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Neuralis valaszok

Simple Cell
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Neuralis valaszok

V1 characteristic response
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500 ms
Hubel & Wiesel, J Physiol 1968
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V1 characteristic response

g -—

500 ms

Hubel & Wiesel, J Physiol 1968
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V1 spike train variability

50 100 150

Gur & Snodderly, Cereb Cortex 2006
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Neuralis valaszok

S ~T
Encoding:
Plrls
Decoding:
ecoding Plr|s|Ps
Plslr] = =57

For binary discrimination:

P[Sl |7”] _ P[T ‘él[L]f) [31] _
Plr|si| P|s1]

Pr|si|Plsi]|+ P|r|ss| P|so]
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Linearis dekodolas

For binary discrimination:

Pls;|r] = Plr ‘él[L]P 51 _
Plr|si| Psi]

Pr|si| Plsi]|+ Plr|ss| P|so]
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Linearis dekodolas

For binary discrimination:
Pr|si] P |si]
Pl |r] = g =
Pr|si] P |si]
Plr{si] Psi] + P[r|sa| P [so]
1

1+ exp(—a)

= o(a)
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Linearis dekodolas

For binary discrimination:

Plr|si| Psi]

P [81 |7“] — 2 [r] —
Plr|si] P|s1]
Plr|si] Psi]| + Plr|sz] P|s2]
1
~ 1+exp(—a) 7(e)

a = In il T 81 P 51
Pr|sa| Plsa
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Linearis dekodolas

For binary discrimination:

Plr|si| Psi]

P [81 |7“] — 2 [r] —
Plr|si] P|s1]
Plr|si] Psi]| + Plr|sz] P|s2]
1
~ 1+exp(—a) 7(e)

a = In P T 81 P 51
Pr|sa| Plsa

In the case of Gaussian noise on responses:

Plr|s1] =N(r;u, %)
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Linearis dekodolas

For binary discrimination:

Plr|si| Psi]

P [81 |7“] — 2 [r] —
Plr|si] P|s1]
Plr|si] Psi]| + Plr|sz] P|s2]
1
~ 1+exp(—a) 7(e)

a = In P T 81 P 51
Pr|sa| Plsa

In the case of Gaussian noise on responses:

Plr|s1] =N(r;u, %)
wo=%"" (11— p2)

Discrimination is linear:

Plsi|r] = o(w'r + wo)
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Neuralis zaj
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Response (impulses / trial)

Tolhurst et al (1983) Vision Res

Poisson process: In any given time window A the probability of firing is
determined by the firing rate
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Neuralis zaj

100

2

Variance{ impulses / trial)
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Response (impulses / trial)

Tolhurst et al (1983) Vision Res

Poisson process: In any given time window A the probability of firing is
determined by the firing rate

N €Xp(—A)
k!

P|N|s] =\
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Tolhurst et al (1983) Vision Res

Poisson process: In any given time window A the probability of firing is
determined by the firing rate

N exp(—A) mean|P [N | s|| = A
d Var[P [N | s]] = A

P|N|s] =\
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Neuralis zaj
%’90/

°© AN
-
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Variance{ impulses / trial)
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-
b

Response (impulses / trial)

Tolhurst et al (1983) Vision Res

Poisson process: In any given time window A the probability of firing is
determined by the firing rate

P [N ‘ S] _ )\N eXP(_)\) mean[P [N | SH — )\
& Var[P [N | s]] = A

Homework: prove that we will obtain a linear decoder if the response noise is Poisson
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Bayes inferencia neuronhalozatokkal: PPC

V| orientacio-szelektiv neuronok
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Bayes inferencia neuronhalozatokkal: PPC

V| orientacio-szelektiv neuronok

>

Mmean
response

orientation
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Bayes inferencia neuronhalozatokkal: PPC

V| orientacio-szelektiv neuronok

NN

orientation

>

Mmean
response
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Bayes inferencia neuronhalozatokkal: PPC

V| orientacio-szelektiv neuronok

A
c & ( a neuronok azonban zajosak:
(4] o) ’ oo .e 7
£ 2 \ az ,atlag koryl az zlltlaggal.
S - 4 aranyos variabilitas van jelen
>

orientation
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Bayes inferencia neuronhalozatokkal: PPC

V| orientacio-szelektiv neuronok

A
c & ( a neuronok azonban zajosak:
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Bayes inferencia neuronhalozatokkal: PPC

V| orientacio-szelektiv neuronok

A
c & ( a neuronok azonban zajosak:
(4] o) ’ oo .e 7
£ 2 \ az ,atlag kor.ul az zlltlaggal.
S - 4 aranyos variabilitas van jelen
>

orientation

cel: orientacio becslese

megfigyelt valtozok: r={r1,72,...7n}
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V| orientacio-szelektiv neuronok

A
c & ( a neuronok azonban zajosak:
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megfigyelt valtozok: r={r1,72,...7n}

nem megfigyelt valtozo: S
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Bayes inferencia neuronhalozatokkal: PPC

V| orientacio-szelektiv neuronok

( a neuronok azonban zajosak:
\ az atlag korul az atlaggal
_ "4 aranyos variabilitas van jelen
>

orientation

>

Mmean
response

cel: orientacio becslese
megfigyelt valtozok: r={r1,72,...7n}

nem megfigyelt valtozo: S

Bayes: P(s|r) oc P(r|s) P(s)
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Probabilistic Population Codes

Statisztikus tanulas az idegrendszerben http://golab.wigner.mta.hu


http://people.brandeis.edu/~ogergo

Probabilistic Population Codes

e Neuralis zaj varianciaja aranyos az atlagos aktivitassal:
Poisson zaj
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Probabilistic Population Codes

e Neuralis zaj varianciaja aranyos az atlagos aktivitassal:
Poisson zaj

e Likelihood alakja:
e_fi(s)fi S Ty
P(r|s) = H (5)

?”7;!

1
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Probabilistic Population Codes

e Neuralis zaj varianciaja aranyos az atlagos aktivitassal:
Poisson zaj

e Likelihood alakja:
e_fi(s)fi S Ty
P(r|s) = H (5)

7“7;!
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Preferred stimulus
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Probabilistic Population Codes

e Neuralis zaj varianciaja aranyos az atlagos aktivitassal:
Poisson zaj

e Likelihood alakja:
e_fi(s)fi S Ty
P(r|s) = H (5)
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Probabilistic Population Codes

e Neuralis zaj varianciaja aranyos az atlagos aktivitassal:
Poisson zaj

e Likelihood alakja:
e_fi(s)fi S Ty
P(r|s) = H (5)
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1
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ha a stimulus-eloszlas Gauss,
akkor az aktivitas-intenzitas aranyos a precizioval
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Probabilistic Population Codes

e Neuralis zaj varianciaja aranyos az atlagos aktivitassal:
Poisson zaj

e Likelihood alakja:
e_fi(s)fi S Ty
P(r|s) = H (5)

_ 7“7;!
1
ad 25
ol . 0.04 |
> oA, ¢ Inferencia =
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o) @
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ha a stimulus-eloszlas Gauss,
akkor az aktivitas-intenzitas aranyos a precizioval
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PPC: Multiszenzoros integracio
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PPC: Multiszenzoros integracio

25
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5| 20 _
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PPC: Multiszenzoros integracio

25
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PPC: Multiszenzoros integracio
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Receptiv mezok

Stimulus is not orientation or any other simple stimulus feature
rather a 2D image (sequence)

Dayan & Abbott (2000) Theoretical
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Stimulus is not orientation or any other simple stimulus feature
rather a 2D image (sequence)

Dayan & Abbott (2000) Theoretical

P r|s] = N (s;filter, opl)
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Receptiv mezok

Stimulus is not orientation or any other simple stimulus feature
rather a 2D image (sequence)
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Dayan & Abbott (2000) Theoretical

P r|s] = N (s;filter, opl)
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0

stochastic sampling
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membrane potential, #1
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P(a; |image, c)

probability
>

> !
intensity of feature #1
activity of neuron #1
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stochastic sampling

4.

2.

o

membrane potential, #1 P(a; |image, c)

probability
>

frequency of
occurrence

A
-
intensity of feature #1
activity of neuron #1
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stochastic sampling
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stochastic sampling
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stochastic sampling

P(as,as |image,) [

A
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©
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. 2 5
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©
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= % > 4 frequency of
membrane potential, #1 occurrence
A

probability

frequency of
occurrence

- 1
intensity of feature #1
activity of neuron #1
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stochastic sampling
P(a1,as |image, c) "

A

neuron #2

feature #2

>

o 2 4 frequency of
membrane potential, #1 occurrence

v .

- [

intensity of feature #1

~Nn~tinsitns Af o AArivrAn A1

0

probability
>

frequency of
occurrence

changes in inferences need to be reflected in the response statistics

Statisztikus tanulas az idegrendszerben http://golab.wigner.mta.hu 11


http://people.brandeis.edu/~ogergo

prior expectations

psterior
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prior expectations
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prior expectations
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prior expectations
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Full response statistics
prior expectations Inferences

psterior

spontaneous activity evoked activity
P(a) P(a|x)
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Full response statistics
prior expectations Inferences

psterior

spontaneous activity evoked activity
P(a) P(a|x)
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prior expectations

Full response statistics

V

P(a) =

spontaneous activity
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evoked activity
P(a|x)
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Full response statistics
prior expectations Inferences

[ expectations ) (/'nference)

P(a) = /daf;P(a\X) P(x) a2 I

spontaneous activity evoked activity
P(a) P(a|x)
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prior expectations

spontaneous activity
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Full response statistics

stimulus
statistics

[ expectations ) (/'nference)

P(a) = /daf;P(a\X) P(x)

L,

P(a)
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Full response statistics
prior expectations average Inferences

"

stimulus
statistics
[ expectations ) (/'nference)

P(\a{) = / dx P(y x) P(x)  as ” @pp|
T

spontaneous activity evoked activity
P(a) P(a|x)

L,
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Full response statistics
prior expectations average Inferences

"

stimulus
statistics
[ expectations ) (/'nference)

P(\a{) = / dx P(y x) P(x)  as ” @pp|
T

?
spontaneous activity = average evoked activity
P(a) P(a|x)

L,

Statisztikus tanulas az idegrendszerben http://golab.wigner.mta.hu 12


http://people.brandeis.edu/~ogergo

Full response statistics
average Inferences

prior expectations

o8/, ! }

stimulus
statistics

V

[ expectations ) (/nference)
\/

m@:/mm

v

a|x) P(x)

?

(P(a] X)>P(x)

prior
a9 @ ppsterior
é
al

spontaneous activity = average evoked activity

P(a)
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Full response statistics
prior expectations average Inferences

o8/, ! b

[ expectations ) (/nference)

VT |—‘
P(a) = / dr P(a|x) P(l)_ - I @ pfsterior
T

——  Dissimilarity: KL[P(a) ||(P(a]x))p |

?
spontaneous activity = average evoked activity
P(a) P(a|x)
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Full response statistics
prior expectations average Inferences

stimulus (4 )
statistics

[ expectations ) (/'nference)

VT |—‘
P(a) = /d;v P(a|x) P(l)_ - I @ pfsterior

——  Dissimilarity:  KL[P(a) |[(P(a]x)) ] —_—
al al
?
spontaneous activity = average evoked activity

P(a) P(a|x)
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Full response statistics

P(a) = /daﬁP(a\X) P(x)

?
spontaneous activity = average evoked activity
P(a) P(a|x)
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Full response statistics

E—— =
[
1
(

% the model has been adapted to the
| appropriate model of the world ‘

* the stimulus statistics tested Is
appropriate

'~

spontaneous activity = average evoked activity
P(a) P(a|x)
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ldegsejtek és informacioelmélet
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ldegsejtek és informacioelmélet
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e az idegrendszer ismeri a vilag szerkezetet,
e akkor

e az elvarasai nem kulonboznek attol,

e amit altalaban érzékel
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