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Recurrent computation is pervasive throughout cortex
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(a) Signal: Werner Sorrows
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(b) Phase Plane: BOB by C-W Entropy
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(c) Phase Plane: BOB by l^1 Entropy
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(d) Phase Plane: BP
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Fig. 2.6 Analyzing the signal WernerSorrows with a cosine packet dictionary.

From one point of view, (3.1) is very similar to the MOF (2.3): we are simply
replacing the !2 norm in (2.3) with the !1 norm. However, this apparently slight
change has major consequences. The MOF leads to a quadratic optimization problem
with linear equality constraints and so involves essentially just the solution of a system
of linear equations. In contrast, BP requires the solution of a convex, nonquadratic
optimization problem, which involves considerably more effort and sophistication.

3.1. LP. To explain the last comment and BP, we develop a connection with LP.
The linear program in so-called standard form [8, 21] is a constrained optimization

problem defined in terms of a variable x ∈ Rm by

min cT x subject to Ax = b, x ≥ 0,(3.2)

where cT x is the objective function, Ax = b is a collection of equality constraints,
and x ≥ 0 is a set of bounds. The main question is which variables should be zero.

The BP problem (3.1) can be equivalently reformulated as a linear program in
the standard form (3.2) by making the following translations:

m ⇔ 2p, A ⇔ (Φ,−Φ), b ⇔ s, c ⇔ (1; 1), x ⇔ (u;v), α ⇔ u − v.

Hence the solution of (3.1) can be obtained by solving an equivalent linear program.
(The equivalence of minimum !1 optimizations with LP has been known since the
1950s; see [2].) The connection between BP and LP is useful in several ways.

3.1.1. Solutions as Bases. In the LP problem (3.2), suppose A is an n-by-m
matrix with m > n, and suppose an optimal solution exists. It is well known that
a solution exists in which at most n of the entries in the optimal x are nonzero.
Moreover, in the generic case, the solution is so-called nondegenerate, and there are
exactly n nonzeros. The nonzero coefficients are associated with n columns of A,















Scale space (or “phase space”)















Learned basis space-time basis functions 
(200 bfs, 12 x12 x 7)



V1 space-time receptive field

(courtesy of Dario Ringach)
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Sparse coding and reconstruction
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Movie synthesis
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Using generative models as experimental tools


