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Overview

Whenever modelling is needed, either in industrial or research projects, simulation is not the end of
the story; it is a beginning.

Simple models are thought as “model for understanding” because their structure and analytical aspects
give fecund insight on real systems. However, in industrial problems and applied research fields, a model
seldom exhibits obvious properties, and a numerical analysis is necessary to grab some understanding on
reality.

The kernel of the present project! is to develop a simulation and modelling tool able to enrich the
analysis of a problem using innovative numerical methods. Such a software will advance the state-of-the-
art of modelling, offering facilities to give quantitative answers to qualitative questions.

Specifications and methods

An innovative modelling environment should be able to carry out, in addition to numerical simulation:

e sensitivity analyses in terms of initial conditions (stability, asymptotic stability), perturbation
(contextual stability to canonical perturbations), uncertainty on parameters, mechanisms and
experimental aspects, response to noise sources;

e and, in particular cases:

— investigation of the propagation of uncertainties within a model;

— optimal control of dynamic systems;

— sensitivity of cost functions or summarising functions to changes in parameters;
— stability to stochastic sources;

— parametric studies (optimality in design analyses);

— parametric identification (in experimental context);

The present project proposes a consistent and unique methodology to do so, based on the systematic use
of the Tangent Linear System (and Circulating TLS) of the system. The present Collaboration has shown
in various contexts how the Transfer Evolution Formalism (TEF), developed by the Collaboration, allows
to conduct automatically all these functionalities.

A TEF model consists of a set of connected elementary objects (sub-models) that correspond to
well-posed problems. As a consequence, the question of the inter-influence between objects is directly
accessible. An additional benefit is that the systematic partitioning of systems under TEF gives immediate
access to massive parallelisation of the code.

The TEF approach of modelling is now rich of 20 years of experience in various scientific
fields, from theoretical research to industrial applications, among which engineering, fluid mechanics,
chemistry, physics, economy, molecular biology, climatology, etc. This work has lead to numerous peer-
reviewed publications in international journals (e.g., Journal of Economic Behavior and Organization,
Phys. Rev. Lett., J. Atmos. Sci., Electrophoresis, etc.). For more information, see [Blanco et al.(1996),
Platel et al.(2004), Hallegatte (2005), Hallegatte (2006), Lahellec et al.(2006), Hallegatte et al.(2006)],
and numerous PhD theses.

The TEF Collaboration, and needs for further development
Twenty years of methodological development and numerical implementation have paralleled the

development of the ZOOM code. More recently, a new simplified version, named Mini_ker— which
is currently in its version 1022 — have been developed in three years, starting in August 2003;
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1D models). The basis of this software is a symbolic partial differential technique that gives access to
all Jacobian matrices of the system at every point along the trajectory. In other words, the Tangent
Linear System is computed together with the model trajectory, allowing a variety of analyses: systematic
forward sensitivity analyses, calculation of the adjoint system and gradient computing, extended-Kalman
filtering, linear and non-linear feedback studies, etc.

The proposed project consists in the development of a new version of the Mini ker
software in a renewed computering environment, allowing for a substantial improvement in
dimension limitation, ready for massive parallelisation, and adapted to public diffusion for
research and industrial applications.

In our knowledge, there is no other modelling tool gathering the analysing facilities of Mini ker in
its highly coherent approach based on: (i) TEF (partitioning and coupling); (ii) symbolic differentiation,
and (iii) systematic exploitation of systems TLS.

Companion research applications

The Mini ker project will be the occasion of boosting modelling activities among the teams involved in
the TEF-ZOOM collaboration. Our major projects are:

e The investigation of climate-economy interactions, a very active field where interaction dynamics is
of primary importance to study and anticipate the impacts of global warming [Hallegatte (2006),
Hallegatte (2005)] and to propose mitigation and adaptation actions.

e the modelling of non autonomous feedback dynamics in Climate Sciences, which is an
important issue to understand and predict Global Climate Change. The CTLS methodology
developed in the Collaboration allowed substantial progress in this domain [Lahellec et al.(2006),
Hallegatte et al.(2006)].

e The use of models as accompanying tools for experimental studies. Emerging technology systems
offer a very stimulating context, because models are intimate parts of the development of
experimental facilities. Two main applications are scheduled: the modelling of compost-based
bio-filters for air treatment and the development of high-technology heating loops for spacecraft.

e The development of modelling methodologies for architects and engineers. During pre-designing
phases, indeed, important decisions are usually taken from expertise only. To provide guidance
from models, new modelling approaches are required. To progress in this direction, our approach
will be applied to racing-boat pre-designing.
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University);
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