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Introduction

=~ Why consider delay in Neuronal Systems?

* Finite propagation speed

* Chemical reactions

» Latency times of neural excitation
* Integration of information

from multiple sources

> Interested In:
* Understand the role of the delay

in synchronization

http://ifisc.uib-csic.es
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Introduction

Our system

10° neurons (Hodking-Huxley model)
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Delay in the connections (1)
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(exp(—t/T,)—exp(—t/T,))

with  t,=3 ms ; 7,=01 ms ; E,=0 mV
[ Destexhe, Neural. Comp. 6, 1418 (1994) ]
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Model details
C, V=I"-I"-]"

1 1

[ Hodgkin-Huxley, J. Physiol. 117, 500 (1952) ]

Ilzon:—gNamvh(Vi_ENa)_gK”Zi(Vi_EK)_gL(Vi_EL)

1

with gatering variable dynamics

in=ct,,(V)(1=m)=B,(V)m
&, (V)(1=n)—B, (¥ )n

N Operation regime  I”’=10u A/ cm’
h=0,(V)(1=h)=B,(V)h
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0 50 100

time (ms)

I E. o 5

Na 115 mV 120 mS/cm’
K -12mV 36 mS/em®
L 10.mV 03mS/cm’

=~

step Al / pA em”

(3]

T az(u/mV) Gelu/ mV)

n (0.1—-0.01u)/ [exp(l —0.1u)—1] 0.125 exp(—u/ 80)
m (2.5 —0.1u)/ [exp(2.5 — 0.1u) — 1] dexp(—u/18)

h 0.07 exp(—u/ 20) 1/ [exp(3 — 0.1u) + 1] 0 50 10
- - time (ms)

I, (].lr\.’cmj)




Introduction

Network topology

Regular
Small-world
Random
Scale-free
Mean-field (all2all)

Scale-Free Network

Number of nodes with k links

'dop
-

Effect of topology and delay in a NN

Regular Small-world Random

Increasing randomness

Power Law Distribution

Very many nodes
- with only a few links

A few hubs with
large number of links
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Introduction

Synchronization measure

Neuron Voltage

Phase of each neuron

=T, g //

Local order parameter

2| i) = (1)
2

i jEneigh(i)

Sloc_l ZS
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f omogeneous delay

—— *_Rewiring and neighbors dependence

— = krequency locking

— = Natural frequency dispersion

http://ifisc.uib-csic.es
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Synchronization regions

Mean-field (all-to-all)

0.2 04 0.6
Coupling (mS/cmZ)

http://ifisc.uib-csic.es
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Local and global synchronization regions

Regular Random Scale-free

Global

0 02 04 06
Coupling (mS/cmZ) Coupling (mS/cmZ) Coupling (mS/cmZ) Coupling (mS/cmz)

http://ifisc.uib-csic.es
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coupling: 0.8 mS cm*  Regular Random Scale-free
: 1 0 el 1T 1T [

T: 12 ms
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I5C Membrane voltage traces (Random Network)

coupling: 0.8 mS cm?

i in-phase state

40 F
0 -
40
40F
0 -
-40 |
40 F
0 -
-40 F

T: 12 ms

s
g
5]
&n
=
)
>
o
=
E
5
£
L
=

40

0
-40
40

0
4o}t
40 F

0
-40
40

o | | out-of-phase state

-40
40

0 -
40 F
40F

Membrane Voltage (mV)

0 |-
-40

40F

ofF
-40

40 - I
o I
40f
40

0
40}
40

0
-40 |
40F

o
40
40

T: 16 ms

anti-phase state

0
40 }f
20 F
o
40
40

0
40 F

-80 I 1 L
900 925 950 975 1000

Time (ms)

Membrane Voltage (mV)




Rewiring dependence

coupling: 0.2 mS cm™
delay: 12 ms

Effect of topology and delay in a NN

Regular Small-world Random

Increasing randomness

0.01 0.1
Rewiring Probability
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Effect of the neighbors

Regular

coupling: 0.2 mS cm™

delay: 12 ms

Number of Neighbors
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Frequency locking

delay =4 ms delay = 14 ms
'Regular

Frequency (Hz)
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Frequency locking

coupling=0.2mS cm?®  coupling = 0.8 mS cm™
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Gaussian distribution of natural frequencies (f =70 Hz ; ’=9 Hz’)
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= Gaussian distribution of natural frequencies (f =70 Hz ; 6°=9 HZ’)

Mean-field (all-to-all)

0.4 0.6
Coupling (mSlcmz)

http://ifisc.uib-csic.es
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= Gaussian distribution of natural frequencies (f =70 Hz ; 6°=9 Hz*)

Random Scale-free

0.4 0.6 0.8 1 0.2 0.4 0.6
Coupling (mS/em’) Coupling (m$/em’) Coupling (mS/cm?) Coupling (mS/em?)

http://ifisc.uib-csic.es
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Frequency locking (Gaussian distribution of natural frequencies)

delay =4 ms delay = 14 ms
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Frequency locking (Gaussian distribution of natural frequencies)

coupllng 0 2 mS cm coupling = 0.8 mS cm™
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Frequency distribution Random
delay: 4 ms delay:14 ms

couplig:0.2 mS-cm™

couplig:0.8 mS-cm?
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Frequency distribution Mean-field (all-to-all)
delay: 4 ms delay:14 ms

couplig:0.2 mS-cm™

couplig:0.8 mS-cm™
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~Heterogeneous delay
‘ - Preliminary results

http://ifisc.uib-csic.es
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Heterogeneous delays

Gamma distribution

Flxk:0)=x""——  forx>0 ; k,0>0

Mean:

(T)=k0O

Variance:

o =ko’

T

14 16 18 20
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Synchronization regions 6> =0.5ms’

Mean-field (all-to-all)

02 04 0.6
Coupling (mS.fcmz}

http://ifisc.uib-csic.es
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Local versus global synchronization o> = 0.5 ms>

Regular Random Scale-free

Global
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Local versus global synchronization o = 2 ms>

Regular Random Scale-free
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Simple example
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o Anatom\c&*twork

http://ifisc.uib-csic.es



/_\ Effect of topology and delay in a NN
*
IFISC

Anatomical Network

-~ Macaque cortico-cortical network

* 71 cortical areas
© 746 links
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Metric Clustering coeflicient ~ Average degree  Mean shortest path
Macaque Network 0.46 10.5 2.33
Randomized version 0.24 10.5 2.06

http://ifisc.uib-csic.es
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> Local and global synchrony

macaque’1 randomized

0.6 0.8 0.2 0.4 0.6 0.8

Coupling (mS/cmz) Coupling (mSlcmz)
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Raster plots
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Conclusions & future work

NN with different topologies and delayed connections
Single delay
Distribution of natural frequencies
Heterogeneous delay
Preliminary results
Anatomical network
Next
Extend heterogeneous delay
Study the effect of inhibition

Include plasticity rule

Thank you for your attention!




