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Trail: Learning the Java Language

Lesson: Object-Oriented Programming Concepts

If you've never programmed using an object-oriented |language before, you need to
understand what objects and classes are and how these concepts translate to code.

Thislesson provides the conceptual basis for object-oriented languages in general. The last
section shows you how these general concepts translate into code for an applet written in the
Java programming language.

What Is an Object?e

An object is a software bundle of related variables and methods. Software objects are often
used to model real-world objects you find in everyday life.

What Is a Message?+

Software objects interact and communicate with each other using messages.

What Is a Class?#

A classisablueprint or prototype that defines the variables and the methods common to all
objects of a certain kind.

What Is Inheritance?+

A classinherits state and behavior from its superclass. Inheritance provides a powerful and
natural mechanism for organizing and structuring software programs.

What Is an Interface?+

An interfaceis a contract in the form of a collection of method and constant declarations.
When a class implements an interface, it promises to implement all of the methods declared
In that interface.

How Do These Concepts Translate into Code?#

This section looks at a small applet, and shows you the code that creates objects, implements
classes, sends messages, establishes a superclass, and implements an interface.
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Object-Oriented Programming Concepts

Questions and Exercises: Object-Oriented Conceptse

Test your understanding of objects, classes, messages, and so on by doing some exercises
and answering some questions.
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Trail: Learning the Java Language
L esson: Object-Oriented Programming Concepts

What Is an Object?

As the name object-oriented< implies, objects4 are key to understanding object-oriented

technology. Y ou can look around you now and see many examples of real-world objects:
your dog, your desk, your television set, your bicycle.

These real-world objects share two characteristics: they all have state and they all have
behavior. For example, dogs have state (name, color, breed, hungry) and dogs have behavior
(barking, fetching, and slobbering on your newly cleaned slacks). Bicycles have state
(current gear, current pedal cadence, two wheels, number of gears) and behavior (braking,
accelerating, slowing down, changing gears).

Software objects are modeled after real-world objects in that they, too, have state and
behavior. A software object maintainsits state in variablesg and implements its behavior
with methods.

Definition: An object is a software bundle of variables and related methods.

Y ou can represent real-world objects using software objects. Y ou might want to represent
real-world dogs as software objects in an animation program or areal-world bicycle asa
software object in the program that controls an electronic exercise bike. However, you can
also use software objects to model abstract concepts. For example, an event is a common
object used in GUI window systems to represent the action of a user pressing a mouse
button or a key on the keyboard.

Thefollowing illustration is a common visual representation of a software object:
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Everything that the software object knows (state) and can do (behavior) is expressed by the
variables and methods within that object. A software object that modelled your real-world
bicycle would have variables that indicated the bicycle's current state: its speed is 10 mph,
its pedal cadence is 90 rpm, and its current gear is the 5th gear. These variables and methods
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What Is an Object?

are formally known as instance variablesg and instance methods4 to distinguish them from
class variables and class methods (described later in What |s a Class?#). The following
figure illustrates a bicycle modeled as a software object.

1II| mph
80 rpm

Gear
Implementation

Eth gear

The software bicycle would aso have methods to brake, change the pedal cadence, and
change gears. (The bike would not have a method for changing the speed of the bicycle, as
the bike's speed isredlly just a side-effect of what gear it'sin, how fast the rider is pedaling,
whether the brakes are on, and how steep the hill is.)

Anything that an object does not know or cannot do is excluded from the object. For
example, your bicycle (probably) doesn't have a name, and it can't run, bark, or fetch. Thus
there are no variables or methods for those states and behaviorsin the bicycle class.

Asyou can see from the diagrams, the object's variables make up the center or nucleus of
the object. Methods surround and hide the object's nucleus from other objectsin the
program. Packaging an object's variables within the protective custody of its methods is
called encapsulation«. Typically, encapsulation is used to hide unimportant implementation
details from other objects. When you want to change gears on your bicycle, you don't need
to know how the gear mechanism works, you just need to know which lever to move.
Similarly in software programs, you don't need to know how a class isimplemented, you
just need to know which methods to invoke. Thus, the implementation details can change at
any time without affecting other parts of the program.

This conceptual picture of an object--a nucleus of variables packaged within a protective
membrane of methods--is an ideal representation of an object and istheideal that designers
of object-oriented systems strive for. However, it's not the whole story. Often, for
implementation or efficiency reasons, an object may wish to expose some of its variables or
hide some of its methods.

In many languages, including Java, an object can choose to expose its variables to other
objects allowing those other objects to inspect and even modify the variables. Also, an
object can choose to hide methods from other objects forbidding those objects from
invoking the methods. An object has complete control over whether other objects can access
its variables and methods and in fact, can specify which other objects have access. Variable
and method access in Javais covered in Controlling Access to Members of a Classe-.
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What Is an Object?

The Benefits of Encapsulation

Encapsulating related variables and methods into a neat software bundle is asimple yet
powerful ideathat provides two primary benefits to software devel opers.

« Modularity--The source code for an object can be written and maintained
independently of the source code for other objects. Also, an object can be easily
passed around in the system. Y ou can give your bicycle to someone else and it will
still work.

« Information hiding--An object has a public interface that other objects can use to
communicate with it. But the object can maintain private information and methods
that can be changed at any time without affecting the other objects that depend on it.
Y ou don't need to understand the gear mechanism on your bike in order to useit.
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What Is a Message?

A single object alone is generally not very useful and usually appears as a component of a
larger program or application that contains many other objects. Through the interaction of
these objects, programmers achieve higher order functionality and more complex behavior.
Y our bicycle hanging from a hook in the garage isjust a bunch of titanium alloy and rubber;
by itself the bicycle isincapable of any activity. The bicycle is useful only when another
object (you) interacts with it (starts pedaling).

Software objects interact and communicate with each other by sending messages to each
other. When object A wants object B to perform one of B's methods, object A sends a

message to object B.

ch:uject A

Message

':'l:IIjE.'I:t B

Sometimes the receiving object needs more information so that it knows exactly what to
do--for example, when you want to change gears on your bicycle, you have to indicate
which gear you want. Thisinformation is passed aong with the message as parameters.

Three components comprise a message:
1. The object to whom the message is addressed (Y our Bicycle)
2. The name of the method to perform (changeGear s)

3. Any parameters needed by the method (lower gear)
ol
ol 5
& @
- Yo

Your Bicycle

These three components are enough information for the receiving object to perform the

changeGears(lowariaar)
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What Is a Message?

desired method. No other information or context is required.

The Benefits of Messages

« An object's behavior is expressed through its methods, so (aside from direct variable access)
message passing supports all possible interactions between objects.

» ODbjects don't need to be in the same process or even on the same machine to send and receive
messages back and forth to each other.
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What Is a Class?

In the real world, you often have many objects of the same kind. For example, your bicycle
IS just one of many bicyclesin the world. Using object-oriented terminology, we say that
your bicycle object is an instance4 of the class of objects known as bicycles. Bicycles have
some state (current gear, current cadence, two wheels) and behavior (change gears, brake) in
common. However, each bicycle's state is independent of and can be different from other
bicycles.

When building bicycles, manufacturers take advantage of the fact that bicycles share
characteristics by building many bicycles from the same blueprint--it would be very
inefficient to produce a new blueprint for every individual bicycle they manufactured.

In object-oriented software, it's also possible to have many objects of the same kind that
share characteristics. rectangles, employee records, video clips and so on. Like the bicycle
manufacturers, you can take advantage of the fact that objects of the same kind are similar
and you can create a blueprint for those objects. Software "blueprints’ for objects are called

classes#.

Definition: A classisablueprint or prototype that defines the variables and
methods common to all objects of a certain kind.

Frivate
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For example, you could create a bicycle class that declares several instance variables to
contain the current gear, the current cadence, and so on, for each bicycle object. The class
would also declare and provide implementations for the instance methods that allow the
rider to change gears, brake, and change the pedaling cadence.
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What Is a Class?
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The values for instance variables are provided by each instance of the class. So, after you've
created the bicycle class, you must instantiate it (create an instance of it) before you can use
it. When you create an instance of a class, you create an object of that type and the system
allocates memory for the instance variables declared by the class. Then you can invoke the
object's instance methods to make it do something. Instances of the same class share the
same instance method implementations (method implementations are not duplicated on a per
object basis), which reside in the class itself.

In addition to instance variables and methods, classes can aso define class variablesg¢ and
class methods4s. Y ou can access class variables and methods from an instance of the class

or directly from a class--you don't have to instantiate a class to use its class variables and
methods. Class methods can only operate on class variables--they do not have access to
Instance variables or instance methods.

The system creates a single copy of all class variables for a class the first time it encounters
the classin a program--all instances of that class share its class variables. For example,
suppose that all bicycles had the same number of gears. In this case defining an instance
variable for number of gearsisinefficient--each instance would have its own copy of the
variable, but the value would be the same for every instance. In situations such as this, you
could define a class variable that contains the number of gears. All instances share this
variable. If one object changes the variable, it changes for al other objects of that type.

Understanding I nstance and Class M embers4 discusses instance variables and methods and
class variables and methods in detail .

Objects vs. Classes

Y ou probably noticed that the illustrations of objects and classes |ook very similar to one
another. And indeed, the difference between classes and objects is often the source of some
confusion. In the real world it's obvious that classes are not themselves the objects that they
describe--a blueprint of a bicycleis not abicycle. However, it'salittle more difficult to
differentiate classes and objectsin software. Thisis partially because software objects are
merely electronic models of real-world objects or abstract conceptsin the first place. But it's
also because many people use the term "object” inconsistently and use it to refer to both
classes and instances.

In the figures, the classis not shaded because it represents a blueprint of an object rather
than an object itself. In comparison, an object is shaded, indicating that the object actually
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What Is a Class?

exists and you can useit.
The Benefit of Classes

Objects provide the benefit of modularity and information hiding. Classes provide the
benefit of reusability. Bicycle manufacturers reuse the same blueprint over and over again to
build lots of bicycles. Software programmers use the same class, and thus the same code,
over and over again to create many objects.
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What Is Inheritance?

Generally speaking, objects are defined in terms of classes. Y ou know alot about an object
by knowing its class. Even if you don't know what a penny-farthing is, if | told you it was a
bicycle, you would know that it had two wheels, handle bars, and pedals.

Object-oriented systems take this a step further and allow classes to be defined in terms of
other classes. For example, mountain bikes, racing bikes, and tandems are all different kinds
of bicycles. In object-oriented terminology, mountain bikes, racing bikes, and tandems are
all subclasses4 of the bicycle class. Similarly, the bicycle class is the super class of

mountain bikes, racing bikes, and tandems.

Bicyrles

Mountain Bikes Facing Bikes Tandem Bikes

Each subclass inherits4 state (in the form of variable declarations) from the superclass.
Mountain bikes, racing bikes, and tandems share some states. cadence, speed, and the like.
Also, each subclass inherits methods from the superclass. Mountain bikes, racing bikes, and
tandems share some behaviors: braking and changing pedaling speed, for example.

However, subclasses are not limited to the state and behaviors provided to them by their
superclass. What would be the point in that? Subclasses can add variables and methods to
the ones they inherit from the superclass. Tandem bicycles have two seats and two sets of
handle bars; some mountain bikes have an extra set of gears with alower gear ratio.
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What Is Inheritance?

Subclasses can also overrideg inherited methods and provide specialized implementations
for those methods. For example, if you had a mountain bike with an extra set of gears, you
would override the "change gears' method so that the rider could actually use those new
gears.

You are not limited to just one layer of inheritance. The inheritance tree, or class hierarchy
& Can be as deep as needed. Methods and variables are inherited down through the levels.

In general, the further down in the hierarchy a class appears, the more specialized its
behavior.

The Benefits of Inheritance

« Subclasses provide specialized behaviors from the basis of common elements provided by the
superclass. Through the use of inheritance, programmers can reuse the code in the superclass many
times.

« Programmers can implement superclasses called absiract classesg that define "generic" behaviors.

The abstract superclass defines and may partially implement the behavior but much of the classis
undefined and unimplemented. Other programmersfill in the details with specialized subclasses.
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What Is an Interface?

In English, an interface is adevice or system that unrelated entities use to interact.
According to this definition, a remote control is an interface between you and atelevision
set, the English language is an interface between two people, and the protocol of behavior
enforced in the military is the interface between people of different ranks. Within the Java
programming language, an interfaceg is a device that unrelated objects use to interact with
one another. Interfaces are probably most analogous to protocols (an agreed-upon behavior).
In fact, other object-oriented languages have the functionality of interfaces, but they call
their interfaces protocols.

The bicycle class and its class hierarchy defines what bicycles can and cannot do in terms of
its "bicycle-ness'. But bicycles interact with the world on other terms. For example, a
bicyclein astoreisan inventory item with aretail price, apart number, apartslist, and so
on. To set or get this sort of information from a bicycle object, an inventory program and the
bicycle class must agree on a protocol of communication. This protocol comesin the form

of an interface, let'scall it | nvent or yl t em that contains method definitions. The

| nvent or yl t eminterface would define methods such asset Ret ai | Pri ce,

get Retai |l Pri ce,andsoon.

To work within the inventory program, the bicycle class must agree to this protocol by
implementing the | nvent or yl t eminterface. When a class implements an interface, the
class agrees to implement all of the methods defined in the interface. Thus, the bicycle class
would haveto implement set Ret ai | Pri ce,get Retai | Pri ce, and soon.

The Benefit of Interfaces

Y ou use an interface to define a protocol of behavior that can be implemented by any class
anywhere in the class hierarchy. Interfaces are useful for the following:

« Capturing similarities between unrelated classes without artificially forcing a class
relationship

« Declaring methods that one or more classes are expected to implement

« Revealing an object's programming interface without revealing its class. (Objects
such as these are called anonymous objects and can be useful when shipping a
package of classes to other developers.)
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Controlling Access to Members of a Class

One of the benefits of classesis that classes can protect their member variables and methods
from access by other objects. Why is thisimportant? Well, consider this. Y ou're writing a
class that represents a query on a database that contains all kinds of secret information, say
employee records or income statements for your startup company.

Certain information and queries contained in the class, the ones supported by the publicly
accessible methods and variables in your query object, are OK for the consumption of any
other object in the system. Other queries contained in the class are there simply for the
personal use of the class. They support the operation of the class but should not be used by
objects of another type--you've got secret information to protect. You'd like to be able to
protect these personal variables and methods at the language level and disallow access by
objects of another type.

In Java, you can use access specifiers to protect both a class's variables and its methods
when you declare them. The Java language supports four distinct access levels for member
variables and methods: private, protected, public, and, if left unspecified, package.

Note: The 1.0 release of the Java language supported five access levels: the
four listed above pluspri vat e protected. Theprivate protected
access level is not supported in versions of Java higher than 1.0; you should no
longer be using it in your Java programs.

The following chart shows the access level permitted by each specifier.

Specifier class | subclass | package | world
private X
protected | X X* X
public X X X X
package X X

The first column indicates whether the classitself has access to the member defined by the
access specifier. Asyou can see, aclass aways has access to its own members. The second
column indicates whether subclasses of the class (regardless of which package they arein)
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Controlling Access to Members of a Class

have access to the member. The third column indicates whether classes in the same package
asthe class (regardless of their parentage) have access to the member. The fourth column
indicates whether all classes have access to the member.

Note that the protected/subclass intersection has an *' . This particular access case has a
special caveat discussed in detail |ater.

Let'slook at each access level in more detall.

Private

The most restrictive access level is private. A private member is accessible only to the class
in which it is defined. Use this access to declare members that should only be used by the
class. Thisincludes variables that contain information that if accessed by an outsider could
put the object in an inconsistent state, or methods that, if invoked by an outsider, could
jeopardize the state of the object or the program in which it's running. Private members are
like secrets you never tell anybody.

To declare a private member, usethe pri vat e keyword in its declaration. The following
class contains one private member variable and one private method:

cl ass Al pha {
private int ianprivate;
private void privateMethod() {
Systemout. println("privateMethod");
}

}

Objects of type Al pha can inspect or modify thei anpr i vat e variable and can invoke
pri vat eMet hod, but objects of other types cannot. For example, the Bet a class defined
here:

class Beta {
voi d accessMet hod() {
Al pha a = new Al pha();
a.lanprivate = 10; /1 111l egal
a. privat eMet hod(); /1 111l egal
}
}

cannot accessthei anpri vat e variable or invoke pr i vat eMet hod on an object of type
Al pha because Bet a isnot of type Al pha.

When one of your classes is attempting to access a member varible to which it does not have
access, the compiler prints an error message similar to the following and refuses to compile
your program:

Beta.java: 9: Variable ianprivate in class Al pha not
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accessible fromcl ass Bet a.
a.lanprivate = 10; /1 111l egal
N

1 error

Also, if your program is attempting to access a method to which it does not have access, you
will see acompiler error like this:

Beta.java: 12: No net hod mat chi ng privat eMet hod()
found in class Al pha.

a. privateMet hod(); /1l illegal
1 error

New Java programmers might ask if one Al pha object can access the private members of
another Al pha object. Thisisillustrated by the following example. Suppose the Al pha
class contained an instance method that compared the current Al pha object (t hi s) to
another object based on their i anpr i vat e variables:

class Al pha {
private int ianprivate;
bool ean i sEqual To( Al pha anot her Al pha) {
i f (this.ianprivate == anot her Al pha. i anpri vate)
return true;
el se
return fal se;

}
}

Thisis perfectly legal. Objects of the same type have access to one another's private
members. Thisis because access restrictions apply at the class or type level (all instances of
aclass) rather than at the object level (this particular instance of a class).

Note: t hi s isaJavalanguage keyword that refers to the current object. For
more information about how to uset hi s see The Method Body.

Protected

The next access level specifier is protected, which allows the class itself, subclasses (with
the caveat that we referred to earlier), and all classes in the same package to access the
members. Use the protected access level when it's appropriate for a class's subclasses to
have access to the member, but not unrelated classes. Protected members are like family
secrets--you don't mind if the whole family knows, and even afew trusted friends but you
wouldn't want any outsiders to know.

To declare a protected member, use the keyword pr ot ect ed. First, let'slook at how the
protected specifier affects access for classes in the same package. Consider this version of
the Al pha class which is now declared to be within a package named G- eek and which
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has one protected member variable and one protected method declared in it:

package G eek;

public class Al pha {
protected int ianprotected,
protected void protectedMvet hod() {
Systemout. println("protectedMet hod");
}

}

Now, suppose that the class Ganma was a so declared to be a member of the G eek
package (and is not a subclass of Al pha). The Ganma class can legally accessan Al pha
object'si anpr ot ect ed member variable and can legally invoke its

pr ot ect edMet hod:

package G eek;

cl ass Gamma {
voi d accessMet hod() {
Al pha a = new Al pha();
a.lanprotected = 10; /1 | egal
a. prot ect edMvet hod(); /1 1egal

}
}

That's pretty straightforward. Now, let's investigate how the pr ot ect ed specifier affects
access for subclasses of Al pha.

Let'sintroduce anew class, Del t a, that derivesfrom Al pha but livesin adifferent
package--Lat i n. The Del t a class can access both i anpr ot ect ed and

pr ot ect edMet hod, but only on objects of type Del t a or its subclasses. TheDel t a
class cannot accessi anpr ot ect ed or pr ot ect edMet hod on objects of type Al pha.
accessMet hod in the following code sample attempts to access thei anpr ot ect ed
member variable on an object of type Al pha, whichisillegal, and on an object of type
Del t a, whichislegal. Similarly, accessMet hod attempts to invoke an Al pha object's
pr ot ect edMet hod whichisasoillegal:

package Lati n;
I nport G eek. *;

cl ass Delta extends Al pha {
voi d accessMet hod( Al pha a, Delta d) {

a.ianprotected = 10; /1 111l egal
d.ianprotected = 10; /'l | egal
a. prot ect edMet hod() ; /1 111l egal
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d. pr ot ect edMet hod() ; /1 |egal

}
}

If aclassis both a subclass of and in the same package as the class with the protected
member, then the class has access to the protected member.

Public

The easiest access specifier ispubl i c. Any class, in any package, has accessto aclass's
public members. Declare public members only if such access cannot produce undesirable
resultsif an outsider uses them. There are no personal or family secrets here; thisis for stuff
you don't mind anybody else knowing.

To declare a public member, use the keyword publ i c. For example,

package G eek;

public class Al pha {
public int ianpublic;
public void publicMethod() {
Systemout . println("publicMthod");
}

}

Let'srewrite our Bet a class one more time and put it in a different package than Al pha
and make sure that it is completely unrelated to (not a subclass of) Al pha:

package Roman;
| nport G eek. *;

class Beta {
voi d accessMet hod() {
Al pha a = new Al pha();
a.lanmpublic = 10; /'l | egal
a. publ i cMet hod() ; /'l | egal
}
}

Asyou can see from the above code snippet, Bet a can legally inspect and modify the
I anpubl i ¢ variablein the Al pha class and can legally invoke publ i cMet hod.

Package
The package access level iswhat you get if you don't explicitly set a member's access to one

of the other levels. This access level alows classes in the same package as your classto
access the members. Thislevel of access assumes that classes in the same package are

http://java.sun.com/docs/books/tutorial/java/javaOO/accesscontrol.html (5 of 6) [3/15/2000 2:38:00 PM]



Controlling Access to Members of a Class

trusted friends. Thislevel of trust islike that which you extend to your closest friends but
wouldn't trust even to your family.

For example, this version of the Al pha class declares a single package-access member
variable and a single package-access method. Al pha livesin the G eek package:

package G eek;

class Al pha {
I nt | anpackage;
voi d packageMet hod() {
System out . println("packageMet hod");
}

}

The Al pha class has access both to i anpackage and packageMet hod. In addition, all
the classes declared within the same package as Alpha also have accessto i anpackage
and packageMet hod. Suppose that both Al pha and Bet a were declared as part of the
G eek package:

package G eek;

cl ass Beta {
voi d accessMet hod() {
Al pha a = new Al pha();

a. i anpackage = 10; /'l | egal
a. packageMet hod() ; /'l | egal
}
}
Bet a can legally accessi anpackage and packageMet hod as shown.
"ﬁ T:}_{::. ..:i Start of Tutorial > Start of Trail > Start of Lesson - eedbacksl.iarTri:
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Understanding Instance and Class Members

When you declare a member variable such asaFl oat inMyCl ass:

class Myd ass {
fl oat aFl oat;
}

you declare an instance variable. Every time you create an instance of aclass, the runtime
system creates one copy of each the class'sinstance variables for the instance. Y ou can access an
object's instance variables from an object as described in Using Objectsé.

Instance variables are in contrast to class variables (which you declare using thest at i ¢
modifier). The runtime system allocates class variables once per class regardless of the number
of instances created of that class. The system allocates memory for class variables the first time it
encounters the class. All instances share the same copy of the class's class variables. You can
access class variables through an instance or through the class itself.

Methods are similar: Y our classes can have instance methods and class methods. Instance
methods operate on the current object's instance variables but also have access to the class
variables. Class methods, on the other hand, cannot access the instance variables declared within
the class (unless they create a new object and access them through the object). Also, class
methods can be invoked on the class, you don't need an instance to call a class method.

By default, unless otherwise specified, a member declared within a class is an instance member.
The class defined below has one instance variable--an integer named x--and two instance
methods--x and set X--that et other objects set and query the value of x:

cl ass Anl nt eger NanmedX {
I nt Xx;
public int x() {
return x;
}

public void setX(int newX) ({
X = newx;
}

}

Every time you instantiate a new object from a class, you get a new copy of each of the class's
instance variables. These copies are associated with the new object. So, every time you
instantiate anew Anl nt eger NanmedX object from the class, you get anew copy of x that is
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Understanding Instance and Class Members

associated with the new Anl nt eger NanmedX object.

All instances of a class share the same implementation of an instance method; all instances of
Anl nt eger NanmedX share the same implementation of x and set X. Note that both methods, x
and set X, refer to the object's instance variable x by name. "But", you ask, "if al instances of
AnlntegerNamedX share the same implementation of X and set Xisn't thisambiguous?' The
answer is"no." Within an instance method, the name of an instance variable refers to the current
object's instance variable, assuming that the instance variable isn't hidden by a method
parameter. So, within x and set X, x isequivalenttot hi s. X.

Objects outside of Anl nt eger NanmedX that wish to access x must do so through a particular
instance of Anl nt eger NamedX. Suppose that this code snippet was in another object's
method. It creates two different objects of type Anl nt eger NamedX, setstheir x valuesto
different values, then displays them:

Anl nt eger NanedX nyX = new Anl nt eger NanedX() ;
Anl nt eger NanedX anot her X = new Anl nt eger NanmedX() ;

nyX. set X(1);

anot her X. x = 2;

Systemout.println("myX. x =" + nyX x());
Systemout.println("anotherX. x =" + anotherX x());

Notice that the code used set X to set the x value for my X but just assigned a value to

anot her X. x directly. Either way, the code is manipulating two different copies of x: the one
contained in the my X object and the one contained in the anot her X object. The output
produced by this code snippet is:

myxX.x =1
anotherX. x = 2

showing that each instance of the class Anl nt eger NanmedX hasits own copy of the instance
variable x and each x has a different value.

Y ou can, when declaring a member variable, specify that the variable is a class variable rather
than an instance variable. Similarly, you can specify that a method is a class method rather than
an instance method. The system creates a single copy of aclass variable the first timeit
encounters the class in which the variable is defined. All instances of that class share the same
copy of the class variable. Class methods can only operate on class variables--they cannot access
the instance variables defined in the class.

To specify that a member variableisaclass variable, usethe st at i ¢ keyword. For example,
let's change the Anl nt eger NanedX class such that its x variableis now aclass variable:

cl ass Anl nt eger NanmedX {
static int x;
public int x() {
return x;

http://java.sun.com/docs/books/tutorial/java/javaOO/classvars.html (2 of 7) [3/15/2000 2:39:21 PM]



Understanding Instance and Class Members

}

public void set X(int newX) ({
X = newx;

}

}

Now the exact same code snippet from before that creates two instances of AnlntegerNamedX,
sets their x values, and then displays them produces this, different, output.

mnyxX.x = 2
anotherX. x = 2

The output is different because x isnow aclass variable so thereis only one copy of the variable
and it is shared by all instances of Anl nt eger NanmedX, including ny X and anot her X. When
you invoke set X on either instance, you change the value of x for all instances of

Anl nt eger NanmedX.

Y ou use class variables for items that you need only one copy of and which must be accessible
by all objects inheriting from the class in which the variable is declared. For example, class
variables are often used with f i nal to define constants; thisis more memory efficient than fina
instance variables because constants can't change, so you really only need one copy).

Similarly, when declaring a method, you can specify that method to be a class method rather than
an instance method. Class methods can only operate on class variables and cannot access the
instance variables defined in the class.

To specify that a method is a class method, usethe st at i ¢ keyword in the method declaration.
Let's change the Anl nt eger NanedX class such that its member variable x isonce again an
Instance variable, and its two methods are now class methods:

cl ass Anl nt eger NanmedX {

I nt X;
static public int x() {
return x;
b o |
static public void setX(int newX) ({
X = newx;
}
}
When you try to compile this version of AnlntegerNamedX, the compiler displays an error like
this one:

Anl nt eger NanmedX. java: 4. Can't nmake a static reference to
nonstatic variable x in class AnlntegerNanedX.

return Xx;
A

Thisis because class methods cannot access instance variables unless the method created an
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instance of Anl nt eger NanmedX first and accessed the variable through it.
Let'sfix Anl nt eger NamedX by making its x variable a class variable:
cl ass Anl nt eger NanmedX {

static int Xx;
static public int x() {

return x;

b S |

static public void setX(int newX) {
X = newx;

}

}

Now the class will compile and the same code snippet from before that creates two instances of
Anl nt eger NanmedX, setstheir x values, and then prints the x values produces this output:

myxX.x = 2
anotherX. x = 2

Again, changing x through nmy X also changesit for other instances of Anl nt eger NanedX.

Another difference between instance members and class members is that class members are
accessible from the class itsalf. Y ou don't need to instantiate a class to access its class members.
Let's rewrite the code snippet from before to access x and set X directly from the

Anl nt eger NanmedX class:

Anl nt eger NanmedX. set X( 1) ;
System out. println("AnlntegerNanedX. x = " + Anlnt egerNanmedX. x());

Notice that you no longer have to create my X and anot her X. You can set X and retrieve x
directly from the Anl nt eger NamedX class. Y ou cannot do this with instance members, you
can only invoke instance methods from an object and can only access instance variables from an
object. Y ou can access class variables and methods either from an instance of the class or from
the classitself.

Initializing Instance and Class Members

Y ou can use static initializers and instance initializers to provide initial valuesfor class and
instance members when you declare them in a class:

cl ass BedAndBr eakfast {
static final int MAX CAPACITY = 10;
bool ean full = false;

}

Thisworks well for members of primitive data type. Sometimes, it even works when creating

http://java.sun.com/docs/books/tutorial/java/javaOO/classvars.html (4 of 7) [3/15/2000 2:39:21 PM]



Understanding Instance and Class Members

arrays and objects. But this form of initialization has limitations, as follows:

1. Initializers can perform only initializations that can be expressed in an assignment
Statement.

2. Initializers cannot call any method that can throw a checked exception.

3. If theinitializer calls amethod that throws a runtime exception, then it cannot do error
recovery.

If you have some initialization to perform that cannot be done in an initializer because of one of
these limitations, you have to put the initialization code elsewhere. To initialize class members,
put the initialization code in a static initialization block. To initialize instance members, put the
initialization code in a constructor.

Using Static Initialization Blocks

Here's an example of a static initialization block:

import java.uti1].ResourceBundle;
class Errars {
ztatic RezourceBundle erroritrings;

static {

try |
errorstrings = RezourceBundle.

getBundle("Errorstrings"];
} catch [jawa. util.MizzingRezourceException ] §

£ oerror recovery code here

i

i

Theerror Strings resource bundle must beinitialized in a static initialization block. Thisis
because error recovery must be performed if the bundle cannot be found. Also, error St ri ngs
Isaclass member and it doesn't make sense for it to be initialized in a constructor. Asthe
previous example shows, a static initialization block beginswith the st at i ¢ keyword andisa
normal block of Java code enclosed in curly braces{}.

A class can have any number of static initialization blocks that appear anywhere in the class
body. The runtime system guarantees that static initialization blocks and static initializers are
called in the order (left-to-right, top-to-bottom) that they appear in the source code.

Initializing Instance Members

If you want to initialize an instance variable and cannot do it in the variable declaration for the
reasons cited previously, then put the initialization in the constructor(s) for the class. Suppose the
error Strings bundlein the previous example is an instance variable rather than a class
variable. Then you'd use the following code to initiaize it:

i nport java.util.ResourceBundl e;
class Errors {
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Resour ceBundl e error Strings;
Errors() {
try {
errorStrings = ResourceBundl e.
getBundl e("ErrorStrings");
} catch (java.util.M ssingResourceException e) {
/'l error recovery code here
}

}
}

The code that initializeser r or St r i ngs isnow in aconstructor for the class.

Sometimes a class contains many constructors and each constructor allows the caller to provide
initial values for different instance variables of the new object. For example,
j ava. awt . Rect angl e hasthese three constructors:

Rect angl e() ;
Rectangl e(int width, int height);
Rectangle(int x, int y, int wdth, int height);

The no-argument constructor doesn't let the caller provide initial values for anything, and the
other two constructors let the caller set initial values either for the size or for the origin and size.
Yet, all of the instance variables, the origin and the size, for Rect angl e must be initialized. In
this case, classes often have one constructor that does all of the work. The other constructors call
this constructor and provide it either with the values from their parameters or with default values.
For example, here are the possible implementations of the three Rect angl e constructors
shown previously (assume x, y, w dt h, and hei ght are the names of the instance variables to
be initialized):

Rect angl e() {
this(0,0,0,0);
}

Rectangl e(int wdth, int height) {
t hi s(0, 0, w dt h, hei ght);
}

Rectangle(int x, int y, int wdth, int height) {
this.x = Xx;
this.y =vy;
this.width = wi dth;
t hi s. hei ght = hei ght;
}
The Java language supports instance initialization blocks, which you could use instead.
However, these are intended to be used with anonymous classes, which cannot declare
constructors.

The approach described here that uses constructors is better for these reasons:

« All of theinitialization code is in one place, thus making the code easier to maintain and
read.

http://java.sun.com/docs/books/tutorial/java/javaOO/classvars.html (6 of 7) [3/15/2000 2:39:21 PM]



Understanding Instance and Class Members

o Defaults are handled explicitly.

« Constructors are widely understood by the Java community, including relatively new Java
programmers, while instance initializers are not and may cause confusion to others reading

your code.
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Using Objects

Once you've created an object, you probably want to use it for something. Y ou may need
information from it, want to change its state, or have it perform some action.

Objects give you two ways to do these things:
1. Manipulate or inspect its variables.
2. Call its methods.

Referencing an Object's Variables

The Cr eat e(bj ect Denp program creates arectanglenamedr ect _t wo. The
constructor used to create that rectangle initializes the rectangle's origin to O, O. Later the
program changes the rectangl€'s origin with this statement:

rect _two.origin = origin_one;
This statement moves the rectangle by setting its point of origin to a new position.
rect _two.originisthenameofrect two'sori gi nvariable. You can usethese
kinds of object variable names in the same manner as you use other variables names. Thus,
as in the previous example code, you can use the = operator to assign avalueto
rect _two.origin.

The Rect angl e class hastwo other variables-- wi dt h and hei ght -- that are accessible
to objects outside of the class. The program displays them with this code:

Systemout.println("Wdth of rect _one: " + rect_one.w dth);
Systemout. println("Height of rect _one: " + rect_one. height);

In general, to refer to an object's variables, append the name of the variable to an object
reference with an intervening period (.):

obj ect Ref erence. vari abl e

Thefirst part of the variable's name, obj ect Ref er ence, must be areferenceto an
object. Y ou can use an object name here just as was done in the previous examples with
rect . You aso can use any expression that returns an object reference. Recall that the new
operator returns areference to an object. So you could use the value returned from newto
access anew object's variables:
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hei ght = new Rect angl e() . hei ght;

This statement creates anew Rect angl e object and immediately gets its height.
Effectively, the statement calcul ates the default height of aRect angl e. Note that after this
statement has been executed, the program no longer has a reference to the Rect angl e that
was created because the program never stored the reference in avariable. Thus the object
becomes eligible for garbage collection.

Here's afinal word about accessing an object's variables to clear up a point of some
confusion that beginning Java programmers often have. All objects of the same type have
the same variables. All Rect angl e objectshaveori gi n,w dt h, and hei ght variables
that they got from the Rect angl e class. When you access a variable through an object
reference, you reference that particular object's variables. Suppose that bob isalso a
rectangle in your drawing program and it has a different height and width thanr ect . The
following instruction calculates the area of the rectangle named bob, which differs from the
previous instruction that calculated the areaof r ect :

area = bob. hei ght * bob.w dt h;

Calling an Object's Methods

Tomover ect toanew location using its move method, you write this:

rect.nove(15, 37);

This Java statement callsr ect 's nove method with two integer parameters, 15 and 37. It
movesther ect object becausether ect method assigns new valuestoori gi n. x and
ori gi n.y andisequivalent to the assignment statement used previously:

rect.origin = new Point (15, 37);

The notation used to call an object's method is similar to that used when referring to its
variables: Y ou append the method name to an object reference with an intervening period
(). Also, you provide any arguments to the method within enclosing parentheses. If the
method does not require any arguments, use empty parentheses.

obj ect Ref er ence. net hodNane(ar gunent Li st) ;
or
obj ect Ref er ence. net hodNane() ;

As stated previoudly in thislesson, obj ect Ref er ence must be areference to an object.
Y ou can use a variable name here, but you also can use any expression that returns an object
reference. The new operator returns an object reference, so you can use the value returned
from newto call anew object's methods:

new Rect angl e(100, 50).area()
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The expressionnew Rect angl e( 100, 50) returnsan object reference that refersto a
Rect angl e object. As shown, you can use the dot notation to call the new Rect angl e's
ar ea method to compute the area of the new rectangle.

Some methods, like ar ea, return avalue. For methods that return a value, you can use the
method call in expressions. Y ou can assign the return value to avariable, use it to make
decisions, or control aloop. This code assigns the value returned by areato avariable:

I nt areaO Rect angl e = new Rect angl e(100, 50). area();

Remember, invoking a method on a particular object is the same as sending a message to
that object. In this case, the object is the rectangle returned by the constructor.

A Word About Variable Access

Ideal object-oriented programming discourages the direct manipulation of an object's
variables because it would be possible to set the variables to values that don't make sense.
For example, consider the Rect angl e class from the previous section. Using that class,
you can create a rectangle whose width and height are negative, which, for some
applications, doesn't make sense.

Instead of allowing direct manipulation of an its variables, an ideal class provides methods
through which you can inspect or change its variables. These methods ensure that the values
of the variables make sense for objects of that type. So, the Rect angl e classwould
provide methods for setting and getting thew dt h and the hei ght . The methods for
setting the variables would report an error, if the caller tried to set the width or height to a
negative number.

However, in practical situations, it sometimes makes sense to allow direct accessto an
object's variables. For example, both the Poi nt class and the Rect angl e classallow free
access to their member variables. This keeps these classes small and simple. Also, it keeps
them generally useful. Some applications might allow rectangles with negative widths and
heights.

Java provides an access control mechanism whereby classes can determine which other
classes can have direct access to its variables and methods. A class should protect variables
against direct manipulation by other objects if those manipulations could result in values
that don't make sense objects of that type. State changes should then be affected and
therefore controlled by method calls. If an object grants access to its variables, you can
assume that you can inspect and change them without adverse effects. To learn more about
Java's access control mechanism, refer to Controlling Access to Members of a Classe.
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The Method Body

In the code sample that follows, the method bodies for thei sEnpt y and pop methods are
shown in bold:

cl ass Stack {
static final int STACK EMPTY = -1;
(bj ect[] stackel enents;
I nt topel ement = STACK EMPTY;

bool ean i sEmpty() {
I f (topel ement == STACK _EMPTY)
return true;
el se
return fal se;
}
Qoj ect pop()
i f (topel ement == STACK _EMPTY)
return null;
el se {
return stackel enents[topel enent--];
}

}
}

Besides regular Java language elements, you can uset hi s in the method body to refer to
members in the current object. The current object is the object whose method is being
called. You can also use super to refer to membersin the superclass that the current object
has hidden or overridden. Also, a method body may contain declarations for variables that
are local to that method.

this

Typically, within an object's method body you can just refer directly to the object's member
variables. However, sometimes you need to disambiguate the member variable name if one
of the arguments to the method has the same name.

For example, the following constructor for the HSBCol or classinitializes some of an
object's member variables according to the arguments passed into the constructor. Each
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argument to the constructor has the same name as the object's member variable whose initial
value the argument contains.

cl ass HSBCol or ({
I nt hue, saturation, brightness;
HSBCol or (int hue, int saturation, int brightness) {
t hi s. hue = hue;
this.saturation = saturation;
this. brightness = brightness;
}

You must uset hi s inthis constructor because you have to disambiguate the argument hue
from the member variable hue (and so on with the other arguments). Writing hue =

hue; makes no sense. Argument names take precedence and hide member variables with
the same name. So to refer to the member variable you must do so through the current
object--t hi s--explicitly.

Some programmers prefer to aways uset hi s when referring to a member variable of the
object whose method the reference appears. Doing so makes the intent of the code explicit
and reduces errors based on name sharing.

You can also uset hi s to call one of the current object's methods. Again thisisonly
necessary if there is some ambiguity in the method name and is often used to make the
intent of the code clearer.

super

If your method hides one of its superclass's member variables, your method can refer to the
hidden variable through the use of super . Similarly, if your method overrides one of its
superclass's methods, your method can invoke the overridden method through the use of
super.

Consider thisclass:

class ASi || yd ass {
bool ean aVari abl e;
voi d aMet hod() {
aVariable = true;
}

}

and its subclass which hidesaVar i abl e and overrides aMet hod:

class ASillierd ass extends ASi|lyd ass {
bool ean aVari abl e;
voi d aMet hod() {
aVari abl e = fal se;
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super . aMet hod() ;
System out. println(aVari abl e);
System out. printl n(super.aVari abl e);

}
}
First aMet hod setsaVar i abl e (theonedeclaredin ASi | | i er O ass that hidesthe
onedeclared in ASi | | yCl ass) tof al se. Next aMet hod invoked its overridden method
with this statement:

super . aMet hod() ;

This sets the hidden version of theaVar i abl e (theonedeclaredin ASi | | yCl ass) to
t r ue. Then aMet hod displays both versions of aVar i abl e which have different values:

fal se
true

Local Variables

Within the body of the method you can declare more variables for use within that method.
These variables are local variables and live only while control remains within the method.
Thismethod declaresalocal variablei that it usesto iterate over the elements of its array
argument.

(bj ect findObjectlnArray(Object o, Cbject[] arrayd Objects) {
int i; /1l 1ocal variable
for (i =0; 1 < arrayOQojects.length; i++) {
I f (arrayOF (bjects[i] == 0)

return o;
}
return null;
}
After this method returns, i no longer exists.
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