
The Lighthouse network model
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i = 1, . . . ,N



Synaptic interactions and axonal delays

t0

Synapse model η(t) = α2te−αt
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Similar to many other SNNs - just a different spiking mechanism



Slow ramping activity is 

observed in medial frontal 

cortex before spontaneous 

voluntary movements.
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Figure 1: Raster and firing-rate diagnostics for the Gavenas target and the four best Haken fits. The top
row compares spike rasters, and the bottom row compares smoothed population firing-rate traces over the
same 5 s trial.

Figure 1 is the primary behavioral diagnostic: it asks whether the Haken lighthouse model reproduces
the clustered winner-take-all slow ramping at the level of spikes and smoothed rates, without requiring
identical spike times.

Figure 2 shows how the fitted Haken variables organize the quasi-winner-take-all ramp: the selected
excitatory cluster has the largest synaptic drive, recurrent input, and activation while the phase variable
continues to cycle as spikes are emitted.

Figure 3 isolates the fitted nonlinearity from the network dynamics. In this fit, variation among the
plotted particles is not mainly a change in the activation curve shape; the accepted particles instead di!er
modestly in drive, speed scale, and global recurrent weight scale.
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Analytically tractable

Computationally cheap
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d

dt
xi(t) = F(xi(t),xi(t- ⌧0))

+ �
NX

j=1

wijG(xj(t- ⌧ij))

White matter network 
with delayed interactions

Network attractor; connections 
between brain states

more myelin

small delay less myelin

large delay
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Dynamics:

Plasticity:
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✏
d

dt
⌧ij(t) = H(xj, ⌧ij, t)

White Matter Computation: Utilising axonal delays to sculpt network attractors 
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This book is about the!dynamics of!neural systems and should be suitable for!those 
with!a background in mathematics, physics, or engineering who want to!see how 
their knowledge and skill sets can be applied in a neurobiological context. No prior 
knowledge of!neuroscience is assumed, nor is advanced understanding of!all aspects 
of!applied mathematics! Rather, models and methods are introduced in the!context 
of!a typical neural phenomenon and a narrative developed that will allow the!reader 
to!test their understanding by!tackling a set of!mathematical problems at!the!end of!each 
chapter. The!emphasis is on!mathematical- as opposed to!computational-neuroscience, 
though stresses calculation above theorem and proof. The!book presents necessary 
mathematical material in a digestible and compact form when required for!specific 
topics. The!book has  nine  chapters, progressing from!the!cell to!the!tissue, and an 
extensive set of!references. It includes Markov chain models for!ions, differential 
equations for!single neuron models, idealised phenomenological models, phase 
oscillator networks, spiking networks, and integro-differential equations for!large scale 
brain activity, with!delays and stochasticity thrown in for!good measure. One common 
methodological element that arises throughout the!book is the!use of!techniques 
from!nonsmooth dynamical systems to!form tractable models and make explicit 
progress in calculating solutions for!rhythmic neural behaviour, synchrony, waves, 
patterns, and their stability. This book was written for!those with!an interest in applied 
mathematics seeking to!expand their horizons to!cover the!dynamics of!neural systems. 
It is suitable for!a Masters level course or for!postgraduate researchers starting in 
the!field of!mathematical neuroscience.
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