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Abstract:

The present work deals with modeling, analysis and simulation of various applications in biology,
social sciences and pedestrian dynamics. We consider modeling approaches at microscopic,
mesoscopic, and macroscopic levels. We address the connection between the different levels and
their respective advantages and disadvantages, beginning with a broad presentation of these
techniques in modeling. Afterwards we study a sociological phenomenon in pedestrian dynamics.
We model the experiment conducted at the Jiilich Research Center at the microscopic level and also
calibrate the model. Subsequently, we derive a partial differential equation and analyse it. We
reproduce the experimentally observed phenomena at both scales.

We continue with work on the ELO rating, the widely used rating in chess. We extend

previous work to include a factor of performance-fluctuation. Numerical simulations on both scales
show good agreement between microscopic and mesoscopic scales. We can use the partial
differential equation to show analytically that a proper choice of parameters leads to a convergence
of the rating to the expected strength.. In the end we derive a new diffusive term at the
macroscopic level from microscopic considerations. We consider particles repelling each other
within a finite radius. The macroscopic derivation is rigorous and thus we can show the existence of
a weak solution on the macroscopic level. We emphasize our findings with simulations at both
scales.
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