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The minimum of a branching random walk
outside the boundary case

JULIEN BARRAL!, YUEYUN HU!"™ and THOMAS MADAULE?
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2Institut de Mathématiques de Toulouse, Université Paul Sabatier, 118 route de Narbonne, F-31062
Toulouse Cedex 9, France. E-mail: thomas.madaule @math.univ-toulouse.fr

This paper is a complement to the studies on the minimum of a real-valued branching random walk. In
the boundary case [Electron. J. Probab. 10 (2005) 609-631], Aidékon in a seminal paper [Ann. Probab. 41
(2013) 1362-1426] obtained the convergence in law of the minimum after a suitable renormalization. We
study here the situation when the log-generating function of the branching random walk explodes at some
positive point and it cannot be reduced to the boundary case. In the associated thermodynamics framework,
this corresponds to a first-order phase transition, while the boundary case corresponds to a second-order
phase transition.

Keywords: branching random walk; minimal position; phase transition
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Uniform ergodicity of the iterated conditional
SMC and geometric ergodicity of particle
Gibbs samplers

CHRISTOPHE ANDRIEU!, ANTHONY LEE? and MATTI VIHOLA?
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We establish quantitative bounds for rates of convergence and asymptotic variances for iterated conditional
sequential Monte Carlo (i-cSMC) Markov chains and associated particle Gibbs samplers [J. R. Stat. Soc.
Ser. B. Stat. Methodol. 72 (2010) 269-342]. Our main findings are that the essential boundedness of po-
tential functions associated with the i-cSMC algorithm provide necessary and sufficient conditions for the
uniform ergodicity of the i-cSMC Markov chain, as well as quantitative bounds on its (uniformly geometric)
rate of convergence. Furthermore, we show that the i-cSMC Markov chain cannot even be geometrically
ergodic if this essential boundedness does not hold in many applications of interest. Our sufficiency and
quantitative bounds rely on a novel non-asymptotic analysis of the expectation of a standard normalizing
constant estimate with respect to a “doubly conditional” SMC algorithm. In addition, our results for i-cSMC
imply that the rate of convergence can be improved arbitrarily by increasing N, the number of particles in
the algorithm, and that in the presence of mixing assumptions, the rate of convergence can be kept constant
by increasing N linearly with the time horizon. We translate the sufficiency of the boundedness condition
for i-cSMC into sufficient conditions for the particle Gibbs Markov chain to be geometrically ergodic and
quantitative bounds on its geometric rate of convergence, which imply convergence of properties of the par-
ticle Gibbs Markov chain to those of its corresponding Gibbs sampler. These results complement recently
discovered, and related, conditions for the particle marginal Metropolis—Hastings (PMMH) Markov chain.

Keywords: geometric ergodicity; iterated conditional sequential Monte Carlo; Metropolis-within-Gibbs;
particle Gibbs; uniform ergodicity
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Domains of attraction on countable alphabets
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For each probability distribution on a countable alphabet, a sequence of positive functionals are developed
as tail indices. By and only by the asymptotic behavior of these indices, domains of attraction for all prob-
ability distributions on the alphabet are defined. The three main domains of attraction are shown to contain
distributions with thick tails, thin tails and no tails respectively, resembling in parallel the three main do-
mains of attraction, Fréchet, Gumbel and Weibull families, for continuous random variables on the real
line. In addition to the probabilistic merits associated with the domains, the tail indices are partially moti-
vated by the fact that there exists an unbiased estimator for every index in the sequence, which is therefore
statistically observable, provided that the sample is sufficiently large.

Keywords: distributions on alphabets; domains of attraction; tail index; Turing’s formula
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Wavelet estimation for operator fractional
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Operator fractional Brownian motion (OFBM) is the natural vector-valued extension of the univariate frac-
tional Brownian motion. Instead of a scalar parameter, the law of an OFBM scales according to a Hurst ma-
trix that affects every component of the process. In this paper, we develop the wavelet analysis of OFBM,
as well as a new estimator for the Hurst matrix of bivariate OFBM. For OFBM, the univariate-inspired
approach of analyzing the entry-wise behavior of the wavelet spectrum as a function of the (wavelet) scales
is fraught with difficulties stemming from mixtures of power laws. Instead we consider the evolution along
scales of the eigenstructure of the wavelet spectrum. This is shown to yield consistent and asymptotically
normal estimators of the Hurst eigenvalues, and also of the eigenvectors under assumptions. A simulation
study is included to demonstrate the good performance of the estimators under finite sample sizes.

Keywords: operator fractional Brownian motion; operator self-similarity; wavelets
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Inference for the parametric distribution of a response given covariates is considered under informative se-
lection of a sample from a finite population. Under this selection, the conditional distribution of a response
in the sample, given the covariates and given that it was selected for observation, is not the same as the
conditional distribution of the response in the finite population, given only the covariates. It is instead a
weighted version of the conditional distribution of interest. Inference must be modified to account for this
informative selection. An established approach in this context is maximum “sample likelihood”, developing
a weight function that reflects the informative sampling design, then treating the observations as if they were
independently distributed according to the weighted distribution. While the sample likelihood methodology
has been widely applied, its theoretical foundation has been less developed. A precise asymptotic descrip-
tion of a wide range of informative selection mechanisms is proposed. Under this framework, consistency
and asymptotic normality of the maximum sample likelihood estimators are established. The theory allows
for the possibility of nuisance parameters that describe the selection mechanism. The proposed regularity
conditions are verifiable for various sample schemes, motivated by real problems in surveys. Simulation re-
sults for these examples illustrate the quality of the asymptotic approximations, and demonstrate a practical
approach to variance estimation that combines aspects of model-based information theory and design-based
variance estimation.

Keywords: complex survey; pseudo-likelihood; stratified sampling; weighted distribution
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Hormander-type theorem for 1t0 processes
and related backward SPDEs
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A Hormander-type theorem is established for Itd processes and related backward stochastic partial differen-
tial equations (BSPDESs). A short self-contained proof is also provided for the Lz—theory of linear, possibly
degenerate BSPDEs, in which new gradient estimates are obtained.
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Consider finite sequences X[j 5] = X1,..., Xy and Y[ 5 = Y1, ..., ¥, of length n, consisting of i.i.d.
samples of random letters from a finite alphabet, and let S and 7 be chosen i.i.d. randomly from the unit
ball in the space of symmetric scoring functions over this alphabet augmented by a gap symbol. We prove
a probabilistic upper bound of linear order in (ln(n))l/ 433/4 for the deviation of the score relative to T of
optimal alignments with gaps of X[j ,;] and Y[y ;] relative to S. It remains an open problem to prove a lower
bound. Our result contributes to the understanding of the microstructure of optimal alignments relative to
one given scoring function, extending a theory begun in (J. Stat. Phys. 153 (2013) 512-529).
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Mixing time and cutoff for a random walk on
the ring of integers mod n
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We analyse a random walk on the ring of integers mod 7, which at each time point can make an additive
‘step’ or a multiplicative ‘jump’. When the probability of making a jump tends to zero as an appropriate
power of n, we prove the existence of a total variation pre-cutoff for this walk. In addition, we show that the
process obtained by subsampling our walk at jump times exhibits a true cutoff, with mixing time dependent
on whether the step distribution has zero mean.
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Exponential mixing properties for time
inhomogeneous diffusion processes
with killing
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We consider an elliptic and time-inhomogeneous diffusion process with time-periodic coefficients evolving
in a bounded domain of RY with a smooth boundary. The process is killed when it hits the boundary of the
domain (hard killing) or after an exponential time (soft killing) associated with some bounded rate func-
tion. The branching particle interpretation of the non absorbed diffusion again behaves as a set of interacting
particles evolving in an absorbing medium. Between absorption times, the particles evolve independently
one from each other according to the diffusion evolution operator; when a particle is absorbed, another se-
lected particle splits into two offsprings. This article is concerned with the stability properties of these non
absorbed processes. Under some classical ellipticity properties on the diffusion process and some mild reg-
ularity properties of the hard obstacle boundaries, we prove an uniform exponential strong mixing property
of the process conditioned to not be killed. We also provide uniform estimates w.r.t. the time horizon for the
interacting particle interpretation of these non-absorbed processes, yielding what seems to be the first result
of this type for this class of diffusion processes evolving in soft and hard obstacles, both in homogeneous
and non-homogeneous time settings.
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Functional central limit theorems in L2(0, 1)
for logarithmic combinatorial assemblies
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Functional central limit theorems in L2(0, 1) for logarithmic combinatorial assemblies are presented. The
random elements argued in this paper are viewed as elements taking values in L%(0, 1) whereas the Sko-
rokhod space is argued as a framework of weak convergences in functional central limit theorems for ran-
dom combinatorial structures in the literature. It enables us to treat other standardized random processes
which converge weakly to a corresponding Gaussian process with additional assumptions.

Keywords: functional central limit theorem; logarithmic assembly; Poisson approximation; random
mappings; the Ewens sampling formula
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Inference for a two-component mixture of
symmetric distributions under log-concavity
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In this article, we revisit the problem of estimating the unknown zero-symmetric distribution in a two-
component location mixture model, considered in previous works, now under the assumption that the zero-
symmetric distribution has a log-concave density. When consistent estimators for the shift locations and
mixing probability are used, we show that the nonparametric log-concave Maximum Likelihood estimator
(MLE) of both the mixed density and that of the unknown zero-symmetric component are consistent in the
Hellinger distance. In case the estimators for the shift locations and mixing probability are /n-consistent,
we establish that these MLE’s converge to the truth at the rate n~2/3 in the L distance. To estimate the
shift locations and mixing probability, we use the estimators proposed by (Ann. Statist. 35 (2007) 224-251).
The unknown zero-symmetric density is efficiently computed using the R package 1ogcondens .mode.

Keywords: bracketing entropy; consistency; empirical processes; global rate; Hellinger metric;
log-concave; mixture; symmetric
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On matrix estimation under monotonicity
constraints
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We consider the problem of estimating an unknown 7| X n, matrix #* from noisy observations under the
constraint that #* is nondecreasing in both rows and columns. We consider the least squares estimator
(LSE) in this setting and study its risk properties. We show that the worst case risk of the LSE is n1/2,
up to multiplicative logarithmic factors, where n = nny and that the LSE is minimax rate optimal (up to
logarithmic factors). We further prove that for some special 8*, the risk of the LSE could be much smaller
than n~1/2; in fact, it could even be parametric, that is, n-! up to logarithmic factors. Such parametric
rates occur when the number of “rectangular” blocks of #* is bounded from above by a constant. We also
derive an interesting adaptation property of the LSE which we term variable adaptation — the LSE adapts
to the “intrinsic dimension” of the problem and performs as well as the oracle estimator when estimating
a matrix that is constant along each row/column. Our proofs, which borrow ideas from empirical process
theory, approximation theory and convex geometry, are of independent interest.

Keywords: adaptation; bivariate isotonic regression; metric entropy bounds; minimax lower bound; oracle
inequalities; tangent cone; variable adaptation
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Efficient estimation for generalized partially
linear single-index models
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In this paper, we study the estimation for generalized partially linear single-index models, where the system-
atic component in the model has a flexible semi-parametric form with a general link function. We propose an
efficient and practical approach to estimate the single-index link function, single-index coefficients as well
as the coefficients in the linear component of the model. The estimation procedure is developed by applying
quasi-likelihood and polynomial spline smoothing. We derive large sample properties of the estimators and
show the convergence rate of each component of the model. Asymptotic normality and semiparametric ef-
ficiency are established for the coefficients in both the single-index and linear components. By making use
of spline basis approximation and Fisher score iteration, our approach has numerical advantages in terms of
computing efficiency and stability in practice. Both simulated and real data examples are used to illustrate
our proposed methodology.

Keywords: asymptotic normality; generalized linear model; polynomial splines; quasi-likelihood;
semi-parametric regression; single-index model
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Critical points of multidimensional random
Fourier series: Central limits
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We investigate certain families X h 0<h«1of stationary Gaussian random smooth functions on the
m-dimensional torus T := R /Z" approaching the white noise as & — 0. We show that there exists
universal constants ¢, ¢y > 0 such that for any cube B C R™ of size r < 1/2, the number of critical points
of X" in the region B mod Z™ C T has mean ~ c| vol(B)A™"™ variance ~ ¢, vol(B)A™™, and satisfies
a central limit theorem as /2 Y\ 0.

Keywords: central limit theorem; critical points; Gaussian Hilbert spaces; Gaussian random functions;
Kac—Rice formula; Wiener chaos
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Determinantal point process models
on the sphere
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We consider determinantal point processes on the d-dimensional unit sphere S4. These are finite point pro-
cesses exhibiting repulsiveness and with moment properties determined by a certain determinant whose
entries are specified by a so-called kernel which we assume is a complex covariance function defined on
S4 x S¢. We review the appealing properties of such processes, including their specific moment properties,
density expressions and simulation procedures. Particularly, we characterize and construct isotropic DPPs
models on S¢, where it becomes essential to specify the eigenvalues and eigenfunctions in a spectral rep-
resentation for the kernel, and we figure out how repulsive isotropic DPPs can be. Moreover, we discuss
the shortcomings of adapting existing models for isotropic covariance functions and consider strategies for
developing new models, including a useful spectral approach.

Keywords: isotropic covariance function; joint intensities; quantifying repulsiveness; Schoenberg
representation; spatial point process density; spectral representation
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Baxter’s inequality for finite predictor
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For a multivariate stationary process, we develop explicit representations for the finite predictor coefficient
matrices, the finite prediction error covariance matrices and the partial autocorrelation function (PACF) in
terms of the Fourier coefficients of its phase function in the spectral domain. The derivation is based on a
novel alternating projection technique and the use of the forward and backward innovations corresponding
to predictions based on the infinite past and future, respectively. We show that such representations are ideal
for studying the rates of convergence of the finite predictor coefficients, prediction error covariances, and
the PACF as well as for proving a multivariate version of Baxter’s inequality for a multivariate FARIMA
process with a common fractional differencing order for all components of the process.

Keywords: Baxter’s inequality; long memory; multivariate stationary processes; partial autocorrelation
functions; phase functions; predictor coefficients
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Smooth backfitting for additive modeling
with small errors-in-variables, with an
application to additive functional regression
for multiple predictor functions
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We study smooth backfitting when there are errors-in-variables, which is motivated by functional additive
models for a functional regression model with a scalar response and multiple functional predictors that
are additive in the functional principal components of the predictor processes. The development of a new
smooth backfitting technique for the estimation of the additive component functions in functional additive
models with multiple functional predictors requires to address the difficulty that the eigenfunctions and
therefore the functional principal components of the predictor processes, which are the arguments of the
proposed additive model, are unknown and need to be estimated from the data. The available estimated
functional principal components contain an error that is small for large samples but nevertheless affects
the estimation of the additive component functions. This error-in-variables situation requires to develop
new asymptotic theory for smooth backfitting. Our analysis also pertains to general situations where one
encounters errors in the predictors for an additive model, when the errors become smaller asymptotically.
We also study the finite sample properties of the proposed method for the application in functional additive
regression through a simulation study and a real data example.

Keywords: errors in predictors; functional additive model; functional data analysis; functional principal
component; kernel smoothing; smooth backfitting
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We analyze the effect of a heterogeneous variance on bump detection in a Gaussian regression model. To
this end, we allow for a simultaneous bump in the variance and specify its impact on the difficulty to detect
the null signal against a single bump with known signal strength. This is done by calculating lower and
upper bounds, both based on the likelihood ratio.

Lower and upper bounds together lead to explicit characterizations of the detection boundary in several
subregimes depending on the asymptotic behavior of the bump heights in mean and variance. In particular,
we explicitly identify those regimes, where the additional information about a simultaneous bump in vari-
ance eases the detection problem for the signal. This effect is made explicit in the constant and/or the rate,
appearing in the detection boundary.

We also discuss the case of an unknown bump height and provide an adaptive test and some upper bounds
in that case.

Keywords: change point detection; heterogeneous Gaussian regression; minimax testing theory
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In this paper, we study the asymptotic behavior of the normalized cadlag functions generated by the discrete
Fourier transforms of a stationary centered square-integrable process, started at a point.

We prove that the quenched invariance principle holds for averaged frequencies under no assumption
other than ergodicity, and that this result holds also for almost every fixed frequency under a certain gen-
eralization of the Hannan condition and a certain rotated form of the Maxwell and Woodroofe condition
which, under a condition of weak dependence that we specity, is guaranteed for a.e. frequency. If the process
is in particular weakly mixing, our results describe the asymptotic distributions of the normalized discrete
Fourier transforms at every frequency other than 0 and 7 under the generalized Hannan condition.

We prove also that under a certain regularity hypothesis the conditional centering is irrelevant for av-
eraged frequencies, and that the same holds for a given fixed frequency under the rotated Maxwell and
Woodroofe condition but not necessarily under the generalized Hannan condition. In particular, this implies
that the hypothesis of regularity is not sufficient for functional convergence without random centering at
a.e. fixed frequency.

The proofs are based on martingale approximations and combine results from Ergodic theory of recent
and classical origin with approximation results by contemporary authors and with some facts from Har-
monic Analysis and Functional Analysis.

Keywords: central limit theorem; discrete Fourier transform; invariance principle; martingale
approximation; quenched convergence
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We consider a multivariate heavy-tailed stochastic volatility model and analyze the large-sample behavior
of its sample covariance matrix. We study the limiting behavior of its entries in the infinite-variance case
and derive results for the ordered eigenvalues and corresponding eigenvectors. Essentially, we consider
two different cases where the tail behavior either stems from the i.i.d. innovations of the process or from
its volatility sequence. In both cases, we make use of a large deviations technique for regularly varying
time series to derive multivariate «-stable limit distributions of the sample covariance matrix. For the case
of heavy-tailed innovations, we show that the limiting behavior resembles that of completely independent
observations. In contrast to this, for a heavy-tailed volatility sequence the possible limiting behavior is more
diverse and allows for dependencies in the limiting distributions which are determined by the structure of
the underlying volatility sequence.

Keywords: dependent entries; eigenvectors; largest eigenvalues; regular variation; sample covariance
matrix; stochastic volatility

References

[1] Andersen, T.G., Davis, R.A., Kreiss, J.-P. and Mikosch, T., eds. (2009). Handbook of Financial Time
Series. Berlin: Springer.

[2] Auffinger, A., Ben Arous, G. and Péché, S. (2009). Poisson convergence for the largest eigenvalues of
heavy tailed random matrices. Ann. Inst. Henri Poincaré Probab. Stat. 45 589-610. MR2548495

[3] Bai, Z.D. and Yin, Y.Q. (1993). Limit of the smallest eigenvalue of a large-dimensional sample co-
variance matrix. Ann. Probab. 21 1275-1294. MR1235416

[4] Basrak, B., Davis, R.A. and Mikosch, T. (2002). A characterization of multivariate regular variation.
Ann. Appl. Probab. 12 908-920. MR1925445

[5] Basrak, B. and Segers, J. (2009). Regularly varying multivariate time series. Stochastic Process. Appl.
119 1055-1080. MR2508565

[6] Belinschi, S., Dembo, A. and Guionnet, A. (2009). Spectral measure of heavy tailed band and covari-
ance random matrices. Comm. Math. Phys. 289 1023-1055. MR2511659

[71 Benaych-Georges, F. and Péché, S. (2014). Localization and delocalization for heavy tailed band
matrices. Ann. Inst. Henri Poincaré Probab. Stat. 50 1385-1403. MR3269999

1350-7265 © 2018 ISI/BS


http://www.bernoulli-society.org/index.php/publications/bernoulli-journal/bernoulli-journal
https://doi.org/10.3150/16-BEJ901
mailto:anja@math.ku.dk
mailto:mikosch@math.ku.dk
http://www.math.ku.dk/~mikosch
mailto:xie@math.ku.dk
mailto:mohsenrzp@gmail.com
http://www.ams.org/mathscinet-getitem?mr=2548495
http://www.ams.org/mathscinet-getitem?mr=1235416
http://www.ams.org/mathscinet-getitem?mr=1925445
http://www.ams.org/mathscinet-getitem?mr=2508565
http://www.ams.org/mathscinet-getitem?mr=2511659
http://www.ams.org/mathscinet-getitem?mr=3269999

(8]

(9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]

[19]

(20]

(21]

[22]
[23]
[24]
[25]
[26]
27]
(28]
[29]

[30]

Ben Arous, G. and Guionnet, A. (2008). The spectrum of heavy tailed random matrices. Comm. Math.
Phys. 278 715-751. MR2373441

Bhatia, R. (1997). Matrix Analysis. Graduate Texts in Mathematics 169. New York: Springer.
MR 1477662

Bordenave, C. and Guionnet, A. (2013). Localization and delocalization of eigenvectors for heavy-
tailed random matrices. Probab. Theory Related Fields 157 885-953. MR3129806

Breiman, L. (1965). On some limit theorems similar to the arc-sin law. Theory Probab. Appl. 10
323-331.

Campbell, J., Lo, A.W. and MacKinlay, A.C. (1997). The Econometrics of Financial Markets. Prince-
ton: Princeton Univ. Press.

Chover, J., Ney, P. and Wainger, S. (1973). Functions of probability measures. J. Anal. Math. 26 255—
302. MR0348393

Cline, D.B.H. (1986). Convolution tails, product tails and domains of attraction. Probab. Theory Re-
lated Fields 72 529-557. MR0847385

Davis, R.A. and Resnick, S. (1985). More limit theory for the sample correlation function of moving
averages. Stochastic Process. Appl. 20 257-279. MR0808161

Davis, R.A. and Resnick, S. (1986). Limit theory for the sample covariance and correlation functions
of moving averages. Ann. Statist. 14 533-558. MR0840513

Davis, R.A., Heiny, J., Mikosch, T. and Xie, X. (2016). Extreme value analysis for the sample auto-
covariance matrices of heavy-tailed multivariate time series. Extremes 19 517-547. MR3535965
Davis, R.A. and Hsing, T. (1995). Point process and partial sum convergence for weakly dependent
random variables with infinite variance. Ann. Probab. 23 879-917. MR1334176

Davis, R.A. and Mikosch, T. (2000). The sample autocorrelations of financial time series models. In
Nonlinear and Nonstationary Signal Processing (Cambridge, 1998) 247-274. Cambridge: Cambridge
Univ. Press. MR1831322

Davis, R.A. and Mikosch, T. (2001). Point process convergence of stochastic volatility processes with
application to sample autocorrelation. J. Appl. Probab. 38A 93-104. MR1915537

Davis, R.A. and Mikosch, T. (2009). Probabilistic properties of stochastic volatility models. In Hand-
book of Financial Time Series (T.G. Andersen, R.A. Davis, J.-P. Kreiss and T. Mikosch, eds.) 255-268.
Berlin: Springer. 2009.

Davis, R.A. and Mikosch, T. (2009). The extremogram: A correlogram for extreme events. Bernoulli
15 977-1009. MR2597580

Davis, R.A., Mikosch, T. and Pfaffel, O. (2016). Asymptotic theory for the sample covariance matrix
of a heavy-tailed multivariate time series. Stochastic Process. Appl. 126 767-799. MR3452812
Davis, R.A., Pfaffel, O. and Stelzer, R. (2014). Limit theory for the largest eigenvalues of sample
covariance matrices with heavy-tails. Stochastic Process. Appl. 124 18-50. MR3131285

Ding, X. and Yang, F. (2016). A necessary and sufficient condition for edge universality at the largest
singular values of covariance matrices. Preprint. Available at arXiv:1607.06873.

Doukhan, P. (1994). Mixing: Properties and Examples. Lecture Notes in Statistics 85. Springer: Berlin.
MR1312160

Drees, H. (2003). Extreme quantile estimation for dependent data, with applications to finance.
Bernoulli 9 617-657. MR1996273

Embrechts, P. and Goldie, C.M. (1980). On closure and factorization properties of subexponential and
related distributions. J. Aust. Math. Soc. A 29 243-256. MR0566289

Embrechts, P. and Goldie, C.M. (1982). On convolution tails. Stochastic Process. Appl. 13 263-278.
MRO0671036

Feller, W. (1971). An Introduction to Probability Theory and Its Applications. Vol. Il., 2nd ed. New
York: Wiley. MR0270403


http://www.ams.org/mathscinet-getitem?mr=2373441
http://www.ams.org/mathscinet-getitem?mr=1477662
http://www.ams.org/mathscinet-getitem?mr=3129806
http://www.ams.org/mathscinet-getitem?mr=0348393
http://www.ams.org/mathscinet-getitem?mr=0847385
http://www.ams.org/mathscinet-getitem?mr=0808161
http://www.ams.org/mathscinet-getitem?mr=0840513
http://www.ams.org/mathscinet-getitem?mr=3535965
http://www.ams.org/mathscinet-getitem?mr=1334176
http://www.ams.org/mathscinet-getitem?mr=1831322
http://www.ams.org/mathscinet-getitem?mr=1915537
http://www.ams.org/mathscinet-getitem?mr=2597580
http://www.ams.org/mathscinet-getitem?mr=3452812
http://www.ams.org/mathscinet-getitem?mr=3131285
http://arxiv.org/abs/arXiv:1607.06873
http://www.ams.org/mathscinet-getitem?mr=1312160
http://www.ams.org/mathscinet-getitem?mr=1996273
http://www.ams.org/mathscinet-getitem?mr=0566289
http://www.ams.org/mathscinet-getitem?mr=0671036
http://www.ams.org/mathscinet-getitem?mr=0270403

[31]
(32]
(33]
(34]
(35]
(36]
(37]
(38]
(39]
[40]
(41]
[42]
[43]
[44]
[45]

[46]

[47]

(48]
[49]

Heiny, J. and Mikosch, T. (2016). Eigenvalues and eigenvectors of heavy-tailed sample covariance
matrices with general growth rates: The iid case. Technical report.

Hult, H. and Lindskog, F. (2005). Extremal behavior of regularly varying stochastic processes.
Stochastic Process. Appl. 115 249-274. MR2111194

Hult, H. and Lindskog, F. (2006). Regular variation for measures on metric spaces. Publ. Inst. Math.
(Beograd) (N.S.) 80(94) 121-140. MR2281910

Janssen, A. and Drees, H. (2016). A stochastic volatility model with flexible extremal dependence
structure. Bernoulli 22 1448-1490. MR3474822

Jessen, A.H. and Mikosch, T. (2006). Regularly varying functions. Publ. Inst. Math. (Beograd) (N.S.)
80(94) 171-192. MR2281913

Kulik, R. and Soulier, P. (2015). Heavy tailed time series with extremal independence. Extremes 18
273-299. MR3351817

Lam, C. and Yao, Q. (2012). Factor modeling for high-dimensional time series: Inference for the
number of factors. Ann. Statist. 40 694-726. MR2933663

Mikosch, T. and Rezapour, M. (2013). Stochastic volatility models with possible extremal clustering.
Bernoulli 19 1688-1713. MR3129030

Mikosch, T. and Wintenberger, O. (2016). A large deviations approach to limit theory for heavy-tailed
time series. Probab. Theory Related Fields 166 233-269. MR3547739

Petrov, V.V. (1995). Limit Theorems of Probability Theory. Oxford Studies in Probability 4. New York:
Oxford Univ. Press. MR1353441

Plerou, V., Gopikrishnan, P., Rosenow, B., Amaral, L.A.N., Guhr, T. and Stanley, H.E. (2002). Random
matrix approach to cross correlations in financial data. Phys. Rev. E 65 066126.

Resnick, S.I. (1987). Extreme Values, Regular Variation, and Point Processes. New York: Springer.
MR0900810

Resnick, S.I. (2007). Heavy-Tail Phenomena: Probabilistic and Statistical Modeling. Springer Series
in Operations Research and Financial Engineering. New York: Springer. MR2271424

Rootzén, H. (1986). Extreme value theory for moving average processes. Ann. Probab. 14 612—652.
MRO0832027

Soshnikov, A. (2004). Poisson statistics for the largest eigenvalues of Wigner random matrices with
heavy tails. Electron. Commun. Probab. 9 82-91 (electronic). MR2081462

Soshnikov, A. (2006). Poisson statistics for the largest eigenvalues in random matrix ensembles.
In Mathematical Physics of Quantum Mechanics. Lecture Notes in Physics 690 351-364. Berlin:
Springer. MR2234922

Tao, T. and Vu, V. (2012). Random covariance matrices: Universality of local statistics of eigenvalues.
Ann. Probab. 40 1285-1315. MR2962092

Taylor, S.J. (1986). Modelling Financial Time Series. Chichester: Wiley.

von Bahr, B. and Esseen, C.-G. (1965). Inequalities for the rth absolute moment of a sum of random
variables, 1 <r < 2. Ann. Math. Stat. 36 299-303. MR0170407


http://www.ams.org/mathscinet-getitem?mr=2111194
http://www.ams.org/mathscinet-getitem?mr=2281910
http://www.ams.org/mathscinet-getitem?mr=3474822
http://www.ams.org/mathscinet-getitem?mr=2281913
http://www.ams.org/mathscinet-getitem?mr=3351817
http://www.ams.org/mathscinet-getitem?mr=2933663
http://www.ams.org/mathscinet-getitem?mr=3129030
http://www.ams.org/mathscinet-getitem?mr=3547739
http://www.ams.org/mathscinet-getitem?mr=1353441
http://www.ams.org/mathscinet-getitem?mr=0900810
http://www.ams.org/mathscinet-getitem?mr=2271424
http://www.ams.org/mathscinet-getitem?mr=0832027
http://www.ams.org/mathscinet-getitem?mr=2081462
http://www.ams.org/mathscinet-getitem?mr=2234922
http://www.ams.org/mathscinet-getitem?mr=2962092
http://www.ams.org/mathscinet-getitem?mr=0170407

Bernoulli 24(2), 2018, 1394-1426
https://doi.org/10.3150/16-BEJ902

American options with asymmetric
information and reflected BSDE
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We consider an American contingent claim on a financial market where the buyer has additional informa-
tion. Both agents (seller and buyer) observe the same prices, while the information available to them may
differ due to some extra exogenous knowledge the buyer has. The buyer’s information flow is modeled by
an initial enlargement of the reference filtration. It seems natural to investigate the value of the American
contingent claim with asymmetric information. We provide a representation for the cost of the additional
information relying on some results on reflected backward stochastic differential equations (RBSDE). This
is done by using an interpretation of prices of American contingent claims with extra information for the
buyer by solutions of appropriate RBSDE.

Keywords: American contingent claims; asymmetric information; cost of information; initial enlargement
of filtrations; reflected BSDE
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The block maxima method in extreme-value analysis proceeds by fitting an extreme-value distribution to
a sample of block maxima extracted from an observed stretch of a time series. The method is usually
validated under two simplifying assumptions: the block maxima should be distributed exactly according to
an extreme-value distribution and the sample of block maxima should be independent. Both assumptions
are only approximately true. The present paper validates that the simplifying assumptions can in fact be
safely made.

For general triangular arrays of block maxima attracted to the Fréchet distribution, consistency and
asymptotic normality is established for the maximum likelihood estimator of the parameters of the lim-
iting Fréchet distribution. The results are specialized to the common setting of block maxima extracted
from a strictly stationary time series. The case where the underlying random variables are independent and
identically distributed is further worked out in detail. The results are illustrated by theoretical examples and
Monte Carlo simulations.

Keywords: asymptotic normality; block maxima method; heavy tails; maximum likelihood estimation;
stationary time series; triangular arrays
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We give necessary and sufficient conditions to characterize the convergence in distribution of a sequence
of arbitrary random variables to a probability distribution which is the invariant measure of a diffusion
process. This class of target distributions includes the most known continuous probability distributions.
Precisely speaking, we characterize the convergence in total variation to target distributions which are not
Gaussian or Gamma distributed, in terms of the Malliavin calculus and of the coefficients of the associated
diffusion process. We also prove that, among the distributions whose associated squared diffusion coeffi-
cient is a polynomial of second degree (with some restrictions on its coefficients), the only possible limits
of sequences of multiple integrals are the Gaussian and the Gamma laws.
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The efficiency of simulation algorithms for max-stable processes relies on the choice of the spectral repre-
sentation: different choices result in different sequences of finite approximations to the process. We propose
a constructive approach yielding a normalized spectral representation that solves an optimization problem
related to the efficiency of simulating max-stable processes. The simulation algorithm based on the normal-
ized spectral representation can be regarded as max-importance sampling. Compared to other simulation
algorithms hitherto, our approach has at least two advantages. First, it allows the exact simulation of a
comprising class of max-stable processes. Second, the algorithm has a stopping time with finite expecta-
tion. In practice, our approach has the potential of considerably reducing the simulation time of max-stable
processes.

Keywords: importance sampling; mixed moving maxima; optimal simulation
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Asymptotic analysis of covariance parameter
estimation for Gaussian processes in the
misspecified case

FRANCOIS BACHOC

Institut de Mathématiques de Toulouse, Université Paul Sabatier, 118 Route de Narbonne, 31062 Toulouse.
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In parametric estimation of covariance function of Gaussian processes, it is often the case that the true
covariance function does not belong to the parametric set used for estimation. This situation is called
the misspecified case. In this case, it has been shown that, for irregular spatial sampling of observation
points, Cross Validation can yield smaller prediction errors than Maximum Likelihood. Motivated by this
observation, we provide a general asymptotic analysis of the misspecified case, for independent and uni-
formly distributed observation points. We prove that the Maximum Likelihood estimator asymptotically
minimizes a Kullback—Leibler divergence, within the misspecified parametric set, while Cross Validation
asymptotically minimizes the integrated square prediction error. In Monte Carlo simulations, we show that
the covariance parameters estimated by Maximum Likelihood and Cross Validation, and the correspond-
ing Kullback—Leibler divergences and integrated square prediction errors, can be strongly contrasting. On
amore technical level, we provide new increasing-domain asymptotic results for independent and uniformly
distributed observation points.

Keywords: covariance parameter estimation; cross validation; Gaussian processes; increasing-domain
asymptotics; integrated square prediction error; Kullback-Leibler divergence; maximum likelihood
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On branching process with rare neutral
mutation
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In this paper, we study the genealogical structure of a Galton—Watson process with neutral mutations.
Namely, we extend in two directions the asymptotic results obtained in Bertoin [Stochastic Process. Appl.
120 (2010) 678-697]. In the critical case, we construct the version of the model in Bertoin [Stochastic
Process. Appl. 120 (2010) 678-697], conditioned not to be extinct. We establish a version of the limit theo-
rems in Bertoin [Stochastic Process. Appl. 120 (2010) 678-697], when the reproduction law has an infinite
variance and it is in the domain of attraction of an «-stable distribution, both for the unconditioned pro-
cess and for the process conditioned to nonextinction. In the latter case, we obtain the convergence (after
re-normalization) of the allelic sub-populations towards a tree indexed CSBP with immigration.

Keywords: branching process; domain of attraction of «-stable laws; neutral mutations; Q-processes;
regular variation

References

[1] Athreya, K.B. and Ney, P.E. (1972). Branching Processes. Die Grundlehren der Mathematischen Wis-
senschaften 196. New York: Springer.

[2] Bertoin, J. (1996). Lévy Processes. Cambridge Tracts in Mathematics 121. Cambridge: Cambridge
Univ. Press.

[3] Bertoin, J. (2010). A limit theorem for trees of alleles in branching processes with rare neutral muta-
tions. Stochastic Process. Appl. 120 678—-697. MR2603059

[4] Bingham, N.H., Goldie, C.M. and Teugels, J.L. (1989). Regular Variation. Encyclopedia of Mathe-
matics and Its Applications 27. Cambridge: Cambridge Univ. Press. MR1015093

[5] Chauvin, B. (1986). Arbres et processus de Bellman—Harris. Ann. Inst. Henri Poincaré B, Probab.
Stat. 22 209-232.

[6] Chung, K.L. and Walsh, J.B. (2005). Markov Processes, Brownian Motion, and Time Symmetry, 2nd
ed. Grundlehren der Mathematischen Wissenschaften 249. New York: Springer.

[7] Feller, W. (1971). An Introduction to Probability Theory and Its Applications. Vol. II, 2nd ed. New
York: Wiley. MR0270403

[8] Jacod, J. and Shiryaev, A.N. (1987). Limit Theorems for Stochastic Processes. Grundlehren der Math-
ematischen Wissenschaften 288. Berlin: Springer. MR0959133

[9] Joffe, A. (1967). On the Galton—Watson branching process with mean less than one. Ann. Math. Stat.
38 264-266. MR0205337

[10] Kallenberg, O. (2002). Foundations of Modern Probability, 2nd ed. Probability and Its Applications
(New York). New York: Springer.
[11] Kawazu, K. and Watanabe, S. (1971). Branching processes with immigration and related limit theo-

rems. Teor. Verojatnost. i Primenen. 16 34-51.

1350-7265 © 2018 ISI/BS


http://www.bernoulli-society.org/index.php/publications/bernoulli-journal/bernoulli-journal
https://doi.org/10.3150/16-BEJ907
mailto:airam@cimat.mx
mailto:rivero@cimat.mx
http://www.ams.org/mathscinet-getitem?mr=2603059
http://www.ams.org/mathscinet-getitem?mr=1015093
http://www.ams.org/mathscinet-getitem?mr=0270403
http://www.ams.org/mathscinet-getitem?mr=0959133
http://www.ams.org/mathscinet-getitem?mr=0205337

[12]
[13]
[14]
[15]
[16]
(17]

(18]

Lambert, A. (2007). Quasi-stationary distributions and the continuous-state branching process condi-
tioned to be never extinct. Electron. J. Probab. 12 420-446.

Lambert, A. (2008). Population dynamics and random genealogies. Stoch. Models 24 45-163.
MR2466449

Lamperti, J. and Ney, P. (1968). Conditioned branching processes and their limiting diffusions. Teor.
Verojatnost. i Primenen. 13 126-137.

Li, Z. (2011). Measure-Valued Branching Markov Processes. Probability and Its Applications (New
York). Heidelberg: Springer. MR2760602

Seneta, E. and Vere-Jones, D. (1966). On quasi-stationary distributions in discrete-time Markov chains
with a denumerable infinity of states. J. Appl. Probab. 3 403—434. MR0207047

Whitt, W. (2002). Stochastic-Process Limits: An Introduction to Stochastic-Process Limits and Their
Application to Queues. Springer Series in Operations Research. New York: Springer. MR1876437
Yaglom, A.M. (1947). Certain limit theorems of the theory of branching random processes. Dokl.
Akad. Nauk SSSR 56 795-798.


http://www.ams.org/mathscinet-getitem?mr=2466449
http://www.ams.org/mathscinet-getitem?mr=2760602
http://www.ams.org/mathscinet-getitem?mr=0207047
http://www.ams.org/mathscinet-getitem?mr=1876437

Bernoulli Forthcoming Papers

BOUCHARD, B., ELIE, R. and MOREAU, L.
Regularity of BSDEs with a convex constraint on the gains-process

BRODERICK, T., WILSON, A.C. and JORDAN, M.I.
Posteriors, conjugacy, and exponential families for completely random measures

THAI, M.-N.
Birth and death process in mean field type interaction

LEE, C. and NEAL, P.
Optimal scaling of the independence sampler: Theory and practice

FRIKHA, N.
On the weak approximation of a skew diffusion by an Euler-type scheme

AY, N., JOST, J., LE, H.V. and SCHWACHHOFER, L.
Parametrized measure models

AGAPIOU, S., ROBERTS, G.O. and VOLLMER, S.J.
Unbiased Monte Carlo: Posterior estimation for intractable/infinite-dimensional
models

HAN, F., XU, S. and ZHOU, W.-X.
On Gaussian comparison inequality and its application to spectral analysis of large
random matrices

QIAO, W. and POLONIK, W.
Extrema of rescaled locally stationary Gaussian fields on manifolds

VATS, D., FLEGAL, J.M. and JONES, G.L.
Strong consistency of multivariate spectral variance estimators in Markov chain
Monte Carlo

DECROUEZ, G., GRABCHAK, M. and PARIS, Q.
Finite sample properties of the mean occupancy counts and probabilities

PITMAN, J. and TANG, W.
Tree formulas, mean first passage times and Kemeny’s constant of a Markov chain

KEELER, H.P,, ROSS, N. and XIA, A.
When do wireless network signals appear Poisson?

BOSSY, M. and OLIVERO, H.
Strong convergence of the symmetrized Milstein scheme for some CEV-like SDEs

ARUTYUNYAN, L.M. and KOSOV, E.D.
Deviation of polynomials from their expectations and isoperimetry

KHASMINSKIIL, R.Z. and KUTOYANTS, Y.A.
On parameter estimation of hidden telegraph process

KNAPIK, B. and SALOMOND, J.-B.
A general approach to posterior contraction in nonparametric inverse problems

Continues



Bernoulli Forthcoming Papers—Continued

CHATTERIEE, S. and LAFFERTY, J.
Adaptive risk bounds in unimodal regression

KOSKELA, J., JENKINS, P.A. and SPANO, D.
Bayesian non-parametric inference for A-coalescents: Posterior consistency and a
parametric method

BUCHSTEINER, J.
The function-indexed sequential empirical process under long-range dependence

SAUMARD, A.
On optimality of empirical risk minimization in linear aggregation

ALETTI, G., GHIGLIETTI, A. and VIDYASHANKAR, A.N.
Dynamics of an adaptive randomly reinforced urn

ANDIJEL, E., MOUNTFORD, T. and VALESIN, D.
Equilibrium of the interface of the grass-bushes-trees process

EGUCHI, S. and MASUDA, H.
Schwarz type model comparison for LAQ models

SINOVA, B., GONZALEZ-RODRIGUEZ, G. and VAN AELST, S.
M-estimators of location for functional data

EVANS, S.N., RIVEST, R.L. and STARK, P.B.
Leading the field: Fortune favors the bold in Thurstonian choice models

GOTZE, F.,, NAUMOV, A., TIKHOMIROV, A. and TIMUSHEYV, D.
On the local semicircular law for Wigner ensembles

MIJATOVIC, A. and VOGRINC, J.
On the Poisson equation for Metropolis—Hastings chains

CARPENTIER, A., KLOPP, O., LOFFLER, M. and NICKL, R.
Adaptive confidence sets for matrix completion

ALFONSI, A., CORBETTA, J. and JOURDAIN, B.
Evolution of the Wasserstein distance between the marginals of two Markov pro-
cesses

SCHACHERMAYER, W. and STEBEGG, F.
The sharp constant for the Burkholder—-Davis—Gundy inequality and non-smooth
pasting

GOLDENSHLUGER, A.
The M /G /oo estimation problem revisited

BANDINI, E. and RUSSO, F.
Special weak Dirichlet processes and BSDEs driven by a random measure

RUDOLF, D. and SCHWEIZER, N.
Perturbation theory for Markov chains via Wasserstein distance

Continues



Bernoulli Forthcoming Papers—Continued

ZHANG, X. and CHENG, G.
Gaussian approximation for high dimensional vector under physical dependence

GORGEN, C. and SMITH, J.Q.
Equivalence classes of staged trees

GISSIBL, N. and KLUPPELBERG, C.
Max-linear models on directed acyclic graphs

BICKEL, D.R. and PATRIOTA, A.G.
Self-consistent confidence sets and tests of composite hypotheses applicable to re-
stricted parameters

COUPIER, D. and HIRSCH, C.
Coalescence of Euclidean geodesics on the Poisson—Delaunay triangulation

RASONYI, M. and SAYIT, H.
Sticky processes, local and true martingales

LEPSKI, O.V.
A new approach to estimator selection

GROTE, J. and THALE, C.
Concentration and moderate deviations for Poisson polytopes and polyhedra

XIONG, J. and ZHAI, J.
Large deviations for locally monotone stochastic partial differential equations
driven by Lévy noise

GAO, X. and ZHU, L.

Large deviations and applications for Markovian Hawkes processes with a large
initial intensity

MARCHINA, A.

Concentration inequalities for separately convex functions

CHOROWSKI, J.
Nonparametric volatility estimation in scalar diffusions: Optimality across observa-
tion frequencies

WU, W. and ZHOU, Z.
Simultaneous quantile inference for non-stationary long-memory time series

CAO, H,, LIU, W. and ZHOU, Z.
Simultaneous nonparametric regression analysis of sparse longitudinal data

QIU, Y.
Rigid stationary determinantal processes in non-Archimedean fields

CRISAN, D. and MIGUEZ, J.
Nested particle filters for online parameter estimation in discrete-time state-space
Markov models

Continues



Bernoulli Forthcoming Papers—Continued

DAVIS, R.A., MATSUI, M., MIKOSCH, T. and WAN, P.
Applications of distance correlation to time series

BASSE-O’CONNOR, A., HEINRICH, C. and PODOLSKIJ, M.
On limit theory for Lévy semi-stationary processes

ALVAREZ-ESTEBAN, P.C., DEL BARRIO, E., CUESTA-ALBERTOS, J.A. and
MATRAN, C.

Wide consensus aggregation in the Wasserstein space. Application to location-
scatter families

CAPUTO, P. and SINCLAIR, A.
Entropy production in nonlinear recombination models

MCKEAGUE, L.W., PEKOZ, E.A. and SWAN, Y.
Stein’s method and approximating the quantum harmonic oscillator

BARTROFF, J., GOLDSTEIN, L. and ISLAK, U.
Large bounded size biased couplings, log concave distributions and concentration
of measure for occupancy models

OGIHARA, T.
Parametric inference for nonsynchronously observed diffusion processes in the
presence of market microstructure noise

DOBLER, C. and PECCATIL, G.
The Gamma Stein equation and noncentral de Jong theorems

CHENG, D. and SCHWARTZMAN, A.
Expected number and height distribution of critical points of smooth isotropic
Gaussian random fields

CLINET, S. and POTIRON, Y.
Statistical inference for the doubly stochastic self-exciting process

MARTIN, O. and VETTER, M.
Testing for simultaneous jumps in case of asynchronous observations

SIORPAES, P.
Applications of pathwise Burkholder—Davis—Gundy inequalities

HAN, X., PAN, G. and YANG, Q.
A unified matrix model including both CCA and F matrices in multivariate analysis:
The largest eigenvalue and its applications

SIDOROVA, N.
Small deviations of a Galton—Watson process with immigration

LEJAY, A. and PIGATO, P.
Statistical estimation of the Oscillating Brownian Motion

CHOTARD, A. and AUGER, A.
Verifiable conditions for the irreducibility and aperiodicity of Markov chains by

analyzing underlying deterministic models
Continues



Bernoulli Forthcoming Papers—Continued

SCHERTZER, E.
Recovering the Brownian coalescent point process from the Kingman coalescent by
conditional sampling

LOENENKO, N.N., PAPIC, 1., SIKORSKII, A. and SUVAK, N.
Correlated continuous time random walks and fractional Pearson diffusions

ARIAS-CASTRO, E., BUBECK, S., LUOSI, G. and VERZELEN, N.
Detecting Markov random fields hidden in white noise

KIM, D., LIU, Y. and WANG, Y.
Large volatility matrix estimation with factor-based diffusion model for high-
frequency financial data

VERZELEN, N. and GASSIAT, E.
Adaptive estimation of high-dimensional signal-to-noise ratios

KAMATANI, K.
Efficient strategy for the Markov chain Monte Carlo in high-dimension with heavy-
tailed target probability distribution

GENEST, C., NESLEHOVA, J.G. and RIVEST, L.-P.
The class of multivariate max-id copulas with £;-norm symmetric exponent mea-
sure

ZHOU, S.
Sparse Hanson—Wright inequalities for subgaussian quadratic forms

LEDOIT, O. and WOLF, M.
Optimal estimation of a large-dimensional covariance matrix under Stein’s loss

LENG, C. and PAN, G.
Covariance estimation via sparse Kronecker structures

GIULINI, I.
Robust dimension-free Gram operator estimates

WANG, X.
Subexponential decay in kinetic Fokker—Planck equation: Weak hypocoercivity

RATH, B.
Feller property of the multiplicative coalescent with linear deletion

PEKOZ, E., ROLLIN, A. and ROSS, N.
Pélya urns with immigration at random times

LEUNG, D. and SHAO, Q.-S.
Asymptotic power of Rao’s score test for independence in high dimensions

MAMMEN, E., VAN KEILEGOM, I. and YU, K.
Expansion for moments of regression quantiles with applications to nonparametric
testing



