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I. WORKSHOP THEME

Quantum computing is becoming real. Several vendors offer 
quantum computers in the cloud or on premise, companies 
invest to become familiar with this technology and its 
potentials, several software companies develop tool support, 
and consulting companies offer services to build solutions. 
However, software to be run on a quantum computer is quite 
different from software for classical computers.  

Consequently, a solid foundation for building quantum 
software is currently missing. Today's successful applications 
are hybrid applications consisting of both, classical and 
quantum parts, that are iterating to reduce the quantum 
resources needed. Thus, a first architectural style is appearing. 
From this point of view, several major questions arise: Which 
other architectural styles seem to become successful? Which 
existing styles can successfully be applied? Also, first patterns 
for building quantum software are appearing: How can these 
be evolved into a pattern language? Which existing pattern 
languages can contribute and be combined with a pattern 
language for quantum software? 

Thus, the workshop’s topics of interest include – but are 
not limited to – the following themes: (i) architecture styles 
for hybrid quantum software, (ii) quantum and classical 
computation integration, (iii) functional and non-functional 
requirements for quantum software architectures, (iv) best 
practices in quantum software engineering, and (v) testing and 
quality measuring of solutions (KPIs). 

II. WORKSHOP GOALS

The 2nd Workshop on Quantum Software Architecture 
brought together researchers and practitioners from different 
areas of quantum computing and (classical) software 
architecture to strengthen the quantum software community 
and discuss architectural styles and best practices of quantum 
software, including interoperability, scalability, portability, 
and required integration techniques for hybrid quantum 
software. By this, the workshop offered a platform for the 
presentation of novel scientific ideas as well as practical 
experiences and enabled the exchange with experts from 
different areas of software architecture as well as quantum 
computing. 

III. WORKSHOP CONTRIBUTIONS

Based on a peer-review process with at least three reviewers 
per paper, eight papers were selected to become part of this 
proceedings. 

The first paper of the first session is motivated by the fact 
that quantum versions of classical machine learning 
algorithms introduce additional parameters and circuit 

variations which themselves need to be tuned. To tackle this, 
the authors develop a classical-quantum hybrid cloud 
architecture which allows for parallelized hyper parameter 
exploration and model training. 

The second paper addresses the challenges of using 
hardware following the adiabatic quantum computation model 
to sample Boltzmann random variables. This paper elaborates 
on five obstacles to be overcome before performing such 
sampling that can be used, e.g., in training of Boltzmann 
machines. 

The third paper is motivated by the fact that there is a 
predominant inclination to formulate quadratic Hamiltonian 
when using QAOA to compare between gate-model and 
annealing platforms. The authors present evidence that, based 
on different variable encoding schemes, resulting higher order 
formulation is preferable. 

The last paper of the first session adapts Grover's search 
algorithm to find pure Nash equilibria in graphical games. For 
this, the authors show how to set up the oracle by translating 
it to a Boolean satisfiability problem, which is then logically 
synthesized to an oracle quantum circuit. 

The second session starts off focusing on so-called 
measurement-based quantum computation (MBQC), also 
known as one-way quantum computation (1WQC). In MBQC, 
the development of underlying quantum algorithms is 
governed by single-qubit measurements on a highly entangled 
cluster state of qubits. The authors demonstrate how to exploit 
Qiskit, a gate-based simulation framework, to design MBQC-
based quantum algorithms. 

The following paper presents an overview of the state-of-
the-art of quantum benchmarking succeeded by the details of 
a research plan for designing a quantum benchmark suite 
based on measuring a set of standardized KPIs. 

The third paper of the second session proposes to focus on 
a hardware-specific formulation of a problem and thereby 
peeling off unnecessary layers. They find that for several 
specific problems, the mathematical formulation of the 
problem to be solved itself is sufficiently abstract, and that 
porting the code is low-effort, since the quantum- and 
framework-specific code is quite manageable. 

The paper concluding the workshop's program discusses 
different simple quantum state encodings for hybrid 
programming of quantum simulators. The idea behind is to 
trigger the discussion on making quantum circuit simulation 
(on classical machines) more efficient. 

Finally, we also would like to thank our keynote speakers, 
Wolfgang Lechner and César A. Rodríguez Rosario, for their 
stimulating insights in emerging quantum computing topics. 
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