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Gradient calculationsfor feedforward neural networks:� Derivativesof � �������
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for sigmoidalnetworkswith respectto � �! , " � .� Simplifications:

– it holdssgd# � �
� �

sgd
� � � �%$ � sgd

� � �%�
– biasescanbesimulatedason-neurons

– derivative with respectto all patterns= sum of the derivatives with
respectto onepattern& hencewe only consideronepattern

– in afirst step:only fully connectedmultilayerednetworks� first try: �' � �! � �
outputsk
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where )+*-,)/.1032 canbe computedrecursively for all neuronsstartingfrom the
input layerup to theoutputlayeras' ��(' � �! � 4576 �

if neuron8 lies beforeweight � �7 ��� 	 ��(9�:$ � ��( �
if ; � 8<>=@?  � = ( 	 )+*BA)C. 032 	 � ( �%$ � � ( �
otherwise

Thiscanbecomputedvia feedforwardpropagationthroughthenetwork.

costs:O
�ED � �

,
D �

numberof weights� alternative – backpropagation:

idea: the � �! only contribute throughthe nettoinputsFHGJI  . Computethe
derivativesof

�
w.r.t. this bottleneckFHGKI  .' �' � �! � ' �' FHGKI  	

' FHGJI  ' � �! �>L  	 � �



whereL  NM � ' �' FHGJI  � �O�  ���  � 	 �  �:$ � �  � ; is outputneuron<  ? ( L ( 	 �  �( 	 �  �%$ � �  �
otherwise

This canbecomputedvia backpropagationthroughthenetwork startingat
theoutputlayerup to thefirst layer.

costs:O
�ED �

Thereby:

– theterms
�  �:$ � �  �

comefrom thederivativeof theactivationfunction
for alternativeactivation P use P # � FHGKI  

�
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– theterm
���J �Q�  � comesfrom thequadraticerror

for alternativeerrorfunctionsonly this parthasto besubstituted
it is )+R)+*�2 insteadof

���K �S�  �� Backpropis themostpopulartrainingalgorithmfor FNNs.

It formsthebasisfor aninfinite numberof variationswhichusegradientin-
formation.Gradientsin FNNsarealwayscomputedwith theaboveefficient
formula!� Drawback:no longerbiologicallyplausible–

– derivative of sgd,

– globalerrorsignals
L  

Note: backpropagationcomputesweightedsumwith reverseddirections& generalizedrecirculation:biologicalapproximationof backpropfor an
alternative errorfunction(cross-entropy) andfor specificnetworkswhere

– derivative of sgdis integratedinto approximationwith differencequo-
tient,

– globalerrorsignals
L  

arethensubstitutedby standardsynapticpoten-
tials in thenetwork with reverseddirections

– formula: TU� �! �WV ����X � �ZY � �ZY�� Y� �
forwardpropagatedsignals��X� �
backwardpropagatedsignalswith desiredoutputs


