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Presentations: May 1

i) Consider a line-segment ℓ= {dλ : λ ∈ [a,b]} ⊆Z2 with d ∈Z2 \ {0} and a,b ∈Q. Use extended the
euclidean algorithm to decide ℓ∩Z2 =; in polynomial time in size(d)+ size(a)+ size(b).

ii) Consider the problem of deciding K ∩Zn =; for a convex body K ⊆Rn and let a ∈Zn and β ∈Z.
Show that the problem

K ∩ {x ∈Rn : aT x =β}∩Zn =;?

can be understood as a problem K ′∩Zn−1 =; for some convex body K ′ ⊆Rn−1. If K is a polytope
K = {x ∈Rn : Ax ⩽ b} for some A ∈Rm×n and b ∈Rm , what is a description of the polytope K ′?

iii) Let a1, . . . , an be a basis of the latticeΛ⊆Rn , then

µ(Λ)⩽
1

2

n∑
i=1

∥ai∥2.

iv) Let a1, . . . , an be a basis of the latticeΛ⊆Rn . LetΛ′ = {π(v) : v ∈Λ}, whereπ(x) = x−〈x, a1〉〈a1, a1〉a1

is the projection of x into the orthogonal complement of a1.

Show thatΛ′ is a n −1-dimensional lattice (in the hyperplane aT
1 x = 0). What is det(Λ′)?

v) Let Λ(A) ⊆ Rn be a lattice, where A ∈ Rn×n is non-singular. Define the set Λ∗ = {y ∈ Rn : yT v ∈
Z for each v ∈Λ}. Show thatΛ∗ is a lattice. Determine a basis ofΛ∗. What is det(Λ∗)?

Λ∗ is called the dual lattice ofΛ.

1


