
Quantum Complexity Theory, UPB

Summer 2019, Assignment 6

To be completed by: Friday, July 12, start of class

This assignment assumes the notation and terminology from Lectures 7 and 8.

1 Exercises

1. Gentle measurement. In this exercise we state and prove a variant of the Gentle Measurement
Lemma seen in class. Let |ψ〉 be a pure quantum state, and consider any 0 � M � I. (For example,
M could be a projector, but need not be.) Suppose Tr(M |ψ〉〈ψ|) ≥ 1− ε for ε > 0. Prove that∥∥∥∥∥ |ψ〉〈ψ| −

√
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tr

≤ 2
√
ε.

2. SDPs. In our standard form for SDPs, we used Hermiticity-preserving maps Ψ and Ψ∗, where recall
the latter is the adjoint of the former.

(a) Let Φ(X) = UXU† for unitary U . What is Φ∗?

(b) Let Φ(XAB) = TrB(XAB). What is Φ∗?

3. QIP=PSPACE. Recall in the correctness analysis, and particularly in Lemma 7, that we defined
dual feasible solution

Y =
1 + 2ε

T

T−1∑
t=0

1

βt
Πt.

(a) Show that Y � 0.

(b) Prove that
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.

(c) For any t ∈ 1, . . . , T , use the Golden-Thompson inequality to show that

Tr(Wt) ≤ Tr(Wt−1e
−εδΦ∗(Πt−1/βt−1)).

(d) Use the fact that for any Hermitian M satisfying 0 �M � I, and every real r > 0,

erM � I + rerM and e−rM � I − re−rM,

to obtain that
e−ε[δΦ

∗(Πt−1/βt−1)] � I − εδe−εΦ∗(Πt−1/βt−1).

(Hint: Use submultiplicativity of the spectral norm to show that ‖Φ∗(Πt−1) ‖∞ ≤
∥∥Q−1

∥∥
∞.)

1


	Exercises

