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Introduction

• Neural synchrony is the simultaneous oscillations of membrane potentials in 
a network of neurons connected with electrical synapses.1 Understanding 
synchrony is essential in order to understand the normal functioning of the 
brain as well as abnormal functioning of diseased brains.2

• One model used for neuron networks is the Erdos-Renyi random network 
model.3 In the Erdos-Renyi model connections between neurons are 
determined randomly and independently of one another; the only adjustable 
variable is p, the probability of a connection between two neurons. 

The SONET Model of Neuron Networks
• Neuron networks can also be modeled using second order networks or 

SONETs. The SONET model is based on the Erdos-Renyi, and adds four second 
order statistics that dictate the frequency of the reciprocal, convergent, 
divergent, and chain motifs as shown in figure 1.

• The rate of the reciprocal, convergent, divergent, and chain motifs are 
controlled by the variables α-recip, α-conv, α-div, and α-chain respectively. By 
adjusting the probability of each motif, a network can be generated with the 
microstructure of a real neuronal networks. 

• In past simulations the chain motif has been shown to have the greatest 
effect on the synchrony of a network. 2 

Modification of The SONET Model

• Normally the SONET Model does not use the distance between two neurons 
to calculate the probability that the neurons are connected. In order to make 
a more realistic model, a variable, L, was added that limits the probability 
that two neurons are connected as the distance between the neurons 
increases. 

• When L is set equal to infinity, the network will have no macrostructure and 
be identical to a normal SONET. As the ratio between the number of neurons 
and L decreases, it will become progressively less likely that further apart 
neurons will be connected which will produce macrostructure in the network. 

• In this simulation 1000 excitatory neurons are being modeled as if they are in 
a ring formation as pictured in figure 3. 

• Code was written in python that generates the modified SONETs in the form 
of matrices. 

• Once a network is generated, simulations can be run on it using Brian 2 
software, a simulator for spiking neuron networks. The simulations will be 
5000 ms long and the average instantaneous firing rate of the network will be 
recorded so it can be analyzed to determine how synchronous the network is. 

Hypothesis
It is predicted that the intensity of the macrostructure will have a greater effect 
on the synchrony of networks than the rates of the reciprocal, convergent, and 
divergent motifs, but less effect than the rate of the chain motif. 

Data Collection
• 200 networks with 1000 neurons and an average probability connection of 0.04 

will be generated with random values of L, α-recip, α-conv, α-div, and α-chain. 
• A simulation will then be run on each network with a population rate monitor. 
• A python function will measure the size of the secondary peak of the 

autocorrelation of the population rate monitor to give a monotonic measure of 
synchrony. 

• A completely asynchronous network will have a synchrony measure of -1. A 
very synchronous network will have a synchrony measure of above 1. 

Preliminary results
• All the networks have not been generated yet, and all the data has not been 

collected. However, initial testing seems to support the hypothesis that the 
macrostructure of a network, L, affects the synchrony of a network less than 
the rate of the chain motif α-chain.

• The values for α-chain and L shown in tables 1 and 2 are the minimum, 
maximum, and approximate mid-point. 

1. Neural Synchrony (Overview). (2016).Mind.ilstu.edu. Retrieved 23 September 2016, from 

http://www.mind.ilstu.edu/curriculum/modOverview.php?modGUI=233

2. Zhao, L., Beverlin, B., Netoff, T., & Nykamp, D. (2011). Synchronization from Second Order 

Network Connectivity Statistics. Front. Comput. Neurosci., 5.                

doi:10.3389/fncom.2011.00028

3. Erdoős P., Rényi A. (1959). On random graphs. I. Publ. Math. 6, 290–297

Mathematical Biology

This research was supported by University of Minnesota's 
Undergraduate Research Opportunities Program.

College of Science and 
Engineering

AcknowledgementFigures 2 and 3. Neuron networks can be visualized using colored matrices. For 
example, a red dot at (3,4) represents a connection from neuron 4 to neuron 3. 
Figure 2 is a network with high rates of the chain motif and and figure 3 is a Erdos-
Renyi random network. Both networks have the same average rate of connection p 
set equal to 0.1, but the microstructure is very different. 
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Figures 3 and 4. Figure 3 shows how the neurons are positioned in this network 
with neuron 1 at the top and neuron 500 on the opposite side of the ring. Figure 4 
is a matrix that represents a 1000 neuron network with high rates of the chain 
motif and L=100. The macrostructure is exaggerated with most neurons only 
having connections to nearby neurons. 

Figure 1. The four different motifs represented in the SONET Model.2
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Figures 5-8. Raster plots generated during a 100 ms simulation with networks of 100 
neurons. A dot was plotted every time a neuron spiked. For example a dot at (3,5) 
would mean neuron 5 spiked at millisecond 3. When α-chain was being varied between 
-0.4 and 0.39, L was held constant at infinity. When L was varied between 10 and 
infinity, α-chain was kept constant at 0.0. 
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Figure 5. α-chain = -0.4 Figure 6. α-chain = 0.39

Figure 8. L=infinityFigure 7. L=10
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