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Guest Editorial
Design and Automation for Quantum

Computation and Quantum Technologies

QUANTUM computation is a promising field of research
that will shift the computation paradigm for data and

information processing with quantum parallelism. This Special
Issue of the IEEE JOURNAL ON EMERGING AND SELECTED

TOPICS IN CIRCUITS AND SYSTEMS (JETCAS) is dedi-
cated to showcasing the latest research progress on the
design and automation for quantum computation and quantum
technologies.

Although the pursuit of fault-tolerant, large-scale quantum
computation may still have a long way to go, rapid progress is
being made thanks to worldwide efforts of extensive and inten-
sive research. As a matter of fact, near-term intermediate-scale
quantum (NISQ) devices have been demonstrated helpful in
various applications. Various quantum computation platforms
have been developed and are even available on commercial
cloud services.

To enable quantum computation, one has to resort to
hardware and software solutions as well as scientific and
engineering challenges. These tasks require interdisciplinary
studies. In particular, from the hardware perspective, quantum
processor and interface circuit designs need expertise in device
physics and circuit and system engineering. From the software
perspective, quantum program compilation and design with
quantum technologies require expertise in software engineer-
ing and design automation.

This Special Issue intends to provide a comprehensive
collection of the state of research in the area of design
and automation for quantum computation and quantum
technologies. In the review paper [A1], De Micheli et al.
survey the recent progress in different levels of the abstrac-
tion stack of quantum computation. It covers challenges and
advances in quantum architecture, programming languages,
software compilation, and hardware synthesis with quantum
technologies. Also, through a rigorous review process, only
ten research papers were accepted for publication. They can be
classified into four categories: 1) applications of quantum com-
putation models, 2) quantum architecture design and profiling,
3) quantum program compilation, and 4) design and automa-
tion for quantum technologies.

I. APPLICATIONS OF QUANTUM COMPUTATION MODELS

The central ideas of quantum computation are to exploit
the extraordinary properties of quantum mechanics to achieve
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data and information processing more efficiently than classical
computation. In this aspect, this Special Issue contains two
articles.

In [A2], Kishi et al. propose a graph kernel that exploits
the quantum superposition property to take all subgraphs
into account for similarity characterization. The correspond-
ing quantum algorithm achieves better classification accuracy
than existing graph kernels in the studied bioinformatics
application.

In [A3], Giuffrida et al. exploit the classical-quantum hybrid
Grover Adaptive Search (GAS) procedure for the Quadratic
Unconstrained Binary Optimization (QUBO) problem-solving.
The authors study various strategies and parameters in the
GAS procedure for a number of applications.

II. QUANTUM ARCHITECTURE DESIGN AND PROFILING

Quantum processors are the hardware engine that hosts
the execution of quantum algorithms. The architecture of
a quantum processor plays a decisive role in computation
quality and efficiency. The following two articles study this
subject.

In [A4], Lin et al. propose a methodology to customize the
qubit connectivity of a quantum processor architecture with
respect to a given input quantum circuit. This article demon-
strates that such customization may substantially improve
computation fidelity.

In [A5], Yang et al. aim to profile how “quantum” a quan-
tum processor may exhibit in terms of quantum nonlocality.
A scalable method for testing the violation of Bell inequality
is proposed and applied to the IBM quantum devices.

III. QUANTUM COMPILATION

For a quantum algorithm to be conducted on a quan-
tum processor, the corresponding quantum program has
to be correctly compiled into a sequence of primitive
quantum gates (unitary operations) for execution. Three
articles in this Special Issue investigate the compilation
issues.

In [A6], Jiang et al. take a hypercube viewpoint to guide
the synthesis of reversible circuits. The authors demonstrates
that the method is beneficial in reducing the gate count in
compiling reversible functions.

In [A7], Peham et al. are concerned with the correctness
of quantum program compilation. The authors explore the
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feasibility of ZX-calculus, a quantum circuit rewriting system,
in equivalence checking of quantum circuits.

In [A8], Yu performs a case study of mapping the quantum
algorithm of association rules mining (qARM) for quantum
processor execution. This article provides a manual compila-
tion by designing a quantum circuit of qARM for execution
on IBM quantum devices.

IV. DESIGN AND AUTOMATION FOR

QUANTUM TECHNOLOGIES

Various technologies beyond CMOS are under active devel-
opment. Different technologies possess different characteris-
tics, yielding distinct strengths and weaknesses in serving
as a computation platform. System design under a target
technology requires special domain knowledge and customized
design automation tools. In this Special Issue, three articles
cover the design and automation issues under their target
technologies.

In [A9], Gys et al. present a co-design and co-simulation
methodology for the silicon spin qubits in quantum dots and
the cryo-CMOS interface circuitry. The authors integrate the
spin qubit model into the conventional design flow.

In [A10], Gemma et al. aim to provide a solution to the char-
acterization, control, and fine-tuning of photonic integrated
chips (PICs) as basic building blocks of photonic quantum
computers. This article features electronic and optical modules
for sensing and control with software optimization and image
processing algorithms.

In [A11], Mamdouh et al. design the building blocks in
artificial intelligence (AI) accelerators under the QCA model.
The authors present a low-cost, high-throughput, and energy-
efficient QCA design for AI acceleration.

With these review and research papers, we hope this Special
Issue may inspire and invite researchers to tackle challenges
and contribute to making reliable, large-scale quantum com-
putation viable soon.
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