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Prove all your claims!

Reminder: In the lecture we have introduced the Orthogonal Vectors Hypothesis:
OVH: Given two sets 𝐴, 𝐵 ⊆ {0, 1}𝑑 such that |𝐴| = |𝐵| = 𝑛, there is no algorithm running in
time 𝑂(𝑛2−𝜖 ⋅ poly(𝑑)) (for any constant 𝜖 > 0) which decides whether there exist 𝑎 ∈ 𝐴 and
𝑏 ∈ 𝐵 such that 𝑎 and 𝑏 are orthogonal.

Exercise 1 (10 points)
Consider the following variant OVH’ of OVH:
OVH’: Given a set 𝐴 ⊆ {0, 1}𝑑 such that |𝐴| = 𝑛, there is no algorithm running in time
𝑂(𝑛2−𝜖 ⋅ poly(𝑑)) (for any constant 𝜖 > 0) which decides whether there exist 𝑎, 𝑎′ ∈ 𝐴 such
that 𝑎 and 𝑎′ are orthogonal.
Show that OVH’ andOVH are equivalent.

Exercise 2 (10 points)
Design an algorithm for the orthogonal vectors problem with running time 𝑂(2𝑑𝑛𝑑).

Exercise 3 (10 points)
Given two sets 𝐴, 𝐵 ⊆ {0, 1}𝑑 such that |𝐴| = |𝐵| = 𝑛, construct a Boolean formula 𝜑 of size
𝑂(𝑛𝑑) such that 𝜑 is satisfiable if and only if there exist 𝑎 ∈ 𝐴 and 𝑏 ∈ 𝐵 such that 𝑎 and 𝑏 are
orthogonal.

Exercise 4 (10 points)
Consider the Max Inner Product problem: Given two sets 𝐴, 𝐵 ⊆ ℤ𝑑 such that |𝐴| = |𝐵| = 𝑛,
find the value of the maximum inner product between any vector 𝑎 from 𝐴 and 𝑏 from 𝐵, i.e,
compute the quantity max𝑎∈𝐴,𝑏∈𝐵⟨𝑎, 𝑏⟩. Show that, assuming OVH, there is no algorithm for
Max Inner Product with running time 𝑂(𝑛2−𝜖 ⋅ poly(𝑑)) for any constant 𝜖 > 0.


