Sample Problems for the Final Exam:
1. Sort the following file by heapsort, mergesort, and quicksort algorithms:

[5, 12, 2, 30, 20, 16, 21, 18, 3, 15]. List all intermediate steps.

2. Construct an AVL tree for the list: BAWTSDKGAB.  Use the alphabetical order of the letters and insert them successively starting with the empty tree.

3. Construct optimal binary search tree for the ordered sequence: a[1], a[2], a[3], a[4]. Assume that p[1]=3, p[2]=2, p[3]=4, p[4]=1, q[0]=2, q[1]=3, q[2]=1, q[3]=4, q[4]=1. By p[i] we mean frequency of asking for object a[i], by q[i] we mean frequency of asking for objects between a[i-1] and a[i], i=1,2,3,4. Use 0(n2log(n)) algorithm.

4. Follow dynamic programming method to compute the product of matrices A1, A2, A3, A4 using minimal number of multiplications. Assume that A1 is 3(2 matrix, A2 is 2(4, A3 is 4(3, and A4 is 3(2 matrix. What is that number?
5. Draw undirected weighted graph with 9 nodes and 11 edges of your choice. Follow Prim’s algorithm to find minimum spanning tree in your graph.

6. Draw undirected weighted graph with 9 nodes and 11 edges of your choice. Follow Dijkstra’s algorithm to find shortest path from one of the nodes in your graph to all other nodes.

7. Find topological sort of nodes in a graph below.
	
	c
	b
	e
	d
	f
	g

	c
	0
	1
	-
	1
	1
	-

	b
	-
	0
	1
	1
	-
	-

	e
	-
	-
	0
	1
	-
	1

	d
	-
	-
	-
	0
	-
	1

	f
	-
	-
	-
	1
	0
	1

	g
	-
	-
	-
	-
	-
	0


8.  Assume that the graph G is represented by the matrix below

	
	a
	b
	c
	d
	e

	a
	0
	4
	-
	-
	-

	b
	1
	0
	3
	4
	-

	c
	6
	3
	0
	7
	-

	d
	6
	-
	-
	0
	2

	e
	-
	-
	-
	5
	0


Follow Floyd’s algorithm to find all shortest paths in G.

9. Follow LCS algorithm (dynamic programming method) to find the longest common subsequence in  AABCABBCAB  and  AAABCDDBCBA
c(0,j) = c(i,0) = 0

c(i,j)= [if  x(i)=y(j) then  c(i-1,j-1)+1, else  max(c(i,j-1),c(i-1,j)]
10. Follow KMP algorithm to show how many times pattern P=AABBAA  occurs in the string  S=AAABAABBAABBAAABBAA
11. Traveling Salesperson Problem. Assuming that the graph G is represented by the matrix M =

	
	a
	b
	c
	d

	a
	0
	2
	1
	4

	b
	3
	0
	5
	3

	c
	5
	2
	0
	3

	d
	1
	6
	1
	0


find the shortest Hamiltonian path in G.

g(i,() = L[i,1]  ,   i ( 1

g(i,S) = min{L[i,j] + g(j, S-{j}): j ( S}
12. Let P(x)= 2x7 + 3x5 + x4 + 3x3 + 2x2 + 1. Evaluate P(x) at n roots of 1 (1, 1, 2, 3,…,n-1 ) using FFT.
13. Let P(x)= 2x6 + 3x5 + x4 + 3x3 + 2x2 + 1. Evaluate P(x) at x=2 using its tree representation. 

14. Write an algorithm for
(1) checking if a given array is a heap.

(2) checking if a given binary search tree is an AVL tree.

(3) removing the smallest element from a heap (the largest one is stored at the root of a heap)

(4) removing an element of a given value from a heap.
Show the complexity of your algorithm.

More examples:

(1) Let  T[1,2,…,n] be an array of n elements. An element x  is said to be a majority element in T if  card{i: T[i] = x} > n/2.  Give algorithm that can decide whether an array T[1,2…,n] includes a majority element and if so find it. 

(2)  Let  T[1,2,…,n] be an array of n elements. No order relation exists between them. An element x  is a majority element in T if  card{i: T[i] = x} > n/2.  Give algorithm that can decide whether an array T[1,2…,n] includes a majority element and if so find it. Your algorithm has to run in linear time.
