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Pioneering work
Interplays between numerical approximation and Gaussian process regression

Bayesian Numerical Analysis

Information based complexity

Probabilistic Numerics



The operator
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Numerical approximation/Optimal recovery game

Player I Player II

Max Min



Theorem



Representation theorem



Basis functions

Optimal recovery splines

Elementary gambles/bets



Biorthogonal system

Theorem



Numerical Homogenization



Numerical Homogenization
Pioneering work in classical homogenization

MsFEM
Harmonic coordinates 

HMM

Variational Multiscale Method. Orthogonal Decomposition 

Projection based methods

Variational Multiscale Method. Orthogonal Decomposition 

Flux Norm. Rough Polyharmonic splines

Gamblets – Sparse Operator compression 

Stochastic Homogenization



Localization problem in Numerical Homogenization
Localization problem

Subspace decomposition/correction and Schwarz iterative methods

Non-conforming coarse elements. Geometric conditions. 



Measurement functions

Gamblets



Accuracy
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Localization of Gamblets
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Screening effect
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Operator adapted wavelets

L



Operator adapted wavelets
First Generation Wavelets: Signal and imaging processing

First Generation Operator Adapted Wavelets (shift and scale invariant)

Lazy wavelets (Multiresolution decomposition of solution space)

Second Generation Operator Adapted Wavelets



The method



Hierarchy of measurement functions 

Hierarchy of gamblets



Example
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Example



Gamblets



Gamblets are nested

Measurement functions are nested 



Theorem

Question







Theorem

The operator is well conditioned in each subband
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Interpolation operator



Gamblet Transform

Theorem



Sparse Rank Revealing Representation of the Green’s function 



Sparse Representation Of the Gaussian Process 



Sparse Representation Of the Gaussian Process 



Sparse Representation Of the Gaussian Process 



Sparse Representation Of the Gaussian Process 



Multigrid Methods
Multiresolution/Wavelet based methods

Fast solvers

Robust/Algebraic multigrid

Stabilized Hierarchical bases, Multilevel preconditioners

Low Rank Matrix Decomposition methods

Graph sparsification for structured matrices



Fast Solvers

How to construct a fast solver with some degree of universality?
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Gamblet transform



Theorem



Gamblet Solve

Theorem



Energy content



Energy content



Example



Inputs of the algorithm











































Dense kernel matrices

https://github.com/f-t-s/nearLinKernel.git
Software



L

Covariance function/kernel

Covariance function = its Green functions



The kernel/covariance matrix
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The kernel/covariance matrix



Computational bottleneck



Algorithm

Theorem



A simple algorithm



A simple algorithm



A simple algorithm
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A simple algorithm



Why does it work?



Analysis with gamblets
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Single step of (Block-) Cholesky decomposition
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