Contents

1 Introduction .......................... 1
Philosophical Preface . .. .................. 1
The Need for a General Theory of Information . ... .. 2
Knowledge Engineering . .................. 3
Some Definitions and Problems . . . ... ......... 5
Until Recently, Why Has Information Been Ignored? .. 7

2 The Nature of Information . ................ 11
What is Information? . ................... 11
Information and the Laws of Physics . .......... 12
Shannon’s Theory of Communication .......... 12
InformationandEntropy . ... .............. 14
The Interconversion of Information and Energy 16
Information as a Fundamental Property of the

Universe . ............0 .o 17
Infons .......... . ... . ... . i, 20
Devlin’s‘Infons’ .. ..................... 24
The Evolution of the Universe ... ............ 25
The Evolution of Biosystems . . . ............. 26
Conclusion ............ . ... 0., 29

3 The Diversity of Information Processing . ....... 31
Introduction . ............. ... ... ..., 31
Information Transductions . ............... 31
The Human Social Information-Processing System . . . 35
Ants: a Model for Social Information-Processing

Systems . ... ... e e 36
The Neurological Information Processing System . 38
The Immune System . ................... 39
Maintaining Body Fluid Balance .. ............ 40
Other Bodily Subsystems . . ................ 41
Cellular Information-Processing Systems .. ...... 42

Bibliografische Informationen E

) digitalisiert durch 1
http://d-nb.info/950058815 B



http://d-nb.info/950058815

Contents

Mechanical Information-Processing Systems . .. ... 44
Physical Information-Processing Systems .. ... ... 46
Electronic Information-Processing Systems . ... ... 47
General Discussion . .................... 47
Conclusion ............... ... ... ..., 50
The Spectrum of Intelligence . .............. 51
Introduction ............... .. .. .. ... 51
Intelligence: the BasicConcept . . . . ... ........ 51
Intelligence: a Spectrum of Phenomena . ........ 52
Beyond Information: the Evolution of Intelligence . . . 54
Human Intelligence . ................. ... 54
Sub-Human Intelligence . ................. 56
Sub-Human Self-Consciousness . . ............ 59
Instinctive Behaviour . .. ................. 61
Are Brains Necessary for Intelligent Behaviour? . . . .. 62
Is a Nervous System Necessary for Intelligent

Behaviour? .. .......... ... ... . . ... 63
The Collective Intelligence of Microorganisms . . . .. 67
DNAasMemory ....................... 68
Summary and ConcludingRemarks . . . . ... ..... 70
Proto-Intelligence . ..................... 73
Introduction .............. .. ... .. ... 73
Proto-Intelligence ...................... 73
Some Further Thoughts About the Preconditions for

Intelligence . ............ ... .. .. ... 77
The Origins of Bio-Intelligence . ............. 83
Introduction . ............ ... .. .. . . ... 83
Teilhard de Chardin’s Concept of the ‘Corpuscle’ . . . . 83
Forminga Bio-Corpuscle . ................. 84
Is the Vesicular Theory Enough? . . ........... 86
Clay Minerals and the Originof Life . .......... 87
Is the Clay Hypothesis Enough? . ............. 90
BeforeDNA . .. . ... ... i i 92

DNA as Part of an Information-Processing System . . . 96
Intelligence and the Control of the Environment . ... 97
Summaryand Conclusion . ................ 98

Machine and Electronic Intelligence .......... 101
Mechanical Intelligence . . ................ 101



Contents

10

11

CanaHouseLearn? ....................
Deep Thoughtand DeepBlue . .. ............
Cellular Automata Machines . ..............
Why Computers Will Become Smarter Than People . .
The Emerging Global Brain . . . .............
Neural Network Computers . . ..............
Summary and Conclusion . .. ..............

The Physical Origin of Meaning . . ...........
Introduction . ........... ... .. ...
The Spectrumof Meaning . . . ..............
DefiningMeaning . ....................
Which Came First: the Message or the Meaning? . . . .

The Origins of HumanSpeech . .............
Introduction . ............000 i,
Vocal Signalling Among Vervet Monkeys . . ......
VisualSignalling . .....................
Group Vocalization . ...................
Laughter .. ....... ... ... .. . ..
The Symbolic Capabilities of Bonobos . ... ... ..
The Trouble With Consonants . .............
OtherChanges .......................
Language and Genetics . . ................
The Importance of Speech in Human Evolution . . ..
Summary and Conclusion . .. ..............

The Internal Information Environment . ... .. ..
Introduction ... ........ .. ¢
The Internal Information Environment . ... ... ..
On Misunderstanding . ..................
The Mind as a Form of Virtual Reality . . .. ......
On the Nature of Understanding . . ...........
CONSCIOUSNESS . v v v v v v v v v v e e et ee v s e
Meaning as Applied to the Internal Information
EnvironmentofCells ..................

The Semantic Metabolism . ...............
Introduction . .......... ... .,
Hormone Messages and Cellular Metabolism . . . ..
The Concept of Semantic Metabolism . .........

102
106
108
110
111
116
118

119
119
120
124
127



xii

Contents

Most Cells can Act as Both Conduits and Modulators

of Extra-Cellular Information ............. 170
Some Comparisons Between Cellular and Semantic

Metabolism . ....................... 171
Semantic Metabolism in Neural Networks ... .. .. 174
Epicentres, Gestalts and Consciousness . . ....... 175
Is it Possible to Quantify the Meaning of a Message? . 178
Summaryand Conclusion . . ............... 179

12 Review and Further Discussion About Consciousness 181
Introduction . .......... ... ... ... 181
Information . ................ .. ... ... 182
Information Processing . . ... ............. 183
Intelligence . .............. ... ... .. ... 184
Just how Advanced is Human Self-Consciousness? . . 185
Meaning .. ... ... ..., 186
DefiningMeaning . .................... 189
The Message andtheSender .. ............. 189
Some Further Thoughts About Consciousness and

Why it is Possible to Explain it in Reductionist
Terms .. ... .. . i i e e 191

13 How Neurons Create Thought . ............. 199
The Brain as a Series of Resonating Circuits ... ... 199
The Symphony OrchestraModel ... .......... 203
How the Brain Processes Incoming Information . . . . 204
Meaning Revisited: How the Brain Decides Which

Stored InformationisRelevant . ........... 207
How Does the Brain Transport Local Oscillations

From One Partto Another? .............. 210
Human Speech Revisited . ................ 213
Edelman’s Theory of Neural Darwinism Revisited . . . 216
Once Again, Semantic Metabolism and Cellular

Metabolism . . ............... ... ... 217
Some Final Words About Information and Meaning . 218

Appendices

A Calculations Presented in Chapter 2: The Nature
of Information ................... 221
B Infons and the Relativity Equations .. ....... 225



Contents xiii

C How to Evolve Electronic/Mechanical Systems
into the Equivalent of a Living, Self-Reproducing
Bio-System (a Self-Replicating Automated
Factory) ............ ... ... 227
D Some Cardinal Differences in the Anatomy and
Physiology of Classical Computers and the

HumanBrain .................... 233

E Possibilities Considered in Chapter 11 on How
to Quantify Meaning . ............... 237
References . ............... ... ........ 241



