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Hierarchikus grafikus modellek

e Nehéz a nemlinearis optimalizalas hierarchikus
rendszerekben:

e Amennyiben eros fliggeseket tételezek fel, akkor lokalis
minimumokban ragad meg a tanulas

e Amennyiben gyenge fliggéseket tételezek fel, akkor a
gradiensek a retegek kozott egészen elenyeszove valnak es
a halozat szamara nincsen “szignal” ami alapjan tanulni
tudna
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Deep Belief Networks
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Deep Belief Networks - pretraining

Energia fuggveny:
E(v,h)== > by, = Y bl

i Epixels j & features

— Z vl-hjw,-j
;o DLl ,
Aktivacios fuggveny:
P(h] |V) = SlngId(bj -+ Z viwij)
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Deep Belief Networks - pretraining

Energia fuggveny:
E(v,h)== > by, = Y bl

i Epixels j & features

— Z vl-hjw,-j
;o DLl ,
Aktivacios fuggveny:
P(h] |V) = SlngId(b] -+ Z viwij)

Kontrasztiv divergencia:
AW;’]’ — 8(<Vihj>data - <Vihj>recon)
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Deep Belief Networks - pretraining

Energia fuggveny:
E(V, h) - Z bl'Vl' — Z bjhj
i Epixels j & features

— Z vl-hjw,-j
;o DLl ,
Aktivacios fuggveny:
P(h] |V) = SlngId(bj -+ Z viwij)

Kontrasztiv divergencia:
AW;’]’ — 8(<Vihj>data - <Vihj>recon)

Konfabulacio:
P(’Ui ‘ h) = SlngId(bz + Z hjwz-j)
J

a kontrasztiv divergencia masodik tagjaban a latens
sulyokat is frissiteni kell a konfabulalt ‘v’-knek megfelelOen
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Deep Belief Networks - greedy learnin

* RétegrOl rétegre végzem a tanulast . e
. Ujabb réteg hozzaadasaval a tréning adat e i
likelihoodjanak alsé korlatja novekszik Tw, :
, r . . L1000 | gpu
(ha a latensek szamat nem csokkentjuk) "
* Folytonos adat esetén a legalso rétegben | —w—
Normal eloszlasu neuronokat lehet [ ——
hasznalni (egyseg variancia esetén
a latens frissitése megegyezik a o
binaris esettel) » 1
- RBM
Pretraining
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Deep Belief Networks - fine tuning
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Pretraining Unrolling Fine-tuning

e Az RBM elOtréningezés j6 kezdeti feltételeket ad tovabbi
tréningezeshez

e Sztenderd back propagation algoritmussal tréningezhetO innen
a halozat
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Deep Belief Networks - tanulas

e Szintetikus adat: ives gorbek

» Halozat: (28x28)-400-200-100-50-25-6

e Sorok: rekonstrukcio tanulas utan a
6 dimenzios DBN-nel; 6D szigmoid-PCA;
18D szigmoid-PCA, I8D sztenderd PCA
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Deep Belief Networks - tanulas

e Szintetikus adat: ives gorbek

» Halozat: (28x28)-400-200-100-50-25-6

e Sorok: rekonstrukcio tanulas utan a
6 dimenzios DBN-nel; 6D szigmoid-PCA;
18D szigmoid-PCA, I8D sztenderd PCA

* Természetes kepek: arcok
8 » Halozat: (25x25)-2000-1000-

| 500-30

¢ Sorok: rekonstrukcio tanulas
utan a 30D DBN-nel;
rekonstrukcio 30D PCA
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Bayes inferencia
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Bayes inferencia

szitudcié / kornyezet
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Bayes inferencia
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Bayes inferencia

Miert erdekes a poszterior eloszlas!?
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Bayes inferencia

Miert erdekes a poszterior eloszlas!?

[ stimulus ) [perception) [ action )
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Bayes inferencia

Miert erdekes a poszterior eloszlas!?

) )
[ stimulus ) {>( perception ) {>( action )
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Bayes inferencia

Miert erdekes a poszterior eloszlas!?

) )
[ stimulus ) {>( perception ) {>( action )

inference
P(z|x) xP(x|z)P (z)
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Bayes inferencia

Miert erdekes a poszterior eloszlas!?

) )
[ stimulus ) {>( perception ) {>( action )

inference

Plalx) o Px|2)P (2) decisior: making

R(a) = /dzU(z,a)P(z\X)
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Bayes inferencia neuronhal6zatokkal: PPC

V| orientacio-szelektiv neuronok
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Bayes inferencia neuronhal6zatokkal: PPC

V| orientacio-szelektiv neuronok

>

mean
response

orientation
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Bayes inferencia neuronhal6zatokkal: PPC

V| orientacio-szelektiv neuronok

J\

orientation

>

mean
response

Statisztikus tanulas az idegrendszerben http://golab.wigner.mta.hu 2013 tavasz 10


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

Bayes inferencia neuronhal6zatokkal: PPC

V| orientacio-szelektiv neuronok
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Bayes inferencia neuronhal6zatokkal: PPC

V| orientacio-szelektiv neuronok

A
c 9 ( a neuronok azonban zajosak:
(4v] ’ oo .o 7
28 \ az atlag korul az atlaggal
q) I 4 . of e 1 4 .
S - 4 aranyos variabilitas van jelen
>

orientation
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Bayes inferencia neuronhal6zatokkal: PPC

V| orientacio-szelektiv neuronok

A
c 9 ( a neuronok azonban zajosak:
(4v] ’ oo .o 7
28 \ az atlag korul az atlaggal
q) I 4 . of e 1 4 .
S - 4 aranyos variabilitas van jelen
>

orientation

cel: orientacio becslese
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Bayes inferencia neuronhal6zatokkal: PPC

V| orientacio-szelektiv neuronok

A
c 9 ( a neuronok azonban zajosak:
(4v] ’ oo .o 7
28 \ az atlag korul az atlaggal
q) I 4 . of e 1 4 .
S - 4 aranyos variabilitas van jelen
>

orientation

cel: orientacio becslese

megfigyelt valtozok: r={r1,r2,...7n}
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Bayes inferencia neuronhal6zatokkal: PPC

V| orientacio-szelektiv neuronok

A
c 9 ( a neuronok azonban zajosak:
(4v] ’ oo .o 7
28 \ az atlag korul az atlaggal
q) I 4 . of e 1 4 .
S - 4 aranyos variabilitas van jelen
>

orientation

cel: orientacio becslese
megfigyelt valtozok: r={r1,r2,...7n}

nem megfigyelt valtozo: S
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Bayes inferencia neuronhal6zatokkal: PPC

V| orientacio-szelektiv neuronok

A
c 9 ( a neuronok azonban zajosak:
(4v] ’ oo .o 7
28 \ az atlag korul az atlaggal
q) I 4 . of e 1 4 .
S - 4 aranyos variabilitas van jelen
>

orientation

cel: orientacio becslese
megfigyelt valtozok: r={r1,r2,...7n}

nem megfigyelt valtozo: S

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

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)
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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
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ha a stimulus-eloszlas Gauss,
akkor az aktivitas-intenzitas aranyos a precizioval
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e Neuralis zaj varianciaja aranyos az atlagos aktivitassal:
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PPC: Multiszenzoros integracio
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PPC: Multiszenzoros integracio
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PPC: Multiszenzoros integracio
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STATISTICALLY OPTIMAL INTERNAL MODELS?

prior knowledge
about the visual world

v

percept

t

visual stimulus

XV. Magyar Latas Szimpdzium, Szeged, 2009. december 18. http://www.eng.cam.ac.uk/~m.lengyel
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STATISTICALLY OPTIMAL INTERNAL MODELS?

prior knowledge
about the visual world
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visual stimulus
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STATISTICALLY OPTIMAL INTERNAL MODELS?

prior knowledge
about the visual world

P*(Y)‘ ‘ Py(y)

} Y y
/objects, features percept

P*(x]y) \ 1 Po(x|y)

visual stimulus

HOW DO WE KNOW IF AN INTERNAL MODEL IS OPTIMAL?

/ Po(ylx) P*(x) dx = Pyly)
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STATISTICALLY OPTIMAL INTERNAL MODELS?

prior knowledge
about the visual world

P*(Y)‘ ‘ Py(y)

G y y
i AR /objects, features percept

P*(x]y) \ 1 Po(x|y)

visual stimulus

HOW DO WE KNOW IF AN INTERNAL MODEL IS OPTIMAL?

“average inferences” “prior expectations”

/ Polylx) P*(x) dx = Py(y)
for natural stimulus ensemble
P(x) = [ P(y)P"(xly) dy
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APPLICATION TO VISUAL CORTEX

latent variables
(visual cortex)

y

parameters
(synaptic efficacies, etc)
. 0
observed variables
(retina)
X
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latent variables
(visual cortex)

Y parameters
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observed variables
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X
[ Palyl P ) dx = Pyy)
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evoked spontaneous
activity activity

XV. Magyar Latas Szimpdzium, Szeged, 2009. december 18. http://www.eng.cam.ac.uk/~m.lengyel


http://www.eng.cam.ac.uk/~m.lengyel
http://www.eng.cam.ac.uk/~m.lengyel

APPLICATION TO VISUAL CORTEX

latent variables
(visual cortex)

Y parameters
(synaptic efficacies, etc)
: 6
observed variables
(retina)
X
[ Palyl P dx = Pyy)
/ | N\
v N
evoked stimulus spontaneous
activity ensemble activity

XV. Magyar Latas Szimpdzium, Szeged, 2009. december 18. http://www.eng.cam.ac.uk/~m.lengyel


http://www.eng.cam.ac.uk/~m.lengyel
http://www.eng.cam.ac.uk/~m.lengyel
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evoked stimulus spontaneous
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APPLICATION TO VISUAL CORTEX

latent variables
(visual cortex)

Y parameters
(synaptic efficacies, etc)
observed variables g
(retina)
X
— KL divergence—
[ Palylo P ) dx 2 Pyly)
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v N
evoked stimulus spontaneous
activity ensemble activity
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RECORDINGS

awake behaving ferrets

aged P29 (eye opening) — P151 (mature visual system)
multi-unit recordings from layers 2/3 of V1
16 electrodes with 200 pm spacing
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conditions
e spontaneous
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3 3 natural image movies
m M(y) = / Py (y[x) Provie(%) dx

- dynamic block noise

s N = [ PoyIx) Proe () dx

XV. Magyar Latas Szimpdzium, Szeged, 2009. december 18. http://www.eng.cam.ac.uk/~m.lengyel

15


http://www.eng.cam.ac.uk/~m.lengyel
http://www.eng.cam.ac.uk/~m.lengyel

RECORDINGS

awake behaving ferrets

aged P29 (eye opening) — P151 (mature visual system)
multi-unit recordings from layers 2/3 of V1

16 electrodes with 200 pm spacing

conditions
e spontaneous

darkness
. S(y) = Po(y)

e evoked
; ,J natural image movies

M(y) = / Py (y|x) Pl (x) dx
B dynamic block noise
" N(y) = / Py (y[x) Plpee (%) dx

H N
/ drifting full-field gratings
W) G3) = [ Poyix) Py () dx
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SPATIAL CORRELATIONS

16
destroying spatial dependencies: P(y) = H P(y;)
1=1
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SPATIAL CORRELATIONS

16
destroying spatial dependencies: P(y) = H P(y;)
1=1
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TEMPORAL CORRELATIONS

state-transition distributions: P(y;.,|y:)
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TEMPORAL CORRELATIONS

state-transition distributions: P(y;.,|y:)

~

control: P(y:i-|y:) = P(y)
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NON-NATURAL STIMULUS ENSEMBLES
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