Preface

CONTENTS

Introduction . . . .
1. What is a CNN? .
2. Part I: Standard CNNs .

2.1.
2.2.
2.3.
2.4.
2.5.

2.6.

2.7.

2.8.

2.9.

2.10.
2.11.
2.12.
2.13.
2.14.

Standard CNNs are umquely spec1ﬁed by CNN genes
Oscillations and chaos from standard CNNs
Complete stability criteria for standard CNNs
Bistable criterion .

Coding the CNN gene . .

2.5.1. Edge detection CNN

2.5.2. Corner detection CNN

A gallery of basic CNN genes .

Does there exist a CNN gene for solvmg Mmsky s global

connectivity problem?
Decoding the CNN gene . .
2.8.1. Examples of input output CNN operators .
2.8.2. Uncoupled CNN genes
2.8.3. Boolean CNN genes and truth tdbl(,b
What task can an uncoupled Boolean CNN
gene Perform? . Ce e
Bifurcation of CNN genes .
The game-of-life CNN gene
The CNN universal machine .
Generalized cellular automata . . .
A glimpse at some real-world CNN appllcdtlom

3. Part II: Autonomous CNNs .

3.1.

3.2.
3.3
3.4.

Pattern formation in standard CNN%

3.1.1. Characterization of stable equilibria .

3.1.2. The dynamics of pattern formation

3.1.3. CNN pattern formation in biology and physms
Pattern formation in reaction-diffusion CNNs .
Nonlinear waves in reaction-diffusion CNNs
Simulating nonlinear PDEs via autonomous CNNs

vii

16

16
19
22
27
32
33
39
43

92
109
110
111
116

131
136
143
155
168
189
206
208
208
211
217
226
235
253



x Contents

4. Part III: Local Activity: The Genesis of Complexity

4.1.

4.2.
4.3.

44.

4.5.
4.6.
4.7.
4.8.

Index

Transistors and local activity: What do they have

in common? . .
Nonlinear circuit models for redctlon dlffuswn CNNs
What is local activity?

4.3.1. Cell equilibrium pomts .
4.3.2. Local state equations and local power ﬁows
4.3.3. Local activity in reaction-diffusion CNN cells .
Testing for local activity . . . .
4.4.1. Testing one-port CNN cells for local act1v1ty .
4.4.2. Testing two-port CNN cells for local activity .

Why is local activity necessary for pattern formation? .

How to choose locally-active CNN parameters?
Local activity and stability are different concepts
The local activity dogma .

266

267
268
276
278
281
286
288
288
293
298
300
300
302
311





