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An introduction to stochastic approximation

First example of stochastic approximation (Robbins , 1951): a line search with noise. â–· Parameter x âˆˆ R. â–· System output g(x) âˆˆ R, g smooth and increasing. 
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A first example First example of stochastic approximation (Robbins , 1951): a line search with noise. I



Parameter x ∈ R



I



System output g(x) ∈ R, g smooth and increasing.



I



Target value: g ∗ = g(x ∗ ).



I



When x is used, we can observe g(x) + M , with E[M] = 0 (noise)



I



Goal: determine x ∗ sequentially



Proposed method , n ∼ 1/n: xn+1 = xn + n (g ∗ − (g(xn ) + Mn ))
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A first example, some intuitions



xm = xn +



m−1 X



k (g ∗ − g(xk )) +



k Mk



k =n



k =n



|



m−1 X



{z



discretization term



}



|



{z



}



noise term



Error due to noise: I I I I



Assume {Mn } i.i.d Gaussian with unit variance. P Noise term: Sn,m = m−1 k =n Mk /k , P var(Sn,m ) ≤ k ≥n 1/k 2 →n→+∞ 0 Should be negligible using a law of large numbers type of result.
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A first example, some intuitions



xm = xn +



m−1 X



k (g ∗ − g(xk )) +



k =n



|



m−1 X



k Mk



k =n



{z



discretization term



}



|



{z



}



noise term



Discretization error (assume no noise) I



Fundamental theorem of calculus: (1/n)|g ∗ − g(xn )| ≤ (g 0 /n)|x ∗ − xn |.



I



So for n ≥ g 0 , we have either xn ≤ xn+1 ≤ x ∗ or xn ≥ xn+1 ≥ x ∗ .



I



n 7→ |g(xn ) − g ∗ | is decreasing for large n



I



The discretization term is a Euler scheme for the o.d.e: x˙ = g ∗ − g(x).
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The associated o.d.e General update equation: xn+1 = xn + n (h(xn ) + Mn ), with h : Rd → Rd and xn ∈ Rd , Mn ∈ Rd , E[Mn ] = 0. Associated o.d.e.: x˙ = h(x).



I



Main idea: The asymptotic behavior of {xn } can be derived from that of the o.d.e.



I



With suitable assumptions, if the o.d.e. has a continously differentiable Liapunov function V , then V (xn ) →n→+∞ 0 a.s.



5 / 13



Why are stochastic approximation schemes so common ?



I



Low memory requirements: Markovian updates, xn+1 is a function of xn and the observation at time n. Implementation requires a small amount of memory.



I



Influence of noise: replace a complicated, stochastic sequence by a deterministic o.d.e which does not depend on the noise statistics.



I



Iterative updates: good models for agents updating their behavior through repeated interaction.
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Example: stochastic gradient descent I



Goal: optimize a cost function with noise (Kiefer and Wolfowitz, 1952)



I



Cost function f : R → R strongly convex, twice differentiable with a unique minimum x ∗ .



I



Observation: f (xn ) + Mn



I



Idea: approximate ∇f by finite differences, and use gradient descent: xn+1 = xn − n



f (xn + δn ) − f (xn − δn ) , 2δn



I



Provable convergence for (say): n = n−1 , δn = n−1/3 .



I



Useful for: on-line regression, training of neural networks, on-line optimization of MDPs etc.
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Example: distributed updates I



Components of xn are not updated simultaneously, agent k controls xn,k .



I



At time n , component k (n) is updated, k (n) uniformly distributed in {1, . . . , d}.



I



Update equation: ( xn,k + n (hk (xn ) + Mn,k ) xn+1,k = xn,k



, k = k (n) . , k= 6 k (n)



I



The behavior of {xn } can be described by the ordinary differential equation (o.d.e.) x˙ = h(x).



I



Distributed and centralized updates have the same behavior.
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Main theorem: assumptions Fn , σ-algebra generated by (x0 , M0 , . . . , xn , Mn ) (information available at time n). (A1) (Lipshitz continuity of h) There exists L ≥ 0 such that for all x, y ∈ Rd ||h(x) − h(y )|| ≤ L||x − y ||. P P (A2) (Diminishing step sizes) n≥0 n = ∞ and n≥0 2n < ∞. (A3) (Martingale difference noise) There exists K ≥ 0 such that for all n we have that E[Mn+1 |Fn ] = 0 and E[||Mn+1 ||2 |Fn ] ≤ K (1 + ||xn ||). (A4) (Boundedness of the iterates) supn≥0 ||xn || < ∞ a.s. (A5) (Liapunov function) There exists a positive, radially unbounded, continuously differentiable function V : Rd → R such that for all x ∈ Rd , h∇V (x), h(x)i ≤ 0 with strict inequality if V (x) 6= 0.



9 / 13



Main theorem: statement



Theorem Assume that (A1) - (A5) hold, then we have that: V (xn ) →n→∞ 0, a.s.
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Main theorem: lemma



P Define t(n) = n−1 k =0 k , and x linear by parts with x(t(n)) = xn . Define x n a solution of the o.d.e with x n (t(n)) = xn .



Lemma For all T > 0, we have that: sup



||x(t) − x n (t)|| →n→∞ 0 a.s.



t∈[t(n),t(n)+T ]
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Appendix: Gronwall’s lemma Lemma (Gronwall’s inequality) Consider T ≥ 0, L ≥ 0 and a function t 7→ x(t) such that ˙ x(t) ≤ L||x(t)||, t ∈ [0, T ]. Then we have that supt∈[0,T ] ||x(t)|| ≤ ||x(0)||eLT .



Lemma (Gronwall’s inequality, discrete case) Consider K ≥ 0 and positive sequences {xn } , {n } such that for all 0 ≤ n ≤ N: xn+1 ≤ K +



n X



n xn .



u=0



Then we have the upper bound: sup0≤n≤N xn ≤ Ke



PN



n=0 n



.
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Appendix: Martingale convergence theorem



Theorem (Martingale convergence theorem) Consider {Mn }n∈N a martingale in Rd with: X E[||Mn+1 − Mn ||2 |Fn ] < ∞, n≥0



then there exists a random variable M∞ ∈ Rd such that ||M∞ || < ∞ a.s. and Mn →n→∞ M∞ a.s.



13 / 13



























des documents recommandant







[image: alt]





An introduction to stochastic approximation 

Oct 11, 2013 - Namely, at time n âˆˆ N, the decision maker sets the parameter equal to xn, and observes Yn = g(xn) + Mn with Mn a random variable .... can observe f(xn) + Mn. Therefore it makes sense to approximate âˆ‡f by finite differences,.










 


[image: alt]





Introduction to the GW approximation 

Dec 12, 2007 - Perturbation theory starts from what is known to evaluate what is not known, hoping that the difference is small... Let's say we know G0 that ...










 


[image: alt]





An Introduction to Tasting 

Nous utilisons les mots goÃ»t et saveur sans distinction lorsque nous parlons de nourriture, mais il s'agit en rÃ©alitÃ© de deux choses diffÃ©rentes. Le goÃ»t n'est ...










 


[image: alt]





An Introduction to R 

a suite of operators for calculations on arrays, in particular matrices,. â€¢ a large ..... Character quantities and character vectors are used frequently in R, for example as plot labels. Where needed ...... Convert Rd format to DVI/PDF. Rd2txt. Con










 


[image: alt]





An Introduction to Nourish 

... en boÃ®te de conserve de 425 g munie d'un couvercle Ã  onglet, avec une durÃ©e de conservation de 24 mois. Il ne ... Portion complÃ¨te de viande et de substituts.










 


[image: alt]





An Introduction to Python 

significant." print hello ... Note that leading whitespace is significant. ...... Round- ing that to 17 significant digits gives the 0.10000000000000001 that Py-.










 


[image: alt]





An Introduction to Zensight 

energy work to address my own healing concerns, I remained anxious about the idea of using it with ... Regardless, please feel free to distribute it via email or post it ...... Zensight with clients, you may wish to join this list in order to share c










 


[image: alt]





An Introduction to R 

language, one should regard most programs written in R as essentially ephemeral. 1.2 Related ..... elements of a vector respectively. range is a function whose value is a vector of length two, ... The fifth parameter may be named along=vector, which 










 


[image: alt]





An Introduction to OPLC 

dramatically reduces disturbances at the layer edge and the inlet site (see text below and Figure 1). ..... polar components of the mobile phase as a result of their.










 


[image: alt]





INTRODUCTION AN CAODAISM TO 

HAt him.[13] to appeared first. Ong. `a-TiÃªn, sin spirit, that with contacts further made .... admin- the entered. He. 1893. in graduated he whence by advanced and ...... manual that to reference of fact mere. Sino-Vietnamese on mainly depended ....










 


[image: alt]





INTRODUCTION TO STOCHASTIC PROGRAMMING 2ND EDITION PDF 

Investition Und Finanzierung, Iphone 20 Jailbreak Guide, Ipod Touch 4th Generation 8gb Manual, Iti. Electrical Interview Questions Answers, and many more ...










 


[image: alt]





An Introduction to Analog Filters 

resonance, a phenomenon that when properly used lets you make filters ... the peak can still be quite high, with a maximal response occurring when f = 1/2 LC.










 


[image: alt]





An Introduction to Tkinter - j.galtier 

Dec 10, 1999 - q Tutorial q Library ... q Python Imaging Library Handbook for 1.1.3 (PDF) q Articles ...... The relief settings control how to draw the widget border: ..... window itself will be destroyed as usual (in a controlled fashion, unlike X).










 


[image: alt]





An introduction to LDPC codes 

Aug 19, 2003 - R = 1 - wÐ“/wo (this assumes H is full rank). .... MacKay has archived on a web page [10] a large number of LPDC codes he has designed.










 


[image: alt]





An introduction to Neural Networks 

3.2.3 The originalPerceptron . ... 5.1.3 Back-propagation in fully recurrent networks . ..... chapter 7 was form by a report of Gerard Schram at the University of Amsterdam. ... within their psychology, physics, computer science, or biology departmen










 


[image: alt]





voila an introduction to french 6th pdf 

PDF Ebook voila an introduction to french 6th Free Download, Save or Read Online voila an introduction to french 6th PDF file for free from our online library.










 


[image: alt]





An introduction to Hopf algebras of trees 

algebras, coalgebras, etc, will be defined over K. We refer to the classical references .... Proposition 1. For all n ...... J. Pure Appl. Algebra, 209(2):477â€“495, 2007.










 


[image: alt]





An introduction to data vizualisation - Laurent Thibault 

Feb 19, 2013 - Figure 2: Horaires des trains entre Paris et Lyon, E.J. Marey (1885) .... 2. The boxplot itself, which concentrates on the central bulk of the data. 3.










 


[image: alt]





a tutorial introduction to stochastic analysis and its applications 

Sep 15, 1988 - measure, as well as elements of stochastic differential equations. ... Some familiarity with probability theory and stochastic processes, including a .... measurable functions Xt(Ï‰):Î© â†’ R, defined on a probability space (Î©,F,P). .










 


[image: alt]





An Introduction to Mass Spectrometry - Widener University 

Sep 2, 1998 - Scott E. Van Bramer. Widener University. Department of Chemistry. One University Place. Chester, PA 19013 [email protected].










 


[image: alt]





An Introduction to Open Source Communities - FLOSShub 

Sections 1, 2, 5, 6, 7, and 8 will survive any ..... directed Shapiro to the companies InXight and TheBrain, both of which sell proprietary ..... 003-paper.pdf>.










 


[image: alt]





Smalltalk: An Introduction to Application Development ... - Description 

colleagues who have all helped with ideas, examples and exercisesâ€”their ..... The programmer is able to develop a partial solution, test it, add new ...... in practice since the argument is expected to be an instance of Association (see ...... from










 


[image: alt]





An Introduction to Signal Processing in Chemical 

In Fourier transform infrared spectroscopy (FTIR), the Fourier ..... Least-squares best fits can be calculated by some hand-held calculators, spreadsheets, and.










 


[image: alt]





An Introduction to VBA in Excel 

Nov 3, 2000 - quite flexible and general by using lots of â€œifâ€� statements. .... above.) â€¢ When you entered the comment and the function, VBA automati-.










 














×
Report An introduction to stochastic approximation





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



