

Java Session 2- Global Data and Mutual Exclusion
Introduction
In this practical we examine in detail how threads read and update shared data and how they can end up interfering with each other. In many cases the problem boils down to needing to provide mutual exclusion.  Java provides the synchronized keyword as an aid to mutual exclusion and in many cases it’s all that is needed.
More on Shared Data – How to Implement Global Variables

We have already discussed how to implement global variables in Java, on Page 8 of Session 1. We put the data into a shared object, and then pass the reference (address) of the object to each thread’s constructor method.  The familyheating project showed an example of this approach.  

The diagram below illustrates the main steps that are used:
1. The object g of class G is created in the main() method of the Main class.

2. Note that g contains data in the variables x and y.

3. When threads a1 and a2 are created the value of g is passed to the constructor of A.
4. Inside the class A, the value of g is copied to the variable myG.

5. The run() method of A can then access g by calling g.f() and g.h().
Exercise

Locate steps 1 to 5 in the program outlined on the next page and mark them down

Non-Determinism and Shared Objects
The first Java project in this practical, globalobject, demonstrates how the same concurrent program can produce very differing results.  It is a version of the simple concurrent program below, a program that we have already met in the lectures.

program A {

    x = y + 1;

}

program B {
    y = x + 1;

}

program Main {

    int x = 0;

    int y = 0;

    co 

        A //

        B

    oc
}
1. Note that we have put the global variables x and y inside the global class G.  

2. The classes A and B implement the programs in A and B in their run methods.
3. To read the variable x we use the method getX() and to write it we use putX(). The same goes for the variable y.

4. There are random time delays built into the program using the special class Delay.
/*

 * Main.java

 *

 */

package globalobject;

public class Main {

    public static void main(String[] args) {

        G g = new G();

        A a = new A(g);

        B b = new B(g);

        a.start();

        b.start();

        try {

            a.join();

            b.join();

        }

        catch (InterruptedException e) {}

        int x = g.getX();

        int y = g.getY();

        System.out.println("After a, b have completed: x:" + x + 

                                               " y:" + y);        

    }

}

/*

 * G.java

 */

package globalobject;

public class G {

    int x = 0;

    int y  = 0;

    /** Creates a new instance of G */

    public G() {

    }

    public int getX() {

        return x;

    }

    public int getY() {

        return y;

    }

    public void putX(int xxxx) {

        x = xxxx;

    }

    public void putY(int yyyy) {

        y = yyyy;

    }

}

/*

 * A.java

 */

package globalobject;

public class A extends Thread {

    G g = null;    

    public A(G gFormal) {

        g = gFormal;

    }

    public void run() {

        Delay.idleUpTo(1.0);

        int myY = g.getY();

        Delay.idleUpTo(1.0);    

        int myX = myY + 1;

        Delay.idleUpTo(1.0);    

        g.putX(myX);        

    }

}

/*

 * B.java

 */

package globalobject;

public class B extends Thread {

    G g = null;

    public B(G gFormal) {

        g = gFormal;

    }

    public void run() {

        Delay.idleUpTo(1.0);

        int myX = g.getX();

        Delay.idleUpTo(1.0);   

        int myY = myX + 1;

        Delay.idleUpTo(1.0);    

        g.putY(myY);

    }    

}

/*

 * Delay.java

 */

public class Delay {

    public static void idleUpTo(double seconds) {

        double thousandths = (int) (1000.0 * seconds);

        double randomSleepLength = thousandths * Math.random();

        long   randomSleep   = (long) randomSleepLength;

        try {

            Thread.currentThread().sleep(randomSleep);

        }

        catch (InterruptedException e) {}

    }    

}
Exercise – Shared Object

1. Download the zipped program files for globalobject from the module web-site and unzip them.

2. Start Netbeans and select File/Open Project.

3. Browse to the directory folder for globalobject and open the project.

4. Run the project several times and see if you get the same results.

5. See if you can change the delay times so that you get different results from the ones you normally get.

6. (Difficult).  What are the implications of this exercise for conducting tests of a software system which involves concurrency?
Mutual Exclusion

The two main types of synchronisation are mutual exclusion and condition synchronisation.  Mutual exclusion is often needed to ensure correctness or to control access to a shared resource.   Mutual exclusion (of type x) occurs when areas of sequential code are marked as being critical sections (of type x).  Only one process at a time may be executing the code in a critical section (of the given type).
Examples of Mutual Exclusion

1. If several Java threads wish to print to an MS-DOS window then their lines of output will normally be intermixed.  If a thread is intended to print several lines without interruption then the code that prints these lines must be marked as a critical section.  

2. If processes accessing database items x, y, z etc. are required to have exclusive access to these items, then the area of code which has exclusive access to item x is marked as a critical section of type x.
3. If several processes wish to access an Ethernet bus then only one can succeed at any one time.  

Exercise – Sharing the Output Channel
1. In Netbeans open the project mixedpoems.

2. Run the project.

3. To stop the program from running select Runtime in the project window, then open the Processes branch and Right-Click mixedpoems. You can then terminate the process.

4. Note how the two poems are printed out with the lines mixed.  Each poem is printed in order, but lines from the other poem are interleaved.

5. Although there are no explicit global variables in this program, there is a need for mutual exclusion because the output channel is being shared.

6.  Mark the critical sections in the code below.
/*

 * Main.java

 */

package mixedpoems;

public class Main {

    public static void main(String[] args) {

        Flowers     flowers = new Flowers();

        JackAndJill jAndJ   = new JackAndJill();

        flowers.start();

        jAndJ.start();

    }    

}
/*

 * Flowers.java

 */

package mixedpoems;

public class Flowers extends Thread {

    public void run() {

        while (true) {

            Delay.idleUpTo(1.);    

            System.out.println("f1. Roses are red,");

            Delay.idleUpTo(1.);    

            System.out.println("f2. Violets are blue,");

            Delay.idleUpTo(1.);    

            System.out.println("f3. Sugar is sweet,");

            Delay.idleUpTo(1.);    

            System.out.println("f4. And so are you.");

        }

    }

}

/*

 * JackAndJill.java

 */

package mixedpoems;

public class JackAndJill extends Thread {

    public void run() {

        while (true) {

            Delay.idleUpTo(1.);        

            System.out.println("j1. Jack and Jill");

            Delay.idleUpTo(1.);         

            System.out.println("j2. Went up the hill");

            Delay.idleUpTo(1.);     

            System.out.println("j3. To fetch a pail of water.");

            Delay.idleUpTo(1.);                    

            System.out.println("j4. Jack fell down");

            Delay.idleUpTo(1.);       

            System.out.println("j5. And broke his crown");

            Delay.idleUpTo(1.);      

            System.out.println("j6. And Jill came tumbling after.");

        }

    }

}    

Mutual Exclusion - Protecting Regions of Code - the synchronized Keyword

Java can implement mutual exclusion in various ways. 

1. It is possible to mark out regions of code and protect them using the synchronized keyword.  

2. Secondly, the programmer can declare the methods in a class to be synchronized. This ensures that only one thread at a time can be accessing a given object.
Synchronised Regions of Code

To ensure that only one region at a time may execute, the programmer creates a global object (of any type), say x and wraps braces {} around the region, and precedes the braces with the statement synchronized(x). The resulting code looks like this:

synchronized(x) { 

    region of code 

}
Exercise – Mutual Exclusion with Regions
Easy Version

1. Download the code for testpoems and run it.  
2. Mark the shared object which is being used for mutual exclusion.

3. Is the program fair?

Difficult Version

Modify the code in mixedpoems to implement mutual exclusion.

1. Create an object of type Object in the main() method.

2. Pass this object to the constructors of the JackAndJill object and the Flowers object.

3. Create synchronized regions of code so that only one poem at a time gets printed to the screen.

Exercise – Mutual Exclusion for Methods

1. Download the code for synchronisedmethods and run it.

2. Modify your code to implement the code below:
program A {

    <x = w + 1;>

}

program B {

    <y = x + 1;>

}

program C {

    <w = y + 1;>

}

program Main {

    int x = 0;

    int y = 0;

    int w = 0;

    co 

        A //

        B //

        C

    oc
}
Threads and the Runnable Interface

If you want to subclass your thread object (not directly to Thread) then you can use the Runnable interface to java.lang. Any class that implements the Runnable interface can provide the body of a thread.

Now look at the three files: RunIdlers.java, Idler.java, and Delay.java.

RunIdlers creates two Idler objects.

The numbers are millisecond lengths (3 seconds, and 6 seconds). 

Look at the constructor method for the Idler object. The millisecond lengths are copied to a private variable, private_idle, inside the Idler object.  In addition a string is passed in.

To run the threads these line are used:

l.start();

h.start();

The run() method contains a loop. The thread prints out its name then sleeps for the number of milliseconds prescribed by its private variable.

Exercise

Download and run the package idlers.
/* RunIdlers.java

 */

package idlers;

public  class RunIdlers  {

    public static void  main(String argv[]) {

       // Create two instances of the Idler class

        Idler  lover = new Idler("She loves me    ", 3.0);

        Idler  hater = new Idler("No, she hates me", 6.0);

        // Attach these instances to threads

        Thread l = new Thread(lover, "Lover thread");

        Thread h = new Thread(hater, "Hater thread");

        // Now actually run the two threads

        l.start();

        h.start();    }

}

/*

 * Idler.java

 */

package idlers;

public class  Idler implements Runnable {

    private int privateIdle;

    private String privateName;

    Idler(String name, double idleTime) {  // constructor

        privateIdle = idleTime;

        privateName = name;

    }

    public void run() {

        for (int i = 0; i < 5; i++) {

            Delay.(privateIdle);   // a class to implement a sleep

            System.out.println(privateName);

        }

    }

}
Projects
globalobject 

mixedpoems

synchronisedmethods

testpoems

idlers













class A extends Thread {


G myG;


Constructor 


A(g, x, y, ..) {


code for constructor


myG = g;


}





public void run(){


 


myG .f();


myG.h();





}





class G {





public void f() {


…


}


public double h() {


…


}





class Main {


main()


create global


G g = new G();





create thread object


referring to g


A a1 = new A(g, x, y...);


A a2 = new A(g, x, y,...);


start thread object


a1.start();


a2.start();





(optional)


blocks waiting for


 thread to finish 


try {


    a1.join();


    a2.join();


}


catch (InterruptedException e) {}


}
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