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Instructions.

e This exam is 80 minutes.
e There are 36 marks available.

s No collaboration is allowed.

e Write complete solutions. Unless otherwise stated, justify your answers.

Question | Marks available | Marks earned
1 6
2 8
3 11
4 11
Total 36

Page 1 of
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Question 1. [6 marks]

(a) Provide an example of a sunflower F C 2V with four petals.
(b) What does it mean for a set system F C 2["l to shatter a set S C [n]?

(c) What does it mean for a set A = {ay,...,ar} to come before another set B = {by,...,bx} in

colezicographic order on (I,j)?
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Question 2. [8 marks]

State each of the following theorems from lectures.

(a) The Erdés-Ko-Rado Theorem.
(

b) The Sauer—Shelah Lemma.

)
)
(¢) The LYM Inequality.

)

(d) The Harris—Kleitman Inequality.
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Question 3. [11 marks]

(a) Let F be the collection of all subsets of R that can be written as a union of at most 2 intervals.
Prove that the VC-dimension of F is equal to 4.

(b) Let F C 2I" be a downset. Prove that the VC-dimension of F is equal to

max{|A|: A € F}.

(¢) Given an examples of two functions f, g : N — N such that f = ©(g) but there does not exist
a constant ¢ > 0 such that f ~c-g.

Hint: Recall that two functions ¢, : N — N satisfy ¢ ~ ¢ if lim,,_, % = 1.
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Question 4. [11 marks]

(a) Let ay,...,a, > 1, and let b € R. Define

f—{Sg[n]:bSZai<b+1}.
i€S

Prove that |F| < (Ln72J)'
(b) Let F C ([g]) such that |F| = 11. Prove that

0F| > 12.
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