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El cervell
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El cervell en diferents escales

Molecular

Cel-lular

Circuits

Regions
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Eines matematiques en Neurociencia

Data analysis, statistics, Graph theory, topology
information theory '

CV = —ha—=I—h+hpp
= —guam*h(V — Vxa) —gkn*(V = Vi) — g (V = Vi) + lapp
o= (meo(V) = m)/Tm(V)
b= (hao(V) = h)/h(V)

(ne(V) = n)/7a(V)

Continuous models: differential equations,
dynamical systems, stochastic processes




La neurona
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Model de Hodgkin-Huxley (1952)

1. Physiol. (95) 17, S00-544 : i h (\r' \/”“) 'g
-au (V-V) + T
‘dm

A QUANTITATIVE DESCRIPTION OF MEMBRANE
CURRENT AND ITS APPLICATION TO CONDUCTION
AND EXCITATION IN NERVE

By A. L EODGEIN wx A F. EUXLEY
From the Physiological Laboratory, Unicersity of Cambridge
(Received 10 Marc 1952)
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Model de Hodgkin-Huxley (1952)

1. Physiol. (1952) 137, 500-544 G ’ g h (\r' \/”“) 'g‘*n (\/—\L

A QUANTITATIVE DESCRIPTION OF MEMBRANE - gl. v- \/'-) +I
CURRENT AND ITS APPLICATION TO CONDUCTION
AND EXCITATION IN NERVE
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By 4 L EODGELN axp A F. EUXLEY df;»é: dﬁ(v)(l I'“) P/'*(V)I"‘
From the Physiological Laboratory, Unicersity of Cambridge
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Model Integrate-and-fire

CV = —8L (V - EL) + Iappy

si V(t) > Vi, aleshores V — V.
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e Integrate-and-fire (forma adimensional):

/

v = —v+ 1, siv(t) =1, aleshores v(t") =0
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e Integrate-and-fire (forma adimensional):

/

v = —v+ 1, siv(t) =1, aleshores v(t") =0

e Solucié: v(t) =1+ (vp—1)e™t, amb v(0) = v.
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e Integrate-and-fire (forma adimensional):

/

v = —v+ 1, siv(t) =1, aleshores v(t") =0

e Solucié: v(t) =1+ (v—1)ef, amb v(0) = .
| = 05, Vo — 0
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e Integrate-and-fire (forma adimensional):

/

v = —v+ 1, siv(t) =1, aleshores v(t") =0

e Solucié: v(t) =1+ (vp—1)e™t, amb v(0) = v.
/:0.5, VOZO V0:0.9




e Integrate-and-fire (forma adimensional):

/

v = —v+ 1, siv(t) =1, aleshores v(t") =0

e Solucié: v(t) =1+ (v—1)ef, amb v(0) = .
| = 05, Vo = 0 Vo = 0.9 Vo = 0.5.




e Integrate-and-fire (forma adimensional):
v = —v+ 1 siv(t) =1, aleshores v(t") =0

e Solucié: v(t) =1+ (vo—1)e”t, amb v(0) = .

| = 05, Vo = 0 Vo = 0.9 Vo = 0.5.
v =/ = 0.5 és un punt d'equilibri estable
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e Considerem | =2, vy = 0.
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e Considerem | =2, vy = 0.
e Afegim la reinicialitzacié

0
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e Considerem | =2, vy = 0.
e Afegim la reinicialitzacié

e Canvi qualitatiu en les solucions (punt equilibri
estable — solucié periodica estable).
Bifurcacié.
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e Considerem | =2, vy = 0.
e Afegim la reinicialitzacié

e Canvi qualitatiu en les solucions (punt equilibri
estable — solucié periodica estable).
Bifurcacié.
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Senyal d’entrada depenent del temps
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Circuits Neuronals
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Dibuix de S. Ramon y Cajal
Sinapsis Neuronals: Excitadores i Inhibidores
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Simulacions
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Simulacions
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Dibuix de trama (raster plot) i
Frequiencia de Descarrega
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Simulacions de D. Reyner basades en Montbrié et al 2015.
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Dibuix de trama (raster plot) i
Frequiencia de Descarrega
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Codi Neuronal
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Codi Neuronal
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Codi Neuronal




Codi Neuronal
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Codi Neuronal
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Codi Neuronal
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Codi Neuronal
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Experiments area MT del cortex visual




Codi Neuronal
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Codi Neuronal
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Codi Neuronal




Codi Neuronal

! &(p) JORNADA SCM * Matematiques per a un mgnmillor  #idm314cat #MatematiquesMonMillor



Codi Neuronal
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Codi Neuronal




Motion coherence and MT neurons

Motion stimulus

no coherence 50% coherence 100% coherence
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Decisions perceptuals

Targets

Fixation
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Decisions perceptuals

Targets

Fixation
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Decisions perceptuals
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Decisions perceptuals

Targets

Fixation
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El model

Spiking neuronal network model

- Background
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Wang 2002, Wong and Wang, 2002
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El model

Spiking neuronal network model
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Wang 2002, Wong and Wang, 2002
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El model

Spiking neuronal network model
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Figures ambigiies
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Que passa al nostre cervell?
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"Now | see stimulus A" "Now | see stimulus B"
(excilatory) (nat excitatory)
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El model

e a1




Per que un model del cervell?

e Per a reproduir-lo — nous algoritmes

e Per a curar-lo — noves terapies

e Per a comprendre’'l millor — nou coneixement
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ENTREVISTA

Fernando Giraldez: “La comprensio profunda del
cervell vindra de les matematiques”

Entrevista al catedratic de la Universitat Pompeu Fabra

Toni Pou




Moltes gracies per la
vostra atencio
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