Physics of Life Reviews, 2017
Critique of pure free energy principle.
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The paper by Ramstead et al. [1] [in this issue] reminds us the efforts of eminent scientists such as Whitehead and
Godel. After having produced influential manuscripts, they turned to more philosophical issues, understanding the need
for a larger formalization of their bounteous scientific results [2,3]. In a similar way, the successful free-energy
principle has been generalized, in order to encompass not only the brain activity of the original formulation, but also the
whole spectrum of life [1]. The final result is of prominent importance, because, in touch with Quine’s naturalized
epistemology [4] and Badiou’s account of set theory [5], provides philosophical significance to otherwise purely
scientific matters. The free energy principle becomes a novel paradigm that attempts to explain general
physical/biological mechanisms in the light of a novel scientific ontology, the “variational neuroethology”. The latter,
seemingly grounded in a recursive multilevel reductionistic/emergentistic approach à la Bechtel [6], has also its roots in
a rationalistic top-down approach that, starting from mathematical/physical general concepts (von Helmholtz’s free
energy), formulates experimentally testable (and falsifiable) theories.

Philosophical issues. One of the main concerns raised by generalizations of the free-energy principle is that it coped
with individuals and evolution in rather vague and abstract terms. Is such a claim true? In order to tackle this problem,
here we ask: what is meant by different organisms with peculiar systems features? The crux of Ramstead et al.’s
argument is that organisms can be described in terms of (high dimensional) phase space induced by hierarchically
nested Markov blankets. Then we ask: if different living beings display the common features of Markov blankets,
might it be stated that they are “identical”? Has the free energy principle’s notion of organisms anything to do with
“identity”? Are biological systems (as described in a free energy principle context) identical? Do they stand for the
same feature, or for two different features with something in common?
We recall Heidegger’s account of the “principle of identity” [7]. It states that A=A. The formula expresses that one A
is equal to another A. Hence, A is the same of A, because “identical” (from Greek) means: “the same”.
However, in another possible version, the formula A=A speaks of “equality”. A is A. It does not say that A is the
same, but that every A is itself the same. Or, in other words, each thing itself is the same for itself with itself.
However, it could also be stated that A “belongs to” an identity with A. In this case, sameness is interpreted as a
“belonging together”. In “belonging together”, the world “together” means: to be assigned and placed into the order of
a together, to be established in the unity of a manifold, to be combined into the unity of a system. Such an assignment
and placing occur thanks to connexions of the one with the other. Two interpretations are feasible: a) biological systems
are determined by an identity as a feature of that identity; b) identity is represented as a feature of biological systems.
However, “belonging together” could also mean: the together is now determined by the belonging.
Therefore, the possibilities here are two: a) representing belonging in terms of the unit of together; b) experiencing this
together in terms of belonging. The issue b) leads us to the psychological standpoint of the observer, i.e., to the original
formulation of the free energy principle for brain activity. Indeed, the two features termed “brain” and “biological
system” can also be thought as the same, so that both belong together in the same environmental milieu, and by virtue
of the same milieu. If we attempt to represent together both the features as a coordination of perspectives, we can
establish and explain this coordination either in terms of “brain” or “biological system”. If the two features belong to
each other, “biological system” belongs with “brain” in an identity, whose active assembly (amalgam) stems from that
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“letting belong together” which we might call “mental representation”. Identity becomes, in this version, a functional
property of the event of mental representation.
In sum, identity can be presupposed either as a feature of biological systems, or a spring that flows from them. In this
second account, the principle of identity becomes a watershed for the psychological origin of identity. We can therefore
assess “brain” and “biological system” in terms of that which joins the two, by virtue of the event of mental
representation. Thus, the term “biological system” displays the widest range of possible uses. In particular, it does not
assess just “the same” thing, but also things that are “different”. For example, the curvature shoreline of Vietri
(southern Italy) and the edge of a bowl of water with similar curvature are components in feature vectors that supply the
basis for common description. This implementation makes the free energy principle not just a launching platform for a
novel interpretation of almost all the biological (and physical) phenomena, but also a suitable tool in order to evaluate
the slight (objective and subjective) differences that make our world an astonishing realm of rich heterogeneity.

Physical and biological issues. The free energy principle is successful enough to justify its engagement in the
assessment of a wide range of biological, physical, and also social, nonlinear systems. However, we want to draw the
attention on less-explored issues, that might help to further investigate its powerful apparatus.
Pandemonium is a hierarchical, parallel processing, self-improving model, where “computational demons” perform
non-trivial binary functions on two variables [8]. This architecture has been proposed also in order to elucidate brain
functions, such as pattern recognition. The processing resembles a kind of natural evolution, by selecting outputs from
the “best” processing demons. Indeed, Pandemonium introduces a “the winner-take-all” mechanism, in keeping with
neural darwinism [9-12]: cognitive demons’ selection generates new subdemons for trial and eliminates inefficient and
weak ones, every time reweighting the assembly. The same concept might be extended to variational neuroethology,
because competition among hierarchical nested Markov blankets might occur in every one of the four Tinbergen’s
levels of inquiry.
A role for non-stationary local fluctuations of temperature in Markov blankets merits exploring. For example, contrary
to the common belief, the cortical temperature is not a stable parameter, rather the brain displays thermal gradients
observed at many spatiotemporal scales [13]. Local changes in thermal properties may act as a dynamic variable,
modulating presynaptic and postsynaptic events, sensory stimuli, behavioral changes, memory encoding and fine-tune
activity-dependent processes [14-15]. Arguments concerning thermodynamics point towards a correlation between
changes in temperature and message content. Indeed, modifications in temperature can be associated with variations in
both thermodynamic and information entropies [16-17]. Temperatures encompass information about how large-scale
biological outcomes arise from the interactions of many small-scale processes, so that thermal variations may lead to
different probability outcomes. Ongoing fluctuations with complex thermal properties that vary across biological
regions can be absorbed into a free energy framework [10]: to make an example, the critical slowing implicit in
decrease of living systems’ temperatures is mandated by any system that minimizes its energetic expenditure.
Time has a foremost role in variational neuroethology [1]. Indeed, in the free energy principle context, the entropy is
simply that of the agent’s own recognition density, and time is incorporated in the recognition density. The latter stands
for the probabilistic representation
inferential machine are

q (d | m ) of the causes of sensory input, in which the internal states of the

m ( t ) and the causes d É { x%,q , g } , comprising hidden states x% (t ) , parameters q and

precisions g (controlling the amplitude of the random fluctuations). Here we show how the arrow of time influences
entropy production, in particular in systems displaying stochastic (random) properties governed by Brownian motion
such as living beings and biomolecular processes [13,18,19]. Non-equilibrium steady-state systems are regulated not
just by the (forward) standard, classic entropy per unit time, but also by another directional entropy: the (backward)
time-reversed one [20]. In non-linear systems, the forward entropy exhibits lower randomness than the backward one,
so that the total entropy production differs from the one produced by the sole standard entropy. Entropy production is
represented in the following way:

1 t
D i S = h R ( P ) - h ( P ) ³ 0,
kVt
1 t
in which
D i S stands for the entropy production of non-equilibrium steady state, h R ( P ) for the time-reversed
kVt
entropy and h ( P ) for the τ-entropy (i.e., the standard entropy per unit time t ). P denotes the coarse graining or
partition.
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During their time evolution, non-equilibrium steady-state biological systems (equipped with a hierarchy of Markov
blankets) display an unexpected production of both thermodynamic and information entropy. In the context of
variational neuroethology, this means that homogeneous environmental features enter the system’s chains without
special statistical correlation, and exit with a very fine statistical correlation due to their interaction inside living beings.
This occurs because constraints, caused by the non-equilibrium steady-state and the generated randomness, impose
stochastic boundary conditions at the borders of the Markov blankets. Time-reversal asymmetry provokes two opposite
effects: on the one hand, time passing introduces probability biases and influences the evolution of a system capable of
memory; on the other hand, the progressive, unforeseen changes in both Gibbs entropy [21] and information production
leads to ageing and history-dependent organisms [22-23]. In sum, as times goes on, the recognition density\entropy
described by the free energy principle displays an unpredicted variation, due to time-reversal asymmetry. This is
another bias the living beings and their Markov blankets have to cope with.
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