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Software Competence Center Hagenberg

« Non-profit Ltd. research organization
for Data Science & Software Science

« Founded by Johannes Kepler University Linz in 1999

« Owner: State of Upper Austria, Johannes Kepler University,
association of company partners

« ~130 employees (>160 including partners)
« COMET competence center (FFG funded)

HII I'

||
‘:'MHH”H ||

|||
‘{Hi't\lwzhm
1‘ -




International
Scientific
Partners

scch {
software
competence
center
hagenberg

}

Technology- and
Knowledge Transformation

Company
Partners

scch{}



Quantum Computing Stack scch {}

|dentifying suitable use cases in your business,
and modelling the use case to be solved by a quantum computer

Use Case
—
Languages
SDKs/Frameworks _ _ _ _
User High-level tools, libraries, and algorithms
Algorithms
Applications
pp
Simulation
Commian Compilation, management of workloads,
ompiation .. . . .
Platform - optimization, and simulation
Error Correction
( . . .
Hard Control Layer Control systems, calibration, error correction,
araware —
and the “real quantum” part
Quantum

https://minimumviableparagraph.com/20240514-understanding-software-stack-quantum-computing



Areas of Quantum Utility scch {}

"

Optimization = Material Scienc Machine Learning Finance Cryptography
Logistics Ground States Pattern Recognition Portfolio Optimization Cryptoanalysis
Supply Chain Reaction Channels Quantum Annealing Credit Risk Analysis Breaking Codes

Scheduling Magnetism Quantum NN Monte Carlo Secure Keys
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Machine Learning e
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m Quantum Machine Learning gives similar §o _
promises to classical machine learning 3 CC
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m Many approaches
o Parameterized Quantum Circuits (PQC)
o Quantum Neural Networks
0 Quantum-enhanced Reinforcement Learning
0 Quantum Annealing @ . : ,
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Najafi, K., Yelin, S. F., & Gao, X. (2022). The Development of Quantum Machine Learning. Harvard Data Science Review, 4(1). https:/doi.org/10.1162/99608f92.5a9fd72c
Hsin-Yuan Huang et al. (2022). Quantum advantage in learning from experiments. Science 376,1182-1186. DOI:10.1126/science.abn7293
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Workflow Utilizing Quantum Computing scch {}

Problem E Parameter update ‘: (":::::::::::::::\
":%%: L .S F ooy =Y
??;a?fﬁ - 5 i Classical optimization \
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504 = | : i Solution
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Loss function
— Quantum Circuit with Classical Optimization
QNN Hybrid Quantum Computing
Encoding Estimation Training Decoding
Target Function Hardware Repeated measures Confidence
Constraints Architecture Interpreting Result

Compilation
Cl. Optimizer
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Workflow Utilizing Quantum Computing = Challenges  scchi}

____________________

___________________

Domain
Expertise
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=\ 'o‘ _ i encoding N & .
SOF | | S Physical =< | Solutions
_ | auage>> Consideration gimization
o
>
Quantum | Measurements
Expertise Estimation Sampl Decoding

Repeated measures Confidence
Interpreting Result

Constraints

Numerous
Options
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Diving a little deeper — The Quantum Table scch {}

m Make quantum computing a bit more tangible
o Actually tanglible
o Show flow of information
o [Easy on the eye

Quantum Operation

Quantum Circuit

Outcome Probabilities

scch { Quantum Table
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Senior Researcher
+43 50 343 890
stefan.hillmich@scch.at

SCCH ist eine Initiative der

JXU

JOHANNES KEPLER
UNIVERSITAT LINZ

Scientific Director Quantum Comp.

+43 50 343 881
robert.wille@scch.at

SCCH befindet sich im

softwarepark >
hagenberg

Research Manager Software Science
+43 50 343 872
rudolf.ramler@scch.at

This this slide deck has been designed using images made by Freepik from Flaticon.com

FFG

Forschung wirkt.

= Bundesministerium
Digitalisierung und
Wirtschaftsstandort

= Bundesministerium
Klimaschutz, Umwelt,
Energie, Mobilitat,
Innovation und Technologie
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