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In times past, scientific activity would be carried out according to two modes: theory, and
experimentation. The past few decades have seen numerical simulation gain acceptance
as a third approach, in most disciplines involved in research and development, from the most

fundamental to those closest to industrial concerns. Concurrently, thanks in part to
simulation, predictive science has surged ahead, making inroads in the preserve of empiricism.
Which has in no way put experimentation in jeopardy, since there can be no valid prediction
without identification and modeling of processes, by way of experiments where precision and
sensitivity of measurements and accuracy of sensors play an increasingly crucial role.

The triptych made up of modeling/simulation/experimentation has thus asserted itself as
the backbone of the R&D process, sustained by advances in computers and software
engineering, making it possible to use their extraordinary capabilities to the best advantage.
Computing power now available allows, nowadays, a numerical approach – previously
unthinkable – for complex phenomena.

CEA has acted, and is acting more than ever, as prime mover in this evolution, in particular
so as to meet requirements related to production of the components of the French nuclear
deterrent, and of the French nuclear power reactor fleet. Its work in the life and physical
sciences, as well as in technological research, has also followed, or at times even anticipated,
this trend. It was thus a natural move to devote an issue of Clefs CEA to an approach which
has profoundly altered the professions of researcher, engineer, and, more generally, of
practitioners as a whole.

More widely, pursuit of major current society-wide goals requires, more than ever, recourse
to simulation. Whether the issue be understanding or prediction of climate evolution, design
of new medical cures, of diagnostic resources, of energy systems taking on board the concept
of sustainable development, or action and taking the right decision in difficult circumstances,
the indissoluble whole of theory/modeling, numerical simulation, and experimentation is
ubiquitous.

At the same time, experimentation may be restricted, in quantitative terms, with no risk of
passing over major aspects, through use of behavioral modeling, as outlined in this issue.
The taxpayer will reap the benefit, more readily even than the consumer or the citizen, for
the “returns” from ever-costly equipment are greatly increased, due to “smarter” and
faster research, as shown by the example of genetics. As for past integral experiments – this
now being the case with regard to nuclear tests – they may now be revisited in the light of
the latest advances in research, and findings from the new tools of simulation, making it
possible to qualify the latter.
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