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1 Personal Data
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Place of birth . Feltre (BL), Italy
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Academic degree :Univ.-Doz. Dott. Ric. Dott.
Citizenship . ltalian

Current Office . x Permanengenior Research Scientist

* Leader of the group oAnalysis of Partial Differential Equations

* Leader of the group of the START project “Sparse Approxioratnd
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Johann Radon Institute for Computational and Applied Mauidigcs

Austrian Academy of Sciences

Altenbergerstrasse 69, A-4040 Linz, AUSTRIA

Tel: +43 (0)732 2468 5251

Fax: +43 (0)732 2468 5212

E-mail: massimo.fornasier@oeaw.ac.at
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2 Presentation

2.1 Academic career in short

| was a doctoral student in Computational Mathematics atuhiwersity of Padua in Italy (1999-2002),
under the joint supervision of Prof. Hans G. Feichtingestjtate for Mathematics, University of Vienna,
Austria) and Prof. Maria Morandi Cecchi (Department of Pamnel Applied Mathematics, University of
Padua, Italy). In the period 1998-2004 | was co-author togretvith Prof. Domenico Toniolo (Depart-
ment of Physics “Galileo Galilei”) and scientific responsilof the Mantegna Project, i.e., the complete
(mathematics based and computer assisted) restoratibe tdrhous Andrea Mantegnas frescoes in Padua
(Italy) destroyed by a bombing in World Wartlll was awarded a scientific prize by the University of
Padua for “A scientific work on the computer restoration & flagments of the art frescoes in the Eremi-
tani's Church in Padua”. After the doctoral studies, | jairtee EU-Research Training Network HASSIP
(Harmonic Analysis and Statistics for Signal and Image 8ssmg HPRN-CT-2002-00285), with PostDoc
positions at the University of Vienna, Austria, UniversityBremen, and University of Marburg, Germany
(2003-2004). Later | obtained an Intra-European Individdiarie Curie Fellowship, projedtlexible Time-
Frequency Decompositions and Adaptive Treatment of OpeEduations by Frame@TFDORF), at the
University of Vienna (2004-2006). During the period 200338 | also cooperated with the University of
Rome “La Sapienza” on the basis of a local research graninégoRICAM (the Johann Radon Institute
for Computational and Applied Mathematics, Austrian Agagieof Sciences, Linz, Austria) in June 2006
and, with an unpaid leave of one year, | started in Oct. 200&peration within the Program in Applied
and Computational Mathematics (PACM), Princeton Univwgrsi.S.A., on the basis of a second individ-
ual projectSparse Approximation for Blind Source SeparafiSRPARSE), an Outgoing International Marie
Curie Fellowship. A further major project was approved in"N2006: WWTF “Five Senses - Call 2006”,
Mathematical Methods for Image Analysis and Processingsnaf Arts In October 2007, | returned to
RICAM. In June 2008 | obtained the Habilitation (venia dadi¢at the University of Vienna. In November
2008 I have been awarded the START-Preis of the Fonds zaleRdmg der wissenschaftlichen Forschung,
Austria for the project “Sparse Approximation and Optintiza in High Dimensions”. Since January
2009 I'm co-leader of the group of Analysis of PDEs at RICAMdasince April 2009 I'm coordinating
the research team of the START project. In April 2009 | haverbawarded the scientific prize “Prix
de Boelpaepe” of the Royal Academy of Sciences of Belgiunmfgrwork in mathematical imaging. In
the period October-November 2009 | covered an invitedimgiposition at the Texas A&M University in
College Station, Texas, U.S.A. On February 26 2010 | rede@veall for a W2 Professorship in Numer-
ics for Partial Differential Equations/Scientific Commgifrom the University of Bonn (Germany), later
declined. On April 14 2010 | received the “Best Paper Awarfithe Austrian Academy of Sciences. On
April 14 2010 my position at RICAM was made permanent. In tbaqad March-May 2010 | covered a
visiting Professor position at the University of Vienna Gwia). In July 2010 | have been granted a Heisen-
berg Professorship from the Deutsche ForschungsgemaeiitgEiFG) in Germang. This Programme is a
start-up co-financing for a Chair in Numerical Analysis & Bhilipps-University of Marburg in Germany.

Ihtt p: // ww. proget t omant egna. i t
2http: // ww. df g. de/ en/ r esear ch_f undi ng/ pr ogr anmes/ i ndi vi dual / hei senber g/i n_brief /i ndex. ht ni
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3 Curriculum Vitae

3.1 Education and academic degrees

Habilitation (venia docendi)

Habilitationsschrift title:Compressive Algorithms. Adaptive Solutions of PDEs andtfanal Problems
Faculty of Mathematics,

University of Vienna, Austria

June 4, 2008

Doctoral degree in Computational Mathematics

Dissertation Title:Constructive Methods for Numerical Applications in SigRabcessing and Homoge-
nization Problems

no grades are provided in Italy

University of Padua (Italy), February 17 2003

Advisors: Prof. Dr. Hans Georg Feichtinger, Prof. Dr. Maviarandi Cecchi

Graduate Programme in Computational Mathematics
University of Padua, Italy
Nov. 1999 — Dec. 2002

Laurea in Mathematics
Graduatedvlagna cum Laude
University of Padua, Italy
October 28 1999

Studies in Mathematics
University of Padua, Italy
Nov. 1994 — Oct. 1999

3.2 Academic positions

Visiting Professor

Faculty of Mathematics
University of Vienna, Austria.
March — May 2010

Visiting Scholar

Department of Mathematics
Texas A&M University, U.S.A.,
October — December 2009

Leader of the FWF START-Project

“Sparse Approximation and Optimization in High-Dimensbn
Johann Radon Institute for Computational and Applied Maidigcs
Austrian Academy of Sciences, Austria.

April 2009 — March 2015
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Leader of the Group of Analysis of Partial Differential Equations

(jointly with Peter A. Markowich) Johann Radon Institute fdomputational and Applied Mathematics
Austrian Academy of Sciences, Austria.

January 2009 — present time

Senior Research Scientist

(tenured position since April 2010)

Johann Radon Institute for Computational and Applied Maiiditics
Austrian Academy of Sciences, Austria.

June 2006 — present time

Research Associate

Program in Applied and Computational Mathematics
Princeton University, U.S.A.

October 2006 — October 2007

Individual Marie Curie Fellow
Faculty of Mathematics
University of Vienna, Austria
May 2004 — April 2006

Research Assistant

Department of Mathematical Methods and Models for ApplieteSces
University of Rome “La Sapienza”, Italy

June 2003 — May 2006

Research Assistant (Marie Curie Fellow)

EU-network RTN HASSIP (Harmonic Analysis and Statistics fo
Signal and Image Processing, contract HPRN-CT-2002-00285
Faculty of Mathematics

University of Vienna, Austria

January 2004 — April 2004

Research Assistant (Marie Curie Fellow)

EU-network RTN HASSIP (Harmonic Analysis and Statistics fo
Signal and Image Processing, contract HPRN-CT-2002-00285

AG Numerik/Wavelet Analysis Group — Zentrum fur TechnofMamnatik
University of Marburg and University of Bremen, Germany

July 2003 — December 2003

Research Assistant (Marie Curie Fellow)

EU-network RTN HASSIP (Harmonic Analysis and Statistics fo
Signal and Image Processing, contract HPRN-CT-2002-00285
Faculty of Mathematics

University of Vienna, Austria

May 2003 — June 2003

Research Assistant Qsterreich-Stipendium/Austrian Scholarship)
Faculty of Mathematics

University of Vienna, Austria

November 2002 — April 2003

Doctoral student Graduate Program in Computational Mathematics
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University of Padua, Italy
November 1999 — October 2002

3.3 Other invited research visits

Max-Planck Institute for Mathematical Sciences
Leipzig, Germany
June 22-24 2009

Department of Mathematics and Scientific Computing
University of Graz, Austria,
Feb. 26-28 2009

Institute for Numerical Simulation
University of Bonn, Germany,
Feb. 8-13 2009

Program in Applied and Computational Mathematics
Princeton University, U.S.A.
Oct. 15-27, 2008, Oct.-Dec. 2009

Department of Mathematics
University of Pavia, Italy
May 21-22, Nov. 23-26 2008

School of Mathematics
University of Edinburgh, UK
Feb. 27 - Mar. 5 2008

Department of Applied Mathematics and Theoretical Physics
Center of Mathematical Sciences

Cambridge University, UK

Nov. 21-30 2007, Mar. 6-12, Nov. 17-23 2008, April 19-23 2009

Courant Institute of Mathematical Sciences
New York University, U.S.A.
Feb. 6-8,12,19-20,22,27, Mar. 21, Apr. 27,30, May 22 2007.

AG Numerik/Wavelet-Analysis Group,

Fachbereich Mathematik und Informatik der
Philipps-Universitaet Marburg, Germany

Mar .8-12 2004, Jun. 23-26 2004, Aug. 16-27 2004,
Mar. 6-16 2005, Jan. 16-20 2006, Sept. 24-20 2006,
Mar. 23-30 2008, Aug. 18-29 2008, Aug. 7-14 2009.

3.4 Other contracts and cooperations

Consulting contract (project: FWF Operatoren fuer Zeit-Frequenz Analysis)
Faculty of Mathematics

University of Vienna, Austria

November 2002 — April 2003
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Cooperation pro bono publico(Mantegna Project)

Conception and realization of the Mantegna Project, thénamaatical and computer assisted restoration of
Mantegnas art frescoes in the Eremitani Church in Padua (pregettomantegna.it)

Mantegna Project Lab.

University of Padua, Italy

Dec. 1999 — present time

3.5 Individual honors and awards

166 citations from 113 authorson Mathematical Reviews and c&R20 citationson Google Scholar, Au-
gust 2010

Heisenberg ProfessoshifjDeutsche Forschungsgemeinschaft), a start-up co-fingifici a Chair in Nu-
merical Analysis at the Philipps-University of Marburg ire@nany.

Best Paper Award (Jubilaumsfonds der Stadt Wien fur di2AW 2009) for the papetteratively re-
weighted least squares minimization for sparse recogerth |. Daubechies, R. DeVore, C. S. Guntirk),
Commun. Pure Appl. Math., Vol. 63, no. 1, 2010, pp. 1-38

Scientific prize “Prix de Boelpaepe” of the Acacemie Royale de Belgique — Classe des Sciencapril
42009

http://wwmv. ri cam oeaw. ac. at / peopl e/ page/ f or nasi er/ Pri xDeBoel paepe. pdf

http://ww2. academni er oyal e. be/ academ e/ docunment s/ CONCOURSPRI XETSUBVENTI ONSI nf or mat i 697. pdf

The paper Restoration of color images by vector valued BV functiond \eariational calculus(with R.
March), SIAM J. Appl. Math., Vol. 68 No. 2, 2007, pp. 437-4&0used by SIAM (Society for Industrial
and Applied Mathematics in the U.S.A.) as a relevant exammpépplicable mathematics:

http://ww. si am org/ publ i cawar eness/ i mages. php

FWF-START award 2008 for the project “Sparse Approximation and Optimization ilgktDimensions”
(http://wamw fwf.ac. at/de/ public_relations/press/pa20081110. htn)

Finalist (among the best 4 candidates) for the scientific pzde “Young researchers in Mathematics com-
petition”, University of Padua, 2007
(http://waw ri cam oeaw. ac. at/ peopl e/ page/ f ornasi er/fi nal PD. pdf)

Scientific prize for “A scientific work on the computer restoration of the fnagnts of the art frescoes in
the Eremitanis Church in Padua”, University of Padua, Jth§99

Marie Curie Outgoing International Fellowship (contract MOIF-CT-2006-039438, 18 months) of the
European Commission (6th Framework Programme) projedrsepApproximation for Blind Source Sep-
aration”, 2006

Individual Marie Curie Fellowship (contract MEIF-CT-2004-501018, 2 years) of the EuropeamCo
mission (6th Framework Programme) project “Flexible TiFrequency Decompositions and Adaptive
Treatment of Operator Equations by Frames”, 2004

Research fellowship(assegno di ricerca, 3 years) “Wavelets and frames in appation theory”, Uni-
versity of Rome “La Sapienza”, Italy, 2003

Austrian scholarship (C)ste[reich-§tipendium, 6 months) of the Federal MinistmyEducation, Science,
and Culture (BMBWHK) viaOAD (Osterreichischer Austauschdienst) and the Ministeroi desieri Ital-
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iano (the Italian Ministry of Foreign Affairs), Austria, 2@

Doctoral Studies Scholarship(3 years) of the University of Padua, Italy, 1999

3.6 Recent invitations and offers for Professorships at ir@rnational Universities

Heisenberg Professorshigfor a Chair in Numerical Analysis and Computational Harneofihalysis at
the Philipps-University of Marburg, Germany, 2010 (undegatiation

Offer for a W2-professor position in Scientific Computing/Numerical Simulation at the Unisigy of
Bonn, Germany, 2010 (declingd

Visiting Professor positionat the University of Vienna, Austria, 2010
Visiting Professor positionat the University of Provence in Marseille, France, 201&kded)

Offer for a W1-professor position in Numerical Fourier Analysis at the University of RostoGermany,

2008 (declined

3.7 Research publications

Scientifc production  : Dissertations 0 3
. Papers in refereed journals . 30
Submitted papers c 4
Papers in preparation 01
Papers in proceedings . 10
Book chapters . 5
Books 01
Lecture notes 1
Internal manuscripts : 3

3.7.1 Preprints

1. Low rank matrix recovery via iteratively reweighted leagtigres minimizatiorfwith H. Rauhut and
R. Ward), preprint, 2010.

3.7.2 Submitted preprints to refereed journals

2. Learning functions of few arbitrary linear parameters irghidimensiongwith K. Schnass and J.
Vybiral), submitted to Found. Comput. Math., August 2010 pp.

3. Existence of minimizers of the Mumford and Shah functioril singular operators in two space
dimensiongwith R. March), submitted to SIAM J. Math. Anal., March 202 pp.

4. Fluid dynamic description of flocking via Povzner-Boltzmaguation(with J. Haskovec and G.
Toscani), submitted to Physica D (nonlinear phenomenaj, P@09, 19 pp.

5. Multilevel preconditioning for adaptive sparse optimipat(with S. Dahlke and T. Raasch), submit-
ted to Math. Comput., Aug. 2009, 49 pp.

3.7.3 Refereed journal papers

6. A convergent overlapping domain decomposition methodotal variation minimization(with A.
Langer and C.-B. Schonlieb), to appear in Numer. Math.0235 pp.

8
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7. A kinetic flocking model with diffusigfvith R. Duan and G. Toscani), to appear in Commun. Math.
Phys., 2010, 44 pp.

8. Asymptotic flocking dynamics for the kinetic Cucker-Smaddeh(with J. A. Carrillo, J. Rosado,
and G. Toscani), SIAM J. Math. Anal., Vol. 42, no. 1, 2010, pp8-236

9. lterative thresholding meets free-discontinuity probdgmith R. Ward), to appear in Found. Com-
put. Math., 2010, 49 pp.

10. Subspace correction methods for total variation aheéminimization (with C.-B. Schonlieb),
SIAM J. Numer. Anal., Vol. 47, no. 5, 2009, pp. 3397-3428

11. Optimal adaptive computation in the Jaffard algebra andalxed framegwith S. Dahlke and K.
Grochenig), J. Approx. Theory, Vol. 162, no. 1, 2010, pp3-185.

12. Iteratively re-weighted least squares minimization foarse recovery(with |. Daubechies, R.
DeVore, C. S. Guntirk), Commun. Pure Appl. Math., Vol. 68, 1, 2010, pp. 1-38

13. The application of joint sparsity and total variation mingation algorithms to a real-life art
restoration problem(with R. Ramlau and G. Teschke), Adv. Comput. Math., Vol. Bds 1-3, 2009, pp.
301-329.

14. Nonlinear and adaptive frame approximation schemes fgotalPDES: theory and numerical ex-
perimentgwith S. Dahlke, M. Primbs, T. Raasch, M. Werner), NumerMaithods for Partial Differential
Equations, Vol. 25, no. 6 ,2009, pp. 1366-1401

15. lterative thresholding algorithméwith H. Rauhut), Appl. Comput. Harmon. Anal., Vol. 25, No.
2,2008, pp. 187-208.

16. Adaptive frame methods for nonlinear variational problefwith M. Charina and C. Conti), Nu-
mer. Math., Vol. 109 No. 1, 2008, pp. 45-75.

17. Domain decomposition methods for linear inverse problentk sparsity constraintsinverse
Problems, Vol. 23, No. 6, 2007, pp. 2505-2526.

18. Accelerated projected gradient method for linear inversgbfems with sparsity constrain{svith
I. Daubechies and I. Loris), J. Fourier Anal. Appl., Vol. Nh. 5-6, 2008, pp. 764-792.

19. Recovery algorithms for vector valued data with joint sjfsreonstraints(with H. Rauhut), SIAM
J. Numer. Anal., vol. 46, No. 2, 2008, pp. 577-613.

20. Restoration of color images by vector valued BV functiond eariational calculus(with R.
March), SIAM J. Appl. Math., Vol. 68 No. 2, 2007, pp. 437-460.

21. Adaptive iterative thresholding algorithms for magnetogwhalography (MEGjwith F. Pitolli),

J. Comput. Appl. Math., Vol. 221 No. 2, 2008, pp. 386-395

22. Sampling theorems on bounded domdingh L. Gori), J. Comput. Appl. Math., Vol. 221 No. 2,
2008, pp. 376-385.

23. Generalized coorbit theory, Banach frames, and the retatm a-modulation spacegwith S.
Dahlke, H. Rauhut, G. Steidl, and G. Teschke), Proc. LondathMSoc., Vol. 6 No. 2, 2008, pp. 464-506.
24. Adaptive frame methods for elliptic operator equationse #teepest descent approaghith S.
Dahlke, T. Raasch, R. Stevenson and M. Werner), IMA J. Nudeal., Vol. 27 No. 4, 2007, pp. 717-740

25. Banach frames foo-modulation spacesAppl. Comp. Harmon. Anal., Vol. 22, No. 2, 2007, pp.
157-175.

26. Adaptive frame methods for elliptic operator equatio(with S. Dahlke and T. Raasch) Adv.
Comp. Math., Vol. 27 No. 1, 2007, pp. 2763

27. On some stability results of localized atomic decompasiti®end. Mat. Appl., No. 26, 2006, pp.
315-325.

28. Nonlinear projection recovery in digital inpainting for mr image restorationJ. Math. Imaging
Vis. Vol. 24, No. 3, 2006, pp. 359-373.

29. Flexible Gabor-wavelet atomic decompositions férSobolev space@vith H. G. Feichtinger),
Ann. Mat. Pura Appl. Vol. 185(4), No. 1, 2006, pp. 105-131.

30. Continuous frames, function spaces, and the discretizgitoblem(with H. Rauhut), J. Fourier
Anal. Appl., Vol. 11, No. 3, 2005, pp. 245-287.

31. Intrinsic localization of framegwith K. Grochenig), Constr. Approx., Vol. 22, No. 3, 20(%.
395-415.
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32. Fast homogenization algorithm based on asymptotic theowy multiscale schemgsvith M.
Morandi Cecchi), Numer. Algorithms, Vol. 40, No. 2, 2005, 47 1-186

33. Fast, robust, and efficient 2D pattern recognition for res@sbling fragmented imagéwith D.
Toniolo), Pattern Recognition, Vol. 38, No. 11, 2005, pp7£22087.

34. Quasi-orthogonal decompositions of structured framkedMath. Anal. Appl. Vol. 289, No. 1,
2004, pp. 180-199.

35. Function spaces inclusions and rate of convergence of Riarygpe sums in numerical integration
Numer. Funct. Anal. Opt., Vol. 24, Nos. 1 & 2, 2003, pp. 45-57.

3.7.4 Conference papers

36. Mathematical methods for spectral image reconstruc{with W. Baatz and J. Haskovec), Pro-
ceedings of the workshop Scientific Computing for Culturarithge, Heidelberg Germany, November
2009.

37. Binary based fresco restoratiogfvith W. Baatz, P. Markowich, and C.-B. Schnlieb), Procegdi
of the conference Bridge 2009: Mathematics, Music, Art,iecture, Culture, pp. 337-338

38. Compressive Algorithms. Adaptive Solutions of PDE’s andgtfanal Problems invited lecture
for the IMA Mathematics of Surfaces Xl conference, 2009

39. Electric current density imaging via an accelerated it@ratalgorithm with joint sparsity con-
straints (with G. Bretti and F. Pitolli), SPARS’'09 - Signal Procesgiwith Adaptive Sparse Structured
Representations (2009)

40. Domain decomposition methods for compressed serfsiitly A. Langer and C.-B. Schonlieb),
Proc. Int. Conf. SampTAQ09, Marseilles, 2009

41. Mathematics enters the pictyreroceedings of the workshop MathKnow 2008, Springer, 2009

42. lteratively re-weighted least squares minimization: grod faster than linear rate for sparse
recovery(with I. Daubechies, R. DeVore, and C. S. Gunturk), Infatibn Sciences and Systems, 2008.
CISS 2008. 42nd Annual Conference, pp. 26-29

43. Inpainting of ancient Austrian frescodwith W. Baatz, C.-B. Schonlieb, and P. Markowich),
Conference proceedings of Bridges 2008, Leeuwarden 2@085@-156.

44, Faithful recovery of vector valued functions from incontpldata. Recolorization and art restora-
tion, Lecture Notes in Computer Science, Volume 4485/2007,dediags of the First International Con-
ference on Scale Space Methods and Variational Methods mpGter Vision (Sgallari, Fiorella; Murli,
Almerico; Paragios, Nikos Eds.), 2007, pp. 116-127.

45. On elementary sampling theorems on bounded dongaittks L. Gori), Proc. Int. Conf. ICNAAM
2005 (Ed. Simos Theodore S. et al.), Weinheim: Wiley-VHC, §}0-623.

46. Building a bridge between Gabor and wavelet worlssni-Workshop: Wavelets and Frames, Feb.
15-21 2004, Oberwolfach Reports, 1(1), 2004, pp. 490-494.

47. Decompositions of Hilbert spaces: local construction afgll framesProc. Int. Conf. Construc-
tive Function theory 2002, Varna, DARBA, Sofia, 2003, pp.-283.

3.7.5 Book chapters

48. Particle, Kinetic, Hydrodynamic Models of Swarmifwith J. A. Carrillo, G. Toscani, and F. Ve-
cil), within the book “Mathematical modeling of collectii®havior in socio-economic and life-sciences”,
Birkhauser (in preparation, Eds. Lorenzo Pareschi, Giov&aldi, and Giuseppe Toscani), 2010, 34 pp.

49. Numerical Methods for Sparse Recovaiighin the book “Theoretical Foundations and Numerical
Methods for Sparse Recovery”, Radon Series in Applied anditoational Mathematics, de Gruyter (Ed.
Massimo Fornasier), 2010, 110 pp.

50. Compressive Sensirfgith Holger Rauhut) in the “Handbook of Mathematical Medlsan Imag-
ing”, Springer 2010t t p: / / ref wor ks. spri nger. conf ntw i ndex. php?i d=2420)

51. Il Progetto Mantegna: storia e risultatfltalian) (with R. Cazzato, G. Costa, A. Dal Farra, D.
Toniolo, D. Tosato, C. Zanuso), in Andrea Mantegna. La Ch@@vetari a Padova (Anna Maria Spiazzi,
Alberta De Nicold Salmazo, Domenico Toniolo eds.), SKA@0D6.

10
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52. Computer-based re-composition of the frescoes in the @v@keapel in the Church of the Eremi-
tani in Padua. Methodology and initial resujtéitalian/English) (with D. Toniolo), in “Mantegna nella
chiesa degli Eremitani a Padova. Il recupero possibile”®dra, May 2003, pp. 15-23.

3.7.6 Books

53. Theoretical Foundations and Numerical Methods for SpareeoRery Radon Series in Applied
and Computational Mathematics, de Gruyter, July 2010
(http://waw degruyter.de/ cont/fb/ ma/detail.cfnPi sbn=9783110226140&sel =pi)

3.7.7 Dissertations

54. Compressive Algorithms. Adaptive Solutions of PDE’s andatianal Problems Habilitationss-
chrift, Faculty of Mathematics, University of Vienna, Jamy 7, 2008, 426 pp.

55. Constructive Methods for Numerical Applications in SigRadcessing and Homogenization Prob-
lems doctoral thesis, University of Padua, Dec. 2002.

56. Un metodo per la rappresentazione e il confronto di immaginieno di rotazioni. Un contributo
alla ricostruzione virtuale degli affreschi della Chiesagli Eremitani in Padovdltalian), Laurea thesis,
Department of Pure and Applied Mathematics, University adi, Oct. 1999.

3.7.8 Lecture notes

57. Introduzione all’analisi armonica numeric@talian), Lecture Notes, 2007 112 pp.

3.7.9 Miscellaneous

58. Proposta per una anastilosi informatica degli affreschll@é&Capella Ovetari nella Chiesa degli
Eremitani in Padovdltalian) (with C. Fanin and D. Toniolo), technical reporfePD 02/EI/31, Department
of Physics "G. Galilei”, University of Padua.

59. Compactly supported circular harmonics: fast, robust affttient 2D pattern recognition(with
D. Toniolo), technical report DFPD 02/EI/32, DepartmenPbiysics "G. Galilei”, University of Padua.

60. Una discussione matematica sulla rappresentazione edniraoto di immagini a meno di ro-
tazioni. Un contributo alla ricostruzione informatica degffreschi nella Chiesa degli Eremitani in Padova
(Italian), technical report DFPD 99/EI/24, Department bf/gics "G. Galilei”, University of Padua.

3.8 Oral presentations
3.8.1 Plenary lectures

1. Compressive algorithms. Adaptive solutions of PDE’seamiational problems, Int. Conf. Surfaces
XIIl, University of York, UK, September 7-9, 2009.

2. Compressive algorithms. Multilevel preconditioningdasonvergence rates, Int. Conf. Modern
Methods of Time-Frequency Analysis, Strobl, Austria, JuBe20, 2009.

3. Variational principles and compressive algorithms, @onf. “Mathematical Methods for Curves
and Surfaces”, Toensberg, Norway, June 26-July 1, 2008.

4. Mathematical imaging and visual art restoration, “SCQ¥M2 Scientific Computing and the
Cultural Heritage IWR Workshop”, Heidelberger Akademie tidissenschaften, Heidelberg, Germany,
November 12-14, 2007.

3.8.2 Colloquia

5. Mathematics Enters the Picture. (The restoration of tiategna’s frescoes in Padua), Kunsthis-
torische Gesellschaft, Institut fur Kunstgeschichte ivdrsity of Vienna, May 26, 2010.
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6. Compressed numerical methods for well-posed and deggengltiptic PDEs, Department of Math-
ematics, Technical University of Munich, May 20, 2010

7. Innovative Sparse Recovery Methods for PDEs, Mathealafiolloquium, Department of Mathe-
matics, University of Osnabriick, May 12, 2010

8. Compressed numerical methods for well-posed and deggeneltiptic PDEs, Seminar for Applied
Mathematics, ETH-Zurich, April 12, 2010

9. Compressed numerical methods for well-posed and degfengltiptic PDEs, Department of Math-
ematics, University of Basel, November 19 2009

10. Compressed numerical methods for well-posed and degenelliptic PDEs, Institut fir Nu-
merische und Angewandte Mathematik, University of Gggtin, October 31 2009

11. Compressed numerical methods for well-posed and degtersliptic PDES, Institute for Numer-
ical Simulation, University of Bonn, October 29, 2009

12. Sparse approximation and optimization in high dimemsidlax Planck Institute for Mathematics
in the Sciences, Leipzig, Germany, June 23, 2009.

13. Compressive Algorithms. Adaptive Solutions of PDEs ®adational Problems, Department of
Mathematics and Computer Sciences, Technical Univer§iyumich, Germany, June 2 2009.

14. Sparse Approximation and Optimization in High Dimensig~aculty of Mathematics, University
of Vienna, Austria, May 13 2009.

15. Compressive Algorithms. Adaptive Solutions of PDEs ¥adational Problems, Center of Math-
ematics for Applications, University of Oslo, Norway, Afdi6. 2009.

16. Innovative theories, methods, and applications inadignd image processing, IDIAP-EPFL, Lau-
sanne, Switzerland, March 18, 2009

17. Variational principles and compressive algorithmsp&rement of Mathematics, University of
Regensburg, Germany, October 1, 2008.

18. Compressive Algorithms. Adaptive Solutions of PDEs &adational Problems, Seminar for
Applied Mathematics, ETH-Zurich, Dec. 17. 2008.

19. Compressive Algorithms. Adaptive Solutions of PDEs ®adational Problems, Department of
Mathematics, University of Leeds, UK, June 19, 2008.

20. Compressive Algorithms. Adaptive Solutions of PDEs ¥adational Problems, Department of
Mathematics, University of Rostock, Germany, June 18, 2008

21. Compressive Algorithms. Adaptive Solutions of PDEs ¥adational Problems, Habilitationskol-
loquium, Faculty of Mathematics, University of Vienna, Anig, June 4 2008.

22. Faithful recovery of vector valued functions from inquete data. Recolorization and art restora-
tion, Colloguium, Institut fir Numerische und Angewanfitathematik (NAM), Georg-August-Universitat
Gottingen, Gottingen, Germany, Dec. 19 2006.

23. Faithful recovery of vector valued functions from inquiate data. Recolorization and art restora-
tion, Colloquium, Program in Applied and Computational Nenhatics, Princeton University, Princeton,
U.S.A., Nov. 20 2006.

3.8.3 Invited seminars at universities and research instittions

24. Mathematics enters the picture. An Italian touch on evathtical imaging, Center for Approxima-
tion Theory Seminar, Texas A&M University, U.S.A.

25. Efficient numerical methods fas-minimization, Numerical Analysis Seminar, Texas A&M Uni-
versity, U.S.A.

26. Special seminar: A Closer Look to Compressed Sensirgrs8precovery, and Generalizations,
Department of Mathematics and Scientific Computing, Ursigof Graz, Feb. 27, 2009

27. Compressive Algorithms. Adaptive Solutions of PDEs ®adational Problems, , Department of
Mathematics and Scientific Computing, University of GraghF26, 2009

28. Wavelets, joint sparsity, and image processing, FNR842bo Group "Wavelets and applications”,
Universit libre de Bruxelles, Jan. 13, 2009.

29. Mathematics enters the picture, Department of Elemscend Informatics (ETRO), Vrije Univer-
siteit Brussel, Jan. 13, 2009.
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30. Mathematics enters the picture, Fraunhofer ITWM Bitdvieeitungslsungen, Kaiserslautern, Jan.
12, 2009.

31. A kinetic model for flocking, Hong Kong City University,d2. 11, 2008.

32. Compressive algorithms, variational principles, am-{discontinuity problems, Department of
Mathematics, University of Rome “Tor Vergata”, Septembgr2008.

33. ¢1-minimization in compressive algorithms for PDEs and w#iel problems, Deparment of
Mathematics, Universtiy of Pavia, Italy, May. 22, 2008.

34. L'applicazione, architetto della matematica. La matgoa, architetto di nuove applicazioni (The
application, architect of mathematics. Mathematics, isgchof new applications), Faculty of Engineering,
University of Bologna, May 20, 2008.

35. Compressive Algorithms. Adaptive Solutions of PDEs ¥adational Problems, (invited seminar
for an Associate Professorship in Numerical Analysis)tituie for Numerical Simulation, University of
Bonn, Germany, May 16 2008.

36. A comparison of joint sparsity and total variation miigation algorithms in a real-life art restora-
tion problem, Centre de Mathematiques et de Leur Applioati€NRS andEcole Normale Supériore de
Cachan, France, May 15, 2008.

37. Domain decomposition methods for singular PDEs and@gijans in image processing, Labora-
toire Jacques-Louis Lions, Université Pierre et Mariei€Ufrance, May 13, 2008.

38. /1-minimization in compressive algorithms for PDEs and u#oizl problems, Department of
Mathematics, Universtiy of Milano, Italy, Apr. 22, 2008.

39. lterative thresholding algorithms and acceleratiothags, Department of Mathematics, Philipps-
University of Marburg, Germany, Mar. 25, 2008.

40. Compressive algorithms, Numerical Analysis seminapddtment of Applied Mathematics and
Theoretical Physics, Center of Mathematical Sciences (Cofi&he University of Cambridge, UK, Mar.
6, 2008.

41. Iterative re-weighted least square algorithms for a@sged sensing, School of Mathematics,
University of Edinburgh, UK, Mar. 3 2008.

42. Compressive algorithms, Department of Mathematicsyadsity of York, UK, Feb. 29 2008.

43. Compressive algorithms and variational problems, Bepnt of Mathematics, University of Tri-
este, Italy, Feb. 19, 2008

44. PDE methods in image processing, PDE group seminar, rRadtitute for Computational and
Applied Mathematics, Linz, Austria, Jan. 28 2008.

45, Iterative thresholding algorithms for inverse proldenith sparsity constraints, Harmonic Analysis
and Signal Processing Seminar, Courant Institute of Ma#tieal Sciences, NY University, USA, April
30, 2007.

46. A unified approach to iterative thresholding algorithforssparse recovery, Norbert Wiener Center
Seminar, University of Maryland, College Park, USA, Aprd, R007.

47. Variational calculus, wavelets, and image processRaglon Institute for Computational and Ap-
plied Mathematics (RICAM), Linz, Austria, Feb. 7 2006.

48. Tecniche diricostruzione di segnali e di immagini difjiton metodi di interpolazione e variazion-
ali con vincoli, Workshop “Modelli differenziali e tecniehnumeriche nel trattamento delle immagini”,
Department of Mathematics “Castelnuovo”, University offRo“La Sapienza”, Apr. 15 2004.

49. Frame expansions for numerical analysis and signajénpaocessing. Applications in image pat-
tern recognition and real world examples, “GraduiertelekpAngewandte Algorithmische Mathematik”,
Technische Universitaet Muenchen, Zentrum Mathematik;, IS2003.

50. Introduzione alla teoria degli spazi coorbita qualeriptetazione unificata delle decomposizioni di
Gabor e wavelets e possibili estensioni, Department of Bfattics, University Bicocca in Milano, Jun.
10 2002.

51. Analisi tempo-frequenza e algoritmi di pattern matghiel 2D, Deparment of Mathematics, Uni-
versity of Verona, Jun. 5 2002.

52. Gabor-wavelet transform and discrete frames, DepattofeMathematics, University of Udine,
Oct. 19 2001.

13



Univ.-Doz. Dr. Massimo Fornasier DOSSIER massimo.fornasier@oeaw.ac.at

53. Local construction of global frames and applicationep&tment of Mathematics, Technical Uni-
versity of Denmark, Lyngby, Denmark, August 6 2001.

54. Flexible Gabor-wavelet transforms and applicationBIMes and signal processing, Department of
Pure and Applied Mathematics, University of Padua, July 212

55. Un metodo per la rappresentazione ed il confronto di igimi@ meno di rotazioni. Un contributo
alla ricostruzione virtuale degli affreschi della Chiesglil Eremitani in Padova, Department of Pure and
Applied Mathematics, University of Padua, March 13 2000.

3.8.4 Invited talks at conferences and workshops

56. Inverse free-discontinuity problems and iterativeeshiolding algorithms, Emerging Topics in
Dynamical Systems and Partial Differential Equations - DER, Barcelona, May 31 - June 4 2010

57. Inverse free-discontinuity problems and iterativeeghiolding algorithms, SIAM Conference on
Imaging Science (1S10), Chicago, U.S.A., April 12-14, 2010

58. Subspace correction methods lfgrand total variation minimization, SIAM Conference on Imag-
ing Science (1S10), Chicago, U.S.A., April 12-14, 2010

59. Inverse free-discontinuity problems and iterativeshiolding algorithms, AIP 2009, Vienna, July
21, 2009

60. Multilevel preconditioning in inverse problems withasgity constraints, AIP 2009, Vienna, July
21, 2009

61. Inverse free-discontinuity problems and iteratives$hiolding algorithms EPSRC Symposium Cap-
stone, Warwick Mathematical Institute, UK, June 30 — Jul2(B)9.

62. Iterative thresholding: domain decompositions, reyél preconditioning, and adaptivity, Tomog-
raphy with Wavelets, Observatoire Océanologique, \file€he-sur-Mer, France, May 28-30 2009.

63. A kinetic model of flocking, Workshop on Modern Topics inminear Kinetic Equations, Univer-
sity of Cambridge, UK, April 20-22, 2008.

64. Domain decomposition methods for total variation migation, The Third International Confer-
ence on Scientific Computing and Partial Differential Equeg at Hong Kong Baptist University, Hong
Kong, Dec. 8-12, 2008.

65. Subspace decomposition method for very large scalsespatimizations, Structured Decomposi-
tions and Efficient Algorithms, Dagstuhl Seminar, Germahyy. 30 — Dec. 5, 2008.

66. A kinetic model for flocking, Kinetic modelling for socEconomic and related problems, Vigevano,
Italy, November 27-29, 2008.

67. Hot topics Workshop: Multi-Manifold Data Modeling angb@lications, Institute for Mathematics
and its Applications (IMA), University of Minnesota, U.S.,AOctober 27-30 2008.

68. Modern harmonic analysis and PDEs methods for visuakatbration, Modelling and Numerics
for Monuments Conservation, University of Orleans, Fraigapt. 4-5 2008.

69. Image and Signal Processing, Foundations of Compottidathematics (FoOCM08), Hong-Kong,
China, Jun. 24-26, 2008.

70. Modern methods of harmonic analysis and PDEs in matheshahaging, Mathknow08 - Mathe-
matics, Applied Sciences, and Real Life, MOX - Technicalvérsity of Milan, Italy, May 23, 2008.

71. Inverse problems and sparsity measures, Minisymposinerse Problems with Sparsity Con-
straints, GAMM 2008, Bremen, Germany, Mar. 31 — Apr. 4, 2008.

72. Compressive algorithms: beyond adaptive wavelet ndstio PDEs, Workshop on “Adaptive
Numerical Methods for PDEs”, Wolfgang Pauli Institute, Mm@, Austria, Jan. 21-25 2008.

73. Mathematical tools in signal processing and sparseniggation, Co. ESTECO S.r.l. www.esteco.com,
Area Science Park, Trieste, Italy, December 14, 2007.

74. Evaluation of the project “Mathematical Methods for fsadAnalysis and Processing in the Visual
Arts”, WWTF, Vienna, Austria, December 5 2007.

75. Mathematics and art restoration, Institut fur Konssming und Restaurierung, Akademie der
bildenden Kiinste Wien, Vienna, Austria, November 9 2007.

76. von Neumann Symposium “Sparse Representation and Piigkensional Geometry”, July 8-12,
2007
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77. Recovery algorithms for vector valued data with joirdrsiity constraints, Sparse Approximation
Workshop, Nov. 10-12 2006, Princeton University, USA.

78. Frame adaptive methods for signal processing and apematiations, Workshop “Time-frequency
analysis and stationary filtering”, BIRS, Banff, CanadaptS24-29 2005.

79. Some applications of localization of frame theory, Matlatisches Forschungsinstitut Oberwol-
fach, Feb. 18 2004.

80. Proposta per una anastilosi informatica degli affriedella Cappella Ovetari nella Chiesa degli
Eremitani in Padova, Consiglio di amministrazione dellandi@zione Cassa di Risparmio di Padova e
Rovigo, July 21 2000.

3.8.5 Contributed conference presentations

81. Subspace correction methods in sparse optimizatiomkdhop “Inverse Problems in Medical
Imaging”, Universitatszentrum Obergurgl, Austria, Jag-27 2008.

82. Accelerated iterative thresholding algorithms, Cogriee on Applied Inverse Problems 2007:
Theoretical and Computational Aspects, June 25-29, 2007.

83. Sparse recovery, free-discontinuity problems and emagainting, Workshop on “PDEs and Vari-
ational Tools in Image Inpainting”, Wolfgang Pauli Instau Vienna, Austria, June 11-13, 2007.

84. Faithful recovery of vector valued functions from inqaete data. Recolorization and art restora-
tion, Scale Space Variational Methods 2007, Ischia, Itdlyy 30 - June 2, 2007.

85. Fast reconstruction algorithm for sparse multivarsatd vector valued data, 1st Dolomites work-
shop on constructive approximation and applications, S22 2006, Alba di Canazei, Italia. 86. Varia-
tional methods, inpainting, and art restoration, Int. CdMonlinear PDEs: Homogenization and Kinetic
Equations”, Vienna, Austria, June 26-30 2006.

87. Linear inverse problems with joint sparsity constigirtlini-workshop “Sparsity and Applica-
tions”, Radon Institute for Computational and Applied Mattatics (RICAM), Linz, Austria, June 21
2006.

88. Fast algorithms for inverse problems with joint spgrsidnstraints, Int. Conf. Recent Progress in
Spline and Wavelet Approximation, University of Rome La i®apa, June 14-16 2006.

89. Metodi di campionamento non uniforme e variazionali ijpeestauro di immagini, Convegno
nazionale GNCS, Dipartimento di Matematica F. Enriquesyéisity of Milano, 14-16 febbraio 2006.

90. Adaptive algorithms. Mobile digital signal transmdssi Int. Conf. MathMod, Vienna, Austria,
February 8-10 2006.

91. On elementary sampling theorems on bounded domains,Gohf. ICNAAM 2005, Rodos,
Greece, Sept. 16-20 2005.

92. Int. Conf. SampTA2005, Sampling Theory and ApplicaticBamsun, Turkey, July 10-15 2005.

93. Frames, greedy algorithms, and operator equationgjd@emester “Modern Methods of Time-
Frequency Analysis”, Third Workshop “Nonorthogonal exgians and greedy algorithms”, Erwin Schroedinger
Institute, Vienna, Austria, June 6-11 2005.

94. Frames, greedy algorithms, and operator equations, @unf. “Modern Methods of Time-
Frequency Analysis”, Strobl, Austria, May 23-28 2005.

95. Image processing, greedy algorithms, and operatottieqaaHASSIP midterm meeting, Vienna,
Austria, April 26-27 2005.

96. Adaptive frame methods for magnetohydrodynamic flow8S@OT04 4th Meeting on Applied
Scientific Computing and Tools (Grid generation, approxioma and visualization), Florence, Italy, Nov.
25-27 2004.

97. Frame decompositions in image processing: applicaiiomrt restoration, SIMAI 2004, Isola di
San Servolo, Venice, Italy, Sept. 20-24 2004.

98. Construction of smooth (wavelet) frames and their apfitins, Int. Conf. Classical and New
Approximation Spaces: Theory and Applications, Romey|taeb. 5-7 2004. 1.Interpolation of Banach
spaces by means of Gabor-wavelet frames, Int. Conf. Wavatet Splines, S. Petersburg, Russia, July 2-8
2003.
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99. Flexible Gabor-wavelets decompositions for L2 Sobaleaces, Int. Conf. SampTA2003, Sam-
pling Theory and Applications, Strobl, Austria, May 2003.

100.Fast registration methods based on local circular daicyframes and applications to art frescoes
restoration, GAMM2003 (Conference of Gesellschaft fuegéwmandte Mathematik und Mechanik e. v.
2003), Abano Terme, Italy, 24-28 March 2003.

101. Fast homogenization algorithm based on asymptotarytend multiscale schemes, GAMM2003
(Conference of Gesellschaft fuer Angewandte MathematikMachanik e. v. 2003), Abano Terme, Italy,
March 24-28 2003.

102. Flexible Gabor-wavelet continuous and discrete feamealpha-modulation spaces, 2nd Int.
Gabor Workshop, Vienna, Austria, Dec. 3-7 2002.

103. Generalized structured frame expansions: a bridge @abor to wavelet theory, kick-off meeting
of the EU-network RTN HASSIP (Harmonic Analysis and Statssffor Signal and Image Processing)
HPRN-CT-2002-00285, Department of Mathematics, Univesi Provence, Marseille, France, Nov. 14-
16 2002.7

104. Un algoritmo di omogeneizzazione veloce basato sedda asintotica e su schemi multiscala,
"Convegno nazionale di Analisi Numerica: stato dell’'art&tcavacata di Rende, University of Calabria,
Sept. 26-28 2002.

105. Decompositions of Hilbert spaces: local constructibglobal frames, Int. Conf. Constructive
Function Theory, Varna, Bulgaria, June 19-23 2002.

3.8.6 Invited public lectures

106. Marie Curie International Fellowships, workshop orCFEE 4 YOU, BMWF — neue Medi-
enraume, Vienna, Austria, May 13 2009.

107. 1l Progetto Mantegna a Padova (The Mantegna Projecadud®), Conferenza Matematica e
Cultura 2009, Auditorium Santa Margherita, University Gese€ari of Venice, March 27, 2009.

108. Mathematics enters the picture, Interdisziplin@&dogforum (ID) — Kick-off, Senatssaal, Uni-
versity of Vienna, Dec. 4, 2008.

109. Matematica e applicazioni allarte e alla tecnologiatfdmatics and applications in art and
technology), presentation of the book “Matematici al lavofMathematicians at work), Department of
Mathematics, University of Milano, Italy, Apr. 22, 2008.

110. Matematica e Arte (Mathematics and Art), Istituto Coemgivo di Correzzola, Comune di Can-
diana, Candiana, Italy, December 15, 2007.

111. Marie Curie Outgoing International Fellowship, wdrép on PEOPLE & IDEAS - Projekte im
7. EU-Rahmenprogramn@sterreichische Akademie der Wissenschaften, Viennatriau®ecember 7
2007.

112. Il “Progetto Mantegna” a Padova e Sviluppi (The Mang&Broject in Padua and Developments),
University for Adult People, Belluno, Italy, December 21080

113. Presentazione nazionale del “Progetto Mantegnaidhtpresentation of the Mantegna Project),
Salone Internazionale del Restauro, Fiera di Ferrary, Nédr. 29 2001.

3.9 Teaching

3.9.1 Invited short courses

e Numerical methods for sparse recovery, 5 hour course, Surgatmol on “Theoretical Foundations
and Numerical Methods for Sparse Recovery” held at the JoRaaon Institute for Computational
and Applied Mathematics (RICAM), Linz - Austria, on August 3September 4, 2009

e Sparse recovery algorithms from exact and incomplete datayur course, Dolomites Research
Week on Approximation 2007, Sept. 4-6 2007, University ofdva, Alba di Canazei, Italy.

e Mathematical modelling, 6 hour course, WS07-08 (Janualty¢ 2008), University of Vienna, Vi-
enna, Austria.
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3.9.2 Regular courses

e Calculus of variations and geometric measure theory, aegidurse, SS10, University of Vienna,
Austria

e Project seminar Discontinuous Galerkin Method for Totafid@on minimization attached to the
course of Numerical Methods for Elliptic PDEs (Ulrich LamgesS10, Johannes Kepler University,
Linz, Austria

e Inverse problems in mathematical imaging, regular coufg809-10, University of Padua, Italy

e Project seminar Discontinuous Galerkin Method for Totatid#on minimization attached to the
course of Numerical Methods for Elliptic PDEs (Ulrich LamgesS09, Johannes Kepler University,
Linz, Austria

e Recent advances in numerical harmonic analysis, requlasepSS08, University of Padua, Italy

e Variational methods for free-discontinuity problems apdrse recovery, special course, WS07-08,
Johannes Kepler University, Linz, Austria

e Recent advances in numerical harmonic analysis, requlasepSS07, University of Padua, Italy

e Numerical analysis laboratory, assistant, SS06, UnitsecgiRome “La Sapienza”, Italy (large class
at Engineering Fac.)

e Numerical analysis laboratory, assistant, SS05, UniyecdiRome “La Sapienza”, Italy (large class
at Engineering Fac.)

e Mathematics for signal and image processing, regular epdS03-04, University of Padua, Italy
e Numerical harmonic analysis, regular course, WS02-03yéinity of Padua, Italy

e Calculus I, assistant, WS99-00, University of Padua, Iflsge class at Engineering Fac.)

3.10 Students
3.10.1 Master students

llaria Patuzzi, February 2010 (co-supervisor Dr. Fabiodvarzi)

Laurea in Mathematics, University of Padua, Italy

Thesis (Italian) “Algoritmi di thresholding iterativo econoscimento della corrosione”
Grades: magna cum laude

Rocco Cazzato, October 2007 (co-supervisor Prof. Ruggezzk)

Laurea in Information Engineering, University of Padualyit

Thesis (Italian) “Un metodo per la ricolorazione di immagdraltri strumenti per il restauro - Il Progetto
Mantegna e gli affreschi nella chiesa degli Eremitani”

Grades: best grades for an experimental thesis

Giulia Erica Valente, November 2006 (co-supervisor Dr.ied&barcuzzi)
Laurea in Mathematics, University of Padua, Italy

Thesis (Italian) “Gabor frames: teoria e algoritmi”

Grades: magna cum laude
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3.10.2 Doctoral students

Andreas Langer

Johann Radon Institute for Applied and Computational Mauics, Austrian Academy of Sciences
Linz, AUSTRIA

Feb. 2008 — present time

Thesis “Subspace Correction Methods for Total Variatiomiktization”

Contribution to the supervision of the Ph.D. work of Rachelr@v(advisor Prof. Ingrid Daubechies, Pro-
gram in Applied and Computational Mathematics, Princetaiversity, U.S.A., compare the paper [8]),
and Carola-Bibiane Schonlieb (advisor Prof. Peter A. Muatikh, Department of Applied Mathematics
and Theoretical Physics (DAMTP), Centre for Mathematicaile8ces, University of Cambridge, U.K.,
compare papers [6,9,37,40]).

3.10.3 PostDocs
Analysis of PDE group

Renjun Duan (Doctoral studies at City University Hong Kong)

Johann Radon Institute for Applied and Computational Mauthigcs, Austrian Academy of Sciences
Linz, AUSTRIA

October 2008 — August 2010

Massimo Fonte (Doctoral studies at S.I.S.S.A., Triestdy)it

Johann Radon Institute for Applied and Computational Maudics, Austrian Academy of Sciences
Linz, AUSTRIA

April 2006 — March 2010

Francesco Vecil (Doctoral studies at the Autonomous Usityenf Barcelona, Spain)

Johann Radon Institute for Applied and Computational Mautiecs, Austrian Academy of Sciences
Linz, AUSTRIA

October 2008 — September 2010

START Project team (ht t p: // hdspar se. ri cam oeaw. ac. at/)

Jan Haskovec (Doctoral studies at the University of Vierastria)

Johann Radon Institute for Applied and Computational Mautiics, Austrian Academy of Sciences
Linz, AUSTRIA

July 2009 — June 2012

Yunho Kim (Doctoral studies at UC Los Angeles, U.S.A))

Johann Radon Institute for Applied and Computational Mautiics, Austrian Academy of Sciences
Linz, AUSTRIA

July — Sept. 2009

Karin Schnass (Doctoral studies at the Ecole Polytechrif@aerale de Lausanne, Switzerland)
Johann Radon Institute for Applied and Computational Mautigcs, Austrian Academy of Sciences
Linz, AUSTRIA

January 2010 — June 2012

Jan Vybiral (Doctoral studies at the Friedrich-Schillerigmsity of Jena, Germany)

Johann Radon Institute for Applied and Computational Mautiics, Austrian Academy of Sciences
Linz, AUSTRIA

18



Univ.-Doz. Dr. Massimo Fornasier DOSSIER massimo.fornasier@oeaw.ac.at

October 2009 — June 2012

3.11 Grants and external projects

START award (FWF - Fonds zur Forderung der wissenschaftlichen Forsghiustria, 6 years)
Project title “Sparse Approximation and Optimization irgHiDimensions”

Submission date Feb. 22 2008, approval date Nov. 8 2008

PI: M. Fornasier

Apr. 2009 - Mar. 2015

Amount 1.137.860 EUR

WWTF “Five Senses - Call 2006”(4 years), Project Mathematical Methods for Image Analgsid Pro-
cessing in Visual Arts

Nov. 2006 - Oct. 2010

Pls: W. Baatz, M. Fornasier, B. Kowanz, P. Markowich

Amount: 400.000 EUR

Marie Curie Outgoing International Fellowship (contract MOIF-CT-2006-039438, 18 months) of the
European Commission (6th Framework Programme)

Project “Sparse Approximation for Blind Source Separdtion

Oct. 2006 - March 2008

Pl: M. Fornasier

Amount: 120.000 EUR

Individual Marie Curie Fellowship (contract MEIF-CT-2004-501018, 2 years) of the European
Commission (6th Framework Programme)

Project “Flexible Time-Frequency Decompositions and An@pTreatment of Operator Equations by
Frames”

May 2004 - April 2006

PI: M. Fornasier

Amount: 130.000 EUR

Mantegna Projectwww.progettomantegna.it (3 years) Fondazione Cassa gaRiso di Padova e Rovigo
and University of Padua

Oct. 2001 - Sept. 2004

Pls: M. Fornasier and D. Toniolo

Amount: 525.000 EUR

3.12 Professional activities
3.12.1 Journal reviewing

Applied and Computational Harmonic Analysis, Computerias Forum, Foundation of Computational

Mathematics, IEEE Signal Processing Letters, IEEE Tratisacon Image Processing , IMA Journal of
Numerical Analysis, Inverse Problems, Journal of the AozgriMathematical Society, Journal of Com-
putational and Applied Mathematics, Journal of Fourier Arsis and Applications, Journal of Functional

Analysis, Journal of Function Spaces and Applicationsydalbon Sampling Theory in Signal and Image
Processing, Mathematische Nachrichten, Numerical Atgars, Numerische Mathematik, SIAM Journal
on Mathematical Analysis, SIAM Journal on Numerical Anialys
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3.12.2 Conference, workshop, meeting organization

2011 Foundations of Computational Mathematics Conferenoeorganizer (jointly with Martin
Buhmann and Nira Dyn) of the minisymposium “Approximatitreory”

2010 Workshop “Sparsity and Computation”, co-organizeinfly with Ronald DeVore and Holger
Rauhut), Hausdorff Center for Mathematics Bonn, June 72010, Bonn, Germany

2010 Minisymposium “Particle and Mean Field Models for Kimg and Swarming” co-organizer
(with Alethea Barbaro), Emerging Topics in Dynamical Syséeand Partial Differential Equations
DSPDEs’10, May 31 - June 4, 2010, Barcelona, Spain

2010 GAMM co-organizer (jointly with Micheal Hintermileof the session on Mathematical Imag
ing, March 22-26, 2010, Karlsruhe, Germany

2009 Summer School on "Theoretical Foundations and Numlelethods for Sparse Recovery”

held at the Johann Radon Institute for Computational andiéggMathematics (RICAM), Linz -
Austria, on August 31 - September 4, 2009 p: / / www. ri cam oeaw. ac. at/ event s/ summer school _2009/
(more than 70 confirmed students from 19 countries)

2009 Member of the Technical Program Committee for the InanfC “Signal Processing with
Adaptive Sparse/Structured Representations” (SPARS28@@. 7-10 2009, Saint-Malo, France

2009 Special session “Sampling and (in)painting” at the onf. “Sampling Theory and Appli-
cations 2009” (SampTA 2009), Centre International de Retres Mathematiques (CIRM), May
28-22., 2009, Marseille-Luminy, France

2008 Minisymposium “Compressive algorithms for appliegtirse problems with sparse solutions”,
IX SIMAI - Societa Italiana di Matematica Applicata e Indriale - Conference, September 15-19,
2008, Rome, Italy

2008 Thematic Programme “Applied Analysis and Fast Conijmutan Phase-Space”, September
2008, Wolfgang Pauli Institute, Vienna University, Auatri

2007 Workshop “PDEs and Variational Tools in Image InpaigitiJune 11-12 2007, Wolfgang Pauli
Institute, Vienna University, Austria

2006 Mini-workshop “Sparsity and Applications”, June 21080Johann Radon Institute for Com-
putational and Applied Mathematics (RICAM), Austrian Aeady of Sciences, Linz, Austria

2006 Int. Conference “Recent Progress in Spline and Wawgiptoximation”, June 14-16 2006,
Rome, Italy

2004 Int. Conference “Classical and New Approximation &sad heory and Applications”, Feb.
5-7 2004, Rome, Italy
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4 The Research Activity

My main responsibility at the Johann Radon Institute for @atational and Applied Mathematics (RI-
CAM) is the coordination of the group in “Analysis of PartRifferential Equations (PDEs)". Within the
scope of our group | currently focus on the topics reportddvlaenhich are involving the active coopera-
tion of younger members of the group, Dr. Renjun Duan, Dipg. |Andreas Langer, Dr. Jan Haskovec,
and Dr. Francesco Vecil, as it is shown by the related joiflipations. | emphasize below in particular
the developments of my research which is characterizeddgdhign ofCompressive Algorithmse., al-
gorithms which recover, by nonlinear and adaptive iteretjdhe main features of a solution, in connection
with sparse optimization technigues.

(R1) Variational calculus and geometric measure theory with paticular emphasis on inverse free-
discontinuity problems. Free-discontinuity problems describe situations wheeesttlution of in-
terest is defined by a function and a lower dimensional sesisting of the discontinuities of the
function [2]. Hence, the derivative of the solution is assdnto be a ‘small’ function almost ev-
erywhere except on sets where it concentrates as a singalsure. This is the case, for instance,
in crack detection from fracture mechanics or in certaintdigmage segmentation and denoising
problems. One of the best-known examples of free-discoityimmodels is provided by the so-called
Mumford-Shah functional [29] whose minimal solutions appmate a given datum and are smooth
everywhere except on a minimal length surface. Howevesg #élso of great practical interest to
be able to recover functions which are piecewise smooth fatsn partial information, provided,
for instance, by suitable linear measurements via a singarator, i.e., an operator which is not
necessarily boundedly invertible.

Sampling domain in the frequency plane

(a) (b)

26 iterations 126 iterations

(c) (d)

Figure 1: (a) Sampling data of the NMR image in the Fourier domain whdolresponds to only.01% of all
samples. (b) Reconstruction by backprojection. (c) Intatiate iteration of an efficient algorithm [28] for the
recovery of the function. (d) The final reconstruction is@xa

An example fromnuclear magnetic resonand®lMR) imaging may serve as an illustration. Here,
the device scans a patient by taking 2D or 3D (incomplet@ueacy measurements within a radial
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geometry. Figure 1(a) describes such a sampling set of a Abdfdransform. Since a lengthy scan-
ning procedure is very uncomfortable for the patient it isidible to take only a minimal amount
of measurements. As a recovery method we consider the nzigiion of a functional as men-

tioned above, formed by a term of discrepancy to partial iEotnansform data and a Mumford-Shah
functional term. Such minimization can be addressed rbhust instance, by means of iterative
thresholding methods as introduced in [28]. For comparisegure 1(b) shows the recovery by
a traditional backprojection algorithm. In Figures 1(d¢)literations of the algorithm in [28] are

displayed. The final reconstruction in Figure 1(d) is swipgly nearly exact which indicates the po-
tential of Mumford-Shah regularization of performing a®daesults as total variation minimization
in several sparse recovery problems, sucbampressed sensiig].

The theory of existence of minimal solutions in thgecial bounded variatio(6BV) function space
for the classical Mumford-Shah functional has been extehsiexplored [2]. The proof of existence
of minimizers is based on a deep compactness result in SBVrblgrésio [1], which require&®
boundedness of solutions, typically obtained by truncaticguments when the datum is also as-
sumed inL*. However, despite its wide use in practice as a regulaozatiethod, as an alternative
to total variation minimization9, ?], not many theoretical results are currently availableceoning
Mumford-Shah functionals with singular operators modellinverse problems.

In our recent work we seek for new existence results of mihgolaitions for linear inverse problems,
regularized with Mumford-Shah-like functionals. We séafar such minimal solutions in a certain
class of smooth functions out of piecewise Lipschitz cardurs discontinuity sets. Differently from
previous approaches we address linear problenid @amd we do not try to obtaib® boundedness in
order to apply Ambrosio’s results. Instead, we can resumepagtness/coerciveness by exploiting
the special structure of the linear measurements, gearak#ind regularity properties of domains,
interpolation inequalities, and classical compactnegsraents in Sobolev spacés-P [22].

Together with this theoretical analysis, we are addresalag numerical methods for computing
such minimizers [28], and the analysis of the complexityhafse algorithms. It is well-known (at
least in the mono-dimensional case) that the computatiomimmizers of free-discontinuity models
a laMumford-Shah can be executed directly witk» &N3) algorithm. For inverse free-discontinuity
problems as addressed in [22, 28], also in the mono-dimealsease, the minimization is shown to
be NP-hard. The virtue of the algorithms proposed in [28)isdmpute iteratively local minimizers
(which will coincide with the global minimizer as soon as #tarting point is close enough) i(N)
complexity.

(R2) Scalar conservation laws, Discontinuous Galerkin methodand stabilization via free-discontinuity
problems. A work in progress is the use of the results achieved in [2Rid&tabilizing the approxi-
mation of discontinuous solutions of scalar conservatovsl These evolutionary partial differential
equations can produce discontinuous solutions in finite tiaso starting from smooth initial data.
The classical finite element approximation will producerspus oscillations generated around the
discontinuities. Such oscillations then propagate alf tve domain, making very poor the uniform
approximation to the solution. The use of a DiscontinuoutefRa approximation also produces
spurious oscillations, but it confines them just locallyuard the discontinuities. Still further stabi-
lization methods are requested to get a good uniform apmation locally at the discontinuities.
One way of addressing this problem is to add an additionalogisy (typically by minimizing the
L2 norm of the gradient) out of the jumps of the solution. Theinfation on the jump is typically
obtainedexplicitly from the previous time-step, by assuming that it will notgress in time too
quickly. Hence, one has to assume a rather small time stepler to keep stability of the entire
scheme. However, we expect that a post-processing solboftiariree-discontinuity problem, where
the discontinuity set isnplicitly computed at each time step, can furnish the same stahilizetiect
with respect to spurious oscillations, and at the same tiroan allow for much larger time steps.

(R3) Further developments on adaptive methods for linear ellipic PDEs. In the work [6, 8, 7, 9,
30, 31] we established a new approach to the adaptive solafibnear elliptic PDEs by means of
redundant wavelet frame discretizations. While this tégpnm allows for an easier use of wavelets
on complex domains, it does not improve the best rate of appedion due to the fact that the
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dictionary used for the discretization is a union of wavbltes. By considering the union of “hybrid
bases”, e.g., wavelets and local Fourier bases, we hopddmpht least for certain solutions, a rate
of convergences (and a complexity) which is beyond the phtdé performance by using one basis
only. The theory behind this development is closely relatecbmpressed sensing and it is one very
important example of how sparse optimization techniquesesemployed in numerical simulation.

(R4) Domain decomposition and subspace correction methods fommsmooth convex minimizations.
Domain decomposition and subspace correction methodsiavekto converge to solutions of PDEs
associated to smooth strictly convex energies, and manytemxamples are known for nonsmooth
and nonseparable cases. However, we succeeded to achedimsttiproof of convergence of theses
methods [21] in the context of problems related to totalateon miminization (known to be nons-
mooth and nonseparable). This relevant result comes &fteral successful investigations [18, 27]
in related topics. These achievements clarified the pessittlust use of high-performance comput-
ing, in particular, parallel computing, for methods invialy total variation minimization, see Figure
2. In the classical theory of domain decomposition methadsmell-posed linear elliptic PDEs,
such schemes turns out to be equivalent to optimal predondit for the problem, with a result-
ing condition number which scales as a constant with the mefgiement. For degenerate elliptic
PDEs (where coerciveness and boundedness may be lackirmgyobd scaling properties are not
known, and we are currently investigating the right framewfor establishing optimal choices of
decomposition and estimates of the complexity growth withrhesh refinement.

Initial Picture 146 iterations

board dog on board dog

jdc ’
10g C g.O

Figure 2:This figure shows an application of algorithm in [21] for inesigpainting. In this simulation the problem
was split into five subproblems on overlapping subdomains.

(R5) Kinetic and hydrodynamic equations for collective behavio modeling. Starting with individual-
based models based on “particle™-like assumptions, weexinio hydrodynamic/macroscopic de-
scriptions of collective motion via kinetic theory. We enaglze the role of the kinetic viewpoint
in the modelling, in the derivation of continuum models andhe understanding of the complex
behavior of multi-agent systems. In the recent studies,[43bpwe clarified existence of solutions,
stability, and pattern formation (e.g., as the one showeldignire 3 related to fish schooling), of
certain nonlinear PDEs associated to kinetic models, andesiged corresponding hydrodynamic
equations [20]. This research direction is widely open veiéiveral questions to be yet clarified.
Besides challenging theoretical issues, also the robumtrinal analysis encounters the same diffi-
culties as in the classical problems of fluid dynamics. Owhvig to address in a longer prospective
problems where we do not dispose of given absolute interatdws, such as the fundamental laws
of physics ruling the particle behavior in diluted gas; &t we want to infer them mathematically
via an inverse problem procedure from minimal observatians then use such derived models for
modelling hydrodynamic equations which might allow ugdgecastunknown and fuzzy situations,
for instance in biology or the behavior of large populations
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(R6) High-dimensional dynamical systems.The models studied, and mentioned above, for the motion

Dr.

behavior of animals and humans are typically embedded irt@hysical space. However, it is of
very strong interest to consider a more abstract settinggh timensions. For instance, we may
want to consider a group of a few millions individuals, eabhracterized by a few thousand degrees
of freedom, as it may be the case for a model of the financiakebavith several investors, charac-
terized by relatively large portfolios. When the dynamissuled by the sole adjacency matrix of
the cloud of agents (computed with respect to some distatis) the cost of simulating or learning
the dynamical system becomes too large. In fact, at eachdiepeone should compute again the
adjacency matrix with a cost @f(N x N x d) operations wher&l =d®, o > 1 is the number of
agents andl the dimension of their degrees of freedom. By the Johnsoddristrauss lemma, it is
well-known that random linear projections onto a space welodimensiork ~ log(d) can behave
almost isometrically on a cloud ™ points. Hence one can simulate or learn approximatively the
dynamical system in lower dimension, if we consider one orarrandom projections of it. Such
simulations can be addressed in parallel. We obtaineddlreaveral very surprising results in this
very visionary research direction and we expect many mocenace.
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Figure 3: Mills in nature and in our numerical simulation.

Since July 2009, the group of “Analysis of Partial Differ@htEquations” acquired new members,
Jan Haskovec, Dr. Karin Schnass, and Dr. Jan Vybiralpnkbdo the funding obtained via the

START-Pries project “Sparse Approximation and Optimizatin High Dimensions”. This project is
highly interdisciplinaryand it has the function of connecting the activity of the graf “Analysis of
Partial Differential Equations” to the research done witRICAM by other related groups, in particular,
“’Computational Mathematics for Direct Field ProblemsInverse Problems”, “Optimization and Con-
trol”, “Mathematical Imaging”, and “Mathematical MethootsMolecular and Systems Biology”. For more
info htt p: // hdsparse. ri cam oeaw. ac. at/ .
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