F6xE AL v R

COETIH, ALY FEWHIBEEERN, ALy FRIRABEOLWRTH
%, BlzldJavaGUI 77— a>miBs. ALY REAVWEY 7oA —
aYERRTES, 3/ ALY RERxY =27 005320 %F BRI
LBADBMRITH 5,

GUI 7 7) 7= 2 > ® paintComponent % D A Vv K, H 5\ GUI FR&ED
a— /Ny 7 Ay K (mouseClicked, keyPressed, actionPerformed % ¥") | A
R MIE>THFUEINDE, SNLEDAY Y RAETINTWEREIIE, 77
V=2 a3 LEBEET I L0TERY, TDRH, TNLEDAY YR
BT CICRITERABRENH S, T A—2a Ry —LDELI@ASHD
BEVH LT T —3 3 >ld. mouseClicked X paintComponent X Vv RIZ%
NABEBHZTRTEILETERY, AV DHETCT TV r—Ya>ond
N> PRIBYRBFIC, SNSORBEITRORITHIER SR,

HNLHRAVEL—FI—DNEBEITLOEMY (thread, b b rm
BRIZ'AR) W) (BEHICVAIE, ZEOER. 707505 ERTL
TWVWBH, YDLEIBRAYY FOYIHLFUVEINEAREDIER (Tos
SLHhI>I—%BLCPUDLIYRI—, BLURIYIREDER) Ok
Thb, ). 2FY, 7=A—2a>®y—LOGUI 7T r—Ya>IidR Ly
REEHSLEYT S ( . mutli-thread) . CPU %Y1 D L A%\ 2
YEA—F—TId, RIS ALY FEEVERTYYEZ TEITL, E1TIC
EITINTWELIITERENIT S, CPUNERBEHIE. ALY FER <D
CPU IZEIY BT TRIBET TS 2LHAETH %,

B ¥ 2 L R EhER

R#Td L ZLw R
|

! +-———+
|

TITIE Java THILWRL Y FEERLRITT 500 HEEFES
6.1 XL v FOERK L ET

ALYy FEERT B7DICIF, TOHLWAL Y FRERITTEAV Y RERE
LTk shw, TDAY Y FOLRENE Java Tl run LW D E3 I - B Y
BRLDAYY RETEZHd%RE > T3, runld. Runnable 1 > 9 7 = —
2ZDAYY RTH5B,

R & S5 % BB A FTIE MyRunnable 7 5 X% Runnable 1 > 9 7 = — XA % %
LTW3, 2FY,. runEWIHIAXAYY REHE>T\W5,



run AV ROFREIZEMLHADEYIRL T, BYRLDRPT
Thread.sleep Y W) XAV Yy RE %ML AT 10 I V#ES (BiTxkdH3) .

7 7 4 IL%: ThreadTest java

class MyRunnable implements Runnable {
String name;
MyRunnable(String n) {
name = n;

public void run() {
int 1i;
for (i =0; i < 10; i++) {
try {
Thread.sleep(10); // 10= UM EKH
} catch (InterruptedException e) {3}
System.out.printf("%s: %d, ", name, i);

3
b

public class ThreadTest {

public static void main(String[] args) {
Thread ta = new Thread(new MyRunnable(
Thread tb = new Thread(new MyRunnable(
Thread tc = new Thread(new MyRunnable(
ta.start();
tb.startQ);
tc.startQ;

!

"A"));
HBII));
"c"));

n

~n

ThreadTest 7 5 X2 main BEH»HY. TITTRAL vy FE4ERKL T35, Thread
NDIAYALF79—D3|8 I Runnable 2 BE L TV 34 EH»H S, new BEF
TThread 2 7Yz 7 bE4ARLTAL Y FEHEK (0F Y ETEEMH) L. 2
D Thread 7 7V 27 bD start A VY FEFUVHE LT, ERBIZZAL Y FOEIT
*HBT 5,

Tk, 20775 LDETHTH S, EAL Y RHOLITICEITINTWSZ
Yoo s, (LBE3ALZALY RPIYELEIAIVTITE->T, Zhnhlr
B EH B2 rdbH5, )

A: @, A2 1, B: @, A: 2, A 3, B: 1, A 4, C: @, A: 5, B: 2, A: 6, A 7
B: 3, A: 8, C: 1, A: 9, B: 4, B: 5, B: 6, C: 2, B: 7, C: 3, B: 8, C: 4
B: 9, C:5 C:6,C:7,C:8, C:9,

62AL Y FZFALEZGUI 7Ty — 3>

1% 6.21 <5< 383
BIIXFANHIEANLEELLLAITOBEELZAL Y FEFIBALEGUI 7 7Y —Y
a>THs,

7 7 4 JLGuruguru.java
import java.awt.*;
import javax.swing.x;

public class Guruguru extends JPanel implements Runnable {
private int r = 50;

private volatile int x = 110, y = 70 ;
private double theta = 0; // AE
private volatile Thread thread = null;
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public Guruguru() {
setPreferredSize(new Dimension(200, 180));
JButton startBtn = new JButton("start”);
startBtn.addActionListener(e -> startThread());
JButton stopBtn = new JButton(”stop”);
stopBtn.addActionListener(e -> stopThread());
setLayout(new FlowLayout());
add(startBtn); add(stopBtn);

) startThread();

private void startThread() {
if (thread == null) {
thread = new Thread(this);
thread.start();
3
}

private void stopThread() {
thread = null;

@verride

public void paintComponent(Graphics g) {
super.paintComponent(g); // A —/V—72 2 XD paintComponent
/! ERZTEEBTED DINT,
g.drawString("Hello, World!”, x, y);

4 T8 D implements Runnable |Z3EET %, Z#1T Guruguru 7 2 XA run ¥\
IBRINDAY Y REFHFS>TWBZ L. EFET %, paintComponent X Vv RILEE
12 (x, y) < "Hello, World!" ¥t £ ¥ 513 TH %,

DY 5 RF thread ¥\ Thread D 7 4 —IL R > T\ %, thread D)
HAMEIE null TH B, null ld, KRERNDAT TV 7 bEETE (CEEND NULL
ISHBE T %) T, thread ICRAMIEBEH®RDOH HEHNEY HTLoNTW R WIS
=Y. /=, volatile t W IHIEEHFIZ. ALY KT —ILFDFvvIa
(B aE—) 2E5RVWEIIERT2BE0'H %, TNICL->TRL
VR (B Ly FICL > TEEINLLE LNRWY) 74 —IL FORHFOD
B 8BT 52 2RAT 5,

ALy FIEZo7 7)) r—> 3 >Tld startThread A Vv FRTER TIN5,
Thread DAY A 57 9 —D5|8It. ZDIFAEIL this— 2 F Y Guruguru? 5
ANFATV 7 FEGTHSB, (EEHICE, TNIEEED run AV Y FEiE
¥, ) thread AKX L 7=%. 2D thread M start A Vv FE#EL TAL v
FOEITERY—FLTW3,

stopThread X Vv Fld, ALY FOEITX21UEDHEE-HDAY Y FTH 5,
RIS run AV FIRDE I ITERZINT WS,

7 7 4 JLGuruguru.java

public void run() {

Thread thisThread = Thread.currentThread();

for (; thread == thisThread; theta += 0.02) {
x = 60 + (int)(r * Math.cos(theta)); y = 100 - (int)(r
repa{int(); // paintComponent % B3EAYICMEHE S
try

Thread.sleep(30); // 30 =)W EHKRHA

} catch (InterruptedException e) {3}
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3
public static void main(String[] args) { /¥ B *x/ }

Thread 7 5 AN 7 5 XA v K currentThreadld. 2N AV v FEETLTW
2Ly F%RT, ZOBFEATIE, 74— LK thread tALA TV 27 bHiR
23 TH 5,

ERRICZAL Y ROYEITTEAY YR (run AV Y F) DIL—TDEHR thread
== thisThread Z&FIZB A %4%, stopThread X Vv RKIZL - T, thread D&
DUl ICEBEINZ L, 2OL—TEHRTL, ALy FEAKRLERTT S, 20
LIRFETALY FEBLETESZLIIILTEL DY —BHTHZ, L—7
DETE., x L yDELXFHEL THERBET % X Thread.sleep *™FA T30 3 )
MR =793, Thread.sleep |& InterruptedException ¥ \* 3 sk 2#22 ¢
TAREMEDH D (ZOHEAILEIEFT E) OTAY % try ~ catch THATW 3,

GU 7745 —2a>TARLYy REES =123, AE

e run AVYREEHRT S, AVY FAIZ, BEIL Thread D7 4 —IL K
OEEZ UL IZEET 2 0I2E->T, ALY REEBELETESZ LI RIL—
TIZLTEL,

e 7 5 X implements Runnable ZAf|FH0A %,

e Thread D7 4 =L F (FHAE null) Z3EmMT 5,

e IVAKLZSI7I—RRYETALY FEEKT 5,
NLHIT 5,

Q 6.2.2 TextAnimationjava &, XFFH» A0 SHICHENL. GindE THETH
. BUEROLHENET7 A -2 aiEFRT 5,
TextAnimation.java & EA < € &,

7 7 1 JL TextAnimation.java

import java.awt.*;
import javax.swing.x;
public class TextAnimation extends JPanel {

private int x = 100;
private volatile Thread thread = null;

public TextAnimation() {
setPreferredSize(new Dimension(200, 150));
JButton startBtn = new JButton(”start”);
startBtn.addActionListener(e -> startThread());
JButton stopBtn = new JButton("stop");
stopBtn.addActionListener(e -> stopThread());
setlLayout(new FlowLayout());
add(startBtn); add(stopBtn);

) startThread();

// startThread, stopThread (& Guruguru &[G L
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@Override

public void paintComponent(Graphics g) {
super.paintComponent(g); // A —/¥—72 7 A® paintComponent %!
// EETERBTEDDIRT,

) g.drawString("Hello, World!”, x, 100);

public void run() {
Thread thisThread = Thread.currentThread();
while ( ) {
X += 5;
if (x >200) { x =0; }

try {
Thread.sleep(100); // 100 = )&k
} catch (InterruptedException e) {3}

}
// main XV v RIZEBK

Q6.23run AV Y FES LR LTERT %L 512, Gurugurujava % & S
Z o

7 7 4 JL Guruguru.java

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

public class Guruguru {
private int r = 50, x = 110, y = 70;
private double theta = 0; // AE
private volatile Thread thread = null;

/) AV ATV —-EmmON-Ta > EEL

private void startThread() {
if (thread == null) {
thread = new Thread( {
/¥ TTD/N—=3 2D run XYV Y ROFRHEREL */
1);
thread.start();

- // stopThread, paintComponent, main |FTxD/N—>2 3> FL

f16.24 (EY)Y—FK?)
AN EERERTHROICE N T L TAGDREICRN DD - /-8, BkiiR2 L H 7% GUI 7
7°|) /T—:/E \/%%lj-o

6.3 SwingUtilities.invokelLater

COTFRAMTHBMLTVWSBGUI 51475 =D Swing I, ¥ >Z7ILILy K
T77€RF 5L IR ENTEY .. paintComponent X° actionPerformed M
LA RY D SBBEINE AV Y FOIXL Y K95 GUI ATV 7 boik
BERE - ZTELRITNENITRY, CWIHHIRI DS, T, BIER
LERLY RO 5 Swing DAYy REFUHT L 51,
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SwingUtilities.invokeLater X Vv R%&MFEW, A X2 bF a2 —IZREERITA
ATEE, HLTSWingDAL Y FIZREBLTHS)., LWIFEERS,
SwingUtilities.invokeLater X ¥ KIZlZ, Runnable DF 7V 27 F%2ET,

7 7 4 JLDenko.java

import java.awt.*;
import javax.swing.x;

public class Penko extends JPanel implements Runnable {
private JLabel label;
private volatile Thread thread = null;
private String msg = "©123456789ABCDEF ",

public Penko() {
label = new JLabel(msg);
add(label);
JButton startBtn = new JButton(”start”);
startBtn.addActionListener(e -> startThread());
JButton stopBtn = new JButton(”stop”);
stopBtn.addActionListener(e -> stopThread());
setLayout(new FlowLayout());
add(startBtn); add(stopBtn);

) startThread();

private void startThread() {
if (thread == null) {
thread = new Thread(this);
thread.start();

b

private void stopThread() {
thread = null;

public void run() {
Thread thisThread = Thread.currentThread();
for (int i = @; thread == thisThread; i = (i + 1) % msg.length!
String str = msg.substring(i) + msg.substring(e, i);
SwingUtilities.invokeLater(() -> label.setText(str));
try {
Thread.sleep(100); // 100 = UM E KA
} catch (InterruptedException e) {3}
3
}

public static void main(String[] args) { /x &EE *x/ }

B, repaint X Vv R, SwingUtilities.invokeLater ¥ BRI L &L H T4 N>
FFa—%FAT B8, repaint() HMEEH LI,

SwingUtilities.invokeLater D HIZAMN S EIZ#\, FlZ 1L, Guruguru 7 5
23 SwingUtilities.invokelLater X Vv K& {F > T iy,

64XL vy FEFIALETOTS L

B8 6.41 Y —F 14 > T DIEEAL
7 7 4 JLBubbleSort1.java (ZD 1)

import java.awt.*;
import javax.swing.x;

public class BubbleSort1 extends JPanel implements Runnable {
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private int[] args = new int[12];

private final Color[] cs = {Color.RED, Color.ORANGE, Color.GREEN,
private volatile Thread thread = null;

private int i, j;

public BubbleSort1() {
setPreferredSize(new Dimension(320, 250));
startThread();

private void startThread() {
if (thread == null) {
thread = new Thread(this);
thread.start();

ZHIUI/NTILY — b (bubble sort) ¥ NS FILTY XL ®xBEALLEZDNT
%%O

7 7 4 JLBubbleSort1.java (Z® 2)

@override
public void paintComponent(Graphics g) {
int k;
super.paintComponent(g);
g.setColor(Color.YELLOW);
g.filloval(5, 50 + j * 10, 10, 10);
g.setColor(Color.CYAN);
g.filloval(s, 50 + i * 10, 10, 10);
for (k = 0; k < args.length; k++) {
g.setColor(cslk % cs.lengthl);
g.fillRect(20, 50 + k * 10, args[k] * 5, 10);

paintComponent H #2757 (& 3 & Graph.java) DELIZY A YRLTH
%,

BRI LB THMELT XYy FEREL TEL,

7 7 4 JLBubbleSort1.java (Z® 3)

private void prepareRandomPata() {
int len = args.length;
for (int k = 0; k < len; k++) {
args[k] = (int)(Math.random() * len * 4); // EHQXEHHDEL:

run AV Y FORIZERZNTILY = b T7ILTY) ILEN, T—IDRTY T %
L%, Bi#EL A LEES LS ITHS>TWVWS,

7 7 4 JLBubbleSort1.java (Z® 4)

public void run() {
while (true) {
prepareRandombata(); \
/0 ONTILY — b7 ILT) X
for (i = 0; i < args.length - 1; i++) {
for (j = args.length - 1; j > i; j--) {
if (args[j - 11 > argsljD) { // XT v FP3T 5,
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int tmp = args[j - 11];

args[j - 1] = args[j];

args[j] = tmp;

repaintQ);

try { // repaint®ETLIESIEE D
Thread.sleep(500);

} catch (InterruptedException e) {3}

public static void main(Stringl[] args) { /x &EE *x/ }

6.42 747V — b (quicksort) 7/LT ) XLk /NTILY — MRS 5T,
T—IDRTyTELIzHr, BREEL THLEFELIICT=A—Yait
4,

B2#£: 794 v7Y—+
static void swap(int[] v, int i, int j) {
int tmp = v[il;
vlil = v[jl;
) v[jl = tmp;

static void gsort(int[] v, int left, int right) {
if (left >= right) return;
int i = left, j = right;
int pivot = v[i + (j - 1) / 21;
while (true) {
while (v[i] < pivot) i++;
while (pivot < v[jl1) j--;
if (i >= j) break;
swap(v, i, 3);
i++; j--;
3
gsort(v, left, i - 1);
) gsort(v, j + 1, right);

B 643 YV —T 14 T DH|EAL (FD2)

BubbleSortl.java Tld. AL v Fid\WwhlFASTEE L *H#HIT TR T TV
H A (EDZR Ly R) ISRZILTHELIZEEMFLTES LTS
5, ROTOTSLTRRIVERLUEBICALY ROBREINE LI ITR -
W3,

7 7 4 JLBubbleSort2.java (ZD 1)

import javax.swing.x;

import java.awt.x;
import java.awt.event.x;

public class BubbleSort2 extends JPanel implements Runnable, Actior
/x T+ —JLRIE. [FE AL BubbleSortl ZEL */

private volatile boolean threadSuspended = true; /* BIID T 1 —,
public BubbleSort2() {

setPreferredSize(new Dimension(320, 250));
JButton step = new JButton("Step”);
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step.addActionListener(this);
setLayout(new FlowLayout());
add(step);
startThread();

3

/* startTread (& BubbleSortl C[F L */

2 M7 5 1L Runnable ¥ ActionListener M2 D2NA > 9 7z —REEHEL T
WBNDT, implements DHLIZ2O2NDA > ¥ 7z2—R%% T, (2>%) TK
> THEXRT WS,

BRELEMEBNTITITESICIE sleep DRDY IS, KT DL S %, Ay R
TRAWEREES.

7 7 1 JLBubbleSort2.java (£ D 2)

public void run() {
while(true) {

prepareRandombata();

/7 NTILY — 7LD X L

for (i = 0; i < args.length - 1; i++) {

for (j = args.length - 1; j > i; j--) {
if (argsl[j - 11 > args(j) { // RTwPd 3,

int tmp = args[j - 13];
args[j - 1] = args[j];
args[j]l = tmp;

repaint();
/* repaint OB TIEFE S *x/
try {
synchronized(this) {
while (threadSuspended) {
wait(Q);

threadSuspended = true;

3
} catch (InterruptedException e) {}

F 7= synchronized ¥ W3 F—7— FIZHEE L TER L\, synchronized |5E
fhElfE (1) 2T 5 -ODDEXTH 5%,

T, ALY RFERZTI2IE YWAHAXAY Y R 2ES,

7 7 1 JLBubbleSort2.java (£ ® 3)

public synchronized void actionPerformed(ActionEvent e) {
threadSuspended = false;
notify(Q);

3

/* paintComponent, main 78 & (X BubbleSortl £ [E L */

ZOFINLSITAY Y FOERZDEMIC synchronized 2 EB&#F £ L TffitinA
v, ROLSIAY Y ROKRKELHEE synchronized (this) { - I THEHI D
YELZricik s,
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1 public void actionPerformed(ActionEvent e) {
2 synchronized (this) {

3 threadSuspended = false;

4 notify(Q);

5 }

6 3

7

ZOFITIE, actionPerformed M H T notify ¥ AT, AL v ROETE BEH
T T35, threadSuspended Y WIHIEHNDEX*ZEL TV EDIE, 2D
actionPerformed AShH 5 % notify #° (BB T) HFUHINZIHZENH Y. %
DEFICZAL Y RO B> TRILVLIICTE22OTH S,

Lf JNTINS-+ — a et

BubbleSort2.java MIFEIE. P LI kETHIE, ALy FEFELLRCTHRAL
LOLBEETZ OIS LE5ELZENNTES, LAvL, —REYICIE, 20
AT A—va TR EVWTORTSLIIRHLTE, ALY FIZERRT 7
—wI7TH5 CROBZR) .

1644 74 v 7Y —bLRALLAIRI>ET 1 ATy TEL (—ED
tbEA#E 2 ) Lo lcEuEtE L,

f16.45 (RE) RLTF—9IcdT 3749 IV —beNTILY—F%E, KT
ELLHIHBICERTETT S LI ITE L,

646 (BEB) XL v R%EfEHT I BubbleSort2.java LRAIL LI I, KT >
57V v IR 1 RTyTESTO TS L5 ERE L,

f16.47 (¥ XL v FEEHLTIC. 74V IV—bTHRIVET YW IT S
Y127y 78 7075 L5 ERKE L,

6.5 synchronized X

synchronized X 1RO L ) THW S,

| synchronized () 7O v o

"RNEF TV b THS (DFYERREDT) I 74 TRTIER) BB
H5, synchronized XIEZNA TV 7 "' LT, 70y 7 2HhET
T%, 239, TO7O0vI75RITLTIVEH O LY FICALCEEZAW
T\ %synchronized XN 70w 7 DET:FE 5, 70Y 7DHT wait XV

6-10



v RR CEFALGER. BIE-BRHIN, EOXL Y FARCEEAWVT
\M% synchronized XD 70y 75T 52 L0 TE 5,

synchronized X Id. BRPTHEINLZ Y ZERL Z A2 Y 5 5 —ENX* EIT
TEHEFICHEIZR S, BlAIE, WO DRAL Yy FTHBOER x2HEHT 51
DITRD & 5 7 B ST

X =x+1;
FEITT 2L 5%35ED. synchronized &R B,

synchronized® %2 \WMBEIZE Y 3% 2 &
1.BMx =0kd¥ 5%,

ALY RADx + 1DE(1) 23HET 5,
SZTALY ROy b 5,

ALY REBA x + 1DME(1) 23ET 5,
ALY RBA X211 2ERANT 3,
2ZTALY Ry Bb 5,

ALY RADXIZTERANT B,

N o uhAwN

DFY x=x+1; EWIHIXD2EERFTINAIICLEADLST, xDERE T LA
BATOWRWY, 2 x + 1 DEDEY x NORANDOREIZZ L v Koyl &
YD >HTH S, synchronized #FEI) DL I EEFEEIT S 2
EDTED, WKOHPDRAL Y FTHBOERET 7 X HK13. KK D
&£ 93 % synchronized XA EIZR 5,

6.6 [E:/N/ 14 DA
f16.6.1/ N/ ADNEOFTILIT) I LexT7_A—a bt s,

(& A DIE — O X

(E>R) NI ADEDIL—IL:

3ONBLERN 1,2, . nOnHOERIIROSHWV-ABEAVS, 7. ¢
RTOEEH, PEVEDELICKEIDIBIC T DOFEITIT > TVWSE, TR
TOABE2O—DDOHIIBIFTELLRTTH S, L.

1. —EBICTRORBALETEE$HHNT I EHNTE S,
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2.NIHABN LITKREREBEOE TIT WV ITFAR W,

EWV)HBRLDH B,

NI ADBIIBREEEFE > TS ZUDNTES, 2F Y n- 1 RDIFENHEE

A>TV BE LT, nMeHBA»LHEBABET 5358:
1.n-1HMOABEEHA»SHECABET S, ZoOXYHEbr->TW5,
2.—BTDL-> b RER TR EBANSHEBABET 5,

3.n-1HOMBLTBUVERCHLEBABET S,

YWiaLkHicEz 3,

T % L B2 output (TextArea DA YR I > R) IZFIBEEHTBA VY KD
BIIUTOLI TR B,

void hanoi(int n, String a, String b, String c) {
if (n>0) {
hanoi(n - 1, a, c, b);
output.append("FHEE " + n + "&E. "+ a+ "HB" + b+ "N, \r
hanoi(n - 1, ¢, b, a);
3
3
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(£ NADE

FOa% 175,
P2 2%,
POz 1%,
P2 3%,
FOf& 175,
P2 2%,
POz 1%,
P2 4%,
FOf2 1%,
P2 2%,
P2 1%,
P2 3%,
FOa% 1%,
P2 2%,
F& 1%,

|4— Lt

A EIEC .,
TEA SR
HCInEEE
TEAEAEC .,
BB HEA
TEENS IR,
BANEIEC,
tEA SR,
VSRR,
BCHVEIRA
TEE D HEA
VD IEE .
BAEIEC .,
A ER
ECHVSIEE

ABNZOLIRFIE*BELTICEIT TS I3 LVAY, I E2—9—
ITFTREEATICEITLTINSG,

-7 F

ALw R, RILFRALY K, Runnable 1 > ¥ 7 = — R,

Thread.sleep X Vv K.

volatile. null.

wait X Vv R, notify X V¥ R, synchronized
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