What is an attractor?

“A dynamical system is a set of variables together with all the rules
that determine their time-evolution.”

“The instantaneous value of these variables is called the state of the
system at that moment. The state is a point (vector) in the state space

of the dynamical system.”

“An attractor is a state within a state space, to which all nearby
states eventually flow.”

Khona, M., & Fiete, I. R. (2021). Attractor and integrator networks in the brain. arXiv preprint arXiv:2112.03978.



Point vs. ring attractors
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Head-direction cells
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Head-direction cells in ellipsoid body of Drosophila
(Seelig & Jayaraman 2015)

Ellipsoid body activity
" (calcium imaging)

Decoded vs. actual head dir.
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Grid cells in medial entorhinal cortex

§

' ® Hippocampus © EC |




Article

Toroidal topology of population activity in
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Skaggs et al. (1994) ring attractor model




Shifting the activity bump
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Zhang’s (1996) ring attractor model

Bump formation




Zhang’s (1996) ring attractor model

Shifting the bump




Zhang (1996) dynamics

i u—+w* o(u)
T— = — o
dt

(o eielNeNo e

Firing Rate f (Hz)
S5 =2 N bha®

-1 -0.5 0 0.5 1 1.5
Input Current u



r=10 A

Firing Rate f (Hz)

o° 180° 360°
Population of Head Direction Cells

A AT B

o
N
N\,

4 o //‘Z;:#.{ *It ’.l /" 1/
i : o g .'\ ,--:'!.,Il ---“::::t‘,;. ) //- .
Firing Rate - LTSN & Firing Rate - P

R L ST e
fiHa) ~ \.‘\__‘----n.{ \‘,:/ 600 Ha), ks

a0 / R S R ?{L -==rj: /500 40 ?ﬁ,_ﬂ

—~ oy
£/ 400

£ Y300 A
~1/200

I/~ Time
7 1% (msec)

1800 T3

Population of :365” Population of
HD Cells HD Cells



A  Effects of Noisy Weights
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Synaptic Weight Distributions

Shifting the bump

Weight Modification
with Derivative
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f =160 msec




Accurate Path Integration in Continuous Attractor
Network Models of Grid Cells

Yoram Burak'?*, Ila R. Fiete?3

A

?AV W(x)




