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Importance sampling and statistical
Romberg method

MOHAMED BEN ALAYA", KAOUTHER HAJJI™ and AHMED KEBAIERY

LAGA, CNRS (UMR 7539), Université Paris 13, Sorbonne Paris Cité, 99 Avenue Jean Baptiste Clément,
Villetaneluse, France.
E-mail: ~ mba@math.univ-paris13.fr; **hajji@math.univ-paris]j’.fr; Tkebaier@math.univ-paris]j’.fr

The efficiency of Monte Carlo simulations is significantly improved when implemented with variance re-
duction methods. Among these methods, we focus on the popular importance sampling technique based
on producing a parametric transformation through a shift parameter 6. The optimal choice of 6 is approx-
imated using Robbins—Monro procedures, provided that a nonexplosion condition is satisfied. Otherwise,
one can use either a constrained Robbins—Monro algorithm (see, e.g., Arouna (Monte Carlo Methods Appl.
10 (2004) 1-24) and Lelong (Statist. Probab. Lett. 78 (2008) 2632-2636)) or a more astute procedure based
on an unconstrained approach recently introduced by Lemaire and Pages in (Ann. Appl. Probab. 20 (2010)
1029-1067). In this article, we develop a new algorithm based on a combination of the statistical Romberg
method and the importance sampling technique. The statistical Romberg method introduced by Kebaier in
(Ann. Appl. Probab. 15 (2005) 2681-2705) is known for reducing efficiently the complexity compared to
the classical Monte Carlo one. In the setting of discritized diffusions, we prove the almost sure convergence
of the constrained and unconstrained versions of the Robbins—Monro routine, towards the optimal shift 6*
that minimizes the variance associated to the statistical Romberg method. Then, we prove a central limit
theorem for the new algorithm that we called adaptive statistical Romberg method. Finally, we illustrate
by numerical simulation the efficiency of our method through applications in option pricing for the Heston
model.

Keywords: central limit theorem; Euler scheme; Heston model; Robbins—Monro; statistical Romberg
method; stochastic algorithm; variance reduction
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Pointwise adaptive estimation of
a multivariate density under independence
hypothesis

GILLES REBELLES

Institut de Mathématique de Marseille, Aix-Marseille Université, 39, rue F. Joliot-Curie, 13453 Marseille,
France. E-mail: rebelles.gilles @neuf.fr

In this paper, we study the problem of pointwise estimation of a multivariate density. We provide a data-
driven selection rule from the family of kernel estimators and derive for it a pointwise oracle inequality.
Using the latter bound, we show that the proposed estimator is minimax and minimax adaptive over the
scale of anisotropic Nikolskii classes. It is important to emphasize that our estimation method adjusts au-
tomatically to eventual independence structure of the underlying density. This, in its turn, allows to reduce
significantly the influence of the dimension on the accuracy of estimation (curse of dimensionality). The
main technical tools used in our considerations are pointwise uniform bounds of empirical processes devel-
oped recently in Lepski [Math. Methods Statist. 22 (2013) 83-99].

Keywords: adaptation; density estimation; independence structure; oracle inequality; upper function
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Local asymptotic mixed normality property
for nonsynchronously observed
diffusion processes

TEPPEI OGIHARA

The Institute of Statistical Mathematics, 10-3 Midori-cho, Tachikawa, Tokyo 190-8562, Japan.
E-mail: ogihara@ism.ac.jp

We prove the local asymptotic mixed normality (LAMN) property for a family of probability measures de-
fined by parametrized diffusion processes with nonsynchronous observations. We assume that observation
times of processes are independent of processes and we will study asymptotics when the maximum length
of observation intervals goes to zero in probability. We also prove that the quasi-maximum likelihood esti-
mator and the Bayes-type estimator proposed in Ogihara and Yoshida (Stochastic Process. Appl. 124 (2014)
2954-3008) are asymptotically efficient.

Keywords: asymptotic efficiency; Bayes-type estimators; diffusion processes; local asymptotic mixed
normality property; Malliavin calculus; nonsynchronous observations; parametric estimation;
quasi-maximum likelihood estimators
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We prove a law of large numbers for empirical approximations of the spectrum of a kernel integral operator
by the spectrum of random matrices based on a sample drawn from a Markov chain, which complements
the results by V. Koltchinskii and E. Giné for i.i.d. sequences. In a special case of Mercer’s kernels and ge-
ometrically ergodic chains, we also provide exponential inequalities, quantifying the speed of convergence.
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symmetric «-stable processes
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Empirical likelihood approach is one of non-parametric statistical methods, which is applied to the hypoth-
esis testing or construction of confidence regions for pivotal unknown quantities. This method has been
applied to the case of independent identically distributed random variables and second order stationary
processes. In recent years, we observe heavy-tailed data in many fields. To model such data suitably, we
consider symmetric scalar and multivariate «-stable linear processes generated by infinite variance inno-
vation sequence. We use a Whittle likelihood type estimating function in the empirical likelihood ratio
function and derive the asymptotic distribution of the empirical likelihood ratio statistic for «-stable linear
processes. With the empirical likelihood statistic approach, the theory of estimation and testing for sec-
ond order stationary processes is nicely extended to heavy-tailed data analyses, not straightforward, and
applicable to a lot of financial statistical analyses.

Keywords: confidence region; empirical likelihood ratio; heavy tail; normalized power transfer function;
self-normalized periodogram; symmetric o-stable process; Whittle likelihood
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We employ a parameter-free distribution estimation framework where estimators are random distributions
and utilize the Kullback-Leibler (KL) divergence as a loss function. Wu and Vos [J. Statist. Plann. Infer-
ence 142 (2012) 1525-1536] show that when an estimator obtained from an i.i.d. sample is viewed as a
random distribution, the KL risk of the estimator decomposes in a fashion parallel to the mean squared
error decomposition when the estimator is a real-valued random variable. In this paper, we explore how
conditional versions of distribution expectation (E %) can be defined so that a distribution version of the
Rao—Blackwell theorem holds. We define distributional expectation and variance (VT) that also provide
a decomposition of KL risk in exponential and mixture families. For exponential families, we show that
the maximum likelihood estimator (viewed as a random distribution) is distribution unbiased and is the
unique uniformly minimum distribution variance unbiased (UMVU) estimator. Furthermore, we show that
the MLE is robust against model specification in that if the true distribution does not belong to the ex-
ponential family, the MLE is UMVTU for the KL projection of the true distribution onto the exponential
families provided these two distribution have the same expectation for the canonical statistic. To allow for
estimators taking values outside of the exponential family, we include results for KL projection and define
an extended projection to accommodate the non-existence of the MLE for families having discrete sample
space. Illustrative examples are provided.

Keywords: distribution unbiasedness; extended KL projection; Kullback-Leibler loss; MVUE;
Pythagorean relationship; Rao—-Blackwell
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Based on recent findings by Bourguin and Peccati, we give a fourth moment type condition for an element
of a free Poisson chaos of arbitrary order to converge to a free (centered) Poisson distribution. We also
show that free Poisson chaos of order strictly greater than one do not contain any non-zero free Poisson
random variables. We are also able to give a sufficient and necessary condition for an element of the first
free Poisson chaos to have a free Poisson distribution. Finally, depending on the parity of the considered free
Poisson chaos, we provide a general counterexample to the naive universality of the semicircular Wigner
chaos established by Deya and Nourdin as well as a transfer principle between the Wigner and the free
Poisson chaos.

Keywords: chaos structure; combinatorics of free Poisson random measures; contractions; diagram
formulae; fourth moment theorem; free Poisson distribution; free probability; multiplication formula
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We derive explicit integrability conditions for stochastic integrals taken over time and space driven by a
random measure. Our main tool is a canonical decomposition of a random measure which extends the
results from the purely temporal case. We show that the characteristics of this decomposition can be chosen
as predictable strict random measures, and we compute the characteristics of the stochastic integral process.
We apply our conditions to a variety of examples, in particular to ambit processes, which represent a rich
model class.
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In this paper, we consider an estimation problem of the regression coefficients in multiple regression models
with several unknown change-points. Under some realistic assumptions, we propose a class of estimators
which includes as a special cases shrinkage estimators (SEs) as well as the unrestricted estimator (UE) and
the restricted estimator (RE). We also derive a more general condition for the SEs to dominate the UE. To
this end, we generalize some identities for the evaluation of the bias and risk functions of shrinkage-type
estimators. As illustrative example, our method is applied to the “gross domestic product” data set of 10
countries whose USA, Canada, UK, France and Germany. The simulation results corroborate our theoretical
findings.

Keywords: ADB; ADR; change-points; multiple regression; pre-test estimators; restricted estimator;
shrinkage estimators; unrestricted estimator
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Weak noise and non-hyperbolic unstable
fixed points: Sharp estimates on transit
and exit times
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Université Paris Diderot and Laboratoire de Probabilités et Modeles Aléatoires (CNRS), U.F.R. Mathéma-
tiques, Case 7012, Bat. Sophie Germain, 75205 Paris Cédex 13, France

We consider certain one dimensional ordinary stochastic differential equations driven by additive Brownian
motion of variance ¢2. When & = 0 such equations have an unstable non-hyperbolic fixed point and the drift
near such a point has a power law behavior. For ¢ > 0 small, the fixed point property disappears, but it is
replaced by a random escape or transit time which diverges as ¢ N\ 0. We show that this random time, under
suitable (easily guessed) rescaling, converges to a limit random variable that essentially depends only on
the power exponent associated to the fixed point. Such random variables, or laws, have therefore a universal
character and they arise of course in a variety of contexts. We then obtain quantitative sharp estimates,
notably tail properties, on these universal laws.

Keywords: martingale theory; Schrodinger equation; stochastic differential equations; unstable
non-hyperbolic fixed points; WKB analysis

References

[1] Arecchi, ET., Politi, A. and Ulivi, L. (1982). Stochastic time description of transitions in unstable and
multistable systems. I/ Nuovo Cimento T1B 119-154.

[2] Bakhtin, Y. (2008). Exit asymptotics for small diffusion about an unstable equilibrium. Stochastic
Process. Appl. 118 839-851. MR2411523

[3] Bender, C.M. and Orszag, S.A. (1978). Advanced Mathematical Methods for Scientists and Engineers.
International Series in Pure and Applied Mathematics. New York: McGraw-Hill. MR0538168

[4] Bingham, N.H., Goldie, C.M. and Teugels, J.L. (1987). Regular Variation. Encyclopedia of Mathe-
matics and Its Applications 27. Cambridge: Cambridge Univ. Press. MR0898871

[5] Céceres, M.O., Fuentes, M.A. and Budde, C.E. (1997). Stochastic escape processes from a non-
symmetric potential normal form. II. The marginal case. J. Phys. A 30 2287-2296. MR1457379

[6] Carinci, G. (2013). Random hysteresis loops. Ann. Inst. Henri Poincaré Probab. Stat. 49 307-339.
MR3088372

[7] Coddington, E.A. and Levinson, N. (1955). Theory of Ordinary Differential Equations. New York:
McGraw-Hill. MR0069338

[8] Colet, P, De Pasquale, F., Caceres, M.O. and San Miguel, M. (1990). Theory for relaxation at a
subcritical pitchfork bifurcation. Phys. Rev. A (3) 41 1901-1911.

[9]1 Conway, J.B. (1978). Functions of One Complex Variable, 2nd ed. Graduate Texts in Mathematics 11.
New York: Springer. MR0503901

[10] Costin, O. (2009). Asymptotics and Borel Summability. Chapman & Hall/CRC Monographs and Sur-

veys in Pure and Applied Mathematics 141. Boca Raton, FL: CRC Press. MR2474083

1350-7265 © 2015 ISI/BS


http://www.bernoulli-society.org/index.php/publications/bernoulli-journal/bernoulli-journal
http://dx.doi.org/10.3150/14-BEJ643
http://www.ams.org/mathscinet-getitem?mr=2411523
http://www.ams.org/mathscinet-getitem?mr=0538168
http://www.ams.org/mathscinet-getitem?mr=0898871
http://www.ams.org/mathscinet-getitem?mr=1457379
http://www.ams.org/mathscinet-getitem?mr=3088372
http://www.ams.org/mathscinet-getitem?mr=0069338
http://www.ams.org/mathscinet-getitem?mr=0503901
http://www.ams.org/mathscinet-getitem?mr=2474083

[11]

[12]

[13]
(14]
[15]
[16]
(17]
(18]
[19]

(20]

(21]

(22]

(23]

(24]

[25]

Flajolet, P., Gourdon, X. and Dumas, P. (1995). Mellin transforms and asymptotics: Harmonic sums.
Theoret. Comput. Sci. 144 3—-58. Special volume on mathematical analysis of algorithms. MR1337752
Freidlin, M.I. and Wentzell, A.D. (1998). Random Perturbations of Dynamical Systems, 2nd ed.
Grundlehren der Mathematischen Wissenschaften [Fundamental Principles of Mathematical Sci-
ences] 260. New York: Springer. Translated from the 1979 Russian original by Joseph Sziics.
MR1652127

Giacomin, G. and Merle, M. Scaling limits of transit and exit times from non hyperbolic fixed points.
Preprint.

Groisman, P. and Rossi, J.D. (2007). Explosion time in stochastic differential equations with small
diffusion. Electron. J. Differential Equations 2007 No. 140, 9. MR2349968

Horsthemke, W. and Lefever, R. (1984). Noise-Induced Transitions: Theory and Applications in
Physics, Chemistry, and Biology. Springer Series in Synergetics 15. Berlin: Springer. MR0724433
Karatzas, 1. and Shreve, S.E. (1988). Brownian Motion and Stochastic Calculus. Graduate Texts in
Mathematics 113. New York: Springer. MR0917065

Le Gall, J.-F. (2013). Mouvement Brownien, Martingales et Calcul Stochastique. Mathématiques &
Applications (Berlin) [Mathematics & Applications] 71. Heidelberg: Springer. MR3184878

Lindner, B., Garcia-Ojalvo, J. and Schimansky-Geier, L. (2004). Effects of noise in excitable systems.
Phys. Rep. 392 321-424.

Lindner, B., Longtin, A. and Bulsara, A. (2003). Analytic expressions for rate and CV of a type I
neuron driven by white Gaussian noise. Neural Comput. 15 1760-1787.

McGill, P. (1981). A direct proof of the Ray—Knight theorem. In Seminar on Probability, XV (Univ.
Strasbourg, Strasbourg, 1979/1980) (French). Lecture Notes in Math. 850 206-209. Berlin: Springer.
MRO0622564

Nakagawa, K. (2007). Application of Tauberian theorem to the exponential decay of the tail probabil-
ity of a random variable. /[EEE Trans. Inform. Theory 53 3239-3249. MR2417689

Revuz, D. and Yor, M. (1999). Continuous Martingales and Brownian Motion, 3rd ed. Grundlehren
der Mathematischen Wissenschaften [Fundamental Principles of Mathematical Sciences] 293. Berlin:
Springer. MR1725357

Sibuya, Y. (1975). Global Theory of a Second Order Linear Ordinary Differential Equation
with a Polynomial Coefficient. North-Holland Mathematics Studies 18. New York: North-Holland.
MRO0486867

Sigeti, D. and Horsthemke, W. (1989). Pseudo-regular oscillations induced by external noise. J. Stat.
Phys. 54 1217-1222. MR0993147

Titchmarsh, E.C. (1962). Eigenfunction Expansions Associated with Second-Order Differential Equa-
tions. Part i, 2nd ed. Oxford: Clarendon Press. MR0176151


http://www.ams.org/mathscinet-getitem?mr=1337752
http://www.ams.org/mathscinet-getitem?mr=1652127
http://www.ams.org/mathscinet-getitem?mr=2349968
http://www.ams.org/mathscinet-getitem?mr=0724433
http://www.ams.org/mathscinet-getitem?mr=0917065
http://www.ams.org/mathscinet-getitem?mr=3184878
http://www.ams.org/mathscinet-getitem?mr=0622564
http://www.ams.org/mathscinet-getitem?mr=2417689
http://www.ams.org/mathscinet-getitem?mr=1725357
http://www.ams.org/mathscinet-getitem?mr=0486867
http://www.ams.org/mathscinet-getitem?mr=0993147
http://www.ams.org/mathscinet-getitem?mr=0176151

Bernoulli 21(4), 2015, 2289-2307
DOI: 10.3150/14-BEJ644

Adaptive-treed bandits
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We describe a novel algorithm for noisy global optimisation and continuum-armed bandits, with good
convergence properties over any continuous reward function having finitely many polynomial maxima.
Over such functions, our algorithm achieves square-root regret in bandits, and inverse-square-root error in
optimisation, without prior information.

Our algorithm works by reducing these problems to tree-armed bandits, and we also provide new results
in this setting. We show it is possible to adaptively combine multiple trees so as to minimise the regret, and
also give near-matching lower bounds on the regret in terms of the zooming dimension.

Keywords: bandits on taxonomies; continuum-armed bandits; noisy global optimisation; tree-armed
bandits; zooming dimension
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Geometric median and robust estimation in
Banach spaces
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In many real-world applications, collected data are contaminated by noise with heavy-tailed distribution and
might contain outliers of large magnitude. In this situation, it is necessary to apply methods which produce
reliable outcomes even if the input contains corrupted measurements. We describe a general method which
allows one to obtain estimators with tight concentration around the true parameter of interest taking values
in a Banach space. Suggested construction relies on the fact that the geometric median of a collection of
independent “weakly concentrated” estimators satisfies a much stronger deviation bound than each individ-
ual element in the collection. Our approach is illustrated through several examples, including sparse linear
regression and low-rank matrix recovery problems.

Keywords: distributed computing; heavy-tailed noise; large deviations; linear models; low-rank matrix
estimation; principal component analysis; robust estimation
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Consider a Gaussian stationary sequence with unit variance X = {Xj; k € NU{0}}. Assume that the central
limit theorem holds for a weighted sum of the form V,, = n—1/2 ZZ;(I) f(Xx), where f designates a finite
sum of Hermite polynomials. Then we prove that the uniform convergence of the density of V), towards
the standard Gaussian density also holds true, under a mild additional assumption involving the causal
representation of X.

Keywords: Breuer—Major theorem; density convergence; Gaussian stationary sequences; Malliavin
calculus; moving average representation
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In this paper, we establish a large deviation principle for two-dimensional stochastic Navier—Stokes equa-
tions driven by multiplicative Lévy noises. The weak convergence method introduced by Budhiraja, Dupuis
and Maroulas [Ann. Inst. Henri Poincaré Probab. Stat. 47 (2011) 725-747] plays a key role.

Keywords: Brownian motions; large deviations; Poisson random measures; Skorohod representation;
stochastic Navier—Stokes equations; tightness

References

[1] Aldous, D. (1978). Stopping times and tightness. Ann. Probab. 6 335-340. MR0474446
[2] Bensoussan, A. and Temam, R. (1973). Equations stochastiques du type Navier—Stokes. J. Funct.
Anal. 13 195-222. MR0348841
[3] Bessaih, H. and Millet, A. (2009). Large deviation principle and inviscid shell models. Electron. J.
Probab. 14 2551-2579. MR2570011
[4] Boué, M. and Dupuis, P. (1998). A variational representation for certain functionals of Brownian
motion. Ann. Probab. 26 1641-1659. MR1675051
[5] Brzezniak, Z., Liu, W. and Zhu, J. (2014). Strong solutions for SPDE with locally monotone coeffi-
cients driven by Lévy noise. Nonlinear Anal. Real World Appl. 17 283-310. MR3158475
[6] Budhiraja, A., Chen, J. and Dupuis, P. (2013). Large deviations for stochastic partial differential equa-
tions driven by a Poisson random measure. Stochastic Process. Appl. 123 523-560. MR3003362
[7] Budhiraja, A. and Dupuis, P. (2000). A variational representation for positive functionals of infinite
dimensional Brownian motion. Probab. Math. Statist. 20 39-61. MR1785237
[8] Budhiraja, A., Dupuis, P. and Maroulas, V. (2008). Large deviations for infinite dimensional stochastic
dynamical systems. Ann. Probab. 36 1390-1420. MR2435853
[9] Budhiraja, A., Dupuis, P. and Maroulas, V. (2011). Variational representations for continuous time
processes. Ann. Inst. Henri Poincaré Probab. Stat. 47 725-747. MR2841073
[10] Cardon-Weber, C. (1999). Large deviations for a Burgers’-type SPDE. Stochastic Process. Appl. 84
53-70. MR1720097
[11] Cerrai, S. and Rockner, M. (2004). Large deviations for stochastic reaction-diffusion systems with
multiplicative noise and non-Lipschitz reaction term. Ann. Probab. 32 1100-1139. MR2044675
[12] Chenal, F. and Millet, A. (1997). Uniform large deviations for parabolic SPDEs and applications.
Stochastic Process. Appl. 72 161-186. MR1486551

1350-7265 © 2015 ISI/BS


http://www.bernoulli-society.org/index.php/publications/bernoulli-journal/bernoulli-journal
http://dx.doi.org/10.3150/14-BEJ647
mailto:zhaijl@ustc.edu.cn
mailto:Tusheng.Zhang@manchester.ac.uk
http://www.ams.org/mathscinet-getitem?mr=0474446
http://www.ams.org/mathscinet-getitem?mr=0348841
http://www.ams.org/mathscinet-getitem?mr=2570011
http://www.ams.org/mathscinet-getitem?mr=1675051
http://www.ams.org/mathscinet-getitem?mr=3158475
http://www.ams.org/mathscinet-getitem?mr=3003362
http://www.ams.org/mathscinet-getitem?mr=1785237
http://www.ams.org/mathscinet-getitem?mr=2435853
http://www.ams.org/mathscinet-getitem?mr=2841073
http://www.ams.org/mathscinet-getitem?mr=1720097
http://www.ams.org/mathscinet-getitem?mr=2044675
http://www.ams.org/mathscinet-getitem?mr=1486551

[13]
[14]
[15]
[16]
[17)
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
27]
(28]
[29]
[30]
[31]
[32]

(33]

[34]

(35]

Chow, P.L. (1992). Large deviation problem for some parabolic Itd equations. Comm. Pure Appl.
Math. 45 97-120. MR1135925

Chueshov, 1. and Millet, A. (2010). Stochastic 2D hydrodynamical type systems: Well posedness and
large deviations. Appl. Math. Optim. 61 379-420. MR2609596

Da Prato, G. and Zabczyk, J. (1992). Stochastic Equations in Infinite Dimensions. Encyclopedia of
Mathematics and Its Applications 44. Cambridge: Cambridge Univ. Press. MR1207136

Duan, J. and Millet, A. (2009). Large deviations for the Boussinesq equations under random influ-
ences. Stochastic Process. Appl. 119 2052-2081. MR2519356

Flandoli, F. (1994). Dissipativity and invariant measures for stochastic Navier—Stokes equations.
NoDEA Nonlinear Differential Equations Appl. 1 403-423. MR1300150

Flandoli, F. and Gatarek, D. (1995). Martingale and stationary solutions for stochastic Navier—Stokes
equations. Probab. Theory Related Fields 102 367-391. MR1339739

Hairer, M. and Mattingly, J.C. (2006). Ergodicity of the 2D Navier—Stokes equations with degenerate
stochastic forcing. Ann. of Math. (2) 164 993-1032. MR2259251

Ikeda, N. and Watanabe, S. (1981). Stochastic Differential Equations and Diffusion Processes. North-
Holland Mathematical Library 24. Amsterdam: North-Holland. MR0637061

Jakubowski, A. (1986). On the Skorokhod topology. Ann. Inst. Henri Poincaré Probab. Stat. 22 263—
285. MR0871083

Lions, J.-L. (1969). Quelques Méthodes de Résolution des Problémes aux Limites Non Linéaires.
Paris: Dunod. MR0259693

Liu, W. (2010). Large deviations for stochastic evolution equations with small multiplicative noise.
Appl. Math. Optim. 61 27-56. MR2575313

Manna, U., Sritharan, S.S. and Sundar, P. (2009). Large deviations for the stochastic shell model of
turbulence. NoDEA Nonlinear Differential Equations Appl. 16 493-521. MR2525514

Mikulevicius, R. and Rozovskii, B.L. (2005). Global L,-solutions of stochastic Navier—Stokes equa-
tions. Ann. Probab. 33 137-176. MR2118862

Ren, J. and Zhang, X. (2005). Freidlin—-Wentzell’s large deviations for homeomorphism flows of non-
Lipschitz SDEs. Bull. Sci. Math. 129 643-655. MR2166732

Ren, J. and Zhang, X. (2005). Schilder theorem for the Brownian motion on the diffeomorphism group
of the circle. J. Funct. Anal. 224 107-133. MR2139106

Rockner, M. and Zhang, T. (2007). Stochastic evolution equations of jump type: Existence, uniqueness
and large deviation principles. Potential Anal. 26 255-279. MR2286037

Rockner, M., Zhang, T. and Zhang, X. (2010). Large deviations for stochastic tamed 3D Navier—Stokes
equations. Appl. Math. Optim. 61 267-285. MR2585144

Sowers, R.B. (1992). Large deviations for a reaction—diffusion equation with non-Gaussian perturba-
tions. Ann. Probab. 20 504-537. MR1143433

Sritharan, S.S. and Sundar, P. (2006). Large deviations for the two-dimensional Navier—Stokes equa-
tions with multiplicative noise. Stochastic Process. Appl. 116 1636—-1659. MR2269220

Swiech, A. and Zabczyk, J. (2011). Large deviations for stochastic PDE with Lévy noise. J. Funct.
Anal. 260 674-723. MR2737394

Temam, R. (1979). Navier—Stokes Equations: Theory and Numerical Analysis. Revised ed. Studies in
Mathematics and Its Applications 2. Amsterdam: North-Holland. With an appendix by F. Thomasset.
MR0603444

Temam, R. (1983). Navier—Stokes Equations and Nonlinear Functional Analysis. CBMS-NSF Re-
gional Conference Series in Applied Mathematics 41. Philadelphia, PA: STAM. MR0764933

Visik, MLI. and Fursikov, A.V. (1988). Mathematical Problems of Statistical Hydromechanics. Mathe-
matics and Its Applications 9. Dordrecht: Kluver. Translated from 1980 Russian original Matematich-
eskie Zadachi Statisticheskoi Gidromekhaniki. Moscow: Nauka. MR0591678


http://www.ams.org/mathscinet-getitem?mr=1135925
http://www.ams.org/mathscinet-getitem?mr=2609596
http://www.ams.org/mathscinet-getitem?mr=1207136
http://www.ams.org/mathscinet-getitem?mr=2519356
http://www.ams.org/mathscinet-getitem?mr=1300150
http://www.ams.org/mathscinet-getitem?mr=1339739
http://www.ams.org/mathscinet-getitem?mr=2259251
http://www.ams.org/mathscinet-getitem?mr=0637061
http://www.ams.org/mathscinet-getitem?mr=0871083
http://www.ams.org/mathscinet-getitem?mr=0259693
http://www.ams.org/mathscinet-getitem?mr=2575313
http://www.ams.org/mathscinet-getitem?mr=2525514
http://www.ams.org/mathscinet-getitem?mr=2118862
http://www.ams.org/mathscinet-getitem?mr=2166732
http://www.ams.org/mathscinet-getitem?mr=2139106
http://www.ams.org/mathscinet-getitem?mr=2286037
http://www.ams.org/mathscinet-getitem?mr=2585144
http://www.ams.org/mathscinet-getitem?mr=1143433
http://www.ams.org/mathscinet-getitem?mr=2269220
http://www.ams.org/mathscinet-getitem?mr=2737394
http://www.ams.org/mathscinet-getitem?mr=0603444
http://www.ams.org/mathscinet-getitem?mr=0764933
http://www.ams.org/mathscinet-getitem?mr=0591678

[36]
(37]
(38]
(39]

[40]

Wang, W. and Duan, J. (2009). Reductions and deviations for stochastic partial differential equations
under fast dynamical boundary conditions. Stoch. Anal. Appl. 27 431-459. MR2523176

Xu, T. and Zhang, T. (2009). Large deviation principles for 2-D stochastic Navier—Stokes equations
driven by Lévy processes. J. Funct. Anal. 257 1519-1545. MR2541279

Yang, X., Zhai, J. and Zhang, T. (2014). Large deviations for SPDEs of jump type. Available at
arXiv:1211.0466.

Zhang, T.S. (2000). On the small time asymptotics of diffusion processes on Hilbert spaces. Ann.
Probab. 28 537-557. MR1782266

Zhang, X. (2010). Stochastic Volterra equations in Banach spaces and stochastic partial differential
equation. J. Funct. Anal. 258 1361-1425. MR2565842


http://www.ams.org/mathscinet-getitem?mr=2523176
http://www.ams.org/mathscinet-getitem?mr=2541279
http://arxiv.org/abs/arXiv:1211.0466
http://www.ams.org/mathscinet-getitem?mr=1782266
http://www.ams.org/mathscinet-getitem?mr=2565842

Bernoulli 21(4), 2015, 2393-2418
DOI: 10.3150/14-BEJ648

Estimation of integrated volatility of
volatility with applications to goodness-of-fit
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In this paper, we are concerned with nonparametric inference on the volatility of volatility process in
stochastic volatility models. We construct several estimators for its integrated version in a high-frequency
setting, all based on increments of spot volatility estimators. Some of those are positive by construction,
others are bias corrected in order to attain the optimal rate n~1/4_ Associated central limit theorems are
proven which can be widely used in practice, as they are the key to essentially all tools in model validation
for stochastic volatility models. As an illustration we give a brief idea on a goodness-of-fit test in order to
check for a certain parametric form of volatility of volatility.
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We write, for geometric index values, a probabilistic proof of the product formula for spherical Bessel
functions. Though our proof looks elementary in the real variable setting, it has the merit to carry over
without any further effort to Bessel-type hypergeometric functions of one matrix argument, thereby avoid
complicated arguments from differential geometry. Moreover, the representative probability distribution
involved in the last setting is shown to be closely related to the symmetrization of upper-left corners of
Haar-distributed orthogonal matrices. Analysis of this probability distribution is then performed and in case
it is absolutely continuous with respect to Lebesgue measure on the space of real symmetric matrices, we
derive an invariance-property of its density. As a by-product, Weyl integration formula leads to the product
formula for Bessel-type hypergeometric functions of two matrix arguments.
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We consider the problem of construction of goodness-of-fit tests for diffusion processes with a small noise.
The basic hypothesis is composite parametric and our goal is to obtain asymptotically distribution-free tests.
We propose two solutions. The first one is based on a change of time, and the second test is obtained using
a linear transformation of the “natural” statistics.
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A new class of large claim size distributions:
Definition, properties, and ruin theory
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We investigate a new natural class 7 of probability distributions modeling large claim sizes, motivated by
the ‘principle of one big jump’. Though significantly more general than the (sub-)class of subexponential
distributions S, many important and desirable structural properties can still be derived. We establish rela-
tions to many other important large claim distribution classes (such as D, S, £, K, OS and OL), discuss
the stability of 7 under tail-equivalence, convolution, convolution roots, random sums and mixture, and
then apply these results to derive a partial analogue of the famous Pakes—Veraverbeke—Embrechts theorem
from ruin theory for 7. Finally, we discuss the (weak) tail-equivalence of infinitely-divisible distributions
in J with their Lévy measure.
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This paper focuses on the size-biased permutation of n independent and identically distributed (i.i.d.) posi-
tive random variables. This is a finite dimensional analogue of the size-biased permutation of ranked jumps
of a subordinator studied in Perman—Pitman—Yor (PPY) [Probab. Theory Related Fields 92 (1992) 21-39],
as well as a special form of induced order statistics [Bull. Inst. Internat. Statist. 45 (1973) 295-300; Ann.
Statist. 2 (1974) 1034-1039]. This intersection grants us different tools for deriving distributional proper-
ties. Their comparisons lead to new results, as well as simpler proofs of existing ones. Our main contribu-
tion, Theorem 25 in Section 6, describes the asymptotic distribution of the last few terms in a finite i.i.d.
size-biased permutation via a Poisson coupling with its few smallest order statistics.

Keywords: induced order statistics; Kingman paint box; Poisson—Dirichlet; size-biased permutation;
subordinator
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In this paper, we present a comprehensive theory of generalized and weak generalized convolutions, illus-
trate it by a large number of examples, and discuss the related infinitely divisible distributions. We consider
Lévy and additive process with respect to generalized and weak generalized convolutions as certain Markov
processes, and then study stochastic integrals with respect to such processes. We introduce the representabil-
ity property of weak generalized convolutions. Under this property and the related weak summability, a
stochastic integral with respect to random measures related to such convolutions is constructed.
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We show that all negative powers /3 b of the Beta distribution are infinitely divisible. The case b < 1
follows by complete monotonicity, the case b > 1, s > 1 by hyperbolically complete monotonicity and the
case b > 1, s < 1 by a Lévy perpetuity argument involving the hypergeometric series. We also observe that
,Ba_; is self-decomposable if and only if 2a 4+ b + s + bs > 1, and that in this case it is not necessarily
a generalized Gamma convolution. On the other hand, we prove that all negative powers of the Gamma
distribution are generalized Gamma convolutions, answering to a recent question of L. Bondesson.
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A truncated sequential procedure is constructed for estimating the drift coefficient at a given state point
based on discrete data of ergodic diffusion process. A nonasymptotic upper bound is obtained for a point-
wise absolute error risk. The optimal convergence rate and a sharp constant in the bounds are found for the
asymptotic pointwise minimax risk. As a consequence, the efficiency is obtained of the proposed sequential
procedure.
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