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Abstract

With the rise of the first quantum computers and programming languages, first quantum
algorithms came up, which yield promising results. Quantum Computing is becoming more
and more a mature area while an investment scalation is happening in public and private
sectors. There are a lot of promising application that never comes true with quantum computers
in isolation. Quantum software is necessary to achieve all the claimed, cutting-edge
applications in almost every business sector. Quantum software, as other kind of software, need
to be planned, designed, coded, estimated, tested, quality-assured, evolved, among other
things. This means, quantum software engineering needs to be developed as a new discipline,
both in academia and industry. This column provides an overview for this need, and the main
challenges in the next years.
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1. Introduction

Quantum technologies with the raise of quantum computers are changing the world. Quantum
computing is based on quantum mechanism principles such as superposition or entanglement [1]. Thus,
guantum computing is not an evolution of classical computer science; it is actually a revolution that
completely changes the computing paradigm [2]. Such quantum computing foundations (i.e.,
superposition and entanglement) makes it possible to address computational problems that have been
unaffordable till now through classical computing. Quantum computers will be orders of magnitude
more powerful than anything we have today [3]. This fact opens the door to many potential applications,
influencing most business sectors, like for example [4]:

e Privacy and cryptography: certification of randomness, authentication.

e  Supply chain and logistics: optimization problems in procurement, production and distribution,

vehicle routing optimization, etc.

e  Chemistry: simulations of complex molecules, discovery of new materials, advanced molecular
design, etc.

e Economics, and financial services: Portfolio risk optimization and fraud detection, actual
randomness for financial models, simulations and scenario analysis, etc.

e Energy and agriculture: production of ammonia, better distribution of resources, asset
degradation modelling, etc.

e Medicine and health: Protein folding and drug discovery, disease detection, non-invasive and
high-precision surgeries, targeted drugs design, tailored medicine, improvement of the quality
of life, prediction of therapeutic prescriptions, etc.

e Defence and national security programs.
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Quantum computing is actually, a transversal and interdisciplinary opportunity for digital
transformation and social impact [5]. However, these applications will not be achieved with quantum
computers in isolation. The industry also needs quantum software to make such applications become
reality, i.e., quantum algorithms that are specifically coded for those extremely different computers [2].
Today, some key quantum algorithms have been proposed [6], for example, unstructured or heuristic
search, simulation, quantum walks, adiabatic-based optimization, among others. First quantum
algorithms came up with promising results. However, whole applications for end users need to be
proliferated in the next years. Actually, according to a 2019 Gartner study [7], “by 2023, 20 percent of
organizations will be budgeting for QC projects, up from less than 1 percent in 2018”.

In this scenario, quantum software is going to be produced in a more industrial manner, where
aspects like quality, delivery, project management, or evolution of quantum software will be a must [4].
In other words, quantum software engineering will be developed as a mature research field in the next
years. Even more, it is expected a new software engineering golden age for the decade of 2020s [2].

2. The Quantum Software Engineering

Quantum software engineering was first coined in 2004 by Stepney et al. [8], although has been
gained importance today with the last advances in quantum computing. It seems clear that quantum
computers cannot exploit the whole power of such computers without software. Also, qguantum software
cannot be developed without the foundations and basis of discipline like quantum software engineering.
Although, we can extract many learned lessons from the past and try to apply the hands-on experience
of classical software engineering, the usage or adaptation of current techniques is not enough. New
knowledge base, methods and techniques must be developed for the new computing and software
production paradigm. There are some challenges that needs to be addressed in the following years.

2.1. Hybrid information systems

Quantum software engineering needs to integrate new quantum algorithms with the existing classical
information systems. Typically, a quantum computers are remotely accessible in the cloud. So, classical
computers send requests (in a form of quantum algorithms) to be executed. Then, results are received
and interpreted to provide the solution for a specific problem. Actually, not every functionality will
make sense to be computed quantum machines. The prohibitive costs and many simplistic
functionalities still in the daily business operations of many companies prevent that. Thereby, hybrid
systems (see Figure 1) will become the mainstream, at least in a near future.
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Figure 1. Example of architecture of a hybrid information system (adapted from [9]).



In order to deal with legacy, critical business operations embedded in classical information systems
and the need of integrating new quantum algorithms, techniques such as reengineering or software
modernization will become necessary. On the one hand, the reverse engineering stage can be used to
abstract representations of quantum programs that then can be easily integrated with other abstract
representations coming from the classical systems. On the other hand, new functionality coded for
guantum computers, can be incorporated during the restructuring stage of the reengineering model.

Additionally, quantum software should be maintained and evolved from inception to removal.
Consequently, quantum software evolution must be handled throughout the whole quantum software
lifecycle.

2.2. Quantum software quality

Other important issue will be the quality of quantum software (as a product) but also the quality of
the development processed carried out to produce this kind of software. The control and assurance of
software quality (both, product and process) have been extensively studied for the classical software
engineering field. However, this has to be re-think for quantum software. The main questions to be
addressed in this area is how quantum software quality is measured? This is the first step since what is
not measured cannot be improved. Then, how can we use such metrics in the development process?

Together with this, testing of quantum programs is another challenges that need to be addressed.
The testing of quantum software is quite different to the classical one. The main goal of testing is not
verifying that the software works properly, the main goal is to detect the high number of defects. In this
sense, classical software is certainly deterministic under a lot of conditions and constraints. Thus, the
main goal is to execute the system and check the expected value with the actual value. On the contrary,
guantum software is not so deterministic, it explores a search space in order to figure out the best
solution. Actually, various executions of the same piece of quantum software might lead to different
solutions. That is the reason for which a quantum algorithm is usually executed a certain number of
times and then the most repeated solution is taken. In this non-deterministic and uncertainty context,
the testing of quantum software becomes harder. New method for detecting defects in quantum software
needs to be investigated in the next years.

2.3. Project management for quantum software development

Quantum software engineering will also support the management of quantum software development
projects. This means, that quantum software engineering must deliver quantum software that meet the
initial business goal and requirements, while at the same time quality, time, and cost constraints are
satisfied. Methodologies for developing quantum programs must be created or adapted from the existing
ones. Effort estimation methods for quantum software development need to be provided as well, which
will of course differ from the classical software estimation methods. Among other things because
quantum software is developed through a highly multidisciplinary team.

3. Discussion

There is a certain urgence to develop the knowledge background and foundations for the new
discipline of Quantum Software Engineering. The quantum computing race speeded up in the last
couple of years, so the demand of quantum software will be increased in short-, medium-term. Hence,
researchers and practitioners must provide methods, techniques, and tools to develop large-scale
guantum software in an appropriate way.

During this path towards achieving an efficient software engineering we have to into account the
Grady Booch advice: “No matter the medium or the technology or the domain, the fundamentals of
sound software engineering will always apply: craft sound abstractions” [10].
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