Chapter 04

Responding to Action Events

Goal: The Japanese Counting Program

You have built applets that can do some interesting things, but they still lack one very important feature.  None of your earlier efforts has been able to respond to user input.  Of course, interactivity is one of the reasons to use Java in the first place, so it is clearly an important skill to learn.  In this chapter you write applets that respond to a series of very important events called actions.
***PD: please insert figure jafe0401.pcx screen shot of Counting in initial state

[H3][1]One label for output

[H3][2]The label has been cleaned up a bit (Larger font, yellow background)

[H3][3]Four buttons, each labeled with a number in English

***PD: please insert figure jafe0402.pcx screen shot of counting after pressing button three

[H3][1]When button three is pressed, the label is changed to the Japanese word for Three (in Roman characters)

[H3][2]Whichever button is pressed will cause the appropriate Japanese word to appear in the output label

Intermediate Goal: the “Don’t Click Me” Applet

The counting applet will not be terribly difficult, but it does involve a number of new concepts.  It is very common for programmers to choose an intermediate goal or two along the way.  It’s a good idea to start by writing a program with only one button, and once that is working, move on to dealing with two buttons, and any other number of buttons.

***PD: please insert figure jafe0403.pcx screen shot of Click.java in default state

[H3][1]Yellow Output Label

[H3][2]Grid with one column

[H3][3]20 point bold sans serif font

[H3][4]Note initial value of output label

***PD: please insert figure jafe0404.pcx screen shot of Click.java after clicking on the button

[H3][1]The label’s text has been changed.

Event-driven programming

Programming languages have evolved to meet the changing types of user interactions.  Graphic environments such as the Worldwide Web require a special kind of programming called the event-driven model.  In general, the user or the operating system triggers certain events, and programs are designed to respond to these events.  

Objects and events

You have already done some event-driven programming earlier in this book.  In Java, when an event occurs, it usually causes some kind of method to run.  For example, the Applet object has an init event.  This occurs whenever an applet is initialized (or first started up).  When you extend the applet, you can override the init() method.  Any code you place in your own init() method will occur in response to the initialization of the Applet.  The Applet class has a few other built-in event methods that you will deal with in later lessons.  In addition to the built-in events, Java allows you to customize your programs so they can respond to all kinds of other events.  Today you are looking at how to respond to a button click event, which Java calls an action event.

***PD: begin sidebar

Event-driven programming and the “main loop”

If you have done some programming in a traditional language such as C or Basic, you might wonder why I haven’t mentioned loops yet.  If you think about it, the programs you are looking at this week appear to already have looping behavior built in.  The program waits for user input (clicking on a button) and responds, then it keeps looking until it is stopped.  Essentially, event-driven languages already have a built-in main loop.  You will find that you use loops far less frequently in event-driven programming than you did in the older procedural languages.

***PD: end sidebar

Adding the event Package

***PD: please insert figure jafe0405.pcx Click.java in notepad highlight the import java.awt.event.*

[H3][1]Normal import of java.awt.*, java.applet.*;

[H3][2]Add java.awt.event.*

This package will give us access to a number of event classes and interfaces

[H3][3]Note that java.awt.* does not include java.awt.event.*

Event and listener classes

In Java, nearly everything is an object.  Even events are considered objects.  

***PD: please insert figure jafe0406.pcx help screen focus on interface and class panel of java.awt.event.

 [H3][1]The ActionListener interface

This gives its descendants the ability to respond to action events, like button presses.

[H3][2]The ActionEvent event

When an action event happens, all of the information about the event (what got clicked, whether Ctrl or Alt were held down, and so on) is encapsulated into an ActionEvent object.  You’ll see in a couple of minutes.

Listener interfaces

Some object oriented languages allow an object to have more than one parent class.  This event stuff would appear to be a good time for such behavior, as you want your object to simultaneously know how to act like an applet and how to respond to action events.  Java does not allow this multiple inheritance, because it can be very difficult to implement cleanly.  A Java class can only have one parent.  Java gets around this problem by having a special set of “pseudo-classes” called interfaces.  A class can only have one parent, but it can be related to as many interfaces as you want.  Although there are classes to handle event listening (called adapter classes), most of the time you will use an interface as we do in this example.

Implementing the ActionListener Interface

***PD: please insert figure jafe0407.pcx source of Click.java focus on extends applet implements actionListener

[H3][1]This class is an extension of the Applet class.

Applet is the parent class.

[H3][2]It also has characteristics of the ActionListener interface

If Applet is the parent, ActionListener is like an uncle.

The job of the actionListener

The actionListener interface does only one thing for you, but it is a very important task.  It causes your applet to listen for button presses.  If any button on your applet is pressed, it will run whatever code is in your actionPerformed() method.  So, whenever you implement ActionListener, you must also have an actionPerformed() method.  

Moving Component Definition to the Instance Level

***PD: please insert figure jafe0408.pcx source of Click.java emphasis on component creation statements

Previously you have defined all your components (labels, buttons, and so on) directly before placing them, usually in the init() method.  In larger programs, it usually makes more sense to place any code which will generate components inside the class definition, but outside any particular method definition.

Component Scope

Components can be a little like Police officers in one respect.  Some officers are local cops.  They specialize in a neighborhood or two, and really know that territory.  Other Police Officers, such as State Troopers, are involved in enforcing laws that commonly cross local jurisdictions.  In the same way that it makes sense to give different kinds of law enforcement officials different scope, components can be defined inside methods, or at the class level.  Because you will probably want all of your methods to be able to interact with your components, it probably makes sense to define components inside the class definition, but not in any methods.  This placement is called Instance-level scope.

Setting up an applet-wide font

***PD: please insert figure jafe0409.pcx source of Click.java with emphasis on this.setFont

[H3][1]the this keyword

is a reference to the “Click” class itself.  Click is a derivative of Applet, so it will have any methods of Applet or its parents.

[H3][2]setFont

The Applet class has component as one of its distant ancestors.  (Look at the online help to confirm this)  This means that you can apply any of the methods of component to the applet itself.  So, you can apply the setFont() method.  In an applet, the setFont() method will set the default font of any of the applet’s components.  This makes it easy to change all of the fonts on the applet in one line of code.

Registering Listeners

Some event-driven languages (like the older versions of Java) always listen for every possible event.  For example, such a program might be checking several times per second for a keypress event to occur on a particular label, because it is possible for labels to intercept keypresses.  This can slow down a program considerably, because the computer spends a lot of time searching for events that will rarely happen.  In the current version of Java, the programmer explicitly registers certain events.  You tell Java exactly which events you want to capture, and Java will not waste time or memory on the others.

***PD: please insert figure jafe0410.pcx source of Click.java emphasis on addActionListener method

[H3][1]btnClickMe

Buttons are interesting.  They are completely unnecessary, but every GUI system has them.  A button’s job is to “look clickable”.  Users know they should click on buttons.  In this case, you are guaranteeing that the user will click on the button by forbidding them from doing it.  (Honestly, if you saw a button that said “Don’t click me”, what would be the first thing you did?)

[H3][2]addActionListener

Buttons and a few other objects can register with an actionListener.  You are telling the button that when it is pressed, send an action event to whatever actionListener object we designate in the parentheses

[H3][3]this

Again, this is a placeholder for the current class, in this case Click.  Ordinarily, an applet could not serve as an actionListener, but you implemented the actionListener interface above, so the Click class has characteristics of the Applet class and characteristics of the actionListener interface.  The actionListener gives Click the ability to respond to an action event.

Overriding the actionPerformed method

***PD: please insert figure jafe0411.pcx source of Click.java emphasis on public void actionPerformed

Everything you have done so far has been setting up the applet so that it can respond to an action event.  Now you have to have some code that tells the applet what to do when the event occurs.  Whenever you implement actionListener, you are required to add an actionPerformed method to your class.  This actually makes a lot of sense, because the actionPerformed method is the whole reason you would implement actionListener.  The actionPerformed method in the actionListener interface is blank.  The whole point of actionPerformed() is to be overriden.

[H3][1]Generate an actionPerfomed method

[H3][2]Accept an object which describes the action

[H3][3]Name this object e
The ActionEvent object

To Java, nearly everything is an object.  Even events themselves are objects.  So far, you have extended objects or created new ones.  In this instance, an object is automatically being generated for you.  The ActionEvent object holds information about the event which just occurred.  It is traditional to call event objects e although you can certainly give it a more descriptive name if you wish.  

***PD: please insert figure jafe0412.pcx entire source of Click.java

This is going to be too big to fit in one image.  What should I do?  This will continue to be a problem as the programs get more complex.   -Andy

[H1]Responding to Multiple Actions

Of course, any non-trivial program is likely to have a number of buttons, not just one.  There’s a couple of ways to deal with this situation, but you’ll start with probably the easiest.  Try to build the Counting program with one button.

[H2]Start with what you know

***PD: please insert figure jafe0413.pcx screenshot of Counting1.java default screen

[H3][1]Default output of the label

***PD: please insert figure jafe0414.pcx screenshot of Counting1.java after button is pressed

[H3][1]The ‘one button’ behavior works fine.

[H2]Add a second button

***PD: please insert figure jafe0415.pcx screenshot of Counting2.java default screen

[H3][1]Now there are two buttons

***PD: please insert figure jafe0416.pcx screenshot of Counting2.java after button 1 pressed

[H3][1]Button one has been pressed

***PD: please insert figure jafe0417.pcx screenshot of Counting2.java after button 2 pressed

[H3][1]Button two has been pressed

[H2]Determining Which Button Was Pressed

The program’s behavior has two possible paths.  It should do something when a button is pressed, but what it does depends on which button was pressed.  Somehow there needs to be a mechanism which tells which button has been pressed.  Of course, there is exactly such a method.  Look at the following version of the two button applet code:

***PD: please insert figure jafe0418.pcx source of showAction.java emphasis on actionPerformed method

[H3][1]Make a String(text) object called theCommand

[H3][2]invoke the getActionCommand() method of the ActionEvent object

[H3][3]Put the results of the getActionCommand() in theCommand

[H3][4]Set the output label to whatever is in theCommand

***PD: please insert figure jafe0419.pcx screenshot of ShowAction after button one has been pressed

[H3][1]theCommand is “One” when button “One” is pressed

***PD: please insert figure jafe0420.pcx screenshot of ShowAction after button two has been pressed

[H3][1]theCommand is “Two” when button “Two” is pressed

[H3][2]theCommand will get the name of whichever button was pressed

The if structure

The getActionCommand() method of the ActionEvent object is very useful, because it returns back text describing the name of whatever object triggered the event.  It is possible to explicitly set the actionCommand to something besides the name of the object, but in simple applets like this, the default behavior is just fine.  If you have the name of the button that triggered the action, you know what the user intended to do.  Essentially, this is what you want this version of your program to do:

If the user pressed button One

  Say “Ichi”

Otherwise

  Say “Nii”

Programming languages have a structure designed for exactly this kind of situation, called the if statement.  Take a look at the source code of Counting2.java:

***PD: please insert figure jafe0421.pcx source of If.java with emphasis on actionPerformed method

[H3][1]if

Sets up a branching situtation.

[H3][2]Condition

The stuff inside () is a condition.  It is an expression that can be evaluated to true or false.  If statements are driven by conditions.

[H3][3]theCommand

The button’s name you extracted from the ActionEvent object

[H3][4]equals

Checks to see if the text in theCommand is equal to

[H3][5]”One”

Compare against the literal value “one”

[H3][6]Code to execute if condition is true

Everything between the {} braces will execute only if the condition is true.  If some other button is pressed, nothing will happen yet.

***PD: begin caution

Be very careful about uppercase and lowercase!  “One” is not equal to “one” as far as Java is concerned.  In the examples you have seen so far, where the values we are comparing to came directly from code we wrote, it isn’t too bad. You will find when you start getting input from the user that users are terrible spellers, and you cannot count on them to use any consistent capitalization scheme.

Copy Editor:  You’re probably thinking the same thing about me right now…   (hee hee!)  -Andy

You can do a special kind of case-insensitive comparison to prevent problems like this.  To do so, you would change this condition:

(theCommand.equals(“One”))

 to look like this:

(theCommand.equalsIgnoreCase(“One”))

***PD: end caution

The else clause

Now you can get your applet to behave properly given any particular button press, but you want to be able to check more than one button.  If a particular button is pressed, you want to do something, but if another button is pressed, you want to do something else.  Java supports another command called else which supports exactly this functionality.  Look at the improved code here:

***PD: please insert figure jafe0422.pcx source of counting2.java emphasis on actionPerformed() method

[H3][1]Same if statement

[H3][2]Do this part if theCommand is “One”

[H3][3]Do this part if theCommand is not “One”

[H2]The else-if clause

This is a little better, and it works fine for two buttons, but your final program has four buttons.  Look at this version of the Counting applet source code to see how to deal with this situation:

***PD: please insert figure jafe0423.pcx source of Counting.java with emphasis on actionPerformed method

[H3][1]Same condition

[H3][2]Do this if first condition is true

[H3][3]If first condition was false, try this one

[H3][4]Do this if second condition is true

[H3][5]Else

Do this part if none of the previous conditions were true.  In this particular setting, we should never get here, because all possible values are taken care of.  It is still a good idea to have such a structure here to catch mistakes cleanly. 

[H3][6]Close up the if structure

This informs Java we are done thinking about this particular set of conditions

[H3][7]Indentation

Indentation is no required, but it makes it much easier to see what is going on.  You have a statement inside an if structure, inside a method, inside a class definition.  It is very easy to get confused.  Indentation helps you see where you are in the code.

***PD: begin sidebar

Why not a switch / select case structure?

If you have used another language like Visual Basic or C you might expect to see another kind of structure here which can more efficiently deal with multiple conditions.  Java does have such a structure (switch), but it does not work with String comparisons.  The else if structure will have to do.

***PD: end sidebar

[H1]The big picture

This is beginning to be a substantial applet.  Take a look at the big picture and make sure you understand everything that is going on here.  

***PD: please insert figure jafe0424.pcx source code of Counting.java comments to init

[H3][1]Comments are always important

[H3][2]Import applet, awt, and event handling

[H3][3]Create objects inside the class, but not in a method

***PD: please insert figure jafe0425.pcx source code of Counting.java init to actionPerformed

[H3][1]set a one column grid layout

[H3][2]Add all the components to the layout

[H3][3]Set up an applet-wide default font

[H3][4]Beautify the label

[H3][5]Register the buttons to the listener

***PD: please insert figure jafe0426.pcx source of Counting.java from actionPerformed to end

[H3][1]Find out which button was pressed

[H3][2]Set up if statement looking for first button

[H3][3]Use else if clauses to check other buttons

[H3][4]Use else to check for errors

[H3][5]Close the if structure

[H3][6]Close actionPerformed method

[H3][7]Close up the applet

