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The dynamical systems approach to machine learning is applied to a supervised learning (SL) prob-
lem for residual networks with Runge-Kutta (RK) structure. In this context, the SL problem is
formulated as an optimal control problem, where the cost functional is minimized subject to a non-
linear dynamical equation representing the neural network (NN) with its weights playing the role
of the controls. Within this framework, the optimality of the NNs weights is characterized by the
discrete Pontryagin maximum principle (PMP) that also provides the foundation of the to be pre-
sented, sequential quadratic Hamiltonian (SQH) training method for RK-NNs [1].
The SQH method represents a novel extension to the so-called successive approximation methods and
has its strength in a dynamic hyperparameter-adaptation technique that guarantees the decrease of
the objective functional’s value in every iterations, independent of the initial hyperparameters choice.
Moreover, a stopping condition serves as a control mechanism for the accuracy of the networks ap-
proximation and allows to stop training at an iteration that is optimal in the sense of the discrete
PMP. Convergence and stability results for the SQH scheme are provided in the framework of train-
ing residual neural networks with RK structure. Moreover, it is shown numerically that inter alia
due to the integrated, dynamic hyperparameter-adaptation technique, the efficiency and robustness
of the training process of the SQH scheme is superior to a comparable algorithm, called extended
method of successive approximation [2].
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