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Perceptron for non linearly separ able data:

e Cycle theorem: If the perceptronis trainedwith the perceptronearning
algorithmon a patternsetwith integer numbersthe following holds: in a
finite numberof time stepsa solutionis foundor acycle is reached.

e Alternative perceptroralgorithm:
W= 0; W = W
WHILE Z existswith §(w, £) # () andno cycleis reached
W =W+ §(w, ¥);
If w betterthanw* thenw* := w;

notvery efficient!!

e Alternatve: Pocletalgorithm:
w:=0;1:=0;
Py .= P;
W=y 1* = 0;
WHILE (P, # 0 undich habenochGeduld) DO
Wahlez € Py; (%)

IFo(w, ) =0
l:=141; Py:= P\{Z};
IF[>[1* THEN

wr = wy I* =1

END;

ELSE
W =W+ §(W, ¥);
[:=0; Fy:=P;

END;

END;

Pocletcornvergencetheorem:The pocketalgorithmfindsanoptimumsolu-
tion afterafinite numberof time stepsif theexamplesin (x) arechosenat
random.



Note: Randomselectionin (x) is essentiall

e The pocket algorithm may take a long time (just asthe perceptroralgo-
rithm).

e Perceptronrainingin thepresencef errorsis difficult in principlefor every
possiblealgorithm— NP-completgroblem!

Hierarchy of problems:

e oo: therealproblemsof life which cannotbe formalizedor tackledwithin
computerscience

e recursvely enumerablgroblems:decisionproblemssuchthata program
existswhich answersyes’, but may not terminatefor ‘no’.

E.g.: decidewhethera programterminates.

¢ decidableproblems:decisionproblemswhich canbe decidedby a compu-
ter (in arbitrarytime).

E.g.: decidewhethera programterminatesn at most2” steps.

e NP (nondeterministipolynomial): problemswhich couldefficiently bede-
cidedwith some(nondeterministichelp.

E.g.: Traveling salespersoproblem(doesthereexist a tour of at mosta
givenlength—if thetour wasknown, it could betestedefficiently thatthe
tourwill do)

SAT (doesthereexist a solutionfor a Booleanformulain conjunctve nor-
malform — if a solutionwasknown, it could be testedefficiently that the
formulais valid)

e P:problemswhich canbesolvedin polynomialtime, e.g.sorting

e AmongNP: NP-completgroblemswhich arethehardesproblemsn NP.
CouldanNP completeproblembesolvedefficienly thenall problemscould
be solvedefficiently in NP.

Theorem of Cook: SAT is NP-complete.

Thestandardvay of proving NP-completeness via reduction of a known NP-
completeproblem:



e You know: theproblemclassA of decisionproblemss NP-complete.

e You would like to show: the problemclassB of decisionproblemsis NP-
complete.

e You show: for everyinstancea in A aninstanceb in B canefficiently be
constructeduchthata is solvableif andonly if b is solvable.

(If B wasnot NP completewe couldthendecideevery problemin A just
computingb from a anddecidingb insteadof a!)

Hitting set problem: GivenasetS = {si,...,s,}, asetof subsetsC' =
{c1,...,cn} With ¢; C S, k € N, doesthereexist k£ pointsin S suchthatevery
¢; 1S hit by atleastoneof the k points

(In reallife: Find afixednumberof representatiessuchthateachgroupof inte-
restis covered.)



