
ACOL106: Data Structures and Algorithms (IITD - Abu Dhabi, Semester-I-2025-26) Homework-13

• This homework will not be graded. So, there will be no submission set up on Gradescope.
However, we will continue to have the quiz based on homework. Please ensure that you
complete the homework problems.

• In addition to the homework problems (which are typically few in number), please attempt
the exercises at the end of every chapter of the textbook. Some of the problems in this
homework are, in fact, from the textbook.

• For algorithm design questions, you may either give pseudocode or explain your algorithm
using Mathematical English. You need to ensure that all steps of your algorithm are clearly
outlined in your write-up. Although we allow you the flexibility of expressing your algorithm
in a paragraph, we prefer that you provide pseudocode, as it is a widely accepted format for
expressing algorithms and is easier to parse.

• Please note that one of the main goals of this course is to design efficient algorithms. So,
there are points for efficiency even though we may not explicitly state this in the question.

1. An undirected graph is said to be connected iff every pair of vertices in the graph is reachable from one
another. Prove the following statement:

Any connected undirected graph with n nodes has at least (n− 1) edges.

We will prove the statement using Mathematical Induction. The first step in such a proof is to define the
propositional function. Fortunately, this information is already provided in the statement of the claim.

P (n): Any connected undirected graph with n nodes has at least (n− 1) edges.

The base case is simple. P (1) holds since any connected graph with 1 node having at least 0 edges, is
indeed true. For the inductive step, we assume that P (1), P (2), ..., P (k) holds for an arbitrary k ≥ 1,
and then we will show that P (k + 1) holds. Consider any connected graph G with (k + 1) nodes and k
edges. You are asked to complete the argument by doing the following case analysis:

(a) Show that if the degrees of all nodes in G is at least 2, then G has at least k edges.

(b) Consider the case where there exists a node v with degree 1 in G. In this case, consider the graph
G′ obtained from G by removing vertex v and its edge. Now use the induction assumption on G′

to conclude that G has at least k edges.

2. Consider the undirected graph given below and answer the questions that follow.
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(a) Draw an adjacency list for the graph above.
(Note that the adjacency list may not be unique and hence there may be multiple correct answers to
this part.)

(b) State the order in which the vertices of the graph get marked visited when explore(G, s) is executed.
(Please note that the answer to this part is dependent on your answer to part (a) since the order in
which neighbors of a particular vertex v are considered depends on the order of the neighbors in the
linked list corresponding to v.)

(c) State the order in which the vertices of the graph get marked visited when explore(G, h) is exe-
cuted.
(As in part (b), the answer to this part depends on your answer to part (a).)

3. A source in a directed graph is a node that has no edges going into it. (For example, the graph below
has two source nodes, A and C.)

Answer the questions below:

(a) Give a linear-time algorithm that takes as input a directed graph in adjacency list format, and
outputs all of its sources. Discuss the running time of your algorithm.

(b) Run your algorithm given in part (a) on the following directed graph, given below, and give the
output.
A : D
B : C, D, E
C : F
D : E
E : A, C
F : I, J
G : A, D, K
H : D, E, G, I
I : J
J : C
K : H

4. (Fire safety) The fire safety officer of a factory has a map of the factory, which is an undirected graph
G = (V,E) where the nodes represent various factory locations, and edges represent whether there is a
fire-safe passage between locations. A set S ⊆ V of locations in the factory denotes exit locations. The
fire safety officer is interested in determining whether people from all factory locations can be evacuated
in the event of a fire.

Design an algorithm for this problem. The input to your algorithm is a graph G = (V,E) in adjacency
list representation and a set S ⊆ V of vertices. Discuss the running time of your algorithm.
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5. Given a directed graph G = (V,E) and a vertex v ∈ V ,

• let Sv be a set that contains all the vertices that have a directed path to v in G, and

• let Tv be a set that contains all the vertices to which a directed path from v in G exists.

(For example, for the graph G and vertex A below, the set SA = {A,B,C,D} and TA = {A,E}.)

(a) Design an algorithm that takes as input a directed graph G = (V,E) in adjacency list representation
and a vertex v ∈ V , and outputs the set (Sv ∩ Tv) as defined above.

(b) Discuss the running time of your algorithm.

(c) Give proof of the correctness of your algorithm.
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