
Abstract

We describe two procedures which, given access to one copy of a quantum state and a sequence
of two-outcome measurements, can distinguish between the case that at least one of the measure-
ments accepts the state with high probability, and the case that all of the measurements have low
probability of acceptance. The measurements cannot simply be tried in sequence, because early
measurements may disturb the state being tested. One procedure is based on a variant of Marriott-
Watrous amplification. The other procedure is based on the use of a test for this disturbance, which
is applied with low probability. We find a number of applications:

• Quantum query complexity separations in the property testing model for testing isomorphism
of functions under group actions. We give quantum algorithms for testing isomorphism,
linear isomorphism and affine isomorphism of boolean functions which use exponentially fewer
queries than is possible classically, and a quantum algorithm for testing graph isomorphism
which uses polynomially fewer queries than the best algorithm known.

• Testing properties of quantum states and operations. We show that any finite property of
quantum states can be tested using a number of copies of the state which is logarithmic in
the size of the property, and give a test for genuine multipartite entanglement of states of
n qubits that uses O(n) copies of the state. We also show that equivalence of two unitary
operations under conjugation by a unitary picked from a fixed set can be tested efficiently.
This is a natural quantum generalisation of testing isomorphism of boolean functions.

• Correcting an error in a result of Aaronson on de-Merlinizing quantum protocols. This result
claimed that, in any one-way quantum communication protocol where two parties are assisted
by an all-powerful but untrusted third party, the third party can be removed with only a
modest increase in the communication cost. We give a corrected proof of a key technical
lemma required for Aaronson’s result.
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