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Abstract

In this talk, I will review our recent work on mathematical modelling for complex systems and its applications to biological

and economical systems.
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1. Introduction

Mathematical Engineering is a discipline where
mathematical models are built and theoretically analysed
in order to understand, optimize, control, and predict
real-world systems. Our FIRST (Funding Program for
World-Leading
Technology) project entitled “Mathematical Theory for

Modelling Complex Systems and its Transdisciplinary

Innovative R&D on Science and

Applications in Science and Technology” [1] developed
mathematical theory of modelling complex systems and its
wide-ranging transdisciplinary applications in science and
technology from the viewpoint of this mathematical
engineering.

2. Mathematical
Systems
We aimed not only to systematize methodology for
modelling complex systems mathematically on the basis of

Modelling  for Complex

advanced control theory of complex systems [2], complex
networks theory, and nonlinear data analysis, but also to
provide solutions for complex problems with high
importance and urgency for society, such as treatment
strategies for complex diseases like cancer and HIV [2],
optimization and control of power grids, communication
networks, and trafic flows, and development of novel
nonlinear electronic technology such as chaos chips,
neurochips, and AD converters based on g encoders [3].

3. Applications to Biological and Economical

Systems
Recently, early-warnig signals anticipating critical

transitions have been intensively studied for real-world
systems in nature and society [4]. We have extended this
concept to complex networks with a large number of nodes,
especially biological complex networks, and formulated
DNB(Dynamical Network Biomarkers) that can detect
early-warning signals for a predisease state with a critical
transition form a healthy state to a disease state [5]. We
further generalize DNB to complex networks from which
only point-process data can be observed, and explore a
possibility to detect early-warning signals for large
changes of economical data.
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