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ABSTRACT

We uncover fundamental physical constraints on information processing in nonequilibrium networks through rigorous analysis of response
relations of Markov chains. Our work establishes two key principles: a universal precision bound of 1/2 for state observable responses to single
edge/vertex perturbation that cannot be overcome by increasing network complexity of the unperturbed parts, and exact identities and bounds
describing system responses to strong perturbations. These results provide physical insights into why simple network architectures - as illustrated
with a push-pull motif - can be optimal despite evolutionary pressure for precision. By bridging statistical physics and information theory, our
framework reveals how thermodynamic and structural constraints shape the design of nonequilibrium markov networks, with implications for
biological sensing and information processing systems.
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