’

Contents

N

Preface xi
Acknowledgments xix

PART I AUTONOMY OF THE LIVING AND
ORGANIZATIONAL CLOSURE

Chapter 1  Autonomy and Biological Thinking

1
3
1.1 Evolution and the Individual 3
1.2 Molecules and Life 6

8

Chapter 2  Autopoiesis as the Organization of Living Systems

2.1 The Duality Between Organization and Structure 8
2.2 Autopoietic Machines 12
2.3 Living Systems 17
Chapter 3 A Tesselation Example of Autopoiesis 19
3.1 The Model 19
3.2 Interpretations 20
Chapter 4 Embodiments of Autopoiesis 24
4.1 Autopoietic Dynamics 24
4.2 Questions of Origin 26
Chapter 5 The Individual in Development and Evolution 30
5.1 Introduction 30
5.2 Subordination to the Condition of Unity 30
5.3 Plasticity of Ontogeny: Structural Coupling 32
5.4 Reproduction and the Complications of the Unity 33

5.5 Evolution, a Historical Network 35




viii

~ Chapter 6

AN
Chapter 7

PART 11

Chapter 8

Chapter 9

Chapter 10

Chapter 11

Chapter 12

On the Consequences of Autopoiesis

6.1 Introduction
6.2 Biological Implications
6.3 Epistemological Consequences

The Idea of Organizational Closure

7.1 Higher-Order Autopoietic Systems
7.2 Varieties of Autonomous Systems

DESCRIPTIONS, DISTINCTIONS, AND
CIRCULARITIES

Operational Explanations and the Dispensability
of Information

8.1 Introduction
8.2 Purposelessness
8.3 Individuality

Symbolic Explanations

9.1 Descriptive Complementarity

9.2 Modes of Explanation

9.3 Symbolic Explanations

9.4 Complementary Explanations

9.5 Admissible Symbolic Descriptions

The Framework of Complementarities

10.1 Introduction

10.2 Distinction and Indication

10.3 Recursion and Behavior

10.4 Nets and Trees

10.5 Complementarity and Adjointness
~10.6 Excursus into Dialectics

10.7 Holism and Reductionism

Calculating Distinctions

11.1  On Formalization

11.2 Distinctions and Indications

11.3 Recalling the Primary Arithmetic
11.4 An Algebra of Indicational Forms

Closure and Dynamics of Forms

12.1 Reentry

12.2 The Complementarity of Pattern

12.3 The Extended Calculus of Indications
12.4 Interpreting the Extended Calculus
12.5 A Waveform Arithmetic

Contents

41
41

41
41

50

50
53

61

63

63
63
67

70

70
71
73
77
79

83

83
84
86
91
96
99
102

106

106
107
108
116

122

122
124
127
137
139

Contents

% Chapter 13

PART III
Chapter 14

Chapter 15

12.6 Brownian Algebras

12.7 Completeness and Structure of Brownian
Algebras

12.8 Varieties of Waveforms and Interference
Phenomena

12.9 Constructing Waveforms

12.10 Reentrant Forms and Infinite Expressions

12.11 Autonomous Systems and Reentrant Forms
Reconsidered

Eigenbehavior: Some Algebraic Foundations of
Self-Referential System Processes

13.1 Introduction

13.2 Self-Determined Behavior: llustrations

13.3 Algebras and Operator Domains

13.4 Variables and Derived Operators

13.5 Infinite Trees

13.6 Continuous Algebras

13.7 Equations and Solutions

13.8 Reflexive Domains

13.9 Indicational Reentry Revisited

13.10 Double Binds as Eigenbehaviors

13.11 Differentiable Dynamical Systems and
Representations of Autonomy

COGNITIVE PROCESSES

The Immune Network: Self and Nonsense in the
Molecular Domain

14.1 Organizational Closure and Structural Change

14.2  Self-Versus-Nonself Discrimination

14.3 The Lymphoid Network

14.4 Network Links and Plasticity

14.5 Regulation in the Immune Network

14.6 Cognitive Domain for the Lymphoid System

14.7 Genetic and Ontogenetic Determination of the
Cognitive Domain

14.8 A Change in Perspective

The Nervous System as a Closed Network

15.1 The System of the Nervous Tissues
15.2 Change and Structural Coupling

15.3 Perception and Invariances

15.4 The Case of Size Constancy

15.5 Piaget and Knowledge

15.6 Interdependence in Neural Networks

141

143

148
151
156

166

170

170
170
174
179
181
186
190
192
194
196

201

209

211

211
212
219
224
226
231

233
236

238

238
243
247
250
256
257




X Contents
~__ Chapter 16 Epistemology Naturalized 260
16.1 Varieties of Cognitive Processes 220
16.2 In-formation 265
16.3 Linguistic Domains and Conversations 2% Preface
16.4 Units of Mind 2 . ..
16.5 Human Knowledge and Cognizing Organisms 271 Information and Control RCVISlted
) APPENDIXES i
\'Appendix A Algorithm for a Tesselation Example of Autopoiesis 279
A.1 Conventions 279 4
A.2 Algorithm 282 ,:
Appendix B Some Remarks on Reflexive Domains and Logic 284
B.1 Type-Free Logical Calculi 284
B.2 Indicational Calculi Interpreted for Logic 286
References 293
Index 305 “‘Les systémes ne sont pas dans la nature, mais dans I’esprit des

hommes.”’

C. Bernard, Introduction a L'Etude de la Médecine Expérimentale
(1865)

““Was wir liefern sind eigentlich Bemerkungen zur Naturgeschichte des
Menschen: aber keine kuriose Beitrige, sondern Feststellungen von
Fakten, an denen niemand gezweifelt hat, und die dem Bemerktwerden
nur entgeben, weil sie sich stindig vor unsern Augen herumtreiben.”

L. Wittgenstein, Bemerkungen iiber die Grundlagen de Mathematik
(1956)

Two themes, in counterpoint, are the motif of this book. The first one is
the autonomy exhibited by systems in nature. The second one is their
cognitive, informational abilities.

These two themes stand in relation to one another as the inside and
the outside of a circle drawn in a plane, inseparably distinct, yet bridged
by the hand that draws them.

Autonomy means, literally, self-law. To see what this entails, it is
easier to contrast it with its mirror image, allonomy or external law. This
is, of course, what we call control. These two images,- autonomy and




