For the sake of example, imagine that our PlaneCircle class needs to know the
distance between the center of the circle and the origin (0,0). We can add another
instance field to hold this value:

public double T;
Adding the following line to the constructor computes the value of the field:

this.r = Math.sqrt(cx*cx + cy*cy); // Pythagorean theorem

But wait; this new field r has the same name as the radius field r in the Circle
superclass. When this happens, we say that the field r of PlaneCircle hides the
field r of Circle. (This is a contrived example, of course: the new field should
really be called distanceFromOrigin. Although you should attempt to avoid it,
subclass fields do sometimes hide fields of their superclass.)

With this new definition of PlaneCircle, the expressions r and this.r both refer
to the field of PlaneCircle. How, then, can we refer to the field r of Circle that
holds the radius of the circle? A special syntax for this uses the super keyword:

T // Refers to the PlaneCircle field
this.r  // Refers to the PlaneCircle field
super.r // Refers to the Circle field

Another way to refer to a hidden field is to cast this (or any instance of the class)
to the appropriate superclass and then access the field:

((Cixcle) this).r // Refers to field r of the Circle class

This casting technique is particularly useful when you need to refer to a hidden
tield defined in a class that is not the immediate superclass. Suppose, for example,
that classes A, B, and C all define a field named x and that C is a subclass of B,
which is a subclass of A. Then, in the methods of class C, you can refer to these
different fields as follows: ‘

X // Field x in class C
this.x // Field x in class C
super.x // Field x in class B
((B)this).x // Field x in class B
((A)this).x // Field x in class A
super.super.x  // Illegal; does not refer to x in class A

You cannot refer to a hidden field x in the superclass of a superclass with
super.super.x. This is not legal syntax.

When a class defines an instance method using the same name, return type, and
parameters as a method in its superclass, that method overrides the n{etlhod of the
superclass. When the method is invoked for an object of the class, it is the new
definition of the method that is called, not the superclass’s old definition. In Java
5.0 and later, the return type of the overriding method may be a subclass of return
type of the overridden method instead of being exactly the same type. This is
known as a covariant return and is described in “Covariant Return Types” in

Chapter 2.

Method overriding is an important and useful technique in object-qriented
programming. PlaneCircle does not override either of the methods defined by
Circle, but suppose we define another subclass of Circle, named Ellipse.” In this
case, it is important for Ellipse to override the area() and circumference()
methods of Circle since the formulas used to compute the area and circumfer-
ence of a circle do not work for ellipses.

Although Java treats the fields and methods of a class analogously in many ways,
method overriding is not like field hiding at all. You can refer to hidden fields
simply by casting an object to an instance of the appropriate superclass, but you
cannot invoke overridden instance methods with this technique. The following
While this difference between method overriding and field hiding may seem
surprising at first, a little thought makes the purpose clear. Suppose we are manip-
ulating a bunch of Circle and Ellipse objects. To keep track of the circles and
ellipses, we store them in an array of type Circle[]. (We can do this because
Ellipse is a subclass of Circle, so all Ellipse objects are legal Circle objects.)
When we loop through the elements of this array, we don’t have to know or care
whether the element is actually a Circle or an Ellipse. What we do care about
very much, however, is that the correct value is computed when we invoke the
area() method of any element of the array. In other words, we don’t want to use
the formula for the area of a circle when the object is actually an ellipse! Seen in
this context, it is not surprising at all that method overriding is handled differ-
ently by Java than is field hiding.

Excerpts from Flanagan, D. (2005). Java in a Nutshell.
Cambridge, MA. O'Reilly.



We started this chapter by describing a class as a collection of data and methods.
One of the important object-oriented techniques we haven’t discussed so far is
hiding the data within the class and making it available only through the methods.
This technique is known as encapsulation because it seals the data (and internal

methods) safely inside the “capsule” of the class, where it can be accessed only by
trusted users (i.e., the methods of the class).

Why would you want to do this? The most important reason is to hide the
internal implementation details of your class. If you prevent programmers from
relying on those details, you can safely modify the implementation without
worrying that you will break existing code that uses the class.

Another reason for encapsulation is to protect your class against accidental or
willful stupidity. A class often contains a number of interdependent fields that
must be in a consistent state. If you allow a programmer (including yourself) to
manipulate those fields directly, he may change one field without changing impor-
tant related fields, leaving the class in an inconsistent state. If instead he has to call
a method to change the field, that method can be sure to do everything necessary
to keep the state consistent. Similarly, if a class defines certain methods for internal
use only, hiding these methods prevents users of the class from calling them.

Here’s another way to think about encapsulation: when all the data for a class is
hidden, the methods define the only possible operations that can be performed on
objects of that class. Once you have carefully tested and debugged your methods,
you can be confident that the class will work as expected. On the other hand, if all
the fields of the class can be directly manipulated, the number of possibilities you
have to test becomes unmanageable.

Other reasons to hide fields and methods of a class include:

+ Internal fields and methods that are visible outside the class just clutter up
the API. Keeping visible fields to a minimum keeps your class tidy and there-
fore easier to use and understand.

« If a field or method is visible to the users of your class, you have to document
it. Save yourself time and effort by hiding it instead.

Excerpts from Flanagan, D. (2005). Java in a Nutshell.
Cambridge, MA. O'Reilly.

All the fields and methods of a class can always be used within the body of the
class itself. Java defines access control rules that restrict members of a class from
being used outside the class. In a number of examples in this chapter, you've seen
the public modifier used in field and method declarations. This public keyword,
along with protected and private, are access control modifiers; they specify the
access rules for the field or method.

A package is always accessible to code defined within the package. Whether it is
accessible to code from other packages depends on the way the package is
deployed on the host system. When the class files that comprise a package are
stored in a directory, for example, a user must have read access to the directory
and the files within it in order to have access to the package. Package access is not
part of the Java language itself. Access control is usually done at the level of
classes and members of classes instead.

By default, top-level classes are accessible within the package in which they are
defined. However, if a top-level class is declared public, it is accessible every-
where (or everywhere that the package itself is accessible). The reason that we've
restricted these statements to top-level classes is that, as we’ll see later in this
chapter, classes can also be defined as members of other classes. Because these
inner classes are members of a class, they obey the member access-control rules.

These access rules apply to members of a class:

+ If a member of a class is declared with the public modifier, it means that the
member is accessible anywhere the containing class is accessible. This is the
least restrictive type of access control.

* If a member of a class is declared private, the member is never accessible,
except within the class itself. This is the most restrictive type of access control.

+ If a member of a class is declared protected, it is accessible to all classes
within the package (the same as the default package accessibility) and also
accessible within the body of any subclass of the class, regardless of the pack-
age in which that subclass is defined. This is more restrictive than public
access, but less restrictive than package access.

+ 1If a member of a class is not declared with any of these modifiers, it has the
deffmlt package access: it is accessible to code within all classes that are
defined in the same package but inaccessible outside of the package.
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