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Abstract

Markov chain models are widely used in applied
mathematics to describe stochastic dynamics in biological,
ecological, and economic systems. Previous studies on
temperature-dependent profit estimation [1], multi-species
bioeconomic equilibria [2], and wind-driven exploitation
[3] suggest that observable transitions may conceal latent
intermediate mechanisms.

Motivated by this, we introduce a structural framework for
refining finite Markov chains, where each transition is
represented as a collection of hidden intermediate states.
This vyields a refined state space allowing stochastic
factorization through latent layers.

We explore theoretical questions on the existence, minimal
representation, and structural constraints of such
refinements, emphasizing their impact on spectral
properties, stability, and convergence [4,5]. This approach
provides a foundation for modeling coarse-grained
stochastic systems and interpreting latent transition
dynamics.
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