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AUGMENTING DATA STRUCTURE:  

 

Augmenting a data structure is simply the process of taking an existing data structure and customizing it a 

little bit to fit your needs. Augmenting a data structure means adding some extra information to the existing 

data structure so that the data structure can be implemented efficiently.  

For instance, let's say you start with a singly linked list, and you decide to add an additional node in one 

direction. You name the existing node left and the new node right. You also call the current node the parent of 

left and right. 

There are some engineering situations that require no more than a "textbook" data structure--such as a 

doubly linked list, a hash table, or a binary search tree--but many others require a dash of creativity. Only in 

rare situations will you need to create an entirely new type of data structure, though. More often, it will 

suffice to augment a textbook data structure by storing additional information in it. You can then program 

new operations for the data structure to support the desired application. Augmenting a data structure is not 

always straightforward, however, since the added information must be updated and maintained by the 

ordinary operations on the data structure. 

For example: any binary tree contains some useful information such as:  

Left Pointer Data Right Pointer 

Parent Node Color of Node 

Figure 4.1: Example of augmenting data structure  

 

AUGMENTING RED BLACK TREES:  

1. Choose underlying data structure, for instance a red-black tree. 

2. Determine additional information to be maintained, for instance sizes of sub trees. 

3. Verify that additional information is updated correctly for the operations on the data structure. 

4. Develop new operations 

A red-black tree is a certain kind of a balanced binary search tree. An augmented red-black tree is a red-black 

tree which automatically updates extra hierarchical information in its nodes. 

 
Figure 4.2: Augmenting Red Black Tree 
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Dynamic Order Statistic: 

For augmenting data structure we will simply store additional information of size. The augmented tree is also 

called as order statistic tree.  The order statistic tree is a tree which supports the order statistic operation: 

So, every node of the order statistic tree will have the following: 

 Key value 

 Color 

 Address of the Parent node 

 Address of the left child 

 Address of the right child 

 Size of that node 

An order-statistic tree T is simply a red-black tree with additional information stored in each node. Besides the 

usual red-black tree fields key[x], color[x], p[x], left[x], and right[x] in a node x, we have another field size[x]. 

This field contains the number of (internal) nodes in the subtree rooted at x (including x itself), that is, the size 

of the subtree. If we define size [NIL] to be 0, then we have the identity 

size[x] = size[left[x]] + size[right[x]] + 1 . 

 

RETRIEVING AN ELEMENT WITH A GIVEN RANK:  

In order to retrieve the position of a node in order-statistic tree we need to compute the rank of each node. 

Algorithm: 

 

Algorithm Select (k,i) 

{ 

 rank=size[left[x]]+1 

 if(i== rank) then  

  return x 

 else if  (i<rank) then  

  return Select(left[x],i) 

 else  

  return Select(rightt[x],i-rank) 

} 

 

DETERMINING THE RANK OF ELEMENT:  

The rank of the particular node in the order-statistic tree indicates the position of that node in the inorder 

sequence. Following algorithm determines the positions of a particular node.  

Algorithm: 

 

Algorithm Compute_rank(root,k) 

{ 

 rank=size[left[x]]+1; 

temp=x; 

 while(temp!= root) 

 { 

  if(temp== right[parent[temp]]) then  

   rank=rank+size[left[parent[temp]]]+1; 

  temp=x[temp]; 

 } 
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 return rank; 

} 

 

DATA STRUCTURE MAINTENANCE:  

By augmenting the red black tree we have got size field in each node. Due to this size field, in each node- 

Select and Compute_rank can quickly compute order statistic information. 

The insertion into a red-black tree consists of two phases. The first phase goes down the tree from the root, 

inserting the new node as a child of an existing node. The second phase goes up the tree, changing colors and 

ultimately performing rotations to maintain the red-black properties. 

For Example: 

 
Figure 4.3: Updating subtree sizes during rotations 

To maintain the subtree sizes in the first phase, we simply increment size[x] for each node x on the path 

traversed from the root down toward the leaves. The new node added gets a size of 1. Since there are O(lg n) 

nodes on the traversed path, the additional cost of maintaining the size fields is O(lg n). 

In the second phase, the only structural changes to the underlying red-black tree are caused by rotations, of 

which there are at most two. Moreover, a rotation is a local operation: it invalidates only the two size fields in 

the nodes incident on the link around which the rotation is performed. Referring to the code for LEFT-

ROTATE(T,x) : 

 size[y]  size[x] 

 size[x]  size[left[x]] + size[right[x]] + 1 

AN AUGMENTATION STRATEGY: 

The process of augmenting a basic data structure to support additional functionality occurs quite frequently in 

algorithm design. Sometimes there are some common tasks that need to be performed by an algorithm. For 

example : In Binary trees insertion and deletions are the common tasks and in order to perform these tasks 

more efficiently we can add some useful information to the existing data structure. This process is called 

augmenting a data structure.  Augmenting a data structure can be broken into four steps: 

1. Choosing an underlying data structure, 

2. Determining additional information to be maintained in the underlying data structure, 

3. Verifying that the additional information can be maintained for the basic modifying operations on the 

underlying data structure, and 

4. Developing new operations. 

 

INTERVAL TREES: 

Consider a situation where we have a set of intervals and we need following operations to be implemented 

efficiently.  

1.  Add an interval 
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2. Remove an interval 

3. Given an interval x, find if x overlaps with any of the existing intervals. 

Interval Tree: The idea is to augment a self-balancing Binary Search Tree (BST) like Red Black Tree, AVL Tree, 

etc to maintain set of intervals so that all operations can be done in O(Logn) time.  

Every node of Interval Tree stores following information. 

 i: An interval which is represented as a pair [low, high] 

 max: Maximum high value in subtree rooted with this node. 

The low value of an interval is used as key to maintain order in BST. The insert and delete operations are same 

as insert and delete in self-balancing BST used.  

 
Figure 4.4: Example of interval tree 

 

The main operation is to search for an overlapping interval. Following is algorithm for searching an 

overlapping interval x in an Interval tree rooted with root. 

Interval overlappingIntervalSearch(root, x) 

1) If x overlaps with root's interval, return the root's interval. 

 

2) If left child of root is not empty and the max in left child is greater than x's low value, recur for left 

child 

 

3) Else recur for right child. 

 

An interval tree is a tree data structure to hold intervals. Specifically, it allows one to efficiently find all 

intervals that overlap with any given interval or point. It is often [citation needed] used for windowing queries, 

for instance, to find all roads on a computerized map inside a rectangular viewport, or to find all visible 

elements inside a three-dimensional scene. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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