Ex.No:7

IMPLEMENTING RED BLACK TREES
PROBLEM STATEMENT


Show the Red Black Trees that results after successively inserting keys 41,38,31,12,19,8 into an initially empty Red Black Trees that result from the successive deletion of the key in the order : 8,12,19,31,38,41

AIM


To implement Red Black Trees and perform insertion and deletion operations using the given set of numbers.

ALGORITHM

1. Start the process.

2. Procedure to perform insertion into a Red Black Tree.  Give color to the node to be inserted.

3. If the color of the node is red then its parent should not be red.

4. If the color of the node is Black then its parent should also be Black.
· If the tree violates any one of the properties then the tree is said to be unbalanced.

· To make the tree balanced perform left and right rotation.

5. Procedure to perform left rotation.
Let x be the node to be inserted into the Red Black Tree T.  The left subtree of y becomes the right subtree of x.

Procedure

Left – rotate (T,X)

Y<-right [X]


->set Y

Right[X] <- left[y]
->turn Y’s subtree into X’s right subtree


If left[y]<>NIL

Then 


P[left[y]]<-X


->Link X’s parent to y


P[Y]<-p[X]


If P[X] = NIL


Then root[T]<-Y


Else if


X = left[P[X]]


Then left[P[X]]<-Y


Else Right[P[X]]<-Y

Left[Y]<-X


->put X on Y’s left


P[X]<-Y

6. Procedure to perform right rotation

The right subtree of Y becomes the left subtree of X

Procedure: right-rotate{T,X}

Replace left with right and vice versa in the left-rotate procedure.

Procedure to perform insertion on a red-black tree.

RED-BLACK-INSERT (T,X)

1. Tree-Insert (T,X)

2. color[X] <-red

3. while x<> root[T] & color [P[X]]=red

4. do if P[X]=left [P[P[X]]]

5. then Y<-right [P[P[X]]]

6. if color[Y]=red

7. then color[P[X]]<-black

8. color[Y]<-black

9. color[P[P[X]]]<-red

10. X<-P[P[X]]

11. else if X=right [P[X]]

12. then X<-P[X]

13. left-rotate(T,X)

14. color [P[X]]<-black

15. color [P[P[X]]]<-red

16. right-rotate (T,P[P[X]])

17. color[root[T]]<-black

RB-DELETE (T,Z)

1. If left[X]=NIL[T] or right[Z]=NIL[T]

2. then Y<-Z
3. else Y<-tree-successor(Z)

4. if left[Y]<>NIL[T]

5. then X<-left[Y]

6. else X<-right[Y]

7. P[X]<-P[Y]

8. if P[Y]=NIL[T]

9. then root[T]<-X

PROGRAM
// Red Black Tree

#include<iostream.h>

#include<conio.h>

struct node

{


char color;


int key;


node *left,*right,*p;

};

class rb_tree

{


node *root,*nil;


int level;


void inorder(node *,int);


void left_rotate(node *);


void right_rotate(node *);


node*  tree_succ(node *);


void rb_delete_fixup(node*);


void tree_insert(node *);


node* tree_search(node*,int);


node* tree_minimum(node *);


public:



rb_tree();



void rb_insert();



void rb_delete();



void rb_display();

};

void rb_tree::rb_tree()

{


nil=new node;


nil->p=nil->left=nil->right=nil;


nil->color='b';


root=nil;


level=0;

}

void rb_tree::left_rotate(node *x)

{


node *y;


y=x->right;


x->right=y->left;


if(y->left!=nil)


{



(y->left)->p=x;


}


y->p=x->p;


if(x->p==nil)


{



root=y;


}


else if(x==(x->p)->left)


{



(x->p)->left=y;


}

  else

  {


(x->p)->right=y;

  }

  y->left=x;

  x->p=y;

}

void rb_tree::right_rotate(node *x)

{

  node *y;

  y=x->left;

  x->left=y->right;

  if(y->right!=nil)

  {


(y->right)->p=x;

  }

  y->p=x->p;

  if(x->p==nil)

  {


root=y;

  }

  else if(x==(x->p)->right)

  {


(x->p)->right=y;

  }

  else

  {


(x->p)->left=y;

  }

  y->right=x;

  x->p=y;

}

void rb_tree::rb_insert()

{

  node *x,*y;

  cout<<"Enter the value of the node: ";

  x=new node;

  cin>>x->key;

  x->p=x->left=x->right=nil;

  tree_insert(x);

  x->color='r';

  while(x!=root&&(x->p)->color=='r')

  {

    if(x->p==(((x->p)->p)->left))

    {

      y=((x->p)->p)->right;

      if(y->color=='r')

      {


(x->p)->color='b';


y->color='b';


((x->p)->p)->color='r';


x=(x->p)->p;

      }

      else if(x==(x->p)->right)

      {


x=x->p;


left_rotate(x);

      }

      else

      {


(x->p)->color='b';


((x->p)->p)->color='r';


right_rotate((x->p)->p);

      }

    }

    else

    {

      y=((x->p)->p)->left;

      if(y->color=='r')

      {


(x->p)->color='b';


y->color='b';


((x->p)->p)->color='r';


x=(x->p)->p;

      }

      else if(x==(x->p)->left)

      {


x=x->p;


left_rotate(x);

      }

      else

      {


(x->p)->color='b';


((x->p)->p)->color='r';


right_rotate((x->p)->p);

      }

    }

  }

  root->color='b';

}

void rb_tree::tree_insert(node *z)

{

  node *y,*x;

  y=nil;

  x=root;

  while(x!=nil)

  {

    y=x;

    if(z->key<x->key)

    {

      x=x->left;

    }

    else

    {

      x=x->right;

    }

  }

  z->p=y;

  if(y==nil)

  {

    root=z;

  }

  else if(z->key<y->key)

  {

    y->left=z;

  }

  else

  {

    y->right=z;

  }

}

void rb_tree::inorder(node *x,int i)

{

   if(x!=nil)

   {

     i++;

     if(level<i)

     {

       level=i;

     }

     inorder(x->left,i);

     cout<<x->color<<"\t"<<x->key<<"-"<<i<<"\n";

     inorder(x->right,i);

   }

}

void rb_tree::rb_display()

{

  inorder(root,-1);

  cout<<"\nTotal no of levels : "<<level+1<<endl;

}

void rb_tree::rb_delete()

{

  int k;

  node *z,*y,*x;

  cout<<"\nEnter the value of node to be deleted:";

  cin>>k;

  z=tree_search(root,k);

  if(z->left==nil||z->right==nil)

  {

    y=z;

  }

  else

  {

    y=tree_succ(z);

  }

  if(y->left!=nil)

  {

    x=y->left;

  }

  else

  {

    x=y->right;

  }

  x->p=y->p;

  if(y->p==nil)

  {

    root=x;

  }

  else if(y==(y->p)->left)

  {

    (y->p)->left=x;

  }

  else

  {

    (y->p)->right=x;

  }

  if(y!=z)

  {

    z->key=y->key;

    z->p=y->p;

    z->color=y->color;

  }

  if(y->color=='b')

  {

    rb_delete_fixup(x);

  }

}

node * rb_tree::tree_succ(node *x)

{

  node *y;

  if(x->right!=nil)

  {

    return tree_minimum(x->right);

  }

  y=x->p;

  while(y!=nil&&x==y->right)

  {

    x=y;

    y=y->p;

  }

  return y;

}

node * rb_tree::tree_minimum(node *x)

{

  while(x->left!=nil)

  {

    x=x->left;

  }

  return x;

}

void rb_tree::rb_delete_fixup(node *x)

{

  node *w;

  while(x!=root&&x->color=='b')

  {

    if(x==(x->p)->left)

    {

      w=(x->p)->right;

      if(w->color=='r')

      {


w->color='b';


(x->p)->color='r';


left_rotate(x->p);


w=(x->p)->right;

      }

      if((w->left)->color=='b'&&(w->right)->color=='b')

      {


w->color='r';


x=x->p;

      }

      else if((w->right)->color=='b')

      {


(w->left)->color='b';


w->color='r';


right_rotate(w);


w=(x->p)->right;

      }

      else

      {


w->color=(x->p)->color;


(x->p)->color='b';


left_rotate(x->p);


x=root;

     }

   }

   else

   {

      w=(x->p)->left;

      if(w->color=='r')

      {


w->color='b';


(x->p)->color='r';


left_rotate(x->p);


w=(x->p)->left;

      }

      if((w->right)->color=='b'&&(w->left)->color=='b')

      {


w->color='r';


x=x->p;

      }

      else if((w->left)->color=='b')

      {


(w->right)->color='b';


w->color='r';


right_rotate(w);


w=(x->p)->left;

      }

      else

      {


w->color=(x->p)->color;


(x->p)->color='b';


left_rotate(x->p);


x=root;

     }

   }

 }

 x->color='b';

}

node * rb_tree::tree_search(node *x,int k)

{

  while(x!=nil&&k!=x->key)

  {

    if(k<x->key)

    {

      x=x->left;

    }

    else

    {

      x=x->right;

    }

  }

  return x;

}

void main()

{

  rb_tree rb;

  char ch;

  clrscr();

  do{

      rb.rb_insert();

      rb.rb_display();

      cout<<"Continue(y/n): \n";

      ch=getch();

    }

  while(ch=='y');

  cout<<"Inorder display of red black tree\n";

  rb.rb_display();

  rb.rb_delete();

  rb.rb_display();

  getch();

}

OUTPUT
Enter the value of the node: 41

b       41-0

Total no of levels : 1

Continue(y/n):

Enter the value of the node: 38

r       38-1

b       41-0

Total no of levels : 2

Continue(y/n):

Enter the value of the node: 31

r       31-1

b       38-0

r       41-1

Total no of levels : 2

Continue(y/n):
Enter the value of the node: 12

r       12-2

b       31-1

b       38-0

b       41-1

Total no of levels : 3

Continue(y/n):

Enter the value of the node: 19

r       12-2

b       19-1

r       31-2

b       38-0

b       41-1

Total no of levels : 3

Continue(y/n):
Enter the value of the node: 8

r       8-3

b       12-2

r       19-1

b       31-2

b       38-0

b       41-1

Total no of levels : 4

Continue(y/n):

Inorder display of red black tree

r       8-3

b       12-2

r       19-1

b       31-2

b       38-0

b       41-1

Total no of levels : 4

Enter the value of node to be deleted:8

b       12-2

r       19-1

b       31-2

b       38-0

b       41-1

Total no of levels : 3
