A’é ﬂ;-;‘f("f«f':'

lgl> o 9340l 33 0590

W9 pob Sl g1 30 4B i i

O Advanced Concurrency

e
O




e s>

oAl pllin goges g0 dy g DUl bawgi az ol i b a5 @
el ladly (LUSTgls) e 55 b ectans

dagw‘ OMW@W u)g..oébul.ﬂsl} Ja.wg.a).:‘ L.J"‘)f‘.

Ces e S5l ezl 0l g @Ml a0y 51 ol (Slaione arss @

AN
&
Z{ Jm (@t Bl pexil aliakbary@asta.ir 33900 LAl 2 S A8 iy ealio a


http://www.javacup.ir/javacup/
http://www.javacup.ir/javacup/
http://www.javacup.ir/javacup/
http://www.javacup.ir/javacup/

o Jad g

Dg e srasl p aio) 0 gl o wus U] @

(concurrent collections) wg,en slocs,l> @
(synchronizers) sous KLalos Lil @
thread-safe sls M5 @
dock) Jis Lzl @

@atomic) oil sl yiie @

(executor) 51>l e

(thread pool) & «l;= @

S5g y0d (6,65 peplic j9,0 @

aliakbary@asta.ir 39 )0 S AL j3 ) AXB il eadlio °



40 N0



5

Multi-Thread) o> wgastp g (Thread) & pge00

Thread > s Runnable L.y e

Do 75 bl ogo @

MyThread t = new MyThread();
t.start();

Thread t = new Thread(new MyRunnable());
t.start();
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synchronization sgsgie ®

notify s wait claas @
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Thread-safe pggao
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ArrayList Vector
HashMap ConcurrentHashMap
StringBuilder StringBuffer
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StringBuffer buffer = new StringBuffer("12");
buffer.append("345");

String s = buffer.toString(); RRREE
3,5 15 lsgn UG Cpmed 4 lads v StringBuilder L)L e

sz synchronized o 40 4 StringBuffer s caes oss sloois Ll @

public synchronized StringBuffer append(String str) {...}
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semaphore.acquire(); synchronized(list){
synchronized (list) { list.add(obj);
obj = list.remove(9); }
} semaphore.release();
oJJJSgé)@o ouu},

Sgi oo SIS STyl 4 & s> oo Semaphore g list (Ll o

Semaphore sem = new Semaphore(9);
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58 (Synchronizer) cous Salos S ©

Ngd BByl weSae h)led o LL U sws e ol i 4y @
2o F, Ll Gldes  saduin olowd calize slags 0,5 @
Sgis ol 8 oz & aslol Gl L
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Syt L oxly SO, weSae Liyles : countDown v @
CountDownLatch latch = new CountDownLatch(2);

Thread#1 Thread#2

latch.countDown();

latch.await(); Thread#3
System.out.println("Finished!");

latch.countDown();
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Exchanger

» Object 1
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Thread 1

Thread 1
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Object 2
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Exchanger S5
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Exchanger<String> e = new Exchanger<>();

e.exchange("x=2");

Thread#1

N

e.exchange("y=3");

Thread#2
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Thread 1 Thread 2 ﬂé @“bw&u

CyclicBarrier barrier

W“(icmmmm1 )ww = new CyclicBarrier(3);

barrier.await();

| | barrier.await();
ﬂ( CyclicBarrier 2 )ﬁ o 0
barrier.await();
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(Atomic) Sweil wlldes
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szws Java.util.concurrent.atomic saiws o ol Sal sla DS @
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e AtomicBoolean

e AtomiclInteger (extends Number)
e AtomiclntegerArray

e AtomicLong (extends Number)

e AtomicLongArray

e AtomicReference

e AtomicReferenceArray
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AtomicInteger() . 5
AtomicInteger(int initVval) Atomchnteger :J‘*‘
int get()

void set(int newVal)

int getAndSet(int newValue)
int getAndIncrement()

int getAndDecrement()
boolean compareAndSet (int expect, int update)

oS pl glade S0 @

AtomicInteger at = new AtomicInteger(12);
int a_12 = at.get();

at.set(20);//at=20

int a_ 21 = at.incrementAndGet();//at=21 s @
int b 21 = at.getAndIncrement();//at=22

int a 27 = at.addAndGet(5);//at=27

boolean is9 false = at.compareAndSet(9, 3);//at=27
boolean is27 true = at.compareAndSet(27, 30);//at=30

siws thread-safe (Sosl slo iz @
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o5 aslsl O s> 5l java.util.concurrent.locks cac.. ®

Ngyed sladely jo Ja8 85 sl waz Gl WD 5 lalauly Jolss @
Condition s ReadWriteLock . Lock slalasly Jio ®

S 0 0905 | (Gl o o 4 iz Glojes (ot lock SSTL @
b Sl gidu szl b 0 g 5l (S iSTas adax) 2 o b @
S pddlhsl g sosms Ll e synchronized wlie Sl @
z o Jo3 € Lock 4 s Jo3 € Synchronized e
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Sguls o s s g3dals p Jawgd Ja8 (g 5lwol;l BQE;JN‘LOCk s SS L@

: Lock Liuly g sloos @

(synchronized b Jio) Jo8 g5lwslyl g 58,5 ¢l unlock ¢lock slavs ©
a8 o o311, Jes unlock g 0,5 1, Lock < & e Jas lock oxs @

Seis cod igie o ol3] Ja S Jg S oo Jee lock il tryLock e e

Lock 1 =new ReentrantLock(); non-blocking o

1.1lock(); s 20,501, Jas wilgs Slo

try { e
! false
. // critical section NS (o0
}finally { l L.ock Ly a5 Sla s 5l S5 @
L.unlock(); ReentrantLock :cul oo 5 o5lwesls
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ReadWriteLock wlg

ol 0 a8 W50 Sk o) Al Sl Sl e S @
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S JyoS synchronized Jio Jgone slagis, L1, saigren 51 @
s ongs ol it sl (S ety | 5 e e atalyio i g 51 o o
S )5 Comdg ol @
20,5 oo b )0 e a8 g0 Read WriteLiock Ly @
aossslys sl (S0 5 Lodsuns sl (S
Wgds |yl e jed caillgdu 1) S e o winles o 1add a5 Fu aiz a2 0 o5l @
Sises gl writeliock s g ailes Jes sl readliock aie e
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ReentrantReadWriteLock X5 :Jto

:Jle el 00,5 55Lwools |, Read WriteLock Liulg @

List<Double> List= new LinRedList<>();
ReadWriteLock LockR = new ReentrantReadWritelLocR();

class Reader extends Thread{
public void run() {
Lock.readlLock().lock();
System.out.println(list.get(0));
Lock.readlLock().unlock();

} class Writer extends Thread{
} public void run() {
Lock.writelLocR().lock();
List.add(@, Math.random());
Lock.writelLocRk().unlock();
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start o Jlgsl,5 ¢ Thread ;1. o obx! ©

Thread t = new MyThread();
t.start();

Thread t = new Thread(runnable);
t.start();

'h_auwu.’ WLMO ;Yg.o.uo o‘) L)"‘ Jg ®

Sgir oo cend (PASK) asie sidlad glal a5l canl 5l cid yo @

Sguds oo Cu i e g (gule dags slowl ogou caol 5l lioee i jo @

QS sod S |y s S i 0950 XS o (gilwooln |y dalsg G a5 wngiaslipy @
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(Executors) b §1 21 sbwe> >

el 4038 g oduzmn La B SO pladl g obul an] 5 @
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2iusS oo (BXecutor) 51>l s o o pos | lags gl,2l g oll a5 Slsl 4 @

package java.util.concurrent;
interface Executor {
void execute(Runnable command);

¥
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o
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vl 5Ls bags >l g bl cu mae sl Executor gg 5l iad 4 Yoors @

& T?Q:jmt 0| wleas &b Executor e 4 alsw sla DS @
= Zvexd a,ls (thread pool) & aly> S, Yoors sbosl ol @
Zask :: . (thread pool) 7 al>
g Sgba Lal BT 5 lasan sob 4 LIS M olass @

& 4 Sgus i gs olasd 5l cl Sao o )57 slaxso

59,00 ,8 « thread pool K slegs 51 (S oGY] o oo 5 0 gl @
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Executors oS WA

java.util.concurrent ai. ;o S5 oW S @
e .o le Executor glgl 5l o 5ails 5 5 sl slosls Sl slaois @
& o L gl newSingleThread Executor o e
(58 plas Wb VY8 5lel gl,) g oo Lzl 76 SO lod 10 o2 o Sl oIS
& cative olaxi b lail;> newFixedThreadPool o e
A5 g0 oo ‘).?‘ 7O (oA Sl wdalso
L3 a5 plasl 5lam oS s el m sl bags olaws 51 i b5 slaws S0
A oo olml & G wus 5 e ¢l newCachedThreadPool ws e

QJSGA o&L&L.»‘}Lg pLy 6LQ)L§ LS‘J?" LS‘J? 9 o)bsn 435 |) QT e SVELY ul.:b Lo

)\
4
2; Jm (@t Bl pexil aliakbary@asta.ir 33900 LAl 2 S A8 iy ealio G



Jbo

Executor e = Executors.newFixedThreadPool (2);
Runnable runnable = new Runnable(){
public void run() {
for (int i = 0; 1 < 4; i++)
System.out.println(Thread.currentThread().getId()+":"+1);

9:0 Ko NEBNEIT
1@:1_“..-ﬁ )2 &9y
10:2

9:1

10:3

9:2
ERIEECHIPSET ISR 4 10:0

}

}s

for (int i1 = 0; 1 < 3; i++)
e.execute(runnable);

9:3
10:1
190:2
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Executor e = Executors.newSingleThreadExecutor();
Runnable runnable = new Runnable(){
public void run() {
for (int 1 = 0; 1 < 4; i++)
System.out.println(Thread.currentThread().getId()+":"+1);
}

for (int 1 = @; i < 3; i++)
e.execute(runnable);
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Executor e = Executors.newCachedThreadPool () ;
Runnable runnable = new Runnable(){ Jb’.g
public void run() {
for (int i = 0; 1 < 4; i++)
System.out.println(Thread.currentThread().getId()+":"+1);
Jol )b g9,
p9d )1 £9,

-ﬁﬁw B g9y

}

}s

for (int 1 = 0; 1 < 3; i++)
e.execute(runnable);

Thread.sleep(1000);
e.execute(runnable);

8 sl 5l SO0 o 5 £9,0 —>
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:3
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:3
:0
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Future ¢ Callable gyt




java.util.concurrent.Callable &w! 9

interface Callable<V> {
V call() throws Exception;

.Runnable L.ly J<io @
¥ (ol VOId) 5,5 285 55 ke TUN aie @
35 adgi b asle jlade SO b Glidee SO o8 Ll @
Sgd ALyl Syl @i S y0 Wb (2ol TUN SWSTL @
Sloy &8 01 Ol Sae byl @V ) Sllas (79,5 a5 (S5 @
9% J S bl oo logs S il (o s g (g9 yen @
&S o diogi | Oldee S5 a5 Runnable wlie Luly:Callable Ly ®
sscall ws crun wis gl> o @
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java.util.concurrent. Future fw! 9

(o Ll Koo (Su 50 Yl a5) wms oo lid |y Sldoe o (29,5 dawly ol @
:slp oyl slbaie @

asDone j1sCancelled) cul oo ples Sldoe LT aS ol sy 0 @

(get) wldos ammis 2l y0 g Olidos (LG (sl JUal @

(cancel) oldee aks o
23 ,)lo submit o6 b cuie « Executor ss>g0 slo oS 5l 6 Lo @

interface ExecutorService extends Executor {
<T> Future<T> submit(Callable<T> task);
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class WordLengthCallable implements Callable<Integer> {
private String word;
public WordLengthCallable(String word) {

this.word = word; “jlio

public Integer call() { M)*-?Ja-'o’&s-w eelo> o
return word.length(); S Al (FU Bz O g0 @,
; |

} | ExecutorService pool = Executors.newCachedThreadPool ();

Set<Future<Integer>> set = new HashSet<>();

String[] words = { "Ali", "Taghi", "Naghi" };

for (String word : words) {
Callable<Integer> callable = new WordLengthCallable(word);
Future<Integer> future = pool.submit(callable);
set.add(future);

}
int sum = 0;
for (Future<Integer> future : set)

sum += future.get();
System.out.println("The sum of Lengths is " + sum);
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==jnterface==
Executor

T

==interface==
ExecutorService

Executor glaluwly 9 (549 0

z‘s Executor L.l @

void execute(Runnable task) s gl)ls ©

==jnterface==
ScheduledExecutorService

ExecutorService L.y @

<T> Future<T> submit(Callable<T> task) «u glls @

Scheduled ExecutorService L.l ®

).«:>L L, 6‘3\ 64.:.3QLQ)’ 6‘).3 schedule .. 6‘)‘0 °

public <V> ScheduledFuture<V> schedule(
Callable<V> callable, long delay, TimeUnit unit);
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.ThreadLocal »is e
Sgs didlez oolarwl Ll 7 len 3o Jadd caigd o olow] WS ol las SLsl @
S Ll ) s oS S g0 ST o> @
Qo i b ailgsu |, ,%ue ThreadLiocal s s asly s &5 90 0l
Sedhsn 2 )b Sy his & 0 0 NEW Sliles gl o0 NEW (5 iito (i (85 @
Qg oo ooliiwl 5 S odgame o lass ThreadLocal sl s @

:d).g)Lf o

A doles | >l 7o e j0 aS deli 5l Lidu bools G (g lA8 ST mllay @

Cuss (g J L) pxin cpl @ lojed cwyiws oS a0 gild i i cpla @

N

7
L Jm @t Uk yoxil aliakbary@asta.ir 39 )0 S AL j3 ) AXB il eadlio m




Jbo

class Task implements Runnable{
ThreadLocal<Integer> tl = new ThreadLocal<>();
public void run() {

tl.set(tl.get() == null ? 1 : tl.get() + 1);

long thrID = Thread.currentThread().getId(); |°:1
System.out.println(thrID + ":" + tl.get()); gfg
}} 9:4
9:5

‘{ Executors.newSingleThreadExecutor();

Executor e = .
Executors.newFixedThreadPool (10); 9:1
Task task = new Task(); 1;;1
for (int i = @; i < 5; i++) 10:1
e.execute(task); 12:1
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class SumTask implements Callable<Integer> {
private int num = 0;
public SumTask(int num) {
this.num = num;

¥

@Override
public Integer call() throws Exception {
int result = 0;
for (int i = 1; 1 <= num; i++)
result += 1;
return result;

) PP by D9 s
ExecutorService service =

Executors.newSingleThreadExecutor();
SumTask sumTask = new SumTask(10);
Future<Integer> future = service.submit(sumTask);
Integer result = future.get();

System.out.println(result);
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Sl g oo (lvasliyp HLAss S (G oS i piie Glojed yunk g g yiws @
(Race condition) aglee L), 5 @
w85 Cummo ol 5l S el 9 S5 skl 5 Jane cnloylys oS
synchronized g lock Jio SUGI 51 awl 56 L el colaw! alawly 45 Ll @
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Mutex L Mutual Exclusion) Ll laxile

Busy Waiting) Jeriw ,lasle
A 4565 ol (. glock ¢ sleep c walt Jio) seous a5 slaaie jo Wl @
(Race Condition) ailus Lyl,: e
(Critical Section) i, s e
(Shared Resource) 5 jiw xcc ®
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Monitor) ,sil @
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e ProducerConsumerl

e ProducerConsumer?2

e ProducerConsumer3
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thread-safe sls M5 @

Dg a2 ladol p die) o gl jo vuos SLSL| @
(concurrent collections) wg,en slacs L e
(syncrhonizers) oS Kialon sLil ©
(Lock) Jss oLl o
@tomic) ooil sl i @
(Executor) 51> e
(thread pool) x «il; o
Future , Callable glalaly @
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(Deitel & Deitel) Java How to Program Juls LS YY fas @

23 Concurrency 957

c.al.».o ).‘a’l...q o

e https://docs.oracle.com/javase/tutorial/essential/concurrency/

e http://tutorials.jenkov.com/java-concurrency

£
W4
i/ Jm @t Ll Hexil aliakbary@asta.ir 33900 SRl 3 S &b juiiy eadlio Q


https://docs.oracle.com/javase/tutorial/essential/concurrency/
http://tutorials.jenkov.com/java-concurrency

N5 o

0iS gilwosly o 45 jeilens SoS LI, 0aiiS 3 pasfoniSadgs allis @

Aol sgazme oo ((350e) b ojlail a5
S ol 00iiS B pan F Az g oS adel o wis @
QS o) Gy A5 S gl Sz slasl @
WS ol (Ko 5 45 S gy (S laslp @

A Hlid g aaS eolaiwl Suais del p SO o HashMap oS 5l @
cwws thread-safe 55 -l as
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e Parallel Streams

Condition Luly @
(¥ slsi> 3 ForkdoinPool s,u> S @

.\./ (volatile o5lgaudS’) volatile cla .z ®
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