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class WriteWordThread extends Thread

{
[ ffﬁ[J?l ] WriteWordThread(String s)
) {

setName(s);

}
public void run()
{
for(int i=1; i<=3;i++)
System.out.println("Thread: " + getName());
}
public class Example8_1 }
{

public static void main(String args[])
{
WriteWordThread zhang, wang;
zhang = new WriteWordThread("zZhang"); //# &4
wang = new WriteWordThread("Wang"); //#iE%E
—— zhang.start(); //EsIZF%E
for(int i=1; i<=3; i++)

{

}
—— wang.start(); //)Jia)4ikE

} ENEI2 1T R4 RARA A
} 11

System.out.println("Main Thread");
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class WriteWordThread extends Thread

) . int n = 0;
8.2 z%%% E/(J /_::ﬁ—‘BFF ;lriteWor‘dThr'ead(Str'ing s, int n)
{

setName(s);
this.n = n;

- [#l12] )

public void run()

{
for(int i=1; i<=3; i++)
{
System.out.println("Thread: " + getName());
try
{ /
sleep(n);
}
catch(InterruptedException e) {}
}
public class Example8_2 } }
{
public static void main(String args[])
{

WriteWordThread zhang, wang;
zhang = new WriteWordThread("Zhang", 200);
wang = new WriteWordThread("Wang", 100);
— zhang.start();
——— wang.start();

} THEHLUR B2 R4 R AR A H

}
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class Left extends Thread

{
A 3 .
oy int n = @;
8.4 Th read E,(] j 03 public void run()
{
while(true)
{

- [#1¥3,1/2] N+
System.out.printf("\n%s", "Left");
try
{

sleep((int)(Math.random()*100)+100);
}
class Right extends Thread catch(InterruptedException e) {}
{ }
int n = 0; }
public void run() }
{
while(true)
{
n++;
System.out.printf("“\n%46s", "Right");
try
{
sleep((int)(Math.random()*100)+160) ;
}
catch(InterruptedException e){}
}
}



8.4 Thread ') 256/ @ £ FE

«  [#1+3,2/2]

public class Example8 3
{

public static void main(String args[])
{
Left left = new Left();
Right right = new Right();
——— left.start();
—— right.start();
while(true)
{
if(left.n>=8 || right.n>=8)
System.exit(9);

y N
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8.5 Runnable$:
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8.5 Runnable$:
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8.5 Runnable$:
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class Bank implements Runnable

{

private int money = @; String namel,name2;
Bank(String s1,String s2){ namel = sl1; name2 = s2; }
public void setMoney(int mount){ money = mount; }
public void run()

{

while(true)

{

money = money-10;
if(Thread.currentThread().getName().equals(namel)){

System.out.println(namel + ": " + money);
if(money<=100){
System.out.println(namel + ": Finished");
return;
}
}
else
if(Thread.currentThread().getName().equals(name2)){
System.out.println(name2 + ": " + money);
if(money<=60){
System.out.println(name2 + ": Finished");
return;
}
}

try{ Thread.sleep(800); }
catch(InterruptedException e) {}

[#+4,1/2]



8.5 Runnable$:

public class Example8 4

{

public static void main(String args[])

{

String sl="treasurer"; // 43t

String s2="cashier"; // Hi4h
Bank bank = new Bank(sl1,s2);
bank.setMoney(120);

Thread zhang;

Thread cheng;

zhang = new Thread(bank); //
cheng = new Thread(bank); //
zhang.setName(sl);
cheng.setName(s2);
zhang.start();
cheng.start();

HFr%T g bank
HFr%T g bank

[ %14,2/2])

treasurer: 118
cashier: 188

treasurer: 989
Finished

treasurer:
cashier:
cashier:
cashier: 6@
cashier: Finished



8.5 Runnable$:

o  NHEIH F5SHILEANZFE: threadA. threadB. threadCAHlthreadD
— threadAfthreadB[¥] H #3%) % a1
— threadAFthreadBIEE a1 1) & Finumber

— threadCAllthreadD¥] H 3%t % a2
— threadCHlthreadDILZE a2 ¥ K i number



class TargetObject implements Runnable [%1+5,1/2]
{

private int number = 0; < ERTE
public void setNumber(int n)
{
number = n;
}
public void run()
{
while(true)
{
if(Thread.currentThread().getName().equals("add"))
{
number++;
System.out.printf("%d\n", number) ;
}
if(Thread.currentThread().getName().equals("sub"))
{
number--;
System.out.printf("%12d\n", number);
}
try{ Thread.sleep(1060); }
catch(InterruptedException e) {}
}
}



public class Example8 5

{

public static void main(String args[])

{

TargetObject al = new TargetObject();
al.setNumber(10);
TargetObject a2 = new TargetObject();
a2.setNumber(-10);

Thread threadA,threadB,threadC,threadD;

threadA
threadB
threadA

threadB.

threadC
threadD

threadC.
threadD.
threadA.
threadB.
threadC.
threadD.

= new Thread(al); // E#rXi%al
= new Thread(al); // H#irXf%al
.setName("add");

setName("add");

= new Thread(a2); // E#irXi%a2
= new Thread(a2); // E#irXi%a2
setName("sub");

setName("sub");

start();

start();

start();

start();

[ %115, 2/2]




8.5 Runnable$:

o 2. % Trun()TiEHH) REAR =
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class Move implements Runnable
{
String s1,s2;
Move(String s1,String s2){this.sl=s1l; this.s2=s2;}
public void run(){
int i=0;
while(true){
if(Thread.currentThread().getName().equals(s1)){
i=i+1;

System.out.println(sl + ":" + 1);
if(i>=4){

System.out.println(sl + "Finished");

%%BQE: , return;

}
‘\\\\\\\Eiif if(Thread.currentThread().getName().equals(s2)){
i=i-1;

System.out.println(s2 + ":" + 1);
if(i<=-4){
System.out.println(s2 + "Finished");
return;
}

}
try{ Thread.sleep(860); }

catch(InterruptedException e) {}

[ %116,1/2)



[ %116,2/2)

8.5 Runnable$:

public class Example8 6

{
public static void main(String args[])
{
String s1 = "ZHANG San";
String s2 = "LI Si";
Move move = new Move(sl,s2);
Thread zhang, 1i;
zhang = new Thread(move); // E#rXi Smove
1i = new Thread(move); // E#sX %imove
zhang.setName(sl); ZHANG San::
. . LT Si:-1
1i.setName(s2); T <i:-2
zhang.start(); ZHANG San:2
: . LT Si:-3
L ST ZHANG San:3
} LT Si:-4
} ZHANG San:

LI SiFinished
ZHANG SanFinished
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8.6 ZLFE N H U7V

1.start()

LR TR B sh 4R, 2 Mt RSN EE BASIHEBN, —
HEe2|ERZHCPURR IR, mtn] DA E 61 8 e 1 F LA AT 46 H
CHIERRE T

e 2.run()

« ThreadZ&run() /7 7% 5Runnable® L H 1run() 7 VA T EEAME A AH A,
AR B LERFEX RO 2 ]G Fn AT HI1E, #2 R4 E3AE
HFPERAE RN TE.
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8.6 ZLFE N H U7V

3.sleep(int millsecond)

DL5e Zra I Ze A v AFE S B run() 535 1 H sleep () 77 R A8 H 5+
CPUBETIR, MRHK— BT [H].

e 4.isAlive()
TELLFE I run()HVEG R 21T, BIA AL T RS Z 0T, LR
isAlive() /7751 [Fltrue. EFEFENILTIRES G (SEARNAFHRERD
2824 0] LU FH 7 ikisAlive(), IXESIR [B] ) {E /& false . Z8FE A A H
start() 72 B, A HisAlive() /57 7£iR [Alfalse .

« FEEENE, N OEBITHEREERFHEALTRESE, ~EH
LRSI BCSEAR, T2 R B9l fJa  BCBYSAE, S By seiaml
IO B, IF HASHBEIRIENR . GEEHT7) .
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8.6 ZE 2 I H 71k

o WAEILTATE —ANHF (FF7 , —ANEEGRIDM R SITE D
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8.6 ZAE I H FH 7%
class A implements Runnable

. [#IF7, 121 1

Thread thread;

int n=0;

A(){ thread=new Thread(this); }
public void run()

{
while(true)

{
N++;
System.out.println(new java.util.Date());
try{ Thread.sleep(1600); }
catch(InterruptedException e) {}
if(n==3)
- {
thread = new Thread(this);
thread.start();

L



8.6 ZE 2 I H 71k

- [#1+7,2/2])

public class Example8 7

{
public static void main(String args[])
{
A a = new A();
a.thread.start();
}

39



8.6 ZE 2 I H 71k

5.currentThread()

currentThread() /7 V£ & Thread2EHH KBRS H ¥, WTULHZBRL AN, %
7533 [B] 24 i 1EAE A CPU BT YR I 2672

6.interrupt()

interrupt() F7A & SR “WOEE” IRIRAIZTE . H— L2 FE 1{ Hsleep()
AT IRIRIR S, — M FHCPURR 5 B & LR FRAE FAT I 2 H,
Al LERBR IR 2 2 5] R Finterrupt() 575 “WPEE” B, RISEUR
I H 26 2 & A InterruptedException 7, MM 45 RAKAR, T HEA S
fRFCPUHIE
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8.6 ZE 2 I H 71k

o ETHBIFT8F, H3INZFE: zhang. lifliteacher
— zhangMIifE&RIR1I0 8P /5, FH¥iH “Good morning”
— teacher&FEfERi i3] “Let’sstart...” Ja, “WEE” IRIRHIZFE



[ 18, 1/2]

8.6 ZE 2 I H 71k

class ClassRoom implements Runnable{
Thread teacher, zhang, 1i;
ClassRoom(){
teacher = new Thread(this); zhang = new Thread(this); 1li = new Thread(this);
zhang.setName("Zhang"); 1li.setName("Li"); teacher.setName("Pan"); }

public void run(){

Thread thread = Thread.currentThread();

if(thread==zhang || thread==1i){
try{ System.out.println(thread.getName() + ": Sleep for 10s");

Thread.sleep(10000); }
catch(InterruptedException e){
System.out.println(thread.getName() + ": been wake up"); }

System.out.println(thread.getName() + ": Good morning");

}
else if(thread==teacher){

for(int i=1;i<=3;i++){
System.out.println(thread.getName() + ": Let's start ...");
try{ Thread.sleep(560); }
catch(InterruptedException e) {}
}
—— zhang.interrupt();
— li.interrupt();

}
}



8.6 ZLFEH

[ 18, 2/2]

public class Example8 8

{

public static void main(String args[])

{

ClassRoom room = new ClassRoom();
room.zhang.start(); Pan: Let's start ...
Poom.li.start(); Pan: Let's start ...
room.teacher.start();

Zhang: Sleep for 1@s
Li: Sleep for 1@s

Pan: Let's start

Zhang: been wake up
Zhang: Good morning
Li: been wake up
Li: Good morning
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8.7 LA 20

ZeFE A 2 R 18 2 NN RFE AT — P synchronized B ) 51, I —

MNERFEATE A CPUTIRIAN], fH15synchronized 7 iE# A #AT, FE

2 AE1Zsynchronized 71 Bl 2 7 (Bllsynchronized /7 V£ 1 FH 14T 52 BE

ZHD , HAth 5B CPUBRIRKIZE— B X synchronized 7 A Bt &
SliiEE, BENEGEE—HFIEENREHEE ( Blsynchronized

FiEIRED , BHEBAZERFCPUBYER, DUMEAE FHIX AR
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8.7 LA 20

o ETNHEBIFTFIOFHMNNLEE: treasurerflicashier, A I3L[FIHAG —
RS, AR ATTAR T PA{# F saveOrTake(int number) %7 B A 3E 4715 1],
treasurerfi FsaveOrTake /7 VAR, [AIMKA EB5 AfFEICK;  cashierfd
HsaveOrTake F VLR, [MIMKARTH AN ERIC K. KL, PHtreasurerlEfE
¥ FHsaveOrTake /77, cashierti#?Z21EfE A, 2z M 2iXFE,
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[ %119, 1/2]

class Bank implements Runnable{
int money = 300;
String treasurerName, cashierName;
public Bank(String s1,String s2){ treasurerName=sl; cashierName=s2; }

public(synchronized void saveOrTake(int number){

public voi'I HI" saveOrTake(30); }

if(Thread.currentThread().getName().equals(treasurerName)){
for(int i=1;i<=3;i++){

}
}

money = money + number;

try { Thread.sleep(1600); }
catch(InterruptedException e) {}
System.out.println(treasurerName +

no, n

+ money);

else if(Thread.currentThread().getName().equals(cashierName)){
for(int i=1;i<=2;i++){

money = money-number/2;

try{ Thread.sleep(1060); }
catch(InterruptedException e){}
System.out.println(cashierName +

noo, n

+ money);



[ 51-F9, 2/2]
8.7 ZiFE[F]

public class Example8 9
{

public static void main(String args[])

{
String treasurerName = "Treaurer", cashierName = "Cashier";
Bank bank = new Bank(treasurerName,cashierName);

Thread treasurer, cashier;

treasurer = new Thread(bank); // E#X%ibank
cashier = new Thread(bank); // H#rX%bank
treasurer.setName(treasurerName);
cashier.setName(cashierName);
treasurer.start();

cashier.start();
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8.8 1 FHwait(), notify(), notifyAll() 131 [5] 25 26 15

« wait(), notify() FinotifyAll() & /& ObjectZk H [KIfinal /712, 24 FiA BIZK
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8.8 1 Fwait(), notify(), notifyAll() 1/ i [F] 20 2 FE
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[ %710, 1/3]

class TicketSeller

{

tenNumber=0, twentyNumber=0;
oid sellTicket(int receiveMoney)

int fivel
synchronized

tring s=Thread.currentThread().getName();
if(receiveMoney==5)

{
fiveNumber = fiveNumber+l;
System.out.println(s + " gives $5 to seller, seller gives " + s + " a ticket");
}
else if(receiveMoney==10){
while(fiveNumber<1){
try{ System.out.println(s + " gives $10 to seller");
System.out.println("seller asks " + s + " to wait");
wait();
System.out.println(s + " stops waiting and starts to buy...");
}
catch(InterruptedException e){}
}
fiveNumber=fiveNumber-1;
tenNumber=tenNumber+1;
System.out.println(s + " gives $10 to seller, seller gives " + s + " a ticket and $5");
}

else if(receiveMoney==20){
while(fiveNumber<1| |tenNumber<1){
try{ System.out.println(s +
System.out.println("seller asks

wait();
System.out.println(s+" stops waiting and starts to buy ...");

" gives $20 to seller");
"+ s+ " to wait");

}
catch(InterruptedException e){}

}
fiveNumber = fiveNumber-1;
tenNumber = tenNumber-1;

twentyNumber = twentyNumber+1;
System.out.println(s + " gives $20 to seller, seller gives " + s + " a ticket and $15");

}
notifyAll();



class Cinema implements Runnable [ %110, 2/3]

{
TicketSeller seller;

String namel, name2, name3;
Cinema(String s1,String s2,String s3)
{

seller = new TicketSeller();

namel = sl;

name2 = s2;

name3 = s3;

}

public void run()

{
if(Thread.currentThread().getName().equals(namel))

{

}
else if(Thread.currentThread().getName().equals(name2))

{
}
else if(Thread.currentThread().getName().equals(name3))
{

}

seller.sellTicket(20);

seller.sellTicket(10);

seller.sellTicket(5);



8.8 fii

Pl

public class Example8 10

{

public static void main(String args[])

{

String sl1="Zhang", s2="Sun", s3="Zhao";
Cinema cinema = new Cinema(sl,s2,s3);

Thread zhang, sun, zhao;

zhang = new Thread(cinema); // H#rX Gcinema
sun = new Thread(cinema); // E#pXi%cinema
zhao = new Thread(cinema); // H#sX %icinema
zhang.setName(sl);

sun.setName(s2);

zhao.setName(s3);
Zhang gives %208 to seller

[ #7110, 3/3]

wait(),notify(),notifyAll() 1 i 5] 20 Ze %

sun a ticket and %5

zhang.start(); Zhang to wait
Sun.star‘t(); 5 giv $18 to seller, seller gives
zhao.star't(); il stops waiting and starts to hm

Ehang giv $28 to seller

Zhang to wait
h.:ll gives %5 to seller, seller gives Thao a ticket
Zhang 'tnp: waiting and starts to buy
Zhang gives %208 to seller, seller gives ;_h.:nE a ticket and $15
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8.9 . KE ML LR

o [#l+11, 1/2]

class A(Emplements Runnablei)
int num =05

boolean stop = false;
boolean getStop(){ return stop; }
public void run(){
while(true){
number++;
System.out.println(Thread.currentThread().getName() + " : " + number);
if(number==3){
try{ System.out.println(Thread.currentThread().getName() + " : hang up");
stop = true;
hangUP();

////,/’/’ System.out.println(Thread.currentThread().getName() + " : resumed");

}
catch(Exception e){}

}
try{ Thread.sleep(1000); }

catch(Exception e){}

} /
}
public synchronized void hangUP() throws InterruptedException{ wait(); }

public synchronized void restart(){ notifyAll(); }
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8.9 . KE ML LR

« [#l+11, 2/2]

public class Example8_11
{
public static void main(String args[])

{
A target = new A();

Thread thread = new Thread(target);
thread.setName("Zhang San");
thread.start();

while(target.getStop()==false){}

System.out.println("Main Thread");
—— target.restart();

}
}



8.9 . KE ML LR

o EFHIMIBTF12M, threadEHThread ) F2REIERIX %, &
Pl o — NS, T3NS, EEERE.. FERENTTRE
thread Z8 2 4% 223047
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8.9 . KE ML LR

o [#l+12, 1/2]

class MyThread@ds Thr@
int number = 6]
boolean stop = false;
boolean getStop(){ return stop; }
public void run(){
while(true){
number++;
System.out.println(Thread. currentThread().getName() +
if(number==3){
try{
System.out.println(Thread.currentThread().getName() +
stop = true;
hangUP();
////,/’/’ System.out.println(Thread.currentThread().getName() + " : resumed");
}

catch(Exception e){}

nmo,

+ number);

n

: hang up”);

}
try{ Thread.sleep(1000); }

catch(Exception e){}
}

}
public synchronized void hangUP() throws InterruptedException{ wait(); }

public synchronized void restart(){ notifyAll(); }

} \
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8.9 . KE ML LR

- [#

112, 2/2]

public class Example8_12

{

public static void main(String args[])

{

MyThread thread = new MyThread();
thread.setName("Zhang San");
thread.start();
while(thread.getStop()==false) {}
System.out.println("Main Thread");

——— thread.restart();

}
}
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8.10 ZiFE L&
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class JoinThread implements Runnable

{
Thread threadA, threadB;

[ %]+13, 1/2])

String content[] = {"&KM L,", "KFAE", "BEHKRFE,", "IEHTE", "TERKMI"Y;

JoinThread()

{
threadA=new Thread(this);
threadB=new Thread(this);
threadB.setName("£#");

}

public void run()
{
if(Thread.currentThread()==threadA){
System.out.println(" %" "+threadB. getName ( )+" % 7=/ 15") ;

threadB.start();
”’,,4f””’*'while(threadB.isAlive()==false){}
}

try{ threadB.join(); }
catch(InterruptedException e){}
System.out.printf("\nZIT45 U7 \ " W EIORHTEE T, HEN"");

else if(Thread.currentThread()==threadB){
System.out.println(threadB.getName()+"%:");
for(int i=@;i<content.length;i++){
System.out.print(content[1i]);
try { threadB.sleep(1000); }
catch(InterruptedException e){}
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public class Example8_13 [ 5]713, 2/2]
{

public static void main(String args[])

{

JoinThread a = new JoinThread();
a.threadA.start();
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8.11 ¥4k FE

— N2 FEH FHvoid setDaemon(boolean on) 5 VER] LK H SR B % — 1
SFP (daemon) Z8FE, HlUN: thread.setDaemon(true);

LB AR I LR, AR RIEERIER T (user) £FE.
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class Daemon implements Runnable{
Thread A,B;
Daemon(){
A = new Thread(this);
B = new Thread(this);
}
public void run(){
if(Thread.currentThread()==A){
for(int i=0;i<3;i++){
System.out.println("i="+1) ;
try { Thread.sleep(1600); }
catch(InterruptedException e){}

}
}
else if(Thread.currentThread()==B){
while(true){
System.out.println("ZFEB 25777 267H% ") ;
try{ Thread.sleep(10060); }
catch(InterruptedException e){}
}
}

[ 114, 1/2]



[ %114, 2/2]
public class Example8_14

{ public static void main(String args[])
{ Daemon a=new Daemon ();
a.A.start();
a.B.setDaemon(true);
a.B.start();
}
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#MNFE 1R Thread Pools (1/2) Step 1

// The task for printi a character a specified number of times
class PrintChar implements Runnable {

private char charToPrint; // The character to print

private int times; // The number of times to repeat

public class TaskThreadDemo {
public static void main(String[] args) {
// Create tasks
Runnable printA = new PrintChar('a', 100);
Runnable printB = new PrintChar('b', 100); Step 2

Runnable print100 = new PrintNum(100): /** Construct a task with a specified character and number of

* times to print the character

// Create threads */ . . .
Thread threadl = new Thread(printA); public Pr1r.1tChar(<.:har ¢, int v) {
Thread thread2 = new Thread(printB); Step 3 cI_1arToPr1 r-1t =G

Thread thread3 = new Thread(print100); } times = t;

// Start threads
threadl.start();

thread2.start(); Step 4

@0verride /** Qverride the run() method to tell the system
* what task to perform

thread3.start(); */ . .
} public void run() {
} for (int i = 0; i < times; i++) [
System.out.print(charToPrint);
}
}
This approach is convenient for a ’
Single task execution but |t is not // The task class fop/printing numbers from 1 to n for a given n
T ’ class PrintNum implements Runnable {
efficient for a large number of tasks private int lasthum;
because you have to Create a thread /** Construct a task for printing 1, 2, ..., n */
] public PrintNum(int n) {
for each task. Starting a new thread for , lasthum = n;
eaCh taSk COUId Ilmlt throughpUt and @verride /** Tell the thread how to run */
b11i id 0O {
cause poor performance' prO:C(\;::: ir:nl; i <= lastNum; i++) {
System.out.print(" " + 1);
}

}
}



AN FEH11R: Thread Pools (2/2)

* Using a thread poolis an ideal way to manage the number of tasks

executing concurrently.

* Java provides the Executor interface for executing tasks in a thread pool
and the ExecutorService interface for managing and controlling tasks.

ExecutorService is a subinterface of Executor,

import java.util.concurrent.¥; <—

public class ExecutorDemo {

public static void main(String[] args) { IRV L = A taskIfF AT

// Create a fixed thread pool with maximum three threads

ExecutorService executor = Executors.newFixedThreadPool(3); <——— °ﬁ[l%Executors.newCachedThreadPooI();:

// Submit runnable tasks to the executor E/\task#ﬁﬁhﬁ

executor.execute(new PrintChar('a", 100));
executor.execute(new PrintChar('b', 100)); <€———
executor.execute(new PrintNum(100));

// Shut down the executor No new tasks can be accepted, but any
executor.shutdown(); <€——m

} } existing tasks will continue to finish.

Tips: If you need to create a thread for just one task, use the Thread class. If you

need to create threads for multiple tasks, it is better to use a thread pool.
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M 78 F11H: Synchronization Using Locks (1/2)

import java.util.concurrent.®;
import java.util.concurrent.locks.*; &————
public class AccountWithSyncUsinglLock {

private static Account account = new Account();

public static void main(String[] args) {
ExecutorService executor = Executors.newCachedThreadPool();

HANRRME 5. — O IR E A H]
NSRS, T A ERSRIC T SRR B, IR HL N ERSE

// Create and Tlaunch 100 threads
for (int i = 0; i < 100; i++) {
executor.execute(new AddAPennyTask());

}
executor.shutdown();

// Wait until all tasks are finished
while (lexecutor.isTerminated()) {

}

System.out.printin("What is balance? " + account.getBalance()

}

// A thread for adding a penny to the account
public static class AddAPennyTask implements Runnable {
public void run() {
account.deposit(l);
}
}

mu%zm@uga@m%o/

// An inner class for Account
public static class Account {
private static Lock lock = new ReentrantlLock(); // Create a lock

private int balance = 0; v\\\\\\\

public int getBalance() {
return balance;

}

public void deposit(int amount) {
lock.lock(); // Acquire the lTock ¢—m——

try {
int newBalance = balance + amount;

// This delay is deliberately added to magnify the
// data-corruption problem and make it easy to see.
Thread.sleep(5);

balance = newBalance;
}
catch (InterruptedException ex) {
}
finally {
lock.unlock(); // Release the lock €———a
}
1
}
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78 F11: Synchronization Using Locks (2/2)

* Asynchronized instance method implicitly acquires a lock on the instance
before it executes the method.

e Java enables you to acquire locks explicitly, which give you more control
for coordinating threads. A lock is an instance of the Lock interface, which
defines the methods for acquiring and releasing locks.

* ReentrantLock is a concrete implementation of Lock for creating mutually
exclusive locks.

* In general, using synchronized methods or statements is simpler than
using explicit locks for mutual exclusion. However, using explicit locks is
more intuitive and flexible to synchronize threads with conditions.
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#NFE 1R Cooperation among Threads (1/3)

* Thread synchronization suffices to avoid race conditions by ensuring the

mutual exclusion of multiple threads in the critical region, but sometimes
you also need a way for threads to cooperate.

e Conditions can be used to facilitate communications among threads. A

thread can specify what to do under a certain condition.

 Conditions are objects (¥ %) created by invoking the newCondition()
method on a Lock object.

* Once a condition is created, you can use its await(), signal(), and signalAll()
methods for thread communications

«interface»
Jjava.util.concurrent.Condition

+await(): void
+signal(): void
+signalAl1(): Condition

Causes the current thread to wait until the condition is signaled.
Wakes up one waiting thread.
Wakes up all waiting threads.
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#NFEH11R: Cooperation among Threads (2/3)

o f5i]: B K (withdraw) R 473K (deposit)

Withdraw Task Deposit Task

I [

\ \
Tock.Tock(): Tock.Tock();
while (balance < withdrawAmount) balance += depositAmount

—— newDeposit.await(); - ¢

l newDeposit.signalAl1() ; «f4——
balance -= withdrawAmount #

'l lock.unlock();
lock.unlock();




#MN 78 K11 Cooperation among Threads (3/3)

import java.util.concurrent.*;
import java.util.concurrent.locks.*;

public class ThreadCooperation {
private static Account account = new Account();

public static void main(String[] args) {
// Create a thread pool with two threads
ExecutorService executor = Executors.newFixedThreadPool(2);
executor.execute(new DepositTask());
executor.execute(new WithdrawTask());
executor.shutdown();

System.out.printin("Thread 1\t\tThread 2\t\tBalance");
}

public static class DepositTask implements Runnable {
@verride // Keep adding an amount to the account
public void run() {
try { // Purposely delay it to let the withdraw method proceed
while (true) {
account.deposit((int) (Math.random() * 10) + 1);
Thread.sleep(1000);
1
}
catch (InterruptedException ex) {
ex.printStackTrace();
}
}
}

public static class WithdrawTask implements Runnable {
@verride // Keep subtracting an amount from the account
public void run() {
while (true) {
account.withdraw((int) (Math.random() * 10) + 1);
}
}
}

// An inner class for account
private static class Account {
// Create a new lock
private static Lock lock = new ReentrantLock();

// Create a condition
private static Condition newDeposit = lock.newCondition();

private int balance = 0;

public int getBalance() {
return balance;

}

public void withdraw(int amount) {
Tock.lock(); // Acquire the T0Ck r——
try {
while (balance < amount) {
System.out.printin("\t\t\tWait for a deposit");
newDeposit.await(); € —————
}

balance -= amount;
System.out.printIn("\t\t\tWithdraw " + amount +
"\t\t" + getBalance());
}
catch (InterruptedException ex) {
ex.printStackTrace(Q);

}
finally {

Tlock.unlock(); // Release the Tock w————————
}

}

public void deposit(int amount) {
Tock.lock(); // Acquire the lock —
try {
balance += amount;
System.out.println("Deposit " + amount +
INEVENENENE" + getBalance());

// Signal thread waiting on the condition
newDeposit.signalAll();

}
finally {

Tlock.unlock(); // Release the TocCk ————————
1

}
}
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