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1. (
�

points)Assumethe trainingset ��������� � ����� �
� ������������������� � ����������������� ��� in �! #"$� � ��� � is
givenanda perceptronwith initial weights ����� � �%� � (no bias)is trainedwith theperceptron
learningalgorithm. Explain all possiblestepsin one iterationof the perceptronlearning
algorithm. Doesthe perceptronalgorithm converge for this training set? Which of the
following weightvectorscanoccurassolution(why?): ���&��� � � �
� , � � ����� �
� , � � � ���'� � ��� .
And a nastyquestion:Which of theabove vectorscanoccurasa solutionif thealgorithm
startsin � � � � � �
� ?

2. (
�

points)We have neglectedthe bias in the perceptronlearningrule. However, it canbe
included:Show thatthebiascanbesimulatedwith anadditionalweightandextendedinputs,
i.e. if () is input to a neuronwith weight (* andbias + , thenthe samecomputationcanbe
performedwith input ��() ��� � andneuronwith extendedweight �,(* � *.-0/ � � with appropriate*.-0/ � , but nobias.

Whataretheconsequencesfor theperceptronlearningalgorithm,i.e.how wouldanexplicit
learningrule which trainsweightsandbiaslook like?

3. (
�

points)Show the following: Givena finite patternsetwhich is linearly separablewith a
perceptron.Thenwe canfind a weightvector (* anda bias + suchthatfor eachpoint in the
trainingsetthefollowing holds:

(*21 () �$+435� if () is apositivetrainingexample
(*21 () �$+465�&� if () is anegative trainingexample

Anothernastyquestion:wehaveusedavector (* with theabovepropertyin theproofof the
perceptronalgorithm.Canyou think of any benefitif thelengthof (* is small?

4. (
�

points)Implementtheperceptronlearningalgorithm(you canuseanarbitraryprogram-
ming language)andtestit for thelogical AND: � � ��� ��798 � � ��� � andOR:� � ��� ��798 � � ��� � .
Pleasedocumentyourprogram,thetrainingfor thetwo problems,andtherespectivesoluti-
on.

Attention: Don’t forget thebias! You caneitherusetherule for thebiasupdatewhich you
derive in exercise

�
. Alternatively you cansimulatethebiaswith anadditionalweightand

extendedtraining patternsas describedabove, e.g. the training set � � � � ����� ��� , �:��� � ����� �
� ,
� � ��������� ��� , �:���������;��� � with additionalthird component� for eachpatternis to betrainedfor
AND.


