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Quantum computing is now a reality!

Quantum software engineering: Insights from Practitioners



The Talavera Manifesto defines fundamental principles of Quantum Software Engineering.

The state of the art of Quantum Software Engineering
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Abstract. This paper presents the Talavera Manifesto for quantum software en-
gineering and programming. This manifesto collects some principles and com-
mitments about the quantum software engineering and programming field, as 
well as some calls for action. This is the result of the discussion and different 
viewpoints of academia and industry practitioners who joined at the first Interna-
tional Workshop on QuANtum SoftWare Engineering & pRogramming 
(QANSWER). 
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Several tools and techniques allows for modeling, testing, and cloud-enabled computing.

Testing Cloud-Enabled 
Quantum ComputingModeling
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The main empirical studies carried out focused on challenges in using, debugging, 
testing, and architecture-related issues.

TestingChallenges Architecture
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Most of the challenges addressed in literature neglected the practitioners’ perception.
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The lack of practitioners’ perception motivated the first step of the research plan.

“To what extent and for what purposes 
are quantum frameworks used?”

“What are the main challenges that 
quantum developers experience when 
interacting with quantum frameworks?”
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Starting from GitHub…
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Repositories using Qiskit, Cirq, and Q# are selected.
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Repositories are manually labeled to asses the purpose of their creation.
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The list of contributors is extracted.
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Practitioners are surveyed.

Quantum software engineering: Insights from Practitioners



The repository analysis and the second part of the survey answer RQ1.

RQ1 
Current Usage
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The third part of the survey answers RQ2.

RQ1 
Current Usage

RQ2 
Challenges
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These results ended in our recent JSS paper
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Top three repository usage.

Toy projects

42%
Libraries & 

Frameworks

16%

Research

10%
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Contributors are distributed much differently.

Toy projects

42%
Libraries & 

Frameworks

16%

Research

10%
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Contributors are distributed much differently.

Toy projects

42%
Libraries & 

Frameworks

16%

Research

10%
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Quantum programming is mainly used for 
personal study, although most of the people 

work on frameworks and research.



Taxonomy of challenges in QP perceived by developers.

Coding

Challenges in QP Environment

Comprehension

Community

Realism
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Taxonomy of challenges in QP perceived by developers.

Coding

Challenges in QP Environment

Comprehension

Realism

Community

Code Quality

Implementation
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Taxonomy of challenges in QP perceived by developers.

Coding

Challenges in QP Environment

Comprehension

Realism

Community

Coding 

“Being able to check that the circuit does 
what you want it to do”

“The little understanding of what should the 
result look like”

“Creating readable code ”

Code Quality

Implementation
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Taxonomy of challenges in QP perceived by developers.

Coding

Challenges in QP Environment

Comprehension

Community

Realism

Theoretical Grounds 

Documentation
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Taxonomy of challenges in QP perceived by developers.

Coding

Challenges in QP Environment

Comprehension

Realism

Theoretical Grounds 

Documentation

Community

Comprehension 

“Documentation out of date”

“Many concepts are needed to get acquainted with 
quantum programming, particularly linear algebra”

“Missing documentation”
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Taxonomy of challenges in QP perceived by developers.

Coding

Challenges in QP Environment

Comprehension

Realism

Sw Infrastructure 

Hw Infrastructure 

Community
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Taxonomy of challenges in QP perceived by developers.

Coding

Challenges in QP Environment

Comprehension

Realism

Sw Infrastructure 

Hw Infrastructure 

Community

Environment 

“Constant changes in the API”

“Integrating a classical algorithm into its 
quantum analog”
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Taxonomy of challenges in QP perceived by developers.

Coding

Challenges in QP Environment

Comprehension

Realism

Community
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Taxonomy of challenges in QP perceived by developers.

Coding

Challenges in QP Environment

Comprehension

Realism

Community

Realism

“Finding interesting use cases”

“Using QP on real products”

“Formulate a problem”
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Taxonomy of challenges in QP perceived by developers.

Coding

Challenges in QP Environment

Comprehension

Realism

Community
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Taxonomy of challenges in QP perceived by developers.

Coding

Challenges in QP Environment

Comprehension

Realism

Community

Community

“lack of professional connections; 
lack of peer guidance”

“learn to review the source code to 
understand how to use some features”
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To understand the state of the art from an academic perspective, 
we conducted a Systematic Mapping Study (under non-double-blind review).
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What are the current research trends in 
Quantum Software Engineering?

RQ 1
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What main results are reported, and 
which quantum computing tools/
frameworks are most being studied?

RQ 2
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What is the historical evolution of QSE, 
including pre-discipline contributions 
and changes in the research 
community's interest over time?

RQ 3
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What is the current state of the authorship 
and collaboration network in QSE and 
how are the researchers distributed across 
various software engineering topics?

RQ 4

The state of the art of Quantum Software Engineering



Which venues will most likely publish 
QSE articles outside thematic venues?

RQ 5
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Literature Review Process

The state of the art of Quantum Software Engineering

IEEE
1991 Resources

ACM
1376 Resources

Scopus
998 Resources

WoS
1002 Resources

Research
Query

5367
Resources

Duplicate
Removal

2163
Removed
Resources

3204
Resources

Inclusion/
Exclusion
Criteria

3128
Removed
Resources

76
 Resources

89
 Resources

Quality
Assessment

2
Removed
Resources

87 
Final Selected

Resources

Snowballing

13
Added

Resources



RQ1: Dominance of Solution Proposal, Philosophical Papers and Software Testing, 
neglecting Empirical Studies and Software Engineering Process & Management.
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The state of the art of Quantum Software Engineering

RQ1: Uneven concentration with abundance of Solution Proposal papers in Software Testing and 
relatively even distribution of Validation Research papers across most areas.



The state of the art of Quantum Software Engineering

RQ2: Most papers cover multiple technologies or none specific. 
Qiskit is the most commonly studied technology.



The state of the art of Quantum Software Engineering

RQ3: Pre-establishment papers (8) and rapid growth of interest in the research community from 2020 to 2021.



The state of the art of Quantum Software Engineering

RQ4: Mario Piattini, Ricardo Perez-Castillo, Shaukat Ali, Frank Leymann, and Tao Yue, with Piattini as the most productive author (13 Publications). 
Most researchers concentrate on specific SE topics, with Piattini as the only author publishing in more than two areas.
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The state of the art of Quantum Software Engineering

RQ5: Significant presence of Thematic and Non-Thematic Venues. 
Conferences, particularly ICSE and ASE (including their workshops), as the most preferred preferred choices.
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