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Bh1>O $3$N9V5A$NL\E*

%8%e%M!<%V$K$"$kAGN3;R<B83$N9q:]8&5f=jCERN $G!"<B83%G!<%?$r@$3&Cf$N8&5f<T$H6&M-$9$k

$3$H$rL\E*$H$7$F!"1990G/$KWWW(World Wide Web) $N:G=i$N%5!<%P%W%m%0%i%`$,3+H/$5$l$^

$7$?!#1993G/$K$O!"8=:_;HMQ$5$l$F$$$kWWW %V%i%&%6$N867?$G$"$kMosaic$, NCSA $G3+H/

$5$l!" WWW $O%^%k%A%a%G%#%"$KBP1~$G$-$k%G!<%?8xI=<jCJ$H$7$F$?$A$^$A@$3&Cf$KIa5Z$7$^$7

$?!#1992G/$K$O!"F|K\$G:G=i$NWWW %5!<%P$,9b%(%M%k%.!<J*M}3X8&5f=j(8=:_$N9b%(%M%k%.!<

2CB.4o8&5f5!9=) $G2TF/$7$^$7$?!#1990G/Be$NWWW $NIa5Z$O!"%Q!<%=%J%k%3%s%T%e!<%?$H%$%s

%?!<%M%C%H$NIa5Z$K$H$C$F!"%-%i!<%"%W%j%1!<%7%g%s$H$J$j$^$7$?!#$D$^$j!"GzH/E*$J<{MW$r@8$_

=P$7$^$7$?!#

HTML J8=q$NAj8_%j%s%/(link) $G9=@.$5$l$kWWW $O!":#$G$O!"4k6H$dBg3X$N9-Js$+$i8D?M

$N;dE*F|5-$K$^$GMxMQ$5$l$k>pJs8x3+!">pJs<}=8$N4pK\E*$J5;=Q$K$J$C$F$$$^$9!#HTML J8=q$N

Cf$K$O!"%"%/%;%9$9$k:]$KAw$i$l$?%G!<%?$K1~$8$F$=$NETEY(F0E*!"dynamic $H8F$V)!"FbMF$rJQ2=

$5$;$F$$$k$b$N$,$"$j$^$9!#F0E*$K%Z!<%8$r@8@.$9$k5;=Q$K$O$5$^$6$^$J$b$N$,$"$j!"Bg$-$/J,$1

$FFs$D$NJ}K!$,$"$j$^$9!#0l$D$O!"%5!<%PB&$GF0E*$K>pJs$r:n@.$7$F$$$k$b$N$G$9!#$b$&0l$D$O!"

%/%i%$%"%s%HB&$D$^$jWWW %V%i%&%6B&$G>pJs$r@8@.$7$F$$$k$b$N$G$9!#

WWW $N5;=Q$NCf$G!"Java $O=EMW$JLr3d$r2L$?$7$F$$$^$9!#%5!<%PB&$GF0E*$K%Z!<%8$r@8@.$9

$k servlet $H!"%/%i%$%"%s%HB&$GF0E*%Z!<%8$r@8@.$9$kapplet $OJava $G5-=R$5$l$F$$$^$9!#

Java $,F0E*%Z!<%8$N@8@.$K;H$o$l$F$$$kM}M3$K$O$$$/$D$+=EMW$J$b$N$,$"$j$^$9!#$=$NBh0l$,!"

Java $,FCDj$N%3%s%T%e!<%?4D6-$K0MB8$7$?$b$N$G$J$$$3$H$G$9!#applet $G$"$l$P!"WWW %V%i%&

%6$,Windows $G$bLinux $G$b!"Java$rF0:n$5$;$k4D6-$G$"$kJRE (Java Runtime Environment)

$,$"$l$PF0:n$7$^$9!#OS $N%P!<%8%g%s$,JQ$o$C$F$b!"$=$N0c$$$rJRE $,5[<}$9$k$3$H$G!"0BDj

E*$K%"%W%j%1!<%7%g%s$rF0$+$9$3$H$,$G$-$k$H$$$&MxE@$b$"$j$^$9!#

M}M3$NBhFs$O!"MF0W$KGUI (Graphical User Interface) $dF02h$,:n@.$G$-$k$3$H$G$9!#B?$/$N%W

%m%0%i%_%s%08@8l$G$O!"%0%i%U%#%C%/MQ$N%i%$%V%i%j$,8@8l$H$OJL$KMQ0U$5$l$F$$$^$9!#$^$?!"%0

%i%U%#%C%/4D6-$O!"$=$NF0:n$9$k%3%s%T%e!<%?4D6-$KBg$-$/1F6A$r<u$1$^$9!#$7$+$7!"Java $G$O!"

%0%i%U%#%C%/%i%$%V%i%j$,!"8@8l$H$H$b$KG[I[$5$l$k$@$1$G$O$J$/!">e=R$NJRE $5$X$"$l$P!"F0

:n$5$;$k$3$H$,$G$-$^$9!#

M}M3$NBh;0$O!"Java $*$h$S$=$N3+H/4D6-$,L5=~$GG[I[$5$l$F$$$k$3$H$G$9!#%3%s%T%e!<%?$r;}

$A!"Java %W%m%0%i%`$r=q$-$?$$?M$J$i$P!"$@$l$G$b(@.2L$rHNGd$9$k>l9g$K$OJL$G$9) Java $N3+H/

4D6-$rF~<j$7!"%W%m%0%i%`$r3+H/$9$k$3$H$,$G$-$^$9!#

Java $O%*%V%8%'%/%H;X8~(Object Oriented) %W%m%0%i%_%s%08@8l$N0l$D$H8F$P$l$F$$$^$9!#%*%V

%8%'%/%H;X8~$O!"%W%m%0%i%_%s%0$N9M$(J}$H$7$F?7$7$$$b$N$N0l$D$G$9!#$=$N4pK\$H$J$k9M$(J}

$O!"8=<B$N@$3&$G5/$3$k8=>]$r!"BP>]$r%G!<%?$N=8$^$j$H$7$FJa$i$(!"$=$l$i$NF0:n$H$7$F%W%m%0

%i%`$r=q$3$&$H$$$&$b$N$G$9!#!#Java $OB>$N%*%V%8%'%/%H;X8~%W%m%0%i%_%s%08@8l!"Nc$($PC++



2 Bh1 >O $3$N9V5A$NL\E*

$H6&DL$NB&LL$rB?$/M-$7$F$$$^$9!#Java $r3X$V$3$H$G!"B>$N%W%m%0%i%_%s%08@8l$N=,F@$,MF0W$K

$J$k$G$7$g$&!#

K\9V5A$G$O!"Java$r;H$C$F4JC1$J%W%m%0%i%`$r:n$j$J$,$i!"Java$N4pK\$r3X$S$^$9!#$^$?!"Java

$N3+H/4D6-$N0l$D$G$"$kNetBeans$r;H$$$^$9!#
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Bh2>O 4JC1$J%W%m%0%i%`

2.1 $O$8$a$FNetBeans $r;H$&>l9g

$^$:!" NetBeans$r5/F0$7$^$9!#K\9V5A$G;HMQ$9$k$N$O!"!VNetBeans IDE 6.9!W$G$9!#%G%9%/%H%C

%W>e$N%"%$%3%s$r%@%V%k%/%j%C%/$7$F5/F0$7$^$9!#

;O$a$F5/F0$9$k$H!"!VNetBeans IDE $rEPO?$7$h$&!W$H$$$&2hLL$,=P$^$9!#K\3X$N6&DLPC $K%$

%s%9%H!<%k$5$l$F$$$k%=%U%H%&%'%"$G$9$N$G!"3F?M$,EPO?$9$kI,MW$O$"$j$^$;$s!#!VEPO?$7$J$$!W

$rA*$S$^$9!#

?^ 2.1.1$,I=<($5$l$^$9!#<!2s$+$iI=<($5$;$J$$$h$&$K!"!V5/F0;~$KI=<(!W$N%A%'%C%/$r30$7$^$9!#

?^ 2.1.1: NetBeans IDE$K$h$&$3$=

2.2 Hello World

NetBeans$G$O!"0l$D$N%"%W%j%1!<%7%g%s$O0l$D$N!V%W%m%8%'%/%H!W$H$7$F4IM}$7$^$9!#0lHL$K!"

0l$D$N%W%m%8%'%/%H$O!"J#?t$N%W%m%0%i%`%=!<%9%U%!%$%k!"@_Dj%U%!%$%k$+$i9=@.$5$l$^$9!#3F%W

%m%8%'%/%H$O!"$=$l$>$l$N%U%)%k%@$K3JG<$5$l$^$9!#

$G$O!":G=i$N%W%m%8%'%/%H!VHello World !W$r:n@.$7$^$7$g$&!#?7$7$$%W%m%8%'%/%H$r:n@.$9$k$?

$a$K!"%a%K%e!<$N!V%U%!%$%k!W$+$i!V?75,%W%m%8%'%/%H!W$rA*$S$^$9!#<!$K!"%W%m%8%'%/%H$N<oN`
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?^ 2.1.2: %W%m%8%'%/%H$r:n@.$9$k

$r@_Dj$7$^$9(?^ 2.1.2)!#$3$3$G$O!"!VJava!W!VJava %"%W%j%1!<%7%g%s!W$H$7!"!V<!$X!W$r2!$7$^$9!#

;O$a$FNetBeans$r;H$&:]$K$O!"I,MW$J@_Dj%U%!%$%k$J$I$r:n@.$9$k$N$G!">/$7;~4V$,$+$+$j

$^$9!#

<!$K!"%W%m%8%'%/%H$NL>A0(HelloWorld ) $HJ]B8$9$k%U%)%k%@$r;XDj$7$^$9!#%G%U%)%k%H$G$O!"

%[!<%`%G%#%l%/%H%j$N2<$KNetBeansProjects $N2<$K%W%m%8%'%/%HKh$N%U%)%k%@$,:n$i$l$^$9!#

!V<g%W%m%8%'%/%H$H$7$F@_Dj!W$H!V<g%/%i%9$r:n@.!W$N%A%'%C%/%\%C%/%9$r30$7$F$/$@$5$$(?^ 2.2.1)!#

!V40N;!W%\%?%s$r2!$9$H!"@_Dj$,=*$j!"%W%m%0%i%_%s%0$r3+;O$G$-$^$9!#

%W%m%8%'%/%H3+;OD>8e$NMM;R$,?^2.2.2$G$9!#<!$KJava $N%=!<%9%U%!%$%k$r:n@.$7$^$9!#:8$N

%W%m%8%'%/%HL>$N:8$N%^!<%/$r%/%j%C%/$9$k$3$H$G!"$=$N9`L\$rE83+$7$?$j>v$s$@$j$9$k$3$H$,$G

$-$^$9!#%W%m%8%'%/%H$N2<$K$"$k!V%=!<%9%Q%C%1!<%8!W$N99$K2<$N!V%G%U%)%k%H%Q%C%1!<%8!W$N2<

$K%=!<%9%U%!%$%k$r:n$C$F$$$-$^$9!#

?7$7$$%=!<%9%U%!%$%k$r:n$k$K$O!"!V%G%U%)%k%H%Q%C%1!<%8!W$K%^%&%9$r$"$o$;$F!"1&%\%?%s$r

2!$7$^$9!#$=$3$G!"!V?75,!W$rA*$S!"I=$l$k%a%K%e!<$NCf$+$i:n@.$7$?$$%U%!%$%k$N<oN`!"$3$3$G

$O!VJFrame %U%)!<%`!W$rA*$S$^$9!#

$7$+$7!";O$a$FNetBeans$G!VJFrame %U%)!<%`!W$r:n@.$9$k>l9g$K$O!"%a%K%e!<$NCf$KL5$$$+

$bCN$l$^$;$s!#$=$N>l9g$K$O!"%a%$%s$N%a%K%e!<$G!"!V%U%!%$%k!W! !V?75,%U%!%$%k!W! !VSwing

GUI %U%)!<%`!W! !VJFrame %U%)!<%`!W$H$7$F!"A*Br$7$^$9!#
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?^ 2.2.1: %W%m%8%'%/%HL>$H>l=j$N@_Dj

!V%U%)!<%`%(%G%#%?!W$NJ}$O!"%\%?%s$J$I$rG[CV$9$k$N$K;H$$$^$9$,!"$7$P$i$/$O;H$$$^$;$s!#

!V%=!<%9%(%G%#%?!W$r;H$$$^$9!#Program 2.2.1$N$h$&$K%W%m%0%i%`$r:n@.$7$^$7$g$&!#$3$3$G$O!"

%a%=%C%IinitComponents() $r>JN,$7$F$$$^$9!#0J8e!"F1MM$K$3$N%a%=%C%I$NItJ,$OI=<($7$^$;$s!#

$J$*!" /* $H*/ $G0O$^$l$?ItJ,!"$*$h$S // $G;O$^$k9T$O!"%3%a%s%H!"$D$^$j%W%m%0%i%`$N@bL@$G

$9!#2~$a$F%?%$%W$7$?$j!"4{$K$"$k$b$N$r>C$9I,MW$O$"$j$^$;$s!#Program 2.2.1$*$h$S0J9_$N%W

%m%0%i%`$G$O!"I,MW$J%3%a%s%H$@$1$r;D$7$F$$$^$9!#

JT=8$,=*$o$C$?$i!"%=!<%9%3!<%I$r%3%s%Q%$%k(compile) $9$kI,MW$,$"$j$^$9!#%3%s%Q%$%k$9$k$3

$H$G!"?M4V$,FI$a$kJ8;zNs$+$i%3%s%T%e!<%?$,<B9T$G$-$k8@MU$XK]Lu$,9T$o$l!"HelloWorld.class

%U%!%$%k$,:n@.$5$l$^$9!#

NetBeans 6.9$G$O!"%=!<%9%U%!%$%k$rJ]B8$9$k$H<+F0$G%3%s%Q%$%k$,9T$o$l$^$9!#$^$?!"%W%m

%8%'%/%HL>HelloWorld $N>e$G%^%&%91&%\%?%s$r2!$7!"!V9=C[!W$r9T$&$3$H$G%3%s%Q%$%k$,<B9T$9

$k$3$H$,$G$-$^$9!#

J#?t$N%U%!%$%k$+$i$J$k%W%m%0%i%`$N>l9g!"@09g@-$,<h$l$J$/$J$k2DG=@-$b$"$j$^$9!#$=$N>l9g

$K$O!"!V@8@.J*$r:o=|$7$F9=C[!W$rA*$S!"A4$F$N%=!<%9%U%!%$%k$+$i6/@)E*$K%3%s%Q%$%k$9$k$3$H

$b$G$-$^$9!#

@5$7$/%3%s%Q%$%k$G$-$?$i!"<B9T$7$^$7$g$&!#!V%W%m%8%'%/%H%&%#%s%I%&!WFb$NHelloWorld.java

$K%^%&%9$r9g$o$;!"1&%\%?%s$r2!$7!"!V%U%!%$%k$r<B9T!W$rA*Br$7$^$9!#@5$7$/<B9T$G$-$^$7$?$+

(?^ 2.2.3)!#
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?^ 2.2.2: %W%m%8%'%/%H3+;OD>8e$NNetBeans

2.3 %3!<%I$N35MW

<B@$3&$N%b%N$K$O!"B0@-$d>uBV$H$$$C$?%G!<%?$H!"A`:n$dF0:n$NItJ,$,$"$j$^$9!#Nc$($P!"6d9T

8}:B$r9M$($^$7$g$&!#6d9T8}:B$K$O!"$=$N=jM-<T$d8}:B$N<oN`$J$I$NB0@-$H!"8=:_$NMB6b;D9b$N$h

$&$J>uBV$,$"$j$^$9!#8}:B$X$NMB6b?69~$d8}:B$+$i$NMB6b0z=P$7!"$"$k$$$O;D9b>H2q$J$I$NA`:n$,

$"$j$^$9!#

B0@-$d>uBV$r$b$C$?%G!<%?$N2t$rA`:n$9$k$H$$$&9M$(J}$G%W%m%0%i%`$r:n@.$9$kJ}K!$r%*%V%8%'

%/%H;X8~%W%m%0%i%_%s%0(Object Oriented Programming) $H8F$S$^$9!#$^$?!"$=$&$7$?B0@-$d>uBV

$r$b$C$?%G!<%?$N6qBNE*$J2t$r%*%V%8%'%/%H(object) $H8F$S!"%*%V%8%'%/%H$NN`7A$r%/%i%9(class)

$H8F$S$^$9!#6d9T8}:B$NNc$G$$$/$H!"6d9T8}:B$H$$$&N`7A2=$5$l$?%/%i%9$KBP$7$F!"8D!9$N8}:B

$O!"L>5A$dMB6b9b$H$$$&6qBNE*$J%G!<%?$,F~$C$?%*%V%8%'%/%H$H$J$j$^$9!#

%*%V%8%'%/%H;X8~%W%m%0%i%_%s%08@8l$G$O!"B0@-$d>uBV$J$I$N%G!<%?$H$=$NA`:n$9$kJ}K!$rAH$K

$7$F!"%/%i%9$rDj5A$7$^$9!#%/%i%9$O!"JQ?t7?$N$h$&$K;H$&$3$H$,$G$-$^$9!#$=$N%/%i%9$,6qBN2=

$5$l$?$b$N$,%*%V%8%'%/%H$G$9!#

$G$O!">/$7$@$1!"java $N%W%m%0%i%`$r8+$F$_$^$7$g$&!#:G=i$N$[$&$K$"$k
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Program 2.2.1 HelloWorld.java
import java.awt.*;

public class HelloWorld extends javax.swing.JFrame {
// I=<($K;H$&%U%)%s%H$rDj5A
Font font = new Font("TimesRoman", Font.PLAIN, 40);

/** Creates new form HelloWorld */
public HelloWorld() {

initComponents();
}

@Override
public void paint(Graphics g) {

super.paint(g);
g.setFont(font); // %U%)%s%H$r@_Dj
g.setColor(Color.red); // ?'$r@_Dj
g.drawString("Hello World", 100, 200); // J8;zNs$rI=<(

}
}

?^ 2.2.3: <B9T7k2L

import java.awt.*;

$O!"%W%m%0%i%`$N0lIt$H$$$&$h$j$b!";H$&L>A0$N>JN,$rDj5A$7$F$$$^$9!#java.awt $H$$$&%/%i%9

$N=89g(%Q%C%1!<%8$H8F$V) $N2<$K$"$kMM!9$J%/%i%9$NL>A0$r!";O$a$NItJ,java.awt $r>JN,$7$F

=q$/$3$H$rI=$7$F$$$^$9!#Nc$($P!"java.awt.Graphics $H$$$&%/%i%9L>$r!"Graphics $H>JN,$G$-

$k$h$&$K$7$^$9!#

$3$N%W%m%0%i%`$O!"HelloWorld $H$$$&0l$D$N%/%i%9$@$1$G9=@.$5$l$F$$$^$9!#

public class HelloWorld extends javax.swing.JFrame

%-!<%o!<%Ipublic $O!"B>$N%W%m%0%i%`$+$i$3$N%/%i%9$rMxMQ$9$k$3$H$r5v$9$3$H$rI=$7$F$$

$^$9!#$^$?!":G8e$NItJ,$K$"$k extends javax.swing.JFrame $O!"4{$KDj5A$5$l$F$$$k%/%i%9

javax.swing.JApplet $N3HD%$H$7$FDj5A$9$k$3$H$r0UL#$7$F$$$^$9!#
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%*%V%8%'%/%H;X8~%W%m%0%i%_%s%08@8l$G$O!"$3$N$h$&$K4{$K:n@.$5$l$F$$$k%/%i%9$r85$K$7$F!"

?7$7$$%/%i%9$rDj5A$9$k$3$H$,$G$-$^$9!#?7$7$$%/%i%9Cf$G!"L@<(E*$K=q$-49$($F$$$J$$%G!<%?$d

A`:n$O!"85$K$J$C$?%/%i%9$N$b$N$,;H$o$l$^$9!#

%/%i%9$NA`:n!"$D$^$j%/%i%9$N%*%V%8%'%/%H$N%G!<%?$rA`:n$7$?$j!"%*%V%8%'%/%H$+$i2?$+$rA`

:n$9$kJ}K!$r%a%=%C%I(method) $H8F$S$^$9!#$3$N%W%m%0%i%`$G$O!"paint $H$$$&%a%=%C%I$,Dj5A

$5$l$F$$$^$9!#

public void paint(Graphics g)

%-!<%o!<%Ipublic $OB>$+$i8F$S=P$9$3$H$,$G$-$k%a%=%C%I$G$"$k$3$H$r<($7$F$$$^$9!#%a%=%C%I

$O!"?t3X$N4X?t$HF1$8$h$&$K!"JQ?t$rM?$($F2?$+=hM}$r9T$$!"7k2L$rJV$7$^$9!#%a%=%C%I(4X?t) L>

$NA0$KCV$+$l$k%-!<%o!<%I$O!"7k2L$N7?$rI=$7$^$9$,!"void $O7k2L$rJV$5$J$$4X?t$G$"$k$3$H$r

<($7$F$$$^$9!#$J$*!"%a%=%C%Ipaint $O!"IA2h$r9T$&FCJL$J%a%=%C%I$G$"$j!"I,?\$G$9!#

%a%=%C%Ipaint $N0z?t$b!"%/%i%9Graphics $KB0$9$k%*%V%8%'%/%Hg $G$9!#%/%i%9Graphics $N

%a%=%C%IsetFont $HsetColor $r;H$C$F!"%U%)%s%H$H?'$,;XDj$5$l!"drawString $GJ8;zNs$,I=<(

$5$l$F$$$^$9!#?tCM0 $H50$O!"J8;zNs$rIA$/:BI8$G$9!#:BI87O$,!":8>e$r86E@$H$7!"1&$KX J}8~

@5!"2<$KY J}8~@5$r$H$k:BI87O$G$"$k$3$H$KCm0U$,I,MW$G$9!#

$3$N%/%i%9$HF1$8L>A0$r$b$D%a%=%C%IHelloWorld $O!"FCJL$J%a%=%C%I$G%3%s%9%H%i%/%?(con-

structor) $H8F$P$l$^$9!#$3$l$,!"%/%i%9$N=i4|2=$r9T$&!"$D$^$j:G$b:G=i$K<B9T$5$l$k%a%=%C%I

$G$9!#

%a%=%C%IinitComponent $O!"%U%)!<%`%(%G%#%?$r;H$C$FGUI $N@_7W$r$7$?:]$K;H$o$l$^$9!#$7

$P$i$/$O;H$$$^$;$s$,!">C$7$F$O$$$1$^$;$s!#

1i=, 2.1 %a%=%C%IdrawString $K$"$kJ8;zNs!"?tCM!"$^$? setColor $G;XDj$5$l$k?'$rJQ99$7$F

$_$J$5$$!#



9

Bh3>O 4JC1$J7W;;

3.1 4pK\E*%W%m%0%i%_%s%0

$3$3$G$O!"Java%W%m%0%i%_%s%0$N$b$C$H$b4pK\E*$JItJ,$K$D$$$F@bL@$7$F$$$-$^$9!#$^$:$O!"4J

C1$J7W;;$N<B9T$H$=$N7k2L$NI=<($G$9!#

I= 3.1: Java$G;H$($k86;O7?
int @0?t7? 32bit Id9fIU$-@0?t

� 231 $+$i 231 � 1 $^$G$N@0?t

long @0?t7? 64bit Id9fIU$-@0?t

short @0?t7? 16bit Id9fIU$-@0?t

byte @0?t7? 8bit Id9fIU$-@0?t

char J8;z7? 16bitUnicode J8;z

16bit Id9fL5$7@0?t$HF1$8

boolean O@M} true $^$?$Ofalse

float IbF0>.?t7? 32bit Id9fIU$-IbF0>.?t

double IbF0>.?t7? 64bit Id9fIU$-IbF0>.?t

Program3.1.1$O!"paint %a%=%C%I$NCf$G!"4JC1$J7W;;$r9T$$!"$=$N7k2L$rI=<($9$k%W%m%0%i%`

$G$9!#?tCM$rJ]B8$9$k$?$a$N;0$D$NJQ?ta!" b 5Z$Sc $,Dj5A$5$l$F$$$^$9!#%-!<%o!<%Iint $O!"$3

$l$i$NJQ?t$KJ]B8$G$-$k?tCM$N<oN`(7?$H8@$$$^$9) $,@0?t$G$"$k$3$H$r<($7$F$$$^$9!#

%W%m%0%i%`Cf$GCM$rJ];}$9$kJQ?t$O!"%3%s%T%e!<%?$N%a%b%j>e$K3d$jEv$F$i$l$^$9!#%3%s%T%e!<

%?$NCf$G$O!"A4$F$N%G!<%?$OA4$F0 $H1 $+$i$J$kFs?J?t$GI=8=$5$l$F$$$^$9!#$=$3$G!"JQ?t$N7?$r

Dj5A$9$k$3$H$K$h$C$F!"$=$NJQ?t$H$7$FJ]B8$5$l$F$$$k0 $H1 $+$i$J$kNs$HCM$rBP1~$D$1$kJ}K!$r

Dj5A$9$kI,MW$,$"$j$^$9!#$=$l$,!"JQ?t$N7?$rDj5A$9$k$3$H$K$"$?$j$^$9!#

Java $G;H$($k4pK\$N7?(86;O7?) $OI=3.1$N8 <oN`$G$9!#Java $G$O!"%W%m%0%i%`Cf$K8=$l$kA4$F

$NJQ?t$KBP$7$F!"7?$rDj5A$7$J$/$F$O$J$j$^$;$s!#

%W%m%0%i%`Cf$N5-9f`=' $O!"Ey9f$G$O$J$/!"BeF~$rI=$7$^$9!#1&JU$N7W;;$r:G=i$K9T$$!"$=$N7k

2L$r:8JU$KBeF~$7$^$9!#BeF~$NN>JU$N7?$,F1$8$K$J$k$h$&$K$9$k$N$,86B'$G$9!#

?tCMF1;N$N1i;;$O!"DL>o$N;MB'1i;; (+!" - !" * !" / ) $,Dj5A$5$l$F$$$^$9!#@0?tF1;N$N=|;;$K$*$$

$F$O!"7k2L$,@0?t$K@Z$j<N$F$i$l$k$3$H$KCm0U$,I,MW$G$9!#$^$?!"=|;;$NM>$j$r7W;;$9$k1i;;(%)

$bDj5A$5$l$F$$$^$9!#
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Program 3.1.1 SimpleArithmetic.java
import java.awt.*;

public class SimpleArithmetic extends javax.swing.JFram e {

private Font f = new Font("TimesRoman", Font.PLAIN, 40);

/** Creates new form SimpleArithmetic */
public SimpleArithmetic() {

initComponents();
}

@Override
public void paint(Graphics g) {

super.paint(g);
g.setFont(f);
int a = 8;
int b = 5;
int c;
// B-$7;;
c = a + b;
String s1 = String.valueOf(a) + "+" +

String.valueOf(b) + "=" + String.valueOf(c);
g.drawString(s1, 100, 150);
// 0z$-;;
c = a - b;
String s2 = String.valueOf(a) + "-" +

String.valueOf(b) + "=" + String.valueOf(c);
g.drawString(s2, 100, 200);

}

}

3.2 J8;z$HJ8;zNs

0lJ8;z$rJ];}$9$kJQ?t$N7?$rJ8;z7? (char ) $H8F$S$^$9!#Java $G$O!"0l$D$NJ8;z$rI=$9J8;z7?JQ

?t$H!"J8;z$NNs$+$i$J$iJ8;zNs$O!"87L)$K6hJL$5$l$^$9!#J8;zDj?t$O%7%s%0%k%/%)!<%F!<%7%g%s'

$G6h@Z$j$^$9!#

char c='a';

J8;zDj?t$K$O!"DL>o$N%"%k%U%!%Y%C%H$d?tCM$N$[$+!"$$$/$D$+$NFC<lJ8;z$,Dj5A$5$l$F$$$^$9!#Java

$G$O!"J8;zUTF-8 $H8F$P$l$k%3!<%IBN7O$G%G!<%?$rJ];}$7$F$$$^$9!#$=$N$?$a!"J#?t$N8@8l$,:.

$8$C$?J8;zNs$r:n$k$3$H$b2DG=$G$9!#

0lJ}!"J8;zNs7? (String ) $O86;O7?$G$O$J$/!"%/%i%9$G$9!"J8;zNs$O%@%V%k%/%)!<%F!<%7%g%s" $G

6h@Z$k$3$H$GDj5A$7$^$9!#J8;zNs$rO"7k$9$k$K$O!"1i;;+$r;H$&$3$H$,$G$-$^$9!#Java $NJ8;zNs7?

$O!"0lC6@8@.$5$l$k$HJQ99$G$-$J$$$H$$$&FCD'$,$"$j$^$9!#$7$P$7$PJQ99$9$kI,MW$N$"$k>l9g$K

$O!"JL$NJ8;zNs7?StringBuilder $r;H$$$^$9!#
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I= 3.2: FC<lJ8;z
\n 2~9T

\t %?%V

\b %P%C%/%9%Z!<%9

\r %-%c%j%C%8%j%?!<%s

\f %U%)!<%`%U%#!<%I

\\ %P%C%/%7%e%i%C%7%e

\' %7%s%0%k%/%)!<%H

\" %@%V%k%/%)!<%H

\ddd 8 ?JDj?t

Program3.1.1$G$O!"7W;;$N7k2L$r0l$D$NJ8;zNs$H$7$F@h$K@8@.$7!"J8;zNs$rIA$/%a%=%C%IdrawString

$GI=<($7$F$$$^$9!#?tCM$rJ8;zNs$KJQ49$9$k$K$O

String.valueOf( ?tCM)

$G9T$$$^$9!#$3$l$O!"%/%i%9String $,;}$C$F$$$k%a%=%C%IvalueOf $r;H$&$3$H$r0UL#$7$F$$$^$9!#

3.3 4JN,1i;;;R

Java $G$O!"C/C++ $HF1MM$K!"1i;;$r4J7i$K5-=R$9$k$?$a$K4JN,1i;;;R$,MQ0U$5$l$F$$$^$9!#47

$l$k$HHs>o$KJXMx$J5-K!$G$9!#

I= 3.3: 4JN,1i;;;R
I=5- 0UL#

x++ x=x+1

x-- x=x-1

x+=y x=x+y

x-=y x=x-y

x*=y x=x*y

x/=y x=x/y

x%=y x=x%y
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Bh4>O =i$a$F$NGUI

4.1 $O$8$a$K

Java$NBg$-$JFCD'$N0l$D$O!"OS$K0MB8$7$J$$E@$G$9!#$3$NE@$O!"GUI (Graphical User Interface)

$K$D$$$F$bF1MM$G$9!#

9-$/;H$o$l$k%W%m%0%i%_%s%08@8l$O!"I8=`2=$,9T$o$l$k$?$a$K!"0[$J$kOS$G$"$C$F$b!"35$MF0

:n$9$k$h$&$K$J$C$F$$$^$9!#$7$+$7!"%7%9%F%`$K0MB8$7$F$$$kItJ,!"Nc$($P!"%W%m%;%94IM}$J$I$O!"

6&DL$K$O$G$-$^$;$s!#

$5$i$K!"%&%#%s%I%&4D6-$O!"3FOS$K$h$C$FI8=`E*$J$b$N$,0[$J$j$^$9!#=>$C$F!"B?$/$N%W%m%0

%i%_%s%08@8l$O!"GUI ItJ,$r8@8l$+$i30$7$F$$$^$9!#GUI $K4X$9$kItJ,$O!"8@8l!&OS$4$H$K%i

%$%V%i%j$H$7$FDs6!$5$l$k$3$H$K$J$j$^$9!#

$=$l$KBP$7$F!"Java $N>l9g$O!"Java$,F0:n$9$k4D6-$G$O!"6&DL$NGUI $rDs6!$9$k$h$&$K$J$C$F

$$$^$9!#

GUI IU$N%W%m%0%i%`$r:n@.$9$k$H!"%f!<%6$,;H$$0W$$$@$1$G$O$"$j$^$;$s!#3+H/B&$+$i$_$k$H!"

3+H/ESCf$NF0:n3NG'!&7k2LI=<(!"$5$i$K%G%b%s%9%H%l!<%7%g%s$K$bLrN)$F$k$3$H$,2DG=$G$9!#

GUI $r:n$k$N$O!"BgJQ$J:n6H$G$9!#MWAG$N3,AX9=B$$r:n$k!"MWAG$NB0@-$rDj$a$k!"MWAG$NG[CV

$r@)8f$9$k!"$=$7$FMWAG$NF0:n$r7h$a$k!"$J$I$N:n6H$,I,MW$@$+$i$G$9!#$7$+$7!"NetBeans$r;H

$&$H$3$&$7$?:n6H$r!"%^%&%9$r;H$C$F!"MF0W$K<B9T$9$k$3$H$,$G$-$^$9!#

Java $NFbMF$N?J$s$G$$$/A0$K!":#8e$N%W%m%0%i%`$N4pAC$H$7$F!"4JC1$JGUI $r:n$k$3$H$K$7$^

$7$g$&!#<!>O$+$i$O!"$3$N%W%m%0%i%`$rN.MQ$7$J$,$i!":n6H$r?J$a$^$7$g$&!#

?^ 4.1.1: FirstGUI <B9T2hLL
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4.2 GUI :n@.$NN.$l

4.2.1 A4BN$NOH

?^ 4.1.1$r8+$F$/$@$5$$!#$3$l$,!":#2s:n@.$9$k%W%m%0%i%`$NGUI $G$9!#A4BN$NOH$NCf$K!"Fs$D

$NNN0h$,$"$j$^$9!#>e$NNN0h$NCf$K!"Fs$D$N%\%?%s$,$"$j$^$9!#$3$N$h$&$K!"GUI $K$O!"3,AXE*$J

9=B$$,$"$j$^$9!#A4BN$rF~$l$kOH!"B>$NMWAG$rF~$l$kNN0h!"$=$7$F8DJL$NLr3d$rC4$C$?MWAG$G$9!#

Java $K$O!"java.awt $H$$$&GUI %i%$%V%i%j$,$"$j$^$9!#$3$l$r$5$i$K2~NI$7$?$b$N$,!":#2s;H

MQ$9$kjavax.swing $H$$$&%i%$%V%i%j$G$9!#Swing $G$O!"?^4.2.1$N$h$&$K!"3,AXE*$KMWAG$r@Q$_

>e$2$F$$$/$3$H$GGUI $r:n@.$7$^$9!#

?^ 4.2.1: Java GUI $N3,AX9=B$

0J2<!"GUI :n@.$N<j=g$r@bL@$7$F$$$-$^$9!#$^$:!"?7$7$$%W%m%8%'%/%H(:#2s$NL>A0$OFirstGUI

$H$7$^$7$g$&) $r:n$j$^$9!#?75,%U%!%$%k$H$7$F!"JFrame%U%)!<%`$rA*$S!"L>A0$r$d$O$jFirstGUI

$H$7$^$9!#!V%G%6%$%s!W%?%V$r3+$/$H?^4.2.2$N$h$&$K$J$C$F$$$^$9!#

?^ 4.2.2: JFrame$N>uBV

2hLL:8$N!V%J%S%2!<%?!WItJ,$,!"GUI MWAG$N3,AX9=B$$rI=$7$F$$$^$9!#[JFrame] $G%^%&%91&%\

%?%s$r2!$7!"!V%l%$%"%&%H$r@_Dj!W$rA*$S$^$9!#$3$N$J$+$N!"!V%\!<%@!<%l%$%"%&%H!W$rA*$s$G@_Dj

$7$?$b$N$,? 4̂.2.2 $N>uBV$G$9!#
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%l%$%"%&%H$H$O!"$3$NMWAG($3$3$G$O[JFrame] ) $N;R$NMWAG$NG[CVJ}K!$N$3$H$G$9!#%l%$%"%&

%H$r@)8f$9$k%i%$%V%i%j$,!V%l%$%"%&%H%^%M!<%8%c!<!W$G$9!#$3$3$G8@$&G[CV$K$O!"=i4|G[CV$@$1

$G$J$/!"MWAG$NA}8:;~$NG[CV$d!"?F$NMWAG$N%5%$%:$,JQ$o$C$?;~$NG[CV$N@)8f$,4^$^$l$F$$$^$9!#

DL>o!"GUI $N$"$k%W%m%0%i%`$G$O!"A0=R$N$h$&$K!"0lHV30$NOH$NCf$KNN0h$r:n$j!"3FNN0h$K%\

%?%s$J$I$rG[CV$7$F$$$-$^$9!#JFrame $O!"$3$N0lHV30$NOH$G$9$+$i!"$3$3$KD>@\%\%?%s$J$I$rCV

$/$3$H$O!"DL>o$O9T$$$^$;$s!#

JFrame $N;R$H$J$kMWAG$O!">e2<!":81&!"Cf1{$J$I$KG[CV$5$l$k>l9g$,B?$/$J$j$^$9!#$=$3$G!"

$=$N$h$&$JMWAGG[CV$r@)8f$9$k!V%\!<%@!<%l%$%"%&%H!W$rMQ$$$k$3$H$K$7$^$9!#

4.2.2 %\%?%sMQ%Q%M%k

<!$K!"%\%?%s$rCV$/$?$a$N%Q%M%k$r:n$j$^$7$g$&!#2hLL1&B&$N!V%Q%l%C%H!W$KGUI $NItIJ$,I=<(

$5$l$F$$$^$9!#0lHV>e$,!"!V Swing %3%s%F%J!W$H8F$P$l$k!"B>$NItIJ$rCV$/$?$a$NItIJ$G$9!#0lHV

>e$K!V%Q%M%k!W$,$"$j$^$9!#$3$N%Q%M%k$r%^%&%9$N:8%\%?%s$r2!$7$J$,$i!"Cf1{$N3%?'$NItJ,$K0\

F0$5$;!"%^%&%9$rJ|$9$H[JFrame] $N;R$H$7$F!"JPanel$N%$%s%9%?%s%9jPanel1 $,:n@.$5$l$^$9!#

$3$N%Q%M%k$NL>A0$rJQ99$7$^$7$g$&!#Cf1{NN0hFb$NjPanel1 $G1&%\%?%s$r2!$9$H%a%K%e!<$,8=

$l$^$9!#0lHV>e$N!VJQ?tL>$rJQ99!W$rA*$S!":#2s$Obuttons $HL>$rJQ99$7$^$9!#$3$N$h$&$JA`:n

$O!"!V%J%S%2!<%?!WNN0h$G!"3:Ev$9$kMWAG$N2U=j$G1&%\%?%s$r2!$9$3$H$G$b9T$&$3$H$,$G$-$^$9!#

?^ 4.2.3: %\%?%sMQ%Q%M%k$rCV$$$?>uBV

F1MM$K!"%a%K%e!<$NCf$+$i!V%W%m%Q%F%#!W$rA*$V$H!"MWAG$NMM!9$J@-<A$rJQ99$9$k$3$H$,$G$-$^

$9!#%\%?%s$O!"2hLL$N>e$KG[CV$7$^$9!#%a%K%e!<$NCf$N!V%l%$%"%&%H!W$K$"$k!"!VJ}8~!W$r!VNorth !W

$K@_Dj$7$^$7$g$&!#$3$3$^$G9T$C$?>uBV$r?^4.2.3$K<($7$^$9!#

$D$$$G$K!"%\%?%sMQ%Q%M%k$NGX7J?'$b@_Dj$7$^$7$g$&!#%a%K%e!<Cf$N0lHV>e$K!Vbackground!W$,

$"$j$^$9!#1&$N""$r2!$9$H!"?'A*Br2hLL$,I=<($5$l$^$9!#9%$-$J?'$rA*$S$^$7$g$&!#

A*$s$@MWAG$N%W%m%Q%F%#$O!"2hLL1&$K$bI=<($5$l$F$$$^$9!#$3$3$+$iJQ99$9$k$3$H$b2DG=$G$9!#
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4.2.3 %\%?%s

2hLL1&$N!V%Q%l%C%H!W$N!VSwing%3%s%F%J!W$N:8$N""$r2!$9$H!"$=$N9`L\$,JD$8$F!"!VSwing%3%s

%H%m!<%k!W$N9`L\$,E83+$5$l$^$9!#$=$NCf$K!"!V%\%?%s!W$,$"$j$^$9!#%^%&%9$G%I%i%C%0$7$F!"%\%?

%sMQ%Q%M%kCf$KCV$-$^$7$g$&!#JFrame$G$O$J$/!"!V%\%?%sMQ%Q%M%k!Wbuttons $KCV$$$F$/$@$5$$!#

4V0c$($F$b!"%^%&%9$G%I%i%C%0$7$F0\F0$5$l$k$3$H$,$G$-$^$9!#

$3$N%\%?%s$KI=<($5$l$kJ8;zNs$r!V=*N;!W$K!"JQ?tL>$r!Vquit !W$K@_Dj$7$^$9!#?'$bE,Ev$K@_Dj

$7$^$7$g$&!#

F1MM$K!"!V<B9T!W$HI=<($5$l$k%\%?%s!Vexec!W$r:n$C$F$/$@$5$$!#

$3$N%\%?%s$NF0:n$O<!@a$G9T$$$^$9!#

?^ 4.2.4: %\%?%sMQ%Q%M%k$K%\%?%s$rCV$$$?>uBV

4.2.4 %F%-%9%H6h2h

%W%m%0%i%`$N<B9T7k2L$rI=<($9$kNN0h$rJFrame$NCf1{$K@_CV$7$^$7$g$&!#?^$rI=<($9$k$J$i$P!"

:F$S!V%Q%M%k!W$rCV$-$^$9$,!":#2s$O!"%F%-%9%H$rI=<($9$k$3$H$K$7$^$9!#

!VSwing%3%s%H%m!<%k!WCf$N!V%F%-%9%H6h2h!W$rJFrame$NCf1{$K%I%i%C%0$7$^$9!#%W%m%Q%F%#

Cf$N!V%l%$%"%&%H!W!VJ}8~!W$OCenter $K$7$^$9!#

3FMWAG$K$O!"Bg$-$5$rDj5A$9$k$3$H$,$G$-$^$9!#$3$N%F%-%9%H6h2h$NBg$-$5$r@_Dj$7$F$*$-$^

$7$g$&!#%W%m%Q%F%#Cf$N!VPreferredSize!W (4uK>%5%$%:) $r!V [300,300]!W$K@_Dj$7$^$9!#

:8$N!V%J%S%2!<%?!<!W$r8+$k$H!"!V%F%-%9%H6h2h!W$KBP1~$7$?!VjScrollPane1!W$N2<$K3,AX$,$"$k

$3$H$,2r$j$^$9!#!V jScrollPane1!W$O%9%/%m!<%k%P!<$rI=<($9$kItIJ$G$"$j!"$=$NCf$K%9%/%m!<%k$5

$l$kJL$NMWAG$,$"$k$N$G$9!#!V+ !WItJ,$r%/%j%C%/$9$k$H!"2<AX$KJTextPane $N%$%s%9%?%s%9$,$"

$j$^$9!#<B:]$KJ8;zNs$,I=<($5$l$k$N$O!"$3$NItJ,$G$9!#$3$NJQ?tL>$rtextPane $KJQ99$7$F$*$-

$^$7$g$&!#

$3$N>uBV$r?4̂.2.5$K<($7$^$9!#$3$3$^$G$G!"GUI ItIJ$NG[CV$O=*$o$j$G$9!#
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?^ 4.2.5: %F%-%9%H6h2h$rCV$$$?>uBV

GUI MWAG$NG[CV$d!"MWAG$N?'$J$I$N>pJs$,!"$I$N$h$&$J7A$GJ]B8$5$l$$$k$+$r>/$7$@$18+$F$*

$-$^$7$g$&!#!V%=!<%9!W%?%V$rA*$S!"%W%m%0%i%`%=!<%9$rI=<($7$^$9!#2<$N$[$&$K!"!VGenerated

Code!W$H=q$+$l$?6h2h$,$"$j$^$9!#:8$N!V+ !W$r2!$9$H!"$=$NItJ,$N%=!<%9%U%!%$%k$,E83+$5$l$^

$9!#initComponent() %a%=%C%I$NCf?H$KBP1~$7$F$$$^$9!#$3$3$G!"GUI ItIJ$,G[CV$5$l!"@-<A$,

@_Dj$5$l$F$$$^$9!#

$3$NItJ,$O!"?e?'$K$J$C$F$$$k$3$H$KCm0U$7$F$/$@$5$$!#$3$NItJ,$O!"NetBeans$N$NCf$+$i$O

JT=8$9$k$3$H$,$G$-$^$;$s!#%=!<%9%U%!%$%k$rCV$$$F$$$k%U%)%k%@$K$O!"BP1~$9$k%=!<%9%U%!%$%k

FirstGUI.java $NB>$K!"FirstGUI.form $H$$$&%U%!%$%k$,CV$+$l$F$$$^$9!#$3$NCf$KGUI ItIJ

$N>pJs$,3JG<$5$l!"%=!<%9%U%!%$%k$H$N4V$GO"F0$7$F$$$^$9!#

%=!<%9$NI=<($N:8$N!V-!W$r%/%j%C%/$9$k$3$H$G!"E83+$7$F$$$?ItJ,$r@^$j$?$?$`$3$H$,$G$-$^$9!#

4.3 %\%?%s$NF0:n

GUI $N%W%m%0%i%`$O!"%$%Y%s%H6nF07?$N%W%m%0%i%`$H8F$P$l$^$9!#%$%Y%s%H$H$O!"%^%&%9$N%/

%j%C%/$dBg$-$5$NJQ99$d!"ItIJFb$NJ8;zNsEy$NJQ2=$J$I$G$9!#$3$N$h$&$J%$%Y%s%H$K$h$C$F!"%W%m

%0%i%`$N0lIt$,3+;O$5$l$k$b$N$r%$%Y%s%H6nF0$H8F$S$^$9!#

java $N%$%Y%s%H6nF0$G$O!"%$%Y%s%H$rJa$^$($kJ9$-<j(listener) $HBP1~$9$kF0:n(action) $rDj

5A$9$k$3$H$G%W%m%0%i%_%s%0$5$l$^$9!#NetBeans$G$O!"%j%9%J$H%"%/%7%g%s$rMWAG$KBP1~IU$1$F

MF0W$KDj5A$9$k$3$H$,$G$-$^$9!#

$^$:!"!V=*N;!W%\%?%s$NF0:n$rDj5A$7$^$7$g$&!#!V%G%6%$%s!W%?%V$N>uBV$G!"!V=*N;!W%\%?%s$r%@

%V%k%/%j%C%/$7$^$9!#$^$?#h!"!V%J%S%2!<%?!<!WNN0h$G!V=*N;!W%\%?%s$NJQ?tL>!Vquit !W$r%@%V%k

%/%j%C%/$7$^$9!#

2hLL$O!"!V%=!<%9!W%?%V$KJQ$o$j!"JT=8$9$Y$-ItJ,$,I=<($5$l$^$9!#NetBeans$,BP1~$9$k%"%/

%7%g%s$H$7$F!"quitActionPerformed $r@8@.$7$F$/$l$^$9!#?4̂.3.1$K<($7$^$9!#
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?^ 4.3.1: !V=*N;!W%\%?%s$NF0:n

$3$N%W%m%0%i%`$N=*N;$O!"JFrame5Z$S$=$N;R$NItIJ$,;H$C$F$$$k;q8;$r%7%9%F%`$KJV5Q$7!"JFrame

$rJD$8$k$3$H$G$9!#$=$3$G!"dispose() $H$$$&%a%=%C%I$r8F=P$7$^$9!#?^4.3.1$N

// TODO add your handling code here;

ItJ,$r>C$7$F!"

dispose()l

$H$7$^$7$g$&!#

:#2s$O!"!V<B9T!W%\%?%s$r2!$9$H!"8=:_$N;~9o$,I=<($5$l$k$h$&$K$7$^$9!#!V=*N;!W%\%?%s$HF1MM

$NA`:n$G!"!V<B9T!W%\%?%s$KBP1~$9$k%"%/%7%g%s$r@8@.$7$^$7$g$&!#

!V<B9T!W%\%?%s$KBP1~$9$k%"%/%7%g%s$N<BAu$H$7$F

Date now = new Date(0;

textPane.setText(now.toString());

$H$7$^$7$g$&!#

%=!<%9%U%!%$%k$N:8$K@V$$%/%(%C%7%g%s%^!<%/$,$G$^$9!#$^$?!"Date $H$$$&J8;zNs$N2<$K@V$$

GH@~$,I=<($5$l$^$9!#8m$j$,$"$k$H$$$&>pJs$G$9!#

Date $O!"HFMQ%i%$%V%i%jjava.util.Date $r;H$$$?$$$N$G$9$,!"E,@Z$Kimport java.util.Date

$r5-=R$7$F$$$J$$$N$,860x$G$9!#@V$$%/%(%C%7%g%s%^!<%/$K%^%&%9$rJ;$;$F:8%\%?%s$r2!$9$HBP:v

0lMw$,I=<($5$l$^$9!#$=$NCf$+$i!Vjava.util.Date $r%$%s%]!<%H$KDI2C!W$rA*$S$^$9!#$3$&$9$k$3

$H$G%=!<%9%U%!%$%k$N@hF,ItIt$Kimport java.util.Date $,DI2C$5$l$^$9!#

%=!<%9%U%!%$%kCf$N

Date now = new Date(0;

$O!"8=:_$N;~9o$,J]B8$5$l$? Date $N%$%s%9%?%s%9now$r@8@.$7$^$9!#$=$N%$%s%9%?%s%9$rJ8;zNs

$H$7$F%F%-%9%HNN0htextPane $KI=<($7$F$$$^$9!#
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5.1 G[Ns

I=$K?tCM$,JB$s$G$$$F!"$=$NOB$r7W;;$9$k$3$H$r9M$($^$7$g$&!#%G!<%?$K$OHV9fi $,IU$1$i$l$F!"

x i $H8F$V$3$H$K$7$^$7$g$&!#<j$G3N<B$KOB$r7W;;$9$k$K$O!"I=$N3F9T$K$=$l$^$G$NOB$r=q$$$F9T

$/$HNI$$$G$7$g$&!#I=5.1$N1&C<$NNs$,$=$NOB$K$J$j$^$9!#

i x i S

0 20 20

1 4 24

2 5 29

3 21 40

4 15 55

I= 5.1: Cf1{$NNs$N%G!<%?$NOB$r1&C<$KI=<($9$kNc!#i 9T$^$G$NOB$,1&C<$KI=<($5$l$k!#

B?$/$N%W%m%0%i%_%s%08@8l$K$O!"I=$N$h$&$KF1$87?$N%G!<%?$rBgNL$KJ];}$9$kG[Ns(array) $H$$

$&%G!<%?9=B$$,$"$j$^$9!#$^$?I=$N3F9T$KF1$87W;;$r7+$jJV$9$3$H$KBP1~$9$k$h$&$J!"7+$jJV$7

(loop) $r9T$&%W%m%0%i%`@)8f9=B$$r;}$C$F$$$^$9!#

$3$N$h$&$K!"BgNL$N%G!<%?$KF1$8A`:n$r7+$jJV$7$F<B9T$9$k$3$H$,!"%3%s%T%e!<%?MxMQ$N:G$b=E

MW$J;H$$J}$G$9!#:G=i$N%3%s%T%e!<%?($N867?) $O!"9q@*D4::$NE}7W=hM}$K;H$o$l$^$7$?!#

$3$3$G$O!"%G!<%?$NJ?6Q$HJ,;6$r7W;;$9$k4JC1$J%W%m%0%i%`$rNc$K!"G[Ns$H7+$jJV$7$N;H$$J}$r

3X$S$^$9!#

I= 5.1$NNc$r3HD%$7$F!"N 8D$N%G!<%?f x i g $r9M$($^$9!#$=$NJ?6Qhxi $HJ,;6 (Fs>h8m:9) h� x2 i

$O!"0J2<$N$h$&$K5a$a$i$l$^$9!#

hxi =
1
N

N � 1X

i =0

x i (5.1.1)

h� x2 i =
1
N

N � 1X

i =0

(x i � h xi )2 =
1
N

N � 1X

i =0

x2
i � h xi 2 (5.1.2)

$3$3$G!"5-9f
N � 1X

i =0

x i (5.1.3)
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$O!"x i $r i = 0 $+$i i = N � 1 $^$GB-$9!"$D$^$j

N � 1X

i =0

x i = x0 + x1 + x2 + : : : + xN � 2 + xN � 1 (5.1.4)

$rI=$7$F$$$^$9!#

<0 (5.1.1) $r8+$k$H!"1&JU$N7W;;$,=*$C$?$"$H!"$=$N7k2L$r:8JU$KBeF~$9$k$h$&$K8+$($^$9!#$3

$l$G$O!"ESCf$^$GOB$r7W;;$7$?CM$r$I$N$h$&$K3P$($F$*$/$N$+$,J,$+$j$^$;$s!#

Program 5.1.1 ArrayAndLoop.java !' GUI $r=|$/ItJ,
ipublic class ArrayAndLoop extends javax.swing.JFrame {

private final int data_num = 10;
private int data[];
private double a;
private double d;
private String cr = System.getProperty("line.separator" );

/** Creates new form FirstGUI */
public ArrayAndLoop() {

initComponents();
}

$=$3$GOB$N7W;;$rI=5.1$G$d$C$?$h$&$K!"8+D>$7$F$_$^$9!#;O$a$Nn 8D$NOB$r

Sn � 1 =
n � 1X

i =0

x i (5.1.5)

$HI=$9$3$H$K$7$^$9!#$3$l$r;H$&$H

Sn = Sn � 1 + xn (5.1.6)

S0 = x0 (5.1.7)

$HI=$9$3$H$,$G$-$^$9!#

$D$^$j!"D>A0$^$G$NOBSn � 1 $K?7$7$$9 x̀n $r2C$($k$H$$$&F1$8A`:n$r7+$jJV$9$3$H$GOB$r7W;;

$9$k$3$H$,$G$-$k$3$H$,J,$+$j$^$9!#$3$l$,!"I= 5.1$G9T$C$F$$$k$3$H$N?t3XE*I=8=$G$9!#?t3XE*

I=5-$G$O!":8JU$K!"Sn $N$h$&$K!"%$%s%G%/%9n $,8=$l$^$9$,!"%3%s%T%e!<%?$G7W;;$9$k:]$K$O!"

A4$FF1$8JQ?t$G$bBg>fIW$G$9!#

%W%m%0%i%_%s%0$G07$&=hM}$NCf$K$O!">e5-$N$h$&$KF1$8A`:n$r7+$jJV$79T$&$b$N$,B??t$G$F$-$^

$9!#A0=R$N$h$&$K!"%3%s%T%e!<%?$H$O$b$H$b$H$=$N$h$&$JF1$8A`:n$N7+$jJV$7$,F@0U$J5!3#$G$9!#

?tNs x i $N$h$&$K!"%$%s%G%/%9(i ) $GCM$r;XDj$G$-$k%G!<%?$N=8$^$j$rG[Ns(array) $H8F$S$^$9!#A0

>O$G8+$?$h$&$K!"%W%m%0%i%_%s%08@8l$NJQ?t$K$O7?$,$"$j$^$9!#G[Ns$OF1$87?$N%G!<%?$N=8$^$j$G

$"$j!"@0?tCM$r$H$k%$%s%G%/%9$NCM$G2?HVL\$NMWAG$+$r;XDj$9$k$3$H$,$G$-$^$9!#

Java $G$O!"G[Ns$N@k8@$r
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Program 5.1.2 ArrayAndLoop.java( B3$-)
/**
* 7W;;$N<B9T
*/

private void createData() {
// %G!<%?:n@.
data = new int[data_num];
for (int i = 0; i < data_num; i++) {

data[i] = (int) (100 * Math.random());
}

}

/**
* J?6Q$HJ,;6$N7W;;
*/

private void calculation() {
a = 0.;
d = 0.;
for (int i = 0; i < data.length; i++) {

a += data[i]; // OB
d += data[i] * data[i]; // Fs>h$NOB

}
a /= (double) data_num;
d = d / data_num - a * a;
d = Math.sqrt(d);

}

public static void main(String args[]) {
java.awt.EventQueue.invokeLater(new Runnable() {

public void run() {
new ArrayAndLoop().setVisible(true);

}
});

}
}

7? JQ?tL>[];

$^$?$O

7? [] JQ?tL>;

$G9T$$$^$9!#5-9f[] $,G[Ns$rI=$7$F$$$^$9!#Nc$($P!"@0?t7?$NG[Nsdata $r@k8@$9$k$K$O

int[] data;

$H$7$^$9!#B>$N%W%m%0%i%_%s%08@8l$H0[$J$j!"Java $G$O!"G[Ns$b%*%V%8%'%/%H$H$J$j$^$9!#$D$^

$j!"%a%=%C%I$,$"$j$^$9!#

0J2<$N$h$&$KBg$-$5n $r;XDj$7$F!"%*%V%8%'%/%H$r@8@.$9$k$3$H$b$G$-$^$9!#

int[] data = new int[n];
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%-!<%o!<%Inew$O!"?7$7$$%*%V%8%'%/%H$r@8@.$9$k$3$H$rI=$7$F$$$^$9!#$3$N>l9g!"G[Ns$N3FMWAG

$K$O=i4|CM$H$7$F0 $,F~$j$^$9!#

$b$&0l$D$NG[Ns%*%V%8%'%/%H$N@8@.J}K!$O!"%G!<%?$NFbMF$r;XDj$9$kJ}K!$G$9!#

int[] data = {3,5,4,78,6,34,2,3};

1&JU$N%G!<%?$N?t$K1~$8$?Bg$-$5$NG[Ns$,<+F0E*$K@8@.$5$l$^$9!#G[Ns$NBg$-$5$O

data.length

$GF@$k$3$H$,$G$-$^$9!#

int[] data = {3,5,4,78,6,34,2,3};

int size = data.length;

G[NsMWAG$NFI$_=q$-$K$O!"2?HVL\$NMWAG$+$r;XDj$7$^$9!#i HVL\$NMWAG$Odata[i] $H;XDj$7$^

$9!#%$%s%G%/%9i $, 0 $+$i;O$^$kE@$KCm0U$,I,MW$G$9!#

5.2 7+$jJV$7

<!$K!"G[Ns$r;H$C$FF1$8A`:n$r7+$jJV$9$3$H$r9M$($^$7$g$&!#7+$jJV$7A`:n$KBP1~$9$k%W%m%0%i

%`$O

for( =i4|2= ; >r7o; :F@_Dj){

7+$jJV$9FbMF

}

$N$h$&$K=q$-$^$9!#7+$jJV$7(loop) $KF~$k:]$K!V=i4|2=!W$r9T$C$?8e!"!V>r7o!W$,K~$?$5$l$F$$$k8B

$j%V%m%C%/({ $H} $G0O$^$l$?ItJ,) $,7+$jJV$5$l$^$9!#0l2s7+$jJV$5$l$k$4$H$K%$%s%G%/%9$N!V:F

@_Dj!W$,9T$o$l$^$9!#Nc$K$"$k

for(int i=0;i<data_num;i++){

data[i] = (int)(100*Math.random());

}

$N>l9g!"JQ?t i $, 0 $K=i4|2=$5$l$?8e!" i<data_num $G$"$k8B$j!"i $r 1 A}$d$7$J$,$i!"G[Ns data

$KMp?t$r@_Dj$7$F9T$-$^$9!#JQ?ti $O!"$3$N%k!<%W$NCf$@$1$GM-8z$JJQ?t$G$9!#

Mp?t$O!"$G$?$i$a$J?t;z$NNs$N$3$H$G$9!#%7%_%e%l!<%7%g%s$J$I$G;H$$$^$9!#$G$?$i$a$J?t$NNs

$H$O!"$5$$$3$m$r?6$k$h$&$K!"=P$k?t$,M=A[$G$-$J$$$b$N$G$9!#$3$3$G!"Math.random() $O?t3X

4X?t$r;}$C$F$$$k%/%i%9Math$K4^$^$l$kMp?t@8@.4X?trandom() $G$9!#$3$N4X?t$O0 $+$i 1 $^$G

$N0lMMMp?t$r@8@.$7$^$9!#1&JU:G=i$N(int) $O%-%c%9%H$H8F$P$l!"6/@)E*$K@0?t7?$KJQ49$9$k$3$H

$r0UL#$7$^$9!#IbF0>.?tE@7?$+$i@0?t7?$X$N%-%c%9%H$G$O@Z<N$F$,9T$o$l$^$9!#$D$^$j!"data $K

$O0 $+$i 99$^$G$N@0?t$,J]B8$5$l$^$9!#
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5.3 $=$NB>$N7+$jJV$7

A0@a$G07$C$?for $r;H$C$?7+$jJV$7$G$O!"7+$jJV$72s?ti $r;H$&$N$,4pK\E*$J;H$$J}$G$9!#7+$j

JV$7$NCf$K$O!"$"$i$+$8$a7+$jJV$72s?t$r;XDj$9$k$3$H$r$;$:!"2?$+$N>r7o$rK~$?$9$^$G7+$jJV$9

$H$$$&!"$b$C$H0lHLE*$J$b$N$,$"$j$^$9!#

7+$jJV$7$N0lHLE*$JJ}K!$NBh0l$Owhile %k!<%W$r5-=R$9$k$b$N$G$9!#

while( >r7o){

7+$jJV$7FbMF

}

$N$h$&$K;H$$$^$9!#>r7o$,K~$?$5$l$k8B$j!"%V%m%C%/FbIt$,<B9T$5$l$^$9!#>r7o$,K~$?$5$l$J$/

$J$C$?ESC<$K!"$3$N%V%m%C%/$,Ht$P$5$l$F!"<!$N%W%m%0%i%`$X0\9T$7$^$9!#

BhFs$NJ}K!$O!"do $Hwhile $r;H$C$?5-K!$G$9!#

do{

7+$jJV$7FbMF

}while( >r7o)

while $r;H$C$?5-K!$H;w$F$$$^$9$,!"%V%m%C%/$O:GDc0l2s$O<B9T$5$l!"$=$N8e$K:FEY<B9T$9$Y$-$+

$,H=CG$5$l$^$9!#

$$$:$l$N5-K!$G$b!"=*N;>r7o$,2?;~$^$G$bK~B-$5$l$J$$$:$KL58B%k!<%W$H$J$k$h$&$J$3$H$,L5$$

$h$&$h$&$KCm0U$,I,MW$G$9!#

5.4 %W%m%0%i%`%V%m%C%/

%W%m%0%i%`$NCf$G{ $H} $G0O$^$l$?%W%m%0%i%`J8$N=8$^$j$r%W%m%0%i%`%V%m%C%/$H8F$S$^$9!#Java

$N%W%m%0%i%`$O

%/%i%9@k8@{

%/%i%9$NFbMF

}

$H$$$&%W%m%0%i%`%V%m%C%/$r0lHV30B&$K!"$=$NCf$K

%a%=%C%I{

%a%=%C%I$NFbMF

}

$H$$$&%a%=%C%I$N5-=R$,F~$C$F$$$^$9!#$5$i$K!"$=$NFbB&$K

L?Na{

%W%m%0%i%`J8

}
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$H$$$&9=B$$,F~$j$^$9!#$3$3$G!VL?Na!W$H$O!"for $dwhile $N$h$&$J$b$N$G$9!#

%W%m%0%i%`$r=q$/$H$-$K$O!"J8>O$r=q$/;~$HF1$8$h$&$KA4BN$N9=B$$r3,AX2=$7$F9M$($^$9!#0l$D

$N%b%N$KBP1~$7$?%W%m%0%i%`%V%m%C%/$,%/%i%9$G$9!#$=$N%/%i%9$NA`:n$dF0:n$KAjEv$9$k%W%m%0

%i%`%V%m%C%/$,%a%=%C%I$K$J$j$^$9!#3F%a%=%C%I$O99$K:Y$+$$=hM}$NO"B3$G$9$,!"$=$N$J$+$N$^$H

$^$C$?=hM}$,>.$5$J%W%m%0%i%`%V%m%C%/$K$J$j$^$9!#

$$$m$$$m$JOCBj$,F~$jMp$l$?J8>O!"FC$K2r@b$dO@J8$OHs>o$KFI$_$K$/$$$G$9$M!#$G$9$+$i!"0l$D

$NCJMn$K$O0l$D$NOCBj!"4XO"$7$?OCBj$r$^$H$a$F@a$K$7!"$=$l$r$^$H$a$F>O$K$9$k$h$&$K3,AXE*$K

=q$/$3$H$GFI$_$d$9$$J8>O$,$G$-$^$9!#

%W%m%0%i%`$G$bF1$8$G$9!#%W%m%0%i%`$G$O!"CJMn$KAjEv$9$k$N$,0l$D$N%W%m%0%i%`%V%m%C%/$G

$9!#0l$D$N%W%m%0%i%`%V%m%C%/$K$O0l$D$N=hM}$@$1$r=q$/$h$&$K$7$^$9!#

5.5 %W%m%0%i%`%V%m%C%/$HJQ?t$N%9%3!<%W

A0=R$N$h$&$K!"Java $G$OA4$F$NJQ?t$O7?$H$H$b$K@k8@$7$J$1$l$P$J$j$^$;$s!#$=$NJQ?t$O!"$=

$l$,@k8@$5$l$?%W%m%0%i%`%V%m%C%/$NCf$@$1$GM-8z$G$9!#Nc$($P!"

int a=0;

for(int i=0;i<100;i++){

int b=i*i;

a += b;

}

$H$$$&%W%m%0%i%`$r9M$($^$9!#for %k!<%W$NCf$GDj5A$5$l$F$$$kJQ?tb$O!"$3$N%k!<%WFb$@$1$G;H

$($kJQ?t$G!"%k!<%W$N30$X$O;}$A=P$;$^$;$s!#%k!<%W$N2s?t$r?t$($k%+%&%s%?i $b%k!<%WFb$@$1$G

M-8z$G$9!#0lJ}!"JQ?t a $O%k!<%W$N30$GDj5A$5$l$F!"%k!<%WFb$GCM$rJQ99$9$k$H!"%k!<%W$N30$G?7

$7$$CM$r;H$&$3$H$,$G$-$^$9!#

$3$N$h$&$KJQ?t$,M-8z$JHO0O$r%W%m%0%i%`%V%m%C%/$K@)8B$9$k$3$H$r6I:_2=$H8@$$$^$9!#M-8z$J

HO0O$r%9%3!<%W$H8F$S$^$9!#6I:_2=$9$k$3$H$G!"JQ?t$NCM$,%W%m%0%i%`$r=q$/?M$NL\$NFO$+$J$$$H

$3$m$GJQ$($i$l$F$7$^$&$3$H$rKI$0$3$H$,$G$-$^$9!#

5.6 %W%m%0%i%`:n@.

A02s$N%W%m%0%i%`$r:FMxMQ$9$k$3$H$G!"?7$7$$%W%m%0%i%`$r:n@.$7$^$7$g$&!#

$^$:!" NetBeansFb$G!"?7$7$$%W%m%8%'%/%HArrayAndLoop$r:n@.$7$^$9!#$=$3$K!"A02s$N%W%m

%8%'%/%HFirstGUI $+$i%a%$%s$N%/%i%9FirstGUI $r%3%T!<$7$F!"%j%U%!%/%?%j%s%0$7$J$,$iE=$j

IU$1$^$9!#E=$jIU$1$k:]$NL>A0$O!"ArrayAndLoop$K$7$^$7$g$&!#;DG0$J$,$i!"main%a%=%C%ICf$N

%/%i%9L>FirstGUI $,;D$C$F$$$^$9$N$G!"<j$GArrayAndLoop$H$7$^$9(5.1.2$NKvHx;2>H)!#

<!$K!"%W%m%0%i%`$NA0H>ItJ,(GUI $N<jA0) $K5.1.15Z$S5.1.2$NItJ,$rDI2C$7$^$9!#

:G8e$K!"%\%?%s$r2!$7$?F0:n$rDI2C$7$^$9(5.6.1)!#
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Program 5.6.1 ArrayAndLoop.java !'%\%?%s$NF0:nItJ,
private void execActionPerformed(java.awt.event.Actio nEvent evt) {

createData();
calculation();
StringBuilder b = new StringBuilder();
b.append(" J?6Q : ");
b.append(a);
b.append(cr);
b.append(" I8=`JP:9 : ");
String r = String.valueOf(d);
if (r.length() > 8) {

r = String.valueOf(d).substring(0, 7);
}
b.append(r);
textPane.setText(b.toString());

}

1i=, 5.1 Program5.1.1$Nfor %k!<%W$rwhile $r;H$C$F=q$-49$($J$5$$!#

1i=, 5.2 $G$?$i$a$J?t$NOB$G$O$J$/!"0 $+$i data_num-1$^$G$NOB$K=q$-49$($J$5$$!#
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Bh6>O >r7oJ,4t

6.1 >r7oJ,4t$H$O

$3$l$^$G$N%W%m%0%i%`$NNc$G$O!"<B9T$O>e$+$i2<$X8~$+$C$F%W%m%0%i%`$N3F9T$,<B9T$5$l$F$$$-

$^$7$?!#<B:]$N:n6H$r9M$($k$H!">r7o$K1~$8$F<B9T$5$l$kItJ,$rJQ$?$j!"85$XLa$C$F:FEY<B9T$9$k

I,MW$,$"$k>l9g$,$?$/$5$s$"$j$^$9!#>r7o$K1~$8$F%W%m%0%i%`$N<B9T$9$kItJ,$rJ,$1$k$3$H$r>r7o

J,4t$H8@$$$^$9!#

START

{s[i]} ¤Ø¥Ç¡¼¥¿
ÆÉ¤ß¹þ¤ß

m=N-1

m>0

m>j

j=0

s[j]>s[j+1]

j->j+1

m->m-1

END

YES
NO

YES
NO

YES

NO

t=s[j]
s[j]=s[j+1]
s[j+1]=t

?^ 6.1.1: K"N)$AK!

$3$3$G$O!"$G$?$i$a$KJB$s$@%G!<%?$rBg$-$$(>.$5$$) =g$KJB$YD>$9(sort $9$k) LdBj$rNc$K>r7o



28 Bh6 >O >r7oJ,4t

J,4t$NJ}K!$r3X$S$^$9!#

6.2 K"N)$AK!$K$h$kJB$YJQ$(

%G!<%?$NJB$SJQ$($NJ}K!$H$7$FMM!9$J$b$N$,CN$i$l$F$$$^$9!#$3$3$G$O$b$C$H$b4JC1$JK"N)$AK!

(bubble sort) $r07$$$^$9!#K"N)$AK!$H$$$&L>A0$NM3Mh$O!"1&$r>e$K8+N)$F$k$H!"Bg$-$J(>.$5$J)

CM$N=g$K!"1&C<!J>eC<!K$K=g<!JB$s$G9T$/$3$H$K$h$j$^$9!#

A`:n<j=g$r?^<($9$k$H!"@0M}$dM}2r$,MF0W$K$J$j$^$9!#%W%m%0%i%`$N:]$K<j=g$r?^<($9$kJ}K!$N

0l$D$,%U%m!<%A%c!<%H(N.$l?^ )(ow chart) $rIA$/J}K!$G$9!#K"N)$AK!$N%U%m!<%A%c!<%H$r?^6.1.1

$K<($7$^$9!#;M3Q$O=hM}$r!"I)7A$O>r7oJ,4t$rI=$7$^$9!#=hM}$O!"Lp0u$K1h$C$F?J$s$G$$$-$^$9!#

%G!<%?$,G[Nss[ N ] $KJ]B8$5$l$F$$$k$H$7$^$7$g$&!#%G!<%?$NAm?t$ON 8D$G$9!#$^$:!"G[Ns$N

@hF,$+$i=gHV$K!">l=ji $Hi + 1 $H$KJ]B8$5$l$F$$$kCM$rHf3S$7!"s[ i ] $, s[ i + 1 ] $h$jBg$-$$>l9g

$K!"=gHV$rF~$l49$($k$3$H$K$7$^$9!#$3$NA`:n$rG[Ns$N=*$j$^$G0lC69T$&$H!"G[Ns$NCf$G$b$C$H$b

Bg$-$$MWAG$,!"G[Ns$N0lHV8e$m$K0\F0$7$^$9!#

F1$8A`:n$r@hF,$+$i$b$&0lEY7+$jJV$9$H!":#EY$OG[Ns$NCf$GFsHVL\$KBg$-$$MWAG$,G[Ns$N8e$m$+

$iFsHVL\$N0LCV$K0\F0$7$^$9!#0J2<!"F1$8A`:n$rN 2s7+$jJV$;$P!"G[Ns$NMWAG$r>.$5$$=g$KJB$Y

$+$($k$3$H$,$G$-$^$9!#

7 5 3 8 2 1

Æþ´¹

5 7 3 8 2 1

Æþ´¹

5 3 7 8 2 1

5 3 7 8 2 1

Æþ´¹

5 3 7 2 8 1

Æþ´¹

5 3 7 2 1 8

5 3 7 2 1 8

Æþ´¹

3 5 7 2 1 8

3 5 7 2 1 8

Æþ´¹

3 5 2 7 1 8

Æþ´¹

3 5 2 1 7 8

?^ 6.2.1: K"N)$AK!$K$h$C$FG[Ns$NFbMF$,JQ2=$9$kMM;R

$5$F!"$3$3$G!"0l$DCm0U$,I,MW$G$9!#0l2sL\$NA`:n$G0lHVBg$-$$MWAG$,0lHV8e$m$K4{$K0\F0$7$F

$$$^$9!#=>$C$F!"Fs2sL\$NA`:n$G!":G8e$NFs$D$NMWAGs[ N � 2] $Hs[ N � 1] $rHf3S$9$kA`:n$OIT

MW$G$9!#<B9T$7$F$b32$O$"$j$^$;$s$,!"L5CG$J=hM}$K$J$j$^$9!#$D$^$j!":G=i$O!"N � 1 2s$NHf3S
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$7$J$1$l$P$J$j$^$;$s$,!"<!$O N � 2 2s!"$=$N<!$ON � 3 2s$H!"<!Bh$KHf3S$9$k2s?t$r8:$i$7!"

8zN(NI$/JB$YBX$($k$3$H$,2DG=$G$9!#$3$N$h$&$JA`:n$K$h$C$F!"G[Ns$NFbMF$OJQ2=$9$kMM;R$r?^

6.2.1$K<($7$^$9!#

1i=, 6.1 MWAG$NHf3S$,%G!<%??tN $KBP$7$F!"2?2s9T$o$l$k$+Ez$($J$5$$!#

6.3 K"N)$AK!$NJava %W%m%0%i%`

Program 6.3.1 Condition.java !' GUI 0J30
public class Condition extends javax.swing.JFrame {

final int data_num = 10;
int[] data = new int[data_num];

/** Creates new form FirstGUI */
public Condition() {

initComponents();
}

/**
* $G$?$i$a$JCM$rG[Ns$KJ]B8
* @param dCM$rJ]B8$9$kG[Ns
*/

private void initarray(int d[]) {
for (int i = 0; i < d.length; i++) {

d[i] = (int) (100 * Math.random());
}

}

/**
* K"N)$AK!
* @param d%G!<%?$NF~$C$?G[Ns
* @return %9%o%C%W$N2s?t
*/

public int bubble(int d[]) {
int m = 0;
for (int j = d.length - 1; j >= 1; j--) {// 8e$m$+$i%k!<%W$r2s$9

for (int i = 0; i < j; i++) {
if (d[i] > d[i + 1]) {// =g=x$,5U$N>l9g

m++;
int c = d[i];
d[i] = d[i + 1];
d[i + 1] = c;

}
}

}
return m;

}
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Program 6.3.2 Condition.java( B3$-)
/**
* G[NsFb$N?tCM$rJ8;zNs2=$9$k
* @param d!!%G!<%?G[Ns
* @return 7k2L$NJ8;zNs
*/

private String mkstr(int d[]) {//
// 2DJQ$JJ8;zNs$r:n$k
StringBuilder str = new StringBuilder();
// G[Ns$NMWAG$r"," $G6h@Z$C$FJ8;zNs2=
str.append(String.valueOf(d[0]));
for (int i = 1; i < d.length; i++) {

str.append(",");
str.append(String.valueOf(d[i]));

}
return str.toString();//String $K$7$FLa$9

}

/**
* @param args the command line arguments
*/

public static void main(String args[]) {
java.awt.EventQueue.invokeLater(new Runnable() {

@Override
public void run() {

new Condition().setVisible(true);
}

});
}

}

$G$O!"A0=R$NK"N)$A$r$r<B:]$K%W%m%0%i%`$7$^$7$g$&!#A02s$HF1MM$K!"FirstGUI $r%3%T!<$7$F

=PH/E@$r:n@.$7$^$9!#GUI 0J30$r%W%m%0%i%`6.3.1$K<($7$^$9!#

$3$N%W%m%0%i%`$GI,MW$J$N$O!"%=!<%H$5$l$k%G!<%?$G$9!#%G!<%?$N?tdata_num$H%=!<%H$5$l$k

%G!<%?data $,:G=i$KDj5A$5$l$F$$$^$9!#

final int data_num = 10;

int[] data = new int[data_num];

<!$K!"<B:]$KK"N)$AK!$r9T$C$F$$$k%a%=%C%I$r8+$^$7$g$&!#

public int bubble(int d[]){// K"N)$AK!

$H$$$&%a%=%C%I$KCmL\$7$F$/$@$5$$!#0z?t$Nint d[] $KJB$YJQ$($k$Y$-%G!<%?$,J]B8$5$l$F$$$^$9!#

$3$N%a%=%C%ICf$K

if(d[i] > d[i+1]){// =g=x$,5U$N>l9g

m++;
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int c=d[i];

d[i]=d[i+1];

d[i+1]=c;

}

$H$$$&ItJ,$,$"$j$^$9!#$3$3$,!"G[Ns$NCf$G=g=x$,>.$5$$=g$G$J$$>l9g$K!"=g=x$rF~$l49$($kItJ,

$G$9!#$D$^$j!">r7o (d[i] > d[i+1] ) $,@.$jN)$C$F$$$k>l9g$K!"$=$NFs$D$NMWAG$N=g=x$rF~$l49

$($^$9!#

>r7oJ,4t$N0lHL7A$O<!$N$h$&$K=q$-$^$9!#

if( >r7o){

A`:n 1

}

>r7o$,K~$?$5$l$k$HA`:n1 $,<B9T$5$l!">r7o$,K~$?$5$l$J$$>l9g$K$O!"A`:n 1 $O<B9T$5$l$:!"<!

$K0\F0$7$^$9!#A`:n1 $O!"0l$D$N%W%m%0%i%`J8$H$O8B$i$:!"J#?t$N%W%m%0%i%`J8$G$b9=$$$^$;$s!#

$^$?!"A`:n 1 $NItJ,$O{ $H} $K0O$^$l$?%W%m%0%i%`%V%m%C%/$K$J$C$F$$$k$?$a!"$=$NCf$@$1$GM-8z

$J6I=jE*$JJQ?t$r;H$&$3$H$b$G$-$^$9!#

$^$?!"

if( >r7o){

A`:n 1

} else {

A`:n 2

}

$N$h$&$J7A<0$r;H$&$3$H$b=PMh$^$9!#$3$N>l9g!">r7o$rK~$?$9>l9g$K$OA`:n1 $rK~$?$5$J$$>l9g$K

$OA`:n2 $r<B9T$7$^$9!#>r7oJ,4t$NFbIt$G99$K>r7oJ,4t$9$kF~$l;R(nesting) 9=B$$b5v$5$l$^$9!#

>r7o$r5-=R$9$k:]$K$O!"I= 6.1$K$"$k4X781i;;;R$r;H$$$^$9!#$^$?!"O@M}1i;;;R&&(O@M}@Q)!" || (O@

M}OB) 5Z$S! (H]Dj) $bAH$_9g$o$;$F;H$&$3$H$,$G$-$^$9!#>r7o$O!"?tCM$NHf3S$@$1$G$J$/!"O@M}7?

(boolean) $NLa$jCM$r;}$D%a%=%C%I$r=q$/$3$H$b$G$-$^$9!#$?$H$($PJ8;zNs$r==$GHf3S$9$k$3$H$O

$G$-$^$;$s!#J8;zNs$rHf3S$9$k>l9g$K$O!"String.equals(String) $H$$$&O@M}7?$N%a%=%C%I$r;H

$$$^$9!#

I= 6.1: 4X781i;;;R
1i;;;R BP1~$9$k?t3X5-9f 1i;;;R BP1~$9$k?t3X5-9f

> > < >

>= � <= �

== = != 6=

$b$&0lEYK"N)$AK!$NCf?4ItJ,$r8+$F$/$@$5$$!#>r7o

d[i] > d[i+1]
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A B  

A B B

AA B

BB A

COPY

COPY

COPY

?^ 6.3.1: Fs$D$N%G!<%?$NF~$l49$($N35G0?^

$,@.$jN)$D>l9g$K!"Fs$D$NG[NsMWAG$rF~$l49$($^$9!#?M4V$,N><j$r;H$C$F!"Fs$D$N$b$N$N>l=j$rCV

$-49$($k$h$&$K!"%3%s%T%e!<%?$OFs$D$NMWAG$NCf?H$rD>@\$KF~$l49$($k$H$$$&$3$H$O$G$-$^$;$s!#

$=$3$G!"d[i] $NCM$rJL$NJQ?tc $K0lC6F~$l$F$*$-!"d[i] $Kd[i+1] $NCM$rF~$l$?8e!"c $KCV$$$F

$$$?CM$rd[i+1] $XJ]B8$7$F$$$^$9!#$3$N;~;H$&JQ?tc $O!"$3$3$@$1$GI,MW$JJQ?t$G$9!#=>$C$F!"

$3$N%W%m%0%i%`%V%m%C%/Fb$N6I=jJQ?t$H$7$FDj5A$5$l$F$$$^$9!#?^6.3.1$KFs$D$N%G!<%?F~$l49$(

$N35G0?^$r<($7$^$9!#

Program 6.3.3 Condition.java !'!V<B9T!W%\%?%s$NF0:n
private void execActionPerformed(java.awt.event.Actio nEvent evt) {

String cr = System.getProperty("line.separator");
initarray(data);
String input = mkstr(data);
int status = bubble(data);
String output = mkstr(data);
StringBuilder str = new StringBuilder();
str.append("Input : ").append(input).append(cr);
str.append("Output: ").append(output).append(cr);
str.append("# of swap: ").append(status);
textPane.setText(str.toString());

}

%\%?%s$r2!$7$?;~$NF0:n$r!"8+$^$7$g$&!#%W%m%0%i%`6.3.3 $r8+$F$/$@$5$$!#!V<B9T!W%\%?%s$r

2!$9$H!" initarray %a%=%C%I$r8F$S!"%G!<%?data $r@8@.$7$^$9!#%G!<%?$rJ8;zNs$H$7$?$b$N$,

input $KJ]B8$5$l$^$9!#$=$N%G!<%?$rbubble %a%=%C%I$G%=!<%H$7$^$9!#%G!<%?F~$lBX$(2s?t$,JQ

?t status $KJ]B8$5$l$^$9!#%=!<%H$5$l$?%G!<%?$rJ8;zNs$KJQ49$7!"output $KJ]B8$7$^$9!#$"$H

$O!"$3$l$i$r textPane $KI=<($7$^$9!#
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1i=, 6.2 %W%m%0%i%`6.3.1$K$*$$$F!"JQ?tm $NLr3d$r9M;!$7!"G[NsMWAG$NHf3S$,2?2s9T$o$l$?

$+$rI=<($G$-$k$h$&$K%W%m%0%i%`$rJQ99$7$J$5$$!#$^$?1i=,6.1$GM=A[$7$?7k2L$HHf3S$7$J$5$$!#

6.4 B??t$N>r7o$X$NJ,4t

if $r;H$C$?>r7oJ,4t$O!"$"$k>r7o$rK~$?$9$+H]$+$NFs$D$K>l9gJ,$1$r$9$k$3$H$,$G$-$^$7$?!#99

$K>l9g$rJ,$1$?$$>l9g$K$O!"if %V%m%C%/$NCf$G99$Kif $GJ,4t$7$^$9!#F~$l;R (nesting) 9=B$$H8@

$$$^$9!#

$7$+$7!"$"$k>uBV$,B??t$"$k>uBV$N$$$:$l$KAjEv$9$k$+$J$I!"Fs$D0J>e$K>l9gJ,$1$r$7$?$$>l9g

$b$"$j$^$9!#$3$N$h$&$JB??t$N>r7o$X$NJ,4t$rif $G9T$&$HF~$l;R9=B$$,B?=E$H$J$C$F!"%W%m%0%i

%`$,Hs>o$KFI$_$K$/$/$J$j$^$9!#$=$&$$$&:]$KMxMQ$G$-$k$N$,switch J8$G$9!#

3F>r7o$KAjEv$9$k>l9g$K@0?t$NHV9fk $,IU$1$i$l$F$$$k$H$7$^$7$g$&!#switch J8$O!"$=$l$i$N

3FHV9f$KBP1~$7$?=hM}$r9T$&$3$H$,$G$-$^$9!#

switch(k){

case 0:

<B9TJ80;

......

break;

case 1:

<B9TJ81;

......

break;

....

default:

<B9TJ8;

}

k = 0 $N>l9g$K$O<B9TJ80 $,!" k = 1 $N>l9g$K$O!"<B9TJ81 $,<B9T$5$l$^$9!#$3$N$h$&$K!"3F>l9g

$4$H$NF0:n$rcase $G6hJL$7$J$,$i5-=R$7$^$9!#$I$N>l9g$H$b9gCW$7$J$$>l9g$K$O!"default $K5-

=R$5$l$?ItJ,$,<B9T$5$l$^$9!#

break $O!"switch %W%m%0%i%`%V%m%C%/$+$i$NC&=P$rI=$9L?Na$G$9!#Nc$($Pk = 0 $N>l9g$N=hM}

$,=*$C$?$i!" switch %V%m%C%/$+$iC&=P$7$^$9!#$b$7$bk = 0 $N>l9g$N:G8e$Nbreak $rK:$l$k$H!"

k = 0 $N>l9g$N=hM}$,=*$C$?8e!"B3$1$Fk = 1 $N>l9g$N=hM}$,9T$o$l$^$9!#

switch J8$N<B:]$NNcBj$O!"<!>O$G<($7$^$9!#
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6.5 %a%=%C%IF~Lg

:#2s$N%W%m%0%i%`$G$O!"0l$D$N%/%i%9$NCf$KJ#?t$N%a%=%C%I(method) $,;H$o$l$F$$$^$9!#%W%m

%0%i%`$r=q$/:]$K$O!"D9$$0l$D$N%a%=%C%I$G$O$J$/!">.$5$J%a%=%C%I$N=89g$H$7$F%W%m%0%i%`$r=q

$-!"0l$D$N%a%=%C%I$K0l$D$N5!G=$r;}$?$;$k$h$&$K$7$^$9!#$=$N$h$&$K$9$k$3$H$G!"%W%m%0%i%`$N

FbMF$r@0M}$7$FJ,$+$j$d$9$/$9$k$H$H$b$K!":FMxMQ$rMF0W$K$7$^$9!#

:F$Sbubble $H$$$&%a%=%C%I$KCmL\$7$^$7$g$&!#

public int bubble(int d[]){// K"N)$AK!

:G=i$N%-!<%o!<%Ipublic $O!"$3$N%a%=%C%I$,30It$+$i8F$P$l$k$3$H$r5v2D$7$F$$$^$9!#

<!$N int $OLa$jCM$N7?$rI=$7$F$$$^$9!#%a%=%C%I$O!"?t3X4X?t$HF1MM$KJQ?t$rM?$($k$HFbIt$G

A`:n$r9T$$!"CM$rJV$7$^$9!#$3$Nint $O!"A`:n$N7k2L$,@0?t7?$GLa$C$FMh$k$3$H$rI=$7$F$$$^$9!#

:#2s$N>l9g!"<B:]$KG[Ns$NMWAG$NF~$l49$($,5/$3$C$?2s?t$r7k2L$H$7$FJV$7$^$9!#CM$rJV$5$J$$>l

9g$K$O7?$rvoid $H$7$^$9!#

$3$N4X?t$N0z?t(arguments) $O0l$D$G!"%G!<%?$NF~$C$F$$$kG[Ns$G$9!#0z?t$O!"?t3X$N4X?t$NJQ

?t$KAjEv$7$^$9!#%a%=%C%Ipaint $+$i8F$S=P$9:]$NJQ?tL>$H$3$N%a%=%C%I$NDj5A$KI=$l$k0z?t$N

L>A0$,0[$J$k$3$H$KCm0U$7$F$/$@$5$$!#$3$N$h$&$K!"JQ?tL>$NM-8zHO0O$O!"$=$NJQ?t$,8=$l$?%W%m

%0%i%`%V%m%C%/(3g8L{ $H} $G0O$^$l$?ItJ,) FbIt$@$1$G$9!#

4X?tFbIt$NA`:n$N7k2L$Oreturn J8$G9T$$$^$9!#



35

Bh7>O 4JC1$J:n?^

7.1 4JC1$J:n?^$N4pAC

$$$h$$$h4JC1$J?^$rIA$$$F$_$^$7$g$&!#$^$:!"%"%W%j%1!<%7%g%s>e$N:BI8$K$D$$$F@0M}$7$F$*$-

$^$9!#%3%s%T%e!<%?$N%&%#%s%I%&$G$O!"I=<($5$l$?NN0h$N:8>e$r86E@$H$7$F!"1&J}8~$KX:BI8!"2<

J}8~$KY:BI8$,Dj5A$5$l$F$$$^$9!#DL>o$N:BI8$H$OYJ}8~$N8~$-$,5U$G$"$k$3$H$KCm0U$7$F$/$@$5

$$!#:BI8$NC10L$O%T%/%;%k(pixel) $G@0?t$G;XDj$7$^$9!#2hLL$N2rA|EY$,0[$J$k$H!"<B:]$KI=<($5

$l$kBg$-$5$,0[$J$j$^$9!#

?^ 7.1.1: 1_$dBJ1_$N:BI8;XDj

drawOval(int x, int y, int w, int h)
(x,y)

w

h

4pK\E*$JIA2h%a%=%C%I$r8+$F$$$-$^$9!#A4$FGraphics %/%i%9$N%$%s%9%?%s%9$KBP$9$k%a%=%C%I

$H$7$FDj5A$5$l$F$$$^$9!#

D>@~$r0z$/:D>@~$r0z$/%a%=%C%I$OdrawLine $G$9!#;OE@$H=*E@$NX:BI85Z$SY :BI8$N 4 8D$N@0?t

$r;XDj$7$^$9!#

6k7A$rIA$/:6k7A$rIA$/%a%=%C%I$O3 <oN`$"$j$^$9!#C1=c$K6k7A$rIA$/$K$OdrawRect $rMQ$$!"$=

$NCf$rEI$j$D$V$9$K$OfillRect $rMQ$$$^$9!#:8>e6y$NX :BI85Z$SY :BI85Z$SI}$H9b$5$N4
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8D$N@0?t$r;XDj$7$^$9!#

BhFs$N<oN`$O!"3Q$,$^$k$^$C$?6k7A$rIA$/$b$N$G$9!#drawRoundRect$HfillRoundRect $,

$=$l$G$9!#:8>e6y$NX :BI85Z$SY :BI85Z$SI}$H9b$5$N4 8D$N@0?t$r;XDj$7$^$9!#

;D$j$N0l$D$N<oN`$O?^7A$,Ib$->e$,$C$?$jD@$s$@$j$7$F8+$($k8z2L$,$"$k$b$N$G$9!#draw3DRect

$Hfill3DRect $,$=$l$G$9!#:8>e6y$NX :BI85Z$SY:BI85Z$SI}$H9b$5$N4 8D$N@0?t$r;XDj$7

$^$9!#

B?3Q7A: B?3Q7A$OdrawPolygon $HfillPorygon $GIA$-$^$9!#X:BI8$NAH$rI=$9G[Ns!"Y:BI8$NAH

$rI=$9G[Ns!"5Z$SD:E@$N?t$N3 8D$NJQ?t$r;XDj$7$^$9!#

$^$?!"B?3Q7A$OPolygon %/%i%9$N%*%V%8%'%/%H$H$7$F$bDj5A$9$k$3$H$,$G$-$^$9!#

int x[]={10,20,50,15};

int y[]={10,10,30,50};

int n=x.length;

Polygon poly = new Polygon(x,y,n);

$3$N$h$&$K$7$F:n$C$?B?3Q7A$K$Opoly.addPoint(10,10) $N$h$&$K!"D:E@$rDI2C$7$F$$$/$3

$H$,$G$-$^$9!#

1_$HBJ1_:1_$OD9<4$HC1<4$,Ey$7$$BJ1_$H$7$FDj5A$5$l$^$9!#drawOval $HfillOval $GIA$/$3$H

$,$G$-$^$9!#BJ1_$r<h$j0O$`6k7A$N:8>e6y$NX :BI85Z$SY :BI85Z$SI}$H9b$5$N4 8D$N@0?t$r

;XDj$7$^$9!#

8L:8L$rIA$/$K$OdrawArc $HfillArc $r;H$$$^$9!#$=$N8L$K30@\$9$k6k7A$r9M$($^$9!#$=$N6k7A

$N:8>e6y$N:BI8!"I}$H9b$5!"8L$rIA$/;O$^$j$N3QEY$H$=$3$+$i$NAjBP3QEY$N6 8D$NCM$r;XDj

$7$^$9!#3QEY$O3 ;~$N0LCV$r0 EY$H$7$F!"H?;~7W2s$j$K360EY$^$G$H$7$^$9!#

<!$K?'$r9M$($^$7$g$&!#%&%#%s%I%&$K$OGX7J?'(background color)$HA07J?'(foreground color)

$H$$$&B0@-$,$"$j$^$9!#J8;z$d?^7A$rIA$/$H$-$K;H$o$l$k?'$,A07J?'!"%&%#%s%I%&$NCO$N?'$,GX7J

?'$G$9!#$=$l$>$l$r@_Dj$9$k%a%=%C%I$OsetForeground $HsetBackground $G$9!#0z?t$OColor

%*%V%8%'%/%H$G$9!#

?^7A$rIA$/D>A0$K?'$r;XDj$7!"$=$l0J9_$NIA2h$N?'$r;XDj$9$k$3$H$b$G$-$^$9!#Graphics %*%V

%8%'%/%H$N%a%=%C%IGraphics.setColor $KColor %*%V%8%'%/%H$rEO$7$^$9!#Nc$($P

g.setColor(Color.green)

$G$O!"NP?'$,;XDj$5$l$^$9!#

Graphics.getColor() $rMQ$$$k$3$H$G!"8=:_@_Dj$5$l$F$$$k?'$rD4$Y$k$3$H$b$G$-$^$9!#

J8;zNs$NI=<($O!":#$^$G$b;H$C$F$-$^$7$?$,!"4pK\E*@-<A$r$^$H$a$F$*$-$^$7$g$&!#J8;zNs$rI=

<($9$k$K$O%U%)%s%H$,I,MW$G$9!#$=$N$?$a$K!"Font %*%V%8%'%/%H$r@8@.$7$F$*$-$^$9!#

Font f = new Font("TimesRoman", Font.BOLD, 24);
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?^ 7.1.2: 8L$N:BI8;XDj

drawArc(int x, int y, int w, int h, int s, int r)
(x,y)

w

h
s

r

:G=i$N0z?t$O!"%U%)%s%H%U%!%_%j!<$r!"FsHVL\$O%9%?%$%k$r!":G8e$OBg$-$5(pixel) $r<($7$^$9!#

<!$K Font %*%V%8%'%/%H$rGraphics %*%V%8%'%/%H$KEPO?$7$^$9!#

g.setFont(f);

$3$l$GJ8;zNs$rIA$/=`Hw$,@0$$$^$7$?!#$"$H$O!"drawString %a%=%C%I$GJ8;zNs$r<B:]$KIA$-$^$9!#

7.2 4JC1$J?^7A$rIA$/%W%m%0%i%`

%W%m%0%i%`7.2.1$O!"4JC1$J:n?^$r$9$k%W%m%0%i%`$G$9!#$$$D$b$N$h$&$K!"<+F0@8@.$5$l$kItJ,

$r>JN,$7$F$$$^$9!#

?^7A$N<oN`$O

static public enum Shape {

SQUARE(Color.green),

THREEDSQUARE(Color.yellow),

CIRCLE(Color.pink),

POLYGON(Color.orange),

NONE(Color.white);

private Color color;
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Program 7.2.1 SimpleGraphics.java
import java.awt.*;

public class SimpleGraphics extends javax.swing.JFrame {

private Font f = new Font("TimesRoman", Font.PLAIN, 20);
// 7A$N<oN`$rDj5A

static public enum Shape {

SQUARE(Color.green),
THREEDSQUARE(Color.yellow),
CIRCLE(Color.pink),
POLYGON(Color.orange),
NONE(Color.white);
private Color color;

Shape(Color c) {
color = c;

}

public Color getColor() {
return color;

}
};
private Shape shape = Shape.NONE;// 7A$N4{DjCM

/** Creates new form SimpleGraphics */
public SimpleGraphics() {

initComponents();
for (Shape s : Shape.values()) {

shapeSelect.addItem(s);
}
shapeSelect.setVisible(true);
pack();

}

Shape(Color c) {

color = c;

}

public Color getColor() {

return color;

}

};

private Shape shape=Shape.NONE;// 7A$N4{DjCM

$GDj5A$7$F$$$^$9!#4{DjCM$ONONE!"$D$^$j7A$,Dj5A$5$l$F$$$^$;$s!#0z?t$O!"I=<($9$k:]$N?'$r;X

Dj$7$F$$$^$9!#?^7A$NDj5A$ONs5s7?$H8F$P$l$k7?$r;H$C$FDj5A$7$F$$$^$9!#>\$7$/$O8e=R$7$^$9!#
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Program 7.2.2 SimpleGraphics.java(B3$-)
@Override
public void paint(Graphics gg) {

super.paint(gg);
Graphics g = drawPanel.getGraphics();
g.setFont(f);
g.drawString(shape.toString(), 100, 240);
g.setColor(shape.getColor());

switch (shape) {
case SQUARE://@5J}7A

g.fillRect(50, 50, 50, 50);
break;

case THREEDSQUARE://3<!85@5J}7A
g.fill3DRect(50, 50, 50, 50, true);
break;

case CIRCLE:// 1_
g.fillOval(50, 50, 50, 50);
break;

case POLYGON://B?3Q7A
int x[] = {100, 35, 124, 160, 148, 150};
int y[] = {15, 83, 135, 90, 180, 150};
int np = x.length;
g.fillPolygon(x, y, np);
break;

default:// $I$l$K$bEv$F$O$^$i$J$$
break;

}
}

<B:]$N:n?^$,9T$o$l$k paint() %a%=%C%I$NCf$G$O!"A0>O$G>R2p$7$Fswitch $r;H$C$F!"JQ?tshape

$NCM$K1~$8$F?^7A$,:n?^$5$l$F$$$^$9!#

paint %a%=%C%I$N:G=i$K$"$ksuper.paint(g) $O!"?F%/%i%9JFrame$Npaint %a%=%C%I$r<B9T

$9$k$3$H$r<($7$F$$$F$$$^$9!#$3$3$G!"%&%#%s%I%&$KIA$+$l$??^$,0lC6>C5n$5$l!"@_Dj$5$l$F$$$k

GX7J?'$GEI$j$D$V$5$l$^$9!#

1i=, 7.1 J#?t$N?^7A$rAH$_9g$o$;$?3($rIA$/%W%m%0%i%`$r:n@.$7$J$5$$!#

7.3 Ns5s7?

%G!<%?$K=gHV$rIU$1$F4IM}$9$k:]$KMQ$$$k$N$,Ns5s7?$G$9!#$3$l$O!"Java5 $+$i?7$7$/2C$o$C$?

5!G=$G$9!#%W%m%0%i%`7.2.1$G$O!"?^7A$N<oN`$r4IM}$9$k$N$KMQ$$$F$$$^$9!#

?^7A$N<oN`$O

static public enum Shape {
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Program 7.2.3 SimpleGraphics.java(B3$-)
private void quitActionPerformed(java.awt.event.Actio nEvent evt) {

this.dispose();
System.exit(0);

}

private void shapeSelectActionPerformed(java.awt.even t.ActionEvent evt) {
shape = (Shape) shapeSelect.getSelectedItem();
repaint();

}

/**
* @param args the command line arguments
*/

public static void main(String args[]) {
java.awt.EventQueue.invokeLater(new Runnable() {

@Override
public void run() {

new SimpleGraphics().setVisible(true);
}

});
}

}

SQUARE(Color.green),

THREEDSQUARE(Color.yellow),

CIRCLE(Color.pink),

POLYGON(Color.orange),

NONE(Color.white);

private Color color;

Shape(Color c) {

color = c;

}

public Color getColor() {

return color;

}

};

$GDj5A$5$l$F$$$^$9!#%-!<%o!<%Ienum$,Ns5s7?$r<($7!"$=$N7?$NL>>N$H$7$FShape$,Dj5A$5$l$F

$$$^$9!#?^7A$H$7$F!"SQUARE$J$I!" 5 <oN`$,=gHV$KDj5A$5$l$F$$$^$9!#

$3$3$G$NNc$N>l9g!"3FMWAG$KBP$7$F!"$=$NMWAGL>$rJ8;zNs$K$7$?L>>N$,Dj5A$5$l$^$9!#Nc$($P!"

MWAGSQUARE$NL>>N$O"SQUARE"$H$$$&J8;zNs$G$9!#$3$NL>>N$rF@$k$K$O!"%a%=%C%ItoString() $r
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MQ$$$^$9!#3F9`L\$K$O!"0z?t$r;XDj$9$k$3$H$b2DG=$G$9!#$3$3$G$O!"?'$,;XDj$5$l$F$$$^$9!#

Ns5s7?JQ?t$O!"B?=EJ,4tcase $N%9%$%C%A$H$7$F$b;H$&$3$H$,$G$-$^$9!#%W%m%0%i%`7.2.1$NCf$G

switch(shape){

case SQUARE://@5J}7A

...

break;

case THREEDSQUARE://3<!85@5J}7A

...

break;

case CIRCLE:// 1_

...

break;

case POLYGON://B?3Q7A

...

break;

default:// $I$l$H$bEv$F$O$^$i$J$$

break;

}

$,B?=EJ,4t$KAjEv$7$F$$$^$9!#Shape7?$NJQ?tshape$r;H$C$Fswitch $r$7$F$$$^$9!#>l9gJ,$1$N

80$K$J$C$F$$$k$N$O!"Shape7?$N%a%s%P!<$G$"$k$3$H$KCm0U$7$F$/$@$5$$!#

7.4 %a%=%C%I$rD4$Y$k

0lHL$K!"%W%m%0%i%_%s%0$r$9$k$?$a$K$O!"$=$N8@8l$=$N$b$N$K$D$$$FCN$k$@$1$G$J$/!"4pK\$H

$J$k%i%$%V%i%j$K$D$$$F$bCN$i$J$/$F$O$J$j$^$;$s!#Java $N>l9g$O!"%i%$%V%i%j$O%Q%C%1!<%8$H

8F$P$l$F$$$^$9!#%"%W%l%C%H$N$&$A4pK\$H$J$kItJ,$Ojava.awt !" JApplet $J$I$N@h?JE*$JItJ,$O

javax.swing $H$$$&%Q%C%1!<%8$K4^$^$l$F$$$^$9!#

$3$&$7$?%Q%C%1!<%8$r$"$kDxEY;H$$$3$J$5$J$$$HJava $N%W%m%0%i%_%s%0$O$G$-$^$;$s!#$@$+$i

$H$$$C$F!"$=$N%Q%C%1!<%8$N%/%i%9L>$H%a%=%C%IL>$rA4$FCN$k$3$H$O:$Fq$G$9!#

K\9V5A$G;H$C$F$$$knetBeans$G$O!"3F%/%i%9$N;}$D%a%=%C%I$r<($95!G=$,$"$j$^$9!#%W%m%0%i

%`$r5-=R$7$F$$$k:GCf$K!"%/%i%9L>$"$k$$$O$=$N%*%V%8%'%/%HL>$N8e$m$K%T%j%*%I$rBG$D$H!"%a

%=%C%I$N0lMw$,I=<($5$l$^$9!#$3$N5!G=$r;H$&$H%W%m%0%i%_%s%0$,Hs>o$K3Z$K$J$j$^$9!#

$^$?!"I8=`E*$J%Q%C%1!<%8$N%^%K%e%"%k$,%*%s%i%$%s$GDs6!$5$l$F$$$^$9!#

http://java.sun.com/javase/ja/6/docs/ja/api/index.h tml

I8=`E*$J%/%i%9$d$=$N%a%=%C%I$N;H$$J}!"FbIt$K;}$C$F$$$k%U%#!<%k%I$rD4$Y$?$$$H$-$K;H$$$^$9!#
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8.1 IA2h$H:FIA2h

Program 8.1.1 Clock.java!' GUI $H$7$F<+F0$G@8@.$5$l$kItJ,$r>JN,$7$F$$$k!#
import java.util.Date;

public class Clock extends javax.swing.JFrame implements Runnable {

private Date theDate;
private Thread runner;
private volatile boolean id = true;

/** Creates new form Clock */
public Clock() {

initComponents();
}

@Override
public void run() {// %9%l%C%I$G<B9T$9$k$3$H

while (id) {
theDate = new Date();
label.setText(theDate.toString());
repaint();
//1000 %_%jICBT$A!"$=$N4V$K3d$j9~$_$,H/@8$7$?$i2?$b9T$o$J$$
try {

Thread.sleep(1000);
} catch (InterruptedException e) {
}

}
}

private void start() {
id = true;
runner = new Thread(this);
runner.start();

}

private void stop() {
id = false;

}

$3$3$G$O!"4JC1$JF0$-$r$9$k%W%m%0%i%`$r:n@.$7$^$9!#
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%"%W%j%1!<%7%g%s>e$KF02h$rI=<($9$k$3$H$r9M$($^$7$g$&!#$3$3$G1>$&F02h$H$O!"4{$KB8:_$7$F

$$$k%S%G%*$J$I$NF02h%U%!%$%k(mpeg$J$I ) $rI=<($9$k$3$H$G$O$"$j$^$;$s!#$3$3$G$NF02h$H$O!"

@E;_2h$rO"B3$7$FI=<($9$k$3$H$G!"F0$-$rI=<($9$k$3$H$r;X$7$^$9!#$D$^$j!"%9%T!<%I$NAa$$;f<G

5o$r8+$;$k$3$H$G!"F0$-$rI=8=$9$k$3$H$r9M$($^$9!#

:G=i$K!"J8;zNs$,<!!9$KJQ2=$9$kNcBj$r:n@.$7$F$_$^$7$g$&!#$3$3$G$O!"8=:_$N;~9o$,I=<($5$l!"

<!!9$H?7$7$$;~9o$K99?7$5$l$k;~7W$N%W%m%0%i%`$r:n@.$7$^$9!#

F02h$rI=<($9$k$9$k4pK\$H$J$k$N$O!"IA2h$N7+$jJV$7$G$9!#Java $G$O!":FIA2h(repaint() %a

%=%C%I) $K$h$C$F!"IA2h$NA`:n(paint ) $r7+$jJV$78F$S=P$9$3$H$G<B8=$7$^$9!#

Program 8.1.2 Clock.java $NB3$-
private void quitActionPerformed(java.awt.event.Actio nEvent evt) {

dispose();
}

private void startActionPerformed(java.awt.event.Acti onEvent evt) {
start();

}

private void stopActionPerformed(java.awt.event.Actio nEvent evt) {
stop();

}

/**
* @param args the command line arguments
*/

public static void main(String args[]) {
java.awt.EventQueue.invokeLater(new Runnable() {

@Override
public void run() {

new Clock().setVisible(true);
}

});
}

}

$3$N$h$&$KIA2h$r7+$jJV$9>l9g!"%9%l%C%I(thread) $H$$$&$N$r;H$C$F%W%m%0%i%`$r$9$k>l9g$,

B?$/$"$j$^$9!#%9%l%C%I$H$O!"!VF;6Z!W$H$$$&0UL#$,$"$j!"%3%s%T%e!<%?$NMQ8l$G$O=hM}$NN.$l$r

I=$7$^$9!#A0>O$^$G$N%W%m%0%i%`$O!"=hM}$NF;6Z$,0lK\$7$+$J$/(%7%s%0%k%9%l%C%I$H1>$&)!"A0$N

=hM}$,=*$k$H<!$N=hM}$K0\$k$h$&$K$J$C$F$$$^$9!#:#2s$N%W%m%0%i%`$G$O!"DL>o$N=i4|2=$+$i:G=i

$NIA2h$^$G$N%9%l%C%I$H$OJL$K!"7+$jJV$7:FIA2h$9$k$?$a$N%9%l%C%I$r:n$j$^$9!#

$3$N$h$&$K%9%l%C%I$rJ#?tF0:n$5$;$k%W%m%0%i%`$r%^%k%A%9%l%C%I(multithread) %W%m%0%i%`$H

8F$S$^$9!#$D$^$j!"%^%k%A%9%l%C%I$H$O!"J#?t$N=hM}$,JB9T$7$F9T$o$l$k$b$N$r;X$7$^$9!#$b$A$m

$s!" CPU $,0l$D$7$+$J$$%7%9%F%`$G$O!"0lEY$K9T$o$l$k=hM}$O0l$D$G$9!#$7$+$7!";~4V$rC;$/J,

3d$7!"J#?t$N=hM}$r8rBX$K<B9T$9$k$3$H$G!"$"$?$+$bB??t$N=hM}$,JB9T$7$FF0:n$7$F$$$k$h$&$K8+

$;$k$3$H$,$G$-$^$9!#Java $O%^%k%A%9%l%C%I$r4JC1$K:n@.$G$-$k%W%m%0%i%_%s%08@8l$G$9!#

%^%k%A%9%l%C%I$G;~9oI=<($N%W%m%0%i%`$r:n$k$K$O!"=i4|2==hM}$G?7$7$$%9%l%C%I$r@8@.$7!"$=
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$N%9%l%C%I$NCf$G!":FIA2h$r9T$&$h$&$K$7$^$9!#

%9%l%C%I$r;H$C$?;~9oI=<(%W%m%0%i%`8.1.1$K<($7$^$9!#%9%l%C%I$+$i8F$S=P$7$r9T$&$&%/%i%9

$N@k8@$K$O

implements Runnable

$H$$$&%-!<%o!<%I(interface $H8F$S$^$9) $rIU$1$^$9!#%9%l%C%I$+$i8+$k$H!"$3$N%/%i%9$NCf$G2?

$r$7$F$$$F$b!"Runnable$H$$$&!V%/%i%9!W$NCg4V$G$"$C$F!"%9%l%C%I$+$i5/F0$G$-$k$HH=CG$5$l

$^$9!#

%9%l%C%I$+$i8F$P$l$?:]$NF0:n$Orun() $H$$$&%a%=%C%I$G5-=R$5$l$^$9!#$3$N%a%=%C%I$O%$%s

%?!<%U%'%$%9Runnable $r;HMQ$9$k:]$K$O!"I,$:5-=R$7$J$1$l$P$J$j$^$;$s!#$3$N%a%=%C%I$NCf

$G!"8=:_$N;~9o$r<hF@$7!"repaint() $r;H$C$F:FIA2h$r$7$^$9!#%a%=%C%Irepaint() $O!"IA2h$N

paint %a%=%C%I$r8F$S$^$9!#$=$N8e!"

try {Thread.sleep(1000);}

catch (InterruptedException e){}

$r;H$C$F!"1000%_%jICDd;_$7$^$9!#

$3$N%W%m%0%i%`$G$O!"?7$7$$%9%l%C%I$H$7$FThread $H$$$&%/%i%9$N%*%V%8%'%/%H$H$7$F@8@.$7

$F$$$^$9!#$3$3$G$O!"runner $H$$$&L>$N%9%l%C%I$,@k8@$5$l$F$$$^$9!#

runner = new Thread(this);

$O!"?7$7$$%9%l%C%Irunner $,5/F0$9$k$N$,!"$3$N%W%m%0%i%`this $G$"$k$3$H$r<($7$F$$$^$9!#

JFrame

runner

public void run(){

}

?^ 8.1.1: %9%l%C%I$K$h$k8F$S=P$7

<B:]$N;~9o$rIA2h$9$k$3$H$O!"paint $G9T$o$l$^$9!#:G=i$Nsuper.paint $O!":#:n@.$7$F$$$k

%W%m%0%i%`$N%/%i%9Clock $N?F$N%/%i%9JFrame$N%a%=%C%Ipaint $rI=$7$F$$$^$9!#$3$NA`:n$G!"

GX7J?'$G0lC6A4$F$,EI$j$D$V$5$l$^$9!#$=$N8e$G%U%)%s%H$,@_Dj$5$l$F!";~9o$rI=$9J8;zNs$,I=<(

$5$l$^$9!#

8=:_$N;~9o$O!"java.util.Date $H$$$&%/%i%9$r;H$C$FD4$Y$k$3$H$,$G$-$^$9!#

theDate = new Date();

$K$h$C$F!"8=:_$N;~9o$,%*%V%8%'%/%HtheDate $KJ]B8$5$l$^$9!#%a%=%C%I
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theDate.toString()

$O!"J];}$7$F$$$k;~9o$rJ8;zNs$KJQ49$7$^$9!#

8.2 F0$/@5J}7A

Program 8.2.1 MovingSquare.java
import java.awt.Color;
import java.awt.Graphics;

public class MovingSquare extends javax.swing.JFrame imp lements Runnable {

private Thread runner;
private int t = 0;
private int sqr[] = {10, 10, 50, 50};
private volatile boolean id = false;
private Color color=Color.red;

/** Creates new form Clock */
public MovingSquare() {

initComponents();
}

public void start() {
id = true;
// %9%l%C%I5/F0

runner = new Thread(this);
runner.start();

}

public void stop() {
id = false;

}

$b$&0l$D!"4JC1$JF02h%W%m%0%i%`$r9M$($^$7$g$&!#%W%m%0%i%`8.2.1$O!"@5J}7A$,;~9o$H$H$b$K!"

1d$S=L$_$7$J$,$i1&$X0\F0$9$k%"%W%l%C%H$G$9!#

$b$A$m$s!"<B:]$K?^7A$,2hLLCf$r0\F0$9$k$N$G$O$"$j$^$;$s!#3F;~9o$K!"2hLL$rGX7J?'$GEI$j$D

$V$7$F8E$$?^7A$r>C$7!"$=$N8e$G?7$7$$0LCV$K?^7A$rIA$1$P!"?^7A$,0\F0$7$F$$$k$h$&$K8+$($^$9!#

$^$:!";~9o$rJ];}$9$kJQ?t$r t $H$7$^$9!#%9%l%C%I$NF0:nrun $NCf$G!";~9o$O1 $:$DA}2C$7$^

$9$,!" 500 2s7+$jJV$9$H0 $KLa$k$h$&$K$J$C$F$$$^$9!#

I= 8.1: x :BI8$H9b$5h $,;~9o t $H$H$b$KJQ2=$9$kMM;R
t 0 5 10 15 20 25 30 35 40 45 50

x 10 15 20 25 30 35 40 45 50 55 60

h 0 10 20 30 40 50 40 30 20 10 0



8.2. F0$/@5J}7A 47

(10+t, 35-h/2)

h

50

?^ 8.2.1: IA2h$9$k6k7A

t++; t = t%500;

$3$3$Gt=t%500 $O!"t $NCM$r500 $G3d$C$?M>$j$rt $KBeF~$9$k$3$H$rI=$7$F$$$^$9!#

3FD:E@$N:BI8$,G[Nssqr $KJ]B8$5$l$F$$$^$9!#%a%=%C%Isetsqr $,;~9o$+$i:BI8$r7W;;$7!"@_Dj

$7$^$9!#;~9o t $H$H$b$K!":82<$ND:E@$N0LCV$,

x=10+t;

$G0\F0$7$^$9!#F1;~$K9b$5$,

h=2*(t%50);

if(h>50) h = 100 -h;

$GBg$-$/$J$j$^$9!#$3$&$9$k$3$H$G!"3F;~9o$G!"x $N0LCV$K9b$5h $ND9J}7A$rIA$/$3$H$G!";M3Q7O

$,1d$S=L$_$7$J$,$i0\F0$7$F$$$k$h$&$K8+$;$k$3$H$,$G$-$^$9!#x :BI8$H9b$5h $,;~9o t $H$H$b$K!"

$I$N$h$&$KJQ2=$9$k$+$NNc$rI=8.1$K@w$^$7$^$9!#

1i=, 8.1 %9%j!<%W$9$k;~4V$rJQ99$7$F!"MM;R$NJQ2=$r8+$J$5$$!#

1i=, 8.2 ;03Q7A$,1d$S=L$_$7$J$,$iJB9T0\F0$9$k%W%m%0%i%`$r:n@.$7$J$5$$!#
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Program 8.2.2 MovingSquare.java$NB3$-
@Override
public void run() {

while (id) {
t++;
t = t % 500;
repaint();
try {

Thread.sleep(100);
} catch (InterruptedException e) {
}

}
}

@Override
public void paint(Graphics gg) {

super.paint(gg);
Graphics g = drawPanel.getGraphics();
g.setColor(color);
setsqr();
g.fillRect(sqr[0], sqr[1], sqr[2], sqr[3]);

}

private void setsqr() {// 0LCV$N:F7W;;
int x = 10 + t;
int h = 2 * (t % 50);
if (h > 50) {

h = 100 - h;
}
int y = 35 - h / 2;
sqr[0] = x;
sqr[1] = y;
sqr[3] = h;

}
}
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Program 8.2.3 MovingSquare.java$NB3$-
private void quitActionPerformed(java.awt.event.Actio nEvent evt) {

dispose();
}

private void startActionPerformed(java.awt.event.Acti onEvent evt) {
start();

}

private void stopActionPerformed(java.awt.event.Actio nEvent evt) {
stop();

}

/**
* @param args the command line arguments
*/

public static void main(String args[]) {
java.awt.EventQueue.invokeLater(new Runnable() {

@Override
public void run() {

new MovingSquare().setVisible(true);
}

});
}
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Bh9>O %/%i%9$r:n$k

9.1 %/%i%9$H$O

Program 9.1.1 MovingSquareWithMyShape.java!' NetBeans$,<+F0@8@.$9$kGUI $NMWAGItJ,$r

>JN,$7$F$$$k!#
import java.awt.Color;
import java.awt.Graphics;

public class MovingSquareWithMyShape extends javax.swin g.JFrame
implements Runnable {

private Thread runner;
private int t = 0;
private volatile boolean id = false;
private Color color = Color.red;
private MyShape shape;

/** Creates new form Clock */
public MovingSquareWithMyShape() {

initComponents();
shape = new MySquare(color);

}

public void start() {
id = true;
// %9%l%C%I5/F0
runner = new Thread(this);
runner.start();

}

public void stop() {
id = false;

}

%W%m%0%i%`$r=q$/>l9g!"%G!<%?$N2t$4$H$"$k$$$O5!G=$4$H$K%W%m%0%i%`$rJ,$1$k$3$H$,=EMW$G

$9!#$3$N$h$&$K$9$k$3$H$G!"%W%m%0%i%`$rFI$_$d$9$/$9$k$3$H$,$G$-$^$9!#$^$?!"$=$N7k2L!"3+H/

%3%9%H$r>.$5$J>.$5$/$9$k$,$G$-$^$9!#

@bL@$dJs9p$rL\E*$H$7$?J8>O$r=q$/$H$-$N$3$H$r9M$($^$7$g$&!#J8>O$b!">O$d@a!"CJMn$rE,@Z$K

N)$F$k$3$H$G!"FI$_$d$9$$J8>O$r=q$/$3$H$,$G$-$^$9!#>O$d@a!"CJMn$NAH$_N)$F$N4pK\$O!"0l$D$N

$=$l$>$l$NJ8$N%0%k!<%WFb$G$O0l$D%F!<%^$r07$&$3$H$G$9!#$3$N$h$&$K>O$d@a$KE,@Z$KJ,$1$i$l$?
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Program 9.1.2 MovingSquareWithMyShapeB3$-
@Override
public void run() {

while (id) {
t++;
t = t % 500;
repaint();
try {

Thread.sleep(100);
} catch (InterruptedException e) {
}

}
}

@Override
public void paint(Graphics gg) {

super.paint(gg);
Graphics g = drawPanel.getGraphics();
shape.set(t);
shape.draw(g);

}

J8>O$O!"<jD>$7$d:FMxMQ$,MF0W$K$J$j$^$9!#J8>O$r=q$/4pK\$H%W%m%0%i%`$r=q$/4pK\$O!"$$$m$$$m

$J$H$3$m$G$D$J$,$C$F$$$^$9!#

@h=5$N%W%m%0%i%`MovingSquare.java $r;W$$=P$7$^$7$g$&!#<B:]$KF02h$rIA$$$F$$$?$N$Opaint

%a%=%C%I$NCf$G$7$?!#$=$3$G$O!":G=i$KA4BN$rGX7J?'$GEI$j$D$V$7!"?7$7$$6k7A$N>pJs$r7W;;$7!"

$=$N?^7A$rA07J?'$GIA$-$^$7$?!#paint %a%=%C%I$NCf$G!"6k7A$N>pJs$,D>@\;H$o$l!"fillRect $,

D>@\8F$P$l$F$$$^$7$?!#

$3$N%W%m%0%i%`$rA0=R$N!VFI$_$d$9$$%W%m%0%i%`!W$H$$$&4QE@$+$i9M$($^$7$g$&!#$3$N%W%m%0%i

%`$G$O!"$I$&$$$&%?%$%_%s%0$G3($r:FIA2h$9$k$+$H$$$&$3$H$H!"<B:]$K$I$N$h$&$J3($,=q$+$l$k

$+$,!"0l$D$N%W%m%0%i%`Fb$KF~$C$F$$$^$7$?!#JL$N3($rIA$/$?$a$K$O!"%a%=%C%Isetsqr $@$1$G$J

$/!"6k7A$N>pJs$r;}$C$F$$$?G[Nssqr $b=q$-49$($J$1$l$P$J$j$^$;$s$G$7$?!#

$=$3$G!"3($rIA$/$3$H$H!"IA$+$l$k3($r9=@.$9$k$3$H$rJ,$1$k$3$H$r9M$($^$7$g$&!#$D$^$j!"6k

7A$N0LCV$r7W;;$7$FIA$/ItJ,$r<!$N$h$&$JJ}8~$K=q$-49$($k$3$H$r9M$(!"JL$N?^7A$KCV$-49$($k$3

$H$,$G$-$k$h$&$K$7$^$7$g$&!#

$^$:!"6k7A$KBP1~$9$k%b%N$r$R$H$+$?$^$j$H$7$F9M$($^$9!#%a%$%s$N%W%m%0%i%`$O!"$3$N%b%N$K

BP$7$F!"!V:F@_Dj$;$h!W!"!VIA2h$;$h!W$HL?Na$9$k$@$1$K$9$k$N$G$9!#%a%$%s$N%W%m%0%i%`$NJ}$+$i

$O!"IA$+$l$k?^7A$,6k7A$G$"$k$N$+JL$N?^7A$J$N$+!"99$K?^7A$N>pJs$,$I$N$h$&$KJ];}$5$l$F$$$k

$+$rCN$i$J$/$FNI$$$h$&$K$7$^$9!#

$3$N$h$&$K!"BP>]!J%b%N!K$NF0:n!&A`:n$rCf?4$K9M$($F!"%W%m%0%i%`$r:n$j>e$2$k$3$H$r%*%V

%8%'%/%H;X8~%W%m%0%i%_%s%0(Object Oriented Programming) $H8F$S$^$9!#BP>]$r%*%V%8%'%/%H

(object)!"%*%V%8%'%/%H$rCj>]2=!&N`7?2=$7$?7?$KAjEv$9$k$b$N$r%/%i%9(class)$H8F$S$^$9!#5U$K

$$$&$H!"N`7?$r%/%i%9$H8F$S!"$=$l$,<BBN2=$5$l$?$b$N$r%*%V%8%'%/%H$H8F$S$^$9!#

$D$^$j!"6k7A$KBP1~$9$k%/%i%9$rDj5A$7!"$=$N%/%i%9$r<BBV2=$7$?%*%V%8%'%/%H$r@8@.$7$^$9!#
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Program 9.1.3 MovingSquareWithMyShapeB3$-
private void quitActionPerformed(java.awt.event.Actio nEvent evt) {

dispose();
}

private void startActionPerformed(java.awt.event.Acti onEvent evt) {
start();

}

private void stopActionPerformed(java.awt.event.Actio nEvent evt) {
stop();

}

/**
* @param args the command line arguments
*/

public static void main(String args[]) {
java.awt.EventQueue.invokeLater(new Runnable() {

@Override
public void run() {

new MovingSquareWithMyShape().setVisible(true);
}

});
}

}

$=$N%*%V%8%'%/%H$K!V:F@_Dj$;$h!W!"!VIA2h$;$h!W$HF0:n$NL?Na!&A`:n$r$9$k$@$1$K$9$k$N$G$9!#

6k7A$N%/%i%9$r%W%m%0%i%`9.1.4$K<($7$^$9!#6k7A$rI=<($9$k$?$a$N>pJs$H$7$F!":8>e6y$N:BI8!"

I}!"9b$5!"$=$7$FGX7J?'$HA07J?'$r;}$C$F$$$^$9!#

%/%i%9L>$HF1$8L>A0$N%a%=%C%I$O%3%s%9%H%i%/%?(Constructor) !"$H8F$P$l$kFC<l$J%a%=%C%I$G

$9!#new$J$I$r;H$C$F=i4|2=$9$k:]$KMxMQ$5$l$^$9!#

%a%$%s%W%m%0%i%`9.1.1$+$i$O!"%/%i%9MySquare$N%*%V%8%'%/%H$,Dj5A$5$l!" %3%s%9%H%i%/%?

$GA07J?'$,;XDj$5$l$^$9!#

sqr = new MySquare(color);

$=$N8e!"paint %a%=%C%IFb$G$O!"6k7A%/%i%9$N%a%=%C%Iset 5Z$Sdraw$,8F$P$l$F$$$k$@$1$G!"set

5Z$Sdraw $NCf$G2?$r$d$C$F$$$k$+$r%a%$%s%W%m%0%i%`$,CN$kI,MW$O$"$j$^$;$s!#

9.2 %$%s%?!<%U%'%$%9

%W%m%0%i%`9.1.1$G$O!"$b$&$9$3$70lHL2=$,$5$l$F$$$^$9!#$D$^$j!"7A$N%*%V%8%'%/%H$,

private Myshape shape;

$H@k8@$5$l$F$$$^$9!#$3$l$KBP1~$7$F%W%m%0%i%`9.1.4$G$O
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?^ 9.1.1: MovingSquare$+$i MySquare$r8F$S=P$9

MovingSquare

runner

public void run(){
  repaint();

}

public void paint(Graphics g){

}

My Square

public class MySquare implements MyShape

$H$J$C$F$$$^$9!#

%*%V%8%'%/%H;X8~%W%m%0%i%_%s%08@8l$G$O!"$9$G$KDj5A$5$l$F$$$k%/%i%9$r3HD%$7$F!"?7$7$$%/

%i%9$rDj5A$9$k$3$H$,$G$-$^$9!#!V%/%i%9$N3HD%!W$"$k$$$O!V%/%i%9$N7Q>5!W$H$$$$$^$9!#$D$^$j!"

$"$kDxEY0lHLE*$J%/%i%9$rDj5A$7$F$*$/$H!"8e$G$=$l$r:FMxMQ$G$-$^$9!#:FMxMQ$N:]$K$O!"%W%m%0

%i%`$r=q$-D>$9$N$G$O$J$/!"5!G=$J$I$rDI2C$7$?$b$N$r?7$7$$%/%i%9$H$7$FDj5A$7$^$9!#

MySquare$NDj5A$K8=$l$kMyShape$O!"%$%s%?!<%U%'%$%9$H8F$P$l$kFC<l$J%/%i%9$G$9!#%$%s

%?!<%U%'%$%9$O!"%a%=%C%I$NL>A0$H0z?tJB$S$@$1$,Dj5A$5$l$F$$$k%/%i%9$G$9!#$D$^$j!"%$%s%?!<

%U%'%$%9$O!"B>$N%/%i%9$+$iJ}K!$r!"8F$P$l$k%a%=%C%IL>$@$1$GDj5A$7$F$$$k$b$N$G$9!#

%W%m%0%i%`9.2.1$r8+$F$/$@$5$$!#Fs$D$N%a%=%C%Iset() $Hdraw() $,!"$=$NL>A0$H0z?t$@$1Dj

5A$5$l!"Cf?H$,=q$+$l$F$$$^$;$s!#0lJ}!"%W%m%0%i%`9.1.4$G$O!"$3$N%$%s%?!<%U%'%$%9$,%$%s%W

%j%a%s%H!J<BAu!K$5$l!"%a%=%C%I$NCf?H$,5-=R$5$l$F$$$^$9!#%a%$%s$N%/%i%99.1.1$G$O!"Cf?H$,

$I$&$J$C$F$$$k$+$r9M$($:$KFs$D$N%a%=%C%I$r8F$S=P$7$F$$$^$9!#
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Program 9.1.4 MySquare.java
import java.awt.*;

public class MySquare implements MyShape {
private int x,y;
private int w=50,h;
private Color fore;

/** Creates a new instance of MySquare */
MySquare(Color f){

fore=f;
}

@Override
public void set(int t){

x=10+t;
h=2*(t%50);
if(h>50)h=100-h;
y=35-h/2;

}

@Override
public void draw(Graphics g){

g.setColor(fore);// A47J?'$GItJ,E*$KEI$jDY$9
g.fillRect(x,y,w,h);

}
}

9.3 $3$m$,$k;03Q7A

1~MQ$H$7$F6k7A$G$O$J$/;03Q7A$rE>$,$7$J$,$iIA$/$3$H$r9M$($^$7$g$&!#%a%$%s$N%W%m%0%i%`$O

2?$,IA$+$l$k$+CN$kI,MW$O$"$j$^$;$s!#$D$^$j!"%a%=%C%Iset $NCf$G2?$,7W;;$5$l$F$$$k$+$rCN$k

I,MW$,$"$j$^$;$s!#

%W%m%0%i%`9.3.1$O!"A0@a$N%W%m%0%i%`$N6k7A$KBP1~$7$?;03Q7A$N%/%i%9$G$9!#%$%s%?!<%U%'%$

%9MyShape$r%$%s%W%j%a%s%H$7$F$$$^$9!#$=$l$KBP1~$7$F!"%a%=%C%Iset $NCf$G;03Q7A$N:BI8$r

7W;;$7$F$$$^$9!#

;0$D$ND:E@$N:BI8$O!"?9̂.3.1$N$h$&$K;XDj$7$^$9!#Cf?4:BI8(x; y) $O$r9M$($^$9!#x :BI8$O;~

4V$H$H$b$Kx = 10 + t $G1&$KF0$-$^$9$,!"y :BI8$,JQ$o$j$^$;$s!#;03Q7A$ND:E@$N:BI8$O!"$3$NCf

?4$+$i$NAjBP:BI8$H$7$F;XDj$9$k$3$H$,$G$-$^$9!#

1i=, 9.1 ;03Q7A$,2sE>$7$J$,$i0\F0$9$k%W%m%0%i%`$r:n@.$7$J$5$$!#

1i=, 9.2 <+J,$N%*%j%8%J%k?^7A!"Nc$($PBJ1_7A$dB?3Q7A$r%/%i%9$H$7$FDj5A$7!"$=$l$,0\F0$9

$k%W%m%0%i%`$r:n@.$7$J$5$$!#
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Program 9.2.1 MyShape.java
public interface MyShape {

/**
* ;~9o$K1~$8$F7A$rDj5A$9$k
* @param t ;~9o
*/

public void set(int t);
/**
* Graphics $KIA2h$9$k
* @param gIA2h$9$Y$-Graphics
*/

public void draw(java.awt.Graphics g);
}

?^ 9.3.1: 2sE>$7$?;03Q7A$N:BI8

(x,y)

(x+rcos(q),y+rsin(q))
(x+rcos(q+2p/3),y+rsin(q+2p/3))

(x+rcos(q+4p/3),y+rsin(q+4p/3))
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Program 9.3.1 MyTriangle.java
import java.awt.*;

public class MyTriangle implements MyShape{
private int x;
private final int y=150;
private final int r=100;
private int xx[]={0,0,0};
private int yy[]={0,0,0};
private Color fore;

public MyTriangle(Color fore) {
this.fore=fore;

}

public void set(int t){
x=10+t;
double s=0.05*t;
xx[0]=(int)(x+r*Math.cos(s));
xx[1]=(int)(x+r*Math.cos(s+2*Math.PI/3));

#l xx[2]=(int)(x+r*Math.cos(s+4*Math.PI/3));
yy[0]=(int)(y+r*Math.sin(s));
yy[1]=(int)(y+r*Math.sin(s+2*Math.PI/3));
yy[2]=(int)(y+r*Math.sin(s+4*Math.PI/3));

}

public void draw(Graphics g){
g.setColor(fore);
g.fillPolygon(xx,yy,3);

}

}
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10.1 %^%&%9%$%Y%s%H

Program 10.1.1 DrawPanel.java
import java.awt.Color;
import java.awt.Graphics;
import java.awt.event.MouseEvent;
import java.awt.event.MouseListener;
import java.awt.event.MouseMotionListener;
import java.util.ArrayList;
import java.util.Collections;
import java.util.List;

public class DrawPanel extends javax.swing.JPanel
implements MouseListener, MouseMotionListener {

// 6k7A$N%j%9%H

private List<MySquareWithCorners> sqrs = null;
private MySquareWithCorners tmp;// :n6HCf$N?7$7$$6k7A

/** Creates new form DrawPanel */
public DrawPanel() {

initComponents();
}

public void initialize() {
// %^%&%9$NF0:n$r=&$&%$%s%?!<%U%'%$%9$NEPO?
addMouseListener(this);
addMouseMotionListener(this);
// 6k7A$N%j%9%H$N=i4|2=
clearSquares();

}

public void clearSquares() {
sqrs = Collections.synchronizedList(

new ArrayList<MySquareWithCorners>());
tmp = null;

}

GUI(Graphical User Interface) $N$"$k%W%m%0%i%`$G$O!"%^%&%9$d%-!<%\!<%I$K$h$C$F%W%m%0%i

%`Fb$N5!G=$NF0:n$rDd;_!&3+;O$9$k$3$H$,$G$-$^$9!#%^%&%9$d%-!<%\!<%I$K$h$C$F!"%W%m%0%i%`$K

BP$7$FF/$-$+$1$r9T$C$F$$$k$3$H$K$J$j$^$9!#%^%&%9$r2!$9!"%-!<%\!<%I$rA`:n$9$k$J$I$N%$%Y%s
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Program 10.1.2 DrawPanel.java $D$E$-
@Override
public void paint(Graphics g) {

super.paint(g);
Color c = getForeground();
for (MySquareWithCorners s : sqrs) {// 4{$K3NDj$7$?;M3Q7A$NIA2h

s.draw(g, c);
}
if (tmp != null) {// 8=:_:n@.Cf$N;M3Q7A

tmp.draw(g, Color.red);
}

}

@Override
public void mouseDragged(MouseEvent e) {// %\%?%s$r2!$7$J$,$i0\F0$7$?;~

// ?7$7$$6k7A$N1&2<6y$N:BI8$r99?7$9$k
tmp.set(e.getPoint());
repaint();

}

@Override
public void mousePressed(MouseEvent e) {// %\%?%s$r2!$7$?;~

// ?7$7$$6k7A$r:n$j;O$a$k
tmp = new MySquareWithCorners(e.getPoint());

}

@Override
public void mouseReleased(MouseEvent e) {// %\%?%s$rN%$7$?;~

// ?7$7$$6k7A$N1&2<6y$N:BI8$r99?7$9$k
tmp.set(e.getPoint());
// ?7$7$$6k7A$r6k7A$N%j%9%H$KDI2C$7$F3NDj$9$k
sqrs.add(new MySquareWithCorners(tmp));
tmp = null;
repaint();

}

%H$r$-$C$+$1$KMM!9$JF0:n$5$;$k$h$&$J%W%m%0%i%`$N:n$j$r!"%$%Y%s%H6nF0(event-driven) 7?$N

%W%m%0%i%`$H$$$$$^$9!#$3$3$^$G8+$F$-$?%W%m%0%i%`$G$b!"B>$N%&%#%s%I%&$N2<$+$i2hLL$,8=$l$?

:]$K2hLL$r:FIA2h$9$k$H$$$&$+$?$A$G%$%Y%s%H6nF0$,9T$o$l$F$$$^$7$?!#%\%?%s$J$I$NGUI $NA`

:n$G$b%$%Y%s%H$,H/@8$7$F$$$^$7$?!#

K\>O$G$O!"%^%&%9$NF0$-$d%^%&%9$N%\%?%sA`:n$K$h$C$F@8$8$k%$%Y%s%H$r;H$&%W%m%0%i%`$r:n@.

$7$^$9!#$^$:!"%^%&%9$NF0:n$r;H$C$F!"6k7A$rIA$/%W%m%0%i%`$r:n@.$7$^$7$g$&(?^ 10.1.1)!#

$^$:!"%^%&%9%$%Y%s%H$r=&$&$?$a$K!"%a%$%s%/%i%9$K%$%s%?!<%U%'%$%9$rDI2C$7$^$9!#%$%s%?!<

%U%'%$%9$H$O!"B>$N%/%i%9$+$i$N8F$S=P$7$N7A<0$rDj$a$k$b$N$G$9!#%/%i%9Dj5A$K5-=R$7$^$9!#

implements MouseListener, MouseMotionListener

$3$3$G!"MouseListener $,%^%&%9%\%?%s$NA`:n$r!"MouseMotionListener $,%^%&%9$N0\F0$J$I$N

A`:n$rD4$Y$k$?$a$N%$%s%?!<%U%'%$%9$G$9!#$3$N%$%s%?!<%U%'%$%9$,Dj5A$5$l$?$3$H$G!"Java $N
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Program 10.1.3 DrawPanel.java $D$E$-: %a%=%C%IinitComponents() $O>JN,$7$F$$$k!#
// ;H$o$J$$%^%&%9$NF0:n$bDj5A$7$J$/$F$O$J$i$J$$
@Override
public void mouseMoved(MouseEvent e) {}

@Override
public void mouseClicked(MouseEvent e) {}

@Override
public void mouseEntered(MouseEvent e) {}

@Override
public void mouseExited(MouseEvent e) {}

//initComponent() >JN,
//GUI %3%s%]!<%M%s%HDj5A>JN,
}

VM $+$i!"%^%&%9%$%Y%s%H$,5/$3$C$?:]$N8F$S=P$7J}$,Dj5A$5$l$^$9!#

$5$i$K!"=i4|2=$NCJ3,$G!"%$%Y%s%H$r4QB,$7$F$*$/$N$,!"$3$N%/%i%9$G$"$k$3$H$rDj5A$7$^$9!#

JL$N8@$$J}$r$9$k$H!"$3$N%/%i%9$NI=<($5$l$?ItJ,$G5/$3$C$?%^%&%9$N%$%Y%s%H$r4QB,$9$k$3$H$r

Dj5A$7$^$9!#

addMouseListener(this);

addMouseMotionListener(this);

%$%s%?!<%U%'%$%9$O%/%i%9$K$h$/;w$?$b$N$G$9$,!"%/%i%9$H$O0[$J$j%a%=%C%I$NL>A0$@$1$,Dj5A

$5$l$F$$$^$9!#0JA0$K;HMQ$7$?%$%s%?!<%U%'%$%9Runnable$N>l9g$K$O!"0l$D$N%a%=%C%Irun $@$1

$r5-=R$7$^$7$?!#$7$+$7!":#2s$O;HMQ$9$k%$%s%?!<%U%'%$%9$K$O%a%=%C%I$,J#?t$"$j$^$9!#;HMQ$9

$k:]$K$O!"$=$N%$%s%?!<%U%'%$%9$GDj5A$5$l$F$$$k$9$Y$F$N%a%=%C%I$NF0:n$rDj5A$9$kI,MW$,$"$j

$^$9!#

;HMQ$7$F$$$kE}9g4D6-NetBeans$O!"DI2C$7$?%$%s%?!<%U%'%$%9$KBP1~$7$?%a%=%C%I$NDI2C$r;Y

1g$9$k5!G=$rM-$7$F$$$^$9!#%$%s%?!<%U%'%$%9$rDI2C$7$?8e$K!"!V%=!<%9!W!"!V%a%=%C%I$r%*!<%P!<

%i%$%I!W$rA*$S$^$9!#?7$7$/3+$$$?%&%#%s%I%&$G!"!VCj>]%a%=%C%I$N$_$rI=<(!W$rA*$V$H!"%$%s%?!<

%U%'%$%9$KBP1~$7$F!"DI2C$7$J$1$l$P$J$i$J$$%a%=%C%I$N0lMw$,I=<($5$l$^$9!#DI2C$9$Y$-%a%=%C

%IL>$r%^%&%91&%\%?%s$GA*Br$7$?8e$K!"!VN;2r!W$r2!$9$H!"%=!<%9%3!<%I$,@8@.$5$l$^$9!#

:#2s$N%W%m%0%i%`$K$*$$$F$O!"MouseListener $HMouseMotionListener $KBP1~$9$k%^%&%9$N

F0$-$KBP1~$9$k4X?t$rDj5A$7$F$$$-$^$9!#0lJ}!"I=10.1$K$"$k7 <oN`$NF0:nA4$F$r5-=R$7$J$1$l

$P$J$j$^$;$s!#I,MW$NL5$$F0:n$O!"2?$b$7$J$$$h$&$KDj5A$7$^$9!#$3$l$i$N4X?t$OA4$F

public void

$H$7$FDj5A$5$l$^$9!#$^$?!"0z?t$OMouseEvent7?$G$9!#
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?^ 10.1.1: %^%&%9$r;H$C$F6k7A$rIA$/

10.2 %^%&%9$NF0$-$K1~$8$F6k7A$rIA$/

%W%m%0%i%`10.1.1$G$NF0$-$r8+$F9T$-$^$9!#

%^%&%9$r2!$9$3$H$G(mousePressed) ?7$7$$6k7A$NIA2h$r3+;O$7$^$9!#%^%&%9$r2!$7$J$,$i0\F0$7

$F(mouseDragged) $$$k4V$O!"$=$N6k7A$N1&2<$N:BI8$,99?7$5$l$^$9!#%^%&%9$rJ|$9(mouseReleased)

$H0l$D$N6k7A$,3NDj$9$k$h$&$K$J$C$F$$$^$9!#

6k7A$N>pJs$O!"<!@a$G@bL@$9$k%/%i%9MySquareWithCorners$KJ]B8$7$^$9!#%^%&%9%\%?%s$r2!

$7$F0\F0Cf$K$O!"0l;~E*$J6k7Atmp$H$7$F07$o$l!"IA2h$r9T$$$^$9!#%^%&%9%\%?%s$rJ|$9$H6k7A$,

3NDj$7$?$HH=CG$7!"tmp $K$"$k6k7A%G!<%?!"J]B8MQ$N%j%9%Hsqrs $KEPO?$7$^$9!#

%^%&%9$r2!$7$?%$%Y%s%H$,H/@8$9$k$H!"$=$N%$%Y%s%H>pJs$rMouseEvent%/%i%9$N%*%V%8%'%/%H

$H$7$FF@$k$3$H$,$G$-$^$9!#%^%&%9$,2!$5$l$?0LCV$OMouseEvent%/%i%9$N%a%=%C%IgetPoint()

$r;H$C$FF@$k$3$H$,$G$-$^$9!#

%^%&%9$K$O!"J#?t$N%\%?%s$,$D$$$F$$$^$9$,!"$I$N%\%?%s$r2!$5$l$?$+$N6hJL$O$G$-$^$;$s!#$J

$<$J$i$P!" Java $OOS $K$h$i$:$KF0:n$9$k$3$H$r=EMW$J@-<A$H$7$F@_7W$5$l$F$*$j!"0lJ}!"%^%&

%9$K$$$/$D$N%\%?%s$,$"$k$+$O!"OS$K0MB8$9$k$+$i$G$9!#$3$NE@$O!"Windows >e$NGUI %"%W%j

%1!<%7%g%s$d!"UNIX $G;H$o$l$F$$$kX Windows >e$NGUI %"%W%j%1!<%7%g%s$HBg$-$/0[$J$kE@

$G$9!#

3F%^%&%9%$%Y%s%H$N=hM}$,=*$k$Hrepaint() $G:FIA2h$r$7$^$9!#IA2h(paint() ) $N:]$K$O!"$^

$:3NDj$7$F$$$k6k7A(G[Nssqrs $KJ]B8$5$l$F$$$k) $rA07J?'$GIA$$$?8e!"8=:_Dj5ACf$N6k7A(tmp

$KJ]B8$5$l$F$$$k) $r@V$GIA2h$7$^$9!#



10.3. 6k7A$N%/%i%9 63

I= 10.1: %^%&%9$NF0$-
4X?tL> FbMF

mouseClicked $3$NItJ,$K%^%&%9$,%/%j%C%/$5$l$k$H8F$S=P$5$l$k

mouseEntered $3$NItJ,$K%^%&%9$,F~$k$H8F$S=P$5$l$k

mouseExited $3$NItJ,$+$i%^%&%9$,=P$k$H8F$S=P$5$l$k

mousePressed $3$NItJ,$G%^%&%9%\%?%s$,2!$5$l$k$H8F$S=P$5$l$k

mouseReleased $3$NItJ,$G%^%&%9%\%?%s$,J|$5$l$k$H8F$S=P$5$l$k

mouseDragged $3$NItJ,$G%^%&%9%\%?%s$r2!$7$J$,$iF0$+$9$H8F$S=P

$5$l$k

mouseMoved $3$NItJ,$G%^%&%9%\%?%s$r2!$5$:$KF0$+$9$H8F$S=P$5

$l$k

10.3 6k7A$N%/%i%9

:#2s$b!"6k7A$N%/%i%9$r;HMQ$7$^$9!#A02s$H>/$70[$J$kE@$r@bL@$7$^$9!#:#2s;HMQ$7$F$$$k6k7A

%/%i%9MySquareWithCorners$O!":8>e6y$H1&2<6y$NFs$D$NE@$N0LCV>pJs$rPoint %/%i%9$H$7$F

J];}$7$F$$$^$9!#1&2<6y$N:BI8$,;XDj$5$l$k$H!"I} w$H9b$5h $r7W;;$7$^$9!#

%3%s%9%H%i%/%?

MySquareWithCorners(final MySquareWithCorners s)

$O!"B>$N6k7A$r%3%T!<$9$k$N$KMQ$$$^$9!#0z?t$,<+J,$HF1$8%/%i%9$NJL$N%*%V%8%'%/%H$K$J$C$F$$

$k$3$H$KCm0U$7$F$/$@$5$$!#%-!<%o!<%Ifinal $O!"$=$NCf?H$rJQ99$7$J$$$3$H$r@k8@$7$F$$$^$9!#

%3%T!<85$N:8>e6y$H1&2<6y$NFs$D$NE@$N0LCV>pJs$r%3%T!<$9$k$H$H$b$K!"I}w$H9b$5h $r7W;;$7

$^$9!#$3$N$h$&$K!"<+J,$HF1$8%/%i%9$r%3%T!<$7$F?7$7$$%*%V%8%'%/%H$r:n$k%3%s%9%H%i%/%?$r%3

%T!<%3%s%9%H%i%/%?$H8F$S$^$9!#

%a%=%C%IisInside() $HgetEnd() $O:#2s;H$$$^$;$s!#<!2s$K;H$&:]$K@bL@$7$^$9!#

10.4 6k7A$rList $KJ]B8$9$k

$3$N%W%m%0%i%`$NCf$G$O!"6k7A$r$?$/$5$sJ]B8$7$^$9!#F1$87?$N$b$N$r$?$/$5$sJ]B8$9$kJ}K!$N

0l$D$OG[Ns$r;H$&$3$H$G$9!#$7$+$7!"G[Ns$r;H$&>l9g!"$=$NBg$-$5$rM=$a;XDj$7$J$/$F$O$J$j$^$;

$s!#$^$?!"ESCf$NMWAG$r:o=|$7$F$7$^$C$?>l9g$K$O!"A0$K5M$a$k$J$I$N=hM}$,I,MW$K$J$j$^$9!#:#

2s$N$h$&$J%W%m%0%i%`$G$O<h07$,HK;($K$J$j$=$&$G$9!#

$=$3$G!"MWAG$,0lNs$KJB$s$@$b$N!"$D$^$j%j%9%H$r07$&%/%i%9java.util.List $r;H$&$3$H$K

$7$^$9!#List $r;H$&$3$H$G!"MWAG$N?t$N@)8B$,L5$/$J$k$H$H$b$K!"ESCf$NMWAG$r:o=|$9$k$3$H$,

MF0W$K$G$-$k$h$&$K$J$j$^$9!#%/%i%9List $OJava $,M-$7$F$$$kCollection $H8F$P$l$kHFMQE*%/

%i%9$N0l$D$G$9!#Collection $O!"MWAG$H$7$F%/%i%9$N%*%V%8%'%/%H$r;}$D$3$H$,$G$-$^$9!#J]B8$5

$l$k4pK\$N%/%i%9$OObject $G$9!#Object $OJava $N$9$Y$F$N%/%i%9$KBP1~$7$?:G>e0L$N%/%i%9$G

$9!#$D$^$j!" List $K$O!"$I$s$J%*%V%8%'%/%H$G$bJ]B8$9$k$3$H$,$G$-$^$9!#
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Program 10.3.1 MySquareWithCorners.java
import java.awt.Color;
import java.awt.Graphics;
import java.awt.Point;

public class MySquareWithCorners{
private Point start,end;// :8>e6y$H1&2<6y$NE@
private int w,h;// I}$H9b$5

/**
* Creates a new instance of MySquareWithCorners
*/

public MySquareWithCorners(Point p) {
start = new Point(p);

}

/** $9$G$KB8:_$7$F$$$k6k7A$r%3%T!<$9$k
* @param s%3%T!<85$N6k7A*/

public MySquareWithCorners(final MySquareWithCorners s ){
this(s.start);
set(s.end);

}

/**
* 1&2<6y$N@_Dj
* @param p1&2<6y$N:BI8
*/

public void set(Point p){
end = new Point(p);
w = end.x - start.x;
h = end.y - start.y;

}

List $K$I$s$J%*%V%8%'%/%H$G$bJ]B8$G$-$k$H$$$&$3$H$O!"JXMx$J$h$&$G$9$,!":$$C$?>u67$,H/

@8$9$k860x$G$b$"$j$^$9!#List $KA[Dj30$N$b$N$rJ]B8$7$F$7$^$C$?$j!"$=$N7k2L$H$7$F$=$3$+$i

<h$j=P$7$?%b%N$,2?$@$+M=A[$,$G$-$J$$>u67$,H/@8$7$^$9!#

IaDL$O!"%W%m%0%i%`$N:n@.<T$O!"List $KJ]B8$9$k%*%V%8%'%/%H$N<oN`$rCN$C$F$$$^$9!#8m$C$F

0[$J$k<oN`$N%*%V%8%'%/%H$rJ]B8$7$F$7$^$o$J$$$[$&$,NI$$$G$7$g$&!#$D$^$j!"$I$&$$$&%/%i%9$K

B0$9$k%*%V%8%'%/%H$rList $NMWAG$H$7$F;}$D$3$H$,$G$-$k$+$rDj$a$k$3$H$G!"%3%s%Q%$%kCJ3,$G

8m$j$r8+IU$1!"%W%m%0%i%`$N0BA4@-$r9b$a$k$3$H$,$G$-$^$9!#

6k7A$N0lMw$rJ];}$9$kJQ?tsqrs $KJ]B8$9$k$N$O!"%/%i%9MySquareWithCorners$N%*%V%8%'%/

%H$@$1$G$9!#$=$3$G!"

private List<MySquareWithCorners> sqrList=null;

$HDj5A$7$^$9!#$3$3$GList<MySquareWithCorners> $H$$$&I=5-$O!"$3$N%j%9%H$NCf$KMWAG$H$7$F

%/%i%9MySquareWithCorners$N%*%V%8%'%/%H$@$1$r;}$D$3$H$,$G$-$k$3$H$r<($7$F$$$^$9!#$3$3

$K8=$l$?<%/%i%9L>>$r7?%Q%i%a%?$H8F$S$^$9!#
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Program 10.3.2 MySquareWithCorners.java

/**
* ?^7A$rIA$/
* @param g GraphicsB0@-
* @param c?'
*/

public void draw(Graphics g,Color c){
g.setColor(c);
g.drawRect(start.x,start.y,w,h);

}

/**
* M?$($i$l$?E@$,?^7A$NFbB&$+$rH=Dj$9$k
* @param p;XDj$7$?E@
* @return ;XDj$7$?E@$,$3$N?^7A$NFbB&$J$i$P??
*/

public boolean isInside(Point p){
// E@p $,;M3Q7A$NFbIt$+30It$+$rH=Dj

boolean id=false;
if(start.x <= p.x && p.x <= end.x){

if(start.y <= p.y && p.y <= end.y){
id=true;

}
}
return id;

}

/**
* 1&2<6y$N:BI8$rF@$k
* @return 1&2<6y$N:BI8
*/

public Point getEnd() {return end;}
}

<B$O!"List $O%/%i%9$G$O$J$/!"%$%s%?!<%U%'%$%9$G$9!#$=$N$?$a!"0J2<$N$h$&$K<BBN$H$7$F

java.util.ArrayList $r;H$C$F=i4|2=$7$^$9!#

sqrs = Collections.synchronizedList(

new ArrayList<MySquareWithCorners>());

Java $O%9%l%C%I$r;H$&4D6-$G$"$k$3$H$O0JA0$K>R2p$7$^$7$?!#%/%i%9ArrayList $O%9%l%C%I4V$G

F14|$9$k$3$H$,$G$-$^$;$s!#Collections.synchronizedList %a%=%C%I$r;H$&$3$H$G!"F14|$NJ]

8n$r9T$C$F$$$^$9!#

%/%i%9List $X$NMWAG$NDI2C$Oadd%a%=%C%I$G9T$$$^$9!#>e5-$N$h$&$KJ]B8$9$k%*%V%8%'%/%H$N

%/%i%9$r;XDj$9$k$3$H$G!"%3%s%Q%$%k;~$K!"@5$7$$<oN`$N%*%V%8%'%/%H$,J]B8$5$l$F$$$k$3$H$r3N

G'$9$k$3$H$,$G$-$^$9!#0[$J$k%/%i%9$N%*%V%8%'%/%H$rsqrs $KDI2C$7$h$&$H$9$k$H!"%3%s%Q%$%k

;~$K%(%i!<$,H/@8$7$^$9!#

%/%i%9List $+$iMWAG$rF@$k$K$Oget %a%=%C%I$r;H$$$^$9!#J]B8$5$l$F$$$k%*%V%8%'%/%H$N%/%i
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%9$,;XDj$5$l$F$$$^$9$N$G!"La$jCM$,MySquareWithCorners$G$"$k$3$H$,J,$+$j$^$9!#

%/%i%9List $+$iMWAG$r:o=|$9$k$K$O!"remove$r;H$$$^$9!#

%/%i%9List $KJ]B8$5$l$F$$$kA4$F$NMWAG$K!"2?$+$NA`:n$r9T$&:]$K$O

for(MySquareWithCorners s:sqrs){// 4{$K3NDj$7$?;M3Q7A$NIA2h

s.draw(g,c);

}

$N$h$&$K=q$/$3$H$,$G$-$^$9!#$3$3$G$O%j%9%Hsqrs $N3FMWAGs $K$D$$$F!"draw() %a%=%C%I$r<B

9T$7$F$$$^$9!#

1i=, 10.1 %^%&%9$r2!$9$3$H$GCf?4$r7h$a!"2!$7$J$,$i0\F0$7$FH>7B$r@_Dj$7!"%^%&%9$rJ|$9$H

1_$,IA$+$l$k%"%W%l%C%H$r:n@.$7$J$5$$!#
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11.1 %-!<%\!<%I%$%Y%s%H

Program 11.1.1 DrawSquareWithKeyEvents.java

%\%?%sA`:n$K4X$9$kItJ,$N$_$r:\$;$F$$$k
private void quitActionPerformed(java.awt.event.Actio nEvent evt) {

System.exit(0);
}

private void eraseActionPerformed(java.awt.event.Acti onEvent evt) {
drawPanel.clearSquares();

}

I= 11.1: %-!<%\!<%H%$%Y%s%H
4X?tL> FbMF

keyPressed $3$NItJ,$G%-!<$,2!$5$l$k$H8F$S=P$5$l$k

keyReleases $3$NItJ,$G%-!<$,J|$5$l$k$H8F$S=P$5$l$k

keyTyped $3$NItJ,$G%-!<$,%?%$%W$5$l$k$H8F$S=P$5$l$k

:#2s$O!"A02s$N%^%&%9%$%Y%s%H$r;H$C$F6k7A$rIA$/%W%m%0%i%`$K2~NI$r2C$($J$,$i!"%-!<%\!<%I

$+$i$NF~NO$b;H$C$F6k7A$rA`:n$9$k%W%m%0%i%`$r:n$j$^$7$g$&!#

%-!<%\!<%IA`:n$b!"%^%&%9A`:n$HF1MM$K%$%Y%s%H$H$7$FJava $G=hM}$5$l$^$9!#$^$:!"%^%&%9%$

%Y%s%H=hM}$N>l9g$HF1MM$K!"%/%i%9$KKeyListener $H$$$&%$%s%?!<%U%'%$%9$rimplements $7$^

$9!#99$K!"%3%s%9%H%i%/%?$G

addKeyListener(this);

$r$D$+$C$F!"%-!<%\!<%I%$%Y%s%H$rJ9$/$h$&$K$7$^$9!#

%^%&%9$O!"2hLL>e$N0LCV$,$"$j!"$I$N%&%#%s%I%&$rA`:n$7$F$$$k$+$r;XDj$G$-$^$9!#$7$+$7!"%-!<

%\!<%I$K$O2hLL>e$N0LCV$,$"$j$^$;$s!#X Windows $d Windows $N$h$&$JGUI %7%9%F%`$G$O!"

%-!<%\!<%I$+$i$NF~NO$r$I$N%&%#%s%I%&$,<u$1$k$+$N@)8f$,9T$o$l$F$$$^$9!#$3$l$rfocus$H8F$S

$^$9!#:n@.$9$k%"%W%l%C%H$,focus $r<u$1<h$k$h$&$K@_Dj$7$^$9!#

setFocusable(true);
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Program 11.1.2 DrawPanel.java
import java.awt.Color;
import java.awt.Graphics;
import java.awt.Point;
import java.awt.event.KeyEvent;
import java.awt.event.KeyListener;
import java.awt.event.MouseEvent;
import java.awt.event.MouseListener;
import java.awt.event.MouseMotionListener;
import java.util.ArrayList;
import java.util.Collections;
import java.util.List;

public class DrawPanel extends javax.swing.JPanel
implements MouseListener, MouseMotionListener, KeyList ener {

// 6k7A$N%j%9%H

private List<MySquareWithCorners> sqrs = null;
private MySquareWithCorners tmp;// :n6HCf$N?7$7$$6k7A
private MySquareWithCorners selected=null;// :n6HCf$N?7$7$$6k7A
private Point present = new Point(0, 0);// %^%&%9%]%$%s%?$N0LCV

/** Creates new form DrawPanel */
public DrawPanel() {

initComponents();
}

public void initialize() {
// %^%&%9$NF0:n$r=&$&%$%s%?!<%U%'%$%9$NEPO?
addMouseListener(this);
addMouseMotionListener(this);
addKeyListener(this);
setFocusable(true);
// 6k7A$N%j%9%H$N=i4|2=
clearSquares();

}

%$%s%?!<%U%'%$%9KeyListener $K$h$C$FDj5A$5$l$F$$$k%-!<%\!<%I%$%Y%s%H$r07$&4X?t$O3 <oN`

$G$9!#I=11.1$K<($7$^$9!#%^%&%9$HF1MM$K!"A4$FDj5A$7$J$/$F$O$$$1$^$;$s!#0z?t$OA4$FKeyEvent

7?$G$9!#

<B:]$K%-!<$,2!$5$l$?;~$NA`:n$r%a%=%C%IkeyPressed $NCf$G5-=R$7$F$$$^$9!#%-!<x $,2!$5$l

$k$H!"A*Br$5$l$F$$$k6k7A$,>C5n$5$l$^$9!#DL>o$NJ8;z$KBP1~$9$k%-!<$,2!$5$l$?>l9g!"$=$N%-!<

$NCM$OKeyEvent.getKeyChar() $GD4$Y$k$3$H$,$G$-$^$9!#

0lJ}!"%+!<%=%k%-!<$J$I!"J8;z$KBP1~$7$F$$$J$$%-!<$N=hM}$O!"KeyEvent.getKeyCode() $G%3!<

%I$rD4$Y$F9T$$$^$9!#%/%i%9KeyEventFb$G!"J8;z%3!<%I$KBP1~$7$?Dj?t$,Dj5A$5$l$F$$$^$9!#$3

$3$G$O!"%+!<%=%k%-!<$K$h$C$F!"6k7A$N1&2<6y$N:BI8$,A}8:$G$-$k$h$&$K$7$F$$$^$9!#
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Program 11.1.3 DrawPanel.java $D$E$-
public void clearSquares() {

sqrs = Collections.synchronizedList(
new ArrayList<MySquareWithCorners>());

tmp = null;
repaint();

}

@Override
public void paint(Graphics g) {

if (sqrs == null) {
return;

}
super.paint(g);
Color c = getForeground();
for (MySquareWithCorners s : sqrs) {// 4{$K3NDj$7$?;M3Q7A$NIA2h

Color cc = c;
if (s.equals(selected)) {

cc = Color.blue;// A*Br$7$?6k7A$N?'$r@D$K
}
s.draw(g, cc);

}
if (tmp != null) {// 8=:_:n@.Cf$N;M3Q7A

tmp.draw(g, Color.red);
}
// %^%&%9%]%$%s%?$N0LCV:BI8$rIA$/
g.setColor(c);
String coor = "(" + String.valueOf(present.x)

+ "," + String.valueOf(present.y) + ")";
g.drawString(coor, 10, 10);

}

11.2 %^%&%9%$%Y%s%H=hM}$N2~NI

:#2s$N%W%m%0%i%`$G$O!"%^%&%9$N<h$j07$$$r>/$7DI2C$7$^$7$?!#

$^$:!"%^%&%9$,F0$/$?$S$K!"mouseMoved()%a%=%C%I$r;H$C$F!"$=$N0LCV$rpresent $H$$$&0LCV

$KJ]B8$7$F$$$^$9!#$3$N0LCV$O!"paint() %a%=%C%I$NCf$G!"%"%W%l%C%H$N:8>e$KI=<($5$l$F$$$^

$9!#$3$N$h$&$K$7$F$*$/$H!"%W%m%0%i%`$NF0:n$N3NG'$,MF0W$K$J$j$^$9!#$^$?!"$3$N%^%&%9%]%$%s

%?$,F~$C$F$$$k6k7A$rselected $H$7$F%^!<%/$7$F$*$-$^$9!#

A02s$N%W%m%0%i%`$G$O!"%^%&%9$rC1$K%/%j%C%/$9$k!"$D$^$j2!$7$?D>8e$KJ|$9$H!"Bg$-$5$,%<%m

$N6k7A$,Dj5A$5$l$F$7$^$C$F$$$^$7$?!#:#2s$N%W%m%0%i%`$G$O!"mouseReleases() %a%=%C%I$NCf

$G!"6k7A$NBg$-$5$r7W$j!"%^%&%9$N%/%j%C%/$K$h$C$F:n@.$5$l$F$7$^$&Bg$-$5%<%m$N6k7A$rGK4~$9

$k$h$&$K2~NI$7$^$7$?!#

Bg$-$5%<%m$N6k7A$,J]B8$5$l$J$$$h$&$K$9$k0lJ}$G!"%^%&%9$N%/%j%C%/$r6k7A$NA*Br$K;H$&$h

$&$K$7$^$7$?!#$D$^$j!"%^%&%9$r%/%j%C%/$9$k$H!"%^%&%90LCV$r4^$`6k7A$rA*Br$7$^$9!#%^%&%9%/

%j%C%/$KBP1~$9$kmouseClicked() %a%=%C%I$+$i6k7A$NisInside() %a%=%C%I$r8F$V$3$H$G!"$I

$N6k7A$,A*Br$5$l$?$+$rD4$Y$^$9!#A*Br$5$l$?6k7A$r@V$GI=<($9$k$3$H$K$7$^$9!#
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Program 11.1.4 DrawPanel.java $D$E$-
@Override
public void mouseDragged(MouseEvent e) {// %\%?%s$r2!$7$J$,$i0\F0$7$?;~

// ?7$7$$6k7A$N1&2<6y$N:BI8$r99?7$9$k
tmp.set(e.getPoint());
repaint();

}

@Override
public void mousePressed(MouseEvent e) {// %\%?%s$r2!$7$?;~

// ?7$7$$6k7A$r:n$j;O$a$k
tmp = new MySquareWithCorners(e.getPoint());

}

@Override
public void mouseReleased(MouseEvent e) {// %\%?%s$rN%$7$?;~

// ?7$7$$6k7A$N1&2<6y$N:BI8$r99?7$9$k
tmp.set(e.getPoint());
if (tmp.getW() != 0 || tmp.getH() != 0) {// Bg$-$5%<%m$N6k7A$OGK4~$9$k

sqrs.add(tmp);
}
tmp = null;
selected = null;
repaint();

}

@Override
public void mouseMoved(MouseEvent e) {

present.setLocation(e.getPoint());
if (sqrs == null) {

return;
}
for (MySquareWithCorners s : sqrs) {// %^%&%9$,F~$C$F$$$k6k7A$rC5$9

if (s.isInside(present)) {
selected = s;

}
}
repaint();

}

// ;H$o$J$$%^%&%9$NF0:n$bDj5A$7$J$/$F$O$J$i$J$$
@Override
public void mouseClicked(MouseEvent e) {
}

@Override
public void mouseEntered(MouseEvent e) {

requestFocus();
}

@Override
public void mouseExited(MouseEvent e) {
}
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Program 11.1.5 DrawPanel.java $D$E$-
@Override
public void keyPressed(KeyEvent e) {

if (e.getKeyChar() == 'x') {//'x' $r2!$7$?;~$NF0:n
if (selected != null) {

sqrs.remove(selected);
selected = null;

}
}
if (selected != null) {

Point end = selected.getEnd();
switch (e.getKeyCode()) {// %+!<%=%k%-!<$r2!$7$?>l9g

case KeyEvent.VK_UP:
end.y--;
break;

case KeyEvent.VK_DOWN:
end.y++;
break;

case KeyEvent.VK_LEFT:
end.x--;
break;

case KeyEvent.VK_RIGHT:
end.x++;
break;

default:
break;

}
selected.set(end);

}
repaint();

}

@Override
public void keyReleased(KeyEvent e) {
}

@Override
public void keyTyped(KeyEvent e) {
}

/** This method is called from within the constructor to
* initialize the form.
* WARNING: Do NOT modify this code. The content of this method is
* always regenerated by the Form Editor.
*/

@SuppressWarnings("unchecked")
// <editor-fold defaultstate="collapsed" desc="Generat ed Code">//GEN-BEGIN:initComponents
private void initComponents() {
// >JN,
}// </editor-fold>//GEN-END:initComponents
// Variables declaration - do not modify//GEN-BEGIN:varia bles
// End of variables declaration//GEN-END:variables

}
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Bh12>O %^%&%9$r;H$C$?4JC1$J%2!<%`

12.1 15 %2!<%`

%^%&%9%$%Y%s%H$r;H$C$?%W%m%0%i%`$N1~MQNc$H$7$F!"15%2!<%`$r:n$j$^$7$g$&!#15%2!<%`$O$H

$F$b%]%T%e%i!<$J%2!<%`(?^ 12.1.1)$G$9!#168D$N%^%9$K!"158D$N?t;z$,=q$+$l$?%T!<%9$,$G$?$i

$a$K$J$i$s$G$$$^$9!#0l$D$N6u$$$F$$$k%^%9$r;H$$$J$,$i!"$3$N158D$N%T!<%9$r?t;z$N=g$KJB$Y

$+$($k%2!<%`$G$9!#

?^ 12.1.1: 15%2!<%`

%2!<%`$N%W%m%0%i%`$r=q$/:]$K$O!"$^$:!"%2!<%`$N%k!<%k$r@0M}$9$kI,MW$,$"$j$^$9!#15%2!<

%`$N>l9g$O!"%T!<%9$NF0$+$7J}$r%W%m%0%i%`$K=q$1$k@:EY$^$G>\$7$/I=$9$3$H$,I,MW$G$9!#

%^%&%9$GA*$s$@%T!<%9$N0LCV$r(x; y) $GI=$9$3$H$K$7$^$9!#x $Hy $O!"$=$l$>$l 0 $+$i 3 $^$G$N

?t;z$G$9!#2#J}8~$O:8C<$r0 $H$7$^$9!#=DJ}8~$O>eC<$r0 $H$7$^$9!#$3$N%T!<%9$NNY$,6u$$$F$$$l

$P!"%T!<%9$r6u$-$K0\F0$7$^$9!#$=$l0J30$N>l9g$K$O!"%T!<%9$rF0$+$9$3$H$O$G$-$^$;$s!#

%T!<%9$NL5$$6u$-%^%9$N:BI8$r(x0; y0) $H$7$^$7$g$&!#%^%&%9$GA*$s$@%T!<%9$N:BI8$r(x; y) $H

%T!<%9$NL5$$6u$-%^%9$N:BI8$,NY@\$7$F$$$k$H$-$K$@$1%T!<%9$rF0$+$9$3$H$,$G$-$^$9!#$3$N<!$N

>r7o$GI=$5$l$^$9!#

(jx � x0j = 1 ^ y = y0) _ (x = x0^ j y � y0j = 1) (12.1.1)



74 Bh12>O %^%&%9$r;H$C$?4JC1$J%2!<%`

Program 12.1.1 Piace.java
import java.awt.*;

public class Piece {

private Dimension dimension;
private Point offset;
private Rectangle rect;
private int k = 0;
private Point p = null;
private Font font;
private int fontsize = 20;

/**
* Creates a new instance of GamePanel
* @param k%T!<%9$NHV9f
* @param dimension %T!<%9$NBg$-$5
*/

public Piece(int k, Dimension dimension) {
font = new Font("TimesRoman", Font.PLAIN, fontsize);
this.k = k;
this.dimension = dimension;
p = new Point(0, 0);
offset = new Point(1, 1);
rect = new Rectangle(offset.x, offset.y,

dimension.width - 2 * offset.x,
dimension.height - 2 * offset.y);

}

/**
* %T!<%9$NHV9f$rJV$9
* @return %T!<%9$NHV9f
*/

public int getValue() {
return k;

}

15%2!<%`$N=*$j$O!"HV9f=g$K%T!<%9$,JB$s$@$H$-$G$9!#0lHL$N15%2!<%`$G$O!":8>e6y$+$i1&J}

8~$K?t;z$rJB$Y$?$j!"2<J}8~$KJB$Y$?$j$HMM!9$J%2!<%`$N=*N;$r@_Dj$G$-$^$9!#$7$+$7!"$3$3$G$O!"

0J2<$N$h$&$KJB$s$@$H$3$m$G=*$j$K$7$^$7$g$&!#:8>e6y$K1!"$=$3$+$i1&$K4 $^$G!"<!$NCJ$N:8$+

$i 5 $+$i 8 $^$G!"$H$$$&=g=x$KJB$s$@$H$3$m$,=*$j$H$7$^$9!#

:8>e6y$N:BI8$O(0; 0) $G$9!#0lHV>e$N:8$+$i1&$X$O!"(0; 0)!" (1; 0)!" (1; 0) $=$7$F(3; 0) $Hx :BI8

$@$1$,A}$($F9T$-$^$9!#FsCJL\$N:8C<$O(0; 1) $G!":F$S x :BI8$@$1$,A}$($F!"FsCJL\1&C<$O(3; 1)

$H$J$j$^$9!#$D$^$j!"A4$F$N%^%9$K!"$=$N:BI8(x; y) $KBP1~$7$F

4 � y + x + 1 (12.1.2)

$N?t;z$N%T!<%9$,$"$l$P%2!<%`$,=*N;$K$J$j$^$9!#



12.2. %T!<%9$N%/%i%9 75

12.2 %T!<%9$N%/%i%9

$^$:!"3F%T!<%9I=$9%/%i%9Piece $r:n$j$^$9!#$3$N%/%i%9$O!"%T!<%9$NHV9fk $HCV$+$l$F$$$k

0LCVp $rJ];}$7$F$$$^$9!#%T!<%9$NHV9f$K1 2C$($?$b$N$,!"$=$N%T!<%9$NI=LL$K=q$+$l$F$$$kHV9f

$H$7$^$9!#

%T!<%9$NBg$-$5$ODimension %/%i%9$Ndimension $G;XDj$5$l$F$$$^$9!#=>$C$F!"%/%i%9Point

$GI=$5$l$k0LCVp $O$3$N%T!<%9$N:8>e6y$N2hLL>e$N:BI8$rI=$7$^$9!#0LCVp $O!"A0@a$G;H$C$?0L

CV$G$O$J$/!"2hLL$N:BI8$G$"$k$3$H$KCm0U$7$F$/$@$5$$!#$D$^$j!"A0@a$G;H$C$?:BI8(x; y) $K$"$k

%T!<%9$O!"

p:x = dimension :width � x (12.2.1)

p:y = dimension :height � y (12.2.2)

$KCV$+$l$F$$$^$9!#

%3%s%9%H%i%/%?$G$O!"%T!<%9$NHV9f$HBg$-$5$r;XDj$7$^$9!#%a%=%C%IsetPoint() $G%T!<%9$NCV

$+$l$?0LCV$r;XDj$7$^$9!#$3$N;~$K!"%T!<%9$H$7$FIA$/6k7Arect $N0LCV$r0\F0$7$F$$$^$9!#

%T!<%9$r<B:]$KIA$/$N$Odraw() %a%=%C%I$G$9!#6k7A$NCf$rEI$j$D$V$7(g.fill(rect) )!"8e$G

6k7A$NOH$rIA$$$F$$$^$9(g.draw(rect) )!#:G8e$K?t;z$rIA$-$^$9!#

%T!<%9$rA*Br$9$k%a%=%C%I$,isSelected() $G$9!#0z?t$G;XDj$5$l$?:BI8pp $,%T!<%9$NFbIt$G

$"$l$P!" true $r!"$=$&$G$J$1$l$Pfalse $rJV$7$^$9!#
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12.3 %2!<%`A4BN$N%/%i%9

Program 12.3.2 Game.javaB3$-
//0 $+$i m$^$G$N?t;z$r$G$?$i$a$KJB$YD>$9
private int[] mkRandomInt(int m) {

int ids[] = new int[m];
ArrayList<Integer> v = new ArrayList<Integer>();
for (int i = 0; i < m; i++) {

v.add((Integer) i);
}
int mm = 2 * (m / 2);
int i = 0;
int len = v.size();
while (i < mm) {

int k = (int) (len * Math.random());
int l = (int) (len * Math.random());
if (k != l) {

int xk = v.get(k);
int xl = v.get(l);
v.set(k, xl);
v.set(l, xk);
i++;

}
}

for (Integer x : v) {
ids[x] = v.get(x);

}
return ids;

}

/**
* %T!<%9$rIA2h$9$k
* @param g%0%i%U%#%C%/%9
*/

@Override
public void paint(Graphics g) {

if (pieces == null) {
return;

}
super.paint(g);
for (int j = 0; j < n; j++) {

for (int i = 0; i < n; i++) {
if (pieces[i][j] != null) {

pieces[i][j].draw(g);
}

}
}

}
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%2!<%`A4BN$rI=$9%/%i%9$H$7$F!"Game$r:n$j$^$9!#%2!<%`$O!"158D$N%T!<%9$rIA$/Panel $H$7

$F:n$k$3$H$K$7$^$9!#$3$l$r8e$G!"JApplet $K$O$a9~$`$3$H$K$7$^$9!#

%T!<%9$r@8@.$7$F!"$G$?$i$a$J=gHV$GJB$Y$k$N$,initialize() %a%=%C%I$G$9!#0 $+$i 14$^$G

$N?t;z$r$G$?$i$a$KJB$Y$k%a%=%C%ImkRandomInt()$r;H$C$F$$$^$9!#$3$N%a%=%C%I$N>\:Y$O>JN,

$7$^$9!#@8@.$5$l$?%T!<%9$O4 � 4 $NG[Nspieces $KJ]B8$5$l$F$$$^$9!#G[Nspieces $N%$%s%G%/

%9$O0LCV(x; y) (x = 0 ; 1; 2; 3, y = 0 ; 1; 2; 3) $rI=$7$^$9!#

$3$N%2!<%`%Q%M%k$NBg$-$5$O320� 320$H$7$^$9!#=>$C$F!"0l$D0l$D$N%T!<%9$O80� 80$K$J$j

$^$9!#

%T!<%9$NA*Br$O!"%^%&%9%/%j%C%/$G9T$$$^$9!#%^%&%9%/%j%C%/$,H/@8$7$?$H$-$N=hM}$OmouseClicked()

%a%=%C%I$K5-=R$7$^$9!#$^$:!"%^%&%9%$%Y%s%H$+$i!"%^%&%9%/%j%C%/$,H/@8$7$?:BI8$rFI$_$@$7

$^$9!#

p=new Point(e.getPoint());

:BI8$O Point 7?$KJ]B8$7$^$9!#$3$N:BI8p $rFbIt$H$9$k%T!<%9$rA\$7=P$7$^$9!#$=$N:BI8$,x $H

y $K$J$j$^$9!#F1;~$K!"%T!<%9$NL5$$%^%9$N:BI8xx $Hyy $bC5$7$^$9!#$3$l$i:BI8$O!"0 $+$i 3 $^

$G$N?t;z$G$9!#

A*Br$7$?%T!<%9$N0LCV$H!"%T!<%9$NL5$$%^%9$N0LCV$+$i!"A*Br$7$?%T!<%9$,F0$1$k$+H]$+$rH=Dj

$7$^$9!#F0$1$k>l9g$K$O!"%T!<%9$NL5$$>l=j$K%T!<%9$r0\F0$7$^$9!#

%2!<%`$N=*N;H=Dj$O!"isFinished() %a%=%C%I$G9T$$$^$9!#
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Program 12.1.2 Piace.java B3$-
/**
* %T!<%9$N>l=j$r@_Dj$9$k
* @param pp%T!<%9$N>l=j
*/

public void setPoint(Point pp) {
int dx = pp.x - p.x;
int dy = pp.y - p.y;
p = pp;
rect.translate(dx, dy);

}

/**
* $3$N%T!<%9$,A*Br$5$l$?$+$rH=Dj
* @param pp%^%&%9$N0LCV
* @return $3$N%T!<%9$,@_Dj$5$l$F$$$l$Ptrue
*/

public boolean isSelect(Point pp) {
boolean b = false;
if ((pp.x > p.x && pp.x < p.x + dimension.width) &&

(pp.y > p.y && pp.y < p.y + dimension.height)) {
b = true;

}
return b;

}

/**
* $3$N%T!<%9$rIA$/
* @param gg;HMQ$9$kGraphics
*/

public void draw(Graphics gg) {
Graphics2D g = (Graphics2D) gg;
g.setColor(Color.pink);
g.fill(rect);
g.setColor(Color.BLACK);
g.draw(rect);
g.setFont(font);
g.drawString(String.valueOf(k + 1),

p.x + dimension.width / 2,
p.y + dimension.height / 2 + fontsize / 2);

}
}
}
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Program 12.3.1 Game.java (initComponent $O>JN,$7$F$$$k)
import java.awt.*;
import java.awt.event.*;
import java.util.ArrayList;

public class Game extends javax.swing.JPanel
implements MouseListener // %^%&%9$NF0:n$r=&$&$?$a$N%$%s%?!<%U%'%$%9$NDj5A

{

private Piece pieces[][]; // 3F%T!<%9
private int n = 4; // HD$N%5%$%:$O4 x 4
private Dimension d; // 0l$D$N%T!<%9$NBg$-$5
private Point p = null;
private Font font;

/** Creates new form Game */
public Game() {

initComponents();
}

/**
* %T!<%9$rJB$Y$k
*/

public void initialize() {
// %^%&%9$NF0:n$r=&$&%$%s%?!<%U%'%$%9$NEPO?
addMouseListener(this);
d = new Dimension(80, 80);
font = new Font("TimesRoman", Font.PLAIN, 20);
setBackground(new java.awt.Color(204, 255, 204));
int ids[] = mkRandomInt(n * n - 1);
pieces = new Piece[n][n];
for (int i = 0; i < n * n - 1; i++) {

int x = i % n;
int y = i / n;
pieces[x][y] = new Piece(ids[i], d);
pieces[x][y].setPoint(new Point(x * d.width, y * d.height ));

}
repaint();

}



80 Bh12>O %^%&%9$r;H$C$?4JC1$J%2!<%`

Program 12.3.3 Game.javaB3$-
/**
* %^%&%9$,%/%j%C%/$5$l$?;~$NF0:n
* @param e
*/

@Override
public void mouseClicked(MouseEvent e) {

p = new Point(e.getPoint());
int x = -1;
int y = -1;
int xx = 0;
int yy = 0;
for (int j = 0; j < n; j++) {

for (int i = 0; i < n; i++) {
if (pieces[i][j] != null) {// %^%&%9$GA*Br$7$?%T!<%9$r8+$D$1$k

if (pieces[i][j].isSelect(p)) {
x = i;
y = j;

}
} else {

xx = i;
yy = j;// %T!<%9$NL5$$%^%9$N:BI8

}
}

}
if (x >= 0 && y >= 0) {

if ((Math.abs(x - xx) == 1 && Math.abs(y - yy) == 0)
|| (Math.abs(x - xx) == 0 && Math.abs(y - yy) == 1)) {

pieces[xx][yy] = pieces[x][y];
pieces[x][y] = null;
pieces[xx][yy].setPoint(new Point(xx * d.width, yy * d.he ight));

}
}
if (isFinished()) {

setBackground(Color.blue);
}
repaint();

}
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Program 12.3.4 Game.javaB3$-
// %2!<%`=*N;$NH=Dj
private boolean isFinished() {

boolean b = true;
for (int j = 0; j < n; j++) {

for (int i = 0; i < n; i++) {
int k = n * j + i;
if (pieces[i][j] != null) {

if (k != pieces[i][j].getValue()) {
b = false;

}
}

}
}
return b;

}

@Override
public void mouseReleased(MouseEvent e) {
}

@Override
public void mousePressed(MouseEvent e) {
}

@Override
public void mouseExited(MouseEvent e) {
}

@Override
public void mouseEntered(MouseEvent e) {
}

}
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13.1 Sierpinski %/%i%9

Program 13.1.1 Sierpinski.java initComponents() $O>JN,$7$F$$$k
import java.awt.*;
import java.awt.geom.Point2D;

public class Sierpinski extends javax.swing.JPanel {

private Image image = null;
private int t = 0;
private double l = 250.;
Point2D.Double points[];
private Dimension imageSize;

/** Creates new form Sierpinski */
public Sierpinski() {

initComponents();
imageSize = new Dimension(300, 300);

}

?^ 13.1.1: Sierpinski Gasket$N0l2s$NA`:n

:G8e$K!"%U%i%/%?%k(fractal) ?^7A$rIA$/%W%m%0%i%`$r:n$j$^$7$g$&!#%U%i%/%?%k?^7A$O!";dC#

$N?H$N2s$j$K$?$/$5$s$"$j$^$9!#3$4_@~$N7A!"MUL.!"1@$N7A$J$I$G$9!#$3$l$i$NFCD'$O!"8+$kBg$-

$5$rJQ$($F$_$F$bF1$8$h$&$J9=B$$,7+$jJV$78=$l$k$H$$$&$3$H$G$9!#Nc$($P!"3$4_@~$O!"MM!9$J=L

<\$NCO?^$G!"F1$8$h$&$J7A$K8+$($^$9!#<+A33&$K$O!"MM!9$J$H$3$m$K$3$N$h$&$J%U%i%/%?%k?^7A$r

8+=P$9$3$H$,$G$-$^$9!#<+A3$NMM!9$J$H$3$m$G%U%i%/%?%k?^7A$,8=$l$k$3$H$H!"$=$N@8@.5!9=$N2r
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Program 13.1.2 Sierpinski.java B3$-
/** IA2h%$%a!<%8$N=i4|2=*/
public void init_image() {

// %$%a!<%8$N=i4|2=
image = createImage(imageSize.width, imageSize.height) ;
Graphics g = image.getGraphics();
g.setColor(getBackground());
g.fillRect(0, 0, imageSize.width, imageSize.height);
// 0lHV30B&$N@5;03Q7A
points = new Point2D.Double[3];
points[0] = new Point2D.Double(20., 20.);
points[1] = new Point2D.Double(20 + l, 20.);
points[2] = new Point2D.Double(

20 + l / 2., 20. + 0.5 * l * Math.sqrt(3.));
}

/**
* <B:]$K%$%a!<%8$r:n@.$9$k
*/

public void update_state() {
init_image();
update_state_sub(points, 0);
repaint();

}

L@$O!"20@$5*$N8eH>$+$i!"MM!9$J8&5fJ,Ln$GCmL\$5$l$F$$$^$9!#

Sierpinski Gasket$O!"4JC1$J?t3XE*$J%U%i%/%?%k?^7A$N0l$D$G$9!#$=$l$O0J2<$N$h$&$K$7$FDj

5A$5$l$F$$$^$9!#$^$:!"0lJU$ND9$5$,L $G$"$k!"@5;03Q7A$r9M$($^$9!#$=$l$rE,Ev$J?'$GEI$j$D$V

$7$^$7$g$&!#$3$N@5;03Q7A$N3FJU$NCfE@$r7k$9$S!"Cf?4$K@5;03Q7A$r$D$/$j$^$9!#$3$NCf?4$N;03Q

7A$r$b$H$N@5;03Q7A$+$i$/$jH4$-$^$9!#3 8D$N0lJU$ND9$5L=2 $N@5;03Q7A$,;D$j$^$9!#

;D$C$?$=$l$>$l$N@5;03Q7A$K$D$$$F!">e$HF1MM$K!"CfE@$r7k$V;03Q7A$r$/$jH4$/A`:n$r9T$$$^

$9!#$3$NA`:n$rL58B2s7+$jJV$7$??^7A$rSierpinski Gasket$H8F$S$^$9!#

0l2s$N$/$jH4$-A`:n$N$?$S$K!"IaDL$N0UL#$G$NLL@Q$,3=4 $K$J$j$^$9!#=>$C$F!"L58B2s$NA`:n$G

LL@Q$O%<%m$K$J$C$F$7$^$$$^$9!#$7$+$7!";D$C$F$$$k?^7A$,$"$j$^$9!#$D$^$j!"DL>o$NCf$,EI$j$D

$V$5$l$F$$$k$N$G$O$J$/!"$9$+$9$+$K7j$N$"$$$?JQ$J?^7A$,$G$-$"$,$j$^$9!#

G$0U$N<+A3?tn $KBP$7$F!">e5-$N?^7A$+$i0lJU$ND9$52� n L $N;03Q7A$r0l$D<h$j=P$7$^$9!#$9$k

$H!"$=$N??Cf$K0lJU$ND9$52� n � 1L $N7j$,$"$$$F$$$^$9!#$^$?!"3 $D$N0lJU$ND9$52� n � 1L $K$b$=

$l$>$l0lJU$ND9$52� n � 2L $N7j$,$"$j$^$9!#$3$NMM;R$O!"$I$s$Jn $rA*$s$G$bJQ$o$j$^$;$s!#$D$^

$j!":G=i$K8+;O$a$?D9$52� n L $K$h$j$^$;$s!#$3$N$h$&$K!"8+$kD9$5$rJQ$($F$_$F$b!"F1$89=B$$,

7+$jJV$78=$l$^$9!#$3$l$r%9%1!<%kITJQ@-(scale invariance)!"$I$N$h$&$J%9%1!<%k$G$bJQ$o$k;v

$,$J$$$3$H!"$H8F$S$^$9!#

$3$N$h$&$JF1$8$3$H$N7+$jJV$7$r%W%m%0%i%`$9$kJ}K!$N0l$D$,:F5"E*4X?t$NMxMQ$G$9!#:F5"E*4X

?t$N4JC1$J>l9g$H$7$F3,>h$r9M$($^$7$g$&!#<+A3?tn $N3,>h$O

n! = n � (n � 1) � � � � � 2 � 1
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$N$h$&$K$b=q$1$^$9!#$3$l$O$^$?!"

n! = n � (n � 1)!

$N$h$&$K!"3,>h<+?H$r;H$C$FDj5A$9$k$3$H$,$G$-$^$9!#$?$@$7!"

0! = 1

$H$$$&Dd;_>r7o$rIU$1$J$1$l$P$J$j$^$;$s!#

$3$N$h$&$K$"$k4X?t$,!"$=$N4X?t<+?H$rMQ$$$FDj5A$5$l$F$$$k>l9g$K!":F5"E*4X?t$H8F$S$^$9!#

:F5"E*4X?t$rDj5A$9$k>l9g$K$O!"I,$:Dd;_>r7o$,I,MW$G$G$"$k$3$H$KCm0U$7$^$9!#Dd;_>r7o$,L5$$

>l9g!"%W%m%0%i%`$OK=Av$7!"%3%s%T%e!<%?$N;q8;$r;H$$2L$?$7$^$9!#

13.2 Sierpinski %/%i%9

Sierpinski Gasket$rIA$/%/%i%9$N%W%m%0%i%`$r%W%m%0%i%`13.1.1$K<($7$^$9!#$3$l$^$G$N%W%m

%0%i%`$G$O!"paint %a%=%C%I$NCf$G!":n?^$rD>@\9T$C$F$-$^$7$?!#$3$NJ}K!$G$O!"%&%#%s%I%&$N=E

$M=g$,JQ99$K$J$C$?>l9g$J$I!":FIA2h$,I,MW$K$J$kEY$K:n?^$r9T$o$l$F$$$^$7$?!#:#2s$N%W%m%0%i

%`$G$O!"I=<($9$Y$-?^$rimage$H$7$F!"@8@.$7!"paint Fb$G$O!"C1$K$=$Nimage$rI=<($9$k$@$1

$K$7$F!":n?^$,0lEY$@$19T$o$l$k$h$&$K$7$F$$$^$9!#

?^$N=i4|2=$Oinit_image $G9T$o$l$^$9!#image$,GX7J?'$GEI$i$l$?8e!"Sierpinski Gasket$N0l

HV30B&$N@5;03Q7A$,Dj5A$5$l$^$9!#$3$NCJ3,$G$O!":n?^$O9T$o$l$F$$$^$;$s!#

<B:]$N:n?^$Oupdate_state $G9T$o$l$^$9!#7+$jJV$7$N:GBgCM$Ot $G$9!#<B:]$N:F5"4X?t$O

update_state_sub $K5-=R$5$l$F$$$^$9!#0z?t$O!"30B&$N@5;03Q7A$ND:E@$H!"7+$jJV$72s?t$G$9!#

7+$jJV$72s?t$,:GBgCML$K~$J$i$P!"FbIt$N;0$D$N;03Q7A$KBP$7$F!"7+$jJV$72s?t$r0l$DA}$d$7$F

:F5"8F$S=P$7$,9T$o$l$^$9!#7+$jJV$72s?t$,:GBgCM$H0lCW$9$k$H!"8=:_$N@5;03Q7A$rEI$j$D$V$7$^

$9!#@5;03Q7A$rIA$/%a%=%C%I$OdrawTriangle $G$9!#

%a%$%s$N%W%m%0%i%`$r%W%m%0%i%`13.2.1$K<($7$^$9!#7+$jJV$7$N>e8B$,JComboBox$r;H$C$?0l

Mw$+$iA*Br$G$-$k$h$&$K$J$C$F$$$^$9!#7+$jJV$7$N>e8B$rA*Br$9$k$?$S$K!"?7$7$$?^7A$,IA$+$l

$^$9!#
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Program 13.1.3 Sierpinski.java B3$-
/**
* :F5"E*$K:n?^$9$k
* @param p30B&$N;03Q7A$ND:E@
* @param n:F5"$N2s?t
*/

private void update_state_sub(Point2D.Double p[], int n) {
if (n < t) {

// FbIt$N#38D$N@5;03Q7A$r:F5"E*$K8F$V
subTriangle(p[0], mPoint(p[0], p[1]), mPoint(p[0], p[2] ), n);
subTriangle(mPoint(p[0], p[1]), p[1], mPoint(p[1], p[2] ), n);
subTriangle(mPoint(p[0], p[2]), mPoint(p[1], p[2]), p[2 ], n);

} else {
// <B:]$K;03Q7A$rIA$/
Graphics g = image.getGraphics();
drawTriangle(getForeground(), (Graphics2D) g, p);

}
}

/**
* FbIt$N;03Q7A
* @param t >e$ND:E@
* @param l :8$ND:E@
* @param r 1&$ND:E@
* @param n:F5"2s?t
*/

private void subTriangle(
Point2D.Double t, Point2D.Double l, Point2D.Double r, int n) {

Point2D.Double p[] = new Point2D.Double[3];
p[0] = new Point2D.Double(t.x, t.y);
p[1] = new Point2D.Double(l.x, l.y);
p[2] = new Point2D.Double(r.x, r.y);
update_state_sub(p, n + 1);// :F5"8F$S=P$7

}

/**
* CfE@$r5a$a$k
* @param pD:E@1
* @param qD:E@2
* @return Fs$D$ND:E@$NCfE@
*/

private Point2D.Double mPoint(Point2D.Double p, Point2D .Double q) {
return new Point2D.Double((p.x + q.x) / 2, (p.y + q.y) / 2);

}
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Program 13.1.4 Sierpinski.java B3$-
/**
* =i4|2=
* @param t 7+$jJV$72s?t
*/

public void setInit(
int t) {

this.t = t;
update_state();

}

/**
* IA2h
* $3$N%a%=%C%I$G<B:]$K?^7A$r:n$i$J$$!#C1$K%$%a!<%8$rI=<($9$k$3$H$KCm0U!#
*/

@Override
public void paint(Graphics g) {

super.paint(g);
if (image == null) {

return;
}
g.drawImage(image, 0, 0, imageSize.width, imageSize.hei ght, this);

}

/**
*0l$D$N@5;03Q7A$r:n$k
*@param g%0%i%U%#%C%/
*@param pD:E@
*/

private void drawTriangle(
Color cl, Graphics2D g, Point2D.Double p[]) {

g.setColor(cl);
java.awt.Polygon polygon = new java.awt.Polygon();
for (int i = 0; i < p.length; i++) {

polygon.addPoint((int) p[i].x, (int) p[i].y);
}
g.fillPolygon(polygon);

}
}
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Program 13.2.1 SierpinskiGasket.javanitComponents() $O>JN,$7$F$$$k
public class SierpinskiGasket extends javax.swing.JFram e {

/** Creates new form SierpinskiGasket */
public SierpinskiGasket() {

initComponents();
for (int i = 0; i < 10; i++) {

repeat.addItem(String.valueOf(i));
}
sierpinski.setInit(0);
pack();

}

private void repeatActionPerformed(java.awt.event.Act ionEvent evt) {
int t = repeat.getSelectedIndex();
sierpinski.setInit(t);
repaint();

}
}
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Bh14>O 3,AX2=$5$l$?%0%i%U%#%+%k%f!<%6%$
%s%?!<%U%'%$%9

14.1 %9%i%$%@!<

Program 14.1.1 SliderSample.javainitComponents() $O>JN,$7$F$$$k
public class SliderSample extends javax.swing.JApplet

implements javax.swing.event.ChangeListener{

/** Initializes the applet SliderSample */
public void init() {

try {
java.awt.EventQueue.invokeAndWait(new Runnable() {

public void run() {
initComponents();

}
});

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

}
//slider $NJQ49$N%$%Y%s%H$rEPO?$9$k
slider.addChangeListener(this);

}

public void stateChanged(javax.swing.event.ChangeEven t e) {
label.setText(String.valueOf(slider.getValue()));
repaint();

}

GUI (Graphical User Interface) $N0l$D$H$7$F!"%9%i%$%@!<$r9M$($^$7$g$&!#$3$l$O!"%^%&%9$G

%9%i%$%I%P!<$rA`:n$9$k$3$H$G!"?tCM$rF~NO$9$k%$%s%?!<%U%'%$%9$G$9!#Nc$r?^14.1.1$K<($7$^

$9!#%9%i%$%@!<$GA*Br$7$??tCM$,I=<($5$l$^$9!#

%W%m%0%i%`14.1.1$,$=$N%=!<%9$G$9!#JSlider $GH/@8$9$k%$%Y%s%H$r=&$&$?$a$K!"%$%s%?!<%U%'

%$%9javax.swing.event.ChangeListener $r%"%W%l%C%H$KDI2C$7$^$9!#<!$K!"%9%i%$%@!<$N%$%s

%9%?%s%9slider | $KBP$7$F!"%$%s%?!<%U%'%$%9$rEPO?$7$^$9!#

slider.addChangeListener(this);

%9%i%$%@!<$GH/@8$7$?%$%Y%s%H$KBP1~$9$kF0:n$O%a%=%C%IstateChanged $G5-=R$7$^$9!#
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?^ 14.1.1: JSlider$NNc

public void stateChanged(javax.swing.event.ChangeEven t e) {

label.setText(String.valueOf(slider.getValue()));

repaint();

}

$3$N$h$&$K!"%9%i%$%@!<$r;H$C$?GUI $N9=C[$O

� %$%s%?!<%U%'%$%9$NEPO?

� %9%i%$%@!<$X$N%$%s%?!<%U%'%$%9DI2C

� %$%Y%s%H$KBP1~$7$?F0:n$N5-=R

$N3 CJ3,$G$9!#

$3$l$O!"NetBeans$NGUI $+$i$b9T$&;v$,$G$-$^$9!#<!$N@a$G!"%9%i%$%@!<$NAH$N>uBVJQ2=$rD4

$Y$kI,MW$,$"$j$^$9!#$=$3$G!"GUI $r;H$o$:$K%9%i%$%@!<$N07$$$r$^$H$a$F$*$-$^$7$?!#

14.2 RGB %+%i!<$r@)8f$9$k

B?$/$NGUI 4D6-$HF1MM$K!"Java $G$b?'$ORGB (Red Green Blue) $N3 ?'$G;XDj$9$k$3$H$,$G

$-$^$9!#$=$l$>$l$N@.J,$O0 $+$i 255 $^$G$N@0?t$G;XDj$7$^$9!#$=$l$>$l$N@.J,$r%9%i%$%@!<$G

@_Dj$9$k$3$H$K$7$^$9!#

0 $+$i 255 $^$G$NCM$r@_Dj$G$-$k3 $D$N%9%i%$%@!<$r:n$j!"%$%Y%s%H$,5/$3$k$?$S$K$=$l$>$l

$+$i$NCM$rFI$_=P$9$3$H$G!"$=$&$7$?F0$-$r$9$k%"%W%l%C%H$r:n$k$3$H$O2DG=$G$9!#$7$+$7!"$3$3

$G$O!"3 $D$N%9%i%$%@!<$r0l$D$N%9%i%$%@!<$N$h$&$K07$&$3$H$r9M$($^$9!#A4BN$N9=@.$r?^14.2.1

$K<($7$^$9!#

$^$:!" 3 $D$N%9%i%$%@!<$r;H$C$F!"?'@.J,$r@_Dj$9$k%/%i%9RGBColor$r:n$j$^$9!#$3$N%/%i%9

$O!"JPanel Fb$K3F?'@.J,$NL>>N$rI=$9%i%Y%k(JLabel ) $H%9%i%$%@!<(JSlider ) $,$=$l$>$l 3 $D

$:$DF~$C$F$$$^$9!#G[CV$K$O%0%j%C%I%l%$%"%&%H(GridLayout ) $,;H$o$l$F$$$^$9!#3F%9%i%$%@!<

$OCM$NHO0O$r0 $+$i 255 $H$7$^$9!#$3$l$i$N@_Dj$O!"IDE $N%U%)!<%`%(%G%#%?$G9T$$$^$9!#

3F%9%i%$%@!<$GH/@8$9$k%$%Y%s%Hjavax.swing.event.ChangeEvent $KBP1~$7$?%a%=%C%I$r

colorStateChanged $K5-=R$7$^$9!#$I$N?'$,JQ$o$C$F$b!"0l$D$N%a%=%C%I$,8F$P$l$^$9!#
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?^ 14.2.1: RGB %+%i!<$r@)8f$9$k$?$a$N%7%9%F%`35MW

$3$N%a%=%C%I$NCf$G!"$=$l$>$l$N%9%i%$%@!<$+$i?tCM$rFI$_(getValue() )!"?' (rgb ) $H@.J,$r

I=$9J8;zNs (rgbvalue ) $r@8@.$7$^$9!#

%9%i%$%@!<$K$O!"?tCM$,JQ99$K$J$C$?:]$K$=$N%$%Y%s%H$rEA$($k$?$a$N%j%9%J!<$rDj5A$9$k$3

$H$,$G$-$^$9!#$$$^:n@.$7$F$$$k%/%i%9$K$bF1Ey$N5!G=$r;}$?$;$k$3$H$G!"3 $D$N%9%i%$%@!<$r

0l$D$N$h$&$K8+$;$^$7$g$&!#$=$N$?$a$K!"%j%9%J!<(javax.swing.event.ChangeListener ) $rEP

O?$9$k$3$H$K$7$^$9!#%j%9%J!<$rJ];}$9$kJQ?tlistener $rDj5A$9$k$H$H$b$K!"EPO?MQ%a%=%C%I

addChangeListener $r:n@.$7$^$9!#

%9%i%$%@!<$NCM$,JQ99$K$J$C$?:]$K$O!"$3$N%j%9%J!<$K%$%Y%s%H$rEA$($^$9!#$3$N%$%Y%s%H$KBP

$7$F$I$N$h$&$KH?1~$9$k$+$ODj5A$7$^$;$s!#

99$K!"$3$N%/%i%9$+$i!":#$N?'>pJs$rF@$k$?$a$K!"Fs$D$N%a%=%C%Igetrgb() $HtoString() $r

MQ0U$7$^$9!#

public java.awt.Color getrgb() {

return rgb;

}

@Override

public String toString() {

return rgbvalue;

}
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?^ 14.3.1: ColorSample

14.3 RGBColor $r;H$&

A0@a$GDj5A$7$?%/%i%9RGBColor$O!"%9%i%$%@!<$N$h$&$K;H$&$3$H$,2DG=$G$9!#%a%$%s$N%"%W

%l%C%H$r%W%m%0%i%`14.3.1$K<($7$^$9!#$^$?I=<(Nc$r?^14.3.1$K<($7$^$9!#

%/%i%9RGBColor$N%$%s%9%?%s%9rgbColor $K%j%9%J!<$,DI2C$5$l$^$9!#

rgbColor.addChangeListener(this);

$3$l$KBP1~$7$?%a%=%C%I$,Dj5A$5$l$^$9!#

public void stateChanged(javax.swing.event.ChangeEven t e) {

colorLabel.setText(rgbColor.toString());

colorLabel.setBackground(rgbColor.getrgb());

repaint();

}
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Program 14.2.1 RGBColor.java initComponents() $O>JN,$7$F$$$k
import javax.swing.event.ChangeListener;
public class RGBColor extends javax.swing.JPanel {

private java.awt.Color rgb;
private String rgbvalue;
private ChangeListener listener;

/** Creates new form RGBColor */
public RGBColor() {

initComponents();
}

private void colorStateChanged(javax.swing.event.Chan geEvent evt) {/
rgb = new java.awt.Color(r.getValue(), g.getValue(), b.g etValue());
rgbvalue = "[" + String.valueOf(r.getValue()) + "," +

String.valueOf(g.getValue()) + "," +
String.valueOf(b.getValue()) + "]" + "(#" +
Integer.toHexString(r.getValue()) +
Integer.toHexString(g.getValue()) +
Integer.toHexString(b.getValue()) +
")";

if (listener != null) {
listener.stateChanged(evt);

}
}

public void addChangeListener(javax.swing.event.Chang eListener listener) {
this.listener = listener;

}

public java.awt.Color getrgb() {
return rgb;

}

@Override
public String toString() {

return rgbvalue;
}

}
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Program 14.3.1 ColorSample.javainitComponents() $O>JN,$7$F$$$k
public class ColorSample extends javax.swing.JApplet

implements javax.swing.event.ChangeListener{
/** Initializes the applet ColorSample */
@Override
public void init() {

try {
java.awt.EventQueue.invokeAndWait(new Runnable() {

@Override
public void run() {

initComponents();
}

});
} catch (Exception ex) {

ex.printStackTrace();
}
rgbColor.addChangeListener(this);

}

@Override
public void stateChanged(javax.swing.event.ChangeEven t e) {

colorLabel.setText(rgbColor.toString());
colorLabel.setBackground(rgbColor.getrgb());
repaint();

}
}
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15.1 %;%k%*!<%H%^%H%s

:G8e$K!"4JC1$J%7%_%e%l!<%7%g%s%W%m%0%i%`$r:n$j$^$7$g$&!#$3$3$G$O!"%;%k%*!<%H%^%H%s(Cellular

Automaton) $N%7%_%e%l!<%7%g%s$r07$$$^$9!#

%;%k%*!<%H%^%H%s$O!"J#;($J%Q%?!<%s$N@8@.$r4JC1$JBe?tK!B'$G:n$k$3$H$,=PMh$k%b%G%k$G$9!#

6u4VE*;~4VE*$KN%;6$J5,B'$r5-=R$9$k$?$a!"MM!9$J>u67$r4JC1$K%b%G%k2=$9$k$3$H$,$G$-$^$9!#$=

$N$?$a!"<+A32J3X!"9)3X!"<R2q2J3X$J$I9-$$J,Ln$GMxMQ$5$l$F$$$^$9!#

$3$3$G$O!"$b$C$H$b4JC1$J%;%k%*!<%H%^%H%s$r07$$$^$9!#1 <!85$N3J;R$r9M$($^$9!#3F3J;RE@$O

f 0; 1; : : : ; k � 1g $NCM$r<h$k$H$7$^$9!#3F;~9o$G!"3F3J;R$NCMsi (i $O3J;R$NHV9f) $O!"D>A0$N;~9o

$N$=$N3J;R$NCM$H!"5wN%r $NHO0O$N3J;R$NCM$G7W;;$5$l$k$H$7$^$9!#

si (t + 1) = F (si � r (t); si � r +1 (t); : : : ; si (t); : : : ; si + r (t)) (15.1.1)

A4$F$N3J;R$NCM$OF1;~$K99?7$5$l$^$9!#

$b$C$H$b4JC1$J>l9g!"k = 2 $+$Dr = 1 $N>l9g$r9M$($^$9!#$D$^$j!"3F3J;R$O0 $^$?$O1 $rCM$H

$7$F<h$j!"NY@\$9$k3J;R$H<+J,$H$NCM$K$h$C$F<!$N;~9o$NCM$r7hDj$7$^$9!#$3$N$h$&$J%;%k%*!<%H

%^%H%s$O!"S. Wolfram $K$h$C$F4pK\%;%k%*!<%H%^%H%s$HL>IU$1$i$l!">\:Y$K8&5f$5$l$^$7$?!#

>uBVJQ995,B'$O!"NY@\$9$k3J;R$H<+J,$H$NCM$N3 8D$N0 $^$?$O1 $NAH$KBP$7$F!"0 $^$?$O1 $r3d

$j?6$k$3$H$G5-=R$5$l$^$9!#NY@\$9$k3J;R$H<+J,$H$NCM$N3 8D$N0 $^$?$O1 $NAH$r2 ?J?t$H9M$(

$k$H!"8 <oN`$N@0?t$KBP1~$7$^$9!#8 8D$N@0?t$K0 $^$?$O1 $r3d$j?6$k$N$G!"28 = 256 DL$j$N3d$j

?6$jJ}$,$"$j$^$9!#$3$N 2568D$N3d$j?6$jJ}$r5,B'$NHV9f$H8F$V$3$H$K$7$^$9!#

Nc$($P8rDL=BBZ$N%b%G%k$K;H$o$l$k184$H$$$&5,B'$r9M$($^$9!#184$r 2 ?JI=8=$7$^$9!#

184 = (10111000)2 (15.1.2)

$3$l$O!"<!$N$h$&$J5,B'$H$7$F9M$($^$9!#
 

000

0
;

001

0
;

010

0
;

011

1
;

100

1
;

101

1
;

110

0
;

111

1

!

(15.1.3)

>e$NCJ$OD>A0$NNY@\3J;R$H<+J,$N>uBV!"2<$NCJ$O<!$N;~9o$G$N>uBV$rI=$7$^$9!#

:#2s$O!"10?J?t$N?tCM$rM?$($k$H!"0 $H1 $,$G$?$i$a$K$J$C$?=i4|>uBV$+$i!"7O$N>uBV$,H/E8$9

$kMM;R$r%7%_%e%l!<%7%g%s$7$^$7$g$&!#
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15.2 CAdef %/%i%9

%;%k%*!<%H%^%H%s$N%/%i%9$rDj5A$9$kJava %W%m%0%i%`$r%W%m%0%i%`15.2.1$K<($7$^$9!#$3$N%/

%i%9$G$O!"%;%k%*!<%H%^%H%s$NF0:n$rDj5A$9$k$HF1;~$K!"JPanel$K>uBV$rI=<($7$^$9!#

Program 15.2.1 CAdef.java
import java.awt.*;

public class CAdef extends javax.swing.JPanel {
private int t;
private int rule[]=new int[8];// >uBV99?75,B'$NG[Ns
final private int s=2; // %5%$%H$NBg$-$5
final private int n=300; // 7O$N%5%$%:
final private int tmax=200; // ;~4V$N>e8B
private int site[];
private int sited[];
private Dimension imageSize;
private java.awt.Image image=null;

/** Creates new form CAdef */
public CAdef() {

initComponents();
site=new int[n];
sited=new int[n];
imageSize = new Dimension(500,500);
setPreferredSize(imageSize);
clear();

}

private void cainit(){// =i4|>uBV@8@.
for(int i=0;i<n;i++){site[i]=(int)(2*Math.random()); }

}

public void clear(){
image=this.createImage(imageSize.width,imageSize.he ight);
if(image==null){

System.out.println("null image");return;
}
Graphics g=image.getGraphics();
g.setColor(getBackground());
g.fillRect(0,0,imageSize.width,imageSize.height);
t=0;

}

%/%i%9Dj5A$N;O$a$K$"$k

final private int s=2; // %5%$%H$NBg$-$5

final private int n=300; // 7O$N%5%$%:

final private int tmax=200; // ;~4V$N>e8B

$O3F>uBV$NI=<($r2 %T%/%;%k$N@5J}7A$GI=$9$3$H!"3J;R$NAm?t$,300$G$"$k$3$H!"5Z$S200 2s$N

99?7$G0l2hLL$H$9$k$3$H$rDj5A$7$F$$$^$9!#%-!<%o!<%Ifinal $O!"$3$l$i$,Dj?t$G$"$k$3$H$r<(
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$7$F$$$^$9!#$J$*!"7O$N:81&$NN>C<$O7R$,$C$F$$$F!"NX$K$J$C$F$$$^$9!#$3$N$h$&$J6-3&$r<~4|6-

3&(periodic boundary) $H8F$S$^$9!#

10?J?t$GM?$($i$l$?99?75,B'$O%a%=%C%Imkrule $K$h$C$F!"Bg$-$58 $NG[Ns$K0 $H1 $rF~$l$k

$3$H$GJ]B8$5$l$^$9!#$^$?!"5,B'$NJQ99$Ochrule $K$h$C$F9T$o$l$^$9!#

>uBV$N99?7$O!"$3$N%/%i%9$N%*%V%8%'%/%H$KBP$7$Fupdatestate $r9T$&$3$H$G6nF0$5$l$^$9!#

updatestate $G$O!">uBV99?7$N8e!"image$X?^$r:n@.$7$^$9!#

15.3 WolframCA %/%i%9

%W%m%0%i%`15.3.1$K!"%;%k%*!<%H%^%H%s$N%7%_%e%l!<%7%g%s$r9T$&%a%$%s$NItJ,$r<($9!#

%"%W%l%C%H$N=i4|2=(init ) $K$*$$$F!"%9%?!<%H5Z$S%9%H%C%W$r9T$&%\%?%s!">uBVJQ995,B'$r9T

$&%A%g%$%95Z$S8=:_A*Br$5$l$F$$$k>uBV$r<($9%i%Y%k$r@8@.$7$^$9!#

<B:]$K%7%_%e%l!<%7%g%s$r9T$&>l9g!"%7%_%e%l!<%7%g%s$NESCf$GDd;_$5$;$?$j!":F3+$5$;$kI,MW

$,$"$k>l9g$,$"$j$^$9!#$=$N>l9g$K$O!"$3$3$G$N%W%m%0%i%`$N$h$&$K!"%9%l%C%I$H$7$F%7%_%e%l!<

%7%g%s$rJL$K<B9T$9$k$h$&$K$7$^$9!#<B9TNc$r?^15.3.1$K<($9!#

?^ 15.3.1: Wolfram $N%;%k%*!<%H%^%H%s
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Program 15.2.2 CAdef.java $NB3$-
public void updatestate(){

System.out.println(t);
int in = 4*site[n-1]+2*site[0]+site[1];
sited[0]=rule[in];
for(int i=1;i<n-1;i++){

in = 4*site[i-1]+2*site[i]+site[i+1];
sited[i]=rule[in];

}
in = 4*site[n-2]+2*site[n-1]+site[0];
sited[n-1]=rule[in];
for(int i=0;i<n;i++)site[i]=sited[i];
if(image!=null){

Graphics g=image.getGraphics();
g.setColor(getForeground());
for(int i=0;i<n;i++)

if(site[i]==1)
g.fillRect(s*i,s*t,s,s);

}
t++;
t=t%tmax;
if(t==0)clear();

}
private void mkrule(int r){// >uBVJQ995,B'@8@.

int m;
for(int i=0;i<8;i++)rule[i]=0;
int i=0;
while(r!=0){

m=r%2;
rule[i]=m;
r=r/2; i++;

}
}

public void paint(Graphics g){
super.paint(g);
if(image==null)return;
g.drawImage(image,0,0,imageSize.width,imageSize.hei ght,this);

}

public void initialize(){t=0;}

public void chrule(int r){
mkrule(r); t=0; cainit();

}

private void initComponents() {
setLayout(new java.awt.BorderLayout());

setBackground(new java.awt.Color(204, 255, 255));
setForeground(new java.awt.Color(255, 0, 0));

}
}
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Program 15.3.1 WolframCA.java
/*
* WolframCA.java
*
* Created on 2005/01/12, 18:13
*/

import java.awt.*;
/**
*
* @author tadaki
*/

public class WolframCA extends javax.swing.JApplet
implements Runnable{

private Thread runner;
private int rr=90;
private boolean started=false;
private CAdef ca;
/** Initializes the applet WolframCA */
public void init() {

try {
java.awt.EventQueue.invokeAndWait(new Runnable() {

public void run() {
initComponents();

}
});

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

}
ca=new CAdef();
ca.setVisible(true);
getContentPane().add(ca, java.awt.BorderLayout.CENTE R);
MkRules();

}
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Program 15.3.2 WolframCA.java B3$-
public void start(){

if(runner==null){
runner=new Thread(this);runner.start();

}
}

public void stop(){
runner=null;

}
public void run() {

while(true){
if(started)ca.updatestate();
repaint();
try {Thread.sleep(50);}
catch (InterruptedException e){}

}
}

private void MkRules(){// >uBVJQ995,B'$NA*Br
for(int i=1;i<256;i++){

ruleChoice.addItem(String.valueOf(i));
}
rr=90;
ruleChoice.setSelectedIndex(rr-1);
ca.chrule(rr);
ca.clear();

}

private void ruleChoiceActionPerformed(java.awt.event .ActionEvent evt) {/
rr=ruleChoice.getSelectedIndex()+1;

}

private void stopActionPerformed(java.awt.event.Actio nEvent evt) {]
started=false;
stop();

}

private void startActionPerformed(java.awt.event.Acti onEvent evt) {
ca.chrule(rr);
ca.clear();
started=true;
start();

}
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Program 15.3.3 WolframCA.java B3$-2
private void initComponents() {

jPanel1 = new javax.swing.JPanel();
start = new javax.swing.JButton();
stop = new javax.swing.JButton();
ruleChoice = new javax.swing.JComboBox();

jPanel1.setBackground(new java.awt.Color(204, 255, 204 ));
start.setBackground(new java.awt.Color(0, 255, 204));
start.setText("START");
start.addActionListener(new java.awt.event.ActionLis tener() {

public void actionPerformed(java.awt.event.ActionEven t evt) {
startActionPerformed(evt);

}
});

jPanel1.add(start);

stop.setBackground(new java.awt.Color(0, 255, 204));
stop.setText("STOP");
stop.addActionListener(new java.awt.event.ActionList ener() {

public void actionPerformed(java.awt.event.ActionEven t evt) {
stopActionPerformed(evt);

}
});

jPanel1.add(stop);

ruleChoice.setBackground(new java.awt.Color(0, 255, 20 4));
ruleChoice.addActionListener(new java.awt.event.Acti onListener() {

public void actionPerformed(java.awt.event.ActionEven t evt) {
ruleChoiceActionPerformed(evt);

}
});

jPanel1.add(ruleChoice);

getContentPane().add(jPanel1, java.awt.BorderLayout. NORTH);

}

private javax.swing.JPanel jPanel1;
private javax.swing.JComboBox ruleChoice;
private javax.swing.JButton start;
private javax.swing.JButton stop;

}


