A DYNAMICAL MODEL OF A COGNITIVE FUNCTION: ACTION SELECTION
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What is C-BG-TH-C loop?

* Basal Ganglia once — only motor control

now — also cognitive processes
* Dysfunctions - Parkinson’s disease - Schizopherenia

- Huntington’s disease - Tourette’s syndrome

Who has dealt with these?

* Alexander’90 proposed five basal ganglia-thalamocortical loops.

* Mathematical models are proposed by Taylor’00, Gurney’01,

Suri’01.
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Figure 1: C-BG-TH-C loop
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How did we model it?

rk+D] [0 0 0 0 0Tr] [0 0 0 0 1T g(r(k)
nk+1) | (0000 0fnk| |0 0 0 0 1| f(nk)
d(k+1)|=[0 0 0 0 0fdK)|+-a b 0 0 0] f(d(k)
mk+)| |0 0 0 2 0fmk)| [0 0 -1 0 1| f(m(k)
pk+D] [0 0 0 0 Afpk)| [0 0 0 1 of f(ptk)

S0 x(k+1)=TIx(K) + AF(x(K))
g(x) = f(x-9)
What is the ability of this model?

« It gives bounded solutions for . < 1
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* In the saturation region of F(x), X, is a contraction mapping
and has fixed points there: I+ <1 a;max(ud' ()] |da ) ]
et

dx dx
* As observed from simulation results the system ends up at two
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—  passive point
— active point
* For different values of a and b the qualitative behaviour of X;

PYLH34.24087 (1)

b>0.65-a+0.9 ®) S
— ends up in passive point
0.34-a+0.87<b<065-a+09  (3)

—  ends up in active point

—  cither in
passive or in active point according to initial conditions

How can we interpret these?

* From the five component(r,n,d,m,p) only the last one is
considered, as it models the behaviour of cortex.

* active point — loop is activated — action is selected

* passive point — loop is inhibited — action is not selected
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To find out how “action selection” function ¥
arises in our brain, so we modelled cortex-

basal ganglia-thalamus (C-BG-TH-C) loop.
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How to select one action among two?
By binding two loops. ..
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EEED o o 1
[ S el i i X (k+] 0 I'|x T A|F(X(K
Qe Ql OOt L’:[”C’i“‘ o (k+D), oK) (%K)
OO0
P91 5 e =T (A F0, ()
TR
BG i The clements of  I1€ R¥® are zero,
L except the one on the third row second
INHIBITORY CONNECTIONS |+ column which is denoted by c.
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Figure 3: Connected C- BG-TH-C loops

...without changing qualitative behaviour:

- solution is bounded. - contraction regions occur.

What about the fixed points?

Maximum number of fixed points increased from 2 to 4.

How can we interpret?

x*1 :
2
*3:
4

loops are passive
first loop is active
second loop is active

loops are active
The region D vanished. Why?

To understand why, consider the solutions of X, with
x,(0)=x,(0). As I'yand A} is symmetric, x,(k)=x,(k) < k,
and these solutions are in the subspace x,=x, which lays in
the regions A and D. These are also the solutions of:

g [aksD) T 0fix()) [A+TT 0l F(x(K)
2 xk+D] [0 Tx®] [ 0 A+IT||F(x(K)
X', consists of two subsytems as:

x(k +1) =Ix(k) + A,F (x(k)), A, =A+T1

Using Ineq. (1), (2), and (3) and substituting b+c for b:
b+c<0.34-a+0.87 (4 — A vanishes.
b+c>0.65-a+0.9 (5)

0.34-a+0.87<b+c<0.65-a+0.9 (6)

— D vanishes.(Fig. 5)
— Both exist.(Fig. 4)

How to select £ actions among n?

By constructing a soft discreminator binding n loops...

%k+D] [T 0 0 - O)[x®] [A T I - IT][F(xK)
: or T oA :

5 x(k+1) |0 0| x|+ .| Fo )
: : O R TN 1 |

x(k+)| [0 - 0 0 Tlx®]| M 1 m A|Fx®K)

...without changing qualitative behaviour:

-solution is bounded. - contraction regions occur.

weights a, b between BG substructures can be also used to establish this effect.

Neural substrates are considered as simple cells and when necessary the
number of cells are increased. As the number of cells are increased, more than
one parallel C-BG-TH-C loops arised each corresponding to a different action.

What about the fixed points?

Maximum number of fixed points increase from 2 to 2.

What are the conditions to select £ actions?

Restricting the system to the subspaces X, =X, =S

Fay ™ Xap>

Xy = Xagy, oo =x, = 0 we obtain the system below:
xk+)] [T 0 .. OTx®] [A+¢-DTT 0 .. 0 J[FK)
X,(K+1) _ 0T . %k N 0 A+((=D11 . F((K)

H Do B K 0 H
xk+D)| [0 ... 0 T|x® 0 0 A+(C-D)-T1| F(x ()

It consists of { disconnected subsystems as:
x(k +1) =I'x(k)+ A, F(x(k)) , A, =A+(0-1)-11

Using Ineq. (1) and (3) again by substituting b+({-1)c for b:
b+(¢/-1)-c<0.65-a+0.9 (7)

Ineq. (7) should be satisfied for selecting € actions.

An example...

Consider X, for a=1.5, b=1, ¢=0.35. Ineq. (7) is satisfied
for € is equal to one, two, and three but not four. So the
system can select up to three actions.
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Figure 6
PLO=01, 20)=2, p3O=03, PHO=15,p5O=1.8

Figure 7
PLO=0.1,p20=4, PO=43, pHO=4.5, p50)=48
What is dopamine?

* One of the neurotransmitters in BG

* Dopamine { —  parkinson

* Dopamine T - schizopherenia

Some comments on modelling the effect of

dopamine...

* 0 models dopamine discharge

* O affects action selection
Q=03 -
Q=02 -

3

good discriminator

poor discriminator

* A cognitive process which is attributed to a neural circuit, namely, C-BG-TH-C loop can be generated by a mathematical model.

* The effect of dopamine, a neurotransmitter, can be evoked by a parameter 0 and it has been observed that the interconnection

* We get the idea that the dopamine may be effective when we got stuck between more than one ch@iges:pomains of attraction for different values of 0



