
ESL Ex. 11.1
Establish the exact correspondence between the projection pursuit regression
model (11.1) and the neural network (11.5), both in the regression and classifica-
tion case.

From ESL eq. (11.5) we have:

Tk = β0k + β⊤
k Z

= β0k +
M∑

m=1
βmkZm

= β0k +
M∑

m=1
βmkσ(α0m + α⊤

mX)

The intercept β0k can be captured by an “bias unit” in each layer. Let Z0 = 1,
and write

Tk =
M∑

m=0
βmkZm =

M∑
m=0

βmkσ(α0m + α⊤
mX)

where α00 = −α⊤
0 X such that σ(α00 + α⊤

0 X) = 1.

As in ESL eq. (11.7), if we set ωm = αm/||αm|| and sm = ||αm||, then

Tk =
M∑

m=0
βmkσ(α0m + smω⊤

mX) =
M∑

m=0
fmk(ω⊤

mX),

with fmk(v) = βmkσ(α0m + smv).

Regression setting: The number of outputs k = 1 and the output function
gk(T ) = Tk. The neural network then fits:

fk(X) =
M∑

m=0
fmk(ω⊤

mX)

which corresponds to a PPR model with M + 1 ridge functions fmk(v).

Classification setting: k > 1 and the output function gk(T ) = eTk /
∑K

i eTi .

In terms of the log-odds between class k and K, the neural network then fits:

log fk(X)
fK(X) = Tk − TK =

M∑
m=0

(βmk − βmK)σ(α0m + smω⊤
mX)

which corresponds to a PPR model with M + 1 ridge functions:

fm(v) = (βmk − βmK)σ(α0m + smv).
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