Threads

» A thread is a single sequential flow of control
within a program.

» A multi-threaded program is one has multiple
threads running simultaneously.

* Multi-threaded programs are also known as
concurrent programs

» A multi-threaded program can run on a single-
processor or multi-processor computer.

+» Java provides language support for multi-
threading.

» The Java runtime is multi-threaded.

Multi-Threaded Programming

» Most conventional programming languages are
single-threaded.
» Advantages:
» reactive systems: control systems
» responsiveness: GUI
»availability: server
» Multi-threaded programming are more difficult:
» shared access to objects
* non-determinism
» overhead: thread creation, context switching,
and synchronization
» race hazard

A Bank Account

public class Account {

...
publ i ¢ bool ean w thdraw(| ong anmount) {
i f (anmpbunt <= bal ance) {
| ong newbal ance = bal ance - anount;
bal ance = newbal ance;
return true;
} else
return fal se;

private | ong bal ance;

A ""Perfact" Crime

Assume the initial balance is $1,000,000. Two
withdraw requests are made almost simultaneously.

balance withdraw 1 withdraw 2

1,000,000 anpunt <=bal ance

1,000,000 anount <=bal ance
1,000,000 newbal ance=. .. ;

1,000,000 newbal ance=. . . ;
0 bal ance=. . .;

0 bal ance=. .. ;
0 return true;
0 return true;




Creating Threads

Method A:

+» Subclass the Thr ead class.

» Override the r un() method.

+ Create a thread with new MyThread(...).

+ Start the thread by calling the st ar t () method.
Method B:

+ Implement the Runnabl e interface.

+ Override the r un() method.

+» Create a thread with new Thr ead(r unnabl e).

» Start the thread by calling the st ar t () method.

A Simple Counter
public class Counterl extends Thread {
protected int count, inc, delay;
public Counterl(int init, int inc, int delay) {
this.count = init;
this.inc = inc;

this.del ay = del ay;
}
public void run() {

try {
for (;;) {
Systemout. print(count + " ");

count += inc;
sl eep(del ay);

}
} catch (I nterruptedException e) {}

A Simple Counter (cont'd)

(class Count er 1 continued.)

public static void main(String[] args) {
new Counter1(0, 1, 33).start();
new Counter1(0, -1, 100).start();

}
}

Output:

0012-1345-2678-3910-4 11 12 13
-5 14 15 16 -6 17 18 -7 19 20 21 -8 22 23 24 -9
25 26 -10 27 28 -11 29 30 31 -12 32 33 34 -13
35 36 37 -14 38 39 -15 40 41 42 -16 43 44 45

A Simple Counter 11

public class Counter2 inplenents Runnable {
protected int count, inc, delay;

public Counter2(int init, int inc, int delay) {
this.count = init;
this.inc = inc;
this.delay = del ay;
}
public void run() {
try {
for (5;) {
System out.print(count + " ");
count += inc;
Thr ead. sl eep(del ay);

}
} catch (InterruptedException e) {}
}




A Simple Counter Il (cont'd)

(class Count er 2 continued.)

public static void main(String[] args) {
new Thread(new Counter2(0, 1, 33)).start();

new Thread(new Counter2(0, -1, 100)).start();

}
}

Output:

0012-1345-2678-39 10 -4 1112 13 -5
14 15 16 -6 17 18 -7 19 20 21 -8 22 23 24 -9 25

26 -10 27 28 -11 29 30 31 -12 32 33 34 -13 35 36 -

14 37 38 39 -15 40 41 42 -16 43 44 45 -17 46 47

Controlling Threads

sstart (): start running the thread

*i sAlive():returnt rue if the thread has been started and
not terminated.

»st op() : abruptly and irrevocably stop a thread.
(Deprecated in 1.2)

+ sl eep() : sleep a given amount of time and wake up
automatically.

+suspend() andr esune() : suspend and resume a thread.
(Deprecated in 1.2)

] oi n() : wait until the target thread is finished.

sinterrupt():ifthe thread is blocked wake up the thread
withan | nt er r upt edExcept i on, otherwise, set the
interrupted flag.

+yi el d() : give other threads of the same priority a chance
to run.

Thread Priority and Scheduling

» Java virtual machine implements a very simple
scheduling strategy:

» Each thread has a priority between
M N_PRI ORI TY and MAX_PRI ORI TY.

» A live thread may be runnable or blocked.

» The runnable thread of the highest priority will be
selected to run.

» If there are more than one runnable threads of the
same highest priority, one will be selected
arbitrarily. These is no requirement of fairness.

» A thread of a higher priority will preempt a thread
of a lower priority.

Thread Priority and Scheduling (cont'd)

A thread that is currently running will relinquish the

control whenone of the following happens:
» Ityields, i.e., yi el d() is invoked.
*» |t becomes blocked.
+ A thread with a higher priority becomes runnable.
+ Its time-slice has expired.




Controlling Priorities

public class Thread {
public static final int MAX PRRORITY =. ..
public static final int MNPRIORITY =...
public static final int NORMPRIORITY =. ..

public final void setPriority(int newPriority)

{...}
public final int getPriority() {...}
/1

+ By default, a new thread has the same priority as the one
that creates it.

* The priority of a thread can be changed at any time.

» Only use priorities to tune the performance of programs.
The correctness of programs should not depend on the
priorities and the scheduling policies.

Thread States
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Consistency of Object States

+ While an object is been modified, it may be in may go
through a number of intermediate state that are
inconsistent or invalid.

+ |If athread that is modifying an object is interrupted, it
may leave the object in an inconsistent state.

+ Aclass is said to be thread safe, if it ensures the
consistency of its objects in the presence of multiple
threads.

+ To maintain the consistency of object states, a thread
should not be interrupted while it is in certain regions,
called critical regions.

+ An operation that can not be interrupted is called an
atomic operation.

Synchronization

Mutual exclusion of threads.
+ Each synchronized method or statement is guarded by an
object.
* When entering a synchronized method or statement, the
object will be locked until the method is finished.
* When the object is locked by anther thread, the current
thread must wait.




Synchronized Method

public class Account {
...
publ i ¢ synchroni zed bool ean
wi t hdraw(l ong anount) { ... }

Synchronized Statement

public class Account {
...
public bool ean wi t hdraw(|l ong anount) {
synchroni zed (this) {
i f (anpbunt <= bal ance) {
| ong newbal ance = bal ance - anount;
bal ance = newbal ance;
return true
} else
return fal se;

When The Queue Is Empty
Conside the following queue class.

public class Queue {
public synchronized El enent dequeue() {
if ('isEmpty())
return ...;
el se
/1l what to do?

public synchroni zed void enqueue(El enent e) {
if (tisFull())
Il
el se
/1 what to do?

Cooperation Among Threads

» Synchronization only address the issue of
exclusion not cooperation.

» Cooperation involves

swai t () : when a thread is unable to continue, let
other threads to proceed.

snoti fy() : notify other threads that they may be
able to proceed.

sThewai t (),notify(),andnotifyAll ()
methods are defined in the OQbj ect class.




wai t () and noti fy()

public class Queue {
public synchroni zed El enent dequeue() {
while (isEnpty())
wait();
notify();
return ...;

public synchroni zed void enqueue() {
while (Full())
vai t () ;
notify();
...

}
1. ..

}




