T
2
R e, - oo 00000 (& J
o o o ° 'Y R EEEREEEEEEEEEEEENEEE d Im
e o o 0 . © 0 0006000000000 000 000 m -Wo
3
LN [) s ® 000 0000000000000 000 o= r=
ou,,.,f, ;o; ° © 0 0600000000000 000000 m “Um
l.l )y o ° ®© © 0 0 © 0 0606 0600 0 00 00 0 0 0 0 g J _-_0|
o o o o . 6 % © 0606 06006 000000000000 e
o e o X ° ©_ 0 © 0 00 0600000000000 00 o
o o 0 . 4 6 _© 0 0 060000600060 000 0 00 Iy J
o o © 0060 000000000000 000 onlld '
T -0 © 0 0 0600 06060000 00 0 o)
e o © © 060 0000000000000 000 @
e o 0o 0 60 6 0 60 0006000000 000 p
o o o . e o © 6 0000000000000 4
) Y
oooooz . © 6 0000000009 000 o
oooo\x,@ . .,ooooooooooooooo e
e 0o 0o oo o ® 00 9000000 0/00 0 00 [l
e 0o 00 0 0 n' pje/o o 00 0600 00 0 u
e 0o 000 o | o o/e 20606 00 =
/ , (3)
e 0 0 0 0 o L[] L[] e o 0 u
e o 00 0/0 ¢ ) . ° t
e 0o 000 00 ° . . ° =
(7]
e o o/0o 0o 0 0 0 ° o o ° m
o 0/o 000 0 00 . [ ) . .w
e 6 00000 49 0 . e o 0 ° L g
e 0o 0000 0o . * oo . cm M
) o
e 0o 000 0 0/0 e ° e o o ) am m
e 0o 0000000 ° e o o tr D
e e 0000 oo ° e o o . so O_J m
e 0o 000 000 e ° ® 00 0 0 e o o dw m [0}
e 0o 000 00 00 . e 0o 0 0 0 oo o nt R_u ;PL
e e 0000000 . e o0 0 0 oo o ae O ©
= n O <
e e 0000000 . e o0 0 0 e 0o 0 @© o 8% m
S ¢ oo - - - Tw ¢ £ <
c © S 5o -
e e 00000 . e 0o 0 o ¢ e o o mo — mmnx_u M
e 0o 0000000 . e 0o 0 0 0 o o o @© L N o > 5 T
c S5 = €32 2
e 0o 000000 0 ° e o 0 o o o o ye > mmm .m.b
oc = SEm® s




Forschungszentrum Jilich GmbH

Institute of Neurosciences and Medicine (INM)
Computational and Systems Neuroscience (INM-6)
& Theoretical Neuroscience (IAS-6)

Dynamical and statistical structure of
spatially organized neuronal networks

Moritz Layer

Schriften des Forschungszentrums Jilich
Reihe Information/Information Band/Volume 85

ISSN 1866-1777 ISBN 978-3-95806-651-9



CONTENTS

1

INTRODUCTION 1
1.1 The spatio-temporal connectivity of neocortex . . ... ... ... .. .. 2
1.2 Experimentally observed mesoscopic in vivo activity in cortex . . . . . . 3
1.3 Neuron and network models utilized in this thesis . ... .. ... ... 5
1.4 Mean-field theory of random networks . . ... ... ........... 8
1.5 Theory of spatially organized networks . . . . ... .......... .. 10
1.6 Scopeofthisthesis ... .......... . ... . ... .. ....... 11

NNMT: MEAN-FIELD BASED ANALYSIS TOOLS FOR NEURONAL NETWORK

MODELS 13
2.1 Introduction . ... ... ... .. o 13
2.2 Workflows and architecture . . . . . ... ... ... ... ... ..... 14
22,1 Basicworkflow . . ... ... ... L 16
222 Modelworkflow . ... ..... ... .. ... ... o . 16
2.2.3 Structure of the toolbox . . . . ... ... .. Lo 17
23 Howtousethetoolbox. ... ... ... ... .. .............. 18
2.3.1 Installationandsetup ... ... ... ... .. ... ... ..., 18
2.3.2 Usage example: analyzing a microcircuit model . . . . . .. ... 18
2.4 Discussion . ... ... ... 23
2.4.1 Comparisontoothertools . . . ... ............. ..., 23
242 Usecases. . ... ... ... ... ... 24
2.4.3 Limitations . ... ... ... ... . L 25
2.4.4 How to contribute and outlook . . . . . ... ... .. .. .. ... 26
CORRELATIONS IN TWO-DIMENSIONAL NETWORKS 29
3.1 Introduction . ... ... .. ... .. L L 29
3.2 Macaque motor cortex shows long-range coordination patterns . . . . . 30
3.3 Multi-synaptic connections determine correlations . . . . ... ... ... 32
3.4 Almost unstable networks show shallow exponential decay of covariances 34
3.5 Pairwise covariances in motor cortex decay on a millimeter scale . . . . 38
3.6 Firing rates alter connectivity-dependent covariance patterns . . . . . . 39
3.7 Coordination patterns in motor cortex depend on behavioral context . . 41
3.8 Discussion . .. ... ... ... 44
3.9 Methods . . . ... . . . 48
ACTIVITY PATTERNS IN TWO-DIMENSIONAL NETWORKS 57
4.1 Introduction . . ... ... ... . ... 57
42 Themodel . ... .. ... ... ... ... .. ... 59
4.3 Conditions for patterns to emerge . . . ... ................ 63
4.3.1  Comparison of one- and two-dimensional networks . . . . . . .. 65
4.3.2  The effect of the neurongrid . . ... ................ 65

Xi



xii

CONTENTS

4.3.3 Example: Gaussian connectivity profiles . ... ... .. ... ..
4.4 Studying the interaction of Fourier modes . . ... ... ... ... ...
4.4.1  Center manifold reduction for ODEs . . ... ...........
4.4.2 Center manifold reduction for ODEs with parameters . . . . . .
4.4.3 Center manifold reduction for DDEs . . . ... ..........
4.5 Simulation . . .. .. ... . L L
4.6 Staticpatterns . . . ... ... L L
4.6.1 Interaction of static spatial waves. . . . . ... ... ... ... ..
4.6.2 Excitation of stablemodes . . . . . ... ... ... ... ... ..
4.7 Discussion . ... ... .. ... e

DISCUSSION

51 Conclusions . . . . .. ...
5.2 Sub-projects in the context of spatial organization . . . . ... ... ...
5.3 Overarching assumptions in this thesis . . . ... ... ... ... ....
5.4 Relevance of spatial organization . . . . . ... ............ ...
55 Outlook. . .. .. .

NNMT
A.1 Microcircuit parameters . . . ... .. . L L

LONG RANGE CORRELATIONS
B.1 Correlations and covariances . . . . ... ... ... . ... ... ... ..
B.2 Robustness to E/Iseparation . ... .....................
B.3 Stationarity of behavioraldata . . ... ... ... .. ... ... ... ...
B4 Networkmodel . . ... ... . ... ... ... . L
B.5 Covariances . . . . . . . . ...
B.6 Cumulant generating function of connectivity matrix . . . ... ... ..
B.7 Note on derivation of variance of covariances. . . . . .. ... ... ...
B.8 Utilizing symmetries to reduce dimensionality . . . ... ... ... ...
B.9 One-dimensional network with one population . . ... .........
B.9.1 Dimensionality reduction . . . ... ... . ... ... ... ...,
B.9.2 Continuum limit . . ... ... ... ... ... .. ... . .. ...
B.9.3 Prediction of exponential decay of covariance statistics . . . . . .
B.9.4 Longrangelimit . ............ . ... ..........
B.10 One-dimensional network with two populations . . . . .. ... ... ..
B.10.1 Dimensionality reduction . . . .. .. ........... .. ...
B.10.2 Generalresults . ... .................... . ....
B.10.3 Long-rangelimit . ... ... ...... ... . ... .. ...
B.11 Two-dimensional network with one population . .. ... ... ... ..
B.11.1 Dimensionality reduction . . . .. .. ................
B.11.2 Long-rangelimit . . ... .. ...... ... .. ... .....
B.11.3 Note on higher order approximation . . ... ...........
B.12 Two-dimensional network with two populations . . . . . ... ... ...
B.12.1 Dimensionality reduction . . . ... ... ... ... ... ... .
B.12.2 Long-range limit . . ... ... ... . ... ... ... ... ...,
B.12.3 Higher order approximation . ... ... ... ... ........



CONTENTS Xiii

B.13 Validationoftheory. ... ... ... ... ... ... ... .. ... 129
B.14 Parameters of NEST simulation . . . . .. .. .. .. ... .. .. ..... 131
B.15 Sources of heterogeneity . . . . . ... ... ... ... . L 131
C ACTIVITY PATTERNS IN TWO-DIMENSIONAL NETWORKS 133
c.1 Transition curves in network with Gaussian connectivity . . . . ... .. 133
c.2 NEST simulation parameters . . ... ... ................. 135
c.3 Analysis of the convolutions in the non-linearity . . . . . ... ... ... 136
c.4 Center manifold reduction for static patterns . . . . ... ... ...... 137

Bibliography 141



Information
Band/Volume 85
ISBN 978-3-95806-651-9

9 JULICH

Mitglied der Helmholtz-Gemeinschaft Forschungszentrum



	Title
	Declaration
	Publications
	Summary
	Zusammenfassung
	Contents
	1 Introduction
	1.1 The spatio-temporal connectivity of neocortex
	1.2 Experimentally observed mesoscopic in vivo activity in cortex
	1.3 Neuron and network models utilized in this thesis
	1.4 Mean-field theory of random networks
	1.5 Theory of spatially organized networks
	1.6 Scope of this thesis

	2 NNMT: Mean-field based analysis tools for neuronal network models
	2.1 Introduction
	2.2 Workflows and architecture
	2.2.1 Basic workflow
	2.2.2 Model workflow
	2.2.3 Structure of the toolbox

	2.3 How to use the toolbox
	2.3.1 Installation and setup
	2.3.2 Usage example: analyzing a microcircuit model

	2.4 Discussion
	2.4.1 Comparison to other tools
	2.4.2 Use cases
	2.4.3 Limitations
	2.4.4 How to contribute and outlook


	3 Correlations in two-dimensional networks
	3.1 Introduction
	3.2 Macaque motor cortex shows long-range coordination patterns
	3.3 Multi-synaptic connections determine correlations
	3.4 Almost unstable networks show shallow exponential decay of covariances
	3.5 Pairwise covariances in motor cortex decay on a millimeter scale
	3.6 Firing rates alter connectivity-dependent covariance patterns
	3.7 Coordination patterns in motor cortex depend on behavioral context
	3.8 Discussion
	3.9 Methods

	4 Activity patterns in two-dimensional networks
	4.1 Introduction
	4.2 The model
	4.3 Conditions for patterns to emerge
	4.3.1 Comparison of one- and two-dimensional networks
	4.3.2 The effect of the neuron grid
	4.3.3 Example: Gaussian connectivity profiles

	4.4 Studying the interaction of Fourier modes
	4.4.1 Center manifold reduction for ODEs
	4.4.2 Center manifold reduction for ODEs with parameters
	4.4.3 Center manifold reduction for DDEs

	4.5 Simulation
	4.6 Static patterns
	4.6.1 Interaction of static spatial waves
	4.6.2 Excitation of stable modes

	4.7 Discussion

	5 Discussion
	5.1 Conclusions
	5.2 Sub-projects in the context of spatial organization
	5.3 Overarching assumptions in this thesis
	5.4 Relevance of spatial organization
	5.5 Outlook

	A NNMT
	A.1 Microcircuit parameters

	B Long range correlations
	B.1 Correlations and covariances
	B.2 Robustness to E/I separation
	B.3 Stationarity of behavioral data
	B.4 Network model
	B.5 Covariances
	B.6 Cumulant generating function of connectivity matrix
	B.7 Note on derivation of variance of covariances
	B.8 Utilizing symmetries to reduce dimensionality
	B.9 One-dimensional network with one population
	B.9.1 Dimensionality reduction
	B.9.2 Continuum limit
	B.9.3 Prediction of exponential decay of covariance statistics
	B.9.4 Long-range limit

	B.10 One-dimensional network with two populations
	B.10.1 Dimensionality reduction
	B.10.2 General results
	B.10.3 Long-range limit

	B.11 Two-dimensional network with one population
	B.11.1 Dimensionality reduction
	B.11.2 Long-range limit
	B.11.3 Note on higher order approximation

	B.12 Two-dimensional network with two populations
	B.12.1 Dimensionality reduction
	B.12.2 Long-range limit
	B.12.3 Higher order approximation

	B.13 Validation of theory
	B.14 Parameters of NEST simulation
	B.15 Sources of heterogeneity

	C Activity patterns in two-dimensional networks
	C.1 Transition curves in network with Gaussian connectivity
	C.2 NEST simulation parameters
	C.3 Analysis of the convolutions in the non-linearity
	C.4 Center manifold reduction for static patterns

	Bibliography
	Funding
	Acknowledgements
	Colophon
	Leere Seite
	Leere Seite



