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ABSTRACT

In this chapter, different notions of allostasis (the process of achieving stability
through change) as they apply to adaptive behavior are presented. The authors discuss
how notions of allostasis can be usefully applied to Cybernetics-based homeostatic
systems. Particular emphasis is placed upon affective states —motivational and emo-
tional — and, above all, the notion of ‘predictive’ regulation, as distinct from forms
of ‘reactive’ regulation, in homeostatic systems. The authors focus here on Ashby’s
ultrastability concept that entails behavior change for correcting homeostatic er-
rors (deviations from the healthy range of essential, physiological, variables). The
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authors consider how the ultrastability concept can be broadened to incorporate
allostatic mechanisms and how they may enhance adaptive physiological and behav-
ioral activity. Finally, this chapter references different Cybernetics frameworks that
incorporate the notion of allostasis. The article then attempts to untangle how the
given perspectives fit into the ‘allostatic ultrastable systems’ framework postulated.

INTRODUCTION

Mid-twentieth century (‘first-wave’) Cybernetics led by Ashby (1952) has had, at
its core, the concept of adaptive behavior serving homeostatic control. Cybernetics
has been considered a forerunner for modern Cognitive Science (cf. Pickering 2010,
Staddon 2014) and has also provided strong input to the domain of Systems Biology
(Froese & Stewart 2010). In this chapter, we will discuss the role of an emerging
perspective of (second order) homeostasis known as ‘allostasis’ and how it may fit
within a Cybernetics approach as it concerns adaptive behavior.

Ashby (1952), as a chief exponent of first-wave cybernetics, coined the term
ultrastability, which refers to the requirement of multiple (at least two) feedback
loops — behavioural and internal (‘physiological’) —in order to achieve equilibrium
between an organism and its environment. This perspective has, ever since, been
a source of inspiration for many artificial systems, and theoretical, conceptions of
adaptive behavior. Such work has focused on the role of essential variable (or ho-
meostatic) errors that signal the need for behavioural change in order to maintain
an organism-environment equilibrium. Essential variables are those variables most
criticalto the viable functioning of the (biological or artificial) organism. Approaches
that have emphasized the existence of double feedback loops have manifested in
studies of activity cycles of both behavioural and internal states (e.g. McFarland &
Spier 1997; Di Paolo 2000, 2003; McFarland 2008). According to these approaches,
homeostatic processes typically amount to reactive (corrective) responses that are
purely behavioural including those mediated by a proximal action selection process.
In more recent years, Cybernetics- and Artificial Intelligence-based perspectives on
homeostasis (and ultrastability) have considered the role of prediction in regulat-
ing organisms’ behavioural and internal needs (Muntean & Wright 2007, Lowe &
Ziemke 2011, Seth 2014).

While allostasis has many definitions (for example, McEwen and Wingfield 2003;
Berridge 2004; Sterling 2004, 2012; Schulkin 2011), acommon thread among them
is a focus on the predictive regulatory nature of biological organisms (particularly
humans). Homeostasis, by comparison, is more typically conceived as a reactive
process. However, a number of commentators have pointed out that this perspective
emanates from a misconception of Cannon’s (1929) original detailing of homeostasis

150



26 more pages are available in the full version of this
document, which may be purchased using the "Add to Cart"
button on the publisher's webpage: www.igi-
global.com/chapter/predictive-regulation-in-affective-and-
adaptive-behaviour/176190

Related Content

Comparison of Feature Vectors in Keystroke Dynamics: A Novelty Detection
Approach

Paulo H. Pisaniand Ana C. Lorena (2012). International Journal of Natural Computing
Research (pp. 59-76).
www.irma-international.org/article/comparison-of-feature-vectors-in-keystroke-dynamics/93624

Bio-Inspired Metaheuristic Optimization Algorithms for Biomarker
Identification in Mass Spectrometry Analysis

Syarifah Adilah Mohamed Yusoff, Ibrahim Venkat, Umi Kalsom Yusofand Rosni
Abdullah (2012). International Journal of Natural Computing Research (pp. 64-85).
www.irma-international.org/article/bio-inspired-metaheuristic-optimization-algorithms/73014

Models of Self-Replicators

Eleonora Bilottaand Pietro Pantano (2010). Cellular Automata and Complex
Systems: Methods for Modeling Biological Phenomena (pp. 282-314).
www.irma-international.org/chapter/models-self-replicators/43224

Al-Based Cyber Defense for More Secure Cyberspace

Dimitar Stevo Bogatinov, Mitko Bogdanoskiand Slavko Angelevski (2017). Nature-
Inspired Computing: Concepts, Methodologies, Tools, and Applications (pp. 1471-
14809).

www.irma-international.org/chapter/ai-based-cyber-defense-for-more-secure-
cyberspace/161079

Recent Advances in Artificial Immune Systems: Models, Algorithms, and
Applications

Florin Popentiu Vladicescuand Grigore Albeanu (2017). Recent Developments in
Intelligent Nature-Inspired Computing (pp. 92-114).
www.irma-international.org/chapter/recent-advances-in-artificial-immune-systems/179365



http://www.igi-global.com/chapter/predictive-regulation-in-affective-and-adaptive-behaviour/176190
http://www.igi-global.com/chapter/predictive-regulation-in-affective-and-adaptive-behaviour/176190
http://www.igi-global.com/chapter/predictive-regulation-in-affective-and-adaptive-behaviour/176190
http://www.irma-international.org/article/comparison-of-feature-vectors-in-keystroke-dynamics/93624
http://www.irma-international.org/article/bio-inspired-metaheuristic-optimization-algorithms/73014
http://www.irma-international.org/chapter/models-self-replicators/43224
http://www.irma-international.org/chapter/ai-based-cyber-defense-for-more-secure-cyberspace/161079
http://www.irma-international.org/chapter/ai-based-cyber-defense-for-more-secure-cyberspace/161079
http://www.irma-international.org/chapter/recent-advances-in-artificial-immune-systems/179365

