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Fig. 1. Illustration of network reconstruction: (a) By using the discrete data; (b) the continuous data; (c) reconstruct network.
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Fig. 2. Reconstructing of node 4 in the Karate network based on compressive sensing framework (the reconstruction method is in-

troduced in Subsec. 2.4).
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Fig. 4. Reconstructing the neighbors of node 33 in Karate network: (a) The real structure of the Karate network; (b) the binary

state data; (c) inferring the neighbors of node 33 based on EM algorithm; (d) the real neighbors of node 33.
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SPECIAL TOPIC—Statistical physics and complex systems
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Abstract

Open complex systems far from equilibrium widely exist in the nature and the fields of society and
technology, which are the main research objects of complexity science. Through the exchange of energy and
material with the outside world, complex systems can form a variety of internal structures, orders and laws by
self-organization behaviors, which poses an arduous challenge to the understanding and predicting complex
systems. With the improvement of experimental technology and the progress of science and technology, the data
reflecting the mechanism of various complex systems are increasing exponentially, thereby providing new
opportunities for studying complex systems. Revealing the structures and dynamics of complex systems from
the measured data is an inverse problem in the field of physics, which is the premise of understanding complex
systems, predicting the evolution of system state, and regulating system state. However, it is very difficult to
solve this inverse problem due to the diversity and complexity of complex system. Therefore, we need to fully
mine the hidden knowledge and deep mechanism in the data with the help of interdisciplinary integration. In
this paper we briefly review the research results of complex system in recent years, especially the reconstruction
of complex network structures, hoping to inspire the innovation to the inverse problem of complex systems.
Meanwhile, we hope that researchers in different fields can pay much attention to the inverse problems of
complex systems, promote the cross and integration of nature, society, economy, biology and technology, and

solve the scientific problems that we are facing.
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