Suggest an ADT for representing a set of numbers and supports the following operations:
	Operation
	Description
	Time Complexity

	Insert(x)
	Insert x to the structure
	O(logn)

	Delete(x)
	Remove x from the structur
	O(logn)

	Range(a, b) 

assume a < b
	Return the number of keys in the range [a,b]
	O(logn)



Solution:

AVL tree with each node has the following additional fields: 

· rsons - number of children in the right sub-tree 

· lsons - number of children in the left sub-tree 


Insert(x):
Almost the same as AVL-insert but in addition:
· For every node v in the insertion path do:
     if (x > v) then v.rsons++
     else v.lsons++

· After inserting x as a leaf, when checking if there is a ancestor of x that isnot balanced in its height, incase a rotation is required, update the fields lsons and rsons of the unbalanced nodes in the following way:

ase a:





Case b:




The other two cases are symmetrical
.

Time complexity of insert(x):
Updating the fields rsons and lsons for every node v in the insertion path takes O(1) for every node v, there are O(logn) such nodes, thus total O(logn) additional run time.

Updating the fields rsons and lsons in case of  rotation takes O(1).
Total addition to the runtime is O(logn).

Hence, the total runtime of insert(x) is O(logn) as required.

Delete(x):
Almost the same as AVL-delete but in adition:
· First search x, if x is not in the tree return.

· For every node v in the deletion path do:
     if (x > v) then v.rsons--
     else v.lsons--

· After deleting x as a leaf, when checking if there is a ancestor of x that is not balanced in its height, incase a rotation is required, update the fields lsons and rsons of the unbalanced nodes as described in the insertion algorithm.

Time complexity of delete(x):
Updating the fields rsons and lsons for every node v in the deletion path takes O(1) for every node v, there are O(logn) such nodes, thus total O(logn) additional run time.

Updating the fields rsons and lsons in case of  rotation takes O(1).
Total addition to the runtime is O(logn).

Hence, the total runtime of delete(x) is O(logn) as required.

Range(a, b) 

· Find a and find b, Let Pa and Pb be the search path from the root to a and b 
respectively.

· Let X  be the node where Pa and Pb split.

· count = 0, the counter of keys in the range [a,b]

· For every node v in the search path from X to a do: 
     if (a > v) then v = v.right
     else{

 count = count +1 + v.rsons

v = v.left

}
· For every node v in the search path from X to b do:
     if (b < v) then v = v.left

     else{

 count = count +1 + v.lsons

v = v.right

}
· Return count
Time complexity:
Pa and Pb are at most O(logn)  long each.

Counting the relevant nodes in each node v in the search paths from the split X to a and b done in O(1) for every node v in the search path, thus the total runtime addition is O(logn). Hence, total runtime of Range(a,b) is O(logn) as required.
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Update:


a.rsons = b.lsons


b.lsons = a.lsons + a.rsons +1


b.rsons = c.lsons + c.rsons + 1
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Update:


a.rsons = b.lsons


b.lsons = a.lsons+a.rsons +1


b.rsons = c.lsons + c.rsons + 1


c.lsons = b.lsons + b.rsons + 1





























