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TNO & Me

(EN) Dutch Organisation for Applied Scientific Research
(NL) Nederlandse Organisatie voor Toegepast-Natuurwetenschappelijk Onderzoek (TNO)
Working with industry, academia and government

Working on many topics e.g. quantum applications

Practical background in software engineering

Main objective: Reducing the overhead generated by quantum wire cutting
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Circuit cutting - Introduction

Problem Quantum circuit

Quantum computer

Qubit1 Qubit2
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Pauli Wire Cutting - Overview

Based on: Peng et al. 2020
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> 1. Cut quantum circuit into subcircuits >
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Pauli Wire Cutting - Example

More circuits = More circuit evaluations
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Pauli Wire Cutting — Classical Overhead

More wirecuts - More postprocessing
More qubits - More possible outcomes—> More postprocessing
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How to reduce overhead from wirecutting?
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Random Wire Cutting

Based on: Lowe et al. 2023
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> 1. Cut quantum circuit and create both channels >
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Wire Cutting Techniques

Random wire cutting

Pauli wire cutting With Random Clifford

Random wire cutting
With Random Rotation
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Comparison GHZ

Parameters:

- 5 qubit GHZ structured circuit

- Random rotation gates between
Every CNOT gate

- 2 wirecuts

- 1000 samples

Hellinger distance

(smaller is better)

Averaged total Hellinger distance per sample

Averaged total Hellinger distance with different shot budgets

0.24 -1 ‘\‘
—A
0.22 1
0.20 A
0.18 - —&— Pauli Wire Cut
- Random Wire Cut with Random Clifford
0.16 A —&— Random Wire Cut with Random Rotation
0.14 4
0.12 4 @
0.10 A
1000 2000 3000

Shots budget
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Applying wire-cutting to a real problem?

innovation

GZ0¢ J1°3quwiede(Q T



MAXCUT Problem

NP-complete optimization problem

Seek two partitions where the humber of edges connecting vertices in different subsets is maximized

Quantum Approximate Optimization Algorithm (QAOA)

- Classical optimization algorithm: Simultaneous Perturbation Stochastic Approximation (SPSA)
- Single QAOA layer (p = 1)

-
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Software implementation

Circuit

Circuit(graph: Graph, config: ExperimentConfiguration)
Run(): ExperimentResult

Visualise()

<<Interface>>

<<External>>
Qiskit

-
<<Static>> <<Enum>>
NoiseManager Rank
>» ReadNoiseModel(backend: QuantumBackend): Qiskit.NoiseModel <<Utility>>
WriteNoiseModel(model: NoiseModel, backend: QuantumBackend): str QaoaUtils
FetchNoiseModel(backend: QuantumBackend): Qiskit.NoiseModel Not
<<Utility>> ote

L

WireCutQAOA

WireCutQAOA(graph: Graph, config: ExperimentConfiguration)

QuantumUtils

Graph

L The Utility static

classes and Enums:
Rank and
QuantumBackend are

<<Utility>>
QuantumHardwareUtils

used extensively

ExperimentConfiguration

RunUncut(backend: QuantumBackend): list(ExperimentResult]

ExperimentConfiguration(config: dict) Graph(rows: listfint], name: str)

through most classes.
Therfore, their
relationships are not

<<Utility>>
QuantumWireCuttingUtils

RandomCliffordQuantumCircuit(gamma: list[float], beta: list[float], layer: int): dict
DepolarizationQuantumCircuit(gamma: list[float], beta: list[float], layer: int): dict
Visualise(backend: QuantumBackend, channel: QuantumChannel)

ToQasm3(): tuple[str, str]

Circut - Visualise()
RunWireCut(backend: QuantumBackend): list{ExperimentResult] GetConfig(): dict specified.
Run() ; Get(key: str): any RankSolution(bitStr: str): Rank <<Enum>>
Visualise() T 1 SetName(name: str) GetMaxCut(): int QuantumBackend )
WireCutCircuit 1 1 1
<<Extemal>> WireCutCircuit(graph: Graph, config: ExperimentConfiguration)
Pennylane Run(backend: QuantumBackend): ExperimentResult 1 1
ExperimentResult Benchmark

T

ClassicComputer

Measure()

ClassicComputer()

AppendMeasure(wire: int, reset: bool, callback; PauliCallback)
MeasurePrepare(measureWire: int, prepareWire: int, reset: bool)
StoreMeasurementAndClifford(wires: list[int], measurements: list, cliffcirc: list, layer: int)

StoreMeasurement(wires: list[int], measurements: list, layer: int)

ExperimentResult(graph: Graph, config: ExperimentConfiguration, data: dict) |y »

1| Benchmark(name: str, data: list{ExperimentResult])

GetProbs(): list <

GetCounts(): dict
GetShotsBudget(): int
RankSolution(): Rank
GetCostHistory(): list

GetGammay(): list[float]

GetBeta(): list[float]
GetOptimizedParameters(): list[float]
GetExperimentName(): str
GetApproximateRatio(): float
PlotCostHistory()

1 1
0.* 0.*

PauliCallback

Measurement

PauliCallback(pauliGate: str, qubit: int)

ToQasm()

ToQasm()

Measurement(wire: int, bit: int, reset: bool, callback: PauliCallback)

GetApproximationRatio(): float
GetApproximationRatios(): list[float]

GetSuccessProbabilities(): dict

0.*

1

ResultsManager

ResultsManager()

(static) FromBinaryFile(filename: str): ResultsManager
AddResults(name: str, results: list[ExperimentResult)
Get(name: str): Benchmark

GetAll(): listBenchmark]

GetAllForGraph(graphName: str): list{Benchmark]

WriteToBinaryFile(filename: str): str
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Wirecut-QAOA

MAXCUT problem

Quantum circuit Quantum computer

Requires # 2 5 qubits .““

5 qubits
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Wirecut-QAOA - Ideal simulation

Pennylane ideal simulations (sample size 120 and 60)

1 cut

2 cuts

Graph A

Graph B

Answer distribution (%)

Answer distribution (%)

Ideal uncut QAOA-MAXCUT Graph A
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Total shots per QAOA iteration

Ideal uncut QAOA-MAXCUT Graph B
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Total shots per QAOA iteration

Answer distribution (%)

Answer distribution (%)
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Ideal wirecut QAOA-MAXCUT Graph B
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Total shot budget per QAOA iteration

Answer classification
B Best answer
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Answer classification
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Third best answer
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Wirecut-QAOA - Noisy simulation

Qiskit-aer simulations with the ibm_brisbane noise model (sample size 20 and 10)

1 cut

2 cuts

Graph A

Graph B

Answer distribution (%)

Answer distribution (%)
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Total shots per QAOA iteration

Noisy uncut QAOA-MAXCUT Graph B
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Total shots per QAOA iteration

Answer distribution (%)

Answer distribution (%)

No

isy wirecut QAOA-MAXCUT Graph A
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Limitations & Future Work

Limitations
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« Simulation of noisy wirecut circuits is very computational heavy = Limited number of samples

Future work:
« More samples of noisy simulations
« Hardware validation

« Extending wire-cutting to other quantum algorithms
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Conclusion

Random Wire Cut with Random Clifford is most accurate and efficient
Wire-cutting in QAOA lowers qubit needs but reduces accuracy

Accuracy loss can be mitigated by higher shot budgets

In this work:

In noisy simulations a practical problem can be solved with less qubits using wire-cutting
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Thank you for your time and attention
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