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• See https://science.swansea.ac.uk/

intranet/help/students/coursework

for how to submit.

• See the course home-page http:

//www.cs.swan.ac.uk/~csoliver/

Algorithms201112/index.html for gen-
eral information on the course work.

• If you have collaborated with another stu-
dent, clearly state his/her name and stu-
dent number.

• The possible marks for individual exercises
sum up to 130; results over 100 will be
capped.

The complete coursework must be written in its
entirety by you.

Since we cannot return your coursework to
you, please keep a copy for yourself.

1. Simplify

loga(ax · a2) (1)
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n∑
i=1

(i2 − (i− 1)2). (3)

Give some justifications. [15 marks]

2. Give Θ-expressions which are as simple as
possible:

5n3 − 6n2 +
√
| sin(n)| = Θ(?) (4)

2n + n1000 = Θ(?) (5)

2n + 3n = Θ(?). (6)

Give some justifications. [15 marks]

3. Sort the expressions in ascending order of
growth (i.e., if f(x) is left of g(x), then you
need to have f(x) = O(g(x)):

√
n, 2(n

2), 2lgn, 2log10 n, n3, n2, en, 2n, n!, nn.

[20 marks]

4. Solve the following recurrences by Θ-
expressions:

T (n) = 3T (
n

2
) + 5 (7)

T (n) = 16T (
n

4
) + n2 (8)

T (n) = T (
n

2
) +
√
n. (9)

Show the details of your computations.
[15 marks]

5. Show how to sort 4 arbitrary numbers us-
ing (only) 5 comparisons. Argue that your
method always works. [20 marks]

6. Consider an array A[1 . . . n] of n distinct
numbers. If i < j and A[i] > A[j], then the
pair (i, j) is called an inversion of A. For
example (3, 2, 1) has three inversions.

(a) List the five inversions of the array
(2, 3, 8, 6, 1). [5 marks]

(b) What array with elements from the
set {1, . . . , n} has the most inversions?
How many does it have? [10 marks]

(c) What is the relationship between the
running time of insertion sort and the
number of inversions in the input ar-
ray? Justify your answer.

[10 marks]

(d) Give an algorithm that determines the
number of inversions in any permuta-
tion on n elements in O(n lg n) worst-
case time. Argue that it’s correct and
has the specified time-bound. (Hint:
Modify merge sort.) [20 marks]
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