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A Very Graphic
Story

Wow! This looks great.

I guess presentation

really is everything.

Face it, yo U need to make GUIs. If you're bu iIdlng appllcations that other

people are going to use,you need a graphical interface. If you're building programs for yourself.

you want a graphical Interlace. Even if you believe that the rest of your natural life will be

spent writing server-side code, where the client user interlace Is a web page, sooner or later

you'll need to write tools, and you'll want a graphical Interface. Sure, command-line apps are

retro. but not In a good way.They're weak, inflexible, and unfriendly. We'll spend two chapters

working on GUls,and learn key Javalang uage feat ures along the way Includ ing Event

Handling and Inner Classes. In this chapter, we'll put a button on the screen, and make It do

something when you click It. We'll paint on the screen,we'll display a Jpeg image, and we'll even

do some animation.

th is is a new chap ter 353

A-PDF Split DEMO : Purchase from www.A-PDF.com to remove the watermark

http://www.a-pdf.com/?product-split-demo


your first gui

It all starts with aWiMdow
A]Frame is me object that represents
a window on the screen. It's where you
put all the interface things like buttons,
checkboxes, text fields, and so on. It can
have an honest-to-goodness menu bar
with menu items. And it has all the little
wiodowing icons for whatever platform
you're 00, for minimizing, maximizing, and
dosing me window.

TheJFr.ame looks different depending on
the platform you're on, This is aJFrame on
MacOSX:

"If I see one more
command-line app,
you're fired."

"6 60
File Panlc ~Devl ale

'"t c1lc\c me-" @ choose me

~ ~

Making a GUI is easy:

• Make a frame (0 JFrame)
JFrame frame = new JFrame () ;

Put wldge1's it1 the wh,dow
Once you have aJFrame, you can put
things (widgets') in it by adding them
to the JFrame. There are a ton of Swing
components you can add; look for them
in rhe javax.swing package. The most
common include ]Button, JRadioBuHon,
JCheckBox,jLabel,jList,jScroIIPane,
JSlider,JTextArea,]TextFie1d. and
]Table. Most are really simple to use , but
some (likeJTable) can be a bit more
complicated.
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@) Make a widget (button, text field , etc.)
JButton button = new JButton ("clicJc ms");

• Display it C9ive it a size and make iT visible)

frame.setsize(300,300);
frame.setvisible(true);
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Your first &UI: a button Ottafrattte

import javax.swinq.*;

public class SimpleGuil { ~

public static void DlAi.n (String£] &rgll) ( ~ a.....e ar-d a
~ ",a'tt. a Y cb-\Ol.~
~r.ame frame :: new JFrame () ; ~ rc" ('/0'" Ul'l ~aS$ tne hv-cbm t,o~

JButton hutton '" new JButton ("click meN) ; tM W~ '(0" ....,al'l~ 0l'I the h

Let's see what happens when we run It:
%java SimpleGuil

Whoa! That's a
Really Big Rutton.
The button fills all the
available space in the frame.
Later we'll learn to control
where (and how big) the
button is on the frame.
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user Interface events

Jut ttothh1g happetts whett Iclick it...
That's not exactly true. When you press the button it shows that

~pressed'or 'pushed in' look (which changes depending on the
plcttfonn look and feel, but it always does something to show when
it's being-pressed).

The real question is, "How do I get the button to do something
specific when the user clicks it?"

We need two things:

~ A method to be called when the user
clicks (the thing you want to happen as
a result of the button click).

@ A way to know when to trigger
that method. In other words , a way
to know when the user clicks the
buttonl

When the user clicks, we want
to know.

We're interested in the user­
takes-action-on-a-button event.
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Q: Willa button look like a
Windows button when you run on
Wlndows7

i\.: If you want it to. You can
choose from a few~look and
feels~-c1asses in the core library
that control what the interface looks
like. In most casesyou can choose
between at least two different looks:
the standard Java look and feel, also
known asMetal, and the native look
and feel for your platform. The Mac
OSX screens in this book use either
the as x AquQ look and feel, or the
Meta/look and feel.

Q: Can I make a program look
like Aqua all the tJme7 Ellen when
It's runnIng underWindows7

A: Nope. Not all look and feels
are available on every platform. If
you want to be safe,you can either
explicitly set the look and feel to
Metal, so that you know exactly what
you get regardless of where the app
is running, or don't specify a look
and feel and accept the defaults.

Q: 1heard Swing was dog-slow
and that nobody uses It.

A: This was true in the past,
but Isn't a given anymore .On weak
machines, you might feel the pain of
Swing. But on the newer desktops,
and with Java version 1.3 and be­
yond, you might not even notice the
difference between a Swing GUI and
a native GUI.Swing Is used heavily
today, in all sorts of applications.
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First, the button needs to know
that we care.

1) How could you tell a button object that you
care about Its events? That you're a concerned
listener?

Second, the button needs a way
to call us back when a button­
clicked event occurs.

~C'f \l~, I ta--e aW
• ...,~t. haffe¥\S -to yt»-

r>

2) Howwillthe button call you back? Assume
that there's no way for you to tell the button the
name of your unique method (changeltOl.So
what else can we use to reassure the button that
we have a specific method It can call when the
event happens? (hint:think Pet)

Iyour code I
public void changelt() (

button. setText("I' va bean clickedl");

&ettit1g a user evettt
Imagine you want the text on the button to
change from cuck me to I've been clicked when
the user presses the bltton. First we can write a
method that chang51' the text of the button (a
quick look.Jhr.ougfi the API will show you the
method):

But nowwhat? How will we know when this
method should run? How will we know when the
buttonis clidred?

In java, the process of getting and handling a
user event is called event-handling. There are
many different event types inJava, although
most involve GUI user actions. If the user clicks
a button, that's an event. An event that says
-The user wants the action of this button to
happen." If it's a "Slow Tempo" button, the user
wants the slow-tempo action to occur. If it's a
Send button on a chat client, the user wants the
send-roy-message action to happen. So the most
straightforward event is when the user clicked
the button, indicating they want an action to
occur.

With buttons, you usually don't care about any
intermediate events like button-is-being-pressed
and button-is-being-released. What you want to
sa)' to the button is, "I don't care how the user
plays with the button, how long they hold the
mouse over it, how many times they change their
mind and roll off before letting go, etc.Just teD
mewhen the usermeans business! In other words,
don't call me unless the user clicks in a way that
indicates he wants the darn button [0 do what it
says it'll dol"
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event listeners

If you care about the button's events,

"'1W.i~iM"''''''''''''''IIiiII''''''-ii1thatsays,
ClI'm~or your events."

A listener interlace is the bridge between the
',istener (you) and event source (the button).

JTheSwing GUI components are event sources. In Java terms,

an event source is an object that can tum user actions (dick

a mouse, type a key, close a window) into events. And like

virtually everything else in lava, an event is represented as an

object. An object of some event class. Ifyou scan th rough the

j ava.aWl.even t package in the API, you 'I) see a bunch of event

classes (easy to spot-they all have Event in the name). You'll

find MouseEvent, KeyEvent, '-\'indowEvent, ActionEvent, and

several others.

An event source (like a button) creates an event object when the

user does something that matters (like click the button) . Most

of the code you write (and all the code in this book) will receive
events rather than create events. In other words, you'lJ spend

most of your time as an event listenerrather than an event source.

Every event type has a matching listener interface. If you want

MouseEvents, implement the MouseListener interface. Want

WindowEvents? Implement WindowListener. You get the idea.

And remember your interface rules-e-tc implement an interface

you declare that you implement it (class Dog implements Pet) ,

which means you must write implementation methodsfor every

method in the interface.

Some interfaces have more than one method because the

event itself comes in different flavors. If you implement

Mousel.istener, for example, you can get events for

mousef'ressed, mouseReleased, mouseMoved, etc . Each of

those mouse events has a separate method in the interface.

even though they all take a MouseEvent. If you implement

Mousel.istener, the mousePressedO method is called when the

user (you guessed it) presses the mouse. And when the user lets

go, the mouseReleased() method is called. So for mouse events,

there's only one event object; Mouseliveru, but several different

event methods, representing the different types of mouse events.
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\lJhen you imPlement a
listener interface, you. give
the hutton away to call
you hack. The interface is

where the call-hack method
is declared.

<:</nfS.....
Ki ""C8»

eYLl8fener

keyprassed
keYRaJ (kaY£Venlev)

BaSed(ke
keYTYl>&d YEvant ev)

(keYcven/ ev)



How the listener and source
communicate:

"Button, please add me to

your Jist of listeners and call

my actionPerformedO method

when the user cl icks you."

.10Act ionListenef'(<:>0 11...
o~· r"S)

",'"
'0'"

The Listener
If your class wants to know about

a button's ActionEvents,you

implement the ActionLlstener

interface.The button needs to

know you're Interested, so you

register with the button by calling Its

addActionLlstener(this} and passing an

ActionListener reference to It (In this case,

youare the ActIonListener so you pass

this).The button needs a way to call you

back when the event happens, so it calls

the method in the listener Interface. As an

ActionUstener, you must Implement the

interface's sole method, actlonf'erformedt).

The compiler guarantees It.

getting gui

"OK, you're an ActionListener,

so I know how to call you back
when there's an event -- I'll call

the actionPerformedO method

that I knowyou have."

The Event Source
A button is a source of ActionEvents,

so it has to know which objects are

interested llsteners.The button has an

addActionUstenerO method to give

Interested objects (listeners) a way to

tellthe button they're interested.

When the button's

addAetionLlstenerO runs (because

a potential listener invoked it), the

button takes the parameter (a

reference to the listener object) and

stores it in a list.When the user clicks

the button, the button 'fi res' the event

bycal/Jng the actionPerformedO

method on each listener In the list.
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getting events

Getting a button's ActionEvent

•
• Implement the ActionListener interface

I) Register with the button (tell it you
want to listen for events)

• Define the event-handling method (implement
the actionPerformedO method from the
ActionListener interrface)

public static void main (String[] args)
SimpleGuilB qui = new SimpleGuilB();
quLgoO;

<,

tt -- button .addActionListener(this);
I

frame.ge tContentPane() . add (button) ;
frame.setDefaultCloseOperation(JFrame .EXIT_ON_CLOSE) ; . tty~attS

frame. setSize (300 r 300) ; th At:t\O¥IL-is-\:.t"tY '" . t;
frame . setVisible (true) ; \",y\t"'t"t. t tdO ",tt.hod.. ih\S IS ht

. »<:": at..t.io,,?tY~OV'"' d\' ~ "'tt.hod!
• ~ . at..-tv.a\ t>le"t.-haY\ IYI

public void actionPerformed(ActionEvent event) {
button.setText("I've been clicked!");
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llsfetters, Sources, attd Evettfs
For most of your steUar Java career, yO'll will not be the source

\

of events. J

~=\er how much you/ci yourself the center of your social

Get used to it. Your~ to be a goodlistener.

(Which. ifyou do it sincerely, can improve your social life.)

Cb

Source SENDSII
the event

As an e.vent source, my job is to

accept rt9istrations (from listeners),

get events from the. user. and

call the listener's event-handling

method (when the user clicks me)

Event object
HOLDS DATA
about the event

Hey, what about me? rm a player too, you

knowI As an event object, I'm the argument
to the event call-back method (from the

interface) end myjob is to carry data about

'ke event back to the listener.

As a listener, my job is to

Implement the interface,

register with the button, and

provide the event-handling.

Listener GETS the
event
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event handling

Q: Why can't I be a source of events?

..A..: You CAN.We just said that most of the time
you'll be the receiver and not the originator of the
e~nt (at least in the early days of your brilliant Java
care~(he events you might care about
are 'fi red' by classes in the JavaAPI,and all you have
to do Is be a listener for them.You might, however,
design a program where you need a custom event, say,
StockMarket Event thrown when your stock market
watcher app finds something It deems Important. In
that case, you'd make the StockWatcher object be an
event source, and you'd do the same things a button
(or any other source) does-make a listener interface
for your custom event, provide a registration method
(addStockListener()), and when somebody calls It, add
the caller (a listener) to the list of listeners.Then, when
a stock event happens, Instantiate a StockEvent object
(another classyou 'll write) and send It to the listeners
In your list by calling their stockChanged(StockEvent
ev) method. And don 't forget that for every event type
there must be a matching listener Interface (so you'll
create a StockLlstener Interface with a stockChangedO
method),

Q: J don't see the Importanee of the event object
that's passed to the event call-back methods. If
somebody calls my mousePressed method, what
other Info would I need?

A: A lot of the time, for most designs,you don't
need the event object. It's nothing more than a little
data carrier, to send along more info about the event .
But sometimes you might need to query the event for
specific details about the event . For example, If your
mousePressedO method is called, you know the mouse
was pressed. But what If you want to know exactly
where the mouse was pressed? In other words, what If
you want to know the Xand Y screen coordinates for
where the mouse was pressed?

Or sometimes you might want to register the some
listener with multiple objects. An onscreen calculator,
for example, has 10 numeric keys and since they all do
the samething, you might not want to make a separate
listener for every single key.Instead, you might
register a single listener with each of the 10 keys,and
when you get an event (because your event call-back
method is called) you can call a method on the event
object to find out who the real event source was. In
other words, which key sent this event.

Eachof these widgets (user Interface objects) are the
source of one or more events. Match the widgets with
the events they might cause. Some widgets might be a
source of more than one event, and some events can be
generated by more than one widget.

Widgets Event methods

check box wlndowClosing()

text field action Perfonned()

scrolling list ItemStateChanged0

button mousePressed()

dialog box keyTyped()

radio button mouseExlted()

menu Item focusGalned()
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&ettittg back to graphics...
Now that we know a little about how events work (we'll learn
more later), let's get back to putting stuff on the screen.
We'll spend a few minutes playing with some fun ways to get
graphic, before returning to event handling.

Three ways to put things on your GUI:

~etson Q frame
Add buttons, menus, radio buttons, etc.

frame.getcont&ntPane() .add(myButton);

The javax.swing package has more than a dozen

widget types.

• Drow 2t> graphics on Q widget
Use a graphics object to paint shapes.

graphics.fi110val(70,70,lOO,lOO) ;

You can paint a lot more than boxes and circles;

the Java2D API is full of fun, sophisticated

graphics methods. ;'f '\.
/ c.h3~1

<J~ L.,.1\1'ICSS
• C;, sa,.. l)

si ,,/.}J.. es, ~a~"'iC.~,
Qo~) -c: ~c\:t .

• Put Q JPEG on Q widget
You can put your own images on a widget.

qraphics.drawImage(myPic,lO,lO,this);

you are here ~ 363



making a drawing panel

Make your ow., drawi.,g widget
If you want to put your own graphics on the screen, your best
bet is to make your own paintable widget, You plop that widget
on the frame.just like a button or any other widget, but when it
shows up it will have your images on it. You can even make those
images move, in an animation, or make the colors on the screen
change every time you click a button.

"i~i~of cake.

Make a subclass of JPanel and override one
method, palntComponentO.

All ofyour graphics code goes inside the paintComponentO
method. Think of the paintComponentO method as the method
called by the system to say, "Hey widget, time to paint yourself."
If you want to draw a circle, the paintComponentO method will
have code for drawing a circle. When the frame holding your
drawing panel is displayed, paintComponentO is called and your
circle appears. If the user iconifies/minimizes the window, the
JVM knows the frame needs "repair" when it gets de-iconified,
so it calls paintComponentO again. Anytime the JVM thinks the
display needs refreshing, your paintComponentO method will be
called.

One more thing, yflU never call this methodYfnl;T$e1j! The argumeo t

to this method (a Graphics object) is the actual drawing canvas
that gets slapped onto the realdisplay. You can't get this by
yourself; it must be handed to you by the system. You'll see
later, however, that you can ask the system to refresh the display
(repaint() ), which ultimately leads to pai ntComponen t () being

called. J. lc."t~

import java. awt. * i _ ¢(.ob~
, ~ ~oI'

import j avax . swing. *; ~

}
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Futt fhit1Qs to do itt paittfCotMpottet1fU
Let's look at a few more things you can do in paintflomponentj).
The most fun, though, is when you start experimenting yourself.
Try playing with the numbers, and check the API for class
Graphics (later we'll see that there's even more you can do besides
what's in the Graphics class).

~s 't.eYt
~',\t ...a",t. ~

....,ov'(
public void paintComponent (Graphics g) { r I

Image image = new Imagelcon ("catzilla. jpqU) . getImage () ;
J

Paint a randomly-colored circle
on a black background

public void paintComponant(Graphics g)

g.fillReot(O,O,this.getWidth(),

int red = (int) (Math.random() * 255);
int green = (int) (Math.random() * 255);
int blue = (int) {Math.random(} * 255);

Color randomColor = new Color(red, green,
g.setColor(randomColor);
g.fillOval(70,70,lOO,lOO);

~idrf 70 .
f~t to pll(ds fro", fh J t:
J00 .p, ~ke it 100 . t: t"tt, 70 tr

Plxds ~II. pl'l<.e/s ....ide, il"d 0",

getting gui
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pubU.c void pa..intcomponent(G:r:a.phiclI q) ( }-

drawing gradients with Graphics2D

'ehit1d every good c.raphics referettce
is a Oraphies!e object.
The argument to paintComponentO is declared as type
Graphics (java.awt.Graphics).

\
I

So the parameter 'g' IS-AGraphics object. Which means it
couldbe a subclassof Graphics (because of polymorphism).
And in fact, it is.

The object referenced by the tg'parameter is adually an
instance ofthe Graphics2D class.

Why do you care? Because there are things you can do with
a Graphics2D reference that you can't do with a Graphics
reference. A Graphics2D object can do more than a Graphics
object, and it really is a Graphics2D object lurking behind the
Graphics reference.

Remember your polymorphism. The compiler decides which
methods you can call based on the reference type, not the
object type. If you have a Dog object referenced by an Animal
reference variable:

Animal a = new Dog();

You can NOT say:

a.bark () i

Even though you know it's really a Dog back there. The
compiler looks at 'a ', sees that it's of type Animal, and finds
that there's no remote control button for barkr) in the Animal
class. But you can still get the object back to the Dog it really is
by saying:

Doq d "" (Doq) Ai

d.buk () ;

So the bottom line with the Graphics object is this:

If you need to use a method from the Graphics2D class, you
can't usethe the paintComponent parameter ('g') straight
from the method. But you can cast it with a new Graphics2D
variable.

Graphics2D q2d B (Graphics2D) qi
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Methods you can call on 8

Graphics reference:

drawlmageO

drawLlneO

drawPolygon

drawRectO

drawOvalO

fillRectO

fillRoundRect()

setColor()

To cast the Graphlcs2D object to
a Graphlcs2D reference:

Graphics2D g2d = (Graphics2D) g;

Methods you can call on
a Graphlcs20 reference:-

IiII3DRecl0

draw3DRectO

rotate 0

scaleO

sheerO

transformO

selRenderingHlntsO

(these are ~ot t.mr.pltf:t ",ethod lish,
thetk the API .few ",ewe.>
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'ecause life"s too short to paint the
circle asolid color when there"s a
gradient blend waithtg for you.

~ublic void IntComponent(Graphics g) (

Graphic 2D q2d : (Graphics2D) g:
~ tast it so 'Nt tar- tall ~ir-~ tha~

~.iphiul.D roas b~ ~rarhits aocsr-'i.

GradientPalnt gradient: new GradientPaint(70 ,70,Color.blue, 150,150, COlor.orange);

st.rf:j r ~rtih 't ~.~ ~~d;" ~
h~ Poi~t s 4>Jor '''.9 poi,,/; s toJor

~ this sets tht virboaI . 1. L .
d' 1.. falPl~ urush to .i

g2d. aetPaint (gradi.ent) : ~ra I~l;; Ilumd 0+ a solid lolor

g2d.filloval(70,70,100,100);

"'" 1\ OY\S "~i\\
tht ~i\\O~~\(~:~~t~\1:~eo (J'rI 'foVr
the O~d\ ~I~. Lhe ~rddit"t)

. LL...l>Sh u.e- '{. J
yal"~'

~llc void paintComponent(Graphics q) (
Graphics2D g2d = (Graphlcs2D) g;

int red D (lnt) (Math .random() .. 255);
int green: (int) (Math.random() .. 255);
lnt blue e (lnt) (Math .random() .. 255);
Color startColor = new Color(red, green, blue);

red = (lnt) (Math . random () .. 255);
green: (lnt) (Math.random() .. 255);
blue: (lnt) (Math,random() * 255);
Color endColor = new Color (red, green, blue) ;

GradientPalnt gradient = new GradientPalnt(70,70,startColor, 150,150, endColor);
q2d.setPaint(qradient);
g2d.fillOval(70,70,100,100) ;
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events and graphics

,...----- EVENTS--------------,

• To make aGUI, start with a window, usually aJFrame
JFrame frame = new JFrame();

• You can add widgets (buttons, text fields, etc.) tothe
JFrame using:
frame. getcontentPane () .add(button);

• Unlike most other components, the JFrame doesn't let
you add toit directly, so you must add to the JFrame's
content pane.

• To make the window (JFrame) display, you must give It
a size and tell it be visible:
frama.setSize(300,300);
frame.sBtVisihle(true);

• To know when the user clicks a button (ortakes some
other action on the user interface) you need to listen for
a GUI event.

• To listen for an event, you must register your Interest
with an event source.An event source Isthe thing (but­
ton, checkbox,etc.) that 'fires' an event based on user
interaction.

• The listener Interface gives the event source away
tocall you back, because the Interface defines the
method{s) the event source will call when an event
happens.

• To register forevents with asource, call the source's
registration method. Registration methods always take
the form of: add<Event'TYpe>Usfen&r. To register for a
button's ActlonEvents, forexample, call:
button.addActionListener(this);

• Implement the listener interface byimplementing all of
the interface's event-handling methods. Put your event­
handling code inthe listener call-back method. For
ActionEvents, the method is:
publie void actionPerfoCll8d(ActionEvant

event) {
button. setText ("you elicked! ") ;

)

• The event object passed into the event-handler method
carries Information about the event, InclUding the source
ofthe event.
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,---------- GRAPHICS -------,

• You can draw 20 graphics directly on to awidget

• You can draw a,glf or ,jpegdirectly on toawidget

• To draw your own graphics 0ncluding a .gif or .jpeg),
make asubclass ofJPanel and override the paintCom­
ponentO method.

• The paintComponentO method iscalled bythe GUI
system. YOU NEVER CALL ITYOURSELF. The argu­
ment to paintComponentO isa Graphics object that
gives you asurface todraw on, which will end up on
the screen. You cannot construct that object yourself.

• Typical methods tocall on a Graphics object (the paint­
Component paramenter) are:
graphic5.setColor(Color.blue);
g.fillRect(20,SO,lOO,120);

• To draw a .jpg, construct an Image using:
Image ~qe = new DmageIoon("catzilla.
jpg") .getImage();
and draw the Imagine using:
g.drawDmage(image,3,4,this);

• The object referenced bythe Graphics parameter
topalntComponentO isactually an instance ofthe
Graphlcs2D class. The Graphics 20 class has a variety
ofmethods Including:
tiIl3DRect(). draw3DRect(). rotateO. scaleO, shearO,
transformO

• To invoke the Graphics2D methods, you must cast the
parameter from a Graphics object 10 aGraphlcs2D
object
Graphies2D g2d = (Graphics2D) g;
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We catt get att evet1t.
We catt paittt graphics.
&ufcatt we paittt graphics when we get att evettt?
Let's JOOk up an event to a change in our drawing panel. We'll make the circle
chanle colors each time you click the button. Here's how the program flows:

Start the app o The frame is built with the two widgets
(your drawing panel and a button). A
listener is created and registered with
the button. Then the frame is displayed
and it just waits for the user to click.

e The user clicks the button and the
button creates on event object and
calls the listener's event handler.

e The event handler calls repaintO on the
frame. The system calls paintCompone.ntO
on the drawing panel.

o Voila! A new color is painted because
paintComponentO runs again, filling the
circle with a random color.
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building a GUI frame

do you put TWO

things on a frame?

We cover GUI layouts in the nextchapter, but we'll do a
quickie lesson here to get you going. Bydefault, a frame
has five regions you can add to. You can add only onething
to each region of a frame, but don't panic! That one thing
might be a panel that holds three other things including a
panel that holds two more things and ... you get the idea. In
fact, we were 'cheating' when we added a button to the frame
using:

&Ullayouts: putti"g tttore thatt o.,e
widget Ott a frattte

------
dd~u/t ~iOll

Given the pictures on page 351, write the

code that adds the buttonand the panel to

the frame.

-
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The circle changes color each time you
click the button.

import javax.awing.*;
import java .awt .*;
import java .awt.event.*; ~

public class SimpleGui3C (implemants ActionListaner (

JFrame frame;

public static void main (String [] arqs)
SimpleGu13C qui '" new SimpleGui3C():
qui. go (J ;

public void go() {
frame '" new JFrame();
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE) ;

JButton button'" new JButton ("Change colors");
button. addActionListener (this) ; ~ _

MyDrawPanel drawPanel = new MyDrawPanel () ; A
dd tile two wid~e-b (b"i­

frame. ge tContentPane () . add {BorderLayout. SOUTH, button); ~/ k dl'ld d\"..wi,,~ r~l'Iel) to
frame. 98tContentPane () . add (BorderLayout. CENTER, drawPanel); I( ~he two \"e~iOf\.S cJ the
frame. setSize (300,300) ; -tra"'e .
frame. setVisible (true) ;

class MyDrawPanel extends JPanel (

public void paintComponent(GraphicB q) (
/ / Code to 1Ul the oval wl th a random color
/ / See page 347 for the code
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So .,ow we t1eed FOUR widgets

The south button will act as it does now, simply calling repaint 00 the
frame. The second button (which we'll stick in the east region) will
change the text on a label . (A label isjust text on the screen.)

multiple listeners

/ Let's try itwith TWO buttons

(
-

372 chapter 12

label will
~o na-e

e

d__awin~ panel ~oes

~ in the tenu__- ~t>t

toICK-t~n~in~

b~ will ~o htre

Attd we tteed to get
rwo events
Uh-oh.

Is that even possible? How do
Change Label you get two events when you

have only O11C actionPerfonnedO
method?



geWng gui

How do you get actio" eve"ts for two dlffere"t butto".,
whe~ each butto" "eeds to do solttethi"Q dffferettt?

i

I

-.
• option one

Implement two actionPerformedO methods.--
class MyGui implements ActionListener (

II Iota of oode bere and then:

publi~ void actionPerfo~d(ActionEventevent) (

frame. repaint () ; ~ ~t. this is i"'possible'
~ .

public void actionPerformed(ActionEvent event) {
label. setText ("That hurt! /I ) ;

Flaw: You can'ti You can't Implement the same method twice In a Java class. It won't compile.
And even if you could, how wou Id the event source know which of the two methods to call?

• option two
Register the same listener with both buttons.-

class MyGui implements ActionLletaner (
I I declare a bunch of instance variables bere

publi~ void go() (
II build qui
eolorButton ~ new JButeon():
labelButton = new JButton() ;
colorButton. addActionLis tener (th1e) ;~ R.l!~isUr the ~",e lisU-"e"
labelBut ton . addActionLis tener (this) ; l( 'NI8, b~ blottoru
I I more qW. code here . ..

public void actionPerformed(ActionEvant event) {
if (event. gatSource () = colorButton) ( t, ab' ~d.

frama .repaintO;~G.~ t,nt l!'1l!'\tt. ~~8:Pn
elee ( to ~i)\d ov-t. '01". "d lASt

label.setText("That burt!/I); at~\\'( ~·,ye.ci It.. a Lto do­
-lhd-t t.o dl!tid~ ",,"41~

Flaw: this does work, but In moat cases It's not very 00. One event handler
doing many different things means that you have a single method doing many different things.
If you need to change how onesource is handled, you have to messwith everybody's event
handler. Sometimes It is a good solution, but usually it hurts maintainability and extensibility.
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multiple listeners

How do you get actio" evettts for two dffferettt butfotts,
whett each buttott tteeds to do sotltethittQ differettt?

• option three
Create two separate ActlonListener classes

alass MyGui (
JFraIDe frame;
JLabe.l label;
void gui() (

/ J code to instantiate the two listeners and reqister one
1/ wi th the color button and the other with the label button

)

II clos. class

class ColorButtonLiatener implements ActionListaner {
public void actionPer£ol:m8d (ActionEvent event) (

frame. repaint () ;

, WO'I\l wot"k! Tnis tlau dool'l't ha~t a ~e~tr'Cl'lU tp
tl\e 't~a"'t' variable o.f the M'1~\oi dau

cla.ss LabelButtonListener implements ActionLiatener (
public void actionPerfo~(ActionEventevent) (

la.bel.setText( "Tha.t hurt!H);

~ Proble...1n ° I has r
° IS t.. au 1'0 re-tere'lt..e to the variable 'label'

Flaw: these classes won't have access to the variables they need
to act on, 'frame' and 'label'. You could fix It but you'd have to give each ofthe
listener classes a reference to the main GUI class,so that Inside the aetlonPerformedO
methods the listener could use the GUI class reference to accessthe variables of the GUI
class. But that's breaking encapsulatIon, so we'd probably need to make getter methods
for the gul widgets (getFrameO.qetl.abelf), etc.). And you'd probably need to add a
constructor to the listener class so that you can pass the GUI reference to the listener at
the time the listener is Instantiated. And, well, it gets messier and more complicated.

There hQS got to be Qbetter wayl
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inner classes

Itttter class tothe rescue!
You can have one class nested inside another. It's easy.
Just make sure that the definition for the inner class is
inside the curly braces of the outer class.

An inner class gets a special pass to use the outer class's stuff. Even
theprivate stuff. And the inner class can use those private variables
and methods of the outer class as if the variables and members
were defined in the inner class. That's what's so handy about inner
classes---they have most of the benefits of a normal class. but with
special access rights.

Simple inner class:

class MyOuterClass

class MylnnerClass
void goO (

)

{
An inner class can
use aU tIle metltOJs
and ,'at'ial)les of the
outer class, evert till'
lwi"atr ones ,

TIle inner class gets
to use tlto...e "ariahles
anJ metltOds just
as if tile mctltoJ...
and variables wel'C
Jeclat'eJ within tlu~

inner class.

Inner class using an outer class variable

class MyOuterClass {

private int x;

c1809 MylnnerClas8 (
void go () {

x = 42; ~
}

II close inne~ class

II close outer class
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An inner object
shares a special
bond with an
outer object. "

Make an instance of
the inner class, by
usin~ instance
of the outer class.

~ .;p
:Yl'"nner o'O~

<D Make an instance of
the outer class

®

G) The outer and inner objects
are now intimately linked,

A., f.,.,er class it1sfa.,ce tMust be tied to
at1 outer class it1stat1ce*.---Remember, when we talk about an inner class accessing
something in the outer class, we're really talking about an
illstan~ of the inner class accessing something in an instance of
the 0tler class . But which instance?

Can dry arbitrary instance of me inner class access the methods

and ~'l-iables of any instance of me outer class? No!
"-

An inner object must be tied to a spec fie outer object on
the heap.

"There's an exception to this, for a very special case-an Inner class defined
within a static method. BUIwe're nol goIng there, and you might go your enUre
Java life without ever encountering one of these.
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Inner class instances

How to "'ake an instance of an inner class
If you instantiate an inner class from code wilhin an outer class, the instance
of the outer class is the one that the inner object will 'bond' with. For
example, if code within a method instantiates the inner class, the inner
object will bond to the instance whose method is running.

./'

Code in an outer class can instantiate one of its own inner classes, in exactly
the same way it instantiates any other class... new MyInner ()

{ \!is a ro-i'laU
n~~ t.\au t J

private int x; ~ \~fIU "aYiilb\~ ..,.

MyInner inner '" n_ MyInnar 0 ;~ ~dkt dl\ instal'lU 0+ in
11I"tt" dilSS e

class MyOuter

public void doStuff () {

inner .go () ; II _u. _.I .LL(
} ~ ta il ...nnou 01\ "ton

iJ\l'l~ t.\au

MyOuter

Side bar---------------------,

MyInner

MyOuter

-}

II close inner class

class MyInner {
void goO {

2 ('4r"--_

You can Instantiate an Inner Instance from code running outsidethe outer class, but you
haveto usea special syntax. Chances are you'll go through your entireJava life and never
needto makean Innerclass from outside,but just In case you'reInterested...

class Faa {

:publie statie void mairl (String[] arqll) (

MyOutA!llr outarObj '" new MyOutar () ;
MyOuter .MyInner innerObj .. outarObj. new MyInner () i

} II close outer class
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Cllong. LaMI

public void got) (

frame = new JFrame();
frame. setDefaultCloseOperation (JFrame.EXIT_ON_CLOSE) ;

(+,h J to t.he
JButton labelButton = new JButton ("Change Label");~ .,..rttad ere ~assi,,~ .:o..ab O'/'l
labelButton. aCldACtionLilltener(~" LabelLia1:aner () ) ;1 '\ ~"tton'~ \·~h.,.eY ~e~' ta"te o.c

. .J 61S a ",'OJ \Y\1
...e1:.hOU' ~ . t.t \i~t.e"ey c.\ass.

JButton colorButton = new JButton ("Change Circle");~ t.he ilW~'il

colorButton. addActionListener (n_ ColorLiStaMr () ) :

public class TwoButtons

JFr) frame ;

JL~ labAl;
/

~liC static void main CStrinq[) arqs)
TwoButtons qui = new TwoButtODS ();
qui .go () ;

Now we can get the two-button
code working

label = new JLabel("I'm a label");
MyDrawPanel drawPanel = new MyDrawPanel(): TwoButtorlS

object

frams.qetContentpane() . add (BorderLayout. SOOTH, colorButton):
frame.getContentPane() . add(BorderLayout. CENTER, drawPanel) ;
frame.getContentpaneC) . add (BorderLayout. EAST, labelButton) ;
frame.getContentpane() . add (BorderLayout. WEST , label) :

frame.setSize(300,300):
frame.setVisible(true):

ColorListener
object

e:
class Lahelt.1atener ~l.amanta_Ac~_~~ls~~!. (

public void actionPerformed(ActionEvent event) (
lab&l.setTaxt("Ouch! ") :

) , ~ iPl"~ tldSS kPlows
II close inner class ilbowt 'Iabd'

I
II close inner class
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Inner classes

HeadFirst: What makes inner classes important?

Inner object: Where do I start? We give you a chance to

implement the same interface more than once in a class.
Remember, you can't implement a. method more than
once in a normalJava class. But using inner classes, each
inner class can implement the same interface, so you can
have all these diffemu implementations of the very same
interface methods.

HeadFirst: Why would you ever warn to implement the
same method twice?

Inner object: Let's revisit GUI event handlers. Think
about it ... if you want thru buttons to each have a
different event behavior, then use three inner classes, all
implementing Actionl.istener-r-which means each class
gets to implement its own acrionPerformed method.

HeadFirst: So are event handlers the only reason to use
inner classes?

Inner object: Oh, gosh no . Event handlers are just an
obvious example. Anytime you need a separate class, but
still want that class to behave as if it were part of another
class, an inner class is the best-and sometimes only-way
to do it.

HeadFirst: I'm still confused here. If you want the inner
class to behave like it belongs to the outer class, why have
a separate class in the first place? Why wouldn't the inner
class code just be in the outer class in the first place?

Inner object: I just glIl.lt you one scenario, where you
need more than one implementation of an interface. But
even when you 're not wing interfaces, you might need
two different classes because those classes represent two
different tlting.s. It's good 00.

HeadFirst: Whoa. Hold on here. I thought a big part of
00 design is about reuse and maintenance. You know, the
idea that if you have two separate classes, they can each
be modified and used independently, as opposed to stuffing
it all into one class yada yada yada. But with an inner class,
you're still just working with one real class in the end, right?
The enclosing class is the only one that's reusable and

380 chapter 12

Ja¥a·~ed'
This weeks Interview:
Instance of an Inner Class

separate from everybody else. Inner classes aren't exactly
reusable. In fact, I've heard them called "Reuseless­
useless over and over again."

Inner object: Yes it's true that me inner class is not as
reusable, in fact sometimes not reusable at all, because it's
intimately tied to the instance variables and methods of
the outer class. But it-

HeadFirst: -which only proves my point! If they're not
reusable, why bother with a separate class? I mean, other
than the interface issue, which sounds like a workaround
to me.

Inner object: As I was saying, you need to think about
IS-A and polymorphism.

HeadFirst: OK. And I'm thinking about them because...

Inner object: Because the outer and inner classes
might need to pass differtm IS-A tests! Let's start with the
polymorphic GUI listener example. What's the declared
argument type for the button's listener registration
method? In other words, if you go to the API and check,
what kind of thing (class or interface type) do you have to
pass to the addActionLstener() method?

HeadFirst: You have to pass a listener. Something that
implements a particular listener interface, in this case
ActionListener. Yeah, we know all this. What's your point?

Inner object: My point is that polymorphically, you have
a method that takes only one particular rype. Something
that passes the IS-A test for Actionl.istener, But-and
here's the big thing-what if your class needs to be an IS­
A of something that's a cum type rather than an interface?

HeadFIrat: Wouldn't you have your class just extend the
classyou need to be a part of? Isn't mat the whole point
of how subclassing works? If B is a subclass of A, then
anywhere an A is expected a B can be used. The whole
pass-a-Dog-where-an-Animal-is-the-declared-type thing.

Inner object: Yes! Bingo! So now what happens if you
need to pass the IS-A test for two different classes? Classes
that aren't in the same inheritance hierarchy?



HeadFirst: Oh, weU you just, .. hrnmm. I think I'm get­
ting it . You can always implement more than one interface,
but you can extend only one class. You can only be one kind

\of IS-A when it comes to elms types .
\

'Inner object: Well done! Yes, you can't be both a Dog
and a Burton. BUt if you're a Dog that needs to some­
times be a Burton (in order to pass yourself to methods
that take a Buuon), the Dog class (which extends Animal
so it can't extend Burton) can have an inner class that acts
on the Dog's behalf as a Button, by extending Burton,
and thus wherever a Button is required the Dog can
pass his inner Button instead of himself. In other words,
instead of saying x.takebunoruthis), the Dog object calls
x.takeButton(new Mylnnerfluttoru j).

HeadFirst: Can I get a clear example?

Inner object: Remember the drawing panel we used,
where we made our own subclass of JPanel? Right now.
that class is a separate, non-inner, class. And that's fine,
because the class doesn't need sp ecial access to the instance
variables of the main GUI. But what if it did? What if
we're doing an animation on that panel, and it's getting its
coordinates from the main application (say, based on some­
thing the user does elsewhere in the GUI). In that case, if
we make the drawing panel an inner class, the drawing
panel class gets to be a subclass of]panel, while the outer
class is still free to be a subclass of something else.

HeadFirst: Yes I see! And the drawing panel isn't reus­
able enough to be a separate class anyway, since what it's
actually painting is specific to this one GUI application.

Inner object: Yes! You've got it!

HeadFirst: Good. Then we can move on to the nature of
the relatirmshi/J between you and the outer instance.

Inner object: What is it with you people? Not enough
sordid gossip in a serious topic Like polymorphism?

HeadFirst: Hey, you have no idea how much the public is
willing to pay for som e good old tabloid dirt. So, someone
creates you and becomes instantly bonded to the outer
object, is that right?

Inner object: Yes that's right. And yes) some have
compared it to an arranged marriage. We don't have a say
in which object we're bonded to.

HeadFirst: ALight, I'll go with the marriage analogy.
Can you gel a divorce and remarry something else?

Inner object: No, it's for life.

getting gui

HeadFirst: Whose life? Yours? The outer object? Both?

Inner object: Mine. I can't be tied to any other outer
object. My only way out is garbage collection.

HeadFirst: What about the outer object? Can it be
associated with any other inner objects?

Inner object So now we have it. This is what you really
wanted. Yes, yes. My so-called 'mate' can have as many
inner objects as it wants.

HeadFirst: Is that like, serial monogamy? Or can it have
them all at the same rime?

Inner object: All at the same time. There, Satisfied?

HeadFirst: Well, it does make sense. And let's nOI
forget, it wasyou extolling the virtues of "multiple
implementations of the same interface", So it makes sense
that if the outer class has three buttons, it would need
three different inner classes (and thus three different inner
class objects) to handle the events. Thanks for everything.
Here's a tissue.
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Inner classes

Ushtg att itttter class for atthttatiott
We saw why inner classes are handy for event listeners, because
you get to implement the same event-handling method more
than once. But now we'Ulook at how useful an inner class is when
used as a subclass of something the outer class doesn't extend. In
other words. when the outer class and inner class are in different
inheritance trees]

Our goal is to make a simple animation, where the circle moves
across the screen from the upper left down to the lower right,

1.81'1

•
•

How simple animation works

• Paint an object ot a particular x and y coordinate

q.fillOval(20,50,lOO,100) ;
~

t2-0 piuls +r-0I'tI the lett,
c;o ril(~ls ~r-0I'tI the top

• Repaint the object at a differe'1! x and y coordinate

g.fillOval(25,55,lOO,lOO) ;
~

t2? piuls ~rOl'tl the lett, 97
piuls kr-Of'Il -the iof
(the objett ""oved a little
dOWJl a...d to the \"i~nt.>

• Repeat the previous step with changing x and y values
for as long as the animation is supposed to continue.
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Q:Why are we learning about
animation here11 doubt if I'm
going to be making games.

A:vou might not be making
games.but you might be
creatIng simulations, where
things change over time to show
the results of a process.Or you
might be building a visualization
tool that, for example, updates
a graphic to show how much
memory a program is using,
or to show you how much
trafflc is coming through
your load-balancing server.
Anything that needs to take a
set of continuously-changing
numbers and translate them Into
something useful for getting
Informatlon out of the numbers.

Doesn't that all sound business­
like?That's Just theMofficial
justlflcatlon: of course.The real
reason we're covering it here is
Just because it's a simple way
to demonstrate another use
of Inner classes. (And because
we Just likeanimat ion, and our
next Head First book Is about
J2EE and we know we can't get
animation in that one.)
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MyDrawPanel extends JPanel {

public void paintcomponent(Graphics g) {

g.setColor(Color.orange);

g.fillOval(x,y/100,lOO)i

~
eaL\I b",e Y'II"~&:~a'I~t. il

t,d\\ecl. -\:)Ie O"Iil ~
d\~~er",t. \~

w\ we !eally want is something like...

t s s

/

~ your penCil

But where do we get the new x and y
coordinates?

And who calls repaint()?
Seeif you can design a simple solution to get the ball to animate from the top left of the

drawing panel down to the bottom right Our answer Ison the next page,so don't tum

this page until you're done!

Big Huge Hint make the drawi ng panel an inner class.

Another Hint don't put any kind of repeat loop In the palntComponentO method.

Write your Ideas (or the code) here:
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import javax.swing.*;
import java.awt.*;

animation using an inner class

~ complete simple animation code
\)

public olass SimplQAnimation ~ ~yo,U IIOtiab\es ,,, t,hL
",a\c.L t.'WC ,YIS ~ t,hL "" d"d 'I

int x = 70 it~ ",d'l'I ~V.\ daS1. (/f" l.i'f'Ck
tnt y :II 70; ~ ~d"~ ~ t.ht.

public static void main (Strinq[] arqa) (
SimpleAnimation qu.i = new Si.mpleAnimation ();
qui .go () ;

public void go() (
JFrama frame '" MlW JFrame () ;
lrame.setDefaultCloa8Operat!on(JFrama.EXIT_ON_CLOSE)i

MyDrawPanel drawPanel = new MyDrawPanel () ;

traMa.qetcontentpane() . add (dra wPane l ) ;
frame.setSize(300,300);
frame.setVis~le(true);

for (int 1 - 0; i <130; i++) {

}

}/I close got) method

class MyDrawpanel extends JPanel (

public void paintcomponent(Graphics g) I
g.setcolor(Color.qreen);
q.filIOval(x,y,40,40);

II close inner class
II close outer class
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u~. It didn't move••• it smeared.

What di'~e. do wrong?

There's one little flaw in the paintComponentO
method.

We forgot to erase what was
already there! So we got trails.

To fix it, all we have to do is fill in the entire panel with
the background color, before painting the circle each
time. The code below adds two lines at the start of the
method : one to set the color to white (the background
color of the drawing panel) and the other to fill the
entire panel rectangle with that color. In English, the
code below says, "Fill a rectangle starting at x and y of
0(0 pixels from the left and 0 pixels from the top) and
make it as wide and as high as the panel is currently.

e e 6"--- -11--

geWng gui

publio void paintComponent(Graphics q) (
g.setColor(Color .white);
g. fillRect (0 ,0, this . qatWidth 0 , this .qetHeigbtO);

q.aetColor(Color .qreen); ~ 1l
g. fUIOva.l (x, y, 40,40) ; ~etw;dt.h() ar,d 9dl+ti ~t()

~
"'tthod$ il'lhtyoiUd r ~ drt

i"l-0I0I JPal'ItI.

~ IJ : 'Sharpen yu peooIloptional.just for funl
What changes would you make to the x and y coordinates to produce the animations below?
(assumethe first one example moves in 3 pixel Increments)

l[]Q x +3

v--±L
x

y--

2[][3
start finish

'DD
'DO

start finish

'DD

start

start

finish

finish

x

y--

x
v__

start

start

finish

finish

x

y--

x

y--
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beat tow ...

§.~-----1

...•
16 0 B

let's make a music video. We'll use Java-generated ranJom
graphics that keep time with the music beats.

Along tbe way we'll register (and listen lor) a new lund ol
non-GUI event, triggered by the music itseLt.

Reme>r>be-, this paH: is ,)11 orti-al. Bl>t we th irJc. i-t's 500<.\ .fot' yo....
And yo~,.'11 likt it. And y~ tdn~ it to i""f'YW ftoplt.

(Ole, Slol't, it mi5ht wot'k cw.1'I Of> ptoplt who .ll'e I'tally tasy to i"'fl"~
bllt still...)
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OK, maybe not a music video, but we wiUmake
a program that draws random graphics on the
screen with the beat of the music. In a nutshell,
the program listens for the beat of the music
and draws a random graphic rectangle with each
beat.

That brings up some new issues for us. So far,
we've listened for only GUI events, but now
we need to listen for a particular kind of MIDI
event. Turns out, listening for a non-GUI event is
just like listening for GUI events: you implement
a listener interface, register the listener with an
event source, then sit back and wait for the event
source to call your event-handler method (the
method defined in the listener interface) .

The simplest way to listen for the beat of the
music would be to register and listen for the
actual MIDI events, so that whenever the
sequencer gets the event, our code will get it
too and can draw the graphic. But... there's a
problem. A bug, actually, that won't let us listen
for the MIDI events we're making (the ones for
NOTE ON ).

So we have to do a little work-around. There
is another tjpe of MIDI event we can listen
for, called a ControllerEvent. Our solution
is to register for ControllerEvents, and then
make sure that for every NOTE ON event,
there's a matching ControllerEvent fired at
the same 'beat'. How do we make sure the
ControllerEvent is fired at the same time? We
add it to the track just like the other events! In
other words, our music sequence goes like this:

BEAT I - NOTE ON, CONTROLLER EVENT

BEAT 2 - NOTE OFF

BEAT 3 - NOTE ON, CONTROLLER EVENT

BEAT 4 - NOTE OFF

and so on.

Before we dive into the full program, though,
let's make it a little easier to make and add MIDI
messages/ events since in this program, we're
gonna make a lot of them.

getting gu

What the music art program
needs to do:

• Make a series of MIDI messages/
events to play random notes on a piano
(or whatever instrument you choose)

• Register a listener for the events

• Start the sequencer playing

• Each time the listener's event
handler method is called, draw a
random rectangle on the drawing
panel, and call repaint.

We'll build it in three iterations:

• Version One: Code that simplifies mak­
ing and adding MIDI events, since we'll
be making a lot of them.

• Version Two: Register and listen for
the events, but without graphics.
Prints a message at the command-line
with each beat.

• Version Three: The real deal. Adds
graphics to version two.
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Util~ method for evenls
/

At' easier way to 'Make
'Messages / eVet1ts
Right now, making and adding messages and
events to a track is tedious. For each message,
we have to make the message instance (in this
case, ShortMessage), call setMessageO, make a
MidiEvent for the message, and add the event
to the track. In last chapter's code, we went
through each step for every message. That
means eight lines of code just to make a note
play and then stop playingl Four lines to add a
NOTE ON event, and four lines to add a NOTE
OFFevenl

ShortM8ssage a = new ShortMessage();
a.setNessage(144, 1, note, 100);
MidiEvent noteOn :: new MidiEvant(a, 1);
track. add (noteOn) ;

ShortM8ssaqa b = new ShortMessage();
b.setMessagB(128, 1, note, 100);
MidiEvent noteOff = new Mid..iEvent(b, 16);
track.add(noteOff);

Things that have to happen for
each event:

.. Make a message instance
ShortMsssage Drst :: new SbortHessage();

• Call setMessogeO with the instructions
first . setMessage (192, 1, instrument, 0)

(I Make a MidiEvent instance for the message
MidiEvent noteOn '" new MidiEvent(first, 1);

• Add the event to the track

track .add(noteOn);

Let's build a static utility method that
makes a message and returns a MidlEvent

try (

ShortMessllgB a '" new ShortMess&ge () J'
a.setMessag8(Comd, chan, one, two);

event = new MidiEvent (a, ticJc);

public: static MidiEvant makeEvent(int comd, int chan, int one, int two, int tick) (

MidiEvent event = null;

}catch(Exception e) { }

return event;L LL L {a H·di~'w ..t all
~ yn"Yl'I "{;Ilt tVeT\"{; I~I\

loaded lI.y 'With t.ht ...ess.a~()
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public class MiniMUsicPlayer1 {

II end loop

track .add(makeEvent(144,1,i,100,i»;
track.add(makeEvent(128,1,i,lOO,i + 2»;

getting gui

Exatttple: how to use the new static
I\takeEvet1tO tttethod
There's no event handling or graphics here,just a sequence of 15
notes that go up the scale. The point of this code is simply to learn
how to use our new makeEventO method. The code for the next
two versions is much smaller and simpler thanks to this method.

import javax. sound. midi. * ;~ dOhit tot- et
!J the i"'pot-t

public static void main(String[] args) {

try
) a st,~t"t~

Sequencer sequencer = MidiSys tem. getsequencer 0 ; "- av.t (a"d eyt"
L '"sequencer.open(); ~

Sequence seq = new Sequence (Sequence. PPQ, 4); +- ...ake a se,\~nte

Track track = seq.createTrackO; ~ and a hatk

for (int i = 5; i < 61; i+= 4) {~ ...ake a b~nth 0+ events to ...ske the notes keel'
~oin~ ~l' (~YOftl l'iano note .; to l'iano note bD

tall ~r hew rr.akeEventO "'ethod to k
rr.essa~e ahd event th ",a e the
MidiCveht rd;~rh:d /1'1 add the reslA/t (the
the tratk Th i,0rr. rr.akeEvehtW to
NOTE . ese are ,.OTE ON att)

sequencer. setSequence (seq); ~ ta . OFF a29) pairs ahd
sequencer. setTempolnBPM(220) ; s rf. It r .....hih!J
sequencer.start();

} catch (Exception ex) (ex.printStackTrace();}
II close main

public static MidiEvent makeEvent(int comd, int chan, int one, int two, int tick) {
MidiEvent event = null;
try {

ShortMessage a = new ShortMessage();
a.setMessage(comd, chan, one, two);

event = new MidiEvent(a, tick);

}catch(Exception e) { }
return event;

} II close class
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controller events

import javax .sound.Ulidi. *;
public class MiniMuaicPlayer2

public static void main(String[] args) (
~n£MusicPlayer2 mini : new MiniMusicPlayar2();
mini-goO ;

Sequence seq = new Sequence (Sequence. PPQ, 4) ;
Track track = s&q.createTrack();

sequencer.setsequence(seq);
sequencer.setTempoInBPM(220};
sequencer.start() ;

} catch (Exception ax)
II close

(~ -I:h~ CO'I'trol1ty-
L- T'nL ~"ty\t ha"cilty "'~ ~c:t.,i...e 'fo/t. ~d ~e
~ .l \" l_ i,,~-tat~. 1 I"r.(..

~..,e"" 'S""' ·. t. KIl to the tD",,,,a,,a- ,
e..,e"t" '/ole'n F'"

public MidiEvent makeEvent (int cOJDd, int chan, int one, int two, int tick) (
MidiEvent event .. null;
try (

ShortMassage a ~ new ShortNessage():
a. BetM&ssage (comd, chan, on8, two);
evant = new Micli.Event(a, tick);

I catch (Exception e) I }
return event:

}

I II close class
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getting gui

Version Ihree: drawing graphics in thtte with the tltusic
This final version builds on version two by adding the GUI parts. We build a
frame, add a drawing panel to it, and each time we get an event, we draw a
new rectangle and repaint the screen. The only other change from version
two is that the notes play randomly as opposed to simply moving up the
scale.

The most important change to the code (besides building a simple GUI)
is that we make the drawing panel implement the ControllerEventListener
rather than the program itself. So when the drawing panel (an inner class)
gets the event, it knows how to take care of itself by drawing the rectangle.

Complete code for this version is on the next page.

The drawing panel inner class:

I ' a list.eYltV'C Tht clV'a..,iYl~ yaYlt 's

class MyDrawPanel extends JPanel implements ControllerEventListener

boolean msg = false; t-- r'~Lsd: a .fla~ to .faist, a",d ..,~'" Stt it
W 1;1"\Ot OI'Ily wht'" Wt g~t a", ~ve",t.

public void controlChange(ShortMessage event) (
msg = true; f..--..
repaint () ;r- We ~ot a", ~vtnt, so w~ set the .flag to

tl"\Ot and tall l"~pai"'tO

public void paintComponent{Graphics g) {
if (msg) (~

We hav~ to l.lS~ a .fla~ b~tal.lS~ OT»ER th·
a",d w~ want to Dai",i ONL\/ h Lh Iln~sCllli~~~ t\"i~~~\" a \"tpainiO,

r T w tn 1; ere S a OI'IvolJt\"Evtnt
Graphics2D g2 = (Graphics2D) g;

int r = (int) (Math.random{) * 250);
int gr = (int) (Math.random() * 250);
int b = (int) (Math .random() * 250);

g.setColor(new Color(r,gr,b»;

Tht I"est is tod~ to ~t"'t\"aie
a \"andOlll tolO\" and painta
Stllli-\"andolll \"tttan~lt .

int ht = (int) «Math.random() * 120) + 10);
int width = (int) «Math.randomO * 120) + 10);
int x = (int) «Math.random() * 40) + 10);
int y = (int) ({Math.random() * 40) + 10);
g.fillRect(x,y,ht, width);
msg = false;

} II close if
} II close method
II close inner class
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MiniMusicPlayer3 code

import j avax. sound. midi . * ;
import java.io.* ;
import javax.swing.*;
import java.awt.*;

public class Min1MusicPlayer3

~}V~
This is the complete code listing for Version

Three. It builds directoy on Version Two. Try

to annotate it yourself, without looking at the

previous pages.

static JFrame f = new JFrame(~My First Music Video");
static MyDrawPanel ml;

public static void main(String[] args) (
Min1MusicPlayer3 mini = new Min1MusicPlayer3();
mini.goO;

) / / close method

public void setUpGuiO (
ml = new MyDrawPanel();
f.setContentPane(ml) ;
f .setBounds(30,30,300 ,300);
f .setVisible(true) ;

/ / close method

public void qo()
setUpGui();

try {

Sequencer sequencer = MidiSystem.getSequencer();
sequencer.open();
sequencer .addControllerEventListener(ml, new int[] {127»;
Sequence seq = new Sequence(Sequence.PPQ, 4);
Track track = seq.createTrack() ;

int r = 0;
for (int i = 0; i < 60 ; i+= 4)

r = (int) «Math.random() * 50) + 1);
track.add(makeEvent(144,1,r,100,i»;
track.add(makeEvent(176,1,127,0,i»;
track.add(makeEvent(128,1,r,100,i + 2» ;

II end loop

sequencer.setSequence(seq);
sequencer.start();
sequencer.setTempoInBPM(120);

} catch (Exception ex) {ex.printStackTrace() ;}
/ / close method
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exercise: Who Am I

Who am IP

A bunch of Java hot-shots, in full costume, are playIng the party game-Who
am Ir They give you a clue, and you try to guess who they are, based on
what they say. Assume they always tell the truth about themselves. If they
happen to say something that could be true for more than one guy, then
write down all ios whom that sentence applies. Fill In the blanks next to the
sentence with the names of one or more attendees.

Tonight'sattendees:

Any of the charming personalities from this chapter just
might show upl

I got the whole GUI, In my hands.

Every event type has one of these.

The listener's key method.

This method gives JFrame its size.

You add code to this method but never call It.

When the user actually does something, It's an __ .

Most of these are event sources.

I carry data back to the listener.

An addXxxLlstener( ) method says an object is an __ .

How a listener signs up.

The method where all the graphics code goes.

I'm typically bound to an Instance.

The 'g' In (Graphics g), Is really of class.

The method that gets palntComponent( ) roiling.

The package where most of the Swingers reside.
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import javax.swing.*j
import java.awt.event.*;
import java.awt.*;

class InnerButton

JFrame frame;
Jautton bi

public static void main(String II args)
InnerButtan qui = new InnerButton();
guL go () ;

}

public void gal) {
frame = new JFrame();
frame.setDefaultCloseOperation(

JFrame.EXIT_ON_CLOSE);

b = new JButton(UA n
) ;

b.addActionListener()j

frame.getContentPane().add(
BorderLayout.SOUTH, b);

frame.setSize(200,lOO);
frame.setVisible(true)i

}

class BListener extends ActionListener {
public void actionPerformed(ActionEvent e) {

if (b.getText().equals(MAn» {
b.setText(uBn);

} else {
b. setText (UA to) i

}

getting Qui

BE the eomriler
The Java nle on this page represents a
complete source t\le. Your jah is to play
compiler and detertrtine whether this file
will cOl1Ipile. If it won't co11IPile, haw

would you t'xx it, and if it does
compile, what would it do?
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public static void main(String [I args)
InnerButton qui ~ new InnerButton():
qui-go( I:

Who am I?
I got the whole GUI. in my hands. JFrame

Every event type has one of these . listener interface

The listener's key method. actionPerlormed( )

This method givesJFrame its size. setSize( )

You add code to this method but
never call it. paintCompone.nt( )

import javax.swing.*;
import java.awt.event.*;
import java.awt. *J

class InnerButton

JFrame frame;

JButton b;

getting gui

Once this code
is fixed, it will
create a GUI with
a button that
toggles between
A and B when you
click it.

When the user actually does
something, it's an __ event

Most of these are event sources. swing components

I carry data back to the listener; event object

An addXxxListener( ) method
says an obj ect is an _ event source

How a listener signs up. addActionListe.ner( )

The method where all the
graphics code goes. paintComponent( )

public void go(l {
frame = new JFrame();
frame.setDefaultCloseOperation(

JPrame.EXIT_ON_CLOSE) ;

The addActionListener( )
method takes a class that
implements the Actionl.is­
tener interface

b = new JButton("A")j
b. addActionLiBtener( lIiW JLlstettar( I )l

I'm typically bound to an instance. inner class

ActionListener is an
interface. interlaces
are implemented, not
extended

The 's' in (Graphics g). is
really of this class.

The method that gets
paintCornponent( ) rolling.

The package where most of the
Swin ge rs reside.

Graphics2d

repaint( )

javax.swing

frame.getContentPane() .add(
BorderLayout.SOOTB, bl;

frame.setSize(200,lOO)l
frame.setVisible(true);

class BListener hllpltJll8l1t1 ActionListener {
public void actionPerformed(ActionEvent el

if (b.getText().equals(UA"ll {
b. BBtText (»B'") :

else {
b. setText (»A" Ii
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puzzle answers

The Amazing. Shrinking, Blue
Recta ngle.

398 chapter 12

pool puzzle
import javax.swing.*;

import java.awt.*;

public class Animate {

int x = 1;

int y : 1;

public static void main (String[] args) {

Animate gui = new Animate ();

guLgo() ;

pUblic void go()

JFrarne frame new JFrame( 1 j

frarne.setDefaultCloseOperation(

JFrame.EXIT_ON_CLOSE)j

MyDrawP drawP =new MyDrawPOi
frame.getcontentPane().add(drawP)j

f rame.setSize( 500,270) ;
frame.setViaible(true);

for (int i = 0; i < 124; i- X++,Y++ ) {

x-;
drawP.repaintO;
try {

Thread.sleep(50);

} catch(Exception ex) { }

}

class MyDrawP extends JPanel {

public void paintComponent(Graphics 9 1 {

g.setColor(Color.white);
g.fiIIRect(O,0,500, 250);
g.setColor(Color.blue);
g.filJRect(x,y,500-x· 2,250-y"" 2);

}


