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ERRATUM
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Due to an error during the publishing process the below errors occurred.
Algorithm 1 should be labelled as algorithm 2. It should appear as:

Algorithm 2. Analogue randomized benchmarking.

1: Sample uniformly from {Uk} a number of sequence time-lengths ST and run a sequence Sη of time-length

T ∈ ST where: Sη =
[
ΛUkη

, . . . ,ΛUkη
,Λ†

Ukη
, . . . ,Λ†

Uk1

]
on your system such that if each unitary was perfectly

implemented your system would be returned to initial state ρϕ. Here we systematically invert each
preceding unitary.

2: Repeat the sequence R times; record the survival probability Pη = Tr
[
EψSη

(
ρψ

)]
for this sequence.

3: Repeat the above for various sequences of the same time-length to get the average survival probability for
each sequence time-length: PT =

[
EψST

(
ρψ

)]
where ST is the average over all sequences of time-length, T.

4: Repeat the above steps for sequences of different time-lengths and plot the average survival probability
against time-length PT vs T.

5: Fit the results to a predetermined decay curve of the following or similar form: PT = A + BfT, where again T
is the sequence time-length and f represents the fidelity decay parameter of the process, with A and B fit
parameters that absorb SPAM errors. And again, the average error rate is characterised by r where
r = (d − 1)

(
1 − f

)
/d and d is the dimension of the Hilbert space for a system of qubit size n (d = 2n).

This algorithm should have appeared in section 3.3. It is cited on page 6: in this section, we first give an
overview of extending RB to the analogue setting, with technical details from section 3.1 onwards, and our
ARB protocol (see algorithm 2) in section 3.1.

Algorithm 2 should be labelled as algorithm 1. It should appear as:

Algorithm 1. Digital randomized benchmarking.

1: Sample uniformly from {Uk} a number of sequence lengths S1 and run a sequence Sη at length l ∈ S1 where:
Sη = ΛUkη

+ΛUk1
, . . . ,ΛUkη

, andΛUkη+1
is a single operator deterministically chosen to invert the

preceding sequence of unitaries (i.e. ΛUkη+1
=

[
ΛUk1

, . . . ,ΛUkη

]†
). This sequence should return the system

to its initial state ρψ .
2: Repeat this sequence R times and record Tr

[
EψSη

(
ρψ

)]
to see if initial state ρψ survived the sequence Sη and call

this the survival probability Pη for sequence η.
3: Repeat this for varying sequences of the same length l and find the average probability that the initial state survived

for this sequence length Tr
[
Eψ , Sl

(
ρψ

)]
where Sl represent the average over all sequences of length l. Call this the

average probability for length l: Pl.
4: Repeat the above steps for sequences of different lengths, and plot average survival probability against sequence

length, i.e. Pl vs l. Fit results to a pre-determined decay curve: Pl = A + Bf 1 where l is the sequence length and f is
the fidelity decay parameter, with A and B absorbing SPAM errors.

5: The average error rate can be charactterised by r where r = (d − 1)
(

1 − f
)
/d, and d is the dimension of the

Hilbert space for a system of qubit size n = (d = 2n).

This algorithm should have appeared in section 2. It is cited on page 3: we present here a basic
randomized benchmarking protocol (see algorithm 1), for completeness, and for technical details and
further explanation of how the method works we refer to appendix A.
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It is also cited on page 6: the standard form of RB (see algorithm 1) involves a single deterministically
chosen inversion operator ΛUk+1 that inverts the preceding unitary sequence.

It is also cited on page 7: the parameters for the standard RB protocol (see algorithm 1 in section 2) still
apply, but we redefine the form of Sl and introduce another measure for the sequence length: ST where ST ≡
Sl and T represents the total time to run each sequence of length l, i.e. T = dt · l and so, we highlight that
the average error-rate gained from this protocol is the average error as a function of physical time T.

In addition the Orcid ID of author J Yago Malo should be included. This ID is: 0000-0001-5588-9183.
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