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Introduction
The brain consists of an extremely complex network of neurons, interconnected by 
interminable lengths of dendrites and through thousands of synaptic connections. 
The processing of neural spiking information is thought to be primarily due to the 
connectivity of neurons, with dendritic geometries and synaptic properties playing 
a major role. The development of an e�cient computational framework for analysis 
of neuronal dynamics in large networks would therefore be extremely bene�cial to 
our understanding of the computations that are implemented by neural networks 
and de�ne our life processes.

Motivation
Numerical simulations allow the calculation of dendritic voltage in response to an 
injected current, on a branching tree of any geometry, by solving the passive cable 
equation:

However, numerical simulation is ine�cient and thus, does not lend itself to the 
study of large neural networks, especially when analysing the system’s behaviour 
with changing parameters, such as the chemical or electrical properties of synapses. 
Analytical solutions for the dynamics of voltage can be found in closed form on an 
in�nite cable in the form of a Green’s function.  

Current can be injected at a speci�c time and location by convolving the Green’s 
function with a term representing the current input, such as a delta or a rectangular 
pulse function: 

Building the solution                   to the passive cable equation with injected 
   square pulse of current of strength      and duration       at location             .

Theoretical Framework
It is possible to obtain a solution for the propagation of voltage on a branching 
structure of nontrivial geometry by adding boundary conditions to the system. The 
solution to the cable equation on a dendritic tree takes the form of an in�nite sum, 
where each element is one of the possible paths for current to take on the structure.

Path coe�cients are a function of the radii of the branches involved, and decrease 
exponentially with the number of interactions with branching nodes.  
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Any dendritic structure can be uniquely represented as a weighted digraph. Due to 
their bidirectional edges, there are in�nite paths from the source to the target nodes 
on these trees.  Using a heuristic search algorithm, it is possible to e�ciently gener-
ate a list of simple paths with no repeated nodes or edges, from all pairwise combina-
tions of sources and targets on the graph. From this basis, subpaths in the form of 
repeat edges and deviations may be added combinatorically to the paths to obtain a 
full list of paths under a certain threshold in length. In this way, a solution can be rap-
idly found to within an arbitrary convergence threshold.

Three possible paths on a simple single-node system.

Results
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Pulse duration = 1s, measurement at x = 0

Pulse duration = 5s, measurement at x = 2

Pulse duration = 1s, measurement at x = 5

Application : directional selectivity in idealised cells

Preliminary Results
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The membrane voltage in cell       can be found as

where                                 is the Green’s function of a passive cable equation on a �nite domain 
with closed boundary conditions.

(via threshold process) 

can be found in closed form.

Ignoring indices and considering                                                     ,
we get                                                                                   .

Time-locked solution
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Computational E�ciency
We considered a symmetrical system with six equal branches arranged around one 
central node, a caricature of the starburst amacrine cell, with injection in the form of 
a square pulse at the origin. Calculations took 0.05s on a single 3GHz core, compared 
with over sixty seconds on the same system using numerical simulation in NEURON. 


