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The modelling of physical reality is often treated as a direct mapping of ”truth” into mathematics.
However, modelling is a non-trivial process often constrained by the language and conventions of
specific application domains. This contribution bridges the gap between general modelling philosophy
and the rigorous technical demands of quantum-like (QM-like) system estimation.

I. The Ontology of the Model-Reality Gap The first part of this work establishes a domain-
independent foundation for modelling. Model is not the reality itself but a human-made surrogate.
Our only link to the objective reality is the observed data sequence dt ≡ (d0, d1, . . . , dt), where t ∈ t
represents discrete time. Here, d0 denotes the essential prior knowledge — the cumulative outcome of
all observations and knowledge available before the experiment begins.

The data is never ”pure”; it always influenced by uncertainty of often unqualified origin. Conse-
quently, a model cannot claim to describe the system’s state exactly. Instead, a model (indexed by a
pointer p ∈ p ̸= ∅) can only assign measures (m(dt|p))p∈p to the possible data.

By applying a Bayesian framework, we assign a prior belief b(p) > 0 into respective models and
assume that, at least for some p ∈ p, m(dt|p) > 0 ∀(dt ∈ dt)t∈t. As t → ∞, the posterior belief
b(p|dt) concentrates its support on the specific pointers p that minimise the relative entropy rate of
the unknown, objective measure m(dt) /∈ (m(dt|p))p∈p, Proposition 2 in [5]. This formalises a scientific
truth: our models are generically different from reality, but through iterative Bayesian refinement, we
can minimise the information-theoretic distance between our constructs and the world they represent.

The second part points out that the estimation is to combine rich prior domain knowledge, small
data available, and advanced, theoretically well-supported processing way, [4].

II. Bayesian Estimation in Quantum-like Dynamics In the second part, we move from philos-
ophy to the practical estimation of ℓ-dimensional, ℓ < ∞, QM-like systems. Unlike classical systems,
these are characterised by discrete observations where Born’s rule defines the probabilistic link between
the internal state and the observed data dt. We consider a system spanned by the basis |ei⟩, with
entries eik = 1 for i = k and eik = 0 otherwise, i, k ∈ {1, . . . , ℓ}. It is parameterised by a Hamiltonian
H and an initial state |ψ0⟩. The probabilistic model is then defined as:

m(dt = |ei⟩|H) = |⟨ei| exp[−itH]|ψ0⟩|2 (1)

While this model can theoretically be updated via Bayes’ rule [7], practically it presents signif-
icant computational issues. The resulting probability density (PD) on H typically falls outside the
feasible exponential family, [1], making ”exact” Bayesian filtering analytically intractable. Even when
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considering the PD in a nice class as the system evolves, the posterior PD becomes increasingly com-
plex, necessitating a projection back into a tractable class of distributions to maintain computational
feasibility, [6].

To prevent error accumulation during this projection, a compromise between prior and posterior
PDs ensuring that the estimation remains robust even with small, noisy datasets has to be created. The
paper will outline this universal processing line [2] and will show preliminary results from a benchmark
QM-like system, demonstrating that this domain-independent approach provides a theoretically sound
and practically viable path for Hamiltonian identification in complex, uncertain environments, [3].
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