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Boosting

intermediaires a la fin. â€¢. Difficultes: 1. .... For each string x, program p stopping, reduced prog pr(p,x). Pr(x) = {pr (p,x) ; p program and p stops with x as output}. 
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Petit rappel sur PAC A PAC signifie ∀ε (erreur) et ∀δ (confiance) • Difficile a obtenir • Nombreuses classes non apprenables



A = strong learner Affaiblir la condition sur ε • remplacer par ½ - γ • γ > 0 (a peine mieux que le hasard;-)



A = weak learner Question? Construire strong a partir de weak? www.irit.fr
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Idee generale • • • •



Faire tourner weak learner T fois Modifier les exemples entre 2 tours Combiner les ht intermediaires a la fin Difficultes: 1. Comment modifier 2. Comment combiner



• Modification de la distribution de probabilite sur TS • Combinaison lineaire pour les ht



www.irit.fr
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AdaBoost: l’algorithme • Input TS (cardinal n) - Output H • nombre d’iterations T for i=1 to n do p1(xi,yi)= 1/n ; for t=1 to T do ht = weakLearn(TS,pt); α t = computeAlpha(ht,TS,pt); for i=1 to n do pt+1(xi,yii)=(pt(xi,yi)e^{- α tyiht(xi)})/Zt; endfor H = Σ (t=1 to T) α t ht www.irit.fr
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AdaBoost analyse 1 Majoration de l'erreur empirique f sur TS f < moyenne de exp(-yH(x)) sur TS = 1/n(Σ exp(-yiH(xi))) = 1/n.. on remplace par H On obtient exp d’une somme… devient produit On regarde l’algo et on voit le produit des Π(pt+1(xi,yii)/pt(xi,yi))= pT(xi,yi)/p1(xi,yi) Reste f < ΠZt t in [1,T] Minimiser Zt → choix de α t Annuler la derivee => valeur de α t



www.irit.fr
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AdaBoost analyse 2 Pour cette valeur: Zt = 2sqrt((1-ft) ft) D’ou f < Π Zt < Π 2sqrt((1-ft) ft) Mais ft < et < ½ - γ Finalement f < (1 - 4 γ 2 )



T/2



…youpiiiiiiiii



Decroissance exponentielle de l'erreur empirique ! MAIS on s'interesse a l'erreur vraie (PAC) ! www.irit.fr
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Comment majorer erreur vraie? 1. Retour sur VC-dim (th. Vapnik): f < μ(e) < f + 2 sqrt(1/n(d (log2n/d +1)+log1/δ)



Si VC-dim petite alors f≈ μ(e) (n assez grand) 2. Rapport VC-dim AdaBoost/VC-dim weak? dstrong < 2(dweak+1)(T+1)log(eT+1) (Freund/Shapire95)



•



Donc si VC-dim petite alors OK weak learner  strong learner



www.irit.fr
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Conclusion provisoire;-) • Weak = strong … pour petite VC-dim! • AdaBoost + • Complexite O(T x C) ou C complexite du weak learner • Ca marche tres bien (innombrables variations) • Adaptation facile: • Multiclasses (on combine pour 2 classes) • Arbres de decision • Separateurs lineaires



• AdaBoost • Sensible au bruit • ca reste empirique souvent Passons a autre chose! www.irit.fr
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Machine Learning Models The simplest one : Gold model (1964) • infinite denumerable set of examples (qi, ai) • Recursively enumerable set of functions F • aim: to guess a matching function (f є F) such that: f(qi) = ai • a basic algorithm…”identification in the limit” • BUT … exact learning  too simple  lack of flexibility



The Vapnik model (1970) • • • •



functional view aim: to approximate a function aim: to minimize the risk of error (ERM principle) BUT … no algorithmic concern



www.irit.fr
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Other MLM The Valiant model (1984)



• logical view (with Venn diagrams) • aim: to reduce the error risk μ(e) • a universal definition with complexity constraint P(μ(e) < є) > 1-δ • Vapnik-Chervonenkis dimension • BUT … is it the final one ?



The Kolmogorov model (1962 – 1964 - 1975) (SolomonoffChaitin) • • • • •



probabilistic view a sequence of data s1, s2, …, sn aim: to guess what is the next sn+1? solution: choose the most probable BUT… what is this probability ?



www.irit.fr
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A short history Andrei Kolmogorov 



Ray Solomonov 



Gregory Chaitin 



Leonid Levin 



www.irit.fr
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Turing machine What is this ? • Simple model of PC • 3 tapes only = calculator C • Input s • Program p • Output o = C(p,s)



A simple picture



www.irit.fr
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Kolmogorov complexity Given a Turing calculator C Given a finite input string y (=1000011001) Given a program p (=11100001010110) can be infinite 2 possibilities only: • either C does not stop • or C does stop and output a string x = C(p,y)



K(x/y) = min {|p| | C(p,y) = x} K(x) = min {|p| | C(p,Ø) = x}



www.irit.fr
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Examples to understand 010101010101010101010101010101010101010101010 1010101010101010101… Very simple: for i=1 to 10000 {write 0; write 1} K(x) < 25*8=200



110010000110000111011110111011001111101001000 0100101011110010110 K(x) = 10000 ???



109 decimals of Л (Pi) : simple program



www.irit.fr
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Properties of K • K(s) Turing machine independent (explain) • K(s) ≤ |s| + c • There are s such that K(s) ≥ |s| (to be developed) • K(s) not computable ! • Relationship with Shannon entropy: |E(s) – K(s) | < c So what ? www.irit.fr
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So what? • K(x) = ultimate limit • K(x): meaning of x – informative content of x • K(x) lower bound of Approximer K par compression! K(x) < bzip2(x) < gzip(x)< etc….. OK … donc on peut estimer… et alors ???



www.irit.fr
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Information distance (Bennett) Similarity distance of Bennett: • a -> K(a) (compress a and compute the size of the result) (diagram on board) • b -> K(b) • ab -> K(ab) • m(ab)=K(a) + K(b) – K(ab) = measure of the common content • d(a,b) = if K(a) > K(b) then 1 – m(a,b)/K(a) else 1 – m(a,b)/K(b)



And you know what ?



www.irit.fr
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It works with music… • • • •



Pictures (to understand) Music Texts (Corneille wrote Moliere !) Student plagiarism/fraud: findFraud (www.complearn.org)



• Genome • Spam • Security (IDS) using K only But Can we do more ???? YES www.irit.fr



18



It works with everything… •Pictures (to understand) •Texts (Corneille wrote Moliere !) •Student plagiarism/fraud: findFraud(www.complearn.org) •Genome •Spam •Security (IDS) using K only (no distance needed) But Can we do more ???? YES



www.irit.fr
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Solomonov probability measure Main idea (back to initial problem): • • • •



p(x) = 2 –K(x)K(s) a priori probability (Bayes formula) p: the universal distribution s more complex, s less probable p(x) = probability for s to appear



Main problem: p is not a proba distribution over {0,1}N We have to work a little bit more….



www.irit.fr
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Reduced programs Reduced programs set • Choose a calculator C • For each string x, program p stopping, reduced prog pr(p,x) Pr(x) = {pr (p,x) ; p program and p stops with x as output}



Prefix free set • Pr(x) is prefix-free (to explain) • Idem for Ux Pr(x) (qui sont disjoints en fait)



Riemann measure on [0,1] (probability) • pr(p,x) = 10001110…  0.10001110… = real number in [0,1] • Prob(pr) = mes({pr.q ; q in {0,1}N }) = 2 -|pr|– length(pr) • Prob(Pr(x)) = Σpr in Pr(x)Prob(pr) 
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