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Characterizing QA Error Mitigation Policies
While designing EQUAL+, we have various options regarding how to combine existing error-mitigation schemes. To understand
suitable candidates, we perform several characterization experiments whose results are described next.

Pre-processing techniques for QAs are analogous to compiler optimizations for gate-model quantum computers. For a given
QMI, these schemes add an additional layer of encoding to qubits and form a modified QMI, which is executed on the physical
QA hardware. One of the most effective preprocessing techniques is the spin-reversal transform (SRT) in which flipping the
value of randomly selected qubits enables us to mitigate analog errors of QAs1. The transform ensures that qubits are flipped
such that the ground state of the original Hamiltonian (after decoding) remains unaltered. This is similar to proposals for
reducing the impact of measurement errors on gate-based quantum computers by transforming a more vulnerable quantum state
to another less susceptible one2, 3 using single qubit gates. However, unlike gate-based quantum computers, preprocessing
techniques have limited scope due to the low programmability of QAs.

Postprocessing techniques leverage the insight that for a given QMI, QAs can quickly recognize the neighborhood of
the ground state even if they fail to get to the ground state4. Thus, applying classical optimization approaches on the raw
outcomes obtained from a QA can result in lower energy4–6. In this paper, we use the Single-Qubit Correction (SQC) policy—a
postprocessing scheme that is analogous to gradient descent scheme but only applicable to discrete optimization problems.
Instead of computing the gradient for determining the direction of the move in every iteration, SQC uses a greedy technique
and moves to a neighbor (by flipping a qubit in the outcome from a QA to obtain a solution which is one Hamming distance
away) with the lowest energy value.

Recent studies have proposed improvements to the annealing process itself7, 8 but implementing them requires fabricating
newer QAs. Few other schemes reduce the impact of noise on the annealing process. Examples include controlling the delay
between two consecutive trials and qubit preparation times9. Exposing the hardware characteristics and enabling device-level
controls to the programmer has been shown to be effective even for gate-model systems10.

Spin-Reversal vs. Single-Qubit Correction
Spin-Reversal Transform (SRT) is a preprocessing that flips randomly selected qubits to mitigate analog errors of QAs1.
Figure S1 shows the Energy Residual of a benchmark executed on D-Wave QA when spin reversal transform is applied
standalone and in the presence of SQC. We observe that both spin reversal and SQC reduce the ER, and the performance of
SQC is comparable to spin-reversal transform.

Inter-Sample Delay vs. Single Qubit Correction
Increasing the Inter-Sample-Delay (ISD) increases the delay between successive QA reads to reduce the inter-sample correlations.
Exposing controllable features on the hardware imposes several challenges on the service providers, and recent generations
of QAs are taking a step in overcoming them. In addition to controlling the ISD, programmers can also control the qubit
preparation times. However, the performance of this feature is comparable to existing postprocessing methods4. So we only
study ISD in our experiments. Figure S2 shows the ER of a benchmark executed on D-Wave QA under default ISD and when
the ISD is increased. We also study the performance in the presence of SQC. We observe that similar to spin-reversal transform,
while longer ISD reduces the ER, SQC outperforms and can be combined for further benefits.

We leverage the insights from this study to investigate if EQUAL can benefit from postprocessing too. The additional
advantage of relying on postprocessing schemes is that they do not add overhead in the casting or embedding step.



1K 2K 3K 4K 5K 6K 7K 8K 9K 10K
Number of Trials

0

8

16

24

E
ne

rg
y 

R
es

id
ua

l QA Hardware
SQC

Spin Reversal
Spin Reversal + SQC

Figure S1. Energy Residual of a random benchmark with Spin Reversal Transform and Single Qubit Correction.
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Figure S2. Energy Residual of a random benchmark with longer ISD and Single Qubit Correction.
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