
Australian National University

COMP4620/COMP8620

Advanced Topics in AI / Foundations of AI

Self-Evaluation Assessment (2017)

The following self-evaluation may help you determine whether to take this course or not. If you can answer
most questions essentially correctly within the suggested time, you are probably prepared for the course. If you
have di�culties answering say 3 or more questions even given extra time, the course is probably too di�cult
for you. Solutions can be found at the course website.

Numbers and Combinatorics. (3 minutes)

Q1 Consider a random distribution of k distinguishable balls in n cells, that is, each of the nk possible arrange-
ments has probability n−k. What is the probability that a speci�ed cell contains exactly i balls (0 ≤ i ≤ k).

Q2 How many trailing zeros does 100! have? (don't calculate 100!)

Binary Strings. (1 minute)

Q3 If x̄ȳz = 10010111, where x̄ := 1l(x)0x denotes a pre�x free code and l(x) is the length of x, what are x, y, z
in decimal numbers? 1l(x) denotes a string of l(x) 1s.

Asymptotic Notation. (2 minutes)

Q4 Show that x = o(x2); sinx = O(1); x−1/2 = o(1); x + x2 ∼ x2, and
∑n

k=1 kn = O(n3).

Basics of Probability Theory. (3 minutes)

Q5 Which probability is greater: to score at least one ace (a 6) in six throws of a die, or to score at least two
aces in twelve throws of a die? You can use a calculator.

Basics of Computational Theory. (6 minutes)

Q6 Show that there are exactly countably in�nitely many partial recursive functions, and that there are exactly
countably in�nitely many (total) recursive functions.

Q7 Prove that a set A is recursively enumerable i� A is the domain of a partial recursive function.

Randomness of Individual Sequences. (3 minutes)

Q8 When you toss a fair coin 26 times, which outcome is more likely 00000000000000000000000000 or
10010011011000111011010000? Where 0:=tail and 1:=head.

Q9 Consider the sequence 101001000100001000001 . . . , that is, increasing subsequence of 0's separated by single
1's. What is the limiting relative frequency of 1's and 0's?

Information Theory and Coding. (2 minutes)

Q10 De�ne a code c by E(1) = 00, E(2) = 01, E(3) = 10, E(4) = 11, E(5) = 100. (a) Show that the code
sequence 00011011100 is uniquely decodable. (b) Show that the code sequence 100100 can be decoded into two
di�erent source sequences.

Q11 (a) De�ne code E by E(x) = 01x for x = 1, 2, . . . . Show that E is uniquely decodable, but is not a pre�x-
free code. (b) de�ne a code E by E(x) = 1x0 for x = 1, 2, . . . . Show that this is a pre�x-free code and (hence)
uniquely decodable.

Basics of Logic. (3 minutes)

Q12 Consider an electrical circuit with a light and 2 switches in series, such
that the light is on, i� both switches are on. Is the following sentence true or
false? �If switch 1 is on then the light is on -or- if switch 2 is on then the light
is on�.
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