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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: *N; denotes the ith neuron in layer k. Layer k has M* neurons at all.
we , (1N;) denotes the weight of the edge ingoing into neuron *N; outgoing from neuron
9N, if any. The multilayer perceptron consists of L layers. Layer L is the output-layer.
Pry, denotes the set of "predecessor” neurons of *N; that are neurons having an outgo-
ing edge being directed towards neuron ¥ N;. Diy, denotes the set of "direct descendant”
neurons of *IV;.

Further on o(hty,) = yry, denotes the answer of neuron *N; being in activation state
hin,. iy, (“N;) = yan, denotes the input of neuron *N; coming from neuron ?N;. The
activation state hxy, of neuron *N; in layer k is determined by all weighted inputs

(weighted answers of ”predeseccor” neurons):

hkNi = Z kal(dNZ) /LUkNZ(dNZ) = Z deZ wkNL(dNZ)
sz EPkNi sz EPkNi
UL = (Yeny, .-,y NML) is the vector of outputs of the perceptron. The error-function

ML

is denoted by E(yr.t,w) = Y E(ycn,, t;,w). t = (t1,...,tpr) is the vector of target
i=1

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

of the perceptron.



Weights of edges ingoing into any neuron *N; of layer L:
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All outgoing edges of neuron “~!'N; 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=IN; are ingoing into one neuron of Dr-1y;.
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Weights of edges ingoing into any neuron ™N; of layer m in analogy to the previous
derivation (especially equation ):
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