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Introducción
The quantum switch[1] is a quantum computational primitive that applies a set of quantum
operations in a superposition of orders. In this contribution, we show that the quantum switch
provides computational advantage in a number of tasks. In particular, it demands less gate uses
than any fixed-order circuit to discriminate between commuting and anticommuting gates. We
present and discuss two generalizations of this task: the Fourier Promise Problem (FPP)[2] and
the Hadamard Promise Problem (HPP)[3]. Recently, the authors have introduced the broader
Complex Hadamard Promise Problem (CHPP)[4], which reduces to the FPP and HPP as limi-
ting cases. We highlight some features of this task and show that the quantum switch requires
less gate uses than other strategies to solve the problem, thus providing query advantage in the
entire family of CHPPs. Finally, we mention applications of the quantum switch in quantum
communication and quantum metrology.
Desarrollo
Let M be a CH(p) matrix in its dephased form and consider a set of N unknown unitary gates
U0, ..., UN−1. We define the product Π0 = UN−1UN−2...U0 and denote different permutations of
the same gates by Π1, ...,Πp−1. The Complex Hadamard Promise states that the set of unitaries
satisfies the following property for one of the columns k of M :

∀j ∈ {0, ...p− 1} : Πj = Mjk ·Π0. (1)

The problem is to find the value of the column k.

0 5 10 15 20 25
Number of permutations p

1.00

1.25

1.50

1.75

2.00

2.25

2.50

2.75

3.00

Qu
er

ie
s p

er
 g

at
e 

(q
pg

)

Query advantage of the quantum swtich
 with N = 4 gates

max
mean
min
Q. Switch

The graph shows the computational advantage of
the quantum switch in terms of the queries per gate
(qpg) parameter against a fixed-order simulation of an
(N, p)-switch, for N = 4 and varying p.
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