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A Java A
A A
A A applet
Java JDK
applet JDK shell
Java
Java Java
3 Java
2.1 Java
Sun Microsystems Solaris Linux Windows Java JDK
Macintosh
Linux JDK Ubuntu apt-get
Synaptic GUI sun-javab-jdk JDK
21.1 JDK
Java Sun
2-1
2-1 Java
Java Development Kit JDK Java
Java Runtime Environment JRE Java
Standard Edition SE Java
Enterprise Edition EE Java
Micro Edition ME cell phone Java
Java 2 J2 1998 ~2006 Java
Software Development Kit SDK 1998 ~2006 JDK
Update u Sun bug
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JDK  Java Development Kit 1.2~ 14
Java SDK Software Development Kit
Java JRE
Java SE Java EE Enterprise Edition Java ME Micro
Edition Java
Java 2 1998 Sun
JDK1.2
1.2 1.3 14 50 Java
Java 2 Java 2 Standard Edition Software Development Kit 5.0
J2SE SDK 5.0
2006
Java SE Java 2 Java Java SE
6 15 16 5.0 6
Sun
Java SE 6 JDK 6ul 1.6.0 01
Solaris Linux Windows http://java.sun.com/javase Java
6 « "
JDK
Sun Java

Forte Sun ONE Studio Sun Java Studio

NetBeans Sun
Java Sun http://netbeans.org
JDK
http://java.sun.com/javase/6/webnotes/install/index.html
Java Java
Java
JDK jdk1.6.0
JDK
Windows c:\ProgromFiles\
jdk1.6.0 Progrom Files
jdk jdk/bin lusr/

local/jdk1.6.0/bin  c:\ jdk1.6.0\bin
2.1.2

JDK jdk/bin
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¢ UNIX Solaris Linux shell
Cshell Solaris ~/.cshrc
set path=(/usr/local/jdk/bin $path)
Bourne Again shell Linux ~/.bashrc ~/.bash_profile
export PATH=/usr/local/jdk/bin:$PATH
 Windows Control Panel Classic View
System Windows NT/2000/XP System Properties Vista
Advanced 2-1 System Properties
Advanced Environment Variables System Variables
path Edit 2-2 jdk\bin

c:\jdk\bin;other stuff

2-1  Windows Vista System Properties

shell

java -version
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2-2 Windows Vista Path

ENTER

java version "1.6.0_01"
Java(T™) SE Runtime Environment (build 1.6.0_01-b06)
Java HotSpot(TM) Client WM (build 1.6.0_01-b@6, mixed mode, sharing)

“ java:commond not found” “ The name specified is not recogonized as an
internel or external commond, operable program or batch file”

Windows shell Windows NT/2000/X P
Run cmd Vista Start
Search cmd ENTER shell

http://www.cs.sjsu.edu/facult/horstman/CS46A/

windows/tutorial. html

2.1.3
JDK src.zip
1 JDK jdk/bin
2 shell
3 jdk cd /usr/local/jdk1.6.0  cd c:\jdk1.6.0
4 src
mkdir src
cd src
5

jar xvf ../src.zip
Windows jar xvf .\src.zip
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src.zip
http://download.java.net/jdk6

JDK

http://java.sun.com/javase/downl oads

1 JDK jdk/bin

2 jdk jdk-version-doc.zip
version 6

3 shell

4 jdk

5

jar xvf jdk-version-doc.zip

version
214

http://horstmann.com/corejava
corejava.zip

CoreJavaBook
1 JDK jdk/bin
CoreJavaBook
3 corejava.zip
4 shell
5 CoreJavaBook
6

jar xvf corejava.zip

215 Java
Java Java 2-2
JDK
2-2 JDK
jdk jdk5.0

——bin

——demo

——docs HTML j2sdkversion-doc.zip

——include 1

—ijre Java

—TIib

L—src src.zip
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Java docs src docs HTML
Netscape
docs/api/index.html Java
src Java Java
Java
System
src/javallang/System.java
2.2
Microsoft Visual Studio
JDK
shell
Java Java
Java
10
Eclipse NetBeans NetBeans
Eclipse Eclipse NetBeans
Emacs JEdit TextPad
JDK
2.3
Java
1 shell
2 CoreJavaBook/v1ch02/Welcome CoreJavaBook
3
javac Welcome.java
java Welcome
shell 2-3
Java
javac Java Welcom.java
Welcom.class Java

class
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for (String g : greeting)

Java

Java

for (int i = 0; 1 < greeting.length; i++)

System.out.printin(greeting[i]);

Welcome

(

Welcome. java

{

® ® N o 0 AW N

[

Welcom.java

Java SE 5.0 Java

2-1

+ This program displays a greeting from the authors.
* @version 1.20 2004-02-28
+ @author Cay Horstmann

%/

. public class Welcome

public static void main(String[] args)

{

String[] greeting = new String[3];
greeting[@] = "Welcome to Core Java";
greeting[1] = "by Cay Horstmann";
greeting[2] = "and Gary Cornell";

for (String g : greeting)
System.out.printin(g);
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shell
. Welcome welcome
WELCOME
. Welcome.java Welcome
Java .class
. Bad command or file name javac:command not found
. javac “ cannot read Welcome.java’
UNIX Welcome.java Windows
shell dir Notepad
xt Notepad Welcome.java Welcome.java.txt
Windows Notepad Ixt “
” shell ren
“ Welcome.java’
. java.lang.NoClassDef FoundError
welcome w W java
Welcome Java
Welcome/java java Welcome.java
java Welcome
. java Welcome Welcome
CLASSPATH

Windows

set CLASSPATH=
C shell

UNIX/Linux
export CLASSPATH=

Java SE 5.0

2>

CLASSPATH

Windows UNIX/Linux

shell

Bourne/bash shell

shell
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javac MyProg.java 2> errors.txt

http://java.sun.com/docs/books/tutorial/getStarted/cupojaval

2.4
Eclipse Eclipse
Eclipse java
Java
Linux Mac OS X
Solaris Windows
IDE

Eclipse

1 Eclipse File- New
Project

2 Java Project 2-4

Eclipse 3.2

Eclipse

3 Next Welcome

Welcome.java 2-5 2.4 Edlipse

4 Create project in workspace

5 Finish

6

Default package
Welcome.java
2-6
7
Welcome Run - Run As- Java Application
2-7
bug
String 2-5

http://eclipse.org

“ New Project”

Eclipse
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public static void main(string[] args)

2-6 Eclipse

2-7  Eclipse

string
2-8

Eclipse
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2-8 Eclipse
2.5
Welcome
viewer
1 shell
2 CoreJavaBook/v1ch02/ImageViewer
3
javac ImageViewer.java
java ImageViewer
ImageViewer
2-9
File- Open GIF
Emacs JDE - Compile JDE - Run App

C C++ 2-9

ImageViewer
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Visual Basic
JDK
2-2 7 ~ 9

ImageViewer. java

1. import java.awt.EventQueue;
2. import java.awt.event.x;

a. import java.io.:;

4. import javax.swing.s;

5

ej /:‘m‘:

x A program for viewing images.

7.
8.

9.
10.
. public class ImageViewer

"

12.

{

13.

4.

15.

16.

17.

18.

19.
20.
21,

22
23.

24.

25.

}

26.
27. [
28.
29,
s0. class ImageViewerFrame extends JFrame

31.

{

32.
33.
34.
35.
36.
37.
38.
39.

40.
41,

42.

43.

44,

45.

46.
47.

48.

49,

= @version 1.22 2007-05-21
x @author Cay Horstmann

‘/

public static void main{String[] args)

{

}

EventQueue.invokeLater(new Runnable()

{

pubTic void run()

{
JFrame frame = new ImageViewerFrame();
frame. setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setVisible(true);

b

x A frame with a Tabel to show an image.

#/

public ImageViewerFrame()

{

setTitle("ImageViewer");
setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);

// use a label to display the images
label = new JLabel();
add(Tabel);

// set up the file chooser
chooser = new JFileChooser();
chooser. setCurrentDirectory(new File("."));

// set up the menu bar
JMenuBar menuBar = new JMenuBar();
setIMenuBar{menuBar);

IMenu menu = new IMenu("File");
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50.
51,
52,
53.
54,
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
7.
72.
73,
74,
75.
76.
77.
78.
79,
80.
81.
82.
83.
8a. }

menuBar.add(menu);

IMenuItem openltem = new JMenuItem("Open");
menu.add(openItem);
openlItem.addActionListener(new ActionListener()
{
pubTic void actionPerformed(ActionEvent event)
{
// show file chooser dialog
int result = chooser.showOpenDialog(null);

/] if file selected, set it as icon of the label
if (result == JFileChooser.APPROVE_OPTION)
{
String name = chooser.getSelectedFile().getPath();
label.setIcon(new ImageIcon(name));
}
}
b
IMenuItem exitItem = new IMenultem("Exit");
menu.add(exitItem);
exitItem.addActionListener(new ActionListener()
{
public void actionPerformed(ActionEvent event)
{
System.exit(0);
}
3N
}

private JLabel label;

private JFileChooser chooser;

private static final int DEFAULT_WIDTH = 300;
private static final int DEFAULT_HEIGHT = 400;

2.6

appl et

applet

Java
1 Java Java applet
applet JDK applet
Web
shell CoreJavaBook/v1ch02/WelcomeAppl et

javac WelcomeApplet.java
appletviewer WelcomeApplet.html

2-10 applet

Java WelcomeApplet.java
WelcomeApplet.class
Java appletviewer JDK
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applet HTML Java
WelcomeA pplet.html 2-3

2-10  applet WelcomeApplet

WelcomeApplet._html

<html>

1.
2. <head>
3 <titlesWelcomeApplet</title>
4. </head>
5. <body>
6 <hr/>
7 <p>
8 This applet is from the book
9 <a href="http://www.horstmann.com/corejava.html">Core Java</a>
10. by <em>Cay Horstmann</em> and <em>Gary Cornell</em>,
1. published by Sun Microsystems Press.
12. </p>
13. <applet code="WelcomeApplet.class" width="400" height="200">
14, <param name="greeting" value ="Welcome to Core Java!"/>
15. </applet>
16. <hr/>
17. <p><a href="WelcomeApplet.java">The source.</a></p>
1. </body>
19. </html>
HTML HTML applet applet
applet WelcomeApplet.class appl et applet
HTML
e Windows Linux MacOSX Firefox Java appl et
http://java.com

Java

* Internet Explorer Java Microsoft Java Virtual
Machine Internet Explorer http://java.com
Java

. Macintosh OS X Safari  Macintosh Java
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Java SE 5.0
Java applet
1
2 File- Open File ( )
3 CoreJdavaBook/v1ich02/WelcomeAppl et
WelcomeA pplet.html
4 appl et 2-11
2-11 WelcomeA ppl et
Internet Cay
Horstmann applet Cay Gray Cornell appl et
Gray
appl et
applet applet
appl et Internet
appl et Emac
JDE - Run Applet Eclipse Run - Run as- Java Applet
2-4 applet 10
appl et

WelcomeApplet. java

1. import java.awt.x;

2. import java.awt.event,x;

3. import java.net.s;

4. import javax.swing.x;

5.

6. [ux

7.+ This applet displays a greeting from the authors.
8. = @version 1,22 2007-04-08
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9.
10.

x @author Cay Horstmann

1. public class WelcomeApplet extends JApplet

12. {
13.
14,
15,
16.
17.
18,
19,
20,
21.
22,
23.
24.
25.
26,
27,
28.
29.
30.
a1,
32.
33,
34,
35.
36.
37.
38.
39.
0.
41.

IS

public void init()

EventQueue.invokelater(new Runnable()

{
public void run()
{
setLayout(new BorderLayout());
JLabel label = new JLabel{getParameter("greeting"), SwingConstants.CENTER);
label.setFont(new Font("Serif", Font.BOLD, 18));
add(Tabel, BorderLayout.CENTER);
JPanel panel = new JPanel();
JButton cayButton = new JButton("Cay Horstmann");
cayButton.addActionListener(makeAction("http://www.horstmann.com"));
panel.add(cayButton);
JButton garyButton = new JButton("Gary Cornell"};
garyButton.addActionListener(makeAction("mailto:gary_cornell@apress.com”));
panel.add(garyButton);
add(panel, BorderlLayout.SOUTH);
}
13K

private ActionListener makeAction(final String urlString)

return new ActionListener()

{

public void actionPerformed(ActionEvent event)
{
try

{
getAppletContext().showDocument(new URL(ur1String));

catch (MalformedURLException e)
{
e.printStackTrace();
}
}
h

Java 3 Java
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A Java A
A A
A A
A A
A A
JDK
Java
Java
Java GUI
C++
C/C++
3.1 Java
Java
public class FirstSample
{
public static void main(String[] args)
{
System.out.printIn("We will not use 'Hello, World!"");
}
}
Java
Java
public

class Java

GUIl Java

shell

Visual Basic

main Main

access modifier
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Java 1 Java applet Java
class Java
Java public
class A
FirstSample
CamelCase
Jjava
FirstSample.java
firstsample.java
Java FirstSample.

class
java FirstSample

Hello,World’

.class
!”

java ClassName

index.jsp

main

JDK

Java

main

Java main

“ We will not use

main “ " Java
main
4

public Java Java

http://java.sun.com/docs/books/jls

main public
bug
bug 4252539
Java

public
Java SE 1.4

Java Java

http://bugs.sun.com/ bugdatabase/

bug ! " Sun
http://java.sun.com/ docs/books/vmspec
bug "
main public

bug
Java

Sun bug

“ bug "
bug ! ” bug
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{1} Java C/C++
Java “ { ” “ } ”
Java
static void Java
4 Java
main
public class ClassName
{
public static void main(String[] args)
{
program statements
}
C++ C++ Java C++
Java
Java main
C++ static member functions
Java main C/C++
void main “
" main Java 0
System.exit
{
System.out.printIn("We will not use 'Hello, World!'");
}
Java Java
main
System.out printin
Java
object.method (parameters)
printin
printin

Java C/C++
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Java
println
System.out.printin();
System.out print System.out.print
“ Hello” “ Hello” e}
3.2
Java
Java
/!
System.out.printin("We will not use 'Hello, World!'"); // is this too cute?
/! * */
3-1
il FirstSample.java
1. [ex
2.« This is the first sample program in Core Java Chapter 3
3. = @version 1.01 1997-03-22
4.+ @author Gary Cornell
5. %/
6. public class FirstSample
7. {
& public static void main(String[] args)
o |
10. System,out.printIn("We will not use 'Hello, World!');
1. }
12. }
/** */
4
Java /* */ */
* */
3.3
Java Java 8
primitive type 4 2 1 Unicode
char char 1 boolean
Java “ " big number
Java Java
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3.3.1
Java 4 3-1
3-1 Java
int 4 2147 483 648 2 147 483 647 20
short 2 32768 32767
long 8 9223372 036 854 775808 9223 372 036 854 775 807
byte 1 128 127
int long
byte short
Java Java
C C++ 32
C 16 Java
L 4000000000L Ox OxCAFE
0 010 8
C++ C C++ int 8086 16
2 Sun SPARC 32 4 Intel
Pentium C C++ DOS Windows 3.1
2 Windows 32 4 Java
Java unsigned type
3.3.2
Java 3-2
3-2
float 4 + 3.402 823 47E  38F 6 7
double 8 + 1.797 693 134 862 315 70E 308 15
double float
double float 7
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float
float F 3.402F F 3.402
double D 3.402D
JDK 5.0 0.125 0x1.0p-3
p e
2 10
|IEEE 754
* NaN
0 0/0 NaN
Double.POSITIVE_INFINITY Double NEGATIVE_INFINITY Double.NaN
Float
Double.NaN
if (x == Double.NaN) // is never true
“ " Double.isNaN
if (Double.isNaN(x)) // check whether x is "not a number"
System.out.printin
20 1.1 0.8999999999999999 0.9
1/10
1/3
BigDecimal
3.3.3 char
char ‘A 65
"A" "A" A Unicode
\u0000 \Uffff \u2122 \u03CO0 T
\u Unicode
3-3
\u2122' "Hello\n" \u

public static void main(String\u@5B\ueesb args)
\u005B \u005D
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3-3
Unicode Unicode
\b \u0008 \? \u0022
\t \u0009 v \u0027
\n \u000a \\ \u005¢c
\r \u000d
char Unicode Unicode
Unicode ASCII |SO 8859-1
KOI-8 GB118030 BIG-5
Unicode 20 80
1991 Unicode 1.0 65 536
Java 16 Unicode 8
Unicode 65 536
16 char
Unicode
Java JDK 5.0
code point Unicode
U+ U+0041 Unicode
17 code plane basic multilingual
plane U+0000 U+FFFF Unicode 16
U+10000 U+10FFFF supplementary character
UTF-16 Unicode
16 code unit
2048
surrogate area  U+D800~U+DBFF U+DC00~U+DFFF
U+1D56B U+D835 U+DD6B
http://en.wikipe-dia.org/wiki/UTF-16
Java char UTF-16

char

UTF-16
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3.3.4 boolean

boolean false true

C++ C++ boolean 0 false 0
true Java Java
if (x = 9) // oops...meant x == 0
C++ false Java
x=0

3.4

Java type

double salary;

int vacationDays;
long earthPopulation;
boolean done;

Java “ " “ " '‘A' 20 a2
Unicode
T 0 o Unicode '+ '©'

Unicode Java Character

isJavaldentifierStart isJaval dentifierPart

Java A

int i, j; // both are integers

hireday hireDay

Box box; // ok--Box is the type and box is the variable name

a

Box aBox;
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3.4.1

Java

int vacationDays;
System.out.printin(vacationDays); // ERROR--variable not initialized

Java

int vacationDays;
vacationDays = 12;

int vacationDays = 12;

Java

doubTe salary = 65000.9;
System.out.printIn(salary);
int vacationDays = 12; // ok to declare a variable here

Java

C++ C C++

int i = 10;

extern int i;

Java
3.4.2
Java final
public class Constants
{
public static void main(String[] args)
{
final double CM_PER_INCH = 2.54;
double paperWidth = 8.5;
double paperHeight = 11;
System.out.printIn("Paper size in centimeters: "
+ paperWidth = CM_PER_INCH + " by " + paperHeight = CM_PER_INCH);
}
1
final
Java

static final

public class Constants2

Java



Java

37

{
public static void main(String[] args)
{
double paperWidth = 8.5;
double paperHeight = 11;
System.out.printin("Paper size in centimeters:
+ paperWidth = CM_PER_INCH + " by " + paperHeight » CM_PER_INCH);

}

public static final double CM_PER_INCH = 2.54;
}

main
public
Constants2.CM_PER-INCH
C++ const Java Java
3.5
Java *
% 15/2 7 15%2 1 15.0/2 7.5
0 0
X += 4;
X =X+ 4;
*= %=
Java
64 double 80
doublew =x «y / z;
Intel X*y 80
64
64 Java

Java

final

NaN

double
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3
strictfp
main
public static strictfp void main(String[] args)
main strictfp
Intel
I ntel
strictfp
3.5.1
1 1 Java C C++
n++ n n-— n 1
int n = 12;
N++;
n 13 4++
113 ” ++n l
1
intm=7;
intn=7;
int a =2« ++m; // now a is 16, m is 8
intb=2=xn++; // nowb is 14, n is 8
++
bug
++ C++
C++ bug “
++C "’
3.5.2 boolean
Java == 3==7
false
1= 31=7 true
< > <= >=
Java C++ “ "

&8 o
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expressiony & expression,

false

x!1=08& 1/ x>x+y// nodivision by 9
x 0 x 0 1/x
expression, || expression, true

Java ?

condition 7 expression) . expression,

condition 1 2
X<y?7x:y
Xy
3.5.3
& I N ~
n

4 1

int fourthBitFromRight = (n & 8) / 8;

1 0 2 &

& |
oS> o

int fourthBitFromRight = (n & (1 << 3)) > 3;

>>> 0 >>
32
64 1<<35 1<<3 8
C++ C C++ >>
0

Java

<

C/C++

true

&&

long

>>
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354
Math
sqrt
double x = 4;
double y = Math.sqrt(x);
System.out.printin(y); // prints 2.0
printin sgrt printin System
System.out Math sgrt
4
Java Math pow
double y = Math.pow(x, a);
y X a x*  pow double double
Math
Math.sin
Math. cos
Math.tan
Math.atan
Math.atan2
Math.exp
Math.Tog
Java T
Math.PI
Math.E
JDK 50 “ Math.”
import static java.lang.Math.:;
4
System.out.printIn("The square root of \u@3C@ is " + sqrt(PI));
Math
StrictMath

“ Math ” fdlibm
http://www.netlib.org/fdlibm/ index.html fdlibm

StrictMath

|IEEE 754

“ en
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3.55

31
3-1 6
123 456 789
float
int n = 123456789;
float f = n; // f is 1.23456792E8
. double
. float
. long
. int
3.5.6
int
double int Java

double x = 9.997;
int nx = (int) x;

nx 9

n+f

31
float
f
double
float
long
double
cast
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Math.round

double x = 9.997;
int nx = (int) Math.round(x);

nx 10 round int
round long
long int
byte 300 44
C++ boolean
b 1.0
3.5.7
3-4
& & I
adbl||c
(ad&b) [l c
+=

a+=b+=¢
a+=(b+=0)

b+=c c b a
C++ C C++ Java for

3-4

L1-(C)( )

P~ 4+ —— 4+ ( ) - ( ) () ( ) new

*/ o

+ -
<< >> >>>
instanceof

AN
AN
1
\"
Vv
11

> Rl
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>>= >>>=

3.5.8

JDK 5.0

enum Size { SMALL, MEDIUM, LARGE, EXTRA_LARGE };

Size s = Size.MEDIUM;
Size

3.6

Java
J av a ™ Java
String

String e = ""; // an empty string
String greeting = "Hello";

3.6.1

String substring

String greeting = "Hello";
String s = greeting.substring(@, 3);

“ Hel”
substring
0 2
substring
a “ Hel”

substring

0

Unicode

1 2 3 4 S M L

null null

“ Javalu2122”
Java

String

3 3

5 Unicode

s.substring(a, b)

b-



3.6.2

Java

String expletive = "Expletive”;
String PG13 = "deleted";
String message = expletive + PG13;

“ Expletivedel eted”

Java
int age = 13;
String rating = "PG" + age;
rating “ PG13”

System.out.printIn("The answer is " + answer);

Java

3.6.3
String
greeting

greeting = greeting.substring(@, 3) + "p!";

greeting “ Help
Java
3 3 “
3

Java

Hello”

+
message +
5
is
greeting “ Help!”
] p1 ] |1 C
Java String
H el I o
greeting
4
“ Hel” “opt”

Java



Java

45

C++ C Java
char greeting[] = "Hello";
Java char*
char« greeting = "Hello";
greeting Java
chars temp = malloc(6);
strncpy(temp, greeting, 3);
strncpy(temp +3, "p!", 3);
greeting = temp;
greeting “ Help!”
strncpy
greeting = "Howdy";
ANSI C++ string C++
C++ string
C++
3.6.4
equals
s.equals(t)
S t true

"Hello".equals(greeting)

"Hell0".equalsIgnoreCase("hello")

String greeting = "Hello"; //initialize greeting to a string
if (greeting == "Hello") . . .

// probably true
if (greeting.substring(@, 3) == "Hel") . . .

// probably false

+ substring

C Java
greeting
Java
Java String
false s t
equalslgnoreCase



== bug

C++ C++ string
C++ string ==

C == strcmp
strcmp
if (greeting.compareTo("Hello") == @) . . .
equals

3.6.5

Java char
Unicode Unicode

length UTF-16

String greeting = "Hello";
int n = greeting.length(); // is 5.

int cpCount = greeting.codePointCount(@, greeting.length());

s.charAt(n) n n 0 slength()-1

char first = greeting.charAt(®); // first is 'H'
char last = greeting.charAt(4); // last is 'o'

i
int index = greeting.offsetByCodePoints(@, 1);
int cp = greeting.codePointAt(index);

Java

Java

7 1is the set of integers

UTF-16 7
char ch = sentence.charAt(1)

bug

Java

Java compareTo

UTF-16

char
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int cp = sentence.codePointAt(i);
if (Character.isSupplementaryCodePoint{cp)) 1 += 2;
else i++;

codePointAt

i)
int cp = sentence.codePointAt(i);
if (Character.isSupplementaryCodePoint(cp)) i--;

3.6.6 API

Java String 50
API

API
API java.lang.String

java.lang.string 1.0

e char charAt (int index)

e int codePointAt(int index) 5.0

Java API
java.lang 4

Reading the On-Line APl Documentation

e int offsetByCodePoints(int startindex, int cpCount) 5.0

startIndex cpCount
e int compareTo(String other)
other
0
* boolean endsWith(String suffix)
suffix true
* boolean equals(Object other)
other true

* boolean equalslgnoreCase(String other)
other

e int index0f(String str)

e int index0f(String str, int fromlndex)

true

other
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e int indexOf(int cp)
e int index0Of(int cp, int fromlndex)
str cp

fromlndex str 1
e int lastIndexOf(String str)
e int lastlndex0f(String str, int fromlndex)
e int lastindex0f(int cp)
e int lastindexO0f(int cp, int fromlndex)

str cp

fromIndex

e int length( )

e int codePointCount(int startindex, int endIndex) 5.0
startindex endindex 1
« String replace(CharSequence oldString,CharSequence newString)

newsString oldString
String  StringBuilder CharSequence
* boolean startsWith(String prefix)
preffix true

e String substring(int beginlndex)
e String substring(int beginlndex, int endIndex)

beginlndex endlndex-1
e String toLowerCase( )
« String toUpperCase( )
e String trim( )
3.6.7 API
String
API
API JDK HTML
JDK  docs/api/index.html 3-2

API
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String

TolgnoreCase

String

3-2 APl

3-3 String

3-5
compareTolgnoreCase

docs/api/index.html

3-4
compare-
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3-4 String

3-5 String

3.6.8

String
StringBuilder

StringBuilder builder = new StringBuilder();

( new 4
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append

builder.append(ch); // appends a single character
builder.append(str); // appends a string

toString

String completedString = builder.toString();

JDK5.0 StringBuilder

StringBuilder

API StringBuilder

java.lang.StringBuilder 5.0

» StringBuilder()
e int length()

e StringBuilder append(String str)
this
e StringBuilder append(char c)
this
e StringBuilder appendCodePoint(int cp)

* void setCharAt(int i,char c)
i c
» StringBuilder insert(int offset,String str)

offset this
e StringBuilder insert(int offset,Char c)
offset this

e StringBuilder delete(int startindex, int endIndex)

startindex endindex 1
e String toString()

3.7

GUI

String

StringBuffer

API

this

this
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Java
3.7.1

System.out.printin

Scanner in = new Scanner(System.in);
new 4
Scanner

System.out.print("What is your name? ");
String name = in.nextline();

nextLine

String firstName = in.next();
nextlnt

System.out.print("How old are you? ");
int age = in.nextInt();

nextDouble
3-2
Hello, Cay. Next year, you'll be 46

import java.util.s;
Scanner java.util
import

InputTest. java

. import java.util.s;

1
2.
3. [wx
4.+ This program demonstrates console input.
5. « @version 1.10 2004-02-10
6. + @author Cay Horstmann

7. xf

8. public class InputTest

9. {

10.  public static void main(String[] args)

11. {

12, Scanner 1in = new Scanner(System.in);

1, // get first input
15. System.out.print("What is your name? ");
16, String name = in.nextLine();

GUI

" System.in
: " System.in

nextLine

java.lang

import
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18, // get second input
1. System.out.print("How old are you? ");
20. int age = in.nextInt();
21,
22, // display output on console
23. System.out.printIn("Hello, " + name + ". Next year, you'll be " + (age + 1));
24 }
25 }

Scanner Java SE 6
Console

Console cons = System.console();
String username = cons.readLine("User name: ");
char[] passwd = cons.readPassword("Password: ");

Console Scanner

jJava.util.Scanner 5.0

e Scanner (InputStream in)
Scanner
e String nextLine( )

e String next( )

e int nextint( )
e double nextDouble( )

* boolean hasNext( )

* boolean hasNextInt( )
* boolean hasNextDouble( )

java.lang.System 1.0

e static Console console( ) 6
Console
null Console



java.io.Console 6

e static char[] readPassword(String prompt, Object...args)
e static String readLine(String prompt, Object...args)
prompt args

3.7.2

System.out.print(x) X X
0 X

double x = 10000.0 / 3.0;
System.out.print(x);

3333.3333333333335

Java Java SE 5.0 C
printf
System.out.printf("%8.2f", x);
8 X

3333.33
printf
System.out.printf("Hello, %s. Next year, you'll be %d", name, age);

%
f S d 3-5
3-5 printf

d 159 S Hello

X of c H

0 237 b True

f 15.9 h 42628b2

e 1.59e+01 tx 3-7

g — % %

a 0x1.fccdp3 n —

3-6

System.out.printf("%,.2f", 10000.0 / 3.0);
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3,333.33
13 %’ ( .2fn
3-6 printf
+ +3333.33
| 3333.33]
0 0 003333.33
- [3333.33 |
( 3333.33
3,333.33
# f 3,333
# x 0 ox O Oxcafe
$ %1%d  %1$x 159 9F
1
< %d%<x 159 9F
s Formattable
formatTo toString 5
toString 6
String.format
String message = String.format("Hello, %s. Next year, you'll be %d", name, age);
4 Date
printf t 3-7
System.out.printf("%tc", new Date());
Mon Feb 09 18:05:19 PST 2004
3-7
c Mon Feb 09
18:05:19 PST
2004
F 1SO 8601 2004-02-09
D 1/ 02/09/2004
T 24 18:05:19
r 12 06:05:19 pm
R 24 18:05

Y 4 0 2004
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0 001 366

GMT RFC822

1970-01-01 00:00:00
1970-01-01 00:00:00

04

20
February
Feb

02

09

Monday
Mon
069
18
18
06
6
05
19
047
047000000
PM
pm

0800
PST
1078884319
1078884319047

w,owNN-o'Uzl—(ng——x:[‘—'m>mo.3crmo‘<

%

System.out.printf("%1%s %2$tB %25te, %25tY", "Due date:", new Date());

Due date: February 9, 2004

System.out.printf("%s %tB %<te, %<tY", "Due date:", new Date());

1 0 %1$...

printf 3-6

Montag [



Java 57

%

$
t
3-6
3.7.3
File Scanner
Scanner in = new Scanner(new File("myfile.txt"));
“ c:\\mydirectory\\myfile.txt”
Scanner
PrintWriter
PrintWriter out = new PrintWriter("myfile.txt");
System.out print println printf
Scanner Scanner
Scanner in = new Scanner("myfile.txt"}; // ERROR?
scanner 10 m oty F

“ myfile.txt” “ mydirectory/myfile.txt”
“ L Imyfile.txt” Java

java MyProg

IDE
String dir = System.getProperty("user.dir");
“ c:\\mydirectory\\
myfile.txt” “ [home/me/mydirectory/myfile.txt”

System.in  System.out
Scanner PrintWriter

Java ¢ ? 11
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main throws

public static void main(String[] args) throws FileNotFoundException

{

Scanner in = new Scanner(new File("myfile.txt"));

System.out:
java MyProg < myfile.txt > output.txt

FileNotFoundException

java.util.Scanner 5.0

e Scanner(File T)
Scanner
» Scanner(String data)
Scanner

java.io.PrintWriter 1.1

e PrintWriter(File T)
PrintWriter
e PrintWriter(String fileName)
PrintWriter

java.io.File 1.0

e File(String fileName)
File

3.8

Java
switch
switch

C++ Java C C++

goto break

C goto Java SE 5.0 for
C++ C# foreach

System.in
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3.8.1
block
main
public static void main(String[] args)
{ int n;
i -

int k;

} // k is only defined up to here
}

public static void main(String[] args)

{
int n;
{
int k;
int n; // error--can't redefine n in inner block
}
}
C++ C++
3.8.2
Java

it (condition) statement

Java
block statement

{
statementy
statement,

if (yourSales >= target)
{

performance = "Satisfactory";
bonus = 100;
}

yourSales target

Java

Java
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Java

if (condition) statement| else statement,

3-7 if

3-8

iflelse

Java
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if (yourSales >= target)

performance = "Satisfactory";
bonus = 100 + 0.01 « (yourSales - target);

}
else
{
performance = "Unsatisfactory”
bonus = @;
}
else else if

if (x <= 0) if (x == 0) sign = 0; else sign = -1;
else 2 if
if (x <= @) { if (x == 0) sign = @; else sign = -1; }
if...elseif... 3-9

3-9 if/dseif

if (yourSales >= 2 « target)

{

performance = "Excellent”;
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bonus = 1000;
}
else if (yourSales >= 1.5 « target)
{
performance = "Fine";
bonus = 500;
}
else if (yourSales >= target)
{
performance = "Satisfactory";
bonus = 100;
}
else
{
System.out.printin("You're fired");
}
3.8.3

true while
while (condition) statement

false while 3-10

3-10 while
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while (balance < goal)
{
balance += payment;
double interest = balance = interestRate / 100;
balance += interest;
years++;

}

System.out.printin(years +

" years.");

while

do statement while (condition);

3-4
do

balance += payment;

double interest = balance « interestRate / 100;
balance += interest;

year++;

// print current balance

// ask if ready to retire and get input

}
while (input.equals("N"));

“ N” 3-11

Retirement. java

_import java.util.s;

« This program demonstrates a <code>while</code> loop.
@version 1.20 2004-02-10

+ @author Cay Horstmann

%/

8. public class Retirement

|

0. public static void main(String[] args)

11. {

12. // read inputs

13. Scanner in = new Scanner(System.in);

ES

4
2
3
4
5.
6
7
9

do/while



System.out.print("How much money do you need to retire? ");
double goal = in.nextDouble()

System.out.print("How much money will you contribute every year? ");
double payment = in.nextDouble();

System.out.print("Interest rate in %: ");
double interestRate = in.nextDouble();

double balance = 0;
int years = 0;

// update account balance while goal isn't reached
while (balance < goal)
{
// add this year's payment and interest
balance += payment;
double interest = balance » interestRate / 100;
balance += interest;
years++;

}

System.out.printIn("You can retire in " + years + " years."});

3-11 do/while
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Retirement2.java

import java.util.s;

1.

2.

4. = This program demonstrates a <code>do/while</code> loop.
5. « @version 1.20 2004-02-190

6. « @author Cay Horstmann

7.

8.

9

%/
public class Retirement?

A
1. public static void main(String[] args)
1. {
12. Scanner in = new Scanner(System.in);
13.
14, System.out.print("How much money will you contribute every year? ");
15, double payment = in.nextDouble();
16.
17. System.out.print("Interest rate in %: ");
18. double interestRate = in.nextDouble();
19.
20. double balance = @;
21, int year = 0;
22.
23, String input;
24.
25. // update account balance while user isn't ready to retire
26, do
27. {
28. // add this year's payment and interest
29. balance += payment;
30. double interest = balance * interestRate / 100;
31, balance += interest;
32,
33. year++;
34.
3s. // print current balance
36. System.out.printf("After year %d, your balance is %,.2f%n", year, balance);
37.
38, // ask if ready to retire and get input
39. System.out.print("Ready to retire? (Y/N) ");
40. input = in.next();
41, }
42, while (input.equals("N"));
a )
4.}

3.8.4
for
3-12 1 10

for (int 1 = 1; 1 <= 10; i++)
System.out.printIn(i);

for 1 2
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3
3-12 for
C++ Java for
for 3
for (int 1 =10; i > 0; i--)
System.out.printIn("Counting down . . . " + 1);
System.out.printin("Blastoff!");
for
for (double x = @; x !=10; x += 0.1) . . .
0.1 X 9.999 999 999 999 98 10.099 999 999 999 98
for 1 for
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for (int 1 =1; 1 <= 18; i++)

{
}

// i no longer defined here

for
for

int 1i;
for (i =1; 1 <= 18; i++)

{

}
// i still defined here

for

for (int i =1; 1 <= 10; i++)

{
}

for (int 1 = 11; 1 <= 20; i++) // ok to define another variable named i

{
}

for while
for (int i =10; i > 0; i--)

System.out.printIn("Counting down . . . " + 1);
int i = 10;
while (i > @)
{

System.out.printin("Counting down . . . " + i);

i--5
}

3-5 for

1 50 6 (50x 49x 48x 47x 46x 45)/(1x 2x
3x 4x 5x 6) 1/15 890 700
n k
nx (n x (n 2)x x(n k+l)
1x 2x 3x  x k
for

int lotteryOdds = 1;
for (int 1 =1; 1 <= k; i+4)
TotteryOdds = lotteryOdds « (n - i + 1) / i;
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LotteryOdds. java

1. import java.util.x;

2.

3. [ax

4.+ This program demonstrates a <code>for</code> loop.

5.+ @version 1.20 2004-02-10

6.  @author Cay Horstmann

7. %/

8. pubTic class LotteryOdds

9 {

10.  public static void main(String[] args)

1 {

12. Scanner in = new Scanner(System.in);

13.

14, System.out.print("How many numbers do you need to draw? ");

15, int k = in.nextInt();

16.

17. System.out.print("What is the highest number you can draw? ");

18. int n = in.nextInt();

19.

20. [

21, + compute binomial coefficient nx(n-1)«(n-2)«...x(n-k+1)/(1£2%3%...k)

22. %/

28.

24 int lotteryOdds = 1;

25. for (int i =1; 1 <= k; i++)

26. TotteryOdds = TotteryOdds = (n - i + 1) / 1;

27.

28. System.out.printIn("Your odds are 1 in " + lotteryOdds + ". Good Tuck!™);

29. }

30, }

3.85 switch

if/else Java C/C++ switch
3-13 4

Scanner in = new Scanner(System.in);
System.out.print("Select an option (1, 2, 3, 4) ");
int choice = in.nextInt();

switch (choice)

{

case 1:
break;

case 2:
break;

case 3:
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break;
case 4:

break;
default:
// bad input

break;

switch
switch

3-13 switch

case

case

default

break
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case
case
switch

case
String input = . . .;
switch (input) // ERROR

{
case "A": // ERROR

break;

}
switch
Sizesz=.. .;
switch (sz)
{
case SMALL: // no need to use Size.SMALL
break;
}
3.8.6
Java goto
goto
Donald Knuth
statements
goto
break

break

while (years <= 100)
{

balance += payment;

double interest = balance » interestRate / 100;

balance += interest;
if (balance >= goal) break;
years++;

years > 100

break

while (years <= 100 & balance < goal)
{

years

case

break

switch

goto

Structured Programming with goto

goto
Java

switch

balance= goal

break

Java
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balance += payment;
double interest = balance = interestRate / 100;
balance += interest;
if (balance < goal)
years++;

balance < goal
break
C++ Java break

break

Scanner in = new Scanner(System.in);

int n;

read_data:

while (. . .} // this loop statement is tagged with the label

{

for (. . .) // this inner Toop is not Tabeled
{
System.out.print("Enter a number >= @: ");
n = in.nextInt();
if (n < @) // should never happen-can't go on
break read_data;
// break out of read_data loop

}
}

// this statement is executed immediately after the labeled break
if (n < @) // check for bad situation
{

}
else

{
}

// deal with bad situation

// carry out normal processing

break break
break

label:

if (condition) break label; // exits block

}

// jumps here when the break statement executes
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goto
break

continue break

Scanner in = new Scanner(System.in);
while (sum < goal)

{

System.out.print("Enter a number: ");
n = in.nextInt();

if (n < @) continue;

sum += n; // not executed if n< @

}
n<0 continue
continue for for

for (count = 1; count <= 100; count++)
{
System.out.print("Enter a number, -1 to quit: ");
n = in.nextInt();
if (n < @) continue;
sum += n; // not executed if n < @

}
n<0 continue count++
continue

break continue
break continue

3.9

java.math
Biginteger BigDecimal
BigDecimal
valueOf
BigInteger a = BigInteger.value0f(100);

add multiply

BigInteger ¢ = a.add(b); // c=a+b
BigInteger d = c.multiply(b.add(BigInteger.value0f(2))); // d=c » (b + 2)

C++ C++ Java
Biglnteger add multiply Java

continue

Biglnteger
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+ Java

3-6 3-5
490 60
1/716395843461995557415116222540092933411717612789263493493351013459481104668848

3-5
JotteryOdds = lotteryOdds « (n - i + 1) / i;

Tottery0dds = lotteryOdds.multiply(BigInteger.valueOf(n - i + 1)).divide(BigInteger.value0f(i));

BigIntegerTest. java

1. import java.math.x;

2. import java.util.s;

3.

4 [ux

5. + This program uses big numbers to compute the odds of winning the grand prize in a lottery.
6. @version 1.20 2004-02-190

7. = @author Cay Horstmann

8

9

Y
. public class BigIntegerTest
10. {
1. public static void main(String[] args)
12. {
13, Scanner in = new Scanner(System.in);
14,
15, System.out.print("How many numbers do you need to draw? ");
16. int k = in.nextInt();
17.
18. System.out.print("What is the highest number you can draw? ");
19. int n = in.nextInt();
20.
21, 15
22 x compute binomial coefficient nx(n-1)x(n-2)=...x(n-k+1)/(12%3%...%k)
23. %/
24,
25. BigInteger TotteryOdds = BigInteger.valueOf(1);
26.
27. for (int 1 =1; 1 <= k; i++)
28, TotteryOdds = TotteryOdds.multiply(BigInteger.valueOf(n - i + 1})).divide(
29. BigInteger.value0f(i));
30.
3t System.out.printIn("Your odds are 1 in " + TotteryQOdds + ". Good luck!");
32, }
33 }

APl java.math.Biglnteger 1.1

e BigInteger add(Biglnteger other)
* BigInteger subtract(Biglnteger other)
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« Biglnteger multiply(Biglnteger other)
* BigInteger divide(Biglnteger other)
e BigInteger mod(Biglnteger other)
other
e int compareTo(Biglnteger other)
other 0
other
e static Biglnteger valueOf(long x)
X

Java.math.Biglnteger 1.1

* BigDecimal add(BigDecimal other)
e BigDecimal subtract(BigDecimal other)
* BigDecimal multiply(BigDecimal other)
e BigDecimal divide(BigDecimal other RoundingMode mode) 5.0
other
rounding mode  RoundingMode.HALF_UP
4 59 API

e int compareTo(BigDecimal other)

» static BigDecimal valueOf(long x)
e static BigDecimal valueOf(long Xx,int scale)

X X/ 10%de
3.10
a ai] i
(]
a
int[] a;
a a new

int[] a = new int[100];
100

int{] a;
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int a[l;
Java int[]
0 99 1 100
int[] a = new int[100];
for (int i = 0; 1 < 100; i++)
a[i] = 1; // fills the array with @ to 99
100 a[100] 0 99
“ array index out of bounds’
array.length
for (int i = 0; i < a.length; i++)
System.out.printin(alil);
—_— array list
5
3.10.1 For each
Java SE 5.0
for
for (variable : collection) statement
collection Iterable
ArrayList 5 Iterable [ 2
for (int element : a)
System.out.printin(element);
a
“ a " foreacheementina Java
foreach in Java
System.in
for

for (int i =0; i < a.length; i++)
System.out.printIn(ali]);

for each
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for each
for each
for
Arrays
Arrays.toString(a)
“ [2,3,5,7,11,13]"
System.out.printIn(Arrays.toString(a));
3.10.2
Java
int[] smallPrimes = { 2, 3, S, 7, 11, 13 };
new
new int[] { 17, 19, 23, 29, 31, 37 }
smallPrimes = new int{] { 17, 19, 23, 29, 31, 37 };
int[] anonymous = { 17, 19, 23, 29, 31, 37 };
smallPrimes = anonymous;
Java 0
0
new elementType[0]
0 null null 4
3.10.3
Java

int[] luckyNumbers = smallPrimes;
TuckyNumbers[5] = 12; // now smallPrimes[5] is also 12

3-14
Arrays copyOf

int[] copiedLuckyNumbers = Arrays.copyOf(TuckyNumbers, luckyNumbers.length);
2

luckyNumbers = Arrays.copyOf (TuckyNumbers, 2 = TuckyNumbers.length);
0

toString
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false
3-14
to
Java SE 6 System arraycopy
System.arraycopy(from, fromIndex, to, toIndex, count);
to
3-15
4 2 4

3

int[] smaliPrimes = {2, 3, 5, 7, 11, 13};

int[] luckyNumbers = {1001, 1002, 1003, 1004, 1005, 1006, 1007},

System.arraycopy(smallPrimes, 2, luckyNumbers, 3, 4);

for (int i = 0; 1 < luckyNumbers.length; i++)
System.out.printin(i + ": " + TuckyNumbers{i]);

1001
1002
1003
5

7

11
13

DB W N D

C++ Java C++ heap

int[] a = new int[100]; // Java

int a[100]; // C++

intx a = new int{100]; // C++
Java [] a1
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3-15
3.10.4
Java Java String arg[]
main main

public class Message
{
public static void main(String[] args)
{
if (args[0].equals("-h"))
System.out.print("Hello,");
else if (args[0].equals("-g"))
System.out.print("Goodbye,");
// print the other command-line arguments
for (int i = 1; i < args.length; i++)
System.out.print(" " + args[i]);
System.out.printIn("!");

java Message -g cruel world
args

args[@]: "-g"

args{1]: "cruel”

args[2]: "world"

Goodbye, cruel world!

C++ Java main

args
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java Message -h world
args[o] 13 h" 13 M eS%ge” “ j ava.!!

3.10.5

Arrays sort
int(] a = new int{10000];

Arrays.sort(a)

Array API
3-7
6
Bet the following combination. It'11 make you rich!
4
7
8
19
30
44
1 2 n numbers
int[] numbers = new int[n];
for (int i = @; i < numbers.length; i++)
numbers(i] =1 + 1;
int[] result = new int[k];
k Math.random 0 1 0
1 n 0O n 1
int r = (int) (Math.random() * n);
result i numbers[r] r+1

numbers

result[i] = numbers[r];

number([r] n 1

numbers[r] = numbers{n - 1};
n--3

k result

Arrays.sort(result);
for (int r : result)
System,out.printin(r);
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LotteryDrawing.java

© ® N O v s W N =

{

/J..

» This program demonstrates array manipulation.

import java.util.x;

+ @version 1.20 2004-02-10
+ @author Cay Horstmann

:/

- public class LotteryDrawing

public static void main(String(] args)

{

Scanner in = new Scanner(System.in);

System.out.print{"How many numbers do you need to draw? ");
int k = in.nextInt();

System.out.print("What is the highest number you can draw? ");
int n = in.nextInt();

// fill an array with numbers 123 . . . n

int[] numbers = new int[n];

for (int i = @; i < numbers.length; i++)
numbers{i] = i + 1;

// draw k numbers and put them into a second array
int[] result = new int[k];
for (int 1 = @; i < result.length; i++)
{
// make a random index between @ and n - 1
int r = (int) (Math.random() = n);

// pick the element at the random location
result[i] = numbers{rl;

// move the last element into the random location
numbers[r] = numbers[n - 1];
n--;

}

// print the sorted array
Arrays.sort(result);
System.out.printIn{"Bet the following combination. It'11 make you rich!"});
for (int r : result)
System.out.printin(r);

Java.util_Arrays 1.2

e static String toString(type[] a) 5.0

a
a int long short char byte boolean float

double
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e static type copyOf(type[] a, int length) 6
e static type copyOf(type[] a, int start, int end) 6

a length end-start a
a int long short char byte boolean float double
start
end a.length
0 fase
length length alength 0 false
length

e static void sort(type[] a)

a int long short char byte boolean float double
e static int binarySearch(type[] a, type v)
e static int binarySearch(type[] a, int start, int end, type v) 6

%
r r 1 a \
a int long short char byte boolean float double
start
end
% a
e static void fill(type[] a, type v)
%
int long short char byte boolean float double
% a

e static boolean equals(type[] a, type[] b)
true
a b int long short char byte boolean float double

java.lang.System 1.1

e static void arraycopy(Object from, int fromlndex, Object to, int tolndex,
int count)

from 5 Object
fromlndex

to from

tolndex

count
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3.10.6
$10,000
3-8
10% 11% 12% 13% 14% 15%
10 000.00 10 000.00 10 000.00 10 000.00 10 000.00 10 000.00
11 000.00 11 100.00 11 200.00 11 300.00 11 400.00 11 500.00
12 100.00 12 321.00 12 544.00 12 769.00 12 996.00 13 225.00
13 310.00 13 676.31 14 049.28 14 428.97 14 815.44 15 208.75
14 641 00 15 180.70 15 735.19 16 304.74 16 889.60 17 490.06
16 105.10 16 850.58 17 623.42 18 424 .35 19 254.15 20 113.57
17 715.61 18 704.15 19 738.23 20 819.52 21 949.73 23130.61
19 487.17 20 761.60 22 106.81 23 526.05 25 022.69 26 600.20
21 435.89 23 045.38 24 759.63 26 584.44 28 525.86 30 590.23
23579.48 25 580.37 27 730.79 30 040.42 32 519.49 35178.76
balance
Java
double[][] balances;
balances = new double[NYEARS][NRATES];
int[][] magicSquare =
{
{16, 3, 2, 13},
{5, 10, 11, 8},
{9 ¥ 6! 7! 12} 1
{4, 15, 14, 1}
h
balances]i][j]
interest balances

for (int j = 0; j < balance[@].length; j++)
balances[0]{j] = 10000;

for (int i = 1; 1 < balances.length; i++)
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{
for (int j = 0; j < balances[i].length; j++)

{

double oldBalance = balances[i - 1][jl;
double interest = . . .;
balances[i][j] = oldBalance + interest;

for each

for (double[] row : a)
for (double value : row)
do something with value

System.out.printIn(Arrays.deepToString(a));

([16, 3, 2, 13], [5, 1o, 11, 8], [9, 6, 7, 12], [4, 15, 14, 1]]

CompoundlInterest. java

1. [ax

2. This program shows how to store tabular data in a 2D array.
a. * @version 1.40 2004-92-10

4.+ @author Cay Horstmann

5. %/

6. public class CompoundInterest

7. {

8. public static void main(String(] args)

o |

10. final double STARTRATE = 10;

1. final int NRATES = 6;

12. final int NYEARS = 10;

13.

14, // set interest rates to 10 . . . 15%

1s. double[] interestRate = new double[NRATES];

16. for (int j = 0; j < interestRate.length; j++)
17. interestRate[j] = (STARTRATE + j) / 100.6;
18.

19. double[][] balances = new double[NYEARS][NRATES];
20.

21. // set initial balances to 10000

22. for (int j = 0; j < balances[@].length; j++)

23. balances[0][j] = 10000;

24.

25. // compute interest for future years

2. for (int i = 1; i < balances.length; i++)

27, {

28, for (int j = 0; j < balances[i].1ength; j++)
29. {

30. // get last year's balances from previous row
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32.

double oldBalance = balances[i - 1][j];

// compute interest

33.
34. double interest = oldBalance » interestRate[j];
35.
36. // compute this year's balances
ar. balances[1][j] = oldBalance + interest;
38. }
39, }
40.
41. // print one row of interest rates
42, for (int j = 0; j < interestRate.length; j++)
43, System.out.printf("%9.0f%%", 100 + interestRate[j]);
44.
45. System.out.printin();
46.
47. // print balance table
48, for (double[] row : balances)
49. {
50. // print table row
51. for (double b : row)
52, System.out.printf("%10.2f", b);
53.
54. System.out.printin();
55. }
56.
57. }
3.10.7
Java Java
balances
3-16
balances|i] i
balanceq[i][j] j
double[] temp = balances[i];
balances[i] = balances[i + 1];
balances[i + 1] = temp;
I j 13
1
1 1
1 2 1
1 3 3 1
1 4 6 4 1
1 51 10 5 1
1 6

15 20 15 6 1

10
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3-16

int[][] odds = new int[NMAX + 1][];

0; n <= NMAX; n++)
new intfn + 1};

for (int n
odds[n]

for (int n = @; n < odds.length; n++)
for (int k = 8; k < odds[n].Tength; k++)
{
// compute lotteryOdds

odds[n}[k] = TotteryOdds;
}

3-9

C++ C++ Java
double[][] balances = new double[10][6]; // Java

double balances[10][6]; // (++

double (+balances)[6] = new double[10]1[6]; // C++
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10

doubles= balances = new doublex[10]; // C++

for (i =0; 1 <10; i+4)

balances[i] = new double[6];
new double[10][6]

LotteryArray.java

!

{

© @ N O o s N oo

s

+ This program demonstrates a triangular array.

+ @version 1.20 2004-02-10
» @author Cay Horstmann

o/

. public class LotteryArray

public static void main(String[] args)

{

}

final int NMAX = 10;

// allocate triangular array

int[][] odds = new int[NMAX + 1][];

for (int n = 0; n <= NMAX; n++)
odds[n] = new int[n + 1];

// fi1l triangular array
for (int n = 0; n < odds.Tength; n++)
for (int k = 0; k < odds[n].Tength; k++)
{
/=

« compute binomial coefficient n«(n-1)#(n-2)#...#(n-k+1)/(1s253x.,

x/
int TotteryOdds = 1;
for (int 1 =1; 1 <= k; i++)
TotteryOdds = lotteryOdds « (n - i + 1) / 1;

odds[n] (k] = lotteryOdds;
}

// print triangular array
for (int[] row : odds)
{
for (int odd : row)
System.out.printf("%4d", odd);
System.out.printin();
}

.+k)

Java Java
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A
A
A
. Java
Java
C++
“ Ct++ " Java
4.1
OO0oP
" Java
OOP

Programs, Prentice Hall, 1975

> > > > >

Pascal

OOP

OO0P Java

Niklaus Wirth
Algorithms + Data Structures =
Wirth
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web 2000
100
20 4-1 bug
20 2000
4-1
4.1.1
class
construst instance
Java Java
Java
encapsulation
instance fields method
State
OOoP Java
Java ) " Object

Object
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4.1.2

inheritance

OOP
behavior —
state ——
identity ——

“ ? OOP

Item
Order
Shipping address
Payment
Account
Item Order

13 ”oow [T

main

Order

identity

Item
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4
41.4
. “ uses-a’
. “ has-a’
. “isa’
dopendence “ uses-a’ Order
Account Order Account Item
Account Item
A B B
B A bug
aggregation “ has-a” Order
Iltem A B
“ has-a”
4-1
4-1 UML
UML
-
——————— =
——————— -
<
inheritance “is-a” Rush
Order Order RushOrder
Order
A B A B
UML Unified Modeling Language 4-2
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UML

UML
Rational Rose http://www.ibm.com/
software/awdtool s/devel oper/Rose Together http://www.borland.com/us/products/

together ArgoUML http://argouml.tigris.org
GentleWare http://gentleware.com UML
UML Violet http://violet.sourceforge.net
4.2
Java
Math Math Math.random
Math
—Date
4.2.1
Java constructor
Java Date

“ December 31, 1999, 23:59:590 GMT"
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built-in Visual Basic date
#6/1/1995# date
Visual Basic
/! !/
replace
Java
http://jcp.org/en/jsr/detail ?id=310
Date Date Date
new
new Date()
System.out.printin(new Date());
Date toString
toString Date

String s = new Date().toString();

Date birthday = new Date();
4-3 birthday

4-3

Date deadline; // deadline doesn't refer to any object
deadline Date deadline
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s = deadline.toString(); // not yet

deadline

deadline = new Date();

deadline

birthday;

Java

Date deadline = new Date();

Date

4-4

new Date() Date

deadline
null
deadline = null;
%f‘(aead11ne = null)
System.out.printIn{deadline);
null

birthday = null;
String s = birthday.toString(); // runtime error!

null

C++ Java
Java
Date birthday; // Java

new

C++

C++

null

C++

new
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Datex birthday; // C++

Date* new
C++ Java
Datex birthday = new Date(); // C++
Java null C++ NULL
Java
C++
Java
C++
, linked list
Java
clone
4.2.2 Java GregorianCalendar
Java Date Date
Date
epoch UTC 1970 1 1 00:00:00 UTC
Coordinated Universal Time GMT Greenwich Mean Time/
Date Java
“ December 31, 1999, 23:59:59"
Gregorian
Nachum Dershowitz  Edward M. Reingold Calendrical
Calculations 2 2001
Java
Date GregorianCalendar
GregorianCalendar Calendar
Calendar

Gregorian
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Date before after
if (today.before(birthday))

System.out.printIn("Sti1l time to shop for a gift.");

Date getDay getMonth getY ear

Date

GregorianCalendar Date

new GregorianCalendar()

new GregorianCalendar(1999, 11, 31)
0 11

Calendar. DECEMBER

new GregorianCalendar(1999, Calendar.DECEMBER, 31)

new GregorianCalendar{1999, Calendar.DECEMBER, 31, 23, 59, 59)

GregorianCalendar deadline = new GregorianCalendar(. . .);

GregorianCalendar

4.2.3

GregorianCalendar

API

GregorianCalendar get Calendar

Calendar. MONTH Calendar.DAY_OF WEEK

GregorianCalendar now = new GregorianCalendar();
int month = now.get(Calendar.MONTH);

Date
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int weekday = now.get(Calendar.DAY_OF_WEEK);
API
set
deadline.set(Calendar.YEAR, 2001);
deadline.set(Calendar.MONTH, Calendar.APRIL);
deadline.set(Calendar.DAY_OF_MONTH, 15);
deadline.set(2001, Calendar.APRIL, 15);
deadline.add(Calendar.MONTH, 3); // move deadline by 3 months
get set add get set
add mutator
method accessor method
C++ C++ const
Java
get set
GregorianCalendar getTime setTime

Date time = calendar.getTime();
calendar.setTime(time)

GregorianCalendar calendar = new GregorianCalendar(year, month, day);

GregorianCalendar Date

GregorianCalendar

Date hireDay = calendar.getTime();

Date
get

GregorianCalendar calendar = new GregorianCalendar();
calendar.setTime(hireDay);
int year = calendar.get(Calendar.YEAR);

Sun Mon Tue Wed Thu Fri Sat

2 3
9 10
16 17
23 24
30 31

GregorianCalendar

1

4 5 6 7 8
11012 13 1415
18 19+ 20 21 22
25 26 27 28 29

Date
getTime

GregorianCalendar
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GregorianCalendar d = new GregorianCalendar();
get

int today = d.get(Calendar.DAY_OF_MONTH);

int month = d.get{Calendar.MONTH);

d

d.set(Calendar.DAY_OF_MONTH, 1);
int weekday = d.get(Calendar.DAY_OF_WEEK),;

weekday
Calendar. MONDAY

Java

Locale.setDefault(Locale . ITALY);

getFirstDayOfWeek
1

int firstDayOfWeek = d.getFirstDayOfWeek();
int indent = 0;
while (weekday != firstDayOfWeek)
{
indent++;
d.add(Calendar.DAY_OF_MONTH, -1);
weekday = d.get(Calendar.DAY_OF_WEEK);
}

main

String [] weekdayNames = new DateFormatSymbols().getShortWeekdays();

getShortWeekdays
Sun” * Mon”

do

{

System.out.printf("%4s", weekdayNames[weekday]);
d.add(Calendar.DAY_OF_MONTH, 1);
weekday = d.get(Calendar.DAY_OF_WEEK);

}

Calendar.SUNDAY

DateFormatSymbols
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while (weekday != firstDayOfWeek);
System.out.printin();

d.add(Calendar.DAY_OF_MONTH, 1);
31 30 29 28 d

do
{

}
while (d.get(Calendar.MONTH) == month);

d
4-1

GregorianCalendar GregorianCalendar
get set add

CalendarTest.java

1. import java.text.DateFormatSymbols;
2. import java.util.s;

3.

4 [ax
5. @version 1.4 2007-04-07

6. @uthor Cay Horstmann

7. %/

8.

9. public-class CalendarTest

10. {

1. public static void main(String[] args)

12. {

13, // construct d as current date

14. GregorianCalendar d = new GregorianCalendar();

16. int today = d.get(Calendar.DAY_OF_MONTH);
17, int month = d.get(Calendar.MONTH);

19, // set d to start date of the month
20. d.set(Calendar.DAY_OF_MONTH, 1);

22, int weekday = d.get(Calendar.DAY_OF_WEEK);

24. // get first day of week (Sunday in the U.S.)
25. int firstDayOfWeek = d.getFirstDayOfieek();



26.
27. // determine the required indentation for the first Tine
28, int indent = 0;

29. while (weekday != firstDayOfWeek)

30. {

31. indent++;

32. d.add(Calendar .DAY_OF_MONTH, -1);

33, weekday = d.get(Calendar.DAY_OF_WEEK);

34, }

35.

36. // print weekday names

a7. String[] weekdayNames = new DateFormatSymbols().getShortWeekdays();
38. do

39, {

40, System.out.printf("%4s", weekdayNames[weekday]);
41, d.add(Calendar.DAY_OF_MONTH, 1);

42, weekday = d.get(Calendar.DAY_OF_WEEK);

43. }

44, while (weekday != firstDayOfWeek);

45. System.out.printin();

46.

47. for (int i = 1; i <= indent; i++)

48. System.out.print(" "%

49.

50, d.set(Calendar.DAY_OF_MONTH, 1);

51. do

52. {

53, // print day

54. int day = d.get(Calendar.DAY_OF_MONTH);

55. System.out.printf("%3d", day);

56.

57. // mark current day with =

56. if (day == today) System.out.print(":");

59. else System.out.print(" ");

60.

61. // advance d to the next day

62. d.add(Calendar.DAY_OF_MONTH, 1);

63. weekday = d.get(Calendar.DAY_OF_WEEK);

64.

65. // start a new line at the start of the week

66. if (weekday == firstDayOfWeek) System.out.printin();
67. } .

68. while (d.get(Calendar.MONTH) == month);

69. // the loop exits when d is day 1 of the next month
70.

7. // print final end of line if necessary

72. if (weekday != firstDayOfWeek) System.out.printin();
73. }

7a. }

java.util.GregorianCalendar 1.1

» GregorianCalendar()

e GregorianCalendar(int year, int month, int day)
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e GregorianCalendar(int year, int month, int day, int hour, int minutes, int
seconds)
Gregorian
year
month 0 0
day
hour 0 23
minutes 0 59
seconds 0 59
e int get(int field)

field Calendar.ERA Calendar.YEAR
Calendar.MONTH Calendar. WEEK_ _OF_YEAR
Calendar. WEEK_OF_MONTH Calendar.DAY_OF_MONTH
Calendar.DAY_OF_YEAR Calendar.DAY_OF_WEEK
Calendar.DAY_OF WEEK _IN_MONTH Calendar.AM_PM
Calendar.HOUR Calendar.HOUR_OF_DAY Calendar.MINUTE
Calendar.SECOND Calendar. MILLISECOND Caendar.ZONE_OFFSET
Cdendar.DST_OFFSET

evoid set(int field, int value)

field get
value
*void set(int year, int month, int day)
evoid set(int year, int month, int day, int hour, int minutes, int seconds)

year
month 0 0
day
hour 0 23
minutes 0 59
seconds 0 59
evoid add(int field, int amount)

c.add(Calendar.DAY_OF MONTH, 7) 7
field get
amount
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e int getFirstDayOfWeek()

Calendar.SUNDAY
e void setTime(Date time)

time
» Date getTime()

java.text.DateFormatSymbols 1.1

e String[] getShortWeekdays()
e String[] getShortMonths()
« String[] getWeekdays()
» String[] getMonths()
Calendar

4.3
3 main
workhorse class
main
main
43.1 Employee

Java

class ClassName

{
constructory
constructor,

method,
method,
fieldl
field2

Employee

class Employee

{
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// constructor
public Employee(String n, double s, int year, int month, int day)
{
name = n;
salary = s;
GregorianCalendar calendar = new GregorianCalendar(year, month - 1, day);
hireDay = calendar.getTime();

}

// a method

public String getName()
{

}

return name,

// more methods

// instance fields

private String name;
private double salary;
private Date hireDay;

4-2 Employee
Employee
Employee[] staff = new Employee[3];
staff[@] = new Employee("Carl Cracker", . . .);

staff[1] = new Employee("Harry Hacker", . . .):
staff[2] = new Employee("Tony Tester", . . .);

Employee raiseSalary 5%

for (Employee e : staff)
e.raiseSalary(5);

getName getSalary getHireDay
for (Employee e : staff)

System.out.printin{"name=" + e.getName()
+ ",salary=" + e.getSalary()

+ ",hireDay=" + e.getHireDay());
Employee public
EmployeeTest EmployeeTest main
EmployeeTest.java public
EmployeeTest.class

Employee.class
main
java EmployeeTest
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EmployeeTest main

Employee

EmployeeTest. java

Jux

- x/
. pu
{

{

}
-}

import java.util.«;

x This program tests the Employee class.
x @version 1.11 2004-02-19

+ @author Cay Horstmann

blic class EmployeeTest

public static void main(String[] args)

// fi11 the staff array with three Employee objects
Employee[] staff = new Employee[3];

staff[0] = new Employee("Car] Cracker", 75000, 1987, 12, 15);
staff[1] = new Employee("Harry Hacker", 50000, 1989, 10, 1);
staff(2] = new Employee("Tony Tester", 40000, 1990, 3, 15);

// raise everyone's salary by 5%
for (Employee e : staff)
e.raiseSalary(5);

// print out information about all Employee objects
for (Employee e : staff)
System.out.printIn{"name=" + e.getName() + ",salary='
+ e.getHireDay());

. class Employee

A
{

}

{
}

{
}

public Employee(String n, double s, int year, int month, int day)

name = n;
salary = s;

GregorianCalendar calendar = new GregorianCalendar(year, month - 1, day);
// GregorianCalendar uses @ for January

hireDay = calendar.getTime();

public String getName()

return name;

public double getSalary()

return salary;

public Date getHireDay()

+ e.getSalary() + ",hireDay="
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52. {
53, return hireDay;
54, }

55.
s6.  public void raiseSalary(double byPercent)

57. {

58, double raise = salary = byPercent / 100;
59. salary += raise;

60. }

61.

62.  private String name;
63.  private double salary;
ea.  private Date hireDay;

65. }
4.3.2
4-2
Employee Employee.java EmployeeTest
EmployeeTest.java
Java
javac Employee:,java
javac EmployeeTest.java
Employee.java Java
EmployeeTest.java Employee Employee.class
Employee.java
Employee.java Employee.class Java
UNIX “ make” Windows “ nmake”
Java “ make”
4.3.3 Employee
Employee
4

public Employee(String n, double s, int year, int month, int day)
public String getName()

public double getSalary()

public Date getHireDay()

pubTic void raiseSalary(double byPercent)

public public

Employee
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private String name;
private double salary;
private Date hireDay;

private Employee
public public
public
private
name String hireDay Date
434
Employee
public Employee(String n, double s, int year, int month, int day)
{
name = n;
salary = s;
GregorianCalendar calendar = new GregorianCalendar(year, month - 1, day);
hireDay = calendar.getTime();
}
Employee
Employee

new Employee('James Bond", 10000¢, 1950, 1, 1);

name = "James Bond";
salary = 100000,
hireDay = January 1, 1950;

new

james.Employee("James Bond", 250000, 1950, 1, 1); // ERROR
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C++ Java C++
new C++

Employee number@@7("James Bond", 100000, 1959, 1, 1);
// C++, not Java

C++ Java

salary

public Employee(String n, double s, . . .)
{

String name = n; // ERROR

double salary = s; // ERROR

1
name salary

4.3.5

public void raiseSalary(double byPercent)

{
double raise = salary = byPercent / 100;
salary += raise;
}
salary
number0@7. raiseSalary(5);
number007.salary 5%

double raise = number@@7.salary = 5 / 100,
numberdd7.salary += raise;

raiseSalary implicit
Employee
this
raiseSalary
public void raiseSalary(double byPercent)
{

double raise = this.salary = byPercent / 100;
this.salary += raise;

}

Java

explicit
double byPercent

new



107

4.3.6

C++

C++

void Employee::raiseSalary(doubte byPercent) // C++, not Java

{
}

class Employee

{

int getName() { return name; } // inline in (4+

}
Java

public String getName()

{
}

return name;

public double getSalary()

{
}

return salary;

public Date getHireDay()

{
}

return hireDay;

name salary hireDay

name

salary

name

Java

getName getSalary

public

raiseSalary
salary public

inline

getHireDay
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String firstName;
String lastName;

getName

non

firstName + + JastName

setSalary 0

Employee
getHireDay Date
class Employee

buE]éc Date getHireDay()
{

return hireDay;

}

private Date hireDay;

}

Employee harry = . . .;

Date d = harry.getHireDay();

double tenYearsInMilliSeconds = 10 = 365.25 « 24 « 60 = 6@ « 1000;
d.setTime(d.getTime() - (long) tenYearsInMilliSeconds)

// Tet's give Harry ten years added seniority

d harry.hireDay 4-5

class Employee

buB]ic Date getHireDay()
{

return (Date) hireDay.clone();

}
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4-5

4.3.7

equals

class Employee

boolean equals(Employee other)
return name.equals(other.name);

}
}

if (harry.equals(boss)) . . .
harry boss
boss Employee Employee Employee

C++ C++ feature

4.3.8

private
Java public private
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4
4.3.9 Final
final
Employee name final
setName
class Employee
{
ﬁr%véte final String name;
}
final primitive immutable
String
final
private final Date hiredate;
hiredate
hiredate hiredate setTime
4.4
main static
4.4.1
static
Employee
id nextld
class Employee
{
érivéte int id;
private static int nextld = 1;
}
id nextld
1000 Employee 1000 id
nextld nextld
13 StaIIC”

C++
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public void setId()
{

id = nextId;
nextId++;

}
harry
harry.setId();

harry id nextld nextld

harry.id = Employee.nextId;
Employee.nextId++;

4.4.2

public class Math
{

public static final double PT = 3.14159265358979323846;

}
Math.PI
static Pl Math
Math PI

System.out System

public class System

{

public static final PrintStream out = . . .;

public final out

System.out = new PrintStream(. . .); // ERROR--out is final

System setOut

setOut Java

4.4.3
Math

1
Math
Math Pl
final
System.out
final
Java

pow
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Math.pow(x, a)
Xa

public static int getNextId()

{

Math
this

return nextId; // returns static field

}

int n = Employee.getNextId()

harry.getNextld( )

getNextld
C++ Java
C++
“ static”

4.4.4 Factory

static

harry
Employee.getnextid( )
harry

Employee.getNextld

C++

C static
“ static”
static C
static

Java

NumberFormat factory

NumberFormat currencyFormatter = NumberFormat.getCurrencyInstance();
NumberFormat percentFormatter = NumberFormat.getPercentInstance();

double x = 0.1;

System.out.printIn(currencyFormatter.format(x)); // prints $0.10
System.out.printin(percentFormatter.format(x)); // prints 10%

NumberFormat

this

Employee

Employee

Math.pow

Math:: Pl

C++
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. Factory Decimal Format
NumberFormat 5

445 Main

Math
Math.pow
main
pubTic class Application
{
public static void main(String[] args)

{

// construct objects here

main
main
main
Employee main

class Employee

{

public Employee(String n, double s, int year, int month, int day)
{
name = n;
salary = s;
GregorianCalendar calendar = new GregorianCalendar(year, month - 1, day);
hireDay = calendar.getTime();

}

public static void main(String{] args) // unit test

{
Employee e = new Employee("Romeo”, 50000, 2003, 3, 31);
e.raiseSalary(10);
System.out.printin(e.getName() + " " + e.getSalary());

}

Employee
java Employee

java Application
Employee main

4-3 Employee nextld
getNextld Employee
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Employee main

java Employee

java StaticTest

main
StaticTest. java
1. [xx
2+ This program demonstrates static methods.
3. + @uersion 1.01 2004-02-19
4.« @author Cay Horstmann
5.
6. public class StaticTest
7. {
s public static void main(String[] args)
o |
10. // fill the staff array with three Employee objects
11, Employee[] staff = new Employee[3];
12.
13, staff[0] = new Employee("Tom", 40000);
14. staff[1] = new Employee("Dick", 60000);
15, staff[2] = new Employee("Harry", 65000);
16.
17. // print out information about all Employee objects
18. for (Employee e : staff)
19. {
20. e.setld();
21. System.out.printIn("name=" + e.getName() + ",id=" + e.getId() + ",salary="
22. + e.getSalary());
23. }
24.
25. int n = Employee.getNextId(); // calls static method
26. System.out.printIn("Next available id=" + n);
27. }
28. }

s0. class Employee

at. {

32. public Employee(String n, double s)
33. {

34. name = n;

35. salary = s;

36. id = 0;

ar. }

38.

se.  public String getName()
40. {

41, return name;

42, }

43.

4a. pubTic double getSalary()
45. {

46. return salary;
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47. }
48.
4. public int getId()
s0. {
51. return id;
s2.  }
53.
ss.  public void setId()
5. {
56. id = nextId; // set id to next available id
57. nextId++;
58. }
59.
eo.  public static int getNextId()
o1, {
62. return nextId; // returns static field
R
64.
65.  public static void main(String[] args) // unit test
66. {
67. Employee e = new Employee("Harry", 50000);
66. System.out.printin(e.getName() + " " + e.getSalary());
69. }
70.
7. private String name;
72 private double salary;
73, private int id;
74, private static int nextId = 1;
75. }
4.5
call by value call by reference
“ " call by
call by name  Algol
Java
double percent = 10;
harry.raiseSalary(percent);
percent 10
3

public static void tripleValue(double x) // doesn't work

{

X=3%X;

}
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double percent = 10;

tripleValue(percent);
percent 10
1 X percent 10
2 X 3 30 percent 10 4-6
3 X
4-6
. ( )

public static void tripleSalary(Employee x) // works

{
x.raiseSalary(200);

}

harry = new Employee(. . .);
tripleSalary(harry);

1 X harry
2 raiseSalary X harry Employee
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// x refers to Alice, y to Bob
Employee temp = x;

X=Y;

y = temp;

// now x refers to Bob, y to Alice

200%
3 X harry
4-7
4-7
C++ Pascal
Java
public static void swap(Employee x, Employee y) // doesn't work
{
Employee temp = x;
X=y;
y = temp;
Java
Employee a = new Employee("Alice", . . .);
Employee b = new Employee("Bob", . . .);
swap(a, b);
// does a now refer to Bob, b to Alice?
b swap

X
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4-8

Java

Java

4-4

Testing triplevalue:
Before: percent=10.0
End of method: x=30.0
After: percent=10.9

Testing tripleSalary:

Before: salary=50000.0

End of method: salary=150000.0
After: salary=150000.0

harry

swap

Testing swap:
Before: a=Alice
Before: b=Bob

End of method: x=Bob
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End of method: y=Alice
After: a=Alice
After: b=Bob

41,
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C++
tripleValue(double& x)

C++

ParamTest. java

=

o

{
{

{

43.

+ This program demonstrates parameter passing in Java.
+ @version 1.00 2000-01-27

+ @author Cay Horstmann

. pubTic class ParamTest

public static void main(String[] args)

/%

x Test 1: Methods can't modify numeric parameters
s/

System.out.printin("Testing triplevalue:");

doubTe percent = 10;
System.out.printin("Before: percent=
tripleValue(percent);
System.out.printIn("After: percent=" + percent);

+ percent);

/x
« Test 2: Methods can change the state of object parameters
x/
System.out.printin("\nTesting tripteSalary:");
Employee harry = new Employee("Harry", 50000);
System.out.printin("Before: salary=" + harry.getSalary());
tripleSalary(harry);
System.out.printin("After: salary=" + harry.getSalary());

/%

x Test 3: Methods can't attach new objects to object parameters

%/
System.out.printIn("\nTesting swap:");

Employee a = new Employee("Alice", 70000);
Employee b = new Employee("Bob", 60000);
System.out.printin("Before: a=" + a.getName());
System.out.printin("Before: b=" + b.getName());
swap(a, b);

System.out.printin("After: a=" + a.getName());
System.out.printIn("After: b=" + b.getName());

pubtic static void triplevalue(double x) // doesn't work

X=3%Xx;
System.out.printIn("eEnd of method: x=" + x);

&

void swap(Employee& x, Employee& y)

void
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45}

46.

a7. public static void tripleSalary(Employee x) // works

g |

49, x.raiseSalary(200);

50. System.out.printIn("End of method: salary=" + x.getSalary());
51. }

52.

s, public static void swap(Employee x, Employee y)

54. {

s5. Employee temp = x;

56. X =Y,

57. y = temp,

58. System.out.printin("End of method: x=" + x.getName());
59, System.out.printn("End of method: y=" + y.getName());
60. } ’

61. }

62.

63. Class Employee // simplified Employee class

64. {

es.  public Employee(String n, double s)

e6. |

67. name = n;

68. salary = s;

69. }

7. public String getName()

2. {
73. return name,
72}

7. public double getSalary()

77. {
78. return salary;
7.}

s1.  public void raiseSalary(double byPercent)

82. {

83. double raise = salary = byPercent / 100;
84. salary += raise;

85. }

s7.  private String name;
88. private double salary;

4.6

Java
46.1

GregorianCalendar
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GregorianCalendar today = new GregorianCalendar();

GregorianCalendar deadline = new GregorianCalendar(2099, Calendar.DECEMBER, 31);
overloading GregorianCalendar

overloading resolution

Java
signature String 4
indexOf

index0f(int)
index0f(int, int)
index0f(String)
index0f(String, int)

4.6.2

flase null

0 false null

Employee
salary 0 name hireDay null
getName getHireDay
null

Date h = harry.getHireDay();
calendar.setTime(h); // throws exception if h is null

4.6.3

Employee
public Employee()
{
name = "";
salary = 9;
hireDay = new Date();

}



122

false null

4-2

Employee(String name, double salary, int y, int m, int d)

e = new Employee();

new ClassName()

public ClassName()

{
}

4.6.4

class Employee

{

(130N

private String name = "";

}

Employee id

class Employee

{

static int assignId()
{
int r = nextId;
nextld++;
return r;

}

private int id = assignId();

}

Employee
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C++ C++

Employee::Employee(String n, double s, int y, int m, int d) // C++

name(n},
salary(s),
hireDay(y, m, d)
{
}

C++

4.6.5

public Employee(String n, double s)

{

name = n;

salary = s;
}

13 a.ﬂ

public Employee(String aName, double aSalary)
{

name = aName;

salary = aSalary;
}

salary salary
this

public Employee(String name, double salary)

{
this.name = name;
this.salary = salary;

}

C++ C++

salary
4.6.6

this
this(...)

Java

mSalary xSalary Java

m

X

this.salary
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public Employee(double s)

{
// calls Employee(String, double)
this("Employee #" + nextId, s);
nextId++;

}
new Employee(60000) Employee(double)

this

C++ Java this C++ this
C++

4.6.7

Employee(String, double)

C++

Java initialization block

class Employee
public Employee(String n, double s)

name = n;
salary = s;

}

public Employee()
{
name = "";
salary = 0;

}

private static int nextId;

private int 1id;
private String name;
private double salary;

// object initialization block
{
id = nextId;
nextld++;
}
}
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A WO DN P

Sun Java
bug # 4459133 bug Java SE 1.4.1

Java 8.3.2.3 http://java.sun.com/docs/books/jls

0 false null

static int nextld = 1;

static ID
10 000

// static initialization block
static

{

}

Random generator = new Random(};
nextId = generator.nextInt(10000);

0 false null

Java main
“ Hello, World”

public class Hello

{

static

{

}
}

java Hello “ Hello, World”
“ main is not defined 8
System.exit(0)

System.out.printin("Hello, World");
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.« this(...

ConstructorTest. java

.import java.util.s;

;
2.
3 [xx

a.  This program demonstrates object construction.
5. « @version 1.81 2004-02-19

6. * @author Cay Horstmann

7

8

9

7
. public class ConstructorTest
A
0. public static void main(String[] args)
1. {
12, // fi11 the staff array with three Employee objects
13, Employee[] staff = new Employee(3];
14.
15, staff[0] = new Employee("Harry", 40000);
16. staff[1] = new Employee(60000);
17. staff[2] = new Employee();
18.
19, // print out information about all Employee objects
20. for (Employee e : staff)
21, System.out.printin("name=" + e.getName() + ",id=" + e.getId() + ",salary="
22, + e.getSalary(});
3}
24. }

. class Employee

27 {

28 // three overloaded constructors

20.  public Employee(String n, double s)

[N
@

0. {

at. name = n;

32. salary = s;

3.}

34.

ss.  public Employee(double s)

36. {

37. // calls the Employee(String, double) constructor
38. this("Employee #" + nextId, s);
39. }

40.

41 // the default constructor
42, public Employee()

3. {
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44, // name initialized to ""--see below

45. // salary not explicitly set--initialized to 0
46. // id initialized in initialization block
a7, }

48,

4. public String getName()

50. {

51, return name;

52, }

53.

s4.  public double getSalary()

ss. |

56. return salary;

57}

58.

so.  public int getld()

60. {

61. return id;

62. }

63.

64, private static int nextId;

65.

e6.  private int id;

67.  private String name = ""; // instance field initialization

es.  private double salary;

70.  // static initialization block

7. static

72. {

73, Random generator = new Random();

74. // set nextId to a random number between @ and 9999
75. nextId = generator.nextInt(10000);

7.  }

7. // object initialization block

79.  {

80. id = nextId;
81. nextld++;

g2. }

83, }

java.util.Random 1.0

» Random( )

e int nextint(int n) 1.2
0 n1

4.6.8 finalize

C++

Java Java
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finalize finalize
finalize
System.runFinalizersOnExit(true) finalizer Java
Runtime.addShutdownHook “ " shutdown hook API
dispose close
4.7
Java package
Java javalang java.util java.net Java
Java
java javax
Employee
Sun
horstmann.com
com.horstmann com.horstmann.corejava
java.util java.util .jar
4.7.1
public class
java.util.Date today = new java.util.Date();
import import
import
import import
package java.util

import java.util.«;
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Date today = new Date();

import java.util.Date;

java.util.*

Eclipse Source - Organize Imports Package
import java.util.* import java.util.ArrayList;
import java.util.Date;

* import java.* import
java* * java

java.util  java.sql Date

import java.util.s;
import java.sql.s;

Date
Date today; // ERROR--java.util.Date or java.sql.Date?

Date import
import java.util.s;
import java.sql.;
import java.util.Date;
Date
java.util.Date deadline = new java.util.Date();
java.sql.Date today = new java.sql.Date(...):
comp iler
C++ C++ import #include
C++ #include C++
Java
Java java.util.Date import C++
#include
Import
import java.util .* import java.util.Date Date
java.util.Date

C++ namespace Java package import
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C++ namespace using directive

4.7.2

Java SE 5.0 import

import static java.lang.System.x;
System

out.printIn("Goodbye, World!"); // i.e., System.out
exit(@); // i.e., System.exit

import static java.lang.System.out;

System.out

. Math
sqrt(pow(x, 2) + pow(y, 2))

Math.sqrt(Math.pow(x, 2) + Math.pow(y, 2))

if (d.get(DAY_OF_WEEK) == MONDAY)

if (d.get{Calendar.DAY_OF_WEEK) == Calendar.MONDAY)

4.7.3

4-7 Employee.java

package com.horstmann.corejava;

public class Employee

{

}

package
package

System.exit

com.horstmann.corejava

defaul f

com/horstmann/corejava Windows com\horstmann\corejava

4-6 4-7 PackageTest
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com.horstmann.corejava Employee.class com/horstmann/
corejava

PackageTest.java
EE PackageTest.class
com/
_ horstmann/
L corejava/
EmpToyee.java
Employee.class

javac PackageTest.java
com/horstmann/corejava/lEmployee.java

com.
horst-mann.corejava com.mycompany

L com/
horstmann/
L corejava/
Employee.java
Employee.class
mycompany/
PayrollApp.java
PayrollApp.class

com

javac com/mycompany/Payrol1App.java
java com.mycompany.Payrol1App

Jjava Java

package com.mycompany;

com/mycompany

PackageTest. java

_import com.horstmann.corejava.;
. // the Employee class is defined in that package

1
2
3.
4 import static java.lang.System.«;
5.
6.

[
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7.+ This program demonstrates the use of packages.
8. = @author cay

9. « @version 1.11 2004-02-19

10. « @author Cay Horstmann

1", %/

12. public class PackageTest

13 {

14, public static void main(String[] args)

15. {

16. // because of the import statement, we don't have to use com.horstmann.corejava.Employee here
17, Employee harry = new Employee("Harry Hacker", 50008, 1989, 10, 1);

18.

19, harry.raiseSalary(5);

20.

21, // because of the static import statement, we don't have to use System.out here
22, out.printin("name=" + harry.getName() + ",salary=" + harry.getSalary());

23, }

24, }

Employee. java

1. package com.horstmann.corejava;

2.

a. // the classes in this file are part of this package
4

5. import java.util.s;

6.

7. // import statements come after the package statement
8.
9. [ux

10. * @version 1,10 1999-12-18
1.+ @author Cay Horstmann

12. f-'/

13. pubTic class Employee

14, {

5. public Employee(String n, double s, int year, int month, int day)
16. {

17, name = n;

18, salary = s;

19, GregorianCalendar calendar = new GregorianCalendar(year, month - 1, day);
20. // GregorianCalendar uses @ for January )
21, hireDay = calendar.getTime();

2.}

23.

24, public String getName()

25 {

2. return name;

27, }

2. public double getSalary()

30. {
3t return salary;
2.}

aa.  public Date getHireDay()
3. {
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36. return hireDay;

7.}

38.

se.  public void raiseSalary(double byPercent)

0. {

a. double raise = salary « byPercent / 100;
42, salary += raise;

3}

44,

4. private String name;
4. private double salary;
47, private Date hireDay;

45,}
4.7.4
public private public
private public private
4-2 Employee
EmployeeTest
private
private java.awt Window java.awt JDK

public class Window extends Container

{

String warningString;

warningString private
“ Trust me!”

package java.awt;

java.awt
Window
private
8
Java
java.awt
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java/awt java.awt
4-9
1.2 JDK
“ java”
package sealing
10
JAR
4-9 applet
4.8
JAR(Java ) JAR
third-party
JAR JDK JAR
jrellib JAR 10
JAR ZIP ZIP
rt.jar JAR
1 /home/user/classdir
com.horstmann.corejava.Employee Employee.class
/home/user/classdir/com/horstmann/corejava

2 JAR /home/user/archives
3 class path

UNIX

/home/user/classdir:.:/home/user/archives/archive.jar
Windows ;

c:\classdir;.;c:\archives\archive.jar

. /homeluser/classdir  c:\classes
. ()
« JAR /home/user/archives/archive.jar c:\archives\archive.jar

Java SE 6 JAR

/home/user/classdir:.:/home/user/archives/'«'

c:\classdir;.;c:\archives\=
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UNIX * shell
JAR .class
rt.jar jrellib jreflib/ext JAR

/home/user/classdir:.:/home/user/archives/archive.jar

com.horstmann.corejava.Employee
jreflib/ext

e /home/user/classdir/com/horstmann/corejava/Employee.class
e com/horstmann/corejava/Employee.class
« com/horstmann/corejava/Employee.class inside /home/user/archives/archive.jar

import
import java.util.«;
import com.horstmann.corejava.«;
Employee java.lang.Employee java.lang
java.util.Employee com.horstmann.corejava.Employee Employee
import
Source files

-classpath -cp

java -classpath /home/user/classdir:.:/home/user/archives/archive.jar MyProg.java

jrellib
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4
java -classpath c:\classdir;.;c:\archives\archive.jar MyProg.java
shell
-classpath CLASSPATH
shell
export CLASSPATH=/home/user/classdir:.:/home/user/archives/archive.jar
C shell
setenv CLASSPATH /home/user/classdir:.:/home/user/archives/archive.jar
Windows shell
set CLASSPATH=c:\classdir;.;c:\archives\archive.jar
shell
CLASSPATH
Windows Apple QuickTime
CLASSPATH JAR
Java
jref/lib/ext
I 9
3
4.9
JDK javadoc HTML
3 API Java javadoc
/**
javadoc
49.1

javadoc utility
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/**

free-form text

javadoc

5 6
*/
A
@author  @param
HTML
w " <code>...</code>
<img..> <hl> <hr>

doc-files

“ doc-files'uml.png” at=" UML diagram” >
49.2

import

[xx

A <code>Card</code> object represents a playing card, such
as "Queen of Hearts". A card has a suit (Diamond, Heart,

= Spade or Club) and a value (1 = Ace, 2 . . . 10, 11 = Jack,
+ 12 = Queen, 13 = King)

o

public class Card

{
}

FENEEY

A <code>Card</code> object represents a playing card, such
as "Queen of Hearts". A card has a suit (Diamond, Heart,

Spade or Club) and a value (1 = Ace, 2 . . . 10, 11 = Jack,
12 = Queen, 13 = King).
x/
IDE *

4.9.3

<em>...</em>
<strong>...</strong>

javadoc
doc-files

<img src=
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e @param variable description
“ param”
HTML @param
e @return description
“ return”
HTML

* @throws class description

11

[x%
« Raises the salary of an employee.

* (@param byPercent the percentage by which to raise the salary (e.q. 10 = 10%)

* @return the amount of the raise
*/
public double raiseSalary(double byPercent)

{
double raise = salary « byPercent / 100;
salary += raise;
return raise;

494

[
+ The "Hearts" card suit

%

public static final int HEARTS = 1;

4.9.5

e @author name

“ author”
@author
e @version text
“ version” text
e @since text
“ since” text

@sinceversion 1.7.1
» @deprecated text
text

@author
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@deprecated Use <code>setVisible(true)</code> instead
@see @link javadoc
» @see reference
“ see also”

reference

package . class#feature label
<a href="...">label</a>
"text"

javadoc

@see com.horstmann.corejava.Employee#raiseSalary(double)

com.horstmann.corejava.Employee raiseSalary(double)

Java
javadoc
@see < URL
@see <a href="www.horstmann.com/corejava.html">The Core Java home page</a>
label link anchor
label URL
@see " “ seealso”

@see "Core Java 2 volume 2"

@see

{@1ink package.class#feature label}
@see

4.9.6

Java [* %]

1 package.html HTML <BODY>...</BODY>

2 package-info.java Java [¥*  *
Javadoc
overview.html
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<BODY>... </BODY>
“ Qverview”
4.9.7
HTML docDirectory

1 com.horst-
mann.corejava com overview.html

2

javadoc -d docDirectory nameQOfPackage

javadoc -d docDirectory nameQOfPackage; nameOfPackage;. ..

javadoc -d docDirectory *.java

-d docDirectory HTML
javadoc -author
-version @author @version
-link
javadoc -link http://java.sun.com/javase/6/docs/api «.java
Sun
-linksource HTML
javadoc http://java.sun.com/javase/javadoc
HTML
doclet
http://java.sun.com/j2se/javadoc
DocCheck doclet http://java.sun.com/j2se/javadoc/doccheck/

4.10

OOP
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bug
2
Java
3
Address Customer

private String street;
private String city;
private String state;
private int zip;

4
Address
5
Sun Java
6

10

public class CardDeck // bad design
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public CardDeck() { . . . }
pubtic void shuffle() { . . .
public int getTopValue() { . .
public int getTopSuit() { . .
public void draw() { . . .}

}
.}
-}

private int[] value;
private int[] suit;

public class CardDeck

{

}

public CardDeck() { . . . }
public void shuffle() { . . .}
public Card getTop() { . . . }
public void draw() { . . . }

private Card[] cards;

public class Card

{

public Card(int avalue, int aSuit) { . . .

public int getValue() { . . .}
public int getSuit() { . . . }

private int value;
private int suit;

Date

13 _i ng!l
get getSalary
Java

shuffle draw
Card

Order
BillingAddress
set setSalary

Java

RushOrder



A A
A Object A
A A
A A
4
inheritance
Java
C Visua Basic COBOL
C++ Smalltalk
Java C++
reflection
51
Employee
Manager Employee
Manager Employee “isa”
“isa
Employee Manager extends

class Manager extends Employee

{
}
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C++ Java C++ Java extends C++
Java C++
extends
superclass base class parent class subclass
derived class child class Java
Employee
Manager
Manager Employee
Manager
class Manager extends Employee
{
public void setBonus(double b)
{
bonus = b;
}
private double bonus;
}
Manager setBounds
Manager boss = . . .;
boss.setBonus(5000);
setBonus Employee Employee
M anager getName getHireDay M anager
M anager Employee
name salary hireDay 3 Manager
4 name salary hireDay bonus
Manager Manager getSalary
override

class Manager extends Employee

{
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public double getSalary()
{

} C

public double getSalary()

{
return salary + bonus; // won't work
}
M anager
Manager
getSalary salary
Manager
getSalary
salary
public double getSalary()
{
double baseSalary = getSalary(); // still won't work
return baseSalary + bonus;
}
getSalary
Employee
super
super.getSalary()
Employee getSalary

pubTic double getSalary()

{
double baseSalary = super.getSalary();
return baseSalary + bonus;

}

super this
super super

getSalary
salary
Employee

getSalary

getSalary

getSalary

M anager

bonus

Manager

Employee

getSalary

Manager
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C++ Java super C++
Manager getSalary super.getSalary
Employee::getSalary
super
public Manager(String n, double s, int year, int month, int day)
{
super(n, s, year, month, day);
bonus = 0;
}
super
super(n, s, year, month, day);
“ Employee n s year month day 8
Manager Employee Employee
super super
Java
this
super
this
super
C++ C++

super C++ Manager

Manager: :Manager(String n, double s, int year, int month, int day) // C++
. Employee(n, s, year, month, day)
{
bonus = 9;
}

Manager getSalary

Manager boss = new Manager("Carl Cracker", 80000, 1987, 12, 15);
boss.setBonus(5000);

3
Employee[] staff = new Employee[3];

staff[@] = boss;
staff[1] = new Employee("Harry Hacker", 50000, 1989, 18, 1);
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staff[2] = new Employee("Tony Tester", 40000, 1999, 3, 15);

for (Employee e : staff)
System.out.printin(e.getName() +

+ e.getSalary());

Car] Cracker 85000.9
Harry Hacker 50000.0
Tommy Tester 40000.0

staff[1] staff[2] Employee
staff[ 0] M anager getSalary
e.getSalary( ) getSalary
Employee e Employee Manager
e Employee e.getSalary( ) Employee getSalary e
M anager e.getSalary( ) Manager getSalary e
e polymorphism

dynamic binding

C++ Java
final fina

5-1 Employee Manager

ManagerTest. java

1 import java.util.s;
2 v
Jxx
s This program demonstrates inheritance.
= @version 1.21 2004-02-21
» @author Cay Horstmann
«/
- pubTic class ManagerTest

{

0. public static void main(String[] args)

© ® N ® v s w

12 // construct a Manager object :

13. Manager boss = new Manager("Carl Cracker", 80000, 1987, 12, 15);
14. boss.setBonus(5000);

16. Employee[] staff = new Employee[3];

18. // fi1l the staff array with Manager and Employee objects

20, staff[0] = boss;
21, staff[1] = new Employee("Harry Hacker", 50000, 1989, 10, 1);



-}

-}

}

staff[2] = new Emb]oyee("Tommy Tester", 40000, 1990, 3, 15);

// print out information about all Employee objects
for (Employee e : staff)
System.out.printIn("name=" + e.getName() + ",salary=" + e.getSalary());

. class Employee

A

public Employee(String n, double s, int year, int month, int day)

{

}

name = n;

salary = s;

GregorianCalendar calendar = new GregorianCalendar(year, month - 1, day);
hireDay = calendar.getTime();

public String getName()

{
}

return name;

pubTic double getSalary()

{
}

return salary;

public Date getHireDay()

{
}

return hireDay;

public void raiseSalary(double byPercent)

{

}

double raise = salary = byPercent / 100;
salary += raise;

private String name;
private double salary;
private Date hireDay;

/

k%
%
*
*
*

%

“f

. class Manager extends Employee

A

@param n the employee's name
@param s the salary

@param year the hire year
@param month the hire month
@param day the hire day

public Manager(String n, double s, int year, int month, int day)

{

super(n, s, year, month, day);
bonus = 0;
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79. }
80.
81, public double getSalary()

g2. |

83. double baseSalary = super.getSalary();
84. return baseSalary + bonus;

8s. }

86.
87.  public void setBonus(double b)

8. 1
89. bonus = b;
9. }

91,
92.  private double bonus;

93. }
5.1.1
Manager Executive
inheritance hierarchy 5-1
inheritance chain
5-1 Employee
Employee
Programmer Secretary Manager
C++ Java Java
5.1.2

is-a
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Manager Employee

is-a

Employee e;
e = new Employee(. . .); // Employee object expected
e = new Manager(. . .); // OK, Manager can be used as well

Java Employee Employee
Employee Manager Executive
5-1
Manager boss = new Manager(. . .);

Employee{] staff = new Employee[3];
staff[0] = boss;

staff[0] boss staff[ O] Employee
boss. setBonus(5000); // 0K

staff[0].setBonus(5000); // ERROR
staff[0] Employee setBonus Employee

Manager m = staff[i]; // ERROR

Employee m.setBonus(...)

Java

Manager[] managers = new Manager[10];
Employe€[]
Employee[] staff = managers; // OK
manager|i] Manager
Employee
managers staff
staff[0] = new Employee("Harry Hacker", ...);

staff[0] manager[0]

managers[ 0] .setBonus(1000)

new managers[10]
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Employee ArrayStoreException

5.1.3

1 x.f(param) X C

f

f(int) f(String) C f
public f

2 f

overloading
resolution x.f(* Hello” ) f(String) f(int)
int double Manager Employee
f(int) f(String)
Java SE 5.0
Employee
public Employee getBuddy() { ... }
Manager
public Manager getBuddy() { ... } // OK in Java SE 5.0
getBuddy
3 private static final final
static binding
f (String)
4 X
X D C D
f(String) D f(String)
method table

f(Sting) D.f(String) X.f(String)
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X D super.f(param)
5-1 e.getSalary() e Employee Employee
getSalary
getSalary private static final
Employee Manager Employee
Employee:

getName() -> Employee.getName()

getSalary() -> Employee.getSalary()

getHireDay() -> Employee.getHireDay()
raiseSalary(double) -> Employee.raiseSalary(double)

Employee Object Employee

M anager

Manager:
getName() -> Employee.getName()
getSalary() -> Manager.getSalary()
getHireDay() -> Employee.getHireDay()
raiseSalary(double) -> Employee.raiseSalary(double)
setBonus(double) -> Manager.setBonus(double)

e.getSalary()
1 e Employee Manager
Employee
2 getSaary

Executive e
e.getSalary() e Executive
Executive.getSalary()

public public
public

514 final

final
final final
Executive final

final class Executive extends Manager

{
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, .
final
final
class Employee
{
{)ufﬂ%c final String getName()
{
return name,
}
}
final
Calendar getTime setTime
String
String
C++ C#
Java
inlining e.getName( )
CPU
getName
C++ C++

C++
C++

final
final final
final final
final Calendar Date
String final
String
final
final
final
e.name
inline
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5.1.5

3 Java
double x = 3.405;
int nx = (int) x;

X

Manager boss = (Manager) staff[0];

managerT est staff Employee
Manager
boss
Manager
Java
staff[i] Employee Manager

Manager boss = (Manager) staff[l]; // ERROR
Java ClassCastException

i nstanceof

if (staff[1] instanceof Manager)

{
boss = (Manager) staff[1];

Date ¢ = (Date) staff{1];

Date Employee
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. instanceof

X null

x instanceof C

false
C
Employee Manager
getSalary
Manager
Employee setBonus
setBonus
ClassCastException
instanceof
C++ Java C )

C++ dynamic_cast
Manager boss = (Manager) staff{1]; // Java

Manager= boss = dynamic_cast<Manager=>(staff[1]); // C++

C++
C++

Managers boss = dynamic_cast<Managers>(staff{1]); // C++
if (boss != NULL) . . .

Java instanceof
if (staff{l] instanceof Manager)
{

Manager boss = (Manager) staff[1];
}

5.1.6

Employee
Person Student

getName

null

Java
reference

5-2

setBonus

null
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5-2 Person

getDescription

an employee with a salary of $50,000.00
a student majoring in computer science

Employee Student Person
Person Person.getDescription( )
abstract

public abstract String getDescription();
// no implementation required

abstract class Person

{
}

public abstract String getDescription();

Person

abstract class Person

{
public Person(String n)
{
name = n;
}

pubTlic abstract String getDescription();

public String getName()
{

}

return name;

private String name;
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Person getDescription Student

abstract

new Person("Vince Vu")

Person p = new Student("Vince Vu", "Economics");

p person Student

C++ C++ =0

class Person // C++

{
public:
virtual string getDescription() = 0;

b

C++

Person Student

class Student extends Person
{
public Student(String n, String m)
{
super(n);
major = m;

}

public String getDescription()
{

}

return "a student majoring in " + major;

private String major;

}
Student getDescription Student

5-2 Person Employee Student
Person

Student
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Person[] people = new Person{2];
people[@] = new Employee(. . .);
people[1] = new Student(. . .);

for (Person p : people)
System.out.printIn(p.getName() + ", " + p.getDescription());

p.getDescription()
Person
Person Employee Student

getDescription
Person Employee Student

getDescription p getDescription

Java interface

PersonTest. java

. import java.util.s;

|
2.
3. [ax
4. + This program demonstrates abstract classes.
5. « @version 1.01 2004-02-21
6. * @author Cay Horstmann

7. %/

8. public class PersonTest

0 {

10 public static void main(String[] args)

11, {

12, Person[] people = new Person{2];

14, // fi11 the people array with Student and Employee objects
1. people[@] = new Employee("Harry Hacker", 50000, 1989, 10, 1);
16. people[1] = new Student("Maria Morris™, "computer science");

18. // print out names and descriptions of all Person objects
19. for (Person p : people)
20. System.out.printin(p.getName() + ", " + p.getDescription());

22 }

. abstract class Person

25 {

2. public Person{String n)
27. {

28. name = n;

29, }

n
=

a1, pubTic abstract String getDescription();
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76.

{
}

public String getName()

return name;

private String name;

-}

. class Employee extends Person

A
{

}

{
}

{
}

{
}

{

}

}

public Employee(String n, double s, int year, int month, int day)

super(n);

salary = s;

GregorianCalendar calendar = new GregorianCalendar(year, month - 1, day);
hireDay = calendar.getTime();

public double getSalary()

return salary;

public Date getHireDay()

return hireDay;

public String getDescription()

return String.format("an employee with a salary of $%.2f", salary);

public void raiseSalary(double byPercent)

double raise = salary * byPercent / 100;
salary += raise;

private double salary;
private Date hireDay;

. class Student extends Person

{

}

+f

param n the student's name
param m the student's major

(=]

public Student(String n, String m)

// pass n to superclass constructor
super(n);
major = m;
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ss.  public String getDescription()

0 |
o1, return "a student majoring in " + major;
%2 }
93.
94, private String major;
95. }
5.1.7
private public private
protected Employee
hireDay proteced Manager
M anager M anager hireDay
Employee
protected
OOP
protected
Object clone 6
C++ Java
C++ Java protected C++
Java 4
1 ——private
2 ——public
3 ——protected
4 -
5.2 Object
Java Java

Object
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class Employee extends Object

Object Java
Object
Object
Object

Object obj = new Employee("Harry Hacker", 35000);

Object
EmpToyee e = (Employee) obj;

Java primitive types

Object
Employee[] staff = new Employee[10];
obj = staff; // OK
obj = new int[10]; // OK
C++ C++ void*
5.2.1 Equals
Object equals Object
PrintStream
ID equals

class Employee

{

pubTic boolean equals(Object otherObject)

{
// a quick test to see if the objects are identical
if (this == otherObject) return true;

// must return false if the explicit parameter is null
if (otherObject == null) return false;

// if the classes don't match, they can't be equal
if (getClass() != otherObject.getClass())
return false;

// now we know otherObject is a non-null Employee
Employee other = (Employee) otherObject;
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// test whether the fields have identical values
return name.equals(other.name)

&& salary == other.salary

& hireDay.equals(other.hireDay);

}
}
getClass

equals equals

class Manager extends Employee

{

éué]%c boolean equals(Object otherObject)

{ if (!super.equals(otherObject)) return false;

// super.equals checked that this and otherObject belong to the same class

Manager other = (Manager) otherObject;

return bonus == other.bonus;

}
}

5.2.2
equals
equals false
instanceof
if (1(otherObject instanceof Employee)) return false;
otherObject
Java equals

1 X X.equals(x) true

2 Xy y.equals(x) true X.equals(y) true
3 Xy z x.equals(y) true y.equals(z) true

x.equals(z) true

4 Xy x.equals(y)
5 X X.equals(null) false
x.equals(y) y.equal s(x)

e.equals(m)
e Employee m Manager
Employee.equals instanceof true
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m.equals(e)
true false
Manager equals
Employee i nstanceof

getClass
AbstractSet equals AbstractSet
TreeSet HashSet

AbstractSet.equals final
final
. getClass
. instanceof
M anager
getClass
ID
instanceof Employee.equals final
Java 150 equals instanceof
getClass ClassCastException
equals
1 otherObject other
2 this otherObject
if (this == otherObject) return true;
3 otherObject null null false
if (otherObject == null) return false;
4 this otherObject equals

getClass
if (getClass() != otherObject.getClass()) return false;
instanceof
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if (!(otherObject instanceof ClassName)) return false;

5

otherObject

ClassName other = (ClassName) otherObject

6

true

return field, == other.field,

& field,.equals(other. field;)
& .. .

equals

equals

public class Employee

{

public boolean equals{Employee other)
{
return name.equals(other.name)
& salary == other.salary
&& hireDay.equals(other.hireDay);

Employee
Java SE 5.0
@0verride public boolean equals(Object other)

Employee

@verride public boolean equals(Employee other)

java.util.Arrays 1.2

false

super.equal s(other)

Arrays.equals

Object

@Override

Object

e static Boolean equals(type[] a, type[] b) 5.0

5.2.3

String

Object,int,long,short,char,byte,boolean,float  double

HashCode

hash code
x.hashCode( ) y.hashCode( )
hashCode

5-1

equals

equals

true
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String
int hash = 0;

for (int i = 0; 1 < length(); i++)
hash = 31 « hash + charAt(i);

hashCode Object

String s = "0k";

StringBuilder sb = new StringBuilder(s);
System.out.printin(s.hashCode() + " " + sh.hashCode());
String t = new String("0k");

StringBuilder th = new StringBuilder(t);
System.out.printIn(t.hashCode() + " " + tb.hashCode());

5-2
5-1 hashCode 5-2 String String Buffers
String Hash Code Object Hash Code
S 2556
Hello 69609650 © 20526976
Harry 69496448 t 2556
Hacker 2141031506 tb 20527144
s t
sb tb StringBuffer hashCode
Object hashCode
equals hashCode
[ 2
HashCode
Employee hashCode
class Employee
{
public int hashCode()
{
return 7 = name.hashCode()
+ 11 = new Double(salary).hashCode()
+ 13 = hireDay.hashCode();
}
}
Equals hashCode x.equals(y) true x.hashCode( )
y.hashCode( ) Employee.equals ID
hashCode ID

Arrays.hashCode
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java.lang.Object 1.0
e int hashCode()

java.util.Arrays 1.2

e static int hashCode(type[] a) 5.0

a
boolean, float double

5.2.4 ToString

Object
Point
java.awt.Point[x=10,y=20)

object, int, long, short, char, byte,

toString

toString

toString

Employee

public String toString()
{

return "Employee[name=" + name
+ ",salary=" + salary

+ ",hireDay=" + hireDay
+ l|]l|;

toString

public String toString()
{
return getClass().getName()
+ "“[name=" + name

+ ",salary=" + salary
+ ",hireDay=" + hireDay
+ |I]|l;

}

toString

getClass( ).getName( )

Manager toString

class Manager extends Employee

{

pubTic String toString()
{

return super.toString()

toString

getClass( ).getName( )

toString
super.toString( )
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+ "[bonus=" + bonus
+

i

M anager
Manager[name=. ..
toString
toString
Point p = new Point(10, 20);

Java

String message = "The current position is
// automatically invokes p.toString()

x.toString( )
X

X
System.out.printin(x);
printin

Object toString
System.out.printIn(System.out)

java.io.PrintStream@2f6684

PrintStream

x.toString( )

,salary=...,hireDay=...][bonus=...]

P

nn +X

toString

x.toString( )

toString

object toString

int[] TuckyNumbers = { 2, 3, 5, 7, 11, 13 };

nn

String s = "" + TuckyNumbers;

“ [1@1a46e30”

Arrays.toString

[l

String s = Arrays.toString(TuckyNumbers);
“12,3,5,7,11,13]"

toString

System.out.printn("Current position
11

Logger.global.info("Current position

Arrays.deepToString
toString

" + position);

" + position);

toString
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5-3

Employee Manager equals hashcode

EqualsTest. java

41,

1
2,
3.
4
5.
6.
7.
8
9

: [

‘/

{

}
-}

. import java.util.s;

@version 1.11 2004-02-21

.+ This program demonstrates the equals method.
*
* @author Cay Horstmann

. public class EqualsTest
A

public static void main(String[] args)

Employee alicel = new Employee("Alice Adams", 75000, 1987, 12, 15);
Employee alice2 = alicel;

Employee alice3 = new Employee("Alice Adams", 75000, 1987, 12, 15);
Employee bob = new Employee("Bob Brandson", 50000, 1989, 10, 1);

System.out.printin("alicel == alice2: " + (alicel == alice?));

System.out.printin("alicel == alice3: " + (alicel == alice3));

System.out.printIn("alicel.equals(alice3): " + alicel.equals(alice3));

System.out.printin("alicel.equals(bob): " + alicel.equals(bob));

System.out.printin("bob.toString(): " + bob);

Manager car] = new Manager("Carl Cracker", 80000, 1987, 12, 15)
Manager boss = new Manager("Carl Cracker", 80000, 1987, 12, 15)
boss.setBonus(5000);

System.out.printIn("boss.toString(): " + boss);
System.out.printIn("carl.equals(boss): " + carl.equals(boss));
System.out.printIn("alicel.hashCode(): " + alicel.hashCode(});
System.out.printIn("alice3.hashCode(): " + alice3.hashCode());
System.out.printIn("bob.hashCode(): " + bob.hashCode());
System.out.printIn("carl.hashCode(): " + carl.hashCode());

. class Employee

{
{

}

{
}

public Employee(String n, double s, int year, int month, int day)

name = n;
salary = s;

GregorianCalendar calendar = new GregorianCalendar(year, month - 1, day);
hireDay = calendar.getTime();

public String getName()

return name,

toString
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54.
55.
56.
57.
58.
59.
60.
61,
62.
63.
64.
65.
66.
67.
68.

69.
© 70,
7.
72.
73.
74.
75.
76.
77.

78.

79.

80.

81.

82.
83.
84,
85,
86.
87.
88.
89,
90.
91.

92,

93.
94.
95.
96.
97.
98.
99.

101.
102.
103.
. class Manager extends Employee

1

o

4

105.
106.
107.
108.
109.
110.

}

{

public double getSalary()
{

return salary;

}

public Date getHireDay()
{

return hireDay;

}

public void raiseSalary(double byPercent)

{
double raise = salary  byPercent / 100;
salary += raise;

}

public boolean equals(Object otherObject)
{

// a quick test to see if the objects are identical
if (this == otherObject) return true;

// must return false if the explicit parameter is null
if (otherObject == null) return false;

// if the classes don't match, they can't be equal
if (getClass() != otherObject.getClass()) return false;

// now we know otherObject is a non-null Employee
Employee other = (Employee) otherObject;

// test whether the fields have identical values
return name.equals(other.name) & salary == other.salary & hireDay.equals(other.hireDay);

}

public int hashCode()
{

}

return 7 + name.hashCode() + 11 « new Double(salary).hashCode() + 13 « hireDay.hashCode();

public String toString()
{

return getClass().getName() + "[name=" + name +

+|l :

‘,salary=" + salary + ", hireDay=" + hireDay

}

private String name;
private double salary;
private Date hireDay;

public Manager(String n, double s, int year, int month, int day)
{

super(n, s, year, month, day);

bonus = @;

}
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111,

112. public double getSalary()

ma.  {

114, double baseSalary = super.getSalary(});
115, return baseSalary + bonus;

6.}

17.

118.
119.  public void setBonus(double b)

120, {
121. bonus = b;
122. }

123.
124.  public boolean equals(Object otherObject)

125, {

126, if (!super.equals(otherObject)) return false;

127, Manager other = (Manager) otherObject;

128, // super.equals checked that this and other belong to the same class
129. return bonus == other.bonus;

130.  }

131.
132 public int hashCode()

133, |
134, return super.hashCode() + 17 # new Double(bonus).hashCode();
135}

136.
137, public String toString()

138, {
139, return super.toString() + "[bonus=" + bonus + "]";
140.  }

141,
142, private double bonus;
143. }

java.lang.Object 1.0
e Class getClass()
Java

Class

* boolean equals(Object otherObject)
true

false

e String toString()

*Object clone()
Java

clone 6



171

java.lang.Class 1.0

» String getName()

» Class getSuperclass()

Class
53
C
100
90
Java
int actualSize = . . .;
Employee[] staff = new Employee[actualSize];
Java
JavaSE 5.0  ArrayList
ArrayList <Employee> 13
ArrayList
Employee

Arraylist<Employee> staff = new Arraylist<Employee>();

Java SE 5.0
ObJeCt “ ”
<...> Java SE 5.0
ArrayList
Java
ArrayList
add

staff.add(new Employee("Harry Hacker", . . .));
staff.add(new Employee("Tony Tester", . . .));

150 10

Java ArrayList

type parameter generic class

ArrayList
Java
<...>

V ector
V ector
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ensureCapacity
staff.ensureCapacity(100);
100 100
ArrayList

Arraylist<Employee> staff = new ArrayList<Employee>(100);

new Arraylist<Employee>(100) // capacity is 100

new Employee[100] // size is 100

add

100 100
100
size
staff.size()
staff a alength
trimToSize
trimToSize
C++ ArrayList C++ vector ArraylList vector
vector [1] Java
C++ a b
b a b a Java
a b

Java.util . ArrayList<T> 1.2
e ArrayList<T>()

e ArrayList<T>(int initialCapacity)
inital Capacity

* boolean add(T obj)
true

100

100

C++
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obj
s int size()

» void ensureCapacity(int capacity)

capacity
e void trimToSize()

531

ArrayList Java

get set

staff.set(i, harry);
a 0

afi] = harry;

i list.set(i,x)

ArrayList<Employee> list = new Arraylist<Employee>(100); // capacity 100, size @
Tist.set(@, x); // no element @ yet

add set

Employee e = staff.get(i);

Employee e = a[i];

Java SE 5.0 ArrayList
Object get
Employee e = (Employee) staff.get(i);
ArrayList add set

staff.set(i, new Date());

ArrayList<Employee>

[]

get
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ArrayList<X> list = new ArrayList<X>();

while (. . .)
{
X=...
Tist.add(x);
}

toArray

X[] a = new X[list.size()];
Jist.toArray(a);

add

int n = staff.size() / 2;
staff.add(n, €);

Employee e = staff.remove(n);

13
Java SE 5.0 “ for each”

for (Employee e : staff)
do something with e

for (int 1 = 0; 1 < staff.size(); 1++)
{

Employee e = staff.get(i);

do something with e

}
5-4 4 EmployeeTest Employee][ ]
ArrayList<Employee>

. add
. size() length
. aget(i) i

ArrayListTest. java

1.import java.util.s;
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30

32.
33.

s/
{

}
-}

« This program demonstrates the Arraylist class.
» @version 1.1 2004-02-21

» @author Cay Horstmann

. public class ArraylistTest

public static void main(String[] args)

// fill the staff array Tist with three Employee objects
Arraylist<Employee> staff = new Arraylist<Employee>();

staff.add(new Employee("Carl Cracker", 75000, 1987, 12, 15));
staff.add(new Employee("Harry Hacker", 50000, 1989, 10, 1));
staff.add(new Employee("Tony Tester", 40000, 1990, 3, 15));

// raise everyone's salary by 5%
for (Employee e : staff)
e.raiseSalary(5);

// print out information about all Employee objects
for (Employee e : staff)
System.out.printIn("name=
+ e.getHireDay());

+ e.getName() + ",salary=" + e.getSalary() + ",hireDay="

. class Employee

{

34,

35.
36.

37

38.

}

39.

40.

41

{

42.

43.

}

44,

45,
46.

47

48.

{
}

49.

50

51.

public Employee(String n, double s, int year, int month, int day)

name = n;
salary = s;

GregorianCalendar calendar = new GregorianCalendar(year, month - 1, day);
hireDay = calendar.getTime();

public String getName()

return name;

public double getSalary()

return salary;

public Date getHireDay()

{

52.

53.

}

54,

55.
56.

57

{

return hireDay;

public void raiseSalary(double byPercent)

double raise = salary « byPercent / 100;
salary += raise;
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59. }

60

61. private String name;
62 private double salary;
63. private Date hireDay;
64, }

java.util.ArrayList<T> 1.2

e void set(int index,T obj)

index O~size() 1
obj
* T get(int index)

index O-size() 1
evoid add(int index,T obj)

index O~size() 1
obj
T remove(int index)

index O~size() 1
5.3.2

Java SE 5.0
ArrayList <Employee>

public class EmployeeDB
{
public void update(Arraylist Tist) { ... }
pubTic Arraylist find(String query) { ... }
}
update

Arraylist<Employee> staff = ...;
employeeDB.update(staff);

staff update

Employee

ArrayList

Java SE 5.0

update
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ArrayList ArrayList
Arraylist<Employee> result = employeeDB.find(query); // yields warning

-Xlint:unchecked

ArrayList<Employee> result = (ArraylList<Employee>)
employeeDB.find(query); // yields another warning

Java

ArrayList
ArrayList ArrayList<Employee>

5.4

int
Integer int wrapper
Integer Long Float Double Short Byte Character Void Boolean
6 Number

final

ArrayList<int> Integer Integer

Arraylist<Integer> list = new Arraylist<Integer>();

ArrayList<Integer> int[ ]

Java SE 5.0

list.add(3);

list.add(new Integer(3));

autoboxing
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autowrapping . boxing "
C#
Integer int

int n = list.get(1);
int n = Tist.get(i).intvValue();
Integer n = 3;
N++;
Integer a = 1000;
Integer b = 1000;
if (a==h) ...

Java may

equals
boolean byte chars 127 128 127 short int
ab 100

Java

int x = Integer.parselnt(s);

I nteger parselnt Integer

API I nteger

Java
Java
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public static void triple(int x) // won't work

org.omg.CORBA

{

x =3 # x; // modifies local variable
}
int Integer
public static void triple(Integer x) // won't work
{
}

Integer
holder IntHolder BooleanHolder

public static void tripie(IntHolder x)
{

x.value = 3 « x.value;

}

java.lang. Integer 1.0

e int intvValue()

int Integer Number intValue
e static String toString(int 1)
String i
e static String toString(int i,int radix)
[ radix

e static int parselnt(String s)
e static int parselnt(String s,int radix)
S
radix
e static Integer valueOf(String s)
» Static Integer value Of(String s, int radix)
S Integer
radix

java.text.NumberFormat 1.1

e Number parse(String s)
String

5.5

Java SE 5.0 Java
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printf
System.out.printf("%d", n);
System.out.printf("%d %s", n, "widgets");
printf
pubTic class PrintStream
{
public PrintStream printf(String fmt, Object... args) { return format(fmt, args); }
}
Java fmt
printf Object| ]
fmt [ arg9[i]
printf Object. . . Object] ]
printf

System.out.printf("%d %s", new Object[] { new Integer(n), "widgets" } );

public static double max(double... values)

{
doubTe Targest = Double MIN_VALUE;
for (double v : values) if (v > largest) largest = v;
return largest;

}

double m = max(3.1, 40.4, -5);
new double] ] {3.1, 40.4, -5} max

System.out.printf("%d %s", new Object[] { new Integer(1l), "widgets" } );

MessageFormat.format Java SE 5.0
main

public static void main(String... args)
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5.6

3 Java SE 5.0

public enum Size { SMALL, MEDIUM, LARGE, EXTRA_LARGE };

equals C ==

enum Size

{
SMALL("S"), MEDIUM("M"), LARGE("L"), EXTRA_LARGE("XL");

private Size(String abbreviation) { this.abbreviation = abbreviation; }
public String getAbbreviation() { return abbreviation; }

private String abbreviation;

}
Enum
toString Size.SMALL.toString( )
“ SMALL”
toString valueOf
Size s = (Size) Enum.valueOf(Size.class, "SMALL");
S Size. SMALL

values

Size{] values = Size.values();

Size. SMALL,Size MEDIUM,Size LARGE Size.EXTRA_LARGE

ordinal enum 0 Size MEDIUM.
ordinal() 1
5-5
Class Enum
Size Enum<Size> compareTo
6 12

EnumTest. java

1. import java.util.s;
2.
3. /'.'::’:

4.+ This program demonstrates enumerated types.
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# @version 1.0 2004-05-24

5.

6. * @author Cay Horstmann

7.

a. pubTic class EnumTest

0. {

1. public static void main(String[] args)

11. {

12, Scanner in = new Scanner(System.in);

13. System.out.print("Enter a size: (SMALL, MEDIUM, LARGE, EXTRA_LARCE) ")
14, String input = in.next().toUpperCase();

15, Size size = Enum.valueOf(Size.class, input);

16. System.out.printin("size=" + size);

17. System.out.printIn("abbreviation=" + size.getAbbreviation());

18. if (size == Size.EXTRA_LARGE)

19. System.out.printIn("Good job--you paid attention to the _.");
20. }

21. }

23, enum Size

24, {
25. SMALL("S"), MEDIUM("M"), LARGE("L"), EXTRA_LARGE("XL");

27, private Size(String abbreviation) { this.abbreviation = abbreviation; }
28 public String getAbbreviation() { return abbreviation; }

s private String abbreviation;

java.lang.Enum <E> 5.0

e static Enum valueOf(Class enumClass,String name)

e String toString( )

e int ordinal()

enum 0
e int compareTo(E other)
other this==other
enum
57
reflection library

Java JavaBeans Java

JavaBeans I Java Visual Basic

reflective
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. toString
. Method C++
5.7.1 Class
Java
Java Class
Object getClass( ) Class
Employee e;

(lass ¢l = e.getClass();

Employee Class
Class getName

System.out.printin(e.getClass().getName() + + e.getName());

e
Employee Harry Hacker
€

Manager Harry Hacker

Date d = new Date();
(lass ¢1 = d.getClass();
String name = c1.getName(); // name is set to "java.util.Date"

forName Class

String className = "java.util.Date";
Class c1 = Class.forName(className);

className forName checked
exception exception
handler “ "
main

main
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Class.forName

Class T Java T.class

(lass c11 = Date.class; // if you import java.util.:;
(lass ¢12 = int.class;
Class c13 = Double[].class;

Class int
int.class Class

Java SE 5.0 Class Class<Employee>
Employee.class
Class
13

getName
e Double[ ].class.getName( ) “ [Ljava.lang.Double;”
e int[ ].class.getName( ) “

Class

if (e.getClass() == Employee.class) . . .
newlnstance( )

e.getClass().newInstance();

e newl nstance

forName newlnstance

String s = "java.util.Date";
Object m = Class.forName(s).newInstance();

Constructor newlnstance

C++ newlnstance C++ C++
Class C++ type_info getClass
C++ tyieid Java Class C++ type_info C++
type_info

5.7.2
11
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null
null
Class.forName 11
try catch

try
{

statements that might throw exceptions
}
catch(Exception e)
{

handler action
}
try
{

String name = . . .; // get class name

(lass cl1 = Class.forName(name); // might throw exception

. . . // do something with c1
}
catch(Exception e)
{

e.printStackTrace();
}

try catch
Throwable printStackTrace Throwable Exception
try catch

java.lang.Class 1.0

e static Class forName(String className)
className Class
* Object newlnstance()
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java.lang.reflect.Constructor 1.1

* Object newlnstance(Object[] args)

args

java.lang.Throwable 1.0

evoid printStackTrace()

Throwable
5.7.3
java.lang.reflect Field Method Constructor
getName Field getType
Class Method Constructor
M ethod getModifiers
public static
javalang.reflect Modifier getModifiers
Modifier isPublic isPrivate isFinal public private
final Modifier
Modifier.toString
Class getFields getMethods getConstructors public

Class getDeclareFields getDeclareMethods
getDeclaredConstructors

5-6

java.lang.Double

public class java.lang.DoubTe extends java.lang.Number
{

public java.lang.Double(java.lang.String);

public java.lang.Double(double);

public int hashCode();

pubTic int compareTo(java.lang.Object);

public int compareTo(java.lang.Double);

public boolean equals(java.lang.Object);

public java.lang.String toString();

public static java.lang.String toString(double);

public static java.lang.Double valueOf(java.lang.String);
public static bhoolean isNaN(double);

pubTic boolean isNaN()
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public static boolean isInfinite(double);
public bootean isInfinite();

public byte byteValue();

public short shortValue();

public int intvalue();

public Tong TongvValue();

public float floatValue();

pubTic double doubleValue();

public static double parseDouble(java.lang.String);
public static native long doubleTolLongBits(double);
publtic static native long doubleToRawLongBits(double);
public static native double TongBitsToDouble(long):

public static final double POSITIVE_INFINITY;
public static final double NEGATIVE_INFINITY;
public static final double NaN;

public static final double MAX_VALUE;

public static final double MIN_VALUE;

public static final java.lang.Class TYPE;
private double value;

private static final Tong serialVersionUID;

Java
Java

ReflectionTest. java

1. import java.util.s;
2. import java.lang.reflect.«;

3.

4 /'.‘r',':

5.+ This program uses reflection to print all features of a class.
6. + @version 1.1 2004-02-21

7. % @author Cay Horstmann
8

9

o x/
public class ReflectionTest
10. {
1. public static void main(String[] args)
12, {
13, // read class name from command Tine args or user input
14, String name;
15. if (args.length > @) name = args[0];
16. else
17. {
18. Scanner in = new Scanner(System.in);
19. System.out.printIn("Enter class name (e.g. java.util.Date): ");
20. name = in.next();
21. }
22.
23. try
24. {
25, // print class name and superclass name (if != Object)
26. Class c1 = Class.forName(name);
27, (Tass supercl = c1.getSuperclass();
28. String modifiers = Modifier.toString(cl.getModifiers());

29, if (modifiers.length() > @) System.out.print(modifiers + " ");
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30. System.out.print("class " + name);
31, if (supercl != null & supercl != Object.class) System.out.print(" extends "
32. + supercl.getName());
33.
34 System.out.print("\n{\n");
35. printConstructors(cl);
36. System.out.printin();
a7. printMethods(c1);
38 System.out.printin();
39 printFields(c1);
40. System.out.printin("}");
41, }
a2 catch (ClassNotFoundException e)
43 {
44 e.printStackTrace();
a5 }
46 System.exit(0);
47 }
48
49. [k
50. x Prints all constructors of a class
51 « @aram cl a class
52 i/
53, public static void printConstructors(Class c1)
54. {
55. Constructor[] constructors = c1.getDeclaredConstructors()
56.
57. for (Constructor ¢ : constructors)
58. {
59. String name = c.getName();
60. System.out.print(" ");
61. String modifiers = Modifier.toString(c.getModifiers());
62 if (modifiers.length() > @) System.out.print(modifiers + " ");
63. System.out.print(name + "(");
64
65. // print parameter types
66 (lass[] paramTypes = c.getParameterTypes();
67. for (int j = 0; j < paramTypes.length; j++)
68
{
69 if (j > 0) System.out.print(", ");
70 System.out.print(paramTypes{j].getName());
71. }
72. System.out.printin(");");
73 }
74. 1
75.
76. [
77. » Prints all methods of a class
78. + @param 1 a class
79. %/
so.  public static void printMethods(Class c1)
81. {
82. Method[] methods = c1.getDeclaredMethods();
83.
84. for (Method m : methods)
85. {

86. (lass retType = m.getReturnType();
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87. String name = m.getName();

88.

89. System.out.print(" ");

90. // print modifiers, return type, and method name

o1, String modifiers = Modifier.toString(m.getModifiers());
92. if (modifiers.length() > @) System.out.print(modifiers + " ");
93, System.out.print(retType.getName() + " " + name + "(");
94.

9s. // print parameter types

96. (lass[] paramTypes = m.getParameterTypes();

97. for (int j = 0; j < paramTypes.length; j++)

98. {

99. if (3 > ) System.out.print(", ");

100. System.out.print(paramTypes[j].getName());

101. }

102, System.out.printIin(");");

103. }

104. }

105.

106, [k

107. x Prints all fields of a class

108. + @param c1 a class

109. '«'-'/

0. public static void printFields(Class c1)

111, {

12, Field[] fields = c1.getDeclaredFields();

113.

114, for (Field f : fields)

115. {

116, (lass type = f.getType();

17, String name = f.getName();

118, System.out.print(" ");

119, String modifiers = Modifier.toString(f.getModifiers());
120, if (modifiers.length() > @) System.out.print(modifiers + " ");
121, System.out.printIn(type.getName() + " " + name + ";");
122. }

123. }

124, }

java.lang.Class 1.0

e Field[] getFields() 1.1
e Filed[] getDeclaredFields() 1.1
getFields Field
getDeclaredField Field
Class
0
» Method[] getMethods() 1.1
» Method[] getDeclareMethods() 1.1
Method getMethods
getDeclaredM ethods
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e Constructor[] getConstructors() 1.1
e Constructor[] getDeclaredConstructors() 1.1
Constructor Class

get Constructors

getDeclaredConstructors

java.lang.reflect._Field 1.1

java.lang.reflect._Method 1.1

java.lang.reflect.Constructor 1.1

e Class getDeclaringClass()

Class

e Class[] getExceptionTypes() Constructor Method

Class

e int getModifiers()

« String getName()

e Class[] getParameterTypes() Constructor Method

Class

e Class getReturnType() Method

Class

java.lang.reflect_Modifier 1.1

e static String toString(int modifiers)
modifiers

e static boolean
e static boolean
e static boolean
e static boolean
e static boolean
e static boolean
e static boolean
e static boolean
e static boolean
e static boolean

isAbstract(int modifiers)
isFinal(int modifiers)
isinterface(int modifiers)
isNative(int modifiers)
isPrivate(int modifiers)
isProtected(int modifiers)
isPublic(int modifiers)
isStatic(int modifiers)
isStrict(int modifiers)
isSynchronized(int modifiers)

M odifier
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e static boolean isVolatile(int modifiers)

modifiers
5.7.4
. Class
. Class getDeclaredFields
Field get f Field
getDeclaredFields obj f f.get(obyj)
obj

Employee harry = new Employee("Harry Hacker", 35000, 10, 1, 1989);
(lass ¢l = harry.getClass();
// the class object representing Employee
Field f = c1.getDeclaredField("name");
// the name field of the Employee class
Object v = f.get(harry);
// the value of the name field of the harry object
// i.e., the String object "Harry Hacker"

name get
Illegal A ccessException get
Java
Java Java
Field Method Constructor
setAccessible
f.setAccessible(true); // now OK to call f.get(harry);
setAccessible AccessibleObject Field Method Constructor
toString
get name String Object
salary double Java
Field getDouble get
Double
f.set(obj, value) obj f
5-7 toString getDeclaredFileds

setAccessible
5-7 toString
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class ObjectAnalyzer

public String toString(Object obj)
{

t

(lass ¢l =

String r =
// inspect
do
{
r+="[
Field[]

obj.getClass();

c1.getName();
the fields of this class and all superclasses

fields = cT.getDeclaredFields();

AccessibleObject.setAccessible(fields, true);
// get the names and values of all fields
for (Field f : fields)

if (IModifier.isStatic(f.getModifiers()))

if (Ir.endsWith("[")) r +=","

r

n_n,

+= f.getName() + ;

try

{

}

Object val = f.get(obj);
r += toString(val);

catch (Exception e) { e.printStackTrace(); }

}
}

ro+= u]u,
cl =cl.

getSuperclass();

}
while (cl t= null);

return r;

}

5-7
ObjectAbalyzer

toString

Arraylist<Integer> squares = new ArraylList<Integer>();
for (int i =1; 1 <= 5; i++) squares.add(i = 1i);
System.out.printin(new ObjectAnalyzer().toString(squares));

java.util.Arraylist[elementData=class java.lang.Object[]{java.lang.Integer[value=1][][],
java.lang.Integer[value=4][][],java.lang.Integer[value=9][][],java.lang. Integer[value=16]{][],
java.lang.Integer[value=25][][1,nul1,nul1,nulT,null,nuil},size=5] [modCount=5]{1[]

toString toString

pubtic String toString()

{

return new ObjectAnalyzer().toString(this);

}
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toString

ObjectAnalyzerTest.java

1. import java.lang.reflect.x;
2 import java.util.s;

a. [uk
s. « This program uses reflection to spy on objects.
6. + @version 1.11 2004-02-21

7.« @author Cay Horstmann

8

9

o o#/

. public class ObjectAnalyzerTest
10. {
1. public static void main(String[] args)
12 |
1. Arraylist<Integer> squares = new Arraylist<Integer>();
14 for (int i =1; 1 <= 5; 1++)
15 squares.add(i = 1);
18. System.out.printIn(new ObjectAnalyzer().toString(squares));
17

}

18. }
19.
20 class ObjectAnalyzer
21 §
22, [ux
23. » Converts an object to a string representation that lists all fields.
24, » @param obj an object
25, » @return a string with the object's class name and all field names and
26 « values
27. x/
2. pubTic String toString(Object obj)
29, {
30. if (obj == null) return "null";
at. if (visited.contains(obj)) return "...";
32, visited.add(obj);
33. (lass c1 = obj.getClass();
34, if (c1 == String.class) return (String) obj;
35. if (cl.isArray())
36. {
37. String r = c1.getComponentType() + "[1{";
38. for (int i = 0; i < Array.getlength(obj); i++)
39. {
40. if (>0 r+=""
4. Object val = Array.get(obj, i);
42, if (c1.getComponentType().isPrimitive()) r += val;
43, else r += toString(val);
44, }
45, return r + "}";
46 }
47
48. String r = cl.getName();
49. // inspect the fields of this class and all superclasses
50, do
51. {
52. r+= "

53. Field[] fields = c1.getDeclaredFields();
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54, AccessibleObject.setAccessible(fields, true);
55 // get the names and values of all fields

56. for (Field f : fields)

57. {

58. if (IModifier.isStatic(f.getModifiers()))
59. {

60. if (fr.endsWith("[™)) r += ",";

61. r += f.getName() + "=";

62. try

63. {

64. (lass t = f.getType();

65. Object val = f.get(obj);

66. if (t.isPrimitive()) r += val;

67. else r += toString(val);

68. }

69. catch (Exception e)

70. {

™. e.printStackTrace();

72. }

73, }

74, }

75. r+= "] " H
76, ¢l = cl.getSuperclass();
77. }

78. while (c1 != null);

80. return r;

st}

ga.  private ArrayList<Object> visited = new Arraylist<Object>();

java.lang.reflect._AccessibleObject 1.2

e void setAccessible(boolean flag)
flag true Java

* boolean isAccessible()

e static void setAccessible(AccessibleObject[] array,boolean flag)

java.lang.Class 1.1

e Field getField(String name)
* Field[] getField()

e Field getDeclaredField(String name)
e Field[] getDeclaredFields()
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java.lang.reflect.Field 1.1

* Object get(Object obj)

obj Field
e void set(Object obj,0Object newValue)
newValue Obj Field
5.7.5
java.lang.reflect Array 3
arrayCopy
Employee[] a = new Employee[100];
)/'a;ray is full
a = (Employee[])} arrayGrow(a);
Employee[ ] Object| ]
10%+10
10%

static Object[] badArrayGrow(Object[] a) // not useful
{ int newlength = a.length « 11 / 10 + 10;

Object{] newArray = new Object[newLength];

System.arraycopy(a, 9, newArray, 0, a.length);

return newArray;
}

Object[ ]
new Object[newLength]
Employeq| ] Java
ClassCastException Java new
Employee] | Object[ ]
Object| ] Employee] ]
java.lang.reflect

Array Array newlnstance

Object newArray = Array.newInstance(componentType, newlLength);
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Array.getL ength(a) Array getLength
1 a
3 Class getComponentType
getLength Array getComponentType Class

static Object goodArrayGrow(Object a) // useful
{
(Tass 1 = a.getClass();
if (Icl.isArray()) return null;
(lass componentType = c1.getComponentType();
int length = Array.getlength(a);
int newLength = length = 11 / 10 + 10;
Object newArray = Array.newInstance(componentType, newlength);
System.arraycopy(a, @, newArray, @, length);
return newArray;

arrayGrow
int[la=1{1,2,3,4}
a = (int[]) goodArrayGrow(a);
goodArrayGrow Object
Object[] int[] Object
5-8 badArrayGrow

Arrays
copyOf

Employee[] a = new Employee[100];

// array is full
a = Arrays.copyOf(a, a.length « 11 / 10 + 10);

ArrayGrowTest. java

. import java.lang.reflect.s;

1
2.
3 [ax

4.« This program demonstrates the use of reflection for manipulating arrays.
5.+ @version 1.01 2004-02-21

6. + @author Cay Horstmann

7. :':/

8. public class ArrayGrowTest

9 {

o.  public static void main(String[] args)

1. {
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int[la={1,2 3}
a = (int{]) goodArrayGrow(a):
arrayPrint(a);

String{] b = { "Tom", "Dick", "Harry" };
b = (String[]) goodArrayGrow(b);
arrayPrint(b);

System.out.printin("The following call will generate an exception.");
b = (String[]) badArrayGrow(b);

» This method attempts to grow an array by allocating a new array and copying all elements.
» @param a the array to grow

x @return a larger array that contains all elements of a. However, the returned array has
+ type Object[], not the same type as a

:':/

static Object[] badArrayGrow(Object[] a)

{

int newlength = a.length « 11 / 10 + 10;

Object[] newArray = new Object[newlength];

System.arraycopy(a, 0, newArray, 9, a.length);

return newArray;

+ This method grows an array by allocating a new array of the same type and
x copying all elements.

« @param a the array to grow. This can be an object array or a primitive
% type array

x @return a Targer array that contains all elements of a.

:':/

static Object goodArrayGrow(Object a)

{

(Tass 1 = a.getClass();

if (fcl.isArray()) return null;

(lass componentType = c1.getComponentType();

int length = Array.getlength(a);

int newlLength = length = 11 / 10 + 10;

Object newArray = Array.newInstance(componentType, newLength);
System.arraycopy(a, 9, newArray, 0, length);
return newArray;

}
[

+ A convenience method to print all elements in an array

x @param a the array to print. It can be an object array or a primitive type array
:‘:/

static void arrayPrint(Object a)

{

(lass 1 = a.getClass();

if (!cl.isArray()) return;

Class componentType = c1.getComponentType();

int Tength = Array.getlength(a);
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68. System.out.print(componentType.getName() + "[" + Tength + "] = { ");
69. for (int i = 0; i < Array.getlength(a); i++)

70. System.out.print(Array.get(a, i) + " ");

71. System.out.printin("}");

72. }

73. }

java.lang.reflect.Array 1.1

e static Object get(Objkect array,int index)
e static xxx getXxx(Object array, int index)
XXX boolean byte char double float int long short

e static void set(Object array, int index,Object newValue)
e static setXxx(Object array,int index,xxx newValue)
xxX boolean byte char double float int long short

e static int getLength(Object array)

» static Object newlnstance(Class componentType,int length)
e static Object newlnstance(Class componentType, int[] lengths)

5.7.6
Java
Java
Java interface
Java 1.1l
Java J++ C#
delegate Method
Field get
Method invoke Method
invoke
Object invoke(Object obj, Object... args)
Java SE 5.0
null
null

mi Employee getName
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String n = (String) ml.invoke(harry);

Field get set
JavaSE 5.0
invoke m2

Employee getSalary Double

Java SE 5.0

double s = (Double) m2.invoke(harry};

Method getDeclareMethods
Method Class getM ethod
getField getField
Field
getMethod
Method getMethod(String name, Class... parameterTypes)

Employee getName raiseSalary

Method ml = Employee.class.getMethod("getName");
Method m2 = Employee.class.getMethod("raiseSalary”, double.class);

Java SE 5.0 Class
null
Method
5-9 Math.sgrt Math.sin

public static native double java.lang.Math.sqrt(double)
1.0000 | 1.0000
2.0000 | 1.4142
3.0000 | 1.7321
4.0000 | 2.0000
5.0000 | 2.2361
6.0000 | 2.4495
7.0000 | 2.6458
8.0000 | 2.8284
9.0000 | 3.0000
10.0000 | 3.1623

double dx = (to - from) / (n - 1);
for (double x = from; x <= to; x += dx)
{
double y = (Double) f.invoke(null, x);
System.out.printf("%10.4f | %10.4f%n", x, y);
}

f M ethod invoke
null
Math.sgrt f

Math.class.getMethod("sqrt", double.class)
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Math sgrt double
5-9

MethodPointerTest. java

. import java.lang.reflect.s;

]
2.

3 [ux

4.+ This program shows how to invoke methods through reflection.
5. « @version 1.1 2004-62-21

6. + @author Cay Horstmann

7

8

9

o/
. public class MethodPointerTest
A
1. public static void main(String[] args) throws Exception
1. {
12 // get method pointers to the square and sqrt methods
13. Method square = MethodPointerTest.class.getMethod("square", double.class);
14, Method sqrt = Math.class.getMethod("sqrt”, double.class);
15.
16. // print tables of x- and y-values
17
18. printTable(1, 10, 10, square);
19 printTable(l, 1@, 10, sqrt);
20. }
21.
22 [
23. » Returns the square of a number
24, * @param x a number
25. + @return x squared
26. %/
27, pubTlic static double square(double x)
28. {
29. return x = Xx;
30. }
31.
s [wx
33, « Prints a table with x- and y-values for a method
34, « @aram from the Tower bound for the x-values
35 « @param to the upper bound for the x-values
36. x @param n the number of rows in the table
ar. * @param f a method with a double parameter and double return value
38 +/
3. public static void printTable(double from, double to, int n, Method f)
40. {
41, // print out the method as table header
2. System.out.printin(f);
43.
44. double dx = (to - from) / (n - 1);
45,
46. for (double x = from; x <= to; X += dx)
47. {
48. try
49. {
50. double y = (Double) f.invoke(null, x);

51, System.out.printf("%10.4f | %10.4f%n", x, y);
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52. }
53 catch (Exception e)
5a. {
55 e.printStackTrace();
56. }
57. }
58 }
s9. }
method C C#
C
invoke
invoke Object
Method 6
Java Method
6

java.lang.reflect.Method 1.1
e public Object invoke(Object implicitParameter,Object[] explicitParamenters)

null
5.8
1
person Employee Student
2
protected
protected
protected Java
proteced

3 “lisa’

Employee Contractor
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hourlyWage

class Contractor extends Employee

{
}

private double hourlyWage;

Holiday Gregorian
Calendar

class Holiday extends GregorianCalendar { . . . }

GregorianCalendar add

Holiday christmas;
christmas.add(Calendar.DAY_OF_MONTH, 12);

Holiday add “ "

int d1 = x.get(Calendar.DAY_OF _MONTH);
x.add(Calendar.DAY_OF_MONTH, 1);

int d2 = x.get(Calendar.DAY_OF_MONTH);
System.out.printin(d2 - d1);

X GregorianCalendar Holiday

Manager.equals bonus Employee.equals

if (x isoftype 1)
actionl(x);

else if (xisof type 2)
action2(x);
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actionl action2

x.action();



A A
A A
A
Java
Java
interface
implement
inner class
GUI
proxy
6.1
Java
Arrays sort
Comparable
Comparable
public interface Comparable
{
int compareTo(Object other);
}

Comparable compareTo
Object
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Java SE 5.0 Comparable

public interface Comparable<T>

{
int compareTo(T other); // parameter has type T
}

Comparable<Employee>

int compareTo(Employee other)

! " Comparable compareTo
public public
x.compareTo(y)
compareTo X y
X y 0
Arrays sort Employee Employee
Comparable
1
implements

class Employee implements Comparable

Employee compareTo

public int compareTo(Object otherObject)

{
Employee other = (Employee) otherObject;
if (salary < other.salary) return -1;
if (salary > other.salary) return 1;
return 0;

compareTo public
public public
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Java SE 5.0 Comparable<Employee>

class Employee implements Comparable<Employee>

{
public int compareTo(Employee other)
{
if (salary < other.salary) return -1;
if (salary > other.salary) return 1;
return ¢;
1
}
Object
Comparable compareTo
id ID id-
other.id ID ID ID 0
ID (Integer.MAX_VALUE-1)/2
salary other.salary
0
compareTo
sort Employee
compareTo Comparable
Java strongly typed
sort
if (a[i].compareTo(a[j]) > 0)
{
// rearrange a[i] and a[j]
}
afi] compareTo a Comparable
compareTo Comparable
Arrays sort Comparable[ ]
Comparable sort
sort Object| ]

// from the standard library--not recommended
if (((Comparable) a[i]).compareTo(a[j]) > @)
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{
// rearrange a[i] and a[j]
}
ai] Comparable
6-1

EmployeeSortTest. java

1 import java.util.s;

2.

3. [ux

4+ This program demonstrates the use of the Comparable interface.
5.« @version 1.30 2004-02-27

6.+ @author Cay Horstmann

7. */

8. public class EmployeeSortTest

9 {

1. public static void main(String[] args)

o {

12 Employee[] staff = new Employee[3];

13

14 staff[@] = new Employee("Harry Hacker", 35000);

15. staff[1] = new Employee("Carl Cracker", 75000);

16 staff[2] = new Employee("Tony Tester", 38000);

17

18, Arrays.sort(staff);

19.

20 // print out information about all Employee objects
21 for (Employee e : staff)

22, System.out.printin("name=" + e.getName() + ",salary=" + e.getSalary());
23, }

24 }

. class Employee implements Comparable<Employee>

26

27 {

28, public Employee(String n, double s)
29, {

30. name = n;

a1 salary = s;

32. }

33.

aa. public String getName()
3

36 return name;

a7, }

38.

so.  public double getSalary()

w0
41, return salary;
2 }

43,

s, public void raiseSalary(double byPercent)
45 {

4. double raise = salary = byPercent / 100;
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47.

48.
49.

50.
51,
52.
53,
54.
55.
56.
57
58.
59,
60.
61
62.
63.
64.
65 }

salary += raise;

= Compares employees by salary
« @param other another Employee object

x @return a negative value if this employee has a lower salary than

« otherObject, 0 if the salaries are the same, a positive value otherwise

*.':/

public int compareTo(Employee other)

{
if (salary < other.salary) return -1;
if (salary > other.salary) return 1;
return 9;

}

private String name;
private double salary;

jJava.lang.Comparable<T> 1.0

e int compareTo(T other)

other other

java.util.Arrays 1.2

e static void sort(Object[] a)

mergesort a
Comparable
Xy sgn(x.compareTo(y)) = -sgn
(y.compareTo(x)) y.compareT o(x) x.compareTo (y)
“ sgn” n sgn(n) 1
n 0 sgn(n) 0 n sgn(n) 1 compareTo
equals
Manager Employee Employee Comparable<Employee>
Comparable<Manager> Manager compareTo

class Manager extends Employee

{
public int compareTo(Employee other)

{
Manager otherManager = (Manager) other; // NO
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}
“ 8 X Employee y Manager
x.compareTo(y) Xy
y.compareTo(x) ClassCastException
5 equals
compareTo

if (getClass() != other.getClass()) throw new (lassCastException();

compareTo final
Executive Secretary
Employee rank
rank rank compareTo

6.1.1

new
x = new Comparable(. . .); // ERROR

Comparable x; // OK

x = new Employee(. . .); // OK provided Employee implements Comparable

instanceof instance

if (anObject instanceof Comparable) { . . .}

Moveable

public interface Moveable

{

void move(double x, double y);

}
Powered

public interface Powered extends Moveable

{

double milesPerGallon();

}

public interface Powered extends Moveable

{

double milesPerGalton();
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double SPEED_LIMIT = 95; // a public static final constant

}
public

public

NORTH
SwingConstants
SwingConstants.NORTH

Java

class Employee implements Cloneable, Comparable

6.1.2

abstract class Comparable // why not?
{

public abstract int compareTo(Object other);
1

Employee

class Employee extends Comparable // why not?
{

public int compareTo(Object other) { . . . }
}

Employee

class Employee extends Person, Comparable // ERROR

Person

public static final

public static final
Java

SwingConstants
SOUTH HORIZONTAL

class Employee extends Person implements Comparable // OK

inheritance Java

NORTH
Cloneable
Cloneable Object clone
Java
Comparable
compareTo
C++ multiple
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6.2

C++ Eiffel
Java
C++ C++
C++
Java
6-1

Employee original = new Employee("John Public", 50000);
Employee copy = original;
copy.raiseSalary(10); // oops--also changed original

C++

Java
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copy original
clone

Employee copy = original.clone();
copy.raiseSalary(10); // OK--original unchanged

clone Object proteced
Employee Employee
Object clone
4 Employee 6-2 Object
clone Employee
6-2
String
clone
hireDay Date
1 clone

2 clone clone
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3 clone
3
1 Cloneable
public
Object clone
Cloneable
clone Object

checked exception

Cloneable

Java

1 2
clone
protected
Object
5
clone public

Cloneable

tagging interface

marker interface

if (obj instanceof Cloneable) . . .

clone

public super.clone( )

class Employee implements Cloneable
{

Comparable
i nstanceof

Cloneable

// raise visibility Tevel to public, change return type
public Employee clone() throws CloneNotSupportedException

{
return (Employee) super.clone();

}

Java SE 5.0

clone
public
clone

class Employee implements Cloneable

{

clone Object

Object.clone

anObject.clone( )

clone

clone

Java SE 5.0
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public Employee clone() throws CloneNotSupportedException

{
// call Object.clone()
Employee cloned = (Employee) super.clone();
// clone mutable fields
cloned.hireDay = (Date) hireDay.clone()
return cloned;
}
}
clone Cloneable Object clone
CloneNot-SupportException Employee Date Cloneable
public Employee clone() throws CloneNotSupportedException
public Employee clone()
{
try
{
return super.clone();
}
catch (CloneNotSupportedException e) { return null; }
// this won't happen, since we are (loneable
}
final throws
CloneNotSupportException
Employee clone
Manager Employee Manager
bonus
Manager Cloneable
clone Object clone
protected clone
clone
clone clone
5% clone
6-2 Employee
raiseSalary salary setHireDay hireDay clone

clone

public protected
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int[] TuckyNumbers = { 2, 3, 5, 7, 11, 13 };
int[] cloned = (int[]) TuckyNumbers.clone();
cloned[5] = 12; // doesn't change TuckyNumbers(5]

I 1 Java

CloneTest. java

1. import java.util.x;

2.

3. [ux

4.+ This program demonstrates cloning.

5. * Gversion 1.10 2002-07-01

6. + @author Cay Horstmann

7. %/

8. public class CloneTest

9 {

10, public static void main(String[] args)
11. {

12. try

13. {

14, Employee original = new Employee("John Q. Public", 50000);
1. original.setHireDay(2000, 1, 1);
16. Employee copy = original.clone();
17. copy.raiseSalary(10);

18. copy.setHireDay(2002, 12, 31);

19. System.out.printIn("original=" + original};
20 System.out.printTn("copy=" + copy);
21. }

22, catch (CloneNotSupportedException e)
23, {

24. e.printStackTrace();

25. }

26. }

27. }

28.

20. Class Employee implements Cloneable

a0, {

st public Employee(String n, double s)

2. |

33, name = n;

34. salary = s;

3. hireDay = new Date();

36. }

ss.  pubTic Employee clone() throws CloneNotSupportedException

9. {

40. // call Object.clone()

a1, Employee cloned = (Employee) super.clone();
42.

43, // clone mutable fields

44, cloned.hireDay = (Date) hireDay.clone();

45,

46 return cloned;
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48.
49. [k
50. = Set the hire day to a given date.
51 « @param year the year of the hire day
52 « @param month the month of the hire day
53 = @param day the day of the hire day
54. =‘:/
ss.  public void setHireDay(int year, int month, int day)
s6. |
57. Date newHireDay = new GregorianCalendar(year, month - 1, day).getTime();
58
59. // Example of instance field mutation
60. hireDay.setTime(newHireDay.getTime());
61. }
62.
63 public void raiseSalary(double byPercent)
64. {
65. double raise = salary « byPercent / 100;
66. salary += raise;
67. }
68.
s9.  public String toString()
70. |
71 return "Employee[name=" + name + ",salary=" + salary + ",hireDay=" + hireDay + "]1";
72. }
73
74 private String name;
75, private double salary;
76, private Date hireDay;
77. }
6.3
callback
java.swing Timer
Java

ActionListener

public interface ActionListener

java.awt.event
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{
void actionPerformed(ActionEvent event);
}
actionPerformed
C++ 5 Java —Method
C++ Java
10 “ At the tone, the timeis. . .”
ActionListener actionPerformed
class TimePrinter implements ActionListener
{
public void actionPerformed(ActionEvent event)
{
Date now = new Date();
System.out.printIn("At the tone, the time is " + now);
Toolkit.getDefaultToolkit().beep();
}
}
actionPerformed ActionEvent
8
Timer
ActionListener listener = new TimePrinter();
Timer t = new Timer(10000, listener);
Timer 10
t.start();
10
At the tone, the time is Thu Apr 13 23:29:08 PDT 2000
6-3
Ok 10
“ Quit program?”
10 1
javax.swing.* java.util.* javax.
swing.Timer javax.swing.Timer java.util.Timer java.

util. Timer



218

el TimerTest. java
/

@version 1.00 2000-04-13
@author Cay Horstmann
«/

. import java.awt.«;

. import java.awt.event.x;

import java.util.s;

_import javax.swing.:;

10. import javax.swing.Timer;

1. // to resolve conflict with java.util.Timer

© ® N O U oA W N =

13. pubtic class TimerTest

14, {

15, public static void main(String[] args)

16 {

17. ActionListener listener = new TimePrinter();
18.

19. // construct a timer that calls the Tistener
20. // once every 10 seconds

21. Timer t = new Timer(10000, listener);

22. t.start();

23

24, JOptionPane. showMessageDialog(null, "Quit program?");
25. System.exit(0);

26. }

27. }

28.

20. class TimePrinter implements ActionListener

30. {

at.  public void actionPerformed(ActionEvent event)
32 {

33. Date now = new Date();

34. System.out.printIn("At the tone, the time is " + now);
35. Toolkit.getDefaultToolkit().beep();

36 }

a7, }

javax.swing.JOptionPane 1.2

e static void showMessageDialog(Component parent, Object message)
OK parent
parent null

jJavax.swing.Timer 1.2

e« Timer(int interval, AvtionListener listener)
interval listener
*void start()
actionPerformed
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e void stop()

jJavax.awt.Toolkit 1.0

e static Toolkit getDefaultToolkit()
GUI
* void beep()

6.4
inner class
e 641
e 6472
e 6.4.3
e 6.4.4
e 645
. 6.4.6
C++ C++

class LinkedList
{
public:
class Iterator // a nested class
{
public:
void insert(int x);
int erase();

b o

private:
class Link // a nested class
{
public:
Links next;

actionPerformed

anonymous
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int data;
1
1
LinkedList Iterator
Link
Iterator LinkedList
LinkedList::Iterator [terator
Java Java Link
LinkedList Link
Link LinkedList
Java
Java C++
Java
Java static C++
6.4.1
TimerTest TalkingClock
public class TalkingClock
{
public TalkingClock(int interval, boolean beep) { . . . }
pubTic void start() { . . .}
private int interval;
private boolean beep;
public class TimePrinter implements ActionlListener
// an inner class
{
}
}
TimePrinter TalkingClock TalkingClock
TimePrinter TimePrinter TalkingClock
TimePrinter actionPerformed
beep

private class TimePrinter implements Actionlistener
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{

public void actionPerformed(ActionEvent event)
{
Date now = new Date()
System.out.printin("At the tone, the time is " + now);
if (beep) Toolkit.getDefaultToolkit().beep();
1
}

TimePrinter beep
beep TimePrinter TalkingClock

6-3

outer actionPerformed

public void actionPerformed(ActionEvent event)

{
Date now = new Date();
System.out.printIn("At the tone, the time is " + now);

if (outer.beep) Toolkit.getDefaultToolkit().beep();
}

TimePrinter

public TimePrinter(TalkingClock clock) // automatically generated code
{

otter = clock;

}
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outer Java
start TimePrinter

this

ActionListener Tistener = new TimePrinter(this); // parameter automatically added

TimePrinter

6-4

TimePrinter
TimePrinter

m InnerClassTest. java

N o~ ©

13.

26.
27.

28

29.
30.
31.
32.
33
34.
35.
36.
37.
38.

© ® N P O A W N o

_import java.awt.;

. import java.awt.event.:;
import java.util.s;

. import javax.swing.«;
_import javax.swing.Timer;

« This program demonstrates the use of inner classes.
= @version 1.10 2004-02-27
+ @author Cay Horstmann
7':/
. public class InnerClassTest
{
public static void main(String[] args)
{
TalkingClock clock = new TalkingClock(1000, true);
clock.start();

// keep program running until user selects "Ok"
JOptionPane.showMessageDialog(null, "Quit program?");
System.exit(0);

}

1

Jus
x A clock that prints the time in regular intervals.
x/
. class TalkingClock
{

s

+ Constructs a talking clock

« @param beep true if the clock should beep
:’c/
public TalkingClock(int interval, boolean beep)
{

this.interval = interval;

this.beep = beep;

TalkingClock

x @param interval the interval between messages (in milliseconds)

beep

TalkingClock
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39. }
40.
41, /»
42 « Starts the clock.
43 /
4. public void start()
45. {
46. ActionListener listener = new TimePrinter();
47. Timer t = new Timer(interval, listener);
48. t.start();
49, }
50.
51. private int interval;
s2.  private boolean beep;
53.
sa. public class TimePrinter implements ActionListener
55. {
56. public void actionPerformed(ActionEvent event)
57. {
58. Date now = new Date();
59. System.out.printIn("At the tone, the time is " + now);
60. if (beep) Toolkit.getDefaultToolkit().beep();
61. }
62. }
63. }
6.4.2
outer
OuterClass.this
TimePrinter actionPerformed

public void actionPerformed(ActionEvent event)

{

if

}

(TalkingClock. this.beep) Toolkit.getDefaultToolkit().beep();

outerObject .new InnerClass(construction parameters)

ActionListener Tistener = this.new TimePrinter();

this

TimePrinter
this
TimePrinter
TimePrinter

TalkingClock jabberer = new TalkingClock(1000, true);
TalkingClock.TimePrinter 1istener = jabberer.new TimePrinter();
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OuterClass . InnerClass

6.4.3

Java 1.1 Java
Java C++

TalkingClock TimePrinter
Printer.class
ReflectionTest TalkingClock$TimePrinter

javap
javap -private ClassName
UNIX

javap
java ReflectionTest TalkingClock\$TimePrinter

javap -private TalkingClock\$TimePrinter

public class TalkingClock$TimePrinter
{

public TalkingClock$TimePrinter(TalkingClock);

public void actionPerformed(java.awt.event.ActionEvent);

final TalkingClock this$o;
}

Java

ReflectionTest

TimePrinter TalkingClock

this

class TalkingClock
{

TalkingClock$Time

this$0

5

this$0
TalkingClock

TimePrinter
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public void start()
{
ActionListener Tistener = new TimePrinter(this);
Timer t = new Timer(interval, listener);
t.start();
}
}

class TimePrinter implements ActionListener

{
public TimePrinter(TalkingClock clock)

{
}

outer = clock;

private TalkingClock outer;

}
actionPerformed
if (outer.beep) . . . // ERROR

ReflectTest TalkingClock

class TalkingClock
{
public TalkingClock(int, boolean);

static boolean access$0(TalkingClock)
public void start();

private int interval;
private boolean beep;

access$0
TimePrinter
if (beep)

if (access$0(outer));

beep access$0

outer.beep

actionPerformed

Java

TimePrinter

beep

access$0
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6.4.4

TimePrinter

private TalkingClock§TimePrinter(TalkingClock);

TalkingClock$TimePrinter(TalkingClock, TalkingClock$l);

TalkingClock start
new TalkingClock$TimePrinter(this, null)

TalkingClock TimePrinter

public void start()

{

class TimePrinter implements ActionListener

{
public void actionPerformed(ActionEvent event)
{
Date now = new Date();
System.out.printin("At the tone, the time is " + now);
if (beep) Toolkit.getDefaultToolkit().beep();
}
}

ActionListener listener = new TimePrinter();
Timer t = new Timer(interval, listener);

TalkingClock

t.start();
}
public private
start TimePrinter
6.4.5 final
final
TalkjingClock interval beep start

public void start(int interval, final boolean beep)

{

class TimePrinter implements ActionlListener

start
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{

public void actionPerformed(ActionEvent event)

{
Date now = new Date();
System.out.printIn("At the tone, the time is " + now);
if (beep) Toolkit.getDefaultToolkit().beep();

}

}

ActionListener Tistener = new TimePrinter()
Timer t = new Timer(interval, listener);
t.start();

1

TalkingClock beep

if (beep) . . .
start beep

1 start

2 TimePrinter listener
3 listener Timer start

beep
4 actionPerformed if (beep)...
actionPerformed TimePrinter beep

TalkingClock$TimePrinter ReflectionTest
Printer

class TalkingClock$1TimePrinter

{
TalkingClock$1TimePrinter(TalkingClock, boolean);

public void actionPerformed(java.awt.event.ActionEvent);

final boolean val$beep;
final TalkingClock this$o;
}

boolean val$beep
val$beep

final

start beep

start

beep start

TalkingClock$Time-

beep
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beep final

final
public static final double SPEED_LIMIT = 59;
final

final
final start final
beep
beep Talking$1TimePrinter val$beep
final final
blank final

final
compareTo

int counter = 0;
Date[] dates = new Date[100];
for (int i = 0; i < dates.length; i++)
dates[i] = new Date()
{
public int compareTo(Date other)
{
counter++: // FRROR
return super.compareTo(other);
1
b
Arrays.sort(dates);
System.out.printIn(counter +

comparisons.”);

counter counter final Integer
Integer 1

final int[] counter = new int[1];
for (int i = @; i < dates.length; i++)
dates[i] = new Date()
{
public int compareTo(Date other)
{
counter[@]++;
return super.compareTo(other);
}
}

final

final Java
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6.4.6

anonymous inner class

public void start(int interval, final boolean beep)

{
ActionListener listener = new ActionListener()
{
public void actionPerformed(ActionEvent event)
{
Date now = new Date();
System.out.printin("At the tone, the time is "
if (beep) Toolkit.getDefaultToolkit().beep()
}
¥
Timer t = new Timer(interval, listener);
t.start();
}
actionPerformed {}
new SuperType(construction parameters)
inner class methods and data
}
SuperType ActionListener
superclass
new InterfaceType()
{

methods and data

Person queen = new Person("Mary"});
// a Person object
Person count = new Person("Dracula") { . . .};
// an object of an inner class extending Person

+ now);

ActionListener

()

SuperType



230

6

-5

Java "

AnonymouslInnerClassTest. java

/%

© ® N o o AW N =

*

_import java.awt.s;
_import java.awt.event.:;
import java.util.s;
_import javax.swing.«;

. import javax.swing.Timer;

« This program demonstrates anonymous inner classes.
« @version 1.10 2004-02-27

10. + @author Cay Horstmann

1. =

</

12. pubTic class AnonymousInnerClassTest

1 {

23 }

public static void main(String[] args)

{

}

25 / B

26« A clock that prints the time in regular intervals.

28. C1
20. {
30
31,
32.
33,
34.
35.
36.
a7
38,
39.
40.
41,
42,
43
44,
45,
46.
a7,
48.
9. }

/

TalkingClock clock = new TalkingClock();
clock.start(1000, true);

// keep program running until user selects "Ok"
JOptionPane.showMessageDialog(null, "Quit program?");
System.exit(9);

ass TalkingClock

+ Starts the clock.

« @param interval the interval between messages (in milliseconds)
« @param beep true if the clock should beep

ou
{

}

o/

blic void start(int interval, final boolean beep)

ActionListener listener = new ActionListener()

{

b

public void actionPerformed(ActionEvent event)

{

}

Date now = new Date();
System.out.printIn("At the tone, the time is " + now);
if (beep) Toolkit.getDefaultToolkit().beep();

Timer t = new Timer(interval, listener);
t.start();

6-4
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6.4.7

A

static

double min = Double.MAX_VALUE;
double max = Double.MIN_VALUE;
for (double v : values)

{

if (min > v) min
if (max < v) max

Vi
&

}

class Pair

{
public Pair(double f, double s)

{
first = f;
second = s;

}
public double getFirst() { return first; }

public double getSecond() { return second; }

private double first;
private double second;

}
minmax Pair

class ArrayAlg
{

public static Pair minmax(double[] values)

{

return new Pair(min, max);
}
}

34 getFirst getSecond

Pair p = ArrayAlg.minmax(d);
System.out.printin{"min = "
System.out.printIn("max

+ p.getFirst());
+ p.getSecond());

Pair

rrayAlg ArrayAlg.Pair

ArrayAlg.Pair p = ArrayAlg.minmax(d);

pair

Pair

Pair
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Pair
static

class ArrayAlg
{

public static class Pair

{
}

static

public static Pair minmax(double[] d)

{

return new Pair(min, max);

Pair static

nested class
static public
6-6 ArrayAlg Pair

m StaticlnnerClassTest. java

1. /:‘::\'

2« This program demonstrates the use of static inner classes.
3.« @version 1,01 2004-02-27

4.+ @author Cay Horstmann

5 :‘:/

6. public class StaticInnerClassTest

7. {

s public static void main{String[] args)

o |

10 double[} d = new double[20];

1. for (int 1 =0; i < d.length; i++)

12, d[i] = 100 = Math.random();

13, ArrayAlg.Pair p = ArrayAlg.minmax(d);

14, System.out.printin("min = " + p.getFirst());
15, System.out.printin("max = " + p.getSecond());
16. }

17}

19. class ArrayAlg
20. {

ArrayAlg
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21 [wx

22 x A pair of floating-point numbers

23, %/

21, public static class Pair

25 |

26. [

27, « Constructs a pair from two floating-point numbers
28. + @aram f the first number

29, » @param s the second number

30. x/

3t public Pair(double f, double s)

32. {

33. first = f;

3. second = s;

35. }

36.

a7. [k

38, x Returns the first number of the pair
39 x @return the first number

40. */

41, public double getFirst()

2. {

43, return first;

44, }

45.

46. [

47, » Returns the second number of the pair
48. « @return the second number

49. /

50. public double getSecond()

51, {

52 return second;

53. }

54.

55. private double first;

56. private double second;

57. }

58.

se.  [ux

60 + Computes both the minimum and the maximum of an array
61. « @param values an array of floating-point numbers
62 + @return a pair whose first element is the minimum and whose second element
63. » 1s the maximum

64. x/

65.  public static Pair minmax(double[] values)
66. {

67. doubTe min = Double.MAX_VALUE;

68. double max = Double.MIN_VALUE;

69, for (double v : values)

70. {

7 if (min > v) min = v;

72. if (max < v) max = v;

73 }

74, return new Pair(min, max);

75, }




234 6
6.5
proxy Java SE 1.3
Class
newl nstance
» Object toString equals
invocation
handler InvocationHandler
Object invoke(Object proxy, Method method, Object[] args)
invoke Method
Proxy newProxyl nstance
. class |oader Java
I 9
null
. Class
TraceHander
invoke

class TraceHandler implements InvocationHandler

{
pubTic TraceHandler(Object t)
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{
target = t;

}

pubTic Object invoke(Object proxy, Method m, Object[] args)
throws Throwable

{

// print method name and parameters

// invoke actual method
return m.invoke(target, args);

}

private Object target;
}

Object value = . . .;

// construct wrapper

InvocationHandler handler = new TraceHandler(value);

// construct proxy for one or more interfaces

(lass[] interfaces = new Class[] { Comparable.class };

Object proxy = Proxy.newProxyInstance(null, interfaces, handler);

proxy
value
6-7 1 1000

Arrays binarySearch

Object[] elements = new Object[1000];

// f111 elements with proxies for the integers 1 . . . 1000
for (int 1 = @; 1 < elements.length; i++)
{

Integer value =1 + 1;

elements[i] = Proxy.newInstance(. . .); // proxy for value;
}

// construct a random integer
Integer key = new Random().nextInt(elements.length) + 1;

// search for the key
int result = Arrays.binarySearch(elements, key);

// print match if found
if (result >= @) System.out.printin(elements[result]);

Integer Comparable
$Proxy0 Comparable compareTo
invoke
Java SE 5.0 Integer Comparable<Integer>

Comparable
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binarySearch
if (elements[i].compareTo(key) < @) . . .
compareTo TraceHander invoke
Integer compareTo

System.out.printin(elements[result]);

printin toString

500. compareTo(288)
250.compareTo(288)
375.compareTo(288)
312.compareTo(288)
281.compareTo(288)
296. compareTo(288)
288. compareTo(288)
288.toString()

Comparable toString Object

ProxyTest.java

1. import java.lang.reflect.x;

2. import java.util.«;

3.

4. [xx

5. « This program demonstrates the use of proxies.
6.+ @version 1.00 2000-04-13

7. % @author Cay Horstmann

8

9

o ox/
_public class ProxyTest
10, {
1. public static void main(String[] args)
12. {
13, Object[] elements = new Object[1000];
14,
15. // fi11 elements with proxies for the integers 1 ... 1000
16. for (int i = 0; 1 < elements.length; i++)
17. {
18. Integer value = 1 + 1;
19. InvocationHandler handler = new TraceHandler(value);
20. Object proxy = Proxy.newProxyInstance(null, new Class[] { Comparable.class } , handler);
21, elements[i] = proxy;
22. }
23.
24, // construct a random integer
2, Integer key = new Random().nextInt(elements.Tlength) + 1;
26.
27. // search for the key

28. int result = Arrays.binarySearch(elements, key);
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}

. /*"‘

x An invocation handler that prints out the method name and parameters, then

- cl

A

45.

50.

71.

// print match if found

if (result >= @) System.out.printin(elements[result]);

}

invokes the original method

</

ass TraceHandler implements InvocationHandler

« Constructs a TraceHandler

x @param t the implicit parameter of the method call

:‘:/
public TraceHandler(Object t)
{
target = t;
}

public Object invoke(Object proxy, Method m, Object[] args) throws Throwable

{
// print implicit argument
System.out.print{target);
// print method name
System.out.print("." + m.getName() + "(");
// print explicit arguments
if (args != null)
{

for (int 1 = 0; i < args.length; i++)

{

System.out.print(args[i]);

if (i < args.length - 1) System.out.print(", ");

}
}
System.out.printin(")");

// invoke actual method
return m.invoke(target, args);

}

private Object target;

Proxy

Proxy

6-7 Comparable

TraceHandler
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Object toString equals hashCode
invoke Object clone getClass
Sun Proxy $Proxy

newProxylnstance
getProxyClass

(lass proxyClass = Proxy.getProxyClass(null, interfaces);

public final public

Proxy isProxyClass Class

java.lang.reflect. InvocationHandler 1.3

e Object invoke(Object proxy,Method method,Object[] args)

jJava.lang.reflect.Proxy 1.3

e static Class getProxyClass(ClassLoader loader,Class[] interfaces)

estatic Object newProxylnstance(ClassLoader loader, Class[] interfaces,
InvocationHandler handler)
invoke
e static boolean isProxyClass(Class c¢)
c true
Java



A Swing A 2D
A A
A A
A A
GUI Java
I
Java GUI
7.1 Swing
Java 1.0 GUI Sun
Abstract Window Toolkit AWT AWT
Windows Solaris Macintosh GUI
GUI AWT Java
look and feel Sun
X11/Motif
Windows Macintosh
“ K AWT GUI Windows

Macintosh
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AWT bug
AWT 13 ”
1996 Netscape IFC Internet Foundation Class GUI
AWT
Netscape IFC
Sun Netscape Swing Swing
Java 1.l Java SE 1.2
Duke Ellington ! Swing Java "
Swing GUI Java Java Foundation Class JFC
JFC Swing GUI JFC
Swing API 2D API API
Swing AWT AWT Swing
Swing AWT
Swing “ ” AWT
Swing AWT
Swing
e Swing
* Swing bug
* Swing
Swing Swing
“ ” 7-1 7-2 Windows Motif
Sun Metal “ Java
K Metal
Metal Java SE 5.0 7-3
Metal Ocean
Java SE 6 Sun Windows GTK Swing
Java Metal
8
: ” Java

Swing
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Java
http://www.javootoo.com
Java SE 5.0 Synth Synth
XML
7-1 Swing Window
7-2 Swing GTK
Java Swing Eclipse
AWT SWT
SWT http://www.eclipse.org/ articles/

Visual Baisc C# Microsoft Windows
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GUI Java GUI
7-3 Metal Ocean
7.2
Java frame AWT
Frame Swing JFrame
Frame JFrame Swing
Swing
Swing “J JButton JFrame Java Button
Frame AWT “J
Swing AWT
Swing JFrame 7-1
7-4

SimpleFrameTest. java

1. import javax.swing.s;
2.

3. [ux

4.« @version 1.32 2007-06-12
s+ Qauthor Cay Horstmann

6 */

7. public class SimpleFrameTest

8 {

s, public static void main(String[] args)

10 {

1 SimpleFrame frame = new SimpleFrame();

12 frame.setDefault(loseOperation(JFrame.EXIT_ON_CLOSE);
13, frame.setVisible(true);
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14, }

15. }

16.

17. class SimpleFrame extends JFrame

18 {

19, public SimpleFrame()

20. {

21, setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);
22. }

23.
24, public static final int DEFAULT_WIDTH = 300;
25 public static final int DEFAULT_HEIGHT = 200;

26 }
Swing javax.swing javax
Java Swing Java 1.1
1.2 Java SE
0x 0
SimpleFrame
300x 200 SimpleFrame JFrame
7-4
SimpleFrameTest main SmpleFrame
Swing
Swing event dispatch thread
EventQueue.invokelater(new Runnable()
{
public void run()
{
statements
}
1,
14 Swing
Swing

Swing Sun

frame.setDefaultCloseOperation({JFrame. EXIT_ON_CLOSE)
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Swing
main
setVisible
Java SE 5.0 JFrame Window show
Window Component show Java SE 1.2
Component.show setVisible(true) Java SE 1.4
Window.show
Java SE 5.0 show
main main
System.exit
7-4 7-1
Swing
Windows GTK Mac Swing
Java SE 1.4 frame.setUndecorated(true)
7.3
JFrame JFrame
» setLocation setBounds
* setlconlmage
* setTitle
* setResizable boolean
7-5 JFrame
API
JFrame JFrame API
API
JFrame toFront Window JFrame

API API
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API Component GUI Window Frame
Component

setLocation
setlLocation(x, y)

X y 00
Component setBounds JFrame

setBounds(x, y, width, height)

7-5 AWT Swing

setLoationByPlatform(true);
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setLocation setBounds

7.4
/
public String getTitle()
public void setTitle(String title)
/
Frame
title
Frame
private String title; // not required for property
get/set boolean

locationByPlatform

public boolean isLocationByPlatform()
public void setlocationByPlatform(boolean b)

I 8
Visual Basic C#
Java
7.5
Toolkit
Toolkit Toolkit
getScreenSize Dimension

width height

Toolkit kit = TooTkit.getDefaultToolkit();
Dimension screenSize = kit.getScreenSize();
int screenWidth = screenSize.width;

int screenHeight = screenSize.height;

50%

Frame

get set
title String

0x 0

getDefaultTool kit

Dimension
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setSize(screenWidth / 2, screenHeight / 2);
setlocationByPlatform(true);

Image 1mg = kit-getlmage(”icon,gif");
setIconImage(img);

Windows

ALT+TAB
7-2 “ Core Java’

. pack

Java SE 1.4
frame.setExtendedState(Frame.MAXIMIZED_BOTH);

10 API
. GraphicsEnvironment  Graphics

Device
* GraphicsDevice

SizedFrameTest. java

1. import java.awt.s;
2.
3. import javax.swing.x;

4.
5. [

6. « @version 1.32 2007-04-14

7.« @author Cay Horstmann

8

9. public class SizedFrameTest

10. {

1. public static void main(String[] args)

12. {

13. EventQueue.invokelater(new Runnable()

14, {

15. public void run()

16. {

17. SizedFrame frame = new SizedFrame();

18. frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
19, frame.setVisible{true):

24.
2s. class SizedFrame extends JFrame



2. {

27, public SizedFrame()

28. {

20. // get screen dimensions

30.

31, Toolkit kit = Toolkit.getDefaultToolkit();
32 Dimension screenSize = kit.getScreenSize();
33 int screenHeight = screenSize.height;

3a. int screenWidth = screenSize.width;

35.

36. // set frame width, height and Tet platform pick screen location
37.

38. setSize(screenWidth / 2, screenHeight / 2);
39. setlLocationByPlatform(true);

40

41, // set frame icon and title

42

43 Image img = kit.getImage("icon.gif");

4a. setIconImage(img);

45. setTitle("SizedFrame");

46 }

47. }

Java.awt.Component 1.0

* boolean isVisible()
e void setVisible(boolean b)

visible JFrame
evoid setSize(int width, int height) 1.1

*void setLocation(int x,int y) 1.1
Xy p.xX p.y
aJFrame
e void setBounds(int x, int y, int width, int height) 1.1

e Dimension getSize() 1.1
e void setSize(Dimension d) 1.1
size

java.awt.Window 1.0

e void toFront()

* void toBack()

* boolean isLocationByPlatform() 5.0
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e void setLocationByPlatform(boolean b) 5.0
locationByPlatform

java.awt.Frame 1.0

* boolean isResizable()

* void setResizable(boolean b)
resizable

« String getTitle()

e void setTitle(String s)
title

* Image getlconlmage()

e void setlconlmage(lmage image)
iconlmage

* boolean isUndecorated() 1.4
» void setUndecorated(boolean b) 1.4
undecorated

e int getExtendedState() 1.4
e void setExtendedState(int state) 1.4

Frame, NORMAL
Frame.ICONIFIED

Frame .MAXIMIZED_HORIZ
Frame.MAXIMIZED_VERT
Frame MAXIMIZED_BOTH

java.awt.Toolkit 1.0

e static Toolkit getDefaultToolkit()

e Dimension getScreenSize()

* Image getlmage(String filename)
filename

“ Not a
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Hello, World program” 7-6
Java
JFrame 7-7 JFrame
JFrame
7-6
Swing content pane

Container contentPane = frame.getContentPane();
Component ¢ = . . .;
contentPane.add(c);

7-7 JFrame
Java SE 1.4 JFrame add “ Do not use
JFrame.add().Use JFrame.getContentPane().add instead” Java SE 5.0 JFrame.add
add

Java SE 5.0

frame.add(c);
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JComponent paintComponent
paintComponent Graphics
Java Graphics
Graphics Windows X11

class MyComponent extends JComponent

public void paintComponent{Graphics g)

{
code for drawing
1
}
painComponent
paintComponent
repaint paintComponent
Graphics paintComponent
paintComponent Graphics
Graphics 00
Graphics drawString
g.drawString(text, x, y)
1/4 1/2 “ Not a Hello, World
program”
75 100 75
100 100

paintComponent

class NotHelloWorldComponent extends JComponent

public void paintComponent(Graphics g)

{
g.drawString("Not a Hello, World program”, MESSACE_X, MESSAGE_Y);
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}

public static final int MESSAGE_X = 75;
public static final int MESSAGE_Y = 100;
}

JPanel JComponent JPanel
container

paintComponent super.paintComponent

class NotHelloWorldPanel extends JPanel
{
pubTic void paintComponent(Graphics g)

{

super.paintComponent(g);

.. . // code for drawing will go here
}
}

NotHelloWorld. java

1. import javax.swing.:;
2. import java.awt.x;
3.

4 [ux

5.« Qversion 1.32 2007-06-12

6. + @author Cay Horstmann

7. %/

8. public class NotHelloWorld

9 {

10.  public static void main(String[] args)
1. {

12 EventQueue.invokelLater(new Runnable()
13. {

14, public void run()

15. {

16. NotHelloWorldFrame frame = new NotHelloWorldFrame();
17. frame.setDefaultCloseOperation(JFrame. EXIT_ON_CLOSE);
18. frame.setVisible(true);

19 }

20, 1

21, }

22. }

23.

24, [ux

25, « A frame that contains a message panel

2. */

27. class NotHelloWorldFrame extends JFrame

28. {

20, public NotHelloWorldFrame()

30, {

31. setTitle("NotHelloWorld");

32. setSize(DEFAULT_WIDTH, DEFAULT_HEICHT);
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33.

34. // add panel to frame

35.

36. NotHelloWor1dPanel panel = new NotHelloWorldPanel();
a7. add(panel);

38. }

39.
a0, public static final int DEFAULT_WIDTH = 300;
1 public static final int DEFAULT_HEIGHT = 200;

42 }

43

44, [#x

4s. = A panel that displays a message.

4 %/

47. class NotHelloWorldPanel extends JPanel
a8 {

49, public void paintComponent(Graphics g)
50. {

51, g.drawString("Not a Hello, World program”, MESSAGE_X, MESSAGE_Y);
52. }

53.

sa.  public static final int MESSAGE_X = 75;
ss.  public static final int MESSAGE_Y = 100;
s6. }

57.

javax.swing.JFrame 1.2

e Container getContentPane()
JFrame
» Component add(Component c)
Java SE 5.0

java.awt.Component 1.0

e void repaint()

e public void repaint(int x, int y, int width, int height)

jJavax.swing.JComponent 1.2

e void paintComponent(Grphics Q)

7.7 2D

Java 1.0 Graphics
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Java SE 1.2 Java 2D
Java 2D [ AWT
Java 2D Graphics2D Graphics
Java SE 2 paintComponent Graphics2D

public void paintComponent(Graphics g)
{

Graphics2D g2 = (Graphics2D) g;
}

Java 2D

Line2D
Rectangle2D
E171pse2D

Shape

Java 2D

Shape Graphics2D
draw

Rectangle2D rect = . . .;
g2.draw(rect);

Java 2D Grpahics drawRectangle
Java 2D
Java 2D

Java 2D 1.0
Java 2D
Java 2D
float

float double
float Java double
float
float f = 1.2; // Error
1.2 double

float f = 1.2F; // Ok
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Rectangle2D r = . . .
float f = r.getWidth(); // Error

getWidth double

float f = (float) r.getWidth(); // Ok
2D
float
double double

Rectangle2D

Rectangle2D.Float
Rectangle2D.Double

7-8

7-8 2D

FloatRectangle2D
DoubleRectangle2D 6
Rectangle2D.Float float Rectangle2D.
Double double

Rectangle2D.Float floatRect = new Rectangle2D.Float(10.0F, 25.0F, 22.5F, 20.0F);
Rectangle2D.Double doubleRect = new Rectangle2D.Double(10.0, 25.9, 22.5, 20.9);

Rectangle2D.Float Rectangle2D.Double Rectangle2D
Rectangle2D Rectangle2D

Rectangle2D floatRect = new Rectangle2D.Float(10.0F, 25.0F, 22.5F, 20.0F);
Rectangle2D doubleRect = new Rectangle2D.Double(10.9, 25.9, 22.5, 20.0);
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Rectangle2D.Float Rectangle2D
setRect(float x, float y, float h, float w) Rectangle2D.Float
Rectangle2D Rectangle2D
double setRect
Rectangle2D double Rectangle2D.Float
float getWidth double
Double float
Float
Rectangle2D Point2D
Point2D.Float Point2D.Double
Point2D p = new Point2D.Double(10, 20);
Point2D Point2D Xy
Point2D Point2D
Rectangle2D Ellipse2D RectangularShape
7-9
RectangularShape 20
getWidth getHeight getCenterX
getCenterY getCenter Point2D
Java 1.0
Rectangle Point Rectangle2D
Point2D -9
7-10 Double Float

Rectangle2D Ellipse2D
] X y

E1Tipse2D e = new E11ipse2D.Double(150, 200, 100, 50);
150 200 100 50
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Rectangle2D rect = new Rectangle2D.Double(px, py, ax - px, qy - py); // Error

7-10

setFrameFromDiagonal

Rectangle2D rect = new Rectangle2D.Double();
rect.setFrameFromDiagonal (px, py, gx, qy);

Point2D p q

rect.setFrameFromDiagonal(p, q);

setFrameFromCenter

El1ipse2D ellipse = new E11ipse2D.Double(centerX - width / 2, centerY - height / 2, width, height);
Point2D

Line2D Tine = new Line2D.Double(start, end);
Line2D Tine = new Line2D.Double(startX, startY, endX, endY):

7-4
7-11
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7-11

DrawTest. java

1. import java.awt.:;

2. import java.awt.geom.:;

3 import javax.swing.:;

4.

5. [ex

6. + @version 1.32 2007-04-14

7. @author Cay Horstmann

g x/

9. pubTic class DrawTest

10. {

11, public static void main(String[] args)

12. {

13. EventQueue.invokelater(new Runnable()

14, {

15, public void run()

16. {

17. DrawFrame frame = new DrawFrame();

18. frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);

19. frame.setVisible(true);

20. }

21. 1

22. }

23 }

24.

25 [

2.+ A frame that contains a panel with drawings

27, %/

28. class DrawFrame extends JFrame

29. {

3. public DrawFrame()

3t. {

32 setTitle("DrawTest");

3. setSize(DEFAULT_WIDTH, DEFAULT_HEICHT);
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35. // add panel to frame

36.

37 DrawComponent component = new DrawComponent();
38. add(component);

30. }

40.

41, public static final int DEFAULT_WIDTH = 400;
42, public static final int DEFAULT_HEICHT = 400;

43}

44,

a5, [ux

s+ A component that displays rectangles and ellipses.
a7 %/

4s. class DrawComponent extends JComponent

49. {

s0.  public void paintComponent(Graphics g)

st. |

52. Graphics2D g2 = (Graphics2D) g;

53.

54. // draw a rectangle

55.

56. double TeftX = 100;

57, double topY = 100;

58. double width = 200;

59. double height = 150;

60.

61. Rectangle2D rect = new Rectangle2D.Double(leftX, topY, width, height);
62. g2.draw(rect);

63.

64. // draw the enclosed ellipse

65.

66. E1Tipse2D ellipse = new ET11ipse2D.Double();
67. ellipse.setFrame(rect);

68. g2.draw(ellipse);

69.

70. // draw a diagonal Tine

71.

72, g2.draw(new Line2D.Double(TeftX, topY, leftX + width, topY + height));
73.

74. // draw a circle with the same center

75.

76. double centerX = rect.getCenterX();

77. double centerY = rect.getCenterY();

78. double radius = 150;

79.

80. E17ipse2D circle = new E1Tipse2D.Double();
81 circle.setFrameFromCenter(centerX, centerY, centerX + radius, centerY + radius);
82. g2.draw(circle);

83. }

8d. }

java.awt.geom.RectangularShape 1.2

» double getCenterX()
e double getCenterY()
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7.8

e double getMinX()
* double getMinY()
e double getMaxX()
e double getMaxY()

e double getWidth()
e double getHeight()

e double getX()
e double getY()

Xy

java.awt.geom.Rectangle2D.Double 1.2

» Rectangle2D.Double(double x,double y,double w,double h)

java.awt.geom.Rectangle2D._Float 1.2

» Rectangle2D.Float(float x,float y,float w,float h)

java.awt.geom.Ellipse2D.Double 1.2

e EIlipse2D.Double(double x,double y,double w,double h)

java.awt.geom.Point2D.Double 1.2

e Point2D.Double(double x, double y)

java.awt.geom.Line2D.Double 1.2

e Line2D.Double(Point2D start,
e Line2D.Double(double startX,

Graphics2D setPaint

g2.setPaint(Color.RED);
g2.drawString("Warning!", 100, 100);

Point2D end)
double startY, double endX, double endY)



261

draw fill

Rectangle2D rect = . . .;
g2.setPaint(Color.RED);
g2.fi11(rect); // fills rect with red color

Color java.awt.Color

13 13

BLACK, BLUE, CYAN, DARK_GRAY, GRAY, GREEN, LIGHT_GRAY, MAGENTA, ORANGE, PINK, RED, WHITE, YELLOW

Java SE 1.4

0 255

Color(int redness, int greenness, int blueness)

g2.setPaint(new Color(@, 128, 128)); // a dull blue-green
g2.drawString("Welcome!", 75, 125);

Graphics2D setColor
Component
JComponent
MyComponent p = new MyComponent();
p.setBackground(Color, PINK);
setForeground
Color brighter( )
brighter

brighter()

Java SystemColor

p.setBackground(SystemColor.window)

Color.red
Java SE 1.4
Color

” hue
AWT Graphics
setBackground Component

darker( )
brighter( )

c.brighter( ). brighter( ).
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SystemColor 7-1
7-1

desktop textText
activeCaption textlnactiveText
activeCaptionText textHighlight
activeCaptionBorder textHighlightText
inactiveCaption control
inactiveCaptionText controlText
inactiveCaptionBorder controlLtHighlight
Window controlHighlight
windowBorder controlShadow
windowText controlDkShadow
menu scrollbar
menuText info
text infoText

java.awt.Color 1.0

e Color(int r,int g,int b)

r

g
b

e Color getColor()

jJava.awt.Graphics 1.0

e void setColor(Color ¢)

c
e Paint getPaint()

Java.awt.Graphics2D 1.2

e void setPaint(Paint p)

evoid Fill(Shape s)

Paint
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java.awt.Component 1.0

» Color getBackground()
e void setBackground(Color c)

c
» Color getForeground()
* void setForeground(Color ¢)

7.9

“ Not a Hello, World”
font face name
Helvetica’ font family name “ Bold"
Helvetica” “ HelveticaBold’ “ Helvetica’

GraphicsEnvironment
getAvailableFontFamilyNames
GraphicsEnvironment
getL ocal GraphicsEnvironment

import java.awt.:;

pubtic class ListFonts

{
public static void main(String[] args)
{

String[] fontNames = GraphicsEnvironment
.getLocalGraphicsEnvironment()
.getAvailableFontFamilyNames();

for (String fontName : fontNames)
System.out.printIn(fontName);

Abadi MT Condensed Light
Arial

Arial Black

Arial Narrow

Arioso

Baskerville

Binner Gothic

70
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Helvetica
Windows Arial
AWT logical

SansSerif
Serif
Monospaced
Dialog
DialogInput

Windows SansSerif
Aria
Sun JDK 3 “ Lucida Sans” ,* Lucida Bright” “ Lucida Sans
Typewriter”

Font Font
Font sansboldl4 = new Font("SansSerif", Font.BOLD, 14);

72
Font Font

Font.PLAIN
Font.BOLD
Font. ITALIC
Font.BOLD + Font.ITALIC
Java jrellib fontconfig.properties

http://java.sun.com/javase/6/docs/guide/intl/fontconfig.html

TrueType PostScriot Type 1  —
URL 1
Font.createFont

URL urT = new URL("http://www.fonts.com/Wingbats.ttf"):
InputStream in = url.openStream();
Font f1 = Font.createFont(Font.TRUETYPE_FONT, in):

1 deriveFont
Font f = fl.deriveFont(14.0F);
deriveFont float
int f.deriveFont(14)
14 ITALIC BOLD
Java ASCI| Dialog “ \u2297’

O Unicode
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14 sans serif “ Hello,World”

Font sansboldl4 = new Font("SansSerif", Font.BOLD, 14);
g2.setFont(sansbold14);

String message = "Hello, World!";
g2.drawString(message, 75, 100);

. sans serif 14
. " Hello,World”
Graphics2D getFontRenderContext
FontRenderContext Font

getStringBounds

FontRenderContext context = g2.getFontRenderContext();
Rectangle2D bounds = f.getStringBounds(message, context);

getStringBounds

7-12 baseline
“ e ascent ascenter
“ p” ‘K" descent
descenter “p’ “ g
7-12
leading
+ +
getStringBounds
y

double stringwidth = bounds.getWidth();
double stringHeight = bounds.getHeight();
double ascent = -bounds.getY();

Font getLineMetrics
LineMetrics

LineMetrics metrics = f.getlLineMetrics(message, context);
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float descent = metrics.éetDescent();
float Teading = metrics.getleading();

FontRenderContext context = g2.getFontRenderContext();
Rectangle2D bounds = f.getStringBounds(message, context);

// (x,y) = top left corner of text
double x = (getWidth() - bounds.getWidth(})) /
double y = (getHeight() - bounds.getHeight())

2
/2

// add ascent to y to reach the baseline
double ascent = -bounds.getY();

double baseY = y + ascent;
g2.drawString(message, (int) x, (int) baseY);

getWidth( ) bounds.getWidth( )

paintComponent Graphics2D
JComponent getFontMetrics
getFontRenderContext:

FontRenderContext context = getFontMetrics(f).getFontRenderContext();

7-13
7-5

7-13

FontTest. java

_import java.awt.:;

. import java.awt.font.:;
- import java.awt.geom.s;
_import javax.swing.«;

/‘.‘:7‘:

x @version 1.33 2007-04-14
+ @author Cay Horstmann

',‘:/

. public class FontTest

A

I N

_—
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12 pubTic static void main(String[] args)

1 |

14, EventQueue.invokelLater{new Runnable()

15. {

16. public void run()

17. {

18. FontFrame frame = new FontFrame();
19. frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
20, frame.setVisible(true);

21 }

22. s

23 }

24, }

25.

26, [ux

27. « A frame with a text message component

28 «/

20. class FontFrame extends JFrame

30. {

at. public FontFrame()

32. {

33, setTitle("FontTest");

34, setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);

35.

36. // add component to frame

37.

38. FontComponent component = new FontComponent();
39, add(component);

40 }

41,

42 public static final int DEFAULT_WIDTH = 300;
43 public static final int DEFAULT_HEIGHT = 200;

4}

45,

6. [xx

47. = A component that shows a centered message in a box.
48. '.'r/

49, class FontComponent extends JComponent

s50. {

51, public void paintComponent(Graphics g)

52. {

53. Graphics2D g2 = (Graphics2D) g;

54.

55, String message = "Hello, World!";

56.

57, Font f = new Font("Serif", Font.BOLD, 36);

58 g2.setFont(f);

59.

60. // measure the size of the message

61.

62. FontRenderContext context = g2.getFontRenderContext();
63. Rectangle2D bounds = f.getStringBounds(message, context);
64,

65 // set (x,y) = top-left corner of text

66.

67. double x = (getWidth() - bounds.getWidth()) / 2;
6. double y = (getHeight() - bounds.getHeight()) / 2;
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69.

70. // add ascent to y to reach the baseline

71

72. double ascent = -bounds.getY();

73. double baseY = y + ascent;

74

75. // draw the message

76.

77. g2.drawString(message, (int) x, (int) baseY);
78.

79. g2.setPaint(Color.LICHT_GRAY);

80.

81 // draw the baseline

82.

83. g2.draw(new Line2D.Double(x, baseY, x + bounds.getWidth(), baseY));
84.

85. // draw the enclosing rectangle

86.

87. Rectangle2D rect = new Rectangle2D.Double(x, y, bounds.getWidth(), bounds.getHeight());
88. g2.draw(rect);

89. }

90. }

java.awt.Font 1.0

e Font(String name, int style, int size)

name “ Helvetica Bold”
“ Serif” “ SansSerif”
style Font.PLAIN Font.BOLD Font.ITALIC
Font.BOLD+Font.ITALIC
size 12

« String getFontName()
“ Helvetica Bold”
« String getFamily()

“ Helvetica’
e String getName()
“ SansSerif”
* Rectangle2D getStringBounds(String s, FontRenderContext context) 1.2
y

* LineMetrics getLineMetrics(String s, FontRenderContext context) 1.2
metrics

* Font deriveFont(int style) 1.2

e Font deriveFont(float size) 1.2
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* Font deriveFont(int style, float size) 1.2

java.awt.font.LineMetrics 1.2

» float getAscent()

* float getDescent()

« float getLeading()

* float getHeight()

jJava.awt.Graphics 1.0

» Font getFont()
e void setFont(Font font)

font
e void drawString(String str, int x, int y)

Sstr

y y

java.awt.Graphics2D 1.2

» FontRenderContext getFontRenderContext()

e void drawString(String str, float x, float y)

str

Javax.swing.JComponent 1.2

e FontMetrics getFontMetrics(Font f) 5.0

FontMetrics LineMetrics
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java.awt.FontMetrics 1.0

» FontRenderContext getFontRenderContext() 1.2

7.10
I
Java
Graphics Java SE 1.4
String filename = "...";
Image image = ImagelQ.read(new File(filename));
URL
String uriname = "...";
Image image = ImageI0.read(new URL(urlname));
read | OException 11
image Graphics drawlmage
public void paintComponent(Graphics g)
{
é.drawImage(image, X, ¥y, null);
¥
7-6
7-14 paintComponent
copyArea
7-14

for (int i = 0; 1 » imageWidth <= getWidth(); i++)
for (int j = 0; j » imageHeight <= getHeight(); j++)
if (1+3>0)
g.copyArea(0, 0, imageWidth, imageHeight, i + imageWidth, j » imageHeight);

7-6

ImageTest. java

1. import java.awt.«;
2. import java.io.s;
3. import javax.imageio.:;
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10. pu

A

4.
5
6 /
,
8
9

x A frame with an image component

27.

29
30

32
33

. C

{

34.

35.

36.

37.

38

39.
40.

a1,

IS
o

44.

}

45,

46.

48.

s

9

50.

/J,.u

x A component that displays a tiled image

import javax.swing.«;

« Gversion 1,33 2007-04-14
x @author Cay Horstmann

</

“f

o/

blic class ImageTest

public static void main(String[] args)

{

Eve

ntQueue.invokelLater(new Runnable()
{
public void run()

{

ImageFrame frame = new ImageFrame();
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setVisible(true);

lass ImageFrame extends JFrame

public ImageFrame()

{

}

set
set

/1

Ima
add

Title("ImageTest");
Size(DEFAULT_WIDTH, DEFAULT_HEIGHT);

add component to frame

geComponent component = new ImageComponent();
(component);

public static final int DEFAULT_WIDTH = 300;
public static final int DEFAULT_HEICHT = 200;

. class ImageComponent extends JComponent

{

51.

52,

53.

54.
55.

56.

57.

58.
59.

60.

public ImageComponent()

{

/1l
try
{

}

cat

{

acquire the image

image = ImageI0.read(new File("blue-ball.gif"));
ch (IOException e)

e.printStackTrace();
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61. }

62 }

63.

6a.  public void paintComponent(Graphics g)

65. {

66. if (image == null) return;

67.

68. int imageWidth = image.getWidth(this);

69. int imageHeight = image.getHeight(this);

70.

7. // draw the image in the top-left corner

72.

73 g.drawImage(image, @, 0, null);

74, // tile the image across the component

75.

76 for (int i = @; 1 « imageWidth <= getWidth(); i++)

77. for (int j = @; j « imageHeight <= getHeight(); j++)
78. if (i + 3 > 0) g.copyArea(®d, 0, imageWidth, imageHeight, i = imageWidth, j
79 » imageHeight);

80. }

81,
2. private Image image;
83. }

javax.imageio.ImagelO 1.4

e static Bufferedlmage read(File f)
e static BufferedImage read(URL u)
URL

java.awt.Graphics 1.0

* boolean drawlmage(Image img, int x, int y, ImageObserver observer)

img
X
y y
observer null
* boolean drawlmage(lmage img,int x,int y,int width,int height, ImageObserver
observer)

img

width
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height
observer null
e void copyArea(int x,int y,int width,int height,int dx,int dy)

width
height
dx
dy
Java 1 2D



A A
A A AWT
Java Java AWT
actions
8.1
GUI
Visual Basic
event procedure
HelpButton Visual Basic HelpButton_Click
Visual Basic GUI
Visual Basic
C
switch
Visual Basic
Java Visual Basic C
AWT event
source event listener
event delegation model Visual Basic
Java event object
Java java.util.EventObject

ActionEvent WindowEvent
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WindowEvent
AWT

ActionListener Tistener = . . .;
JButton button = new JButton("0k");
button.addActionListener(listener);

ActionListener
ActionEvent
class MylListener implements ActionListener

{

public void actionPerformed(ActionEvent event)

{

// reaction to button click goes here

JButton
Performed (event)

ActionEvent

listener interface

listener

actionPerformed

ActionEvent

actionPerformed

listener.action
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8-2

8.1.1

Action Event

GUI 9

JButton yellowButton = new JButton("Yellow");
JButton blueButton = new JButton(new ImageIcon("blue-ball.gif"));

add

JButton yelTowButton = new JButton("Yellow");
JButton blueButton = new JButton("Blue");
JButton redButton = new JButton('Red");

buttonPanel.add(yelTowButton);
buttonPanel.add(blueButton);
buttonPanel.add(redButton);

8-3 8-3
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ActionListener actionPerformed

public void actionPerformed(ActionEvent event)

ActionListener

. ENTER
. Timer

ActionListener actionPerformed
ActionListener ActionEvent

class ColorAction implements ActionListener

{

public ColorAction(Color ¢}

{

backgroundColor = c;

}

public void actionPerformed(ActionEvent event)
{

// set panel background color

}

private Color backgroundColor;

ColorAction yellowAction = new ColorAction(Color.YELLOW);
ColorAction blueAction = new ColorAction(Color.BLUE);
ColorAction redAction = new ColorAction{Color.RED);

yellowButton.addActionListener(yellowAction);
blueButton.addActionListener(blueAction);
redButton.addActionListener(redAction);

“ Yellow” yellowAction action
Performed backgroundColor Color.YELLOW
ColorAction buttonpanel

ColorAction ColorAction
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ColorAction ButtonFrame
6
ColorAction ButtonFrame

class ButtonPanel extends JFrame

{

private class ColorAction implements ActionListener

{

public void actionPerformed(ActionEvent event)

{
}

buttonPanel.setBackground(backgroundColor);

private Color backgroundColor;

}

private JPanel buttonPanel;

}
actionPerformed ColorAction buttonPanel
ButtonFrame

8-1

ButtonTest .java

1. import java.awt.«;

2. import java.awt.event.x;
3. import javax.swing.x;

4.
[ax
« @version 1.33 2007-06-12

+ Qauthor Cay Horstmann

X :‘:/

. public class ButtonTest

10. {

1. public static void main(String[] args)

12. {

13, EventQueue.invokelater(new Runnable()

14. {

15. public void run()

16. {

17. Buttonframe frame = new ButtonFrame();

18. frame.setDefaultCloseOperation(JFrame. EXIT_ON_CLOSE);
19. frame,setVisible(true);

20. }

21, 1

© @ N o o
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23. }

24.

25 [xx

26. # A frame with a button panel

27. %/

8. class ButtonFrame extends JFrame

20. {

s0.  public ButtonFrame()

31, {

32, setTitle("ButtonTest");

33. setSize(DEFAULT_WIDTH, DEFAULT_HEICHT);

34.

35. // create buttons

36. JButton yellowButton = new JButton("Yellow");
a7, JButton blueButton = new JButton("Blue");

38. JButton redButton = new JButton("Red");

39.

40. buttonPanel = new JPanel();

41,

42, // add buttons to panel

43, buttonPanel.add(yellowButton);

4a, buttonPanel.add(blueButton);

45. buttonPanel.add(redButton);

46.

47. // add panel to frame

48, add(buttonPanel);

49.

50. // create button actions

51, ColorAction yellowAction = new ColorAction(Color.YELLOW);
52 ColorAction blueAction = new ColorAction(Color.BLUE);
53, ColorAction redAction = new ColorAction(Color.RED);
54.

55. // associate actions with buttons

56. yellowButton.addActionListener(yelTowAction);
57. bTueButton.addActionListener(blueAction);

58. redButton.addActionListener(redAction);

59, }

60.

61, [ux

62. * An action listener that sets the panel's background color.
63. x/

es.  private class ColorAction implements ActionListener
65. {

66. public ColorAction{Color )

67. {

68. backgroundColor = ¢;

69. }

70.

7. public void actionPerformed(ActionEvent event)
72. {

73, buttonPanel.setBackground(backgroundColor);
74. }

75.

76. private Color backgroundColor;

77. }

79.  private JPanel buttonPanel;
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g1, public static final int DEFAULT_WIDTH = 300;
g2, public static final int DEFAULT_HEIGHT = 200,

javax.swing.JButton 1.2

» JButton(String label)
« JButton(lcon icon)
« JButton(String label,lcon icon)

Java SE 1.3 HTML
“ <html><b>0k</b></html>"

java.awt.Container 1.0

« Component add(Component c)
c

jJavax.swing. Imagelcon 1.2

e Imagelcon(String filename)

8.1.2

if. . .else

8-1

A W DN PP

public void makeButton(String name, Color backgroundColor)
{
JButton button = new JButton(name);
buttonPanel.add(button);
ColorAction action = new ColorAction(backgroundColor);
button,addActionListener(action);



281

makeButton("yellow", Color.YELLOW);
makeButton("blue", Color.BLUE);
makeButton("red", Color.RED);

ColorAction makeButton

public void makeButton(String name, final Color backgroundColor)

{
JButton button = new JButton(name);
buttonPanel.add(button);
button.addActionListener(new ActionListener()

{

public void actionPerformed(ActionEvent event)

{
buttonPanel.setBackground(backgroundColor);

b

actionPerformed
backgroundColor final

final

ActionListener

ActionListener

yellowButton.addActionListener(this);
blueButton.addActionListener(this)
redButton.addActionlistener(this);

actionPerformed

class ButtonFrame extends JFrame implements ActionListener
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public void actionPerformed(ActionEvent event)

{

Object source = event.getSource();
if (source == yellowButton) . .

else if (source == blueButton) . . .
else if (source == redButton ) . . .
else . . .

java.util.EventObject 1.1
* Object getSource()

java.awt.event.ActionEvent 1.1

e String getActionCommand()

setActionCommand

java.beans._EventHandler 1.4

e static Object create(Class listenerinterface,Object target,String action)
e static Object create(Class listenerinterface, Object target, String action,

String eventProperty)
e static Object create(Class listenerinterface, Object target, String action,

String eventProperty, String listenerMethod)

text setText

source.text getSource getText

8.1.3

Java SE 1.4
Load

frame.loadData();
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loadButton.addActionListener(new ActionListener()
{
public void actionPerformed(ActionEvent event)

{
frame.loadData();

}
B;

EventHandler

EventHandler.create(ActionListener.class, frame, "loadData")

loadButton.addActionListener(
EventHandler.create(ActionListener,class, frame, "loadData"));

create

EventHandler.create(ActionListener.class, frame, "loadData", "source.text")

new ActionListener()

{
public void actionPerformed(ActionEvent event)
{
frame.loadData(((3ITextField) event.getSource()).getText());
}
}
source text getSource getText
8.1.4
Swing Metal
Java jreflib swing.properties swing.defaultlaf

swing.defaultlaf=com.sun.java.swing.plaf.motif.MotiflookAndFee]
Metal javax.swing com.sun.java
Java Windows Mac Windows Mac
Java

# swing.properties
#

#swing.defaultlaf=javax.swing.plaf.metal.MetalLookAndFeel
swing.defaultlaf=com.sun.java.swing.plaf.motif.MotiflLookAndFeel
#swing.defaultlaf=com.sun.java.swing.plaf.windows.WindowsLookAndFeel

Swing swing.
properties
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UlManager.setL ookAndFeel
SwingUtilities.updateComponentTreeUl

UlManager.
setL ookAndFeel
11
Motif
String plaf = "com.sun.java.swing.plaf.motif.MotifLookAndFeel";
try
{

UIManager.setLookAndFeel(plaf);
SwingUtilities.updateComponentTreeUI(panel);

}

catch(Exception e) { e.printStackTrace(); }

UIManager.LookAndFeelInfo[] infos = UIManager.getInstalledLookAndFeels()

String name = infos{i].getName();
String className = infos[i].getClassName();

8-2
8-4 8-1
makeButton
actionPerformed
PlafFrame this update
ComponentTreeUl 6

this

SwingUtilities.updateComponentTreeUI(P1afPanel. this);

PlafTest. java

1. import java.awt.EventQueue;
2. mport java.awt.event.«;

3. import javax.swing.x;

4.

5. [usx

6. « @version 1.32 2007-06-12
7.« @author Cay Horstmann

8. 7'-‘/

9. public class PlafTest

10. {

1. public static void main(String[] args)

12. {
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26.

N

8.

A

}

1

/7’:‘.‘:
x A
5/
class
pu
{

}
/s

&

K

VO

{

EventQueue.invokeLater(new Runnable()

{

public void run()

{

PlafFrame frame = new PlafFrame();
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE):
frame,setVisible(true);

}
s

frame with a button panel for changing Took and feel
Ptafframe extends JFrame
blic PlafFrame()

setTitle("PlafTest");
setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);

buttonPanel = new JPanel();
UIManager.LookAndFeelInfo[] infos = UIManager.getInstalledLookAndFeels();
for (UIManager.lLookAndFeelInfo info : infos)

makeButton(info.getName(), info.get(lassName());

add(buttonPanel);

Makes a button to change the pluggable Took and feel.
@param name the button name
@param plafName the name of the Took and feel class

id makeButton(String name, final String plafName)
// add button to panel

JButton button = new JButton(name);
buttonPanel,add(button);

// set button action

button.addActionListener(new ActionListener()

{

public void actionPerformed(ActionEvent event)

{

// button action: switch to the new Took and feel
try
{
UIManager.setLookAndFeel(ptafName);
SwingUtilities.updateComponentTreeUI(PlafFrame.this);
}
catch (Exception e)

{
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70. e.printStackTrace();

71. }

72. }

73. s

74}

75.

7. private JPanel buttonPanel;

77.

78, public static final int DEFAULT_WIDTH = 300;
7. public static final int DEFAULT_HEIGHT = 200,

80. }

jJavax.swing.UlIManager 1.2

e static UlManager.LookAndFeelInfo[] getinstalledLookAndFeels()

e static setLookAndFeel (String className)
javax.swing.plaf.metal .M etal L ook AndFeel

jJavax.swing.UIManager.LookAndFeel Info 1.2

e String getName()

« String getClassName()

8.1.5

JFrame WindowEvent
WindowListener Tistener = . . .;
frame.addWindowListener(listener);
WindowListener WindowListener
7 7
Windows iconified minimized

WindowL istener

public interface WindowListener

{
void windowOpened(WindowEvent e);
void windowClosing(WindowEvent e);
void windowClosed(WindowEvent e);
void windowIconified(WindowEvent e);
void windowDeiconified(WindowEvent e);
void windowActivated(WindowEvent e);
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} void windowDeactivated(WindowEvent e);
WindowStateL istener
API
Java
7 windowClosing
windowClosing
System.exit(0) 6
class Terminator implements WindowlListener
{ pubTic void windowClosing(WindowEvent e)
{ if (user agrees)
} System.exit(0);

public void windowOpened(WindowEvent e) {}
public void windowClosed(WindowEvent e) {}
public void windowIconified(WindowEvent e) {}
public void windowDeiconified(WindowEvent e) {}
public void windowActivated(WindowEvent e) {}
public void windowDeactivated(WindowEvent e) {}

}
6
AWT adapter
Java
ActionListener
WindowA dapter 6
windowClosing
class Terminator extends WindowAdapter
public void windowClosing(WindowEvent e)
{ if (user agrees)
System.exit(9);
}
}
Terminator
WindowListener listener = new Terminator();
frame.addwindowListener(listener);
7 listener

8-5 6 windowClosing System.exit(0)
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WindowA dapter windowlsClosing
windowClosing

WindowA dapter
listener

frame.addwindowListener(new Terminator());

frame.addwindowListener(new
WindowAdapter()
{

public void windowClosing(WindowEvent e)
{
if (user agrees)
System.exit(0);

. WindowA dapter
e windowClosing
e WindowAdapter 6
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. addwindowListener

java.awt.event_WindowListener 1.1

e void windowOpened(WindowEvent e)

* void windowClosing(WindowEvent e)
hide
dispose
e void windowClosed(WindowEvent e)

* void windowlconified(WindowEvent e)

* void windowDeiconified(WindowEvent e)

* void windowActivated(WindowEvent e)

* void windowDeactivated(WindowEvent e)

jJava.awt.event.WindowStatelListener 1.4

e void windowStateChanged(WindowEvent event)

java.awt.event.WindowEvent 1.1

e int getNewState() 1.4
e int getOldState() 1.4

Frame . NORMAL
Frame.ICONIFIED

Frame .MAXIMIZED_HORIZ
Frame .MAXIMIZED_VERT
Frame .MAXIMIZED_BOTH
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8.2
AWT
blueAction actionPerformed
. Blue
. Blue
. CTRL+B
Swing
Action
Aceron

void actionPerformed(ActionEvent event)

void setEnabled(boolean b)

boolean isEnabled()

void putValue(String key, Object value)

Object getValue(String key)

void addPropertyChangelistener(PropertyChangelistener Tistener)
void removePropertyChangelistener(PropertyChangeListener listener)

ActionListener Action Action
Listener ActionListener Action

putVaue getvalue /

Action.NAME Action.SMALL_ICON

action.putVaTue(Action.NAME, "Blue")
action.putValue(Action.SMALL_ICON, new ImageIcon("blue-ball.gif"));

8-1
8-1

NAME

SMALL_ICON

SHORT_DESCRIPTION

LONG_DESCRIPTION Swing
MNEMONIC_KEY 9
ACCELERATOR_KEY Swing
ACTION_COMMAND_KEY registerK eyboardAction
DEFAULT Swing
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SHORT_DESCRIPTION
Action

JavaBeans I
Action

7 actionPerformed
AbstractAction /
AbstractAction actionPerformed

AsbstractAction / ColorAction
/ actionPerformed

public class ColorAction extends AbstractAction

{

public ColorAction(String name, Icon icon, Color ¢)

{
putValue(Action.NAME, name);

(
putValue(Action. SMALL_ICON, icon)
putValue("color", c);

putValue(Action,SHORT_DESCRIPTION, "Set panel color to " + name.tolowerCase());
}

public void actionPerformed(ActionEvent event)

{
Color ¢ = (Color) getValue("color");
buttonPanel.setBackground(c);

}
}

Action blueAction = new ColorAction("Blue", new ImageIcon("blue-ball.gif"), Color.BLUE);

JButton Action

JButton blueButton = new JButton(blueAction);

8-6

KeyStroke
KeyStroke 8-6
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KeyStroke getKeyStroke
KeyStroke ctr1BKey = KeyStroke.getKeyStroke("ctrl B");
keyboard focus
Java
TAB
SPACE
CTRL+Y CTRL+B CTRL+R
Swing JComponent
imput maps KeyStroke
8-2
8-2
WHEN_FOCUSED
WHEN_ANCESTOR_OF FOCUSED_COMPONENT
WHEN_IN_FOCUSED_WINDOW
1 WHEN_FOCUSED
2 WHEN_ANCESTOR_OF_FOCUSED _
COMPONENT
3 WHEN _
IN_FOCUSED_WINDOW
WHEN _IN_

FOCUSED_WINDOW
getinputMap
InputMap imap = panel.getInputMap(JComponent.WHEN_FOCUSED);
WHEN_FOCUSED

FOCUSED_COMPONENT
InputMap KeyStroke Action
ActionMap 2

WHEN_ANCESTOR_OF_
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imap.put(KeyStroke.getKeyStroke("ctr1 Y"), "panel.yellow");
ActionMap amap = panel.getActionMap();
amap.put("panel.yellow", yellowAction);

none

imap. put (KeyStroke.getKeyStroke("ctrl C"), "none");

JDK
Ul

1 AbstractAction

2

3

4

5 WHEN_ANCESTOR_OF FOCUS COMPONENT

KeyStrike
6

8-3
CTRL+Y CTRL+B CTRL+R

ActionTest. java

1. import java.awt.s;

2, import java.awt.event.«;
3. import javax.swing.x;

4.

5. [#%
6. * @version 1.33 2007-06-12
7.+ @author Cay Horstmann

8

9. public class ActionTest

10. {

1. public static void main(String[] args)
2

13. EventQueue.invokeLater(new Runnable()
14, {

15, public void run()

16. {



28.

w

31.

32.
33.
34.

35
36.
37.
38.
39.
40
41

42.
43.
44,
45.
46.
47.

48

49.
50.

51

52.

53

54,
55.
56.

57

58.
59.
60.
61.
62.
63.

64
65

ActionFrame frame = new ActionFrame();
frame . setDefaultCloseOperation(JFrame. EXIT_ON_CLOSE);
frame.setVisible(true);

+ A frame with a panel that demonstrates color change actions.

o

class ActionFrame extends JFrame

A

0.

public ActionFrame()

{

}

setTitle("ActionTest");
setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);

buttonPanel = new JPanel();

// define actions

Action yellowAction = new ColorAction("Yellow", new ImageIcon("yellow-ball.gif")
Color.YELLOW);

Action blueAction = new ColorAction("Blue", new ImageIcon("blue-ball.gif"), Color.BLUE);

Action redAction = new ColorAction("Red", new Imagelcon("red-ball.gif"), Color.RED);

// add buttons for these actions
buttonPanel.add(new JButton(yellowAction));
buttonPanel.add(new JButton(blueAction)};
buttonPanel.add(new JButton(redAction));

// add panel to frame
add(buttonPanel);

// associate the Y, B, and R keys with names

InputMap imap = buttonPanel.getInputMap(JComponent. WHEN_ANCESTOR_OF_FOCUSED_COMPONENT);
imap.put(KeyStroke.getKeyStroke("ctrl Y"), "panel.yellow");
imap.put(KeyStroke.getKeyStroke("ctr1 B"), "panel.blue");
imap.put(KeyStroke.getKeyStroke("ctrl R"), "panel.red");

// associate the names with actions
ActionMap amap = buttonPanel.getActionMap();
amap.put("“panel.yellow", yellowAction);
amap.put("panel.blue", blueAction);
amap.put("panel.red", redAction);

public class ColorAction extends AbstractAction

{

[
» Constructs a color actijon.

+ @param name the name to show on the button

» @param icon the icon to display on the button

x @param c the background color

'.‘:/

public ColorAction(String name, Icon icon, Color ¢)

{
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74. putValue(Action.NAME, name);

75. putValue(Action.SMALL_ICON, icon);

76 putValue(Action.SHORT_DESCRIPTION, "Set panel color to " + name. toLowerCase());
77. putValue("color", c);

78. }

79.

80. public void actionPerformed(ActionEvent event)
81. {

82. Color ¢ = (Color) getValue("color");

83. buttonPanel.setBackground(c);

84. }

85. }

86.

87 private JPanel buttonPanel;

88.

8s.  public static final int DEFAULT_WIDTH = 300;
90. public static final int DEFAULT_HEIGHT = 200;

91. }

jJavax.swing.Action 1.2

* boolean isEnalbled()
*void setEnabled(boolean b)

enabled
e void putValue(String key,Object value)
/
key
8-1
value
* Object getValue(String key)

/

jJavax.swing.KeyStroke 1.2

e static KeyStroke getKeyStroke(String description)

( )
shift control ctrl meta alt altGraph typed
“ typed & pressed released
VK_ KeyEvent “ INSERT”

KeyEvent.VK_INSERT

jJavax.swing.JComponent 1.2

e ActionMap getActionMap() 1.3

* InputMap getlnputMap(int flag) 1.3
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flag 8-2

8.3

8-7

mousePressed
mouseRel eased mouseClicked

M ouseEvent
getX getY &7
Xy ! getClickCount
CONTROL+
SHIFT+CLICK
API

BUTTON2_MASK == ALT_MASK
BUTTON3_MASK == META_MASK

Java SE 1.4

BUTTON1_DOWN_MASK
BUTTON2_DOWN_MASK
BUTTON3_DOWN_MASK
SHIFT_DOWN_MASK
CTRL_DOWN_MASK
ALT_DOWN_MASK
ALT_CRAPH_DOWN_MASK
META_DOWN_MASK

getModifiersex
Windows BUTTON3 DOWN_MASK

if ((event.getModifiersEx{) & InputEvent.BUTTON3_DOWN_MASK) != @)
. . . // code for right click

mousePressed mouseClicked
mousePressed
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mouseClick
public void mousePressed(MouseEvent event)
{
current = find(event.getPoint());
if (current == null) // not inside a square
add(event.getPoint());
}
pubTic void mouseClicked(MouseEvent event)
{
current = find(event.getPoint());
if (current != null && event.getClickCount() »= 2)
remove(current);
}
MouseListener MouseMotionListener
clicks moves
Cursor getPredefinedCursor 8-3

Windows

8-3
[% DEFAULT_CURSOR o NE_RESIZE_CURSOR
_|_ CROSSHAIR_CURSOR +— E_RESIZE_CURSOR
@] HAND_CURSOR P SE_RESIZE_CURSOR
4—1—» MOVE_CURSOR I S_RESIZE_CURSOR
I TEXT_CURSOR N SW_RESIZE_CURSOR
WAIT_CURSOR +— W_RESIZE_CURSOR
I N_RESIZE_CURSOR " NW_RESIZE_CURSOR
MouseMotionListener mouseMoved

public void mouseMoved(MouseEvent event)

{

if (find(event.getPoint()) == null)
setCursor(Cursor.getDefaultCursor());

else

setCursor(Cursor.getPredefinedCursor(Cursor.CROSSHAIR_CURSOR) ) ;
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Toolkit createCustomCursor

TooTkit tk = Toolkit.getDefaultToolkit()
Image img = tk.getImage("dynamite.gif");
Cursor dynamiteCursor = tk.createCustomCursor(img, new Point(10, 10), "dynamite stick");

createCustomCursor

mouseM oved mouseDragged

public void mouseDragged(MouseEvent event)

{
if (current != null)
int x = event.getX();
int y = event.getY();
current.setFrame(x - SIDELENGTH / 2, y - SIDELENGTH / 2, SIDELENGTH, SIDELENGTH);
repaint();
}

mouseM oved
mouseDragged

mouseEntered mouseExited

mouseClicked
MouseL istener

M ouseM otionL istener
MouseHandler

MouseMotionHandler MouseHandler MouseAdapter 5
MouseL istener MouseM otionHandl er MouseMotionL istener
8-4

m MouseTest. java

1. import java.awt.:;

2. import java.awt.event.:;
3. import java.util.s;

4 import java.awt.geom.s;
s. import javax.swing.;
6.
7
8

: [
x @version 1.32 2007-06-12
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9. « @author Cay Horstmann

10 %/
1. public class MouseTest
12 {
13 public static void main(String[] args)
14
{
15. EventQueue. invokeLater(new Runnable()
16. {
17. public void run()
18 {
19 MouseFrame frame = new MouseFrame();
20 frame.setDefaultCloseOperation(JFrame. EXIT_ON_CLOSE);
21. frame.setVisible(true);
22. }
23, s
24. }
25 }
26.
27, [#%
28. = A frame containing a panel for testing mouse operations
29. #/
s0. class MouseFrame extends JFrame
ar. {
a2, public MouseFrame()
33, {
34, setTitle("MouseTest");
35. setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);
36.
a7, // add component to frame
38.
39. MouseComponent component = new MouseComponent();
40. add(component);
41. }
42,
43, public static final int DEFAULT_WIDTH = 300;
aa. public static final int DEFAULT_HEIGHT = 200;
45. }
46.
a7, [k
as = A component with mouse operations for adding and removing squares.
49, %/
s0. Class MouseComponent extends JComponent
51, {
s2. public MouseComponent()
53. {
54. squares = new Arraylist<Rectangle2D>();
55. current = null;
56.
57. addMouselistener(new MouseHandler());
58. addMouseMotionListener(new MouseMotionHandler());
59. }
60.
6. public void paintComponent(Graphics g)
62. {
63. Graphics2D g2 = (Graphics2D) g;
64.

65. // draw all squares
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66. for (Rectangle2D r : squares)

67. g2.draw(r);

68. }

69.

70. [

71 + Finds the first square containing a point.
72. x @param p a point

73 x @return the first square that contains p
74. x/

75.  public Rectangle2D find(Point2D p)
76. {

77, for (Rectangle2D r : squares)

78. {

79 if (r.contains(p)) return r;
80. }

81. return null;

82. }

83.

84. / s

8. x Adds a square to the collection.
86. * @param p the center of the square
87. +/

88. public void add(Point2D p)

89. {

90. doubTe x = p.getX();

91 double y = p.getY();

92.

93. current = new Rectangle2D.Double(x - SIDELENGTH / 2, y - SIDELENGTH / 2, SIDELENGTH,
94. SIDELENGTH);

9s. squares.add(current);

96. repaint();

97 }

98.

99. [

100. = Removes a square from the collection.
101, « @param s the square to remove

102. %/

103, public void remove(Rectangle2D s)
0. |

105. if (s == null) return;

106. if (s == current) current = null;
107, squares. remove(s);

108. repaint();

109.  }

110.

111, private static final int SIDELENCTH = 10;

112 private ArrayList<Rectangle2D> squares;

13, private Rectangle2D current;

114.

1s. // the square containing the mouse cursor

1186.

117. private class MouseHandler extends MouseAdapter

118, {

19, public void mousePressed(MouseEvent event)

120. {

121. // add a new square if the cursor isn't inside a square

122 current = find(event.getPoint());
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123, if (current == null) add(event.getPoint());

124. }

125.

126 public void mouseClicked(MouseEvent event)

127. {

128. // remove the current square if double clicked

129, current = find(event.getPoint());

130. if (current != null && event.getClickCount() >= 2) remove(current):
131. }

132 }

134, private class MouseMotionHandler implements MouseMotionListener

135. {

136. pubtic void mouseMoved(MouseEvent event)

137. {

138 // set the mouse cursor to cross hairs if it is inside

139, // a rectangle

140

141, if (find(event.getPoint()) == null) setCursor(Cursor.getDefaultCursor());
142, else setCursor(Cursor.getPredefinedCursor(Cursor.CROSSHAIR_CURSOR));
143, }

144.

145 public void mouseDragged(MouseEvent event)

146. {

147, if (current != null)

148. {

149. int x = event.getX();

150. int y = event.getY();

151.

152, // drag the current rectangle to center it at (x, y)

153, current.setFrame(x - SIDELENGTH / 2, y - SIDELENGTH / 2, SIDELENGTH, SIDELENGTH);
154, repaint();

155. }

156. }

157. }

158. }

java.awt.event._MouseEvent 1.1

* int getX()
e int getY()
* Point getPoint()

e int getClickCount()

java awt.event. InputEvent 1.1

e int getModifiersex() 1.4
; " down

BUTTON1_DOWN_MASK
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BUTTONZ _DOWN_MASK
BUTTON3 _DOWN_MASK
SHIFT_DOWN_MASK
CTRL_DOWN_MASK
ALT_DOWN_MASK
ALT_GRAPH_DOWN_MASK
META_DOWN_MASK

e static String getModifiersExText(int modifiers) 1.4
“ " down “ Shift+
Buttonl”

java.awt.Toolkit 1.0
e public Cursor createCustomCursor(Image image,Point hotSpot,String name) 1.2
image

hotSpot
name

java.awt.Component 1.0

e public void setCursor(Cursor cursor) 1.1

8.4 AWT
AWT
Java java.util
EventObject Event
Java
EventObject AWTEvent AWT 8-8 AWT
Swing EventObject
AWTEvent
getSource getActionCommand
AWT Java AWT
PaintEvent Java

paintComponent AWT
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AWT
AWT

java.awt.event
» ActionEvent
» AdjustmentEvent
* [temEvent
5
* KeyEvent
* MouseEvent
* MouseWheel Event

8-8 AWT

low-level semantic
ActionEvent

TAB

ENTER ;
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e FocusEvent
* WindowEvent

ActionListener MouseMotionListener
AdjustmentListener MouseWheelListener
FocusListener WindowListener
ItemListener WindowFocusListener
KeyListener WindowStatelListener
Mouselistener
AWT
FocusAdapter MouseMotionAdapter
KeyAdapter WindowAdapter
MouseAdapter
8-4 AWT
8-4
/
ActionListener actionPerformed ActionEvent AbstractButton
* getActionCommand JComboBox
* getModifiers JTextField
Timer
AdjustmentListener adjustmentV alueChanged AdjustmentEvent JScrollbar
* getAdjustable
* getAdjustmentType
« getVaue
ItemListener itemStateChanged ItemEvent AbstractButton
* getltem JComboBox
* getltemSelectable
« getStateChange
FocusListener focusGained FocusEvent Component
focusL ost * isTemporary
KeyListener keyPressed KeyEvent Component
keyReleased * getKeyChar
keyTyped * getKeyCode
* getKeyModifiersText
* getKeyText
* isActionKey
MouseL istener mousePressed MouseEvent Component
mouseReleased « getClickCount
mouseEntered * getX
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mouseExited * getY
mouseClicked * getPoint
« translatePoint
MouseMotionListener mouseDragged MouseEvent Component
mouseMoved
MouseWheel Listener mouseWheelMoved M ouseWheel Event Component
* getWheel Rotation
« getScroll Amount
WindowL istener windowClosing WindowEvent Window
windowOpened * getWindow
windowlconified
windowDeiconified
windowClosed
windowActivated
windowDeactivated
WindowFocusL istener windowGainedFocus WindowEvent Window
windowL ostFocus * getOppositeWindow
WindowStateL istener windowStateChanged WindowEvent Window
« getOldState
* getNewState
javax.swing.event Swing

AWT

Swing



9.1 Swing

9.11

Christopher Alexander

Java
Swing
Swing
Java
Swing
Swing
Swing [
Swing

The Timeless Way of Building 1979
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Alexander
) - 91
- - AWT Swing
. ! composite ”
. * decorator ”
. “ strategy "
Erich Gamma Design Patterns——Elements of Reusable Object-
Oriented Software  Addison-Wesley 1995 ©
Frank Buschmann
A System of Patterns  John Wiley & Sons 1996
9.1.2 - -
Metal Windows Motif
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Swing design pattern
- - model -view-controller
5
- - MVC
. model
. view
. controller

9-2

9-2

HTML
WY SIWY G “ " 9-3
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9-4
Swing - -
JButton JTextField

“ ” _ _ SVVI ng

Swing
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Swing
9-4
9.1.3 Swing - -
Swing
Model
ButtonModel
Swing DefaultButtonM odel
ButtonM odel 9-1
JButton

JButton button = new JButton("Blue");
ButtonModel model = button.getModel();
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9-1 ButtonModel
ActionCommand
Mnemonic
Armed true
Enabled true
Pressed true
Rollover true
Selected true
JButton JButton
ButtonM odel
DefaultButtonM odel
Metal JButton
BasicButtonUl ButtonUl Listener Swing
ul Swing
JButton JButton
JComponent JComponent DefaultButtonM odel
BasicButtonUl
9.2
Swing
Visual Basic JDK
Java
9-5
JPanel
flow layout manager
9-6
9-5

9-7
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9-6 9-7
Component
Container Component 9-8

Component

9-8 Component

JFrame
Container Component
JComponent Container Component

JButton

panel.setlayout{new GridLayout(4, 4));
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Swing
GridLayout add
java.awt.Container 1.0
*Void SetLayout (LayoutManager m)
» Component add(Component c)
e Component add(Component c, Object constraints) 1.1
c
constraints
java.awt.FlowLayout 1.0
* FlowLayout ()
e FlowLayout (int align)
e FlowLayout (int align, int hgap, int vgap)
FlowLayout
align LEFT CENTER RIGHT
hgap
vgap
9.2.1
border layout manager JFrame
9-9
frame.add(component, BorderLayout.SOUTH); 99
BorderLayout CENTER

NORTH SOUTH EAST WEST

CENTER

BorderLayout BorderLayout.SOUTH

“ SOUTH”
frame.add (component,* SOUTH” )
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frame.add(yellowButton, BorderLayout.SOUTH); // don't

9-10

panel 9-11

9-10 9-11

JPanel

FlowL ayout
add FlowL ayout

JPanel panel = new JPanel();
panel.add(yellowButton);
panel.add(blueButton);
panel.add(redButton);
frame.add(panel, BorderLayout.SOUTH);

java.awt.BorderLayout 1.0

* BorderLayout()
e BorderLayout( int hgap, int vgap)
BorderLayout
hgap
vgap

9.2.2

9-12
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panel.setLayout(new GridLayout(5, 4));

panel.add(new JButton("1"));
panel.add(new JButton("2"));

9-1 Java 9-12

calculator.java

1. import java.awt.;

2. import java.awt.event.:;

3. import javax.swing.s;

4.

5. [#x

6. + @version 1.33 2007-06-12

7. % @author Cay Horstmann

8 x/

9. public class Calculator

10. {

1. public static void main(String[] args)
12 | ,
13. EventQueue,invokeLater(new Runnable()
14. {

15, public void run()

16. {

17. CalculatorFrame frame = new CalculatorFrame();
18. frame.setDefaultCloseOperation(JFrame. EXIT_ON_CLOSE);
19. frame.setVisible(true);

20. }

21. 1)

22}

23 }

24,

25, [¥x

2. + A frame with a calculator panel.

27, #f

2s. class CalculatorFrame extends JFrame

29. {

s0.  public CalculatorFrame()

3. {

32, setTitle("Calculator");

3. CalculatorPanel panel = new CalculatorPanel();
34. add(panel);

35. pack();

36. }
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37. }

38.

39. [#%

40. = A panel with calculator buttons and a result display.
4. %/

42. class CalculatorPanel extends JPanel

a3 {

4a. public CalculatorPanel()

45. {

46. setLayout(new BorderLayout());

47.

48. result = 0;

49. TastCommand = "=";

50. start = true;

51.

52, // add the display

53.

54. display = new JButton("0");

56, display.setEnabled(false);

56. add(display, BorderLayout.NORTH);
57.

58. ActionListener insert = new InsertAction();
59, ActionListener command = new CommandAction();
60.

61. // add the buttons in a 4 x 4 grid
62.

63. panel = new JPanel();

64. panel.setlayout(new GridlLayout(4, 4));
65.

66. addButton("7", insert);

67. addButton("8", insert);

68. addButton("9", insert);

69. addButton("/", command);

70.

7. addButton{"4", insert);

72, addButton("5", insert);

73. addButton("G" insert);

74. addButton("«", command);

75.

76. addButton("1", insert);

77. addButton("2", insert);

78, addButton("3", insert);

79, addButton("-", command);

80.

81. addButton("0", insert);

82. addButton(".", insert);

83. addButton("=", command);

84. addButton("+", command);

85.

86. add(panel, BorderLayout.CENTER);
87. }

88.

89. [

+ Adds a button to the center panel.
o, + @param label the button label

92. * @param listener the button listener
93. x/
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94.
95.
96.
97.
98.
99.
100.

101.

103.
104.

106.
107.
108.
109.
110.
111,
112,
113.
114,
115.

123.

149.

private void addButton(String Tabel, Actionlistener Tistener)
{
JButton button = new JButton(label);
button.addActionListener(listener)
panel.add(button);
}

[ux
» This action inserts the button action string to the end of the display text.
%/

private class InsertAction implements ActionlListener

{
public void actionPerformed(ActionEvent event)
{
String input = event.getActionCommand();
if (start)
{
display.setText("");
start = false;
}
display.setText(display.getText() + input);
}
}
[#x
» This action executes the command that the button action string denotes.
s/
private class CommandAction implements ActionListener
{
public void actionPerformed(ActionEvent event)
{
String command = event.getActionCommand(});
if (start)
if (command.equals("-"))
{
display.setText(command);
start = false;
}
else lastCommand = command;
}
else
{
calculate(Double.parseDouble(display.getText()));
lastCommand = command;
start = true;
}
}
}
[u%

+ Carries out the pending calculation.

« @param x the value to be accumulated with the prior result.
+/

public void calculate(double x)

{
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151,
152.
153.
154,
155.
156.
157.
158.
159.
160.
161.
162,
163.
164. }

if (TastCommand.equals("+")) result += x;

else if (lastCommand.equals("-")) result -= x;
else if (TastCommand.equals("+")) result = x;
else if (lastCommand.equals("/")) result /= x;
else if (TastCommand.equals("=")) result = x;
display.setText("" + result);

}

private JButton display;
private JPanel panel;
private double result;
private String TastCommand;
private boolean start;

java.awt.GridLayout 1.0

e GridLayout(int rows, int cols)
e GridLayout(int rows, int columns, int hgap, int vgap)

9.3

GridLayout rows columns
rows
columns
hgap
vgap
java.awt.Window 1.0
e void pack()
Swing
JTextField JTextArea
JPassword
JTextComponent JTextComponent
Java API
JTextComponent
get set JTextComponent

Javax.swing.text.JTextComponent 1.2

e String getText()



Swing

319

e void setText(String text)

* boolean isEditable()
e void setEditable(boolean b)
editable

9.3.1

JPanel panel = new JPanel();

JTextField textField = new JTextField("Default input”, 20);

panel.add(textField);

setColumns
revalidate

textField.setColumns(10);
panel.revalidate();

revalidate
revalidate

revalidate JComponent

JFrame
JComponent

JTextField
JTextField textField = new JTextField(20);

setText
JTextComponent

Default input”
20 7

AWT preferred

JTextField

setColumns

validate

—JFrame
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textField. setTeit( "Hello!");

getText
getText trim
String text = textField.getText().trim(); )
setFont
javax.swing.JTextField 1.2
« JTextField(int cols)
JTextField
« JTextField(String text, int cols)
JTextField

e int getColumns()
e void setColumns(int cols)

javax.swing.JComponent 1.2

evoid revalidate()

e void setFont(Font f)

Java.awt.Component 1.0

*void validate()

* Font getFont()

9.3.2

1 JLabel

JL abel Swing
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Constants LEFT
RIGHT CENTER NORTH EAST JL abel Swing

JLabel label = new JLabel{("User name: ", SwingConstants.RIGHT);
JLabel Tabel = new JLabel("User name: ", JLabel.RIGHT);
setText setlcon
JDK1.3 HTML
HTML N HTML
<html>...</html>
label = new JLabel("<html><b>Required</b> entry:</html>");
— HTML
HTML
javax.swing.JLabel 1.2
e JLabel (String text)
» JLabel (Icon icon)
e JLabel (String text, int align)
» JLabel(String text, lIcon icon, int align)
text
icon
align SwingConstants LEFT CENTER RIGHT

» String getText()
e void setText(String text)

e Icon getlcon()
»void setlcon(lcon icon)

9.3.3

echo character
Swing JPasswordField
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Javax.swing.JPasswordField 1.2
« JPasswordField(String text, int columns)
*void setEchoChar(char echo)
e char[ ] getPassword()
String
9.3.4
JTextArea
ENTER
“\n" 9-13
JTextArea
textArea = new JTextArea(8, 40); // 8 lines of 40 columns each
columns
setColumns 913
setRows -
textArea.setLineWrap(true); // long Tines are wrapped
113 \n!!
9.3.5
Swing scroll
pane

textArea = new JTextArea(8, 40);
JScrol1Pane scrollPane = new JScrol1Pane(textArea);
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9-2
“ Insert”
JTextArea
HTML RTF JEditorPane JTextPane [
TextComponentTest. java

1. import java.awt.s;
2. import java.awt,event.s;
a. import javax.swing.:;
4,
5. [xx
6. « @version 1.40 2007-04-27
7.+ @author Cay Horstmann
8 */
9. pubTic class TextComponentTest
10. {
1. public static void main(String[] args)
1. {
13. EventQueue. invokeLater(new Runnable()
14, {
15. pubtic void run()
16. {
17. TextComponentFrame frame = new TextComponentFrame();
18. frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
19. frame.setVisible(true);
20. 1
21, b;
22, }
23. }
24.
25. [
26« A frame with sample text components.
27. %/
28. class TextComponentFrame extends JFrame
29. {
s0.  public TextComponentFrame()
31, {
32. setTitle("TextComponentTest");
33. setSize(DEFAULT_WIDTH, DEFAULT_HEICHT);
34.
35. final JTextField textField = new JTextField();
36. final JPasswordField passwordField = new JPasswordField();
37.
38. JPanel northPanel = new JPanel();
39. northPanel.setLayout(new Gridlayout(2, 2));
40. northPanel.add(new JLabel("User name: ", SwingConstants.RIGHT));

41, northPanel.add(textField);
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42. northPanel.add(new JLabel("Password: ", SwingConstants.RIGHT));
43, northPanel.add(passwordField);

44,

45. add(northPanel, BorderLayout.NORTH);

46.

47. final JTextArea textArea = new JTextArea(8, 40);

48. JScro11Pane scrollPane = new JScrollPane(textArea);

49,

50. add(scrol1Pane, BorderLayout.CENTER};

51.

52. // add button to append text into the text area

53.

54, JPanel southPanel = new JPanel();

55.

56. JButton insertButton = new JButton("Insert");

57. southPanel.add(insertButton);

58. insertButton.addActionListener(new ActionListener()

59. {

60. public void actionPerformed(ActionEvent event)

61. {

62. textArea.append("User name: " + textField.getText() + " Password: "
63. + new String(passwordField.getPassword()) + "\n");
64. }

65. };

66.

67. add(southPanel, BorderLayout.SOUTH);

68.

69. // add a text area with scrollbars -

70.

71. }

7a. public static final int DEFAULT_WIDTH = 300;
7a.  public static final int DEFAULT_HEIGHT = 300;

jJavax.swing.JTextArea 1.2

* JTextArea()

e JTextArea(int rows, int cols)

« JTextArea(String text, int rows, int cols)
e void setColumns(int cols)

e void setRows(int rows)

e void append(String newText)

*void setLineWrap(boolean wrap)
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*void setWrapStyleWord(boolean word)
word true false

e void setTabSize(int c)
tab stop c

jJavax.swing.JScrollPane 1.2

» JScrol1Pane(Component c)

9.4

94.1

9-14

9-14

bold = new JCheckBox("Bold");
setSelected
bold.setSelected(true);
isSelected false true

ActionListener listener = , . .
bold.addActionListener(Tistener);
jtalic.addActionListener(Tistener);

actionPerformed bold italic
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pubTic void actionPerformed(ActionEvent event)

{
int mode = 0;
if (bold.isSelected()) mode += Font.BOLD;
if (italic.isSelected()) mode += Font.ITALIC;
Tabel.setFont(new Font("Serif", mode, FONTSIZE));
}

9-3

CheckBoxTest. java

1. import java.awt.s;

2. import java.awt.event.:;
3. import javax.swing.;

4.

5. /4%

6.  @version 1,33 2007-06-12

7.+ @author Cay Horstmann

g

9. pubtic class CheckBoxTest

10. {

1. public static void main(String[] args)

2. {

13. EventQueue.invokelLater(new Runnable()

14. {

15. public void run()

16. {

17. CheckBoxFrame frame = new CheckBoxFrame();

18. frame.setDefaultCloseOperation(JFrame. EXIT_ON_CLOSE);
19, frame.setVisible(true);

20. }

21, b

2.}

23 }

24.

25, [ux

26. + A frame with a sample text Tabel and check boxes for selecting font attributes.
27, %/

28. class CheckBoxFrame extends JFrame

20. {

30. pubTic CheckBoxFrame()

31 {

32. setTitle("CheckBoxTest");

33. setSize(DEFAULT_WIDTH, DEFAULT_HEICHT);

34.

35. // add the sample text Tlabel

36.

a7, Tabel = new JLabel("The quick brown fox jumps over the lazy dog.");
38. label.setFont(new Font("Serif", Font.PLAIN, FONTSIZE));
39. add(label, BorderLayout.CENTER);

40.

41, // this Tistener sets the font attribute of

42 //- the Tabel to the check box state
43.
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44, ActionListener Tistener = new ActionListener()

45, {

46. public void actionPerformed(ActionEvent event)
47. {

48, int mode = 0;

49. if (bold.isSelected()) mode += Font.BOLD;
50. if (italic.isSelected()) mode += Font.ITALIC;
51. label.setFont(new Font("Serif", mode, FONTSIZE));
52, } :
53. b

54.

55. // add the check boxes

56.

57. JPanel buttonPanel = new JPanel(};

58.

59, bold = new JCheckBox("Bold");

60. bold.addActionListener(1istener);

51, buttonPanel.add(bold);

62.

63. italic = new JCheckBox("Italic");

64. italic.addActionListener(Tistener):

65. buttonPanel.add(italic);

66.

67. add(buttonPanel, BorderLayout.SOUTH);

68. }

69.

70 public static final int DEFAULT_WIDTH = 300;
7. public static final int DEFAULT_HEICHT = 200;
72.

73.  private Jlabel Tabel;

74, private JCheckBox bold;

75, private JCheckBox italic;

76.

72.  private static final int FONTSIZE = 12;

78. }

javax.swing.JCheckBox 1.2

» JCheckBox(String label)
» JCheckBox(String label, lcon icon)

e JCheckBox(String label, boolean state)

* boolean isSelected ()
*void setSelected(boolean state)

9.4.2
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Radio Button Group

9-15

Swing

ButtonGroup
. 9-15
JRadioButton

ButtonGroup group = new ButtonGroup();

JRadioButton smallButton = new JRadioButton("Small", false);
group.add(smal1Button);

JRadioButton mediumButton = new JRadioButton("Medium", true);
group.add(mediumButton);

true

false
JPanel
9-14 9-15

ActionListener listener = new
ActionListener()
{
public void actionPerformed(ActionEvent event)
{
// size refers to the final parameter of the addRadioButton method
Tabel.setFont(new Font("Serif", Font.PLAIN, size));

}
1
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if (smallButton.isSelected()) size = 8;
else if (mediumButton.isSelected()) size = 12;
ButtonGroup
ButtonGroup getSelection
ButtonM odel ButtonM odel
ButtonM odel ItemSel ectable
getSelectedObject null  getActionCommand
null setActionCommand
buttonGroup.getSel ection().getA ctionCommand()
9-4

RadioButtonTest. java

1. import java.awt.:;

2. import java.awt.event.;
3. import javax.swing.;

4.

26.

5.
6.
7.
8
9

e

%/
{

%/

.+ @version 1.33 2007-06-12
* @author Cay Horstmann

. public class RadioButtonTest

public static void main(String[] args)

{

EventQueue, invokeLater(new Runnable()

{

public void run()

{

RadioButtonFrame frame = new RadioButtonFrame();
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setVisible(true);

x A frame with a sample text Tabel and radio buttons for selecting font sizes.

28. class RadioButtonFrame extends JFrame
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A

public RadioButtonFrame()

{

}

setTitle("RadioButtonTest");
setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);

// add the sample text label

label = new JLabel("The quick brown fox jumps over the lazy dog.");
Tabel.setFont(new Font("Serif", Font.PLAIN, DEFAULT_SIZE));
add(7abel, BorderLayout.CENTER);

// add the radio buttons

buttonPanel = new JPanel();
group = new ButtonGroup();

addRadioButton("Small", 8);
addRadioButton("Medium", 12);
addRadioButton("Large", 18);
addRadioButton("Extra large", 36);

add(buttonPanel, BorderlLayout.SOUTH);

[

p
{

}

» Adds a radio button that sets the font size of the sample text.
» @param name the string to appear on the button

« @param size the font size that this button sets

%/

ublic void addRadioButton(String name, final int size)

boolean selected = size == DEFAULT_SIZE;

JRadioButton button = new JRadioButton(name, selected);
group.add(button);

buttonPanel.add(button);

// this Tistener sets the label font size

ActionListener listener = new ActionListener()

{

public void actionPerformed(ActionEvent event)

{

// size refers to the final parameter of the addRadioButton
// method
label.setFont(new Font("Serif", Font.PLAIN, size));
}
H

button.addActionListener(1istener);

pubTic static final int DEFAULT_WIDTH = 400;
public static final int DEFAULT_HEIGHT = 200;

p
p

rivate JPanel buttonPanel;
rivate ButtonGroup group;
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gs.  private Jlabel label;

87.
8.  private static final int DEFAULT_SIZE = 12;

89. }

jJavax.swing.JRadioButton 1.2

» JRadioButton(String label, Icon icon)

e JRadioButton(String label, boolean state)

jJavax.swing.ButtonGroup 1.2

e void add(AbstractButton b)

» ButtonModel getSelection()

javax.swing.ButtonModel 1.2

e String getActionCommand()

jJavax.swing.AbstractButton 1.2

e void setActionCommand(String s)

9.4.3
Swing borders JComponent
1 BorderFactory 9-16
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BorderFactory.createTitledBorder.
3

BorderFactory.createCompoundBorder.

4 JComponent setBorder

Border etched = BorderFactory.createEtchedBorder()
Border titled = BorderFactory.createTitledBorder(etched, "A Title");
panel.setBorder(titled);

9-8
API
SoftBevel Border LineBorder
BorderFactory

9-16

BorderTest. java

. import java.awt.s;

. import java.awt.event.:;

. import javax.swing.s;

. import javax.swing.border.:;

[ux
» @version 1.33 2007-06-12
* @author Cay Horstmann

x/

. public class BorderTest

A
public static void main(String[] args)
1 {
14. EventQueue.invokelater(new Runnable()
15. {
16. pubTic void run()
17. {
18. BorderFrame frame = new BorderFrame();
19. frame.setDefaultCloseOperation(JFrame. EXIT_ON_CLOSE);
20, frame.setVisible(true);
21, }
22, b;

© ® N e o A 0N o

I
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2. [#%

27. + A frame with radio buttons to pick a border style.

28 %/

20. class BorderFrame extends JFrame

30, {

s1.  public BorderFrame()

32. {

33, setTitle("BorderTest");

34. setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);

35.

36. demoPanel = new JPanel();

ar. buttonPanel = new JPanel();

38. group = new ButtonGroup();

39.

40. addRadioButton("Lowered bevel", BorderFactory.createLoweredBevelBorder());
M. addRadioButton("Raised bevel", BorderFactory.createRaisedBevelBorder());
42 addRadioButton("Etched”, BorderFactory.createEtchedBorder());

43, addRadioButton("Line", BorderFactory.createlineBorder(Color.BLUE));

4a. addRadioButton("Matte", BorderFactory.createMatteBorder(10, 10, 10, 16, Color.BLUE));
45, addRadioButton("Empty", BorderFactory.createEmptyBorder());

46.

47. Border etched = BorderFactory.createEtchedBorder();

48. Border titled = BorderFactory.createTitledBorder(etched, "Border types");
49. buttonPanel,setBorder(titled);

50.

51, setlayout(new GridlLayout(2, 1));

52. add(buttonPanel);

53. add(demoPanel);

54}

55.
se.  public void addRadioButton(String buttonName, final Border b)

s7. |

58. JRadioButton button = new JRadioButton(buttonName);
59. button.addActionlListener(new ActionListener()

60. {

61. public void actionPerformed(ActionEvent event)
62. {

63, demoPanel.setBorder(b);

64. }

65. 13K

66. group.add(button);

67. buttonPanel.add(button);

68. }

70. public static final int DEFAULT_WIDTH = 600;
71.  public static final int DEFAULT_HEIGHT = 200;

7a.  private JPanel demoPanel;
7a.  private JPanel buttonPanel;
7. private ButtonGroup group;

Javax.swing.BorderFactory 1.2

e static Border createLineBorder(Color color)
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e static Border createLineBorder(Color color, int thickness)

e static MatteBorder createMatteBorder(int top, int left, int bottom, int right,
Color color)
e static MatteBorder createMatteBorder(int top, int left, int bottom, int right,
Icon tilelcon)
color repeating
e static Border createEmptyBorder()
e static Border createEmptyBorder(int top, int left, int bottom, int right)

e static Border createEtchedBorder()
e static Border createEtchedBorder(Color highlight, Color shadow)
e static Border createEtchedBorder(int type)
» static Border createEtchedBorder(int type, Color highlight, Color shadow)
3D
highlight, shadow 3D
type EtchedBorder.RAISED EtchedBorder.L. OWERED
e static Border createBevelBorder (int type)
» static Border createBevelBorder(int type, Color highlight, Color shadow)
e static Border createLoweredBevelBorder()
e static Border createRaisedBevelBorder()

type BevelBorder. LOWERED BevelBorder.RAISED
highlight, shadow 3D
e static TitledBorder createTitledBorder(String title)
e static TitledBorder createTitledBorder(Border border)
* static TitledBorder createTitledBorder(Border border, String title)
e static TitledBorder createTitledBorder(Border border, String title, int
justification, int position)
estatic TitledBorder createTitledBorder(Border border, String title, int
justification, int position, Font font)
estatic TitledBorder createTitledBorder(Border border, String title, int
justification, int position, Font font, Color color)

title
border
justification TitledBorder LEFT CENTER RIGHT LEADING
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trAILING DEFAULT_JUSTIFICATION left)
position TitledBorder ABOVE_TOP TOP BELOW_TOP
ABOVE_BOTTOM BOTTOM BELOW_BOTTOM
DEFAULT_POSITION (top)
font
color
e static CompoundBorder createCompoundBorder(Border outsideBorder, Border
insideBorder)

Javax.swing.border.SoftBevelBorder 1.2

» SoftBevelBorder(int type)
» SoftBevelBorder(int type, Color highlight, Color shadow)

type BevelBorder.LOWERED BevelBorder.RAISED
highlight, shadow 3D

javax.swing.border.LineBorder 1.2

e public LineBorder(Color color, int thickness, boolean roundedCorners)
roundedCorners  true

jJavax.swing.JComponent 1.2

* void setBorder(Border border)

9.4.4
9-17
editable
combo box
JComboBox
setEditable

9-17

getSelecteditem
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Serif, SansSerif, Monospaced
additem

faceCombo = new JComboBox();
faceCombo.setEditable(true);
faceCombo.addItem("Serif");
faceCombo.addItem("SansSerif");

addltem

insertltemAt

faceCombo.insertItemAt("Monospaced”, @); // add at the beginning

faceCombo. removeItem("Monospaced");
faceCombo. removeItemAt(d); // remove first item

removeAllltems

DefaultComboBoxM odel

JComboBox setM odel

getSource
getSelecteditem
String

public void actionPerformed(ActionEvent event)

{

Tabel.setFont(new Font(
(String) faceCombo.getSelecteditem(),
Font.PLAIN,
DEFAULT_SIZE));

9-6

JList

m ComboBoxTest. java

1. import java.awt.«;

2. import java.awt.event.s;
3. import javax.swing.x;
4.

toString

removeltem removeltemAt

addltem
addElement

JList [
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5. [
6. « @version 1.33 2007-06-12
7.« @author Cay Horstmann

g */

s. public class ComboBoxTest

10. {

1. public static void main(String[] args)

12 { i

13, EventQueue.invokeLater({new Runnable()

14, {

15. public void run()

16. {

17.

18. ComboBoxFrame frame = new ComboBoxFrame();

19. frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
20. frame.setVisible(true);

21. }

22, i

23. }

24, }

25.

26. [#%

27. « A frame with a sample text labe) and a combo box for selecting font faces.
28 ¥/

20. class ComboBoxFrame extends JFrame

30. {

3. public ComboBoxFrame()

32, {

33. setTitle("ComboBoxTest");

34. setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);

35.

36. // add the sample text Tabel

37.

38. label = new JLabel("The quick brown fox jumps over the lazy dog.");
39. Tabel.setFont(new Font("Serif", Font.PLAIN, DEFAULT_SIZE));
40, add(1abel, BorderlLayout.CENTER);

41.

42. // make a combo box and add face names

43.

44. faceCombo = new JComboBox();

45. faceCombo.setEditable(true);

46. faceCombo.addItem("Serif");

47. faceCombo.addItem("SansSerif");

48. faceCombo.addItem("Monospaced");

49. faceCombo.addItem("Dialog");

50. faceCombo.addItem("DialogInput");

51.

52, // the combo box listener changes the label font to the selected face name
53.

54. faceCombo.addActionListener(new ActionListener()

55, {

56. public void actionPerformed(ActionEvent event)

57. {

58. Tabel.setFont(new Font((String) faceCombo.getSelectedItem(), Font.PLAIN,
59. DEFAULT_SIZE));

60. }

61, B
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62.
63.
B84,
65.
66.
67.
68.
69.
70.
71,
72.
7.
74,
75.
76. }

// add combo box to a panel at the frame's southern border

JPanel comboPanel = new JPanel();

comboPanel.add(faceCombo);

add(comboPanel, BorderLayout.SOUTH);
}

public static final int DEFAULT_WIDTH = 300;
pubtic static final int DEFAULT_HEIGHT = 200;

private JComboBox faceCombo;
private JLabel label;
private static final int DEFAULT_SIZE = 12;

jJavax.swing.JComboBox 1.2

e boolean isEditable()
e void setEditable(boolean b)

e void addltem(Object item)

e void insertltemAt(Object item, int index)

evoid removeltem(Object item)

*void removeltemAt(int index)

e void removeAllltems()

* Object getSelectedltem()

9.4.5

100

ISTider slider

JSTider slider

new JSTider(min, max, initialvalue);

0 100 50

new JSTider(SwingConstants.VERTICAL, min, max, initialValue);
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addChangeL istener

9-18

ChangeEvent

StateChanged

public void stateChanged(ChangeEvent event)

{
JSTider slider = (JSVider) event.getSource();

int value = slider.getValue();

tricks

stider.setMajorTickSpacing(20);
slider.setMinorTickSpacing(5);

20

slider.setPaintTicks(true);

20

slider.setSnapToTicks{true);

ChangeL istener

9-18

(tick mark labels)

slider.setPaintLabels(true);
0 100
0O 20 40 60 80 100

Integer Component
setLabel Table
JLabel

20

9-18
JDK5.0

A B C D E F
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Hashtable<Integer, Component> TabelTable = new Hashtable<Integer, Component>();

labelTable.put(@, new JLabel("A"));
labelTable.put(20, new JLabel("B"));

labelTable.put(100, new JLabel("F"));
slider.setlLabelTable(TabelTable);

9-7

setPaintL abel s(true)

9-18 4
slider.setPaintTrack(false);
9-18 5

slider.setInverted(true);

SliderTest. java

1. import java.awt.s;

2. import java.util.x;

3. import javax.swing.s;

4. import javax.swing.event.:;

5.

6. /4%

7.+ @version 1.13 2007-06-12

8. * @author Cay Horstmann

9. %/

o. public class SliderTest

1. {

12, public static void main(String[] args)
13, {

14. EventQueue.invokeLater(new Runnable()
15, {

16. public void run()

17. {

18. SliderTestFrame frame = new SliderTestFrame();
19. frame.setDefaultCloseOperation(JFrame. EXIT_ON_CLOSE);

20. frame.setVisible(true);

25,
26, [

27. * A frame with many sTiders and a text field to show slider values.

o8 */

29, class SliderTestFrame extends JFrame
30, {

a1, public SliderTestFrame()

setPaintTicks(true)
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32.
33.
34.
35.
36.
ar.
38
39.
40

41,
2.
43.
44,
5,
6.
47.
48.
49.
50,
51,
52.
53,
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69

70.
71.
72.
73.
74,
75.
76.
77.
78.
79.
80.
81.
82.
83.

85.
86.
87.
88.

setTitle("SliderTest");
setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);

sliderPanel = new JPanel();
sTiderPanel.setlayout(new FlowLayout(FlowLayout.LEFT));

// common listener for all sliders
Tistener = new ChangeListener()
{
public void stateChanged(ChangeEvent event)
{
// update text field when the slider value changes
ISTider source = (JSlider) event.getSource();
textField.setText("" + source.getValue());
}
h

// add a plain slider

1STider slider = new JSTider();
addSlider(slider, "Plain");

// add a slider with major and minor ticks

slider = new JSlider();
slider.setPaintTicks(true);
slider.setMajorTickSpacing(20);
slider.setMinorTickSpacing(5);
addSlider(slider, "Ticks");

// add a slider that snaps to ticks

slider = new JSlider();
slider.setPaintTicks(true);
slider.setSnapToTicks{true);
slider.setMajorTickSpacing(20);
slider.setMinorTickSpacing(5);
addSTider(slider, "Snap to ticks");

// add a slider with no track

slider = new JSTider();
slider.setPaintTicks(true);
slider.setMajorTickSpacing(20);
slider.setMinorTickSpacing(5);
slider.setPaintTrack(false);
addSTider(slider, "No track");

// add an inverted slider

slider = new JSlider();
slider.setPaintTicks(true);
slider.setMajorTickSpacing(20);
slider.setMinorTickSpacing(5);
slider.setInverted(true);
addSlider(slider, "Inverted");
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89,
90.
91,
92.
93.
94.
95,
96.
97.
98.
99.

100.
101.
102.
103.
104.
105.
1086.
107.
108.
109.
110.
111,
112
113,

114.
115,
116.
117.
118.
119.
120.
121,
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134,
135.
136.
137.

138.
139.
140.
141,
142,
143.

145,

// add a slider with numeric labels

slider = new JSlider();
slider.setPaintTicks(true);
slider.setPaintLabels(true);
slider.setMajorTickSpacing(20);
sTider.setMinorTickSpacing(5);
addSTider(sTider, "Labels")

// add a slider with alphabetic labels

slider = new JSlider();
slider.setPaintLabels{true);
slider.setPaintTicks(true);
slider.setMajorTickSpacing(20);
sTider.setMinorTickSpacing(5);

Dictionary<Integer, Component> labelTable = new Hashtable<Integer, Component>();

labelTable.put(@, new JlLabel("A"));
labelTable.put(20, new JLabel("B")
labelTable.put(40, new JLabel("C"
labelTable.put(60, new JLabel("D"
labelTable.put(80, new JLabel("E"
TabelTable.put (100, new Jlabel("F"

)!
)
s
i
1
slider.setLabelTable(TabelTable);

addSTider(slider, "Custom labels"};

// add a sTider with icon Tlabels

slider = new JSlider();
sTider.setPaintTicks(true);
slider.setPaintLabels(true);
slider.setSnapToTicks(true);
slider.setMajorTickSpacing(2
slider.setMinorTickSpacing(2

0);

0);

labelTable = new Hashtable<Integer, Component>();
// add card images

labelTable.put(@, new JLabel(new ImageIcon("nine.gif")});
labelTable.put(20, new JLabel{new ImageIcon("ten.gif")));
labelTable.put(40, new Jlabel({new ImageIcon("jack.gif")));
labelTable.put(60, new Jtabel(new ImageIcon("queen.gif")));
label1Table.put(80, new JLabel(new ImageIcon("king.gif")));
labelTable.put(100, new JLabel(new ImageIcon("ace.gif")));

slider.setLabelTable(1abelTable);
addSlider(slider, "Icon Tabels");

// add the text field that displays the slider value
textField = new JTextField();

add(s1liderPanel, BorderLayout.CENTER);
add(textField, BorderLayout.SOUTH);
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146, }

147.

148, [xx

149, « Adds a slider to the slider panel and hooks up the listener
150. » @param s the slider

151, « @param description the slider description

152. x/

153, public void addSlider(3S1ider s, String description)
154, {

155. s.addChangeListener(1istener);

156. JPanel panel = new JPanel();

157. panel.add(s);

158. panel.add(new JLabel(description));

150 sliderPanel.add(panel);

160.  }

161.

2. public static final int DEFAULT_WIDTH = 350;
163, public static final int DEFAULT_HEIGHT = 450;
164.

165.  private JPanel sliderPanel;

166.  private JTextField textField;

167.  private Changelistener Tistener;

168. }

jJavax.swing.JSlider 1.2

« JSlider()

« JSlider(int direction)

« JSlider(int min, int max)

e JSlider(int min, int max, int initialValue)

« JSlider(int direction, int min, int max, int initialvalue)

direction SwingConstants. HORIZONTAL  SwingConstants.VERTICAL
min, max 0 100
initialValue 50

e void setPaintTicks(boolean b)

b true
*void setMajorTickSpacing(int units)
*void setMinorTickSpacing(int units)

*void setPaintLabels(boolean b)
b true
*void setLabelTable(Dictionary table)
/ new Integer(value)/component



e void setSnapToTicks(boolean b)

b true
e void setPaintTrack(boolean b)
b true
9.5
Swing
GUI
menu bar
menu items
submenus
9-19
9.5.1

IMenuBar menuBar = new JMenuBar();

setJIMenuBar

frame.setIMenuBar(menuBar);

IMenu editMenu = new IMenu("Edit");

menuBar.add(editMenu);

IMenuItem pasteItem = new JMenultem("Paste");
editMenu.add(pasteltem);
editMenu.addSeparator();

IMenu optionsMenu = . . .; // a submenu
editMenu.add(optionsMenu);

Paste Read-only

ActionListener listener = . . .;
pasteItem.addActionListener(1istener);

JMenu.add(String s)

9-19
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editMenu.add("Paste");
Add

IMenultem pasteltem = editMenu.add("Paste");
pasteltem.addActionListener(listener);

8
AbstractAction Action

actionPerformed

Action
AbstractAction

Action exitAction = new AbstractAction("Exit") // menu item text goes here

{

public void actionPerformed(ActionEvent event)

{

// action code goes here
System.exit(@);
}
h

IMenultem exitItem = fileMenu.add(exitAction);

IMenultem exitItem = new IMenultem(exitAction);
fileMenu.add(exitItem);

Windows Macintosh
Java
Windows Mac

javax.swing.JMenu 1.2

e JMenu(String label)

* JMenultem add(IMenultem item)

e JMenultem add(String label)

e JMenultem add(Action a)

e void addSeparator()
separator line

e IMenultem insert(JMenultem menu, int index)

Java
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* JMenultem insert(Action a, int index)
e void insertSeparator(int index)
index

*void remove(int index)
e void remove(JMenultem item)

jJavax.swing.JMenultem 1.2

e JMenultem(String label)

* JMenultem(Action a) 1.3

javax.swing.AbstractButton 1.2

*void setAction(Action a) 1.3

jJavax.swing.JFrame 1.2

e void setJMenuBar(JMenuBar menubar)

9.5.2
JMenultem AbstractButton
JMenultem(String, lcon)
JMenultem(lcon) JMenultem setlcon
AbstractButton

IMenuItem cutItem = new JMenuItem("Cut", new ImageIcon("cut.gif"));
9-19
JMenultem setHorizontal TextPosition
AbstractButton

cutItem.setHorizontalTextPosition{SwingConstants.LEFT);

cutAction.putValue(Action.SMALL_ICON, new ImageIcon(“cut.gif"));
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Action.NAME Action.SMALL _

ICON
AbstractAction

CutAction = new
AbstractAction("Cut", new ImageIcon("cut.gif"))

{

public void actionPerformed(ActionEvent event)

{

}
b

// action code goes here

jJavax.swing.JMenultem 1.2

e IMenultem(String label, Icon icon)

jJavax.swing.AbstractButton 1.2

e void setHorizontalTextPosition(int pos)

pos SwingConstants.RIGHT SwingConstants.LEFT

jJavax.swing.AbstractAction 1.2

» AbstractAction(String name, lcon smalllcon)

9.5.3
9-19

JCheckBoxMenuItem readonlyItem = new JCheckBoxMenultem("Read-only");
optionsMenu.add(readonlyItem);

ButtonGroup group = new ButtonGroup();

JRadioButtonMenuItem insertItem = new JRadioButtonMenuIltem("Insert");
insertItem.setSelected(true);

JRadioButtonMenuIltem overtypeItem = new JRadioButtonMenuItem("Overtype");
group.add(insertItem);

group.add(overtypeItem);

optionsMenu.add(insertItem);

optionsMenu.add(overtypeltem);

isSelected



setSel ect

jJavax.swing.JCheckBoxMenultem 1.2

« JCheckBoxMenultem(String label)

* JCheckBoxMenultem(String label, boolean state)
true

Javax.swing.JRadioButtonMenultem 1.2

» JRadioButtonMenultem(String label)

e JRadioButtonMenultem(String label, boolean state)
true

jJavax.swing.AbstractButton 1.2

e boolean isSelected()
e void setSelected(boolean state)
true

9.54

pop-up menu
9-20

JPopupMenu popup = new JPopupMenu();

IMenuItem item = new JMenuItem("Cut"); 9-20
item.addActionListener(1istener);
popup.add(item);

show
popup. show(panel, x, y);
pop-up trigger

Windows Linux

component . setComponentPopupMenu(popup) ;
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child.setInheritsPopupMenu(true);

SE5.0 SE5.0
mousePressed mouseRel eased

if (popup.isPopupTrigger(event))
popup. show(event.getComponent(), event.getX(), event.getY());

Javax.swing.JPopupMenu 1.2

* void show(Component c, int x, int y)

c
X,y C
* boolean isPopupTrigger(MouseEvent event) 1.3
true
java.awt.event.MouseEvent 1.1
* boolean isPopupTrigger()
true

jJavax.swing.JComponent 1.2

» JPopupMenu getComponentPopupMenu() 5.0
e void setComponentPopupMenu(JPopupMenu popup) 5.0

* boolean getlnheritsPopupMenu() 5.0

e void setlnheritsPopupMenu(boolean b) 5.0
inheritsPopupMenu null

9.55

IMenuItem aboutItem = new JMenuItem("About", 'A');

9-21 “ About” 9-21
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A 113 AH
“ Save
As’ ‘AT “ A" Save As Java SE1.4
setDisplayedM nemoniclndex
Action Action. MNEMONIC_KEY
cutAction.putValue(Action.MNEMONIC_KEY, new Integer('A'));
setMnemonic
IMenu helpMenu = new IMenu("Help");
helpMenu. setMnemonic(’H');
ALT
ALT+H Help
CTRL+O CTRL+S File
Open Save setAccelerator
KeyStroke CTRL+O Openltem

openItem.setAccelerator(KeyStroke.getKeyStroke("ctrl 0"));

Swing 8
9-22
9-22
Windows ALT+F4 Java
WindowClosing

Close

javax.swing.JMenultem 1.2

e IMenultem(String label, int mnemonic)

label
mnemonic
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*void setAccelerator(KeyStroke k)
k

jJavax.swing.AbstractButton 1.2

e void setMnemonic(int mnemonic)

mnemonic
e void setDisplayedMnemonicIndex(int index) 1.4
index

index

9.5.6

Save
JMenu.remove

9-23
setEnabled >23
saveltem,setEnabled(false);
setEnabled
Save Save As
“ menu selected” javax.swing.event

MenuListener
void menuSelected(MenuEvent event)
void menuDeselected(MenuEvent event)
void menuCanceled(MenuEvent event)

menuSel ected

Save Save As

public void menuSelected(MenuEvent event)

{
saveAction.setEnabled(!readonTyItem.isSelected());
saveAsAction.setEnabled(!readonTyItem.isSelected());

}
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jJavax.swing.JMenultem 1.2

e void setEnabled(boolean b)
javax.swing.event._MenuListener 1.20
*void menuSelected(MenuEvent e)

e void menuDeselected(MenuEvent e)
e void menuCanceled(MenuEvent e)

9-8

m MenuTest.java

1. import java.awt.EventQueue;
2. import java.awt.event.x;
3. import javax.swing.s;

4,

5. [#%

6. * @version 1.23 2067-05-30

7.+ @author Cay Horstmann

8 */

9. public class MenuTest

10. {

1. public static void main(String[] args)
12, {

13. EventQueue.invokelater(new Runnable()
14, {

15. public void run()

16. {

17. MenuFrame frame = new MenuFrame();
18. frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE):
19. frame.setVisible(true);

20, }

21, I3R

2.}

23, }

24.

25 /%%

26. = A frame with a sample menu bar.

27. %/

28. Class MenuFrame extends JFrame

29, {

3. public MenuFrame()

31, {

32, setTitle("MenuTest");

33. setSize(DEFAULT_WIDTH, DEFAULT_HEICHT);
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35.
36.
37.
38.
39.
40.
41,
42.
43.
44.
45,
46.
47,
48.
49,
50.
51,
52.
53.
54.
55,
56.
57.
58.
59.
60.
61.
62.
83.
64.
85.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81,
82.
83.
84,
85.
86.
87.
88.
89.
90.

IMenu fileMenu = new JMenu("File");
fileMenu.add(new TestAction("New"));

// demonstrate accelerators

IMenuItem openItem = fileMenu.add(new TestAction("Open"));
openItem.setAccelerator(KeyStroke.getKeyStroke("ctrl 0"));

fileMenu.addSeparator();

saveAction = new TestAction("Save");
IMenultem saveltem = fileMenu.add(saveAction);
saveltem.setAccelerator(KeyStroke.getKeyStroke("ctrl S"));

saveAsAction = new TestAction("Save As");
fileMenu.add(saveAsAction);
fileMenu.addSeparator();

fileMenu.add(new AbstractAction("Exit")
{

public void actionPerformed(ActionEvent event)

{
System.exit(0);
}
i

// demonstrate check box and radio button menus

readonlyItem = new JCheckBoxMenultem("Read-only");
readonlyItem.addActionListener(new ActionListener()
{
pubTic void actionPerformed(ActionEvent event)
{
boolean saveOk = !readonlyItem.isSelected();
saveAction.setEnabled(saveOk);
saveAsAction.setEnabled(saveOk);
}
b

ButtonGroup group = new ButtonGroup();

JRadioButtonMenuItem insertItem = new JRadioButtonMenuItem("Insert");
insertItem.setSelected(true);
JRadioButtonMenuItem overtypeItem = new JRadioButtonMenuItem("Overtype");

group.add(insertItem);
group.add(overtypeItem);

// demonstrate icons

Action cutAction = new TestAction("Cut");

cutAction.putValue(Action, SMALL_ICON, new ImageIcon("cut.gif"));
Action copyAction = new TestAction("Copy");
copyAction.putValue(Action.SMALL_ICON, new ImageIcon("copy.gif"));
Action pasteAction = new TestAction("Paste");
pasteAction.putValue(Action.SMALL_ICON, new ImageIcon("paste.gif"));
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91.
92.
93.
94,
95,
96.
97.
98.
99.

100.
101,
102.
103.
104.
105,
106.
107.
108.

110.
111,

113.
114.
115,
116.
117.
118.
119,
120.
121,
122.
123.
124.
125.
126.
127.
128.
129
130.
131,
132.
133.
134,
135.
136.
137.

139,
140.
141,
142.
143,

145.
146,
147.

IMenu editMenu = new JMenu("Edit");
editMenu.add(cutAction);
editMenu.add(copyAction);

editMenu.add(pasteAction);

// demonstrate nested menus

IMenu optionMenu = new JMenu("Options");
optionMenu.add(readonlyItem);
optionMenu.addSeparator();
optionMenu.add(insertItem);

optionMenu.add(overtypeltem);

editMenu.addSeparator();
editMenu.add(optionMenu);

// demonstrate mnemonics

IMenu helpMenu = new IMenu("Help");
helpMenu. setMnemonic('H');

IMenuItem indexItem = new IMenuItem("Index");

indexItem,setMnemonic('I");
helpMenu.add(indexItem);

// you can also add the mnemonic key to an action
Action aboutAction = new TestAction("About");
aboutAction.putValue(Action . MNEMONIC_KEY, new Integer('A'));

helpMenu.add(aboutAction);
// add all top-level menus to menu bar

IMenuBar menuBar = new JMenuBar();
setIMenuBar(menuBar);

menuBar.add(fileMenu);
menuBar.add(editMenu);
menuBar.add(helpMenu);

// demonstrate pop-ups

popup = new JPopupMenu();
popup.add(cutAction);
popup.add(copyAction);
popup.add{pasteAction);

JPanel panel = new JPanel();
panel.setComponentPopupMenu(popup);
add(panel);

// the following line is a workaround for bug 4966109

panel.addMouselistener(new MouseAdapter()
{
b
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148.

149, public static final int DEFAULT_WIDTH = 300;
1s0.  public static final int DEFAULT_HEIGHT = 200;
151.

152, private Action saveAction;

153 private Action saveAsAction;

154, private JCheckBoxMenuItem readonlyItem;

155, private JPopupMenu popup;

156. }

157.

158, /%%

159, % A sample action that prints the action name to System.out
160. */

161. class TestAction extends AbstractAction
162. {

163, public TestAction(String name)

164, {

165. super(name);

166. }

167.

8. public void actionPerformed(ActionEvent event)

169. {

170. System.out.printIn(getValue(Action.NAME) + " selected.");
171 }

172. }

9.5.7

9-24

9-25

9-26
9-24

9-25 9-26

North East South West

9-27
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JToolBar bar = new JToolBar();
bar.add(blueButton);

JToolBar Action
Action
bar.add(blueAction);

bar.addSeparator();

9-24

add(bar, BorderLayout.NORTH);

bar = new JToolBar(titleString);

bar = new JToolBar(SwingConstants.VERTICAL)

bar = new JToolBar(titleString, SwingConstants.VERTICAL)

9.5.8
tooltips
9-28
Swing setTool Text
JComponent

exitButton.setToolTipText("Exit");
Action
exitAction,putValue(Action.SHORT_DESCRIPTION, "Exit");
9-9 Action

9-27

9-28

SHORT_DESCRIPTION
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m ToolBarTest. java

1. import java.awt.s;
2. import java.awt.event.s;
a. import javax.swing.:;

26.

28

29.
30.
31,

[xx

#/
{
{

o/

+ @version 1.13 2007-06-12
» @author Cay Horstmann

. public class ToolBarTest

public static void main(String(] args)

EventQueue. invokeLater{new Runnable()

{

public void run()

{

ToolBarFrame frame = new ToolBarFrame();
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setVisible(true);

« A frame with a toolbar and menu for color changes.

. class ToolBarFrame extends JFrame

{
{

32.

33.
34.

35.
36.

37.

38.

39.

40.

41,

42,

43.
44,

45.
46.

47.
48.

49.

50.

51.

52.
53.

54,
55.

public ToolBarFrame()

setTitle("ToolBarTest");
setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);

// add a panel for color change

panel = new JPanel();
add(panel, BorderLayout.CENTER);

// set up actions

Action blueAction = new ColorAction("Blue", new Imagelcon("blue-bali.gif"}, Color.BLUE);

Action yellowAction = new ColorAction("Yellow", new ImageIcon("yellow-ball.gif"),
Color.YELLOW);

Action redAction = new ColorAction("Red", new ImageIcon("red-ball.gif"), Color.RED);

Action exitAction = new AbstractAction("Exit", new ImageIcon("exit.gif"))
{
public void actionPerformed(ActionEvent event)

{

}
h :
exitAction.putValue(Action.SHORT_DESCRIPTION, "Exit");

System.exit(0);
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56. // populate tool bar

57.

58. JToo1Bar bar = new JToolBar();
59. bar.add(blueAction);

60. bar.add(yellowAction);

61. bar.add(redAction);

62. bar.addSeparator();

63. bar.add(exitAction);

64, add(bar, BorderLayout.NORTH);
65.

86, // populate menu

67.

68. IMenu menu = new JMenu("Color");
69. menu.add(yellowAction);

70. menu.add(bTueAction);

71, menu.add(redAction);

72. menu.add(exitAction);

73. JMenuBar menuBar = new JMenuBar();
74, menuBar.add(menu);

75. setIMenuBar(menuBar);

76, }

77.
78, public static final int DEFAULT_WIDTH = 300;
7. public static final int DEFAULT_HEICHT = 200;

80.

st private JPanel panel;

82.

83. [wx

84. « The color action sets the background of the frame to a given color.
85. «/

ss.  class ColorAction extends AbstractAction

87. {

88. public ColorAction(String name, Icon icon, Color c)
89. {

90. putValue(Action.NAME, name);

ot. putValue(Action.SMALL_ICON, icon);

92. putValue(Action.SHORT_DESCRIPTION, name + " background");
93, putValue("Color", c);

94. }

95.

9. public void actionPerformed(ActionEvent event)

97. {

98. Color ¢ = (Color) getValue("Color");

99. panel.setBackground(c);

100. }

101, }

102. }

jJavax.swing.JToolBar 1.2

« JToolBar()

« JToolBar(String titleString)

« JToolBar(int orientation)

* JToolBar(String titleString, int orientation)
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Orientation SwingConstants.
HORIZONTAL SwingConstants.VERTICAL
» JButton add(Action a)
e void addSeparator()
jJavax.swing.JComponent 1.2
e void setToolTipText(String text)
9.6

Windows Java Windows

Windows

“ Cancel” “ Abbrechen”
“ Cancel”
Windows
Java
AWT AWT
Motif Windows Macintosh
applet Swing

Metal
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Java 1.0 AWT grid bag layout
“ ? Java
Swing
box layout BoxLayout JDK
! [sic] GridBagL ayout
Java SE1.4 —— spring layout
2005 NetBeans Matisse
Java SE 6 NetBeans IDE
GUI NetBeans GUI
IDE
Java
Matisse
Matisse
9.6.1
HTML
9-29
9-29 9-29
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1 GridBagL ayout

2 GridBagL ayout

3 GridBagConstraints
GridBagConstraints 9-30

4

add({component, constraints);

GridBagtayout layout = new GridBaglayout();
panel.setLayout(layout);

GridBagConstraints constraints = new GridBagConstraints();
constraints.weightx = 100;

constraints.weighty = 100;

constraints.gridx = 0;

constraints.gridy = 2;

constraints.gridwidth = 2;

constraints.gridheight = 1;

panel.add(component, constraints);

GridBagConstraints

1. gridx gridy gridwidth gridheight
gridx gridy
gridwidth gridheight
0 gridx=0 gridy=0
gridx=2 gridy=0 0 2 3 girdwidth=1,gridheight=4
4 1

weightx weighty 0
9-29 weightx 0
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100

3. fill anchor
fill GridBag
Constraints.NONE GridBagConstraints. HORIZONTAL GridBagConstraints. VERTICAL
GridBagConstraints.BOTH.

anchor GridBag
Constraints. CENTER( ) GridBagConstraints.NORTH GridBagConstraints. NORTHEAST
GridBagConstraints.EAST
4,
GridBagLayout insets I nsets
left top right bottom external padding
ipadx ipady internal padding

5. gridx, gridy, gridwidth gridheight
AWT gridx gridy GridBag
Constraints.RELATIVE
gridheight gridwidth

GridBagConstraints. REMAINDER

3 0 1 2 gridx, gridy, gridwidth gridheight
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4
fill anchor
5 100
weightx weighty 0
6 GridBagConstraints
7
GUI 9-31 NetBeans
9-31 NetBeans
6. tame
. GBC GridBagConstraints
. GridBagConstraints GBC.EAST
. GBC
add(component, new GBC(1, 2));
. gridx gridy gridx gridy gridwidth
gridheight

add(component, new GBC(1, 2, 1, 4));

. setter  xly

add(component, new GBC(1, 2).setWeight(100, 108));

* Setter this

add(component, new GBC(1, 2).setAnchor(GBC.EAST).setWeight(10@, 100));
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* setlnsets I nset 1 insets
add(component, new GBC(1, 2).setAnchor(GBC.EAST).setInsets(1));
9-10

add(facelabel, new GBC(0, @).setAnchor(GBC.EAST));

add(face, new GBC(1, ©).setFi11(GBC.HORIZONTAL).setWeight(100, 0).setInsets(1));
add(sizeLabel, new GBC(®, 1).setAnchor(GBC.EAST));

add(size, new GBC(1, 1).setFi11(CBC.HORIZONTAL).setWeight(100, @).setInsets(1));
add(bold, new GBC(@, 2, 2, 1).setAnchor(GBC.CENTER).setWeight(100, 100));
add(italic, new GBC(@, 3, 2, 1).setAnchor(GBC.CENTER).setWeight(100, 100));
add(sample, new GBC(2, 0, 1, 4).setFi11(GBC.BOTH).setWeight(100, 100));

Sun http://java.sun.com/docs/books/tutorial/uiswing/layout/gridbag.html
GridBagConstraints
http://java.sun.com/docs/books/tutorial/uiswing/
events/containerlistener.htmi fill
BOTH

GridBagLayoutTest. java

1. import java.awt.s;

2. import -java.awt.event.s;
a. import javax.swing.s;

4

5. [#%

6. * @version 1.33 2007-06-12

7. % @author Cay Horstmann

s x/

9. public class GridBaglLayoutTest

10. {

1. public static void main(String[] args)

12, {

13. EventQueue.invokeLater(new Runnable()

14.

15, public void run{)

16. {

17. FontFrame frame = new FontFrame();
18. frame.setDefaultCloseOperation(JFrame, EXIT_ON_CLOSE);
19. frame.setVisible(true);

20. }

21, b

2.}

23. }

24,

25 [wx

2. * A frame that uses a grid bag layout to arrange font selection components.
27. %/

2s. class FontFrame extends JFrame

20. {

30.  public FontFrame()

I |

32. setTitle("GridBaglLayoutTest");

33, setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);
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34,
3s. GridBagLayout layout = new GridBaglayout();
36. setLayout(Tayout);
37.
38. ActionListener Tistener = new FontAction();
39.
40. // construct components
41.
42. JLabel faceLabel = new JLabel("Face: ");
43.
44, face = new JComboBox(new String[] { "Serif", "SansSerif", "Monospaced", "Dialog",
45. "DialogInput” });
46.
4. face.addActionListener(1istener);
48,
49. JLabel sizeLabel = new JLabel("Size: ");
50.
51, size = new JComboBox(new String[] { "8", "10", "12", "15", "18", "24", "36", "48" });
52. '
53. size.addActionListener(1listener);
54.
55. bold = new JCheckBox("Bold");
56. bold.addActionListener(listener);
57.
58, italic = new JCheckBox("Italic");
59. italic.addActionlistener(1istener);
60.
61. sample = new JTextArea();
62. sample.setText("The quick brown fox jumps over the lazy dog");
63. sample.setEditable(false);
64. sample.setLineWrap(true);
65. sample.setBorder(BorderFactory.createEtchedBorder());
66.
67. // add components to grid, using GBC convenience class
68.
69. add{faceLabel, new GBC(@, @).setAnchor(GBC.EAST));
70. add(face, new GBC(1, @).setFi11(CGBC.HORIZONTAL).setWeight(100, 0).setInsets(1));
71. add(sizeLabel, new GBC(®, 1).setAnchor(GBC.EAST));
72. add(size, new GBC(1, 1).setFiT1(GBC.HORIZONTAL).setWeight(100, @).setInsets(1));
73. add(bold, new GBC(@, 2, 2, 1).setAnchor(CBC.CENTER).setWeight(100, 100));
7a. add(italic, new GBC(@, 3, 2, 1).setAnchor(GBC.CENTER).setWeight(100, 100));
75. add(sample, new GBC(2, 0, 1, 4).setFi11(GBC.BOTH).setWeight(100, 100));

76.
77.
78.
79.
80.
81.
82.
83.
84,
85.
86.
87.
88.
89.
90.
91.

}

public static final int DEFAULT_WIDTH = 300;
public static final int DEFAULT_HEIGHT = 200;

private JComboBox face;
private JComboBox size;
private JCheckBox bold;
private JCheckBox italic;
private JTextArea sample;

[ux

+ An action listener that changes the font of the sample text.
x/

private class FontAction implements ActionListener

{
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92. public void actionPerformed(ActionEvent event)
93. {
94, String fontFace = (String) face.getSelectedItem();
95, int fontStyle = (bold.isSelected() ? Font.BOLD : 9)
9. + (italic.isSelected() ? Font.ITALIC : 0);
97. int fontSize = Integer.parseInt((String) size.getSelectedItem());
98, Font font = new Font(fontFace, fontStyle, fontSize);
9. sample.setFont(font);
100. sample.repaint();
101, }
102, }
103. }

9-11 CBC

GBC. java

_import java.awt.:;

1
2.
3. [#x

4.+ This class simplifies the use of the GridBagConstraints class.

5. = @version 1.01 2004-05-06

6. + @author Cay Horstmann

7. %/

8. public class GBC extends GridBagConstraints

o {

10 [fex i

" + Constructs a GBC with a given gridx and gridy position and all other grid
12, + bag constraint values set to the default.

13, » @param gridx the gridx position
14, « @aram gridy the gridy position
15, %/

16.  public GBC(int gridx, int gridy)
17. {

18. this.gridx = gridx;

19. this.gridy = gridy;

20, }

21.

22, [x

23, » Constructs a GBC with given gridx, gridy, gridwidth, gridheight and all
24. x other grid bag constraint values set to the default.

25. * @param gridx the gridx position

26. * @aram gridy the gridy position

27. + @param gridwidth the cell span in x-direction

28. + @param gridheight the cell span in y-direction

29. #/

so.  public GBC(int gridx, int gridy, int gridwidth, int gridheight)

a1, {

32. this.gridx = gridx;

33. this.gridy = gridy;

34. this.gridwidth = gridwidth;
35 this.gridheight = gridheight;
3.}

37.

3. [ax

39. + Sets the anchor.
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®
*
X

{

}
/

= oF oF

*

public GBC setFill(int fill)

{

}
/

*
*
*
*
*

%

{

}

*

public GBC setInsets(int distance)

{

}
/

*
*
*
*
*

pu
{

}

%/
public GBC setAnchor(int anchor)

#/
public GBC setWeight(double weightx, double weighty)

@param anchor the anchor value
@return this object for further modification

this.anchor = anchor;

return this;

*

Sets the fill direction.
@param fi1l the fill direction
+ @return this object for further modification

/

this. fill = fi11;

return this;

*

Sets the cell weights.

@param weightx the cell weight in x-direction
@param weighty the cell weight in y-direction
@return this object for further modification

this.weightx
this.weighty
return this;

Sets the insets of this cell.
@param distance the spacing to use in all directions
@return this object for further modification

/

this.insets = new Insets(distance, distance, distance, distance);

return this;

*

Sets the insets of this cell.

@param top the spacing to use on top

@param left the spacing to use to the left
@param bottom the spacing to use on the bottom
+ @param right the spacing to use to the right

» @return this object for further modification
7
blic GBC setInsets(int top, int Teft, int bottom, int right)

this.insets = new Insets(top, left, bottom, right);

return this;

weightx;
weighty;
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97.

9. [
99. » Sets the internal padding
100. » @param ipadx the internal padding in x-direction

101, » @param ipady the internal padding in y-direction
102. » @return this object for further modification

103, x/

104, public GBC setIpad(int ipadx, int ipady)
105, {

106, this.ipadx = ipadx;

107. this.ipady = ipady;

108. return this;

100.  }

110. }

java.awt.GridBagConstraints 1.0

e int gridx, gridy

0
e int gridwidth, gridheight
1
* double weightx, weighty
0
e int anchor
NORTHWEST NORTH NORTHEAST
WEST CENTER EAST
SOUTHWEST SOUTH SOUTHEAST
FIRST_LINE_START LINE_START FIRST_LINE_END
PAGE_START CENTER PAGE_END
LAST_LINE_START LINE_END LAST_LINE_END
CENTER
e int fill
NONE, BOTH, HORIZONTAL VERTICAL
NONE
e int ipadx, ipady
“ ” 0

* Insets insets

e GridBagConstraints(int gridx, int gridy, int gridwidth, int gridheight, double
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weightx, double weighty, int anchor, int fill, Insets insets, int ipadx, int

ipady) 1.2
GridBagConstraints Sun
9.6.2
GroupL ayout API NetBeans Matisse GUI

Matisse http://netbeans.org/

kb/articles/matisse.html
9-13 JFrame

Matisse Java

Tayout. setHorizontalGroup(
layout.createParallelGroup(Grouplayout.Alignment. LEADING)
.addGroup(1ayout. createSequentialGroup()

.addContainerGap()
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.addGroup(Tayout.createParallelGroup(GroupLayout. Alignment . LEADING)

.addCGroup(layout. createSequentialGroup()

.addComponent(jLabell)
.addPreferredGap(LayoutStyle.ComponentPTacement.RELATED)
.addComponent(jTextFieldl))
.addGroup(Tayout.createSequentialGroup()
.addComponent(jLabel2)
.addPreferredGap(LayoutStyTle.ComponentPlacement.RELATED)
.addComponent (jPasswordFieldl)))
.addContainerGap(222, Short.MAX_VALUE)));
Tayout.setVerticalGroup(
Tayout.createParallelGroup(GroupLayout.Alignment. LEADING)
.addGroup(Tayout.createSequentialGroup()
.addContainerGap()
.addGroup(layout.createParallelGroup(GroupLayout.Alignment . BASELINE)

.addComponent(jLabell)

.addComponent{jTextFieldl))
.addPreferredGap(LayoutStyle.ComponentPlacement .RELATED)
.addGroup(1ayout . createParallelGroup(GroupLayout.Alignment . BASELINE)

.addComponent(jLabe12)

.addComponent(jPasswordFieldl))

.addContainerGap(244, Short.MAX_VALUE)));

AP
GroupLyout.Sequential Group GroupL ayout.Parallel Group
GroupL ayout.Group
add
group.addComponent (. ..).addPreferredCap(. ..).addComponent(...);

.addContainerGap()
.addGroup(Tayout.createParallelGroup()
-addGroup(1ayout . createSequentialGroup()
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.addComponent(jLabell)

.addPreferredGap(LayoutStyTe. ComponentPlacement . RELATED)

.addComponent (jTextFieldl))
.addGroup(layout . createSequentialGroup()

.addComponent(jLabel2)

-addPreferredGap(LayoutStyle. ComponentPlacement . RELATED)

.addComponent (jPasswordFieldl)))

Matisse
Align - Left to Column 9-32

9-32 Madtisse

.addGroup(layout. createSequentialGroup()

.addContainerGap()

.addGroup(Tayout. createParallelGroup(GroupLayout.Alignment . LEADING)
.addComponent (jLabell, GroupLayout.Alignment.TRAILING)
-addComponent (jLabe12, Grouplayout.Alignment.TRAILING))

-addPreferredGap(LayoutStyTe.ComponentPlacement .RELATED)

.addGroup(Tayout . createParallelGroup(GroupLayout.Alignment ., LEADING)
.addComponent (jTextFieldl)

.addComponent (jPasswordFieldl))

TRAILING
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M ati sse Arthur
C.Clarke

layout.createSequentialGroup()
.addContainerGap()
.addGroup(layout.createParallelGroup(GroupLayout.Alignment . BASELINE)

.addComponent(jLabell)

.addComponent (jTextField1))
.addPreferredGap(LayoutStyTle.ComponentPlacement .RELATED)
.addGroup(Tayout.createParallelGroup(GrouplLayout.Alignment . BASELINE)

.addComponent(jLabel2)

.addComponent (jPasswordFieldl))

Java Java SE6 Component
getBaseline
Matisse Same Size - Same Width
9-33
Matisse

Tayout.1inkSize(SwingConstants.HORIZONTAL, new Component[] {jPasswordFieldl, jTextFieldl});

9-12 GroupLayout GridBagL ayout
9-10 Matisse



Swing

373

9-33
GroupLayoutTest. java
1. import java.awt.:;
2. import java.awt.event.x;
3. import javax.swing.x;
4.
5. [xx
6. + @version 1.0 2007-04-27
7.+ @author Cay Horstmann
8. *f
9. public class GroupLayoutTest
10. {
1. public static void main{String[] args)
12 {
13. EventQueue.invokelater(new Runnable()
14, {
15. public void run()
16. {
17. FontFrame frame = new FontFrame();
18. frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
19. frame.setVisible(true);
20. }
21. b;
22. }
23. }
24.
25. [
2. */A frame that uses a group layout to arrange font selection components.
27. *
28. class FontFrame extends JFrame
20. {
so.  public FontFrame()
a1, {
32 setTitTe("GrouplayoutTest");
33, setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT):
34.
35. ActionListener Tistener = new FontAction();

36.
37. // construct components
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JLabel facelabel = new JLabel("Face: ");

face = new JComboBox(new String(] { "Serif", "SansSerif", "Monospaced", “Dialog",
"DialogInput” });

face.addActionListener(1istener)

JLabel sizelabel = new JLabel("Size: ");

size = new JComboBox(new String[] { "8", "18", "12", "15", "18", "24", "36", "48" });
size.addActionListener(Tistener);

bold = new JCheckBox("Bold");
bold.addActionListener(1istener);

italic = new JCheckBox("Italic");
italic.addActionListener(Tlistener);

sample = new JTextArea();

sample.setText("The quick brown fox jumps over the lazy dog");
sampTle.setEditable(false);

sample.setLineWrap(true);
sample.setBorder(BorderFactory.createEtchedBorder());

pane = new JScrollPane(sample);

GrouplLayout layout = new GroupLayout(getContentPane());
setlayout(layout);
Tayout.setHorizontalGroup(layout.createParallelGroup(GroupLayout.Alignment . LEADING)
.addGroup(
Tayout.createSequentialGroup().addContainerGap() .addGroup(
Tayout.createParallelGroup(GroupLayout.Alignment. LEADING) . addGroup(
GroupLayout.ATignment. TRAILING, ’
layout.createSequentialGroup().addGroup(
layout.createParallelGroup(GroupLayout.Alignment. TRAILING)
.addComponent (facelLabel).addComponent (sizelLabel))
.addPreferredGap(LayoutStyle.ComponentPlacement.RELATED)
.addGroup(
Tlayout.createParalielGroup(
GrouplLayout.ATignment.LEADING, false)
.addComponent(size).addComponent(face)))
.addComponent(italic).addComponent(bold)).addPreferredGap(
LayoutStyTe.ComponentPlacement.RELATED) . addComponent(pane)
,addContainerGap()));

layout.1inkSize(SwingConstants.HORIZONTAL, new java.awt.Component[] { face, size });

layout.setVerticalGroup(Tayout.createParallelGroup(GroupLayout.Alignment. LEADING)
.addGroup(
Tayout.createSequentialGroup().addContainerGap().addGroup(
layout.createParallelGroup(GroupLayout.ATignment. LEADING) . addComponent(
pane, GrouplLayout.Alignment.TRAILING).addGroup(
layout.createSequentialGroup().addGroup(
Tayout.createParallelGroup(Grouplayout.ATignment.BASELINE)
.addComponent (face) .addComponent(facelLabel))
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95. .addPreferredGap(LayoutStyle.ComponentPlacement .RELATED)
9. .addGroup(

97. layout.createParallelGroup(

98. GrouplLayout.Alignment .BASELINE) . addComponent(size)
99. .addComponent(sizelLabel)).addPreferredGap(

100. LayoutStyle.ComponentPlacement . RELATED) . addComponent
101. italic, Grouplayout.DEFAULT_SIZE,

102. GroupLayout,DEFAULT_SIZE, Short.MAX_VALUE)

103. .addPreferredGap(LayoutStyle.ComponentPlacement .RELATED)
104, ,addComponent(bold, GrouplLayout.DEFAULT_SIZE,

105. Grouplayout.DEFAULT_SIZE, Short.MAX_VALUE}))

106. .addContainerGap()));

107. }

108.

100.  public static final int DEFAULT_WIDTH = 300;
110.  public static final int DEFAULT_HEIGHT = 200;
111,

112. private JComboBox face;

113, private JComboBox size;

114, private JCheckBox bold;

15, private JCheckBox italic;

116, private JScrollPane pane;

17.  private JTextArea sample;

118.

1o, [

120. + An action listener that changes the font of the sample text.
121, x/

122.  private class FontAction implements Actionlistener

123, {

124, public void actionPerformed(ActionEvent event)

125, {

126, String fontFace = (String) face.getSelectedItem();

127. int fontStyle = (bold.isSelected() ? Font.BOLD : @)

128, + (italic.isSelected() ? Font.ITALIC : 9);

129, int fontSize = Integer.parseInt((String) size.getSelectedItem());
130. Font font = new Font(fontFace, fontStyle, fontSize);

131, sample.setFont(font);

132, sample.repaint();

133, }

134}

135, }

jJavax.swing.GrouplLayout 6

* GroupLayout(Container host)
GroupLayout host host
setLayout
* void setHorizontalGroup(GroupLayout.Group g)
e void setVerticalGroup(GroupLayout.Group Q)

evoid linkSize(Component... components)
evoid linkSize(int axis, Component... component)
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Swing
Constants. HORIZONTAL SwingContants.VERTICAL
e GroupLayout.SequentialGroup createSequentialGroup()

e GroupLayout.ParallelGroup createParallelGroup()

* GroupLayout.ParallelGroup createParallelGroup(GroupLayout.Alignment align)

eGroupLayout.ParallelGroup createParallelGroup(GroupLayout_Alignment
align,boolean resizable)

align BASELINE LEADING TRAILING CENTER
resizable true
false
* boolean getHonorsvisibility()
e void setHonorsvisibility(boolean b)
honorsVisibility true
false

* boolean getAutoCreateCaps()
*void setAutoCreateCaps(boolean b)
* boolean getAutoCreateContainerCaps()
e void setAutoCreateContainerCaps(boolean b)
autoCreateCaps autoCreateContainerCaps true
false GroupL ayout true

Javax.swing.GroupLayout.Group

e GroupLayout.Group addComponent(Component c)
e GroupLayout.Group addComponent(Component ¢, 1int minimumSize, int
preferredSize, int maximumSize)

GroupLayout.DEFAULT_SIZE GroupLayout.PREFERRED_SIZE

DEFAULT_SIZE getMinimumsSize getPreferredSize getMaximumsSize
PREFERRED_SIZE getPreferredSize

e GroupLayout.Group addCap(int size)

 GroupLayout.Group addCap(int minimumSize, int preferredSize, int maximumSize)

e GroupLayout.Group addGroup(GroupLayout.Group g)
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jJavax.swing.GroupLayout.ParallelGroup

» GroupLayout.ParallelGroup addComponent(Component c, GrouplLayout.Alignment
align)
» GroupLayout.ParallelGroup addComponent(Component c, GroupLayout.Alignment
align, int minimumSize, 1int preferredSize, int maximumSize)
 GroupLayout.ParallelGroup addGroup(GroupLayout.Group ¢, GroupLayout.Alignment
align)

BASELINE LEADING TRAILINC CENTER

jJavax.swing.GroupLayout.SequentialGroup

» GroupLayout.SequentialGroup addContainerCap()
e GroupLayout.SequentialGroup addContainerCap(int preferredSize, int
maximumSize)

» GroupLayout.SequentialGroup addPreferredCap(LayoutStyle.ComponentPlacement
type)
LayoutStyle.ComponentPlacement. RELATED
L ayoutStyle.ComponentPlacement

9.6.3

1 null
2
3

frame.setLayout(null);

JButton ok = new JButton("0k");
frame.add(ok);

ok.setBounds (10, 10, 30, 15);

java.awt.Component 1.0

e void setBounds(int x, int y, int width, int height)

X,y
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width, height
9.6.4

LayoutM anager
9-34

9-34

LayoutManager 5

void addLayoutComponent(String s, Component c);
void removelayoutComponent(Component c};
Dimension preferredLayoutSize(Container parent);
Dimension minimumLayoutSize(Container parent);
void TayoutContainer(Container parent);

5 setBounds

AWT LayoutM anager2 10
add BorderLayout

GridBagL ayout LayoutManager2

9-13 CircleLayout

CircleLayoutTest. java

_import java.awt.:;

_import javax.swing.:;

» @version 1,32 2007-06-12
~« @author Cay Horstmann

. %/

. public class CirclelayoutTest

10. {

1
2
3
4
5. [wx
6
7
8
9
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e

A

[#%
.

public static void main(String[] args)

{
EventQueue.invokeLater(new Runnable()
{
public void run()
{
CircleLayoutFrame frame = new CircleLayoutFrame();
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setVisible{true);
}
D;
}
-}
x A frame that shows buttons arranged along a circle.
x/
- class CircleLayoutFrame extends JFrame
A

public GircleLayoutFrame()
{

setTitle("CirclelayoutTest");

setLayout(new CircleLayout())
add(new JButton("Yellow"});
add(new JButton("Blue"));
add(new JButton("Red"});
add(new JButton("Green"));
add(new JButton("Orange")

)
add(new JButton("Fuchsia")
add(new JButton("Indigo"))
pack();

);

» A layout manager that lays out components along a circle,
#/

lass Circlelayout implements LayoutManager

public void addLayoutComponent(String name, Component comp)
{
}

public void removelayoutComponent(Component comp)
{
}

public void setSizes(Container parent)
{

if (sizesSet) return;

int n = parent.getComponentCount();

preferredWidth = 0;
preferredieight = 0;
minWidth = 0;
minHeight = 0;
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68. maxComponentWidth = @;

69. maxComponentHeight = 0;

70.

71. // compute the maximum component widths and heights

72. // and set the preferred size to the sum of the component sizes.
73. for (int 1 =10; 1 <n; i++)

74, {

75. Component ¢ = parent.getComponent(i);

76. if (c.isvisible())

77. {

78. Dimension d = c.getPreferredSize();

79. maxComponentWidth = Math.max(maxComponentWidth, d.width);
80. maxComponentHeight = Math.max(maxComponentHeight, d.height);
81. preferredWidth += d.width;

82. preferreddeight += d.height;

83. }

84. }

85. minWidth = preferredwidth / 2;

86. minHeight = preferredHeight / 2;

87. sizesSet = true;

8s. }

89.

90.  public Dimension preferredLayoutSize(Container parent)

91. {

%2 setSizes(parent);

93, Insets insets = parent.getInsets();

4. int width = preferredWidth + insets.left + insets.right;
95. int height = preferreddeight + insets.top + insets.bottom;
9. return new Dimension(width, height);

97. }

98.

99.  pubTic Dimension minimumLayoutSize(Container parent)

100. {

101, setSizes(parent);

102. Insets insets = parent.getInsets();

103. int width = minWidth + insets.left + insets.right;

104. int height = minHeight + insets.top + insets.bottom;

108. return new Dimension(width, height);

106. }

107.
108.  public void layoutContainer(Container parent)

109, |

110. setSizes(parent);

111,

112, // compute center of the circle

113.

114, Insets insets = parent.getInsets();

115, int containerWidth = parent.getSize().width - insets.left - insets.right;
116. int containerHeight = parent.getSize().height - insets.top - insets.bottom;
117.

118, int xcenter = insets.left + containerWidth / 2;

119, int ycenter = insets.top + containerHeight / 2;

120.

121, // compute radius of the circle

122.

123, int xradius = (containerWidth - maxComponentWidth) / 2;

124, int yradius = (containerHeight - maxComponentHeight) / 2;
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125. int radius = Math.min(xradius, yradius);

126.

127. // lay out components along the circle

128.

129. int n = parent.getComponentCount();

130, for (int 1 =0; i <n; i++)

131 {

132, Component ¢ = parent.getComponent(i);

133. if (c.isVisible())

134. {

135. double angle = 2 « Math.PI « i / n;

136.

137. // center point of component

138. int x = xcenter + (int) (Math.cos(angle)  radius);
139, int y = ycenter + (int) (Math.sin(angle)  radius);
140.

141. // move component so that its center is (x, y)

142, // and its size is its preferred size

143. Dimension d = c.getPreferredSize();

144, c.setBounds(x - d.width / 2, y - d.height / 2, d.width, d.height);
145. }

146. }

147.  }

148.

149.  private int minWidth = 0;

150.  private int minHeight = ;

151, private int preferredwidth = 0;

152.  private int preferreddeight = 0;
153, private boolean sizesSet = false;
154, private int maxComponentWidth = 0;
155, private int maxComponentHeight = 0;
156. }

java.awt.LayoutManager 1.0

* void addLayoutComponent(String name, Component comp)
name
comp

* void removelLayoutComponent(Component comp)

* Dimension preferredLayoutSize(Container cont)

e Dimension minimumLayoutSize(Container cont)

e void layoutContainer(Container cont)
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9.6.5
traversal order
TAB
13 ” TAB
Swing
9-35
CTRL+TAB
TAB
9-35
AWT Swing
JavaSE 1.4
component . setFocusable(false);
isFocusTraversable
Java SE 1.4
. AWT DefaultFocusTraversal Policy
* Swing LayoutFocusTraversal Policy

API
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Java SE 1.3 JComponent setNextFocusableComponent
 — Sun API
9.7
Web applets
AWT
 — Swing
JOptionPane
Swing JFileChooser— JColorChooser
9.7.1
Swing JOptionPane 4
showMessageDialog OK
showConfirmDialog OK/Cancel

showOptionDialog
showlnputDialog

9-36
9-36
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ERROR_MESSAGE
INFORMATION_MESSAGE
WARNING_MESSAGE
QUESTION_MESSAGE
PLAIN_MESSAGE

PLAIN_MESSAGE

String
Icon
Component
Object[]
any other object toString

9-14

Component
paintComponent
showM essageDial og

showlInputDialog OK/Cancel showConfirmDial og

DEFAULT_OPTION
YES_NO_OPTION
YES_NO_CANCEL_OPTION
OK_CANCEL_OPTION

showOptionDial og

String
Icon
Component

toString

showMessageDialog
showConfirmDialog



Swing 385

showOptionDialog
showlnputDialog

showConfirmDialog showOptionDialog
CLOSED_OPTION

OK_OPTION
CANCEL_OPTION
YES_OPTION
NO_OPTION
CLOSED_OPTION

Yes/No Yes/No/Cancel Ok/Cancel

N o oA WODN P

JOptionPane API
9-36

OK_CANCEL_OPTION

int selection = JOptionPane.showConfirmDialog(parent,
"Message", "Title",
JOptionPane.OK_CANCEL_OPTION,
JOptionPane.QUESTION_MESSAGE);

if (selection == JOptionPane.OK_OPTION) . . .

9-14 9-37

OptionDialogTest. java

1. import java.awt.s;

2. import java.awt.event.:;
3. import java.awt.geom.x;
4. import java.util.s;

5. import javax.swing.«;

6.

7. [ax
8.+ @version 1.33 2007-04-28

9. + @author Cay Horstmann

10. %/

1. public class OptionDialogTest

12 {

3. public static void main(String[] args)



1. EventQueue.invokeLater(new Runnable()

16. {

17. public void run()

18. { .

19, OptionDialogFrame frame = new OptionDialogFrame();
20. frame. setDefaultCloseOperation(JFrame. EXIT_ON_CLOSE);
21. frame.setVisible(true);

22. }

23, };

24,  }

25. }

27, [#%

28. A panel with radio buttons inside a titled border.
20. %/

30. class ButtonPanel extends JPanel

31, {

32 [

3. » Constructs a button panel.

a4, » @aram title the title shown in the border

35. + @param options an array of radio button labels

36. x/

a7.  public ButtonPanel(String title, String... options)
a8 {

30, setBorder(BorderFactory.createTitledBorder(BorderFactory.createEtchedBorder(), title));
40. setLayout(new BoxLayout(this, BoxLayout.Y_AXIS))
41, group = new ButtonGroup();

42.

43, // make one radio button for each option

4a, for (String option : options)

45. {

46. JRadioButton b = new JRadioButton(option);

47. b.setActionCommand(option);

48. add(b);

49. group.add(b);

50. b.setSelected(option == options[0]);

51. 1

s2.  }

53.

54. [w

55. » Gets the currently selected option.

56. » @return the label of the currently selected radio button.
57. /

ss.  public String getSelection()

0. o

60. return group.getSelection().getActionCommand();

61. }

63.  private ButtonGroup group;

64. }

65.

66. [%k

e7. + A frame that contains settings for selecting various option dialogs.
68. */

e9. class OptionDialogFrame extends JFrame

70. {
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71 public OptionDialogFrame()

2 |

73, setTitle("OptionDialogTest");

74. setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);

75.

76. JPanel gridPanel = new JPanel();

77. gridPanel.setlayout(new Gridlayout(2, 3));

78.

79. typePanel = new ButtonPanel("Type", "Message", "Confirm", "Option”, "Input");
80. messageTypePane] = new ButtonPanel("Message Type", "ERROR_MESSAGE", "INFORMATION_MESSACE",
81. "WARNING_MESSAGE", "QUESTION_MESSAGE", "PLAIN_MESSAGE");

8. messagePanel = new ButtonPanel("Message", "String", "Icon", "Component”, "Other", "Object[]");
83. optionTypePanel = new ButtonPanel("Confirm", "DEFAULT_OPTION", "YES_NO_OPTION",
84. "YES_NO_CANCEL_OPTION", "OK_CANCEL_OPTION");

85. optionsPanel = new ButtonPanel("Option", "String[]", "Icon[]", "Object[]")
86. inputPanel = new ButtonPanel("Input", "Text field", "Combo box");

87.

88. gridPanel.add(typePanel);

89. gridPanel.add(messageTypePanel);

90. gridPanel. add(messagePanel);

9. gridPanel.add(optionTypePanel);

92. gridPanel.add(optionsPanel);

93. gridPanel.add(inputPanel);

94.

95. // add a panel with a Show button

96.

97. JPanel showPanel = new JPanel();

9. JButton showButton = new JButton("Show");

9. showButton.addActionListener(new ShowAction());

100. showPanel,add(showButton);

101.

102. add(gridPanel, BorderLayout.CENTER);

103. add(showPanel, BorderLayout.SOUTH);

104. }

105.

106. [

107, » Gets the currently selected message.

108. & @return a string, icon, component or object array, depending on the Message panel selection
109. x/
1o.  public Object getMessage()

1. |

12, String s = messagePanel.getSelection();

113, if (s.equals("String")) return messageString;

114, else if (s.equals("Icon")) return messageIcon;

115, else if (s.equals("Component")) return messageComponent;
116. else if (s.equals("Object[]")) return new Object[] { messageString, messageIcon,
17, messageComponent, messageCbject };

118, else if (s.equals("Other")) return messageObject;

19, else return null;

120,  }

121,

122, [fax

123, + Gets the currently selected options.

124, = @return an array of strings, icons or objects, depending on the Option panel selection
125. 5/

126.  public Object[] getOptions()

127, {
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128, String s = optionsPanel.getSelection();

129, if (s.equals("String[]")) return new String[] { "Yellow", "Blue", “"Red" };

130. else if (s.equals("Icon{]")) return new Icon[] { new ImageIcon{"yellow-ball.gif"),
131, new ImageIcon("blue-ball.gif"), new ImageIcon("red-ball.gif") };

132, else if (s.equals("Object[]")) return new Object[] { messageString, messageIcon,
133. messageComponent, messageGbject };

134, else return null;

135}

136.

137, [fas

138. Gets the selected message or option type

139, + @param panel the Message Type or Confirm panel

140, s @return the selected XXX_MESSAGE or XXX_OPTION constant from the JOptionPane class
141, %/

142, public int getType(ButtonPanel panel)

143, {

144, String s = panel.getSelection();
145. try

146. {

147, return JOptionPane.class.getField(s).getInt(null);
148, }

149, catch (Exception e)

150. {.

151, return -1;

152. }

153}

154.

155. /H‘

156. = The action Tistener for the Show button shows a Confirm, Input, Message or Option dialog
157. + depending on the Type panel selection.

158. %/

1s9.  private class ShowAction implements ActionListener

0. {

161, public void actionPerformed(ActionEvent event)

162. {

163. if (typePanel.getSelection().equals("Confirm")) JOptionPane.showConfirmDialog(

164, OptionDialogFrame.this, getMessage(), "Title", getType(optionTypePanel),

165. getType(messageTypePanel));

166. else if (typePanel.getSelection().equals{"Input"))

167. {

168. if (inputPanel.getSelection().equals("Text field")) JOptionPane.showInputDialog(
169. OptionDialogFrame.this, getMessage(), "Title", getType(messageTypePanel));
170. else JOptionPane.showInputDialog(OptionDialogFrame.this, getMessage(), "Title",
71, getType(messageTypePanel), null, new String[] { "Yellow", "Blue", "Red" },
172. "Blue");

173, }

174, else if (typePanel.getSelection().equals("Message")) JOptionPane.showMessageDialog(
175. OptionDialogFrame.this, getMessage(), "Title", getType(messageTypePanel));
176. else if (typePanel.getSelection().equals("Option")) JOptionPane.showOptionDialog(
177. OptionDialogFrame.this, getMessage(), "Title", getType(optionTypePanel),

178. getType(messageTypePanel), null, getOptions(), getOptions()[0]);

179. }

180. }

181.
182, pubTic static final int DEFAULT_WIDTH = 600;
g3, public static final int DEFAULT_HEICHT = 400;



Swing 389

184.

185 private ButtonPanel typePanel;

186, private ButtonPanel messagePanel;

187, private ButtonPanel messageTypePanel;

188 private ButtonPanel optionTypePanel;

189.  private ButtonPanel optionsPanel;

190, private ButtonPanel inputPanel;

191.

192 private String messageString = "Message";

193 private Icon messageIcon = new ImageIcon("blue-ball.gif");
194, private Object messageObject = new Date();

195, private Component messageComponent = new SampleComponent();
196. }

197.

198, [*%

199, * A component with a painted surface

200, #/

201.

202. class SampleComponent extends JComponent

203, {

204.  public void paintComponent(Graphics g)

205, {

206. Graphics2D g2 = (Graphics2D) g;

207. Rectangle2D rect = new Rectangle2D.Double(@, 0, getWidth() - 1, getHeight() - 1);
208. g2.setPaint(Color.YELLOW);

<

209. g2.fil(rect);

210, g2.setPaint(Color.BLUE);

211. g2.draw(rect);

212}

213.

214, pubtic Dimension getPreferredSize()
215, {

216 return new Dimension(10, 10);
217}

218. }

9-37 OptionDialogTest



390 9

javax.swing.JOptionPane 1.2

e static void showMessageDialog(Component parent, Object message, String title,
int messageType, lcon icon)

e static void showMessageDialog(Component parent, Object message, String title,
int messageType)

e static void showMessageDialog(Component parent, Object message)

e static void showlnternalMessageDialog(Component parent, Object message, String
title, int messageType, lcon icon)

estatic void showlnternalMessageDialog(Component parent, Object message,
String title, int messageType)

e static void showlnternalMessageDialog(Component parent, Object message)

parent null

message

title

messageType ERROR_MESSAGE INFORMATION_MESSAGE

WARNING_MESSAGE QUESTION_MESSAGE
PLAIN_MESSAGE
icon
estatic int showConfirmDialog(Component parent, Object message, String
title, int optionType, int messageType, lcon icon)
estatic int showConfirmDialog(Component parent, Object message, String
title, int optionType, int messageType)
estatic int showConfirmDialog(Component parent, Object message, String
title, int optionType)
e static int showConfirmDialog(Component parent, Object message)
estatic int showlnternalConfirmDialog(Component parent, Object message,
String title, int optionType, int messageType, lcon icon)
estatic int showlnternalConfirmDialog(Component parent, Object message,
String title, int optionType, int messageType)
estatic int showlnternalConfirmDialog(Component parent, Object message,
String title, int optionType)
e static int showlnternalConfirmDialog(Component parent, Object message)

OK_OPTION, CANCEL_OPTION, YES _OPTION, NO_OPTION
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CLOSED_OPTION

parent null

message

title

messageType ERROR_MESSAGE INFORMATION_MESSAGE
WARNING_MESSAGE QUESTION_MESSAGE PLAIN_
MESSAGE

optionType DEFAULT_OPTION YES NO _OPTION YES NO_

CANCEL_OPTION OK_CANCEL_OPTION
icon
e static int showOptionDialog(Component parent, Object message, String title,
int optionType, int messageType, lcon icon, Object[] options, Object default)
estatic int showlnternalOptionDialog(Component parent, Object message,
String title, int optionType, int messageType, lcon icon, Object[] options,
Object default)

CLOSED_OPTION

parent null

message

title

messageType ERROR_MESSAGE INFORMATION_MESSAGE

WARNING_MESSAGE QUESTION_MESSAGE
PLAIN_MESSAGE
optionType DEFAULT_OPTION YES_NO_OPTION
YES_NO_CANCEL_OPTION OK_CANCEL_OPTION
icon
options
default
e static Object showlnputDialog(Component parent, Object message, String
title, int messageType, lcon icon, Object[] values, Object default)
e static String showlnputDialog(Component parent, Object message, String
title, int messageType)
e static String showlnputDialog(Component parent, Object message)
e static String showlnputDialog(Object message)
e static String showlnputDialog(Component parent, Object message, Object
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default) 1.4

e static String showlnputDialog(Object message, Object default) 1.4

estatic Object showlnternallnputDialog(Component parent, Object message,
String title, int messageType, lcon icon, Object[] values, Object default)

estatic String showlnternallnputDialog(Component parent, Object message,
String title, int messageType)

e static String showlnternal InputDialog(Component parent, Object message)

null
parent null
message
title
messageType ERROR_MESSAGE INFORMATION_ _MESSAGE
WARNING_MESSAGE QUESTION_MESSAGE
PLAIN_MESSAGE
icon
values
default
9.7.2
JOptionPane
9-38 About
JDialog
JFrame 9-38 About
1 JDialog
2
3
4

owner frame
null
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Java SE 6. -

Java
http://java.sun.com/devel oper/technical Articles/J2SE/Desktop/javase6/modality

public AboutDialog extends JDialog
{

public AboutDialog(JFrame owner)

{

super(owner, "About DialogTest", true);

add(new JLabel(
"<html><hi><i>Core Java</i></hl><hr>By Cay Horstmann and Gary Cornell</html>"),

BorderLayout.CENTER);

JPanel panel = new JPanel();
JButton ok = new JButton("Ok");

ok.addActionListener(new
ActionlListener()
{

public void actionPerformed(ActionEvent event)

setVisible(false);
}
R

panel.add(ok);
add(panel, BorderLayout.SOUTH);

setSize(250, 150);

}
}

JIDialog dialog = new AboutDialog(this);
dialog.setVisible(true);

About

if (dialog == nu11) // first time
dialog = new AboutDialog(this);
dialog.setVisible(true);

OK OK
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ok.addActionListener(new
ActionListener()
{
pubTic void actionPerformed(ActionEvent event)

{
setVisible(false);
}
B;
Close JFrame
setDefaultCloseOperation

9-15 About

DialogTest. java

1. import java.awt.s;
2. import java.awt.event.x;
3. import javax.swing.x;

5. [u%

6. * @version 1.33 2007-06-12

7.+ @author Cay Horstmann

8. %/

9. public class DialogTest

10. {

1. public static void main(String[] args)

12, {

13. EventQueue.invokeLater(new Runnable()
14, {

15. pubTic void run()

16. {

17. DialogFrame frame = new DialogFrame();
18, frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
19. frame.setVisible(true);

20 }

21. 1;

2. }

2.}

24,

25 [ux

26. + A frame with a menu whose File->About action shows a.dialog.
27. %/

28. class DialogFrame extends JFrame

29. {

s0.  public DialogFrame()

3. {

32, setTitle("DialogTest");

33. setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);
34.

35. // construct a File menu

36.

37. JMenuBar menuBar = new JMenuBar();

as. setIMenuBar(menuBar);

39. IMenu fileMenu = new IMenu("File");

4. menuBar.add(fileMenu);
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42.

43.

44,

45,
46.

47.

48.
49.

50.

51.
52.
53.

54.
55.

56.
57.
58.
59.
60.
61,
62.

63.
64.

65.
66.

68.
69.
70.
71.

72.
73.
74.

75.

}

76.
77. [*%

78.

79.
. class AboutDialog extends JDialog

80

81.

{

82.
83.
84.
85.
86.

87.
88.

89.

90.
91.

92.
93.

94,
95,

96.

97.

98.

}

// add About and Exit menu items

// The About item shows the About dialog

IMenuItem aboutItem = new JMenuItem("About");
aboutItem.addActionListener(new ActionListener()

{

s

public void actionPerformed(ActionEvent event)
{
if (dialog == null) // first time
dialog = new AboutDialog(DialogFrame.this);
dialog.setVisible(true); // pop up dialog
}

fileMenu.add(aboutItem);

// The Exit item exits the program

IMenuItem exitItem = new IMenuItem("Exit");
exitItem.addActionListener(new ActionListener()

{

B;

public void actionPerformed(ActionEvent event)

{
System.exit(@);
}

fileMenu.add(exitItem);

public static final int DEFAULT_WIDTH = 300;
public static final int DEFAULT_HEICHT = 200;

private AboutDialog dialog;

+ A sample modal dialog that displays a message and waits for the user to click the Ok button.

5/

public AboutDialog(JFrame owner)

{

super(

owner, "About DialogTest", true);

// add HTML label to center

add(

/1 Ok

new JLabel(
"<html><h1l><i>Core Java</i></hl><hr>By Cay Horstmann and Gary Cornell</htm1>"),
BorderLayout.CENTER);

button closes the dialog

JButton ok = new JButton("0k");
ok.addActionListener(new ActionListener()

{

public void actionPerformed(ActionEvent event)
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99. {

100. setVisible(false);

101. }

102. 1)

103.

104, // add Ok button to southern border
105.

106. JPanel panel = new JPanel();
107. panel.add(ok);

108. add(panel, BorderLayout.SOUTH);
108.

110. setSize(250, 150);

1.}

112. }

jJavax.swing.JDialog 1.2

e public JDialog(Frame parent, String title, boolean modal)

parent
title
modal True

9.7.3

setVisible(true)

9-39

PasswordChooser setUser 9-39

public void setUser(User u)

{

username, setText (u.getName());

}

setVisible(true)
OK Cancel
setVisible(false) setVisible(true)

setVisible(true)
setVisible(true)
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OK
false OK true
setVisible(true)
OK
JDialog
PasswordChooser
PasswordChooser JPanel JDialog showDialog
JDialog
public boolean showDialog(Frame owner, String title)
{
ok = false;
if (dialog == null || dialog.getOwner() != owner)
dialog = new JDialog(owner, true);
dialog.add(this);
dialog.pack();
dialog.setTitle(title);
dialog.setVisible(true);
return ok;
}
owner null
parent
Frame owner;
if (parent instanceof Frame)
owner = (Frame) parent;
else
owner = (Frame) SwingUtilities.getAncestorOfClass(Frame.class, parent);
JOptionPane
ENTER
root pane

dialog.getRootPane().setDefaultButton(okButton);
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9-16

DataExchangeTest. java

1. import java.awt.s;

2. import java.awt.event.:;
3. import javax.swing.#;

4

5. [xx

6. * @version 1.33 2007-06-12

7.+ @author Cay Horstmann

8

9. public class DataExchangeTest

10. {

1. public static void main(String[] args)

12 {

13, EventQueue.invokeLater(new Runnable()

14, {

15. public void run()

16. {

17. DataExchangeFrame frame = new DataExchangeFrame();
18. frame. setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
19. frame.setVisible(true);

20, }

21, B

2.}

23, }

24,

25. [#%

26. * A frame with a menu whose File->Connect action shows a password dialog.
27. %/

28. class DataFxchangeFrame extends JFrame

29. {

s0.  public DatakExchangeFrame()

31. {

2. setTitle("DataExchangeTest");

33, setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);

34.

35. // construct a File menu

36.

ar. IMenuBar mbar = new JMenuBar();

38. setJMenuBar (mbar);

39. IMenu fileMenu = new JMenu("File");

40, mbar.add(fileMenu);

41,

2. // add Connect and Exit menu items

43.

44, IMenuItem connectItem = new JMenuItem("Connect");
45. connectItem.addActionListener(new ConnectAction());
46, fileMenu.add(connectItem);

47.

8. // The Exit item exits the program

49,

50. JMenuItem exitItem = new IMenultem("Exit");

51, exitItem.addActionListener(new ActionListener()
52, {

53. public void actionPerformed(ActionEvent event)
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54, {
55. System.exit(0);
56. }
s7. B
58. fileMenu.add(exitItem);
58.
60. textArea = new JTextArea();
61. add(new JScrol1Pane(textArea), Borderlayout.CENTER);
62. }

100.

public static final int DEFAULT_WIDTH = 300;
public static final int DEFAULT_HEIGHT = 200;

private PasswordChooser dialog = null;
private JTextArea textArea;

[
+ The Connect action pops up the password dialog.

s/

private class ConnectAction implements Actionlistener

{

public void actionPerformed(ActionEvent event)

{

// if first time, construct dialog
if (dialog == null) dialog = new PasswordChooser();

// set default values
dialog.setUser(new User("yourname", null));

// pop up dialog
if (dialog.showDialog(DataExchangeFrame.this, “Connect"))
{

// if accepted, retrieve user input

User u = dialog.getUser();

textArea.append("user name = " + u.getName() + ", password = "

+ (new String(u.getPassword())) + "\n");

/5%
B

x A password chooser that is shown inside a dialog

K7

class PasswordChooser extends JPanel

A

public PasswordChooser()

{
setLayout(new BorderLayout());

// construct a panel with user name and password'fields
JPanel panel = new JPanel();

panel.setLayout(new Gridiayout(2, 2));
panel.add(new JLabel("User name:"));



}

/ %

panel.add(username = new JTextField(""));
panel.add(new JLabel("Password:"));
panel.add(password = new JPasswordField(""));
add(panel, BorderLayout.CENTER);

// create Ok and Cancel buttons that terminate the dialog

okButton = new JButton("0k");
okButton.addActionListener(new ActionListener()
{
public void actionPerformed(ActionEvent event)
{
ok = true;
dialog.setVisible(false);
}
B

JButton cancelButton = new JButton("Cancel");
cancelButton.addActionListener(new ActionListener()

{

public void actionPerformed(ActionEvent event)

{

}
b;

dialog.setVisible(false);

// add buttons to southern border

JPanel buttonPanel = new JPanel();
buttonPanel.add(okButton);
buttonPanel.add(cancelButton);
add{buttonPanel, BorderLayout.SOUTH);

* Sets the dialog defaults.
* @param u the default user information
*/

public void setUser(User u)

{
}
[#x

username.setText(u.getName());

+ Gets the dialog entries. _
= @return a User object whose state represents the dialog entries

+/

public User getUser()

{
}

return new User(username.getText(), password.getPassword());

[

+ Show the chooser panel in a dialog

+ @param parent a component in the owner frame or null
* @param title the dialog window title

*/
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1e8.  public boolean showDialog(Component parent, String title)

9. |

170. ok = false;

171.

172, // locate the owner frame

173.

174, Frame owner = null;

175. if (parent instanceof Frame) owner = (Frame) parent;
176. else owner = (Frame) SwingUtilities.getAncestorOfClass(Frame.class, parent);
177. .

178. // if first time, or if owner has changed, make new dialog
179.

180. if (dialog == nu11 || dialog.getOwner{() != owner)
181.

182. dialog = new JDialog{owner, true);

183. dialog.add(this);

184. dialog.getRootPane().setDefaultButton(okButton);
185. dialog.pack();

186. }

187.

188, // set title and show dialog

189.

190. dialog.setTitle(title);

191. dialog.setVisible(true);

192, return ok;

193, }

194,

195.  private )TextField username;

196.  private JPasswordField password;
197.  private JButton okButton;

198.  private boolean ok;

199.  private JDialog dialog;

200. }

202, [#%
20s. + A user has a name and password. For security reasons, the password is stored as a char(],
204. * not a String.

205, */

206. Class User

207. {

20e.  public User(String aName, char[] aPassword)
200. |

210. name = aName;

211, password = aPassword;

212, }

212, public String getName()

215, {
216. return name;
217, }

219.  pubTlic char[] getPassword()

20. |
221, return password;
22  }

224, public void setName(String aName)
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225, {
226. name = aName;
227, }

228.
220.  public void setPassword(char[] aPassword)

230. {
231 password = aPassword;
232, }

233.

204, private String name;

235.  private char[] password;
236. }

Javax.swing.SwingUtilities 1.2

e Container getAncestorOfClass(Class ¢, Component comp)

jJavax.swing.JComponent 1.2
* JRootPane getRootPane()

null

javax.swing.JRootPane 1.2

e void setDefaultButton(JButton button)
null

jJavax.swing.JButton 1.2

* boolean isDefaultButton()
true

9.7.4

Swing JFileChooser
JFileChooser JFileChooser JDialog
showOpenDialog setVisible(true)
showSaveDial og Open Save
showDialog 9-40

1 JFileChooser JDialog

JFileChooser chooser = new JFileChooser();
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9-40

JFileChooser
Windows

2 setCurrentDirectory

chooser.setCurrentDirectory(new File("."));

File File 12
String fileName File
3

chooser.setSelectedFile(new File(filename));

4

File

setSelectedFile

setMulti SelectionEnabled

chooser.setMultiSelectionEnabled(true);
5 .gif
6

setFileSel ectionM ode JFileChooser.FILES ONLY JFileChooser.

DIRECTORIES _ONLY JFileChooser.FILES AND_DIRECTORIES
7 showOpenDiaog showSaveDialog

int result = chooser.showOpenDialog(parent);

int result = chooser.showSaveDialog(parent);

“ ”

showDialog

int result = chooser.showDialog(parent, "Select");



JFileChooser. APPROVE _
OPTION  JFileChooser. CANCEL_OPTION JFileChooser. ERROR_OPTION

8 getSelectedFile() getSelectedFiles()
getPath
String filename = chooser.getSelectedFile().getPath();
GIF
gif “ GIF "
JPFG .jpg
Jjpeg
javax.swing.filechooser.FileFilter
FileFilter
public boolean accept(File f);
public String getDescription();
java.io FileFilter boolean
accept(File f) File listFiles Swing
Java Sun
javax.io javax.swing.filechooser
javax.swing.filechooser.Fil efilter javax.swing.filechooser.*
JFileChooser setFileFilter
chooser.setFileFilter(new FileNameExtensionFilter("Image files", "gif", "jpg");
chooser.addChoosableFileFilter(filterl);
chooser.addChoosableFileFilter(filter2);
All files

All files
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chooser.setAcceptAl1FileFilterUsed(false)

chooser. resetChoosableFilters()

javax.swing.filechooser FileView

FileView 5

Icon getIcon(File f);

String getName(File f);

String getDescription(File f);
String getTypeDescription(File f);
Boolean isTraversable(File f);

setFileView

null

isTraversable
Boolean boolean
—_— null
Boolean (Boolean. TRUE)
(Boolean.FALSE) (null)

class FileIconView extends FileView

{

public FileIconView(FileFilter aFilter, Icon anIcon)

{
filter = aFilter;
icon = anlcon;

}

public Icon getIcon(File f)
{
if (1f.isDirectory() & filter.accept(f))
return icon;
else return null;

}

private FileFilter filter;
private Icon icon;

setFileView

chooser.setFileView(new FileIconView(filter,



new ImageIcon("palette.gif")));

filter

JDK demo/jfc/FileChooserDemo ExampleFileView

9-41

9-41

Swing JLabel

class ImagePreviewer extends JLabel

{

public ImagePreviewer(JFileChooser chooser)

{

setPreferredSize(new Dimension(100, 100));
setBorder(BorderFactory.createEtchedBorder());

}

public void loadImage(File f)
{

ImageIcon icon = new ImageIcon(f.getPath());
if(icon.getIconWidth() > getWidth())
icon = new ImageIcon(icon.getImage().getScaledInstance(
getWidth(), -1, Image.SCALE_DEFAULT));
setIcon(icon);
repaint();

Java Beans
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PropertyChangeL istener [

chooser.addPropertyChangelistener(new
PropertyChangelistener()

public void propertyChange(PropertyChangeEvent event)
{
if (event.getPropertyName() == JFileChooser.SELECTED_FILE_CHANGED_PROPERTY)
{
File newFile = (File) event.getNewValue()
// update the accessory

ImagePreviewer
9-17 2 ImageViewer

FileChooserTest. java

_import java.awt.s;

. import java.awt.event.x;

. import java.beans.x;

. import java.util.s;

. import java.io.s;

. import javax.swing.«;

_import javax.swing.filechooser.x;

. import javax.swing.filechooser.FileFilter;

© ® N O O d ® N =

[ux
» @version 1.23 2007-06-12
+ @author Cay Horstmann

NN
B 22

13 %/

14. public class FileChooserTest

15 {

6. public static void main{String[] args)

17, |

18. EventQueue.invokeLater(new Runnable()

19, {

20. public void run()

21. {

22, ImageViewerFrame frame = new ImageViewerFrame();
23, frame. setDefault(loseOperation(JFrame. EXIT_ON_CLOSE);
2. frame.setVisible(true);

25. }

26, B

27}

28. }

29.

30. [

a1. + A frame that has a menu for loading an image and a display area for the loaded image.
32 %/
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3s. Class ImageViewerFrame extends JFrame

aa. {

3. public ImageViewerFrame()

%

a7, setTitle("FileChooserTest");

38. setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);

39.

40. // set up menu bar

M. IMenuBar menuBar = new JMenuBar();

2. setJMenuBar{menuBar);

43.

44, IMenu menu = new JMenu("File");

45. menuBar.add(menu);

46.

47, IMenuItem openltem = new JMenuItem("Open");

48. menu.add(openItem);

49, openItem.addActionListener(new FileOpenListener());
50.

51. IMenultem exitItem = new IMenuItem("Exit");

52. menu.add(exitItem);

53. exitItem.addActionListener(new ActionListener()

54, {

55. public void actionPerformed(ActionEvent event)
56. {

57. System.exit(@);

58. }

59, i

60.

61. // use a label to display the images

62. Tabel = new JlLabel();

63, add(1abel);

64.

65. // set up file chooser

66. chooser = new JFileChooser();

87.

68. // accept all image files ending with .jpg, .jpeg, .gif
89. /%

70. final ExtensionFileFilter filter = new ExtensionFileFilter();
7. filter.addExtension("jpg");

72 filter.addExtension("jpeg");

73, filter.addExtension("gif");

74. filter.setDescription("Image files");

75. %/ :
76. FileNameExtensionFilter filter = new FileNameExtensionFilter(
77. "Image files", "jpg", "jpeg", "gif");

78. chooser,setFileFilter(filter);

79.

80. chooser. setAccessory(new ImagePreviewer(chooser))
81.

82. chooser.setFileView(new FileIconView(filter, new ImageIcon("palette.gif"}));
83.  }

84.

85.  [#=

86. * This is the Tlistener for the File->Open menu item.
87. %/

ss.  private class FileOpenListener implements ActionListener
go. { :
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9. public void actionPerformed(ActionEvent event)
o1. {
92. chooser.setCurrentDirectory(new File("."));
93.
94. // show file chooser dialog
95. int result = chooser.showOpenDialog(ImageViewerFrame.this);
96.
97. // if image file accepted, set it as icon of the label
98. if (result == JFileChooser.APPROVE_OPTION)
99. {
100. String name = chooser.getSelectedFile().getPath();
101 Tabel.setIcon(new ImageIcon(name));
102, }
103, }
104, }
105.
106.  public static final int DEFAULT_WIDTH = 300;

1.}

112,

public static final int DEFAULT_HEIGHT = 400;

13, [#x
1a. « A file view that displays an icon for all files that match a file filter.

pri
pri

vate Jlabel label;
vate JFileChooser chooser;

116. C1ass FileIconView extends FileView

Constructs a FileIconView.

@param aFilter a file filter--all files that this filter accepts will be shown with the
icon. @param anIcon--the icon shown with all accepted files.

Tic FileIconView(FileFilter aFilter, Icon anIcon)

filter = aFilter;

icon = anlcon;

Tic Icon getIcon(File f)

if (!f.isDirectory() & filter.accept(f)) return icon;

else return null;

vate FileFilter filter;
vate Icon icon;

120. + A file chooser accessory that previews images.

142. class ImagePreviewer extends Jlabel

115. */
117. {

18, [
119. *
120, *
121, *
122. x/
123, pub
126, {
125.

126.

127, }
128,

129.  pub
130,  {
131.

132,
133}
134,

135 pri
136.  pri
137. }

138.

139, [#x
141, %/
143. {

144, [
145. *

Constructs an ImagePreviewer.



410

179.
180. }

+ @param chooser the file chooser whose property changes trigger an image change in this
x previewer
%/

public ImagePreviewer(JFileChooser chooser)

{
setPreferredSize(new Dimension(100, 100));
setBorder(BorderFactory.createEtchedBorder());

chooser.addPropertyChangelistener(new PropertyChangelListener()

{
public void propertyChange(PropertyChangeEvent event)
{
if (event.getPropertyName() == JFileChooser.SELECTED_FILE_CHANGED_PROPERTY)
{
// the user has selected a new file
File f = (File) event.getNewValue();
if (f == null)
{
setIcon{null);
return;
}
// read the image into an icon
ImageIcon icon = new ImageIcon(f.getPath());
// if the icon is too large to fit, scale it
if (icon.getIconWidth() > getWidth()) icon = new ImageIcon(icon.getImage()
.getScaledInstance(getWidth(), -1, Image.SCALE_DEFAULT));
setIcon(icon);
}
}
bi

Javax.swing.JFileChooser 1.2

* JFileChooser()

e void setCurrentDirectory(File dir)

e void setSelectedFile(File file)
*void setSelectedFiles(File[] file)

*void setMultiSelectionEnabled(boolean b)

e void setFileSelectionMode(int mode)
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mode JFileChooser.FILES_ONLY JFileChooser.
DIRECTORIES ONLY JFileChooser.FILES AND_DIRECTORIES

 int showOpenDialog(Component parent)
 int showSaveDialog(Component parent)

» int showDialog(Component parent, String approveButtonText)

Open Save approveButtonText
APPROVE_OPTION CANCEL_OPTION
ERROR_OPTION
* File getSelectedFile()
e File[] getSelectedFiles()

evoid setFileFilter(FileFilter filter)
filter.accept true

e void addChoosableFileFilter(FileFilter filter)

e void setAcceptAllFileFilterUsed(boolean b)
All files
*void resetChoosableFileFilters()
All files
*void setFileView(FileView view)

* void setAccessory(JComponent component)

jJavax.swing.filechooser.FileFilter 1.2

* boolean accept(File f)
true
e String getDescription()

Image files (*.gif,* .jpeg)
jJavax.swing.filechooser.FileNameExtensionFiler 6

» FileNameExtensionFilter(String description, String ...

jJavax.swing.filechooser.FileView 1.2

e String getName(File f)

null

extensions)
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f null f.getName()
» String getDescription(File T)
f null f HTML

e String getTypeDescription(File T)
f f HTML
Hypertext document
e Icon getlcon(File T)
f null f JPEG

e Boolean isTraversable(File f)
f Boolean. TRUE
false FileView null

9.7.5

Swing ——JColorChooser 9-42 9-44
JFileChooser

9-42 swatches 9-43 HSB
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9-44 RGB

Color selectedColor = JColorChooser.showDialog(parent,title, initialColor);

. /

« OK Cancel

chooser = new JColorChooser();
dialog = JColorChooser.createDialog(
parent,
"Background Color",
false /+ not modal =/,
chooser,
new ActionlListener() // OK button listener
{
public void actionPerformed(ActionEvent event)
{
setBackground(chooser.getColor());
}
}1

null /+ no Cancel button Tistener =/);

chooser.getSelectionMode1().addChangelistener({new
Changelistener()

OK

null



414

{
public void stateChanged(ChangeEvent event)

{
do something with chooser.getColor();
}
b

OK Cancel

dialog = new JDialog(parent, false /x not modal #/);
dialog.add(chooser);
dialog.pack();

9-18 M odel
M odal ess
OK |mmediate

ColorChooserTest. java

1. import java.awt.«;

2 import java.awt.event.x;

3. import javax.swing.s;

4. import javax.swing.event.:;

5.

6. [ax

7.« @version 1.03 2007-06-12

s. * @author Cay Horstmann

o/

10. public class ColorChooserTest
1. {

12 public static void main(String[] args)

1B {

14, EventQueue.invoketater(new Runnable()

16. public void run()

17. {

18. ColorChooserFrame frame = new ColorChooserFrame();
19. frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
20. frame.setVisible(true);

2. [#%

27. = A frame with a color chooser panel

28. */

20, class ColorChooserFrame extends JFrame

30, {

3. public ColorChooserFrame()

2. {

33, setTitle("ColorChooserTest");

34. setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);
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36. // add color chooser panel to frame

37.

38. ColorChooserPanel panel = new ColorChooserPanel();
39. add(panel);

40}

42.  public static final int DEFAULT_WIDTH = 300;
43 public static final int DEFAULT_HEIGHT = 200;

4. }

46. [xx

47. = A panel with buttons to pop up three types of color choosers
4. %/

9. class ColorChooserPanel extends JPanel

N

s1.  public ColorChooserPanel ()

s2. 1§

53. JButton modalButton = new JButton("Modal");

54, modalButton.addActionListener(new ModalListener());

55. add(modalButton);

56.

57. JButton modelessButton = new JButton("Modeless");

58. modelessButton.addActionListener{new ModelessListener());

59. add(modelessButton);

60.

61. JButton immediateButton = new JButton("Immediate");

62. immediateButton.addActionListener(new ImmediateListener());

63. add(immediateButton);

64. }

65.

66.  [xx

67. » This listener pops up a modal color chooser

68. %/

6.  private class Modallistener implements ActionListener

0. |

71. public void actionPerformed(ActionEvent event)

72. {

73. CoTor defaultColor = getBackground();

74, Color selected = JColorChooser.showDialog(ColorChooserPanel.this, "Set background",
75. defaultColor);

76. if (selected != null) setBackground(selected);

7. }

78. }

79.

80. [

81. * This Tistener pops up a modeless color chooser. The panel color is changed when the user
82. « clicks the Ok button.

83. +/

ss.  private class ModelessListener implements Actionlistener

85. {

86. public ModelessListener()

87. {

88. chooser = new JColorChooser();

89. dialog = JColorChooser.createDialog(ColorChooserPanel.this, "Background Color",
90. false /+ not modal =/, chooser, new ActionListener() // OK

91. // button
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92. // listener

93, {

94. public void actionPerformed(ActionEvent event)
95. {

9. setBackground(chooser.getColor());
a7. }

98. }, null /= no Cancel button listener =/);
99. }

100.

101, public void actionPerformed(ActionEvent event)

102. {

103. chooser.setCoTor(getBackground());

104, dialog.setVisible(true);

105. }

106.

107. private JDialog dialog;

108. private JColorChooser chooser;

100. }

110.

1. [ax

12, + This listener pops up a modeless color chooser. The panel color is changed immediately
113, » when the user picks a new color.

114, %/

ns. private class Immediatelistener implements ActionListener
e, {

17. pubtic Immediatelistener()

118, {

119, chooser = new JColorChooser();

120, chooser.getSelectionModel().addChangeListener{new Changelistener()
121, {

122 public void stateChanged(ChangeEvent event)
123. {

124, setBackground(chooser.getColor());

125, }

126. s

127.

128, dialog = new JDialog((Frame) null, false /« not modal #/);
129, dialog.add(chooser);

130, dialog.pack();

131, }

132.

133, pubTic void actionPerformed(ActionEvent event)

134. {

135. chooser.setColor(getBackground())

136. dialog.setVisible(true);

137. }

138.

138, private IDialog dialog;

140, private JColorChooser chooser;

141, }

142. }

javax.swing.JColorChooser 1.2

« JColorChooser()
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» Color getColor()
e void setColor(Color c)

e static Color showDialog(Component parent, String title, Color initialColor)

parent
title
initial Color

e static JDialog createDialog(Component parent, String title, boolean modal,
JColorChooser chooser, ActionListener okListener, ActionListener cancellListener)

parent
title
modal true
chooser
okListener, cancelListener OK Cancel
7 9 Swing
Swing



10 applet

A JAR A Applet
A JavaWeb Start A
Java Java
applet
Java appl et Java
Java
Internet
applet
Java Web Start
appl et
10.1 JAR
Java JAR JAR
JAR
ZIP
Java SE 5.0 pack200 ZIP
Sun 90%
http://java.sun.com/javase/6/docs/technotes/guide/depl oyment/depl oyment-
guide/pack200.html
jar JAR JDK jdk/bin

JAR
jar cvf JARFileName Filel File2 . . .

jar cvf CalculatorClasses.jar +.class icon.gif
jar
jar options Filel File2 . . .
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10-1 jar UNIX tar

10-1 .jar
c jar
C

jar cvf JARFileName.jar -C classes *.class
classes
e JAR
f JAR jar
JAR JAR
i
m manifest JAR
M
t
u JAR
v
X
0 ZIP
10.1.1
JAR
(manifest)
MANIFEST.MF JAR META-INF
Manifest-Version: 1.0
main section JAR
URL Name

Manifest-Version: 1.0

Name: Woozle.class

Name: com/mycompany/mypkg/

jar cfm JARFileName ManifestFileName . . .
JAR
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10

jar cfm MyArchive.jar manifest.mf com/mycompany/mypkg/«.class
JAR

jar ufm MyArchive.jar manifest-additions.mf

http://java.sun.com/javase/6/docs/technotes/guides/jar JAR
10.1.2 JAR
Java SE 6 jar e Java

jar cvfe MyProgram.jar com.mycompany.mypkg.MainAppClass files to add
java -jar MyProgram,jar

JDK
Main-Class: com.mycompany.mypkg.MainAppClass

.Class jar
jar cvfm MyProgram.jar mainclass.mf files to add
Main-Class
JAR
e Windows Java jar javaw -jar
java javaw shell
e Solaris JAR “ 8 java-jar
* Mac OS X Jar JAR Java
JAR Java Windows
JAR Windows
.exe Windows Java JVM JVM

JSmooth http://jsmooth.

sourceforge.net Launch4J http://launch4j.sourceforge.net
http://izpack.org
http://www.javal obby.org/articles/java2exe
Macintosh
JAR Mac
developer/technical Articles/Javal P/JavaToMac3

| zPack

MRJAppBuilder
http://java.sun.com/
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10.1.3
applet
Java resource
Windows “ 8 Windows
Java
AboutPanel 10-1
about.txt
JAR
web
1 Class AboutPanel.class 10-1 JAR
2
getresource (filename) URL getimage getAudioClip
3 getResourceAsStream
about.gif

URL url = ResourceTest.class.getResource("about.gif");
Image img = Toolkit.getDefaultToolkit().getImage(url);

“ ResourceTest

about.txt

about.gif :

InputStream stream = ResourceTest.class.getResourceAsStream("about.txt");

Scanner in = new Scanner(stream);

data/text/about.txt
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10

“ /H

Windows “or

113 /H
/corejava/title.txt

corejava
web

[ 5 API
10-1

javac ResourceTest.java

jar cvfm ResourceTest.jar ResourceTest.mf #.class +.gif ».txt

java -jar ResourceTest.jar
JAR

ResourceTest. java

. import java.awt.:;

. import java.io.«;

. import java.net.x;
_import java.util.x;

. import javax.swing.x;

Jux

* @version 1.4 2007-04-30

+ @author Cay Horstmann

10, x/

11. pubYic class ResourceTest

12, {

1. public static void main(String[] args)
14. {

© ® N O o s N o

API

15. EventQueue.invokeLater(new Runnable()

16. {

17. public void run()

18. {

19. ResourceTestFrame frame = new ResourceTestFrame();
20. frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
21. frame.setVisible(true);

22, }

23. b;

JAR applet

internationalization API

JAR

JAR
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25. }

26.

27. [x%

28. = A frame that Toads image and text resources.

20 «f

30. class ResourceTestFrame extends JFrame

at. {

a2, public ResourceTestFrame()

33, {

34. setTitle("ResourceTest");

35. setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);

36, URL aboutURL = getClass().getResource("about.gif");
37. Image img = Toolkit.getDefaultToolkit().getImage(aboutURL);
38. setIconImage(img);

39.

40. JTextArea textArea = new JTextArea();

a1, InputStream stream = getClass().getResourceAsStream("about. txt");
42. Scanner in = new Scanner(stream);

43. while (in.hasNext())

44, textArea,append(in.nextLine() + "\n");

45. add(textArea);

46. }

47. -
48, public static final int DEFAULT_WIDTH = 300;
s9.  public static final int DEFAULT_HEIGHT = 300;
50, }

java.lang.Class 1.0

* URL getResource(String name) 1.1
e InputStream getResourceAsStream(String name) 1.1

URL
null I/O0
10.14
4 Java seal
com.mycompany.util
package com.mycompany.util;
JAR JAR
Sealed: true
JAR

Name: com/mycompany/util/
Sealed: true
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10

Name: com/mycompany/misc/
Sealed: false

jar cvfm MyArchive.jar manifest.mf files to add

10.2 Java Web Start

Java Web Start Internet

» Java Web Start

* Java Web Start

* Java Web Start Java
Java Web Start

Java Network Launch Protocol (JNLP)

web Jnlp
MIME

jar

Java Web Start

Java Web Start

Java Web Start

Adobe Acrobat Real Audio
JAR
web
application/x-java-jnlp-file  MIME
web

Java Web Start jakarta.apache.org/tomcat Tomcat Tomcat
servlets JSP INLP
MIME
Java Web Start 9
1 Calculator.java.
2 Calculator.mf
Main-Class: Calculator
3 JAR
jar cvfm Calculator.jar Calculator.mf «.class
4 Calculator.jnlp

<?xm] version="1.0" encoding="utf-8"?>

<jnlp spec="1.0+" codebase="http://localhost:8080/calculator/" href="Calculator.jnlp">

<information>
<title>Calculator Demo Application</title>



applet 425

<vendor>Cay S. Horstmann</vendor>
<«description>A Calculator</description>
<offline-allowed/>

</information>
<resources>
<j2se version="1.5.0+"/>
<jar href="Calculator.jar"/>
</resources>
<application-desc/>
</jnlp>

1.5.0 5.0 Java SE 6 java j2se

http://java.sun.com/
products/javawebstart/docs/devel opersguide.htm

5 Tomcat Tomcat tomcat/webapps/cal cul ator
tomcat/webapps/cal culator/WEB-INF web.xml WEB-INF

<?xml version="1.0" encoding="utf-8"?>
<web-app version="2.5" xmins="http://java.sun.com/xml/ns/j2ee"
xmIns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="http://java.sun.com/xml/ns/j2ee
http://java.sun.com/xml/ns/j2ee/web-app_2_5.xsd">

</web-app>
6 JAR web URL JNLP codebase
Tomcat tomcat/webapps/cal cul ator
7 application/x-java-jnlp-file MIME javaws
Java Web Start JDK
8 Tomcat
9 JNLP Tomcat http://localhost:8080/
calculator/Calculator.jnlp
10 Java Web Start 10-2
11 Java 10-3

10-2 Java Web Start 10-3 JavaWeb Start
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12 JNLP Java

10-4 JDK 5.0 applet Java Web Start
Windows Windows Java
jdk/jre/bin/Control Panel

10-4

JNLP web
URL

javaws -codebase file://programDirectory [NLPfile
UNIX INLP

javaws -codebase file:// pwd’ WebStartCalculator.jnlp

INLP

<shortcut>

<desktop/>

<menu submenu="Accessories"/>
</shortcut>

“ desktop integration warning”
Sun 32x 32
JNLP JAR web
information

<icon href="calc_icon32.png" width="32" height="32" />
<icon href="calc_icon64.png" width="64" height="64" />

JAR thesetl conl mage

Linux

10-5
64x 64

10-1

IJNLP
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10-5
10.2.1
Java Web Start appl et
Java Java
[ security manager
sandbox
. Java

e-mail

originating host “ ”
Java SE 6 Java Web Start

JDK
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“ Untrusted Java Applet Window Java Applet
Window ” JDK “ Unauthenticated Java
Applet Window Java Applet Window " “ Warning Java Applet
Window Java Applet Window ” “ Java Applet Window” *“ Java
Application Window”
10.2.2
Web Start
applet
I 9
Java Web Start
JNLP
<security>
<all-permissions/>
</security>
java Web Start JAR JAR
yWorks GmbH Thawte

10-6

10-6
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1
2 yWorks
3 Thawte Java Web Start Thawte
“ More Information” Java
yWorks GmbH
Java Web Start
1
2 Java Web Start
Java Web Start 10-7
10-7
Internet
web http://java.sun.com/

javase/6/docs/technotes/gui des/javaws/devel opersguide/devel opment.html
JINLP API
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10.2.3 JINLP API

INLP API
10-8 API File
10-8 JavaWeb Start
API
. JDK5.0

ServiceM anager
FileSaveService service = (FileSaveService) ServiceManager.lookup("javax.jnlp.FileSaveService");

UnavailableServiceException

JNLP API javaws.jar
JDK jre/lib

JINLP

service.saveFileDialog(".", new String[] { "txt" }, data, “calc.txt");
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InputStream 10-2
1 ByteArrayOutputStream
2 PrintStream ByteArrayOutputStream
3 PrintStream
4 ByteArraylnputStream
5 saveFileDialog
[ 1
FileOpenService openFileDialog
FileContents getlnputStream
getOuputStream openFileDialog null

FileOpenService service = (FileOpenService) ServiceManager.lookup("javax.jnlp.FileOpenService");
FileContents contents = service.openFileDialog(".", new String[] { "txt" });
if (contents != null)

{

InputStream in = contents.getInputStream();

ExtendedService

ExtendedService service = (ExtendedService) ServiceManager.lookup("javax.jnlp.ExtendedService");
FileContents contents = service.openFile(new File("c:\\autoexec.bat"));
if (contents != null)

{

OutputStream out = contents.getOutputStream();

10-9

10-9

BasicService
UNIX Linux
BasicService service = (BasicService) ServiceManager.lookup("javax.jnlp.BasicService");

if (service.isWebBrowserSupported())
service.showDocument(url);
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else . . .
PersistenceService
HTTP cookie URL URL
web
URL
codebase URL
codebase JNLP http://myserver.com/apps

http://myserver.com/apps/subkey1/subkey?/...

BasicService getCodeBase codebase
PersistenceService create

URL url = new URL(codeBase, "mykey");
service.create{url, maxSize);

get FileContents

FileContents contents = service.get(url);
InputStream in = contents.getInputStream()
OutputStream out = contents.getOutputStream(true); // true = overwrite

get FileNotFoundException

JDK 5.0 Java Web Start applet API
API

10-2

10-10

10-10 WebStartCalculator
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WebStartCalculator. java

. import java.awt.EventQueue;
. import java.awt.event.s;

. import java.io.s;

_import java.net.s;

. import javax.swing.x;

. import javax.jnlp.s;

[

+ A calculator with a calculation history that can be deployed as a Java Web Start application.
10. * @version 1.02 2007-06-12
1. = @author Cay Horstmann

© ©® N O O s ©® N

12. %/

13. public class WebStartCalculator

14 {

15 public static void main(String[] args)

S |

17, EventQueue.invokelLater(new Runnable()

18. {

19. pubTic void run()

20. {

21. CalculatorFrame frame = new CalculatorFrame();
22. frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
23. frame.setVisible(true);

24 }

25, ¥

%, }

27. }

28.

29. [xx

s. * A frame with a calculator panel and a menu to load and save the calculator history,
a1 x/

3. class (alculatorFrame extends JFrame

33, {

3. public CalculatorFrame()

35. {

36. setTitle();

a7, panel = new CalculatorPanel();

38. add(panel);

39.

40. IMenu fileMenu = new IMenu("File");

41,

a2, IMenuItem openItem = fileMenu.add("Open");

3. openltem.addActionListener(new Actionlistener()

44, {

45. public void actionPerformed(ActionEvent event)
46. {

a7, open();

48, }

49, s

50.

51. IMenuItem saveItem = fileMenu.add("Save");

52. saveltem,addActionListener(new ActionListener()

53. {

54. public void actionPerformed(ActionEvent event)

55. {
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}

[#x

*

*

5/

save();
}
3N
JMenuBar menuBar = new JMenuBar();
menuBar.add(fileMenu);
setIMenuBar(menuBar);

pack();

Gets the title from the persistent store or asks the user for the title if there is no
prior entry.

public void setTitle()

{

try

{
String title = null;

BasicService basic = (BasicService) ServiceManager.lookup("javax.jnlp.BasicService");
URL codeBase = basic.getCodeBase();

PersistenceService service = (PersistenceService) ServiceManager
.Tookup("javax.jnlp.PersistenceService");
URL key = new URL(codeBase, "title");

try
{
FileContents contents = service.get(key);
InputStream in = contents.getInputStream();
BufferedReader reader = new BufferedReader(new InputStreamReader(in));
title = reader.readlLine();
}
catch (FileNotFoundException e)
{
title = JOptionPane.showInputDialog("Please supply a frame title:");
if (title == null) return;

service.create(key, 100);
FileContents contents = service.get(key);
OutputStream out = contents.getOutputStream(true);
PrintStream printQut = new PrintStream(out);
printOut.print(title);
}
- setTitle(title);
}
catch (UnavailableServiceException e)
{
JOptionPane.showMessageDialog(this, e);
}
catch (MalformedURLException e)
{
JOptionPane.showMessageDialog(this, e);
}
catch (IOException e)
{
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120.

154.
155.
156.
157.
158.
158.
160.
161.
162,
163.
164.
165.
166.
167.
168.
169.

}

[#%
» Opens a history file and updates the display.

%/

}

JOptionPane.showMessageDialog(this, e);

public void open()

{

try
{

}

catch (UnavailableServiceException e)

{
}
catch (I0Exception e)
{

}

[ax

» Saves the calculator history to a file.

%/

FileOpenService service = (FileOpenService) ServiceManager
.Tookup("javax.jnlp.FileOpenService");
FileContents contents = service.openFileDialog(".", new String[] { "txt" });

JOptionPane.showMessageDialog(this, contents.getName());
if (contents != null)
{
InputStream in = contents.getInputStream();
BufferedReader reader = new BufferedReader(new InputStreamReader(in));
String Tine;
while ((line = reader.readlLine()) != null)
{
panel.append(line);
panel.append("\n");
}
}

JOptionPane.showMessageDialog(this, e);

J0ptionPane. showMessageDialog(this, e);

public void save()

{

try
{

}

cat

{
}

ByteArrayQutputStream out = new ByteArrayQutputStream();

PrintStream printOut = new PrintStream(out);

printOut.print(panel.getText());

InputStream data = new ByteArrayInputStream(out.toByteArray());

FileSaveService service = (FileSaveService) ServiceManager
.Tookup("javax.jnlp.FileSaveService");

service.saveFileDialog(".", new String[] { "txt" }, data, "calc.txt");

ch (UnavailableServiceException e)

JOptionPane.showMessageDialog(this, e);



436

10

170. catch (IOException e)

171, {

172, JOptionPane.showMessageDialog(this, e);
173, }

174}

175.

6.  private CalculatorPanel panel;

177. }

1

3

javax. jnlp.ServiceManager

e static String[] getServiceNames()

» static Object lookup(String name)

javax.jnlp.BasicService

* URL getCodeBase()
codebase
* boolean isWebBrowserSupported()
Web Start true
e boolean showDocument(URL url)
URL

jJavax.jnlp._FileContents

e InputStream getlnputStream()

e QutputStream getOutputStream(boolean overwrite)
overwrite true

« String getName()

* boolean canRead()
* boolean canWrite()
true

Javax.jnlp.FileOpenService

true

e FileContents openFileDialog(String pathHint, String[] extensions)
e FileContents[] openMultiFileDialog(String pathHint, String[] extensions)

null
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Javax.jnlp_FileSaveService

» FileContents saveFileDialog(String pathHint, String[] extensions, InputStream
data, String nameHint)

*FileContents saveAsFileDialog(String pathHint, String[] extensions,
FileContents data)

null

jJavax. jnlp.PersistenceService

» long create(URL key, long maxsize)
e void delete(URL key)
e String[] getNames(URL url)

URL

* FileContents get(URL key)

FileNotFoundException

10.3 Applet

Applet HTML Java HTML
applet applet applet

applet
Internet applet
applet Sun HotJava appl et
web Netscape Java
applet IE
Netscape Java Java
Sun Java Plug-in
Sun Java
Java applet Java
Java Plug-in Java Plug-in

applet http://java.sun.com/getjava
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10.3.1 applet
NotHelloWorld  applet applet
java.applet.Applet Java Swing applet. applet
JApplet Swing applets 10-11 JApplet Applet
10-11 Applet
applet Swing JApplet Applet Swing

10-3 “ Not Hello World”  applet

7 appl et
appl et
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NotHel loWorldApplet. java

/x
= The following HTML tags are required to display this applet in a browser: <applet
x code="NotHe1loWor1dApplet.class" width="300" height="100"> </applet>

*/

. import java.awt.s;
. import javax.swing.«;

© @ NP o s N o

[
* @version 1.22 2007-06-12

1.+ @author Cay Horstmann

12. %/

13. public class NotHelloWorldApplet extends JApplet

14 {

15, public void init()

16. {

17. EventQueue.invokeLater{new Runnable()

18. {

19. public void run()

20. {

21, JLabel Tabel = new JLabel("Not a Hello, World applet", SwingConstants.CENTER);
22, add(label);

applet
1 Java

2 HTML applet
HTML applet
NotHelloWorldApplet.html

<applet code="NotHelloWorldApplet.class" width="300" height="300">

</applet>
applet JDK applet
applet viewer applet
applet
appletviewer NotHelloWorldApplet.htm]
Applet HTML
class 10-12 applet applet 1012 applet applet
HTML applet



<applet code="MyApplet.class" width="300" height="300">
</applet>

x/

public class MyApplet extends JApplet

applet
appletviewer NotHelloWorldApplet.java
applet Eclipse Run- Run as- Java
Applet
Applet applet
appl et applet HTML
HTML applet appl et
applet HTML 10-13
appl et Java Plug-in
10-13  applet applet
applet
HTML applet Java
X HTML
applet Windows Windows Java Plug-in
Linux jeontrol Java applet
10.3.2 applet
Java applet
applet
1 HTML appl et
2 JApplet apple

3 main
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4 applet init applet
init
5 setSize applet HTML width height
6 setDefaultCloseOperation applet
7 setTitle Applet
HTML title
8 setVisible(true) Applet
applet

jJava.applet.Applet 1.0
svoid init()

applet
*void start()

appl et

e void stop()
appl et

e void destroy()

e void resize(int width, int height)
applet

10.3.3 Applet HTML

applet
<applet code="NotHelloWor1dApplet.class" width="300" height="100">
code .Class width height
applet </applet> applet
HTML <applet> </applet> applet
code width height applet
HTML
<html>
<head>
<title>NotHelloWor1dApplet</titles
</head>

<body>
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<p>The next Tine of text is displayed under the auspices of Java:</p>
<applet code="NotHelloWorldApplet.class" width="1080" height="100">
If your browser could show Java, you would see an applet here.
</applet>
</body>
</html>

appl et
e width, height
applet applet
applet applet
applet applet

«align
applet HTMLimg align
e vspace, hspace
applet vspace hspace
* code
applet codebase
codebase
applet applet com.mycompany
“ com/mycompany/MyApplet.class” code="
mycompany.MyApplet.class”
codebase
code applet applet
applet

code=

code object
 codebase
URL URL
URL

aDirectory/
MyPage. htm]
myApplets/
L_ MyApplet.class

MyPage.html
<applet code="MyApplet.class" codebase="myApplets” width="100" height="150">

e archive
JRA applet

applet

com.
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HTTP JAR JAR

<applet code="MyApplet.class"
archive="My(lasses.jar,corejava/CoreJavaClasses.jar"
width="100" height="150">

e object
serialized appl et
[ 1
appl et
init applet start appl et stop
appl et

applet code object
<applet object="MyApplet.ser" width="100" height="150">
* name
appl et name
applet Netscape Internet Explorer JavaScript applet
JavaScript JavaScript

Java

JavaScript Netscape
LiveScript Java Java
JavaScript ECMAScript ECMA-262

Netscape Microsoft
JavaScript The Definitive Guide

O’'Reilly & Associates David Flanagan

JavaScript applet

<applet code="MyApplet.class" width="100" height="150" name="mine">
</applet>

document.appl ets.appletname
var myApplet = document.applets.mine;

Netscape Internet Explorer Java JavaScript appl et

myApplet.init();
applet name
applet AppletContext getApplet
applet inter-applet communication
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http://www.javaworld.com/javatips/jw-javatip80.html Francis Lu
JavaScript Java applet width
height Java JavaScript
calt
Java alt

<applet code="MyApplet.class" width="100" height="150"
alt="If you activated Java, you would see my applet here">

applet applet param <applet>
</applet> Java
<applet> </applet>

<applet code="MyApplet.class” width="100" height="150">
If your browser could show Java, you would see my applet here.
</applet>

10.3.4 Object

Object HTML 4.0 W3 appl et Object 35
onkeydown HTML
align height appl et Java appl et object
classid object
Java applets ActiveX JavaPlug-in codetype
Java applet application/java Java applet
object
<object

codetype="application/java"
classid="java:MyApplet.class"
width="100" height="150">

classid codebase applet
10.3.5 applet

applet HTML
param HTML applet
HTML

<applet code="FontParamApplet.class" width="200" height="200">
<param name="font" value="Helvetica"/>
</applet>

Applet getParameter

public class FontParamApplet extends JApplet
{



applet

445

public void init()
{

String fontName = getParameter{"font");

applet init getParameter

applet applet
applet

Integer
size HTML

<applet code="FontParamApplet.class” width="200" height="200">
<param name="font" value="Helvetica"/>
<param name="size" value="24"/>

</applet>

pubtic class FontParamApplet extends JApplet
{
public void init()
{
String fontName = getParameter("font");
int fontSize = Integer.parselnt(getParameter("size"});

param getParameter

size
null

int fontsize;

String sizeString = getParameter("size");

if (sizeString == null) fontSize = 12;

else fontSize = Integer.parselnt(sizeString);

applet applet

<applet code="Chart.class" width="400" height="300">
<param name="title" value="Diameters of the Planets"/>
<param name="values" value="9"/>
<param name="name.1" value="Mercury"/>
<param name="name.2" value="Venus"/>
<param name="name.3" value="Earth"/>
<param name="name.4" value="Mars"/>

init

parsel nt

10-14
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<param
<param
<paran
<param
<param
<param
<param
<param
<param
<param
<param
<param
<param
<param
</applet>

name="name.5" value="Jupiter"/>
name="name.6" value="Saturn"/>
name="name.7" value="Uranus"/>
name="name.8" value="Neptune"/>
name="name.9" value="Pluto"/>
name="value,1" value="3100"/>

name="value.2"
name="value.3"
name="value.4"
name="value.5"
name="value.6"
name="value.7"
name="value.8"
name="value.9"

applet

10-4

T

value="7500"/>
value="8000"/>
value="4200"/>
value="88000"/>
value="71000"/>
value="32000"/>
value="30600"/>
value="1430"/>

applet

applet

JavaBeans

JavaBean

applet

art.java

1. import java.awt.x;
2. import -java.awt.font.x;

a. import

java.awt.geom.+;

10-14

init

applet

Java
beans

appl et

paintComponent

applet
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import javax.swing.s;

4.
5.
6. [#x

7. « @version 1.33 2007-06-12
8. = @author Cay Horstmann

9

&

: public class Chart extends JApplet

(=)

1. {

12 public void init()

1 {

14, EventQueue.invokeLater(new Runnable()

15.

16. public void run()

17. {

18. String v = getParameter("values");
19. if (v == nu11) return;

20. int n = Integer.parselnt(v);

21. double[] values = new double[n];
22. String[] names = new String[n];

23. for (int i =0; 1 <n; i++)

24, {

25. values[i] = Double.parseDouble(getParameter("value.” + (i + 1)));
2. names{i] = getParameter("name." + (i + 1));
27. }

28.

29. add(new ChartComponent(values, names, getParameter("title")));
30. }

31, b;

32 }

a3, }

34.

35, [

3. * A component that draws a bar chart.

a7,/

as. class ChartComponent extends JComponent

39. {

4. fux

a1, + Constructs a ChartComponent.

42, + @aram v the array of values for the chart
43, « @aram n the array of names for the values
44, + @param t the title of the chart

45, %/

4. public ChartComponent(double[] v, String[] n, String t)
47. {

48. values = v;

49. names = n;

50. title = t;

51. }

52.

53 public void paintComponent(Graphics g)

sa. |

55. Graphics2D g2 = (Graphics2D) g;

56.

57. // compute the minimum and maximum values
s8. if (values == null) return;

59. double minValue = 0;

60. double maxvalue = 0;

61. for (double v : values)
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82.
63.

65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81,
82.
83.
84,
85.
86.
87.
88.
89.

1.
92.
93.
94,
95.
96.
97.
98.
99.

101.
102.
103.
104.
105.
106.
107.
108.
109.
110
11,
112,
113
114.
115,
116.
17.
118.
119.

{ :
v
v;

if (minvalue > v) minValue
if (maxValue < v) maxValue

if (maxvValue == minValue) return;

int panelWidth = getWidth();
int panelHeight = getHeight();

Font titleFont = new Font("SansSerif", Font.BOLD, 20);
Font labelFont = new Font("SansSerif", Font.PLAIN, 10);

// compute the extent of the title

FontRenderContext context = g2.getFontRenderContext();

Rectangle2D titleBounds = titleFont.getStringBounds(title, context);
double titleWidth = titleBounds.getWidth();

doubTe top = titleBounds.getHeight();

// draw the title

double y = -titleBounds.getY(); // ascent
double x = (panelWidth - titleWidth) / 2;
g2.setFont(titleFont);

g2.drawString(title, (float) x, (float) y);

// compute the extent of the bar labels
LineMetrics TabelMetrics = labelFont.getLineMetrics(
double bottom = labeIMetrics.getHeight();

e

, context);

y = panelHeight - labelMetrics.getDescent();
g2.setFont(labelFont);

// get the scale factor and width for the bars
double scale = (panelHeight - top - bottom) / (maxValue - minValue);
int barWidth = panelWidth / values.length;

// draw the bars
for (int i = @; i < values.length; i++)
{
// get the coordinates of the bar rectangle
double x1 = i = barWidth + 1;
double y1 = top;
double height = values[i] = scale;
if (values{i] >= 0) yl += (maxValue - values[i]) « scale;
else
{
yl += maxValue « scale;
height = -height;
}

// fi11 the bar and draw the bar outline

Rectangie2D rect = new Rectangle2D.Double(x1, y1, barWidth - 2, height);
g2.setPaint(Color.RED);

g2.fill(rect);

g2.setPaint(Color.BLACK);

g2.draw(rect);

// draw the centered label below the bar
Rectangle2D TabelBounds = TlabelFont.getStringBounds(names[i], context);
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120.

121, double TabelWidth = TabelBounds.getWidth();
122, x = X1 + (barWidth - TabelWidth) / 2;

123, g2.drawString(names[i], (float) x, (float) y);
124, }

125, }

126.

127. private double[] values;
128, private String[] names;
120 private String title;
130. }

jJava.applet.Applet 1.0

e public String getParameter(String name)
applet param
* public String getAppletinfo()

applet applet
applet
e public String[][] getParameterinfo()
applet param

"fps", "1-10", "frames per second"

"repeat”, "boolean", "repeat image loop?"

non

"images", "url", "directory containing images"
10.3.6
Applet GIF PNG JPEG
AU AIFF WAV MIDI GIF
URL getDocumentBase
getCodeBase URL applet HTML URL

applet codebase URL

Java SE Java bug parade
#4456393 (http://bugs.sun.com/bugdatabase/index.jsp) JDK 5.0
getimage getAudioClip URL

Image cat = getImage(getCodeBase(), "images/cat.gif");
AudioClip meow = getAudioClip(getCodeBase(), "audio/meow.au");

7 play
Applet play

play(getCodeBase(), "audio/meow.au");
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java.applet.Applet 1.0
* URL getDocumentBase()
applet URL
« URL getCodeBase()
codebase URL applet URL codebase
URL codebase HTML
*void play(URL url)
evoid play(URL url, String name)
URL
URL
e AudioClip getAudioClip(URL url)
e AudioClip getAudioClip(URL url, String name)
URL
URL null
« Image getlmage(URL url)
e Image getlmage(URL url, String name)
URL
null
10.3.7 Applet
Applet applet Applet
applet applet applet
applet getAppletContext
AppletContext AppletContext
appl et getAudioClip getimage AppletContext
1. Applet
applet codebase applet
HTML applet name AppletContext
getApplet applet HTML

<applet code="Chart.class" width="100" height="100"

name="Chart1l">
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Applet chartl = getAppletContext().getApplet("Chartl");

applet Chart

((Chart) chartl).setData(3, "Earth", 9000);

URL

applet name getApplets
enumeration object 13
applet
Enumeration<Applet> e = getAppletContext().getApplets();
while (e.hasMoreElements())
{
Applet a = e.nextElement();
System.out.printIn(a.getClass().getName());
}
Applet appl et
2.
AppletContext
showStatus
showStatus("Loading data . . . please wait");
showStatus
Applet running applet
“ Loading data . . . please wait,”
showDocument
showDocument
URL u = new URL("http://java.sun.com/index.htm1");
getAppletContext().showDocument(u);
applet
applet Back
showDocument
10-2 “ _blank”
HTML
appl et
Sun applet showDocument applet



452

10

10-2 showDocument

“ _self”

“ _parent”
“ top”

“ _blank”

none

3. applet

applet

applet
Java

10-15 10-16

10-15 Applet

GUI
applet
applet

public class AppletFrame extends JFrame

{

setVisible appet

public AppletFrame(Applet anApplet)

{
applet = anApplet;
add{applet);

}

Java

applet applet

10-16

setVisible(true)
AppletFrame

applet



applet 453

applet/ main AppletFrame
class MyAppletApplication extends MyApplet
{

public static void main(String args(])

{
AppletFrame frame = new AppletFrame(new MyApplet());
frame.setTitle("MyAppletApplication™);
frame.setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT):

frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setVisible(true);

applet

applet init start AppletFrame
setVisible

public void setVisible(boolean b)
{
if (b)
{
applet.init();
super.setVisible(true);
applet.start();
}
else
{
applet.stop();
super.setVisible(false);
applet.destroy();
}
}

getAppletContext
null

getAppletContext().showStatus(message);

AppletStub
AppletContext AppletStub applet applet applet
Applet setStub

pubTic class AppletFrame extends JFrame

implements AppletStub, AppletContext
{

// AppletStub methods

public boolean isActive() { return true; }

pubTic URL getDocumentBase() { return null; }

public URL getCodeBase() { return null; }

public String getParameter(String name) { return ""; }
public AppletContext getAppletContext() { return this; }



public void appletResize(int width, int height) {}

// AppletContext methods

public AudioClip getAudioClip(URL url) { return null; }
public Image getImage(URL url) { return Toolkit.getDefaultToolkit().getImage(url); }
public Applet getApplet(String name) { return null; }
public Enumeration<Applet> getApplets() { return null; }
public void showDocument(URL url) {}

pubtic void showDocument(URL url, String target) {}
public void showStatus(String status) {}

public void setStream(String key, InputStream stream) {}
public InputStream getStream(String key) { return null; }
public Iterator<String> getStreamKeys() { return null; }

applet setStub applet

public AppletFrame(Applet anAppiet)

{
applet = anApplet
Container contentPane = getContentPane();
contentPane.add(applet);
applet.setStub(this);

applet
applet HTML

10-5 10-6 appl et

appletviewer NotHelloAppletApplication.java
java NotHelloAppletApplication

AppletFrame.java

. import java.awt.:;

. import java.applet.:;
. import java.io.s;

. import java.net.s;

. import java.util.s;

. import javax.swing.«;

© ® N O N A W =

[
» @version 1.32 2007-06-12

.« @author Cay Horstmann

1. %/

12. public class AppletFrame extends JFrame implements AppletStub, AppletContext

=]

12, public AppletFrame(Applet anApplet)

15 |

16. applet = anApplet;

17, add(applet);

18. applet.setStub(this);
19. }

21, public void setVisible(boolean b)
2. {
23, if (b)
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{
applet.init();
super.setVisible(true);
applet.start();

else
{
applet.stop();
super.setVisible(false);
applet.destroy();
}
}

// AppletStub methods
public boolean isActive()

{

return true;

}
pubTic URL getDocumentBase()
{
return null;
}
public URL getCodeBase()
{
return null;
}
public String getParameter(String name)
{
return "";
}
public AppletContext getAppletContext()
{
return this;
}
public void appletResize(int width, int height)
{
}

// AppletContext methods

public AudioClip getAudioCTip(URL url)

{

return null;
}

public Image getImage(URL url)
{

}

return Toolkit.getDefaultToolkit().getImage(url);

public Applet getApplet(String name)

{

return null;

}
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83, public Enumeration<Applet> getApplets()

84. {
85. return null;
8. }

gs.  public void showDocument(URL url)
89. {
90. }

92.  public void showDocument(URL url, String target)

93. {

9a. }

95.

96.  public void showStatus(String status)

97. {

9.}

99.

100.  public void setStream(String key, InputStream stream)
101. |

102.  }

104.  public InputStream getStream(String key)

105, {

106. return null;

7.}

108.

100.  public Iterator<String> getStreamKeys()
110. |

1. return null;

112, }

private Applet applet;

=

115. }

AppletApplication.java
e

» The applet viewer reads the tags below if you call it with appletviewer AppletApplication.java
* No separate HTML file is required. <applet code="AppletApplication.class"

+ width="200" height="200">

x </applet>

x/

1
2
3
4
5.
6
7.
s import java.awt.EventQueue;
9,

10. import javax.swing.s;

12. [ .

.« It's an applet. It's an application. It's BOTH!

14+ @version 1,32 2007-04-28

15. % @uthor Cay Horstmann

6. %/

17. public class AppletApplication extends NotHelloWorldApplet
18. {

19.  public static void main(String[] args)

20. {



applet 457

21, EventQueue.invokelater(new Runnable()

22, {

23. public void run()

24. {

25, AppletFrame frame = new AppletFrame(new NotHelloWorldApplet());
26. frame.setTitle("NotHelloWorldApplet");

27. frame.setSize(DEFAULT_WIDTH, DEFAULT_HEICHT);

28. frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
29. frame.setVisible(true);

30. }

a1, b

a2, }

33.

s¢.  public static final int DEFAULT_WIDTH = 200;
3. public static final int DEFAULT_HEIGHT = 200;
36. }

jJava.applet.Applet 1.2

e public AppletContext getAppletContext()
applet

applet
e void showStatus(String msg)

java.applet.AppletContext 1.0

» Enumeration <Applet> getApplets()
applet 13
» Applet getApplet(String name)
applet null
e void showDocument(URL url)
e void showDocument(URL url, String target)

target 10-2

10.4

JavaSE 1.4

104.1

property map /
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Java Properties

Properties settings = new Properties();
settings.put("width", "200");
settings.put("title", "Hello, World!");

store
Myprog.properties

FileOutputStream out = new FileQutputStream("program.properties");
settings.store(out, "Program Properties");

#Program Properties

#Mon Apr 30 07:22:52 2007
width=200

title=Hello, World!

FileInputStream in = new FileInputStream("program.properties");
settings.load(in);

UNIX

System.getProperties Properties
user.home

String userDir = System.getProperty("user.home");

Properties

String title = settings.getProperty("title", "Default title");

title title title Default title
getProperty

Properties defaultSettings = new Properties();
defaultSettings.put("width”, "300");
defauTtSettings.put("height", "200");
defaultSettings.put("title", "Default title");

Properties settings = new Properties(defaultSettings);

defaultSettings
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10-7
.corejava/program.properties

window.main.color

window.main.title Properties
Preferences

PropertiesTest. java

. import java.awt.EventQueue;
- import java.awt.event.x;

. import java.io.x;

. import java.util.Properties;

. import javax.swing.;

[xx

* A program to test properties. The program remembers the frame position, size, and title.
10. * @version 1.00 2007-04-29

1.« @author Cay Horstmann

© ® N o o oA N oo

12. %/

13. public class PropertiesTest

14 {

15, public static void main(String[] args)

6 {

17. EventQueue.invokelLater(new Runnable()

18. {

19. public void run()

20. {

21. PropertiesFrame frame = new PropertiesFrame();
22. frame.setVisible(true);

23. }

24, b;

25}

2. }

27.

28. [#%

20. « A frame that restores position and size from a properties file and updates the properties
3. # upon exit.

at. #/

a2. class PropertiesFrame extends JFrame

33. {

aa.  public PropertiesFrame()

s {

36. // get position, size, title from properties

37.

38. String userDir = System.getProperty("user.home");

30. File propertiesDir = new File(userDir, ".corejava");
40. if (!propertiesDir.exists()) propertiesDir.mkdir();
41, propertiesFile = new File(propertiesDir, "program.properties”);
42.

43 Properties defaultSettings = new Properties();

4a. defaultSettings.put("Teft", "0");
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45. defaultSettings.put("top", "@");
46. defaultSettings.put("width", "" + DEFAULT_WIDTH);
7. defaultSettings.put("height", "" + DEFAULT_HEIGHT);
48. defaultSettings.put("title", "");
49.
50. settings = new Properties(defaultSettings);
51,
52, if (propertiesFile.exists()) try
53. {
54. FileInputStream in = new FileInputStream(propertiesFile);
55. settings.load(in);
56. }
57. catch (IOException ex)
58. {
59, ex.printStackTrace();
60. }
61. .
62. int left = Integer.parseInt(settings.getProperty("left"));
63. int top = Integer.parselnt(settings.getProperty("top"));
64. int width = Integer.parselnt(settings.getProperty("width"));
65. int height = Integer.parselnt(settings.getProperty("height"));
66. setBounds(left, top, width, height);
67.
68. // if no title given, ask user
69.
70. String title = settings.getProperty("title");
7. if (title.equals("")) title = JOptionPane.showInputDialog("Please supply a frame title:");
72. if (title == null) title = "";
73. setTitle(title);
74.
75. addwindowListener(new WindowAdapter()
76. {
77. public void windowClosing(WindowEvent event)
78. {
79. settings.put("left", "" + getX());
80. settings.put("top", "" + getY());
81. settings.put("width", ™" + getWidth());
82. settings.put("height", "" + getHeight());
83. settings.put("title", getTitle());
84. try
8s. {
86. FileOutputStream out = new FileOutputStream(propertiesFile);
87. settings.store(out, "Program Properties");
88. }
89. catch (IOException ex)
90. {
91. ex.printStackTrace();
0. }
93. System.exit(0);
9. }
95. i
% }
9q7.
98.  private File propertiesFile;
99.  private Properties settings;
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101.  public static final int DEFAULT_WIDTH = 300;
102, public static final int DEFAULT_HEIGHT = 200;
103. }

java.util.Properties 1.0

* Properties()

* Properties(Properties defaults)

defaults
» String getProperty(String key)

null
key
» String getProperty(String key, String defaultValue)

key
defaultValue
e void load(InputStream in) throws I0Exception

in
* void store(OutputStream out, String header) 1.2

out
header

java.lang.System 1.0

* Properties getProperties()

» String getProperty(String key)

java.version
java.vendor
java.vendor.url
java.class.version
0S.narme

0s.version

0s.arch
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file.separator

path.separator

line.separator
java.specification.version
java.vm.specification.version
java.vm.specification.vendor
java.vm.specification.name
java.vm.version
java.vm.vendor

java.vm.name

Java security/java. policy

10.4.2 Preferences API

Properties
. Windows 9x
. Java
Microsoft

Windows Java SE 1.4 Preferences Windows
Preferences Linux

Preferences

Preferences /com/mycompany/myapp

API

API

Preferences

Preferences root = Preferences.userRoot();

Preferences root = Preferences.systemRoot();

Preferences node = root.node("/com/mycompany/myapp");
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Preferences node = Preferences.userNodeForPackage{obj.getClass(});

Preferences node = Preferences.systemNodeForPackage(obj.getClass());

obj this

String get(String key, String defval)

int getInt(String key, int defval)

Tong getlong(String key, Tong defval)

float getFloat(String key, float defval)
double getDouble(String key, double defval)
boolean getBoolean(String key, boolean defval)
byte[] getByteArray(String key, byte[] defval)

put

put(String key, String value)
putInt(String key, int value)

String[] keys

Windows

Preferences

void exportSubtree{QutputStream out)
void exportNode(OQutputStream out)

XML

void importPreferences(InputStream in)

<?xml version="1.0" encoding="UTF-8"7>

<!DOCTYPE preferences SYSTEM "http://java.sun.com/dtd/preferences.dtd">

<preferences EXTERNAL_XML_VERSION="1.0">
<root type="user">
<map/>
<node name="com">
<map/>
<node name="horstmann">
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<map/>
<node name="corejava">
<map>
<entry key="left" value="11"/>
<entry key="top" value="9"/>
<entry key="width" value="453"/>
<entry key="height" value="365"/>
<entry key="title" value="Hello, World!"/>
</map>
</node>
</node>

</node>
</root>
</preferences>

10-8

PreferencesTest. java

33.

© @ N P o s ® N o=

35.

_import java.awt.EventQueue;
_import java.awt.event.«;
. import java.io.s;
_import java.util.prefs.«;
. import javax.swing.s;
[ux
+ A program to test preference settings. The program remembers the frame position, size,
+ and title.
* @version 1.02 2007-06-12
» @author Cay Horstmann
%/
- public class PreferencesTest
A
public static void main(String[] args)
{
EventQueue.invokelLater(new Runnable()
{
public void run()
{
PreferencesFrame frame = new PreferencesFrame();
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame,setVisible(true);
}
13N
}
}
[
% A frame that restores position and size from user preferences and updates the preferences
% upon exit.
x/
. class PreferencesFrame extends JFrame
A

public PreferencesFrame()
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36.
37.
38.
39.
40.
41,
42,
43.
44,
45,
4.
47.
48.
49.
50.
51,
52,
53.
54,
55.
56.
57.
58.

59,
60.
61.
62.
83.

65.
66.
67.
68.
69,
70.
71.
72.
73.
74.
75.
76.

78.
79.
80.
81,
82,
83.
84,
85.
86.
87.
88.
89.
90.
9.
92,

// get position, size, title from preferences

Preferences root = Preferences.userRoot();

final Preferences node = root.node("/com/horstmann/corejava");
int left = node.getInt("left", 0);

int top = node.getInt("top", 0);

int width = node.getInt("width", DEFAULT_WIDTH);

int height = node.getInt("height", DEFAULT_HEICHT);
setBounds(Teft, top, width, height);

// if no title given, ask user

String title = nOde-get("t'iﬂe", ..,.);

if (title.equals("")) title = JOptionPane.showInputDialog("Please supply a frame title:");

if (t1t]e == nu.”) title = uu;
setTitle(title);

// set up file chooser that shows XML files

final JFileChooser chooser = new JFileChooser();
chooser.setCurrentDirectory(new File("."));

// accept all files ending with .xml
chooser.setFileFilter(new javax.swing.filechooser.FileFilter()

{

B;

public boolean accept(File f)

{
}

return f.getName().tolLowerCase().endsWith(".xm1") || f.isDirectory();

public String getDescription()

{
}

return "XML files";

// set up menus

IMenuBar menuBar = new JMenuBar();
setIMenuBar(menuBar);

IMenu menu = new IMenu("File");
menuBar.add(menu);

IMenuItem exportItem = new IJMenuItem("Export preferences");
menu.add(exportItem);
exportItem.addActionListener(new ActionListener()

{

public void actionPerformed(ActionEvent event)

{

if (chooser.showSaveDialog(PreferencesFrame.this) == JFileChooser.APPROVE_OPTION)

{

try

{

}

QutputStream out = new FileQutputStream(chooser.getSelectedFile());
node.exportSubtree(out);
out.close();
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93, catch (Exception e)
94. {
95, e.printStackTrace();
96. }
97. }
98. }
9. 1
100.
101. IMenultem importItem = new JMenuItem("Import preferences");
102. menu.add(importItem);
103, importItem.addActionListener(new ActionListener()
104. {
105. public void actionPerformed(ActionEvent event)
106. {
107. if (chooser.showOpenDialog(PreferencesFrame.this) == JFileChooser.APPROVE_OPTION)
108. ) {
109. try
110. {
" InputStream in = new FileInputStream(chooser.getSelectedFile());
112. Preferences.importPreferences(in);
113. in.dose();
114, }
115. catch (Exception e)
116, {
17. e.printStackTrace();
118. }
119. }
120. }
121. 1);
122.
123, IMenuItem exitItem = new JMenultem("Exit");
124, menu.add(exitItem);
125. exitItem.addActionListener(new ActionListener()
126. {
127. public void actionPerformed(ActionEvent event)
128, {
129, node.putInt("left", getX());
130. node.putInt("top", getY());
131. node.putInt("width", getWidth());
132. node.putInt("height", getHeight());
133, node.put("title", getTitle());
134, System.exit(0);
135, }
136. s
137. }
138.

130.  public static final int DEFAULT_WIDTH = 300;
1a0.  public static final int DEFAULT_HEIGHT = 200;

141, }

java.util.prefs.Preferences 1.4

» Preferences userRoot()
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* Preferences systemRoot()

* Preferences node(String path)
path

» Preferences userNodeForPackage(Class cl)
» Preferences systemNodeForPackage(Class cl)

e String[] keys(Q)

e String get(String key, String defval)

e int getInt(String key, int defval)

» long getLong(String key, long defval)

» float getFloat(String key, float defval)

e double getDouble(String key, double defval)

* boolean getBoolean(String key, boolean defval)
* byte[] getByteArray(String key, byte[] defval)

evoid put(String key, String value)

e void putlnt(String key, int value)

* void putLong(String key, long value)

e void putFloat(String key, float value)

e void putDouble(String key, double value)

e void putBoolean(String key, boolean value)

e void putByteArray(String key, byte[] value)
/

e void exportSubtree(OutputStream out)

* void exportNode(OutputStream out)

e void importPreferences(lnputStream in)

Java

cl
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A A

A A

A A

A

bug
Java
Java
exception handing Java C++ Delphi
1 Java
2
3 Java SE
Java IDE

11.1

Java
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URL
null 10 Applet getParameter
null
1 1
Java
throw

exception handler
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11.1.1
Java
Java
11-1 Java
11-1 Java
Throwable
Error EXxception
Error Java
Java Exception

RuntimeException
RuntimeException

RuntimeException

RuntimeException

. URL
. Class
RuntimeException

Throwable

/0
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ArraylndexOutOf BoundsException
NullPointerException

URL URL “

” URL Netscape
mailto:URL applet “ ”

Java Error RuntimeException unchecked

checked
RuntimeException
C++ C++ C++
runtime_error logic_error logic_error Java
RuntimeException runtime_error
Java RuntimeException
11.1.2
Java
|OException
FilelnputStream
12
public FileInputStream(String name) throws FileNotFoundException
String FilelnputStream
FileNotFoundException

FilelnputStream FileNotFoundException

FileNotFoundException
throws throws
1 FilelnputStream
2 throw

throw
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3 a 1]=0 ArraylndexOutOf BoundsException

4 Java

Java exception specification

class MyAnimation

{

public Image ToadImage(String s) throws IOException
{

}
}

class MyAnimation

{

public Image loadImage(String s) throws EQFException, MalformedURLException
{

}
}

Java Error

RuntimeException

class MyAnimation

{

void drawImage(int i) throws ArrayIndexOutOfBoundsException // bad style
{

}
}

Error
RuntimeException

throws
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JComponent.paintComponent

paintComponent
FilelnputStream |OExcetion
|OException |OException
FileNotFoundException
C++ Java throws C++ throw
C++ throw
throw
unexpected
C++ throw
throws
11.1.3
readData
Content-length: 1024
733
|OEXxception
Java API EOFException “
EOF ”

throw new EOFException();

EOFException e = new EOFException();
throw e;

String readData(Scanner in) throws EOFException

{
while (. )

{
if (!in.hasNext()) // EOF encountered

C++

Java
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if (n < len)
throw new EOFException();

}

return s;

}
EOFException

String gripe = "Content-length: " + len + ", Received: " + n;

throw new EQFException(gripe);

C++ C++ Java
Throwable C++

1114

Exception | OException

Throwable toString

class FileFormatException extends IOException

{
public FileFormatException() {}

public FileFormatException(String gripe)

{

}
}

super(gripe);

String readData(BufferedReader in) throws FileFormatException

{

while (. )
{
if (ch == -1) // EOF encountered

{
if (n < len)

Java

Exception
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throw new FileFormatException();

}

return s;

}

java.lang.Throwable 1.0

e Throwable()
Throwable

* Throwable(String message)
throwable

e String getMessage()

try/catch

Throwable
11.2
try
{
code
nore code
niore code
}
catch (ExceptionType e)
{
handler for this type
}
try
1 try
catch
try

public void read(String filename)

catch

catch

try

catch

applet

application
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{

try

{
InputStream in = new FileInputStream{filename);
int b;
while ((b = in.read(}) '= -1)
{

process input

}

}

catch (IOException exception)

{

exception.printStackTrace();
}
}

try
Java API read
while catch

read
|OException

public void read(String filename} throws IOException
{
InputStream in = new FileInputStream(filename);
int b;
while ((b = in.read()) 1= -1)
{

process input
b
1

throws

Java API
throws

JComponent

|OException

read

throws

paintComponent
throws
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C++ Java C++
catch (Exception e) // Java

catch (Exception& e) // C++

Java C++ catch()

1121

try
catch
try
{
code that might throw exceptions
zatch (MalformedURLException el)
{ emergency action for malformed URLs
catch (UnknownHostException e2)
{ emergency action for unknown hosts

}
catch (IOException e3)

emergency action for all other I/O problems
el,e2,e3

e3.getMessage()

e3.get(lass().getName()

11.2.2

catch

ServletException

servlet

try
{

access the database

}

Java

servlet
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catch (SQLException e)

{

throw new ServletException("database error: " + e.getMessage());
}

ServleException Java SE 1.4

try
{

access the database
H
catch (SQLException e)
{

Throwable se = new ServletException(“database error");
se.initCause(e);
throw se;

}

Throwable e = se.getCause();

ClassNotFoundException InvocationTargetException

RuntimeException Java SE1.4 u“
getCause
11.2.3 Finally
Java finally Graphics
Java 1 4
fianlly

Graphics g = image.getGraphics();
try
{

/1
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code that might throw exceptions
/12
}
catch (IOException e)
£
/]3
show error dialog
/14
}
finally
{
/15
g.dispose();
}
/76

finally
2 5 6

2 catch
try

catch

1 3 4 5 6

try

catch

finally
try finally

InputStream in = ...;
try
{

code that might throw exceptions

}
finally
{
in.close();

}
try

finally

try

catch

try

catch

fianlly

catch

try
|OException
try
finally
try
1
try
in.close()
catch

fianlly
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try/catch try/finally

InputStream in = ...;
try
{

try

{

code that might throw exceptions

}
finally

{

in.close();

}
1
catch (IOException e)

{

show error dialog

}
try try

fianlly

finally return return
try finally finally
return

public static int f{int n)

{
try

{
intr=n=«n;
return r;

1
finally

{
if (n == 2) return @;

}
}

f(2) try r=4 return
finally finally 0

finally
12

InputStream in = ...;
try
{

code that might throw exceptions
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11.2.4

}
finally
{

in.close();
}

try |OException
finally close close
| OException | OException
finally

dispose close InputStream

C++ C++ Java Java

C++ Java finally

Java
stack trace
Java
Java SE 1.4 Throwable printStackTrace
getStackTrace StatckTraceElement

Throwable t = new Throwable();
StackTraceElement[] frames = t.getStackTrace();
for (StackTraceElement frame : frames)

analyze frame

StackTraceElement
toString
Java SE 5.0 Thread.getAllStackTrace

Map<Thread, StackTraceElement[]> map = Thread.getAl1StackTraces();
for (Thread t : map.keySet())

{
StackTraceETement[] frames = map.get(t);
analyze frames
}
Map 13 14
11-1 factorial(3)
factorial(3):

StackTraceTest. factorial{StackTraceTest. java:18)
StackTraceTest.main(StackTraceTest. java: 34)
factorial(2):
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StackTraceTest. factorial(StackTraceTest.java:18)
StackTraceTest.factorial(StackTraceTest.java:24)
StackTraceTest.main(StackTraceTest.java:34)
factorial(1):
StackTraceTest.factorial(StackTraceTest.java:18)
StackTraceTest.factorial(StackTraceTest. java:24)
StackTraceTest. factorial(StackTraceTest.java:24)
StackTraceTest.main(StackTraceTest.java: 34)
return 1

return 2

return 6

StackTraceTest.java

1. import java.util.s;
2.

3. [ex

4. = A program that displays a trace feature of a recursive method call.
5. + @version 1,01 2004-05-10

6. = @author Cay Horstmann

7. %/

8. public class StackTraceTest

s {

10. [

1" » Computes the factorial of a number

12 « @param n a nonnegative integer

13. x @returnn! =1 % 2%, . . %N

1a. xf

15. public static int factorial(int n)

16 {

17. System.out.printIn("factorial(" + n + "}:");
18. Throwable t = new Throwable();

19, StackTraceElement{] frames = t.getStackTrace();
20. for (StackTraceElement f : frames)

21. System.out.printin{f};

22, int r;

23, ifn<=1r=1,

24. else r = n + factorial(n - 1);

25, System.out.printIn("return " + r);

2. return r;

27. }

2o, public static void main(String[] args)

30. {

3t Scanner in = new Scanner(System.in);
32, System.out.print("Enter n: ");

3. int n = in.nextInt();

34. factorial(n);

35. }

36. }

java.lang.Throwable 1.0

e Throwable(Throwable cause) 1.4
e Throwable(String message, Throwable cause) 1.4
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“ ” Throwable
* Throwable initCause(Throwable cause) 1.4

this
* Throwable getCause() 1.4
“ ” “ ” null
» StackTraceElement[] getStackTrace() 1.4
java.lang.Exception 1.0
» Exception(Throwable cause) 1.4
» Exception(String message, Throwable cause)
jJava.lang.RuntimeException 1.0
* RuntimeException(Throwable cause) 1.4
* RuntimeException(String message, Throwable cause) 1.4
. " RuntimeException
java.lang.StackTraceElement 1.4
» String getFileName()
null
* int getLineNumber()
-1
» String getClassName()
» String getMethodName()
<int> <clinit>

* boolean isNativeMethod()
true
e String toString()

11.3
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stack

if (!s.empty()) s.pop();
EmptyStackException

try()
{
s.pop();
}
catch (EmptyStackException e)
{
}

11-1 11-1

Test Throw/Catch

646 milliseconds 21,739 milliseconds

try

OutputStream out;
Stack s;

for (i = 0; 1 < 100; i++)
{
try
{
n = s.pop();
}
catch (EmptyStackException s)

{
// stack was empty

try
{

out.writeInt(n);

}
catch (IOException e)

{
// problem writing to file

}
}

100

try
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try
for (1 =0; 7 < 100; i++)
{
n = s.pop();
out.writeInt(n);
}
catch (IOException e)
// problem writing to file
catch (EmptyStackException s)

// stack was empty

}
3.
RuntimeException
Thowable
NumberFormatException
4.
Java

100
throws

public Image loadImage(String s)

{
try

{
}

catch (Exception e)
{} // so there

code that threatens to throw checked exceptions

| OException

MySubsystemException

throws
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5. 113 ”
Stack.pop
null : Empty StackException
NullPointerException
6.
FilelnputStream readLine
public void readStuff(String filename) throws IOException // not a sign of shame!
{
InputStream in = new FileInputStream(filename);
}
5 8 " ”
11.4
double y = Math.sqrt(x);
X X
X
if (x < 0) throw new I1legalArgumentException("x < @");
JavaSE 1.4 Java assert
assert
assert
false AssertionError

AssertionError
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AssertionErro

JDK

X

assert x >= 0;
X AssertionError
assert x >= 0 ! x;
C++ C assert
assert(x>=0)
Java
AssertionError assert x>=0:“ x>=0"
11.4.1

java -enableassertions MyApp

|oader

java -ea:MyClass -ea:com.mycompany.mylib
MyClass
-ea
-disabl eassertions
java -ea:... -da:MyClass MyApp

11.4.2

Java

-enableassertions -ea

... MyApp
com.mycompany.mylib

-da

-ea -da
-enabl esystemassertions/-esa

13 X>:0n

API

class



488 11

null
Sorts the specified range of the specified array into ascending numerical order.
The range to be sorted extends from fromIndex, inclusive, to toIndex, exclusive.
@param a the array to be sorted.
@param fromIndex the index of the first element (inclusive) to be sorted.
@param toIndex the index of the Tast element (exclusive) to be sorted.
@throws I1TegalArgumentException if fromIndex > toIndex
@throws ArrayIndexOutOfBoundsException if fromIndex < @ or toIndex > a.length
x/

static void sort(int[] a, int fromIndex, int toIndex)

a null a null

@param a the array to be sorted. (Must not be null)

null

assert a != null;

Precondition

null

11.4.3
http://java.sun.com/javase/6/docs/technotes/
guides/language/assert.html
if (1%3==0)
e]sé %f.(i %3==1)

e]sé )/.(1 %3 ==2)
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if (i%3==20)
else if (1%3==1)

else

{

assert i % 3 == 2;

1%3

i if

assert i »>= 0;

java.lang.ClassLoader 1.0

*void setDefaultAssertionStatus(boolean b) 1.4

e void setClassAssertionStatus(String className, boolean b) 1.4
* void setPackageAssertionStatus(String packageName, boolean b) 1.4

e void clearAssertionStatus() 1.4

11.5

Java System.out.println

System.out.println APl
API
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. XML

com.mycompany.myapp

1151

L ogger.global
System.out info

Logger.global.info("File->0pen menu item selected");

May 10, 2004 10:12:15 PM LoggingImageViewer fileOpen
INFO: File->Open menu item selected

main

Logger.global.setLevel(lLevel.0FF);

11.5.2

“ ” industrial-strength

Logger mylLogger = Logger.getLogger("com.mycompany.myapp");

com.mycompany

» SEVERE
* WARNING
* INFO

* CONFIG
* FINE

* FINER
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* FINEST

Togger.setLevel(Level.FINE);

FINE
Level ALL Level.OFF

logger.warning(message);
logger. fine(message);

log
logger.log(Level.FINE, message);
INFO CONFIG
FINE FINER FINEST
INFO
INFO
logp

void Togp(Level 1, String className, String methodName, String message)

void entering(String className, String methodName)

void entering(String className, String methodName, Object param)
void entering(String className, String methodName, Object[] params)
void exiting(String className, String methodName)

void exiting(String className, String methodName, Object result)

int read(String file, String pattern)
{

Tlogger.entering("com.mycompany.mylib.Reader", "read",
new Object[] { file, pattern });

logger.exiting("com.mycompany.mylib.Reader”, "read", count);
return count;

}
FINER “ ENTRY” * RETURN”

Object[]
“ varargs’ logger.entering { com.mycompany.mylib.Reader” “ read”
file, pattern)
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void throwing(String className, String methodName, Throwable t)
void Tog(Level 1, String message, Throwable t)

if (..)

{
I0Exception exception = new IOException(". . .");
logger. throwing("com.mycompany.mylib.Reader", "read", exception);
throw exception;

}

try
{

}
catch (IOException e)
{

}

Logger.getLogger("com.mycompany.myapp").log(Level . WARNING, "Reading image", e);

throwing FINER THROW
11.5.3

jre/11b/Togging.properties

java.util.logging.config.file

java -Djava.util.logging.config.file=configFile MainClass

main System.setProperty(* java.util.logging.config.file” , file)
VM main

Jevel=INFO

com.mycompany .myapp. level=FINE

Jevel

FINE

java.util.logging.ConsoleHandler. Tevel=FINE

-Dcom.mycompany.myapp.
level= FINE
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Java SE 6 Logmanager API Preferences API
java.util.logging.config.class java.util.logging.config.file
http://bugs.sun.com/bugdatabase/view _bug.di?bug_id=4691587

java.util.logging.LogManager
java.util.logging.manager

java.util.logging.config.class
LogManager API

jconsole
http://java.sun.com/devel oper/technical Articles/J2SE/jconsol e.html#L oggingControl

1154

resource bundle
“ readingFile”
“ Reading file” “ Achtung! Datei wird eingelesen”

com.mycompany.logmessages
com/mycompany/logmessages_en.properties
com/mycompany/logmessages_de.properties en de
ResourceBundle

readingFile=Achtung! Datei wird eingelesen
renamingFile=Datei wird umbenannt

Logger logger = Logger.getLogger(loggerName, “com.mycompany.logmessages”);

logger.info("readingFile");

{0y {1}

Reading file {0}.
Achtung! Datei {0} wird eingelesen.

logger.log(Level.INFO, "readingFile", fileName);
Togger.log(Level.INFO, "renamingFile", new Object[] { oldName, newName })



494 11

11.5.5

ConsoleHandl er System.err

w o n

ConsoleHandler

java.util.logging.ConsoleHandler.level=INFO
FINE

Logger Togger = Logger.getLogger("com.mycompany.myapp");
Togger.setLevel(Level .FINE);

Togger. setUseParentHandlers(false);

Handler handler = new ConsoleHandler();
handler.setlevel{Level.FINE);
Togger.addHandler(handler);

o INFO

useParentHandlers false
API

FileHandler SocketHandler SocketHandler
FileHandler

FileHandler handler = new FileHandler();
logger.addHandler(handier);

javan.log n
Windows95/98/M e C:\Window
XML

<record>
<date>2002-02-04T07:45:15</date>
<mi11i5>1012837515710</mi11is>
<sequence>1</sequence>
<logger>com.mycompany.myapp</loggers
<level>INFO</Tevel>
<class>com.mycompany.mytib.Reader</class>
<method>read</method>
<thread>10</thread>
<message>Reading file corejava.gif</message>
</record>

11-2
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API
%h/myapp.log 11-3
append %u
myapp.log.0 myapp.log.1
myapp.log.2
0
11-2
java.util.logging.FileHandler.level Level ALL
java.util.logging.FileHandler.append false
java.util.logging.FileHandler.limit FileHandler 0
0
50000
java.util.logging.FileHandler.pattern 11-3
%h/java%u.log
java.util.logging.FileHandler.count 1
javauutil.logging.FileHandler.filter
javauutil.logging.FileHandler.encoding
java.util.logging.FileHandler.formatter java.util.logging. X ML Formatter
[{] appendﬂ
11-3

%h user.home

%t

%u

%g %g %g

%% %

Handler StreamHandler

11-2
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11

11-2

StreamHandler

class WindowHandler extends StreamHandler

{
public WindowHandler()
{
final JTextArea output = new JTextArea();
setOutputStream(new
OutputStream()
{
public void write(int b) {} // not called
public void write(byte[] b, int off, int len)
{
output.append(new String(b, off, len));
}
i
}
}
public
class WindowHandler extends StreamHandler
{
public void publish(LogRecord record)
{
super.publish(record);
flush{);
}
}
Handler
11.5.6

Filter

write

public flush close
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boolean isLoggable(LogRecord record)

true
entering exiting
record.getM essage() ENTRY RETURN
setFilter
11.5.7
ConsoleHandl er FileHandler XML
Formatter
String format(LogRecord record)
format

String formatMessage(LogRecord record)

XML

String getHead(Handler h)
String getTail(Handler h)

setFormatter

11.5.8

com.mycompany.myprog
Logger logger = Logger.getLogger("com.mycompany.myprog");

private static final Logger logger = Logger.getLogger("com.mycompany.myprog”);

2 INFO

main
if (System.getProperty("java.util.logging.config.class") == null
& System.getProperty("java.util.logging.config.file") == null)
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{
try

{
Logger.getLogger("").setLevel(Level.ALL);

final int LOG_ROTATION_COUNT = 18;
Handler handler = new FileHandler("%h/myapp.log", @, LOG_ROTATION_COUNT);
Logger.getLogger("").addHandler(handler);

catch (IOException e)

{
logger.log(Level.SEVERE, "Can't create log file handler”, e);

}
}

3 INFO WARNING

SEVERE
FINE

System.out.printin

Togger.fine("File open dialog canceled");

try
{

}
catch (SomeException e)

{
}

logger.log(Level.FINE, "explanation”, e);

11-2

LoggingImageViewer. java

. import java.awt.x;

. import java.awt.event.s;

. import java.io.x;

_import java.util.logging.«;
. import javax.swing.«;

[

.« A modification of the image viewer program that logs various events.
.= @version 1.02 2007-05-31

10. + @author Cay Horstmann

11. :‘:/

12. pubTic class LoggingImageViewer

13, {

1. public static void main(String[] args)

15. {

16. if (System.getProperty("java.util.logging.config.class") == null

17. && System.getProperty("java.util.logging.config.file") == null)
18. {

19. try

20. {

21, Logger.getLogger("“com.horstmann.corejava").setLevel(Level . ALL);

© ® N e G A @ N =
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22.

23.

24.

25.

26.

27.
28.

29.

30.

31.
32.

33.
34.
35.

36.
37.

38.
39.

40.
41.

42,
43.
44.

45.

46.
47.

48.
49.

}
}

50.

51.
52.
53.

54

55.
56.
57.

[xx
./
]

{
{

58.

59.

60.

61.

62.
63.
64.
65.

66.
67.
68,

69.
70.

7.

72.

73.
74.

75.

76.
77.

78.

final int LOG_ROTATION_COUNT = 19;
Handler handler = new FileHandler("%h/LoggingImageViewer.log", @, LOG_ROTATION_COUNT);
Logger.getLogger("com.horstmann.corejava") .addHandler(handler);

catch (IOException e)
{
Logger. getLogger("com.horstmann.corejava").log(Level.SEVERE,
"Can't create log file handler”, e);
}
}

EventQueue.invokeLater(new Runnable()

{

public void run()

{

Handler windowHandler = new WindowHandler();
windowHandler.setLevel(Level .ALL);
Logger.getLogger("com.horstmann, corejava").addHandler (windowHandler);

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

Logger.getLogger("com.horstmann.corejava").fine("Showing frame");
frame.setVisible(true);

1;

x The frame that shows the image.
ass ImageViewerFrame extends JFrame

public ImageViewerFrame()

logger.entering("ImageViewerFrame", "<init>");
setTitle("LoggingImageViewer")
setSize(DEFAULT_WIDTH, DEFAULT_HEICHT);

// set up menu bar
IMenuBar menuBar = new JMenuBar();
setIMenuBar(menuBar);

IMenu menu = new Menu("File");
menuBar.add(menu);

IMenuItem openItem = new IMenultem("Open”);
menu.add(openItem);
openItem.addActionListener(new FileOpenListener());

IMenuItem exitItem = new JMenuItem("Exit");

menu.add(exitItem);

exitItem.addActionListener(new ActionlListener()
{

public void actionPerformed(ActionEvent event)

{
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11

79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
9.
o1.
92,
93.
94,
95.
96.
o7.
98.
99.
100.
101.
102.
103.
104,
105.
106.
107.
108.
109.
110.
11,
12,
113,
114.
115,
116.
117,
118,
119,
120.
121,
122.
123,
124,
125.
126.
127.
128.
129,
130.
131.
132,
133 }
134.
135, [

logger. fine("Exiting.");
System.exit(0);
}
3

// use a label to display the images

Tabel = new JLabel();

add(Tabel);
Togger.exiting("ImageViewerFrame", "<init>");

}

private class FileOpenListener implements ActionListener

{

public void actionPerformed(ActionEvent event)

{

}
}

Togger.entering("ImageViewerFrame.FileQpenListener", "actionPerformed"”, event);

// set up file chooser
JFileChooser chooser = new JFileChooser()

"o

chooser, setCurrentDirectory(new File("."));

// accept all files ending with .gif
chooser.setFileFilter(new javax.swing.filechooser.FileFilter()
{
public boolean accept(File f)
{
return f.getName().toLowerCase().endsWith(".gif") {| f.isDirectory();
}

public String getDescription()
{
return "GIF Images";
}
1

// show file chooser dialog
int r = chooser.showOpenDialog(ImageViewerFrame,this);

// if image file accepted, set it as icon of the label

if (r == JFileChooser.APPROVE_OPTION)

{
String name = chooser.getSelectedFile().getPath();
logger.log(Level .FINE, "Reading file {0}", name);
Jabel.setIcon(new ImageIcon(name));

}

else Jogger.fine("File open dialog canceled.");

logger. exiting("ImageViewerFrame.FileOpenListener”, "actionPerformed”);

private JLabel label;

private static Logger logger = Logger.getLogger(“com.horstmann.corejava");
private static final int DEFAULT_WIDTH = 309;

private static final int DEFAULT_HEIGHT = 400;



501

6. « A handler for displaying log records in a window.

137. %/

138. Class WindowHandler extends StreamHandler

139, {

0. public WindowHandler()

u |

142, frame = new JFrame();

143, final JTextArea output = new JTextArea();
144, output, setEditable(false);

145, frame.setSize(200, 200);

146. frame.add(new JScrollPane{output));

147. frame,setFocusableWindowState({false);

148. frame.setVisible{true);

149, setOutputStream(new OutputStream()

150. {

151, public void write(int b)

152. {

163, } // not called

154.

155. public void write(byte{] b, int off, int Ten)
156. {

157. output.append(new String(b, off, len));
158, }

150. };

180.  }

161.
162, public void publish(LogRecord record)

63, |

164. if (!frame.isvisible()) return;

165. super.publish(record);

166. flush();

167. } -

168,
169.  private JFrame frame;
170. }

java.util.logging.Logger 1.4

» Logger getLogger(String loggerName)
» Logger getLogger(String loggerName, String bundleName)

loggerName com.mycompany.myapp
bundleName

*void severe(String message)

e void warning(String message)

e void info(String message)

e void config(String message)

e void fine(String message)

evoid finer(String message)

e void finest(String message)
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*void entering(String className, String methodName)
*void entering(String className, String methodName, Object param)
e void entering(String className, String methodName, Object[] param)
evoid exiting(String className, String methodName)
*void exiting(String className, String methodName, Object result)
/
e void throwing(String className, String methodName, Throwable t)

e void log(Level level, String message)

evoid log(Level level, String message, Object obj)
void log(Level level, String message, Object[] objs)
evoid log(Level level, String message, Throwable t)

{0} {1}

*void logp(Level level, String className, String methodName, String message)
«void logp(Level level, String className, String methodName, String message,

Object obj)

evoid logp(Level level, String className, String methodName, String message,

Object[] objs)

*void logp(Level level, String className, String methodName, String message,

Throwable t)

evoid logrb(Level level, String className, String methodName,
bundleName, String message)

evoid logrb(Level level, String className, String methodName,
bundleName, String message, Object obj)

evoid logrb(Level level, String className, String methodName,
bundleName, String message, Object[] objs)

evoid logrb(Level level, String className, String methodName,
bundleName, String message, Throwable t)

* Level getLevel()
evoid setLevel(Level 1)

String

String

String

String
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* Logger getParent()
e void setParent(Logger 1)

e Handler[] getHandlers()

e void addHandler(Handler h)
*void removeHandler(Handler h)

* boolean getUseParentHandlers()
*void setUseParentHandlers(boolean b)

“ use parent handler” true

e Filter getFilter()
e void setFilter(Filter f)

java.util.logging.Handler 1.4

e abstract void publish(LogRecord record)

e abstract void flush()

e abstract void close()

e Filter getFilter()
*void setFilter(Filter f)

* Formatter getFormatter()
e void setFormatter(Formatter f)

» Level getLevel()
*void setLevel(Level 1)

java.util.logging.ConsoleHandler 1.4

« ConsoleHandler()
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java.util.logging.FileHandler 1.4

e FileHandler(String pattern)

e FileHandler(String pattern, boolean append)

e FileHandler(String pattern, int limit, int count)

e FileHandler(String pattern, int limit, int count, boolean append)

pattern 11-3
limit
count

append
true

Java.util.logging.LogRecord 1.4

e Level getlLevel()

« String getLoggerName()

» ResourceBundle getresourceBundle()
e String getresourceBundleName()

null
« String getMessage()

* Object[] getParameters()
nul|
e Throwable getThrown()
null
» String getSourceClassName()
« String getSourceMethodName()

e long getMillis()
1970
« long getSequenceNumber()

e int getThreadlD()
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ID ID LogRecord
ID

java.util.logging.Filter 1.4

* boolean isLoggable(LogRecord record)
true

jJava.util.logging.Formatter 1.4

» abstract String format(LogRecord record)
» String getHead(Handler h)

e String getTail(Handler h)

Formatter

» String formatMessage(LogRecord record)

11.6
Eclipse NetBeans
1
X X Java
toString
Java toString

2 main
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main Java
applet main
Java main
3 http://junit.org JUnit  JUnit
bug
4 logging proxy
setBackground

setBackground
5 Throwable printStackTrace
try
{
}
catch (Throwable t)
{

t.printStackTrace();

throw t;
}

Thread. dumpStack();
6 System.err printStack Trace(PrintWriter s)
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StringWriter out = new StringWriter();
new Throwable().printStackTrace(new PrintWriter(out));
String trace = out.toString();

PrintWriter ~ StringWriter 1

System.err System.out

java MyProgram > errors.txt

java MyProgram 2> errors.txt
System.err  System.out
java MyProgram >& errors.txt

Windows
8 System.err

Java SEbL.0
Thread.setDefaultUncaughtExceptionHandl er

Thread. setDefaultUncaughtExceptionHandler(
new Thread.UncaughtExceptionHandler()

public void uncaughtException(Thread t, Throwable e)
{

}

save information in log file

9 -verbose Java

[Opened /usr/local/jdk5.0/jre/1ib/rt.jar]

[Opened /usr/local/jdk5.0/jre/1ib/isse.jar]

[Opened /usr/local/jdk5.8/jre/1ib/jce.jar]

[Opened /usr/local/jdk5.0/jre/1ib/charsets. jar]

[Loaded java.lang.Object from shared objects file]

[Loaded java.io.Serializable from shared objects file]

[Loaded java.lang.Comparable from shared objects file]

[Loaded java.lang.CharSequence from shared objects file]

[Loaded java.lang.String from shared objects file]

[Loaded java.lang.reflect.CenericDeclaration from shared objects file]
[Loaded java.lang.reflect.Type from shared objects file]

[Loaded java.lang.reflect.AnnotatedElement from shared objects file]
[Loaded java.lang.Class from shared objects file]

[Loaded java.lang.Cloneable from shared objects file]
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10 Swing
CTRL+SHIFT+F1

FontDialog[framed,0,0,300x200, Tayout=java.awt.BorderLayout, ...
javax.swing.JRootPane[,4,23,292x173, 1ayout=javax. swing. JRootPane$RootLayout, . ..
javax.swing.JPanel[null.glassPane,0,0,292x173, hidden, Tayout=java.awt.FlowLayout, ...
javax.swing.JLayeredPane[nul1.layeredPane,0,0,292x173, ...
javax.swing.JPanel[null.contentPane,®,0,292x173, 1ayout=java.awt.GridBagLayout, . ..
javax.swing.JList[,0,0,73x152,alignmentX=nu11,alignmentY=null, ...
javax.swing.CellRendererPane[,0,0,0x0,hidden]
javax.swing.DefaultListCe11Renderer§UIResource[,-73,-19,0x0, ...
javax.swing. JCheckBox[,157,13,50x25, Tayout=javax. swing.OverlaylLayout, ...
javax.swing.JCheckBox[,156,65,52x25, 1ayout=javax. swing.OverlaylLayout, ...
javax.swing,JLabel[,114,119,30x17,alignmentX=0.0,alignmentY=null,. ..
javax.swing.JTextField[,186,117,105x21,alignmentX=nu11,alignmentY=null, ...
javax.swing.JTextField[,0,152,291x21,alignmentX=nu11,alignmentY=nul1,...

11
graphics debugger

Swing Swing
Swing
setDebugGraphicsOptions

DebugGraphics.FLASH_OPTION

DebugGraphics.LOG_OPTION

DebugGraphics.BUFFERED_OPTION
DebugGraphics.NONE_OPTION

RepaintManager. currentManager(getRootPane()).setDoubleBufferingEnabled(false);
((JComponent) getContentPane()).setDebugGraphicsOptions(DebugGraphics.FLASH_OPTION);

Swing

JComponent

Swing

setDebugGraphicsOptions

DebugGraphics

12 JavaSE 5.0 -Xlint
javac -Xlint:fallthrough
switch break “ lint”
C
-Xlint -Xlint:all

-Xlint:deprecation -deprecation
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-Xlint:fallthrough
-Xlint:finally
-Xlint:none
-Xlint:path
-Xlint:serial
-Xlint:unchecked

13 Java SE 5.0 Java

JDK

switch
finally

break

serialVersionUID I 1
12

monitoring management

Java
jconsole

11-3
Windows

jconsole processID

11-3 jconsole

devel oper/technical Articles/ J22SE/jconsol e.html

Java SE 6

java -Dcom.sun.management. jmxremote MyProgram
jeonsole processID

ID UNIX/Linux ps
jeonsole

http://java.sun.com/

-Dcom.sun.management.jmxremote option
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14 jmap

jmap -dump:format=b,file=dumpFileName processID
jhat dumpFileName

local host: 7000

15 -Xprof Java
System.out just-in-
time
-X JDK
java-X
11.6.1
applet Java
Show Java Console 10 Java Console
System.out System.err DOS
11-4 ConsoleWindow
11-4

ConsoleWindow.init()
System.ouyt System.err
11-3 ConsoleWindow
JScrollPane JTextArea System.setOut  System.setErr
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ConsoleWindow. java

1. import javax.swing.x;

2. import java.io.«;

3.

4. [ax

5. A window that displays the bytes sent to System.out and System.err
6.  @version 1.01 2004-05-10

7. @author Cay Horstmann
8
9,

%/
. public class ConsoleWindow
10. {
1. public static void init()
12, {
13. JFrame frame = new JFrame();
14, frame.setTitle("ConsoleWindow");
15, final JTextArea output = new JTextArea();
16. output.setEditable(false);
17. frame.add(new JScrol1Pane(output));
18. frame.setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);
19, frame.setLocation{DEFAULT_LEFT, DEFAULT_TOP);
20. frame.setFocusableWindowState(false);
21. frame.setVisible(true);
22.
23, // define a PrintStream that sends its bytes to the output text area
24, PrintStream consoleStream = new PrintStream(new
25, QutputStream()
26. {
27. public void write(int b) {} // never called
28. public void write(byte[] b, int off, int Ten)
29. {
30. output.append(new String(b, off, len));
31. }
32 B;
33.
34, // set both System.out and System.err to that stream
35. System.setOut(consoleStream);
36. System.setErr(consoleStream);
a7}

39, public static final int DEFAULT_WIDTH = 300;
4.  public static final int DEFAULT_HEICHT = 200;
41, public static final int DEFAULT_LEFT = 200;
42 public static final int DEFAULT_TOP = 200;

43. }
11.6.2 AWT
Java AWT
AWT
AWT
Eventtrace

11-5
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11

11-5 The Eventtracer

EventTracer tracer = new EventTracer();
tracer.add(frame);

public abstract void java.awt.event.Mouselistener.mouseExited(java.awt.event.MouseEvent):
java.awt,event.MouseEvent [MOUSE_EXITED, (408,14),button=0,c1ickCount=0] on javax.swing.JBut-
ton[,0,345,400x25, . ..]

public abstract void java.awt.event.FocusListener.focusLost(java.awt.event.FocusEvent):
java.awt.event.FocusEvent[FOCUS_LOST,temporary,opposite:nul]]

11-4 Eventtracer

EventTracer.java

1. import java.awt.:;

2. import java.beans.x;

3. import java.lang.reflect.x;
4.

5. [#x

6. + @version 1.31 2004-05-10

7. @author Cay Horstmann

8 */

9. public class EventTracer

10. {

1. public EventTracer()

12 |

13, // the handler for all event proxies

14, handler = new InvocationHandler()

15, {

16. public Object invoke(Object proxy, Method method, Object[] args)
17. {

18. System.out.printin(method + ":" + args[0]);
19, return null;

20. }

21, b

on javax.swing.JButton[,0,345,400x25,. ..
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[%
= Adds event tracers for all events to which this component and its children can listen
+ @param ¢ a component
public void add(Component ¢)
{
try
{
// get all events to which this component can listen
BeanInfo info = Introspector.getBeanInfo(c.getClass());
EventSetDescriptor[] eventSets = info.getEventSetDescriptors();
for (EventSetDescriptor eventSet : eventSets)
addListener(c, eventSet);
}
catch (IntrospectionException e)
{
}
// ok not to add listeners if exception is thrown
if (¢ instanceof Container)
{
// get all children and call add recursively
for (Component comp : ((Container) c).getComponents())
add(comp);
}
}
[ux

x Add a Tlistener to the given event set
» @param ¢ a component
x @param eventSet a descriptor of a Tistener interface

o

public void addListener(Component c, EventSetDescriptor eventSet)

{

// make proxy object for this listener type and route all calls to the handler
Object proxy = Proxy.newProxyInstance(null, new Class[] { eventSet.getlistenerType() },

handler);

// add the proxy as a listener to the component

Method addListenerMethod = eventSet.getAddListenerMethod();

try
{
addListenerMethod. invoke(c, proxy);
}
catch (InvocationTargetException e)
{
}
catch (I17egalAccessException e)
{
}

// ok not to add Tistener if exception is thrown

}

private InvocationHandler handler;
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1 add JavaBeans
addXxxListener(XxxEvent) JavaBeans [ 8
EventSetDescriptor addListener
2 add
3 addListener
EventSetDescriptor getListenerType Class

ActionListener ChangeListener
EventSetDescriptor

getAddListenerMethod Method
JButton
addActionListener JSlider addChangeL istener
11-5

EventTracerTest. java

1. import java.awt.:;
2.
3. import javax.swing.s;

4,
5. [ux

6. « @version 1.13 2007-86-12

7. @author Cay Horstmann

8 %/

s. public class EventTracerTest

10. {

1. public static void main(String[] args)

12. {

13, EventQueue.invokelater(new Runnable()

14, {

15. public void run()

16. {

17. JFrame frame = new EventTracerFrame();

18, frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
1. frame.setVisible(true);

20. }

21, i

2.}

23 }

5. class EventTracerFrame extends JFrame

n

2. {

27. public EventTracerFrame()

28. {

29. setTitle("EventTracerTest");

30. setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);
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32. // add a slider and a button

33, add(new JSTider(), BorderLayout.NORTH);

34, add(new JButton("Test"), BorderLayout.SOUTH);

35.

36. // trap all events of components inside the frame
a7, EventTracer tracer = new EventTracer();

38. tracer.add(this);

3. }

40.

a1, public static final int DEFAULT_WIDTH = 400;
42, public static final int DEFAULT_HEIGHT = 400;
4.}

11.6.3 AWT Robot

Java SE1.3 Robot AWT

Robot GraphicsDevice

GraphicsEnvironment environment = GraphicsEnvironment.getlLocalGraphicsEnvironment();
GraphicsDevice screen = environment.getDefaultScreenDevice();

Robot
Robot robot = new Robot(screen);
robot

robot. keyPress(KeyEvent.VK_TAB);
robot.keyRelease(KeyEvent.VK_TAB);

robot.mouseMove(x, y); // x and y are absolute screen pixel coordinates.
robot.mousePress{InputEvent.BUTTON1_MASK);
robot.mouseRelease(InputEvent.BUTTON1I_MASK);

createScreenCapture

Rectangle rect = new Rectangle(x, y, width, height);
BufferedImage image = robot.createScreenCapture(rect);

delay
robot.delay(1000); // delay by 1000 milliseconds
11-6 robot Rrobot 8
robot 2

robot TAB
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11-6

11-6  AWT robot

Robot
RobotTest. java
1. import java.awt.s;
2. import java.awt.event.x;
3. import java.awt.image.;
4, import javax.swing.x;
5.
6. [
7.« @version 1.03 2007-06-12
8. + @author Cay Horstmann
9 %/
10. public class RobotTest
. {
12. public static void main(String[] args)
13, {
14, EventQueue.invokelater(new Runnable()
15. {
16. public void run()
17. {
18. // make frame with a button panel
19.
20. ButtonFrame frame = new ButtonFrame();
21, frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
22. frame.setVisible(true);
23.
24. // attach a robot to the screen device

26. GraphicsEnvironment environment = GraphicsEnvironment.getLocalGraphicsEnvironment();

Java
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74, [4x

ek

}

VET:

GraphicsDevice screen = environment.getDefaultScreenDevice();

try

{
Robot robot = new Robot(screen);
runTest(robot);

}

catch (AWTException e)

{

}
}
b

e.printStackTrace();

Runs a sample test procedure

+ @param robot the robot attached to the screen device

i/

public static void runTest(Robot robot)

{

// simulate a space har press
robot.keyPress(' ');
robot.keyRelease(' ');

// simulate a tab key followed by a space
robot.delay(2000);
robot.keyPress(KeyEvent.VK_TAB);
robot.keyRelease(KeyEvent.VK_TAB};
robot.keyPress(' ');

robot.keyRelease(' ');

// simulate a mouse click over the rightmost button
robot.delay(2000);

robot.mouseMove (200, 50);
robot.mousePress{InputEvent.BUTTON1_MASK);
robot.mouseRelease(InputEvent.BUTTON1_MASK);

// capture the screen and show the resulting image
robot.delay(2000);

BufferedImage image = robot.createScreenCapture(new Rectangle(®, 0, 400, 300));

ImageFrame frame = new ImageFrame(image);
frame,setVisible(true);

« A frame to display a captured image

of

77. Class ImageFrame extends JFrame

78. {
79.
80.
81.
82.
83.

[#%

x @param image the image to display

‘f

pubTic ImageFrame(Image image)

{
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84. setTitle("Capture");
85. setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);
86.
87. JLabel Tabel = new JLabel(new ImageIcon(image));
88. add(Tabel);
89. }

9. pubTic static final int DEFAULT_WIDTH = 450;
92, public static final int DEFAULT_HEIGHT = 350;

jJava.awt.GraphicsEnvironment 1.2

e static GraphicsEnvironment getLocalGraphicsEnvironment()

e GraphicsDevice getDefaultScreenDevice()

getScreenDevices

java.awt.Robot 1.3

* Robot(GraphicsDevice device)
robot

e void keyPress(int key)

*void keyRelease(int key)

key KeyStroke
e void mouseMove(int x, iInt y)

X,y
e void mousePress(int eventMask)

e void mouseRelease(int eventMask)

eventMask
InputEvent
e void delay(int milliseconds)
robot
e BufferedImage createScreenCapture(Rectangle rect)

rect
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11.7

8 ButtonTest 11-7 Bitton
Test

BuggyButtonTest. java

1. import java.awt.x;

2. import java.awt.event.x;
3. import javax.swing.x;

4,

5 [x%

6. * Gversion 1.22 2007-05-14

7.+ @author Cay Horstmann

8 «/

9. pubTic class BuggyButtonTest

10. {

1. public static void main(String{] args)

12 |

13. EventQueue.invokeLater(new Runnable()

14, {

15. public void run()

16. {

7. BuggyButtonFrame frame = new BuggyButtonFrame();
18. frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
19. frame.setVisible(true);

20. }

21. I3R

22, }

23. }
24,
25. ¢lass BuggyButtonFrame extends JFrame

2. {

27. public BuggyButtonFrame()

28, {

29. setTitle("BuggyButtonTest");

30. setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);
31.

32. // add panel to frame

33.

34 BuggyButtonPanel panel = new BuggyButtonPanel();
35. add(panel);

36. }

37.

3.  public static final int DEFAULT_WIDTH = 300;
39. public static final int DEFAULT_HEIGHT = 200;
0. }

41.

42. class BuggyButtonPanel extends JPanel



520

11

43. {

44.
45,
46.
47.
48.
49.

50.

51.
52,
53.
54,
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.

68.

69.
70.

public BuggyButtonPanel()
{

ActionListener listener = new ButtonListener();

JButton yellowButton = new JButton("Yellow");
add(yellowButton);
yellowButton.addActionListener(listener);

JButton blueButton = new JButton("Blue");
add(bTueButton);
blueButton.addActionListener(Tistener);

JButton redButton = new JButton(''Red");
add(redButton);
redButton.addActionListener(Tistener);

}

private class ButtonListener implements ActionListener
{
public void actionPerformed(ActionEvent event)
{
String arg = event.getActionCommand();
if (arg.equals(“yellow")) setBackground(Color.yellow);
else if (arg.equals("blue")) setBackground(Color.blue);
else if (arg.equals("red")) setBackground(Color.red);

Over”

bug

JSwat http://www.bluemarsh.com/javal/jswat/
jdb -9

javac -g BuggyButtonTest.java

Eclipse Run - Debug As- Java Application

actionPerformed
Toggle Breakpoint
Java actionPerformed
actionPerformed 11-7
“ Step Into”
Eclipse

Run - Step Over F5 F6 “ Step Over”

Eclipse

Y ellow

“ Step
Run - Step Into
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ag

11-7

setColor(Color.yellow)
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y
if (arg.equals("yellow"))

Eclipse
NetBeans

Java

“ Yellow”

Run - Terminate

Y
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A A
A A
A A
A A
A
Java 1.0 Java SE 5.0
1999 Java JSR 14
5
Object
ArrayList
C++ Java C++
Java
12.1
Generic programming
String File
ArrayList
Java SE 5.0 Java ArrayList Object

public class ArrayList // before Java SE 5.0

{
public Object get(int i) { . . .}
public void add(Object o) { . . . }

private Object[] elementData;

}

Arraylist files = new ArrayList();

String filename = (String) names.get(Q);
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files.add(new File(". . ."));
get
String
type parameters  ArrayList
Arraylist<String> files = new Arraylist<String>();
String
get
String Object
String filename = files.get(9);
ArrayList<String> add String Object
files.add(new File(". . .")); // can only add String objects to an ArrayList<String>
ArrayList Java ArrayList<String>
String[]
plug in
ArraylList addAll
ArrayList<Manager> ArrayList<Employee>
Java
wildcard type
3 —_— ArrayList
Java

Sun
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Comparable

12.2

generic class

public class Pair<T>

{
public Pair() { first = null; second = null; }
public Pair(T first, T second) { this.first = first; this.second = second; }

public T getFirst() { return first; }
public T getSecond() { return second; }

public void setFirst(T newvalue) { first = newvalue; }
pubTic void setSecond(T newValue) { second = newvalue; }

private T first;
private T second;

}
Pair T <>
Pair
public class Pair<T, U> { . . . }
private T first; // uses type variable
Java
K V T
U S 13 ”
Pair<String>
Pair<String>()

Pair<String>(String, String)

String getFirst()
String getSecond()
void setFirst(String)
void setSecond(String)

Object

Pair
Pair
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12-1 Pair minmax

Pair compareTo
0

C++ Java C++ Java

template
PairTestl.java

v, [#x

2.+ @version 1.00 2004-05-10

. = @author Cay Horstmann

a f

5. public class PairTestl

6 {

7. public static void main(String[] args)

8. {

9. String[] words = { "Mary", "had", "a", "little", "lamb" };

Pair<String> mm = ArrayAlg.minmax(words);
System.out.printIn("min = " + mm.getFirst());
System.out.printin("max = " + mm.getSecond());

I
5 23

13. }

14. }

15.

16. class ArrayAlg

17. {

18, [#x

19. » Gets the minimum and maximum of an array of strings.
20. + @aram a an array of strings

21. % @return a pair with the min and max value, or null if a is null or empty
22. s/

23, public static Pair<String> minmax(String[] a)
2. {

25. if (a == nu11 || a.length == @) return null;
26. String min = a[@];

27. String max = a[0];

28. for (int i = 1; i < a.length; i++)

29. {

30. if (min.compareTo(a[i]) > @) min = a[i];
a1, if (max.compareTo(a[i]) < 0) max = a[i];
32. }

33, return new Pair<String>(min, max);

34. }

35 }

12.3

class ArrayAlg
{
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public static <T> T getMiddle(T[] a)

{
return afa.length / 21;

}

}
public static
String[] names = { "John", "Q.", "Public" };
String middle = ArrayAlg.<String>getMiddle(names);
<String>
names String[ ] T[]

T String
String middle = ArrayAlg.getMiddle(names);

double middle = ArrayAlg.getMiddle(3.14, 1729, 0);
“ found:java.lang.Number&java.lang.Comparable<? extends java.lang.

Number& java.lang.Comparable<?>>, required:double” “ found”
1 Double 2 Integer
2 Number Comparable
double

Peter von der Ah é

ArrayAlg.getMiddle(* Hello” ,0,null) JButton

“ found: java.lang.Object&java.io.Serializable&java.lang.

Comparable<? extends java.lang. Object& java.io.Serializable& java.lang.Comparable<?>>."
Object Serialiable Comparable

C++ C++
g(f<a, b>(c)) © f<a b>(o) g’ ‘ f<a
b>(c) g’

12.4
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class ArrayAlg
{
public static <T> T min(T[] a) // almost correct
{
if (a == nul1 || a.length == @) return null;
T smallest = a[0];
for (int i = 1; 1 < a.length; i++)
if (smallest.compareTo(a[i]) > @) smallest = a[i];
return smallest;
}
}
min smallest T
T compareTo
T Comparable compareTo
T bound
public static <T extends Comparable> T min(T[] a) . . .
Comparable
12.8 Comparable
min Comparable String Date
Rectangle Comparable min
C++ C++
 — extends implements
Comparable
<T extends Bounding Type >
T subtype T
extends Java
sub
T extends Comparable & Serializable
113 &H
Java
12-2 minmax
Pair<T>

PairTest2.java

1. import java.util.x;
2.
3. [
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4
5.
8.

.= @version 1.00 2004-05-10

» @author Cay Horstmann

./

7. public class PairTest2

8 {
9
10.

22 }
23,

public static void main(String[] args)

{

}

GregorianCalendar[] birthdays =
{
new GregorianCalendar(1906, Calendar.DECEMBER, 9), // G. Hopper
new GregorianCalendar(1815, Calendar.DECEMBER, 18), // A. Lovelace
new GregorianCalendar(19@3, Calendar.DECEMBER, 3), // J. von Neumann
new GregorianCalendar(1910, Calendar.JUNE, 22), // K. Zuse
b
Pair<GregorianCalendar> mm = ArrayAlg.minmax(birthdays);
System.out.printIn("min = " + mm.getFirst().getTime());
System.out.printin("max = " + mm.getSecond().getTime());

]

24. Class ArrayAlg

25 {
26. [xx
27. Gets the minimum and maximum of an array of objects of type T.
28. @param a an array of objects of type T
20, @return a pair with the min and max value, or null if a is
30. null or empty
3t %/
a2, public static <T extends Comparable> Pair<T> minmax(T[] a)
33, {
34, if (a == null || a.length == @) return nul1l;
35. T min = a[0];
36. T max = a[@];
az. for (int i = 1; i < a.length; i++)
38. {
39. if (min.compareTo(a[i]) > 0) min = a[i];
40. if (max.compareTo(a[i]) < 0) max = a[i];
4. }
42, return new Pair<T>(min, max);
a3}
4. }
12.5
1.0 Java
Sun Java 5.0

http://sourceforge.net/ projects/retroweaver Retroweaver
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raw type
erased
Object
Pair<T>

public class Pair
{

public Pair(Object first, Object second)

{

this.first = first;
this.second = second;

}

public Object getFirst() { return first; }

public Object getSecond() { return second; }

public void setFirst(Object newvalue) { first = newValue; }

public void setSecond(Object newvalue) { second = newvValue; }

private Object first;

private Object second;
1
T Object

Java
Pair Pair<String>  Pair<GregorianCalendar>
Pair
C++ Java C++ C++
1] ” Java
Object
Pair<T> Object T

public class Interval<T extends Comparable & Serializable> implements Serializable

{

public Interval(T first, T second)

{
if (first.compareTo(second) <= @) { lower = first; upper = second; }
else { lower = second; upper = first; }

}

private T lower;
private T upper;

}
Interval

public class Interval implements Serializable

{

public Interval(Comparable first, Comparable second) { . . . }
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private Comparable lower;
private Comparable upper;

}
class Interval<Serializable & Comparable>
Serializable T Comparable
tagging
125.1
Pair<Employee> buddies = . . .;
Employee buddy = buddies.getFirst();
getFirst Object Employee
. Pair.getFirst
. Object Employee

Pair first second
Java

Employee buddy = buddies.first;

12.5.2

public static <T extends Comparable> T min(T[] a)

public static Comparable min{Comparable[] a)

T Comparable

class DateInterval extends Pair<Date>

{

public void setSecond(Date second)

{
if (second.compareTo(getFirst()) >= @)

super.setSecond(second);

Date
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class DateInterval extends Pair // after erasure

{

public void setSecond(Date second) { . . .}

Pair setSecond

public void setSecond(Object second)
——Object Date

DateInterval interval = new DateInterval(. . .);
Pair<Date> pair = interval; // OK--assignment to superclass
pair.setSecond(aDate);

setSecond pair
Datelnterval Datelnterval .setSecond
Datelnterval bridge method

public void setSecond(Object second) { setSecond((Date) second); }

pair.setSecond(aDate)
pair Pair<Date> setSecond
setSecond(Object) pair Datelnterval
Datelnterval.setSecond(Object)
Datelnterval .setSecond(Date)
Datelnterval getSecond

class DateInterval extends Pair<Date>

{ .
public Date getSecond() { return (Date) super.getSecond().clone(); }

getSecond

Date getSecond() // defined in Datelnterval
Object getSecond() // defined in Pair

Java

5 Java SE 5.0

public class Employee implements Cloneable

{
pubTic Employee clone() throws CloneNotSupportedException { ... }

}
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Object.clone  Employee.clone covariant return types
Employee

Employee clone() // defined above
Object clone() // synthesized bridge method, overrides Object.clone

Java

12.5.3

Java Java SE 5.0
API
JSlider
void setlabelTable(Dictionary table)

9

Dictionary<Integer, Component> labelTable = new Hashtable<Integer, Component>();
JabelTable.put(@, new JLabel(new ImageIcon("nine.gif")));
Tabe1Table.put(20, new JLabel(new ImageIcon("ten.gif")));

slider.setLabelTable(1abelTable); // WARNING

Java SE 5.0 Dictionary Hashtabl Dictionary<
Integer, Component> Dictionary Dictionary<Integer, Component>
setLabel Table

Dictionary<Integer, Component> labelTable = . . .;
sTider.setLabelTable(labelTable); // WARNING

setLabel Table Dictionary
Integer

JSlider Dictionary
JSlider

Dictionary<Integer, Components> labelTable = slider.getLabelTable(); // WARNING

Integer Component
Dictionary
Java SE 5.0
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annotation
@Suppresswarnings("unchecked")
public void configureSlider() { . . . }
Hashtable Dictionary Dictionary Hashtable Java SE
1.2 Map HashMap “ "
JSlider Java SE 1.3 Map
12.6
Java
12.6.1
Pair<double> Pair<Double>
Pair Object Object double
Java
—_— 8 wrapper type
12.6.2

if (a instanceof Pair<String>) // same as a instanceof Pair
a Pair

if (a instanceof Pair<T>) // T is ignored

Pair<String> p = (Pair<String>) a; // WARNING--can only test that a is a Pair

instanceof

getClass

Pair<String> stringPair = . . .;
Pair<Employee> employeePair = . . .;
if (stringPair.getClass() == employeePair.getClass()) // they are equal

Pair.class

true getClass
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12.6.3
Throwable

public class Problem<T> extends Exception { /« . . . «/ } // ERROR--can't extend Throwable
catch

public static <T extends Throwable> void doWork(Class<T> t)
{

try

{

do work

}
catch (T e) // ERROR--can't catch type variable

{
Logger.global.info(...)

}
}

public static <T extends Throwable> void doWork(T t) throws T // 0K

{
try
{

do work

}
catch (Throwable realCause)

{
t.initCause(realCause);
throw t;

}
}

12.6.4

Pair<String>[] table = new Pair<String>[18]; // ERROR
table Pair[] Object[]
Object[] objarray = table;

component type
ArrayStoreException
objarray[0] = "Hello"; // ERROR--component type is Pair

objarray[@] = new Pair<Employee>();
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ArrayList: ArrayList <Pair<String>>

12.6.5

new T(...) new T[...] T.class
Pair<T>
public Pair() { first = new T(); second = new T(); } // ERROR

T Object new Object( )
Class.newlnstance

first = T.class.newInstance(); // ERROR
T.class API Class

public static <T> Pair<T> makePair(Class<T> c1)

{
try { return new Pair<T>(cl.newInstance(), c1.newInstance()) }
catch (Exception ex) { return null; }

}

Pair<String> p = Pair.makePair(String.class);

Class String.class Class<String>
makePair pair
public static <T extends Comparable> T[] minmax(T[] a) { T[] mm = new T[2]; . . . } // ERROR
Object[2]
Object(]
ArrayList

public class Arraylist<E>

{
private Object[] elements;
@SuppressWarnings("unchecked") public E get(int n) { return (E) elements[n]; }
public void set(int n, E e) { elements[n] = e; } // no cast needed

public class Arraylist<E>

{
private E[] elements;
public ArrayList() { elements = (E[]) new Object[10]; }

E[]
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minmax T[]

public static <T extends Comparable> T[] minmax(T[] a)

{
Object[] mm = new Object[2];

return (T[]) mm; // compiles with warning

}

String[] ss = minmax("Tom", "Dick", "Harry");

Object[] String(]

Array.newlnstance:

public static <T extends Comparable> T[] minmax(T[] a)

{
T[] mm = (T[]) Array.newInstance(a.getClass().getComponentType(), 2);

}
ArrayList toArray

Object[] toArray()
T[] toArray(T[] result)

12.6.6

public class Singleton<T>

{
public static T getSingleInstance() // ERROR

{

if (singleInstance == null) construct new instance of T
return singleInstance;

}
private static T singleInstance; // ERROR

}

Singleton<Random>

Singleton<JFileChooser>
Singleton singlelnstance

12.6.7

ClassCastException

T[]

result
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equals Pair

public class Pair<T>

{

public boolean equals(T value) { return first.equals(value) && second.equals(value); }

Pair<String> equals

boolean equals(String) // defined in Pair<T>
boolean equals(Object) // inherited from Object

boolean equals(T)

boolean equals(Object)

Object.equals
class Calendar implements Comparable<Calendar> { . . . }
class GregorianCalendar extends Calendar implements Comparable<GregorianCalendar>
{...1}// ERROR
GregorianCalendar Comparable<Calendar> Comparable<GregorianCalendar >
class Calendar implements Comparable { . . .}
class GregorianCalendar extends Calendar implements Comparable { . . .}

Comparable<X>

public int compareTo(Object other) { return compareTo((X) other); }
X

12.7

Employee Manager Pair<Manager>

Pair<Employee>

Manager[] topHonchos = . . .;
Pair<Employee> result = ArrayAlg.minmax(topHonchos); // ERROR
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minmax Pair<Manager> Pair<Employee>
S T 12-1 Pair<S> Pair<T>
12-1 pair

Pair<Manager>
Pair<Employee>

Pair<Manager> managerBuddies = new Pair<Manager>(ceo, cfo);
Pair<Employee> employeeBuddies = managerBuddies; // i1legal, but suppose it wasn't
employeeBuddies.setFirst(TowlyEmployee);

employeeBuddies managerBuddies
CFO Pair<Manager>

Java Manager(]
Employee[]

Manager[] managerBuddies = { ceo, cfo };
Employee[] employeeBuddies = managerBuddies; // OK

employeeBuddies[0]
ArrayStoreException

Pair<Empl oyee> Pair
Pair<Manager> managerBuddies = new Pair<Manager>(ceo, cfo);
Pair rawBuddies = managerBuddies; // OK
rawBuddies.setFirst(new File(". . .")); // only a compile-time warning
Java
getFirst Manager

ClassCastException
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ArrayList<T> List<T>

List<Employee> 12-2

12-2
12.8
Java
Pair<? extends Employee>
Pair Employee

Pair<String>

public static void printBuddies(Pair<Employee> p)

{
Employee first = p.getFirst();
Employee second = p.getSecond();

ArrayList<Manager>
List<Manager> ArrayList<Manager>

ArrayList <Employee>

Pair<Manager>
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System.out.printin(first.getName() + " and " + second.getName() + " are buddies.";

}
Pair<Manager>

public static void printBuddies(Pair<? extends Employee> p)

Pair<Manager> Pair<? extends Employee> 12-3
12-3
Pair<? extends Employee> Pair<Manager>

Pair<Manager> managerBuddies = new Pair<Manager>(ceo, cfo);
Pair<? extends Employee> wildcardBuddies = managerBuddies; // OK
wildcardBuddies.setFirst(TowlyEmployee); // compile-time error

setFirst
Pair<? extends Employee>

? extends Employee getFirst()
void setFirst(? extends Employee)

setFirst Employee

getFirst getFirst Employee

12.8.1

supertype bound
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12

? super Manager

M anager super

Pair<? super Manager>

void setFirst(? super Manager)
? super Manager getFirst()

setFirst Manager
Executive Employee getFirst
Object
Pair Pair Pair<Employee> Pair<Object>
12-4 Pair
12-4

public static void minmaxBonus(Manager[] a, Pair<? super Manager> result)
{

if (a == nu11 || a.length == @) return;

Manager min = a[@];

Manager max = a[@];

for (int i = 1; i < a.length; i++)

{
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if (min.getBonus() > a[i].getBonus(}) min = a[i];
if (max.getBonus() < a[i].getBonus()) max = a[i];
}
result.setFirst(min);
result.setSecond(max);

}

Comparable
public interface Comparable<T>
{
public int compareTo(T other);
} ,
other String

compareTo

public int compareTo(String other)

Java SE 5.0
Comparable ArrayAlg

public static <T extends Comparable<T>> T min(T[] a)

T extents Comparable

Comparable <String>

other Object

min

String T String String Comparable<String>

GregorianCalendar Gregorian

Calendar Calendar Calendar Comparable<Calendar> Gregorian
Calendar Comparable<Calendar> Comparable<GregorianCalendar>

public static <T extends Comparable<? super T>> T min(T[] a) . . .

compareTo

int compareTo(? super T)

T T
Calendar T compareTo

<T extends Comparable<? super T>>

T Gregorian
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12.8.2
Pair<?> Pair
Pair<?>
? getFirst()
void setFirst(?)
getFirst Object setFirst Object
Pair<?> Pair Object Pair setObject
pair
public static boolean hasNulls(Pair<?s> p)
{
return p.getFirst() == null || p.getSecond() == null;
}
contains
public static <T> boolean hasNulls(Pair<T> p)
12.8.3
pair
public static void swap(Pair<?> p)
13 ?1!
? t = p.getFirst(); // ERROR
p.setFirst(p.getSecond());
p.setSecond(t);
swapHelper
public static <T> void swapHelper(Pair<T> p)
{
T t = p.getFirst();
p.setFirst(p.getSecond());
p.setSecond(t);
1
swapHel per swap Pair<?>

swap swapHelper
public static void swap(Pair<?> p) { swapHelper(p); }
swapHelper T
<T>swapHel per T
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<T> void swap(Pair<T> p)

public static void maxminBonus(Manager[] a, Pair<? super Manager> result)

{

}

minmaxBonus(a, result);
PairAlg.swapHelper(result); // OK--swapHelper captures wildcard type

12-3

ArrayList<Pair<T>> T ArrayList<Pair<?>>
Pair<?> ?

PairTest3.java

1

2.
3.
4
5.
6.
7
8
9

: [xx

_import java.util.s;

* @version 1.00 2004-05-10
+ @author Cay Horstmann

%/

. pubTic class PairTest3

A

pubTic static void main(String[] args)

{

}

Manager ceo = new Manager("Gus Greedy", 800000, 2003, 12, 15);
Manager cfo = new Manager("Sid Sneaky", 600000, 2003, 12, 15);
Pair<Manager> buddies = new Pair<Manager>(ceo, cfo);
printBuddies(buddies);

ceo. setBonus(1000000) ;
cfo.setBonus(500000) ;
Manager[] managers = { ceo, cfo };

Pair<Employee> result = new Pair<Employee>();

minmaxBonus (managers, result);

System.out.printIn("first: " + result.getFirst().getName()
+ ", second: " + result.getSecond().getName());

maxminBonus (managers, result);

System.out.printIn("first: " + result.getFirst().getName()

+ ", second: " + result.getSecond().getName());

public static void printBuddies(Pair<? extends Employee> p)

{

}

Employee first = p.getFirst();
Employee second = p.getSecond();
System.out.printIn(first.getName() + " and " + second.getName() + " are buddies.");

public static void minmaxBonus(Manager[] a, Pair<? super Manager> result)

{
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38. if (a == null || a.length == @) return;
39. Manager min = a[@];
40. Manager max = a[0];
41, for (int i =1; 1 < a.length; i++)
42 {
43, if (min.getBonus() > a[i].getBonus()) min = afi];
44. if (max.getBonus() < a[i].getBonus()) max = a[i];
45. }
46. result.setFirst(min);
a result.setSecond(max);
4.}
49,
so.  public static void maxminBonus(Manager[] &, Pair<? super Manager> result)
s1. |
52 minmaxBonus(a, result);
53. PairAlg.swapHelper(result); // OK--swapHelper captures wildcard type
54, }
55 }
56.
s7. class PairAlg
58, {
so.  public static boolean hasNulls(Pair<?> p)
6. {
61. return p.getFirst() == nul1 || p.getSecond() == null;
62}
63.
sa.  public static void swap(Pair<?> p) { swapHelper(p); }
65. .
es.  public static <T> void swapHelper(Pair<T> p)
7. {
68. T t = p.getFirst();
69. p.setFirst(p.getSecond());
70. p.setSecond(t);
71. }
72. }
73.
7a. C1ass Employee
7. { :
76.  public Employee(String n, double s, int year, int month, int day)
77. {
78. name = n;
79. salary = s;
80. GregorianCalendar calendar = new GregorianCalendar(year, month - 1, day);
81. hireDay = calendar.getTime();
82. }
83.
ss.  public String getName()
8s. {
86. return name;
87. }
88.
s9.  public double getSalary()
90. {
o1, return salary;
92. }
93.

public Date getHireDay()



. {

96. return hireDay;

97. }

98.

9.  public void raiseSalary(double byPercent)
0. {

101. double raise = salary « byPercent / 100;
102, salary += raise;

103, }

104.

105, private String name;

6. private double salary;

107.  private Date hireDay;

108. }

109.

110. class Manager extends Employee

11, {

112, [ex

13, @param n the employee's name
114, @param s the salary

115. @param year the hire year

116. @param month the hire month
17, @param day the hire day

118, x/

119, public Manager(String n, double s, int year, int month, int day)
120, |

121, super{n, s, year, month, day);
122. bonus = 0;

128, }

124.

125.  public double getSalary()

126. {

127. double baseSalary = super.getSalary();
128, return baseSalary + bonus;

129.  }

130.
131. public void setBonus(double b)

132, {

133. bonus = b;

136, }

135.

136.  public double getBonus()
137, |

138, return bonus;

139.  }

140.
141 private double bonus;
142, }

12.9

Class String.class Class<String>

Class<T>
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Class<T>

T newInstance()

T cast(Object obj)

T[] getEnumConstants()

(lass<? super T> getSuperclass()

Constructor<T> getConstructor(Class... parameterTypes)
Constructor<T> getDeclaredConstructor(Class... parameterTypes)

newlnstance
T Class<T>
T cast T
BadCastException
enum T getEnumConstants null
getConstructor getdeclaredConstructor Constructor<T>
Constructor newlnstance

java.lang.Class<T> 1.0

T newlnstance() 5.0

T cast(Object obj) 5.0

obj null T obj BadCastException
*T[ ] getEnumConstants( ) 5.0
T null
e Class<? super T> getSuperclass( ) 5.0
T Object null
e Constructor<T> getConstructor(Class. . . parameterTypes) 5.0
e Constructor<T> getDeclaredConstructor(Class. . . parameterTypes) 5.0

java.lang.reflect.Constructor<T> 1.1

* T newlnstance(Object... parameters) 5.0

12.9.1 Class<T>

Class<T>

public static <T> Pair<T> makePair(Class<T> ¢) throws InstantiationException,
IT1egalAccessException
{

return new Pair<T>(c.newInstance(), c.newInstance());

}
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makePair(Employee.class)

Employee.class Class<Employee> makePair T Employee
Pair<Employee>

12.9.2

Java
Pair Pair<T> Pair
Pair<String> Pair<Employee>

public static Comparable min(Comparable[] a)

public static <T extends Comparable<? super T>> T min(T[] a)

Java SE 5.0 API
. T
Java SE 5.0 java.lang.reflect Type

* Class
» TypeVariable T extends Comparable<? super T>
» WildcardType ?super T
» ParameterizedType Comparable<? super T>
» GenericArrayType T[]

12-5 4

12-4 AP Pair

class Pair<T> extends java.lang.Object
public T getFirst()

public T getSecond()

public void setFirst(T)

pubTlic void setSecond(T)
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12

PairTest2 ArrayAlg
public static <T extends java.lang.Comparable> Pair<T> minmax(T[])

API

12-5 Type

GenericReflectionTest. java

1. import java.lang.reflect.s;
2. import java.util.«;

4. [

5.« @version 1.10 2004-05-15

6. + @author Cay Horstmann

7. %/

8. public class GenericReflectionTest

9. {

10.  public static void main(String[] args)

11, {

12, // read class name from command-Tine args or user input
13, String name;

14, if (args.length > @) name = args[0];

15. else

16. {

17. Scanner in = new Scanner(System.in);

18. System.out.printIn("Enter class name (e.g. java.util.Collections): ");
18. name = in.next();

20. }

21.

22, try

23, {

24, // print generic info for class and public methods
25, Class c1 = Class.forName(name);

26. printClass(cl);

27. for (Method m : c1.getDeclaredMethods())

28. printMethod(m);

29. }

30. catch (ClassNotFoundException e)

31, {
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32.
33.
34.
35.

37.
38.
39.
40.
a1,
42.
43.
44,
45
46.
47.
48.
49.
50.
51,
52.
53,
54,
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.

66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.

}

e.printStackTrace();

}

public static void printClass(Class c1)

{

}

System.out.print(cl);
printTypes(cl.getTypeParameters(), "<", ™, ", ™", true);
Type sc = c1.getGenericSuperclass();
if (sc != null)
{
System.out.print(" extends ");
printType(sc, false);

printTypes(cl.getGenericInterfaces(), " implements ", ", ", "", false);

System.out.printin();

public static void printMethod(Method m)

{

}

String name = m.getName();
System.out.print(Modifier.toString(m.getModifiers()));
System.out.print(" ");

printTypes(m.getTypeParameters(), "<", ", ", "> ", true);

printType(m.getGenericReturnType(), false);

System.out.print(" ");

System.out.print(name);

System.out.print("(");
printTypes(m.getGenericParameterTypes(), "", ", ", "", false);
System.out.printin(")");

public static void printTypes(Type[] types, String pre, String sep, String suf,

{

}

boolean isDefinition)

if (pre.equals(" extends ") && Arrays.equals(types, new Type[] { Object.class })) return;
if (types.length > @) System.out.print(pre);
for (int i = 0; i < types.length; i++)
{
if (i > @) System.out.print(sep);
printType(types[i], isDefinition);

if (types.length > 0) System.out.print(suf);

public static void printType(Type type, boolean isDefinition)

{

if (type instanceof Class)
{

(lass t = (Class) type;
System.out.print(t.getName());

}

else if (type instanceof TypeVariable)

{
Typevariable t = (TypeVariable) type;
System.out.print(t.getName());
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12

89.
90.
o1.
92.
93.
94.
95.
96.
97.
98.
99.

100.

101,

102.

103.

104,

105.

106.

107.

108.

100.

110.

1.

112,

13,

114,

115.

116.

117.

118.

119.

120. }

}

}

if (isDefinition) -
printTypes(t.getBounds(), " extends ", " & ", "", false);

else if (type instanceof WildcardType)

{

}

WildcardType t = (WildcardType) type;

System.out.print("?");

printTypes(t.getUpperBounds(), " extends ", " & ", "", false);
printTypes(t.getLowerBounds(), " super ", " & ", "", false);

else if (type instanceof ParameterizedType)

{

}

ParameterizedType t = (ParameterizedType) type;
Type owner = t.getOwnerType();
if (owner != null)
{
printType(owner, false);
System.out.print(".");
}
printType(t.getRawType(), false);
printTypes(t.getActualTypeArguments(), "<", ", ", ™", false);

else if (type instanceof GenericArrayType)

{

GenericArrayType t = (GenericArrayType) type;
System.out.print("");
printType(t.getGenericComponentType(), isDefinition);
System.out.print("[]");

java.lang.Class<T> 1.0

e TypeVariable[ ] getTypeParameters( ) 5.0

* Type getGenericSuperclass( ) 5.0

class type null
* Type[ ] getGenericlnterfaces( ) 5.0

0

java.lang.reflect.Method 1.1

e TypeVariable[ ] getTypeParameters( ) 5.0

» Type getGenericReturnType( ) 5.0

Object
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* Type[ ] getGenericParameterTypes( ) 5.0

Java.lang.reflect.TypeVariable 5.0

e String getName( )

* Type[ ] getBounds( )

Java.lang.reflect.WildcardType> 5.0

* Type[ ] getLowerBounds( )
extends 0

» Type[ ] getUpperBounds( )
super 0

Java.lang.reflect.ParameterizedType 5.0

* Type getRawType( )

» Type[ ] getActualTypeArguments( )

» Type getOwnerType( )
null

Java.lang.reflect.GenericArrayType 5.0

» Type getGenericComponentType( )

API Java
http://angelikalanger.com/GenericsFA Q/JavaGenericsFA Q.html

Java
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A A
A A
A

Java

Data Structures

13.1
Java Vector Stack Hashtable
BitSet Enumeration Enumeration
Java SE 1.2
C++
" STL STL “ ”
Java

13.1.1

Java interfaces
implementations —_— gqueue

13-1
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interface Queue<E> // a simplified form of the interface in the standard library
{

void add(E element);

E remove();

int size();

}

13-1

13-2

13-2

Java SE 5.0
12
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Queue
class CircularArrayQueue<E> implements Queue<E> // not an actual Tibrary class
{
CircularArrayQueue(int capacity) { . . . }
public void add(E element) { . . . }
public E remove() { . . . }
public int size() { .. .}

private E[] elements;
private int head;
private int tail;

}
class LinkedListQueue<E> implements Queue<E> // not an actual library class
{

LinkedlListQueue{) { . . . }

public void add(E element) { . . . }

public E remove() { . . .}

public int size() { . . . }

private Link head;
private Link tail;

Java CircularArrayQueue LinkedListQueue

Java SE 6 ArrayDeque
LinkedList Queue

Queue<Customer> expresslLane = new CircularArrayQueue<Customer>(100);
expressLane.add(new Customer{"Harry"));

LinkedListQueue

Queue<Customer> expressLane = new LinkedListQueue<Customer>();
expressLane.add(new Customer("Harry"));

API Abstract AbstractQueue

AbstractQueue Queue
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13.1.2 Java

Java Collection

public interface Collection<E>

{
boolean add(E element);
Iterator<E> iterator();

}
add
false

iterator Iterator
1.
Iterator 3
public interface Iterator<E>
{

E next();

booTean hasNext();
void remove();

}

next
next NoSuchElementException

hasNext true

Collection<String> c = . . .;
Iterator<String> iter = c.iterator();
while (iter.hasNext())

{
String element = iter.next();
do something with element

}
Java SE 5.0

for (String element : c)

{

do something with element

}
“ for each”
“ for each” Iterable

true

next
true
next

“ for each”

hasNext
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public interface Iterable<E>
{
Tterator<E> iterator();
}
Collection Iterable “ for
each”
ArrayList 0
1 HashSet
Iterator next hasNext Enumeration
nextElement hasMoreElements Java
Enumeration
Java
C++
I ali]
i++
Java
next
Java next
13-3
Iterator.next InputStream.read
13 ” read
next
2.
|terator remove next

Iterator<String> it = c.iterator();
it.next(); // skip over the first element
it.remove(); // now remove it

next remove

next

remove
Illegal StateException
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it.remove();
it.remove(); // Error!

13-3

next

it.remove();
it.next();
it.remove(); // Ok

3.
Collection Iterator

public static <E> boolean contains(Collection<E> ¢, Object obj)
{
for (E element : ¢)
if (element.equals(obj))
return true;
return false;

}

Java
contains

Collectio

int size()

boolean isEmpty()

boolean contains(Object obj)

boolean containsAl1(Collection<?> ¢)
boolean equals(Object other)
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boolean addA11(Collection<? extends E> from)
boolean remove(Object obj)

boolean removeAll(Collection<?> c)

void clear()

boolean retainAl1{Collection<?> ¢)

Object[] toArray()

<T> T[] toArray(T[] arrayToFill)

AP

Collection
Java AbstractCollection
size iterator

public abstract class AbstractCollection<E>
implements Collection<E>

{
public abstract Iterator<E> iterator();

public boolean contains(Object obj)
{

for (E element : ¢) // calls iterator()

if (element.equals(obj))
return = true;
return false;

b

AbstractCollection
iterator contains AbstractCollection
contains

java.util.Collection<E> 1.2

e Iterator<E> iterator()
e int size()

* boolean isEmpty()
true
* boolean contains(Object obj)
obj true
* boolean containsAll(Collection<?> other)
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other
* boolean add(Object element)

true

* boolean addAll(Collection<? extends E> other)

other
* boolean remove(Object obj)
obj
* boolean removeAll(Collection<?> other)
other
*void clear()

* boolean retainAll(Collection<?> other)
other
true
* Object[] toArray()

e <T> T[] toArray(T[] arrayToFill)

true

true

arrayToFill

I1legal StateException

array ToFill
null
java.util.lterator<gE> 1.2
* boolean hasNext()
true
* E next()
Exception
e void remove()
13.2
13-1
14
Map Collection

Java

Map

Java

true

true

NoSuchElement

13-1
Map
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13

Map

13-1 Java

ArrayList
LinkedList
ArrayDeque
HashSet
TreeSet
EnumSet
LinkedHashSet
PriorityQueue
HashMap
TreeMap
EnumMap
LinkedHashM ap
WeakHashMap
IdentityHashMap

== equals

13.2.1

ArrayList

linked list

Java

13-4

doubly linked ——

13-5

13-6

LinkedList
3

List<String> staff = new LinkedList<String>(); // LinkedList implements List

2

13-4

Java



563

staff.add("Amy");

staff.add("Bob");

staff.add("Car1");

Iterator iter = staff.iterator();

String first = iter.next(); // visit first element
String second = iter.next(); // visit second element
iter.remove(); // remove last visited element

13-5

13-6

ordered collection
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LinkedList.add
add
set Iterator add
Listlterator add

interface ListIterator<E> extends Iterator<E>

void add(E element);
}

Collection.add boolean

Listlterator
E previous()
boolean hasPrevious()

next previous
LinkedList listlterator Listlterator
ListIterator<String> iter = staff.1istIterator();
Add

“ Juliet” 13-7
List<String> staff = new LinkedList<String>();
staff.add("Amy");
staff.add("Bob");
staff.add("Car1");
ListIterator<String> iter = staff.listIterator();
iter.next(); // skip past first element
iter.add("Juliet");
add
|terator add
hasNext false
n n+1
n+1 3 A B C 4
I
|ABC
A|BC
AB|C
ABC|
: " remove BACKSPACE
next remove BACKSPACE
previous
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add remove

13-7

set next previous

ListIterator<String> iter = Jist.listIterator();
String oldvalue = iter.next(); // returns first element
iter.set(newvalue); // sets first element to newValue

Concurrent
M odificationException

List<String> list = . . .;

ListIterator<String> iterl = list.listIterator();
ListIterator<String> iter2 = list.TistIterator()
iterl.next();

iterl.remove();

jter2.next(); // throws ConcurrentModificationException



566 13

iter2 iter2.next Concurrent
M odificationException

Concurrent
ModificationException

set
set
Collections

LinkedList Listlterator

Collection
LinkedList AbstractCollection toString
toString [A,B, C]
contains “ Harry”
staff.contains(* Harry” ) true
Java

LinkedList get

LinkedList<String> 1ist = . .
String obj = list.get(n);

for (int i = 0; i < list.size(); i++)
do something with 1ist.get(1);

LinkedList

get size() / 2

Java nextlndex
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next previousl ndex
nextlndex

list.listlterator(n)
next list.get(n)

ArrayList,
13-1

|ACE  |BDFC
A|CE  |BDFG
ABICE B|DFG

System.out.printin(a);

AbstractCollection toString

LinkedListTest. java

. import java.util.x;

1

2.

3. [ux

a. + This program demonstrates operations on Tinked Tists.
s. « @version 1.10 2004-08-02

6. # @author Cay Horstmann

7. %/

8. public class LinkedListTest

9. {

1. public static void main(String[] args)

1. |

12, List<String> a = new LinkedList<String>();
13, a.add("Amy");

14, a.add("Car1");

15. a.add("Erica");

16.

17. List<String> b = new LinkedList<String>();
18, b.add("Bob");

19. b.add("Doug");

20. b.add("Frances");

21, b.add("Gloria");

23, // merge the words from b into a

get set

ArrayList

removeAll

previous



568 13
25. ListIterator<String> alter = a.listIterator();
2. Tterator<String> bIter = b.iterator();

27.

28. while (bIter.hasNext())

29, {

30. if (alter.hasNext()) alter.next();
at. alter.add(bIter.next());

32, }

33.

34. System.out.printin(a);

35.

36. // remove every second word from b
37.

38. bIter = b.iterator();

39, while (bIter.hasNext())

40. {

a1, bIter.next(); // skip one element
42. if (bIter.hasNext())

43, {

44, bIter.next(); // skip next element
45. bIter.remove(); // remove that element
46. }

47. }

48.

49, System.out.printIn(b);

50.

51, // bulk operation: remove all words in b from a
52.

53. a.removeAl1(b);

54.

55. System.out.printin(a);

56. }

s57. }

java.util.List<E> 1.2

e Listlterator<k> listlterator()

e Listlterator<kE> listlterator(int index)
next

evoid add(int i, E element)
*void addAllI(int i, Collection<? extends E> elements)

*E remove(int i)

«E get(int 1)
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*E set(int i, E element)

e int indexOf(Object element)

o int lastindexOf(Object element)

java.util.Listlterator<gE> 1.2

e void add(E newElement)

e void set(E newElement)
next previous next previous
Illegal StateException
* boolean hasPrevious()
true
* E previous()
NoSuchElementException

e int nextlndex()

next
e int previousindex()

previous

java.util.LinkedList<E> 1.2

» LinkedList()

e LinkedList(Collection<? extends E> elements)

e void addFirst(E element)
e void addLast(E element)

* E getFirst()
* E getLast()

* E removeFirst()
* E removelLast()
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13.2.2
List LinkedList  List
get set
ArrayList List ArrayList
Java V ector
ArrayList Vector Vector
V ector Vector
ArrayList
ArrayList Vector
13.2.3
hash table 13-2 hashCode
hash code
* Lee” 76268
13-2  lee 107020
String eel 100300
hashCode
hashCode hashCode
5 hashCode equals a.equals(b) true
b
Java bucket 13-8
76268 128
108 76268 128 108

hash collision
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13-8
75%~150%
2 16
2
rehashed
load factor
0.75 75%
75%
set set
set add
Java HashSet add
contains
HashSet
13-2 System.in

Alice in Wonderland http://www.gutenberg.net
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java SetTest < alice30.txt

Alice in Wonderland 5909

SetTest. java

1. import java.util.s;

2.

3 [ux

4.« This program uses a set to print all unique words in System.in.
5. + @version 1.10 2003-08-02

6. « @author Cay Horstmann

7

o
s. public class SetTest
o {
1. public static void main(String[] args)
1. {
12. Set<String> words = new HashSet<String>(); // HashSet implements Set
13, Tong totalTime = 0;
14.
15. Scanner in = new Scanner(System.in);
16. while (in.hasNext())
17. {
18. String word = in.next();
19. Tong callTime = System.currentTimeMillis();
20. words.add(word);
21, callTime = System.currentTimeMillis() - callTime;
22. totalTime += callTime;
23. }
24.
25. Iterator<String> iter = words.iterator();
26. for (int 1 =1; 1 <= 20; i++)
27. System.out.printIin(iter.next());
28. System.out.printIn(". . .");
29. System.out.printIn(words.size() + " distinct words. " + totalTime +
30. }
31, }

"milliseconds.");

java.util.HashSet<E> 1.2

» HashSet()

» HashSet(Collection<? extends E> elements)

« HashSet(int initialCapacity)
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* HashSet(int initialCapacity, float loadFactor)

0.0~1.0
java.lang.Object 1.0
* int hashCode()
equals hashCode
x.equals(y) true x.hashCode() y.hashCode()

13.24

TreeSet sorted
collection

3

SortedSet<String> sorter = new TreeSet<String>()}; // TreeSet impiements SortedSet
sorter.add("Bob");

sorter.add("Amy");

sorter.add("Carl");

for (String s : sorter) System.printin(s);

Amy Bob Carl TreeSet
red-black tree
Introduction to Algorithms Thomas Cormen Charles Leiserson Ronald Rivest

Clifford Stein [The MIT Press, 2001] ©

n log, n
1000 10
TreeSet HashSet 13-3
TreeSet
13-3
HashSet TreeSet
Alice in Wonderland 28195 5909 5 7
The Count of Monte Cristo 466300 37545 75 98

jJava.util.TreeSet<E> 1.2
* TreeSet()
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* TreeSet(Collection<? extends E> elements)

13.2.5

TreeSet
Comparable

public interface Comparable<T>

{

int compareTo(T other);

a b a.compareTo(b) 0
Java Comparable String

Comparable
compareTo
Item

class Item implements Comparable<Item>
{

public int compareTo(Item other)

{

return partNumber - other.partNumber;

}

Comparable

Comparable

Comparator TreeSet
Comparator compare

public interface Comparator<T>

{
}

int compare(T a, T b);

e -

b
>0 0 <O
compareTo

Object
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compareTo a b compare a

Comparator

class ItemComparator implements Comparator<Item>
{
public int compare(Item a, Item b)
{
String descrA = a.getDescription();
String descrB = b.getDescription();
return descrA.compareTo(descrB);
}
}

ItemComparator comp = new ItemComparator();
SortedSet<Item> sortByDescription = new TreeSet<Item>(comp);

function object

SortedSet<Item> sortByDescription = new TreeSet<Item>(new
Comparator<Item>()
{
public int compare(Item a, Item b)
{
String descrA = a.getDescription();
String descrB = b.getDescription();
return descrA.compareTo(descrB);

}
b
Comparator<T> compare equals
equals equels
API equals
TreeSet addAll
13-3

Comparator<Rectangle>

TreeSet
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Java SE 6 TreeSet Navigabl eSet

API

13-3 Item

TreeSetTest.java

4

v

%

/e

*

v

1
2
3
4
5.
6
7
8
9

*k

@version 1.10 2004-08-02

*%

@author Cay Horstmann

. import java.util.s;

This program sorts a set of items by comparing
their descriptions.

/

. pubTic class TreeSetTest

-

. public static void main(String[] args)

WET

. C

{

{

SortedSet<Item> parts = new TreeSet<Item>();
parts.add(new Item("Toaster", 1234));
parts.add(new Item("Widget", 4562));
parts.add(new Item("Modem", 9912));
System.out.printin(parts);

SortedSet<Item> sortByDescription = new TreeSet<Item>(new
Comparator<Items>()

public int compare(Item a, Item b)

{
String descrA = a.getDescription();
String descrB = b.getDescription();
return descrA.compareTo(descrB);

}
1;

sortByDescription.addA11(parts);
System.out.printIn(sortByDescription);

An item with a description and a part number.

x/

Tlass Item implements Comparable<Item> -

s

Constructs an item.

Rectangle

Item
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45.
46.
47.
48.
49,
50.
51.
52,
53.
54,
55.
56.
57.
58.
59.
80.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72,
73.
74.
75.
76.
77.
78

79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.

91. }

@param aDescription the item's description
@param aPartNumber the item's part number
x/
public Item(String aDescription, int aPartNumber)
{
description = aDescription;
partNumber = aPartNumber;

}
[ux

Gets the description of this item.
@return the description

o

pubTic String getDescription()

{
return description;

}

public String toString()
{
return "[descripion=" + description
+ ", partNumber=" + partNumber + "]";

}

public boolean equals(Object otherObject)
{
if (this == otherObject) return true;
if (otherObject == null) return false;
if (getClass() != otherObject.getClass()) return false;
Item other = (Item) otherObject;
return description.equals(other.description)
&& partNumber == other.partNumber;

public int hashCode()
{

}

return 13 « description.hashCode() + 17 # partNumber;

pubTic int compareTo(Item other)

{
}

return partNumber - other.partNumber;

private String description;
private int partNumber;

java.lang.Comparable<T> 1.2

e int compareTo(T other)

this other this
0 this

other
other
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java.util.Comparator<T> 1.2

e int compare(T a, T b)

0 a b

java.util.SortedSet<E> 1.2

» Comparator<? super E> comparator()
Comparable
null
*E first()
E last()

java.util.NavigableSet<E> 6

* E higher(E value)
«E lower(E value)
value value
*E ceiling(E value)
« E floor(E value)
value value
null
*E pollFirst()
«E pollLast

* Iterator<kE> descendinglterator()

java.util.TreeSet<E> 1.2

* TreeSet()
Comparable
e TreeSet(Comparator<? super E> c¢)

» TreeSet(SortedSet<? extends E> elements)

null

compareTo

null
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13.2.6

Java SE 6 Deque ArrayDeque LinkedList
14

java.util.Queue<E> 5.0

* boolean add(E element)
* boolean offer(E element)
true
Illegal StateException false
* E remove()

*E poll()

NoSuchElementException null
*E element()
* E peek()

NoSuchElementException null

java.util.Deque<E> 6

e void addFirst(E element)
*void addLast(E element)

* boolean offerFirst(E element)
* boolean offerLast(E element)

I1legal StateException false
* E removeFirst()
* E removelLast()
* E pollFirst()
* E pollLast()

NoSuchElementException null
* E getFirst()
* E getlLast()
* E peekFirst()
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13

* E peekLast()

NoSuchElementException null

java.util.ArrayDeque<E> 6

 ArrayDeque()
» ArrayDeque(int initialCapacity)
16
13.2.7
priority queue
remove
heap
add remore
TreeSet Comparable
13-4 TreeSet

PriorityQueueTest. java

1
2
3.
4
5.
6.
7
8.
9

: [ax

7
A
{

_import java.util.s;

.« This program demonstrates the use of a priority queue.
« @version 1.00 2004-08-03

.« @author Cay Horstmann

. public class PriorityQueueTest

public static void main(String[] args)

PriorityQueue<GregorianCalendar> pg = new PriorityQueue<GregorianCalendar>();
pg.add(new GregorianCalendar(1906, Calendar.DECEMBER, 9)); // G. Hopper
pq.add(new GregorianCalendar(1815, Calendar.DECEMBER, 10)); // A. lovelace
pq.add(new GregorianCalendar(1903, Calendar.DECEMBER, 3)); // J. von Neumann
pq.add(new GregorianCalendar(1910, Calendar.JUNE, 22)); // K. Zuse

System.out.printIn("Iterating over elements...");
for (GregorianCalendar date : pq)
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20. System.out.printin(date.get(Calendar.YEAR));

21. System.out.printIn("Removing elements...");

22, while (!pq.isEmpty())

23. System.out.printIn{pg.remove().get(Calendar.YEAR));
24, }

25 }

java.util.PriorityQueue 5.0
* PriorityQueue()
e PriorityQueue(int initialCapacity)
Comparable
* PriorityQueue(int initialCapacity, Comparator<? super E> c)

13.2.8

map /
ID Employee

Java HashMap TreeMap Map

Map<String, Employee> staff = new HashMap<String, Employee>(); // HashMap implements Map
Employee harry = new Employee("Harry Hacker");
staff.put("987-98-9996", harry);

Employee

String s = "987-98-9996";
e = staff.get(s); // gets harry
get null
put
put
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remove size

pairs
Collection

Map.Entry

Set<K> keySet()
CoTlection<K> values()
Set<Map.Entry<K, V>> entrySet()

keySet HashSet TreeSet Set
Set Collection keySet

Set<String> keys = map.keySet();
for (String key : keys)

{
do something with key

}

, entries

for (Map.Entry<String, Employee> entry : staff.entrySet())
{

String key = entry.getKey();

Employee value = entry.getValue();

do something with key, value

}
remove

add UnsupportedOperationException
/

13-5 /
get

MapTest. java

_import java.util.s;
-/

;
2
3
a4« This program demonstrates the use of a map with key type String and value type Employee.
5
6
7

&«

ok

+ @version 1.10 2004-08-02
+ @author Cay Horstmann
#/
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s. pubTic class MapTest

9 {

1. public static void main(String[] args)

1. {

12, Map<String, Employee> staff = new HashMap<String, Employee>();
13, staff.put("144-25-5464", new Employee("Amy Lee"));

14. staff.put("567-24-2546", new Employee("Harry Hacker"));
15, staff.put("157-62-7935", new Employee("Gary Cooper"));

16. staff.put("456-62-5527", new Employee("Francesca Cruz"));
17.

18, // print all entries

19.

20. System.out.printin(staff);

21.

22. // remove an entry

23.

24. staff.remove("567-24-2546");

25. ‘

26. // replace an entry

27.

28. staff.put("456-62-5527", new Employee("Francesca Miller"));
29.

30. // Took up a value

31.

32. System.out.printin(staff.get("157-62-7935"))

33.

a4, // iterate through all entries

35. .

36. for (Map.Entry<String, Employee> entry : staff.entrySet())
37. {

38. String key = entry.getKey();

39. Employee value = entry.getValue();

40. System,out.printIn("key=" + key + ", value=" + value);
41. }

42, }

3.}

44.

a5, [ax

4. * A minimalist employee class for testing purposes.
a7, %/
as. class Employee

a9 {

s0. [

51 « Constructs an employee with $0 salary.
52, + @aram n the employee name

53. x/

s4.  public Employee(String n)

ss. {

56. name = n;

57. salary = 0;

58. }

60.  public String toString()
st {

62. return "[name='
63. }

" ",

+ name + ", salary=" + salary + "]";
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64.

e5.  private String name;
es.  private double salary;
67. }

jJava.util.Map<K, V> 1.2

*V get(K key)
null
null
*V put(K key, V value)

null
null null
*void putAll(Map<? extends K, ? extends V> entries)

e boolean containsKey(Object key)
true
* boolean containsValue(Object value)
true
e Set<Map.Entry<K, V>> entrySet()
Map.Entry /

» Set<K> keySet()

e Collection<V> values()

java.util .Map.Entry<K, V>1.2

* K getKey()
*V getvValue()

*V setValue(V newvalue)

java.util . HashMap<K, V> 1.2
* HashMap()
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* HashMap(int initialCapacity)
» HashMap(int initialCapacity, float loadFactor)
0.0~1.0

0.75

jJava.util.TreeMap<K,V> 1.2

» TreeMap(Comparator<? super K> c¢)

* TreeMap(Map<? extends K, ? extends V> entries)

* TreeMap(SortedMap<? extends K, ? extends V> entries)

jJava.util.SortedMap<K, V>1.2

» Comparator<? super K> comparator()
Comparable compareTo
null
* K Firstkey()
* K lastkey()

13.2.9

WeakHashMap

WeakHashM ap
/
WeakHashM ap weak references
WeakReference



Map staff = new LinkedHashMap();

staff.put("144-25-5464", new Employee("Amy Lee"));
staff.put("567-24-2546", new Employee("Harry Hacker"));
staff.put("157-62-7935", new Employee("Gary Cooper"));
staff.put("456-62-5527", new Employee("Francesca Cruz"));

staff.keySet().iterator()

144-25-5464
567-24-2546
157-62-7935
456-62-5527

staff.values().iterator()

Amy Lee

Harry Hacker
Gary Cooper
Francesca Cruz

586 13
WeakReference
WeakHashMap
WeakHashMap
2.
Java SE 1.4 LinkedHashSet LinkedHashMap
13-9
139
13-5
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put

LinkedHashMap<K, V>(initialCapacity, loadFactor, true)

LinkedHashMap

protected boolean removeEldestEntry(Map.Entry<K, V> eldest)

true eldest
100

Map<K, V> cache = new
LinkedHashMap<K, V>(128, 0.75F, true)
{
protected boolean removeEldestEntry(Map.Entry<K, V> eldest)
{

return size() > 109;
}
b

eldest

3.
EnumSet

EnumSet

enum Weekday { MONDAY, TUESDAY, WEDNESDAY, THURSDAY, FRIDAY, SATURDAY, SUNDAY };

EnumSet<Weekday> always = EnumSet.al10f(Weekday.class);

EnumSet<weekday> never = EnumSet.noneQf (Weekday.class);

EnumSet<Weekday> workday = EnumSet.range(Weekday.MONDAY, Weekday.FRIDAY);

EnumSet<Weekday> mwf = EnumSet.of (Weekday.MONDAY, Weekday.WEDNESDAY, Weekday.FRIDAY);
Set EnumSet

EnumMap

EnumMap<Weekday, Employee> personInCharge = new EnumMap<Weekday, Employee>(Weekday.class);

EnumSet API E extends Enum<E>

“E ” Enum
Weekday Enum<Weekday>

get

EnumSet
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4,
Java SE 1.4 | dentityHashMap
hashCode System.identityHashCode
Object.hashCode
IdentityHashMap == equals

java.util.WeakHashMap<K, V> 1.2

* WeakHashMap()
 WeakHashMap(int initialCapacity)
« WeakHashMap(int initialCapacity, float loadFactor)

java.util.LinkedHashSet<E> 1.4

* LinkedHashSet()
e LinkedHashSet(int initialCapacity)
e LinkedHashSet(int initialCapacity, float loadFactor)

java.util.LinkedHashMap<K, V> 1.4

* LinkedHashMap()

 LinkedHashMap(int initialCapacity)

e LinkedHashMap(int initialCapacity, float loadFactor)

e LinkedHashMap(int initialCapacity, float loadFactor, boolean accessOrder)

e protected boolean removeEldestEntry(Map.Entry<K, V> eldest)
eldest true eldest
false
true
true

java.util.EnumSet<E extends Enum<E>> 5.0

e static <E extends Enum<E>> EnumSet<E> allOf(Class<E> enumType)

e static <E extends Enum<E>> EnumSet<E> noneOf(Class<E> enumType)
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e static <E extends Enum<E>> EnumSet<E> range(E from, E to)
from~to

e static <E extends Enum<E>> EnumSet<E> of(E value)

e static <E extends Enum<E>> EnumSet<E> of(E value, E... values)

jJava.util.EnumMap<K extends Enum<K>, V>5.0

» EnumMap(Class<K> keyType)

java.util.ldentityHashMap<K, V> 1.4

* IdentityHashMap()
 IdentityHashMap(int expectedMaxSize)
1.5 * expectedMaxSize 2
expectedM axSize 21

java.lang.System 1.0
e static int identityHashCode(Object obj) 1.1

Object.hashCode obj
hashCode
13.3
framework
Swing
Java
13-10

Collection Map

boolean add(E element)
/ put
V put(K key, V value)

get

V get(K key)

List ordered collection
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13

void add(int index, E element)
E get(int index)
void remove(int index)

List

RandomA ccess

if (c instanceof RandomAccess)

use random access algorithm

}

else

{

use sequential access algorithm

}
ArrayList V ector

13-10

RandomA ccess

Java SE 1.4

List
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Array List
Array
Array
Listlterator
void add(E element)
Iterator next remove
Set Collection add
equals
hashCode
Set
SortedSet SortedMap
Java SE 6 NavigableSet NavigableMap

SortedSet SortedM ap
TreeSet TreeMap

AbstractCollection
Abstractlist
AbstractSequentiallist
AbstractSet
AbstractQueue
AbstractMap

Java

LinkedList
Arraylist

ArrayDeque
HashSet
TreeSet
PriorityQueue
HashMap
TreeMap

13-11
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13

13-11

Java “ ”

Vector
Stack -
Hashtable
Properties

13-12
13.3.1

13-10 13-11

key Set

1.
Arrays asList Java

Card[] cardDeck = new Card[52];

keySet

List

Set

views
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List<Card> cardtist = Arrays.asList(cardDeck):

13-12
ArrayList get set
add remove Unsupported
OperationException
Java SE 5.0 asList

List<String> names = Arrays.asList("Amy", "Bob", "Carl");

CoTlections.nCopies(n, anObject)
List n
anObject
100 List “ DEFAULT”

List<String> settings = Collections.nCopies(100, "DEFAULT");

Collections
Collection
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Collections.singleton(anObject)

Set List ncopies
singletonList
singletonM ap
2.

subrange staff
10 19 subL ist

List group2 = staff.sublList(10, 20);

String substring

group2.clear(); // staff reduction
staff group2
SortedSet

SortedSet<E> subSet(E from, E to)
SortedSet<E> headSet(E to)
SortedSet<E> tailSet(E from)

from to

SortedMap<K, V> subMap(K from, K to)
SortedMap<K, V> headMap(K to)
SortedMap<K, V> tailMap(K from)

Java SE 6 NavigableSet

NavigableSet<E> subSet(E from, boolean fromInclusive, E to, boolean toInclusive)
NavigableSet<E> headSet(E to, boolean toInclusive)
NavigableSet<E> tailSet(E from, boolean fromInclusive)

3.

Collections unmodifiable views

6

Collections.unmodifiableCollection
Collections.unmodifiablelist
Collections.unmodifiableSet
Collections.unmodifiableSortedSet
Collections.unmodifiableMap
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Collections.unmodifiableSortedMap

Collections.unmodifiableList

List

List<String> staff = new LinkedList<String>();

lookAt(new Collections.unmodifiableList(staff));

Collections.unmodifiableList List
staff lookAt List
add
LinkedList addFirst addLast,

unmodifiableCollection
Collection
Object

equals
equals

hashCode

unmodifiableSet unmodifiableList

Collections
Map

synchronizedM ap

ArrayList LinkedList

UnsupportedOperationException

staff

List

synchronizedCollection checked
equals

equals hashCode

Map<String, Employee> map = Collections.synchronizedMap(new HashMap<String, EmpToyee>());

map get put

5.
Java SE 5.0 : "

14
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12
Arraylist<String> strings = new Arraylist<String>();
Arraylist rawlist = strings; // get warning only, not an error, for compatibility with legacy code
rawList.add(new Date()); // now strings contains a Date object!
add get
String
List<String> safeStrings = Collections.checkedList(strings, String.class);
add
ClassCastException
Arraylist rawlist = safeStrings;
rawList.add(new Date()); // Checked list throws a ClassCastException
Array List
<Pair<String>> “ " Pair Pair
<Date>
6.

UnsupportedOperationException
API “

java.util.Collections 1.2

estatic <E> Collection unmodifiableCollection(Collection<E> ¢)

estatic <E> List unmodifiableList(List<E> ¢)
estatic <E> Set unmodifiableSet(Set<E> ¢)

estatic <E> SortedSet unmodifiableSortedSet(SortedSet<E> ¢)

estatic <K, V> Map unmodifiableMap(Map<K, V> c)
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estatic <K, V> SortedMap unmodifiableSortedMap(SortedMap<K, V> c¢)
UnsupportedOperationException

e static <E> Collection<E> synchronizedCollection(Collection<E> c)

estatic <E> List synchronizedList(List<E> ¢)

e static <E> Set synchronizedSet(Set<E> c¢)

e static <E> SortedSet synchronizedSortedSet(SortedSet<E> c¢)

e static <K, V> Map<K, V> synchronizedMap(Map<K, V> c)

estatic <K, V> SortedMap<K, V> synchronizedSortedMap(SortedMap<K, V> c¢)

e static <E> Collection checkedCollection(Collection<E> c, Class<E> elementType)

e static <E> List checkedList(List<E> c, Class<E> elementType)

e static <E> Set checkedSet(Set<E> c, Class<E> elementType)

e static <E> SortedSet checkedSortedSet(SortedSet<E> c, Class<kE> elementType)

estatic <K, V> Map checkedMap(Map<K, V> c¢, Class<K> keyType, Class<V>
valueType)

e static <K, V> SortedVMap checkedSortedMap(SortedMap<K, V> ¢, Class<K> keyType,

Class<V> valueType)
ClassCastException

e static <E> List<E> nCopies(int n, E value)
estatic <E> Set<E> singleton(E value)

jJava.util . Arrays 1.2

estatic <E> List<E> asList(E... array)

jJava.util.List<E> 1.2

e List<E> subList(int firstincluded, int firstExcluded)

jJava.util.SortedSet<E> 1.2

e SortedSet<E> subSet(E firstincluded, E firstExcluded)
» SortedSet<E> headSet(E firstExcluded)
e SortedSet<E> tailSet(E firstincluded)
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java.util.NavigableSet<E> 6

» NavigableSet<E> subSet(E from, boolean fromincluded, E to, boolean tolncluded)
« NavigableSet<E> headSet(E to, boolean tolncluded)
e NavigableSet<e> tailSet(E from, boolean fromIncluded)

boolean

java.util.SortedMap<K, V> 1.2

e SortedMap<K, V> subMap(K firstincluded, K firstExcluded)
e SortedMap<K, V> headMap(K firstExcluded)
e SortedMap<K, V> tailMap(K firstincluded)

java.util.NavigableMap<K, V>6

e NavigableMap<K, V> subMap(K from, boolean fromlncluded, K to, boolean
tolncluded)
« NavigableMap<K, V> headMap(K from, boolean fromlncluded)
« NavigableMap<K, V> tailMap(K to, boolean tolncluded)
boolean

13.3.2

bulk operations
intersection

Set<String> result = new HashSet<String>(a);

retainAll
result.retainAll(b);

result a b

ID ID

Map<String, Employee> staffMap = . . .;
Set<String> terminatedIDs = . . .;

staffMap.keySet().removeAll(terminatedIDs);
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10
relocated.addA11(staff.subList(@, 10));

staff.subList(d, 10).clear();
13.3.3

Java API

Arrays.asList

String[] values = . . .;
HashSet<String> staff = new HashSet<String>(Arrays.asList(values)};

toArray
Object[] values = staff.toArray();
String[] values = (String[]) staff.toArray(); // Error!
toArray Object[]
toArray 0
String[] values = staff.toArray(new String[60]);
staff.toArray(new String[staff.size()]);
Class String.class

13.4

if (a.Tength == @) throw new NoSuchElementException();
T largest = a[@];
for (int i =1; i < a.length; i++)
if (largest.compareTo(a[i]) < @)
largest = afi];

10

toArray
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13

if

(v.size() == @) throw new NoSuchElementException();

T largest = v.get(@);
for (int i =1; 1 <v.size(); i++)

if (largest.compareTo(v.get(i)) < 0)
largest = v.get(i);

if (1.isEmpty()) throw new NoSuchElementException();
Iterator<T> iter = 1.iterator();

T largest = iter.next();

while (iter.hasNext())

{

T next = iter.next();
if (largest.compareTo{next) < @)
largest = next;

static <T extends Comparable> T max(T[] a)
static <T extends Comparable> T max{ArrayList<T> v)
static <T extends Comparable> T max{LinkedList<T> 1)

get set

max

Collection

public static <T extends Comparable> T max(Collection<T> )

{

if (c.isEmpty()) throw new NoSuchElementException();
Iterator<T> iter = c.iterator();
T largest = iter.next();
while (iter.hasNext())
{

T next = iter.next();

if (largest.compareTo(next) < @)

largest = next;

}

return largest;

Java

C++
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1341

Java

Collections sort List

List<String> staff = new LinkedList<String>();
// fi1l collection . . .;
Collections.sort(staff);

Comparable
Comparator sort

Comparator<Item> itemComparator = new

Comparator<Items()
{
public int compare(Item a, Item b)
{
return a.partNumber - b.partNumber;
}

3R

Collections.sort(items, itemComparator);

Collections.reverse-
Order()

Collections.sort(staff, Collections.reverseOrder())

b.compareTo(a)

compareTo staff

Collections.sort(items, Collections.reverseOrder(itemComparator))
itemComparator
sort

Addison-Wesley 1998 Robert Sedgewick Algorithms in C++ 366
369 Java
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unmodifiableList

3 set
. add remove
Collections shuffle

ArraylList<Card> cards = . . .;
Collections.shuffle(cards);

RandomA ccess shuffle

13-6 1 49 49 Integer
6

ShuffleTest. java

1. import java.util.s;
2.
[
+ This program demonstrates the random shuffle and sort algorithms.
+ @version 1.10 2004-08-02
» @author Cay Horstmann
%/
. public class ShuffleTest
{
10.  public static void main(String[] args)
1. {
12, List<Integer> numbers = new ArrayList<Integer>();
13. for (int i = 1; 1 <= 49; i++)
14. numbers.add(i);
15, Collections.shuffle(numbers);
16. List<Integer> winningCombination = numbers.sublist(0, 6);
17. Collections.sort(winningCombination);
18. System.out.printIn(winningCombination);

© ® N o ¢ o» o»

java.util.Collections 1.2
e static <T extends Comparable<? super T>> void sort(List<T> elements)
e static <T> void sort(List<T> elements, Comparator<? super T> c)
O(n log n)
n
e static void shuffle(List<?> elements)
e static void shuffle(List<?> elements, Random r)
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O(n a(n)) n a (n)

e static <T> Comparator<T> reverseOrder()
Comparable compareTo

e static <T> Comparator<T> reverseOrder(Comparator<T> comp)
comp

13.4.2

1024 10
512 1024

Collections binarySearch
List
Comparable compareTo

ollections.binarySearch(c, element);

= (C
= Collections.binarySearch(c, element, comparator);

!
i
binarySearch 0 c.get(i)
element
element
insertionPoint = -i - 1;
i 0
if (1<)
c.add(-i - 1, element);

binarySearch

Java SE 1.3
binarySearch Abstract Sequential
List Java SE 1.4 binarySearch
RandomA ccess
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java.util.Collections 1.2

e static <T extends Comparable<? super T>> int binarySearch(List<T> elements, T
key)
e static <T> int binarySearch(List<T> elements, T key, Comparator<? super T> c)
AbstractSequentialList
O(@()logn) n a(n)

13.4.3

Collections

Collections.max
API Collections

java.util.Collections 1.2

* static <T extends Comparable<? super T>> T min(Collection<T> elements)
e static <T extends Comparable<? super T>> T max(Collection<T> elements)
e static <T> min(Collection<T> elements, Comparator<? super T> c)
e static <T> max(Collection<T> elements, Comparator<? super T> cC)

e static <T> void copy(List<? super T> to, List<T> from)

e static <T> void Fill(List<? super T> I, T value)

* static <T> boolean addAll(Collection<? super T> c, T... values) 5.0
true
e static <T> boolean replaceAll(List<T> I, T oldvalue, T newvalue) 1.4
newValue oldvValue
e static int indexOfSubList(List<?> I, List<?> s) 1.4
e static int lastindexOfSubList(List<?> I, List<?> s) 1.4
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| S
1 [st,ar] s [tar]

e static void swap(List<?> 1, int i, int j) 1.4

e static void reverse(List<?> |I)
[t. & 1]
oM n
e static void rotate(List<?> I, int d) 1.4

[r, & ]

i (i +d) % l.size()

2 [a 1, 1]

Oo(n) n

e static int frequency(Collection<?> ¢, Object 0) 5.0

C (0]

* boolean disjoint(Collection<?> cl, Collection<?> c2) 5.0

true

13.4.4

void fillMenu(IMenu menu, ArrayList<IMenultem> items)

{
for (JMenultem item : items)
menu.addItem(item);

fillMenu

void filIMenu(IMenu menu, Collection<IMenultem> items)

{
for (IMenuItem item : items)
menu.addItem(item);

ArrayList LinkedList

JComboBox

JComboBox (Object[] items)
JComboBox(Vector<?> items)

JMenu

ArrayList

Arrays.asList

Java

[t,a 1]

Collection
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List<MenuItem> getA11Items(IMenu menu)

{

ArrayList<MenuItem> items = new Arraylist<MenuItem>()

for (int i = 0; 1 < menu.getItemCount(); i++)
items.add(menu.getItem(i));
return items;

}
AbstractList
List<MenuItem> getAl1Items(final IMenu menu)
{
return new
AbstractList<MenuItem>()
{
public MenuItem get(int i)
{
return item.getItem(i);
}
public int size()
{
return item.getItemCount();
}
h
}
13.5
Java
Properties Vector Stack BitSet

13.5.1 Hashtable

Hashtable HashMap
Hashtable
HashMap

Hashtabl e,
HashTable
Java

getAllltems

Swing

t

Hashtable

Windows
Windows

V ector
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13.5.2

Enumeration Enumeration
hasMoreElements nextElement |terator hasNext next

Hashtable elements

Enumeration<Employee> e = staff.elements();
while (e.hasMoreElements())

{

Employee e = e.nextElement();

Collections.enumeration

List<InputStream> streams = . . .;
SequenceInputStream in = new SequenceInputStream(Collections.enumeration(streams));
// the SequenceInputStream constructor expects an enumeration

C++ Java

Java SE 1.2

jJava.util.Enumeration<E> 1.0
* boolean hasMoreElements()
true
* E nextElement()
hasM oreElements() false

jJava.util _Hashtable<K, V>1.0

* Enumeration<K> keys()

* Enumeration<V> elements()

java.util.Vector<kE> 1.0

 Enumeration<e> elements()
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13

13.5.3
property map

Java Properties
10

java.util.Properties 1.0

* Properties()

e Properties(Properties defaults)

e String getProperty(String key)

« String getProperty(String key, String defaultValue)

*void load(InputStream in)

InputStream
e void store(OutputStream out, String commentString)
OutputStream
13.5.4
1.0 Stack push
Stack Vector Vector

insert remove

java.util.Stack<E> 1.0

* E push(E item)
item item
*E pop()
item
* E peek()

pop
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13.5.5
Java BitSet
Boolean ArrayList
BitSet
int long

bucketOfBits BitSet

bucketOfBits.get(i)

i true false

bucketOfBits.set(i)

[
bucketOfBits.clear(i)

i
C++ C++ Java BitSet

java.util.BitSet 1.0
e BitSet(int initialCapacity)

e int length()
13 ” 1
* boolean get(int bit)

e void set(int bit)

*void clear(int bit)

e void and(BitSet set)

“ AND”
e void or(BitSet set)

“« OR"
e void xor(BitSet set)

“ XOR”
e void andNot(BitSet set)
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“ Eratosthenes "
“ Eratosthenes "
1 2 3 5 “ Eratosthenes "
2 2 000 000
148 933
200
13-7 Java 13-8
C++
1.66 GHz IBM ThinkPad
2GB Ubuntu 7.04
o C++ (g++ 4.1.2): 360
« Java (Java SE 6): 105
Java 7 3 Java
C++ C++ 60
Java Hotspot Java C++

Sieve.java

8

9.
10.
11.

1.
2
3
4
5
6
7

import java.util.s;

: IS
* This program runs the Sieve of Erathostenes benchmark. It computes all primes up to 2,000,000.
.« @version 1.21 2004-08-03
.+ @author Cay Horstmann
%/

. public class Sieve
{
public static void main(String[] s)
{
int n = 2000000;
long start = System.currentTimeMillis();
BitSet b = new BitSet(n + 1);
int count = 0;
int i;
for (i =2; 1 <=n; i+4)
b.set(i);
i=2;
while (i « 1 <= n)
{
if (b.get(i))



611

23.
24,
25.
26.
27.
28.
29,
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.

}

}

}

}

count++,

int k=2«1;
while (k <= n)

{

b.clear(k);

k+=1;

}

T+

while (i <= n)

{

}

if (b.get(i)) count+s;

i+

long end = System.currentTimeMillis();

System.out.printin(count +
System.out.printIn((end - start) +

n

primes");
" milliseconds");

Sieve.cpp

© ® N U A BN -

15

‘f

@version 1.21 2004-08-03
@author Cay Horstmann

. #include <bitset>
_ #include <iostreams
. #include <ctime>

10. Using namespace std;

A

const int N = 2000000;
clock_t cstart = clock();

- int main()

bitset<N + 1> b;
int count = 0;

int i;
for (i =2; 1 <= N; i+4)

i=2;
while (1 i <= N)

{

b.set(i);

if (b.test(i))

{

count++;
int k=2

while (k <

{

%

i;
N)

b.reset(k);

k += 1;
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33. }
3. }
35. T+4;
36. }
a7. while (i <= N)
38. {
39, if (b.test(i))
40. count++;
41. 144
a2 }
43.
4. clock_t cend = clock();
4. double mitlis = 1000.0
46. % (cend - cstart) / CLOCKS_PER_SEC;
47.
4.  COUt << count << " primes\n"
49. << mi1lis << " milliseconds\n";
50.
51. return 0;
s2. }

Java

Java
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A A
A Ao Callable Future
A A
A A
A A Swing
A

multitasking

CPU
CPU CPU
thread
multithreaded
Web
GUI
Java
Java SE 5.0
Java SE 5.0
Brian Goetz
Addison-Wesley Professional 2006 Java Concurrency in Practice

14.1



614 14
14-1
Start
Start
addBall

1000 move move
Ball ball = new Ball();
panel.add(ball);
for (int i = 1; i <= STEPS; i++)
{

ball.move(panel.getBounds());

panel.paint(panel.getGraphics());

Thread.sleep(DELAY); 14-1
}
Thread sleep

Thread.sleep sleep Thread
sleep InterruptedException
1000 Close
BounceFrame addBall
comp.paint(comp.getGraphics())
repaint AWT
comp.repaint() addBall
ball JPanel
repaint JComponent
Stop Back

14-1 14-3
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Bounce. java

1. import java.awt.s;

2. import java.awt.event.x;
3. import javax.swing.x;

4.

5. [x%

6. = Shows an animated bouncing ball.

7. = @version 1.33 2007-05-17

8. * @author Cay Horstmann

9. #/

10. public class Bounce

1. {

12. public static void main(String[] args)

13 {

14, EventQueue.invokelater(new Runnable()

15. {

16. public void run()

17. {

18. JFrame frame = new BounceFrame();

19. frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
20. frame.setVisible(true);

21 }

22 b;

23}

24. }

25.

26. [#%

27. « The frame with ball component and buttons.

28 %/

20. class BounceFrame extends JFrame

30. {

3. [

32. + Constructs the frame with the component for showing the bouncing ball and Start and
3. + Close buttons

34, %/

5. public BounceFrame()

3% {

ar. setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);

38. setTitle("Bounce");

39.

40. comp = new BallComponent();

41, add(comp, BorderLayout.CENTER);
' 42, JPane] buttonPanel = new JPanel();

43. addButton{buttonPanel, "Start", new ActionlListener()
44, {

45, public void actionPerformed(ActionEvent event)
4. {

47. addBall(});

48, }

4. B;

50.

51, addButton(buttonPanel, "Close", new ActionListener()
52. {

53, public void actionPerformed(ActionEvent event)

54, {
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55. System.exit(@);
56. }
57. s
58. add(buttonPanel, BorderLayout.SOUTH);
59. }
60.
61, [xx
62. « Adds a button to a container,
63. x @aram ¢ the container
64. x @param title the button title
65. » @param listener the action listener for the button
66. #/
67.  public void addButton(Container ¢, String title, ActionListener listener)
68. 1
69. JButton button = new JButton(title);
70. c.add(button);
71. button.addActionListener(1istener);
2.}
73.
74 [ux
75. « Adds a bouncing ball to the panel and makes it bounce 1,000 times.
76. =/ :
77. public void addBall()
78. {
79. try
80. {
81. Ball ball = new Ball();
82. comp.add(ball);
83.
84. for (int i = 1; i <= STEPS; i++)
85. {
86. ball.move(comp.getBounds());
87. comp.paint(comp.getGraphics());
88. Thread.sleep(DELAY);
89. }
90. }
91. catch (InterruptedException e)
92. {
93. }
4. }
95.
9.  private BallComponent comp;
97.  public static final int DEFAULT_WIDTH = 450;
9. public static final int DEFAULT_HEIGHT = 350;
99  public static final int STEPS = 1000;
10.  public static final int DELAY = 3;
101. }

Ball .java

. import java.awt.geom.:;

+ @version 1.33 2007-05-17
* @author Cay Horstmann

.
2
3
4. = A ball that moves and bounces off the edges of a rectangle
5.
6
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7.

%/

8. public class Ball

9. {

Jux

*/
public void move(Rectangle2D bounds)
{

X += dx;

y +=dy;

if (x < bounds.getMinX())

{
x = bounds.getMinX();
dx = -dx;
}
if (x + XSIZE >= bounds.getMaxX())
{
x = bounds.getMaxX() - XSIZE;
dx = -dx;
}
if (y < bounds.getMinY())
{
y = bounds.getMinY();
dy = -dy;
}
if (y + YSIZE >= bounds.getMaxY())
{
y = bounds.getMaxY() - YSIZE;
dy = -dy;
}

[x

» Gets the shape of the ball at its current position.

x/
public E1Tipse2D getShape()
{
return new E11ipse2D.Double(x, y, XSIZE, YSIZE);

}

private static final int XSIZE = 15;
private static final int YSIZE = 15;
private double x = 0;
private double y = 6;
private double dx = 1;
private double dy = 1;

+ Moves the ball to the next position, reversing direction if it hits one of the edges

Bal IComponent. java

1
2
3
4.
5
6

. import java.awt.x;
- import java.util.;
. import javax.swing.s;

LT,
.« The component that draws the balls.
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7. % @version 1.33 2007-05-17

8.« @author Cay Horstmann

9. %/

10. public class BallComponent extends JPanel
1. {

12. [

13, » Add a ball to the component.

14, » @param b the ball to add

15. s/

16.  public void add(Ball b)

17, |

18. balls.add(b);

19. 1

20.

21, public void paintComponent(Graphics g)
22, {

23, super.paintComponent(g); // erase background
24, Graphics2D g2 = (Graphics2D) g;

25, for (Ball b : balls)

26. {

27, g2.fi11(b.getShape(});

28. }

29. }

3. private ArrayList<Ball> balls = new Arraylist<Ball>();

java.lang.Thread 1.0

e static void sleep(long millis)

millis

AWT

event dispatch thread
Close

GUI web

1 Runnable run

public interface Runnable



619

{

void run();

}

class MyRunnable implements Runnable

{

public void run()

{ task code
}
}
2
Runnable r = new MyRunnable();
3 Runnable Thread
Thread t = new Thread(r);
4
t.start();

run

class BallRunnable implements Runnable

{

public void run()

{
try
{
for (int i = 1; i <= STEPS; i++)
{
bal1.move(component.getBounds());
component., repaint();
Thread.sTeep(DELAY);
}
}
catch (InterruptedException exception)
{
}
}
}
sleep
Start addBall

Ball b = new Ball();

panel.add(b);

Runnable r = new BallRunnable(b, panel);
Thread t = new Thread(r);

t.start();

BallRunnable

InterruptedException
InterruptedException

14-2

run
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14

14-4

class MyThread extends Thread

{

public void run()

{

task code

}

}
Thread

run

BounceThread. java

1. import java.awt.x;

2. import java.awt.event.x;

3. import javax.swing.x;

4.

5 [

6. + Shows animated bouncing balls.
7. @version 1,33 2007-05-17

8. + @author Cay Horstmann

9. #/

10. public class BounceThread

14-2

Thread

Runnable

start

run

Thread.start

run

14.9
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2. public static void main(String[] args)
B |

14, EventQueue.invokeLater(new Runnable()
1s. {

16. public void run{)

17. {

18. JFrame frame = new BounceFrame();
19. frame, setDefaultCloseOperation(JFrame. EXIT_ON_CLOSE);
20, frame.setVisible(true);

26. [#%

27. « A runnable that animates a bouncing ball.
28/

20. class BallRunnable implements Runnable

30. {

31 [xx

32 + Constructs the runnable.

33. » @Ball the ball to bounce

34, + @aPanel the component in which the ball bounces
35. x/

s public BallRunnable(Ball aBall, Component aComponent)
ar. {

38. ball = aBall;

30. component = aComponent;

40. }

4. public void run()

43. {

44, try

45. {

46. for (int i = 1; 1 <= STEPS; i++)
47. {

48, bal1.move(component.getBounds());
a9, component. repaint();

50. Thread. sTeep(DELAY);

51. }

52. }

53, catch (InterruptedException e)

54. {

55. }

56, }

se.  private Ball ball;

so.  private Component component;

s0.  public static final int STEPS = 1000;
61 public static final int DELAY = 5;

62. }

64, [

6s. * The frame with panel and buttons.
66. #/

67. class BounceFrame extends JFrame
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69. [#x
70. » Constructs the frame with the component for showing the bouncing ball and Start and
7. + (Jose buttons

72. %/

73, public BounceFrame()

74. {

75. setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);

76. setTitle("BounceThread");

77.

78. comp = new BallComponent();

79. add(comp, BorderLayout.CENTER);

80. JPanel buttonPanel = new JPanel();

81. addButton(buttonPanel, "“Start"”, new ActionlListener()
82. {

83. public void actionPerformed(ActionEvent event)
84. {

8s. addBall();

86. }

87. 3K

88.

89. addButton(buttonPanel, "Close”, new ActionListener()
90. {

91, public void actionPerformed(ActionEvent event)
92. {

93. System.exit(0);

9. }

95. b

9. add(buttonPanel, BorderLayout.SOUTH);

97.  }

98.

9. [

100. » Adds a button to a container.

101. x @param ¢ the container

102. « @param title the button title

103, x @param Tistener the action listener for the button
104. x/

105, public void addButton(Container ¢, String title, Actionlistener listener)
106, {

107. JButton button = new JButton(title);

108. c.add{button);

109. button.addActionListener(listener);

1o,  }

111,

. [ux

113, « Adds a bouncing ball to the canvas and starts a thread to make it bounce
114, %/

115, public void addBall()

e, {

117. Ball b = new Ball();

118. comp.add(b);

119. Runnable r = new BallRunnable(b, comp);

120, Thread t = new Thread(r);

121, t.start();

122, }

123.
124.  private BallComponent comp;
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125, public static final int DEFAULT_WIDTH = 450,
126.  public static final int DEFAULT_HEIGHT = 350;
127 public static final int STEPS = 1000,

128, public static final int DELAY = 3;

129. }

java.lang.Thread 1.0
* Thread(Runnable target)

target run
*void start()
run()
e void run()
Runnable run

java.lang.Runnable 1.0

evoid run()
14.2

run return
Java stop
. stop
suspend ”
interrupt
interrupt
boolean
Thread.currentThread
isInterrupted method

while (!Thread.currentThread().isInterrupted() && more work to do)

{ do more work

}

InterruptedException
sleep wait interrupt Interrupted

Exception 1/0

I 1 3
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14

run

public void run()
{

try

{

white (!Thread.currentThread().isInterrupted() && more work to do)

{

do more work
}

}
catch(InterruptedException e)

{

}
finally

{

// thread was interrupted during sleep or wait

cleanup, if required

}

// exiting the run method terminates the thread

}

sleep

InterruptedException
InterruptedException

public void run()

{

try

{

while (more work to do)
{
do more work
Thread. sTeep(delay);
}
}

catch(InterruptedException e)

{

}
finally

{

// thread was interrupted during sleep

cleanup, if required

// exiting the run method terminates the thread

interrupted

isinterrupted

sleep

islnterrupted
interrupted

islnterrupted

sleep

Interrupted
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InterruptedException

void mySubTask()
{

try { sleep(delay); }
catch (InterruptedException e) {} // DON'T IGNORE!

}
catch
e catch Thread.currentThread().interrupt()
void mySubTask()
{
try i sleep(delay); }
catch (InterruptedException e) { Thread().currentThread().interrupt(); }
}
. throws InterruptedException try
run
void mySubTask() throws InterruptedException
{
;1éeé(de1ay];
1
java.lang.Thread 1.0
e void interrupt()
true sleep

InterruptedException
e static boolean interrupted()

* boolean isinterrupted()

e static Thread currentThread()
Thread

14.3

false
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14

* New )

* Runnable

* Blocked

» Waiting

» Timed waiting
» Terminated

14.3.1

new
new

14.3.2

start

1441

14.3.3

14.5.5

14-4

getState

runnable

new Thread(r)

Java

yield

java.util.concurrent

14.5.3

java.util.concurrent
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Thread.sleep Object.wait

14.3.4

Object.wait Thread.join

Lock Condition

14-3

Thread.join  Lock.tryL ock

14-3

14.5.4
java.util.concurrent

timed waiting

Condition.await
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. run
. run
stop
stop

java.lang.Thread 1.0

evoid join()

*void join(long millis)

e Thread.State getState() 5.0

ThreadDeath

NEW RUNNABLE BLOCKED WAITING TIMED_WAITING

TERMINATED
e void stop()

e void suspend()

e void resume()

suspend()
14.4
14.4.1
Java
setPriority
MIN_PRIORITY Thread 1 MAX_PRIORITY

NORM_PRIORITY 5

Windows 7 Java

Linux Java _

10

Java

Sun
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java.lang.Thread 1.0

e void setPriority(int newPriority)
Thread.MIN_PRIORITY  Thread MAX_PRIORITY
Thread. NORM_PRIORITY
e static int MIN_PRIORITY

e static int NORM_PRIORITY
e static int MAX_PRIORITY

10
e static void yield()

14.4.2

t.SetDaemon(true);

daemon thread

shutdown

java.lang.Thread 1.0

* void setDaemon(boolean isDaemon)

14.4.3

run )
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catch

Thread.UncaughtExceptionHandl er

void uncaughtException(Thread t, Throwable e)

Java SE 5.0 setUncaughtExceptionHandl er
Thread setDefaultUncaughtExceptionHandl er
API
ThreadGroup
Java SE 5.0
ThreadGroup Thread.UncaughtExceptionHandl er uncaughtException
1 uncaughtException

Thread.getDefaultExceptionHandler

3 Throwable ThreadDeath
4 Throwable System.err

java.lang.Thread 1.0

e static void setDefaultUncaughtExceptionHandler(Thread.UncaughtExceptionHandler
handler) 5.0
 static Thread.UncaughtExceptionHandler getDefaultUncaughtExceptionHandler() 5.0

» void setUncaughtExceptionHandler(Thread.UncaughtExceptionHandler handler) 5.0
e Thread.UncaughtExceptionHandler getUncaughtExceptionHandler() 5.0

java.lang.Thread.UncaughtExceptionHandler 5.0

e void uncaughtException(Thread t, Throwable e)
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java.lang.ThreadGroup 1.0

* void uncaughtException(Thread t, Throwable e)
Thread

e ThreadDeath

ThreadDeath stop

14.5

race condition

1451

transfer Bank
Bank transfer

public void transfer(int from, int to, double amount)
// CAUTION: unsafe when called from multiple threads
{
System.out.print(Thread.currentThread());
accounts(from] -= amount;
System.out.printf(" %10.2f from %d to %d", amount, from, to);
accounts[to] += amount;
System.out.printf(" Total Balance: %10.2f%n", getTotalBalance());

TransferRunnable run
run bank

class TransferRunnable implements Runnable

{

public void run()
{
try
{
int toAccount = (int) (bank.size() = Math,random(});
double amount = maxAmount = Math.random();
bank.transfer(fromAccount, toAccount, amount);

transfer
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Thread.sleep((int) (DELAY = Math.random()));
}
catch(InterruptedException e) {}
}
}

transfer
CTRL+C

Thread[Thread-11,5,main] 588.48 from 11 to 44 Total Balance: 100000.00
Thread[Thread-12,5,main] 976.11 from 12 to 22 Total Balance: 100000.00
Thread[Thread-14,5,main] 521.51 from 14 to 22 Total Balance: 100000.00
Thread[Thread-13,5,main] 359.89 from 13 to 81 Total Balance: 100000.00

Thread{Thread-36,5,main] 401.71 from 36 to 73 Total Balance: 99291.06
Thread[Thread-35,5,main] 691.46 from 35 to 77 Total Balance: 99291.06
Thread(Thread-37,5,main] 78.64 from 37 to 3 Total Balance: 99291.06
Thread[Thread-34,5,main] 197.11 from 34 to 69 Total Balance: 99291.06
Thread{Thread-36,5,main] 85.96 from 36 to 4 Total Balance: 99291.06

Thread[Thread-4,5,main]Thread[Thread-33,5,main] 7.31 from 31 to 32 Total Balance:
99979.24
627.50 from 4 to 5 Total Balance:  99979.24

$100 000
100 $1 000

14-5 14-7

UnsynchBankTest. java

1. [ex

2.+ This program shows data corruption when multiple threads access a data structure.
3.« @version 1,30 2004-08-01

4.+ Qauthor Cay Horstmann

5. %/

6. public class UnsynchBankTest

7
8
9

A
public static void main(String[] args)
B
10. Bank b = new Bank(NACCOUNTS, INITIAL_BALANCE);
1. int i;
12. for (i = @; i < NACCOUNTS; 1i++)
13. {

14 TransferRunnable r = new TransferRunnable(b, i, INITIAL_BALANCE);
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15. Thread t = new Thread(r);
16, t.start();

17 }

18 }

20.  public static final int NACCOUNTS = 100;
21, public static final double INITIAL_BALANCE = 1000;

Bank.java

1. [ux

2.+ A bank with a number of bank accounts.
3. « @version 1.30 2004-08-01

4.+ @author Cay Horstmann

5. #/

6. public class Bank

7
8.
9

o
[us
« Constructs the bank.

10. = @param n the number of accounts
1. + @param initialBalance the initial balance for each account
12. s/
13, public Bank(int n, double initialBalance)
14, {
15. accounts = new double[n];
16. for (int i = 0; i < accounts.length; i++)
17. accounts[i] = initialBalance;
8.}
19.
20. /—.‘:*
21. x Transfers money from one account to another.
22. « @param from the account to transfer from
23. « @param to the account to transfer to
24. « @param amount the amount to transfer
25. +/
26 public void transfer(int from, int to, double amount)
27. {
28, if (accounts[from] < amount) return;
29. System.out.print(Thread.currentThread());
30. accounts{from] -= amount;
at. System.out.printf(" %10.2f from %d to %d", amount, from, to);
a2, accounts[to] += amount;
33, System.out.printf(" Total Balance: %10.2f%n", getTotalBalance());
as  }
35.
%, [ex

a7. x Gets the sum of all account balances.
38. » @return the total balance

39. %/

4. public double getTotalBalance()
s {

42. double sum = 0;

43.

44. for (double a : accounts)

45, sum += a,
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46.
47. return sum;
48. }
49.
50.  [#x
51. + Gets the number of accounts in the bank.
52, » @return the number of accounts
53, x/
s, public int size()
55. {
56. return accounts.length;
57.  }
58.
s, private final double[] accounts;
60. }

TransferRunnable. java

© ® N o ;o & w o

{

33.

Jax

*
*
o
%

+/

A runnable that transfers money from an account to other accounts in a bank.
@version 1.30 2004-08-01
@author Cay Horstmann

. pubTic class TransferRunnable implements Runnable

[
x Constructs a transfer runnable.
+ @param b the bank between whose account money is transferred
» @param from the account to transfer money from
* @param max the maximum amount of money in each transfer
%/
public TransferRunnable(Bank b, int from, double max)
{
bank = b;
fromAccount = from;
maxAmount = max;

}
public void run()
{
try
{
while (true)
{
int toAccount = (int) (bank.size() = Math.random());
double amount = maxAmount = Math.random();
bank.transfer(fromAccount, toAccount, amount);
Thread.sTeep{(int) (DELAY « Math.random()));
}
1
catch (InterruptedException e)
{
}
}

private Bank bank;
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ss.  private int fromAccount;
4.  private double maxAmount;
41, private int DELAY = 10;
42}

14.5.2

accounts[to] += amount;

1 accounts[to]
2 amount
3 accounts[to]
1 1 2 2
accounts 1 3
14-4

14-4
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javap -c¢ -v Bank
Bank.class

accounts[to] += amount;

aload_0
getfield #2; //Field accounts:[D
iload_2
dup?
daload
dload_3
dadd
dastore
transfer
14.5.3
Java SE 5.0 Java
synchronized Java SE 5.0 ReentrantL ock synchronized
synchronized
java.util.concurrent 14.5.4
14.5.5
ReentrantL ock
myLock.Tlock(); // a ReentrantLock object
try
{
critical section
}
finally
{

myLock.unlock(); // make sure the Tock is unTocked even if an exception is thrown

}
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lock lock
finally
Bank transfer
public class Bank
{
public void transfer(int from, int to, int amount)
{
bankLock.Tock();
try
{
System.out.print(Thread.currentThread());
accounts(from] -= amount;
System.out.printf(" %10.2f from %d to %d", amount, from, to);
accounts[to] += amount;
System.out.printf(" Total Balance: %10.2f%n", getTotalBalance());
} .
finally
{
bankLock.unlock();
}
}

private Lock bankLock = new Reentrantlock(); // Reentrantlock implements the Lock interface

}

transfer
lock
14-5
transfer
Bank ReentrantL ock
count lock
transfer getTotalBalance

2 getTotalBalance
0

transfer

transfer

Bank

Bank
Bank
hold
lock unlock
bankL ock bankL ock
1 transfer
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14

14-5

finally

java.util.concurrent.locks.Lock 5.0

*void lock()

e void unlock()

java.util.concurrent.locks.ReentrantLock 5.0

e ReentrantLock()

* ReentrantLock(boolean fair)
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1454

if (bank.getBalance(from) >= amount)
bank.transfer(from, to, amount);

if (bank.getBalance(from) >= amount)
// thread might be deactivated at this point
bank.transfer(from, to, amount);

public void transfer(int from, int to, int amount)

bankLock.lock();
try
{

while (accounts[from] < amount)

{
// wait

}
// transfer funds

}
finally

{
bankLock.unlock(};
}
}

bankL ock

transfer

Java
conditional variable

newCondition
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class Bank
{
public Bank()
{
sufficientFunds = bankLock.newCondition();
}
private Condition sufficientFunds;
}
transfer
sufficientFunds.await();
await await
signalAll

sufficientFunds.signalAll();

await
await
while (!(ok to proceed))
condition.await();
signalAll
deadlock
await
signalAll
signalAll
signalAll

pubtic void transfer(int from, int to, int amount)
{

bankLock.lock();

try

{

while (accounts[from] < amount)

——signalAll

await
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sufficientFunds.await();
// transfer funds

;u%ficientFunds.signa]A]1();

}
finally
{
bankLock.unlock();
}
}
signalAll
signal
signal
await signalAll
signal
14-8 $100 000

CTRL+C

Bank. java

1. import java.util.concurrent.locks.x;
2.

3. [ax

4. = A bank with a number of bank accounts that uses locks for serializing access.
5.+ @version 1,30 2004-08-01

6. + @author Cay Horstmann

7. %/

8. public class Bank

o {

10, [

1. » Constructs the bank.

12, x @aram n the number of accounts

13. % @param initialBalance the initial balance for each account
14, x/

15. public Bank(int n, double initialBalance)

16. {

17. accounts = new double[n];

18. for (int i = 0; i < accounts.length; i++)

19, accounts{i] = initialBalance;

20. bankLock = new Reentrantlock();

21, sufficientFunds = bankLock.newCondition();

2.}
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ES

Transfers money from one account to another.
@param from the account to transfer from
@param to the account to transfer to

@param amount the amount to transfer

3%

sE ok ok

/

public void transfer(int from, int to, double amount) throws InterruptedException

{

bankLock.Tock();

try

{
while (accounts[from] < amount)

sufficientFunds.await();

System.out.print(Thread.currentThread()});
accounts[from] -= amount;
System.out.printf(" %10.2f from %d to %d", amount, from, to);
accounts{to] += amount;
System.out.printf(" Total Balance: %10.2f%n", getTotalBalance());
sufficientFunds.signalAll();

}

finally

{
bankLock.unlock();

ets the sum of all account balances.
return the total balance

S

x/
public double getTotalBalance()
{

bankLock.lock();

try

{

double sum = @;

for (double a : accounts)
sum += a;

return sum;
}
finally

{
bankLock.unlock();

}
}

[#%

« Gets the number of accounts in the bank.
» @return the number of accounts

%/
public int size()

{
}

return accounts. length;
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s1.  private final double[] accounts;
s2.  private Lock bankLock;
8. private Condition sufficientFunds;

java.util.concurrent.locks.Lock 5.0

e Condition newCondition()

java.util.concurrent.locks.Condition 5.0

*void await()
* void signalAll()

* void signal()

14.5.5 synchronized

Lock Condition

Lock Condition Java SE 5.0

Java
1.0 Java synchronized

public synchronized void method()

{
}

method body

public void method()

{
this.intrinsicLock.lock();
try

{
method body

}



644 14

finally { this.intrinsicLock.unlock(); }
}

Bank transfer synchronized
wait notifyAll /notify
wait notifyAll

intrinsicCondition .await();
intrinsicCondition.signalA11();

wait notifyAll notify Object final Condition
await signalAll signal

Java Bank

class Bank
{
public synchronized void transfer(int from, int to, int amount) throws InterruptedException
{
while (accounts[from] < amount)
wait(); // wait on intrinsic object lock's single condition
accounts[from] -= amount;
accounts[to] += amount;
notifyAl1(); // notify all threads waiting on the condition

}
public synchronized double getTotalBalance() { . . . }
private double[] accounts;
}
synchronized
synchronized
wait
Synchronized wait/
notifyAll 14.10
synchronized
Bank Bank.class
Lock Condition ?
. Lock/Condition synchronized

java.util.concurrent 14.6
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synchronized
14-9
Lock/Condition Lock/Condition

Bank.java

3
2
3.
4
5
6
7
8
g

T,

+ A bank with a number of bank accounts that uses synchronization primitives.
+ @version 1.30 2004-08-01
» @author Cay Horstmann

‘f

j public class Bank

[
+ Constructs the bank,
» @aram n the number of accounts
+ @param initialBalance the initial balance for each account
*/
public Bank(int n, double initialBalance)
{
accounts = new double[n];
for (int i = @; i < accounts.length; i++)
accounts[i] = initialBalance;
1
Jax
x Transfers money from one account to another.
x @aram from the account to transfer from
» @param to the account to transfer to
« @aram amount the amount to transfer
/
public synchronized void transfer(int from, int to, double amount) throws InterruptedException

{

while (accounts[from] < amount)
wait();
System.out.print(Thread.currentThread());
accounts[from] -= amount;
System.out.printf(" %10.2f from %d to %d", amount, from, to);
accounts[to] += amount;
System.out.printf(" Total Balance: %10.2f%n", getTotalBalance());
notifyAl1();
}

IET:
+ Gets the sum of all account balances.
» @return the total balance

%/
public synchronized double getTotalBalance()

{

double sum = @;

for (double a : accounts)
sum += a;

return sum;
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s0. }

51.

52. JET:

53. « Gets the number of accounts in the bank.
54. « @return the number of accounts

55. %/

se.  public int size()

57. {

58. return accounts.length;

59. }

60.
61.  private final double[] accounts;

62. }

java.lang.Object 1.0
e void notifyAll()
wait
Illegal M onitor StateException

*void notify()
wait

I1legal M onitorStateException
e void wait()

I1legal M onitor StateException
*void wait(long millis)
e void wait(long millis, int nanos)

IllegalMonitorStateException
millis
nanos <1 000 000

14.5.6

Java

synchronized (obj) // this is the syntax for a synchronized block

{

critical section

}
obj
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public class Bank
{ public void transfer(int from, int to, int amount)
{ synchronized (lock) // an ad-hoc lock
{ accounts[from] -= amount;
accounts{to] += amount;
} gystem.out.print1n(. S

ﬁr%véte double[] accounts;
; private Object lock = new Object();
lock Java
client-side
locking V ector Vector
<Double> transfer

public void transfer(Vector<Double> accounts, int from, int to, int amount) // ERROR

{

accounts.set(from, accounts.get(from) - amount);
accounts.set(to, accounts.get(to) + amount);
System,out.printin(. . .);

}

V ector get set get
transfer

public void transfer(Vector<Double> accounts, int from, int to, int amount)

{
synchronized (accounts)
{
accounts.set(from, accounts.get(from) - amount);
accounts.set(to, accounts.get(to) + amount};
}
System.out.printin{. . .);
}

V ector
V ector

14.5.7



monitor Per Brinch Hansen
Tony Hoare 20 70 Java
. obj.method() obj
await
accounts[from] >= balance
Java Java

synchronized
wait/notifyAll/notify

3 Java
. private
. synchronized
Per Brinch Hansen Java

“ Pascal Java
" [Java’'s Insecure Parallelism, ACM
SIGPLAN Notices 34:38-45, April 1999.]

14.5.8 Volatile

JSR 133 Java http://www.jcp.org/en/jsr/detail ?1d=133

http://www-106.ibm.com/devel operworks/javal library/j-jtp02244.html Brian Goetz
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Brian Goetz “ mo

volatile volatile

done

public synchronized boolean isDone() { return done; }
public synchronized void setDone() { done = true; }
private boolean done;

isDone setDone

Lock
volatile
public boolean isDone() { return done; }
public void setDone() { done = true; }
private volatile boolean done;
Volatile
public void flipDone() { done = !'done; } // not atomic
3 AtomicBoolean
get set
java.util.concurrent.atomic
3
. final
. volatile
Java SE 5.0 volatile volatile
14.5.9

1 $200
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2 $300
1 1 $300
2 2 $400 1
14-6 1 2 1 2
14-6
deadlock
$1 000 100
$100 000 $1 000
run $1 000
NACCOUNTS 10 2 * INITIAL_BALANCE
CTRL+\

14-7

11

jconsole
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transfer

1 $1 990

1

1 $995
2 $1 985

1

14-7 jconsole

SynchBankTest TransferRunnable run
fromAccount toAccount
SynchBankTest signalAll signal
NACCOUNTS 10 signalAll
signal

$990
$995 2
$995

$990

signal signal 3
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await 1
1 1 $997 2
1 await
signal
2 2
Java
14.5.10
lock
tryL ock true false
if (myLock.tryLock())
// now the thread owns the Tock
try {...}
finally { myLock.unlock(); }
else
// do something else
tryLock
if (myLock.trylLock(10@, TimeUnit.MILLISECONDS)) . . .
TimeUnit SECONDS MILLISECONDS MICROSECONDS
NANOSECONDS
lock
lock
tryLock
I nterruptedException
lockInterruptibly tryLock
myCondition.await(208, TimeUnit.MILLISECONDS))
signalAll  signal
await
await InterruptedException
awaitUninterruptibly await

java.util.concurrent.locks.Lock 5.0

e boolean tryLock()
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* boolean tryLock(long time, TimeUnit unit)

«void lockInterruptibly()

java.util.concurrent.locks.Condition 5.0

* boolean await(long time, TimeUnit unit)

e void awaitUninterruptibly()

InterruptedException

14511 /

java.util.concurrent.locks
ReentrantReadWriteL ock

1

private ReentrantReadWriteLock rwl = new ReentrantReadwritelock();

2

/
ReentrantReadWritelL ock

private Lock readlock = rwl.readLock();
private Lock writelock = rwl.writeLock();

3

public double getTotalBalance()

{

}
4

readLock.Tock();

try{...}
finally { readlLock.unlock(); }

public void transfer(. . .)

{

}

writeLock.lock();

try { ...}
finally { writeLock.unlock(); }

false

true

InterruptedException

true

ReentrantL ock
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java.util.concurrent.locks.ReentrantReadWriteLock 5.0
e Lock readLock()
e Lock writeLock()
145.12 stop  suspend
Java stop suspend
resume stop suspend
Java SE 1.2 stop suspend
stop run
TransferThread
stop
stop
ThreadDeath
suspend stop suspend
suspend suspend
Pause
Resume
pauseButton.addActionListener(new
ActionListener()
public void actionPerformed(ActionEvent event)
{
for (int i = 0; 1 < threads.length; i++)
threads(i].suspend(); // Don't do this
}
b;
resumeButton.addActiontistener(. . .); // calls resume on all transfer threads
paintComponent getBalances
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14.11
event dispatch thread
1 bank
2 Pause
3 bank
4
5 paintComponent getBalances
6 bank
Resume
suspendRequested
suspendRequested

public void run()
{
while (. . .)
{

if (suspendRequested)
{
suspendLock. Tock();
try { while (suspendRequested) suspendCondition.await(); }
finally { suspendLock.unlock(); }
}
}
}
public void requestSuspend() { suspendRequested = true; }
public void requestResume()
{
suspendRequested = false;
suspendLock. tock();
try { suspendCondition.signalAl1(); }
finally { suspendLock.unlock(); }
}
private volatile boolean suspendRequested = false;
private Lock suspendLock = new ReentrantlLock();
private Condition suspendCondition = suspendLock.newCondition();

14.6

Java

run
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blocking queue

14-1

14-1
add I1legal StateException
element NoSuchElementException
offer true , false
peek null
poll null
put
remove NoSuchElementException
take
3
put take
add remove element
offer poll peek
poll peek null
offer poll
boolean success = q.offer(x, 100, TimeUnit.MILLISECONDS);
100 true
false
Object head = q.po11(108, TimeUnit.MILLISECONDS)
100
null

put take offer



657

poll
java.util.concurrent LinkedBlockingQueue
LinkedBlockingDeque

ArrayBlockingQueue

PriorityBlockingQueue

13
DelayQueue Delayed

interface Delayed extends Comparable<De1ayed;
{

long getDelay(TimeUnit unit);
}
getDelay

DelayQueue compareTo DelayQueue

14-10

BlockingQueueTest. java

1. import java.jo.s;

2. import java.util.s;

3. import java.util.concurrent.s;
4.

5 [

6. + @version 1.0 2004-08-01

7.« @author Cay Horstmann

8./

o. public class BlockingQueueTest

10, {

1. public static void main(String[] args)

12 {

13, Scanner in = new Scanner(System.in);

14, System.out.print("Enter base directory (e.g. /usr/local/jdk1.6.9/src): ");
15. String directory = in.nextLine();

16. System.out.print("Enter keyword (e.g. volatile): ");

17. String keyword = in.nextLine();

18.

19. final int FILE_QUEUE_SIZE = 10;

20. final int SEARCH_THREADS = 100;

21,

22. BlockingQueue<File> queue = new ArrayBlockingQueue<File>(FILE_QUEUE_SIZE);
23.

24, FileEnumerationTask enumerator = new FileEnumerationTask(queue, new File(directory));
25. new Thread(enumerator).start();

26. for (int i = 1; 1 <= SEARCH_THREADS; i++)

27, new Thread(new SearchTask(queue, keyword)).start();
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29. }
30.
a1 [ux
s2. * This task enumerates all files in a directory and its subdirectories.
s %/
3a. class FileEnumerationTask implements Runnable
35 {
3. [ux
37 + Constructs a FileEnumerationTask.
38. « @aram queue the blocking queue to which the enumerated files are added
3. + @param startingDirectory the directory in which to start the enumeration
40. 'f-‘/
41 public FileEnumerationTask(BlockingQueue<File> queue, File startingDirectory)
a2 |
43, this.queue = queue;
44, this.startingDirectory = startingDirectory;
45. }
46.
47. public void run()
4. {
49, try
50. {
51, enumerate(startingDirectory);
52. queue.put (DUMMY);
53, }
54, catch (InterruptedException e)
55. {
56. }
57. }
58.
59,  [#x
60. + Recursively enumerates all files in a given directory and its subdirectories
61. + @param directory the directory in which to start
62. +/
63 public void enumerate(File directory) throws InterruptedException
6a. {
65. File[] files = directory.listFiles();
66. for (File file : files)
67. {
68. if (file.isDirectory()) enumerate(file);
69. else queue.put(file);
70. }
71. }
72.
73. public static File DUMMY = new File("");
74.
75, private BlockingQueue<File> queue;
76.  private File startingDirectory;
77. }
78.
79, [a%
so. + This task searches files for a given keyword.
81, #/
s2. class SearchTask implements Runnable
83. {
84 [#x

» Constructs a SearchTask.
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86. * @param queue the queue from which to take files
87. » @param keyword the keyword to Took for

88. */

9. public SearchTask(BlockingQueue<File> queue, String keyword)
90. {

91, this.queue = queue;

92. this.keyword = keyword;
93}

94.

95.  public void run()

9. {

97. try

98. {

99. hoolean done = false;

100. while (!done)

101. {

102, File file = queue.take();
103. if (file == FileEnumerationTask.DUMMY)
104, {

105, queue.put(file);

106. done = true;

107. }

108, else search(file);

109. }

110, }

", catch (IOException e)

112, {

113, e.printStackTrace();

114. }

118, catch (InterruptedException e)
1186. {

117. }

118, }

119.

120, [ux

121, + Searches a file for a given keyword and prints all matching lines.
122, » @param file the file to search

123, +/

124, public void search(File file) throws IOException

125.  {

126. Scanner in = new Scanner(new FileInputStream(file));
127. int TineNumber = ;

128, while (in.hasNextLine())

129. {

130, lineNumber++;

131, String line = in.nextLine();

132. if (line.contains(keyword)) System.out.printf("%s:%d:%s%n", file.getPath(),
133, TineNumber, line);

134. }

135. in.close();

136, }

138, private BlockingQueue<File> queue;
9.  private String keyword;
140. }

@
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Java.util.concurrent.ArrayBlockingQueue<E> 5.0

e ArrayBlockingQueue(int capacity)
« ArrayBlockingQueue(int capacity, boolean fair)

java.util.concurrent.LinkedBlockingQueue<E> 5.0

java.util.concurrent.LinkedBlockingDeque<E> 6

 LinkedBlockingQueue()
 LinkedBlockingDeque()

e LinkedBlockingQueue(int capacity)
 LinkedBlockingDeque(int capacity)

java.util.concurrent.DelayQueue<E extends Delayed> 5.0

* DelayQueue()
Delayed

java.util.concurrent.Delayed 5.0

e long getDelay(TimeUnit unit)

java.util.concurrent.PriorityBlockingQueue<E> 5.0

e PriorityBlockingQueue()

e PriorityBlockingQueue(int initialCapacity)

 PriorityBlockingQueue(int initialCapacity, Comparator<? super E> comparator)
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initial Capacity 11
comparator
Comparable

java.util.concurrent.BlockingQueue<E> 5.0

*void put(E element)

* E take()

* boolean offer(E element, long time, TimeUnit unit)
true
*E poll(long time, TimeUnit unit)
null

java.util.concurrent.BlockingDeque<E> 6

evoid putFirst(E element)
e void putLast(E element)

« E takeFirst()
* E takelLast()

* boolean offerFirst(E element, long time, TimeUnit unit)
* boolean offerLast(E element, long time, TimeUnit unit)
true

*E pollFirst(long time, TimeUnit unit)
* E pollLast(long time, TimeUnit unit)

14.7

13

Java
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14.7.1

java.util.concurrent ConcurrentHashM ap
ConcurrentSkipListMap ConcurrentSkipListSet ConcurrentLinkedQueue

size

weakly consisteut
Concurrent
ModificationException

java.util
ConcurrentM odificationException

16 16

ConcurrentHashMap ConcurrentSkipListMap
putlf Absent

cache.putIfabsent(key, value);
removelfPresent

cache. remove(key, value)

cache.replace(key, oldvalue, newValue)

java.util.concurrent.ConcurrentLinkedQueue<E> 5.0

« ConcurrentLinkedQueue<E>()

java.util.concurrent.ConcurrentLinkedQueue<E> 6

* ConcurrentSkipListSet<E>()
e ConcurrentSkipListSet<E>(Comparator<? super E> comp)
Comparable

java.util.concurrent.ConcurrentHashMap<K, V> 5.0

Java.util.concurrent.ConcurrentSkipListMap<K, V> 6

* ConcurrentHashMap<K, V>()
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» ConcurrentHashMap<K, V>(int initialCapacity)
e ConcurrentHashMap<K, V>(int initialCapacity, float loadFactor, int

concurrencylLevel)
initial Capacity 16
loadFactor
0.75
concurrencyLevel

e ConcurrentSkipListMap<K, V>()
e ConcurrentSkipListSet<K, V>(Comparator<? super K> comp)

Comparable
*V putlfAbsent(K key, V value)
null
* boolean remove(K key, V value)
false
* boolean replace(K key, V oldvalue, V newValue)
oldvalue newValue false

14.7.2

CopyOnWriteArrayList CopyOnWriteArraySet

14.7.3

Java Vector Hashtable
Java SE 1.2 ArrayList HashMap
synchronization
wrapper

List<E> synchArraylist = Collections.synchronizedList(new ArrayList<E>());
Map<K, V> synchHashMap = Collections.synchronizedMap(new HashMap<K, V>());
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synchronized (synchHashMap)

{ _
Tterator<K> iter = synchHashMap.keySet().iterator();

while (iter.hasNext()) . . .;
}

for each”

java.util.concurrent

ConcurrentHashMap

CopyOnWriteArrayList

java.util.Collections 1.2

ConcurrentM odificationException

ArrayList

e static <E> Collection<E> synchronizedCollection(Collection<E> ¢)
e static <E> List synchronizedList(List<E> c)
e static <E> Set synchronizedSet(Set<E> c¢)

e static <E> SortedSet synchronizedSortedSet(SortedSet<E> c)
e static <K, V> Map<K, V> synchronizedMap(Map<K, V> c¢)

e static <K, V> SortedMap<K, V> synchronizedSortedMap(SortedMap<K, V> c¢)

14.8 Callable Future

Runnable

Cdlable Runnable Callable

public interface Callable<V>

{

V call() throws Exception;

}

Callable<Integer>

Future
Future
Future

public interface Future<v>

{
V get() throws . . .;
V get(Tong timeout, TimeUnit unit) throws . . .;

Future

Integer

cal
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void cancel(boolean mayInterrupt);
boolean isCancelled();
boolean isDone();

1

get

TimeoutException
InterruptedException get
isDone false true
cancel
may| nterrupt true

FutureTask Callable Future Runnable

Callable<Integer> myComputation = . . .;
FutureTask<Integer> task = new FutureTask<Integer>(myComputation);
Thread t = new Thread(task); // it's a Runnable

t.start();

Integer result = task.get(); // it's a Future

14-11

Callable<Integer>

class MatchCounter implements Callable<Integer>

public MatchCounter(File directory, String keyword) { . . . }
public Integer cali() { . . . } // returns the number of matching files
}
MatchCounter FutureTask

FutureTask<Integer> task = new FutureTask<Integer>(counter);
Thread t = new Thread(task);
t.start();

System.out.printIn(task.get() + " matching files.");

get
call MatchCounter
FutureTask ArrayList<Future<integer>>

for (Future<Integer> result : results)
count += result.get();

get



666

14

(EE FutureTest. java

1. import java.io.x;

2. import java.util.s;

3. import java.util.concurrent.s;
4.

5. [xx

6. * @version 1.0 2004-08-01

7. « @author Cay Horstmann

8 %/

o.public class FutureTest

10. {

11. public static void main(String[] args)

12, {

13. Scanner in = new Scanner(System.in);

14, System.out.print("Enter base directory (e.g. /usr/local/jdk5.9/src): "),
15, String directory = in.nextLine();

16. System.out.print("Enter keyword (e.g. volatile): ");

17. String keyword = in.nextlLine();

18.

19. MatchCounter counter = new MatchCounter(new File(directory), keyword);
20. FutureTask<Integer> task = new FutureTask<Integer>(counter);
21. Thread t = new Thread(task);

22. t.start();

23, try

24, {

25. System.out.printIn(task.get() + " matching files.");

26. }

27. catch (ExecutionException e)

28, {

29, e.printStackTrace();

30. }

3t catch (InterruptedException e)

32, {

3.}

35. }

36.

37. [

ss. * This task counts the files in a directory and its subdirectories that contain a given keyword.
39. %/

40. class MatchCounter implements Callable<Integer>

a1 {

42 [

43, x Constructs a MatchCounter.

s x @param directory the directory in which to start the search
45 x @param keyword the keyword to look for

46. x/

47, public MatchCounter(File directory, String keyword)
w  {

49, this.directory = directory;

50. this.keyword = keyword;

51.  }

sa. public Integer call()
sa. |
55. count = 9;



667

61.

try

File[] files = directory.listFiles();
ArrayList<Future<Integer>> results = new Arraylist<Future<Integer>>();

for (File file : files)

if (file.isDirectory())

{
MatchCounter counter = new MatchCounter(file, keyword);
FutureTask<Integer> task = new FutureTask<Integer>(counter);
results.add(task);
Thread t = new Thread(task);
t.start();

}

else

{
if (search(file)) count++;

}

for (Future<Integer> result : results)
try
{
count += result.get();
}
catch (ExecutionException e)
{
e.printStackTrace();
}
}
catch (InterruptedException e)
{
}

return count;
}

[xx
» Searches a file for a given keyword.
» @param file the file to search
» @return true if the keyword is contained in the file
x/
public boolean search(File file)
{
try
{
Scanner in = new Scanner(new FileInputStream(file));
boolean found = false;
while (!found & in.hasNextlLine())
{
String Tine = in.nextLine();
if (1ine.contains(keyword)) found = true;
}
in.close();
return found;
}
catch (IOException e)
{

return false;
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113,
114,
115.
116.
117.
118.
119. }

}
}

private File directory;
private String keyword;
private int count;

java.util.concurrent.Callable<V> 5.0

«V call()

java.util.concurrent.Future<V> 5.0

*V get()
«V get(long time, TimeUnit unit)

TimeoutException

* boolean cancel(boolean maylnterrupt)

* boolean isCancelled()

* boolean isDone()

true

true

java.util.concurrent._FutureTask<V> 5.0

e FutureTask(Callable<V> task)

* FutureTask(Runnable task, V result)

14.9

Future<V>

Runnable

Executor

Runnable

thread pool

mayInterrupt true
true
run run

14-2
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14-2
newCachedThreadPool 60
newFixedThreadPool
newSingleT hreadExecutor
Swing
newSchedul edThreadPool java.util. Timer
newSingleT hreadSchedul edExecutor
1491
14-2 3 1492 newCachedThreadPool
newFixedThreadPool
newSingleThreadExecutor 1

3 ExecutorService
ThreadPool Executor
Runnable Callable ExecutorService
Future<?> submit(Runnable task)
Future<T> submit(Runnable task, T result)
Future<T> submit(Callable<T> task)
submit Future
submit Future<?> isDone
cancel isCancelled get null
Submit Runnable Future get
result
Submit Callable Future
shutdown
shutdownNow
1 Executors newCachedThreadPool newFixedThreadPool
2 submit Runnable Callable
3 Callable Future
4 shutdown
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14-12

ExecutorService pool ThreadPool Executor

(2522 ThreadPoolTest. java

1. import java.io.s;
2. import java.util.s;
3. import java.util.concurrent.x;

4.

5 [xn

6. + @version 1.0 2004-08-01

7.+ @author Cay Horstmann

8. %/

9. public class ThreadPoolTest

10. {

1. public static void main(String[] args) throws Exception

12. {

13. Scanner in = new Scanner(System.in);

14, System.out.print("Enter base directory (e.g. /usr/local/jdk5.9/src): ");
15. String directory = in.nextLine();

16. System.out.print("Enter keyword (e.g. volatile): ");

17. String keyword = in.nextLine();

18.

19. ExecutorService pool = Executors.newCachedThreadPool();

20.

21. MatchCounter counter = new MatchCounter(new File(directory), keyword, pool);
22. Future<Integer> result = pool.submit(counter);

23.

24. try

25. {

26. System.out.printin(result.get() + " matching files.");
27. }

28. catch (ExecutionException e)

29, {

30. e.printStackTrace();

31, }

32. catch (InterruptedException e)

33. {

3. }

35. pool.shutdown();

36.

ar. int TargestPoolSize = ((ThreadPoolExecutor) pool).getlargestPoolSize();
38. System.out.printIn("largest pool size=" + largestPoolSize);
3. }

0.}

41.

42, [#x

3.+ This task counts the files in a directory and its subdirectories that contain a given keyword.
4. =/

4s5. class MatchCounter implements Callable<Integer>
46. {
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101,
102.
103.

[x#
» Constructs a MatchCounter.
x @param directory the directory in which to start the search
+ @param keyword the keyword to look for
+ @param pool the thread pool for submitting subtasks
#/
public MatchCounter(File directory, String keyword, ExecutorService pool)
{
this.directory = directory;
this.keyword = keyword;
this.pool = pool;

}
public Integer call()
{
count = 9;
try
{
File[] files = directory.listFiles();
Arraylist<Future<Integer>> results = new Arraylist<Future<Integer>>();
for (File file : files)
if (file.isDirectory())
{
MatchCounter counter = new MatchCounter(file, keyword, pool);
Future<Integer> result = pool.submit(counter);
results.add(result);
}
else
{
if (search(file)) count++;
}
for (Future<Integer> result : results)
try
{
count += result.get();
}
catch (ExecutionException e)
{
e.printStackTrace();
}
}
catch (InterruptedException e)
{
}
return count;
}
[z

» Searches a file for a given keyword.

+ @param file the file to search

* @return true if the keyword is contained in the file
*

/
public boolean search(File file)
{

try
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104. {
105. Scanner in = new Scanner(new FileInputStream(file));
106. boolean found = false;
107, while (!found & in.hasNextLine())
108. {
109. String line = in.nextLine();
110. if (line.contains(keyword)) found = true;
1. }
112, in.close();
113, return found;
114. }
115. catch (IOException e)
116. {
17, return false;
118, }
9.  }

120.

121 private File directory;

122. private String keyword;

123, private ExecutorService pool;
124, private int count;

125. }

java.util.concurrent.Executors 5.0

» ExecutorService newCachedThreadPool ()
60

e ExecutorService newFixedThreadPool (int threads)

« ExecutorService newSingleThreadExecutor()

java.util.concurrent.ExecutorService 5.0

e Future<T> submit(Callable<T> task)
e Future<T> submit(Runnable task, T result)
e Future<?> submit(Runnable task)

* void shutdown()

java.util.concurrent.ThreadPoolExecutor 5.0

e int getLargestPoolSize()
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14.9.2

ScheduledExecutorService Scheduled Execution
java.util.Timer Executors
newScheduledThreadPool newSingleThreadScheduledExecutor
ScheduledExecutor Service
Runnable Callable Runnable
API

java.util.concurrent.Executors 5.0

» ScheduledExecutorService newScheduledThreadPool (int threads)

» ScheduledExecutorService newSingleThreadScheduledExecutor()

java.util.concurrent.ScheduledExecutorService 5.0

» ScheduledFuture<V> schedule(Callable<V> task, long time, TimeUnit unit)
» ScheduledFuture<?> schedule(Runnable task, long time, TimeUnit unit)

» ScheduledFuture<?> scheduleAtFixedRate(Runnable task, long initialDelay, long
period, TimeUnit unit)
period
e ScheduledFuture<?> scheduleWithFixedDelay(Runnable task, long initialDelay,
long delay, TimeUnit unit)

delay
14.9.3

shutdownNow

invokeAny Callable

RSA

invokeAll Callable Future
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List<Callable<T>> tasks = . . .;

List<Future<T>> results = executor.invokeAll(tasks);

for (Future<T> result : results)
processFurther(result.get());

ExecutorCompletionService
ExecutorCompletionService
completion service Future

ExecutorCompletionService service = new ExecutorCompletionService(executor);
for (Callable<T> task : tasks) service.submit(task);
for (int i = 9; i < tasks.size(); i++)

processFurther(service.take().get());

java.util.concurrent.ExecutorService 5.0

* T invokeAny(Collection<Callable<T>> tasks)
* T invokeAny(Collection<Callable<T>> tasks, long timeout, TimeUnit unit)
Timeout
Exception
e List<Future<T>> invokeAll(Collection<Callable<T>> tasks)
e List<Future<T>> invokeAll(Collection<Callable<T>> tasks, long timeout,
TimeUnit unit)
Timeout
Exception

java.util.concurrent.ExecutorCompletionService 5.0

e ExecutorCompletionService(Executor e)

e Future<T> submit(Callable<T> task)
e Future<T> submit(Runnable task, T result)

e Future<T> take()
e Future<T> poll()

e Future<T> poll(long time, TimeUnit unit)
null
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14.10

java.util.concurrent

common rendezvous patterns “

canned functionality

14-3

CyclicBarrier
barrier

CountDownL atch

Exchanger

Semaphore

SynchronousQueue

14.10.1

acquire
release

1968 Edsger Dijkstra

Dijkstra
1
14.10.6
14.10.2
CountDownL atch

permits

synchronization primitive
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countDown

14.10.3

CyclicBarrier rendezvous

CyclicBarrier barrier = new CyclicBarrier(nthreads);
await

public void run()

{
doWork();
barrier.await();

}
await
barrier.await(100, TimeUnit MILLISECONDS);

await
BrokenBarrierException
barrier action

Runnable barrierAction = . . .;
CyclicBarrier barrier = new CyclicBarrier(nthreads, barrierAction);

cyclic
CountDownLatch CountDownL atch

14.10.4

barrier

await

await

Exchanger
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14.10.5

put

SynchronousQueue
size

14.10.6

acquire

14-13

Continue

Arrays.sort
Comparator

14-8

L2 AlgorithmAnimation. java

1. import java.awt.x;

2. import. java.awt.geom. ;

3. import java.awt.event.x;

4 import java.util.s;

s. import java.util.concurrent.;
6. import javax.swing.;

7.

8

9

:/a‘:*

take

BlockingQueue
0

Continue

.+ This program animates a sort algorithm,

o. = @version 1.01 2007-05-18

SynchronousQueue
Exchanger

GUI release

14-8

mergesort
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C
A

» @author Cay Horstmann

%/

. public class AlgorithmAnimation

A

public static void main(String[] args)
{
EventQueue.invokeLater(new Runnable()
{
public void run()
{
JFrame frame = new AnimationFrame();
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setVisible(true);
}
13N
}
}
[

« This frame shows the array as it is sorted, together with buttons to single-step the
+ animation or to run it without interruption.
1

/

ass AnimationFrame extends JFrame

public AnimationFrame()

{

ArrayComponent comp = new ArrayComponent();
add(comp, BorderLayout.CENTER);

final Sorter sorter = new Sorter(comp);

JButton runButton = new JButton("Run");
runButton.addActionListener(new ActionListener()
{
public void actionPerformed(ActionEvent event)

{

}
I3F

sorter.setRun();

JButton stepButton = new JButton("Step");
stepButton.addActionListener(new ActionListener()
{

public void actionPerformed(ActionEvent event)

{

}
i

sorter.setStep();

JPanel buttons = new JPanel();
buttons.add(runButton);
buttons.add(stepButton); .
add(buttons, BorderLayout.NORTH);
setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);

Thread t = new Thread(sorter);
t.start();
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88.

69.
70.

-}
v

A

115,

117.

118,

119.

120.

121.

122,

123.
124.

}

private static final int DEFAULT_WIDTH = 300;
private static final int DEFAULT_HEICHT = 300;

*%

» This runnable executes a sort algorithm. When two elements are compared, the algorithm

+ pauses and updates a component.

#/

[ux
+ Constructs a Sorter.
» @aram values the array to be sorted

%/
public Sorter(ArrayComponent comp)
{
values = new Double[VALUES_LENGTH];
for (int i = 0; 1 < values.length; i++)
values[i] = new Double(Math.random());
this.component = comp;
this.gate = new Semaphore(1);
this.run = false;
}
1T
+ Sets the sorter to "run" mode. Called on the event dispatch thread.
x/
pubTic void setRun()
{
run = true;
gate.release();
}
It
x Sets the sorter to "step" mode. Called on the event dispatch thread.
x/
public void setStep()
{
run = false;
gate.release();
}

+ @param comp the component on which to display the sorting progress

. class Sorter implements Runnable

public void run()

{

Comparator<Double> comp = new Comparator<Double>()

{

public int compare(Double i1, Double i2)

{

component.setValues(values, il, i2);

try
{

}

if (run) Thread.sleep(DELAY);
else gate.acquire();
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125, catch (InterruptedException exception)
126. {

127. Thread.currentThread().interrupt();
128. }

129, return il.compareTo(i2);

130, }

131. };

132, Arrays.sort(values, comp);

133. component . setValues(values, null, null);

134, }

135.

136.  private Double[] values;

137, private ArrayComponent component;

13.  private Semaphore gate;

139, private static final int DELAY = 100;

140.  private volatile boolean run;

141, private static final int VALUES_LENGTH = 38;

142 }

143.

144 [#%

1as. = This component draws an array and marks two elements in the array.
146, %/

1a7. class ArrayComponent extends JComponent

148, {

149, [ex :

150, * Sets the values to be painted. Called on the sorter thread.
151, * @param values the array of values to display

152. + @param markedl the first marked element

153, + @param marked? the second marked element

154, +/

1s5.  public synchronized void setValues(Double[] values, Double markedl, Double marked2)
156, {

&

157. this.values = values.clone();
158. this.markedl = markedl;

159. this.marked2 = marked2;

160, repaint();

161. }

162.
163 public synchronized void paintComponent(Graphics g) // Called on the event dispatch thread

164, {

165. if (values == null) return;

166. Graphics2D g2 = (Graphics2D) g;

167. int width = getWidth() / values.length;

168. for (int i = 0; 1 < values.Tlength; i++)

169, {

170. double height = values[i] # getHeight();

171, Rectangle2D bar = new Rectangle2D.Double(width + i, @, width, height);
172, if (values[i] == markedl || values[i] == marked2) g2.fi11(bar);
173, else g2.draw(bar);

174, }

175. }

176.

177. private Double markedl;
178.  private Double marked2;
17e.  private Double[] values;
180. }




681

java.util.concurrent.CyclicBarrier 5.0
e CyclicBarrier(int parties)
e CyclicBarrier(int parties, Runnable barrierAction)
parties
barrierAction
e int await()
e int await(long time, TimeUnit unit)
await
Exception
0

java.util.concurrent.CountDownLatch 5.0

» CountdownLatch(int count)

e void await()

0
* boolean await(long time, TimeUnit unit)

0 0 true
e public void countDown()

jJava.util.concurrent._Exchanger<V>5.0

*V exchange(V item)
*V exchange(V item, long time, TimeUnit unit)
item
TimeoutException

jJava.util.concurrent.SynchronousQueue<V> 5.0

» SynchronousQueue()
» SynchronousQueue(boolean fair)
item fair true

e void put(V item)
take item
*V take()
put item

await

Timeout
parties 1

false

item
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java.util.concurrent.Semaphore 5.0

» Semaphore(int permits)
« Semaphore(int permits, boolean fair)
fair true

*void acquire()

* boolean tryAcquire()
false
e boolean tryAcquire(long time, TimeUnit unit)
false
*void release()

14.11 Swing

Swing

14-14 Bad
run

pubTic void run()
{
try
{
while (true)
{
int 1 = Math.abs(generator.nextInt());
if (1%2==20)
combo. insertItemAt(new Integer(i), 0);
else if (combo.getItemCount() > @)
combo. removeltemAt(i % combo.getItemCount());
sleep(1);
}

catch (InterruptedException e) {}

Bad Bad
14-9
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ArraylndexOutOfBounds

Swing
Swing
Swing Swing
14-9
14.11.1
Swing
. Swing
input/output
sleep
Swing single-thread rule
GUI

Swing
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label .setText EventQueue invokeL ater invokeAndWait
Swing Runnable run
invokeLater invokeAndWait
EventQueue. invokeLater(new
Runnable()
{
public void run()}
{
label.setText(percentage + "% complete");
}
b;
invokel ater run invokeAnd
Wait run
invokel ater
run
14-14 invokelL ater Good

SwingThreadTest. java

1. import java.awt.s;

2. import java.awt.event.s;
3. import java.util.:;

4. import javax.swing.«;

5.

6. [x

* can cause errors in Swing components.

. = @version 1.23 2007-85-17

% @author Cay Horstmann

o oxf

public class SwingThreadTest

{

public static void main(String[] args)

{

EventQueue.invokelater(new Runnable()

{

public void run()

{

SwingThreadFrame frame = new SwingThreadFrame();
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setVisible(true);

.+ This program demonstrates that a thread that runs in parallel with the event dispatch thread
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2. }

27.

28, [#%

26. + This frame has two buttons to fill a combo box from a separate thread. The "Good" button
0. + uses the event queue; the "Bad" button modifies the combo box directly.

a1, #/

32. class SwingThreadFrame extends JFrame

a3, {

34, public SwingThreadFrame()

s {

36. setTitle("SwingThreadTest");

37.

38. final JComboBox combo = new JComboBox();

39. combo.insertItemAt{Integer .MAX_VALUE, @);

40. combo. setPrototypeDisplayValue(combo.getItemAt(0));
4. combo.setSelectedIndex(@);

42.

43, JPanel panel = new JPanel();

44,

45, JButton goodButton = new JButton(“Good");

46. goodButton.addActionListener(new ActionListener()

47. {

48. pubtic void actionPerformed(ActionEvent event)
49. {

50. new Thread(new GoodWorkerRunnable(combo)).start();
51. }

52, 1;

53. panel.add(goodButton);

54. JButton badButton = new JButton("Bad"});

55. badButton.addActionListener(new ActionListener()

56. {

57. public void actionPerformed(ActionEvent event)
58. {

59. new Thread(new BadworkerRunnable(combo)).start();
60. }

61. 3K

62. panel.add(badButton);

63.

64. panel.add(combo);

65. add(panel);

66. pack();

67. }

68. }

69.

70. [#%

71. + This runnable modifies a combo box by randomly adding and removing numbers. This can result
72. + 1in errors because the combo box methods are not synchronized and both the worker thread
73. + and the event dispatch thread access the combo box.,

74 #f

75. class BadWorkerRunnable implements Runnable
76. {

77. public BadWorkerRunnable(JComboBox aCombo)
78. {

79. combo = aCombo;

80. generator = new Random();

8. }
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83. public void run()
s |
85. try
86. {
87. while (true)
88. {
89. int i = Math.abs(generator.nextInt());
90. if (1 % 2 == 0) combo.insertItemAt(i, 0);
o1. else if (combo.getItemCount() > @) combo.removeItemAt(i % combo.getItemCount());
92. Thread.sleep(1);
93. }
94. }
95. catch (InterruptedException e)
9. {
97. }
98. }
99.
100.  private JComboBox combo;
101, private Random generator;
102. }
103.
104, /%
105. « This runnable modifies a combo box by randomly adding and removing numbers. In order to
106. # ensure that the combo box is not corrupted, the editing operations are forwarded to the
107. + event dispatch thread.
108.
100. c1ass CGoodWorkerRunnable implements Runnable
110 {
111, public GoodworkerRunnable(JComboBox aCombo)
nz2. |
113. combo = aCombo;
114, generator = new Random();
15, }
116.
17, public void run()
118, {
119. try
120. {
121, while (true)
122. {
123. EventQueue.invokeLater(new Runnable()
124. {
125. public void run()
126. {
127. int i = Math.abs(generator.nextInt());
128, if (3 % 2 == 0) combo.insertItemAt(i, 0);
129. else if (combo.getItemCount() > @) combo.removeItemAt(i
130. % combo.getItemCount());
131. }
132, b;
133, Thread.sleep(1);
134, }
135. }
136. catch (InterruptedException e)
137. {
138, }

}
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140.

141, private JComboBox combo;
142.  private Random generator;
143 }

java.awt. EventQueue 1.1

e static void invokeLater(Runnable runnable) 1.2

runnable run
» static void invokeAndWait(Runnable runnable) 1.2
runnable run

run
e static boolean isDispatchThread() 1.2

true
14.11.2 Swing
EventQueue.invokel ater
Java SE 6 SwingWorker
14-15

The Count of Monte Cristo

Open Cancel
14-10
Open Cancel
Done
ul
. Ul
. ul
SwingWorker
dolnBackground 14-10
publish
publish process
done Ul

execute

execute

gutenberg
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SwingWorker<T V> Future<T>

Future get get
execute
done get get
SwingWorker 3

SwingWorker<T, V> T \%

Future cancel get

CancellationException
publish process
publish process process
<V>
JTextArea

The Count of Monte Cristo

private class ProgressData
{
public int number;
public String Tine;
}

StringBuilder SwingWorker<StringBuilder,
ProgressData>
dolnBackground publish

@verride public StringBuilder doInBackground() throws IOException, InterruptedException
{
int lineNumber = @;
Scanner in = new Scanner(new FileInputStream(file));
while (in.hasNextLine())
{
String line = in.nextline();
lineNumber++;
text.append(line);
text.append("\n");
ProgressData data = new ProgressData();
data.number = 1ineNumber;
data.line = Tine;
pubTlish(data);
Thread.sleep(1); // to test cancellation; no need to do this in your programs

}

return text;

The Count of Monte Cristo
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Swing
process

@verride pu511c void process(List<ProgressData> data)

{
if (isCancelled(}) return;
StringBuilder b = new StringBuilder();
statusline.setText("" + data.get(data.size() - 1).number);
for (ProgressData d : data) { b.append(d.1ine); b.append("\n"); }
textArea.append(b.toString());
}
done Cancel
Open

SwingWorkerTest. java

. import java.awt.x;

_import java.awt.event.:;

. import java.io.x;

Cimport java.util.s;

. import java.util.list;

. import java.util.concurrent.x;

. import javax.swing.s;

© ® NP U A W N

10. [#x

1.« This program demonstrates a worker thread that runs a potentially time-consuming task.
12. * @version 1.1 2007-05-18

13+ @author Cay Horstmann

14 %/

15. public class SwingWorkerTest

16 {

17. public static void main(String[] args) throws Exception

18. {

19. EventQueue.invokeLater(new Runnable()

20. {

21. public void run()

22, {

23, JFrame frame = new SwingWorkerFrame();

24, frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
25. frame.setVisible(true);

26. }

27. 3R
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31, [ew

a2, « This frame has a text area to show the contents of a text file, a menu to open a file and
ss. = cancel the opening process, and a status line to show the file loading progress.

3. %/

35. class SwingWorkerFrame extends JFrame

36 {

a7 public SwingWorkerFrame()

3g. {

39, chooser = new JFileChooser()

40. chooser.setCurrentDirectory(new File("."));

41.

42. textArea = new JTextArea();

43, add(new JScrollPane(textArea));

44, setSize(DEFAULT_WIDTH, DEFAULT_HEIGHT);

45.

46. statusLine = new JLabel(" ");

47. add(statusLine, BorderlLayout.SOUTH);

48.

49 IMenuBar menuBar = new IMenuBar();

50. setJMenuBar(menuBar);

51,

52, IMenu menu = new JMenu("File");

53. menuBar.add(menu);

54.

55. openItem = new JMenuItem("Open");

56. menu.add(openItem);

57. openItem.addActionListener(new ActionlListener()

58. {

59, public void actionPerformed(ActionEvent event)
60. {

61. // show file chooser dialog

62. int result = chooser.showOpenDialog(null);
63.

64, // if file selected, set it as icon of the label
65. if (result == JFileChooser.APPROVE_OPTION)
66. {

67. textArea.setText("");

68. openltem.setEnabled(false);

69. textReader = new TextReader(chooser.getSelectedFile());
70. textReader.execute();

7. cancelltem.setEnabled(true);

72, }

73. }

74, s

75.

76. cancelltem = new IMenuItem("Cancel");

77. menu.add(cancelltem);

78. cancelltem.setEnabled(false);

79. cancelltem.addActionListener(new ActionListener()
80. {

81. public void actionPerformed(ActionEvent event)
82. {

83. textReader.cancel(true);

84. }

8s. b
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87.

ss.  private class ProgressData
go. |

90. public int number;

o1. public String Tine;

92, }

94, private class TextReader extends SwingWorker<StringBuilder, ProgressData>

95. {

9. public TextReader(File file)

o7. {

98. this.file = file;

9. }

100.

101, // the following method executes in the worker thread; it doesn't touch Swing components
102.

103, @verride

104, public StringBuilder doInBackground() throws IOException, InterruptedException
105. {

106. int TineNumber = 0;

107. Scanner in = new Scanner(new FileInputStream(file));

108. while (in.hasNextLine())

109. {

110. String Tine = in.nextLine();

111. TineNumber++;

112. text.append(1ine);

113. text.append("\n"); -

114. ProgressData data = new ProgressData();

115, data.number = TineNumber;

116. data.Tine = line;

117. publish(data);

118, Thread.sleep(1); // to test cancellation; no need to do this in your programs
119. }

120. return text;

121, }

122.

123, // the following methods execute in the event dispatch thread
124.

125. @verride

126. public void process(List<ProgressData> data)

127. {

128. if (isCancelled()) return;

129. StringBuilder b = new StringBuilder();

130, . statusLine.setText("" + data.get(data.size() - 1).number);
131. for (ProgressData d : data)

132. {

133, b.append(d.line);

134, b.append("\n");

135. }

136. textArea.append(b.toString());

137. }

138.

139, @verride

140. public void done()

141. {

142. try

143. {
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144. StringBuilder result = get();
145. textArea,setText(result.toString());
146. statusLine.setText("Done");
147, }
148. catch (InterruptedException ex)
149. {
150. }
151. catch (CancellationException ex)
152, {
153. textArea.setText("");
154, statusLine.setText("Cancelled");
155. }
156. catch (ExecutionException ex)
157. {
158, statusLine.setText("" + ex.getCause());
159. }
160.
161. cancelltem.setEnabled(false);
162. openItem.setEnabled(true);
163. }
164.
165. private File file;
166. private StringBuilder text = new StringBuilder();
7.}
168.
0.  private JFileChooser chooser;
170, private JTextArea textArea;
7. private Jlabel statusLine;
172.  private JMenultem openItem;
173, private JMenuItem cancelltem;
174, private SwingWorker<StringBuilder, ProgressData> textReader;
175.
176, public static final int DEFAULT_WIDTH = 450;
177 public static final int DEFAULT_HEIGHT = 350;
178. }

Javax.swing.SwingWorker<T, V>6

e abstract T dolnBackground()

e void process(List<V> data)

e void publish(V... data)

dolnBackground

*void execute()

« SwingWorker.StateValue getState()

PENDING STARTED

DONE
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14.11.3
Java main Swing main
actionPerformed paintComponent
“ Swing
. Swing API u
Swing "
JTextComponent.setText
JTextArea.insert
JTextArea.append
JTextArea.replaceRange
JComponent . repaint
JComponent.revalidate
repaint revalidate
AWT validate
Swing revalidate JFrame
validate JFrame Component JComponent
realized paint
validation setVisible(true) pack(!)
main GUI
setVisible(true) Runnable
JTextComponent

setSelectionStart  setSelectionEnd

Swing

EventQueue.invokel ater
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