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The nonnegative system classes are important tools in modeling such space/time varying phenomena,
where the state variables are naturally positive (e.g. biochemical processes, reaction networks, com-
partmental systems. In a control system view the kinetic nonnegative systems are so-called universal
descriptors [1]. In engineering practice it is often necessary that the delays appearing in the operation
of processes (e.g. signal propagation, material flow) are modeled appropriately in order to describe the
dynamic behavior precisely [2].

This work presents new results on the kinetic realization of delayed polynomial dynamical systems. A
necessary and sufficient condition for the realizability of such models is given. Moreover, an algorithm
is proposed for computing the so-called canonical realization of delayed models. An optimization based
framework is generalized for computing dense linearly conjugate realizations, and all of the linearly
conjugate realizations of kinetic systems using a fixed set of complexes. To prove the correctness of
the algorithms, it is shown that dense linearly conjugate delayed reaction network realizations form a
unique superstructure among all linearly conjugate realizations. Examples from the literature

are presented to illustrate the applicability of the algorithms.
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