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Marc Hallin’s research activities are covering a broad spectrum of fundamental and applied
statistical topics, including statistical decision, time series, random fields, density estimation,
multivariate analysis, panel data, inequalities, high-dimensional and “big data” problems, quan-
tile regression, spectral analysis, data depth, the asymptotic theory of statistical experiments,
statistical applications of measure transportation, and econometrics.

In all those topics, Marc has been promoting nonparametric and semiparametric approaches.
Two major threads of activities are emerging from a list of more than 220 publications:

(i) rank-based and quantile-oriented inference and

(ii) the analysis of high-dimensional time-series data.

1 Rank-based and quantile-oriented inference.

The main part of Marc’s research activity has been devoted to a decision-theoretical approach
to rank-based and quantile-oriented inference, and extensions thereof. Marc’s interest in ranks
goes back to the mid-eighties. After about half a century of intensive development and the
seminal contribution of Héjek, as summarized in Héjek and Sidak (1967) and systematized in
such monographs as Puri and Sen (1985), rank-based inference in the eighties was considered
an essentially complete theory, and research activity in the area slowed down quite significantly.
The theory at that point, however, was covering a somewhat narrow range of statistical models,

— being essentially limited to the context of general linear models with independent (ex-
changeable) observations (location, scale, regression, ANOVA, etc.),

— restricted to the analysis of univariate observations (except for methods based on compo-
nentwise rankings, which are unsatisfactory on many counts), and

— making limited use of Le Cam’s theory of statistical experiments (essentially, only Le
Cam’s third Lemma was used, mainly in order to compute local powers—a practice that
goes back to Hajek and Siddk 1967); as for the Bickel, Klaassen, Ritov and Wellner (1993)
approach to semiparametric inference, it was not available yet.

Marc quite successfully succeeded in removing most of those restrictions, extending the scope
of rank-based methods into a variety of directions:



— to linear (ARMA) time series models first (the first significant steps in that direction be-
ing [32] and [48]), and, more recently ([108], [203], [213]), to semiparametric versions of the
sophisticated nonlinear dynamic models considered in econometrics—discretely observed
diffusions with jumps, AR-ARCH, AR-LARCH, Cox-Ingersoll-Ross processes, duration

models, etc.,

— to more general concepts of ranks (related to appropriate group invariance or maximal
ancillatity arguments), such as signs and ranks for median- or quantile-restricted models
([139] and [151]), ranks and some adequate indicators (e.g., in the context of Ornstein-
Uhlenbeck processes, see [108], or for unrestrictedly heteroskedastic time series, see [96]),
and

— to multivariate or multiple-output settings (pseudo-Mahalanobis ranks and signs, hyper-
plane-based ranks and signs, and, recently, Monge-Kantorovich (center-outward) quantiles,
ranks, and signs, based on measure transportation ideas: see, for instance [121], [122], [132],
[140], [141], ..., [199], [216], [217], [218], [219], [226], [227], [228]).

by fully exploiting the power of Le Cam’s theory of locally asymptotically normal experiments,
and the related theory of semiparametric inference (Bickel et al. 1993).

1.1 Rank-based methods and time-series analysis

Marc can be credited for a systematic introduction of rank-based methods in time-series analysis.
Thanks to his contributions, rank tests now are available for

— ARMA processes ([48], [49], [102]; with a linear trend [69]), bilinear ([64], [78), [95]) and
random coefficient AR models ([125]), but also fractional differentiation and long-memory
([164)),

— the sophisticated nonlinear time-series models considered in econometrics, such as Ornstein-
Uhlenbeck processes ([108]), AR-ARCH and LARCH, or discretely observed diffusions and
Lévy processes ([203], [213]), where Gaussian quasi-likelihoods are not always quite ade-
quate, while the classical semiparametric tangent space approach may lead to numerically
difficult problems, and, in the multivariate context,

— VARMA ([54], [74], [219], [228]) and elliptical VARMA models, possibly with trend ([122],
[131], [132], [133], [135]), unit roots and cointegration ([169], [197]).

Another concept related with rank-based inference is that of (auto)regression rank scores.
The concept was introduced in a regression context by Gutenbrunner and Jureckova (Annals of
Statistics 1992) from a duality argument applied to Koenker and Bassett’s celebrated regression
quantiles. The most attractive feature of those rank scores lies in the fact that, contrary to classi-
cal “aligned rank statistics” computed from estimated residuals, regression rank score statistics
asymptotically reconstruct the actual corresponding rank-based statistics, even though exact
residuals (hence exact ranks) cannot be computed from the observations due to the presence of
unspecified nuisance parameters. The concept has been extended by Koul and Saleh (1995) to the
time-series context, albeit in the Jaeckel style (mixing residuals and their ranks). In [103], Marc
and Jana Jureckova are constructing locally asymptotically optimal tests based on such autore-
gression rank scores derived for linear constraints on the coefficients of an autoregressive model.
The related estimation procedures are derived in [118]. In [92] and [99], the technique is applied



to the problem of autoregressive order identification, and to the problem of testing independence
between two autoregressive series with unspecified coeflicients. Kolmogorov-Smirnov tests based
on autoregression rank scores are constructed in [116], and a very efficient method for estimat-
ing the innovation sparsity function (the inverse of the density of the unobservable innovation
process at some given quantile) is proposed in [120]. Finally, [144] (joint with Jana Jureckova
and Hira Koul) proposes a class of serial statistics which, contrary to Koul and Saleh’s, is en-
tirely based on (auto)regression rank scores (thus involving multiple integrals over the quantile
ranges of several lagged residuals), and asymptotically equivalent to the corresponding statistic
based on the genuine, non-available residual ranks—something the Jaeckel-type statistics cannot
achieve.

Generalizations of the classical Chernoff-Savage Theorem, stating that rank tests based on
Gaussian scores perform uniformly better than Student tests, are established for a number of
those extensions: see [72] and [105] for univariate time-series problems, [121] and [122] for non-
serial and serial elliptical ones. In time series, for instance, the asymptotic relative efficiencies,
with respect to daily practice correlogram-based (pseudo-Gaussian) methods, of the normal-
score rank-based procedures developed in [69], are shown to be uniformly larger than one. This
should be a strong incentive for bringing ranks into practice in the context.

Marc also has obtained generalizations of the no less famous Hodges and Lehmann “.864”
result. In its original version, this result shows that the lower bound for the asymptotic rel-
ative efficiencies, still with respect to Student tests, of Wilcoxon-type methods for location,
is .864. In a time-series context, with Student replaced by correlogram-based methods, that
bound (see [105]) takes a slightly smaller .856 value. It is interesting to note that, in higher
dimensions (k-dimensional elliptical observations, the Gaussian reference being Hotelling rather
than Student), this Hodges-Lehmann bound, with a maximum value of .916 at dimension k = 2,
is not a monotone function of k; see [121] and [122]. In the same spirit, [184] investigates several
extensions of Hodges and Lehmann’s “6/7 result”.

1.2 Rank-based methods and elliptical multivariate analysis without second-
order moment assumptions

In a series of papers with Davy Paindaveine, Marc also showed how a rank-based approach to
classical multivariate analysis problems is possible in the extended context of elliptical families
(possibly, under infinite variances). They developed distribution-free yet asymptotically optimal
(parametrically or semiparametrically) signed-rank methods (the ranks here are those of elliptical
distances to the center, the signs are cosines between observed directions) for

one-sample location ([121]);

testing white noise against VARMA dependence ([122]), identifying VAR order ([133]),
testing in linear models and linear models with VARMA errors ([135]);

— one- and m-sample shape problems ([140], [141], [143]) problems; homogeneity of shape
and scatter ([149], [154]);

— principal components and common principal components ([161], [179], [187]).

Still in the multivariate context, [191] develops an R-estimation procedure for the mixing matrix
in independent component analysis (without the assumption of symmetric component densities).



Some of these contributions are solving long-standing open problems in multivariate analysis,
such as the correction ([149], [154]; see [157] for a detailed discussion) of Bartlett’s test of
homogeneity of variances (here extended, under possibly infinite variances, to homogeneity of
scatter) under unspecified densities—previous solutions indeed either were destroying the local
power, or were losing the local maximin structure of that celebrated, daily-practice tool. Some
others are introducing new asymptotic concepts, such as that of locally asymptotically curved
experiments (see [161], [179], and [187]).

1.3 Rank-based inference and semiparametric efficiency

Semiparametric models, where the underlying density or innovation density plays the role of a
nuisance parameter) indeed are the general context where rank-based methods naturally come
into the picture. A far-reaching result is obtained in [124], where it is shown that conditioning
central sequences with respect to the maximal invariants (ranks, for instance) of appropriate
generating groups yields the same results as the more traditional tangent space projections,
hence leads to semiparametrically efficient inference.

That result provides a fundamental and very strong justification for considering rank-based
inference, by showing that ranks (or more general invariants) actually retain all the information
related with the parameter under study, while everything else (typically, an order statistic) only
carries information about the nuisance (the underlying unspecified density). Ranks are thus,
in a sense, implicitly rather than explicitly, performing the tangent space projections, without
requiring the case-by-case derivation of least favorable directions, the explicit computation of
the tangents, nor any kernel-estimation of the actual densities; they also avoid unpleasant ad
hoc procedures such as sample splitting. As a corollary, ranks can reach parametric efficiency in
a given model if and only if that model is adaptive in the semiparametric sense. And, of course,
ranks also bring along the many advantages related to distribution-freeness: exact distributions,
unbiasedness, increased robustness, ...

The above result applies to a variety of models: location, scale, regression, ANOVA, of
course, but also ARMA, bilinear models (in the vicinity of the linear ones), random coefficient
autoregressive models (in the vicinity of the nonrandom ones), ARCH and GARCH models, ...
and, in the multivariate context, to their elliptical counterparts—including the problems listed
in Section 1.2. It is also a strong argument for reviving R-estimation (see Section 1.4).

1.4 R-estimation

R-estimation is another classical topic in rank-based inference. Unlike testing, however, and
despite a long history R-estimation, with the exception of linear regression, never really made
its way to applications, and a widespread idea is that “ranks are fine for testing but not for
estimation”.

The reason for this is twofold. Practical reasons first: in contrast with rank-based test
statistics, R-estimators do not come under explicit closed forms, but as solutions of optimiza-
tion procedures involving piecewise constant and nonconvex objective functions; the larger the
dimension of the parameter, the trickier the computation of such estimators. Next, the asymp-
totic variances of R-estimators, which are needed for computing asymptotic confidence regions,
typically depend on unknown cross-information quantities of the form (in the particular case of
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where F' is the distribution function associated with the reference density f used to build the
scores, but G and g are the actual unspecified distribution function and density. Such inte-
grals are not easily estimated. For instance, in the Wilcoxon case, for one-sample location,
one has to estimate [ g%(2)dz, where g is the unspecified density of the observations. Unless R-
estimators can be computed via some well-behaved alternative minimization (this is the case, for
regression—but for regression only, of Jaeckel’s approach), R-estimation thus remains a theoret-
ically attractive but practically infeasible method. This is particularly regrettable in view of the
strong connexion established in Section 2.3, between rank-based methods and semiparametric
efficiency.

Inspired by Le Cam’s one-step technique, Marc proposes a one-step R-estimator based on
the same rank-based central sequence as the semiparametrically efficient rank tests described
in Section 2.3. The problem with this one-step R-estimator is that it explicitly depends on
the same unknown cross-information quantity Z(f, g) as above. In [141] and [162], Marc shows
how an ingenious one-dimensional local likelihood maximization argument, exploiting the LAN
structure of the experiment under study, provides a consistent estimation of that quantity. Under
this one-step form, R-estimators in principle can be constructed and computed for the broad
range of models considered in [124].

The method has been successfully applied to the estimation of shape matrices in elliptical
families ([141]), that of regression coefficients in linear models with stable errors ([178]; unlike
the much-studied OLS estimator, this one is root-n consistent), the estimation of principal
component and common principal components ([187]; the only available estimators of common
principal components retaining consistency in the absence of Gaussian assumptions), and the
estimation of mixing matrices in independent component analysis ([191]). In all those problems,
the dimension of the parameter to be estimated is relatively large, and a method involving a
one-dimensional optimization step only is quite welcome. The asymptotic performances of those
estimators are particularly good when based on data-driven reference densities, such as skew-t
ones with estimated skewness and degrees of freedom accounting for the skewness and kurtosis
of the actual unspecified density (which does not have to be skew-t). In [203] and [213], the
method is used in sophisticated dynamic models from econometrics—non-Gaussian discretely
observed Ornstein-Uhlenbeck processes, discretely observed diffusions with jumps, AR-ARCH,
AR-LARCH, Cox-Ingersoll-Ross processes, duration models, etc.—for which Gaussian quasi-
likelihood methods typically lead to poor and non-robust results or difficult implementations.

Another important application is in regression models with infinite-variance a-stable errors
(see [178]). Although those models are nicely LAN, with root-n contiguity rates, classical estima-
tors fail miserably. Much efforts have been made, in the literature on extremes, to renormalize
them in some appropriate fashion; but the result is not even rate-optimal! Starting from a LAD
preliminary, [178] proposes R-estimators based on stable scores that remain root-n consistent
under the whole family of stable distributions, irrespective of their asymmetry and tail index.
With the LAD estimator, those R-estimators are the only rate-optimal ones available in the
literature.

1.5 Depth- and quantile-based inference

In a pathbreaking Annals of Statistics paper with discussion ([158], [159]) Marc (with Davy
Paindaveine and Miroslav Siman) establishes an unexpected link between the concept of halfs-
pace depth introduced by Tukey, and a directional version of Koenker and Bassett’s celebrated
concept of quantile regression. That connection brings to halfspace depth the benefits, inherited



from the Lq nature of quantiles, of such results as a Bahadur representation and the asymptotic
normality of depth hyperplane coefficients, as well as those of linear programming computation.
The same approach also can be adopted in multiple-output regression, where it produces nested
depth regression tubes (see [189]) with an interpretation of multiple-output quantile regression
surfaces. The concept is particularly attractive in the construction of multivariate growth charts
(see [170] for applications) and multivariate outlier detection. Indeed, medical doctors typically
consult single-output growth charts which only can diagnose marginal outliers, while a nowhere
marginally outlying observation clearly can be a multivariate outlier.

A more direct approach to a multiple-output generalization of Koenker and Bassett’s concept
is taken in [198], where ellipsoids, rather than hyperplanes, are characterized via the minimiza-
tion of the expected check function, leading to elliptical linear regression quantiles. The delicate
issue there consists in showing that the resulting minimization can be turned into a convex
optimization problem.

In a somewhat different direction, [188] is introducing a new type of quantile-related perio-
dogram where the traditional least squares regression of the observations X; on sines and cosines
is replaced with quantile regression in the Koenker and Bassett spirit, yielding a distinct cross-
periodogram for every couple (71, 72) of quantile orders. This leads to a rank-based periodogram
kernel with interesting properties and suggests the definition of a population copula-based cross-
spectral density kernel. Contrary to traditional spectral densities, copula-based spectra do
not require any moment conditions to exist, and are able to account for any features of the
bivariate joint distributions of the couples (X, Xy ), k¥ € Z. Rank-based periodograms and
copula-based cross-spectral densities are invariant under continuous order-preserving marginal
transformations of the series under study, so that the approach very neatly separates the marginal
and serial features of the underlying process.

Consistency and asymptotic normality results are obtained in [188] for a smoothed version
of those rank-based periodograms, but only pointwise with respect to 7 € [0,1]. A closely
related rank-based periodogram kernel, consistently estimating, after due smoothing, the same
copula-based cross-spectral densities, is studied in [195], where uniform asymptotics are carefully
established. The main difficulty there lies in the fact that the ranks involved are not computed
from exchangeable observations. In [204] and [206], locally stationary versions of the same
spectral concepts, requiring the definition of a new concept of local stationarity, are introduced.

1.6 A measure-transportation approach to multivariate distribution and quan-
tile functions, ranks and signs

More recently, Marc ([199], with V. Chernozhukov, A. Galichon, and M. Henry and [216] with
E. del Barrio, J. Cuesta-Albertos, and C. Matrén) proposed a new concept of statistical depth,
based on Monge-Kantorovitch measure transportation ideas. In [216] and [217], this approach
is developed, from a statistical decision theory point of view, into a general theory of center-
outward distribution and quantile functions, the empirical versions of which yield multivariate
concepts of ranks and signs.

This new concept relies on a monotone (in the sense of gradients of convex functions) proba-
bility integral transformation to the uniform distribution over the unit ball. That transformation
is entirely canonical, and, contrary to halfspace depth contours (which are always convex), its
contours account for the “shape” of the underlying distribution—yielding banana- and pear-
shaped contours for banana- and pear-shaped distributions, respectively. In the particular case
of univariate or spherical/elliptical distributions, that concept produces ranks and signs that co-



incide with the usual and well-accepted ones, paving the way to a general theory of rank-based
inference in multivariate analysis.

Those ranks and signs, unlike the many other concepts (componentwise ranks, spatial ranks,
Mahalanobis ranks, ... ) that can be found in the literature, enjoy all the fundamental structural
properties! that make traditional ranks a fundamental concept in statistical decision theory
and a successful inferential tool. Empirical and population center-outward distribution func-
tions moreover are related by a Glivenko-Cantelli property—the quintessential property of their
traditional univariate counterparts. Similarly, the center-outward quantile functions, in sharp
contrast with all other concepts developed so far, produce quantile contours and regions with
preassigned probability contents that do not depend on the actual underlying distribution.

Although still unpublished, the online version of [216] (in press for the Annals of Statistics)
immediately attracted the attention of the nonparametric community. Cited in Panaretos and
Zemel (2019, Annual Review of Statistics and its Application 6), it has triggered, among others,
Faugeras and Riischendorf (2017, Mathematica Applicanda 45 and 2019, TSE Working Paper
19-1039), and de Valk and Segers (2018, arxiv.org/pdf/1811.12061). Applications to the long-
standing open problem of constructing distribution-free tests for the hypothesis of independence
between vectors with unspecified densities have been proposed by Deb and Sen (2019, arXiv:
1909.08733), Shi, Drton, and Han (2019, JASA, to appear), Ghosal and Sen (2019, arxiv.org/
pdf/1905.05340), and Shi, Hallin, Drton, and Han (2020, arXiv:2007.02186). Optimal center-
outward rank tests and/or R-estimators have been derived by Marc and his coauthors in [227]
for multiple-output regression and MANOVA, and in [219] and [228] for VARMA models, while
center-outward quantile-based methods for the measurement of multivariate risk are proposed
in [218].

2 Nonparametric analysis of high-dimensional time-series data

Another important domain of of Marc’s research activity in nonparametric statistics is the
analysis of high-dimensional time series. Such time series appear in a huge variety of applications,
but Marc’s contributions were motivated, mainly, by his collaboration with econometricians,
both in macroeconometrics (M. Forni, M. Lippi, L. Reichlin, P. Zaffaroni) and in finance (M.
Barigozzi, D. Veredas, S. Soccorsi, C. Trucios). Datasets in those areas typically come under
the form of very large panels of interrelated time series; “large” here means several hundreds
to one thousand. A parametric approach in dimension n, even for the simples VAR(1) model,
requires n(3n + 1)/2 parameters, that is, for n = 1,000, a hopeless parameter space of dimen-
sion 1,500,500 ... A nonparametric approach is thus the only reasonable attitude.

Inspired by Brillinger’s concept of dynamic principal components, [109] (more than 1,900
Google Scholar citations) introduces a generalized factor model (GDFM) method by which
the spectral density matrix of the n-dimensional process under study is decomposed into two
components: the “common component”, of low rank and with exploding (as n — co0) dynamic
eigenvalues?, and the “idiosyncratic component”, with uniformly bounded dynamic eigenvalues.
The intuitive interpretation is that the “common component” is driven by a small number of
shocks (the “market shocks”) that are hitting almost all time series in the panel and cause

LAll those properties originate in the fact that the sigma-field of the observations factorizes into the product
of the sub-sigma-field of (residual) ranks and signs and the sub-sigma-field of the (residual) order statistic. The
latter is sufficient and complete for the nuisance (the unspecified density of the noise driving the model); the
former is essentially maximal ancillary (as shown in [216]); by Basu’s theorem, they are mutually independent.

2Those dynamic eigenvalues are those of spectral density matrices; they are functions of the frequency.



exploding eigenvalues, whereas the “idiosyncratic” shocks only affect a small number of series,
yielding mild cross-correlations hence bounded dynamic eigenvalues.

That approach is essentially model-free (on this particular point, see [183]); apart from
second-order stationarity, the existence of spectral densities, and the presence of a finite (but un-
specified) number of diverging spectral eigenvalues, no constraints are put on the data-generating
process, and the GDFM decomposition follows as a canonical representation result. This is in
sharp contrast with other factor model decompositions considered in the literature, where the
covariance matrix I'g is assumed to decompose into the sum of a low-rank matrix plus a sparse
one—an assumption which is static (it does not take into account the serial dependence features
of the data), and does not even resist affine transformations.

That GDFM method (the first paper [109] describing the approach attracted more than 2,000
Google Scholar citations) had a significant impact in the econometric community.

In a series of papers joint with Marco Forni, Mario Lippi, and Lucrezia Reichlin, a consistent
estimation procedure is constructed ([109]), consistency rates are studied ([128]), and a forecast-
ing strategy is proposed ([136]); [114], [117] and [127] establish the applicability of the method on
real macroeconometric data. The problem of determining the number of independent common
shocks underlying the data is treated by Marc and Roman Liska [146], based on information
criterion techniques; some financial applications are considered in [163], [167], and [229].

Up to that point, the methods, based on Brillinger’s theory, which involves two-sided filters,
had relatively poor performances at the end of the observation period, hence was of little help in
forecasting problems. That problem found an elegant solution in [193] and [205] which, building
on recent results for reduced-rank stochastic processes, proposes and studies a strictly one-sided
alternative to the original Forni-Hallin-Lippi-Reichlin (2000) method.

In his ongoing research, Marc (in collaboration with Matteo Barigozzi) is developing general
dynamic factor model methods for a nonparametric study of volatilities in high dimension ([196],
[201], [202], [208], [212], [220]). The locally stationary case is considered in [215]. Extensions
to time series of functional data have been obtained ([223]) with, as a first step, a functional
extension of Brillinger’s theory of dynamic principal components ([192], in collaboration with
Siegfried Hormann).

Dynamic factor models with large cross-sectional dimension are attracting increasing atten-
tion in finance and macroeconometric applications. In finance, they are at the heart of the
extensions proposed by Chamberlain, Rothschild, and Ingersol of the classical arbitrage pric-
ing theory. In macroeconomics, they are used to identify economy-wide and global shocks, to
construct coincident indexes, and to forecast individual macroeconomic quantities by taking
advantage of the information scattered in a huge number of related series.

The Forni-Hallin-Lippi-Reichlin dynamic factor methods are currently implemented by a
number of economic and financial institutions, including several central banks and national
statistical offices, who are using it in their current analysis of the business cycle (among them,
the European Central Bank, the Federal Reserve, the National Bank of Switzerland, the Banca
d’Italia, ... ). A real-time coincident indicator of the EURO area business cycle (EuroCOIN),
based the same method, is published monthly by the London-based Center for Economic Policy
Research and the Banca d’Italia: see http://www.cepr.org/data/EuroCOIN/ Also based on that
method, a similar monthly index is established for the US economy by the Federal Reserve of
Chicago.
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Belgian Meeting of Statisticians, Rouen, November 1982, J.-P. Florens, M. Mouchart, J.-P. Raoult,
and L. Simar, Eds., FUSL, Bruxelles, 29-43 (coauthor: J.-Fr. Ingenbleek).

Modeles non stationnaires-Séries univariées et multivariées. In Analyse des Séries Chronologiques :
Spécification, Estimation et Validation de Modéles Stochastiques, J.-J. Droesbeke, B. Fichet, and
Ph. Tassi, Eds., Publications de I’'A.S.U., Paris, 117-153.

Second Edition, Economica, Paris, 1988.

10



30.

1985

31.

32.

33.

34.

1986
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36.

37.

38.

39.

40.

41.

42.
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1987

44.

Linear serial rank tests for randomness against ARMA alternatives. Proceedings of the Business
and Economic Statistics Section of the American Statistical Association, 500-502 (coauthors: J.-
Fr. Ingenbleek and M.L. Puri).

Tests de rangs linéaires pour une hypothese de bruit blanc. Comptes Rendus de I’Académie des
Sciences de Paris t.301, Série I, 49-52 (coauthors: J.-Fr. Ingenbleek and M.L. Puri).

Linear serial rank tests for randomness against ARMA alternatives. Annals of Statistics 13, 1156-
1181 (coauthors: J.-Fr. Ingenbleek and M.L. Puri).

From premium calculation to premium rating. Proceedings of the Four Countries ASTIN Sympo-
sium, Akersloot, September 1984, ASTIN-Groep Nederland, Rotterdam, 27-45.

Tests de rangs quadratiques pour une hypotheése de bruit blanc. Comptes Rendus de I’Académie
des Sciences de Paris t.301, Série I, 935-938 (coauthors: J.-Fr. Ingenbleek and M.L. Puri).

Nonstationary ¢-dependent processes and time-varying moving average models : invertibility prop-
erties and the forecasting problem. Advances in Applied Probability 18, 170-210.

Performances asymptotiques des modeles MA dans la prévision des processus g-dépendants. In
Asymptotic Theory for non i.i.d. Processes, Proceedings of the 5th Franco-Belgian Meeting of
Statisticians, Marseille, November 1985, J.-P. Florens Ed., FUSL, Bruxelles, 77-92.

Les tests de rangs dans I'analyse des séries chronologiques. Comptes Rendus du Colloque Approches
non paramétriques en Analyse chronologique, Institut des Hautes Ftudes de Belgique, Bruxelles,
Septembre 1985, Cahiers du Centre d’Etudes de Recherche Opérationnelle 28, 41-55 (coauthors:
J.-Fr. Ingenbleek and M.L. Puri).

Tests de rangs pour une contre-hypothese de dépendance ARMA multivariée contigué. Comptes
Rendus du Collogue Approches non paramétriques en Analyse chronologique, Institut des Hautes
Etudes de Belgique, Bruzelles, Septembre 1985, Cahiers du Centre d’Etudes de Recherche Opéra-
tionnelle 28, 69-77 (coauthor: J.-Fr. Ingenbleek).

Les statistiques de rangs dans 'identification des modeles de séries chronologiques. Comptes Rendus
du Collogue Approches non paramétriques en Analyse chronologique, Institut des Hautes Ftudes de
Belgique, Bruxelles, Septembre 1985, Cahiers du Centre d’Etudes de Recherche Opérationnelle 28,
117-129 (coauthor: G. Mélard and X. Milhaud).

La Recherche Opérationnelle par I’Exemple I: Programmation Linéaire. Collection Ellipses, Edi-
tions Marketing, Paris, 192 pp. (coauthors: J.-J. Droesbeke and Cl. Lefevre).

Locally asymptotically optimal tests for randommness. In New Perspectives in Theoretical and
Applied Statistics, M.L. Puri, J.-P. Vilaplana, and W. Wertz Eds., J. Wiley, New York, 87-95
(coauthor: M.L. Puri).

Tests de rangs localement optimaux pour une hypothese de bruit blanc multivarié. Comptes Rendus
de I’Académie des Sciences de Paris t.303, Série 1, 901-904. (coauthors: J.-Fr. Ingenbleek and
M.L. Puri).

On fractional linear bounds for probability generating functions. Journal of Applied Probability 23,
904-913 (coauthors: Cl. Lefevre and P.K. Narayan).

Linear and quadratic serial rank tests for randomness against serial dependence. Journal of Time
Series Analysis 8, 409-424 (coauthors: J.-Fr. Ingenbleek and M.L. Puri).
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52.

53.

1989

54.

55.

1990

56.
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1991

58.

59.

60.

La Recherche Opérationnelle par I’Exemple II: Théorie des graphes. Collection Ellipses, Editions
Marketing, Paris (coauthors: J.-J. Droesbeke and Cl. Lefevre).

Fractions continuées matricielles et matrices-bandes définies positives infinies. In Statistique et
Calcul Scientifiqgue, Proceedings of the Seventh Franco-Belgian Meeting of Statisticians, Rouen,
November 1986, J.-P. Florens and J.-P. Raoult Eds., Cahiers du Centre d’Etudes de Recherche
Opérationnelle 32, 37-54.

Tests non paramétriques optimaux pour une autorégression d’ordre un. Annales d’Economie et de
Statistique 6-7, 411-434 (coauthor: J.-M. Dufour).

Optimal rank-based procedures for time series analysis: testing an ARMA model against other
ARMA models. Annals of Statistics 16, 402-432 (coauthor: M.L. Puri).

Rank-based tests for randomness against first-order serial dependence. Journal of the American
Statistical Association 83, 1117-1129 (coauthor: G. Mélard).

On time-reversibility and the uniqueness of moving average representations for non-Gaussian sta-
tionary time series. Biometrika 75, 170-171 (coauthors: Cl. Lefevre and M.L. Puri).

On locally asymptotically maximin tests for ARMA processes. In Statistical Theory and Data
Analysis 11, Proceedings of the second Pacific Area Statistical Conference, K. Matusita Ed., North-
Holland, Amsterdam and New York, 495-500 (coauthor: M.L. Puri).

Locally asymptotically optimal rank-based procedures for testing autoregressive-moving average
dependence. Proceedings of the National Academy of Sciences of the USA 85, 2031-2035 (coauthor:
M.L. Puri).

Tests de rangs signés localement optimaux pour une hypothese de dépendance ARMA. Comptes
Rendus de I’Académie des Sciences de Paris t.307, Série I, 355-358 (coauthor: M.L. Puri).

Asymptotically most powerful rank tests for multivariate randomness against serial dependence.
Journal of Multivariate Analysis 30, 34-71 (coauthors: J.-Fr. Ingenbleek and M.L. Puri).

Discussion of “Leave k-out diagnostics for time series” by A.G. Bruce and R.D. Martin. Journal
of the Royal Statistical Society Series B 51, 411-412 (coauthor: G. Mélard).

Distribution-free tests against serial dependence: signed or unsigned ranks? Journal of Statistical
Planning and Inference 24, 151-165 (coauthors: A. Laforet and G. Mélard).

An exponential bound for the permutational distribution of a first-order autocorrelation coefficient.
Statistique et Analyse des Données 15, 45-56 (coauthor: J.-M. Dufour).

Nonuniform bounds for nonparametric t-tests. Econometric Theory 7, 253-263 (coauthor: J.-
M. Dufour).

Time series analysis via rank-order theory; signed-rank tests for ARMA models. Journal of Mul-
tivariate Analysis 39, 1-29 (coauthor: M.L. Puri).

Rank tests for time-series analysis: a bibliographical survey. Osterreichische Zeitschrift fiir Statistik
und Informatik 21, 169-176.
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65.

66.

1993

67.

68.

1994

69.

70.

71.

72.

73.

1995

74.

75.

76.

Simple exact bounds for distributions of linear signed rank statistics. Journal of Statistical Planning
and Inference 31, 311-333 (coauthor: J.-M. Dufour).

Improved Berry-Esséen-Chebyshev bounds with statistical applications. Econometric Theory 8,
223-240 (coauthor: J.-M. Dufour).

Permutational extreme values of autocorrelation coefficients and a Pitman test against serial de-
pendence. Annals of Statistics 20, 523-534 (coauthors: G. Mélard and X. Milhaud).

Optimal rank-based tests against first-order superdiagonal bilinear dependence. Journal of Statis-
tical Planning and Inference 32, 45-61 (coauthor: Y. Benghabrit).

Some asymptotic results for a broad class of nonparametric statistics. Journal of Statistical Plan-
ning and Inference 32, 165-196 (coauthor: M.L. Puri).

Rank tests for time-series analysis: a survey. In New Directions in Time Series Analysis, D.
Brillinger, E. Parzen, and M. Rosenblatt Eds, Springer-Verlag, New York, 111-154 (coauthor:
M.L. Puri).

A Chernoff-Savage result for serial signed rank statistics. In Developments in Time Series Analysis,
Volume in Honour of Maurice Priestley, T. Subba Rao Ed., Chapman and Hall, London, 241-253
(coauthor: J. Allal).

Improved Eaton bounds for linear combinations of bounded random variables, with statistical appli-
cations. Journal of the American Statistical Association 88, 1026-1033 (coauthor: J.-M. Dufour).

Aligned rank tests for linear models with autocorrelated errors. Journal of Multivariate Analy-
sis 50, 175-237 (coauthor: M.L. Puri).

On the invertibility of periodic moving-average models. Journal of Time Series Analysis 15, 263-
268 (coauthor: M. Bentarzi).

Les séquences généralisées, outil pour I’analyse des séries hétéroscédastiques? Conférence prononcée
a l'occasion de la remise du Prix du Statisticien d’Expression frangaise, Journal de la Société de
Statistique de Paris 135, 1-13.

On the Pitman nonadmissibility of correlogram-based time series methods. Journal of Time Series
Analysis 16, 607-612.

Asymptotic influence of initial values on parametric and rank-based measures of residual autocor-
relation. Proceedings of the Colloque de Mathématiques appliquées, Oujda, April 1993. Journal
de Mathématiques du Maroc 2, 100-109.

A multivariate Wald-Wolfowitz rank test against serial dependence. Canadian Journal of Statis-
tics 23, 55-65 (coauthor: M.L. Puri).

Local asymptotic normality of multivariate ARMA processes with a linear trend. Annals of the
Institute of Statistical Mathematics 47, 551-579 (coauthor: B. Garel).

Comportement asymptotique de la moyenne et de la variance d’une statistique de rangs sérielle
simple. In Hommage a Simone Huyberechts, Cahiers du Centre d’Etudes de Recherche Opération-
nelle 36, 189-201 (coauthor: Kh. Rifi).
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79.

80.

81.

82.

83.

84.

85.

86.

87.

38.

89.

1997

90.

91.

92.

Kernel density estimation for linear processes: asymptotic normality and bandwidth selection.
Annals of the Institute of Statistical Mathematics 48, 429-449 (coauthor: L.T. Tran).

Rank-based tests for autoregressive against bilinear serial dependence. Journal of Nonparametric
Statistics 6, 253-272 (coauthor: Y. Benghabrit).

The asymptotic behavior of the characteristic function of simple serial rank statistics. Mathematical
Methods of Statistics 5, 199-213 (coauthor: Kh. Rifi).

Locally asymptotically optimal tests for autoregressive against bilinear serial dependence. Statistica
Sinica 6, 147-170 (coauthor: Y. Benghabrit).

Locally optimal tests against periodic autoregression: parametric and nonparametric approaches.
Econometric Theory 12, 88-112 (coauthor: M. Bentarzi).

Kernel density estimation on random fields: the L; theory. Journal of Nonparametric Statistics 6,
157-170 (coauthors: M. Carbon and L.T. Tran).

Tests sans biais, tests de permutation, tests invariants, tests de rangs. In J.-J. Droesbeke and
J. Fine, Eds, Inférence non paramétrique fondée sur les Rangs, Editions de 'Université de Bruxelles
et Ellipses, Paris, 101-128.

Eléments de la théorie asymptotique des expériences statistiques. In J.-J. Droesbeke and J. Fine,
Eds, Inférence non paramétrique fondée sur les Rangs, Editions de I’Université de Bruxelles et
Ellipses, Paris, 129-166.

Statistiques de rangs linéaires: normalité asymptotique et théoremes de projection de Hajek. In
J.-J. Droesbeke and J. Fine, Eds, Inférence non paramétrique fondée sur les Rangs, Editions de
I'Université de Bruxelles et Ellipses, Paris, 167-204 (coauthor: Ph. Barbe).

Tests de rangs et tests de rangs signés pour le modeéle linéaire général et les modeles autorégressifs.
In J.-J. Droesbeke and J. Fine, Eds, Inférence non paramétrique fondée sur les Rangs, Editions de
I’Université de Bruxelles et Ellipses, Paris, 205-254.

Order selection, stochastic complexity and Kullback-Leibler information. In P. Robinson and M.
Rosenblatt, Eds, E.J. Hannan Memorial Volume, Springer Lecture Notes in Statistics, 291-299
(coauthor: A. El Matouat).

A simple proof of asymptotic normality for simple serial rank statistics. In E. Brunner and
M. Denker, Eds., Research Developments in Probability and Statistics, Festschrift in Honor of
Madan L. Puri on the occasion of his 65th birthday, VSP, Utrecht, the Netherlands, 163-191 (coau-
thor: C. Vermandele).

Is 131,000 a large sample size? A numerical study of Edgeworth expansions. In E. Brunner
and M. Denker, Eds., Research Developments in Probability and Statistics, Festschrift in Honor
of Madan L. Puri on the occasion of his 65th birthday, VSP, Utrecht, the Netherlands, 141-161
(coauthor: M. Seoh).

When does Edgeworth beat Berry and Esséen? Journal of Statistical Planning and Inference 63, 19-
38 (coauthor: M. Seoh).

Unimodality and the asymptotics of M-estimators. In L; Statistical Procedures and Related Topics,
I.M.S. Lecture Notes-Monograph Series 31, 47-56 (coauthor: I. Mizera).

Nonparametric AR order identification with application to climatic data. Environmetrics 8, 651-
660 (coauthors: J. Jureckovd, J. Kalvové, J. Picek, and T. Zahaf).
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98.
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99.

100.

101.

102.
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104.

2000

105.

106.

107.

108.

A Berry-Esséen theorem for simple serial rank statistics. Annals of the Institute of Statistical
Mathematics 40, 777-799 (coauthor: Kh. Rifi).

Spectral factorization of periodically correlated MA (1) processes. Journal of Applied Probability 35,
48-54 (coauthor: M. Bentarzi).

Locally asymptotically optimal tests for AR(p) against diagonal bilinear dependence. Journal of
Statistical Planning and Inference 68, 47-63 (coauthor: Y. Benghabrit).

Generalized run tests for heteroscedastic time series. Journal of Nonparametric Statistics 9, 39-86
(coauthors: J.-M. Dufour and I. Mizera).

Characterization of error distributions in time series regression models. Statistics and Probability

Letters 38, 335-345 (coauthors: J. Jureckova and X. Milhaud).

Optimal testing for semiparametric autoregressive models: from Gaussian Lagrange multipliers to
regression rank scores and adaptive tests. In S. Ghosh, Ed., Asymptotics, Nonparametrics, and
Time Series. M. Dekker, New York, 295-358 (coauthor: B. Werker).

In Nazaré Mendes Lopes and Esmeralda Gongalves, Eds, On Nonparametric and Semiparametric
Statistics, Centro Internacional de Mathematica, Coimbra, 1-63.

Nonparametric tests of independence between two autoregressive series based on autoregression
rank scores. Journal of Statistical Planning and Inference 75, 319-330 (coauthors: J. Jureckové,
J. Picek, and T. Zahaf).

L;-estimation in linear models with heterogeneous white noise. Statistics and Probability Letters 45,
305-315 (coauthor: F. El Bantli).

Adaptive estimation of the lag of a long-memory process. Statistical Inference for Stochastic Pro-
cesses 1, 111-129 (coauthor: A. Serroukh).

Rank-based AR order identification. Journal of the American Statistical Association 94, 1357-1371
(coauthor: B. Garel).

Optimal tests for autoregressive models based on autoregression rank scores. Annals of Statis-
tics 27, 1385-1414 (coauthor: J. Jureckova).

Local asymptotic normality for regression models with long-memory disturbance, with statistical
applications. Annals of Statistics 27, 2054-2080 (coauthors: M. Taniguchi, A. Serroukh, and
K. Choy).

The efficiency of some nonparametric competitors to correlogram-based methods. In F.T. Bruss
and L. Le Cam, Eds, Game Theory, Optimal Stopping, Probability, and Statistics, Papers in honor
of T.S. Ferguson on the occasion of his 70th birthday, I.M.S. Lecture Notes-Monograph Series,
249-262 (coauthor: O. Tribel).

Kendall’s tau for serial dependence. The Canadian Journal of Statistics 28, 587-604 (coauthors:
T.S. Ferguson and Chr. Genest).

Rank-based partial correlograms are not asymptotically distribution-free. Statistics and Probability
Letters 47, 219-227 (coauthor: B. Garel).

Optimal inference for discretely observed semiparametric Ornstein-Uhlenbeck processes. Journal
of Statistical Planning and Inference 91, 323-340 (coauthors: Chr. Koell and B. Werker).
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125.

The generalized dynamic factor model: identification and estimation. The Review of Economics
and Statistics 82, 540-554 (coauthors: M. Forni, M. Lippi, and L. Reichlin).

Projection de Héajek et polynomes de Bernstein. The Canadian Journal of Statistics 29, 141-154
(coauthors: A. Mellouk and Kh. Rifi).

Sample heterogeneity and the asymptotics of M-estimators. Journal of Statistical Planning and
Inference 93, 139-160 (coauthor: I. Mizera).

Asymptotic behavior of M-estimators in AR(p) models under nonstandard conditions. The Cana-
dian Journal of Statistics 29, 155-168 (coauthor: F. El Bantli).

Rank tests. In J. Zidek, Editor, Statistical Theory and Methods, Encyclopedia of Environmetrics
Volume 3, J. Wiley, New York, 1690-1706.

Coincident and leading indicators for the Euro area. The Economic Journal 111, 62-85 (coauthors:
M. Forni, M. Lippi, and L. Reichlin).

Density estimation for spatial linear processes. Bernoulli 7, 657-668 (coauthors: Z. Lu and
L.T. Tran).

Kolmogorov-Smirnov tests for AR models based on autoregression rank scores. In I.V. Basawa, C.C.
Heyde, and R.L. Taylor, Eds, Selected Proceedings of the Symposium on Inference for Stochastic
Processes, I.M.S. Lecture Notes-Monograph Series 37, 111-124 (coauthor: F. El Bantli).

A real-time coincident indicator of the euro area business cycle. CEPR Discussion Paper 3108
(2001), London: Center for Economic Policy Research (coauthors: F. Altissimo, A. Bassanetti, R.
Cristadoro, M. Forni, M. Lippi, and L. Reichlin).

Estimation in autoregressive models based on autoregression rank scores. Journal of Nonparametric
Statistics 13, 667-697 (coauthor: F. El Bantli).

Chernoff-Savage theorems, contiguity, differentiability in quadratic mean, Hoeffding’s U statistics,
Lebesgue decomposition, Le Cam’s first lemma, Le Cam’s third lemma, local asymptotic mixed
normality, local asymptotic normality, op and Op notation, rank autocorrelation coefficients, serial
rank statistics, U-statistics. In A Dictionary of Statistical Terms (sixth edition), Longman, Harlow,
U.K.

Estimation of the innovation quantile density function of an AR(p) process, based on autoregression
quantiles. Bernoulli 8, 255-274 (coauthor: F. El Bantli).

Optimal tests for multivariate location based on interdirections and pseudo-Mahalanobis ranks.
Annals of Statistics 30, 1103-1133 (coauthor: D. Paindaveine).

Optimal procedures based on interdirections and pseudo-Mahalanobis ranks for testing multivariate
elliptic white noise against ARMA dependence. Bernoulli 8, 787-815 (coauthor: D. Paindaveine).

Multivariate signed ranks : Randles’ interdirections or Tyler’s angles? In Statistical Data Analysis
Based on the L1 Norm and Related Procedures, Y. Dodge, Ed., Birkhauser, 271-282 (coauthor:
D. Paindaveine).

Semiparametric efficiency, distribution-freeness, and invariance. Bernoulli 9, 137-165 (coauthor:
B. Werker).

Efficient detection of random coefficients in AR(p) models. Annals of Statistics 31, 675-704 (coau-
thor: A. Akharif).
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135.
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2006

138.

139.

140.
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143.

Affine-invariant linear hypotheses for the multivariate general linear model with ARMA error
terms. In S. Froda, Chr. Léger, and M. Moore, Editors: Mathematical Statistics and Applications,
Festschrift for Constance van Eeden, I.M.S. Lecture Notes-Monograph Series, 417-434 (coauthor:
D. Paindaveine).

Do financial variables help forecasting inflation and real activity in the Euro area? Journal of
Monetary Economics 50, 1243-1255 (coauthors: M. Forni, M. Lippi, and L. Reichlin).

The generalized dynamic factor model : consistency and rates. Journal of Econometrics 119,
231-255 (coauthors: M. Forni, M. Lippi, and L. Reichlin).

Kernel density estimation for spatial processes : the Ly theory. Journal of Multivariate Analysis
88, 61-75 (coauthors: Z. Lu and L.T. Tran).

Local linear spatial regression. Annals of Statistics 32, 2469-2500 (coauthors: Z. Lu and L.T.
Tran).

Optimal detection of periodicities in vector autoregressive models. In P. Duchesne and B. Rémillard,
Eds, Statistical Modeling and Analysis for Complex Data Problems, Springer, 281-307 (coauthor:
S. Lotfi).

Rank-based optimal tests of the adequacy of an elliptic VARMA model. Annals of Statistics 32,
2642-2678 (coauthor: D. Paindaveine).

Multivariate signed rank tests in vector autoregressive order identification. Statistical Science 19,
697-711 (coauthor: D. Paindaveine).

Testing non-correlation between two multivariate ARMA time series. Journal of Time Series
Analysis 26, 83-105 (coauthor: A. Saidi).

Affine-invariant aligned rank tests for the multivariate general linear model with ARMA errors.
Journal of Multivariate Analysis 93, 122-163 (coauthor: D. Paindaveine).

The generalized dynamic factor model: one-sided estimation and forecasting. Journal of the Amer-
ican Statistical Association 100, 830-840 (coauthors: M. Forni, M. Lippi, and L. Reichlin).

Asymptotic linearity of serial and nonserial multivariate signed rank statistics. Journal of Statistical
Planning and Inference 136, 1-32 (coauthor: D. Paindaveine).

Distribution-free bounds for serial correlation coefficients in heteroskedastic symmetric time series.
Journal of Econometrics 130, 123-142 (coauthors: A. Farhat and J.-M. Dufour).

Linear serial and nonserial sign-and-rank statistics: asymptotic representation and asymptotic
normality. Annals of Statistics 34, 254-289 (coauthors: C. Vermandele and B. Werker).

Semiparametrically efficient rank-based inference for shape: I Optimal rank-based tests for spheric-
ity. Annals of Statistics 34, 2707-2756 (coauthor: D. Paindaveine).

Semiparametrically efficient rank-based inference for shape: II Optimal R-estimation of shape.
Annals of Statistics 34, 2757-2789 (coauthors: H. Oja and D. Paindaveine).

Discussion of “Quantile autoregression”, by Koenker and Xiao. Journal of the American Statistical
Association 101, 996-998 (coauthor: B. Werker).

Parametric and semiparametric inference for shape: the role of the scale functional. Statistics &
Decisions 24, 327-350 (coauthor: D. Paindaveine).
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2010
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Serial autoregression and regression rank score statistics. In V. Nair, Ed., Advances in Statisti-
cal Modeling and Inference; Essays in honor of Kjell Doksum’s 65th birthday, World Scientific,
Singapore, 335-362 (coauthors: J. Jureckovéd and H.L. Koul).

Happy birthday to you, Mr Wilcoxon! Sixty years of statistical inference based on ranks. In R.
Decker and H.J. Lenz, Eds, Advances in Data Analysis, Proceedings of GFKL 2006, Springer,
217-228.

The generalized dynamic factor model: determining the number of factors. Journal of the American
Statistical Association 102, 603-617 (coauthor: R. Liska).

Optimal tests for non-correlation between multivariate time series. Journal of the American Sta-
tistical Association 102, 938-951 (coauthor: A. Saidi).

Chernoff-Savage and Hodges-Lehmann results for Wilks’ test of independence. In N. Balakrishnan,
Edsel Pena and Mervyn J. Silvapulle, Eds, Beyond Parametrics in Interdisciplinary Research :
Festschrift in Honor of Professor Pranab K. Sen. 1.M.S. Lecture Notes-Monograph Series, 184-196
(coauthor: D. Paindaveine).

Optimal rank-based tests for homogeneity of scatter. Annals of Statistics 36, 1261-1298 (coauthor:
D. Paindaveine).

Optimal detection of Fechner asymmetry. Journal of Statistical Planning and Inference 138, 2499-
2525 (coauthors: D. Cassart and D. Paindaveine).

Semiparametrically efficient sign-and-rank statistics for median restricted models. Journal of the
Royal Statistical Society series B 70, 389-412 (coauthors: C. Vermandele and B. Werker).

A general method for constructing pseudo-Gaussian tests. Journal of the Japan Statistical Society
38 (Celebration Volume for Hirotugu Akaike), 27-40 (coauthor: D. Paindaveine).

Pseudo-Gaussian inference in heterokurtic elliptical common principal components models. An-
nales de Ulnstitut de Statistique de I’Université de Paris LI (numéro spécial en ’honneur de Denis
Bosq), 9-24 (coauthors: D. Paindaveine and Th. Verdebout).

Optimal tests for the homogeneity of covariance, scale, and shape. Journal of Multivariate Analysis
100, 422-444 (coauthor: D. Paindaveine).

Local linear spatial quantile regression. Bernoulli 15, 659-686 (coauthors: Z. Lu and K. Yu).

Discussion of “Invariant Co-ordinate Selection”, by David E. Tyler, Frank Critchley, Lutz Diimbgen,
and Hannu Oja. Journal of the Royal Statistical Society Series B 71, 583-584.

On the non Gaussian asymptotics of the likelihood ratio test statistic for homogeneity of covariance.
In D. Hunter, D. Richards, and J.L. Rosenberger, Eds, Nonparametric Statistics and Mizture
Models: A Festschrift in Honor of Thomas P. Hettmansperger, World Scientific, Singapore, 162-
173.

Multivariate quantiles and multiple output regression quantiles : from L, optimization to halfs-
pace depth (coauthors: D. Paindaveine and M. Siman). Annals of Statistics 38, 635-669, with
Discussion, 670-693.

Rejoinder to the discussion of “Multivariate quantiles and multiple output regression quantiles”
(coauthors: D. Paindaveine and M. Siman). Annals of Statistics 38, 694-703.
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Testing for common principal components under heterokurticity. Journal of Nonparametric Statis-
tics 22, 879-895 (coauthors: D. Paindaveine and Th. Verdebout).

Optimal rank-based testing for principal components. Annals of Statistics 38, 3245-3299 (coau-
thors: D. Paindaveine and Th. Verdebout).

On the estimation of cross-information quantities in R-estimation. In J. Antoch, M. Huskova
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