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Agenda

e Introduction and motivation

* Connectivity generation with structural
plasticity

* Interactive visualization and steering tool
* Results

e Conclusions
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What Is structural plasticity?

* Structural plasticity refers to the creation and deletion
of synaptic connections in a neural network.

* Plays a role in the modeling of learning, memory [1],
recovery after lesions [2] and brain development [3]
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Which model are we using?

* The model we implemented in NEST is described in
Butz & van Ooyen 2013 [4]:

Synaptic elements

Synapse formation/deletion
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T Axonal bouton: presynaptic element

Dendritic spine: exc. postsynaptic element
Dendritic spine: inh. postsynaptic element
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Which model are we using?

* The algorithm consists of 3 repeating parts:
- (1) Update average firing rate
- (2) Update the number of synaptic elements

s/ms x1073

0.0 5.0 10.0
Firing rate (spikes/s)

- (3) Update the network connectivity



Connectivity generation with structural =~
plasticity

* The algorithm makes neurons create / delete
synapses until they reach a target firing rate.

* The creation and deletion of synapses follows
homeostatic rules.
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Implementation iIn NEST

N o)

euron models NEST Kernel

Electrical activity

Connections

A

The number of synaptic elements is updated
depending on the electrical activity of the neurons

The SP manager:
Gathers the number of synaptic elements per
neuron
Creates/deletes synapses to update the
connections between the neurons
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Connectivity generation with structural
plasticity

* The structural plasticity algorithm can:

- model the phenomenon of creation/deletion of
synapses

— generate connectivity /
fill In missing connectivity data

* |t works as a controller, taking the system from
state A to state B following a trajectory formed by
a series of instructions which change the
connectivity through time.
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Connectivity generation with structural
plasticity

* The structural plasticity algorithm can:

- model the phenomenon of creation/deletion of
synapses

- generate connectivity /
fill in missing connectivity data

* |t works as a controller, taking the system from
state A to state B following a trajectory formed by
a series of instructions which change the
connectivity through time.
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Interesting features

* Exploration of different connectivity
configurations and their relationship to the
dynamics of a neural network.

* Characterization of the parameter and solution
spaces.
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Navigating the parameter space

* Degenerate solution space

* A setup which matches the desired target activity
might be difficult to find

* Sensitive to measure speed and delays in the
structural changes

11



RRRRRRRRRRRRRRRRR

Navigating the parameter space

* Simple, well defined setups, usually reach stabillity.

* ADbig challenge arises when structural plasticity is
enabled simultaneously on several interconnected
populations with possibly differing levels of activity.

* The speed at which the synaptic elements are created
has a large impact on reaching an stable configuration.

* The delay in updating the connectivity of the network
strongly influences the performance and stability of the
system as well.
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Navigating the parameter space

Working with structural plasticity online requires:

simultaneous analysis of several changing variables

ability to compare the level of activity of several regions
simultaneously

ability to change simulation parameters at any moment in each
population of the network
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We developed a modular, interactive steering and
visualization tool.

user selection

color table

steering commands

Control Panel > simulation
FR P | firing rate <>rank 1
ane <> rank 2
o
total connections N <t>rank 3
Connection Plot S
—
<> rank n
. region list
Region Selector
eta values ? Tgrowth rate values
[
. ETA Growth Rate
Color Editor : .
Manipulator Manipulator
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Filling missing connectivity information

* 68 regions, each with 2 populations | S
. . . . Point neuron simulation using
* Defined ConnectIVIty among regions NEST and calculation of inner
. inhibition with structural plasticity
using DTI
* Missing information about inner
connectivity per region
* Target activity 3Hz

Inter region connectivity
matrix from DTI
anatomical data

15



{

JULICH

FORSCHUNGSZENTRUM
E I t l d t l
Region B
1 - Regions: (= HE]
| 110000 7
/ en:0282 Region
/" e1:0287 16
2 §
og| |/ ex0265 B
- 3 H
€3:0.279 8000 —
s B
" e4:0297
5 £
/ e5:0237
I 6 B
. /" e6:0.285 6000 —
. 7 8
e7:0.2%3 eyl
s I
/ es:02
9 f
0.4 4000 p
10 £
11§
121
0.2 2000 13 12
1413
15|14
—— |
16|15
0 0 I
200 300 0 100 200 300 A R I
T
| I
(690 simcoatol | 1 18
0 1 2 3 4 5 6 7 8 3 10 11 12 13 14 15 — I
Update Interval < 2019
- i I
=" - - 5 - - o - - S 5 5 M 5 5 2120 |
—— r 1T« 1 1 1T « 1T 1T 1T 1T T 1 I 1 221 !
oult 005  -0.05 -00226 -0.05 -005 -0.05 -0.0254 -005 -005 -0.05 -0.05 -005 -0.05 -0.0887 -0.0503 -0.05 23 22
5 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 il I
B | Reset . I I
S L L 1! L 1 1. 1 L 1. 1 1 L £ ) 2524
2 ca2 Plot o i D o> > S I o> > > a ) o i ( |
g I r 111 1T 1 1 1T 1T 1T 1T T 1 2 25
< Connection Plot — |
N 005 -0.05 -00887 -0.05 -005 005 -0.05 -005 -0.05 -0.0423 005 -005 -0.05 005 005 -0.05 27 26 |
_é Region Selector 32 33 34 35 36 37 38 39 40 a7 42 43 24 45 a5 a7 Sl
. T 1
ot ETA change 9 T8 |
I Cy 0 | @ i) &0 o G ) & o G @ Cy a0 | (3 —
2 [ | r T r 1T 17m 17 17 7 17 17T 1 [
< 201 I
= Save status 31 30
S 005 005 005 005 -01 005 005 -005 005 0.05 005 -005 -0.0472 -005 005 -0.05 | |
I a8 a9 50 51 52 53 54 55 56 57 58 59 60 61 652 63 B (32]31 =
o = =
£
@
=



JULICH
17

° 8
[ ] ~—
(=)
)
w :
p
o
o
=]
S
)
£
8 F
o
)
o
<
(=]
o~
o
o o o o o o o (=) o o
o o o o o o o o o
2 2 I & = @ © N N
suodauu0d BulohIno Jo Jaguinu |eloL
- B
(>3]
D 8
o
7p) )
3
— Q
o
(=]
m =
)
Py g E
7y =
@ :
0
Q) ¢
<
o .
| o
o

N N ©® VW ¥ N = 0 Ww ¥ o O
N oe T v ¥ o5 g 8 @9 9 @
<] S oS o o S © o o

(+2eD) uoiesauaduod wndjed abeisny

—

o
o
X

LL

UOIIRID0SSY Z}OYW[SH 3y} JO JaquIsiy



FORSCHUNGSZENTRUM

/9]
D
"
@)
o
(&)
2
1°]
P .
d
Q
Q.
=
-
=

2 2 8
2 & 2
N N
t R
2 ] N
° &
2 =i g
£ s £
] 8 = B F
2 s
s
2 3 o
< s r
s B s ° 8§ § 8 8 8 8 8 -° 22 :d- 3383538 -° g 82 8 & B °
U (+z8D) UOReUIIUY WNP|ed 3BRIBAY " suopmsuuo> BuIoBING Jo JaqUINU [e30L @ (+ze0) UoneAURU0D WNI|R) 3BRIAAY su0RYBUL0D BuIOBING J0 JaGUINY [eI0L
s B3
H = i
g H H H
z s g2
£ £
E F
g 2
= 2
o - o o
5 3 5 = = s s s & - R E R T8 8228 8 8 °
d < B s § 8 8 8 8 §8 8 S55335358838¢8 §§88888¢8¢E
O (+zeD) uojenuaduod wndjed abeIaAy Su0RP3UU0D BUIOBING JO JBqUINU [eI0L @ (+zeD) uoReURdUD WNpjed abeIany suopIBUU0d BujoBING JO JqWINU [e10L
2 3 3 2
H e 2 2
5 - 2 B
g s < &
s 2
H e e 1 s
e . e
o E ® e
2 2
B e = o
< B K H
o o o e
TN ® 9 ¥ N - ® 9 ¥ N o 5 © o 98 © ° © 9 o N N ® ¥ ¥ N - ® © % 8 o EEEEEEEEEEEEE]
8 EEEES3888° EgEgEEigegegeg - §e85555588%8¢8 §gggggegessssg-°
T (+zeD) uonenuauon WwhIBIe> dBbeIBAY SUORPBUL BUIOBING JO JAGUINU [e30L T (+zeD) uonenuasuod wnpjes abesany SuoPBUL BuloBING J0 JAqUINU ejoL

UOIIRID0SSY Z}OYW[SH 3y} JO JaquIsiy

18




RRRRRRRRRRRRRRRR

Conclusions

» Structural plasticity works as a controller which
takes the system from state A to state B by
changing the connectivity progressively and
following homeostatic rules.

* As any controller, delays and sensitivity to
changes are essential to reach stability.

* Exploration of the parameter space Is
fundamental to understand the dynamics that the
system can show.

19



Member of the Helmholtz Association

#) JULICH

FORSCHUNGSZENTRU

Conclusions

* Our interactive tool provides the means to visualize and
steer connectivity generation of a running NEST
simulation of complex non-linear systems.

* Our solution promotes rigorous analysis of complex
network models and supports well-informed selection of
parameters for simulation.

* |t can be easily configured to different setups and to
explore other variables in the network.

* First step into automated online parameter space
exploration.
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Thanks for your attention

Questions?
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