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Hysteretic units solve the problem of
robustness

Rosen (1972)
Koulakov, Raghavachari,

Kepecs, and Lisman (2002) Leak ime T = ,Ch /8

T, << T,



Hysteretic units solve the problem of
robustness

Integration: T, ~ 0.1sec

Memory (leak time): T = ’Ch /8

T, =T, exp[C( frf)NSyn(AI/I )3} >> T

Koulakov, 1999



Hysteresis Is observed in during fixations in
goldfish area |
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CHALLENGES FOR THEORY:

1) Hysteresis is predicted
during VOR (not fixations).

2) Wrong sign of hysteresis

3) Hysteresis in firing of
one cell versus the other



3) Hysteresis In firing of one cell versus the

other
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1) Model with differential
hysteresis



Model based on inhomogeneous ensemble

of hysteretic units
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The distribution function of active units Is
history- dependent
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Possible activation profile
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Model with feedback can act as integrator
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Additional constraint: Stability condition

o During fixations:

C _
° i Iext_O

| =1, =10, = 15[ f(A,0)p(A)dAdO =

= 1,p,A-1 =Cl

1, for ON units
O f(A0)= .
0, for OFF units

p(A) = pyexp(-a/A)



Possible solutions




Integrator In action
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Drop In recurrent current




The sign of hysteresis Is reversed




Firing of one neuron versus the other is
history-dependent

After ON saccade After OFF saccade
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2) A more realistic model



Realistic implementation: two-compartmental model
neurons with voltage-based dendritic bistability
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Hysteresis as a function of eye position is
reversed in some units
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Ensemble of hysteretic units acts as an
integrator
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History dependence in the firing rate of one
neuron versus the other is observed
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Hysteresis in firing of one cell versus the
other
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3) Spontaneous transitions




Kinetic equation (KE)
7(A0,1)F(A0)=f,(A0,1)-f(A,0)

r(A6,1) fL(A6,1)

0




Solutions of the KE
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Leak depends on the rate of
spontaneous transitions

0

|, =1n=C(I, +7,(-T))

Cr,l =(C-1)I

r~7,/|C-1



Conclusion

Different hysteresis -> history dependence in firing

T=1, /¢ j> T=T1, exp(frf)/s
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