We introduce the concept of ordinal pattern dependence between time series and show in an explorative study that both types of this dependence show up in real world financial data.

The classical way to capture the leverage effect in models for stock markets is to assume a negative correlation between the two datasets which is constant in time (e.g. Barndorff-Nielsen and Shepard (2002)). However, there is strong evidence that this effect is not constant, but itself evolves in time.

It seems that there are periods where the effect is weaker and sometimes it even seems to be 'turned around', i.e., there is a positive correlation between the two datasets [START_REF] Carr | Stochastic skew in currency options[END_REF]). Taking these empirical findings into account, more sophisticated models where suggested. The correlation structure was modeled by a deterministic function or was made state space dependent. In Veraart and Veraart (2010) the correlation structure is itself a stochastic process on [-1, 1].

Instead of proposing even more complicated models we introduce a rather simple approach to analyze whether there is a dependence structure between two datasets. In order to capture the zikzak of the datasets we use so called ordinal patterns. This method was developed by [START_REF] Bandt | Ordinal time series analysis[END_REF] and [START_REF] Emonds | Time Series from the Ordinal Viewpoint[END_REF] in order to handle time-series with several thousands of data points which appear in medicine, meteorology and finance (cf. [START_REF] Keller | Ordinal Analysis of Time Series[END_REF]). We compare the two datasets from this point-of-view. On some occasions, as an example we will consider the S&P 500 and the corresponding volatility index VIX, a dependence structure of this kind seems to be more likely to be found in real data than the dependence modeled by the classical approach via correlation (cf. [START_REF] Whaley | Understanding VIX[END_REF]).

ADAPTIVE NADARAYA-WATSON LIKE ESTIMATORS FOR THE ESTIMATION OF THE DRIFT IN A JUMP DIFFUSION MODEL

Benedikt Funke 

LIMIT THEOREMS FOR NON-DEGENERATE U-STATISTICS OF CONTINUOUS SEMIMARTINGALES

Christian Schmidt

Heidelberg University, Germany, christian-schmidt@uni-heidelberg.de

Mark Podolskij, Heidelberg University, Germany Johanna Fasciati Ziegel, University of Bern, Switzerland U-statistics; high frequency data; semimartingales.

We study the asymptotic theory for non-degenerate U-statistics of high frequency observations of continuous Ito semimartingales. Based on empirical process methods we prove uniform convergence in probability and show a functional stable central limit theorem for the standardized version of the U-statistic. Finally we give a test for homoscedasticity as an application of the theory.

PARAMETRIC AND NONPARAMETRIC ESTIMATION PROBLEMS FOR SOME TIME-PERIODIC-DRIFT LANGEVIN TYPE STOCHASTIC DIFFERENTIAL EQUATION

Dominique Dehay

IRMAR University of Rennes, France, dominique.dehay@univ-rennes2.fr

K. El Waled, IRMAR University of Rennes, France

Estimation; parametric; nonparametric; Ornstein-Uhlenbech process.

In this work we investigate estimation problems for a diffusion process following the model

dξ t = f (t)ξ t dt + dB t
where f : R → R is a periodic continuous function with period P > 0, when the process is observed through continuous time [0, T ] as T → ∞.

First we assume that the drift function f (•) depends linearly on an unknown parameter θ ∈ R : f (t) = θb(t), b : R → R being a known periodic continuous function. Then the maximum likelihood estimator (MLE) of θ is consistent and we point out its asymptotic minimax efficiency. These results comply with the well-established case when the function f (•) is constant non null. However the case when P 0 b(t)dt = 0 and b(•) is not identically null presents some particularities. For instance in this case whatever is the value of θ, the rate of convergence of the MLE is T as in the case when θ = 0 and P 0 b(t)dt = 0. Futhermore when P 0 b(t)dt = 0, the MLE is locally efficient for the quadratic risk.

Next we deal with the problem of nonparametric estimation of the drift function f (•), its period P being known. We construct a kernel estimator of f (•) which is consistent. Its rate of convergence which depends on the signum of P 0 f (t)dt as in the previous parametric problem (joint work with Khalil El Waled).

OPTIMALITY OF PAYOFFS IN LÉVY MODELS

Ernst August v. Hammerstein

University of Freiburg, Germany, ernst.august.hammerstein@vwl.uni-freiburg.de Eva Lütkebohmert, University of Freiburg, Germany Ludger Rüschendorf, University of Freiburg, Germany Viktor Wolf, University of Freiburg, Germany Cost-efficient strategies; optimal payoff; Lévy model; Esscher transform.

In this talk we study optimal investment choices in incomplete markets where the prices of risky assets are driven by Lévy processes, and the pricing of derivatives is based on the Esscher martingale measure. In particular, we solve for the investment strategy with minimal costs that achieves a given payoff distribution. This strategy is called cost-efficient with respect to the given distribution and can be obtained using the well-known upper and lower Fréchet bounds. Our work builds on the paper of Bernard, Boyle, and Vanduffel [1] and extends their approach to a more general and incomplete Lévy market setting.

For a variety of relevant financial derivatives we explicitly derive the cost-efficient strategies, that is, we improve the payoffs in the sense of the stochastic order ≤ st for agents with increasing preferences. We also show that a cost-efficient version of the put-call parity exists. The theoretical results are illustrated by a practical example where we calibrate three different Lévy models (NIG, Variance Gamma, and Brownian motion as benchmark) to German stock price data and calculate the potential savings that could be achieved by using the efficient strategies.

Further we derive explicit hedging strategies for cost-efficient payoffs. More specifically, we compute the Greek Delta, that is, the derivative of the cost of a strategy with respect to the underlying, for cost-efficient strategies corresponding to European call and put options. Using the aforementioned data set, we finally compare the magnitude of the Delta of a cost-efficient put with that of a plain vanilla put.

TWO PRICE ECONOMIES IN CONTINUOUS TIME

Ernst Eberlein

University of Freiburg, Germany, eberlein@stochastik.uni-freiburg.de Dilip Madan, University of Maryland, Maryland, USA Martijn Pistorius, Imperial College London, Great Britain Wim Schoutens, K.U. Leuven, The Netherlands Marc Yor, Université Paris VI, France Two price economy; nonlinear expectation operator; distortion.

In classical economic theory the law of one price prevails and market participants trade freely in both directions at the same price. This approach is appropriate for highly liquid markets. In the absence of perfect liquidity, the law of one price has to be replaced by a two price economy where market participants continue to trade freely with the market but the terms of trade now depend on the direction of the trade.

Such an approach has been considered in a static environment. It is the purpose of this paper to develop the continuous time theory for two price economies. The two prices are termed bid and ask or lower and upper price but they should not be confused with the literature relating bid-ask spreads to transaction costs or other frictions involved in modeling financial markets. The two prices are determined in a non marketclearing equilibrium with a view to make loss exposures acceptable. Acceptability is defined via a positive expectation under a family of test measures or scenarios. As a result the bid price is the infimum of test valuations whereas the ask price is the supremum of such valuations. The two prices are related to nonlinear expectations seen as Gexpectations. Probability distortions are used to formulate G-expectations. We consider examples where the uncertainty is given by purely discontinuous Lévy processes. The approach is illustrated by explicit pricing of a book of derivatives.

LIMIT THEOREMS FOR REFLECTED ORNSTEIN-UHLENBECK PROCESSES

Gang Huang

University of Amsterdam, the Netherlands, G.Huang@uva.nl Michel Mandjes, University of Amsterdam, the Netherlands Peter Spreij, University of Amsterdam, the Netherlands Ornstein-Uhlenbeck processes; reflection; large deviations; central-limit theorems.

We study one-dimensional Ornstein-Uhlenbeck processes, with the distinguishing feature that they are reflected on a single boundary (put at level 0) or two boundaries (put at levels 0 and d > 0). In the literature they are referred to as reflected OU (ROU) and doubly-reflected OU (DROU) respectively. For both cases, we explicitly determine the decay rates of the (transient) probability to reach a given extreme level. The methodology relies on sample-path large deviations, so that we also identify the associated most likely paths. For DROU, we also consider the loss process U t , that is, the local time at upper boundary d. We derive a central limit theorem (CLT) for U t , using techniques from stochastic integration and the martingale CLT. In addition, with largedeviations techniques we prove that the tail of U t decays essentially exponentially, and we identify the corresponding decay rate.

MINIMAX ESTIMATION OF A SUBORDINATOR'S DENSITY: UNIFORM RATES OF CONVERGENCE

Hilmar Mai

Weierstrass Institute Berlin, Germany, mai@wias-berlin.de Denise Belomestny, Universität Duisburg-Essen, Germany John Schoenmakers, Weierstrass Institute Berlin, Germany Density estimation; subordinated Brownian motion; inverse Laplace transform; minimax rates of convergence .

We consider the problem of estimating the density of the time change of a time-changed Brownian motion based on low-frequency observations. This class of processes contains many well-known models from mathematical finance and the construction via a time-change makes them feasible in application if the distribution of the time change is accessible.

Our approach is based on a relation between the Fourier transform of the observed process and the Laplace transform of the target density. Hence, a main step in our estimation procedure is the inversion of the realized Laplace transform of the target density. This inversion step is an interesting statistical problem on its own and we will derive uniform rates of convergence for it in order to obtain convergence rates for the density estimator and study their optimality.

ON OPTIMAL ESTIMATION OF STABLE ORNSTEIN-UHLENBECK PROCESSES

Hiroki Masuda

Kyushu University, Japan, hiroki@imi.kyushu-u.ac.jp Infill sampling; optimal estimation; Ornstein-Uhlenbeck jump process.

Ornstein-Uhlenbeck (OU) processes driven by a Lévy process form a particular tractable class of Markovian stochastic differential equations with jumps. Among them, the non-Gaussian stable driven ones, the study of which dates back to Doob's work [1], are known to have a pretty inherent character. Especially, a special property of stable integrals allows us to exactly generate the discretetime sample from the process, and more importantly, to study in a transparent way the likelihood ratio associated with discrete-time sampling.

We are concerned with optimal estimation of the stable OU processes observed at high-frequency. We clarify that, due to the infinite-variance character of the model, the likelihood ratio exhibits entirely different asymptotic behaviors according to whether or not the terminal sampling time T n → ∞. If in particular T n ≡ T , a fixed time, we present the LAMN (Local Asymptotic Mixed Normality) structure of the statistical model, entailing the notion of asymptotic efficiency of a regular estimator. Also presented is how to construct some simple rate-efficient estimators having asymptotic mixed normality, together with numerical experiments.

CONFIDENCE SETS IN NONPARAMETRIC CALIBRATION OF EXPONENTIAL LÉVY MODELS

Jakob Söhl

University of Cambridge, United Kingdom, J.Soehl@statslab.cam.ac.uk European option; jump diffusion; confidence sets; asymptotic normality; nonlinear inverse problem.

We construct confidence intervals for the spectral calibration method of exponential Lévy models. In these models the log price of an asset is described by a Lévy process. The observations are given by prices of European put and call options with fixed maturity and different strike prices. Belomestny and Reiß [1] introduced the spectral calibration method and showed that its estimators are minimax optimal. The method is designed for finite intensity Lévy process with absolutely continuous jump measures. First, the volatility, the drift and the intensity are estimated and then nonparametrically the jump density. The estimators are based on a cut-off scheme in the spectral domain.

We show that the estimators of the volatility, the drift and the intensity are asymptotically normally distributed. We also derive asymptotic normality for the pointwise estimation of the jump density at finitely many points and study the joint distribution of these estimators. The calibration of exponential Lévy models is a nonlinear inverse problem and our results cover both the mildly illposed case of volatility zero and the severely ill-posed case of positive volatility. Finally, the results on the asymptotic distribution of the estimators allow us to construct confidence intervals and confidence sets, see Söhl [2]. We will also present results from the joint work Söhl and Trabs [3], where we assess the finite sample performance of the confidence intervals by simulations and apply them to empirical data.

SIMULATION OF CONDITIONAL DIFFUSIONS VIA FORWARD-REVERSE STOCHASTIC REPRESENTATIONS

John Schoenmakers

WIAS Berlin, Germany

Christian Bayer, WIAS Berlin, Germany, christian.bayer@wias-berlin.de Forward-reverse representations; pinned or conditional diffusions; Monte Carlo simulation.

In this paper we derive stochastic representations for the finite dimensional distributions of a multidimensional diffusion on a fixed time interval, conditioned on the terminal state. The conditioning can be with respect to a fixed point or more generally with respect to some subset. The representations rely on a reverse process connected with the given (forward) diffusion as introduced in Milstein et al. [1] in the context of a forward-reverse transition density estimator. In more detail, given a grid

s 0 < s 1 < • • • < s K = t * < t 1 < • • • < t L = T , we prove that E [g(X(s 1 ), . . . , X(s K ), X(t 1 ), . . . X(t L-1 )) | X(s 0 ) = x, X(T ) = y] equals lim →0 E g X(s 1 ), . . . , X(s K ), Y ( t L-1 ), . . . , Y ( t 1 ) K (Y (T ) -X(t * )) Y(T ) E [K (Y (T ) -X(t * )) Y(T )] , (1) 
where X is the given diffusion process and the dynamics of the reverse process (Y, Y) are explicitly given in terms of the dynamics of X and do not include any singular or exploding terms. K is a kernel with bandwidth and

t 1 < • • • < t L = T is a certain (deterministic) re-arrangement of the grid t 1 < • • • < t L .
The corresponding Monte Carlo estimators have root-N accuracy (ignoring possible discretization errors induced by the construction of the samples from X and (Y, Y)), hence they do not suffer from the curse of dimensionality. We provide a detailed convergence analysis and give a numerical example involving the realized variance in a stochastic volatility asset model conditioned on a fixed terminal value of the asset.

ON APPROXIMATION OF BSDE

Li Zhou

Université du Maine, France, Li.Zhou.etu@univ-lemans.fr Yury Kutoyants, Université du Maine, France BSDE; diffusion processes; small noise asymptotics; expansions.

We consider the problem of the construction of the BSDE in the markovian case, when the forward equation depends on some unknown parameter. The proposed approximation of the solution of BSDE is based on the MLE of this parameter. We show (in the asymptotics of "small noise") that our approximation is asymptotically efficient and present some results of numerical simulations.

INFERENCE IN SYSTEMS WITH MIXED FRACTIONAL BROWNIAN MOTION NOISES

Marina Kleptsyna

Université du Maine, France, marina.kleptsyna@univ-lemans.fr

Chigansky Pavel, University of Jerusalem, Israel Cai Chunhao, Université du Maine, France

Fractional Brownian motion; maximum likelihood estimator; large sample asymptotic.

This talk addresses the problem of parameter estimation in linear systems, driven by a sum of the fractional and the standard Brownian noises. The likelihood function in this problem can be defined, using the analogs of the usual reprsentation theorems with respect to the semimartingale, which generates the same filtration as the observed process. The consistency and asymptotic normality of the maximum likelihood estimator are established using the properties of the corresponding second type Fredholm equation with weakly singular kernel or as the Wiener-Hopf equation on the finite interval. Another contribution of this talk is a formula for the Radon-Nikodym derivative of the probability, induced by the mixed fractional Brownian motion ξ t = B t + B H t , H > 3/4 with respect to the Wiener measure.

VOLATITLITY MATRIX ESTIMATION FROM NOISY OBSERVATIONS

Markus Bibinger

Humboldt-Universität zu Berlin, Germany, bibinger@math.hu-berlin.de Markus Reiß, Humboldt-Universität zu Berlin, Germany Nikolaus Hautsch, Humboldt-Universität zu Berlin, Germany Peter Malec, Humboldt-Universität zu Berlin, Germany Asymptotic equivalence; asynchronous observations; microstructure noise; semi-parametric estimation.

The talk is devoted to inference on the volatility matrix of a continuous martingale from asynchronous high-frequency observations perturbed by noise. Asymptotic equivalence in Le Cam's sense to a continuous-time white noise model reveals that asynchronicity is asymptotically immaterial in combination with noise. A local parametrization and a locally adaptive spectral estimation approach exploiting multivariate Fisher information calculus leads to an efficient semi-parametric estimator. Upper bounds on the variance are shown to coincide with lower bounds derived for the model and within a reasonable class of estimators.

DISCRIMINANT ANALYSIS FOR DISCRETELY OBSERVED STOCHASTIC DIFFERENTIAL EQUATIONS

Masayuki Uchida

Osaka University, Japan, uchida@sigmath.es.osaka-u.ac.jp Classification criterion; ergodic diffusion process; maximum likelihood type estimator; misclassification probability.

We deal with a discriminant analysis for stochastic differential equations based on discrete observations. First we consider the situation where a discretely observed ergodic diffusion process belongs to one of two diffusion models Π 1 and Π 2 , and we present two kinds of classification criteria based on discriminant functions and asymptotic distributions of the discriminant functions. The discriminant functions are derived from the quasi-likelihood functions and the adaptive maximum likelihood type estimators [START_REF] Kessler | Estimation of an ergodic diffusion from discrete observations[END_REF] and Uchida and Yoshida (2012)) with training data. Next, we propose a discriminant rule for stochastic differential equations from sampled data observed on the fixed interval and show the asymptotic property of the discriminant function. We also prove that the misclassification probabilities based on the classification criteria converge to zero. This is a joint work with Nakahiro Yoshida.

EFFICIENCY IN DECONVOLUTION AND LÉVY MODELS

Mathias Trabs

Humboldt-Universität zu Berlin, Germany, trabs@math.hu-berlin.de Lévy process; information bound; score operator; Fourier multiplier.

Considering first the classical nonparametric deconvolution setting, we derive information bounds in the sense of Hájek-Le Cam for the estimation of linear functionals of the unknown density. The technique can then be used in the more complicated Lévy models. Observing a Lévy process at low frequency, we study the information bound for linear functionals of the jump density. Of particular interest is the estimation of the (generalized) distribution function in both settings. The lower bounds coincide with recent results [1,2] on the asymptotic variance of estimators in both models. Essential in our proofs are estimates of Hellinger integrals of infinitely divisible distributions and the mapping properties of the underlying score operator, which can be described using Fourier multiplier theory.

GUIDED PROPOSALS FOR SIMULATING DIFFUSION BRIDGES

Moritz Schauer

Delft University of Technology / EURANDOM, The Netherlands, m.r.schauer@tudelft.nl Frank van der Meulen, Delft University of Technology, The Netherlands Diffusion bridge; change of measure; componentwise Metropolis-Hastings; data augmentation; nonparametric inference.

We are interested in simulating from a multidimensional diffusion process conditioned on hitting a fixed point at a future time. Proposals are obtained from the unconditioned process with its drift superimposed by an additional guiding term. The acceptance of a proposal is determined by a likelihood ratio, which is computed in closed form. The use of the technique in a componentwise Metropolis-Hastings data augmentation step is illustrated in the context of Bayesian inference on the drift function of a discretely observed diffusion process.

MARTINGALE EXPANSION AND STATISTICS OF VOLATILITY

Nakahiro Yoshida

University of Tokyo, Japan, nakahiro@ms.u-tokyo.ac.jp Masayuki Uchida, Osaka University, Japan Martingale expansion; random symbol; quadratic form; quasi likelihood analysis.

In order to develop higher-order theory of statistical inference, asymptotic expansion of the distribution of a statistic plays an essential role. Martingale expansion was presented in [1] and [2] in the central limit case, and applied to the Edgeworth expansion for an ergodic diffusion process and an estimator of a volatility parameter.

The quadratic form of a semimartingale is in general asymptotically mixed normal under finite time horizon. Thus, it is necessary to develop an asymptotic expansion technique in the mixed normal situation to construct a higher-order statistical theory for high-frequency data.

In the non-ergodic statistics, we need a new methodology since traditional methods of asymptotic expansion do not work. Recently, the asymptotic expansion of a perturbed martingale with mixed normal limit was derived, together with applications to a quadratic form ( [3], [4]). The expansion formula is expressed by a random symbol that consists of the adaptive random symbol and the anticipative random symbol. The former corresponds to the correction term appearing in the central limit case, and the latter is essentially new and often described by the Malliavin calculus. The anticipative random symbol reflects torsion of a martingale under randomness of the characteristics of the limit distribution.

In this talk, we give overview of the martingale expansion and its applications to a quadratic form of a diffusion process ( [5]) as well as the realized volatility. We will also discuss expansion of the power variation (a joint work with M. Podolskij). Other applications will be found in the quasi-likelihood analysis for volatility.

A LASSO ESTIMATOR FOR EVENT-SPECIFIC RATE MODELS FOR RECURRENT EVENTS

Olivier Bouaziz

University of Paris 5, Laboratory MAP5, France, olivier.bouaziz@parisdescartes.fr Agathe Guilloux, University of Paris 6, LSTA, France Counting process; recurrent events; censored data; Aalen model; Cox model. This talk considers statistical inference for the rate function of a recurrent event process. Two semi-parametric models of event-specific types are studied. These kind of models are stratified with respect to each event which allows more flexibility to fit the data. The first model studied in this paper was introduced by Prentice et al. (1981) and has a multiplicative form. The second one is based on the Aalen's additive model and was introduced by [START_REF] Scheike | The additive nonparametric and semiparametric Aalen model as the rate function for a counting process[END_REF] in the context of recurrent events. For reasonable sizes of sample in event-specific models the number of estimated parameters can be very large compared to the number of covariates. In order to remedy to this over-parametrization, a total-variation penalty is used which constrain some of the parameters to be constant. The asymptotic behavior of the penalized estimator is derived. Through a simulation study and analysis of a real dataset, the performance of our estimator is compared with the unconstrained estimator and the Andersen and Gill (1980) constant estimator.

ASYMPTOTIC ANALYSIS FOR OPTIMAL ESTIMATING FUNCTIONS FOR A CLASS OF STOCHASTIC VOLATILITY MODELS WITH JUMPS

Petra Posedel

Zagreb School of Economics and Management, Croatia, pposedel@zsem.hr Friedrich Hubalek, Vienna University of Technology, Austria Stochastic volatility models; optimal estimating functions; efficiency.

In [1] Barndorff-Nielsen and Shephard introduced a class of stochastic volatility models in continuous time, where the instantaneous variance follows an Ornstein-Uhlenbeck type process driven by an increasing Lévy process. Those models have been studied from various points of view in mathematical finance and related fields. The martingale estimating function technique for parameter estimation in BNS-models was used in [2] to obtain estimators that are consistent and asymptotically normal. The obtained estimators are not efficient though. The aim of the present paper is to develop estimators for BNS-models that are also optimal. Furthermore, the derivation of the asymptotic results for optimal estimators constructed using martingale estimating functions are analyzed in a more general setting. We study the consistency and asymptotic normality of the optimal estimator. Even though the estimator must be solved numerically, the asymptotic analysis of the resulting estimator can be performed. Moreover, the variance-covariance matrix of the estimator is calculated explicitly. The well-known theory from [3] for finding optimal estimating functions is reviewed and extended to a case of a bivariate Markov process.

GOODNESS OF FIT TESTS FOR STOCHASTIC PROCESSES WITH PARAMETRIC BASIC HYPOTHESIS Yury A. Kutoyants

Université du Maine, France, Yury.Kutoyants@univ-lemans.fr Goodness of fit tests; diffusion processes; inhomogeneous Poisson processes; asymptotically distribution free tests.

We consider the problem of the construction of asymptotically distribution and parameter free tests by the observations of (continuous time) diffusion and inhomogeneous Poisson processes. We suppose that under the basic hypothesis the trend coefficients (for diffusion) and intensity function (for Poisson) depend on finite-dimensional parameter. The tests are of the Cramer-von Mises type. The asymptotics correspond to large samples (ergodic diffusion, periodic Poisson) and to small noise (dynamical systems). For each model of observations we propose linear transformations which allow to make the corresponding statistics to be asymptotically distribution or parameter free.

NON PARAMETRIC ESTIMATION OF THE DIFFUSION COEFFICIENT OF A JUMP DIFFUSION

Émeline Schmisser

Université Lille 1, France, emeline.schmisser@math.univ-lille1.fr Jump diffusions; non-parametric estimation.

We consider the stochastic differential equation with jumps:

dX t = b(X t )dt + σ(X t )dW t + ξ(X t -)dL t X 0 = η
where η is a random variable, (W t ) t≥0 is a Brownian motion independent of η and (L t ) t≥0 is a Lévy process independent of (W t ) t≥0 and η. This process is observed at discrete times 0, ∆, . . . , n∆ where ∆ → 0 and n∆ → ∞. The process (X t ) t≥0 is assumed to be stationnary and β-mixing. Our aim is to estimate the diffusion coefficient σ 2 on a compact set A (A = [0, 1] for instance). To estimate σ 2 for a diffusion process, we often consider

T k∆ = X (k+1)∆ -X k∆ 2 ∆ .
In the case of jump diffusions, T k∆ = σ 2 (X k∆ ) + ξ 2 (X k∆ ) + centred terms + small terms. As a consequence, in order to estimate σ 2 , we have to cut off most of the jumps, that's why we introduce the random variables

Y k∆ = X (k+1)∆ -X k∆ 2 ∆ 1 |X(k+1)∆-Xk∆|≤c ln(n)∆ 1/2 .
To estimate σ 2 non-parametrically, we consider a family of vectorial subspaces (S m ) m≥0 of L 2 (A) and we construct a collection of estimators σ2 m of σ 2 by minimising a contrast function on S m :

σ2 m = arg min t∈Sm γ n (t) where γ n (t) = 1 n n k=1 (t(X k∆ ) -Y k∆ ) 2 .
We prove that the risk of σ2 m is bounded by

R n (σ 2 m ) := E 1 n n k=1 σ2 m (X k∆ ) -σ 2 (X k∆ ) 2 ≤ σ 2 m -σ 2 2 L 2 (A) + D m n + ∆ 1-β/2
where D m is the dimension of S m , σ 2 m is the orthogonal projection of σ 2 on S m and β is the Blumenthal-Getoor index of the Lévy process. We also construct an adaptive estimator of σ 2 and bound its risk.

ASYMPTOTICS FOR THE FOURIER ESTIMATORS OF THE VOLATILITY OF VOLATILITY AND LEVERAGE

Imma Valentina Curato

University of Pisa, "Dipartimento di Economia e Management", Italy , immacurato@gmail.com Volatility of volatility; leverage; non-parametric estimation; semi-martingale; Fourier transform; high frequency data.

Inference for stochastic volatility models mainly focuses on parametric methods. In most cases, it is impossible to assess the distribution of the price process and to use the maximum likelihood theory. A non parametric approach based on the Fourier analysis can be developed to overcome this bottleneck defining a procedure that allows us to estimate all the latent variables in a stochastic volatility model. The Fourier methodology has been applied for the first time to the computation of the spot volatility and covariance in [1] and [2]. In this paper, we focus our attention on the estimations of the variance of volatility and the leverage component-covariance between the asset price and the volatility process. We extend the procedure developed in [1] in order to compute the Fourier coefficients of the volatility of volatility and of the leverage using n discrete observations of the price process and the Fourier estimation of the spot volatility. Then, we define spot and integrated estimators of the volatility of volatility and leverage processes. We prove consistency for the proposed estimators and we are able to attain both unfeasible and feasible central limit theorems for the integrated estimators.

SUPERPROCESSES AS A MODEL OF INFORMATION DISSEMINATION BETWEEN MOBILE DEVICES

Laura Sacerdote

University of Torino, Italy, laura.sacerdote@unito.it Federico Polito, University of Torino, Italy Matteo Sereno, University of Torino, Italy Michele Garetto, University of Torino, Italy Superprocess; continuos space branching process; future internet; device to device transmissiom.

New technologies, services and applications of internet come into play at a high rate and there is an increasing need to update existing quantitative methods and performance evaluation tools to manage these new trends. Use of mobile devices to substitute or to support servers is a possible future direction to disseminate information [2]. Performance evaluations request answers on a set of topics such as their ability to achieve city level coverage, the estimation of the time delay to reach far away users, the presence of zones not attained by the signal. However the analysis implies a substantial change of perspective with respect to previous approaches, which are often based on Markov chain simulations. The number of involved devices prevents the use of Markov chains for the analysis of interest and suitable continuous limits become necessary Here we present some preliminary ideas to deal with these problems. We propose to model the information dissemination between mobile devices through superprocesses (cf. [1], [3]) and we discuss a possible approach to their simulation.

  

  Parameter estimation in two-dimensional diffusion models with only one coordinate observed is highly relevant in many biological applications, but a statistically difficult problem.The membrane potential evolution in single neurons can be measured at high frequency, but biophysical realistic models have to include the unobserved dynamics of ion channels. One such model is the stochastic Morris-Lecar model, where random fluctuations in conductance and synaptic input are specifically accounted for by the diffusion terms. It is defined through a non-linear two-dimensional stochastic differential equation with only one coordinate observed. We aim at estimating the parameters of this stochastic Morris-Lecar model. We propose a sequential Monte Carlo particle filter algorithm to impute the unobserved coordinate, and then estimate parameters maximizing a pseudo-likelihood through a stochastic version of the Expectation-Maximization algorithm. Performance on simulated data and real data are very encouraging.

	PARAMETER ESTIMATION IN THE STOCHASTIC AN ORDINAL PATTERN APPROACH TO DETECT
	MORRIS-LECAR NEURONAL MODEL AND TO MODEL DEPENDENCE STRUCTURES
	Talks BETWEEN FINANCIAL TIME SERIES Adeline Samson
	University Paris Descartes, France, adeline.samson@parisdescartes.fr Susanne Ditlevsen, University of Copenhagen, Denmark Alexander Schnurr
	Diffusions; partial observations; sequential Monte Carlo; membrane potential.

TU Dortmund, Germany, alexander.schnurr@math.tu-dortmund.de Ordinal patterns; stationarity; leverage effect; VIX; model free data exploration; econometrics.

PARAMETER ESTIMATION FOR DIFFUSION PROCESSES WITH RANDOM EFFECTS

Helle Sørensen

University of Copenhagen, Denmark, helle@math.ku.dk Susanne Ditlevsen, University of Copenhagen, Denmark discrete observations; likelihood approximation: stochastic differential equations; square-root process.

We consider data consisting of samples of discretely observed diffusion processes. The model setup is hierarchical: (1) For each sample (subject), the diffusion process is defined by a parametric stochastic differential equation; and (2) the parameters -or at least some of them -are random. The talk is about estimation of the parameters, including those in the distribution of the random effects. We suggest to replace the correct one-step-ahead transitions densities in the likelihood function with Gaussian approximations and maximize the corresponding pseudo-likelihood. In the talk, emphasis will be on the square-root (or Cox-Ingersoll-Ross) process with random drift parameters. We present simulation results and apply the methods to data on pig growth.

VARIOUS LIMIT THEOREMS FOR AMBIT PROCESSES

Mark Podolskij

Heidelberg University, Germany, m.podolskij@uni-heidelberg.de Ambit processes, high frequency data; limit theorems.

We present some new asymptotic results for high frequency statistics of ambit processes. We start with a one-dimensional framework of the so called Brownian semistationary processes and review some existing probabilistic results and their statistical applications. In the second step, we demonstrate some non-trivial extensions to (a) High dimensional fields driven by a Gaussian white noise, (b) One-dimensional semistationary processes driven by a pure jump Lévy process. We will see that the three scenarios are quite different in nature, i.e. they produce different limit theorems. The talk is based on ongoing research with O.E. Barndorff-Nielsen, A. Basse-O'Connor, J.M. Corcuera and Mikko Pakkanen. Estimation of key parameters of epidemic models is still a challenging problem despite the progress made last years through computer intensive algorithms. In epidemiology, it is classical to use compartmental SIR-like models (Susceptible-Infectious-Removed), where each individual is, at a given time, in one of these three mutually exclusive states. These models can be described in various mathematical frameworks and, amongst them, a natural representation is a multidimensional continuous-time Markov jump process. However, epidemic data are often partially observed and temporaly aggregated and the tractability in large populations of such processes is difficult. In this context, diffusion processes with small diffusion coefficient allow shedding new light on inference problems of epidemic data.

INFERENCE FOR PARTIALLY AND DISCRETELY OBSERVED DIFFUSIONS WITH SMALL DIFFUSION COEFFICIENT. APPLICATION TO EPIDEMICS

Romain Guy

In [1], we considered a multidimensional diffusion (X t ) t≥0 with drift coefficient b(α, X t ) and diffusion coefficient σ(β, X t ), observed at times t k = k∆ on a fixed time interval [0, T ] with T = n∆. We obtained consistent and asymptotically Gaussian estimators under the two asymptotics: n fixed and → 0; n → ∞ and → 0 simultaneously.

In this talk, we extend the results of [1] to study the inference problem in the presence of unobserved components in the diffusion model within the same asymptotic framework. For the SIR epidemic model, the susceptible component is usually not observed. The performances of our estimators are assessed on exact simulations from various epidemic models. Finally, we applied this method on a real data set of Influenza-like illness cases collected by the Sentinel surveillance network.

STATIONARY DISTRIBUTIONS FOR STOCHASTIC DIFFERENTIAL EQUATIONS WITH RANDOM EFFECTS AND STATISTICAL APPLICATIONS

Valentine Genon-Catalot Let (X(t), t ≥ 0) be defined by a stochastic differential equation including a random effect φ in the drift and diffusion coefficients. We characterize the stationary distributions of the joint process ((φ, X(t)), t ≥ 0) which are non unique and prove limit theorems and central limit theorems for functionals of the sample path (X(t), t ∈ [0, T ]) as T tends to infinity. This allows to build several estimators of the random variable φ which are consistent and asymptotically mixed normal with rate √ T . Examples are given fulfilling the assumptions of the limit theorems. Parametric estimation of the distribution of the random effect from N i.i.d. processes (X j (t), t ∈ [0, T ]), j = 1, . . . , N is considered. Parametric estimators are built and proved to be √ N -consistent and asymptotically Gaussian as both N and T = T (N ) tend to infinity with T (N )/N tending to infinity. These results complete the parametric results obtained by Delattre et Many real-life mechanical and structural systems respond dynamically to random environmental loads such as wind, wave or earthquake forces leading to stochastic estimation problems. The Ornstein-Uhlenbeck process appears in the engineering literature as a model for mechanical systems subjected to random vibrations. A 2n dimension Ornstein-Uhlenbeck process for which the diffusion matrix is singular is considered. We study the problem of estimating the drift parameters of the stochastic differential equation that governs the Ornstein-Uhlenbeck process. The maximum likelihood estimator is proposed and explored in [START_REF] Koncz | On the parameter estimation of diffusional type processes with constant coefficients (elementary Gaussian processes)[END_REF]. Unbaisedness and consistency of this estimator is a known result from the literature but little is known about the local asymptotic normality property since the process involved is not trivialy ergodic. In this case it is crucial to study the convergency of the covariance matrix of the estimator. We use the Yuima software to simulate the Ornstein-Uhlenbeck process, we study the assymptotics of the estimator and show that computations are in agreement with the obtained theoretical results.

POPULATION PHARMACOKINETICS AND STOCHASTIC DIFFERENTIAL EQUATIONS: MODELS AND METHODS

Maud Delattre

AgroParisTech, France, maud.delattre@agroparistech.fr Marc Lavielle, University Paris Sud -Inria Saclay Île-de-France, France Stochastic differential equations; nonlinear mixed-effects models; SAEM algorithm; extended Kalman filter.

Models based on stochastic differential equations (SDEs) have an interest in population pharmacokinetics (PK), since they allow a better consideration of the variability occuring within any individual kinetics than classical PK models based on ordinary differential equations (ODEs). The objective of this contribution is twofold. First, we present new SDE-based PK models. Second, we suggest some specific estimation procedure for these models.

An extension of the traditional PK models based on ODEs consists in adding a system noise to the ODEs (see [1], [2]). However, the resulting SDE systems do not comply with some constraints on the biological dynamics (sign, monotony,...) and therefore give an overly erratic description of the evolution of the drug concentrations within the compartments of the human body. We rather assume that the diffusion process randomly perturbs the transfer rate constants of the system. Some simulated kinetics show that this assumption is more realistic and allows a more accurate representation of the biological system.

Estimating the population parameters in such SDE models is however not straightforward. Indeed, in a population approach, the model needs to account for the between-subjects variability. Then, we consider that the parameters of the model are random variables, resulting in a mixed-effects models ( [3]). Specific procedures are required to make inference in mixed-effects models. Here, we suggest estimating the population parameters by combining the SAEM algorithm ([4], [5]) with the extended Kalman filter. This methodology was implemented in a working version of MONOLIX ( [6]) and tested on some simulated basic examples. An application to a PK example is also presented. 
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