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1 Code organisation

In the submission folder you will find the matlab script for ex 3.3.

3.1 Dynamic Equations

v(t) =

∫ t

−∞
h(t− τ)σ(τ)dτ =

∫ t

−∞
HK(t− τ)e−K(t−τ)σ(τ)dτ = HKe−Kt

∫ t

−∞
(t− τ)eKtσ(τ)dτ =

= HKe−Kt[t

∫ t

−∞
eKtσ(τ)dτ −

∫ t

−∞
τeKtσ(τ)dτ ]

v̇(t) = HK(−K)e−Kt[t

∫ t

−∞
eKtσ(τ)dτ−

∫ t

−∞
τeKtσ(τ)dτ ]+HKe−Kt[

∫ t

−∞
eKtσ(τ)dτ+teKtσ(τ)−teKtσ(τ)] =

= −Kv(t) +HKe−Kt

∫ t

−∞
eKtσ(τ)dτ

v̈(t) = −Kv̇(t)−HK2e−Kt

∫ t

−∞
eKtσ(τ)dτ +HKe−KteKtσ(τ)

Therefore:

v̈(t) = −Kv̇(t)−Kv̇(t)−K2v(t) +HKσ(τ)

Which implies:

v̈(t) = HKσ(τ)− 2Kv̇(t)−K2v(t)
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3.2 Coupled harmonic oscillator
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3.3 Inference on network structure / parameter estimation

a

The following MATLAB code integrates the equation (11) over the interval 0 ≤ t ≤ 0.2s:

kappa1 = 80;

kappa2 = 50;

f1 = 50;

f2 = 50;

a_f = 3000;

a_b = 1000;

iParam = 1;

mu = 0.05;

sigma = 0.01;

A = [0 1 0 0; -kappa1 ^2 -f1 a_f 0; 0 0 0 1; a_b 0 -kappa2 ^2 -f2];

C = [0; 0; 0; iParam ];

dt = 0.001;

t = 0:dt :0.2;

u = normpdf(t,mu ,sigma);

x = zeros(4,length(t));

for i=2: length(t)

x(:,i) = x(:,i-1) + dt*(A*x(:,i-1)+C*u(i-1));

end

load('C:\Users\linus\Repos\translationalNeuromodeling\Exercise3\
tn2023_ex3.mat');

plot(t,x);

legend('x1', 'x2', 'x3', 'x4');
xlabel('time [s]');
print(fullfile('C:\ Users\linus\Repos\translationalNeuromodeling\

Exercise3\Ex3_3a '),'-depsc');

%check if x and x_condition are equal:

norm(reshape(x-x_condition_1 ,1,[]))<eps % --> true
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Figure 1: state time trajectory x(t)
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b

The following MATLAB code performs a grid search for the four parameters:

kappa1_grid = 0:0.1:200;

kappa2_grid = 0:0.1:200;

a_f_grid = -1000:1:5000;

a_b_grid = -1000:1:5000;

varParams = [" kappa1", "kappa2", "a_f", "a_b"];

for iParam =1:4 % loop throup parameters

for g=1: length(kappa1_grid)

% set param

switch iParam

case 1

kappa1 = kappa1_grid(g);

case 2

kappa2 = kappa2_grid(g);

case 3

a_f = a_f_grid(g);

case 4

a_b = a_b_grid(g);

end

A = [0 1 0 0; -kappa1 ^2 -f1 a_f 0; 0 0 0 1; a_b 0 -kappa2 ^2 -f2

];

% integrate diff. eq.

x = zeros(4,length(t));

for i=2: length(t)

x(:,i) = x(:,i-1) + dt*(A*x(:,i-1)+C*u(i-1));

end

vE(g) = 1 - var(x_condition_2 (:)-x(:))/var(x_condition_2 (:));

end

[vE_maxParam(iParam), index_maxParam(iParam)] = max(vE);

% reset parameter values

switch iParam

case 1

kappa1 =80;

case 2

kappa2 =50;

case 3

a_f = 3000;

case 4

a_b = 1000;

end

end

[vE_max , iminParam] = max(vE_maxParam);

fprintf ("The model with a varied %s parameter explains the data best (%f

%% explained variance)\n", varParams(iminParam), vE_max *100);
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fprintf ("the index in the param grid is: %i\n",index_maxParam(iminParam)

);

fprintf ("the optimal kappa1=%f\n",kappa1_grid(index_maxParam(iminParam))

);

The model with a different κ1 explains the data best. The optimal value is κ1 = 100 (100% explained
variance)

c

L =

[
1 0 0 0
0 0 1 0

]
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