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It's a quantum computing benchmarking framework. And so much more.
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EXAMPLE 1: COMBINATORIAL OPTIMIZATION. QUARK i

Robot path optimization is a crucial element of automated production chains.

9 OPTIMIZATION > 4 .

« HIGH POTENTIALS for efficiency
and productivity improvements in
industry-relevant scenarios.

« Example USE CASE:
Robot path optimization.

Multiple robots @ Varying seam lengths

Various nozzles Different car models
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How to use QUARK as a modular framework for optimization use cases.
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How to use QUARK as a modular framework for optimization use cases.
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QUARK OPTIMIZATION PIPELINE. QUARK i

How to use QUARK as a modular framework for optimization use cases.
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from giskit.algorithms import QAOA
from giskit.algorithms.optimizers import POWELL
from giskit_optimization.applications import OptimizationApplication

ising_op = get_ising_op(QUBO_matrix_as_input)

optimizer = POWELL()

algorithm = QAOA(optimizer=optimizer)

result = algorithm.compute_minimum_eigenvalue(ising_op)

best_bitstring = OptimizationApplication.sample_most_likely(result.eigenstate)
print(best_bitstring)

def get_ising_op(QUBO):
# builds Ising operator from QUBO input
return ising_operator
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How to use QUARK as a modular framework for optimization use cases.

(quark) C:\Users\QUARK>_
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EXAMPLE 2: MACHINE LEARNING. QUARIK 2w,

How the BMW Group uses generative models to design the rims of the future.

@ GENERATIVE MODELS

 Learn complex STATISTICAL RELATIONS
among random variables.

» Create SYNTHETIC DATA that looks real.

 Example USE CASE: Rim design.
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How to use QUARK as a modular framework for Al use cases.
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How to use QUARK as a modular framework for Al use cases.
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How to use QUARK as a modular framework for Al use cases.

Application Dataset Transform Circuit Library Training

QCBM

, Discrete MinMax Standard
Generative QGAN

Modeling

Continuous PIT Copula
Inference

https://arxiv.org/abs/2308.04082
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How to use QUARK as a modular framework for Al use cases.

Application Dataset Transform Circuit Training

QCBM

_ Discrete MinMax Standard
Generative QGAN

Modeling

Continuous PIT Copula
Inference

Training Data
x~Q

l VpLp (D, s) U";a"e ..
Discriminator

D

I Velo(Gls) ——p VPSR

Samples

https://arxiv.org/abs/2301.09363 T s~ = PO)
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@} USE-CASE-SPECIFIC TRAINING. QUARK i

At the end of the framework's pipeline, the model is trained.

Iteration O

https://arxiv.org/abs/2308.04082
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{%} EACH APPLICATION HAS ITS OWN METRICS. QUARK &Gl

Define your own quality measurements.

@ 6 Qubits €9 8 Qubits @ 10 Qubits

Circuit Depth d

https://arxiv.org/abs/2308.04082
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{%} STANDARDIZED PIPELINES FOR FAIR BENCHMARKS. QUARK &Gl

Runtimes are transparent and comparable across different technologies.

Qiskit Aer
@ (multi-CPU)
~ Qiskit Aer
9 (cuQuantum)

S e A A

12 14 16 18 20 22 24 26 28 30
Number of Qubits

https://arxiv.org/abs/2308.04082
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Learn more about QUARK!
+ Become part of the QUARK community on GitHub.
- Join our open calls!
« Check our latest paper: https://arxiv.org/abs/2308.04082
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... provides an application-oriented benchmarking framework.
... helps to set up modular, standardized, and reproducible pipelines.
... is part of a growing ecosystem.

Thanks for your attention. Want to join the community?
Contact me: Marvin.Erdmann@bmw.de
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