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Quantum Algorithm: Paper Version
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Data for the Algorithm
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Data as Quantum State
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Measurement
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Unfolding: 
̂x ≈ C−1 ⋅ m = xC =
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Measurement

Structure of a Quantum Algorithm
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Leymann, Frank; Barzen, Johanna: The bitter truth about gate-based quantum algorithms in the NISQ era. In: Quantum Science and Technology, 2020



© Frank Leymann

Retrieve Data Normalize Data
Compute 

Parameters for 
Gates

Transform into 
Quantum 

Assembler

Hybrid Quantum-Classical Workflows
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Real Use Case (Sketch)
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Weder, Benjamin; Breitenbücher, Uwe; Leymann, Frank; Wild, Karoline: Integrating Quantum Computing 
into Workflow Modeling and Execution. In: Proceedings of the 13th IEEE/ACM International Conference 

on Utility and Cloud Computing (UCC 2020), IEEE Computer Society, 2020.
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Barzen, Johanna: From Digital Humanities to Quantum Humanities: Potentials and Applications. In: E. R. Miranda (Ed.): 
An Introduction to Core Concepts, Theory and Applications, Springer International Publishing, 2022.  

Preprint at: arXiv:2103.11825 (2022)
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Binz, Tobias; Breiter, Gerd; Leymann, Frank; Spatzier, Thomas: 
Portable Cloud Services Using TOSCA.  

In: IEEE Internet Computing 16 (03), IEEE, 2012
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Two Orchestrations in "Superposition"
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Leymann, Frank; Barzen, Johanna: Hybrid Quantum Applications Need Two Orchestrations in Superposition:  

A Software Architecture Perspective. arXiv:2103.04320, 2021.
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The Role of  
APIs, (Micro-)Services, Service Mesh,…

13

Retrieve 
Data

Compute 
Dist Matrix

…

Data Plane

Pr
ox

y

Pr
ox

y

API

µ1
µ2

…

µkµk

Control Plane



© Frank Leymann

Quantum Software Lifecycle
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Weder, Benjamin; Barzen, Johanna; Leymann, Frank; Vietz, Daniel: 
Quantum Software Development Lifecycle. In: Quantum Software 

Engineering, Springer International Publishing, 2022. 	
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When to use quantum and when to use classical?

Barzen, Johanna: From Digital Humanities to Quantum Humanities: Potentials and Applications. In: E. R. Miranda (Ed.): An 
Introduction to Core Concepts, Theory and Applications, Springer International Publishing, 2022.  

Preprint at: arXiv:2103.11825 (2022)

What are best practices to build quantum applications?

Leymann, Frank: Towards a Pattern Language for Quantum Algorithms. In: QTOP 2019 Proceedings, Springer, 2019
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On which available QPU may my quantum program succeed?

Salm, Marie; Barzen, Johanna; Breitenbücher, Uwe; Leymann, Frank; Weder, Benjamin; Wild, Karoline: 

The NISQ Analyzer: Automating the Selection of Quantum Computers for Quantum Algorithms. In: Proc. SummerSOC 2020
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PlanQK
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Required Middleware
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Executing a Hybrid Quantum Application
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Weder, Benjamin; Breitenbücher, Uwe; Leymann, Frank; Wild, Karoline: Integrating Quantum Computing into Workflow Modeling and Execution. 
In: Proceedings of the 13th IEEE/ACM International Conference on Utility and Cloud Computing (UCC 2020), IEEE Computer Society, 2020 
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Prototype: IBM
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Prototype: WSO2 & IBM
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Conclusion
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Real-world quantum applications are hybrid

Such hybrid quantum-classical applications require orchestrations
Workflows: Orchestration of control- and dataflow of steps of the application
Provisioning: Orchestration of deployment of the infrastructure and code of the application

As a result, quantum applications become packages 
…which can be used as tradable artifacts

Quantum applications can be deployed and executed on premise or in a cloud environment or mixed

Building Quantum Application is a integration problem
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The End
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