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Ficure 8,/2/3: Wiring diagram of one unit. (The letters are explained
in the text.)

Cxema romeocrtara, npusegeHHas B “Design for a brain”



Fig. 1—The homeostat, with its four units, each one of which reacts on all the others.

...it exhibited behaviours such as habituation, reinforcement and learning
through its ability to maintain homeostasis in a changing environment.
(WikipediA)



https://en.wikipedia.org/wiki/Homeostasis
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«...Tak Kak HM 00 OHOV CUCTEME HemMb3s CTPOro yTBEPXAaTh, YTO OHa
ABMNAETCA CaMOOPraHU3YOLLIECH, N TaK KaK BblpaykeHne
«CamMoopraHmsyoLaaca» BeAéT K YKOPEHEeHUI0 BECbMa NMyTaHoro U
NMPOTUBOPEYMBOro NPeACcTaBreHns 0 JaHHOW npobreme, 310

BblpaXkeHne, BEepOATHO, BoobLLe He cnegoBano 6kl ynoTpebnaTtby.
(Y.Pocc.Owbwn)



T S X O X > =

S 0 E

[omeocTaT — Xu1Bas MallnHa CO BCTPOEHHOU cpeaou

Mexay cpegon 1 OpraHM3MoOM HET Pasnuynsa U rpaHunl,
MalunHa nsmeHsaeT cpeny, To ecTb cebs

HeT ynpasnswoLero n ynpasnsemoro

HeT BbICLLEro n HU3LWero

Mo3sr He gymaer, a oeucTByeT

Mo3r onpenenéeH HacToMbKO, HACKOSBKO U Kak OH CBS3aH
[omeocmam meHsiem rnogedeHue U 8 amom e20 obyyaemocmsb
OpraHnam — NpUHUMNNanNsLHO HEPa3DOPHbIN «YEPHBIN SALLINKY»
Mbicnnmoe paBHOLIEHHO BO3MOXHOMY. [lokasaTenncTea
HeobA3aTeENbLHbI

[MpegmeTHasi obnacTb KNDOEPHETUKN — BCE BO3MOXHbIE MaLLNHbI
Bce ycniewHble adanmauuu - pe3yribmam criy4daliHo20 rpouecca
L1e0UYHbIU UCKYyCCMBEHHbIU pa3lyM HEB03MOXXEH, a aHai0208bIU
B803MOX€EH U Heu3bexxeH

YrnbmpacmabusribHocmb — 3mo riepecmpouka cmpyKkmypbl

«Cpoenarb cnMctemy, KOTopas ULLET Lenb, O4eHb NPOCTO: COPMUPYNTE
cnyvanHblM 0O6pa3oM OMHAMUYECKYKO CUCTEMY, onpeaernisieMyto
COCTOSIHMEM - OHa ByOEeT CTPEMUTBLCA K HEKOTOPOMY NPeanoyYTUTESNTbHOMY
0119 HEE COCTOSIHMIOY. (OTO BOOOLLE BOCNPUHUMANOCh Kak KNOepHeTnKa
HaobopoT)
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The homeostat as embodiment of adaptive control

Peter A. Cariani*

Department of Otology and Larvngology, Harvard Medical School, Newton, MA, USA
( Received 13 February 2008; final version received 30 September 2008 )

W. Ross Ashby was a founder of both cybernetics and general systems theory. His systems
theory outlined the operational structure of models and observers, while his cybemetics
outlined the functional architecture of adaptive systems. His homeostat demonstrated how
an adaptive control system, equipped with a sufficiently complex repertoire of possible
alternative structures, could maintain stability in the face of highly varied and challenging
environmental perturbations. The device illustrates his ‘law of requisite variety’, i.e. thata
controller meeds at least as many internal states as those in the system being controlled.
The homeostat provided an early example of how an adaptive control system might be
ill-defined vis-a-vis its designer, nevertheless solve complex problems. Ashby ran into
insurmountable difficulties when he attempted to scale up the homeostat, and
consequently never achieved the general purpose, brainlike devices that he had initially
sought. Nonetheless, the homeostat continues to offer useful insights as to how the large
analogue, adaptive networks in biological brains might achieve stability.

Keywords: W. Ross Ashby: cybernetics: general systems theory: homeostat; requisite
variety
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Figure 2. Operational structure of adaptation in the homeostat and evolution of biological
organisms. Left: homeostat. Bidirectional interactions with the environment (stippled lines) result in
fluctuations of a control variable in each homeostat module. When the variable’s value exceeds
prescribed bounds over a threshold time duration, the uniselector switch associated with that module is
advanced and another analogue control circuit is chosen. The search process stops when stability is
achieved. Right: biological evolution. Bidirectional interactions of a population of organisms with




Ashbian Homeostasis as non-Autonomous
Adaptation

Stefano Franchi
Texas A&M University
College Station, TX, USA
Email: stefano@ tamu.edu

Abstract—The paper argues that the approach to adaptation
developed by W.R. Ashby in Design for a Brain and partially
revived in evolutionary roboties is orthogonal to the traditional
distinction bhetween autonomy and heteronomy that underlies
much recent work in cellular biology, evolutionary robotics,
ALife, and general Al. Ashby’s theory of adaptation claims
that homeostasis is the only principle grounding sub-cognitive as
well as all cognitive functions. Ashby’s generalized homeostasis
thesis does not fit the traditional conception of autonomy nor
its converse (heteronomy). The traditional conception generates
a dualism opposing human autonomous life to its non-human
heteronomous counterpart. The dualism is usually overcome by
claiming that human life is actually heteronomous although it
does not appear so, as the “masters of suspicion™ once claimed
(Freud, Marx, and Nietzsche); or, conversely, by claiming that
non-human life is actually fully autonomous in spite of its
outlook (as suggested by Hans Jonas and his enactivist followers).
Ashby’s theory offers a genuine alternative by rejecting the very
opposition of autonomy vs. heteronomy that both strategies rely
on. The joint effect of Ashby’s unorthodox philesophical stance
and the practical shortcomings of the simulating technology at
his disposal has prevented a true evaluation of his theory. We
can assess the philosophical and technical viability of the general
homeostasis thesis Ashby advocated through the construction of
virtual cognitive agents (i.e. simulated robots in a physically
plausible environment) that provide an integral and faithful
digital replica of the architecture of Ashby’s original homeostat
that reproduces the homeostat’s dynamics and its stochastic
rewriting mechanism through a Crenn-like network architecture,
whose outline implementation is then discussed.

Index Terms—W.R. Ashby;

Enactivism;

Adaptation; Autonomy; CTRNN;

Ashbian non-autonomy may be, it is necessary to introduce a
precise definition of the rechnical vs. the philosophical concepts
of autonomy and heteronomy.

I. AuroNOoMY, HETERONOMY, MIND, AND RODY

In the Al, Robotics, and ALife literature, “autonomy™ has a
very broad meaning. In a widely adopted textbook, for instance,
George Bekey [3], defines it as the capacity to operate in
the real word without any form of external control. Maes
[4] is more specific and identifies autonomy with an agent’s
capacity to decide for itself how to relate its sensor data to
motor outputs in such a way that the agent’s goals are satisfied.
Autonomous agents are adaptive when the ability to fulfill their
goals improves over time, i.e. with experience. Living beings are
the canonical examples of adaptive autonomous systems, since
they are capable of maintaining their internal structures and,
within limits, adapt to environmental change. “Autonomy”™ is a
synonym for “living” and “adaptive autonomous” designates
successful life, i.e survival.

Commentators (e.g. Ziemke [5]) have noted that this defi-
nition is somewhat at odds with the most common used
understandings of “autonomy” in non-technical disciplines
and in ordinary language. In those contexts, “autonomy” is
a logically higher-level concept that designates an agent’s
capacity to set its own goals. Thus, the philosophical literature
distinguishes between agents whose goals arise as pure reactions

tn anvieFnnmantal nrascoenes and thooas whn cat thair onale in
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LIFE, DEATH, AND RESURRECTION
OF THE HOMEOSTAT

Stefano Franchi

The Homeostat, a device that W. Ross Ashby put together of military sur-
plus equipment just after WWII in order to demonstrate his theory of cognitive
behavior, enjoys a peculiar reputation within the history of AT and cognitive sci-
ence. Scholars have regularly cited it as one of the most famous machines that
early cybernetic tradition built. Yet, they often remark that, because the Home-
ostat’s main behavioral goal is to keep its interactions with the surrounding en-
vironment to a minimum, it embodies a guite strange—if not outright weird—
model of cognitive functions. Since Ashby explicitly presented the Homeostat
as a prototypical example of all behavior (indeed, of all living functions), the re-
sulting model has been at once fascinating and disturbing. Fascinating, because
Ashby was able to set up his odd device to perform tasks appearing to indicate
that the machine had the ability to learn and to adapt to its environment. Disturb-
ing, because the theoretical model, and its physical implementation, were so at
odds with customary models of cognition that observers of the Homeostat's feats
found them to be bevond comprehension.

The distinguished andience on attendance at one of the 1952 Macy s confer-
ences where Ashby presented his machine granted his creature a less than enthu-
siastic reception. Cybernetic concepts like negative feedback were crucial to the
design of the Homeostat, but its performance genuinely puzzled several among
the cybemeticians and cybernetic-inspired scientists assembled in the room—a
group that included Warren McCulloch, Gregory Bateson, Margaret Mead, Kard
Lashley, Julian Bigelow, among others. Cybernetics sought to understand be-
havior, both in animals and in artifacts, as the complex set of mechanisms that
allow the organism to achieve its goals by taking effective steps that incremen-
tally reduce the distance between the current state of the organism and the goals
it pursues. Complex, “intelligent” behavior, they claimed, was goal-seeking. Cy-
bernetics was an effort to explain in rigorous scientific terms the mechanisms that
make goal-seeking possible. From the cybernetic standpoint, the Homeostat rep-
resented a puzzling contraption: while it implemented the physical mechamisms
of goal-seeking in its electronic circuitry, it lacked any externally-assigned or
internally-generated goal—in essence, the Homeostat strove to do nothing. In-
deed, it was a goal-less goal-seeking machine, a characterization that partially



J.M.Herrmann, M.Holicki and R.Der

On Ashby’s homeostat: A formal model of adaptive regulation (2004)

...Presently, we are witnessing a revived interest in the concept of
homeostasis in various fields ranging from synaptic plasticity (e.g.Turrigiano,
1998) to the control of autonomous robots (Di Paolo, 2000)

P.A.Cariani

The homeostat as embodiment of adaptive control (2008)
...W.Ross Ashby was a founder of both Cybernetics and general systems theory

Stefano Franchi

Homeostats for the 215t Century? Simulating Ashby Simulating the Brain
(2013)

Steve Battle «<Ashby’s Mobile Homeostat» (2006)

... The homeostat is much more than a historical curio, it remains a
practical device for approaching key questions in Al including the nature of
autonomy and cognition.
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Am.J.Physiol.(apr.2019) How does homeostasis
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