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Objective
* The main idea of this work is to investigate the
clustering and malleability of a large scale
neuronal network of networks;

» As an example, we use as external connections
(network to network) - the cat adjacency matrix
and internal nodes (inside a network) -

connection in a small world scheme (Newmann |
Watts);

» We search for synchronization of bursts and
spikes, desynchronization and collective behaviors
of different regions in the parameter space.
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The model

The Hodgkin-Huxley model is a conductance-
based set of differential equations, that
reproduce the action potential in nerve cells on
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Here we have used a modified model called
Huber-Braun equations, that is wused for
thermally sensitive neurons.




The model and the complete system
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The entire system comprehends
53x256 = 13568 HB systems!!!
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Each subnetwork has 256 nodes, which are evolved

with Huber-Braun set of equations, coupled with
different Small-World (NW) matrices.
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This system exhibits lots of different dynamical behaviors, but
here we consider a bursting regime.
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With this phases defined, we are able to use the Kuramoto
order parameter, and analyze the burst phase
synchronization.
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Results and Discussion

The mean order
parameter of all sub
networks! (phase sync.
of sub networks)
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Subtraction from previous images!
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To understand what is happening in the malleable region
we consider

- Just two sub network coupled,;
- We insert an external feedback (amplitude 1.5% from

the original mean signal) in the sub network 1 (to
emulate the effect of all other sub networks.




S(1)

External Perturbation on S(1)

L gOL_r:O.(X)l
— o002
| — Zouy=0-003
| — Gour=0-004
— Zour=0.005

o A [ e

20x10' 10x10' 6.0x10' 8.0x10° 1.OXI0’ 1.2x10° 1.4x10° 1.6xI0°
time (ms)




e el L

'
;
- — S|
'

z
2 r
- o ' "Nnn“hnnuuM‘u."rmnmt"U,HHH'H'"' " 111"
il J—
70 " =t
4 : A1 1 | A ] i
2.0x10° 4.0x10° 6.0x10° 8.0x10" 1.0x10° 1.2x10° 1.4x10° 1.6x10°
) ] ] um“‘ﬁ,) T
E
g L
-
"
3 : —u) ! . - i
35x10°  36x10° 37x10° 38x10° 39x10° 4.0x10' 1.56x10° 1.58x10° 1.60x10°

time (ms) time (ms)




g_out =0.001

g_in =0.004
| B ] (SRR e iy T G e
- I
R 1 I g r.‘,nﬁ"v W,
08 I : ~ ; 2
) | \ ‘
!
!
0.6F | H
' I 1
~ L | s
04r =
— RfromS§,
0wk > — RfromS$, |
— R from all neurons (global)
| S S - I

40x10°  60x10°  80x10°  1.0x10°  12x10°  14x10°  16x10°  1.8x10°
time (ms)




- Eight sub network coupled,;

- We insert an external feedback (amplitude 1.5% from
the original mean signal) in the sub network 1 (to
emulate the effect of all other sub networks).
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Conclusion

*Network of network is an open field of research.
Many interesting features of those systems are not
yet well understood.

In particular, conditions of synchronization, or In
general, conditions of how a subnetwork reacts to a
coupling are not well known.

‘Here we show examples of how internal and
external cquplings play an important role in the
“malleability” of a particular coupling.

‘We have shown that some particular values of
internal and external couplings can be used to
optimize the effects of the couplings.
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