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Problem
By solving classical Hamiltonian equations of motion, a high-dimensional probability density distribution is sampled efficiently. For these Hamiltonian equations of motion frequently nonlinear potentials
are used. Koopman operator theory states, that the computation of these nonlinearities is equivalent
to the action of an infinite-dimensional linear operator on the state.
Approximating this infinite-dimensional operator numerically leads to a procedure, which potentially
reduces simulation time. Dynamic Mode Decomposition (DMD) is a numerical method to approximate
the infinite-dimensional linear Koopman operator.

Applications
Within the molecular dynamics community DMD is a hot topic. Also in the field of financial trading
strategies and neural sciences DMD is revealing great potential, because the algorithm enables a
short time future prediction.

Task
The student will make himself/herself familiar
with the concept of numerical solution techniques of Hamiltonian equations of motion, DMD,
Koopman operator theory and programming with
C++.

X = [x0 , x1 , · · · , xn−1 ]
X 0 = [x1 , x2 , · · · , xn ]
A = X 0X +
Axk = xk+1

After diving into these topics the student implements the DMD as given in common literature in C++ or
uses a code, which is already available within the work group. The student uses the implementation
to perform molecular dynamics simulations. After reaching this point empirical cases and theoretical
considerations are studied.
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