
Final Exam in Data Structures
Department of Information Technology
Uppsala University
Lecturers: Parosh Aziz Abdulla, Jonathan Cederberg
Location: PB
Time: 5 h
No books or calculator allowed

Directions:

1. Answer only one problem on each sheet of paper

2. Do not write on the back of the paper

3. Write your name on each sheet of paper

4. Important Unless explicitly stated otherwise, justify you answer carefully!!
Answers without justification do not give any credits.

Good Luck!

—————————————————————————————————————

Problem 1 (10p)

Order these functions in order of asymptotic growth rate, with the most
rapidly growing first. If two of them have the same asymptotic growth rate,
state that fact. No proofs are needed.

lg(n2) 0.000001n lg n 22n

4n n lg n lg(2n)

Problem 2 (10p)

a) Prove or disprove: n2 + 14n + 3 = O(n2)

b) A function f is monotonic if m ≤ n =⇒ f(m) ≤ f(n) Let f and g be
monotonic functions. Prove or disprove: min(f(n), g(n)) = Ω(f(n) +
g(n))
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Problem 3 (10p)

What is the maximum number of times during the execution of quicksort
that the largest element can be moved, for an array of N elements. Explain
your answer in no more than three lines.

Problem 4 (10p)

a) Simulate counting sort on the keys below. Show all steps.

10 3 6 4 8 7

b) Describe in one sentence when using counting sort is a bad idea.

Problem 5 (15p)

Is the operation of insertion in a binary search tree commutative in the sense
that inserting x and then y into a binary search tree gives the same tree as
inserting y and then x? Argue why it is so (in no more than fives lines) or
give a counter-example.

Problem 6 (15p)

Consider a hash table H of a given size n > 0. Does increasing the size
of H to 2n (and modifying the hash function accordingly) necessarily imply
that the probability of collisions decreases by approximately one half? (Your
answer should not be longer than three lines).

Problem 7 (15p)

Consider inserting the following keys into a hash table of length m = 10:

2 4 1 20 15 31 14 3 0 11

The auxiliary hash function is given by (k mod m). Draw the resulting hash
table if we use linear probing.
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Problem 8 (15p)

Give 5 topological orderings of the below graph.
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