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Question 1. [3 MARKs]

Whether or not the Riemann Hypothesis is true is currently unknown. Suppose a researcher proves that:
(*) The Riemann Hypothesis implies S.
Part (a) [2 MarRks] What does (*) tell us if it is also proven that:

1. S is true.

2. 5 is false.

Part (b) [1 MARK] What could we find out about the Riemann Hypothesis that would make (*) useful?

Question 2. [5 MARKS]

Consider the following, where p, ¢ and r are sentences.
(S) p and ¢ are equivalent only if r.

Part (a) [l MARK]Express (S) as a sentence in our precise language.

Part (b) [2 MaARKs] Express (S) as a sentence in our precise language without using = or < (you do
not have to make it simple).

Part (c¢) [2 MaARKS]Draw a Venn diagram with sets for p, ¢ and r. Make sure the sets overlap to divide
the diagram into eight regions. Shade in the regions corresponding to where your sentence from (a) is true,
and put an “X” in the regions where it is not true.
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Question 3. [3 MARKS]

Express the sentence
Program F is faulty if some input causes it to crash.
in our precise language, using the domains:

P = the set programs.
I = the set of inputs.

Define any properties you need.

Question 4. [6 MARKS]

Consider the results of a contest.

Let C' = the set of contestants.

Let beat(cl, ¢2) = “contestant ¢l scored more than contestant ¢2”.

Assume every contestant got a different score.

February 2003

Part (a) [3 MaRKs] Using C' and beat, give a sentence in our precise language that is equivalent to:

“Contestant ¢ won the contest”

Part (b) [3 MaRKs] Using C and beat, give a sentence in our precise language that is equivalent to:

“Contestant ¢ came in second-place”
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Question 5. [8 MARKS]

Consider the following sentence about a sequence of natural numbers ay, as, as, .. .:
(*) die N,VieEN,a; =a; = aj41 # a;

Part (a) [4 MARKs]Give the outline of a proof structure for the sentence.

Part (b) [4 maRKs]For each of the following sequences, state whether the sentence (*) is true or false:

1. 1,2,2,1,2,2,1,2,2,1,2,2,1,...

2. 1,1,2,1,2,3,1,2,3,4,1,2,3,4,5,1, ...

3. 1,2,1,1,2,2,1,1,1,2,2,2,1,1,1,1,2,2,2,2, 1, ...

4. 1,1,2,1,2,2,1,2,2,2,1,2,2,2,2,1, ...

Total Marks = 25
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