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We want to group nodes together into communities. This 
grouping should match how the nodes are connected, so that 
closely connected nodes are in the same community and 
disconnected nodes are in different communities.

We want to compare our set of communities to a random set 
of communities. We can do this using modularity (Q). 
Modularity is a function with output between -1 and 1 for 
quantifying the value of a set of communities. A random set 
of communities should result in a value around 0.

The Problem

Types of Algorithms

Quantifying Sets of Communities

Basic Variable Neighborhood Search (BVNS) starts with a random set 
of communities. It then iterates through the following steps on the 
current set of communities: 
1) Shaking: Move k nodes to a different community. Do this for 1-

kmax nodes, resulting in kmax different shaken sets of communities. 
2) Local Search: Take the best shaken set. Move every node to every 

other possible community and check the modularity. Return the 
set with the best modularity. This is an exhaustive search at a 
distance of 1. 

3) Comparison: Compare the output of local search to the original 
solution we had before shaking. The better set of communities 
becomes the current set of communities.

4) Iterate: Repeat the previous steps with the current solution a 
given number of times. This is typically around 100, although it 
should scale with the number of vertices to be effective.             [3]

Divisive (Girvan-Newman):
- Removes edges iteratively one at a time, leaving still 

connected groups of nodes as communities
- Returns the highest modularity iteration of communities
Agglomerative (Louvain):
- Merges nodes into communities that maximize modularity
Random (Basic Variable Neighborhood Search or BVNS):
- Uses randomness to continuously generate steps that 

change the communities
- Picks the steps that improve modularity

Comparing BVNS to Other Algorithms

- BVNS is slow
- BVNS is memory efficient
- BVNS gives worse modularity as the graph gets larger and 

the number of iterations doesn’t

Results For Other Datasets
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- Neurons are nodes and synapses (connections between neurons) are edges
- Communities indicate neuronal circuits with specific functionality
- These feedforward networks are best represented by directed graphs
- Our approaches only work on undirected graphs, so we need to convert 

neuronal connection graphs to undirected ones
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Input: an undirected, graph 
(weighted or unweighted)

Output: a set of 
communities in that graph

https://mathworld.wolfram.com/CavemanGraph.html.%20Accessed%2026%20Feb.%202025
https://en.wikipedia.org/w/index.php?title=Modularity_(networks)&oldid=1257345693
https://doi.org/10.1038/s41586-019-1352-7
https://doi.org/10.1371/journal.pbio.3002939
https://doi.org/10.1103/PhysRevLett.100.118703

	Slide 1

