate an array of int.
for(int col = 0; col < row+1; col++) // For each element of the int[],
products[row][col] = row * col; // initialize it to the product.

}

Reference Types
Now that we have discussed the syntax for working with objects and arrays, we
can retur n to the issue of why classes and array types are known as refer ence
types. As we saw in Table 2-2, all the Java primitive types have well-defined stan-
dard sizes, so all primitive values can be stored in a fixed amount of memory
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(between one and eight bytes, depending on the type). But classes and array types
ar e composite types; objects and arrays contain other values, so they do not have
a standard size, and they often requir e quite a bit more memory than eight bytes.
For this reason, Java does not manipulate objects and arrays directly. Instead, it
manipulates refer ences to objects and arrays. Because Java handles objects and
arrays by refer ence, classes and array types are known as refer ence types. In con-
trast, Java handles values of the primitive types directly, or by value.

A refer ence to an object or an array is simply some fixed-size value that refers to
the object or array in some way.* When you assign an object or array to a variable,
you are actually setting the variable to hold a refer ence to that object or array.
Similarly, when you pass an object or array to a method, what really happens is
that the method is given a refer ence to the object or array through which it can
manipulate the object or array.

C and C++ programmers should note that Java does not support the & addr ess-of
operator or the * and −> der efer ence operators. In Java, primitive types are always
handled exclusively by value, and objects and arrays are always handled exclu-
sively by refer ence: the . operator in Java is more like the −> operator in C and
C++ than like the . operator of those languages. It is very important to understand
that, unlike pointers in C and C++, refer ences in Java are entir ely opaque: they
cannot be converted to or from integers, and they cannot be incremented or
decr emented.

Although refer ences ar e an important part of how Java works, Java programs can-
not manipulate refer ences in any way. Despite this, there are significant differ-
ences between the behavior of primitive types and refer ence types in two
important areas: the way values are copied and the way they are compar ed for
equality.

Copying Objects and Arra ys

Consider the following code that manipulate a primitive int value:

int x = 42;
int y = x;

After these lines execute, the variable y contains a copy of the value held in the
variable x. Inside the Java VM, there are two independent copies of the 32-bit inte-
ger 42.

Now think about what happens if we run the same basic code but use a refer ence
type instead of a primitive type:

Point p = new Point(1.0, 2.0);
Point q = p;

After this code runs, the variable q holds a copy of the refer ence held in the vari-
able p. Ther e is still only one copy of the Point object in the VM, but there are

* Typically, a refer ence is the memory address at which the object or array is stored. However, since Java
refer ences ar e opaque and cannot be manipulated in any way, this is an implementation detail.
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now two copies of the refer ence to that object. This has some important implica-
tions. Suppose the two previous lines of code are followed by this code:

System.out.println(p.x); // Print out the X coordinate of p: 1.0
q.x = 13.0; // Now change the X coordinate of q
System.out.println(p.x); // Print out p.x again; this time it is 13.0

Since the variables p and q hold refer ences to the same object, either variable can
be used to make changes to the object, and those changes are visible through the
other variable as well.

This behavior is not specific to objects; the same thing happens with arrays, as
illustrated by the following code:

char[] greet = { 'h','e','l','l','o' }; // greet holds an array reference
char[] cuss = greet; // cuss holds the same reference
cuss[4] = '!'; // Use reference to change an element
System.out.println(greet); // Prints "hell!"

A similar differ ence in behavior between primitive types and refer ence types
occurs when arguments are passed to methods. Consider the following method:

void changePrimitive(int x) {
while(x > 0)
System.out.println(x--);

}

When this method is invoked, the method is given a copy of the argument used to
invoke the method in the parameter x. The code in the method uses x as a loop
counter and decrements it to zero. Since x is a primitive type, the method has its
own private copy of this value, so this is a perfectly reasonable thing to do.

On the other hand, consider what happens if we modify the method so that the
parameter is a refer ence type:

void changeReference(Point p) {
while(p.x > 0)
System.out.println(p.x--);

}

When this method is invoked, it is passed a private copy of a refer ence to a Point
object and can use this refer ence to change the Point object. Consider the
following:

Point q = new Point(3.0, 4.5); // A point with an X coordinate of 3
changeReference(q); // Prints 3,2,1 and modifies the Point
System.out.println(q.x); // The X coordinate of q is now 0!

When the changeReference() method is invoked, it is passed a copy of the refer-
ence held in variable q. Now both the variable q and the method parameter p hold
refer ences to the same object. The method can use its refer ence to change the
contents of the object. Note, however, that it cannot change the contents of the
variable q. In other words, the method can change the Point object beyond recog-
nition, but it cannot change the fact that the variable q refers to that object.

The title of this section is “Copying Objects and Arrays,” but, so far, we’ve only
seen copies of refer ences to objects and arrays, not copies of the objects and
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arrays themselves. To make an actual copy of an object or an array, you must use
the special clone() method (inherited by all objects from java.lang.Object):

Point p = new Point(1,2); // p refers to one object
Point q = (Point) p.clone(); // q refers to a copy of that object
q.y = 42; // Modify the copied object, but not the original

int[] data = {1,2,3,4,5}; // An array
int[] copy = (int[]) data.clone(); // A copy of the array

Note that a cast is necessary to coerce the retur n value of the clone() method to
the correct type. The reason for this will become clear later in this chapter. Ther e
ar e a couple of points you should be aware of when using clone(). First, not all
objects can be cloned. Java only allows an object to be cloned if the object’s class
has explicitly declared itself to be cloneable by implementing the Cloneable inter-
face. (We haven’t discussed interfaces or how they are implemented yet; that is
cover ed in Chapter 3.) The definition of Point that we showed earlier does not
actually implement this interface, so our Point type, as implemented, is not clone-
able. Note, however, that arrays are always cloneable. If you call the clone()
method for a non-cloneable object, it throws a CloneNotSupportedException, so
when you use the clone() method, you may want to use it within a try block to
catch this exception.

The second thing you need to understand about clone() is that, by default, it is
implemented to create a shallow copy of an object or array. The copied object or
array contains copies of all the primitive values and refer ences in the original
object or array. In other words, any refer ences in the object or array are copied,
not cloned; clone() does not recursively make copies of the objects or arrays
referr ed to by those refer ences. A class may need to override this shallow copy
behavior by defining its own version of the clone() method that explicitly per-
for ms a deeper copy where needed. To understand the shallow copy behavior of
clone(), consider cloning a two-dimensional array of arrays:

int[][] data = {{1,2,3}, {4,5}}; // An array of two references
int[][] copy = (int[][]) data.clone(); // Copy the two refs to a new array
copy[0][0] = 99; // This changes data[0][0] too!
copy[1] = new int[] {7,8,9}; // This does not change data[1]

If you want to make a deep copy of this multidimensional array, you have to copy
each dimension explicitly:

int[][] data = {{1,2,3}, {4,5}}; // An array of two references
int[][] copy = new int[data.length][]; // A new array to hold copied arrays
for(int i = 0; i < data.length; i++)
copy[i] = (int[]) data[i].clone();

Compar ing Objects and Arra ys

We’ve seen that primitive types and refer ence types differ significantly in the way
they are assigned to variables, passed to methods, and copied. The types also dif-
fer in the way they are compar ed for equality. When used with primitive values,
the equality operator (==) simply tests whether two values are identical (i.e.,
whether they have exactly the same bits). With refer ence types, however, == com-
par es refer ences, not actual objects or arrays. In other words, == tests whether two

Java
Syntax

Refer ence Types 77

7 March 2002 11:18



refer ences refer to the same object or array; it does not test whether two objects or
arrays have the same content. For example:

String letter = "o";
String s = "hello"; // These two String objects
String t = "hell" + letter; // contain exactly the same text.
if (s == t) System.out.println("equal"); // But they are not equal!

byte[] a = { 1, 2, 3 }; // An array.
byte[] b = (byte[]) a.clone(); // A copy with identical content.
if (a == b) System.out.println("equal"); // But they are not equal!

When working with refer ence types, there are two kinds of equality: equality of
refer ence and equality of object. It is important to distinguish between these two
kinds of equality. One way to do this is to use the word “equals” when talking
about equality of refer ences and the word “equivalent” when talking about two
distinct object or arrays that have the same contents. Unfortunately, the designers
of Java didn’t use this nomenclature, as the method for testing whether one object
is equivalent to another is named equals(). To test two objects for equivalence,
pass one of them to the equals() method of the other:

String letter = "o";
String s = "hello"; // These two String objects
String t = "hell" + letter; // contain exactly the same text.
if (s.equals(t)) // And the equals() method
System.out.println("equivalent"); // tells us so.

All objects inherit an equals() method (from Object), but the default implementa-
tion simply uses == to test for equality of refer ences, not equivalence of content. A
class that wants to allow objects to be compared for equivalence can define its
own version of the equals() method. Our Point class does not do this, but the
String class does, as indicated by the code above. You can call the equals()
method on an array, but it is the same as using the == operator, because arrays
always inherit the default equals() method that compares refer ences rather than
array content. Starting in Java 1.2, you can compare arrays for equivalence with
the convenience method java.util.Arrays.equals(). Prior to Java 1.2, however,
you must loop through the elements of the arrays and compare them yourself.

The null Reference

We’ve seen the null keyword in our discussions of objects and arrays. Now that
we have described refer ences, it is worth revisiting null to point out that it is a
special value that is a refer ence to nothing, or an absence of a refer ence. The
default value for all refer ence types is null. The null value is unique in that it can
be assigned to a variable of any refer ence type whatsoever.

Terminolog y: Pass by Value

I’ve said that Java handles arrays and objects “by refer ence.” Don’t confuse this
with the phrase “pass by refer ence.”* “Pass by refer ence” is a term used to

* Unfortunately, previous editions of this book may have contributed to the confusion!
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describe the method-calling conventions of some programming languages. In a
pass-by-r efer ence language, values—even primitive values—are not passed
dir ectly to methods. Instead, methods are always passed refer ences to values.
Thus, if the method modifies its parameters, those modifications are visible when
the method retur ns, even for primitive types.

Java does not do this; it is a “pass by value” language. However, when a refer ence
type is involved, the value that is passed is a refer ence. But this is not the same as
pass-by-r efer ence. If Java were a pass-by-r efer ence language, when a refer ence
type was passed to a method, it would be passed as a refer ence to the refer ence.

Memor y Allocation and Garbage Collection

As we’ve already noted, objects and arrays are composite values that can contain a
number of other values and may requir e a substantial amount of memory. When
you use the new keyword to create a new object or array or use an object or array
literal in your program, Java automatically creates the object for you, allocating
whatever amount of memory is necessary. You don’t need to do anything to make
this happen.

In addition, Java also automatically reclaims that memory for reuse when it is no
longer needed. It does this through a process called garbage collection. An object
is considered garbage when there are no longer any refer ences to it stored in any
variables, the fields of any objects, or the elements of any arrays. For example:

Point p = new Point(1,2); // Create an object
double d = p.distanceFromOrigin(); // Use it for something
p = new Point(2,3); // Create a new object

After the Java interpreter executes the third line, a refer ence to the new Point
object has replaced the refer ence to the first one. There are now no remaining ref-
er ences to the first object, so it is garbage. At some point, the garbage collector
will discover this and reclaim the memory used by the object.

C programmers, who are used to using malloc() and free() to manage memory,
and C++ programmers, who are used to explicitly deleting their objects with
delete, may find it a little hard to relinquish control and trust the garbage collec-
tor. Even though it seems like magic, it really works! There is a slight perfor mance
penalty due to the use of garbage collection, and Java programs may sometimes
slow down noticeably while the garbage collector is actively reclaiming memory.
However, having garbage collection built into the language dramatically reduces
the occurrence of memory leaks and related bugs and almost always improves
pr ogrammer pr oductivity.

Reference Type Conversions

When we discussed primitive types earlier in this chapter, we saw that values of
certain types can be converted to values of other types. Widening conversions are
per formed automatically by the Java interpreter, as necessary. Narrowing conver-
sions, however, can result in lost data, so the interpreter does not perfor m them
unless explicitly directed to do so with a cast.
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Java does not allow any kind of conversion from primitive types to refer ence types
or vice versa. Java does allow widening and narrowing conversions among certain
refer ence types, however. As we’ve seen, there are an infinite number of potential
refer ence types. In order to understand the conversions that can be perfor med
among these types, you need to understand that the types form a hierarchy, usu-
ally called the class hierarchy.

Every Java class extends some other class, known as its super class. A class inherits
the fields and methods of its superclass and then defines its own additional fields
and methods. There is a special class named Object that serves as the root of the
class hierarchy in Java. It does not extend any class, but all other Java classes
extend Object or some other class that has Object as one of its ancestors. The
Object class defines a number of special methods that are inherited (or overrid-
den) by all classes. These include the toString(), clone(), and equals() methods
described earlier.

The predefined String class and the Point class we defined earlier in this chapter
both extend Object. Thus, we can say that all String objects are also Object
objects. We can also say that all Point objects are Object objects. The opposite is
not true, however. We cannot say that every Object is a String because, as we’ve
just seen, some Object objects are Point objects.

With this simple understanding of the class hierarchy, we can retur n to the rules of
refer ence type conversion:

• An object cannot be converted to an unrelated type. The Java compiler does
not allow you to convert a String to a Point, for example, even if you use a
cast operator.

• An object can be converted to the type of its superclass or of any ancestor
class. This is a widening conversion, so no cast is requir ed. For example, a
String value can be assigned to a variable of type Object or passed to a
method where an Object parameter is expected. Note that no conversion is
actually perfor med; the object is simply treated as if it were an instance of the
superclass.

• An object can be converted to the type of a subclass, but this is a narrowing
conversion and requir es a cast. The Java compiler provisionally allows this
kind of conversion, but the Java interpreter checks at runtime to make sure it
is valid. Only cast an object to the type of a subclass if you are sur e, based on
the logic of your program, that the object is actually an instance of the sub-
class. If it is not, the interpreter throws a ClassCastException. For example, if
we assign a String object to a variable of type Object, we can later cast the
value of that variable back to type String:

Object o = "string"; // Widening conversion from String to Object
// Later in the program...
String s = (String) o; // Narrowing conversion from Object to String

Arrays are objects and follow some conversion rules of their own. First, any array
can be converted to an Object value through a widening conversion. A narrowing
conversion with a cast can convert such an object value back to an array. For
example:
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Object o = new int[] {1,2,3}; // Widening conversion from array to Object
// Later in the program...
int[] a = (int[]) o; // Narrowing conversion back to array type

In addition to converting an array to an object, you can convert an array to
another type of array if the “base types” of the two arrays are refer ence types that
can themselves be converted. For example:

// Here is an array of strings
String[] strings = new String[] { "hi", "there" };
// A widening conversion to CharSequence[] is allowed because String
// can widened to CharSequence.
CharSequence[] sequences = strings;
// The narrowing conversion back to String[] requires a cast
strings = (String[]) sequences;
// This is an array of arrays of strings
String[][] s = new String[][] { strings };
// It cannot be converted to CharSequence[] because String[] cannot be
// converted to CharSequence; the number of dimensions don't match.
sequences = s; // This line will not compile
// s can be converted to Object or Object[], however, because all array types
// (including String[] and String[][]) can be converted to Object.
Object[] objects = s;

Note that these array conversion rules apply only to arrays of objects and arrays of
arrays. An array of a primitive type cannot be converted to any other array type,
even if the primitive base types can be converted:

// Can't convert int[] to double[] even though int can be widened to double
double[] data = new int[] {1,2,3}; // This line causes a compilation error
// This line is legal, however, since int[] can be converted to Object
Object[] objects = new int[][] {{1,2},{3,4}};

Packages and the Java Namespace
A package is a named collection of classes (and possibly subpackages). Packages
serve to group related classes and define a namespace for the classes they contain.

The Java platform includes packages with names that begin with java, javax, and
org.omg. (Sun also defines standard extensions to the Java platform in packages
whose names begin with javax.) The most fundamental classes of the language
ar e in the package java.lang. Various utility classes are in java.util. Classes for
input and output are in java.io, and classes for networking are in java.net. Some
of these packages contain subpackages. For example, java.lang contains two
mor e specialized packages, named java.lang.reflect and java.lang.ref, and
java.util contains a subpackage, java.util.zip, that contains classes for work-
ing with compressed ZIP archives.

Every class has both a simple name, which is the name given to it in its definition,
and a fully qualified name, which includes the name of the package of which it is
a part. The String class, for example, is part of the java.lang package, so its fully
qualified name is java.lang.String.
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Defining a Package

To specify the package a class is to be part of, you use a package dir ective. The
package keyword, if it appears, must be the first token of Java code (i.e., the first
thing other than comments and space) in the Java file. The keyword should be fol-
lowed by the name of the desired package and a semicolon. Consider a file of
Java code that begins with this directive:

package com.davidflanagan.jude;

All classes defined by this file are part of the package named com.davidflana-
gan.jude.

If no package dir ective appears in a file of Java code, all classes defined in that file
ar e part of a default unnamed package. As we’ll see in Chapter 3, classes in the
same package have special access to each other. Thus, except when you are writ-
ing simple example programs, you should always use the package dir ective to pre-
vent access to your classes from totally unrelated classes that also just happen to
be stored in the unnamed package.

Impor ting Classes and Packages

A class in a package p can refer to any other class in p by its simple name. And,
since the classes in the java.lang package are so fundamental to the Java lan-
guage, any Java code can refer to any class in this package by its simple name.
Thus, you can always type String, instead of java.lang.String. By default, how-
ever, you must use the fully qualified name of all other classes. So, if you want to
use the File class of the java.io package, you must type java.io.File.

Specifying package names explicitly all the time quickly gets tiring, so Java
includes an import dir ective you can use to save some typing. import is used to
specify classes and packages of classes that can be referr ed to by their simple
names instead of by their fully qualified names. The import keyword can be used
any number of times in a Java file, but all uses must be at the top of the file,
immediately after the package dir ective, if there is one. There can be comments
between the package dir ective and the import dir ectives, of course, but there can-
not be any other Java code.

The import dir ective is available in two forms. To specify a single class that can be
referr ed to by its simple name, follow the import keyword with the name of the
class and a semicolon:

import java.io.File; // Now we can type File instead of java.io.File

To import an entire package of classes, follow import with the name of the pack-
age, the characters .*, and a semicolon. Thus, if you want to use several other
classes from the java.io package in addition to the File class, you can simply
import the entire package:

import java.io.*; // Now we can use simple names for all classes in java.io

This package import syntax does not apply to subpackages. If I import the
java.util package, I must still refer to the java.util.zip.ZipInputStream class
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by its fully qualified name. If two classes with the same name are both imported
fr om dif ferent packages, neither one can be referr ed to by its simple name; to
resolve this naming conflict unambiguously, you must use the fully qualified name
of both classes.

Globally Unique Package Names

One of the important functions of packages is to partition the Java namespace and
pr event name collisions between classes. It is only their package names that keep
the java.util.List and java.awt.List classes distinct, for example. In order for
this to work, however, package names must themselves be distinct. As the devel-
oper of Java, Sun controls all package names that begin with java, javax, and sun.

For the rest of us, Sun proposes a package-naming scheme, which, if followed cor-
rectly, guarantees globally unique package names. The scheme is to use your
Inter net domain name, with its elements reversed, as the prefix for all your pack-
age names. My web site is davidflanagan.com, so all my Java packages begin with
com.davidflanagan. It is up to me to decide how to partition the namespace
below com.davidflanagan, but since I own that domain name, no other person or
organization who is playing by the rules can define a package with the same name
as any of mine.

Ja va File Structure
This chapter has taken us from the smallest to the largest elements of Java syntax,
fr om individual characters and tokens to operators, expressions, statements, and
methods, and on up to classes and packages. From a practical standpoint, the unit
of Java program structure you will be dealing with most often is the Java file. A
Java file is the smallest unit of Java code that can be compiled by the Java com-
piler. A Java file consists of:

• An optional package dir ective

• Zer o or more import dir ectives

• One or more class definitions

These elements can be interspersed with comments, of course, but they must
appear in this order. This is all there is to a Java file. All Java statements (except
the package and import dir ectives, which are not true statements) must appear
within methods, and all methods must appear within a class definition.

Ther e ar e a couple of other important restrictions on Java files. First, each file can
contain at most one class that is declared public. A public class is one that is
designed for use by other classes in other packages. We’ll talk more about public
and related modifiers in Chapter 3. This restriction on public classes only applies
to top-level classes; a class can contain any number of nested or inner classes that
ar e declar ed public, as we’ll see in Chapter 3.

The second restriction concerns the filename of a Java file. If a Java file contains a
public class, the name of the file must be the same as the name of the class, with
the extension .java appended. Thus, if Point is defined as a public class, its
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source code must appear in a file named Point.java. Regardless of whether your
classes are public or not, it is good programming practice to define only one per
file and to give the file the same name as the class.

When a Java file is compiled, each of the classes it defines is compiled into a sepa-
rate class file that contains Java byte codes to be interpreted by the Java Virtual
Machine. A class file has the same name as the class it defines, with the extension
.class appended. Thus, if the file Point.java defines a class named Point, a Java
compiler compiles it to a file named Point.class. On most systems, class files are
stor ed in directories that correspond to their package names. Thus, the class
com.davidflanagan.jude.DataFile is defined by the class file com/davidflanagan/
jude/DataFile.class.

The Java interpreter knows where the class files for the standard system classes are
located and can load them as needed. When the interpreter runs a program that
wants to use a class named com.davidflanagan.jude.DataFile, it knows that the
code for that class is located in a directory named com/davidflanagan/jude and,
by default, it “looks” in the current directory for a subdirectory of that name. In
order to tell the interpreter to look in locations other than the current directory,
you must use the -classpath option when invoking the interpreter or set the
CLASSPATH envir onment variable. For details, see the documentation for the Java
interpr eter, java, in Chapter 8.

Defining and Running Java Programs
A Java program consists of a set of interacting class definitions. But not every Java
class or Java file defines a program. To create a program, you must define a class
that has a special method with the following signature:

public static void main(String[] args)

This main() method is the main entry point for your program. It is where the Java
interpr eter starts running. This method is passed an array of strings and retur ns no
value. When main() retur ns, the Java interpreter exits (unless main() has created
separate threads, in which case the interpreter waits for all those threads to exit).

To run a Java program, you run the Java interpreter, java, specifying the fully qual-
ified name of the class that contains the main() method. Note that you specify the
name of the class, not the name of the class file that contains the class. Any addi-
tional arguments you specify on the command line are passed to the main()
method as its String[] parameter. You may also need to specify the -classpath
option (or -cp) to tell the interpreter where to look for the classes needed by the
pr ogram. Consider the following command:

% java -classpath /usr/local/Jude com.davidflanagan.jude.Jude datafile.jude

java is the command to run the Java interpreter. -classpath /usr/local/Jude tells the
interpr eter wher e to look for .class files. com.davidflanagan.jude.Jude is the
name of the program to run (i.e., the name of the class that defines the main()
method). Finally, datafile.jude is a string that is passed to that main() method as
the single element of an array of String objects.
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In Java 1.2, there is an easier way to run programs. If a program and all its auxil-
iary classes (except those that are part of the Java platform) have been properly
bundled in a Java archive ( JAR) file, you can run the program simply by specify-
ing the name of the JAR file:

% java -jar /usr/local/Jude/jude.jar datafile.jude

Some operating systems make JAR files automatically executable. On those sys-
tems, you can simply say:

% /usr/local/Jude/jude.jar datafile.jude

See Chapter 8 for details.

Differences Between C and Java
If you are a C or C++ programmer, you should have found much of the syntax of
Java — particularly at the level of operators and statements—to be familiar.
Because Java and C are so similar in some ways, it is important for C and C++ pro-
grammers to understand where the similarities end. There are a number of impor-
tant differ ences between C and Java, which are summarized in the following list:

No prepr ocessor
Java does not include a prepr ocessor and does not define any analogs of the
#define, #include, and #ifdef dir ectives. Constant definitions are replaced
with static final fields in Java. (See the java.lang.Math.PI field for an
example.) Macro definitions are not available in Java, but advanced compiler
technology and inlining has made them less useful. Java does not requir e an
#include dir ective because Java has no header files. Java class files contain
both the class API and the class implementation, and the compiler reads API
infor mation fr om class files as necessary. Java lacks any form of conditional
compilation, but its cross-platfor m portability means that this feature is rar ely
needed.

No global variables
Java defines a very clean namespace. Packages contain classes, classes contain
fields and methods, and methods contain local variables. But there are no
global variables in Java, and, thus, there is no possibility of namespace colli-
sions among those variables.

Well-defined primitive type sizes
All the primitive types in Java have well-defined sizes. In C, the size of short,
int, and long types is platform-dependent, which hampers portability.

No pointers
Java classes and arrays are refer ence types, and refer ences to objects and
arrays are akin to pointers in C. Unlike C pointers, however, refer ences in
Java are entir ely opaque. There is no way to convert a refer ence to a primitive
type, and a refer ence cannot be incremented or decremented. There is no
addr ess-of operator like &, der efer ence operator like * or −>, or sizeof opera-
tor. Pointers are a notorious source of bugs. Eliminating them simplifies the
language and makes Java programs more robust and secure.
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Garbage collection
The Java Virtual Machine perfor ms garbage collection so that Java program-
mers do not have to explicitly manage the memory used by all objects and
arrays. This feature eliminates another entire category of common bugs and
all but eliminates memory leaks from Java programs.

No goto statement
Java doesn’t support a goto statement. Use of goto except in certain well-
defined circumstances is regarded as poor programming practice. Java adds
exception handling and labeled break and continue statements to the flow-
contr ol statements offer ed by C. These are a good substitute for goto.

Variable declarations anywhere
C requir es local variable declarations to be made at the beginning of a
method or block, while Java allows them anywhere in a method or block.
Many programmers prefer to keep all their variable declarations grouped
together at the top of a method, however.

Forwar d refer ences
The Java compiler is smarter than the C compiler, in that it allows methods to
be invoked before they are defined. This eliminates the need to declare func-
tions in a header file before defining them in a program file, as is done in C.

Method overloading
Java programs can define multiple methods with the same name, as long as
the methods have differ ent parameter lists.

No struct and union types
Java doesn’t support C struct and union types. A Java class can be thought
of as an enhanced struct, however.

No enumerated types
Java doesn’t support the enum keyword used in C to define types that consist
of fixed sets of named values. This is surprising for a strongly typed language
like Java, but there are ways to simulate this feature with object constants.

No bitfields
Java doesn’t support the (infrequently used) ability of C to specify the number
of individual bits occupied by fields of a struct.

No typedef
Java doesn’t support the typedef keyword used in C to define aliases for type
names. Java’s lack of pointers makes its type-naming scheme simpler and
mor e consistent than C’s, however, so many of the common uses of typedef
ar e not really necessary in Java.

No method pointers
C allows you to store the address of a function in a variable and pass this
function pointer to other functions. You cannot do this with Java methods, but
you can often achieve similar results by passing an object that implements a
particular interface. Also, a Java method can be repr esented and invoked
thr ough a java.lang.reflect.Method object.
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No variable-length argument lists
Java doesn’t allow you to define methods such as C’s printf() that take a
variable number of arguments. Method overloading allows you to simulate C
varargs functions for simple cases, and arguments can also be passed as an
Object[], but there’s no general replacement for this feature.
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