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Motivation

Google Sycamore
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Classical Model of Readout Noise

IDEAL CORRUPTED
SIGNAL SIGNAL
= READOUT 5 5
> Pl NOISE P Proisy = APigeqr

[Source: Rigetti Computing]
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Classical Model of Readout Noise

IDEAL CORRUPTED
SIGNAL SIGNAL
= READOUT 5 5
> Pl NOISE P Proisy = APigeqr

Issues: exponential complexity of

e Description of noise
e Characterization of errors

[Source: Rigetti Computing]
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Classical Model of Readout Noise

IDEAL CORRUPTED
SIGNAL SIGNAL
— READOUT — =g
> Piecal NOISE P Proisy = MNPjdeal

Error mitigation

1. Compute A_ 1

[Source: Rigetti Computing]

2. Estimate P;-deal — A_lﬁ
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Certification and error mitigation platform for quantum computers
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Readout errors characterization module
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Readout errors mitigation module
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25% improvement in results accuracy for MAX-2-SAT problems on Rigetti
and IBM devices
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Readout errors characterization module

User Bob

o (A)
B . i
design NOISE CHARACTERIZATION

MODULE WORKFLOW
instructions for provider
(€)
4 \ (
- i Noise | = qualitative features
. characteristics | = visualization
experimental - . J L
iz results :
/ R : (D) )
: ( Model - CN model parameters
Backend: R o ) - ]
AWS/ Azure/Pyquil/Qiskit L learning L - CTMP model parameters

e Repubic  Eurapean unon, [
Smart Growth - of Poland 5 X

Development Fund




Experiments design

experimental POVM characterization

repeat M timesﬁ )
a )

random measure save
unitary bit string

Parallel detector tomography protocol
Required number of circuits

M ~ 6% exp(k)log(N)
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‘f'; L B : ' o £ : Eﬁ National Supercomputing Infrastructure for EuroHPC
Experiments implementation

experimental POVM characterization
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Support for implementation:

e |BM (via IBM Quantum)
e Rigetti (via AWS)
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Noise characteristics

(k-qubit marginal (" correlations )
POVMs coefficients
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2-body cross-talk
characteristics

Versatile set of tools for readout noise error characterization
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Noise characteristics
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Noise model reconstruction

experimental POVM characterization
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Local noise models
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Efficient noise model reconstruction
algorithm
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Local noise models

{Cz—>j} . CLUSTERING >A — ®XAX

Pairwise correlations are input data for clustering algorithm
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Readout noise model mitigation module

Error mitigation module workflow
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Readout noise model mitigation module

Specify
input data

TASK: Energy estimation for random MAX-2-SAT

Run quantum Collect data Output
machine Mitigate errors — energy
estimate
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Readout noise model mitigation module

TASK: Energy estimation for random MAX-2-SAT
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Readout noise model mitigation module
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TASK:Solution of MAX-2-SAT problem
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25% improvement in results accuracy for IBM and Rigetti

devices
Republic European Union
of Poland European Regional

Development Fund




@ EuroHPC PL

National Supercomputing Infrastructure for EuroHPC

Readout noise model mitigation module

PyPI GitHub Theory

qrem 0.1.6 P man- | P3

O otags Gotofile m Efficient reconstruction, benchmarking and validation of cross-talk models

pip install grem o Released: Nov20, 2023 in readout noise in near-term quantum devices

piotr@3dfy.ai update to giskit_utilities.py v
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REM package provides a versatile set of tools for the characterization and mitigation of readout noise in NIS antum devices. 2 s
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& Download files Standard characterization approaches become infeasible with the growing size of a device, since the number of [ CHANGELOG.md Initial commit ast month ng of a large number of qubits. Here we introduce an appropriately tailored quantum detec-
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Project links joz=! pronerdes oiihe eacoltnolse of the protocol scales logarithmically with the total number of qubits. We show that QDOT data
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8 Article corresponding code used at the moment of writning the article here. [) LICENSE nitial cormmit St month in the readout noise, as well as allows to reconstruct the correlated clusters and neighbours read-
Weumentstion out noise model. Benchmarks are introduced to verify utility and accuracy of the reconstructed
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