
v

Model Reduction for Dynamical Systems

Lihong Feng

Otto-von-Guericke Universität Magdeburg
Faculty of Mathematics

Summer term 2026

Max Planck Institute for Dynamics of Complex Technical Systems
Computational Methods in Systems and Control Theory

Magdeburg, Germany
feng@mpi-magdeburg.mpg.de

mailto:feng@mpi-magdeburg.mpg.de


v

What  problems does this Lecture  consider?

Any system of many Ordinary Differential Equations and/or Algebraic Equations
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How to efficiently obtain the solution vector?  
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𝑀
𝑑𝒙

𝑑𝑡
= 𝐴𝒙 + 𝐵

𝒙= 𝑥1, … , 𝑥𝑛
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1D Inviscid Burgers’ equation

Examples

Finite difference discretization in space domain

There are 1000 nonlinear ordinary differential equations. We want solutions 

corresponding to different initial conditions.

𝑑𝑈

𝑑𝑡
= 𝑀𝑈⨀𝑈 + 𝐵𝑈
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Substrate Integrated Waveguide Antenna

Examples

Time-harmonic Maxwell’s equations

Finite element discretization in space domain

𝑆 + 𝑠𝑈 + 𝑠2𝑇 𝒙 = 𝑠Q

There are 390,302 algebraic equations, 𝑠 = 2𝜋𝑗𝑓𝐸𝑀, 𝑓𝐸𝑀 ∈ 6, 8 𝐺𝐻𝑧
We need solution 𝒙 at many values of 𝑓𝐸𝑀.
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Aim of model order reduction

Original model (discretized in space)

̂

Reduced order model
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𝑦 − ො𝑦 < 𝑡𝑜𝑙, ∀𝑡, 𝜇

෡𝑀 𝜇
𝑑𝑥

𝑑𝑡
= መ𝑓 𝜇, 𝑧 + ෠𝐵𝑢 𝑡, 𝜇

ො𝑦 𝑡, 𝜇 = መ𝐶𝑧(𝑡, 𝜇)

𝑀 𝜇
𝑑𝑥

𝑑𝑡
= 𝑓 𝜇, 𝑥 + 𝐵𝑢 𝑡, 𝜇

𝑦 𝑡, 𝜇 = 𝐶𝑥(𝑡, 𝜇)
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1D Inviscid Burgers’ equation

Some results

Solving the original model:  10.5 seconds

Solving the reduced model with 140 equations: 1.1 seconds

𝑑෡𝑈

𝑑𝑡
= ෡𝑀෡𝑈⨀෡𝑈 + 𝐵෡𝑈

𝑑𝑈

𝑑𝑡
= 𝑀𝑈⨀𝑈 + 𝐵𝑈
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Substrate Integrated Waveguide Antenna

Some results

Solving the original model: 9273 seconds

𝑆 + 𝑠𝑈 + 𝑠2𝑇 𝒙 = 𝑠Q

Solving the reduced model: 0.007 seconds
Only 7 equations:

መ𝑆 + 𝑠෡𝑈 + 𝑠2 ෠𝑇 ො𝑥 = 𝑠 ෠𝑄
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Some results

Shallow Water Equation

• The shallow water equations are typically used to model the behavior of water 

bodies like a lake or canal, as well as in weather forecasting



MOR Lihong Feng 8
1/28/2026

Some results

Shallow Water Equation

Original model solving time: 249 seconds
Reduced model (in the form of neural network) solving time: 0.0122 seconds
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Basic Idea of MOR

Conclusion

Thank you for your attention!

The lecture will provide many solutions. 

The question: 
How to construct the ROMs for large-scale complex systems?


