Chapter 08

Classes and Constructors

You have already come a long way as a Java programmer, but there are still probably some things about the language that don’t exactly make sense to you.  For example, you might still be a little unclear about exactly what classes are, and how Java really fits together.  In this chapter, you will build a class from the ground up, and learn how you can build completely original objects of your own.

[H1]Goal: Circle3

***PD: please insert figure jafe0801.pcx Screen shot of CircDemo3

[H3][1]This doesn’t look too exciting 

but a lot is going on under the scenes

This applet demonstrates a customized circle class

[H3][2]If the circle is created with the value 8,

it will have a radius of 8

[H3][3]If it is created without a radius at all,

it will have a radius of 10

[H3][4]The radius can be set to other values too,

although you cannot see that from the screen shot

[H2]An applet using a customized class

There are actually two different classes here.  You are looking at an applet, just like all of the programs you have written so far in this book.  The applet contains a special class you will write yourself.  There can be objects in Java which are not applets or components.  You can create any kind of object you want, if you know how.

[H2]Specifying the radius

In your final version of the circle class (at least for this chapter), you will be able to set up the radius of the circle either as the circle itself is created, or after the circle already exists.

[H1]Circle1: The simplest class

***PD: please insert figure jafe0802.pcx source of Circle1.java

[H3][1]You will not need any import statements!

This class will be built from the ground up, although you often will want to import class libraries when you generate classes that are any more complex than this one.

[H3][2]The class is called Circle1

[H3][3]It doesn’t seem to extend anything

For applets, you have been extending the Applet class and often implementing ActionListener, but Circle1 is a much humbler class.  It is not an applet, or anything at all, but an object.

***PD: begin note

Circle1 actually does extend something.  All classes in Java eventually trace their heritage back to the Object class.  Look in the help files to confirm this.  If you do not specify that a class extends something, it will automatically extend Object.  The Object has defines a few methods, such as toString(), which provides some string interpretation of the object.  Since every object in Java is ultimately related to the Object object, every object in Java has a toString() method.  Of course this is true of all of the object methods.

***PD: end note

[H3][4]It contains one float value called radius

[H3][5]radius is an instance variable

Instance variables are variables defined inside the class definition, but not in any particular method.  They are used for any kind of thing that you want the entire class to be able to work with.  In your earlier programs, many of the components were defined as instance variables.  

Melody:  I’m not sure if following is a caution or a sidebar…  -Andy

***PD: begin caution

Don’t over-use instance variables!

Instance variables are nice because they have meaning throughout the class they are defined in.  If a variable is defined inside a method, the other methods do not have access to it.  It might be tempting to just define every single variable in your program as an instance variable, so you don’t have to worry about scope at all.  This can cause significant problems.  You might accidentally create two different variables with the same name, which would cause a lot of confusion.  Having all variables declared in the class definition keeps them farther away from where they are used, which also increases the likelihood of certain kinds of errors.

***PD: end caution

[H1]Circle1Demo

The Circle1 class, fascinating as it may be, is not an applet, and it does not have a user interface.  It can be compiled, but it cannot be run with appletviewer.   Compile it, but don’t make an html page for it.  Circle1 can only be used inside another class.  Take a look at CircDemo1:

***PD: please insert figure jafe0803.pcx source of CircDemo1

[H3][1]imports

This one is an applet, so it needs to import java.awt and java.applet.  There is no need to import java.awt.event, because this particular applet has no events occurring.  The applet does import Circle1, which is the class you just defined in the last program.

[H3][2]Extend Applet because you are making an applet

[H3][3]Create an instance of Circle1

called myCirc

[H3][4]Set the radius to 4.8

[H3][5]Display the radius as a string

[H2]Creating an instance of Circle1

Once you have created a class and compiled it, the class can be imported just like any other Java class.  Labels, buttons, applets, and many other things are simply classes you can import.  Once a class (or the package it is in) is imported, it can be created.  Think back to creating a label.  You used a line like

Label lblHi = new Label();

This is actually a statement that creates a variable.  The first word defines the type of thing you want to build.  The next word is the name you want it to have.  The equals sign stands for “gets” and new Label() means that somehow you will be making a new instance of the Label class.  The key line in CircDemo works pretty much the same way.  You are making a Circle1 object called myCirc, and  telling it to make a new object of the Circle1 type.

[H2]Accessing the radius

Since radius is a public instance variable of the Circle1 class, it can be directly accessed by any program that has an instance of Circle1.  Since CircDemo1 has a Circle1 object named myCirc, these two lines are legal:

myCirc.radius = 3.7f;

float theRadius = myCirc.radius;

You will learn a lot more about the implications of this in the next chapter.

[H2]Limitations of Circle1

Circle1 shows you the basics of making a class, but it is a staggeringly dull class.  Since every circle has a radius, it would be nice to be able to specify the radius as the circle is being created.  

[H1]Adding Constructors: Circle2

One way to add flexibility and control to an object is to give it something called a constructor.  Take a look at CircDemo2 for an example:

***PD: please insert figure jafe0804.pcx screenshot of CircDemo2

[H3][1]myCirc was given one radius as it was created

[H3][2]It got another radius somewhere later in life

***PD: please insert figure jafe0805.pcx source of Circle2

[H3][1]Still has radius as instance variable

[H3][2]Class definition line

[H3][3]No return type

[H3][4]float parameter called localRad

[H3][5]Copy localRad to radius

[H2]The Circle2 Constructor

Circle2 is the name of the class.  You can also have a method with the same name as the class.  This method is called a constructor.  Constructor methods are very special in Java.  They will be enacted whenever a program uses the new keyword.  

A constructor can contain a parameter.  This is the part in parentheses, and contains two parts: a type, and a name.  In this case, 

public Circle2(float localRad)

means that any calls to create a new Circle2 object must have a float value.  This would be legal:

Circle2 myCirc = new Circle2(3.1f);

but this would not:

Circle2 myCirc = new Circle2();

because the Circle2 constructor demands a float value.  As usual, Java is very picky about variable types.  This statement would not work:

Circle2 myCirc = new Circle2(8);

because 8 has no decimal point, and would default to an int type.  myCirc requires a float, not an int.  It would refuse to create an instance of Circle2.

***PD: begin note

Don’t worry.  Later in this chapter you’ll learn how to fix this sad state of affairs.

***PD: end note

[H2]No return type (not even void)

Most of the methods you have built so far have not returned any value, so they have the void return type.  Constructors actually return an instance of the class itself, so they do not have a return type specified.  The class itself is the return type.

[H2]What goes in a constructor

The main job of a constructor is to initialize an object by setting the values of any instance variables.  In this case, the parameter localRad is a placeholder for the value the user wants to use as the starting radius.  localRad is a method-level variable, meaning it will lose its value as soon as the constructor is finished running, so its value is copied over to the instance variable radius.  Instance variables keep their values as long as the instance is alive.

[H1]CircDemo2

***PD: please insert figure jafe0806.pcx source of CircDemo2

[H3][1]This time, new Circle2 requires a float parameter

[H3][2]Print out the starting radius

[H3][3]Change the radius to another value

Note that this time I used the casting technique, just to prove that it works.  

[H3][4]Print out the value of the radius after it has been changed

[H1]Circle3: OverLoaded Constructors

Having a constructor that can only deal with one kind of data can be kind of a pain.  It would be nice if there were more flexibility.  Look again at these two statements:

Label myLabel = new Label();

Label myLabel = new Label(“Hi there!”);

Both statements are legal, although one has no constructors at all, and one accepts a string parameter.  This is because the Label class has two different constructors.  

***PD: please insert figure jafe0807.pcx Help screen of Label class constructors

[H3][1]No parameters at all

[H3][2]One string parameter

[H3][3]String and int parameters

It would be great if the Circle class could come with one constructor that handled a float parameter, and another that could work correctly with no parameters.  This is possible, of course.  Take a look at this applet

***PD: please insert figure jafe0808.pcx screenshot of CircDemo3

[H3][1]Circle3 created with a parameter of 8f

[H3][2]Radius is 8.0 (big surprise)

[H3][3]Circle3 is created with 4 (an int)

You might expect this to generate an error, because radius has been defined as a float value

[H3][4]Radius is 4.0

Somehow, the int value 4 was sent to the radius correctly.

[H3][5]Circle3 is created with no radius

[H3][6]Radius is 10.0

That’s interesting.  Even though no value was sent to the constructor at all, the radius has a legal value.

Look at the source code of Circle3 to see what is happening here:

***PD: please insert figure jafe0809.pcx source of Circle3

[H3][1]Instance variable radius

[H3][2]Same constructor as Circle2

[H3][3]This constructor accepts an int

[H3][4]Cast the int into a float

[H3][5]Assign the new float value to radius

[H3][6]No parameter

[H3][7]preset the radius to 10f

[H2]Making Overloaded Constructors

***PD: please insert figure jafe0810.pcx help screen of Label constructors

[H3][1]Three different constructors

[H3][2]Each has different combination of parameter types

Circle3 has three different constructors.  This enables the programmer to have a lot of flexibility in how he or she creates the object.  Remember that sometimes you wanted to specify the text in a label as you built it, and sometimes you didn’t.  When you specified some text in the new Label(“some text”) line, you were actually calling the “one String parameter” version of the Label class’ constructor.  A programmer using your circle class can choose to build a circle with a float value, an int value, or no value at all, and the program will automatically generate some legal value.  When your class has a series of constructors, and each one has a different combination of parameter types, it is called overloaded constructors.  You can have as many constructors as you want in your class, but each one must have a different combination of parameter types.

***PD: begin note

Creating classes signals a subtle change in the way you think about programming.  In your previous programs, the program itself was going to be what the user saw;  you write applets for users.  When you write non-applet classes, your user is often a programmer (often yourself), not an end user.  This is important, because programmers care about very different things than users do.  Users couldn’t care less about how an object is constructed, or the types of its construction parameters, but these things are critical to programmers.

***PD: end note

[H1]CircDemo3:

Of course, Circle3 means nothing without an applet to place it in.  Take a look at the source code for CircDemo3:

***PD: please insert figure jafe0811.pcx source of CircDemo3

[H3][1]Define myCirc, but do not instantiate it yet.

Huh?  You have made a reference to the myCirc variable, but you have not actually made a myCirc to put in it.  This works a lot like the following line:

String userName = “”;

You have made a line like this when you wanted the username defined, but you did not want it to have a value yet.  The compiler reserves some room in memory for the variable, but does not yet fill it in with any specific value.  In the code here, you have made room for a Circle3 object, but you have not yet created one, because you will do the constructors to do that.  (In fact, you will make myCirc three different times)

[H3][2]Create myCirc using the ‘one float’ parameter set

[H3][3]Create it using the ‘one int’ parameter set

[H3][4]Create it using the ‘no parameters’ set

***PD: begin sidebar

Encapsulation

You might be noticing an important trend here.  As the Circle classes are getting more complex, the CircDemo classes are actually getting simpler.  Having multiple constructors of the Circle class makes it easy to put more of the type conversion stuff in the Circle class, so the CircDemo applet doesn’t have to deal with it.  This is a key feature of object oriented programming, called encapsulation.  The concept is simple:  whenever possible, move code into classes so the main program can be simpler.  As an example of this principle at work, think of the string class.  All of those string manipulation methods are usually functions in other languages.  In Java, they are methods of the String class.  So, if you have an instance of a string object, it already ‘knows’ how to do a number of important manipulations.  The string management functions are encapsulated into the string class. 

***PD: end sidebar

[H2]Adding setter methods

It is nice to be able to specify the radius as you create the circle, but it would also be nice to have the ability to change the radius flexibly after the circle is created.  Take a look at Circle4 to see how this could be done:

***PD: please insert figure jafe0812.pcx source of Circle4 emphasis on setter methods

[H3][1]Same constructors

[H3][2]Set radius using a method that accepts a float

[H3][3]Set radius using a method that accepts an int

The programmer can use the setRadius() method with either an int or a float parameter.  You also might want to set up a bunch of other similar methods, so that any numeric type will work.  If you do this, the programmer doesn’t have to think at all about what type of number he is sending to the setRadius method.  Any number type will do.

[H3][4]The setRadius() method is overloaded

Any method can be overloaded, not just constructors.  This gives you a great deal of flexibility.  The same rules about having varied parameter types apply.

[H3][5]These are setter methods

It is very common to have methods like these.  The entire job of these methods is to appropriately change the value of an instance variable of the class.  They are used to set the value of the instance variable, so they are called setters.  You have already used them.  Think of SetFont, SetText(), and SetAlignment() in the Label class. 

***PD: please insert figure jafe0813.pcx source of CircDemo4

[H3][1]Set up myCirc with default radius

[H3][2]Change the radius with a float parameter

[H3][3]Change the radius with an int parameter

***PD: please insert figure jafe0814.pcx screenshot of CircDemo4

***PD: begin sidebar

Polymorphism

This illustrates another important feature of object oriented programming.  An object can work on many types of input, and automatically provide the appropriate results.  This is one example of a concept called polymorphism.  Building polymorphism into classes, as you are doing in this example, makes them much more powerful, flexible, and easier to use.

***PD: end sidebar

[H2]Creating getter Methods

In addition to methods that allow the user to set some instance variable, Java classes also often have methods that allow the programmer to retrieve the value of the instance variable.  Think of the getText() method of the Label class, for example.  Here is a version of the circle program which includes some getter methods.

***PD: please insert figure jafe0815.pcx source of Circle5 emphasis on getter methods

[H3][1]Everything starts just like Circle4

[H3][2]getRadius() is intended to return a float value

[H3][3]The return statement

is used to send a value back at the end of the method’s action

[H3][4]radius is a float value

… and this version of getRadius returns a float value

[H3][5]This method returns a String

[H3][6]Convert radius to a string value

[H3][7]Send it back

[H2]Returning values

Methods are like tiny little programs.  They can receive data through parameters.  A method can also explicitly send one piece of information back to the program that called it.  The keyword after the word “public” describes the kind of information the method will send back.  Many methods (like init) do not need to return a value, so they are declared with the void keyword.  Other methods are primarily interested in returning values.  For example, the primary purpose of the getText() method of a text field is to return back a string value.  Usually, methods that return values are used in assignment statements, like

String userName = lblName.getText();

or 

float theRadius = myCirc.getRadius();

It generally doesn’t make sense to put any value in the parentheses of a getter method, because it is not intended to do a lot of work, just to return back the value of an instance variable.  

[H2]Getters and Setters in action

Well designed getter and setter methods can make a program much easier to write.  Take a look at CircDemo5:

***PD: please insert figure jafe0816.pcx source of CircDemo5 emphasis on float version of getRadius

 [H3][1]myCirc has radius of 13f

[H3][2]getRadius method returns a float

[H3][3]Put it in a float variable

[H3][4]Convert theRadius to a String

[H3][5]Send the String to the label

***PD: please insert figure jafe0817.pcx source of CircDemo5 emphasis on String version of getRadius

[H3][1]Use the getter method that returns a string

[H3][2]No need for conversion

The circle class ‘knew’ how to send back a string version for easier output.

[H2]A Definition of Objects

The central ideas of instance variables, getters, and setters are a major part of one definition of objects.  Some would say that an object is a collection of data stored in instance variables, and the methods that would be used to manipulate that data.  This is a useful way to think about objects for now, but you will see that they can be much more than simply “smart data”.  

***PD: please insert figure jafe0818.pcx screenshot of CircDemo5

[H1]Review

In this chapter you have experimented with the concept of an instance variable, which is a component, class, or primitive variable defined inside a class, but not in a method.  You have begun to look at how getters can be used to retrieve data from instance variables, and how setters are used to set up a variable.  You have also looked at class constructors, and method overloading. 

