
Cambridge University Press
978-1-108-48430-5 — Model Checking Quantum Systems
Mingsheng Ying , Yuan Feng 
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press

MODEL CHECKING QUANTUM SYSTEMS

Model checking is one of the most successful verification techniques and has

been widely adopted in traditional computing and communication hardware and

software industries.

This book provides the first systematic introduction to model-checking

techniques applicable to quantum systems, with broad potential applications in

the emerging industry of quantum computing and quantum communication as well

as quantum physics.

Suitable for use as a course textbook and for self-study, graduate and senior

undergraduate students will appreciate the step-by-step explanations and the

exercises included. Researchers and engineers in the related fields can further

develop these techniques in their own work, with the final chapter outlining

potential future applications.
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Preface

Model checking is an algorithmic technique for verification of dynamic properties

of (mainly) finite state systems. After the development of more than 35 years, it has

become a prominent verification technique for both hardware and software systems

and has found numerous successful applications in the information and communi-

cations technology industries. The special attractiveness of model checking is due

mainly to the following two features:

• It is completely automatic.

• It provides counterexamples whenever the properties are not satisfied and thus is

very useful in debugging.

Since various stochastic phenomena occur in computing and communication

systems, model checking has been systematically extended for verifying proba-

bilistic systems, such as Markov chains and Markov decision processes.

With the emergence of quantum computing and quantum communication

and, in particular, their rapid progress in the past few years, one may naturally

expect to further extend the model-checking technique for verification of quantum

systems. Indeed, research on model checking quantum systems has already been

conducted for more than 10 years, starting from directly applying probabilistic

model checking to quantum systems, in particular, quantum communication

protocols. In dealing with more and more general quantum systems, it has been

gradually realised that model checking quantum systems requires certain principles

fundamentally different from those for classical systems (including probabilistic

systems). Some basic principles for model checking quantum systems have been

developed in recent research, but they are scattered in various conference and

journal papers.

This book attempts to provide a systematic exposition of the principles for model

checking quantum systems and the algorithms based on them, which have been

proposed up to the writing of this book. Some potential applications and topics for
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x Preface

future research are briefly discussed at the end of the book. We hope that the book

can serve as an introduction to this new area for researchers and provide a basis for

further development of the area.

The book is also intended to serve as a textbook for graduate students. It is

therefore organised with a careful pedagogical consideration. Since the students

in quantum computing and information may come from either a computer science

or physics background, two preliminary chapters are given at the beginning of the

book: the first briefly introduces model checking for those from physics, and the

second briefly introduces quantum theory for those from computer science. After

that, model-checking technique for quantum systems is presented step by step, from

simpler models and checked properties to more sophisticated ones.
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