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Emergence of collective phenomena (synchronization)

https://www.youtube.com/watch?v=tRPuvVAVXk2M


https://www.youtube.com/watch?v=tRPuVAVXk2M
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Cells that fire together...
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Nonlinear + Complex + Nonlinear
activity dynamics network adaptation (plasticity)

dz; l dW,;
dtl = F(z;) +G(Ii,2;y:1Wijxj) dtw = H(l‘i,xj,Wi.)



Complete dynamics
NN+1)>1

2 = F(x;) + G(z, Zév:lWiﬂj)

Wij = H(aﬁi,x]‘,Wi‘)
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Complete dynamics

N(N+1)>1

2 = F(x;) + G(z, Z;‘vzlwijxj)

Wij = H(aﬁi,x]‘,Wi‘)
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Reduced dynamics
n(n+1) < N(N +1)
)fu ~ 7
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Why dimension reduction?

Dimension reduction allows to ...

O find insightful observables X,,, V.., (e.g., synchro, global activity, ...);
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Contribution

Complete dynamics
N(N+1)>1

g = F(x;) + G, Y Wija;)

Wiy = H(as, 2, 175
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Contribution

( Complete dynamics )
NN+1)>1

2, = F(x;) + G(ay, Z;y:1Wijxj)

i

Reduced dynamics
n(n+1) < N(N +1)

Xy~ F(2,) + G, I Wi Xy)
\WW ~H(X,, X, W)
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We found n + n? linear observables (functions, measures,...)

N
X, = E M ;x;,
i=1

N
W = Z MuiWijMﬁn

i,j=1



We found n + n? linear observables (functions, measures,...

N

X,u, = Z M,ui:Eh
=1

N
W = Y MuWi;Mj,

Juo
i,j=1

that both depend on only one n x N matrix M.

M is a reduction matrix to be determined.




Hypothesis

Important neurons contribute strongly to the global activity
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Hypothesis

Important neurons contribute strongly to the global activity

Example: () Important paper VT Hub centrality
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Singular value decomposition (SVD)

Hub centrality

U = vT

Authority centrality

Orthogonal N x N matrix Diagonal N x N matrix =~ Orthogonal N x N matrix



Singular value decomposition (S5VD)

I ;
W = U by vT ~ nxn nxN

Optimal low-rank approximation !
(Eckart-Young theorem)

Orthogonal N x N matrix Diagonal N x N matrix ~Orthogonal N x N matrix N xn
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Singular value decomposition (S5VD)

I ;

W= U 5 VT ~ nxn nx N
Optimal low-rank approximation !
(Eckart-Young theorem)
Orthogonal N x N matrix Diagonal N x N matrix ~Orthogonal N x N matrix N xn

Reduction matrix

pr = [

nx N



Singular value decomposition (SVD)

B Hub centrality i ~ Hub centrality
2 : 5
= £
g g
W= %* U ) VT ~ = nxn nx N
i B
<]
= é Optimal low-rank approximation !
2 é’ (Eckart-Young theorem)
N xn

Orthogonal N x N matrix Diagonal N x N matrix =~ Orthogonal N x N matrix

Reduction matrix Linear observables

M= Hub centrality - X = MX
N W=MWMT

nx N



Singular value decomposition (SVD)

z Hub centrality = - Hub centralit
g 2 s ’
E E
g g

W = ? U M VT =~ = nxn nxN
i B
:% é Optimal low-rank approximation !
j:’ é’ (Eckart-Young theorem)

Orthogonal N x N matrix Diagonal N x N matrix ~Orthogonal N x N matrix N xn
Reduction matrix Linear observables Reduced dynamics
_ > n
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Reduced dynamics : X, = F(X,) +G(X, Y0 WuX,)

Wi = H(X,, X, W)

1. Get equilibrium points for all u, v : X, W},
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Reduced dynamics : X, = F(X,) +G(X, Y0 WuX,)

Wi = H(X,, X, W)

1. Get equilibrium points for all 1, v : X Wi
2. Combine these equilibrium points to get the global activities and weights :
X* = X + ot an X
W* = by Wiy + biaWis + ... + bW,

3. Plot resilience curves X* vs. W*.



Activity dynamics on a real network without plasticity
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Activity dynamics on a real network without plasticity
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Activity dynamics on an Erdés-Rényi network with plasticity

Complete dynamics : 10200 ODEs
Reduced dynamics : 3 ODEs
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Activity dynamics on an Erdés-Rényi network with plasticity
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Activity dynamics on an Erdés-Rényi network with plasticity
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Activity dynamics on an Erdés-Rényi network with plasticity

Complete dynamics : 10200 ODEs
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Activity dynamics on an Erdés-Rényi network with plasticity

Complete dynamics : 10200 ODEs
Reduced dynamics : 3 ODEs
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Next steps

O Treat plasticity + real networks;
O Consider inhibitors (W;; < 0);
O Use nonlinear observables;

O Get more profound insights on resilience.

Take home messages

O Reduced dynamics are valuable to disentangle dynamics with plasticity ;

O SVD is a powerful and interpretable tool for dimension reduction of dynamics.
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https://dynamicalab.github.io/

Wilson-Cowan dynamics

In this model, F is linear and G is a sigmoid function :

Tod; = —a; + 1/ (14 @) with gy =XV Wyay

O z; : Firing rate of neuron or brain region ¢
O 7, : Time scale of the firing rate
O a: Steepness of the activation function

O b : Firing rate threshold

(1)



Frame Title

The Wilson-Cowan model is described by the set of differential equations
i = —am; + G Wija;), i€{l,..,N},

where G is the sigmoid function. By defining = = (z1 ... xy)', we have the
equivalent form
& =—ax+ G(Wz). (2)

The reduced dynamics for X = Mz is
X =—aX + MG(LX), €)

where we have rank-factorized W as L M.



Wilson-Cowan dynamics with BCM plasticity

This model is more complex :

Te Ti = —;T; + Bz/(l + €_a(yi_b)), with y; = Zévzlwijxj + i (4)

Tw Wij = Dija:ia;j (ﬂj‘z - Oz) - EWij with Wij (0) = dijDij (5)
79 0; = 22 — 0. (6)

0; : modify the threshold above (below) which the synapse potentiates (depresses).
o, Bi, i : distinguish the dynamical behavior of each node i.

D = (Dyj) iZYj=1 : structural backbone, D;; > 0 if the presynaptic neuron j excites
the postsynaptic neuron 7, D;; < 0 if the presynaptic neuron j inhibits the
postsynaptic neuron ¢, and D;; = 0 if no edge exist between neurons i and j.



Reduced dynamics

The reduced dynamics is described by the differential equations

Xu ~ F(Xy o) + G( Xy, Vs By)  with Yy, = ZZ:qupo + Y
Wi = Dy H(X,, X, 0,,) — Wi J (X, X))

O, ~T(X,,0,)
where

O fu = ZZ Muzﬁz with £ € {a,ﬂ,v}
O Dy = zf\,[jleuiDiijTu
O Wuw(0) =D, forall p,v e {1,...,n}

(7)
(8)
)



