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Complex dynamical systems are prevalent in various fields, from engineering and
physics to biology and finance. However, modeling and simulating these intricate
systems can be computationally expensive and time-consuming. To address this
challenge, researchers from around the globe are actively working on developing
techniques for model reduction.

What is Model Reduction?

Model reduction involves creating simplified mathematical models that capture
the essential behavior of complex dynamical systems. These reduced models
enable efficient simulations and analysis without compromising the accuracy of
the results.

Complex systems often consist of numerous variables and parameters, making
their mathematical representation incredibly intricate. However, not all variables
contribute equally to the system's overall behavior. By identifying the most
influential factors and disregarding the less significant ones, researchers can
significantly reduce the model's complexity without sacrificing its accuracy.
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The Importance of Model Reduction

Model reduction plays a crucial role in various scientific and engineering
applications. It enhances computational efficiency, making it possible to simulate
complex systems in real-time or perform large-scale simulations involving
numerous scenarios. Moreover, it enables researchers to gain a deeper
understanding of system behavior by simplifying and visualizing complex
dynamics.

Additionally, reduced models facilitate the optimization of system behavior. By
analyzing the simplified model, researchers can identify potential areas for
improvement, optimize parameters, or explore alternative designs more
efficiently.

Techniques for Model Reduction

Over the years, several advanced techniques have been developed for model
reduction of complex dynamical systems. These techniques include:

Proper Orthogonal Decomposition (POD): Also known as Principal
Component Analysis, POD identifies the dominant modes of a system by
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extracting the eigenvectors associated with the highest eigenvalues. By
capturing the essential system dynamics, POD can reduce the system's
dimension significantly.

Model Order Reduction: This technique focuses on reducing the order of
the model by eliminating the less significant states or variables. It involves
transforming the original high-order system into a lower-order approximation
without losing essential dynamic features.

Bi-Orthogonal Decomposition (BOD): BOD is an advanced model
reduction technique that combines the advantages of POD and Galerkin
projection. It efficiently captures the dominant spatial structures and temporal
behavior of a system, making it suitable for complex simulations.

Applications of Model Reduction

The application of model reduction techniques spans across various disciplines:

Engineering: In engineering, model reduction is crucial for optimizing the
behavior of complex systems like aircraft, vehicles, or structures. By creating
simplified models, engineers can efficiently evaluate performance, assess
structural integrity, and explore design alternatives.

Biological Systems: Model reduction is widely used in biology to
understand the behavior of intricate biological networks, metabolic pathways,
and gene regulatory systems. Simplifying these complex systems allows
researchers to gain insights into diseases, perform drug discovery, and
optimize biological processes.

Climate Modeling: Climate scientists rely on model reduction techniques to
simulate and predict climate patterns. By reducing the complexity of climate



models, researchers can perform long-term simulations, study historical
climate data, and improve weather forecasting.

Finance and Economics: The financial sector utilizes model reduction to
analyze complex economic systems, optimize investment portfolios, and
assess market risks. By creating simplified models, financial analysts can
make data-driven decisions and predict market behavior accurately.

The Future of Model Reduction

As technology advances, model reduction techniques are expected to become
even more powerful and widely applicable. The integration of machine learning
and artificial intelligence with model reduction methods holds great promise for
developing more efficient and accurate reduced models.

Furthermore, interdisciplinary collaborations among mathematicians, engineers,
biologists, and other experts will enable the development of tailored model
reduction techniques for specific application domains. This collaboration will
foster innovation and provide solutions to complex problems in various fields.

Model reduction of complex dynamical systems is a field of continuous
development and innovation. By creating simplified models, researchers can gain
deeper insights, optimize behavior, and perform efficient simulations. Model
reduction techniques are revolutionizing various domains, from engineering to
biology, and their future potential is immense.
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This contributed volume presents some of the latest research related to model
order reduction of complex dynamical systems with a focus on time-dependent
problems.  Chapters are written by leading researchers and users of model order
reduction techniques and are based on presentations given at the 2019 edition of
the workshop series Model Reduction of Complex Dynamical Systems –
MODRED, held at the University of Graz in Austria.  The topics considered can
be divided into five categories:

system-theoretic methods, such as balanced truncation, Hankel norm
approximation, and reduced-basis methods; 

data-driven methods, including Loewner matrix and pencil-based
approaches, dynamic mode decomposition, and kernel-based methods;

surrogate modeling for design and optimization, with special emphasis on
control and data assimilation;

model reduction methods in applications, such as control and network
systems, computational electromagnetics, structural mechanics, and fluid
dynamics; and

model order reduction software packages and benchmarks.
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This volume will be an ideal resource for graduate students and researchers in all
areas of model reduction, as well as those working in applied mathematics and
theoretical informatics.
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