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Breadth First Traversal


TQ is a Queue of Tnode;

Print_Breadth (Tnode T){

   TQ.Enter(T);

   while (!TQ.Is_Empty()){ //point A
      temp = TQ.Remove();

      Print(temp);         //point B
      if (temp.LT!=null)
           TQ.Enter(temp.LT);

      if (temp.RT!=null)

         TQ.Enter(temp.RT);

   }

}
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Tree Iterator

// Author Mark Allen Wiess

//

// PostOrder class; maintains "current position"

// according to a postorder traversal

// CONSTRUCTION: with tree to which iterator is bound

//

// ******************PUBLIC OPERATIONS**********************

// boolean isValid( )   --> True if at valid position in tree

// Object retrieve( )   --> Return item in current position

// void first( )        --> Set current position to first

// void advance( )      --> Advance (prefix)

// ******************ERRORS*********************************

// Exceptions thrown for illegal access or advance

class PostOrder extends TreeIterator

{

    /**

     * Construct the iterator.

     * The current position is set to null.

     * @param theTree the tree to which the iterator is

     *     permanently bound.

     */

    public PostOrder( BinaryTree theTree )

    {

        super( theTree );

        s = new ArrayStack( );

        s.push( new StNode( t.getRoot( ) ) );

    }

    /**

     * Set the current position to the first item, according

     * to the postorder traversal scheme.

     */

    public void first( )

    {

        s.makeEmpty( );

        if( t.getRoot( ) != null )

            s.push( new StNode( t.getRoot( ) ) );

        try

          { advance( ); }

        catch( NoSuchElementException e ) { }  // Empty tree

    }



Postorder Iteration Traversal

     /**

      * Advance the current position to the next node in the tree,

      *     according to the postorder traversal scheme.

      * @throws NoSuchElementException if iteration has

      *     been exhausted prior to the call.

      */

    public void advance( )

    {

        if( s.isEmpty( ) )

        {

            if( current == null )

                throw new NoSuchElementException( "PostOrder Advance" );

            current = null;

            return;

        }

        StNode cnode;


        for( ; ; )

        {

            cnode = ( StNode ) s.topAndPop( );

            if( ++cnode.timesPopped == 3 )

            {

                current = cnode.node;

                return;

            }

            s.push( cnode );

            if( cnode.timesPopped == 1 )

            {

                if( cnode.node.getLeft( ) != null )

                    s.push( new StNode( cnode.node.getLeft( ) ) );

            }

            else  // cnode.timesPopped == 2

            {

                if( cnode.node.getRight( ) != null )

                    s.push( new StNode( cnode.node.getRight( ) ) );

            }

        }

    }

InOrder Iteration Traversal

     /**

      * Advance the current position to the next node in the tree,

      *     according to the inorder traversal scheme.

      * @throws NoSuchElementException if iteration has

      *     been exhausted prior to the call.

      */

    public void advance( )

    {

        if( s.isEmpty( ) )

        {

            if( current == null )

                throw new NoSuchElementException( "InOrder advance" );

            current = null;

            return;

        }

        StNode cnode;

        for( ; ; )

        {

            cnode = ( StNode ) s.topAndPop( );

            if( ++cnode.timesPopped == 2 )

            {

                current = cnode.node;

                if( cnode.node.getRight( ) != null )

                    s.push( new StNode( cnode.node.getRight( ) ) );

                return;

            }

                // First time through

            s.push( cnode );

            if( cnode.node.getLeft( ) != null )

                s.push( new StNode( cnode.node.getLeft( ) ) );

        }

    }

}

Preorder Iteration Traversal

/**

      * Advance the current position to the next node in the tree,

      *     according to the preorder traversal scheme.

      * @throws NoSuchElementException if iteration has

      *     been exhausted prior to the call.

      */

    public void advance( )

    {

        if( s.isEmpty( ) )

        {

            if( current == null )

                throw new NoSuchElementException( "PreOrder Advance" );

            current = null;

            return;

        }

        current = ( BinaryNode ) s.topAndPop( );


        if( current.getRight( ) != null )

            s.push( current.getRight( ) );

        if( current.getLeft( ) != null )

            s.push( current.getLeft( ) );

    }

        /** An internal stack of visited nodes */

    private Stack s;    // Stack of TreeNode objects

}


Link Inversion Algorithm

1. [Initialize]  



Pres = root;


Prev = null;

2. [Pre Order]
Visit Node of Pres.

3. [Decend left]



Next = Pres.LLink;


if (Next != null) {


   Pres.LLink = Prev;


   Prev = Pres;


   Pres = Next;


   goto 2

        }

4. [SOT]
Visit Node of Pres.

5. [Decend Right]



Next = Pres.RLink;


if (Next != null) {


   Pres.Tag = 1;


   Pres.RLink = Prev;


   Prev = Pres;


   Pres = Next;


   goto 2

        }

6. [Post Order]
Visit Node of Pres.

Note: The Procedure for descending the left & right branches are the same except for setting the tags.

7. [Go up]



if (Prev == null) stop


if (Prev.Tag == 0) {


   Prev.Tag = 0;     //Don’t need this line

   Next = Prev.LLink;


   Prev.LLink = Pres;


   Pres = Prev;


   Prev = Next;


   goto 4

        }


if (Prev.Tag == 1) { 


   Prev.Tag = 0;


   Next = Prev.RLink;


   Prev.RLink = Pres;


   Pres = Prev;


   Prev = Next;


   goto 6

        }


Traversing a Threaded S.O.T.

class node{

   {some data}

   public node left;

   public node right;

   boolean ltag,rtag;

}

public static Inorder_T(node ptr) {

   node tptr;

   while (!ptr.ltag)

      ptr = ptr.left;

   while (ptr != null) {

      //visit the node

      tptr = ptr;

      ptr = ptr.right;

      if (!tptr.rtag)

         while (!ptr.ltag)

            ptr = ptr.left;

   }

}
Thread a tree for S.O.T. using Recursion

node = last_right;

public static void Thread(node ptr) {

   if (ptr.left != null) {

      Thread(ptr.left);

   //Visit Node

   if (last_right != null) {

      last_right.right = ptr;

      last_right = null;

   }

   if (ptr.right != null)

      Thread(ptr.right);

   else

      last_right = ptr;

}

AVL Trees

class Node() {

   ElementType Element;

   Node Left, Right;

   int Height;

   //Constructor to intialize

}

Node insert (ElementType X, Node T) {

   if (T==null) {

 
 T = new Node();

  
 T.element = X;

   }

   else if (X < T.Element) {   // Insert on Left Branch
         T.Left = Insert(X,T.Left);

         if (Height(T.Left) - Height(T.Right) == 2)

            if (X < T.Left.Element)  
// Outside insert
               T = SRotateLeftToRight(T)

            else





// Else inside
               T = DRotateLeftToRight(T)

         else

            T.Height = 1 + Max(Height(T.Left),

                       Height(T.Right));

   } 

   else if (X > T.Element) {

         // Symmetric case for right subtree

   }

   else

         // Do nothing, X is already in the tree

   return T

}

int Height (Node T) {

   if (T == null) 

      return -1;

   else

      return T.Height;

}  

Node SRotateLeftToRight( Node k2) {

   Node k1;

   k1 = k2.Left;


// Fig A
   k2.Left = k1.Right; 
// Fig B
   k1.Right = k2;


// Fig C
   k2.Height = 1 + Max(Height(k2.Left),

               Height(k2.Right));

   k1.Height = Max(height(k1.Left), k2.Height) + 1;

   k2 = k1;



// Fig D
   return k2;

}

Node DRotateLeftToRight(Node k3) {

   k3.Left = SRotateRightToLeft(k3.Left);

   k3 = SRotateLeftToRight(k3);

   return k3;

}



Splay Trees

Both 

  

Top Down 




Bottom Up



E.g.  Bottom Up

B-Trees

Example of a 2-3 Tree




Deletion

Delete I
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int Bsearch(TableType T, KeyType key, int lt, int rt) {

  int mid;

  mid = (lt+rt)/2;

  if (lt>rt)                //Search unsuccessful
     return 0;         

  else if (T[mid]==key)     //Search successful
     return mid;       

  else if (T[mid]>key)      //Search item < mid
     Bsearch(T,key,lt,mid-1);

  else                      //Search item > mid
     Bsearch(T,key,mid+1,rt);

  }

 Hashing

Hashing - Chaining

f(n) = (2n -5) mod 13        h(n) = (2n-5) div 13

	n
	f(n)
	Q
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(Q)]
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Hashing – Linear Probing

f(n) = (2n -5) mod 13        h(n) = (2n-5) div 13

	n
	f(n)
	Q
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(Q)]
	n
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Hashing – Double Hashing

f(n) = (2n -5) mod 13        h(n) = (2n-5) div 13

	n
	f(n)
	Q
	Max[1,f

(Q)]
	n
	f(n)
	Q
	Max[1,f

(Q)]

	88
	2
	13
	8
	62
	2
	9
	1

	75
	2
	11
	4
	3
	1
	0
	8

	64
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	9
	1
	49
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Hashing – Internal Chaining

f(n) = (2n -5) mod 13        h(n) = (2n-5) div 13

	n
	f(n)
	Q
	Max[1,f

(Q)]
	n
	f(n)
	Q
	Max[1,f

(Q)]

	88
	2
	13
	8
	62
	2
	9
	1

	75
	2
	11
	4
	3
	1
	0
	8

	64
	6
	9
	1
	49
	2
	7
	9

	28
	12
	3
	1
	93
	12
	13
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	41
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	54
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	38
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Final Iteration
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 Match_0 Algorithm

int Match_0 (String P,T)

{


int j=1;       --Index into Text pattern T
    
int k=1;

--Index into Pattern P
    
do {



if (T.data[j] == P.data[k]) {
--While T[j]==P[k]



j++;





--inc i & j
         
k++;



}



else {


--T[j]!=P[k]



j = j-k+2;

--reset j and inc + 1



if (j+P.size <= T.size +1)
--If P can be found
         

k = 1;




--in T then reset k



else





break;   



--P not in T so quit


}


} while ((j < T.size) && (k < P.size))










-–if k>P.size then success

if (k > P.size) 



return j - P.size


                      --found P so return index j were p starts

else



return 0;
--Search failed
}

1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 

a a l f l a l f a l a l f a l l a l f a l a l f a f 

a l

  a l f a
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        a

          a l f a l a l f a f

            a

              a

                a l f

                  a

                    a l f a l a

                      a

                        a

                          a l f

                            a

                              a

                                a l f a l a l f a f

Scan_1 Algorithm

offset_array Scan_1 (string pattern) {

   int i,t;

   int fail[],next[];

   i=1;

   t=0;

   fail[1]=0;     --Not needed, used to show when a failure occurs
   next[1]=0;

   do {

      while((t>0) && pattern.data[i] != pattern.data[t])

         t=next[t];

      i++;

      t++;

      fail[i]=t;

      if (pattern.data[i] = pattern.data[t])

         next[i] = next[t];

      else

         next[i] = t;

   } while i<pattern.size

   return next;

}


Match_1 Algorithm (KMP)

int Match_1 (pattern, text: string)

{

   int j,k;


int next[];

   next = SCAN_1 (pattern); --generate next from pattern

   j = 1; k = 1;

   do {

   if (text.data [j] = pattern.data [k]){


   j++;


   k++;

   }

   else {

     if next  [k] > 0 then


     k = next[k]; --Continue but in state next [k]
     else

       if (j + pattern.size > text.size) 

         break;  --No Match possible

       else{     -- Start at state 1, set S to j + 1,

         j++;   -- skip current char

         k = 1;

       }

   } while (j > text.size) or (k > pattern.size);

     if (k > pattern.size) 

   MATCH_1 : = j - pattern.size

     else 

   MATCH_1 : = 0;

}

 TC "Sets"\l 1 Sets

Characteristic Set = 

	a
	b
	c
	d
	e
	f
	g

	
	
	
	
	
	
	


A is

	a
	b
	c
	d
	e
	f
	g

	1
	1
	1
	1
	0
	0
	0


B is 

	a
	b
	c
	d
	e
	f
	g

	0
	1
	0
	1
	0
	1
	0


A (B

	a
	b
	c
	d
	e
	f
	g

	
	
	
	
	
	
	


A ( B
	a
	b
	c
	d
	e
	f
	g

	
	
	
	
	
	
	


A - B
	a
	b
	c
	d
	e
	f
	g
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	0
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	0
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	2

	4
	0
	9
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	0
	0
	0
	6
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	0
	0
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An Example Sparse Matrix
Bit Map Allocation

	0
	1
	0
	0
	1

	1
	0
	1
	0
	0

	0
	0
	0
	1
	0

	1
	0
	0
	0
	1

	0
	1
	0
	0
	0



Address Map Allocation

	0
	1
	0
	0
	2

	1
	0
	2
	0
	0

	0
	0
	0
	1
	0

	1
	0
	0
	0
	2

	0
	1
	0
	0
	0




Matrix Node Representation

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2
	0
	5
	0
	0
	0
	0
	0
	0
	2

	3
	0
	0
	0
	0
	0
	0
	0
	0
	0

	4
	0
	0
	0
	0
	0
	0
	0
	0
	0

	5
	4
	0
	0
	9
	0
	0
	0
	0
	0

	6
	0
	0
	0
	0
	0
	6
	0
	0
	0

	7
	0
	0
	0
	0
	0
	0
	0
	0
	0

	8
	1
	0
	0
	0
	0
	0
	0
	0
	3

	9
	0
	0
	0
	0
	0
	0
	0
	0
	0

	10
	0
	0
	0
	0
	0
	0
	0
	0
	0

	11
	0
	8
	0
	0
	0
	0
	0
	0
	0


Sparse Matrix representation of above data
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	3
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	8
	0
	0
	0


Zero suppress Matrix


Link Representation of the Sparse Matrix

Random

	x
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	x
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	0
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	0
	0
	0
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	0
	0
	0
	0
	0
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	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	0
	0
	0
	0
	x
	0
	x
	0
	0
	0
	0
	x

	0
	0
	x
	0
	0
	0
	0
	0
	0
	0
	0
	0

	x
	0
	0
	0
	0
	0
	0
	0
	x
	0
	0
	0


Banding
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	x
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	x
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	0
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	0

	0
	0
	0
	0
	0
	0
	x
	x
	x
	0
	0
	0

	0
	0
	0
	0
	0
	0
	x
	x
	x
	0
	0
	0

	0
	0
	0
	0
	0
	0
	x
	x
	x
	0
	0
	0

	0
	0
	0
	0
	0
	0
	0
	0
	0
	x
	x
	x

	0
	0
	0
	0
	0
	0
	0
	0
	0
	x
	x
	x

	0
	0
	0
	0
	0
	0
	0
	0
	0
	x
	x
	x


Relative Compression of Sparse Matrix

	Density p
	.1
	.03
	.01
	.003

	Bit-Map
	9650
	4050
	2450
	1890

	Address-Map
	18400
	12800
	11200
	10640

	Delta-Skip
	11978
	4670
	2331
	1260

	Triples
	12000
	3600
	1200
	360

	Linked List
	24000
	10000
	6000
	4600


 TC "Graphs"\l 1 Shortest Path

	v
	dv
	pv

	v1
	(
	0

	v2
	(
	0

	v0=v3
	0
	0

	v4
	(
	0

	v5
	(
	0

	v6
	(
	0

	v7
	(
	0



Q.Enqueue(v0);

while (!Q.IsEmpty) {

   V = Q.Dequeue();

   for (Each W adjacent to V) 

      if(T[W].Dist == Maxint) {

         T[W].Dist = T[V].Dist + 1;

         T[W].Path = V;

         Q.Enqueue(W); 

      }

}

Dijkstra's Algorithm

	v
	known
	dv
	pv

	v1 = v0
	0
	0
	0

	v2
	0
	(
	0

	v3
	0
	(
	0

	v4
	0
	(
	0

	v5
	0
	(
	0

	v6
	0
	(
	0

	v7
	0
	(
	0



Q.Enqueue(v0);

while (!Q.IsEmpty) {

   do {

      V = Q.Dequeue();

   while (T[V].Known);

   T[V].Known = true;

   for (Each W adjacent to V) 

      if(T[W].Dist > T[V].Dist + C(V,W)) {

         T[W].Dist = T[V].Dist + C(V,W);

         T[W].Path = V;

         Q.Enqueue(W); 

      }

}
Kruskal's Algorithm

	Edge
	Weight
	Action

	V1,V4
	1
	0

	V6,V7
	1
	0

	V1,V2
	2
	0

	V3,V4
	2
	0

	V4,V5
	2
	0

	V2,V4
	3
	0

	V1,V3
	4
	0

	V4,V7
	4
	0

	V3,V6
	5
	0

	V5,V7
	6
	0

	V4,V6
	8
	0

	V2,V5
	10
	0


Build priority Queue of all edges

Edges_Accepted = 0;

while (Edges_Accepted < NumVertex - 1) {

   E = Dequeue(); //   E=(u,v)

   if (!Connected(E.u,E.v)) {

      Edges_Accepted ++;

      T[Action] = true;

   }

}

Prim's Algorithm


Q.Enqueue(V0,V0);

Vertices=1

while (Vertices++ <= |V|) {

   do {

      E = Q.Dequeue();

   while (T[v].Known);

   T[v].Known = true;

   for (Each w adjacent to v) 

      if(T[w].Dist > C(v,w) && !T[w].known){

         T[w].Dist = C(v,w);

         T[w].Path = v;

         Q.Enqueue(v,w); 

      }

}
 TC "Miscellaneous"\l 1 Quick Sort

/**

 * This method was created in VisualAge.

 * Accepts an integer array "data" and sorts it.

 */

public static void qs(int data[], int left, int rite) {


int i, j;


int tmp;


int pivot;


i = left;


j = rite;


pivot = data[ (rite + left) / 2];


do {



while ((data[i] < pivot) && (i < rite)) {




i = i + 1;



}



while ((pivot < data[j]) && (j > left)) {




j = j - 1;



}



if (i <= j) {




tmp = data[i];




data[i] = data[j];




data[j] = tmp;




i = i + 1;




j = j - 1;



}


} while (i <= j);


if (left < j)



qs(data, left, j);


if (i < rite)



qs(data, i, rite);

}
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L is inserted into the above tree.
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K is promoted again, this gives the new tree:
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T is null so: Insert new node and Link to T.





Code to check for the AVL property, and initiate the rebalance.
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Note that current is set to the node on top of the stack (i.e. Node to be visited). Right and Left are then pushed to the stack prior to return. Order is important since we wish to go Left first, so left must be popped first from the stack.





Right before Left





First time through the loop the current node is pushed back onto the stack. The left is also pushed





When the node has been popped twice, then current is set and the right is pushed.





Popped node is pushed back onto the Stack.





If the first time then:


    Push left





Otherwise it must be the second time so:


   Push right.











For each advance we get the next visited node of the tree, pointed to by current. In reality we would modify the code as:





  s.makeEmpty( );


        if( t.getRoot( ) != null )


            s.push( new StNode( t.getRoot( ) ) );


        try


          { 


            advance( );


		  while (current != null){ --End of tree check


		    (** Visit the Node **)


    advance( );


 		}


        catch( NoSuchElementException e ) { }  // Empty tree
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