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Cortex: Basic divisions

Motor  Somatosensory
Cortex Cortex

Association | s
Cortex ~ - Association
Cortex

Broca's
Area
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syntax
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Figure 11 The projactons of the amadl (P oalls). and Mrge (M oslis) gangion cnlls from the wo ayes

1o parvoceliular and magnoceiiutar Aryers of the LGN respeciverly. Each eye projects 10 allernating

layors as S06n In e SUAS0OAM (Noh)



LGN

Cell Type

M Large Rods/motion  Layers 1-2 95%

P Small R-G cones/ Layers 4-6 5%
form

K Small Blue cones/  In between ?

form layers
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Orientation and ocular dominance columns

Figere 23 The loe-cube model of $he cortex. It Bustrates how the corex is dvided. & the same tme,
A0 0 Ancts oF SIS08. One 8¢ Of OO SOMENSncd (et And right) and One St for Orlentation.
The model should not De taken Worally: Nasther sef is as reguiar as s, and the onentation

sabs especaly are far rom paraliel o straghe
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Orientation Maps in Striate Cortex




Direction selectivity (another property) revealed at high
magnification with calcium imaging




Figure 9. Nissl staned secton of the wisual corfex (0 show the border betwoon araa 17 (V1)
and area 16 (V2.



Cytochrome Oxidase in Monkey Visual Cortex
Tootell et al 1983 V2
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Characteristic connections between maps
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Projection LF
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Forward and Feedback Projections
Rockland and Pandya 1979

V2: Forward Projection V1: Feaedback Projection
FromV1 From V2




Parallel Pathways
in Visual Cortex




Flattened Representation of Monkey Cerebral Cortex
Van Essen and Drury 1908
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Motor
Y cortex

Somatosenso
cortex




Abstract motor maps?

Three views of a schematized monkey showing
the distribution of hand locations allowed for
hand-to-mouth movements (light blue), reach-
ing (dark blue), defense (red), central space/
manipulation (green), and climbing (pink with
black border).
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Dopamine reorganizes tonotopic maps

Naive b Pawred

)

Uo

: g
o
‘ « » Dorsal 2 R )

L. Rostral N— l

F (kM

o dla : e
Naive g Paired n

~ cat o " XN

T L ..:

- 9 N 2e * R

o Y Ji).' " ’ ..',':Q'..‘a‘c", -
‘e 5 .

8 &) 4 11

a. o Nt

£ & re oyl

o= A “

v e Y ugr

0 e ‘ ’ ) ".'l.'

(s3] "W .y “ve

1

Caudal Rostral Caudal Rostral 10 20 30 40
Cortical area (%)



Monday Sep 26

Titke of talk: Leaming 1o Move'

Time of Talk: 1200 PM

Locason: SEA 4 244

Abstract: A contral Issue for research in psychoiogy, biciogy, robodcs, and compatational modeiing s how movements are
generaled and controlied. | address this issue by asking how nfants solve the problem of moving. My research shows that
basic motor skills such as looking. reaching, and walking do not Simply appear as the result of maturaion. Rather, motor skills
are leamed over months or years of practice. Leaming enlails discovenng new forms of movemeants, using percepiual
information 10 select movements appropnately and 1o modity movements prospectvely, and honing motor sklls 10 make them
more fluent and eMoent. Mow do babies do it? One clue is that infants acquire iImmense amounts of vanable, disributed
pracsce with basic molor skills. A second clue is that !he leaming process is geared loward Sexibiity rather than role
performance: Infants are “leaming 10 leam” rather than acquirng fixed solutions. The process does not énd aher infancy:
Leaming to leam is a Ma-long endeavor of maxhing ongoing actons 10 the changing constraints of the body and
environment
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Yoram Burak, Ph.D.
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"Visuad inderence Amid Fisational Eye Movements. ™

Monday, September 26th
4700 pm - MBB 1.200

Hosted by Dr. e Flete
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LAB WEEK

Gabriel Diaz(Racquetball) Group Expt
<gdiaz@mail .cps.utexas.edu> 1-3  Racquetball

4-5  Car — Multi-task
James Wyatt Ray(CAR) ar — Multi-tas

<J.wyatt.ray @gmail.com> 6-7 - Car Interrupts

Protocol
1. Group leader make appt.
2. Group shows up at lab for:
A. Briefing
B. Experimental subj simulation
C. Get link for movie data
A. Analyze data and write group report & PPT



PRESENTATION WEEK

TUESDAY

GROUPS 146

Group Expt
1-3 Racquetball

4-5 Car — Multi-task

6-7 - Car Interrupts

THURSDAY

GROUPS 2357
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Cortical computation Il: neon spreading illusion
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Cortical computation Il: border ownership

V1 (n=7)

0 200 400 600 800







Basic model of cortical computation: CAM







In this case P = 3 and 1t
o= (=1,1,1,-1,..)7
2= (1.1,-1,-1,... )7
2*=(-11,-11._..\7

Now calculate one of the weights, for example, wyy:

Wy = 3Ty 4 X3x3 4+ 2,
(1% 1)+ (1x=1)4(1x=1)=~1






Quick math quiz:

X+3=28

What 1s x?



Quick math quiz:

X+y=9

What are x and y?

This is an example of an ill-posed problem

e problem that has no unique solution






Comparison patch

Same light hits the eye from both patches



Comparison patch

A4

&

Same light hits the eye from both patches



Luckily, having some probabilistic information can help:

Tables showing past

values of y:

X+y=9

NN |IN|IN|LUL|N|N

N VN[NNI NIN=<

NN |IN[N|IN|IN|NY

Given this information
about past values,

what would you guess to be
the values of x?

How confident are you in
your answer’!



A little math: Bayes rule

 very simple formula for manipulating probabilities

b1 A) = P(A | B) P(B)
/ P(A)

conditional probability
“probability of B given that A occurred”

e.g. Youroll a 6-sided die

What is the probability of getting a “3” given that the number rolled
was “odd”



A little math: Bayes rule

e very simple formula for manipulating probabilities

b1 A) = P(A | B) P(B)
/ P(A)

conditional probability
“probability of B given that A occurred”

Formula for computing: P(what’ s in the world | sensory data)

(This is what our brain wants to know!)

from
P(sensory data | what' s in the world) = “likelihood”
& (given by laws of physics;

ambiguous because many world states
could give rise to same sense data)

P(what’ s in the world) = “prior”

(given by past experience)



Examples:

Using Bayes’ rule to understand how the brain
resolves ambiguous stimuli




Many different 3D worlds can give rise to the same 2D retinal image

The Ames Room

. real place and size
of “smallest” man

apparent place and

® size of “"smallest”™ man
Apparent
O real place and sixe walls of 'Oom: \ \ "'
of “medium’’ man ‘ \\ \\ I/
O ?Pparent place and = N\ /Y
size of “medium” man : I/

D “largest”’ man
Peephoie for one eye

How does our brain go about deciding which interpretation?
P(image | A) and P(image | B) are equal! (both A and B could have generated this image)

Let’ s use Bayes’ rule:

P(A | image) = P(image | A) P(A) Which of these is greater?
P(B | image) = P(image | B) P(B)



Which dimples are popping out and which popping in?



Which dimples are popping out and which popping in?



P(1mage | OUT & light is above) = A

P(1mage | OUT & light 1s below) =0
' P(image | IN & Light is above) =0

P(image | IN & Light is below) = A

* Image equally likely to be OUT or IN given sensory data alone

What we want to know: P(OUT | image) vs. P(IN | image)

Apply Bayes’ rule: prior
f~,\——\
P(OUT | image) = P(image | OUT & light above) x P(OUT) x P(light above)
P(IN | image) = P(image | IN & light below ) x P(IN) x P(light below)

Which of these 1s greater?



P(1mage | OUT & light is above) = A

P(1mage | OUT & light 1s below) =0
' P(image | IN & Light is above) =0

P(image | IN & Light is below) = A

P(OUT | image) = P(image | OUT & light above) x P(OUT) x P(light above)
P(IN | image) = P(image | IN & light below ) x P(IN) x P(light below)

P(OUT | image) = A x 0.5 x P(light above)
P(IN | image) = A x 0.5 x P(light below)

Let s say: “Light above” is 10 times more likely than “light below”



P(1mage | OUT & light is above) = A

P(1mage | OUT & light 1s below) =0
. P(image | IN & Light is above) =0

P(image | IN & Light is below) = A

P(OUT | image) = P(image | OUT & light above) x P(OUT) x P(light above)
P(IN | image) = P(image | IN & light below ) x P(IN) x P(light below)

P(OUT | image) = A x 0.5 x P(light above) =5 x A
P(IN | image) = A x 0.5 x P(light below) =0.5 x A

Let s say: “Light above” is 10 times more likely than “light below”

Bayesian account: “Out” is 10 times more likely!



