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Qutline

® 2 neural system
® cverything starts with the slaving principle
® additive noise in systems
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Linear response

feedback system in weakly electric fish

Local 300+
"E' 200 -
_@. S 100- LI experimental results obtained
0 . in vivo from electric fish
Global
300 4 (Doiron et al., Nature (2003))
. . £ 200-
S 100 -
0 -
0 |5|5|[?-“5} 100
N
S ——
topological feedback model A 2
) X
with spatially correlated input =
TInput

Thursday, November 15, 2012



To 8E§f’t) = —F(x,t) — /Qn dy Ken(x —y)Sn|N(y,t — )| + I(x,1)
ON (v,
T (gi] ) = —N(x,t) — /Q dr Kne(y — x)Se|E(x,t — 11))]

e

EO — /{ensn (/{neSe (EO)) 9 NO — /{neSn (EO)

Thursday, November 15, 2012



—>  power spectrum P(v,m)=0Q f dl

Thursday, November 15, 2012

C(1)

A(v) + BW)F(l) + DF(])

O

(<< 0o, strong input correlation

_—— 0, >>0

i ¢ weak input correlation

0 20

40 60 80 100
frequency v [HZz]



linear approximation ....

|. ...assumes a stimulus-independent
stationary state

2. ...assumes small deviations from the
stationary state (low noise level)

3. ...assumes stimulus-independent time
scales

but:
what happens if
assumptions do not hoild ?

Thursday, November 15, 2012



Z. Phys. B - Condensed Matter 63, 493-504 (1986) Cm‘lsed
Zeitschrift hﬂaﬁer
fur Physik B

© Springer-Verlag 1986

The Slaving Principle
for Stratonovich Stochastic Differential Equations

G. Schoner and H. Haken

Institut fiir Theoretische Physik, Universitdat Stuttgart,
Federal Republic of Germany

Received January 24, 1986

We treat nonlinear Stratonovich stochastic differential equations (including multiplica-
tive noise). We assumc that the variables can be grouped into the linearly damped
(slaved) variables s and linearly undamped variables (order parameters) u. We present a
systematic and constructive procedure to eliminate the slaved variables. A family of
processes Z\" (v=2) is introduced to represent the explicit chance dependence of the
slaved variables. The stochastic properties of the Z-processes are discussed. An example
serves to illustrate the elimination procedure. The adiabatic approximation is defined as
a partial summation of the systematic elimination procedure and an equivalent stochas-
tic differential equation (the stochastic generalization of s=0) i1s derived. We illustrate
the adiabatic approximation by an example. The relation between the present approach
and other climination procedures for stochastic systems is discussed briefly.
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major results

fast variable depends on slow variable (slaving principle):
s, = s(time, chance)
=5, 1, 2" (v=2,3,...). (2.1)

application to Haken-Zwanzig model:

du,=(au,—au,s)dt+F,dWo (5.1)

ds,—(—ps,+bul)dt+ F.dW'?, (5.2)

resulting order parameter equation (lowest order):

b
du, = (ocu,——%—uf -—anu,Z?))dt+Fudlme (5.14)

dZP = —BZPdt + AW, (5.12)
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Xu and Roberts show similar results based on a

stochastic centre manifold approach
Haken-Zwanzig: dx = (ax — axy)dt + F.dW,,
dy = (—By + bx*)dt + F,dW,,

ansatz: X =S5+ &(t,5),

y =n(t,s),

order parameter equation (up to 5th order):

ab ; 2aab ; 2a°b* 5)
ds~ {as — —s + 57—
( B B’ B’

2ab
-1- (l + 7?'2"52> deWI — S+

2ab

B3
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nonlocal neural fields

oV (x,t)
ot
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D) =0 . (T@T(T)) = 25(t —T)
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analytical treatment

projection to Fourier space: Uz, t) = ﬁ Z U (£)eFn®
(2 =—00
>
P
Ay, (t) = 0pn,ondW (1)
+ (anun(t) + B Y w () un—i(t) + vy u (t)um(t)unlm(t)) dt
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deterministic centre manifold theorem says:

a. =0 — uy, = up(ue),n # c

Boxler (1989, 1991) : it exists a

ug = hO U,C, Z h(n) uC) . h(n)
Ohg Ohg
= d du, dit
“o Ou,. “ ot
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K(x) is Mexican hat kernel:
due = (e + bugle + 2702 + 3yc.ucug )dt
dug = (o + 4Bous + 2veu> + 3v.ucug)dt +ndW (t)

center manifold reduction

—_— . = (a. — 1 (n)) uc + Cul + Du>  (5th order)

noise-induced shift of bifurcation point by

u stat u stat
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additive noise destroys instability

no fluctuations

global fluctuations
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other example: extended Swift-Hohenberg equation

82

W) _ 7 (,t) + b0 t) — U2, ) — (1 * ) U(z,t) +nl'(t)

ot

Ox?

projection onto spatial Fourier modes:

dz = (acz + ’YC(:U?/Q T 3:3) — /10375)dta
dy = (aoy + Yoz y)dt +ndW (¢),
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after stochastic centre manifold reduction:

shift term

do = ((ac +0%7:.Z%(t)) T + Yoz — uca:5) dt
dZ = agZdt + dW ().

)~ o+ 60, WU = e (o =1/ a0 >0 )

:r
< < s
schematic T =T ——
bifurcation diagram: A, =0t Oghipy o = 2 — AT
< <7
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now: additive noise induces instability

noise-induced phase
transition:

numerical test:
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conditions that additive noise changes stability:

* presence of slow and fast mode

€& dx= acx+7c(@ ,ucx )dt,

dy = (oy + Yoz y)dt +ndW (),

* specific nonlinear coupling of slow and fast mode
* easy to understand if fast mode is noisy

* found in two- and infinite dimensional (spatial) systems

question: does it occur in delayed systems as well ?
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additive noise affects neural breathers

-

0
T&V

(x,t) = —V(x,1) + /

QJ@Kﬂx—YDH[V<y¢—LX_yW]+J&¢)

C

K(T) — 0.1766_r/3 — 0.04567“/7 (local excitation, lateral inhibition)
I(x,t) = (I + &(x, t))e > /%

(€(x, 1)) = 0, (£(x, )E(y, 7)) = 2670(x — y)o(t — 7)
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simple neural delayed system:

dU(t)
5 = —aU(t) + KoS[U(t — 7o) + Eo +£(1).

S(V)=58y/(1+exp(—c(V — Vinr)))
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Hutt et al., Europhys. Lett. (2012)
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stationary state: 2o =0, :1:'1;2 = ::\/5/77(;: +1)3

d
dz(tt) =—z(t)+x(t—7)+ F(z,¢e,t), d—E 0
F(z,e,t) =ex(t —7) —n(1+¢)°e*(t — 7) + ~E(?)
characteristic equation: A= —1+4exp(—A7) (only critical value A=0)

new variable: z;(0) = (z(t+6),e)T | 2.(0) = (u(t),e)T + s,(0).

projection on stable and unstable eigenvector:
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centre manifold ansatz:

result:

du(t)
dt

St(O) = hdet(u, €, 9) —+ ht(g, t)

t+6
hy(0,t) = R/o Hy(t+6—s)dW(s)

1"‘7/0 Hy(t— s)dW(s)

K 0 t+s
_ H _
e /_T : o(t+s—r)dW(r)ds

K 3
() + AoZ(t) + BoZ* (1)
+(Ay + B Z(t) + )u + (A3 + BsZ2(t))u®
—|—A5u5 + A7u7 + Agu, noise-induced shift (13)

Z(t)=hi(-1,0)

Hutt et al., Europhys. Lett. (2012)
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effect of propofol on EEG

A Baseline Level 1 Level 2 Level 3 Level 4 Level 5
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Ching et al. (2010)
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