AN ADAPTIVE
NEURAL NETWORK

the cerebral corlex

éorique w

4

Y. BURNOD

=
O
O
B
O
an
L
QO
LY
2
®
O

MASSON W




Contents

Introduction
Structure, function and learning at the four levels of the cortical
system

cHAPTER I. Cellular level : basic function of neurons

I. Single cell adaptations and neuronal programs
1. Single cell adaptations
2. Neuronal programs for information processing

II. From neuronal to tissular function
1. Interneurons : functional coupling or uncoupling
2. Tissular patterns of activity
3. Behavioural function of a neural tissue

III. Cellular memorization : temporal integration 47
1. Functional mode and short term memorization 49
3. Long term memorization 51
3. Permanent memory 54

IV. From cellular memorization to learning 57

CHAPTER Il. The basic mechanism of the cortical column. . .. 63

I. Architecture of the cortical column 66
I. Pyramidal neurons and afferences 66
2. Neuronal types of the cerebral cortex. . . . .........c..u..... 73

II. The basic operation performed by a cortical column 78
I. Transversal amplification : activity levels . . . . ... ........... 79

. Cortical operation on thalamic inputs 83

. Operation on moderate cortical inputs 85

. Columnar operation on strong cortical inputs 88

. Columnar automaton and equivalent functional circuit 90

I1I. Learning properties of a cortical column 96
1. Modular transmission coefficients 97
2. Activity dependent changes of modular coefficienis. . . . .. ... ... 101
3. Effect of memorization on input-output functions of columnar auto-




Vi Contents

IV. Columnar automata : goal-directed behaviour and active lear-
111
1. Modular outputs : action or call 112
2. Behavioural consequences before learning 115
3. Learning of oriented and fixed sequences 117

V. Functional networks between columns : 123

CHAPTER lil. Cortex within the nervous system and organiza-
tion of the cortical network

I. Place of the cerebral cortex within the nervous system
1. General network between nervous structures

II. The network between cortical areas and its geometrical properties
I. The global architecture of the cortico-cortical network
2. Hypercube geometry of the cortical network
3. The cortical matrix for sensori-motor combinations

ITI. Functional reorganization of the cortical space
1. Diffeventiation and SCQieMeEs e « iin = s = 5 s 5 5 oot g o rin e
2. New bases of integrated cortical actions . . . . . . .. ... ... u....

IV. Cooperative processing by other neural structures
. Cerebellum
. Striatum
. Hippocampus
. Thalamus

CHAPTER Iv. Regional specializations of cortical function. .

I. Specialized cortical actions

I1. Parietal and motor areas : positioning
I. Learning of movement by motor areas
2. Parietal areas : visually-guided movements . . . . . ... .........
3. Recognition and production of phonemes

II1. Visual areas : pattern recognition
R T T R e S B N e R e
2. Recognition of elementary forms
3. Recognition algorithms of objects and people
4. Systems of representation and stability of the visual world

IV. Frontal areas : structured sequences
1. Sensori-motor integration and dynamic memorization
2. Frontal stacks : organization of structured sequences




Cortical adaptive mechanism and language lear-

Cognitive development : properties of the cortical system
I. Columnar automata
2. Geometry of the cortical network : hemispheric specialization
3. Cortical maturation

Adaptive construction of mental images

Language acquisition
I. Learning of words and semantic categories
ERRNRAERIE PRES s i Shi e el @ & The g SRl s ST s

Cortical process of language production

Cortical circuits and symmetries

Semantic categories in the cortical « concentric » circuits

Minimal combinations and inferences in the cortical « convergent »

7
.

T T e L e (et oS R e
4. Temporal organization of a narrative on the frontal « time » axis . .

V. Coherence of the cortical system for structured learning

Formal description of an adaptive system

Eemstruction of neural networks. . . ... ..o, il va e
B OPCTATIONS . . - o vioivvia oo in i oo sim s o s sius o wimon = mim oy
From cellular memorization to learning rules

Columnar automata

Redundancy of functional networks

Redundancy and transmission

Sibliography




