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Dynamic Data-Driven Application Systems -DDDAS -appear as a new paradigm in the field of applied sciences and engineering, and in particular in simulation-based engineering sciences. By DDDAS we mean a set of techniques that allow the linkage of simulation tools with measurement devices for real-time control of systems and processes. DDDAS entails the ability to dynamically incorporate additional data into an executing application, and in reverse, the ability of an application to dynamically steer the measurement process. DDDAS needs for accurate and fast simulation tools making use if possible of off-line computations for limiting as much as possible the on-line computations. We could define efficient solvers by introducing all the sources of variability as extra-coordinates in order to solve the model off-line only once to obtain its most general solution to be then considered in on-line purposes. In this work we are evaluating one such strategy in both linear and non-linear dynamical systems as the ones usually encountered in control, epidemiology models, physiological systems (diagnostic of diabetes …). Such models result defined in highly multidimensional spaces suffering the so-called curse of dimensionality that could be efficiently circumvented by applying a Proper Generalized Decomposition that constitutes a work in progress.

INTRODUCTION

Traditionally, Simulation-based Engineering Sciences -SBES-relied on the use of static data inputs to perform the simulations. These data could be parameters of the model(s) or boundary conditions, outputs at different time instants, etc., traditionally obtained through experiments. The word static is intended to mean here that these data could not be modified during the simulation.

A new paradigm in the field of Applied Sciences and Engineering has emerged in the last decade. Dynamic Data-Driven Application Systems (DDDAS) constitute nowadays one of the most challenging applications of simulation-based Engineering Sciences. By DDDAS we mean a set of techniques that allow the linkage of simulation tools with measurement devices for real-time control of simulations. As defined by the U.S. National Science Foundation, "DDDAS entails the ability to dynamically incorporate additional data into an executing application, and in reverse, the ability of an application to dynamically steer the measurement process" [START_REF]DDDAS Workshop[END_REF] The term Dynamic Data-Driven Application System was coined by F. Dalema in a NSF workshop on the topic in 2000. The document that initially put forth this initiative stated that DDDAS constitute "application simulations that can dynamically accept and respond to 'online' field data and measurements and/or control such measurements. This synergistic and symbiotic feedback control loop among applications, simulations, and measurements is a novel technical direction that can open new domains in the capabilities of simulations with a high potential payoff, and create applications with new and enhanced capabilities. It has the potential to transform the way science and engineering are done, and induces a major beneficial impact in the way many functions in our society are conducted, such as manufacturing, commerce, transportation, hazard prediction/management, and medicine, to name a few" [START_REF] Darema | Engineering/Scientific and Commercial applications: differences, similarities, and future evolution[END_REF] A DDDAS includes different constituent blocks:

1. A set of (possibly) heterogeneous simulation models. 2. A system to handle data obtained from both static and dynamic sources. 3. Algorithms to efficiently predict system behavior by solving the models under the restrictions set by the data. 4. Software infrastructure to integrate the data, model predictions, control algorithms, etc.

Almost a decade after the establishment of the concept, the importance of the challenge is now better appreciated. As can be noticed, it deals with very different and transversal disciplines: from simulation techniques, numerical issues, control, modeling, software engineering, data management and telecommunications, among others. In a nutshell, the characteristics of a DDDAS could be depicted as in Fig. 1. Figure 1 identifies three different blocks of interactions:

(i) the one between human systems and the simulation, (ii) the simulation interaction with the physical system and (iii) the simulation and the hardware/ data infrastructure. Physical systems operate at very different time scales. In the picture (adapted from the NSF workshop on DDDAS 2000 final report) we have included some representative values: from 10 -20

Hz for cosmological systems to 10 20 Hz for problems at the atomic scales. Humans, however, can be considered as a system operating at rates from 3 Hz to 500Hz in haptic 1 devices for instance to transmit realistic touch sensations. A crucial aspect of DDDAS is that of real-time simulation. This means that the simulations must run at the same time (or faster) than the data are collected. While this is not always true (as in weather forecasting, for instance, where collected data are not usually incorporated to the simulations), most applications require different forms of real-time simulations. In haptic surgery simulators, for instance, the simulation result, i.e., forces acting on the surgical tool, must be translated to the peripheral device at a rate of 500 Hz, which is the frequency of the free hand oscillation. In other applications, such as some manufacturing processes, the time scales are much bigger, and therefore real-time simulations can last for seconds or minutes.

As can be noticed from the introduction above, DDDAS can revolutionize the way in which simulation will be done in the next decades. No longer a single run of a simulation will be considered as a means of validate a design on the basis of a static data set.

The importance of DDDAS in the forthcoming decades can be noticed from the NSF Blue Ribbon Panel on Simulation Based Engineering Sciences report, that in 2006 included DDDAS as one of the five core issues or challenges in the field for the next decade (together with multiscale simulation, model validation and verification, handling large data and visualization). This panel concluded that "Dynamic data-driven application systems will rewrite the book on the validation and verification of computer predictions" and that "research is needed to effectively use and integrate data-intensive computing systems, ubiquitous sensors and high-resolution detectors, imaging devices, and other data-gathering storage and distribution devices, and to develop methodologies and theoretical frameworks for their integration into simulation systems" [START_REF] Oden | Simulation-based Engineering Science: Revolutionizing Engineering Science through simulation[END_REF]. Moreover, the NSF believes that "… The DDDAS community needs to reach a critical mass both in terms of numbers of investigators, and in terms of the depth, breadth and maturity of constituent technologies..." [START_REF]DDDAS Workshop 2006[END_REF]. While research on DDDAS should involve applications, mathematical and statistical algorithms, measurement systems, and computer systems software methods, our work focuses on the development of mathematical and statistical algorithms for the simulation within the framework of such a system. In brief, we intend to incorporate a new generation of simulation techniques into the field, allowing to perform faster simulations, able to cope with uncertainty, multiscale phenomena, inverse problems and many other features that will be discussed. This new generation of simulation techniques has received the name of Proper Generalized Decompositions -PGD-and has received an increasing level of attention by the SBES community [START_REF] Chinesta | Recent advances in the use of the Proper Generalized Decomposition for solving multidimensional models[END_REF]. PGD was initially introduced for addressing multidimensional models encountered in science and engineering and was then extended to address general computational mechanics models.
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In this work we propose a dynamic parameter estimation procedure making use of a general solution obtained off-line. The first results allow us to conclude on the potentiality of such procedure to be employed in DDDAS.

The general off-line solution is obtained by solving a linear or non-linear parametric dynamical system by introducing the initial condition and all the evolving or uncertain model parameters as extra-coordinates. The resulting multidimensional model is then solved only once, and from this solution we can evaluate the field of interest for any value of the model parameters (that can evolve in time) and the initial condition. In this framework, the information coming from measurements can be incorporated in real time to the on-line simulation.

The introduction of extra-coordinates was the price to be paid in order to compute a solution general enough to be used on-line without the necessity of further integrations of the dynamical system. On-line tasks only involve the post-processing of such general solution. Models involving many fields and many parameters limit the use of standard discretization techniques because the resulting model multidimensionality. The necessity of using fine enough meshes for representing the solution makes impossible its integration and even the data storage. A possibility for circumventing the difficulties relates to the curse of dimensionality lies in the use of the proper generalized decomposition proposed in some of our former works [START_REF] Chinesta | Recent advances in the use of the Proper Generalized Decomposition for solving multidimensional models[END_REF].
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 1 Figure 1: Structure of a Dynamic Data-Driven Application System and typical rate of communication between blocks

Haptic devices are those able to translate to the user force reactions, such as, for instance, those used in surgical training.