
Multiple-Choice Questions

Q1 [4m]

We apply Insert(82) to the binary max heap shown below. Which of the following arrays
correctly represents the resulting binary max heap? Note that the first element of the array

in each option has index 1.
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A) 97, 82, 79, 77, 70, 67, 65, 47, 45, 30, 29, 12, 8

B) 97, 79, 70, 77, 47, 45, 67, 29, 65, 30, 8, 12, 82

C) 97, 82, 79, 70, 77, 47, 45, 67, 29, 65, 30, 8, 12

D) 97, 79, 82, 77, 47, 70, 67, 29, 65, 30, 8, 12, 45

E) 97, 79, 82, 77, 47, 67, 70, 29, 65, 30, 8, 12, 45

F) None of the other options is the correct answer.

Q2 [4m]

An AVL tree containing N integer keys is shown below. Each node is augmented with
subtree size (in the diagram the keys are shown, but subtree sizes are not shown). The AVL

tree supports the O(log N) recursive rank operation as described in tutorials.

rank(key) returns the 1-based in-order position of a given key. Key 11 has rank 3.

When rank(61) is performed, what happens at the recursive rank(current_node, key)

call where current_node is the node with key 50 (if it does reach that node)?

39

31

11 38 (43

45

71

50 86

61 73

A) Node with key 50 will not be reached.

B) The recursive call at node with key 50 will return 9.



C) The recursive call at node with key 50 will return 10.

D) The recursive call at node with key 50 will recurse on the right child and add 9.

E) The recursive call at node with key 50 will recurse on the right child and add 2+1.

Q3 [4m]

How many topological orderings does the directed graph with 5 vertices shown below
have?

A) 0

B) 1

C) 2

D) 3

E) 4

F) 5

1 3

0 4
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Q4 [4m]

DFS on a graph can be performed pre-order or post-order. Pre-order DFS "visits" an

unvisited vertex before recursing on its neighbours, while post-order DFS holds on to an

unvisited vertex and only "visits" it after first recursing on its neighbours. "Visit" here

refers to adding of the vertex to a sequence of vertices, and NOT to when each vertex is

marked as visited.

A directed graph with 8 vertices, numbered 0 to 7 inclusive, is shown below and stored as

an adjacency list A. The location of only vertices 0 and 7 are known, while the order of
edges in A are unknown.
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i) The first "visited" vertex in pre_order_DFS(A, 0) must be 0.

ii) The last "visited" vertex in pre_order_DFS(A, 0) must be 7.

iii) The first "visited" vertex in post_order_DFS(A, 0) must be 7.

iv) The last "visited" vertex in post_order_DFS(A, 0) must be 0.

Which of the above claims are true?

A) i and ii only.

B) i and iii only.

C) i and iv only.

D) ii and iii only.

E) iii and iv only.

F) All of i, ii, iii and iv.

Q5 [4m]

There is a graph G with V vertices and at least V edges. Which of the following statements

about running Dijkstra's algorithm on G is false?

A) If there are cycles within G, Original Dijkstra's algorithm may still work.

B) If G is a directed graph, Original Dijkstra's algorithm may still work.

C) Original Dijkstra's algorithm can work on sources where some vertices are
unreachable.

D) If ALL edge weights in G are negative, Dijkstra's algorithm and/or G can easily be

modified to allow finding of SSSP on G in the same time complexity as the Original
Dijkstra's algorithm.

E) If G works properly with the Original Dijkstra's algorithm, the algorithm will not

relax each edge more than once.



Q6 [4m]

Here are some operations on some data structure containing N elements:

i) Finding the higher key (smallest key that is strictly larger than a given key) in an
AVL tree.

ii) Given a node in an AVL tree, finding the node with the lower key (largest key that is

strictly smaller than the key of the given node).

iii) Removing element with largest key in a fixed-capacity maximum binary heap.

iv) Removing element with largest key in a fixed-capacity minimum binary heap.

How many of the above operations have worst-case that runs in O(log N) time?

A) 0

B) 1

C) 2

D) 3

E) 4

Q7 [4m]

Which of the following about running Kosaraju's algorithm on input graph G is true?

A) While running the algorithm, we get a sequence that shows the topological ordering
of G.

B) Every vertex in G must have at least one outgoing edge.

C) BFS must be used within the algorithm.

D) After identifying a sequence of vertices to visit in transpose(G), each vertex in the

sequence will either have already been visited, or traversing the vertex in

transpose(G) covers exactly one SCC in G.

E) If G is a DAG with V vertices, the algorithm runs in O(V log V) time or slower.

Q8 [4m]

Given a UFDS which uses both union-by-rank and path compression (as in lectures), with 2
of the (possibly many) elements being X and Y, which of the following is false?

A) If X is a representative, the height of the tree rooted at X could range from 0 to

rank[X] inclusive.
























