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Perceptron for non linearly separable data:

� Cycle theorem: If the perceptronis trainedwith the perceptronlearning
algorithmon a patternsetwith integer numbers,the following holds: in a
finite numberof time stepsasolutionis foundor acycle is reached.

� Alternative perceptronalgorithm:�� ����� ; ��	�
��� ��
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not veryefficient!!

� Alternative: Pocketalgorithm:�� ����� ; � ���������� ��� � ��� �!��� ��"� � �#�������
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END;
END;

Pocketconvergencetheorem:Thepocketalgorithmfindsanoptimumsolu-
tion aftera finite numberof time stepsif theexamplesin �'& � arechosenat
random.



Note: Randomselectionin �'& � is essential!

� The pocket algorithmmay take a long time (just as the perceptronalgo-
rithm).

� Perceptrontrainingin thepresenceof errorsis difficult in principlefor every
possiblealgorithm– NP-completeproblem!

Hierarchy of problems:
�76 : therealproblemsof life which cannotbeformalizedor tackledwithin

computerscience

� recursively enumerableproblems:decisionproblemssuchthat a program
existswhichanswers’yes‘, but maynot terminatefor ‘no’.

E.g.: decidewhetheraprogramterminates.

� decidableproblems:decisionproblemswhich canbedecidedby a compu-
ter (in arbitrarytime).

E.g.: decidewhetheraprogramterminatesin at most 8:9 steps.

� NP(nondeterministicpolynomial):problemswhichcouldefficiently bede-
cidedwith some(nondeterministic)help.

E.g.: Traveling salespersonproblem(doesthereexist a tour of at mosta
given length– if thetour wasknown, it couldbetestedefficiently that the
tourwill do)
SAT (doesthereexist a solutionfor a Booleanformulain conjunctive nor-
malform – if a solutionwasknown, it could be testedefficiently that the
formulais valid)

� P:problemswhichcanbesolvedin polynomialtime,e.g.sorting

� AmongNP:NP-completeproblems,whicharethehardestproblemsin NP.
CouldanNPcompleteproblembesolvedefficienly thenall problemscould
besolvedefficiently in NP.

Theorem of Cook: SAT is NP-complete.

Thestandardwayof proving NP-completenessis via reduction of aknown NP-
completeproblem:



� Youknow: theproblemclass; of decisionproblemsis NP-complete.

� You would like to show: theproblemclass< of decisionproblemsis NP-
complete.

� You show: for every instance= in ; an instance> in < canefficiently be
constructedsuchthat = is solvableif andonly if > is solvable.

(If < wasnot NP complete,we couldthendecideevery problemin ; just
computing> from = anddeciding > insteadof = !)

Hitting set problem: Given a set ? � .A@CB �EDFDED-� @ 9 0 , a set of subsetsG �.CHFB �FDEDFDI� HKJ 0 with
HKLNM ? , O $QP , doesthereexist O pointsin ? suchthateveryH L

is hit by at leastoneof the O points

(In reallife: Findafixednumberof representativessuchthateachgroupof inte-
restis covered.)


