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Homework #5 has been released. 
It is due tonight at 11:59PM.
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Project Updates are Due on 11/25 at 
11:59PM 

(See Course Website for Instructions)



Network encoding a stimulus

Tang et al. eLife 2018



Networks of the brain

• Networks found in the brain are non-random in 
structure 

• Structural modules are interlinked by hub vertices 
and arranged hierarchically 

• Tradeoff between conserving connections and 
metabolic cost 

• Networks promote efficiency of information flow 
and neural processing



How do we go from an observed 
network of cells to a mathematical 
representation?



Network Measures



Vertex Degree

Figure Credit: O. Sporns “Discovering the Human Connectome”, MIT Press, 2012



Clustering Coefficient

Figure Credit: O. Sporns “Discovering the Human Connectome”, MIT Press, 2012



Centrality

Figure Credit: O. Sporns “Discovering the Human Connectome”, MIT Press, 2012



Path Length and Distance

Figure Credit: O. Sporns “Discovering the Human Connectome”, MIT Press, 2012



Community Structure: 
Modules and Hubs

Figure Credit: O. Sporns “Discovering the Human Connectome”, MIT Press, 2012



Network Models



Figure Credit: W. Lynn and D. Bassett Nature Reviews Physics 2019



Figure Credit: W. Lynn and D. Bassett Nature Reviews Physics 2019



Figure Credit: W. Lynn and D. Bassett Nature Reviews Physics 2019



Figure Credit: O. Sporns Frontiers in Computational Neuroscience 2011



Figure Credit: W. Lynn and D. Bassett Nature Reviews Physics 2019



Figure Credit: W. Lynn and D. Bassett Nature Reviews Physics 2019



Connectivity Matrices



A Human Connectome (diffusion MRI 
tractography)

Figure Credit: Hagmann 2005 EPFL Thesis



Network Topology of a Cortical 
Canonical Circuit

Figure Credit: Binzegger et al. Neural Networks 2009



Network Diagram of mesoscale 
Drosophila connectome

Figure Credit: Chiang et al. Current Biology 2011



Network Diagram of mesoscale 
Drosophila connectome

Figure Credit: Chiang et al. Current Biology 2011



Are all neurons the same?



Excitatory Cells



Inhibitory Cells



Changes in membrane potential

Image Credit: Sharon Furtak, https://nobaproject.com/modules/neurons



Micro Network Motifs

Image Credit: Neuroscience Online, UT Health



Considerations Related to Scale

• Connectivity can be expressed at different levels of 
measurement 

• Different levels can tell us different things about the brain 

• Sometimes circuit reconstruction is constrained by the type 
of imaging performed 

• High resolution imaging techniques do not currently scale to 
entire brains 

‣ Even when we can image an entire brain, the automatic 
reconstruction is still a problem 



Subcellular Scale



Cellular Scale

Image Credit: Daniel Berger, Harvard University



Regional Scale

Image Credit: Felleman and Van Essen Cerebral Cortex 1991


