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The java.util.concurrent packages









Runnable r = …
(new Thread(r)).start();
Executor e = …
e.execute(r);

void execute (Runnamble r)
the only method



The basic ExecutorService methods:



Future and Callable





Returns Method Description
boolean awaitTermination (long time

out, TimeUnit unit)
Blocks until all tasks have completed execution 
after a shutdown request, or the timeout 
occurs, or the current thread is interrupted, 
whichever happens first.

<T> List<Future
<T>>

invokeAll(Collection<? 
extends Callable<T>> tasks)

Executes the given tasks, returning a list of 
Futures holding their status and results when all 
complete.

<T> List<Future
<T>>

invokeAll(Collection<? 
extends Callable<T>> tasks, 
long timeout, TimeUnit unit)

Executes the given tasks, returning a list of 
Futures holding their status and results when all 
complete or the timeout expires, whichever 
happens first.

<T> T invokeAny(Collection<? 
extends Callable<T>> tasks)

Executes the given tasks, returning the result of 
one that has completed successfully (i.e., 
without throwing an exception), if any do.

<T> T invokeAny(Collection<? 
extends Callable<T>> tasks, 
long timeout, TimeUnit unit)

Executes the given tasks, returning the result of 
one that has completed successfully (i.e., 
without throwing an exception), if any do before 
the given timeout elapses.
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https://docs.oracle.com/en/java/javase/11/docs/api/java.base/java/util/concurrent/Callable.html
https://docs.oracle.com/en/java/javase/11/docs/api/java.base/java/util/concurrent/TimeUnit.html
https://docs.oracle.com/en/java/javase/11/docs/api/java.base/java/util/concurrent/ExecutorService.htmlinvokeAny(java.util.Collection)
https://docs.oracle.com/en/java/javase/11/docs/api/java.base/java/util/Collection.html
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https://docs.oracle.com/en/java/javase/11/docs/api/java.base/java/util/concurrent/ExecutorService.htmlinvokeAny(java.util.Collection,long,java.util.concurrent.TimeUnit)
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https://docs.oracle.com/en/java/javase/11/docs/api/java.base/java/util/concurrent/TimeUnit.html


Returns Method Description
boolean isShutdown() Returns true if this executor has been shut 

down.
boolean isTerminated() Returns true if all tasks have completed 

following shut down.
void shutdown() Initiates an orderly shutdown in which 

previously submitted tasks are executed, 
but no new tasks will be accepted.

List<Runnable> shutdownNow() Attempts to stop all actively executing 
tasks, halts the processing of waiting tasks, 
and returns a list of the tasks that were 
awaiting execution.

Future<?> submit(Runnable task) Submits a Runnable task for execution and 
returns a Future representing that task.

<T> Future<T> submit(Runnable task, 
T result)

Submits a Runnable task for execution and 
returns a Future representing that task.

<T> Future<T> submit(Callable<T> task) Submits a value-returning task for 
execution and returns a Future 
representing the pending results of the 
task.
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ScheduledExecutorService Interface
Modifier and Type Method Description

ScheduledFuture<?> schedule (Runnable comman
d, long delay, TimeUnit unit)

Submits a one-shot task that becomes 
enabled after the given delay.

<V> ScheduledFuture<V> schedule (Callable<V> callabl
e, long delay, TimeUnit unit)

Submits a value-returning one-shot 
task that becomes enabled after the 
given delay.

ScheduledFuture<?> scheduleAtFixedRate (Runna
ble command, 
long initialDelay, 
long period, TimeUnit unit)

Submits a periodic action that 
becomes enabled first after the given 
initial delay, and subsequently with 
the given period; that is, executions 
will commence after initialDelay, 
then initialDelay + period, 
then initialDelay + 2 * period, and so 
on.

ScheduledFuture<?> scheduleWithFixedDelay (Ru
nnable command, 
long initialDelay, 
long delay, TimeUnit unit)

Submits a periodic action that 
becomes enabled first after the given 
initial delay, and subsequently with 
the given delay between the 
termination of one execution and the 
commencement of the next.

https://docs.oracle.com/en/java/javase/11/docs/api/java.base/java/util/concurrent/ScheduledFuture.html
https://docs.oracle.com/en/java/javase/11/docs/api/java.base/java/util/concurrent/ScheduledExecutorService.htmlschedule(java.lang.Runnable,long,java.util.concurrent.TimeUnit)
https://docs.oracle.com/en/java/javase/11/docs/api/java.base/java/lang/Runnable.html
https://docs.oracle.com/en/java/javase/11/docs/api/java.base/java/util/concurrent/TimeUnit.html
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https://docs.oracle.com/en/java/javase/11/docs/api/java.base/java/util/concurrent/Callable.html
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https://docs.oracle.com/en/java/javase/11/docs/api/java.base/java/util/concurrent/ScheduledFuture.html
https://docs.oracle.com/en/java/javase/11/docs/api/java.base/java/util/concurrent/ScheduledExecutorService.htmlscheduleWithFixedDelay(java.lang.Runnable,long,long,java.util.concurrent.TimeUnit)
https://docs.oracle.com/en/java/javase/11/docs/api/java.base/java/lang/Runnable.html
https://docs.oracle.com/en/java/javase/11/docs/api/java.base/java/util/concurrent/TimeUnit.html






Output:

Task-0

Task-2

Task-1

Task-7

Task-8

…

ThreadPoolExecutor tpe = new ThreadPoolExecutor(5, 10, 30L, 
TimeUnit.SECONDS, new LinkedBlockingQueue<Runnable>(5));

java.util.concurrent.RejectedExecutionException: Task 
executors.threadpoolexecutor.MyTask@67f89fa3 rejected from 
java.util.concurrent.ThreadPoolExecutor@4ac68d3e
[Running, pool size = 10, active threads = 9, queued tasks = 5, 
completed tasks = 6]

ThreadPoolExecutor
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The ReentrantLock class 5/5
public class MyCounter {

private int x = 1;
public synchronized void increment() {

try {
for (int i = 0; i < 4; i++) {
System.out.printf("%s %d \n", Thread

.currentThread().getName(), x);
x++;
Thread.sleep(500);

}
} catch (InterruptedException e) {
} 

}
}



The ReentrantLock class 6/5
public class MyCounterThread extends Thread {

MyCounter res;

MyCounterThread(MyCounter res) {
this.res = res;

}

@Override
public void run() {

res.increment();
}

}



The ReentrantLock class 7/5
public class Main {

public static void main(String[] args) {
MyCounter commonResource = new MyCounter();
for (int i = 0; i < 5; i++) {

Thread t = new 
MyCounterThread(commonResource);

t.setName("Поток " + i);
t.start();

}
}

}



The ReentrantLock class 8/5
public class MyCounter {

private int x = 1;
ReentrantLock locker;
public MyCounter(ReentrantLock locker) {

this.locker = locker;
}
public void increment() {

try {
locker.lock();   //Получение блокировки
System.out.println(Thread.currentThread()

.getName() +": Lock acquired.");
...
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...

for (int i = 0; i < 4; i++) {
System.out.printf("%s %d \n", Thread

.currentThread().getName(), x);
x++;

Thread.sleep(500);
}

} catch (InterruptedException e) {
} finally {

locker.unlock(); //освобождение блокировки
System.out.println(Thread.currentThread()

.getName() +": Lock released.");
} } }



The ReentrantLock class 10/5
Поток 0: Lock acquired.
Поток 0 1 
Поток 0 2 
Поток 0 3 
Поток 0 4 
Поток 0: Lock released.
Поток 3: Lock acquired.
Поток 3 5 
Поток 3 6 
Поток 3 7 
Поток 3 8 
Поток 3: Lock released.
Поток 4: Lock acquired.
Поток 4 9 
Поток 4 10 

Поток 4 11 
Поток 4 12 
Поток 4: Lock released.
Поток 1: Lock acquired.
Поток 1 13 
Поток 1 14 
Поток 1 15 
Поток 1 16 
Поток 1: Lock released.
Поток 2: Lock acquired.
Поток 2 17 
Поток 2 18 
Поток 2 19 
Поток 2 20 
Поток 2: Lock released.
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public class MyCounter {

private int x = 1;
ReentrantLock locker;
public MyCounter(ReentrantLock locker) {

this.locker = locker;
}
public void increment() {

try {
boolean flag = locker.tryLock(3000,

TimeUnit.MILLISECONDS);
if (flag) {

try {
System.out.println(Thread.currentThread()

.getName() + ": Lock acquired.");...
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...

for (int i = 0; i < 4; i++) {
System.out.printf("%s %d \n", 

Thread.currentThread().getName(), x);
x++;
Thread.sleep(500);

}
}finally {

locker.unlock();
System.out.println(Thread.currentThread()

.getName() +": Lock released.");
}

}
...
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else{

System.out.println(Thread.currentThread()
.getName() +": Can't get lock. Contimue to work.");
}

} catch (InterruptedException e) {
}

} }
Поток 1: Lock acquired.
Поток 1 1 
Поток 1 2 
Поток 1 3 
Поток 1 4 
Поток 1: Lock released.
Поток 0: Lock acquired.
Поток 0 5 

Поток 0 6 
Поток 3: Can't get lock. Contimue to work.
Поток 2: Can't get lock. Contimue to work.
Поток 4: Can't get lock. Contimue to work.
Поток 0 7 
Поток 0 8 
Поток 0: Lock released.
СБОРКА УСПЕШНО ЗАВЕРШЕНА 
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public class Producer implements Runnable {
Store store;
public Producer(Store store) {

this.store = store;
}
@Override
public void run() {

for (int i = 1; i < 6; i++) {
store.put();

}
}

}

Condition using – thread coordination with 
wait/notify/notifyAll

Supplier of goods to the store
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public class Consumer implements Runnable {
Store store;
public Consumer(Store store) {

this.store = store;
}
@Override
public void run() {

for (int i = 1; i < 6; i++) {
store.get();

}
}

}

Condition using – thread coordination with 
wait/notify/notifyAll

Store buyer
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public class Store {
private int product = 0;
public synchronized void get() {

try {
//поки немає доступних товарів на складі, очікуємо
while (product < 1) {

this.wait();
}
product--;
System.out.println("Consumer bought 1 product");
System.out.println("Goods in stock: " + product);

…

Condition using – thread coordination with 
wait/notify/notifyAll
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..
//сигналізуємо про можливість блокування
this.notifyAll();

} catch (InterruptedException ex) {
System.out.println(ex.getMessage());

}
}

public synchronized void put() {
try {

//поки на складі 3 товари, чекаємо звільнення місця
while (product >= 3) {

this.wait();
}   …

Condition using – thread coordination with 
wait/notify/notifyAll
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..
product++;
System.out.println("Producer added 1 product");
System.out.println("Goods in stock: " + product);
//сигналізуємо про можливість блокування
this.notifyAll();

} catch (InterruptedException e) {
System.out.println(e.getMessage());

}
}

}

Condition using – thread coordination with 
wait/notify/notifyAll
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public static void main(String[] args) {
Store store = new Store();
Producer producer = new Producer(store);
Consumer consumer = new Consumer(store);
new Thread(producer).start();
new Thread(consumer).start();

}

Condition using – thread coordination with 
wait/notify/notifyAll
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Condition using – thread coordination with 

wait/notify/notifyAll
Producer added 1 product

Goods in stock: 1

Producer added 1 product

Goods in stock: 2

Producer added 1 product

Goods in stock: 3

Consumer bought 1 product

Goods in stock: 2

Consumer bought 1 product

Goods in stock: 1

Consumer bought 1 product

Goods in stock: 0

…

…

Producer added 1 product

Goods in stock: 1

Producer added 1 product

Goods in stock: 2

Consumer bought 1 product

Goods in stock: 1

Consumer bought 1 product

Goods in stock: 0



The ReentrantLock class 14/5

public class Store {
private int product = 0;
ReentrantLock locker;
Condition condition;
public Store() {

locker = new ReentrantLock();
condition = locker.newCondition();

}
public void get() {

try {
locker.lock();

…

Condition using – thread coordination with 
Condition await/signal/signalAll
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…
//поки немає доступних товарів на складі, очікуємо

while (product < 1) {condition.await(); }
product--;
System.out.println("Consumer bought 1 product ");
System.out.println("Goods in stock: " + product);
//сигналізуємо про можливість блокування

condition.signalAll();
} catch (InterruptedException ex) {

System.out.println(ex.getMessage());
} finally {

locker.unlock();
} } …

Condition using – thread coordination with 
Condition await/signal/signalAll
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…
public void put() {

try {
locker.lock();

//поки на складі 3 товари, чекаємо звільнення місця
while (product >= 3) {

condition.await();
}
product++;
System.out.println("Producer added 1 product ");
System.out.println("Goods in stock: " + product);

…

Condition using – thread coordination with 
Condition await/signal/signalAll



The ReentrantLock class 14/5

…
//сигналізуємо про можливість блокування
condition.signalAll();

} catch (InterruptedException e) {
System.out.println(e.getMessage());

} finally {
locker.unlock();

}
}

}

Condition using – thread coordination with 
Condition await/signal/signalAll

Running the program will give the result
similar to the previous program.
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public class NestedMethodsTask {
int x = 1;
ReentrantLock locker;
public NestedMethodsTask(ReentrantLock locker) {

this.locker = locker;
}
public void outerMethod() {

try {
locker.lock();
System.out.println(Thread.currentThread().getName()

+ ": Lock acquired and " + locker.getHoldCount()
+ " lock hold in outerMethod().");

…

Reentrance demonstration – nested methods
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…

for (int i = 0; i < 2; i++) {
System.out.printf("%s %d \n",

Thread.currentThread().getName(), x);
x++;
Thread.sleep(500);

}
innerMethod();

} catch (InterruptedException e) {
} finally {

locker.unlock();
System.out.println(Thread.currentThread().getName() 

+ ": Lock released and " + locker.getHoldCount() 
+ " lock hold in outerMethod()."); } } …

Reentrance demonstration
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…

public void innerMethod() {
try {

locker.lock();
System.out.println(Thread.currentThread().getName() 

+ ": Lock acquired and " + locker.getHoldCount()
+ " lock hold in innerMethod().");

System.out.printf("%s %d \n", 
Thread.currentThread().getName(), x);

x++;
Thread.sleep(500);

} catch (InterruptedException ex) {
} 

…

Reentrance demonstration
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…

finally {
locker.unlock();

System.out.println(Thread.currentThread().getName() 
+ ": Lock released and " + locker.getHoldCount() 
+ " lock hold in innerMethod().");

}
}

}

Reentrance demonstration
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public class MyThread extends Thread {
NestedMethodsTask res;
MyThread(NestedMethodsTask res) {

this.res = res;
}
@Override
public void run() {

try {
sleep((long) (Math.random() * 1000));

} catch (InterruptedException ex) {
}
res.outerMethod();

}  }

Reentrance demonstration



The ReentrantLock class 14/5

public static void main(String[] args) {
ReentrantLock locker = new ReentrantLock();
NestedMethodsTask commonResource = 

new NestedMethodsTask(locker);
for (int i = 0; i < 2; i++) {

Thread t = new MyThread(commonResource);
t.setName("Поток " + i);
t.start();

}
}

Reentrance demonstration
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Поток 0: Lock acquired and 1 lock hold in outerMethod().
Поток 0 1 
Поток 0 2 
Поток 0: Lock acquired and 2 lock hold in innerMethod().
Поток 0 3 
Поток 0: Lock released and 1 lock hold in innerMethod().
Поток 0: Lock released and 0 lock hold in outerMethod().
Поток 1: Lock acquired and 1 lock hold in outerMethod().
Поток 1 4 
Поток 1 5 
Поток 1: Lock acquired and 2 lock hold in innerMethod().
Поток 1 6 
Поток 1: Lock released and 1 lock hold in innerMethod().
Поток 1: Lock released and 0 lock hold in outerMethod().

Reentrance demonstration
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Use ReentrantLock objects when we need something that is 
not supported by synchronized, such as: 
• releasing threads for another job that do not receive a 

lock;
• waiting for a lock for a certain amount of time; 
• arranging a lock that can be interrupted by another 

thread; the use of several variable blocking conditions or 
the organization of a blocking poll.

When to use Reentrant lock
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Semaphore semaphore = new Semaphore(5);

permits



Semaphore sem = new Semaphore(5, true);

fair



Semaphore

Semaphore s = new Semaphore(3, true);



public class Task implements Runnable {

Semaphore semaphore;

public Task(Semaphore semaphore) {

this.semaphore = semaphore;

}

public void run() {
boolean permit = false;
try { permit = semaphore.tryAcquire(3000, 

TimeUnit.MILLISECONDS);
if (permit) {

System.out.println(Thread.currentThread().getName() 
+ ": Permit acquired"); 

sleep(5000);
…

Semaphore 3/10



} else {
System.out.println(Thread.currentThread().getName() 

+ ": Could not acquire permit"); 
}

} catch (InterruptedException ex) {
} finally {

if (permit) {
semaphore.release(); 
System.out.println(Thread.currentThread(). getName() 

+ ": Permit released");
}       

}   
}

}

Semaphore 4/10



public class SemaphoreDemo {
public static void main(String[] args) throws InterruptedException {

ExecutorService executor = Executors.newFixedThreadPool(10);
Semaphore semaphore = new Semaphore(3);
Task task = new Task(semaphore);
for (int i = 0; i < 10; i++) {

executor.submit(task);
Thread.sleep(500); //потрібно підбирати час, щоб побачити

} //роботу семафору
executor.shutdown();

}
}



Output:

pool-1-thread-1: Permit acquired
pool-1-thread-2: Permit acquired
pool-1-thread-3: Permit acquired
pool-1-thread-4: Could not acquire permit
pool-1-thread-1: Permit released
pool-1-thread-5: Permit acquired
pool-1-thread-2: Permit released
pool-1-thread-6: Permit acquired
pool-1-thread-3: Permit released
pool-1-thread-7: Permit acquired
pool-1-thread-8: Could not acquire permit
pool-1-thread-9: Could not acquire permit
pool-1-thread-10: Could not acquire permit
pool-1-thread-5: Permit released
pool-1-thread-6: Permit released
pool-1-thread-7: Permit released

Semaphore 10/10



CountDownLatch 1/5
CountDownLatch counter = new CountDownLatch(5);

counter.await(); counter.countDown();









CountDownLatch
run:
Carl ready and waiting to start
Joe ready and waiting to start
Jack ready and waiting to start
Starting the countdown 
5
4
3
2
1
Start
Carl started running
Jack started running
Joe started running



CyclicBarrier
• CyclicBarrier is a synchronization point where 

a specified in constructor number of parallel threads
meet and block. Once all threads have arrived, an 
option barrierAction is performed (or not performed 
if the barrier was initialized without it), and, after the 
barrierAction, the barrier breaks and the waiting 
threads are "released".

• The number of parties to be "met" and, optionally, 
the action to be taken when the parties have met, 
but before when they are "released“ is passed to the 
barrier constructor (CyclicBarrier (int parties)

and CyclicBarrier (int parties, Runnable 

barrierAction)).



CyclicBarrier
CyclicBarrier barrier = new CyclicBarrier(3, new BarrierAction());



CyclicBarrier
• The int await() method of a CyclicBarrier object 

indicates to the thread from which the method was 
called that it came to the barrier. This thread is put on 
WAITING state until all other threads, the number of 
which is specified in the constructor as a party 
parameter, reach the barrier (they will call the int
await() method of the CyclicBarrier object). 

• There is an int await (long timeout, TimeUnit unit) 
method of the CyclicBarrier object, which puts the 
current thread on WAITING state until all other 
threads reach the barrier or the time interval 
specified as a parameter expires.



public class Car implements Runnable {
private int carNumber;
public Car(int carNumber) {

this.carNumber = carNumber;
}

@Override
public void run() {

try {
System.out.printf("Car №%d drove up to the ferry.\n",

carNumber);
Ferry.BARRIER.await();
System.out.printf("Car №%d continued to move.\n",

carNumber);
} catch (Exception e) {          }

} }

CyclicBarrier



public class FerryBoat implements Runnable {

@Override
public void run() {

try {
Thread.sleep(500);
System.out.println("FerryBoat ferrying cars!");

} catch (InterruptedException e) {
}

}
}

CyclicBarrier



public class Ferry {

static final CyclicBarrier BARRIER = 
new CyclicBarrier(3, new FerryBoat());

public static void main(String[] args) throws InterruptedException {
for (int i = 0; i < 9; i++) {

new Thread(new Car(i)).start();
Thread.sleep(400);

}
}

}

CyclicBarrier



Output:

Car №0 drove up to the ferry.

Car №1 drove up to the ferry.

Car №2 drove up to the ferry.

Car №3 drove up to the ferry.

FerryBoat ferrying cars!

Car №2 continued to move.

Car №1 continued to move.

Car №0 continued to move.

Car №4 drove up to the ferry.

Car №5 drove up to the ferry.

Car №6 drove up to the ferry.

FerryBoat ferrying cars!

…

CyclicBarrier
…

Car №3 continued to move.

Car №5 continued to move.

Car №4 continued to move.

Car №7 drove up to the ferry.

Car №8 drove up to the ferry.

FerryBoat ferrying cars!

Car №8 continued to move.

Car №7 continued to move.

Car №6 continued to move.

The barrier is called Cyclic because
it can be reused after the expected
streams are released.



• Exchanger<V> objects can exchange data 
between two threads at a certain point in both 
threads. The exchanger is the point of 
synchronization of a pair of threads: the thread 
that calls the exchanger method 
V exchange(V x) is blocked and waiting for 
another thread. When another thread calls the 
same method, objects will be exchanged: each 
will receive an argument of the V exchange(V x) 
method called in another thread. 

Exchanger



Exchanger
Exchanger<String> exchanger = new Exchanger<>();

exchanger.exchange(“Some string”);



public class Truck implements Runnable {
private int number;
private String dep;
private String dest;
private String[] parcels;
public Truck(int number, String departure, 

String destination, String[] parcels) {
this.number = number;
this.dep = departure;
this.dest = destination;
this.parcels = parcels;

}
…

Exchanger



…
@Override
public void run() {

try {
System.out.printf("The truck №%d was loaded with:

%s и %s.\n", number, parcels[0], parcels[1]);
System.out.printf("The truck №%d went from point

%s to point %s.\n", number, dep, dest);
Thread.sleep(1000 + (long) Math.random() * 5000);
System.out.printf("The truck №%d arrived at point E.\n", number);
parcels[1] = Delivery.EXCHANGER.exchange(parcels[1]); 
System.out.printf("The parcel for point %s was

moved to truck №%d.\n", dest, number);
Thread.sleep(1000 + (long) Math.random() * 5000);
System.out.printf("Truck №%d arrived at point %s and delivered

the parcels: %s and %s.\n", number, dest, parcels[0], parcels[1]);
} catch (InterruptedException e) { } } }

Exchanger



public class Delivery {
static final Exchanger<String> EXCHANGER = new Exchanger<>();
public static void main(String[] args) throws InterruptedException {

String[] p1 = new String[]{"{parcel A->D}", 
"{parcel A->C}"};  //for 1-st truck

String[] p2 = new String[]{"{parcel B->C}", 
"{parcel B->D}"};  //for 2-nd truck

new Thread(new Truck(1, "A", "D", p1)).start();
Thread.sleep(100);
new Thread(new Truck(2, "B", "C", p2)).start();

}
}

Exchanger



Output:
The truck №1 was loaded with: {parcel A->D} и {parcel A->C}.
The truck №1 went from point A to point D.
The truck №2 was loaded with: {parcel B->C} и {parcel B->D}.
The truck №2 went from point B to point C.
The truck №1 arrived at point E.
The truck №2 arrived at point E.
The parcel for point D was moved to truck №1.
The parcel for point C was moved to truck №2.
Truck №1 arrived at point D and delivered the parcels: {parcel A->D} 
and {parcel B->D}.
Truck №2 arrived at point C and delivered the parcels: {parcel B->C} 
and {parcel A->C}.

Exchanger



• Phaser allows to synchronize threads that 
represent a single phase or stage of a common 
action. 

• Phaser determines the synchronization object 
that waits until a certain phase is completed. 
Phaser then moves on to the next phase and 
waits for it to complete again. 

Phaser



• To create a Phaser object, you use one of the 
constructors: 

Phaser

Phaser()

Phaser(int parties)

Phaser(Phaser parent)

Phaser(Phaser parent, int parties)

parties - the number of parties (threads) that 
must perform all phases of the action. 

parent - the parent Phaser object.



Basic methods of the Phaser class:

• int register() - registers a new party that 
performs phases, and returns the number of the 
current phase (usually phase 0);

• int arrive() - reports that the party has 
completed the phase and returns the number of 
the current phase, when calling this method, 
the thread does not stop, but continues to run;

• int arriveAndAwaitAdvance() is similar to the 
arrive() method, except that it causes the 
Phaser object to wait for all other parties to 
complete the phase;

Phaser



• int awaitAdvance(int phase) - if phase is equal to 
the current phase number, suspends the thread in 
which this method is called until the end of the 
current phase. Returns the number of the next 
phase, or an argument if it is negative, or a 
(negative) current phase if it is complete;

• int arriveAndDeregister() - notifies the completion 
of all phases by the party and removes it from 
registration. Returns the current phase number or 
a negative number if the Phaser synchronizer has 
shut down;

• int getPhase() - returns the current phase number.

Phaser



• When working with the Phaser class, its object is 
usually created first. Next, you need to register all 
the parties (flows) involved in the implementation 
of the phases by register() method (or by 
constructor with parameters).

• Then each side (thread) performs a certain set of 
actions that make up the phase. And the Phaser
synchronizer waits until all parties (threads) finish 
completion of execution of a phase. To notify the 
synchronizer that a phase is complete, the party 
(thread) must call the arrive() or arriveAndAwait
Advance() method. After that, the synchronizer 
proceeds to the next phase.

Phaser



Phaser



public class Passenger extends Thread {
int departure;
int destination;
public Passenger(int departure, int destination) {

this.departure = departure;
this.destination = destination;
System.out.println(this + " waiting at the bus stop №"

+ this.departure);
}
@Override
public void run() {

try {
System.out.println(this + " got on the bus.");

…

Phaser



…
while (Bus.PHASER.getPhase() < destination) {

/*Поточний потік завершив фазу, очікуємо
завершення фази іншими потоками*/

Bus.PHASER.arriveAndAwaitAdvance();
}
Thread.sleep(1);
System.out.println(this + " left the bus.");
/*Всі фази поточний потік завершив*/
Bus.PHASER.arriveAndDeregister();

} catch (InterruptedException e) {
}

}
@Override
public String toString() {

return "Passenger{" + departure + " -> " + destination + '}';
} }

Phaser



public class Bus {
static final Phaser PHASER = new Phaser(1); //Реєстрація 

//потоку Main. Фази 0 та 6 - автобусний парк, 1 - 5 зупинки
public static void main(String[] args) throws InterruptedException {

ArrayList<Passenger> passengers = new ArrayList<>();
for (int i = 1; i < 5; i++) { //Генерація пасажирів

if ((int) (Math.random() * 2) > 0) {
passengers.add(new Passenger(i, i + 1));   //виходить на 

} //наступній зупинці
if ((int) (Math.random() * 2) > 0) {

passengers.add(new Passenger(i, 5)); //виходить на кінцевій
} //зупинці

}
…

Phaser



…
for (int i = 0; i < 7; i++) {

switch (i) {
case 0:
System.out.println("The bus left the park.");
/*Потік Main (автобус) завершив фазу 0*/
PHASER.arrive();
break;

case 6:
System.out.println("The bus went to park.");
/*Потік Main (автобус) завершив всі фази*/
PHASER.arriveAndDeregister();
break;

…

Phaser



…
default:
int currentBusStop = PHASER.getPhase();
System.out.println("Bus stop № " + currentBusStop);
/*Перевіряємо, чи є пасажири на зупинці*/
for (Passenger p : passengers) {

if (p.departure == currentBusStop) {
/*Якщо на зупинці є пасажири,
реєструємо новий потік*/
PHASER.register();
p.start();

}                   }    
/*Поточний потік завершив фазу, очікуємо
її завершення іншими потоками*/

PHASER.arriveAndAwaitAdvance();
}  //кінець switch

}  //кінець for }     }

Phaser



Output:
Passenger{2 -> 3} waiting at the bus stop № 2
Passenger{4 -> 5} waiting at the bus stop № 4
Passenger{4 -> 5} waiting at the bus stop № 4
The bus left the park.
Bus stop № 1
Bus stop № 2
Passenger{2 -> 3} got on the bus.
Bus stop № 3
Passenger{2 -> 3} left the bus.
Bus stop № 4
Passenger{4 -> 5} got on the bus.
Passenger{4 -> 5} got on the bus.
Bus stop № 5
Passenger{4 -> 5} left the bus.
Passenger{4 -> 5} left the bus.
The bus went to the park.

Phaser
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Compare And Swap (CAS) algorithm
There are 3 parameters for a CAS operation:
• a memory location V where value has to be replaced
• old value A which was read by thread last time
• new value B which should be written over V
1) Suppose first V = 10 and there are threads 1 and 2 that want to 

read and increment the values in the memory cell V:
V = 10, A1 = 0, B1 = 0, A2 = 0, B2 = 0

2) Threads 1 and 2 want to increase the value of V, they both read 
the value:
V = 10, A1 = 10, B1 = 0, A2 = 10, B2 = 0

3) Threads 1 and 2 increase the read value by 1 in their local 
variables (also remembering the previous values):
V = 10, A1 = 10, B1 = 11, A2 = 10, B2 = 11

…



Compare And Swap (CAS) algorithm…
4) Let thread 1 access the memory cell first and 

compare the value of V with the last read value:
V = 10, A1 = 10, B1 = 11, A2 = 10, B2 = 11
V will be swapped as 11:
V = 11, A1 = 11, B1 = 11, A2 = 10, B2 = 11

5) When thread 2 accesses a memory cell, 
it performs a similar operation:
In this case, V = 11 is not equal to A2 = 10, so the value is not 
replaced and returns the current value of V = 11. Thread 2 
updates the last read value in A2

V = 11, A1 = 11, B1 = 11, A2 = 11, B2 = 11

if (A == V ) {

V = B 

} else  {

operation failed 

}

return V



Compare And Swap (CAS) algorithm
…
6) Now thread 2 will repeat the increment operation again with 

the values:
V = 11, A1 = 11, B1 = 11, A2 = 11, B2 = 12

7) When thread 2 now has access to the cell and no other thread 
has changed its value during this time, it executes the CAS-
algorithm, replaces the value of V with its incremental 
(because A2 = 11 was equal to V = 11). 
New values will be:
V = 12, A1 = 11, B1 = 11, A2 = 11, B2 = 12

if (A == V ) {

V = B 

} else  {

operation failed 

}

return V



Atomics

Added in Java 5

java.util.concurrent.atomic



Atomics
AtomicBoolean, AtomicInteger, AtomicLong, 

AtomicReference: 
boolean compareAndSet(type expect, type update) -

takes two arguments of the corresponding types: the estimated 

current and new value. The method atomically sets the object to a 

new value if the current value is equal to the expected one, and 

returns true. If the current value changes, the method will return 

false and the new value will not be set. 
type getAndSet(type newValue) - atomically

unconditionally sets a new value and returns the old one.

In addition AtomicInteger and AtomicLong has:
type getAndIncrement() - atomic increment of the current 

value and return of the old value (equivalent to the operation i++);

type incrementAndGet() - atomic increment of the current 

value and return of the old value after increase (equivalent to 
operation ++i);   … type is boolean or int or long or V



Atomics
…
type getAndDecrement() - atomic decrement of current 

value and return of old value (equivalent to operation i--);

type decrementAndGet() - atomic decrement of the current 

value and return of the old value after reduction (equivalent to the 
--i operation);

type addAndGet(type delta) - atomic addition of value-

argument to the current one, returns a new value after addition;
type getAndAdd(type delta) - atomic addition of an 

argument value to the current one, returns the old value.

Also, all these classes have methods for obtaining the current 
value of type get() and unconditionally setting the specified 

value of void set(type newValue).

…

type is boolean or int or long or V



Atomics
AtomicIntegerArray, AtomicLongArray, 

AtomicReferenceArray contain methods for working with array 

elements, similar to the methods of the classes AtomicInteger, 

AtomicLong, AtomicReference. The difference between these 

methods is in adding an additional argument that points to the 
index of the element in the array i, for example, 

boolean compareAndSet(int i, type expect, type 

update), type getAndIncrement(int i), etc.

…

type is boolean or int or long or V



Atomics
…

AtomicIntegerFieldUpdater, AtomicLongFieldUpdater, 

AtomicReferenceFieldUpdater contain methods for updating the 

values of object fields by their names using reflection, similar to 

the methods of the AtomicInteger, AtomicLong, AtomicReference.. 

The difference between these methods is adding an additional 
argument indicating the obj object whose field is being updated, 

for example, boolean compareAndSet(T obj, type 

expect, type update), type getAndIncrement method 

(T obj), etc.

The AtomicMarkableReference class supports object references 

along with a tag bit that can be updated atomically.

The AtomicStampedReference class supports a reference to an 

object along with an integer "stamp" that can be updated 

atomically.
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Synchronized Collections
java.util.Collections has methods that return synchronized 

collections:

• public static <T> Collection<T> 

synchronizedCollection(Collection<T> c),

• public static <T> List<T> synchronizedList(List<T> list),

• public static <T> Set<T> synchronizedSet(Set<T> s),

• public static <K,V> Map<K,V> synchronizedMap(Map<K,V> m),

• public static <T> SortedSet<T> 

synchronizedSortedSet(SortedSet<T> s),

• public static <K,V> SortedMap<K,V> 

synchronizedSortedMap(SortedMap<K,V> m)

Synchronized collections are static nested classes of the 

Collections class and have fields - a reference to the backed 

collection (parameter of the corresponding method from the 

above) and the object whose monitor is used for synchronization



Synchronized Collections
In java.util.Collections:

static class SynchronizedCollection<E> 

implements Collection<E>, Serializable {

…

final Collection<E> c; // Backing Collection

final Object mutex;   // Object on which to synchronize

SynchronizedCollection(Collection<E> c) {

this.c = Objects.requireNonNull(c);

mutex = this;

}

…

public boolean add(E e) {

synchronized (mutex) {return c.add(e);}

}

…

Synchronized collections are low efficiency



since Java 5













На самом деле вначале 
поставщиком в очередь 
поставляются элементы 
в течение 5 сек с 0 по 4,
а затем запускается потребитель,
потребляющие каждую секунду 
элементы с 0 по 10
и пока он потребляет с 0 по 4 
элемент, поставщик успевает 
добавить в очередь оставшиеся 
с 5 по 10.













CopyOnWrite collections

CopyOnWriteArrayList<E> - additional methods:

int indexOf(E e, int index)
int lastIndexOf(E e, int index)
boolean addIfAbsent(E e)
int addAllAbsent(Collection<? extends E> c)

CopyOnWriteArraySet<E> - no additioanl methods





here array is copied - see next slide







public boolean add(E e) {
final ReentrantLock lock = this.lock;
lock.lock();
try {

Object[] elements = getArray();
int len = elements.length;
Object[] newElements = Arrays.copyOf(elements, len + 1);
newElements[len] = e;
setArray(newElements);
return true;

} finally {
lock.unlock();

}
}

add(E e) method of 
CopyOnWriteArrayList

private transient volatile Object[] array;
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since Java 7

• The fork / join framework distributes tasks for 
worker threads in a thread pool. Worker threads 
that have completed their task can intercept (steal) 
tasks from other threads that are still busy.



Fork-Join Framework






















