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Lab #7 (Multi-Thread)

o 7|& 27FAY 24
= Lab #7& Thread, RunnableE 0| &%t CtY¥st HE|AY E 7|5 AL
= Mutex, Semaphore, Monitor 7H'& 0| s}
= Object S22 wait(), notify(), notifyAll()
o Thread 222, Runnable I 0|2, Mutex, Semaphore, Monitor, Worker
thread (a.k.a. background thread)

Lab #7_1 extends Thread vs implements Runnable

Lab #7_1 extends Thread vs implements Runnable

1.
2.

Create a class that extends the Thread class
Create a class that implements the Runnable interface

Thread Runnable ‘ Thread ‘

MyThread MyClass @

(objects with run() body)

it

(objects are threads)

[MyThread extends Thread] [MyClass implements Runnable]

O Lab#7_10|A= Thread 2225 4% &= Multithread 222 & FHTHCL
u public class Multithread extends Thread {
private static int count = 0; // global counter
V& i A
@Override
public void run() {
while(true) {
System.out.printin(“global counter="+ count);
count++;




Lab #7_1 extends Thread vs implements Runnable

Lab #7_1 extends Thread vs implements Runnable

0 Lab#7_10{ A= Runnable 1E{H|0| A& &% 2= MultithreadRunnable 2 2H
A5 peisiot
u public class MultithreadRunnable implements Runnable {
private static int count = 0; // global counter

V& -2

@Ouverride
public void run() {
while(true) {
System.out.printin(“global counter="+ count);
count++;

Zhekst

rr

O Lab#7_10|A{= Thread 222 E+= Runnable QIE{HO|A S A< b
HE|AYE Z2OMS ot
u public class MultithreadTest {
public static void main(String(] args) {
new Multithread(”Thread1 :”).start();
new Multithread(”Thread?2 :”).start();
new Multithread(”Thread3 :”).start();
new Thread(new MultithreadRunnable(), "Thread1 :”).start();
new Thread(new MultithreadRunnable(), “Thread?2 :”).start();
new Thread(new MultithreadRunnable(), “Thread3 :”).start();

Mutex vs Semaphore vs Monitor

Mutex vs Semaphore vs Monitor

o Mutex (mutual execlusion) semaphore controls only one thread at a time
executing on the shared resource.

o Semaphore controls the number of threads executing on the shared
resources.

Mutex

acquire acquire
(lock) lock

release release
(unlock) (unlock)

shared resource

o Monitor controls only one thread at a time, and can execute in the monitor
(shared object)

Entry Set The Owner Walt Set
| twalting to be notifed)

O ® é“”/’I_CCD)\Q
@ O O@ - ."‘{'“"@OO

cx:.t/ @ | {walting to be resurrected)




Lab #7 2 Monitor

Lab #7 2 Monitor

O Lab#7_20| A= MonitorE AI8510] HE| A E Z21MS 338
Lab7_2 H¥ Z1E Lab7_12} H|mBtC}
n public class SynchronizedMultithread extends Thread {
SharedCounter counter; // global counter (using monitor)
/ ETYE.
@Override
public void run() {
inti=0;
while(true) {
counter.nextCount(i);
/++/;

o BE 222 & Monitor2 TAE|0] QUL synchronized 7|} EE AH8510

okl

7 X} (shared object) 5712} (synchronization) $tCt.
u public class SharedCounter {
private int count = 0;
public SharedCounter() { }
public synchronized void nextCount(int i) {
System.out printin(Thread.currentThread().getName() + “ cycle=" +1i + ”
global count="+ count);
count++;

y

Lab #7 2 Monitor

Lab #7_2 Mutex (Mutual Exclusion Semaphore)

o 39 H counter= Monitor2 &7|3} (synchronization) EIC}.
u public class MonitorTest {
public static void main(String[] args) {

new SynchronizedMultithread(”SynThread1 :”, counter).start();
new SynchronizedMultithread(”SynThread? :”, counter).start();
new SynchronizedMultithread(”SynThread3 :”, counter).start();

O Lab#7_20| M= MutexE A5 HE| A E7t 87 X2l (shared resource)
£ Bl accessSHEE BHC}. Lab7_2 A% IS Lab7_11} HlmBtC},
private static Semaphore mutex = new Semaphore(1); // binary semaphore
public void run() {
while (true) {
try {
mutex.acquire(); // mutex lock
System.out. printin(getName() + “ global count=" + count);
count++;
mutex.release(); // mutex unlock
Thread.s/eep(7000);
} catch (InterruptedException e) {
e.printStackTrace();
return;




Lab #7_2 Mutex (Mutual Exclusion Semaphore)

Lab #7_2 Semaphore (Counting Semaphore)

O Lab#7_ 20| A &= MutexE At250] HE| A2|E7F S5 X}&(shared resource)
2 SILIM accessStEE $HCL Lab7 2 A ZADME Lab7 13} H| @St}
n public class MultithreadMutexTest {
public static void main(String[] args) {
new MultithreadMutex(”Thread1 :”).start();
new MultithreadMutex(”Thread?2 :”).start();
new MultithreadMutex(”Thread3 :”).start();
new Thread(new MultithreadRunnableMutex(”"Thread1 :”)).start();
new Thread(new MultithreadRunnableMutex(”Thread1 :”)).start();
new Thread(new MultithreadRunnableMutex(”Thread1 :”)).start();

o Lab#7_20| M= SemaphoreE AI835I0 HE| A E7} 3/ A& (shared
resource)2 SA| accessSt == $IC}. Lab7 2 A3 ZHlE Lab7 11} H|wSHC}.
private static Semaphore sem = new Semaphore(3); // counting semaphore
public void run() {
while (true) {
try {
sem.acquire(); // semaphore lock
System.out. printin(getName() + “ global count=" + count);
count++;
sem.release(); // semaphore unlock
Thread.sleep(7000);
} catch (InterruptedException e) {
e.printStackTrace();
return;

Lab #7_2 Semaphore (Counting Semaphore)

Lab #7_3 Monitor (TicketSeller)

O Lab#7_20||A{ = SemaphoreE Al250{ HE| A2 E7} 37 XI&(shared
resource)s SA| accessSt=& BHC} Lab7 2 A3 ZAILE Lab7_ 13} H| m $HCL,
» public class MultithreadSemaphoreTest {
public static void main(String[] args) {

new MultithreadSemaphore(”“Thread1 :”).start();
new MultithreadSemaphore(“Thread?2 :”).start();
new MultithreadSemaphore(”Thread3 :”).start();
new Thread(new MultithreadRunnableSemaphore(“Thread1 :”)).start();
new Thread(new MultithreadRunnableSemaphore(”Thread1 :”)).start();
new Thread(new MultithreadRunnableSemaphore(”Thread1 :”)).start();

O Lab#7_30| A= Monitorg AF25I0 seller(F, HE|AY E)0|M ticket(F, =&
Xtel)S SA| T 745 TicketSellerS &g},

private SharedCounter numTicket; // global counter (using monitor)
public void run() {
while (/done) {
if (numTicket.getCount() == 0) done= true;
else {
sold++;
num’Ticket.decreaseCount(sold),;




Lab #7 3 Mutex (TicketSeller)

Lab #7_3 Semaphore (TicketSeller)

0 Lab#7_30| A= MutexE AH2510] seller(F, HEIAH E)MHAN S X (F,
ticket)2 SA| O 7Hs 8t ticketSellerS St
private static Semaphore mutex = new Semaphore(1); // semaphore with max access count = 1
private static int numTicket = 50;
public void run() {
while (/done) {
mutex.acquire(); // mutex_ aquire
if (numTicket == 0) done= true;
else {
sold++;
numfTicket--;

System.out printin(getName() + “ sold=" + sold + “ ticket="+ numTicket);

}

mutex.release(); // mutex release

O Lab#7_30|A| = SemaphoreE AI85}0] seller(%, HE[2H E)0|M 37 Xt
(B, ticket)S SA| £Of 7}5¢t ticketSeller§ T2 SHC.
private Semaphore semaphore; // semaphore with max access count = numTicket
private static int numTicket = 50;
public void run() {
while (/done) {
if (numTicket == 0) done= true;
else {
semaphore.acquire(); // semaphore _aquire
sold++;
numTicket--;
System.out printin(getName() + “ sold=" + sold + “ ticket=" + numTicket);
}
}

semaphore.release(); // semaphore release

Lab #7 4 Monitor (Producer-Consumer Problem)

Lab #7 4 Monitor (Producer-Consumer Problem)

o Producer-Consumer Problem (Monitor)
m public class SharedBuffer {

private volatile String(] buffer;

private volatile int tail, head, count = 0;

public synchronized void put(String data) { // put data into the buffer
while (count >= buffer.length) { wait(); } // wait (buffer is full)
System.out.println(“produce=" + data);
buffer[tail] = data;
tail = (tail + 1) % buffer.length;
count++;
notifyAll(); // signal

o Producer-Consumer Problem (Monitor)

public synchronized String take() { // take data from the buffer
while (count <= 0) { wait(); } // wait (buffer is empty)
String data = bufferfhead)];
head = (head + 1) % buffer.length;
count--;
System.out.println(“produce=" + data);
notifyAll(); // signal
return data;




Lab #7 4 Monitor (Producer-Consumer Problem)

Lab #7 4 Monitor (Producer-Consumer Problem)

O Producer-Consumer Problem (Monitor)
u public abstract class Worker implements Runnable {
protected final SharedBuffer data; // sharedbuffer
protected String currentitem;
protected boolean running, shutdown;
public Worker(SharedBuffer data) { this.data = data; }
public synchronized void setCurrentltem(String item) { this.currentltem = item; }
public synchronized String getCurrentltem() { return this.currentitem; }
public synchronized boolean isRunning() {
if (this.shutdown) this.running = false;
return this.running;
}
public synchronized void stop() { this.shutdown = true; }

o Producer-Consumer Problem (Monitor)
u public class Producer extends Worker {
private static volatile int count = 0; // global counter among producer threads
public Producer(String name, SharedBuffer data) {
super(data);
}
public void run() {
while (isRunning()) {
String str = “gcount="+ count++);
data.put(str); // put data into the buffer
setCurrentltem(str);

Lab #7 4 Monitor (Producer-Consumer Problem)

Lab 7_4 Monitor (Producer-Consumer Problem)

o Producer-Consumer Problem (Monitor)
n public class Consumer extends Worker {
public Consumer(String name, SharedBuffer data) {
super(data);
7
public void run() {
while (isRunning()) {
String str = data.take(); // take data from the buffer
setCurrentltem(str);
System.out.printin(Thread.currentTread().getName() + str);

o 392K counter= Monitor2 S7|3} (synchronization) EIC}.
u public class MonitorTest {
public static void main(String[] args) {

SharedBuffer data = new SharedBuffer(5); // buffer size=5
new Thread(new Producer(”Producerl :”, data)).start();
new Thread(new Producer(”Producer?2 :”, data)).start();
new Thread(new Producer(”Producer3 :”, data)).start();
new Thread(new Consumer(”“Consumerl :”, data)).start();
new Thread(new Consumer(“Consumer?2 :”, data)).start();
new Thread(new Consumer(”“Consumer3 :”, data)).start();
new Thread(new Consumer(”“Consumer4 :”, data)).start();




Lab #7_4 Semaphore (Producer-Consumer Problem)

Lab #7_4 Semaphore (Producer-Consumer Problem)

o Producer() {
while (1) { <<< Produce item >>>
P(empty); // for wait, Get an empty buffer count, block if unavailable
P(mutex); // acquire critical section: shared buffer
<< < critical section: Put item into shared buffer >>>
V(mutex); // release critical section
V(full); // for signal, increase number of full buffer count
}
}
o Consumer() {
while (1) {
P(full); // for wait, Get a full buffer count, block if unavailable
P(mutex);
<< < critical section: Take item from shared buffer >>>
V(mutex);
V(empty); // for signal, increase number of empty buffer count

o Producer-Consumer Problem (Semaphore)
m public class BoundedBuffer {
private String[] buffer;
private Semaphore mutex;
private Semaphore empty;
private Semaphore full;
private int tail = 0, head = 0;

public BoundedBuffer (int size) {
buffer = new String[size];
mutex = new Semaphore(1);
empty = new Semaphore(size);
full = new Semaphore(0);

Lab #7_4 Semaphore (Producer-Consumer Problem)

Lab #7_4 Semaphore (Producer-Consumer Problem)

o Producer-Consumer Problem (Semaphore)

public void put(String data) { // put data into the buffer

if (full.availablePermits() >= buffer.length) System.out.printin(“buffer is full”);

empty.acquire(); // decrease empty count
System.out.printin(“produce="+ data);
mutex.acquire(); // mutex lock for shared data
buffer[tail] = data;

tail = (tail + 1) % buffer.length;
mutex.release(); // mutex unlock

full.release(); // increase full count

o Producer-Consumer Problem (Semaphore)

public String take() { // take data from the buffer
if (full availablePermits() <= 0) System.out printin(“buffer is empty”);
full.acquire(); // decrease full count
mutex.acquire(); // mutex lock for shared data
String data = bufferfhead];
head = (head + 1) % buffer.length;
mutex.release(); // mutex unlock
empty.release(); // increase empty count
return data;
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Lab #7 5 WorkerThread

O Lab#7_5_ThreadedimageGrayscaleO| | = # of thread®ll I} 2 20 images&
grayscale Hgtst=0| ZE|&= AlZt(elapsedTime) performanceE &3 tC}.

o Lab#7_50| M= JavaFX + TaskE& AM830 imageE backgroundZ loading$
3HHO| 2o =Lt

1 2144 ms

2 1262 ms

4 1060 ms

5 1010 ms

10 816 ms

20 746 ms
| H=

o Lab07_1 ~ Lab07_52t HEAME HHHOZ F0{M e-learning0i 1tH| =
o Zf LabOtCt Q10| F7t2 =/dst AEQt MEZ SHAMOE Eg Al




