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Abstract―A long-standing aspiration has been to
discover a single theory that both underpins an
understanding of computation in the nervous system, and
forms the basis of effective machine learning and
adaptive computation.
However, despite the very
substantial strides achieved in supervised learning over
the past decade---and some hints of connections between
the solutions found by such systems and neural
representions---there is still a sense that these machines
work quite differently to brains. Part of the dissonance
lies in the unrealism of backpropagation, and the
undifferentiated structure of most "neural-network"
architectures. But beyond that, the very problems being
solved seem different. In particular, the brain's capacity
for flexible inference: to parse and understand the
components of an environment even if they are unfamiliar,
or to reliably plan an action for the first time, appear to
depend on learning a form of causal representation, most
probably with little or no supervision. Such causal
representation is also far more than the problem of
density estimation that has dominated recent work in
unsupervised machine learning, and which has similarly
depended on backpropagation and unrealistic architecture.
After reviewing this situation I will outline recent work
synthesizing a number of older ideas in both theoretical
neuroscience and machine learning, which we hope will
begin to lay the groundwork for a common theory of
neural and machine inference.
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