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Exercise 1 [?]
Let Λ ⊂ Rd be a lattice and let v ∈ Λ\{0} be a shortest non-zero vector of Λ. Show there exist
a basis of Λ of the form (v, a2, . . . , ad).

[Hint: Starting from a basis (b1, . . . , bd) of Λ, show that there exists U ∈ Zd×d with det(U) = ±1
and (b1, . . . , bd)U = (v, a2, . . . , ad).]

Exercise 2
Let Λ ⊂ Rd be a lattice, v a shortest non-zero vector in Λ and (v, a2, . . . , ad) a basis of Λ.
Show that pr(Λ) is a (d− 1)-dimensional lattice with basis (pr(a2), . . . , pr(ad)), where pr is the
projection map on the subspace of Rd orthogonal to v, i.e.

pr : Rd → Rd

x 7→
(

x− xᵀv
vᵀv

v
)

Exercise 3
Let Λ ⊂ R2 be a lattice. Prove directly that µ(Λ)ρ(Λ?) ≤

√
5

4 .

Exercise 4

Draw ellipsoid E defined by A =

(
1 3
2 9

)
and b =

(
1
0

)
. What are the axes of E?

Exercise 5
Let K ⊂ Rd be a compact convex body with a non-empty interior and suppose you are
given Ein, the ellipsoid of largest volume contained in K. Show how to compute u ∈ Zd

s.t. maxx,y∈K uᵀ(x − y) ≤ d · w(K) by one shortest lattice vector computation, where w(K) is
defined to be

w(K) = min
u∈Zd\{0}

max
x,y∈K

uᵀ(x− y)

Exercise 6
Show how to solve the following problem in nO(n) calls to an oracle that computes an integer
vector u ∈ Zd \ {0} with maxx,y∈K uT(x− y) ≤ d · w(K).

Given a convex body K, decide whether K ∩Zd = ∅.

The deadline for submitting solutions is Monday, October 19, 2015.
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