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SPECIAL TOPIC—Statistical physics and complex systems

Preface to the special topic: Statistical
physics and complex systems

DOI: 10.7498/aps.69.080101

Since the middle of the twentieth century the study of complex systems has been developing
rapidly, and now has become a new scientific field of broad applications. Complex systems are defined
as systems that have complex structures, complicated dynamics, or, as in most cases, both. Unlike
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typical physical systems where regular media are considered, complex systems often have complex
structures (or media), of which complex networks, attracting great attention in recent decades in both
natural and social sciences, are representative examples. On the other hand, regardless of whether the
structure is complex or regular, systems can present various complicated behaviors due to their
dynamical nonlinearities, such as: various instabilities; rich pattern formation and dynamics; diverse
emergent and evolutionary behaviors, and so on. Physics has been involved deeply in the development
of this novel field from the beginning. In particular, statistical physics is the main tool for studying and
understanding the structural and evolutional rules of complex systems.

The study of complex systems is closely related to two important frontiers. The first is the
development of interdisciplinary research. In recent years, physics and mathematics-based tools and
thinking have been used more and more extensively in many other fields, such as the biological and
social sciences, bringing quantitative computational analyses into these areas which traditionally relied
on qualitative descriptions. In this aspect, the analyses of complex systems, in particular complex
networks, often serve as an important and in some cases even an irreplaceable foundation. The second
frontier is the rapid growth of big data science in recent decades. Due to the fast development of
measurement, recording, and storage techniques, data are collected and accumulated at an explosive
pace. These data contain an enormous amount of information from both natural and social systems.
Extracting and making use of this information are of great interest. However, this is a challenging task,
because discernible patterns are typically deeply buried or masked in data produced by complex
systems. To realize the full potential of big data, the development of theoretical frameworks and
techniques for data analyses of complex systems is critical.

Statistical physics is a powerful approach to tackle the challenges described above. In the past few
centuries the field of statistical physics has developed profound and far-reaching ideas, methods, and
techniques, for analyzing complicated problems with nondeterministic characteristics. This can offer and
has offered powerful tools for studying problems of complex systems. Conversely, novel phenomena,
features, and behaviors in complex systems, due to their structural and dynamical complexities, can
stimulate conceptual development of statistical physics itself, and help it to explore its capacity further.

For the special issue “statistical physics and complex systems”, a number of leading scientists and
experts working actively in this field were invited to contribute research and review papers, and to
present their recent research achievements. This body of work investigates complex systems in a wide
range of disciplines, including the fields of physics, biology, economical activities, and other natural and
social systems. The collection includes discussions on classical systems as well as quantum complex
behaviors; descriptions of basic theories of statistical physics of complex systems as well as rich
behaviors of pattern formation, pattern dynamics and their controls. Many contributions in this issue
address complex network problems, including problems of formation, stability, and reconstruction of
network structures, and also dynamical problems of information transport and social activities in
networks. Most of the above investigations are based on analyses of available data, both structural data
and dynamical data. As the field of statistical physics and complex systems is vast, only a small number
of selected areas and topics can be covered in one issue. Nevertheless, we hope that this special issue
will enhance academic exchanges among scientists in the field, attract young scientists and students
interested in this field to join the research community, and effectively promote research of this exciting

emerging field in our country.

Guest editor: Hu Gang (Beijing Normal University, China); Zhou Tao (University of
Electronic Science and Technology of China); Ye Fang-Fu (Institute of Physics, Chinese
Academy of Sciences)
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