
Algorithms and Data Structures II (1DL230)

Uppsala University – Autumn 2009

Assignment 2

Nikos Nikoleris and Pierre Flener

— Deadline: 18:00 on Saturday 3 October 2009 —

Submission Instructions

1. This assignment is to be solved in teams of two students. Take our warning on plagiarism
very seriously. We assume that by submitting a solution you are certifying that it is solely

the work of your team, except where explicitly stated otherwise, and that you can individually

explain any part of the solution.

2. Write clear answers. Justify all answers, except where explicitly not required. State any
assumptions you make. Thoroughly spell-check and grammar-check your answers. Meticu-
lously follow all instructions in this document and at the homework web-page.

3. Document each algorithm according to the coding convention of the course.

4. Name your report LastName1.FirstName1 −LastName2.FirstName2.pdf , but without using
any special characters. The report must be in PDF format and must have the cover page of
the course.

5. Submit your report via the Course Manager server (whose clock may differ from yours) by
the deadline given above.

6. Each team member must submit a copy of the same solution. Only one of the submitted
solution copies of a team will be graded, so make sure they are identical. The lateness
penalty, if any, for a team will be determined by the moment of arrival of its last submitted
solution copy.

Failure to follow the instructions above may result in 0 (zero) points, and we reserve
the right to process your solutions automatically.
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Practice Exercises

The following exercises from CLRS are a very good practice and you are strongly advised to solve
as many of them as possible. You should not hand in any of them, as they will not be graded :

a. Exercise 15.3-5

b. Exercises 15.4-2, 15.4-3

c. Problems 15-1, 15-3

d. Exercises 22.1-5, 22.1-6

e. Exercise 22.2-1

f. Exercises 22.3-1, 22.3-3

g. Exercises 22.5-1, 22.5-7

h. Problems 22-3, 22-4

Question 1: The BFS and DFS Algorithms (15 points)

Consider the following undirected graph:
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Give the traversal orders and resulting forests when performing the following two algorithms:

a. Depth-first search from r as the start node.

b. Breadth-first search from u as the start node.

Whenever multiple choices are possible, pick the nodes to visit in alphabetic order.

Question 2: The Graph Loop Detection Problem (15 points)

Design an algorithm that determines the presence of cycles in an undirected graph G = (V, E)
and runs (ideally) in O(|V |) time, independently of |E|:

a. Write the pseudocode of your algorithm.

b. Compute an asymptotic upper bound to the running time of your algorithm.

2



Question 3: The Birthday Present Problem (35 points)

Given a set S of prices of items in a gift shop, as well as an amount t of money collected by a
group of people toward buying birthday presents for a common friend, the objective is to determine
whether there exists a subset S′ ⊆ S whose sum is exactly t (since we do not want to distribute
any unspent money back to the donors). For example, if S = {1, 2, 7, 32, 35, 56, 234, 12332} and
t = 299, then the subset S′ = {2, 7, 56, 234} is a solution, but there is no solution for t = 11.
Perform the following tasks:

a. Justify why dynamic programming is applicable to the problem of determining the existence
of S′, given S and t.

b. Design a dynamic programming algorithm to solve this problem (and optionally to extract
S′ if it exists).

c. Compute an asymptotic upper bound to the running time of your algorithm.

Question 4: The Gene Similarity Problem (35 points)

When a new gene is discovered, biologists compare it with already known genes in order to un-
derstand its function. The similarity of two genes is measured by their alignment. For example,
if we represent a gene as a string over the alphabet {A, C, G, T }, then x = ACGATCGA and
y = ATCGTCAG can be two genes. An alignment of x and y is a way of matching up these two
strings by writing them in columns, for instance:

A – C G A T C G A

A T C G – T C A G

where the dash (–) indicates a gap. The characters should maintain their original ordering in each
gene. Each column should have at least one character in one of the two genes. The alignment
above has a score of:

S[A, A] + S[−, T ] + S[C, C] + S[G, G] + S[A,−] + S[T, T ] + S[C, C] + S[G, A] + S[A, G]

where S[i, j] is the similarity of characters i and j, which can be the dash character as well.
Perform the following tasks:

a. Justify why dynamic programming is applicable to the problem of computing a highest-
scoring alignment of two given strings x[1..m] and y[1..n], where m and n are not necessarily
equal, as well as its score, for a given similarity matrix S[1..a + 1, 1..a + 1], where a is the
size of the alphabet (a = 4 here).

b. Design a dynamic programming algorithm to solve this problem (ideally) in O(m · n) time.

c. Compute an asymptotic upper bound to the running time of your algorithm.
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