Important 
The questions given here are not exhaustive list. These are some model questions only. Any topics, whose questions not included in this sheet, does not necessary mean that they are to be left out. 

Short Answer types question  ( max 5 marks )
· When is a circular queue empty? When is a circular queue full?

· When is it useful to find the successor of a key to be deleted from a binary search tree?

· What do the stack entries contain when computing the value of a postfix expression?

· Which binary tree traversal may be used to list the keys in a binary search tree in ascending order?
· Give the definition of -notation.

· Use linear probing with the hash function h(k) = k mod 6 to store the keys 0, 6, 12, 5, 11, 9. The insertions are to be performed in the given order.

· Why does the usual implementation of a circular queue with n elements waste one table element?

· Explain how to determine the successor of a node in a binary search tree when the node does not have a right child.
· Give the tree that results from performing a left rotation at node X.
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· What indicates that an edge is a cross edge during depth-first search?
· What is a doubly-linked list?

· What indicates that a stack is empty? The stack is implemented using an array.

· When are ordered linked lists faster than unordered linked lists?

· Explain how the successor of a node is found in a binary search tree.
· The following successor matrix was produced by Warshall’s algorithm.  Give the path from vertex 0 to vertex 1.
 -1   3   3   3   3 

 -1   3   3   3   4 

 -1   1   1   1   4 

 -1   2   2   2   2 

 -1  -1  -1  -1  -1

Some more questions 

For each of the following situations identify one data structure or algorithm that it would be sensible to use, and another that would in principle achieve the desired result but which would have significant disadvantages. You may identify standard methods by name and need not describe in detail how they work, but should make it clear what properties the schemes that you identify have that make some of them more appropriate than others.

(a) You need to represent some (directed) graphs where when a graph has N vertices it will have around NlogN edges. The number of vertices, N, may become quite large. 
(b) In the process of rendering a graphical image you have already sorted all the objects that have to be drawn with an ordering based on their distance from the viewpoint. Now the image has been changed slightly so that you can start to display the next frame of the video sequence, so all the distances have changed, and you need to sort the objects again.

(c) You need to build a table. It will be possible to insert objects into the table or retrieve previously stored ones. The only operation you are permitted to perform on objects is a pair-wise comparison that can tell if two objects are equal and if not indicates an ordering between them. There will be both plenty of insertion operations and plenty of lookups. 

(d) You need to find the shortest distance (through a directed graph that has lengths associated with each edge) from a nominated source point A to each of a collection of destinations {Bi}.

(e) Blocks of material, each identified by a key, are to be stored on a large disc. From time to time new blocks (and associated keys) will need to be added, but mostly you need to service requests where a user submits a key and wants the corresponding information recovered. There is so much data that the disc is fairly full.

Linear Data structure

Array, address mapping , Liked list and its variants and operations on them

Stack, queue, dequeue : their operations and application 

Binary Tree
A strictly binary tree is a binary tree in which every node that is not a leaf has two children. For a tree of height h, derive the upper and lower bounds on N, the number of nodes in the tree. Suppose instead that every node that is not a leaf has n children. What then would be the upper and lower bounds?             

What are the best and worst case times for inserting an item into a BST? What about removing an item from a BST? Provide the best answer you can in terms of n, the number of nodes in the BST. 

Draw the shortest and the tallest possible BST tree containing 11 items, with keys 1-11. 

Consider the following sequence of keys: (5, 16, 22, 45, 2, 10, 18, 30, 50, 12, 1) Draw the BST that would result from inserting the sequence of keys (in that order) into an initially empty BST. 

Now, remove the item with key 1, and draw the resulting tree. 

Now, remove the item with key 16, and draw the resulting tree. 

Draw a binary tree with height 7 and maximum number of leaves. 

What is the minimum number of leaves for a binary tree with height h? Justify your answer and draw an example tree for h=7. 

What is the maximum number of leaves for a binary tree with height h? Justify your answer and draw an example tree for h=7. 

What is the maximum height for a binary tree with n nodes? Justify your answer and draw an example tree for n=15. 

What is the minimum height for a binary tree with n nodes? Justify your answer and draw an example tree for n=15. 

Splay Tree

Question on splaying operations

Btree

Construct a B-tree of order 3 to insert the following charcters: C, V, T, S, L, R, V, E, W. 

Using the B-tree generated in Question above, delete the followings in this order: T, W, E. Show how the B-tree changes every time.

What is the minimum depth for a B-tree of order 5 that stores 100 values?

What is the maximum number of values to be stored in a B-tree of order 3, depth 4.

AVL tree

Properties of AVL trees, questions in the lectures slides, questions on rotations of AVl trees

In the AVL tree described bellow insert the following values: 1, 30, 32, 35. How does the AVL tree change?
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Priority Queue and Heap
Compare and contrast three implementations for a priority queue of  n elements by using the following data structures, in terms of an explanation of implementations of the principal routines of  a priority queue – insert, minDelete(maxDelete), initialize. 

(a) an (unsorted) array 

(b) a sorted array 

(c) a heap 

What is a priority queue? Explain the data structure known as a heap and document how a heap is stored in a simple linear block of memory. 

If a heap stores N items, describe how it can be viewed as an almost-balanced binary tree. What difference can there be between the greatest and least lengths of paths from the root of the tree to a leaf? What operations must be performed to move from one node in the tree to (a) its parent and (b) its offspring? 
Describe, and estimate the costs of, procedures to

(a) insert a new item into an existing heap;

(b) delete the topmost item from a non-empty heap;

(c) starting from an array holding N items in arbitrary order, rearrange those items so that they form a heap, taking time less than that which would be needed if the items were just inserted into the heap one after the other.

A stable sorting method is one where items whose keys compare as equal will appear

in the output in the same order that they appeared in the input list. Would a heap

sort based on the algorithms you have documented be stable? Justify your answer.

Design an algorithm based on the Priority Queue ADT, implemented with a heap (which is in turn implemented with a vector-based structure for binary trees), where the element with the maximum key is stored at the root of the heap (often called a max-heap). The algorithm should find the kth largest element in a list of n elements. The only (non-trivial) operations your algorithm should perform are: 

· the insert operation 

· the maxElement and delMax operations, 

Describe your algorithm in pseudo code and words, discuss its correctness, and analyze its complexity. 

MFSET and equivalent class problems
Different ways of implementations of MERGE, FIND operations and their cost
Application of  MFSET , for examples :  Describe in detail an implementation of Kruskal’s algorithm for finding a minimum cost spanning tree of an undirected graph with positive integer costs on the edges that uses your version of union and inSameSet. 
Hashing

Using extendible hashing, insert the following values: 15, 17, 4, 11, 21, 28, 25, 5. H(key) = key mod 10 + Quotient (key/10). A bucket can contain no more than 2 records. The index is constructed using the binary representation of the hash value. Show how the buckets split and the index increases. 

Consider inserting the following keys, in this order, into a hash table of size m=13. 

keys to insert (in this order): 9, 1, 22, 14, 27 

· Suppose you use chaining with the hash function h(k) = k mod 13. Illustrate the result of inserting the keys above using chaining. 

· Suppose you use open addressing with the primary hash function h1(k) = k mod 13. Illustrate the result of inserting the keys above using linear probing, i.e., h(k,i) = (h1(k) + i) mod 13. 

· Suppose you use open addressing with hash functions h1(k) = k mod 13 and h2(k) = 1 + (k mod 12). Illustrate the result of inserting the keys above using double hashing, i.e., h(k,i) = (h1(k) + h2(k)*i) mod 13. 

Graph

You are given an undirected graph with the adjacency list/adjacency matrix representation.
(a) Draw the BFS tree obtained by running BFS from the vertex 3.

(b) Draw the DFS tree obtained by running DFS from the vertex 3.
A directed graph of n nodes numbered 1, 2, . . . , n can be represented by an n × n adjacency matrix G1, where G1[i, j] is true if there is an edge connecting node i to node j, and G1[i, j] is false otherwise. By extension, define Gk to be that matrix such that Gk[i, j] is true if there is a path of length 6 k connecting node i to node j, and Gk[i, j] is false otherwise.

a.
Describe an algorithm to generate G2 from G1. 

b.
How could this algorithm be used to generate the transitive closure of a  graph given its adjacency matrix?
 c.
What is the cost of this transitive closure algorithm in terms of n and m, where m is the maximum path length in the transitive closure

Describe an algorithm for determining the length of the shortest path between all pairs of vertices in a directed graph with weights. 

Explain how the paths could be retrieved after the calculation above. What will be the size of the data structure used to recover the paths.
Given an adjacency list representation of a directed graph, how long does it take to compute the out-degree of every vertex? How long does it take to compute the in-degree of every vertex? (The out-degree of a vertex is the number of edges leaving it, and the in-degree is the number of edges entering it.) Repeat the above analysis assuming the graph is represented by an adjacency matrix.
Give an algorithm for determining if a graph G=(V,E) has an isolated vertex (a vertex with no adjacent edges). What is the worst-case running time of your algorithm in terms of V (number of vertices) and E (number of edges) if G is represented by an adjacency list? What if G is represented by an adjacency matrix? 

What are the entries in the heap (for Prim’s algorithm) before and after including the next vertex and edge into the minimum spanning tree? DO NOT COMPLETE THE ENTIRE MST!!! Edges already in the MST are the thick ones. Edges currently not in the MST are the narrow ones. You do not need to show the binary tree for the heap ordering. 
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Suppose that A is a binary adjacency matrix for a directed graph with n vertices (numbered 0 to n - 1).  Give code for Warshall’s algorithm.  Input, output, and recording successors are NOT needed.

Perform depth-first search on the following graph, including start/finish times and edge types (T=tree, B=back, C=cross, F=forward.  Assume that the adjacency lists are ordered.  Write your answer in the tables below.  
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1
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5

6

7

8

9


Vertex
Start
Finish
Edge
Type
Edge
Type


0
__1_
____
0  1
____
6  5
____


1
____
____
0  2
____
6  7
____


2
____
____
0  6
____
8  5
____


3
____
____
2  5
____
8  7
____


4
____
____
3  1
____
8  9
____


5
____
____
3  2
____
9  4
____


6
____
____
4  3
____


7
____
____
4  5
____


8
____
____
5  7
____


9
____
____
5  9
____

Suppose that A is a binary adjacency matrix for a directed graph with n vertices  umbered 0 to n - 1).  Give code for Warshall’s algorithm with successors.

Explain why the spanning tree is unique if all the edge costs are distinct.

Topological sort and its Application to some dag 
Sorting 

Complete understanding of  Behaviors of sorting techniques 

Memory Management

Questions on allocation techniques, reference count method of garbage collection, and compaction techniques. 
