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Instructions to Candidates:
• There are two sections to the paper: Short Questions and Long Questions
• The mark distribution is 40 marks for Short Questions and 60 marks for the Long Questions
• Answer all questions in all sections

Section 1. Short Questions (10 × 4 marks).
• Please put your answers to these questions in the answer book provided to you, labelling your answers
2.1, 2.2, etc.
• Justify your answers
1. What is

Pn

2. What is

P∞

1
i=0 3i ?

on? Exactly how many calls will be made to
this function?

1
i=0 3i ?

3. Draw the most skewed AVL tree on 4 levels?
How many nodes does it have?
4. Generalising from the last question, give a recurrence relation M (n), for the minimum no. of
nodes that can be in an AVL tree on n levels.
5. When building a heap, instead of repeatedly
calling insert() on each element, we can call
trickle down() on some of the elements of the
array. What elements do we call this function

6. What is the asymptotic (“Big-Oh”) running
time of the build heap() operation described
in the previous question?
7. What is the largest number of edges an n-vertex
tree can have?
8. What is the largest number of edges an n-vertex
graph can have if multiple edges between vertices are forbidden?
9. Give a formula in terms of |E| for the sum of
all vertices’ degrees, where, d(v), the degree of
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(please turn over)

a vertex v is the number of edges that touch it.
P|V |
That is give i=1 d(vi ).

10. Asymptotically, which is faster, depth-first
search on a graph, or breadth-first? Why?

Section 2. Long Questions (60 marks).
• Please put your answers to these questions in the answer book provided to you
• Label your answers 2.1, 2.2, and 2.3 in your answer books

1.

(20 marks.)
(a) Give two algorithms for finding the k th smallest element of an array of numbers. The lower the
asymptotic running time the better your answer will be marked.
(6 marks.)
(b) Suppose you have an array of n elements containing only two distinct keys, true and false. Give
an O(n)-time algorithm to rearrange the array so that all false elements precede all true elements.
You may use only constant extra space.
(6 marks.)
(c) Suppose you have an array of n elements but this time containing three distinct keys, true, false
and maybe. Give an O(n)-time algorithm to rearrange the array so that all false elements precede
all maybe elements and all maybe elements precede all true elements.
You may use only constant extra space.
(8 marks.)

2.

(20 marks.)
Suppose you have two polynomials P (x) and Q(x) which are to be multiplied together. Assume that
P (x) has n non-zero terms and that Q(x) has m non-zero terms, where n > m. The polynomials
are represented using linked lists for reasons of space efficiency and the lists should store the non-zero
terms ordered from largest power to smallest power.
(a) Draw a picture of the linked-list representation of P (x) = −2x16 + 4x − 3
2

(b) Give an O(n × m )-time algorithm for performing the multiplication

(3 marks.)
(12 marks.)

(c) Weiss proposes an alternative algorithm based on generating all of the n×m terms in the product,
sorting these according to the exponent and then coalescing together any adjacent terms that have
identical exponent. Comment on the usefulness of this approach versus what you developed in
the previous part.
(5 marks.)
3.

(20 marks.)
The good people of Limerick have come to you asking if, like their counterparts in Königsberg, it is
possible for them to conduct their weekly walk crossing each bridge exactly once and ending where
they started.
The maps in Figure 1 illustrate the bridges that the walkers must cross.
(a) This problem is a well-known problem of graph theory. What is it called?

(2 marks.)

(b) Draw the graph that models the walkers’ problem.

(6 marks.)

(c) What will you advise the walkers? Why?

(6 marks.)

(d) Suppose, now, that they ask if it is possible to cross every bridge once without having to finish
where they started. What would you now advise the walkers? Why?
(6 marks.)
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(a) Overview (including bridge between “Grove Island” and
Clare.

(b) Bridges of Limerick City.

Figure 1: The Shannon and its bridges.
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