









































Programming in Java

The output produced is:

name is John

name is Jennifer

name is Jennifer Jones
name is null

String is an object type defined in the Java library, and a string literal refers to an object of this type. An object
type is often called a class type. Unlike some languages, a string is not an array of byte nor is it an array of char;
it is a sequence of Unicode characters. The contents of an object of type String cannot be modified.*

In case 1, we define a variable called name. At first glance, we might think that name is a variable of type String
and that it contains the value "John" directly; however, that is not the case. Instead, name is a reference to that
string; that is, name does not actually contain that data, it simply points to that data, which resides elsewhere. (In
the case of a string literal, the data representing that string really has no name.) We say that name is a reference
variable and that its type is "reference to String".

We have seen that the + operator can concatenate string literals and, since a string literal is really a string, that
operator really concatenates strings. However, when doing so, it cannot simply add the second string to the end
of the first (remember, strings are read-only), so in case 2, it creates a new string with the concatenated value.
This new string is then displayed.

In case 3, name is made to refer to a different string. The important thing to understand here is that name "has
been made to point" to a different string; the value of the string "Jennifer" has not been copied anywhere.

In case 4, the two strings are concatenated resulting in a third string to which name is made to point. Because a
string's value is read-only, the second string cannot simply be appended to the end of the first one.

A primitive variable can only ever contain a value of its type. However, a reference variable can hold either a
reference to an object that is assignment compatible with the type of that variable, or the null reference. Case 5
introduces the name null. While this looks like a keyword, it really is referred to as the null literal; in any event,
the word null is reserved. By initializing a reference with the value null, we make it point "nowhere". The
output produced by case 6 shows us that when the value of a reference containing null is used in string
concatenation, the text "null" results.

There can be any number of references to the same object. For example (see directory Rf02):

'The library class StringBuffer is similar to String except that objects of type StringBuffer can have their contents
changed. See §4.10.
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public class Rf@2

{
public static void main(String[] args)
{
String namel = "Mary";
/*¥1*/ String name2 = namel;
/X2*/ String name3 = name2;
1 ”
name1 - “Mary
Al
name2
name3
System.out.println("namel is " + namel);
System.out.println("name2 is " + name2);
System.out.println("name3 is " + name3);
/*3%/ namel = "Jennifer";
13 H b}
name1 Jennifer
11 ”
name2 - “Mary
name3
System.out.println("\nnamel is " + namel);
System.out.println("name2 is " + name2);
System.out.println("name3 is " + name3);
}
}

The output produced is:
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5. Classes

5. Classes

Classes are the key foundation stone of object-oriented programming. By using classes, we can take advantage of
encapsulation, data hiding, inheritance, and polymorphism, the first two of which are discussed in this chapter.

5.1 Introduction

Until now, we have used the keyword class primarily as a means for namespace control; however, now we'll see
how to exploit its full potential. We'll do this by showing how we can define our own object types.

So far, we've been creating variables of primitive types, arrays of those types, and strings. And while we can do
useful programming with these types, eventually we'll need more complex and sophisticated data types. For
example, in a personnel system, we might want an Employee type, containing employee name, address, date of
birth, veteran status, and other descriptive information. In a library catalog system, we'll probably want to keep
track of each book's call number, author, title, year of publication, and the like, in some kind of a Publication type.
Neither of these types can be accommodated directly by the types we have seen.

Throughout this and future sections, we'll use Point as our user-defined type. A Point represents a location in a
two-dimensional plane. This simple type is something with which we can easily relate and it serves nicely to
introduce the class support machinery. Even if you don't write graphics programs, it should be very easy to
extrapolate from the principles learned here.

Let's define our new Point type, and create and manipulate a number of objects of that type (see directory Cl01):

public class Point

{

// instance variables

/*¥1%/ public int x;
/*¥2%/ public int y;
}

The first thing to notice is that in cases 1 and 2, the keyword static has been omitted. Back in §1.15, we learned
that variables defined inside a class (rather than inside a method) and having the modifier static, are class
variables; that is, they are variables belonging to the class as a whole. What we now have is a pair of instance
variables, called x and y. We can create an arbitrary number of Point objects each of which contains an x- and y-
coordinate pair; that is, each instance of class Point contains a unique pair of instance variables, since each Point's
representation is separate from those of all other Points, even for Points that happen to have the same
coordinate values.
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public class Clol

{
public static void main(String[] args)
{
/*¥3%/ Point pl1 = new Point();
/*4*/ System.out.println("pl = (" + pl.x + "," + pl.y + ")");
/*¥5*/ pl.x = 5;
/*6*/ pl.y = 7;
System.out.println("pl = (" + pl.x + "," + pl.y + ")");
JE Point p2 = new Point();
/*8*/ p2.X += -4;
/*9*/ p2.y += 12;
System.out.println("p2 = (" + p2.x + "," + p2.y + ")");
}
}

In case 3, we allocate memory for a Point using new, just like we did for strings in §4.1. Creating an instance of a
class is known as instantiation. By default, all instance variables take on a zero, false, or null value, depending on
their type. Like strings and Points, all objects of user-defined types must be allocated on the heap using new. To
access the instance variables, we simply prefix their names with the name of their parent, as in case 4. Note that
this is different to the way in which we have been accessing class variables, which use the parent class name as
their prefix. A class can have both class and instance variables, as we'll see later; in fact, many of the library
classes do.

It is useful to be able to change the coordinates of a Point after it has been created. This operation is often
referred to as moving the Point, and is done in cases 5 and 6. In case 7, we define a second Point and we translate
that Point in cases 8 and 9. (Translation involves moving by an offset rather than to an absolute new location.)

The output produced by this program is:

pl = (0,0)
pl = (5,7)
p2 = (-4,12)

When we have a general-purpose class such as Point, we very quickly realize that it makes no sense to define
our application program as a method within that class. After all, we likely will write many programs that use this
class and we can't define all our programs inside that class. In any event, we can only have one method called
main having some given signature. As a result, not only do we need to define our application and Point in
different classes, these classes need to be in separate source files.

When defining user-defined types, it is customary to precede the keyword class with the keyword public.
While this is permitted, it is not necessary. We'll discuss this further in §8.2; however, for now, suffice it to say
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that if you declare a class to be public, it must be contained in a source file whose name is exactly the same as
that class, case included.

5.2 Class-Specific Methods

It is tedious to write out the steps to move, translate, and display a Point each time. Also, every application relies
on the fact that a Point contains an x- and a y-coordinate of type int, called x and y, respectively. Therefore, any
change in the way that type is represented will negatively affect those applications. By making the instance
variable private and adding some public methods to class Point, we can deal with it in a more abstract manner.
Now the Point class looks like the following (See directory Cl04):

public class Point

{

// instance variables
private int x;
private int y;

// constructors
public Point(int xor, int yor)

{
X = XOor;
y = yor;
}
public Point()
{
X = 0;
y = 0;
}

By making the instance variables private they can only be accessed by methods within their parent class. This is
known as data hiding, since we hide the representation details of Point from all programs that use it.

The main reason for data hiding is to cater for unanticipated changes. Since we can never say the representation
of an object won't change and we can never say exactly how it might or will change, we should cater for as much
flexibility as possible. That is, assume everything within reason will change.

In the program above, we also see an example of encapsulation, the process by which we associate variables and
methods by defining them in the same class. This allows us to control the access to those variables and methods.

The methods called Point are special. Strictly speaking, they are not really methods but rather, constructors;
however, for all practical purposes, they look like methods—they just have a special name. From this, we can
deduce that, syntactically, a constructor is nothing more than a method that has the same name as its parent
class. The first constructor expects two int arguments, which represent the x- and y-coordinates, respectively,
and it initializes the private fields using those values. A constructor cannot have a return type declared, not even
void. It can contain one or more return statements, however, provided they do not contain an expression.
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