· What is a data structure?
A data structure is a scheme of arranging data in computer memory for efficient manipulation together with the operations (algorithms) on the data.

· What is a container?

· A container is an object that contains within it other objects.

· The objects within a container are arranged in a data structure.

public interface Container {

int getCount ();

boolean isEmpty ();

boolean isFull ();

void purge ();

void accept (Visitor visitor);

Iterator iterator ();
}

public abstract class AbstractContainer implements Container {

protected int count;

public int getCount () {


return count;

}

public boolean isEmpty () {


return getCount () == 0;

}

public boolean isFull () {


return false;

}

public void accept(Visitor visitor) {


// . . .

}

public String toString() {


// …

}

public abstract void purge();

public abstract Iterator iterator(); 
}

· Why containers?

· They provide a set of same operations for different underlying data structures.

(isEmpty, isFull, isMember, find, insert, withdraw, pop, push  etc.)

· They simplify the use of a data structure by hiding the operations of the data structure from the user.
[image: image1.jpg]AbstractContainer

[protected int count;

getCount
isEpty
isFall /freturn falge
purge (abstract)
toString

iterator (abstract)
accept

(Stack) (Stack)
Containerl Container2 Container3 Container4
pu purge
insert imsert [ pop pop
iterat iterator
[withdraw Iwithdraw T push push
isMember lisMember purge purge
find find iterator iterator
isFull
array linkedList array linkedList
2 17 7 17 Z





Example:
public class MyContainer extends AbstractContainer {


private final int SIZE = 100; 


protected Comparable[] array = new Comparable[SIZE];


public boolean isFull() {



return count == SIZE;


}


public void purge() {



for (int i=0; i<count; i++)




array[i] = null;



count = 0;


}


public int getSize(){



return SIZE;


}


public Iterator iterator() { . . . }


public void insert(Comparable object) {



if(isFull())



  throw new ContainerFullException();



else{



  array[count] = object;



  count++;



}


}

}




· What is an iterator?

· An iterator is an object that contains the next and hasNext methods; it is used to access the elements of a container one at a time.
Example:
public class MyContainer extends AbstractContainer {


private final int SIZE = 100; 


protected Comparable[] array = new Comparable[SIZE];


// . . .


public Iterator iterator() {



return new Iterator ( ) {




private int index = 0;




public boolean hasNext( ) {





return index < count;




}




public Object next( ) {





Comparable element = array[index];





index++;





return element;




}



};


}

}

· Why iterators?

· An iterator simplifies accessing a container’s objects one at a time by hiding the traversal operations of the underlying data structure.

· How to use an iterator?
· Create an iterator object of the container.
· Use the hasNext and next methods in a loop.
public class TestAdditionIterator {

       public static void main(String[] args) {

         MyContainer c = new MyContainer();

         for (int i=0; i<10; i++) 

            c.insert(new Integer(i));

         Iterator i = c.iterator();

         int sum = 0;

         while (i.hasNext()) {

            Integer element = (Integer) i.next();

            sum += element;

         }
         System.out.println("Sum of the iterator is : "+sum);

      }

   }

· What is a visitor?

· A visitor is an object that contains at least visit and isDone methods; it is used to access the elements of a container one at a time.

Consider the following Concrete container that has a method getSum( ) that returns the sum of the elements in the container:
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It is possible to remove the method getSum() from the container and still be able to get the sum of the elements in the container by defining a visitor class. An instance of this class can visit the elements of the container, one at a time, and perform the required summation:

[image: image3.jpg]AbstractContainer

[protected int count;
getCount

isEanpty

isFull 7/ return false

purge (abstract)

toString

iterator (abstract)

[PWIR void accept(Visitor visitor){

Teerator iterator = iterator( )
while(iterator.hasNext( ) && ! visitor.isDone( ))
visitor.visit iterator.nest( ));

ConcreteContainer

insert

public interface Visitor{
public void visit(Object object );
public boolean isDone( );

}

public abstract class AbstractVisitor implements Visitor{
‘public abstract void visit(Object object );
public boolean isDone( ){
Teturn false;
}
}

withdraw

| JisMember Ful I:‘:I

find

public int getSum( ){
int sum = 0: L

fortint k= 0; I < count; Tei-+)

sum += (Integer) anay{kl;

retum sum;

e

[public class SumVisitor extends AbstractVisitor{
> private int sum = 0;

public void visit(Object obj){
= sum += (Integer) obj;

}

public int getSum(){
f> retumn sum;

}





· Why visitors?

· Visitors provide a mechanism of adding extra operations to a container without modifying the container’s code.
· How to use a visitor?

· Create a visitor object.

· Pass a reference of the visitor object to the accept method of the container.

· Use the visitor  object to access the accessor methods of the visitor if any.

public class AdditionVisitor extends AbstractVisitor {


private int sum=0;


public int getSum() {



return sum;


}


public void visit(Object object) {



int value = ((Integer) object).intValue();



sum+=value;


}

}
--------------------------------------------------------

public class TestAdditionVisitor {


public static void main(String[] args) {



MyContainer c = new MyContainer();



for (int i=0; i<10; i++) 




c.insert(new Integer(i));



AdditionVisitor visitor = new AdditionVisitor();



c.accept(visitor);

System.out.println("The sum of the elements is: "+visitor.getSum());


}

}
· The toString( ) method of AbstractContainer

public String toString() {

final StringBuffer buffer = new StringBuffer();
     // create an object of an anonymous inner class that

     // extends the AbstractVisitor class


AbstractVisitor visitor = new AbstractVisitor() {


private boolean comma;


public void visit(Object obj) {



if(comma)



    buffer.append(", ");



buffer.append(obj);



comma = true;


}

};

accept(visitor);

return "" + buffer;
}
SEARCHABLE CONTAINERS
· A searchable container is a container that implements the SearchableContainer interface:

public interface SearchableContainer extends Container{


boolean isMember(Comparable object);


void insert(Comparable object);


void withdraw(Comparable obj);


Comparable find(Comparable object);

}

· We define an abstract class AbstractSearchableContainer that may be used as the superclass from which concrete searchable containers are extended:

public abstract class AbstractSearchableContainer extends
  AbstractContainer implements SearchableContainer{

 public abstract boolean isMember(Comparable comparable);

 public abstract void insert(Comparable comparable);

 public abstract void withdraw(Comparable comparable);

 public abstract Comparable find(Comparable comparable);

   }

· Example:

public class MySearchableContainer extends MyContainer 

   implements SearchableContainer{


private int findIndex(Comparable target){



int index = 0;



while(index < count && !array[index].equals(target)) 




index++;



if(index < count)  //then target is found


  return index;



else



  return -1;


}


public void withdraw(Comparable target){



int index = findIndex(target);



if(index != -1){  //the target exists


  for(int i = index; i < count-1 ; i++)




array[i] = array[i+1];



  count--;



}


}


//returns the reference to the target if found, null otherwise 


public Comparable find(Comparable target){



// . . .


}

    //returns true if target is in the container, false otherwise.



public boolean isMember(Comparable target) {



// . . .


}

}

THE ASSOCIATION DESIGN PATTERN

· An association is an object that contains an ordered pair of objects called key and value.
· An association is created whenever there is a relationship between an object and another object or other objects.

· There are many associations in real life; in fact the entire Databases course is based on associations.

· The following are some examples of association objects; denoted by (key, value) pairs:

· (instructor, students)

   An instructor teaches these students

· (student, instructors)

    A student is taught by these instructors 

· (telephoneCompany, customers)

    A telephoneCompany serves these customers

· (bookSupplier, universities)

    A bookSupplier supplies textbooks to these universities

· (university, bookSuppliers)

    A university is supplied textbooks by these bookSuppliers

· (doctor, patients)

    A doctor treats these patients.

· (patient, doctors)

    A patient is treated by these doctors

· In our implementation the key field of an association object is an object that implements the Comparable interface, the value field is of type Object, and the Association object itself implements the Comparable interface:
public class Association implements Comparable{

    protected Comparable key;

    protected Object value;

    public Association(Comparable comparable, Object obj){

        key = comparable;

        value = obj;

    }

    public Association(Comparable comparable){

        this(comparable, null);

    }

    public Comparable getKey(){

        return key;

    }

    public Object getValue(){

        return value;

    }

    public void setKey(Comparable key){

    
 this.key = key;

    }

    public void setValue(Object value){

    
this.value = value;

    }

    public int compareTo(Object obj){

        Association association = (Association)obj;

        return key.compareTo(association.getKey());

    }

    public boolean equals(Object obj){

    
 return compareTo(obj) == 0;

    }

    public String toString(){

        String s = "{ " + key;

        if(value != null)

            s = s + " ,   " + value;

        return s + " }";

    }

}

· Note that the compareTo method is implemented such that association objects are compared based on their keys only. Thus the following comparison will return true:

     Association object1 = 
          new Asociation(new Integer(5), new Integer(78));

Asociation object2 = 
    new Association(new Integer(5), new Integer(3));

if(object1.equals(object2))

    System.out.println("Same key values");

else

   System.out.println("Different key values");

· Example:

public class Student implements Comparable{ // . . .}

public class Instructor implements Comparable{ // . . .}

Instructor instructor1 = new Instructor(. . .);

Student student1 = new Student(. . .);

MySearchableContainer studentContainer = new MySearchableContainer ( );
// studentContainer is filled with instructor1 students
studentContainer.insert(new Student(…));

// . . .

studentContainer.insert(new Student(…));

//create an association between instructor1 and his students

Association instructor1Students =
      new Association(instructor1, studentContainer);

// How many students does instructor1 teach?

StudentContainer c =  (StudentContainer) instructor1Students.getValue( );

System.out.println("The instructor teaches " + c.getCount( ) + " students");
// Does instructor1 teach student3?

if(c.isMember(student3))

   System.out.println(instructor1 + " teaches " + student3);

else

   System.out.println(instructor1 + " does not teach " + student3);

  // Display all instructor1 students:

    Iterator iterator = c.iterator( );

    while(iterator.hasNext( ))

        System.out.println((Student) iterator.( ));

 // Add a new student to the container of students taught by instructor1

     Student student2 = new Student(. . .);

     if(c.isMember(student2))

   System.out.println("Error: " + instructor1 + " teaches " + student2);

else{

      c.insert(student2);
      // instructor1.setValue(c);
}

