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Applying Dynkin’s isomorphism:
An alternative approach to understand
the Markov property of the de Wijs process

DEBASHIS MONDAL

Department of Statistics, Oregon State University, 44 Kidder Hall, Corvallis, OR 97331, USA.
E-mail: debashis@stat.oregonstate.edu

Dynkin’s (Bull. Amer. Math. Soc. 3 (1980) 975-999) seminal work associates a multidimensional transient
symmetric Markov process with a multidimensional Gaussian random field. This association, known as
Dynkin’s isomorphism, has profoundly influenced the studies of Markov properties of generalized Gaussian
random fields. Extending Dykin’s isomorphism, we study here a particular generalized Gaussian Markov
random field, namely, the de Wijs process that originated in Georges Matheron’s pioneering work on mining
geostatistics and, following McCullagh (Ann. Statist. 30 (2002) 1225-1310), is now receiving renewed
attention in spatial statistics. This extension of Dynkin’s theory associates the de Wijs process with the
(recurrent) Brownian motion on the two dimensional plane, grants us further insight into Matheron’s kriging
formula for the de Wijs process and highlights previously unexplored relationships of the central Markov
models in spatial statistics with Markov processes on the plane.

Keywords: additive functions; Brownian motion; intrinsic autoregressions; kriging; potential kernel;
random walk; screening effect; variogram
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When targeting a distribution that is artificially invariant under some permutations, Markov chain Monte
Carlo (MCMC) algorithms face the label-switching problem, rendering marginal inference particularly
cumbersome. Such a situation arises, for example, in the Bayesian analysis of finite mixture models. Adap-
tive MCMC algorithms such as adaptive Metropolis (AM), which self-calibrates its proposal distribution
using an online estimate of the covariance matrix of the target, are no exception. To address the label-
switching issue, relabeling algorithms associate a permutation to each MCMC sample, trying to obtain
reasonable marginals. In the case of adaptive Metropolis (Bernoulli 7 (2001) 223-242), an online relabel-
ing strategy is required. This paper is devoted to the AMOR algorithm, a provably consistent variant of AM
that can cope with the label-switching problem. The idea is to nest relabeling steps within the MCMC al-
gorithm based on the estimation of a single covariance matrix that is used both for adapting the covariance
of the proposal distribution in the Metropolis algorithm step and for online relabeling. We compare the
behavior of AMOR to similar relabeling methods. In the case of compactly supported target distributions,
we prove a strong law of large numbers for AMOR and its ergodicity. These are the first results on the con-
sistency of an online relabeling algorithm to our knowledge. The proof underlines latent relations between
relabeling and vector quantization.

Keywords: adaptive Markov chain Monte Carlo; label-switching; stochastic approximation; vector
quantization
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Mimicking self-similar processes
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We construct a family of self-similar Markov martingales with given marginal distributions. This construc-
tion uses the self-similarity and Markov property of a reference process to produce a family of Markov
processes that possess the same marginal distributions as the original process. The resulting processes are
also self-similar with the same exponent as the original process. They can be chosen to be martingales under
certain conditions. In this paper, we present two approaches to this construction, the transition-randomising
approach and the time-change approach. We then compute the infinitesimal generators and obtain some
path properties of the resulting processes. We also give some examples, including continuous Gaussian
martingales as a generalization of Brownian motion, martingales of the squared Bessel process, stable Lévy
processes as well as an example of an artificial process having the marginals of t*V for some symmet-
ric random variable V. At the end, we see how we can mimic certain Brownian martingales which are
non-Markovian.
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Concentration inequalities for sampling
without replacement
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Concentration inequalities quantify the deviation of a random variable from a fixed value. In spite of numer-
ous applications, such as opinion surveys or ecological counting procedures, few concentration results are
known for the setting of sampling without replacement from a finite population. Until now, the best general
concentration inequality has been a Hoeffding inequality due to Serfling [Ann. Statist. 2 (1974) 39-48]. In
this paper, we first improve on the fundamental result of Serfling [Ann. Statist. 2 (1974) 39-48], and further
extend it to obtain a Bernstein concentration bound for sampling without replacement. We then derive an
empirical version of our bound that does not require the variance to be known to the user.
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We introduce a family of Markov processes on set partitions with a bounded number of blocks, called
Lipschitz partition processes. We construct these processes explicitly by a Poisson point process on the
space of Lipschitz continuous maps on partitions. By this construction, the Markovian consistency property
is readily satisfied; that is, the finite restrictions of any Lipschitz partition process comprise a compatible
collection of finite state space Markov chains. We further characterize the class of exchangeable Lipschitz
partition processes by a novel set-valued matrix operation.

Keywords: coalescent process; de Finetti’s theorem; exchangeable random partition; iterated random
functions; Markov process; paintbox process; Poisson random measure
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A new concept of (asymptotic) qualitative robustness for plug-in estimators based on identically distributed
possibly dependent observations is introduced, and it is shown that Hampel’s theorem for general metrics d
still holds. Since Hampel’s theorem assumes the UGC property w.r.t. d, that is, convergence in probability
of the empirical probability measure to the true marginal distribution w.r.t. d uniformly in the class of
all admissible laws on the sample path space, this property is shown for a large class of strongly mixing
laws for three different metrics d. For real-valued observations, the UGC property is established for both
the Kolomogorov ¢-metric and the Lévy 1-metric, and for observations in a general locally compact and
second countable Hausdorff space the UGC property is established for a certain metric generating the -
weak topology. The key is a new uniform weak LLN for strongly mixing random variables. The latter is of
independent interest and relies on Rio’s maximal inequality.

Keywords: 1-weak topology; function bracket; Hampel’s theorem; Kolmogorov ¢-metric; Lévy y-metric;
locally compact and second countable Hausdorff space; plug-in estimator; qualitative robustness; Rio’s
maximal inequality; strong mixing; uniform Glivenko—Cantelli theorem; uniform weak law of large
numbers
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A new quantile regression concept, based on a directional version of Koenker and Bassett’s traditional
single-output one, has been introduced in [Ann. Statist. (2010) 38 635-669] for multiple-output loca-
tion/linear regression problems. The polyhedral contours provided by the empirical counterpart of that
concept, however, cannot adapt to unknown nonlinear and/or heteroskedastic dependencies. This paper
therefore introduces local constant and local linear (actually, bilinear) versions of those contours, which
both allow to asymptotically recover the conditional halfspace depth contours that completely character-
ize the response’s conditional distributions. Bahadur representation and asymptotic normality results are
established. Illustrations are provided both on simulated and real data.

Keywords: conditional depth; growth chart; halfspace depth; local bilinear regression; multivariate
quantile; quantile regression; regression depth
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We derive standard imsets for undirected graphical models and chain graphical models. Standard imsets for
undirected graphical models are described in terms of minimal triangulations for maximal prime subgraphs
of the undirected graphs. For describing standard imsets for chain graphical models, we first define a trian-
gulation of a chain graph. We then use the triangulation to generalize our results for the undirected graphs
to chain graphs.
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We investigate the large deviations of the shape of the random RSK Young diagrams associated with a
random word of size n whose letters are independently drawn from an alphabet of size m = m(n). When
the letters are drawn uniformly and when both n and m converge together to infinity, m not growing too fast
with respect to n, the large deviations of the shape of the Young diagrams are shown to be the same as that
of the spectrum of the traceless GUE. In the non-uniform case, a control of both highest probabilities will
ensure that the length of the top row of the diagram satisfies a large deviation principle. In either case, both
speeds and rate functions are identified. To complete our study, non-asymptotic concentration bounds for
the length of the top row of the diagrams, that is, for the length of the longest increasing subsequence of the
random word are also given for both models.

Keywords: large deviations; longest increasing subsequence; random matrices; random words; strong
approximation; Young diagrams
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Let B, =S, (S, + oznTN)fl, where S,; and Ty are two independent sample covariance matrices with
dimension p and sample sizes n and N, respectively. This is the so-called Beta matrix. In this paper, we
focus on the limiting spectral distribution function and the central limit theorem of linear spectral statistics
of B,,. Especially, we do not require S;, or T to be invertible. Namely, we can deal with the case where
p >max{n, N} and p < n + N. Therefore, our results cover many important applications which cannot be
simply deduced from the corresponding results for multivariate F matrices.
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We derive a functional limit theorem for the partial maxima process based on a long memory stationary o-
stable process. The length of memory in the stable process is parameterized by a certain ergodic-theoretical
parameter in an integral representation of the process. The limiting process is no longer a classical ex-
tremal Fréchet process. It is a self-similar process with «-Fréchet marginals, and it has stationary max-
increments, a property which we introduce in this paper. The functional limit theorem is established in
the space D0, co) equipped with the Skorohod M| -topology; in certain special cases the topology can be
strengthened to the Skorohod Jj-topology.
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l.(;’),i,j =1,...,n} is a collection of

independent real random variables with means zero and variances one. Under the additional moment con-
dition

Consider the square random matrix A, = (a,-j)n,n, where {ai,' =a

sup max Ea?~
n l<ijj<n Y

< 00,
we prove Girko’s logarithmic law of det A, in the sense that as n — oo

log|detA,| — (1/2)log(n — 1)! 4

D).
J{A/2)logn —¥O.D
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We develop two new estimators for a general class of stationary GARCH models with possibly heavy
tailed asymmetrically distributed errors, covering processes with symmetric and asymmetric feedback like
GARCH, Asymmetric GARCH, VGARCH and Quadratic GARCH. The first estimator arises from negli-
gibly trimming QML criterion equations according to error extremes. The second imbeds negligibly trans-
formed errors into QML score equations for a Method of Moments estimator. In this case, we exploit a
sub-class of redescending transforms that includes tail-trimming and functions popular in the robust esti-
mation literature, and we re-center the transformed errors to minimize small sample bias. The negligible
transforms allow both identification of the true parameter and asymptotic normality. We present a consistent
estimator of the covariance matrix that permits classic inference without knowledge of the rate of conver-
gence. A simulation study shows both of our estimators trump existing ones for sharpness and approximate
normality including QML, Log-LAD, and two types of non-Gaussian QML (Laplace and Power-Law).
Finally, we apply the tail-trimmed QML estimator to financial data.

Keywords: GARCH; heavy tails; QML; robust inference; tail trimming
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Time-varying network models

HARRY CRANE

Department of Statistics & Biostatistics, Rutgers University, 110 Frelinghuysen Road, Hill Center,
Room 461, Piscataway, NJ 08854, USA. E-mail: hcrane @stat.rutgers.edu

We introduce the exchangeable rewiring process for modeling time-varying networks. The process fulfills
fundamental mathematical and statistical properties and can be easily constructed from the novel operation
of random rewiring. We derive basic properties of the model, including consistency under subsampling,
exchangeability, and the Feller property. A reversible sub-family related to the Erd6s—Rényi model arises
as a special case.

Keywords: Aldous—Hoover theorem; consistency under subsampling; Erdé6s—Rényi random graph;
exchangeable random graph; graph limit; partially exchangeable array
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An integral criterion for the existence of an invariant measure of an It6 process is developed. This new crite-
rion is based on the probabilistic symbol of the Itd process. In contrast to the standard integral criterion for
invariant measures of Markov processes based on the generator, no test functions and hence no information
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Keywords: Feller process; invariant measure; [td process; Lévy-type process; stationarity; stochastic
differential equation; symbol

References

[1] Albeverio, S., Riidiger, B. and Wu, J.-L. (2000). Invariant measures and symmetry property of Lévy
type operators. Potential Anal. 13 147-168. MR1782254

[2] Barndorff-Nielsen, O. (1978). Hyperbolic distributions and distributions on hyperbolae. Scand. J. Stat.
5 151-157. MR0509451

[3] Behme, A. and Lindner, A. (2014). On exponential functionals of Lévy processes. J. Theor. Probab.
To appear. DOI:10.1007/s10959-013-0507-y.

[4] Behme, A.D. (2011). Distributional properties of solutions of dVy = Vr — dUr + dL1 with Lévy
noise. Adv. in Appl. Probab. 43 688-711. MR2858217

[5] Bhatt, A.G. and Karandikar, R.L. (1993). Invariant measures and evolution equations for Markov
processes characterized via martingale problems. Ann. Probab. 21 2246-2268. MR1245309

[6] Blumenthal, R.M. and Getoor, R.K. (1968). Markov Processes and Potential Theory. Pure and Applied
Mathematics 29. New York—-London: Academic Press. MR0264757

[7] Bottcher, B., Schilling, R. and Wang, J. (2013). Lévy Matters. I11. Lévy-type Processes: Construction,
Approximation and Sample Path Properties. Lecture Notes in Math. 2099. Cham: Springer. With a
short biography of Paul Lévy by Jean Jacod. MR3156646

[8] Cinlar, E. and Jacod, J. (1981). Representation of semimartingale Markov processes in terms of
Wiener processes and Poisson random measures. In Seminar on Stochastic Processes 1981 (Evanston,
I1il., 1981). Progr. Prob. Statist. 1 159-242. Boston, MA: Birkhduser. MR0647786

[9] Cinlar, E., Jacod, J., Protter, P. and Sharpe, M.J. (1980). Semimartingales and Markov processes.
Z. Wahrsch. Verw. Gebiete 54 161-219. MR0597337

[10] Echeverria, P. (1982). A criterion for invariant measures of Markov processes. Z. Wahrsch. Verw.

Gebiete 61 1-16. MR0671239

1350-7265 © 2015 ISI/BS


http://www.bernoulli-society.org/index.php/publications/bernoulli-journal/bernoulli-journal
http://dx.doi.org/10.3150/14-BEJ618
mailto:behme@ma.tum.de
mailto:alexander.schnurr@math.tu-dortmund.de
http://www.ams.org/mathscinet-getitem?mr=1782254
http://www.ams.org/mathscinet-getitem?mr=0509451
http://dx.doi.org/10.1007/s10959-013-0507-y
http://www.ams.org/mathscinet-getitem?mr=2858217
http://www.ams.org/mathscinet-getitem?mr=1245309
http://www.ams.org/mathscinet-getitem?mr=0264757
http://www.ams.org/mathscinet-getitem?mr=3156646
http://www.ams.org/mathscinet-getitem?mr=0647786
http://www.ams.org/mathscinet-getitem?mr=0597337
http://www.ams.org/mathscinet-getitem?mr=0671239

[11]

[12]
[13]
[14]

[15]

[16]

[17]
(18]

[19]
[20]

(21]

[22]

(23]
[24]
[25]
[26]

[27]

Ethier, S.N. and Kurtz, T.G. (1986). Markov Processes. Characterization and Convergence. Wiley
Series in Probability and Mathematical Statistics: Probability and Mathematical Statistics. New York:
Wiley. MR0838085

Fuglede, B. (1972). Finely Harmonic Functions. Lecture Notes in Mathematics 289. Berlin: Springer.
MR0450590

Ikeda, N. and Watanabe, S. (1989). Stochastic Differential Equations and Diffusion Processes, 2nd
ed. North-Holland Mathematical Library 24. Amsterdam: North-Holland. MR1011252

Jacob, N. (1998). Characteristic functions and symbols in the theory of Feller processes. Potential
Anal. 8 61-68. MR1608650

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

Kessler, M., Lindner, A. and Sgrensen, M., eds. (2012). Statistical Methods for Stochastic Differential
Equations. Monographs on Statistics and Applied Probability 124. Boca Raton, FL: CRC Press. Re-
vised papers from the 7th Séminaire Européen de Statistique on Statistics for Stochastic Differential
Equations Models held in Cartagena, May 7-12, 2007. MR2975799

Liggett, T.M. (2010). Continuous Time Markov Processes. An Introduction. Graduate Studies in Math-
ematics 113. Providence, RI: Amer. Math. Soc. MR2574430

Lindner, A. and Maller, R. (2005). Lévy integrals and the stationarity of generalised Ornstein—
Uhlenbeck processes. Stochastic Process. Appl. 115 1701-1722. MR2165340

Manstavicius, M. and Schnurr, A. (2014). Criteria for the finiteness of the p-variation. Preprint.
Protter, P.E. (2005). Stochastic Integration and Differential Equations, 2nd ed. Stochastic Modelling
and Applied Probability 21. Berlin: Springer. MR2273672

Reif}, M., Riedle, M. and van Gaans, O. (2006). Delay differential equations driven by Lévy processes:
Stationarity and Feller properties. Stochastic Process. Appl. 116 1409-1432. MR2260741

Sato, K.-i. (1999). Lévy Processes and Infinitely Divisible Distributions. Cambridge Studies in Ad-
vanced Mathematics 68. Cambridge: Cambridge Univ. Press. Translated from the 1990 Japanese orig-
inal, revised by the author. MR1739520

Schilling, R.L. (1998). Conservativeness and extensions of Feller semigroups. Positivity 2 239-256.
MR1653474

Schilling, R.L. and Schnurr, A. (2010). The symbol associated with the solution of a stochastic differ-
ential equation. Electron. J. Probab. 15 1369-1393. MR2721050

Schnurr, A. (2011). A classification of deterministic Hunt processes with some applications. Markov
Process. Related Fields 17 259-276. MR2856243

Schnurr, A. (2012). On the semimartingale nature of Feller processes with killing. Stochastic Process.
Appl. 122 2758-2780. MR2926174

Schnurr, A. (2013). Generalization of the Blumenthal-Getoor index to the class of homogeneous
diffusions with jumps and some applications. Bernoulli 19 2010-2032. MR3129042


http://www.ams.org/mathscinet-getitem?mr=0838085
http://www.ams.org/mathscinet-getitem?mr=0450590
http://www.ams.org/mathscinet-getitem?mr=1011252
http://www.ams.org/mathscinet-getitem?mr=1608650
http://www.ams.org/mathscinet-getitem?mr=0959133
http://www.ams.org/mathscinet-getitem?mr=2975799
http://www.ams.org/mathscinet-getitem?mr=2574430
http://www.ams.org/mathscinet-getitem?mr=2165340
http://www.ams.org/mathscinet-getitem?mr=2273672
http://www.ams.org/mathscinet-getitem?mr=2260741
http://www.ams.org/mathscinet-getitem?mr=1739520
http://www.ams.org/mathscinet-getitem?mr=1653474
http://www.ams.org/mathscinet-getitem?mr=2721050
http://www.ams.org/mathscinet-getitem?mr=2856243
http://www.ams.org/mathscinet-getitem?mr=2926174
http://www.ams.org/mathscinet-getitem?mr=3129042

Bernoulli 21(3), 2015, 1719-1759
DOI: 10.3150/14-BEJ619

Modulus of continuity of some conditionally
sub-Gaussian fields, application to stable
random fields

HERMINE BIERME! and CELINE LACAUX?234

Lyap 5, CNRS UMR 8145, Université Paris Descartes, 45 rue des Saints-Péres, 75006 Paris, France.
E-mail: Hermine.Bierme @mi.parisdescartes.fr

2Institut Elie Cartan de Lorraine, Université de Lorraine, UMR 7502, Vandeeuvre-lés-Nancy, F-54506,
France. E-mail: Celine.Lacaux@univ-lorraine.fr

3CNRS, Institut Elie Cartan de Lorraine, UMR 7502, Vandeeuvre-lés-Nancy, F-54506, France

4INRIA, BIGS, Villers-lés-Nancy, F-54600, France

In this paper, we study modulus of continuity and rate of convergence of series of conditionally sub-
Gaussian random fields. This framework includes both classical series representations of Gaussian fields
and LePage series representations of stable fields. We enlighten their anisotropic properties by using an
adapted quasi-metric instead of the classical Euclidean norm. We specify our assumptions in the case of
shot noise series where arrival times of a Poisson process are involved. This allows us to state unified results
for harmonizable (multi)operator scaling stable random fields through their LePage series representation,
as well as to study sample path properties of their multistable analogous.
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We raise the issue of estimating the division rate for a growing and dividing population modelled by a piece-
wise deterministic Markov branching tree. Such models have broad applications, ranging from TCP/IP win-
dow size protocol to bacterial growth. Here, the individuals split into two offsprings at a division rate B(x)
that depends on their size x, whereas their size grow exponentially in time, at a rate that exhibits variability.
The mean empirical measure of the model satisfies a growth-fragmentation type equation, and we bridge
the deterministic and probabilistic viewpoints. We then construct a nonparametric estimator of the division
rate B(x) based on the observation of the population over different sampling schemes of size n on the
genealogical tree. Our estimator nearly achieves the rate n=* /@s+D) i squared-loss error asymptotically,
generalizing and improving on the rate n—% /(2s+3) obtained in (SIAM J. Numer. Anal. 50 (2012) 925-950,
Inverse Problems 25 (2009) 1-22) through indirect observation schemes. Our method is consistently tested
numerically and implemented on Escherichia coli data, which demonstrates its major interest for practical
applications.
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Consider an insurance company exposed to a stochastic economic environment that contains two kinds
of risk. The first kind is the insurance risk caused by traditional insurance claims, and the second kind is
the financial risk resulting from investments. Its wealth process is described in a standard discrete-time
model in which, during each period, the insurance risk is quantified as a real-valued random variable X
equal to the total amount of claims less premiums, and the financial risk as a positive random variable Y
equal to the reciprocal of the stochastic accumulation factor. This risk model builds an efficient platform for
investigating the interplay of the two kinds of risk. We focus on the ruin probability and the tail probability
of the aggregate risk amount. Assuming that every convex combination of the distributions of X and Y is
of strongly regular variation, we derive some precise asymptotic formulas for these probabilities with both
finite and infinite time horizons, all in the form of linear combinations of the tail probabilities of X and Y.
Our treatment is unified in the sense that no dominating relationship between X and Y is required.
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We consider a random walk with death in [-N, N] moving in a time dependent environment. The environ-
ment is a system of particles which describes a current flux from N to —N. Its evolution is influenced by the
presence of the random walk and in turn it affects the jump rates of the random walk in a neighborhood of
the endpoints, determining also the rate for the random walk to die. We prove an upper bound (uniform in
N) for the survival probability up to time # which goes as cexp{—bN ~2¢), with c and b positive constants.
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In this paper, we consider a family of interacting particle systems on [—N, N] that arises as a natural
model for current reservoirs and Fick’s law. We study the exponential rate of convergence to the stationary
measure, which we prove to be of the order N -2,
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The particle Gibbs sampler is a Markov chain Monte Carlo (MCMC) algorithm to sample from the full
posterior distribution of a state-space model. It does so by executing Gibbs sampling steps on an extended
target distribution defined on the space of the auxiliary variables generated by an interacting particle system.
This paper makes the following contributions to the theoretical study of this algorithm. Firstly, we present
a coupling construction between two particle Gibbs updates from different starting points and we show that
the coupling probability may be made arbitrarily close to one by increasing the number of particles. We
obtain as a direct corollary that the particle Gibbs kernel is uniformly ergodic. Secondly, we show how the
inclusion of an additional Gibbs sampling step that reselects the ancestors of the particle Gibbs’ extended
target distribution, which is a popular approach in practice to improve mixing, does indeed yield a theoreti-
cally more efficient algorithm as measured by the asymptotic variance. Thirdly, we extend particle Gibbs to
work with lower variance resampling schemes. A detailed numerical study is provided to demonstrate the
efficiency of particle Gibbs and the proposed variants.

Keywords: Feynman—Kac formulae; Gibbs sampling; particle filtering; particle Markov chain Monte
Carlo; sequential Monte Carlo
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We analyze the storage capacity of the Hopfield models on classes of random graphs. While such a setup
has been analyzed for the case that the underlying random graph model is an Erdos—Renyi graph, other
architectures, including those investigated in the recent neuroscience literature, have not been studied yet.
We develop a notion of storage capacity that highlights the influence of the graph topology and give results
on the storage capacity for not too irregular random graph models. The class of models investigated includes
the popular power law graphs for some parameter values.

Keywords: associative memory; Hopfield model; powerlaw graphs; random graphs; random matrix;
spectral theory; statistical mechanics
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We propose a new platform of goodness-of-fit tests for copulas, based on empirical copula processes and
nonparametric bootstrap counterparts. The standard Kolmogorov—Smirnov type test for copulas that takes
the supremum of the empirical copula process indexed by orthants is extended by test statistics based on
the empirical copula process indexed by families of L, disjoint boxes, with L, slowly tending to infinity.
Although the underlying empirical process does not converge, the critical values of our new test statistics
can be consistently estimated by nonparametric bootstrap techniques, under simple or composite null as-
sumptions. We implemented a particular example of these tests and our simulations confirm that the power
of the new procedure is oftentimes higher than the power of the standard Kolmogorov—Smirnov or the
Cramér—von Mises tests for copulas.
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