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INDEPENDENT COMPONENTS ANALYSIS

From the basic setup we have

z = G(WAu)

So that coversely,

u = A−1W−1G−1(z) (1)
= Ψ(z) (2)

Now what we should have remembered from probability theory and
linear algebra is that

p(z) =
p(u)

|det(J(u))|
where the RHS is evaluated at u = Ψ(z).

Now the entropy of z is given by

h(z) = −E[log p(z)] (3)

= −E
log

 p(u)

|det(J(u))|

 (4)

= −KLp(u)|| |detJ | (5)
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Jij =
∂zi

∂uj

but this can be expressed, using z = G(WAu) as

Jij =
m∑

k=1

∂zi

∂yi

∂yi

∂xk

∂xk

∂uj
(6)

=
m∑

k=1

∂zi

∂yi
wikakj (7)

So that finally,

J = DWA

where D is the diagonal matrix

D = diag

(
∂z1

∂y1
,
∂z2

∂y2
, . . . ,

∂zm

∂ym

)
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Now we are ready for the algorithm. Recall that

h(z) = −E
log

 p(u)

|det(J(u)|


So that

h(z) = E

log

 |det(J(u)|
p(u)


Thus maximizing entropy is equivalent to maximizing
log(|det(J(u)|).

So lets do this. Let Φ = log(|det(J). Then since J = DWA,

Φ = log |det(A)|+ log|det(W )|+
m∑

i=1
log

∂zi

∂yi

Now the only free parameters are W so we want wo find the W that
maximize log(|det(J(u)|).

So we’ll change W by

∆W = η
∂Φ

∂W

Then

∂Φ

∂W
= W−T +

m∑
k=1

∂

∂W
log

∂zi

∂yi
(8)

= W−T + (1− 2z)xT (9)

The last step uses the fact that

zi =
1

1 + e−yi
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Almost done! The only issue remaining is that we don’t want to eval-
uate W−T each time.

The solution is to post multiply by W TW . Then we have

∂Φ

∂W
= I + (1− 2z)yTW


