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Which synapses get pruned: 

where P is the probability a synapse is pruned
C is the pruning constant

r is the percent error between average accumulated voltage and the
accumulated voltage of a synapse

Accuracy measured as MSE (mean squared error) of
the number of spikes for each neuron
8024 trials: each trial is an entire simulation of the
network
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From the ages of eight to the end of puberty, the brain
undergoes a process of experiential Neural
Darwinism where disfavored neurons, synapses, and
networks weaken (Fig. 1 and 2) [2]

Increases neural signaling speed and efficiency
Crucial to the development of the adult brain
Dependent on childhood behavior and
environment

Methods

Results Discussion/Conclusions

Created and ran our own model in Python using
NEURON
Based on ball-and-stick mechanisms

Two-compartment Hodgkin-Huxley model
1:1 ratio of excitatory to inhibitory synapses
Input: one spike to the first soma
Each soma has n - 1 synapses connected

Analysis
Accuracy to efficiency changeover point :

Small network: 250/400 pruned or 62.5%
Large network: 1000/1200 synapses pruned,
or 83.33%
Accuracy measured as MSE (mean squared
error)
Efficiency measured as synapses pruned
Exponential relationship, pattern remained
consistent between network sizes
Network is very fault-tolerant and can handle
many losses before becoming unstable,
suggesting that Neural Darwinism occurs at a
high rate and aggression during childhood 

Modeling limitations
Shorter time period than is realistic: Neural
Darwinism occurs over years while our model
simulates milliseconds
Scale-down: the larger model contains just 1200
synapses

Applications for the future
These results could, through the refinement of
pruning algorithms and the removal of extraneous
synapses, improve scalability, speed, and efficiency
of future

Biophysical neuronal simulations, particularly
those of complex processes such as

Memory
Cognition
Planning

Neural networks/deep learning algorithms
They also act as a theoretical illustration of
experiential Neural Darwinism:

By demonstrating the brain's incredible
redundancy and resiliency 

A synapse's importance is judged by its
activity and in this way, less-active
synapses that are pruned are unlikely to
affect the network due to low centrality

Fig 4. Large network (1200 synapses)
Network error compared to number of pruned synapses

Fig 5.Small network (400 synapses)
 Network error compared to number of pruned synapses

Fig 6. Raster plot with no pruning

Fig 7. Raster plot with high pruning


