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Exercise 1. Entropic relations

(a) Prove
H(ZA|B)ρ +H(XA|B)ρ ≥ log2d+H(A|B)ρ (1)

where ρ is over systems AB and d is the dimension of system A.

Hint. First show that for any system over A′B′AB we have

H(A′|AB) +H(B′|AB) ≥ H(A′B′|AB) . (2)

Then define
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j , Pi = |i〉〈i| and dim(A′) = dim(B′) = d and show that

H(A′|AB)Ω +H(B′|AB)Ω ≥ H(A′B′|AB)Ω

implies
H(ZA|B)ρ +H(XA|B)ρ ≥ log2d+H(A|B)ρ .

(b) Prove that if H(XA|B)ρ = 0 or H(ZA|E)ρ = 0 then

H(ZA|B)ρ +H(XA|E)ρ = log2d .

As in the lecture, consider the following states:

|ψ〉ABR =
∑
z

√
pz|z〉A ⊗ |ϕz〉BR

|ψ′〉ABCR =
∑
z

√
pz|z〉A|z〉C ⊗ |ϕz〉BR

(c) Derive the conditions

H(ZA|B)ψ ≤ ε21
H(ZA|R)ψ ≥ log2d− ε22

from

H(XA|RC)ψ′ ≥ log2d− ε21
H(ZA|R)ψ ≥ log2d− ε22

using the previous item.
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