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Modeling Methods for Dynamic Behaviors of Cyber-Physical System

ZHOU Xing-she, YANG Ya-lei, YANG Gang

(School of Computer science, Northwestern Polytechnical University, Xi’an 710072)

Abstract: Cyber-physical systems (CPS), which characterized as complicated embedded systems by the joint
dynamics among computation, communication and control, multi-scale fusion between the computation process
and physical process, spatio-temporal interaction of the internally state and the physical context, and the
non-determinism of the system behaviors, has been made model-driven design and verification methods of CPSs
becoming more important than ever, as well as pose new challenges on them. Based on inspecting a representative
CPS application and analyzing the challenges of CPS modeling, a comprehensive taxonomy of CPS dynamic
behavior modeling methods was developed, which consists of the integrated modeling methods aiming at
describing the interaction between physical part and computing part on system level, the spatio-temporal
modeling methods focusing on abstracting the relations among the semantic of behavior, time and space of the
CPS, the compatibility modeling methods between function and implementation concentrating on bridging the gap
between the logical design and physical implementation, and the heterogeneous interoperation modeling methods
attending to hiding the semantic diverseness to support the interoperation and integration of different modeling
approaches. As a result, a modeling framework for the architecture and behaviors of CPS and its implementation
by CPS-ADL are provided to illustrate the integrated modeling method.
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and deep cooperation among computation, communication and
control; therefore, it has been one of the up-and-coming fields
which typify the frontier of cross-disciplinary study of
computer science. Besides, the modeling method for dynamic
behaviors of CPS is recognized as the core issue of this field.
Using case study method, domestic and overseas researchers
investigated the specific CPS system modeling methods and
made significant progresses in some aspects.

Our research team is taking on the “Cyber-Physical system
modeling, analysis and simulation” subject, which is a
subproject of National High-tech R&D Program of China (863
Program) key project “Cyber-Physical system platform”.
Granted by this project, we focus on the integration of CPS
system modeling methods, the formal methods of analyzing the
key attributes of CPS systems and the collaborative simulation
methods compiling computation processes with physical
processes. Our final aim is to develop a comprehensive set of

tools covering the modeling, analyzing, and simulating of CPS
systems.

To solve the critical problems of the “Cyber-Physical
system modeling, analysis and simulation” subject, this paper,
based on analyzing the characteristics of CPS and the
challenges of CPS modeling, studied and summarized the main
methods of CPS model dynamic behavior, resulting in a
classification framework and an implementation reference of
the CPS modeling for the sequent researches. Furthermore, this
paper proposed a collaborative modeling method synchronizing
CPS system structure with its dynamic behaviors, and gave its
implementation based on CPS-ADL and verified it via
modeling a concrete CPS application. We hope the work of
this paper can be able to deepen the study of the modeling
method for CPS dynamic behavior, and support the further
design of CPS systems in respect of methods and tools.
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