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The Principle of Least Action

“In nature, energy differences of any kind are neutralized as fast a possible”

’ [ min / L(z, &)dt ]
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“In nature, energy differences of any kind are neutralized as fast a possible”
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ARTICLE INFO ABSTRACT

Article history: This paper provides a concise description of the free energy principle, starting from a
Received 29 June 2022 formulation of random dynamical systems in terms of a Langevin equation and ending
Received in revised form 31 May 2023 wnth a Bayesian mechamcs that can be read as a physics c:f sentience. It rEhearses the I{E}'

Accepted 10 July 2023
Available online 28 July 2023
Editor: Massimo Vergassola

a pamcular parntlcl:n nf states hased upon cnndltmnal mdependencles that mhent frcl:m
sparsely coupled dynamics, (ii) unpacking the implications of this partition in terms of

Keywards: Bayesian inference and (iii) describing the paths of particular states with a variational

Sell-organisation principle of least action. Teleologically, the free energy principle offers a normative

Monegquilibrium account of self-organisation in terms of optimal Bayesian design and decision-making, in

;’:ﬁﬂt}"nﬂ] inference the sense of maximising marginal likelihood or Bayesian model evidence. In summary,
yesian

starting from a description of the world in terms of random dynamical systems, we end

up with a description of self-organisation as sentient behaviour that can be interpreted

as self-evidencing; namely, self-assembly, autopoiesis or active inference.

£ 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CCBY
license (http://creativecommons.org)licenses by/4.0/7.
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[Received 3 June 1970]

The design of a complex regulator often
merely one of many possible ways.

m this paper a theorem is presented which show

regulator that is maximally both successfy] an
system being regulated. (The exact

Int. J. Systems Sci., 1970, vol. I, No. 2, 89-97

MUST BE A MODEL

of lllinois, Box 4348, Chicago,

University of Ilinois, Urbana, Illinois 61801,

includes the making of a model of the system
to be regulated. The making of such a mode] has hitherto been regarded as optional, as

s, under very broad conditions, that any
d simple must be isomorphic with the

assumptions are given.) Making a model is thys
necessary.

The theorem has the interesti

successful and efficient as g regulator for

survival, must proceed,
formation of a mode] (or models) of its envi

ronment.

ng corollary that the living brain, so far as it is to be

in learning, by the
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- y and Kullback’s prin-
Abstract—Jaynes'’s principle 0(' mlm] in “m! Mwmdmrgem) are shown

AND RODNEY W. JOHNSON

inci i tropy states that, of
The principle of maximum en .
all the Izlistributions q that satxsfyththe lconztsrtamet;,t rz;;.
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hould choose the one Wiih 20¢ ‘ /
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zﬁii)ugh it has historical roots phyS}cs (e.g., Elli.s]s;;
[67]). It has been applied successfully m a rema; :111 '
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engggb;ri‘:miple of minimum cross-entropy 1§ a generaliza

——

20



Contents lists available at ScienceDire _

nature » nature communications » articles > article

Int. J. Systems Sci., 19

Article \ Open Access \ Published: 07 August 2023

| EVERY GOOD REGULAT l . o o
— ol Experimental validation of the free-energy

26

[ ] [ ] [ ] [ ] [ ]
The free energy Axiom principle with in vitro neural networks
[
Karl Friston?, Lancd ~ ~cPartment of In . o . o _
Kai Ueltzhoffer ', g MaX| Takuya Isomura &, Kiyoshi Kotani, Yasuhiko Jimbo & Karl J. Friston
* Wellcome Centre for Human N
ot Biolosicat Nature Communications 14, Article number: 4547 (2023) | Cite this article
4 Centre for vanced Siu 10
*;:pvlur[im:h;f?:u::;duﬁxf o cnmp . .
' Department of General Psychi 12k Accesses | 302 Altmetric | Metrics
Volsirafe 2, D-69115 Heidelbe

ARTICLE INFd [Received 3 June 197( TS o Abstract
Article history: : . g

Received 29 June 2022 The design of a compl]
Recelved in revised form 31 3 to be TEEUJated. The m

Accepted 10 July 2023 merely one of
Available online 28 July 2023 Y of many po

Editor: Massimo Vergassola

Empirical applications of the free-energy principle are not straightforward
because they entail a commitment to a particular process theory,

m this paper a theorem

Kot ation regulam'; that is maxin{  jeored et the principle especially at the cellular and synaptic levels. Using a recently established
Nuqeqmllbilium System Eiﬂg ]'-E.'gl_[l,atﬂ'd. sense: maximizing any : ‘ . . " . . * Lo
Uieatand inerenc necessary. ;‘g‘:“m"',:“;;":.ﬁ ] | reverse engineering technique, we confirm the quantitative predictions of
Markoy blanket | only one distribution sats . . . . . .
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Software Toolbox for Scalable, Real-time, Automated Free Energy Minimization

°=.rxinfer Get Started Documentation Examples Papers Team Contact ©) GitHub
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Automatic Bayesian Inference through Reactive Message Passing




Software Toolbox for Scalable, Real-time, Automated Free Energy Minimization

";lrxinfer Get Started Documentation Examples Papers Team Contact (w]

A Rxinfer: Automatic Bayes
(biaslab.github.iu)
g9 points by anewhnacccuntz B

GitHub

jan Inference Through Reactive Messag

days ago | hide | past | f

e Passing

ayorite | 20 comments

{T‘Xin

Automatic Bayesian Inference through Reactive Message Passing
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Drone's mass
Drone's size
Engine power
Gravity

Sensor noise
Tasks frequency

ui'rxinfer

Drone flight control

5.0

0.1
20.0m/s?
9.8m/s?
1.13e-08
40

LAZY

DYNAMICS

Debug view

Coordinate x:
Coordinate y:
Acceleration x:
Accelergtion y:

-0.2749
0.0424
-0.1666
0.0017
. 1426
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