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As the main paper compares identity and attribute variables to complex and simple cells,
respectively, one might ask how the interaction between the two sets of variables compares
to the classical energy model of complex cells. In general, the relation between identity
and attributes variables given a stimulus in our model is highly non-linear, and the state of
a single identity–attribute pair also depends on the state of the rest of the variables of the
model. For example, the presence of the feature represented by an identityvariable could
be “explained away” by the inference of the presence of similar features, encoded by other
variables.

However, it is possible to derive an expression for the interaction by making additional
assumptions. In the following, we will consider a model without temporal dynamics, and
with only 1 identity variable,b, and corresponding attribute variables,a. Also, we will
identify the generative weights with the mean of their distribution,W :=

〈

W
〉

P (W)
.

We derive an expression for the identity variable given visual input by integrating over
the state of the attribute variables:
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where we defined
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Returning to Eq. 3, we see that the first term of Eq. 7 integrates to 1, leavingus with
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We can further simplify this expression by assuming that noise variance is constant
along all dimensions,σ2

y,d = σ2
y , and that the generative weightswj are orthogonal to each

other, i.e.,wj
Twm = 0 for j 6= m and 1 otherwise.

p(b = 1|y) = CP (b = 1)
1

P (y)

exp

[

1
2

(

1
σ2

a
+ 1

σ2
y

)

−1
∑da

d=1

(

1
σ2

y
wd

Ty

)2
]

exp
[

1
2σ2

y

∑

d y2
d

] (13)

A closer examination reveals that the exponential on the numerator contains aterm similar

to the classical energy model of complex cells,
∑da
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(
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)2
, while the exponential

in the denominator acts as a divisive normalization term. Moreover, the activation of the
identity variable depends not only on the current activity of the attribute variables, but also
on the prior probability of it being active. Finally, there is a1/P (y) term that further
depends on on the statistics of natural images.
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