
CO 781/QIC 823/CS 867 Assignment 3

You are permitted to complete this assignment in groups of at most two
(collaboration with other students aside from your partner is not permitted).
Your completed assignment should include an acknowledgment of any sources
(research papers, textbooks, etc) consulted. If you decide to work with a
partner then (a) you must choose a partner that you have not worked with
on another assessment in this course and (b) the completed assignment (one
per group) should clearly state both group members names. The assignment
must be submitted by Tuesday, August 3 at 9pm.

Problem 1 (Classical simulation of depth-2 circuits [2]). Consider the out-
put state of a depth-2 circuit:

|ψ〉 = UBUA|0n〉

where UA and UB are both layers of disjoint 2-qubit gates. Let p(z) = |〈z|ψ〉|2
be the distribution over n-bit strings obtained by measuring all qubits of |ψ〉
in the computational basis.

(i) First consider the special case where UA consists of 2-qubit gates ap-
plied between pairs of qubits (1, 2), (3, 4), (5, 6)... and UB has 2-qubit
gates applied between pairs of qubits (2, 3), (4, 5), (6, 7), .... Show that
there is an efficient classical algorithm which outputs a bit string z ∈
{0, 1}n distributed according to p. (Hint: it may be helpful to write
z = z1z2...zn and then first sample z1, z2 according to their marginal dis-
tribution, then sample z3, z4 according to the appropriate conditional
distribution, and so on...)

(ii) Show how the above algorithm generalizes to any depth-2 circuit.

Problem 2 (postIQP=postBQP [1]). Recall the IQP model of quantum
computation described in class. An IQP computation prepares a state

|ψ〉 = H⊗nDH⊗n|0n〉

where D is expressed as a product of 1- and 2-qubit gates which are diagonal
in the computational basis. Show that postselected IQP circuits of polyno-
mial size can simulate postselected quantum circuits of polynomial size. You
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may follow the proof technique described in class (from Ref. [1]), but here
you are asked to explain and fully justify the argument.

Problem 3. Consider an nm-qubit state of the form

|φ〉 = C|0n〉 ⊗ |Am〉

where C is an nm-qubit Clifford operator and A is the single-qubit “magic
state”:

|A〉 =
1√
2

(
|0〉+ eiπ/4|1〉

)
Show that, assuming the polynomial hierarchy does not collapse, there is no
efficient classical algorithm which, given n,m,C, samples from the probabil-
ity distribution q(z) = |〈z|φ〉|2. (Hint: you may find it helpful to refer to
Section IV A. of Ref. [3] which describes one way in which the magic state
can be a useful resource)

Problem 4. Prove that for any k = O(1), the k-local Hamiltonian problem
is contained in QMA.
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