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The Challenge: Electromagnetic systems exhibit complex frequency-dependent behavior
governed by resonances. Characterizing these systems requires solving parameter-
dependent finite element models with millions of degrees of freedom across 10-20
input parameters—a computationally intractable problem for design exploration and
optimization.

Modern surrogate modeling techniques (data-driven approximations trained on high-
dimensional datasets) offer a solution, but their success depends critically on the quality
and structure of training data.
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Figure 1: Frequency spectrum and sensitivity distribution of an electric network

The Approach: Rather than directly interpolating frequency response functions, we exploit
the underlying physics: represent responses via pole/residue expansions and track pole
trajectories through parameter space. An example of such a frequency response function
and sensitivity distribution is highlighted in Figure 1.

Your Task: Systematically evaluate and benchmark rational approximation algorithms
for generating training data in high-dimensional surrogate modeling. Assess accuracy,
computational efficiency, robustness to noise, and applicability across different problem
classes. Develop guidelines for algorithm selection based on problem structure.

What You'll Gain: Deep expertise in advanced numerical methods and algorithm develop-
ment, Hands-on experience with industrial-scale electromagnetic simulation problems
(in collaboration with Robert Bosch GmbH). Opportunity to develop novel algorithmic
approaches at the intersection of applied mathematics and computational engineering.
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Prerequisites

Solid mathematical foundation,
proficiency in Python, interest
in numerical methods and opti-
mization




