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Ans 1(a):  

KMP Algorithm for Preprocessing: 

 
KMP Algorithm for Searching: 

 
 

 

 

  



Ans 1(b): 

A priority queue is a data structure for maintaining a set S of elements, each with an associated 

value called a key. A max-priority queue supports the following operations: 

INSERT (S,x): inserts the element x into the set S, which is equivalent to the operation S = S U 

{x}. 

MAXIMUM(S): returns the element of S with the largest key. 

EXTRACT-MAX(S): removes and returns the element of S with the largest key. 

INCREASE-KEY(S,x,k): increases the value of element x’s key to the new value k, which is 

assumed to be at least as large as x’s current key value. 

Now we discuss how to implement the operations of a max-priority queue. The procedure 

HEAP-MAXIMUM implements the MAXIMUM operation in O(1) time. 

HEAP-MAXIMUM(A) 

1 return A[1] 

The procedure HEAP-EXTRACT-MAX implements the EXTRACT-MAX operation. It is 

similar to the for loop body (lines 3–5) of the HEAPSORT procedure. 

 
The running time of HEAP-EXTRACT-MAX is O(log n), since it performs only a constant 

amount of work on top of the O(log n) time for MAX-HEAPIFY. 

The procedure HEAP-INCREASE-KEY implements the INCREASE-KEY operation. An index i 

into the array identifies the priority-queue element whose key we wish to increase. The 

procedure first updates the key of element A[i] to its new value. Because increasing the key of 

A[i] might violate the max-heap property, the procedure then, in a manner reminiscent of the 

insertion loop of INSERTION-SORT, traverses a simple path from this node toward the root to 

find a proper place for the newly increased key. As HEAP-INCREASE KEY traverses this path, 

it repeatedly compares an element to its parent, exchanging their keys and continuing if the 

element’s key is larger, and terminating if the element’s key is smaller, since the max-heap 

property now holds. 



 
The running time of HEAP-INCREASE-KEY on an n-element heap is O(log n), since the path 

traced from the node updated in line 3 to the root has length O(log n). 

The procedure MAX-HEAP-INSERT implements the INSERT operation. It takes as an input the 

key of the new element to be inserted into max-heap A. The procedure first expands the max-

heap by adding to the tree a new leaf whose key is -infinity. Then it calls HEAP-INCREASE-

KEY to set the key of this new node to its correct value and maintain the max-heap property. 

 
The running time of MAX-HEAP-INSERT on an n-element heap is O(log n). 

In summary, a heap can support any priority-queue operation on a set of size n in O(log n) time. 

 

Ans 2 (a): 

 



 
 

Ans 2(b): Although merge sort runs in O(n lg n) worst-case time and insertion sort runs in O(n2) worst-

case time, the constant factors in insertion sort can make it faster in practice for small problem sizes on 

many machines. Thus, it makes sense to coarsen the leaves of the recursion by using insertion sort within 

merge sort when sub-problems become sufficiently small. 

A modification to merge sort can be: in which n/k sub-lists of length k are sorted using insertion sort and 

then merged using the standard merging mechanism, where k is a value to be determined. In practice, k 

should be the largest list length on which insertion sort is faster than merge sort. 

 
  



Ans 3(a): 

 

 
Ans 3(b): 

 



 
 

Ans 4(a): 

 



 
 

Ans 4(b): Dynamic programming typically applies to optimization problems in which we make a 

set of choices in order to arrive at an optimal solution. As we make each choice, sub-problems of 

the same form often arise. Dynamic programming is effective when a given sub-problem may 

arise from more than one partial set of choices; the key technique is to store the solution to each 

such sub-problem in case it should reappear. Eg: Matrix Chain Multiplication, Knapsack etc. 

Like dynamic-programming algorithms, greedy algorithms typically apply to optimization 

problems in which we make a set of choices in order to arrive at an optimal solution. The idea of 

a greedy algorithm is to make each choice in a locally optimal manner. A simple example is 

coin-changing: to minimize the number of U.S. coins needed to make change for a given amount, 

we can repeatedly select the largest-denomination coin that is not larger than the amount that 

remains. A greedy approach provides an optimal solution for many such problems much more 

quickly than would a dynamic-programming approach. We cannot always easily tell whether a 

greedy approach will be effective, however. Some  

• Greedy and Dynamic Programming are methods for solving optimization problems. 

• Greedy algorithms are usually more efficient than DP solutions.  

• However, often you need to use dynamic programming since the optimal solution cannot 

be guaranteed by a greedy algorithm. 

• DP provides efficient solutions for some problems for which a brute force approach 

would be very slow. 

• To use Dynamic Programming we need only to show that the principle of optimality 

applies to the problem. 

 

  



Ans 5(a): 

 

 
 

Ans 5(b): 

 



 
 

Ans 6: 

 

 



 

 
  



Ans 7(i):  

 

 
Ans 7(ii): 

 
 



 


