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Feedforward neural networks:

� A neuron is characterizedby

– theinput dimension� ,

– weights������� , 	�
 ����������� , bias ����� ,

– activationfunction ������� � (e.g.H, sgd��� �!
 �"�!#%$'&)(*�,+-� �"��.0/ ),
Given 1� � �32 , it computesthe nettoinput �54�6�
 7 � � � � � +8� and the
output 9:
��;�<�54�6�� .

� A neural network is characterizedby

– = setof neurons,

– aconnectionstructureof theneurons,denotedby 	>� ? ,
– aweight ���A@ for eachconnection	>� ? ,
– abias ��� for eachneuron,

– anactivationfunction � � for eachneuron,(often � � 
 sgd),

– B theinput neurons,C theoutputneurons

A neural architecture doesnot specify the weightsandbiases,only the
connectionstructure.

� A feedforward network hasanacyclic graph � , B aretheneuronswithout
predecessor, C theneuronswithoutsuccessor.

It computesiteratively �D���-E FGE)� �HE IJE , givensomeinput 1� :

�54K6 � 
L9 � 
L� � for input neurons	
�54K6M�N
PO@RQS� �T@U�V9�@S+%���WX9Y�N
��Y�M�Z�54K6M�<� otherwise

Theoutputof thefunctioncanbefoundat theoutputneurons.



� layered network: theneuronsdecomposeinto groupss.t. connectionscan
only be found to following layers,we find input layer, output layer, one,
several,or nonehiddenlayer.

fully connectedmultilay er network : all connectionsbetweenconsecutive
layers.

fully connectedmultilay er network with shortcuts: all connectionsto all
following layers.

Shortnotationof thearchitecturevia thenumberof neuronsin the layers:�R�[�]\��_^`�]\a� or �R�[�b\c�d^��b\�� s
� A training set is asetof desiredinput/outputpairs:e ��1�_f�)1g fY�h��� Fji � IlkUm 
 ���������'npo
� ‘ Training’ means,givenanarchitectureandatrainingset,find weightsand

biasessuchthat the inputs 1�_f areapproximatelymappedto thecorrespon-
dingoutputs 1g f , i.e.

9Y�,��1� f �3q g f � r m  outputneurons	
. . .we’ll seelaterhow to determinethearchitectureandall this stuff . . .

� Quadratic error s 
ut)�wvyx 7 f 7 outputsi �<9Y�,��1� f ��+ g f � �,z
� Trainingof anetwork with differentiablefunctions(e.g.sgd)

minimizethefunction 1�{ 1�p|� s with agradient descentmethod,i.e.:

init � �A@ , � � with smallrandomnumbers
repeat�N1�j 1�a�S�}
 �N1�{ 1����+�~jx��d�����_	M4�� 6"s
where~���t is thelearningrate,�d���d�_	M4�� 6�s collectsthepartialderivativesof s w.r.t. theweights,biases,
it constitutesthedirectionof thesteepestdescent!

� Thereby:partialderivative 
 derivative with respectto onespecifiedargu-
ment � �;�<�� g G�d�� � 
�����G� � �<�N�



wherein � ��� � thevaluesg and � areregardedasconstants.

� Thereexistsunfortunatelyoneugly formulawhichwe’ll use:� �;��� / ��1���'������'"� 2 ��1������ � � 
� �;��� / ��1���'������'"� 2 ��1������ � / ��1���
� � / ��1���� � � #�������#

� �;��� / ��1����������'R� 2 ��1���"�� � 2 ��1� �
� � 2 ��1���� � �


