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ABSTRACT

The present study introduces a modern variational framework for processes characterized by discrete
evolution. Within a class of perturbed functions governed by gradient-type variations, we investigate
the necessary optimality criteria for discrete multidimensional optimal control problems involving
higher-dimensional recurrence relations. First, we extend several concepts from the continuous-
time setting to the discrete framework. Concretely, first-order Lagrangians, classical differential
operators, complete controllability conditions and equality-type constraints are reconsidered through
discrete formulations. Thereafter, we formulate the model under study by incorporating first-order
higher-dimensional iterative processes together with discrete gradient-type variations. Our main
results establish a discrete Pontryagin maximum principle and derive the associated Hamiltonian-
based necessary optimality conditions. Notably, the introduction of gradient-type variations leads to
partial differential equations whose right-hand side is governed by a real constant, yielding a more
comprehensive and versatile description of the system’s dynamics, as these equations incorporate
structural information beyond what the classical formulation can capture.
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