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Agenda

● Introduction and motivation
● Connectivity generation with structural 
plasticity

● Interactive visualization and steering tool
● Results
● 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]:

Axonal bouton: presynaptic element
Dendritic spine: exc. postsynaptic element
Dendritic spine: inh. postsynaptic element

Synaptic elements Synapse formation/deletion
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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

 (3) Update the network connectivity
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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 in NEST

NEST KernelNeuron models

Connections

Synaptic Elements

Electrical activity

1

1

2

3

SP Manager2

3

User interface (PyNEST/SLI)

     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

● It 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
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Navigating the parameter space
 Simple, well defined setups, usually reach stability.
 A big 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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Modular solution

simulation
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rank 1

rank 2

rank 3

rank n

Control Panel

Calcium Plot

Connection Plot

Region Selector

ETA 
Manipulator

Growth Rate 
 ManipulatorColor Editor

steering commands

calcium concentration

total connections

region list

eta values growth rate values
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We developed a modular, interactive steering and 
visualization tool.

     firing rate
FR Panel
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Filling missing connectivity information

● 68 regions, each with 2 populations
● Defined connectivity among regions 

using DTI
● Missing information about inner 

connectivity per region
● Target activity 3Hz
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Exploration and steering
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Exploring a simple setup
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Multiple trajectories



M
em

be
r 

of
 th

e 
H

el
m

ho
ltz

 A
ss

oc
ia

tio
n

19

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. 
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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.

● It 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?


