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Chapter 10: The cognitive brain



Hierarchical maps and attentive vision

Posterior 

Inferior 

V4 

V2 

V1 

LGN 

temporal cortex 

ocipital cortex 

thalamus 

} 

A.  Ventral visual pathway B.  Layered cortical maps

Eccentricity / deg

R
ec

ep
tiv

e 
Fi

el
d 

Si
ze

 / 
de

g

50

20

8.0

3.2

1.3

50208.03.21.30

Layer 4

Layer 3

Layer 2

Layer 1Layer 1

Layer 4

Layer 2

Layer 3



Attention in visual search and object recognition

Given :  
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Example results
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A.    “Parallel search” B.   “Serial search”



The interconnecting workspace hypothesis
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Stroop task modelling

A.  Stroop task B.  Workspace model for stroop task
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The anticipating brain

1. The brain can develop a model of the world, which can be used
to anticipate or predict the environment.

2. The inverse of the model can be used to recognize causes by
evoking internal concepts.

3. Hierarchical representations are essential to capture the richness
of the world.

4. Internal concepts are learned through matching the brain’s
hypotheses with input from the world.

5. An agent can learn actively by testing hypothesis through
actions.

6. The temporal domain is an important degree of freedom.
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Recurrent networks with hidden nodes

The Boltzmann machine:
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Boltzmann-Gibbs distribution: p(sv ; w) = 1
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Training Boltzmann machine

Kulbach-Leibler divergence

KL(p(sv ),p(sv ; w)) =
v∑
s

p(sv ) log
p(sv )

p(sv ; w)

=
v∑
s

p(sv ) log p(sv )−
v∑
s

p(sv ) log p(sv ; w)

Minimizing KL is equivalent to maximizing the average log-likelihood
function

l(w) =
v∑
s

p(sv ) log p(sv ; w) = 〈log p(sv ; w)〉.

Gradient decent→ Boltzmann Learning
∆wij = η ∂l

∂wij
= η β2

(
〈sisj〉clamped − 〈sisj〉free

)
.



The restricted Boltzmann machine
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Contrastive Hebbian learning: Alternating Gibbs sampling
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