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This paper presents theoretical advances in the application of the Stochastic Partial Differential Equation (SPDE)
approach in geostatistics. We show a general approach to construct stationary models related to a wide class of
linear SPDEs, with applications to spatio-temporal models having non-trivial properties. Within the framework
of Generalized Random Fields, a criterion for existence and uniqueness of stationary solutions for this class of
SPDEs is proposed and proven. Their covariance are then obtained through their spectral measure. We present
a result relating the covariance of the solution in the case of a White Noise source term with the covariance in a
generic case through convolution. Then, we obtain a variety of SPDE-based stationary random fields. In particular,
well-known results regarding the Matérn Model and Markovian models are recovered. A new relationship between
the Stein model and a particular SPDE is obtained. New spatio-temporal models obtained from evolution SPDEs
of arbitrary temporal derivative order are then obtained, for which properties of separability and symmetry can be
controlled. We also obtain results concerning stationary solutions for physically inspired models, such as solutions
to the heat equation, the advection-diffusion equation, some Langevin’s equations and the wave equation.

Keywords: Evolution equation; generalized random fields; matérn model; space-time geostatistics; SPDE
approach; spectral measure; symbol function

References

[1] Aberg, S. and Podgorski, K. (2011). A class of non-Gaussian second order random fields. Extremes 14 187—
222. MR2794324 https://doi.org/10.1007/s10687-010-0119-1

[2] Ailliot, P., Baxevani, A., Cuzol, A., Monbet, V. and Raillard, N. (2011). Space-time models for mov-
ing fields with an application to significant wave height fields. Environmetrics 22 354-369. MR2843390
https://doi.org/10.1002/env.1061

[3] Anh, V.V,, Angulo, J.M. and Ruiz-Medina, M.D. (1999). Possible long-range dependence in fractional ran-
dom fields. J. Statist. Plann. Inference 80 95-110. MR1713795 https://doi.org/10.1016/S0378-3758(98)
00244-4

[4] Benoit, L., Allard, D. and Mariethoz, G. (2018). Stochastic rainfall modelling at sub-kilometer scale. Water
Resour. Res. 54 4108-4130.

[5] Bolin, D. (2014). Spatial Matérn fields driven by non-Gaussian noise. Scand. J. Stat. 41 557-579.
MR3249417 https://doi.org/10.1111/sjos.12046

[6] Bolin, D. and Kirchner, K. (2020). The rational SPDE approach for Gaussian random fields with general
smoothness. J. Comput. Graph. Statist. 29 274-285. MR4116041 https://doi.org/10.1080/10618600.2019.
1665537

1350-7265 © 2022 ISI/BS


http://www.bernoulli-society.org/index.php/publications/bernoulli-journal/bernoulli-journal
http://www.bernoulli-society.org/index.php/publications/bernoulli-journal/bernoulli-journal
https://doi.org/10.3150/20-BEJ1317
https://doi.org/10.3150/20-BEJ1317
mailto:ricardo.carrizo_vergara@arxitek.fr
mailto:ricardo.carrizo_vergara@arxitek.fr
mailto:nicolas.desassis@arxitek.fr
mailto:nicolas.desassis@arxitek.fr
mailto:denis.allard@inrae.fr
mailto:denis.allard@inrae.fr
mailto:nicolas.desassis@mines-paristech.fr
mailto:nicolas.desassis@mines-paristech.fr
mailto:ricardo.carrizovergara@ensiie.fr
mailto:ricardo.carrizovergara@ensiie.fr
mailto:racarriz@uc.cl
mailto:racarriz@uc.cl
http://www.ams.org/mathscinet-getitem?mr=2794324
http://www.ams.org/mathscinet-getitem?mr=2794324
https://doi.org/10.1007/s10687-010-0119-1
https://doi.org/10.1007/s10687-010-0119-1
http://www.ams.org/mathscinet-getitem?mr=2843390
http://www.ams.org/mathscinet-getitem?mr=2843390
https://doi.org/10.1002/env.1061
https://doi.org/10.1002/env.1061
http://www.ams.org/mathscinet-getitem?mr=1713795
http://www.ams.org/mathscinet-getitem?mr=1713795
https://doi.org/10.1016/S0378-3758(98)00244-4
https://doi.org/10.1016/S0378-3758(98)00244-4
http://www.ams.org/mathscinet-getitem?mr=3249417
http://www.ams.org/mathscinet-getitem?mr=3249417
https://doi.org/10.1111/sjos.12046
https://doi.org/10.1111/sjos.12046
http://www.ams.org/mathscinet-getitem?mr=4116041
http://www.ams.org/mathscinet-getitem?mr=4116041
https://doi.org/10.1080/10618600.2019.1665537
https://doi.org/10.1080/10618600.2019.1665537

(7]

(8]

(9]

(10]

(1]
[12]
[13]
[14]
[15]
[16]
(17]
(18]
[19]
(20]

(21]
(22]

(23]
(24]
[25]

[26]

[27]
(28]
[29]

(30]

Bolin, D. and Lindgren, F. (2011). Spatial models generated by nested stochastic partial differential
equations, with an application to global ozone mapping. Ann. Appl. Stat. 5 523-550. MR2810408
https://doi.org/10.1214/10- AOAS383

Brown, PE., Karesen, K.F., Roberts, G.O. and Tonellato, S. (2000). Blur-generated non-separable space-time
models. J. R. Stat. Soc. Ser. B. Stat. Methodol. 62 847-860. MR1796297 https://doi.org/10.1111/1467-9868.
00269

Cameletti, M., Lindgren, F., Simpson, D. and Rue, H. (2011). Using the SPDE approach for air quality map-
ping in Piemonte region. In Spatial2 Conference: Spatial Data Methods for Environmental and Ecological
Processes, Foggia (IT), 1-2 September 2011.

Cameletti, M., Lindgren, F., Simpson, D. and Rue, H. (2013). Spatio-temporal modeling of particulate matter
concentration through the SPDE approach. AStA Adv. Stat. Anal. 97 109-131. MR3045763 https://doi.org/10.
1007/510182-012-0196-3

Chiles, J.-P. and Delfiner, P. (2012). Geostatistics: Modeling Spatial Uncertainty, 2nd ed. Wiley Series in
Probability and Statistics. Hoboken, NJ: Wiley. MR2850475 https://doi.org/10.1002/9781118136188

De Iaco, S., Myers, D.E. and Posa, D. (2001). Space-time analysis using a general product-sum model.
Statist. Probab. Lett. 52 21-28. MR1820046 https://doi.org/10.1016/S0167-7152(00)00200-5

De Iaco, S., Myers, D.E. and Posa, D. (2002). Nonseparable space-time covariance models: Some parametric
families. Math. Geol. 34 23-42. MR1954124 https://doi.org/10.1023/A:1014075310344

Demengel, F. and Demengel, G. (2000). Mesures et Distributions. Théorie et lllustrations Par les Exemples.
Paris: Ellipses Universités.

Dierolf, P. and Voigt, J. (1978). Convolution and S’-convolution of distributions. Collect. Math. 29 185-196.
MRO0565276

Dong, A. (1990). Estimation géostatistique des phénomenes régis par des équations aux dérivées partielles
(Doctoral dissertation. Paris, ENMP.

Donoghue, W.E. Jr. (1969). Distributions and Fourier Transforms. Pure and Applied Mathematics 32. New
York: Academic Press. MR3363413

Fuglstad, G.-A., Lindgren, F., Simpson, D. and Rue, H. (2015). Exploring a new class of non-stationary
spatial Gaussian random fields with varying local anisotropy. Statist. Sinica 25 115-133. MR3328806

Gay, R. and Heyde, C.C. (1990). On a class of random field models which allows long range dependence.
Biometrika 77 401-403. MR1064814 https://doi.org/10.1093/biomet/77.2.401

Gel’fand, I.M. and Vilenkin, N.Ya. (1964). Generalized Functions. Vol. 4: Applications of Harmonic Analy-
sis. New York - London: Academic Press. MR0173945

Gel’fand, .M. (1955). Generalized random processes. Dokl. Akad. Nauk SSSR 100 853-856. MR0068769
Gneiting, T. (2002). Nonseparable, stationary covariance functions for space-time data. J. Amer. Statist. As-
soc. 97 590-600. MR 1941475 https://doi.org/10.1198/016214502760047113

Gneiting, T., Genton, M.G. and Guttorp, P. (2006). Geostatistical space-time models, stationarity, separabil-
ity, and full symmetry. Monogr. Statist. Appl. Probab. 107 151.

Gradshteyn, I.S. and Ryzhik, .M. (1996). Table of Integrals, Series, and Products, 5th ed. San Diego, CA:
Academic Press. MR1398882

Heine, V. (1955). Models for two-dimensional stationary stochastic processes. Biometrika 42 170-178.
MRO0071673 https://doi.org/10.1093/biomet/42.1-2.170

Herrmann, L., Kirchner, K. and Schwab, C. (2020). Multilevel approximation of Gaussian random fields:
Fast simulation. Math. Models Methods Appl. Sci. 30 181-223. MR4059369 https://doi.org/10.1142/
$0218202520500050

Hormander, L. (2007). The Analysis of Linear Partial Differential Operators. III: Pseudo-Differential Oper-
ators. Classics in Mathematics. Berlin: Springer. MR2304165 https://doi.org/10.1007/978-3-540-49938-1
Hristopulos, D.T. and Tsantili, I.C. (2016). Space-time models based on random fields with local interactions.
Internat. J. Modern Phys. B 30 1541007, 26. MR3513397 https://doi.org/10.1142/S0217979215410076
Huang, J., Malone, B.P.,, Minasny, B., McBratney, A.B. and Triantafilis, J. (2017). Evaluating a Bayesian
modelling approach (INLA-SPDE) for environmental mapping. Sci. Total Environ. 609 621-632.

Ito, K. (1954). Stationary random distributions. Mem. Coll. Sci., Univ. Kyoto, Ser. A: Math. 28 209-223.
MRO0065060 https://doi.org/10.1215/kjm/1250777359


http://www.ams.org/mathscinet-getitem?mr=2810408
http://www.ams.org/mathscinet-getitem?mr=2810408
https://doi.org/10.1214/10-AOAS383
https://doi.org/10.1214/10-AOAS383
http://www.ams.org/mathscinet-getitem?mr=1796297
http://www.ams.org/mathscinet-getitem?mr=1796297
https://doi.org/10.1111/1467-9868.00269
https://doi.org/10.1111/1467-9868.00269
http://www.ams.org/mathscinet-getitem?mr=3045763
http://www.ams.org/mathscinet-getitem?mr=3045763
https://doi.org/10.1007/s10182-012-0196-3
https://doi.org/10.1007/s10182-012-0196-3
http://www.ams.org/mathscinet-getitem?mr=2850475
http://www.ams.org/mathscinet-getitem?mr=2850475
https://doi.org/10.1002/9781118136188
https://doi.org/10.1002/9781118136188
http://www.ams.org/mathscinet-getitem?mr=1820046
http://www.ams.org/mathscinet-getitem?mr=1820046
https://doi.org/10.1016/S0167-7152(00)00200-5
https://doi.org/10.1016/S0167-7152(00)00200-5
http://www.ams.org/mathscinet-getitem?mr=1954124
http://www.ams.org/mathscinet-getitem?mr=1954124
https://doi.org/10.1023/A:1014075310344
https://doi.org/10.1023/A:1014075310344
http://www.ams.org/mathscinet-getitem?mr=0565276
http://www.ams.org/mathscinet-getitem?mr=0565276
http://www.ams.org/mathscinet-getitem?mr=3363413
http://www.ams.org/mathscinet-getitem?mr=3363413
http://www.ams.org/mathscinet-getitem?mr=3328806
http://www.ams.org/mathscinet-getitem?mr=3328806
http://www.ams.org/mathscinet-getitem?mr=1064814
http://www.ams.org/mathscinet-getitem?mr=1064814
https://doi.org/10.1093/biomet/77.2.401
https://doi.org/10.1093/biomet/77.2.401
http://www.ams.org/mathscinet-getitem?mr=0173945
http://www.ams.org/mathscinet-getitem?mr=0173945
http://www.ams.org/mathscinet-getitem?mr=0068769
http://www.ams.org/mathscinet-getitem?mr=0068769
http://www.ams.org/mathscinet-getitem?mr=1941475
http://www.ams.org/mathscinet-getitem?mr=1941475
https://doi.org/10.1198/016214502760047113
https://doi.org/10.1198/016214502760047113
http://www.ams.org/mathscinet-getitem?mr=1398882
http://www.ams.org/mathscinet-getitem?mr=1398882
http://www.ams.org/mathscinet-getitem?mr=0071673
http://www.ams.org/mathscinet-getitem?mr=0071673
https://doi.org/10.1093/biomet/42.1-2.170
https://doi.org/10.1093/biomet/42.1-2.170
http://www.ams.org/mathscinet-getitem?mr=4059369
http://www.ams.org/mathscinet-getitem?mr=4059369
https://doi.org/10.1142/s0218202520500050
https://doi.org/10.1142/s0218202520500050
http://www.ams.org/mathscinet-getitem?mr=2304165
http://www.ams.org/mathscinet-getitem?mr=2304165
https://doi.org/10.1007/978-3-540-49938-1
https://doi.org/10.1007/978-3-540-49938-1
http://www.ams.org/mathscinet-getitem?mr=3513397
http://www.ams.org/mathscinet-getitem?mr=3513397
https://doi.org/10.1142/S0217979215410076
https://doi.org/10.1142/S0217979215410076
http://www.ams.org/mathscinet-getitem?mr=0065060
http://www.ams.org/mathscinet-getitem?mr=0065060
https://doi.org/10.1215/kjm/1250777359
https://doi.org/10.1215/kjm/1250777359

(31]

(32]

(33]

(34]

(35]

(36]

(37]
(38]
(39]
[40]
[41]

[42]

[43]
[44]
[45]
[46]
[47]

(48]
[49]

[50]

[51]
[52]
(53]

[54]

Jones, R.H. and Zhang, Y. (1997). Models for continuous stationary space-time processes. In Modelling
Longitudinal and Spatially Correlated Data 289-298. New York, NY: Springer.

Kelbert, M.Ya., Leonenko, N.N. and Ruiz-Medina, M.D. (2005). Fractional random fields associated with
stochastic fractional heat equations. Adv. in Appl. Probab. 37 108—133. MR2135156 https://doi.org/10.1239/
aap/1113402402

Lang, A. and Potthoft, J. (2011). Fast simulation of Gaussian random fields. Monte Carlo Methods Appl. 17
195-214. MR2846495 https://doi.org/10.1515/MCMA.2011.009

Lindgren, F., Rue, H. and Lindstrom, J. (2011). An explicit link between Gaussian fields and Gaussian
Markov random fields: The stochastic partial differential equation approach. J. R. Stat. Soc. Ser. B. Stat.
Methodol. 73 423-498. MR2853727 https://doi.org/10.1111/j.1467-9868.2011.00777.x

Lindgren, G. (2013). Stationary Stochastic Processes: Theory and Applications. Chapman & Hall/CRC Texts
in Statistical Science Series. Boca Raton, FL: CRC Press. MR3024784

Liu, X., Guillas, S. and Lai, M.-J. (2016). Efficient spatial modeling using the SPDE approach with bivari-
ate splines. J. Comput. Graph. Statist. 25 1176-1194. MR3572035 https://doi.org/10.1080/10618600.2015.
1081597

Mainardi, F., Luchko, Y. and Pagnini, G. (2001). The fundamental solution of the space-time fractional
diffusion equation. Fract. Calc. Appl. Anal. 4 153-192. MR1829592

Matheron, G. (1965). Les variables régionalisées et leur estimation: Une application de la théorie des fonc-
tions aléatoires aux sciences de la nature. Masson et CIE.

Mena, H. and Pfurtscheller, L. (2019). An efficient SPDE approach for El Niflo. Appl. Math. Comput. 352
146-156. MR3910814 https://doi.org/10.1016/j.amc.2019.01.071

Opitz, T. (2017). Latent Gaussian modeling and INLA: A review with focus on space-time applications. J.
SFdS 158 62-85. MR3720130

Pereira, M. (2019). Generalized random fields on Riemannian manifolds: Theory and practice Doctoral dis-
sertation, PSL Research University.

Porcu, E., Mateu, J. and Christakos, G. (2009). Quasi-arithmetic means of covariance functions with potential
applications to space-time data. J. Multivariate Anal. 100 1830-1844. MR2535390 https://doi.org/10.1016/
jjmva.2009.02.013

Reed, M. and Simon, B. (1980). Methods of Modern Mathematical Physics. I. Functional Analysis. London:
Academic Press.

Rozanov, Ju.A. (1977). Markovian random fields, and stochastic partial differential equations. Math. USSR,
Sb. 32 515-534.

Rozanov, Yu.A. (1982). Markov Random Fields. Applications of Mathematics. New York-Berlin: Springer.
MRO0676644

Rudin, W. (1987). Real and Complex Analysis, 3rd ed. New York: McGraw-Hill. MR0924157
Ruiz-Medina, M.D., Angulo, J.M., Christakos, G. and Ferndndez-Pascual, R. (2016). New compactly sup-
ported spatiotemporal covariance functions from SPDEs. Stat. Methods Appl. 25 125-141. MR3460490
https://doi.org/10.1007/s10260-015-0333-8

Schwartz, L. (1966). Théorie des Distributions. Paris: Hermann.

Sigrist, F., Kiinsch, H.R. and Stahel, W.A. (2015). Stochastic partial differential equation based modelling
of large space-time data sets. J. R. Stat. Soc. Ser. B. Stat. Methodol. 77 3-33. MR3299397 https://doi.org/10.
1111/rssb.12061

Simpson, D., Lindgren, F. and Rue, H. (2012). In order to make spatial statistics computationally feasible,
we need to forget about the covariance function. Environmetrics 23 65-74. MR2873784 https://doi.org/10.
1002/env.1137

Stein, M.L. (2005). Space-time covariance functions. J. Amer. Statist. Assoc. 100 310-321. MR2156840
https://doi.org/10.1198/016214504000000854

Treves, F. (1967). Topological Vector Spaces, Distributions and Kernels. New York: Academic Press.
MRO0225131

Vecchia, A.V. (1985). A general class of models for stationary two-dimensional random processes.
Biometrika 72 281-291. MR0801769 https://doi.org/10.1093/biomet/72.2.281

Whittle, P. (1963). Stochastic processes in several dimensions. Bull. Int. Stat. Inst. 40 974-994. MR0173287


http://www.ams.org/mathscinet-getitem?mr=2135156
http://www.ams.org/mathscinet-getitem?mr=2135156
https://doi.org/10.1239/aap/1113402402
https://doi.org/10.1239/aap/1113402402
http://www.ams.org/mathscinet-getitem?mr=2846495
http://www.ams.org/mathscinet-getitem?mr=2846495
https://doi.org/10.1515/MCMA.2011.009
https://doi.org/10.1515/MCMA.2011.009
http://www.ams.org/mathscinet-getitem?mr=2853727
http://www.ams.org/mathscinet-getitem?mr=2853727
https://doi.org/10.1111/j.1467-9868.2011.00777.x
https://doi.org/10.1111/j.1467-9868.2011.00777.x
http://www.ams.org/mathscinet-getitem?mr=3024784
http://www.ams.org/mathscinet-getitem?mr=3024784
http://www.ams.org/mathscinet-getitem?mr=3572035
http://www.ams.org/mathscinet-getitem?mr=3572035
https://doi.org/10.1080/10618600.2015.1081597
https://doi.org/10.1080/10618600.2015.1081597
http://www.ams.org/mathscinet-getitem?mr=1829592
http://www.ams.org/mathscinet-getitem?mr=1829592
http://www.ams.org/mathscinet-getitem?mr=3910814
http://www.ams.org/mathscinet-getitem?mr=3910814
https://doi.org/10.1016/j.amc.2019.01.071
https://doi.org/10.1016/j.amc.2019.01.071
http://www.ams.org/mathscinet-getitem?mr=3720130
http://www.ams.org/mathscinet-getitem?mr=3720130
http://www.ams.org/mathscinet-getitem?mr=2535390
http://www.ams.org/mathscinet-getitem?mr=2535390
https://doi.org/10.1016/j.jmva.2009.02.013
https://doi.org/10.1016/j.jmva.2009.02.013
http://www.ams.org/mathscinet-getitem?mr=0676644
http://www.ams.org/mathscinet-getitem?mr=0676644
http://www.ams.org/mathscinet-getitem?mr=0924157
http://www.ams.org/mathscinet-getitem?mr=0924157
http://www.ams.org/mathscinet-getitem?mr=3460490
http://www.ams.org/mathscinet-getitem?mr=3460490
https://doi.org/10.1007/s10260-015-0333-8
https://doi.org/10.1007/s10260-015-0333-8
http://www.ams.org/mathscinet-getitem?mr=3299397
http://www.ams.org/mathscinet-getitem?mr=3299397
https://doi.org/10.1111/rssb.12061
https://doi.org/10.1111/rssb.12061
http://www.ams.org/mathscinet-getitem?mr=2873784
http://www.ams.org/mathscinet-getitem?mr=2873784
https://doi.org/10.1002/env.1137
https://doi.org/10.1002/env.1137
http://www.ams.org/mathscinet-getitem?mr=2156840
http://www.ams.org/mathscinet-getitem?mr=2156840
https://doi.org/10.1198/016214504000000854
https://doi.org/10.1198/016214504000000854
http://www.ams.org/mathscinet-getitem?mr=0225131
http://www.ams.org/mathscinet-getitem?mr=0225131
http://www.ams.org/mathscinet-getitem?mr=0801769
http://www.ams.org/mathscinet-getitem?mr=0801769
https://doi.org/10.1093/biomet/72.2.281
https://doi.org/10.1093/biomet/72.2.281
http://www.ams.org/mathscinet-getitem?mr=0173287
http://www.ams.org/mathscinet-getitem?mr=0173287

Bernoulli 28(1), 2022, 33-63
https://doi.org/10.3150/21-BEJ1332

Parameter estimation in branching processes
with almost sure extinction

PETER BRAUNSTEINS!25"" SOPHIE HAUTPHENNEZ>5 and
CARMEN MINUESA34>81

lKon‘eweg-de Vries Instituut, University of Amsterdam, Amsterdam, The Netherlands.

E-mail: *p.t. m.braunsteins @uva.nl, (2 0000-0003-1864-0703

2School of Mathematics and Statistics, University of Melbourne, Melbourne, Australia.

E-mail: %raunsleins.p@unimelb.edu.au; isophiemh@unimelb.edu.au, 0000-0002-8361-1901
3Department of Mathematics, Autonomous University of Madrid, Madrid, Spain.

E-mail: §carmen.minuesa@uam.es, 0000-0002-8858-3145

4Department of Mathematics, University of Extremadura, Badajoz, Spain.

E-mail: Yeminuesaa@unex.es

SAll authors contributed equally to this work.

We consider population-size-dependent branching processes (PSDBPs) which eventually become extinct with
probability one. For these processes, we derive maximum likelihood estimators for the mean number of offspring
born to individuals when the current population size is z > 1. As is standard in branching process theory, an
asymptotic analysis of the estimators requires us to condition on non-extinction up to a finite generation n and let
n — 00; however, because the processes become extinct with probability one, we are able to demonstrate that our
estimators do not satisfy the classical consistency property (C-consistency). This leads us to define the concept of
Q-consistency, and we prove that our estimators are Q-consistent and asymptotically normal. To investigate the
circumstances in which a C-consistent estimator is preferable to a Q-consistent estimator, we then provide two
C-consistent estimators for subcritical Galton—Watson branching processes. Our results rely on a combination of
linear operator theory, coupling arguments, and martingale methods.

Keywords: Branching process; population-size-dependence; almost sure extinction; inference; carrying capacity;
Q-process
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A note on eigenvalues estimates for
one-dimensional diffusion operators
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Dealing with one-dimensional diffusion operators, we obtain upper and lower variational formulae on the eigen-
values given by the max—min principle, generalizing the celebrated result of Chen and Wang on the spectral gap.
Our inequalities reveal to be sharp at least when the eigenvalues considered belong to the discrete spectrum of the
operator, since in this case both lower and upper bounds coincide and involve the associated eigenfunctions. Based
on the intertwinings between diffusion operators and some convenient gradients with weights, our approach also
allows to estimate the gap between the two first positive eigenvalues when the spectral gap belongs to the discrete
spectrum.
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Multiplier U-processes: Sharp bounds and
applications
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The theory for multiplier empirical processes has been one of the central topics in the development of the classical
theory of empirical processes, due to its wide applicability to various statistical problems. In this paper, we de-
velop theory and tools for studying multiplier U -processes, a natural higher-order generalization of the multiplier
empirical processes. To this end, we develop a multiplier inequality that quantifies the moduli of continuity of
the multiplier U-process in terms of that of the (decoupled) symmetrized U-process. The new inequality finds a
variety of applications including (i) multiplier and bootstrap central limit theorems for U-processes, (ii) general
theory for bootstrap M -estimators based on U-statistics, and (iii) theory for M-estimation under general complex
sampling designs, again based on U -statistics.

Keywords: U-process; multiplier inequality; bootstrap central limit theorem; bootstrap M -estimators; complex
sampling design
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We consider a sequence of systems of Hawkes processes having mean field interactions in a diffusive regime.
The stochastic intensity of each process is a solution of a stochastic differential equation driven by N independent
Poisson random measures. We show that, as the number of interacting components N tends to infinity, this intensity
converges in distribution in the Skorokhod space to a CIR-type diffusion. Moreover, we prove the convergence in
distribution of the Hawkes processes to the limit point process having the limit diffusion as intensity. To prove the
convergence results, we use analytical technics based on the convergence of the associated infinitesimal generators
and Markovian semigroups.

Keywords: Multivariate nonlinear Hawkes processes; mean field interaction; piecewise deterministic Markov
processes
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The Tree Builder Random Walk is a special random walk that evolves on trees whose size increases with time,
randomly and depending upon the walker. After every s steps of the walker, a random number of vertices are added
to the tree and attached to the current position of the walker. These processes share similarities with other important
classes of Markovian and non-Markovian random walks presenting a large variety of behaviors according to
parameters specifications. We show that for a large and most significant class of tree builder random walks, the
process is either null recurrent or transient. If s is odd, the walker is ballistic, thus transient. If s is even, the
walker’s behavior can be explained from local properties of the growing tree and it can be either null recurrent or
it gets trapped on some limited part of the growing tree.

Keywords: Random walks; random environment; random trees; transience; recurrence; ballisticity
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Finite sample properties of parametric MMD
estimation: Robustness to misspecification
and dependence
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Many works in statistics aim at designing a universal estimation procedure, that is, an estimator that would con-
verge to the best approximation of the (unknown) data generating distribution in a model, without any assumption
on this distribution. This question is of major interest, in particular because the universality property leads to the
robustness of the estimator. In this paper, we tackle the problem of universal estimation using a minimum distance
estimator presented in (Briol et al. (2019)) based on the Maximum Mean Discrepancy. We show that the estima-
tor is robust to both dependence and to the presence of outliers in the dataset. Finally, we provide a theoretical
study of the stochastic gradient descent algorithm used to compute the estimator, and we support our findings with
numerical simulations.

Keywords: Minimum distance estimation; kernel methods; universal estimation; robust statistics; RKHS; weak
dependence

References

[1] Alon, N., Matias, Y. and Szegedy, M. (2008). The space complexity of approximating the frequency moments
J. Comput. System Sci. 58 137-147.

[2] Alquier, P. (2008). Density estimation with quadratic loss: A confidence intervals method. ESAIM Probab.
Stat. 12 438-463. MR2437718 https://doi.org/10.1051/ps:2007050

[3] Amenta, N., Bern, M., Eppstein, D. and Teng, S.-H. (2000). Regression depth and center points. Discrete
Comput. Geom. 23 305-323. MR1744506 https://doi.org/10.1007/PL00009502

[4] Arlot, S., Celisse, A. and Harchaoui, Z. (2019). A kernel multiple change-point algorithm via model selec-
tion. J. Mach. Learn. Res. 20 Paper No. 162, 56. MR4048973

[5] Baraud, Y. and Birgé, L. (2018). Rho-estimators revisited: General theory and applications. Ann. Statist. 46
3767-3804. MR3852668 https://doi.org/10.1214/17-AOS 1675

[6] Baraud, Y., Birgé, L. and Sart, M. (2017). A new method for estimation and model selection: p-estimation.
Invent. Math. 207 425-517. MR3595933 https://doi.org/10.1007/s00222-016-0673-5

[7] Barron, A., Schervish, M.J. and Wasserman, L. (1999). The consistency of posterior distributions in non-
parametric problems. Ann. Statist. 27 536-561. MR1714718 https://doi.org/10.1214/a0s/1018031206

[8] Bernton, E., Jacob, P.E., Gerber, M. and Robert, C.P. (2017). Inference in generative models using the
Wasserstein distance. Preprint. Available at arXiv:1701.05146.

[9] Biau, G., Cadre, B., Sangnier, M. and Tanielian, U. (2020). Some theoretical properties of GANs. Ann.
Statist. 48 1539—-1566. MR4124334 https://doi.org/10.1214/19- A0S 1858

[10] Bickel, P.J. (1976). Another look at robustness: A review of reviews and some new developments. Scand. J.
Stat. 3 145-168. MR0428589
[11] Birgé, L. (1983). Approximation dans les espaces métriques et théorie de I’estimation. Z. Wahrsch. Verw.

Gebiete 65 181-237. MR0722129 https://doi.org/10.1007/BF00532480

1350-7265 © 2022 ISI/BS


http://www.bernoulli-society.org/index.php/publications/bernoulli-journal/bernoulli-journal
http://www.bernoulli-society.org/index.php/publications/bernoulli-journal/bernoulli-journal
https://doi.org/10.3150/21-BEJ1338
https://doi.org/10.3150/21-BEJ1338
mailto:badr-eddine.cherief-abdellatif@stats.ox.ac.uk
mailto:badr-eddine.cherief-abdellatif@stats.ox.ac.uk
mailto:pierrealain.alquier@riken.jp
mailto:pierrealain.alquier@riken.jp
http://www.ams.org/mathscinet-getitem?mr=2437718
http://www.ams.org/mathscinet-getitem?mr=2437718
https://doi.org/10.1051/ps:2007050
https://doi.org/10.1051/ps:2007050
http://www.ams.org/mathscinet-getitem?mr=1744506
http://www.ams.org/mathscinet-getitem?mr=1744506
https://doi.org/10.1007/PL00009502
https://doi.org/10.1007/PL00009502
http://www.ams.org/mathscinet-getitem?mr=4048973
http://www.ams.org/mathscinet-getitem?mr=4048973
http://www.ams.org/mathscinet-getitem?mr=3852668
http://www.ams.org/mathscinet-getitem?mr=3852668
https://doi.org/10.1214/17-AOS1675
https://doi.org/10.1214/17-AOS1675
http://www.ams.org/mathscinet-getitem?mr=3595933
http://www.ams.org/mathscinet-getitem?mr=3595933
https://doi.org/10.1007/s00222-016-0673-5
https://doi.org/10.1007/s00222-016-0673-5
http://www.ams.org/mathscinet-getitem?mr=1714718
http://www.ams.org/mathscinet-getitem?mr=1714718
https://doi.org/10.1214/aos/1018031206
https://doi.org/10.1214/aos/1018031206
http://arxiv.org/abs/arXiv:1701.05146
http://arxiv.org/abs/arXiv:1701.05146
http://www.ams.org/mathscinet-getitem?mr=4124334
http://www.ams.org/mathscinet-getitem?mr=4124334
https://doi.org/10.1214/19-AOS1858
https://doi.org/10.1214/19-AOS1858
http://www.ams.org/mathscinet-getitem?mr=0428589
http://www.ams.org/mathscinet-getitem?mr=0428589
http://www.ams.org/mathscinet-getitem?mr=0722129
http://www.ams.org/mathscinet-getitem?mr=0722129
https://doi.org/10.1007/BF00532480
https://doi.org/10.1007/BF00532480

[12]
[13]

(14]

[15]

[16]

(17]
(18]
(19]
[20]

[21]

(22]
(23]
(24]

[25]

[26]

(27]

(28]

[29]

(30]
(31]
(32]

(33]

Birgé, L. (2006). Model selection via testing: An alternative to (penalized) maximum likelihood estimators.
Annales de I’IHP Probabilités et statistiques. 42 273-325.

Blei, D.M., Kucukelbir, A. and McAuliffe, J.D. (2017). Variational inference: A review for statisticians. J.
Amer. Statist. Assoc. 112 859-877. MR3671776 https://doi.org/10.1080/01621459.2017.1285773
Boucheron, S., Lugosi, G. and Massart, P. (2013). Concentration Inequalities: A Nonasymptotic Theory of In-
dependence. Oxford: Oxford Univ. Press. MR3185193 https://doi.org/10.1093/acprof:0s0/9780199535255.
001.0001

Briol, E.-X., Barp, A., Duncan, A.B. and Girolami, M. (2019). Statistical inference for generative models via
maximum mean discrepancy. Preprint. Available at arXiv:1906.05944.

Bunea, F.,, Tsybakov, A.B. and Wegkamp, M.H. (2007). Sparse density estimation with ¢ penalties.
In Learning Theory. Lecture Notes in Computer Science 4539 530-543. Berlin: Springer. MR2397610
https://doi.org/10.1007/978-3-540-72927-3_38

Bunea, F., Tsybakov, A.B., Wegkamp, M.H. and Barbu, A. (2010). Spades and mixture models. Ann. Statist.
38 2525-2558. MR2676897 https://doi.org/10.1214/09- AOS790

Cai, T., Ma, Z. and Wu, Y. (2015). Optimal estimation and rank detection for sparse spiked covariance matri-
ces. Probab. Theory Related Fields 161 781-815. MR3334281 https://doi.org/10.1007/s00440-014-0562-z
Huggins, J.H., Campbell, T., Kasprzak, M. and Broderick, T. (2018). Practical bounds on the error of
Bayesian posterior approximations: A nonasymptotic approach. Preprint. Available at arXiv:1809.09505.
Catoni, O. (2012). Challenging the empirical mean and empirical variance: A deviation study. Ann. Inst.
Henri Poincaré Probab. Stat. 48 1148-1185. MR3052407 https://doi.org/10.1214/11- AIHP454

Catoni, O. and Giulini, I. (2017). Dimension free PAC-Bayesian bounds for the estimation of the mean of
a random vector. In NIPS-2017 Workshop (Almost) 50 Shades of Bayesian Learning: PAC-Bayesian Trends
and Insights.

Chan, T.M. (2004). An optimal randomized algorithm for maximum Tukey depth. In Proceedings of the
Fifteenth Annual ACM-SIAM Symposium on Discrete Algorithms 430—436. New York: ACM. MR2291081
Chen, M., Gao, C. and Ren, Z. (2018). Robust covariance and scatter matrix estimation under Huber’s con-
tamination model. Ann. Statist. 46 1932—-1960. MR3845006 https://doi.org/10.1214/17- AOS1607
Cherapanamjeri, Y., Flammarion, N. and Bartlett, P.L. (2019). Fast mean estimation with sub-Gaussian rates.
Proceedings of the Thirty-Second Conference on Learning Theory, PMLR 99 786-806.

Chérief-Abdellatif, B.-E. and Alquier, P. (2018). Consistency of variational Bayes inference for estima-
tion and model selection in mixtures. Electron. J. Stat. 12 2995-3035. MR3855643 https://doi.org/10.1214/
18-EJS1475

Chérief-Abdellatif, B.-E. and Alquier, P. (2019). MMD-Bayes: Robust Bayesian estimation via maximum
mean discrepancy. In Proceedings of the 2nd Symposium on Advances in Approximate Bayesian Inference
(AABI), 2020. Proceedings of Machine Learning Research 118 1-21.

Chérief-Abdellatif, B.-E. and Alquier, P. (2022). Supplement to “Finite sample properties of para-
metric MMD estimation: robustness to misspecification and dependence.” https://doi.org/10.3150/
21-BEJ1338SUPP

Chinot, G., Lecué, G. and Lerasle, M. (2020). Robust statistical learning with Lipschitz and con-
vex loss functions. Probab. Theory Related Fields 176 897-940. MR4087486 https://doi.org/10.1007/
s00440-019-00931-3

Collier, O. and Dalalyan, A.S. (2019). Multidimensional linear functional estimation in sparse Gaussian
models and robust estimation of the mean. Electron. J. Stat. 13 2830-2864. MR3998929 https://doi.org/10.
1214/19-EJS1590

Dalalyan, A.S. and Sebbar, M. (2018). Optimal Kullback-Leibler aggregation in mixture density estimation
by maximum likelihood. Math. Stat. Learn. 1 1-35. MR4049449 https://doi.org/10.4171/msl/1-1-1
Dedecker, J., Doukhan, P., Lang, G., Le6n, J.R., Louhichi, S. and Prieur, C. (2007). Weak Dependence: With
Examples and Applications. Lecture Notes in Statistics 190. New York: Springer. MR2338725

Dempster, A.P., Laird, N.M. and Rubin, D.B. (1977). Maximum likelihood from incomplete data via the EM
algorithm. J. Roy. Statist. Soc. Ser. B 39 1-38. MR0501537

Depersin, J. and Lecué, G. (2019). Robust sub-Gaussian estimation of a mean vector in nearly linear time.
Preprint. Available at arXiv:1906.03058.


http://www.ams.org/mathscinet-getitem?mr=3671776
http://www.ams.org/mathscinet-getitem?mr=3671776
https://doi.org/10.1080/01621459.2017.1285773
https://doi.org/10.1080/01621459.2017.1285773
http://www.ams.org/mathscinet-getitem?mr=3185193
http://www.ams.org/mathscinet-getitem?mr=3185193
https://doi.org/10.1093/acprof:oso/9780199535255.001.0001
https://doi.org/10.1093/acprof:oso/9780199535255.001.0001
http://arxiv.org/abs/arXiv:1906.05944
http://arxiv.org/abs/arXiv:1906.05944
http://www.ams.org/mathscinet-getitem?mr=2397610
http://www.ams.org/mathscinet-getitem?mr=2397610
https://doi.org/10.1007/978-3-540-72927-3_38
https://doi.org/10.1007/978-3-540-72927-3_38
http://www.ams.org/mathscinet-getitem?mr=2676897
http://www.ams.org/mathscinet-getitem?mr=2676897
https://doi.org/10.1214/09-AOS790
https://doi.org/10.1214/09-AOS790
http://www.ams.org/mathscinet-getitem?mr=3334281
http://www.ams.org/mathscinet-getitem?mr=3334281
https://doi.org/10.1007/s00440-014-0562-z
https://doi.org/10.1007/s00440-014-0562-z
http://arxiv.org/abs/arXiv:1809.09505
http://arxiv.org/abs/arXiv:1809.09505
http://www.ams.org/mathscinet-getitem?mr=3052407
http://www.ams.org/mathscinet-getitem?mr=3052407
https://doi.org/10.1214/11-AIHP454
https://doi.org/10.1214/11-AIHP454
http://www.ams.org/mathscinet-getitem?mr=2291081
http://www.ams.org/mathscinet-getitem?mr=2291081
http://www.ams.org/mathscinet-getitem?mr=3845006
http://www.ams.org/mathscinet-getitem?mr=3845006
https://doi.org/10.1214/17-AOS1607
https://doi.org/10.1214/17-AOS1607
http://www.ams.org/mathscinet-getitem?mr=3855643
http://www.ams.org/mathscinet-getitem?mr=3855643
https://doi.org/10.1214/18-EJS1475
https://doi.org/10.1214/18-EJS1475
https://doi.org/10.3150/21-BEJ1338SUPP
https://doi.org/10.3150/21-BEJ1338SUPP
http://www.ams.org/mathscinet-getitem?mr=4087486
http://www.ams.org/mathscinet-getitem?mr=4087486
https://doi.org/10.1007/s00440-019-00931-3
https://doi.org/10.1007/s00440-019-00931-3
http://www.ams.org/mathscinet-getitem?mr=3998929
http://www.ams.org/mathscinet-getitem?mr=3998929
https://doi.org/10.1214/19-EJS1590
https://doi.org/10.1214/19-EJS1590
http://www.ams.org/mathscinet-getitem?mr=4049449
http://www.ams.org/mathscinet-getitem?mr=4049449
https://doi.org/10.4171/msl/1-1-1
https://doi.org/10.4171/msl/1-1-1
http://www.ams.org/mathscinet-getitem?mr=2338725
http://www.ams.org/mathscinet-getitem?mr=2338725
http://www.ams.org/mathscinet-getitem?mr=0501537
http://www.ams.org/mathscinet-getitem?mr=0501537
http://arxiv.org/abs/arXiv:1906.03058
http://arxiv.org/abs/arXiv:1906.03058

[34]
(35]

(36]

(37]

(38]

[39]
[40]
[41]
[42]
[43]
[44]
[45]

[46]

[47]
(48]

[49]

[50]
[51]

[52]
[53]

[54]
[55]
[56]

[57]

Devroye, L., Lerasle, M., Lugosi, G. and Oliveira, R.I. (2016). Sub-Gaussian mean estimators. Ann. Statist.
44 2695-2725. MR3576558 https://doi.org/10.1214/16- A0S 1440

Devroye, L. and Lugosi, G. (2001). Combinatorial Methods in Density Estimation. Springer Series in Statis-
tics. New York: Springer. MR 1843146 https://doi.org/10.1007/978-1-4613-0125-7

Diakonikolas, 1., Kamath, G., Kane, D.M., Li, J., Moitra, A. and Stewart, A. (2016). Robust estimators
in high dimensions without the computational intractability. In 57th Annual IEEE Symposium on Founda-
tions of Computer Science — FOCS 2016 655-664. Los Alamitos, CA: IEEE Computer Soc. MR3631028
https://doi.org/10.1109/FOCS.2016.85

Diakonikolas, 1., Kane, D.M. and Stewart, A. (2018). List-decodable robust mean estimation and learning
mixtures of spherical Gaussians. In STOC’18 — Proceedings of the 50th Annual ACM SIGACT Symposium on
Theory of Computing 1047-1060. New York: ACM. MR3826316 https://doi.org/10.1145/3188745.3188758
Diakonikolas, I., Kong, W. and Stewart, A. (2019). Efficient algorithms and lower bounds for robust linear
regression. In Proceedings of the Thirtieth Annual ACM-SIAM Symposium on Discrete Algorithms 2745—
2754. Philadelphia, PA: SIAM. MR3909639 https://doi.org/10.1137/1.9781611975482.170

Doukhan, P. (1994). Mixing. Lecture Notes in Statistics: Properties and Examples 85. New York: Springer.
MR1312160 https://doi.org/10.1007/978-1-4612-2642-0

Doukhan, P. and Louhichi, S. (1999). A new weak dependence condition and applications to moment inequal-
ities. Stochastic Process. Appl. 84 313-342. MR1719345 https://doi.org/10.1016/S0304-4149(99)00055- 1
Du, S.S., Balakrishnan, S. and Singh, A. (2017). Computationally efficient robust estimation of sparse func-
tionals.. Proceedings of the 2017 Conference on Learning Theory, PMLR. 65 169-212.

Dziugaite, G.K., Roy, D.M. and Ghahramani, Z. (2015). Training generative neural networks via maximum
mean discrepancy optimization. In Proc. Uncertainty in Artificial Intelligence (UAI), 2015.

Gao, C,, Liu, J., Yao, Y. and Zhu, W. (2019). Robust estimation and generative adversarial nets. In /CLR
2019.

Giulini, I. (2017). Robust PCA and pairs of projections in a Hilbert space. Electron. J. Stat. 11 3903-3926.
MR3714302 https://doi.org/10.1214/17-EJS1343

Giulini, I. (2018). Robust dimension-free Gram operator estimates. Bernoulli 24 3864-3923. MR3788191
https://doi.org/10.3150/17-BEJ981

Goodfellow, L., Pouget-Abadie, J., Mirza, M., Xu, B., Warde-Farley, D., Ozair, S., Courville, A. and Ben-
gio, Y. (2014). Generative adversarial nets. In Advances in Neural Information Processing Systems 2672—
2680.

Gretton, A., Borgwardt, K.M., Rasch, M.J., Scholkopf, B. and Smola, A. (2012). A kernel two-sample test.
J. Mach. Learn. Res. 13 723-773. MR2913716

Gretton, A., Fukumizu, K., Harchaoui, Z. and Sriperumbudur, B.K. (2009). A fast, consistent kernel two-
sample test. In Advances in Neural Information Processing Systems 673—681.

Griinwald, P. and van Ommen, T. (2017). Inconsistency of Bayesian inference for misspecified linear mod-
els, and a proposal for repairing it. Bayesian Anal. 12 1069-1103. MR3724979 https://doi.org/10.1214/
17-BA1085

Haddouche, M., Guedj, B., Rivasplata, O. and Shawe-Taylor, J. (2020). PAC-Bayes unleashed: Generalisa-
tion bounds with unbounded losses. Preprint. Available at arXiv:2006.07279.

Hansen, L.P. (1982). Large sample properties of generalized method of moments estimators. Econometrica
50 1029-1054. MR0666123 https://doi.org/10.2307/1912775

Holland, M.J. (2019). PAC-Bayes under potentially heavy tails. Preprint. Available at arXiv:1905.07900.
Holland, M.J. (2019). Distribution-robust mean estimation via smoothed random perturbations. Preprint.
Available at arXiv:1906.10300.

Hopkins, S.B. (2020). Mean estimation with sub-Gaussian rates in polynomial time. Ann. Statist. 48 1193—
1213. MR4102693 https://doi.org/10.1214/19- A0S 1843

Hormann, S. and Kokoszka, P. (2010). Weakly dependent functional data. Ann. Statist. 38 1845-1884.
MR2662361 https://doi.org/10.1214/09- AOS768

Hsu, D. and Sabato, S. (2016). Loss minimization and parameter estimation with heavy tails. J. Mach. Learn.
Res. 17 Paper No. 18, 40. MR3491112

Huber, P.J. (1964). Robust estimation of a location parameter. Ann. Math. Stat. 35 73-101. MRO161415
https://doi.org/10.1214/aoms/1177703732


http://www.ams.org/mathscinet-getitem?mr=3576558
http://www.ams.org/mathscinet-getitem?mr=3576558
https://doi.org/10.1214/16-AOS1440
https://doi.org/10.1214/16-AOS1440
http://www.ams.org/mathscinet-getitem?mr=1843146
http://www.ams.org/mathscinet-getitem?mr=1843146
https://doi.org/10.1007/978-1-4613-0125-7
https://doi.org/10.1007/978-1-4613-0125-7
http://www.ams.org/mathscinet-getitem?mr=3631028
http://www.ams.org/mathscinet-getitem?mr=3631028
https://doi.org/10.1109/FOCS.2016.85
https://doi.org/10.1109/FOCS.2016.85
http://www.ams.org/mathscinet-getitem?mr=3826316
http://www.ams.org/mathscinet-getitem?mr=3826316
https://doi.org/10.1145/3188745.3188758
https://doi.org/10.1145/3188745.3188758
http://www.ams.org/mathscinet-getitem?mr=3909639
http://www.ams.org/mathscinet-getitem?mr=3909639
https://doi.org/10.1137/1.9781611975482.170
https://doi.org/10.1137/1.9781611975482.170
http://www.ams.org/mathscinet-getitem?mr=1312160
http://www.ams.org/mathscinet-getitem?mr=1312160
https://doi.org/10.1007/978-1-4612-2642-0
https://doi.org/10.1007/978-1-4612-2642-0
http://www.ams.org/mathscinet-getitem?mr=1719345
http://www.ams.org/mathscinet-getitem?mr=1719345
https://doi.org/10.1016/S0304-4149(99)00055-1
https://doi.org/10.1016/S0304-4149(99)00055-1
http://www.ams.org/mathscinet-getitem?mr=3714302
http://www.ams.org/mathscinet-getitem?mr=3714302
https://doi.org/10.1214/17-EJS1343
https://doi.org/10.1214/17-EJS1343
http://www.ams.org/mathscinet-getitem?mr=3788191
http://www.ams.org/mathscinet-getitem?mr=3788191
https://doi.org/10.3150/17-BEJ981
https://doi.org/10.3150/17-BEJ981
http://www.ams.org/mathscinet-getitem?mr=2913716
http://www.ams.org/mathscinet-getitem?mr=2913716
http://www.ams.org/mathscinet-getitem?mr=3724979
http://www.ams.org/mathscinet-getitem?mr=3724979
https://doi.org/10.1214/17-BA1085
https://doi.org/10.1214/17-BA1085
http://arxiv.org/abs/arXiv:2006.07279
http://arxiv.org/abs/arXiv:2006.07279
http://www.ams.org/mathscinet-getitem?mr=0666123
http://www.ams.org/mathscinet-getitem?mr=0666123
https://doi.org/10.2307/1912775
https://doi.org/10.2307/1912775
http://arxiv.org/abs/arXiv:1905.07900
http://arxiv.org/abs/arXiv:1905.07900
http://arxiv.org/abs/arXiv:1906.10300
http://arxiv.org/abs/arXiv:1906.10300
http://www.ams.org/mathscinet-getitem?mr=4102693
http://www.ams.org/mathscinet-getitem?mr=4102693
https://doi.org/10.1214/19-AOS1843
https://doi.org/10.1214/19-AOS1843
http://www.ams.org/mathscinet-getitem?mr=2662361
http://www.ams.org/mathscinet-getitem?mr=2662361
https://doi.org/10.1214/09-AOS768
https://doi.org/10.1214/09-AOS768
http://www.ams.org/mathscinet-getitem?mr=3491112
http://www.ams.org/mathscinet-getitem?mr=3491112
http://www.ams.org/mathscinet-getitem?mr=0161415
http://www.ams.org/mathscinet-getitem?mr=0161415
https://doi.org/10.1214/aoms/1177703732
https://doi.org/10.1214/aoms/1177703732

(58]

[59]

[60]

[61]

[62]

[63]

[64]
[65]
[66]
[67]
[68]
[69]
[70]
[71]
[72]
(73]

[74]

[75]
[76]
(771
(78]

[79]

(80]

Jerrum, M.R., Valiant, L.G. and Vazirani, V.V. (1986). Random generation of combinatorial structures from a
uniform distribution. Theoret. Comput. Sci. 43 169-188. MR0855970 https://doi.org/10.1016/0304-3975(86)
90174-X

Jitkrittum, W., Xu, W., Szabd, Z., Fukumizu, K. and Gretton, A. (2017). A linear-time kernel goodness-of-fit
test. In Advances in Neural Information Processing Systems 262-271.

Kothari, P.K., Steinhardt, J. and Steurer, D. (2018). Robust moment estimation and improved clustering via
sum of squares. In STOC’18 — Proceedings of the 50th Annual ACM SIGACT Symposium on Theory of
Computing 1035-1046. New York: ACM. MR3826315

Lai, K.A., Rao, A.B. and Vempala, S. (2016). Agnostic estimation of mean and covariance. In 57th Annual
IEEE Symposium on Foundations of Computer Science — FOCS 2016 665-674. Los Alamitos, CA: IEEE
Computer Soc. MR3631029

Le Cam, L. (1970). On the assumptions used to prove asymptotic normality of maximum likelihood esti-
mates. Ann. Math. Stat. 41 802-828. MR0267676 https://doi.org/10.1214/aoms/1177696960

Le Cam, L. (1975). On local and global properties in the theory of asymptotic normality of experiments. In
Stochastic Processes and Related Topics (Proc. Summer Res. Inst. Statist. Inference for Stochastic Processes,
Indiana Univ., Bloomington, Ind., 1974, Vol. 1; Dedicated to Jerzy Neyman) 13-54. MR0395005

LeCam, L. (1973). Convergence of estimates under dimensionality restrictions. Ann. Statist. 1 38-53.
MRO0334381

Lerasle, M., Szabo, Z., Mathieu, T. and Lecué, G. (2020). MONK - outlier-robust mean embedding estima-
tion by median-of-means. In International Conference on Machine Learning.

Lecué, G., Lerasle, M. and Mathieu, T. (2020). Robust classification via MOM minimization. Mach. Learn.
109 1635-1665. MR4137195 https://doi.org/10.1007/s10994-019-05863-6

Lee, J. and Raginsky, M. (2018). Minimax statistical learning with Wasserstein distances. In Advances in
Neural Information Processing Systems.

Li, Y., Swersky, K. and Zemel, R. (2015). Generative moment matching networks. In International Confer-
ence on Machine Learning 1718-1727.

Liu, J., Huang, Y., Singh, R., Vert, J.-P. and Noble, W.S. (2019). Jointly embedding multiple single-cell omics
measurements. In BioRxiv Cold Spring Harbor Laboratory.

Liu, Q., Lee, J. and Jordan, M. (2016). A kernelized Stein discrepancy for goodness-of-fit tests. In Interna-
tional Conference on Machine Learning 276-284.

Louhichi, S. (1998). Théoremes limites pour des suites positivement ou faiblement dépendantes. These de
doctorat de 1’Université Paris-XI.

Lugosi, G. and Mendelson, S. (2019). Mean estimation and regression under heavy-tailed distributions: A
survey. Found. Comput. Math. 19 1145-1190. MR4017683 https://doi.org/10.1007/s10208-019-09427-x
Lugosi, G. and Mendelson, S. (2020). Risk minimization by median-of-means tournaments. J. Eur. Math.
Soc. (JEMS) 22 925-965. MR4055993 https://doi.org/10.4171/jems/937

McDiarmid, C. (1989). On the method of bounded differences. In Surveys in Combinatorics, 1989 (Norwich,
1989). London Mathematical Society Lecture Note Series 141 148—188. Cambridge: Cambridge Univ. Press.
MR1036755

Minsker, S. (2015). Geometric median and robust estimation in Banach spaces. Bernoulli 21 2308-2335.
MR3378468 https://doi.org/10.3150/14-BEJ645

Muandet, K., Fukumizu, K., Sriperumbudur, B. and Scholkopf, B. (2017). Kernel mean embedding of distri-
butions: A review and beyond. Found. Trends Mach. Learn. 10 1-141.

Nemirovski, A., Juditsky, A., Lan, G. and Shapiro, A. (2008). Robust stochastic approximation approach to
stochastic programming. SIAM J. Optim. 19 1574-1609. MR2486041 https://doi.org/10.1137/070704277
Nemirovsky, A.S. and Yudin, D.B. (1983). Problem Complexity and Method Efficiency in Optimization.
Wiley-Interscience Series in Discrete Mathematics. New York: Wiley. MR0702836

O’Hagan, A., Murphy, T.B. and Gormley, [.C. (2012). Computational aspects of fitting mixture mod-
els via the expectation-maximization algorithm. Comput. Statist. Data Anal. 56 3843-3864. MR2957835
https://doi.org/10.1016/j.csda.2012.05.011

Park, M., Jitkrittum, W. and Sejdinovic, D. (2016). K2-ABC: Approximate Bayesian computation with ker-
nel embeddings. In Proceedings of the Fourteenth International Conference on Artificial Intelligence and
Statistics 51 398—407.


http://www.ams.org/mathscinet-getitem?mr=0855970
http://www.ams.org/mathscinet-getitem?mr=0855970
https://doi.org/10.1016/0304-3975(86)90174-X
https://doi.org/10.1016/0304-3975(86)90174-X
http://www.ams.org/mathscinet-getitem?mr=3826315
http://www.ams.org/mathscinet-getitem?mr=3826315
http://www.ams.org/mathscinet-getitem?mr=3631029
http://www.ams.org/mathscinet-getitem?mr=3631029
http://www.ams.org/mathscinet-getitem?mr=0267676
http://www.ams.org/mathscinet-getitem?mr=0267676
https://doi.org/10.1214/aoms/1177696960
https://doi.org/10.1214/aoms/1177696960
http://www.ams.org/mathscinet-getitem?mr=0395005
http://www.ams.org/mathscinet-getitem?mr=0395005
http://www.ams.org/mathscinet-getitem?mr=0334381
http://www.ams.org/mathscinet-getitem?mr=0334381
http://www.ams.org/mathscinet-getitem?mr=4137195
http://www.ams.org/mathscinet-getitem?mr=4137195
https://doi.org/10.1007/s10994-019-05863-6
https://doi.org/10.1007/s10994-019-05863-6
http://www.ams.org/mathscinet-getitem?mr=4017683
http://www.ams.org/mathscinet-getitem?mr=4017683
https://doi.org/10.1007/s10208-019-09427-x
https://doi.org/10.1007/s10208-019-09427-x
http://www.ams.org/mathscinet-getitem?mr=4055993
http://www.ams.org/mathscinet-getitem?mr=4055993
https://doi.org/10.4171/jems/937
https://doi.org/10.4171/jems/937
http://www.ams.org/mathscinet-getitem?mr=1036755
http://www.ams.org/mathscinet-getitem?mr=1036755
http://www.ams.org/mathscinet-getitem?mr=3378468
http://www.ams.org/mathscinet-getitem?mr=3378468
https://doi.org/10.3150/14-BEJ645
https://doi.org/10.3150/14-BEJ645
http://www.ams.org/mathscinet-getitem?mr=2486041
http://www.ams.org/mathscinet-getitem?mr=2486041
https://doi.org/10.1137/070704277
https://doi.org/10.1137/070704277
http://www.ams.org/mathscinet-getitem?mr=0702836
http://www.ams.org/mathscinet-getitem?mr=0702836
http://www.ams.org/mathscinet-getitem?mr=2957835
http://www.ams.org/mathscinet-getitem?mr=2957835
https://doi.org/10.1016/j.csda.2012.05.011
https://doi.org/10.1016/j.csda.2012.05.011

[81]
(82]
[83]
[84]
(85]

[86]
(87]

(88]
[89]
[90]
[91]
[92]

(93]

[94]

[95]

Parr, W.C. and Schucany, W.R. (1980). Minimum distance and robust estimation. J. Amer. Statist. Assoc. 75
616-624. MR0590691

Rio, E. (2000). Inégalités de Hoetfding pour les fonctions lipschitziennes de suites dépendantes. C. R. Acad.
Sci. Paris Sér. I Math. 330 905-908. MR1771956 https://doi.org/10.1016/S0764-4442(00)00290- 1

Rio, E. (2013). On McDiarmid’s concentration inequality. Electron. Commun. Probab. 18 no. 44, 11.
MR3070910 https://doi.org/10.1214/ECP.v18-2659

Rio, E. (2017). Asymptotic Theory of Weakly Dependent Random Processes. Probability Theory and Stochas-
tic Modelling 80. Berlin: Springer. MR3642873 https://doi.org/10.1007/978-3-662-54323-8

Rosenblatt, M. (1956). A central limit theorem and a strong mixing condition. Proc. Natl. Acad. Sci. USA 42
43—47. MR0074711 https://doi.org/10.1073/pnas.42.1.43

Song, L. (2008). Learning via Hilbert Space Embedding of Distributions Ph.D. thesis, University of Sydney.
Song, L., Gretton, A., Bickson, D., Low, Y. and Guestrin, C. (2011). Kernel belief propagation. In Proceed-
ings of the Fourteenth International Conference on Artificial Intelligence and Statistics 707-715.
Sriperumbudur, B.K., Gretton, A., Fukumizu, K., Schilkopf, B. and Lanckriet, G.R.G. (2010). Hilbert space
embeddings and metrics on probability measures. J. Mach. Learn. Res. 11 1517-1561. MR2645460
Tolstikhin, I., Sriperumbudur, B.K. and Muandet, K. (2017). Minimax estimation of kernel mean embed-
dings. J. Mach. Learn. Res. 18 Paper No. 86, 47. MR3714249

Tukey, J.W. (1975). Mathematics and the picturing of data. In Proceedings of the International Congress of
Mathematicians (Vancouver, B. C., 1974), Vol. 2 523-531. MR0426989

van der Vaart, A.W. (1998). Asymptotic Statistics. Cambridge Series in Statistical and Probabilistic Mathe-
matics 3. Cambridge: Cambridge Univ. Press. MR1652247 https://doi.org/10.1017/CB09780511802256
Wolfowitz, J. (1957). The minimum distance method. Ann. Math. Stat. 28 75-88. MRO0088126
https://doi.org/10.1214/a0ms/1177707038

Wu, K., Ding, G.W., Huang, R. and Yu, Y. (2020). On minimax optimality of GANs for robust mean esti-
mation. In Proceedings of the Twenty Third International Conference on Artificial Intelligence and Statistics
4541-4551.

Yatracos, Y.G. (1985). Rates of convergence of minimum distance estimators and Kolmogorov’s entropy.
Ann. Statist. 13 768-774. MR0790571 https://doi.org/10.1214/a0s/1176349553

Zhao, S., Song, J. and Ermon, S. (2017). InfoVAE: Information Maximizing Variational Autoencoders.
Preprint. Available at arXiv:1706.02262.


http://www.ams.org/mathscinet-getitem?mr=0590691
http://www.ams.org/mathscinet-getitem?mr=0590691
http://www.ams.org/mathscinet-getitem?mr=1771956
http://www.ams.org/mathscinet-getitem?mr=1771956
https://doi.org/10.1016/S0764-4442(00)00290-1
https://doi.org/10.1016/S0764-4442(00)00290-1
http://www.ams.org/mathscinet-getitem?mr=3070910
http://www.ams.org/mathscinet-getitem?mr=3070910
https://doi.org/10.1214/ECP.v18-2659
https://doi.org/10.1214/ECP.v18-2659
http://www.ams.org/mathscinet-getitem?mr=3642873
http://www.ams.org/mathscinet-getitem?mr=3642873
https://doi.org/10.1007/978-3-662-54323-8
https://doi.org/10.1007/978-3-662-54323-8
http://www.ams.org/mathscinet-getitem?mr=0074711
http://www.ams.org/mathscinet-getitem?mr=0074711
https://doi.org/10.1073/pnas.42.1.43
https://doi.org/10.1073/pnas.42.1.43
http://www.ams.org/mathscinet-getitem?mr=2645460
http://www.ams.org/mathscinet-getitem?mr=2645460
http://www.ams.org/mathscinet-getitem?mr=3714249
http://www.ams.org/mathscinet-getitem?mr=3714249
http://www.ams.org/mathscinet-getitem?mr=0426989
http://www.ams.org/mathscinet-getitem?mr=0426989
http://www.ams.org/mathscinet-getitem?mr=1652247
http://www.ams.org/mathscinet-getitem?mr=1652247
https://doi.org/10.1017/CBO9780511802256
https://doi.org/10.1017/CBO9780511802256
http://www.ams.org/mathscinet-getitem?mr=0088126
http://www.ams.org/mathscinet-getitem?mr=0088126
https://doi.org/10.1214/aoms/1177707038
https://doi.org/10.1214/aoms/1177707038
http://www.ams.org/mathscinet-getitem?mr=0790571
http://www.ams.org/mathscinet-getitem?mr=0790571
https://doi.org/10.1214/aos/1176349553
https://doi.org/10.1214/aos/1176349553
http://arxiv.org/abs/arXiv:1706.02262
http://arxiv.org/abs/arXiv:1706.02262

Bernoulli 28(1), 2022, 214-238
https://doi.org/10.3150/21-BEJ1339

Limit theorems for time-dependent averages of
nonlinear stochastic heat equations
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37673, Republic of Korea. .
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L(t)

We study limit theorems for time-dependent averages of the form X; := #(r) Jo L() u(t,x)dx, ast — oo, where
L(t) = exp(At) and u(t, x) is the solution to a stochastic heat equation on R x R driven by space-time white
noise with ug(x) =1 for all x € R. We show that for X;

(1) the weak law of large numbers holds when A > A1,

(ii) the strong law of large numbers holds when A > X,,
(iii) the central limit theorem holds when A > X3, but fails when A < A4 < X3,
(iv) the quantitative central limit theorem holds when A > A5,

where A;’s are positive constants depending on the moment Lyapunov exponents of u(z, x).

Keywords: Stochastic heat equation; weak law of large numbers; strong law of large numbers; central limit
theorem
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Geometrical smeariness — a new phenomenon of
Fréchet means
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In the past decades, the central limit theorem (CLT) has been generalized to non-Euclidean data spaces. Some
years ago, it was found that for some random variables on the circle, the sample Fréchet mean fluctuates around
the population mean asymptotically at a scale n~ " with exponent T < 1/2 with a non-normal distribution if the
probability density at the antipodal point of the mean is % The author and his collaborator recently discovered
that T = 1/6 for some random variables on higher dimensional spheres. In this article we show that, even more
surprisingly, the phenomenon on spheres of higher dimension is qualitatively different from that on the circle, as it
depends purely on geometrical properties of the space, namely its curvature, and not on the density at the antipodal
point. This gives rise to the new concept of geometrical smeariness. In consequence, the sphere can be deformed,
say, by removing a neighborhood of the antipodal point of the mean and gluing a flat space there, with a smooth
transition piece. This yields smeariness on a manifold, which is diffeomorphic to Euclidean space. We give an
example family of random variables with 2-smeary mean, that is, with t = 1/6, whose range has a hole containing
the cut locus of the mean. The hole size exhibits a curse of dimensionality as it can increase with dimension,
converging to the whole hemisphere opposite a local Fréchet mean. We observe smeariness in simulated landmark
shapes on Kendall pre-shape space and in real data of geomagnetic north pole positions on the two-dimensional
sphere.

Keywords: Fréchet means; asymptotics on manifolds; lower asymptotic rate; directional data; landmark shapes
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Consider an i.i.d. sample from an unknown density function supported on an unknown manifold embedded in a
high dimensional Euclidean space. We tackle the problem of learning a distance between points, able to capture
both the geometry of the manifold and the underlying density. We define such a sample distance and prove the
convergence, as the sample size goes to infinity, to a macroscopic one that we call Fermat distance as it minimizes a
path functional, resembling Fermat principle in optics. The proof boils down to the study of geodesics in Euclidean
first-passage percolation for nonhomogeneous Poisson point processes.
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We determine the exact Hausdorff measure functions for the range and level sets of a class of Gaussian random
fields satisfying sectorial local nondeterminism and other assumptions. We also establish a Chung-type law of
the iterated logarithm. The results can be applied to the Brownian sheet, fractional Brownian sheets whose Hurst
indices are the same in all directions, and systems of linear stochastic wave equations in one spatial dimension
driven by space—time white noise or colored noise.
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We consider the estimation of the transition matrix of a hidden Markovian process by using information geometry
with respect to transition matrices. In this paper, only the histogram of k-memory data is used for the estimation.
To establish our method, we focus on a partial observation model with the Markovian process and we propose an
efficient estimator whose asymptotic estimation error is given as the inverse of projective Fisher information of
transition matrices. This estimator is applied to the estimation of the transition matrix of the hidden Markovian
process. In this application, we carefully discuss the equivalence problem for hidden Markovian process on the
tangent space.

Keywords: Hidden Markov; em-algorithm; projective Fisher information matrix; partial observation model
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Strong and weak convergence rates for
slow—fast stochastic differential equations
driven by «-stable process
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In this paper, we study the averaging principle for a class of stochastic differential equations driven by «-stable
processes with slow and fast time-scales, where o € (1,2). We prove that the strong and weak convergence order
are 1 — 1/ and 1 respectively. We show, by a simple example, that 1 — 1/« is the optimal strong convergence

rate.
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Applications of weak transport theory
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Motivated by applications to geometric inequalities, Gozlan, Roberto, Samson, and Tetali (J. Funct. Anal. 273
(2017) 3327-3405) introduced a transport problem for ‘weak’ cost functionals. Basic results of optimal transport
theory can be extended to this setup in remarkable generality.

In this article, we collect several problems from different areas that can be recast in the framework of weak
transport theory, namely: the Schrodinger problem, the Brenier—Strassen theorem, optimal mechanism design,
linear transfers, semimartingale transport. Our viewpoint yields a unified approach and often allows to strengthen
the original results.

Keywords: Schrodinger problem; Brenier—Strassen theorem; linear transfers; semimartingale transport; optimal
mechanism design; weak transport problem; duality; cyclical monotonicity

References

(1]
(2]
(3]
(4]

(5]
(6]

(7]
(8]

(9]
[10]
(1]

[12]

Alfonsi, A., Corbetta, J. and Jourdain, B. (2020). Sampling of probability measures in the convex order and
approximation of Martingale Optimal Transport problems. ArXiv e-prints, Sept. 2017.

Alibert, J.-J., Bouchitté, G. and Champion, T. (2019). A new class of costs for optimal transport planning.
European J. Appl. Math. 30 1229-1263. MR4028478 https://doi.org/10.1017/s0956792518000669
Backhoff, J., Beiglbock, M., Lin, Y. and Zalashko, A. (2017). Causal transport in discrete time and applica-
tions. SIAM J. Optim. 27 2528-2562. MR3738324 https://doi.org/10.1137/16M 1080197
Backhoff-Veraguas, J., Bartl, D., Beiglbock, M. and Eder, M. (2020). Adapted Wasserstein distances
and stability in mathematical finance. Finance Stoch. 24 601-632. MR4118990 https://doi.org/10.1007/
s00780-020-00426-3

Backhoff-Veraguas, J., Beiglbock, M., Huesmann, M. and Killblad, S. (2020). Martingale Benamou-Brenier:
A probabilistic perspective. Ann. Probab. 48 2258-2289. MR4152642 https://doi.org/10.1214/20-AOP1422
Backhoff-Veraguas, J., Beiglbock, M. and Pammer, G. (2019). Existence, duality, and cyclical monotonic-
ity for weak transport costs. Calc. Var. Partial Differential Equations 58 Paper No. 203, 28. MR4029731
https://doi.org/10.1007/s00526-019-1624-y

Backhoff-Veraguas, J., Beiglbock, M. and Pammer, G. (2020). Weak monotone rearrangement on the line.
Electron. Commun. Probab. 25 Paper No. 18, 16. MR4069738 https://doi.org/10.1214/20-ecp292
Backhoff-Veraguas, J., Lacker, D. and Tangpi, L. (2020). Nonexponential Sanov and Schilder theorems on
Wiener space: BSDEs, Schrodinger problems and control. Ann. Appl. Probab. 30 1321-1367. MR4133375
https://doi.org/10.1214/19-AAP1531

Backhoff-Veraguas, J. and Pammer, G. (2020). Stability of martingale optimal transport and weak optimal
transport. Available at arXiv:1904.04171.

Beiglbock, M. (2015). Cyclical monotonicity and the ergodic theorem. Ergodic Theory Dynam. Systems 35
710-713. MR3334900 https://doi.org/10.1017/etds.2013.75

Beiglbock, M., Cox, A.M.G. and Huesmann, M. (2017). Optimal transport and Skorokhod embedding. In-
vent. Math. 208 327-400. MR3639595 https://doi.org/10.1007/s00222-016-0692-2

Beiglbock, M. and Griessler, C. (2019). A land of monotone plenty. Ann. Sc. Norm. Super. Pisa CI. Sci. (5)
19 109-127. MR3923841

1350-7265 © 2022 ISI/BS


http://www.bernoulli-society.org/index.php/publications/bernoulli-journal/bernoulli-journal
http://www.bernoulli-society.org/index.php/publications/bernoulli-journal/bernoulli-journal
https://doi.org/10.3150/21-BEJ1346
https://doi.org/10.3150/21-BEJ1346
mailto:julio.backhoff@univie.ac.at
mailto:julio.backhoff@univie.ac.at
mailto:gudmund.pammer@math.ethz.ch
mailto:gudmund.pammer@math.ethz.ch
http://www.ams.org/mathscinet-getitem?mr=4028478
http://www.ams.org/mathscinet-getitem?mr=4028478
https://doi.org/10.1017/s0956792518000669
https://doi.org/10.1017/s0956792518000669
http://www.ams.org/mathscinet-getitem?mr=3738324
http://www.ams.org/mathscinet-getitem?mr=3738324
https://doi.org/10.1137/16M1080197
https://doi.org/10.1137/16M1080197
http://www.ams.org/mathscinet-getitem?mr=4118990
http://www.ams.org/mathscinet-getitem?mr=4118990
https://doi.org/10.1007/s00780-020-00426-3
https://doi.org/10.1007/s00780-020-00426-3
http://www.ams.org/mathscinet-getitem?mr=4152642
http://www.ams.org/mathscinet-getitem?mr=4152642
https://doi.org/10.1214/20-AOP1422
https://doi.org/10.1214/20-AOP1422
http://www.ams.org/mathscinet-getitem?mr=4029731
http://www.ams.org/mathscinet-getitem?mr=4029731
https://doi.org/10.1007/s00526-019-1624-y
https://doi.org/10.1007/s00526-019-1624-y
http://www.ams.org/mathscinet-getitem?mr=4069738
http://www.ams.org/mathscinet-getitem?mr=4069738
https://doi.org/10.1214/20-ecp292
https://doi.org/10.1214/20-ecp292
http://www.ams.org/mathscinet-getitem?mr=4133375
http://www.ams.org/mathscinet-getitem?mr=4133375
https://doi.org/10.1214/19-AAP1531
https://doi.org/10.1214/19-AAP1531
http://arxiv.org/abs/arXiv:1904.04171
http://arxiv.org/abs/arXiv:1904.04171
http://www.ams.org/mathscinet-getitem?mr=3334900
http://www.ams.org/mathscinet-getitem?mr=3334900
https://doi.org/10.1017/etds.2013.75
https://doi.org/10.1017/etds.2013.75
http://www.ams.org/mathscinet-getitem?mr=3639595
http://www.ams.org/mathscinet-getitem?mr=3639595
https://doi.org/10.1007/s00222-016-0692-2
https://doi.org/10.1007/s00222-016-0692-2
http://www.ams.org/mathscinet-getitem?mr=3923841
http://www.ams.org/mathscinet-getitem?mr=3923841

[13]

(14]

[15]

[16]
[17]
(18]
(19]

(20]

(21]
[22]
(23]
[24]
(25]

(26]

(27]

(28]

(29]

(30]
(31]

(32]

(33]

(34]

Beiglbock, M., Henry-Labordere, P. and Penkner, F. (2013). Model-independent bounds for option
prices—a mass transport approach. Finance Stoch. 17 477-501. MR3066985 https://doi.org/10.1007/
s00780-013-0205-8

Beiglbock, M. and Juillet, N. (2016). On a problem of optimal transport under marginal martingale con-
straints. Ann. Probab. 44 42-106. MR3456332 https://doi.org/10.1214/14- AOP966

Benamou, J.-D., Carlier, G., Cuturi, M., Nenna, L. and Peyré, G. (2015). Iterative Bregman projec-
tions for regularized transportation problems. SIAM J. Sci. Comput. 37 A1111-A1138. MR3340204
https://doi.org/10.1137/141000439

Bianchini, S. and Caravenna, L. (2010). On optimality of c-cyclically monotone transference plans. C. R.
Math. Acad. Sci. Paris 348 613-618. MR2652484 https://doi.org/10.1016/j.crma.2010.03.022

Bowles, M. and Ghoussoub, N. (2018). A Theory of Transfers: Duality and convolution. Available at
arXiv:1804.08563.

Brenier, Y. (1987). Décomposition polaire et réarrangement monotone des champs de vecteurs. C. R. Acad.
Sci. Paris Sér. I Math. 305 805-808. MR(0923203

Brenier, Y. (1991). Polar factorization and monotone rearrangement of vector-valued functions. Comm. Pure
Appl. Math. 44 375-417. MR1100809 https://doi.org/10.1002/cpa.3160440402

Colombo, M., De Pascale, L. and Di Marino, S. (2015). Multimarginal optimal transport maps for
one-dimensional repulsive costs. Canad. J. Math. 67 350-368. MR3314838 https://doi.org/10.4153/
CJM-2014-011-x

Cox, A.M. and Vidmar, M. (2019). The structure of non-linear martingale optimal transport problems.
Preprint.

Csiszdr, 1. (1975). I-divergence geometry of probability distributions and minimization problems. Ann.
Probab. 3 146-158. MR0365798 https://doi.org/10.1214/a0p/1176996454

Cuturi, M. (2013). Sinkhorn distances: Lightspeed computation of optimal transport. In Proceedings of the
26th International Conference on Neural Information Processing Systems 2 2292-2300.

Daskalakis, C., Deckelbaum, A. and Tzamos, C. (2017). Strong duality for a multiple-good monopolist.
Econometrica 85 735-767. MR3664178 https://doi.org/10.3982/ECTA12618

Diestel, J. (1991). Uniform integrability: An introduction. School on measure theory and real analysis
(Grado, 1991). Rend. Istit. Mat. Univ. Trieste 23 41-80. MR1248651

Eckstein, S. and Kupper, M. (2021). Computation of Optimal Transport and Related Hedging Problems via
Penalization and Neural Networks. Appl. Math. Optim. 83 639-667. MR4239795 https://doi.org/10.1007/
500245-019-09558-1

Fathi, M., Gozlan, N. and Prod’homme, M. (2020). A proof of the Caffarelli contraction theorem via entropic
regularization. Calc. Var. Partial Differential Equations 59 Paper No. 96, 18. MR4098037 https://doi.org/10.
1007/s00526-020-01754-0

Fathi, M. and Shu, Y. (2018). Curvature and transport inequalities for Markov chains in discrete spaces.
Bernoulli 24 672-698. MR3706773 https://doi.org/10.3150/16-BEJ892

Galichon, A., Henry-Labordere, P. and Touzi, N. (2014). A stochastic control approach to no-arbitrage
bounds given marginals, with an application to lookback options. Ann. Appl. Probab. 24 312-336.
MR3161649 https://doi.org/10.1214/13- AAP925

Gangbo, W. and McCann, R.J. (1996). The geometry of optimal transportation. Acta Math. 177 113-161.
MR1440931 https://doi.org/10.1007/BF02392620

Gozlan, N. and Juillet, N. (2020). On a mixture of Brenier and Strassen theorems. Proc. Lond. Math. Soc.
(3) 120 434-463. MR4008375 https://doi.org/10.1112/plms.12302

Gozlan, N., Roberto, C., Samson, P.-M., Shu, Y. and Tetali, P. (2018). Characterization of a class of
weak transport-entropy inequalities on the line. Ann. Inst. Henri Poincaré Probab. Stat. 54 1667-1693.
MR3825894 https://doi.org/10.1214/17- AIHP851

Gozlan, N., Roberto, C., Samson, P.-M. and Tetali, P. (2017). Kantorovich duality for general transport costs
and applications. J. Funct. Anal. 273 3327-3405. MR3706606 https://doi.org/10.1016/j.jfa.2017.08.015
Griessler, C. (2018). C-cyclical monotonicity as a sufficient criterion for optimality in the multimarginal
Monge-Kantorovich problem. Proc. Amer. Math. Soc. 146 4735-4740. MR3856141 https://doi.org/10.1090/
proc/14129


http://www.ams.org/mathscinet-getitem?mr=3066985
http://www.ams.org/mathscinet-getitem?mr=3066985
https://doi.org/10.1007/s00780-013-0205-8
https://doi.org/10.1007/s00780-013-0205-8
http://www.ams.org/mathscinet-getitem?mr=3456332
http://www.ams.org/mathscinet-getitem?mr=3456332
https://doi.org/10.1214/14-AOP966
https://doi.org/10.1214/14-AOP966
http://www.ams.org/mathscinet-getitem?mr=3340204
http://www.ams.org/mathscinet-getitem?mr=3340204
https://doi.org/10.1137/141000439
https://doi.org/10.1137/141000439
http://www.ams.org/mathscinet-getitem?mr=2652484
http://www.ams.org/mathscinet-getitem?mr=2652484
https://doi.org/10.1016/j.crma.2010.03.022
https://doi.org/10.1016/j.crma.2010.03.022
http://arxiv.org/abs/arXiv:1804.08563
http://arxiv.org/abs/arXiv:1804.08563
http://www.ams.org/mathscinet-getitem?mr=0923203
http://www.ams.org/mathscinet-getitem?mr=0923203
http://www.ams.org/mathscinet-getitem?mr=1100809
http://www.ams.org/mathscinet-getitem?mr=1100809
https://doi.org/10.1002/cpa.3160440402
https://doi.org/10.1002/cpa.3160440402
http://www.ams.org/mathscinet-getitem?mr=3314838
http://www.ams.org/mathscinet-getitem?mr=3314838
https://doi.org/10.4153/CJM-2014-011-x
https://doi.org/10.4153/CJM-2014-011-x
http://www.ams.org/mathscinet-getitem?mr=0365798
http://www.ams.org/mathscinet-getitem?mr=0365798
https://doi.org/10.1214/aop/1176996454
https://doi.org/10.1214/aop/1176996454
http://www.ams.org/mathscinet-getitem?mr=3664178
http://www.ams.org/mathscinet-getitem?mr=3664178
https://doi.org/10.3982/ECTA12618
https://doi.org/10.3982/ECTA12618
http://www.ams.org/mathscinet-getitem?mr=1248651
http://www.ams.org/mathscinet-getitem?mr=1248651
http://www.ams.org/mathscinet-getitem?mr=4239795
http://www.ams.org/mathscinet-getitem?mr=4239795
https://doi.org/10.1007/s00245-019-09558-1
https://doi.org/10.1007/s00245-019-09558-1
http://www.ams.org/mathscinet-getitem?mr=4098037
http://www.ams.org/mathscinet-getitem?mr=4098037
https://doi.org/10.1007/s00526-020-01754-0
https://doi.org/10.1007/s00526-020-01754-0
http://www.ams.org/mathscinet-getitem?mr=3706773
http://www.ams.org/mathscinet-getitem?mr=3706773
https://doi.org/10.3150/16-BEJ892
https://doi.org/10.3150/16-BEJ892
http://www.ams.org/mathscinet-getitem?mr=3161649
http://www.ams.org/mathscinet-getitem?mr=3161649
https://doi.org/10.1214/13-AAP925
https://doi.org/10.1214/13-AAP925
http://www.ams.org/mathscinet-getitem?mr=1440931
http://www.ams.org/mathscinet-getitem?mr=1440931
https://doi.org/10.1007/BF02392620
https://doi.org/10.1007/BF02392620
http://www.ams.org/mathscinet-getitem?mr=4008375
http://www.ams.org/mathscinet-getitem?mr=4008375
https://doi.org/10.1112/plms.12302
https://doi.org/10.1112/plms.12302
http://www.ams.org/mathscinet-getitem?mr=3825894
http://www.ams.org/mathscinet-getitem?mr=3825894
https://doi.org/10.1214/17-AIHP851
https://doi.org/10.1214/17-AIHP851
http://www.ams.org/mathscinet-getitem?mr=3706606
http://www.ams.org/mathscinet-getitem?mr=3706606
https://doi.org/10.1016/j.jfa.2017.08.015
https://doi.org/10.1016/j.jfa.2017.08.015
http://www.ams.org/mathscinet-getitem?mr=3856141
http://www.ams.org/mathscinet-getitem?mr=3856141
https://doi.org/10.1090/proc/14129
https://doi.org/10.1090/proc/14129

(35]

(36]

(37]
(38]
(39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
(48]
[49]
(501
[51]

[52]

[53]
[54]

[55]

Guyon, J., Menegaux, R. and Nutz, M. (2017). Bounds for VIX futures given S&P 500 smiles. Finance
Stoch. 21 593-630. MR3663638 https://doi.org/10.1007/s00780-017-0334-6

Karandikar, R.L. (2006). On almost sure convergence results in stochastic calculus. In In Memoriam Paul-
André Meyer: Séminaire de Probabilités XXXIX. Lecture Notes in Math. 1874 137-147. Berlin: Springer.
MR2276893 https://doi.org/10.1007/978-3-540-35513-7_11

Léonard, C. (2014). A survey of the Schrodinger problem and some of its connections with optimal transport.
Discrete Contin. Dyn. Syst. 34 1533-1574. MR3121631 https://doi.org/10.3934/dcds.2014.34.1533
Marton, K. (1996). Bounding d-distance by informational divergence: A method to prove measure concen-
tration. Ann. Probab. 24 857-866. MR1404531 https://doi.org/10.1214/a0p/1039639365

Marton, K. (1996). A measure concentration inequality for contracting Markov chains. Geom. Funct. Anal.
6 556-571. MR1392329 https://doi.org/10.1007/BF02249263

Mikami, T. and Thieullen, M. (2006). Duality theorem for the stochastic optimal control problem. Stochastic
Process. Appl. 116 1815-1835. MR2307060 https://doi.org/10.1016/j.spa.2006.04.014

Nutz, M. and Stebegg, F. (2018). Canonical supermartingale couplings. Ann. Probab. 46 3351-3398.
MR3857858 https://doi.org/10.1214/17-AOP1249

Pass, B. (2012). On the local structure of optimal measures in the multi-marginal optimal transporta-
tion problem. Calc. Var. Partial Differential Equations 43 529-536. MR2875651 https://doi.org/10.1007/
s00526-011-0421-z

Rockafellar, R.T. and Wets, R.J.-B. (2009). Variational Analysis 317. Berlin: Springer.

Samson, P.-M. (2017). Transport-entropy inequalities on locally acting groups of permutations. Electron. J.
Probab. 22 Paper No. 62, 33. MR3690287 https://doi.org/10.1214/17-EJP54

Shu, Y. (2018). Hamilton-Jacobi equations on graph and applications. Potential Anal. 48 125-157.
MR3748388 https://doi.org/10.1007/s11118-017-9628-8

Shu, Y. (2020). From Hopf-Lax formula to optimal weak transfer plan. SIAM J. Math. Anal. 52 3052-3072.
MR4117845 https://doi.org/10.1137/17M1152231

Strassen, V. (1965). The existence of probability measures with given marginals. Ann. Math. Stat. 36 423—
439. MR0177430 https://doi.org/10.1214/aoms/1177700153

Talagrand, M. (1995). Concentration of measure and isoperimetric inequalities in product spaces. Publ. Math.
Inst. Hautes Etudes Sci. 81 73-205. MR1361756

Talagrand, M. (1996). New concentration inequalities in product spaces. Invent. Math. 126 505-563.
MR 1419006 https://doi.org/10.1007/s002220050108

Tan, X. and Touzi, N. (2013). Optimal transportation under controlled stochastic dynamics. Ann. Probab. 41
3201-3240. MR3127880 https://doi.org/10.1214/12- AOP797

Villani, C. (2003). Topics in Optimal Transportation. Graduate Studies in Mathematics 58. Providence, RI:
Amer. Math. Soc. MR1964483 https://doi.org/10.1090/gsm/058

Villani, C. (2009). Optimal Transport: Old and New. Grundlehren der Mathematischen Wissenschaften [ Fun-
damental Principles of Mathematical Sciences] 338. Berlin: Springer. MR2459454 https://doi.org/10.1007/
978-3-540-71050-9

Zaev, D.A. (2015). On the Monge-Kantorovich problem with additional linear constraints. Mat. Zametki 98
664—683. MR3438523 https://doi.org/10.4213/mzm 10896

Zalinescu, C. (2002). Convex Analysis in General Vector Spaces. River Edge, NJ: World Scientific.
MR 1921556 https://doi.org/10.1142/9789812777096

Zhou, X. (2018). On the Fenchel Duality between Strong Convexity and Lipschitz Continuous Gradient.
Preprint.


http://www.ams.org/mathscinet-getitem?mr=3663638
http://www.ams.org/mathscinet-getitem?mr=3663638
https://doi.org/10.1007/s00780-017-0334-6
https://doi.org/10.1007/s00780-017-0334-6
http://www.ams.org/mathscinet-getitem?mr=2276893
http://www.ams.org/mathscinet-getitem?mr=2276893
https://doi.org/10.1007/978-3-540-35513-7_11
https://doi.org/10.1007/978-3-540-35513-7_11
http://www.ams.org/mathscinet-getitem?mr=3121631
http://www.ams.org/mathscinet-getitem?mr=3121631
https://doi.org/10.3934/dcds.2014.34.1533
https://doi.org/10.3934/dcds.2014.34.1533
http://www.ams.org/mathscinet-getitem?mr=1404531
http://www.ams.org/mathscinet-getitem?mr=1404531
https://doi.org/10.1214/aop/1039639365
https://doi.org/10.1214/aop/1039639365
http://www.ams.org/mathscinet-getitem?mr=1392329
http://www.ams.org/mathscinet-getitem?mr=1392329
https://doi.org/10.1007/BF02249263
https://doi.org/10.1007/BF02249263
http://www.ams.org/mathscinet-getitem?mr=2307060
http://www.ams.org/mathscinet-getitem?mr=2307060
https://doi.org/10.1016/j.spa.2006.04.014
https://doi.org/10.1016/j.spa.2006.04.014
http://www.ams.org/mathscinet-getitem?mr=3857858
http://www.ams.org/mathscinet-getitem?mr=3857858
https://doi.org/10.1214/17-AOP1249
https://doi.org/10.1214/17-AOP1249
http://www.ams.org/mathscinet-getitem?mr=2875651
http://www.ams.org/mathscinet-getitem?mr=2875651
https://doi.org/10.1007/s00526-011-0421-z
https://doi.org/10.1007/s00526-011-0421-z
http://www.ams.org/mathscinet-getitem?mr=3690287
http://www.ams.org/mathscinet-getitem?mr=3690287
https://doi.org/10.1214/17-EJP54
https://doi.org/10.1214/17-EJP54
http://www.ams.org/mathscinet-getitem?mr=3748388
http://www.ams.org/mathscinet-getitem?mr=3748388
https://doi.org/10.1007/s11118-017-9628-8
https://doi.org/10.1007/s11118-017-9628-8
http://www.ams.org/mathscinet-getitem?mr=4117845
http://www.ams.org/mathscinet-getitem?mr=4117845
https://doi.org/10.1137/17M1152231
https://doi.org/10.1137/17M1152231
http://www.ams.org/mathscinet-getitem?mr=0177430
http://www.ams.org/mathscinet-getitem?mr=0177430
https://doi.org/10.1214/aoms/1177700153
https://doi.org/10.1214/aoms/1177700153
http://www.ams.org/mathscinet-getitem?mr=1361756
http://www.ams.org/mathscinet-getitem?mr=1361756
http://www.ams.org/mathscinet-getitem?mr=1419006
http://www.ams.org/mathscinet-getitem?mr=1419006
https://doi.org/10.1007/s002220050108
https://doi.org/10.1007/s002220050108
http://www.ams.org/mathscinet-getitem?mr=3127880
http://www.ams.org/mathscinet-getitem?mr=3127880
https://doi.org/10.1214/12-AOP797
https://doi.org/10.1214/12-AOP797
http://www.ams.org/mathscinet-getitem?mr=1964483
http://www.ams.org/mathscinet-getitem?mr=1964483
https://doi.org/10.1090/gsm/058
https://doi.org/10.1090/gsm/058
http://www.ams.org/mathscinet-getitem?mr=2459454
http://www.ams.org/mathscinet-getitem?mr=2459454
https://doi.org/10.1007/978-3-540-71050-9
https://doi.org/10.1007/978-3-540-71050-9
http://www.ams.org/mathscinet-getitem?mr=3438523
http://www.ams.org/mathscinet-getitem?mr=3438523
https://doi.org/10.4213/mzm10896
https://doi.org/10.4213/mzm10896
http://www.ams.org/mathscinet-getitem?mr=1921556
http://www.ams.org/mathscinet-getitem?mr=1921556
https://doi.org/10.1142/9789812777096
https://doi.org/10.1142/9789812777096

Bernoulli 28(1), 2022, 395-423
https://doi.org/10.3150/21-BEJ1347

On bandwidth selection problems in
nonparametric trend estimation under
martingale difference errors

KARIM BENHENNI"", DIDIER A. GIRARD? and SANA LOUHICHI!'

L aboratoire Jean Kuntzmann, Université Grenoble Alpes, 700 Avenue Centrale, 38401 Saint-Martin-d’Heres,
France.

E-mail: " karim.benhenni @univ-grenoble-alpes.fr; Tsana.louhichi@univ—grenoble—alpes.fr

2CNRS, Laboratoire Jean Kuntzmann, 700 Avenue Centrale, 38401 Saint-Martin-d’Heéres, France.

E-mail: didier.girard@univ-grenoble-alpes.fr

In this paper, we are interested in the problem of smoothing parameter selection in nonparametric curve estimation
under dependent errors. We focus on kernel estimation and the case when the errors form a general stationary
sequence of martingale difference random variables where neither linearity assumption nor “all moments are
finite” are required. We compare the behaviors of the smoothing bandwidths obtained by minimizing either the
unknown average squared error, the theoretical mean average squared error, a Mallows-type criterion adapted
to the dependent case and the family of criteria known as generalized cross validation (GCV) extensions of the
Mallows’ criterion. We prove that these three minimizers and those based on the GCV family are first-order
equivalent in probability. We give also a normal asymptotic behavior of the gap between the minimizer of the
average squared error and that of the Mallows-type criterion. This is extended to the GCV family. Finally, we
apply our theoretical results to a specific case of martingale difference sequence, namely the Auto-Regressive
Conditional Heteroscedastic (ARCH(1)) process. A Monte-Carlo simulation study, for this regression model with
ARCH(1) process, is conducted.

Keywords: Nonparametric trend estimation; kernel nonparametric models; smoothing parameter selection;
martingale difference sequences; average squared error; mean average squared error; Mallows criterion; cross
validation; generalized cross validation; ARCH(1)
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We extend some rate of convergence results of greedy quantization sequences already investigated in 2015. We
show, for a more general class of distributions satisfying a certain control, that the quantization error of these
sequences has an optimal rate of convergence and that the distortion mismatch property is satisfied. We will give
some non-asymptotic Pierce type estimates. The recursive character of greedy vector quantization allows some
improvements to the algorithm of computation of these sequences and the implementation of a recursive formula
to quantization-based numerical integration. Furthermore, we establish further properties of sub-optimality of
greedy quantization sequences.

Keywords: Greedy quantization sequence; rate optimality; Lloyd’s algorithm; distortion mismatch;
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Empirical process theory for locally stationary
processes
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We provide a framework for empirical process theory of locally stationary processes using the functional depen-
dence measure. Our results extend known results for stationary Markov chains and mixing sequences by another
common possibility to measure dependence and allow for additional time dependence. Our main result is a func-
tional central limit theorem for locally stationary processes. Moreover, maximal inequalities for expectations of
sums are developed. We show the applicability of our theory in some examples, for instance, we provide uniform
convergence rates for nonparametric regression with locally stationary noise.

Keywords: Empirical process theory; functional dependence measure; maximal inequality; functional central
limit theorem; locally stationary processes
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We address our interest to the development of a theory of viscosity solutions a la Crandall-Lions for path-
dependent partial differential equations (PDEs), namely PDEs in the space of continuous paths C ([0, T']; RY).
Path-dependent PDEs can play a central role in the study of certain classes of optimal control problems, as for
instance optimal control problems with delay. Typically, they do not admit a smooth solution satisfying the corre-
sponding HJB equation in a classical sense, it is therefore natural to search for a weaker notion of solution. While
other notions of generalized solution have been proposed in the literature, the extension of the Crandall-Lions
framework to the path-dependent setting is still an open problem. The question of uniqueness of the solutions,
which is the most delicate issue, will be based on early ideas from the theory of viscosity solutions and a suitable
variant of Ekeland’s variational principle. This latter is based on the construction of a smooth gauge-type function,
where smooth is meant in the horizontal/vertical (rather than Fréchet) sense. In order to make the presentation
more readable, we address the path-dependent heat equation, which in particular simplifies the smoothing of its
natural “candidate” solution. Finally, concerning the existence part, we provide a functional It6 formula under
general assumptions, extending earlier results in the literature.

Keywords: Path-dependent partial differential equations; viscosity solutions; functional Itd formula
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We consider a linear model where the coefficients — intercept and slopes — are random and independent from the
regressors. The law of the coefficients is nonparametric. Without further restriction, nonparametric identification
requires the regressors to have a support which is the whole space. This is hardly ever the case in practice. It is
possible to handle regressors with limited variation when the coefficients can have a compact support. This is not
compatible with unbounded error terms as usual in regression models. In this paper, the regressors can have a
support which is a proper subset but the slopes do not have heavy-tails. Lower bounds on the minimax risk for
the estimation of the joint density of the random coefficients density are obtained for a wide range of smoothness.
Some allow for polynomial and nearly parametric rates of convergence. We present a minimax optimal estimator
and a data-driven rule for adaptive estimation. A R package is available to implement this estimator.

Keywords: Adaptation; inverse problem; minimax; random coefficients
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Testing and estimation for clustered signals
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We propose a change-point detection method for large scale multiple testing problems with data having clustered
signals. Unlike the classic change-point setup, the signals can vary in size within a cluster. The clustering structure
on the signals enables us to effectively delineate the boundaries between signal and non-signal segments. New test
statistics are proposed for observations from one and/or multiple realizations. Their asymptotic distributions are
derived. We also study the associated variance estimation problem. We allow the variances to be heteroscedastic
in the multiple realization case, which substantially expands the applicability of the proposed method. Simulation
studies demonstrate that the proposed approach has a favorable performance. Our procedure is applied to an array
based Comparative Genomic Hybridization (aCGH) dataset.

Keywords: Change-point inference; clustered signal; high dimension; multiple testing; signal aggregation;
variance estimation
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This paper addresses the problem of deriving the asymptotic distribution of the empirical distribution function Py
of the residuals in a general class of time series models, including conditional mean and conditional heteroscedatic-
ity, whose independent and identically distributed errors have unknown distribution F'. We show that, for a large
class of time series models (including the standard ARMA-GARCH with symmetric innovations), the asymptotic
distribution of \/n {fn(-) — F(-)} is impacted by the estimation but does not depend on the model parameters. It
is thus neither asymptotically estimation free, as is the case for purely linear models, nor asymptotically model
dependent, as is the case for some nonlinear models. The asymptotic stochastic equicontinuity is also established.
We consider an application to the estimation of the conditional Value-at-Risk.

Keywords: Adaptive estimation; GARCH; empirical distribution of residuals; asymptotic distribution of
quantiles; stochastic equicontinuity; conditional VaR
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Finding anonymization mechanisms to protect personal data is at the heart of recent machine learning research.
Here, we consider the consequences of local differential privacy constraints on goodness-of-fit testing, that is, the
statistical problem assessing whether sample points are generated from a fixed density f{, or not. The observations
are kept hidden and replaced by a stochastic transformation satisfying the local differential privacy constraint. In
this setting, we propose a testing procedure which is based on an estimation of the quadratic distance between the
density f of the unobserved samples and f{;. We establish an upper bound on the separation distance associated
with this test, and a matching lower bound on the minimax separation rates of testing under non-interactive privacy
in the case that fy is uniform, in discrete and continuous settings. To the best of our knowledge, we provide the
first minimax optimal test and associated private transformation under a local differential privacy constraint over
Besov balls in the continuous setting, quantifying the price to pay for data privacy. We also present a test that is
adaptive to the smoothness parameter of the unknown density and remains minimax optimal up to a logarithmic
factor. Finally, we note that our results can be translated to the discrete case, where the treatment of probability
vectors is shown to be equivalent to that of piecewise constant densities in our setting. That is why we work with
a unified setting for both the continuous and the discrete cases.

Keywords: Local differential privacy; non-interactive privacy; goodness-of-fit testing; minimax separation rates;
continuous and discrete distributions
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This paper investigates limiting spectral properties of a high-dimensional sample spatial-sign covariance matrix
when both the dimension of the observations and the sample size grow to infinity. The underlying population is
general enough to include the popular independent components model and the family of elliptical distributions.
The first result of the paper shows that the empirical spectral distribution of a high dimensional sample spatial-sign
covariance matrix converges to a generalized Marcenko-Pastur distribution. Secondly, a new central limit theorem
for a class of related linear spectral statistics is established.
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Thinned completely random measures with
applications in competing risks models
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Department of Mathematics and Statistics, University of Western Australia, Perth, Australia.
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We present a posterior analysis of kernel mixtures of thinned completely random measures (CRMs) for multivari-
ate intensities, in the context of competing risks models. The construction of the thinned CRM:s is derived from
a common Poisson random measure that includes the thinning probabilities in its intensity and is transferable to
existing Poisson partition calculus results for the posterior analysis (James (2002; Ann. Statist. 33 (2005) 1771-
1799)). We derive the posterior thinned CRMs, provide generalizations of both the Blackwell and MacQueen
Pdlya urn formula and the (weighted) Chinese restaurant process for the variates and partitions generated from the
thinned CRMs, and we outline strategies for the further development of Monte Carlo simulation for estimation.
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We derive mixing properties for a broad class of Poisson count time series satisfying a certain contraction condi-
tion. Using specific coupling techniques, we prove absolute regularity at a geometric rate not only for stationary
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A Ray—Knight representation of up-down
Chinese restaurants

DANE ROGERS™ and MATTHIAS WINKELT

University of Oxford, Department of Statistics, 24-29 St Giles’, Oxford OX1 3LB, UK.
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We study composition-valued continuous-time Markov chains that appear naturally in the framework of Chi-
nese Restaurant Processes (CRPs). As time evolves, new customers arrive (up-step) and existing customers leave
(down-step) at suitable rates derived from the ordered CRP of Pitman and Winkel (Ann. Probab. 37 (2009) 1999—
2041). We relate such up-down CRPs to the splitting trees of Lambert (Ann. Probab. 38 (2010) 348—395) inducing
spectrally positive Lévy processes. Conversely, we develop theorems of Ray—Knight type to recover more general
up-down CRPs from the heights of Lévy processes with jumps marked by integer-valued paths. We further estab-
lish limit theorems for the Lévy process and the integer-valued paths to connect to work by Forman, Pal, Rizzolo,
Shi and Winkel on interval partition diffusions and hence to some long-standing conjectures.

Keywords: Chinese Restaurant Process; composition; Ray—Knight theorem; scaling limit; squared Bessel
process; stable process
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