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Exercise 10.1 (4 points)

Define the back-prop learning rule for a multilayer perceptron that also allows connec-

tions (edges between neurons) between non-adjacent layers. But all connections stay

feed-forward.

Solution 10.1

Notation: kNi denotes the ith neuron in layer k. Layer k has Mk neurons at all.

wkNi
(qNj) denotes the weight of the edge ingoing into neuron kNi outgoing from neuron

qNj if any. The multilayer perceptron consists of L layers. Layer L is the output-layer.

PkNi
denotes the set of ”predecessor” neurons of kNi that are neurons having an outgo-

ing edge being directed towards neuron kNi. DkNi
denotes the set of ”direct descendant”

neurons of kNi.

Further on σ(hkNi
) = ykNi

denotes the answer of neuron kNi being in activation state

hkNi
. xkNi

(qNj) = yqNj
denotes the input of neuron kNi coming from neuron qNj. The

activation state hkNi
of neuron kNi in layer k is determined by all weighted inputs

(weighted answers of ”predeseccor” neurons):

hkNi
=

∑
dNz∈PkNi

xkNi
(dNz) wkNi

(dNz) =
∑

dNz∈PkNi

ydNz
wkNi

(dNz).

~yL = (yLN1
, . . . , yLN

ML
) is the vector of outputs of the perceptron. The error-function

is denoted by E(~yL,~t,w) =
ML∑
i=1

E(yLNi
, ti, w). ~t = (t1, . . . , tML) is the vector of target

outputs the perceptron should give for a given data-set. w denotes the set of all weights

of the perceptron.
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Weights of edges ingoing into any neuron LNi of layer L:

4wLNi
(kNj) = −ε

∂E(~y, ~tL, w)

∂wLNi
(kNj)

with: kNj ∈ PLNi

= −ε

ML∑
r=1

∂E(yLNr
, tr, w)

∂wLNi
(kNj)

= −ε

ML∑
r=1

∂E(yLNr
, tr, w)

∂yLNr

∂yLNr

∂hLNr

∂hLNr

∂wLNi
(kNj)

= −ε

ML∑
r=1

∂E(yLNr
, tr, w)

∂yLNr

σ′(hLNr
)

∂
∑

dNz∈PLNr

ydNz
wLNr

(dNz)

∂wLNi
(kNj)

∂
P

dNz∈PLNr

ydNz
wkNi

(dNz)

∂wLNi
(kNj)

is always equal to zero unless dNz = kNj and LNr = LNi. Hence

we get:

4wLNi
(kNj) = −ε

∂E(yLNi
, ti, w)

∂yLNi

σ′(hLNi
) ykNj

= −ε δLNi
ykNj

(1)

with: δLNi
=

∂E(yLNi
,ti,w)

∂yLNi

σ′(hLNi
).

Weights of edges ingoing into any neuron L−1Ni of layer L− 1:

4wL−1Ni
(kNj) = −ε

∂E(~y, ~tL, w)

∂wL−1Ni
(kNj)

with: kNj ∈ PL−1Ni

= −ε

ML∑
r=1

∂E(yLNr
, tr, w)

∂yLNr

∂yLNr

∂hLNr

∂hLNr

∂wL−1Ni
(kNj)

= −ε

ML∑
r=1

∂E(yLNr
, tr, w)

∂yLNr

σ′(hLNr
)

∑
dNz∈PLNr

∂ydNz
wLNr

(dNz)

∂ydNz

∂ydNz

∂wL−1Ni
(kNj)

= −ε

ML∑
r=1

δLNr

∑
dNz∈PLNr

∂ydNz
wLNr

(dNz)

∂ydNz

∂ydNz

∂hdNz

∂hdNz

wL−1Ni
(kNj)

= −ε
ML∑
r=1

δLNr

∑
dNz∈PLNr

wLNr
(dNz) σ′(hdNz

)
∑

sNt∈PdNz

∂ysNtwdNz
(sNt)

wL−1Ni
(kNj)

∂ysNt
wdNz

(sNt)

wL−1Ni
(kNj)

is always equal to zero unless sNt = kNj and dNz = L−1Ni. Hence we

get:
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4wL−1Ni
(kNj) = −ε

ML∑
r=1

δLNr
wLNr

(L−1Ni) σ′(hL−1Ni
) ykNj

4wL−1Ni
(kNj) = −ε ykNj

σ′(hL−1Ni
)

ML∑
r=1

δLNr
wLNr

(L−1Ni)

All outgoing edges of neuron L−1Ni are ingoing into neurons of layer L since layer L

is the last layer. One may state this fact more general: All outgoing edges of neuron
L−1Ni are ingoing into one neuron of DL−1Ni

.

4wL−1Ni
(kNj) = −ε ykNj

σ′(hL−1Ni
)

∑
zNv∈DL−1Ni

δzNv wzN
v
(L−1Ni)

= −ε ykNj
σ′(hL−1Ni

) δL−1Ni
(2)

with: δL−1Ni
=

∑
zNv∈DL−1Ni

δzNv wzNv(
L−1Ni).

Weights of edges ingoing into any neuron mNi of layer m in analogy to the previous

derivation (especially equation (2)):

4wmNi
(kNj) = −ε ykNj

σ′(hmNi
) δmNi

with: kNj ∈ PmNi
(3)

with: δmNi
=

∑
zNv∈DmNi

δzNv wzNv(
mNi).
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