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1. EXECUTIVE SUMMARY

We propose to provide the scientific community with a toolbox that will  help handling the multi-
physic problems that can be addressed  through the solving of Partial Differential Equations (PDE) 
with pseudo-spectral methods in different geometries (a periodic box, slab, torus or a sphere). One of 
our objective is to allow the scientists of the field to exploit the possibilities of the today's many-core 
machines while isolating them from the complexity inherent to that kind of software development, 
which  must  deal  with  issues  such  as:  shared  and  distributed  memory,  multi-core  and  multi-cpu 
computing nodes, multi-threading and multi processing, hybrid and homogeneous architecture,  and so 
on.
One of the main difficulties of such a project being the apparent contradiction between the need to get 
answers as quickly as possible in an highly competitive environment and the time required to craft and 
maintain a useful, efficient, easy to use and ever adapting piece of software. Considering only one side 
of the problem is bound to fail. Thus, to address this daunting task, we take the pragmatic decision to 
build a team where physicists and computer scientists will collaborate. We are also committed to make 
this an open source software development effort: indeed, the adoption, and hopefully the contributions, 
by the scientific community will be a strong indicator of success, or failure. It is our hope to initiate a 
synergy were users could develop their own tool on top of SpecTLib, provide their own optimisations 
or simply their testing of the tool.
We will develop a multi layer library written mostly in C++ (although bindings will be provided  that 
will ease collaborations with now well established communities, and existing efforts such as BLAS 
and FFTW will be leveraged) that will be easy to use for the scientific users, who will not have to 
enter into the technicalities of MPI programming, multi threading and accelerators such as GPUs. We 
want them to concentrate on what there are best at: write their temporal schemes with their relevant PDE 
system (some examples will be provided). But on the other hand, the modularity of our framework will 
also allow computer scientists and software engineers to contribute on the other side of the library, 
providing optimisations, support for new hardware and architecture, without impacting the user code.

With such tool boxes, teams exploring problems with pseudo-spectral methods will be able to compute on 
PetaFLOPS computers at high resolution problems from thousand cube to few thousands cube grid point. 
The number of topics covered by those numerical techniques and geometries proposed are huge.  For 
example in hydrodynamics, we will  be able to reach the fully turbulent regime driven by convection 
instability, high rotation, shear instability (slab geometry), MHD, geodynamo, passive scalar, and the list is 
far  away from being exhaustive.  With the  use  of  “SpecTLib”,  we  will  be  able  to  use  high parallel 
computers, reaching highly non linear regimes. The results will impact a wide range of scientific domains 
such as environmental issues (pollution, geophysical applications, the atmosphere, geodynamo, mantle 
convection,  astrophysics,  planetary  disk,  solar  dynamics,  ...)  ,  and  all  the  experimental  comparisons 
possible in turbulence topics.   
It is true that the shape of our computation domain can be considered classic or academic, also the 
spectral techniques are well known and study since 40 years, but in this framework, we will be able to 
offer one of the most precise computer schemes able to carefully follow long term integration and 
transition to the turbulence,  non linear phenomena's in an optimized way. 

We propose the following :
• Template spectral library for solving PDE systems for multi-physics, multi-scale problems, 

available in an open-source project for the scientific community. 
• A tri-periodic computing domain, slab, torus and spherical geometry.  
• The classic Legendre-Fourier transform for spherical harmonic will be optimized with a new 

algorithm for sharing memory nodes with multi-thread distribution.  
• This library will be designed in order to work and optimize the PetaFLOPS computers.
• The distributed library MPI and multi-threading computation will be mixed, as the GPU. 
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• We  propose  automatic  optimisation  strategies  to  fit  the  size,  and  the  architecture  of  the 
computer ( decision tree, dependence analysis) .

• Our library will include treatment “on the fly”, able to produce diverse diagnostics and reduce 
the amount of data needing to be saved (exhaustive data saving would be overwhelming), by 
using a special wavelet transform of the computed fields, on-line with our code.

•  We propose a hierarchy of Template Method (using Design Pattern terminology) classes that 
the users will be able to use or extends for building theirs simulation loops ; 

• A communicator interface will be designed to send data into advanced diagnostics module or 
other  codes  working  on  extra  CPU  space  (i.g.  Wavelet  module,  Lagrangian  trajectories, 
inertial particles , visualisation 3D, large IO).   

• Binding for the python language of the library for interactive command or python script and 
integration with well established environments such as Sage.

• Sample applications, including incompressible hydrodynamic and magnetohydrodynamic.  

The library and various software components will be provided under the control and protection of the 
CeCILL  licence  (www.cecill.info),  a  French  adaptation  of  the  GPL  licence.  SpecTLib  will  be 
available in the form of released packages and through a publication available version control system 
such as  subversion.  A bug tracker  will  also be available to  the public who will  be allowed (and 
encouraged) to submit bug reports and new feature requests. Obviously, documentation quality will be 
considered a paramount requirement.  Some part of the effort  will  be proposed to the boost group 
(www.boost.org).
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2. CONTEXT AND RELEVANCE TO THE CALL 
For the last 40 years, scientists have been solving partial differential equations (PDE) system using 
spectral  or  pseudo-spectral  methods,  specially  for  fluid  mechanic  simulation  looking  for  fully 
developed  turbulence  regime.  Incompressible  turbulent  flows  have  been  studied  intensively  in  a 
periodic space, which is a classical mathematical framework for analysis and theory. The pseudo-
spectral numerical schemes [1-5] is a global method and the most precise for a fixed mesh size, and 
associated with high temporal  schemes,  represents classic and solid schemes for wave turbulence, 
multi-physics systems (thermal, self-gravity, compressible effect …)[6]. The success of these schemes 
comes from the Fast Fourier transform algorithm implemented inside vector (CRAY I, II, ... NEC-SX) 
and distributed architectures. Even now, this basic mathematical transform is still being improved for 
the  new  processor  generations  (www.fftw.org).  Like  in  the  case  of  perfect  gas,  fluid  mechanic 
computer scientists are adapting spectral simulation into the largest computers available of the world. 
The physical systems studied are highly non-linear, implying a very large range of spatial scales to 
reach the relevant turbulent regimes. The spectral method is intensively used for slab geometry (one 
direction  non  periodic)  and  the  spherical  geometry  where  the  zonal  component  is  treated  using 
polynomial Legendre decomposition.   

Actually, the largest grid resolution in periodic geometry reached is order 4096^3 grid points for the 
incompressible  Navier-Stoke equation [7],  using the  top computer  available  5  years  ago.  A large 
scientific community has the same needs, solving couple PDE system involving no-linear interactions, 
where the largest range of available scales inside the computing domain is achieved (hydrodynamics, 
astrophysics, geophysics, magnetohydrodynamics, plasma physics ...) .

During the last decade few groups have built their own code to perform simulation using the recent 
distributed architecture.  Hence, we are all finally using the same the techniques mixing MPI library 
or/and multi-threading to perform the largest simulations in our respective fields. But, computer skills 
needed to optimally use the different architectures, such as multi-core, GPU, are growing. The human 
time spent into the optimization of such numerical codes becomes very important. Our PHD students, 
post-docs do not have the time and the necessary skills to perform and maintain these sophisticated 
tools.

Usually  scientific  teams are  spending time  and efforts  in  their  own respective  way for  designing 
parallel codes. Without sharing their experience and effort this activity can be considered as a non-
utilisation of resources.  Here, we propose to build a spectral template library, where the difficult part 
of  the  C++ object  structure  and the  optimization  will  be  transparent  for  the  physicist.  Using the 
SPECTLIB, we will be able to provide the template library where basic mathematical operations such 
as  FFT  transform,  Legendre  transform,  tensor,  or  basic  vectorial  operations  will  be  treated 
automatically in parallel  using the most adapted strategy for the target computer.  During the four 
years, we would concentrate our efforts to built a team comprising computer scientists and physicists 
to provide the community a solid basis which would become a seed point to start an open spectral 
library. All users could participate in improving our initial input inside a wide framework, by adding 
extra  tools  and  features  to  finally  handle  various  multi-physics  simulations  inside  three-periodic 
geometry, slab, torus or spherical domains.
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2.1. CONTEXT, ECONOMIC AND SOCIETAL ISSUES

Deploying high performance computing is  one of  the new scientific  challenges seen for  the next 
decade, the PetaFLOPS computer will soon be accessible in France and the ExaFLOPS is the next 
future. With this computer power, we should be able to achieve high non linear physics computations 
for wide scientific topics.
Reaching high turbulent regimes in hydrodynamics will lead to a better exploration of the dynamics of 
the  material  transport  (passive scalar,  particle,  pollutant),  which will  impact  our  understanding of 
fundamental processes for the several studies in fluid mechanics, environmental issues, geophysical 
and astrophysical phenomena's.       

But the question we must ask is “Are we ready to use such advanced computer power soon available 
to us ?”      
Even if some scientific groups have parallel codes working well from 10 to 100 processors, there is a 
wide gap to run simulations on hundred cores up to few thousands cores. The diversity of the different 
technologies and rapid change, force the different scientific communities to react quickly but it is 
really time consuming. In fact, the number of projects in France using GPU processors or the IBM 
Blue-Gene architecture is very few and can be counted on fingertips. The ANR COSINUS gives us an 
opportunity to be build a team of computer scientists and physicists, where an efficient and highly 
parallel pseudo-spectral library will be prepared for precise large scale distributed simulations.

2.2. RELEVANCE OF THE PROPOSAL

In fluid dynamics and magnetohydrodynamics science only a few public codes are available, and less 
are maintained or updated over the web. The success and the life time of a code depends on propierties 
about the code, i.e.,  how generic the code is in practice, the ease with changes can be implemented 
and how efficiently new features can be added. To explain this, we can site two existing projects : the 
“pencil code” (http://www.nordita.org/software/pencil-code/ ) and the “flash 
code”(http://flash.uchicago.edu).  The first one was built by two physicists willing to share their 
technologies. This code solves the compressible MHD system with finite differences in the schemas. It 
is possible for the users to add extra features after opening the source code. The number of users and 
publications are growing. Another example is the “Flash Code”project, which was initiated by 
physicists aiming to explore highly compressible dynamics in astrophysics. A team of engineers and 
post-docs has been formed with funding from divers institutes (kindly refer the web page) and support 
from the Alliances Center for Astrophysical Thermonuclear Flashes.        

Several teams around the world have built their own pseudo-spectral code, but at present there is no 
such open source library available. Spectral methods are mostly used for academic researches, and the 
existing codes are not designed with an oriented object  language which is easy to adapt  into any 
computer architecture without changing the main program.         
Starting from this fact, and our experiences, we started building such library two years ago, mixing 
CNRS scientists and engineers.  The project was initiated with an existing pseudo-spectral code in 
periodic geometry, the project is developing, but slowly. We soon realized the problems we are facing 
are common to any geometry using spectral methods. Finally, all the partners of this proposal need to 
build is own code for high parallel computing. We decide to combine our efforts to build a harmonized 
library. This harmonisation and optimization effort will be a real breakthrough and will benefit for all 
our community. As a successful open source project, we need to give the first seed to create a synergy 
by providing a solid basis : A Template Library in C++ in the most efficient  software engineering 
way.    
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3. SCIENTIFIC AND TECHNICAL DESCRIPTION

3.1. STATE OF THE ART

3.1.1 SPECTRAL METHOD

For the past forty years scientists have been solving partial differential equation (PDE) system using 
spectral  or  pseudo-spectral  method.  The  spectral  methods  are  well-established  methods  for  the 
solution of differential  problems by representing the solutions as a truncated series expansion, the 
unknowns being the expansion coefficients. The Fourier basis is appropriate for periodic problems. 
For non periodic problems, the Chebyshev or Legendre polynomial bases are commonly used. 
The  foundations  of  spectral  methods  are  not  recent.  For  many  years  before  the  computers,  the 
theoretical studies in mathematical physics, and specially in fluid mechanics have made extensive use 
of series expansions.  Thus, these studies have led to the important development of special functions. 
However, the series expansion methods have shown severe limitations and faced difficulties while 
computing the truncated sums with a large number of terms by hand or while treating non linear terms. 

In the 1970s, the revival of the Fourier method coincided with an increase in the computing power and 
the application of the fast Fourier transform (FFT) algorithm (Cooley &Tukey 1965 [8]). The pseudo-
spectral method, where linear terms are computed in spectral space and non linear terms in real space 
were introduced (Orsag and Patterson 1972 [5]), and those methods are intensively used for direct 
simulations of the turbulence. For a full periodic or slab geometry several books described in detail the 
different  schemes (C.  Canuto et  al  (1988) [2],  J.P Boyd(1988)[9],  R.  Peyret  (2002) [3]),  the fast 
Fourier  transform  (FFT)  algorithm  is  improving  along  the  years  and  optimized  for  the  several 
generations of computer architecture. In the mono-processor time the vectorial processors (Cray I, 
II,X-MP, Y-MP) gave a boost to the pseudo-spectral computation due to the fact FFT library was 
included and optimized.  Recently,  the FFT algorithm has been optimised for most  of  the modern 
processors  inside  a  package  (www.fftw.org),  where  numerous  different  strategies  are  proposed 
automatically to optimize the Fourier transform depending on the platform and the size of the problem. 

In the late 90's and 2000,  the multi-processor architecture became more common and widespread. The 
MPI library (The Message Passing Interface) are now a standard, and the different scientific group 
start to built their own pseudo-spectral parallel MPI code [10-20] to solve the non linear problems. 
The multi-processor strategy deals with distribution of  the scalar or vector field in equal sizes along 
the different processors, i.e., distributing the memory and the task at each processor. 
For the periodic cube, the domain is cut  in slices  performing the Fourier transform locally for two 
dimensions, but there is a need for global transposition to compute the last Fourier transform in the 
third direction.  
For  the  slab  geometry  or  spherical  geometry  the  strategy  is  the  same,  slice  of  the  domain  are 
distributed locally in each processor, but this time the third direction is treated differently with specific 
polynomial expansion or finite difference method or even finite volume [21-25] algorithm. 

The pseudo-spectral method is clearly the most precise method, as know as the Galerking method, 
here  the  solution  is  expanded  on  a  finite  polynomial  basis  (generally  orthogonal)  and  with  the 
polynomial which satisfied the boundary conditions of the domain (periodic, Dirichelet, Neumannn 
boundaries conditions). The spatial convergence is exponential, and really more efficient as any finite 
difference, or finite elements schemes. To perform a simple derivation of a function the system takes 
in account of all the collocations points of the full domain. 
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Why do we need high spatial accuracy ?

Long term hydrodynamics integration and transition to the turbulence regimes are often wrecked by 
the  computation  instability.  Common  strategies  for  preserving  stability  include  adding  lots  of 
dissipations and energy conserving difference or finite element schemes. However, both strategies can 
distort  the  solution.  Spectral  solutions  are  often  stable  even  without  damping or  imposed  energy 
conservations.  
It  is  a  global  method,  which  will  imply  at  some  point  a  global  communication.  This  global 
communication has its  effects  on the overall  efficiency for a large parallel  computer,  the balance 
between local computation and communication should be well equilibrated. 
This argument has been used numerous times to pretend that pseudo-spectral method will be soon 
dead for HPC. But finally the communication bandwidth and the latency are finally progressing at the 
same rate than the CPU frequency. Nowadays the increase in the rate of CPU frequency is slowing 
down, concerning the heating and power consumption problem. However, these technological issues 
balance this in favour of the communication latency or bandwidth. The next generation architecture 
will  be  node  multi-core  oriented.  We will  take  into  account  the  occurrence  of  this  tendency,  by 
proposing a strategy which is a mix of MPI and multi-threading.  

An alternative  parallel  spectral  method is  possible,  joining many of  elementary domains  together 
where the equations in each domain are solved by a spectral method, and using continuity conditions 
between each elements. This technique is well known as “the spectral element method” [M.O Deville, 
P. F Fischer, E.H Mund (2002) [27]).This method is also intensely used and quite obvious to parallel 
computing, where each spectral element is taken in charge by a core or a shared memory node. We 
will not include this technique in the current proposal  because the full domain handles the array of 
elements differently. Few teams around the world are already making an effort to support the spectral 
element technique on “Many-core”computers [26-30]. We do not want to repeat this work, and focus 
ourselves on only one full spectral domain. 

3.1.2 SCIENCE IN THE PERIODIC BOX

The periodic box is a natural framework to study highly non linear phenomena, where the fluctuations 
created or injected inside the computed domain are not affected by any boundary conditions.
In fluid mechanics this geometry is intensely used for studying the turbulence regime. The rate of 
velocity fluctuation is higher than the one in a bounded domain, so it is a natural to use such a tool to 
study the role of the fluctuation on any phenomena (i.e. [10-20]). The domain represent a part of a 
turbulent fluid or any scalar or vector field, it is used intensively in fluid mechanics, in geophysics and 
astrophysics.   
Currently  the  highest  resolution  obtained  in  fluid  mechanics,  solving  the  evolution  of  the  fluid 
velocity, driven by the Navier-Stoke equation is 4096^3 [7]. When computing the equations in multi-
physics more time step is  required,  as example the highest  resolution obtain in MHD is of  order 
1500^3 [20]. Indeed, multi-physics problem generally lead to different time scale phenomenas that 
imply longer integration times. The optimization and the implementation on multi-core computer also 
leads to decrease in the real integration time for a given resolution. Combining this geometry and the 
promising PetaFLOPS computers coming soon, we will reach resolution greater than four thousand 
cube and approach parameters (Reynolds number in fluid) present inside real experiments.

3.1.3 SCIENCE AND SLAB OR TORUS GEOMETRY

The slab geometry is composed of two periodic directions and third direction could be spectral using 
polynomial decomposition or non spectral such as the finite difference method. This geometry is used 
when the physical problem needs one direction with real boundaries. The most common topics studied 
is the convective instability, where the bottom and the top boundaries determine the heat transfer, and 
evolved fluid or thermal boundaries layers [24-25]. An extension is planned for the torus/cylinder 
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geometry,  with  or  without  the  internal  cylinder.  In  this  geometry  there  are  also  two  periodic 
components but in this case they represent the toroidal and the vertical direction (θ, z). From the slab 
geometry, we just need to change the mathematical operators for the new scientific fields reference 
frame work (r, θ, z). The radius direction can not have an inner boundary. The science associated with 
this geometry is wide, such as plasma physic, turbulence inside pipe flow, or fluid experiments. 

3.1.4 SPHERICAL GEOMETRY

Spherical Geometry is of interest for geophysical or astrophysical computations. Currently there are 
several spherical geometry codes that are used in the scientific community.
Historically, spherical harmonics were used in several codes (QGdynamo [31], MAGIC [32], 
PARODY [33]) but they fail to be scalable up to very large numbers of nodes.

To perform high resolution simulations, the first strategy was to step away from spherical harmonics, 
using 3D finite differences (Yin-Yang grid [34]) which scaled efficiently enough to run on the Earth-
Simulator (Japan). A high resolution run for this code is  511 (r) × 514 (θ) × 1,538 (φ), which can be 
compare roughly to a spectral resolution of about half the point in each direction if not less (due to the 
slower convergence of the finite difference scheme).

Later, spherical-harmonic codes [35] were also allowed on the Earth-Simulator with harmonic degree 
up to 255, and Tchebychev expansion of up to degree 160. This would have required a spatial grid of 
about 320 (r) ×384 (θ) ×768 (φ).
This is not much compared to the high resolutions achieved today in Cartesian geometry. The 
limitation comes from the spherical harmonic transform, which was performed using a classical, slow 
Gauss-Legendre algorithm.

The spherical counterpart to the Fourier Transform is the spherical harmonic transform.
For vectors, this is not as straightforward as in a Cartesian coordinate system. The vector spherical 
harmonics use the so-called radial/spheroidal/toroidal decomposition, which is reduced to a 
poloidal/toroidal decomposition in the case of an incompressible field.
A very important advantage of the poloidal/toroidal + spherical harmonic decomposition, is the classic 
boundary conditions outside the sphere (i.e. insulator for the magnetic field),  is reduced to a very 
simple boundary condition on the spherical harmonic coefficients, so that we do not need to commute 
the field in the insulator outside the sphere.

This geometry is essential for geophysical or global planetary studies.  

3.1.5 TEMPLATE METHOD DESIGN PATTERN

We will provide a  multi layered set of libraries, allowing user to exploit our code by accessing the 
layer best suited to their need and knowledge. But at the higher level of abstraction (see sec  4.3.1 p 17 
for details), the physicist will usually end up with a recurring pattern that looks like: 

a) Initialization phase (set initial conditions, possibly from a previously interrupted run, …)
b) Main loop (temporal scheme, 3d output,...)
c) Post processing (diagnostic, restart data dump, …)

Obviously,  there  will  be  differences  between  one  physic  and  another,  but  if  we  consider  two 
developments done from scratch, we are also likely to find a lot of very similar code, and probably not 
the most exiting one: dump and load of fields data, little bit of physic (forcing, filtering...) periodic 
dump of data samples, checkpoint handling etc... indeed, examination of existing code suggest that a 
lot of trivial task could be taken care of for the user.
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Implementing a Template Method[55] DP to handle such a “loop” could provide a hierarchy of “loop” 
classes that the users could extend by overriding predefined callback methods to implement its physic. 
Such a class will provide basic, yet cumbersome to implement, services such as:

– Check-pointing
– Periodic output
– Basic recurring piece of physic (such as forcing)

It would also provide the new  coming user with a “starting point”, some user are not that fond of 
documentation and having a set of classes to look into and to modify to get a fully functional example 
could be a good way to get acceptance.
Another  interest  of  using such a  pattern  is  to  have  a  framework for  high level  optimisations  (as 
explained in task 2). Indeed, most running time will be spent in the main loop, each step of which will 
produce a  a  set  of  output  field  from a set  of  input  fields.  If  the  user  accept  to  fit  a  pre-defined 
framework where the library known what the input and output are, many standard and well known 
optimizations techniques[56] can be used (mostly to optimized data transfers).
Now, this template method class hierarchy will be proposed, but its usage is completely optional and 
won't be presented as a pre-requisite.

3.2 OBJECTIVES, PROGRESS BEYOND THE STATE OF THE ART 

We propose to build a C++ template library which will be able to handle the spectral and pseudo-
spectral simulations by solving the PDE equation system in large scale parallel computers. The MPI 
and multi-treading libraries, with an automatic optimization will be mixed and available for mostly all 
platforms (including GPU). This library will be designed for pseudo-spectral code for the full three-
dimensional  periodic  domain,  slab  and  spherical  geometry  (where  one  or  two  direction  are  not 
periodic, could be treated by spectral or non spectral method (Chebyshev, Legendre polynomial or 
finite difference, ...)).  

Even if pseudo-spectral codes are used intensively around the world , there is no open source library 
available for scientists.  We propose a tool box, where programmers or users will be able to build their 
own applications.  This  library will  be  generic  and handle  any PDE system using pseudo-spectral 
methods.  Basic mathematical  functions for  the scalar  or vector field will  be provided with a user 
interface, where the time loop and the output will be included inside a template skeleton of the main 
program. We are planning to include a binding of the python language. The users could use the library 
inside interactive python command or building a nice graphic interface (with, Tk, QT … ).    
We also want to provide a communicator interface where the main application could run on a MPI 
subspace of nodes, and communicating some fields into an other subspace where advanced diagnostics 
could be treated in parallel independently that the main program.       
Sending fields to an other MPI subspace, is really a new concept which will take advantage of the very 
large number of core in the actual architecture. The main code solving the PDE system, could continue 
few time step, when an extra subspace of node can handle heavy diagnostics without slowing 
the main program.   
   
In our generic template library, the optimization will be performed inside the basic library, which  will 
be transparent for the users. The different optimization strategies will be switched automatically for 
the different platforms. The Fast Fourier Transform library (www.fftw.org) already offers a facility 
where, the first transform can automatically code and scan all the possible strategies, and finally run 
on the best optimization according of the plate-form and the transform size.   
We will include bench-test where all the strategies available will be included, providing the users with 
the best set up to use the library in an optimizes way on his or her platform and problem size.  
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One partner will deal with the spherical geometry, specifically by increasing the speed of the Legendre 
algorithm and including an optimisation inside share memory node. 
To write the spherical geometry objects and methods, we propose to merge the existing code 
XSHELLS [36] (spherical DNS, written in C by Nathanaël Schaeffer) to the SpecTlib.
This will involve programming engineering to encapsulate all the functions into objects, and write all 
the methods for the basic operation that SpecTLib will support on fields.
The spherical harmonic transform will be abstracted using a library, so that we will be able to easily 
switch to a different algorithm when needed.

Another partner, a specialist of special wavelet decomposition in hydrodynamics, will give an original 
way  to  follow  the  dynamics  of  the  turbulent  structures  (I.e.  Enstrophy  vortex  filaments  in 
hydrodynamics  or  electric  current  sheet  in  MHD),  based  on  wavelet  transforms  and  a  filtering 
according to the energy relevance. These techniques could provide a picture of the desired quantity 
reduced in size  to only percentage of the full data.
We want to increase the resolution up to 40963 during the next years. Note that only one vector field in 
double precisions is already 2 TeraOctes.  It will be impossible to make a movie of the 1 million of 
time step, even 100 snapshots will be difficult to handle and save. 
With the use of highly intensive simulations we also come across the problems of dealing with a 
massive data set. 
We must  include some treatment  of  the data on the fly,  (which was an ordinary include in post-
treatment) following the dynamics of the turbulent structures will  be an interesting challenge, and 
enlightening  in  any  large  simulation.  In  our  spectral  library  the  “on  the  fly”  treatments  will  be 
naturally included, such as Lagrangian trajectory, particle dynamics, or image production from a 3D 
visualisation software.  

Our team will be a mix of computer engineers and physicists to produce a library code for physicists 
aiming to solve PDE system with pseudo-spectral methods in the different geometries such as periodic 
box, slab or torus and sphere. 
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4. SCIENTIFIC AND TECHNICAL OBJECTIVES / PROJECT DESCRIPTION

4.1. SCIENTIFIC PROGRAMME, PROJECT STRUCTURE 

The project is organized in four tasks. 

Task 1 : Core library : This task will produce the main library, which includes the principal template 
objects of the fields (vector, scalar, tensor) and the basic operations, or the basic diagnostics.
This represents the major part of the work. The Task 1 has been divided in six sub tasks. 
First we divided according to the different geometries : 
Task 1.1 : Periodic box : The core library will be built for the periodic box, where all the directions 
will be transformed between real space to spectral space by the Fourier transform. 
Task 1.2 : Slab and Torus :  The slab or the torus geometry, where one direction is not periodic will be 
the next priority after the periodic box. We have not decided which numerical technique will be used 
for the non periodic direction. It could be spectral with an expansion of Chebyshev polynomials, or by 
the finite, volume difference. 
Task 1.3 : Spherical geometry : We will support the spherical geometry, where the spherical shell is 
handled with Legendre-Fourier expansion. The third direction will be treated as the Task 1.2.
Task 1.4 : Basics diagnostics :  For each geometry, functions will provided from scalar and vector 
fields global quantities, locals, or various type of spectrum.  
Task 1.5 : Communicator and  user interface :  The core library will provide elementary tools to build 
an application (code), the user interface will provide a generic template method to create the main 
program (temporal loop, input, output, … ). A binding python library will also be provided to build 
Python main program, or to build interactive computation.
The communicator interface will transmit some informations (scalar, vector fields, or other output) to 
an extra module or code which will  treated those data. The extra module could be the Advanced 
diagnostics or even an external code (as particle trajectories computation).  
Task 1.6 : Automatic tests and benchmarks 
We will added a series of automatic tests to check a maximum number of features of the library
We will include also some automatic benchmarks to seek the best optimization strategies for a given 
architecture.  

The Task 2 : Optimized core library : The periodic box or the slab geometry will be optimized for 
several computer architecture such as GPU. Inside this task, we propose a MPI-Multi-thread treatment 
of the 3D Fourier transform, and alternative strategies for basic array computation (as the BLAS multi-
thread library, or other)   

The Task 3:  Legendre-Fourier optimized : This transform is much slower than the classic Fourier 
transform. A new algorithm and mixed MPI-multi-tread or GPU implementation is proposed. 

The Task 4  : Advanced diagnostics :  Large simulations can produce huge data sets which may be 
impossible to save. Using a type of wavelet decomposition and some filtering on vectors or scalar 
fields, this module could compress the data, keeping the most energetic contribution of the structures. 
This data could be compressed to only 5% of the original size and gives a time-space framework to 
follow the structure's dynamics  (i.e. vortex filament for the Enstrophy in hydrodynamic, or current 
map in MHD).  We are also interested to include 3D visualisation features. 
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4.2. PROJECT MANAGEMENT 

 The project leader will stay in close contact with the task leaders
defined in table 1. The task leaders are responsible for the carrying out a particular task or subtask
and they will report each semester by a brief report to the project leader, who will use this to assemble 
the semester report. We will also organise bi-annual meetings, to exchange our progress and views on 
the project.  We have coordinators for the full task, and people responsible to accomplish the sub task. 

Task Coordinator/responsible Involved partners

1. Core Library 
 
   1.1 Periodic box
   1.2 Slab, Torus geometry 
   1.3 Spherical geometry
   1.4 Basic diagnostics 
   1.5 Interfaces 
   1.6 Automatic tests and bench

Y. Ponty (Cassiopée)

Y. Ponty (Cassiopée)
H. Politano (Cassiopée)
N. Schaeffer (LGIT)
H. Politano (Cassiopée)
A. Miniussi (UMS OCA) 
Y. Ponty (Cassiopée)

P1, P2, P3

2. Optimisation core library A. Miniussi (UMS OCA) P2

3. Optimisation : 
Legendre-Fourier Transform

N. Schaeffer (LGIT) P3

4. Advanced Diagnostics
 
  4.1 Wavelet tools package  
  4.2 others 

M. Farge (LMD)

M. Farge (LMD)
Y. Ponty (Cassiopée)

P1, P4 

Partners : 

 Partners Personnels 

Laboratory Cassiopée Nice Yannick Ponty  (CR1)
Héléne Politano (DR2)

Mesocentre UMS Gaililée OCA Alain Miniussi (IR2)

LGIT Grenoble Nathanael  Schaeffer (CR2)
Franck Plunian (MC1)

LMD  (Paris + collaborators) Marie Farge (DR1)
Kai  Schneider (PR1)
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4.3. DESCRIPTION OF THE TASKS

4.3.1 TASK 1 : CORE LIBRARY 

The first task of this project covers the building the core library, in which the template objects and 
associate function are defined. We will define scalar and vector field objects, the basic mathematical 
functions  associated with those objects  (transformation from real  space to spectral  space,  and the 
inverse,  basic mathematical  operations (+,-,.,x,/,...),  vectorial  operators  :  divergence,  gradient,  curl 
operators …). We will also included  the IO library (for loading or saving scalar or vector field). The 
core library will be different for each geometry, but the common feature of the array structure will be 
shared.  

Task 1.1 : Periodic box

The  computing  domain is  fully  periodic  and  the  three  directions  are  projected  on  the  Fourier 
expansions. The classic MPI decomposition cuts the domain in equal slices as figure 2. The first two 
Fourier transforms are effectuated inside the share memory slice, then the cube needs to be transposed 
around  the  MPI  network  to  finish  the  third  FFT  transform.  We  use  a  well  know  transposition 
algorithm, where the slice are cut into equal blocks and the blocks are exchanged two by two, before 
an self transposition by block (see figure 2).    

Figure  2  :  Communication  schemes  of  the  transposition  for  4  MPI 
processes.  The  transposition  is  performed  by  exchanging  block  2x2 
excluding the diagonal and additionally each block is transposed locally. 
In the MPI library, there is a function MPI_AlltoAll could also be used to 
transpose the cube. Note  this process represents the heavy part of the MPI 
communication.  There  should  be  balance  between communication  and 
FFT, in order to avoid the under loading of the processors.        

With this repartitioning of the cube, the number of processors are limited by the number of slices 
permitted by the resolution. If we want to run in N³, only N cores could be used. There is two possible 
strategies which could help to overcome this limitation.

Nowadays, the computer architecture is based on nodes with multi cores. The number of core by node 
is increasing. Our first strategy will be to mix MPI and multi-threading computation. Each slice will be 
shared inside the node, and inside the node different cores will have a shared memory task on this 
slice.  

 

Figure  3:  The  domain  is  distributed  by 
slice inside a node. A slice is treated via 
multi-threading  computation  by  the 
individual core. 
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This  strategy  can  multiply  by  P-thread  times  the  total  number  of  cores,  without  using  another 
transposition.

It is possible to distribute the cube using a different geometry such as the the pencil  (see Figure 4). 
But, in such cases two transpositions will be necessary, and consequently the time of communication 
will be increased. This strategy could be successful on a large number of nodes where the processors 
are relatively slow (e. g. IBM  Blue Gene architecture). This implementation is possible only for the 
periodic box, although this will not be our first priority.

Distributing the slice into node, where the multi-threading is active in each node, will be more generic. 
Indeed if at least one of the directions is not periodic as is the case for the slab, the torus or the sphere, 
the slice representation becomes necessary.           

Figure  4  :The  computer  domain  is  cut  in 
pencil where one local FFT is feasible. This 
geometry  necessitate  two  transposition  to 
perform the  two last Fourier transforms.   

Task 1.2 : Slab or torus geometry 

The slab or the torus geometry have one non periodic direction in common. Along this non periodic 
direction, we will use non spectral, or spectral decomposition such as finite difference methods or 
finite volume method, or Tchebychev polynomial expansion. At this stage of the project, we do not 
have the final answer. Nevertheless the sketch to distribute the computed domains on N nodes, is the 
same as the periodic box (see Figure 3). Slice part of the domain will share a bi-dimensional periodic 
space. Then the major part of the object design or their optimization from the periodic library could be 
implemented inside this library. Only basic operations of the third direction must be added. Note that 
the design of this library will start after a real stabilization of the periodic library. The applications are 
huge, because having a non periodic direction demonstrates effect of boundaries on the science. 

We will need to treat the difference between the Slab and the Torus shell, which are only localised on 
the definition of the basic vectorial operators. For the full torus, there is no inside boundary which 
could be a by product, but we need to handle the numerical stability problem occurring in the centre 
axis of the cylinder.  

Task 1.3 : Spherical geometry 

The spherical geometry has only one periodic direction. This library could use some low level aspect 
of the periodic library or the slab library. 

The spherical shell is the bi-dimensional spectral slice of the all the SPECTLIB geometries, where a 
Fourier  and a Legendre  transform switch the  spherical  harmonic  between real  space and spectral 
space. The slow part of this transform will be optimized in the Task 3. The numerical schemes treating 
the third direction will be chosen for the slab and the torus geometries.   
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To  write  the  spherical  geometry  objects  and  methods,  we  propose  to  merge  the  existing  code 
XSHELLS  (spherical  DNS,  written  in  C  by  Nathanaël  Schaeffer)  to  the  SpecTlib.  The  spectral 
representation  of  a  divergence  free  vector  field  is  then  a  poloidal-toroidal  spherical  harmonic 
decomposition.  Generalization  to  compressible  vector  fields  will  also  be  implemented.
This will involve programming engineering to encapsulate all the functions into objects, and write all 
the methods for the basic operation that SpecTlib will support on fields.

Task 1.4: Basic diagnostics 

In each of the geometries, we will included basic diagnostics computed during the simulation. Global 
quantities such as the Energy and the Enstropy for incompressible fluid simulation are mandatory to 
following the dynamics of a turbulent fluid. We will provide tools to compute uni-dimensional or bi-
dimensional spectrum of the scalar or vector fields. Local quantities such as probe will be also be 
added.  The  diagnostics  required  could  strongly  depend  of  the  physics  explored  and  the  extra 
diagnostics which are not provided could  be easily added by the users, and will enrich the library.     

Task 1.5 : Users and communicator interface

1.5.1 : Generic template method for the main program

The main program consist of several identified steps: there is a 
phase of initialization of fields, the parameters and the physics 
involved (rotation, forcing, …). After this initial phase, there is 
a main loop, where the temporal schemes module step by step 
increase the physical time, updating the simulated fields. During 
the time loop, the users add some diagnostics module or some 
3D  output  of  fields  .  At  the  end  a  post-treatment  could  be 
necessary such as computes the time average of some fields, 
further diagnostic quantities or IO dedicated for a restart. This 
repetitive pattern could be included inside a skeleton to create a 
generic main program, where each phase are described inside a 
C++ class. 

The users will just need to choose their correct modules inside 
each phase. This facility helps the physicist to built a main program and focus on the relevance of each 
module for his problem.     

1.5.2 : Python binding

The python language is a very versatile language. It is possible to program in script, and is easily 
connected with other languages or interfaces ( see www.python.org ), such as graphics interface (e.g. 
QT, http://qt.nokia.com), or using interactive command. The binding interface will permit the user to 
call a SpecTlib library function, inside a python program. This will help users to design their own 
post-treatment tools, by python script or more sophisticate graphic interfaces.

 Tiny example : if we want to compute  the curl of a vector and save it in a hdf5 format. 

>>> import spectlib        

>>> load(v,”vx.data”,”vy.data”,”vz.data”, geom = periodic, real_space)

>>> fft_to_spectral_space(v) 

>>>  v2=curl(v)

>>>  fft_to_real_space(v2) 

>>> save(v2, format = hdf5) 
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1.5.3 : Communication interface 

This part is an important point of the project. We are seeking to compute on the PetaFLOPS computer 
to increase the resolution, and then to push the turbulent parameters. It will become impossible to save 
many snapshot of the fields studied  (i.g. For a resolution 4096^3 in double precisions, a snapshot of 
one vector field costs 1.536 TeraOctes). If we need good statistics, or want to follow the dynamics of 
some structure inside particular field, we will need to proceeding “on the fly” diagnostics. With the 
PetaFLOPS power, we encountered the same problem as in the early 70's, where the data produced are 
huge in comparison to the savable data. By adding more and more diagnostics on the fly, we are 
reassessing the classical run-save and post-treat process. 

Some diagnostics such as the advanced wavelet transform (see Task 4), the computed the Lagrangian 
trajectory of the fluid particle, the integration of inertial particles dynamics, or image saving form an 
iso-surface representation will cost computer power and can slow down the main computation. 

We propose to build an interface able to run the main code on a sub-space of N nodes connected by a 
sub-MPI-space,  with  an  other  sub-space  of  M nodes  connected  by  an  other  sub-MPI-space.  The 
interface send the relevant data from the main program into a set of nodes dedicated for the advanced 
diagnostics. Using multi different sub-nodes reserved for extra diagnostics or extra code, we will be 
able to compute the wavelet filter for the vector fields structure, create images from a visualisation 
package, integrate Lagrangian trajectories  ect …. without slowing down the main program. 

This interface could be also used to connect a SpecTLib application with an extra code. 
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Task 1.6 : Automatic tests and benchmarks

We need a set of tests to check, if any new change inside the library has badly affected its integrity. 
There will be check on basic features (basic mathematical operation, IO, few applications will be 
performing the checks if the diagnostics part is affected. 

Those checks will be automatic and during the night they will check if all library and associated 
applications are compiling and running without any problem.  

We will also buy different compiler to check, if the libraries pass through any compiler available on 
the large computer. This project will also include benchmarking to rate our different optimization 
solutions. The users could check what are the best strategies for his application, size and computer 
architecture.   

We will benchmark and run our application based on SpecTLib, on the large computer provided by the 
3 French national centre (CCRT (www-ccrt.cea.fr), IDRIS (www.idris.fr), CINES (www.cines.fr)), 
with  GENCI (www.genci.fr).     

We will request specific computational time for our project using GENCI facilities. 

Task 2 : Optimization of the core library 

Objectives:

The core library main responsibility is to provide an efficient set of basic operations on fields. From a 
user perspective, a scalar field is a 3 dimensional array of numerical (real, complex, integer) data type 
on which basic (+,-,/,*,pow...)  and less basic (fft,  curl,  filtering,...  )  can be applied. We also need 
similar functionalities with vector field which are just a sequence of 3 scalar field (for the x, y and z 
dimension). Our library is object based: the fields are presented to the user as objects supporting a 
relevant set of operations.
What we want to do is to allow the user stay at that level of simplicity, that is, to implement operations 
like A = (A*2 + B) * C (A,B and C being 3d scalar fields) without having to be concerned by issues 
such as:

1) Writing explicit 3 dimension for loops.
2) Wondering the data should be dispatched on the different CPUs.
3) Finding out if the computation should be dispatched on multiple threads.
4) Finding and using a library that will implement that specific operation in an efficient way.
5) Adapting that implementation to fit the characteristics of a a given, processor, interconnection 
networks, memory access performances, co-processor etc...

What we propose here is not a revolutionary to handle such operations: a lot of work has been done in 
that area, many optimized implementations of  BLAS exist  for  a wide range of architectures, MPI 
libraries takes care of the data dispatch on many-core machines, we have  optimizing compiler,  multi-
thread libraries, some emerging standards and compilers for GPUs, and so on. We do not plan, nor do 
we have the capacity, to compete with that existing or ongoing work.
On the contrary, we plan to leverage it, that is, we want the user to write:

A = (A*2 + B) * C
and have our library “redirect” that  operation to the  best  implementation available on the  current 
architecture.
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The expression language:
As explained above, our first step will be to get rid of the 3 dimension loops. Specialized languages 
such as Fortran provides syntactic support for multi-array vectorial operations, which is not the case 
for C nor for C++. But it must be pointed out that we are not trying to compensate for a language 
limitation. Indeed, even Fortran users rely on BLAS to implement expressions like A = αB + C. So 
although getting rid of those loops is convenient for the user, our real agenda here to take control of 
those operations in a modular way. Also, when using explicit loops, the user must somehow deal with 
the possible dispatch of the field on different CPU, this is easily avoided 
So our first step e to translate our sample expression into to a tree like expression:

Using  C++  operator  overloading  and  template  meta  programming  facilities[57]  to  build  such 
expressions (after some trivial simplifications, we have a ternary expression in blue in the picture) at 
compile  time (libraries  such as  Blitz++ already use  a similar  technique to build such expressions 
objects). Once we have such a compile time expression building mechanism, we can write as many 
specialized “assignment” function/operator as we find to be useful. We need at least one assignment 
operator for each expression arrity that we wish to support, but we can add all the necessary functions 
overload for each relevant optimisation that we can think of. For example, and with no modification of 
user code, we could:
– implement  the  operation  using  two  BLAS  operations,  the  BLAS  implementation  being  

detected during the library installation.
– balance the loops between multiple threads.
– explicitly use SSE if such a solution is detected as relevant during the library installation.
– if no better solution is found during the core library installation, use simple 3 dimension loops.
Note that, even in the last case, we still gain some code factorisation and code readability, if nothing 
else.

More complex optimisations can be proposed (again, without even having to bother the user). For 
example, let say we move from 4 cores chip to the now available 6 cores chips, our framework makes 
it easy to switch between the 2 following strategies:
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Of  course,  this  list  of 
possible  optimisations  is 
not  exhaustive,  indeed, 
one  our  main point  is  to 

allow unanticipated optimisations to be added as they become available or relevant without changing 
user code. Another important feature is to factorize the support for new platforms and tools into the 
library instead of user code (in the same way that a library like FFTW free its users from the burden of 
handling new hardware).

Dependency analysis:
The above optimization have a temporal limitation: they take place in the scope of a single assignment. 
If we consider GPUs, it is clear that the above allow us to transparently transfer the field data to the 
GPU, do the operation, and get the data back. But one of the problem with GPU is in the latency of 
those data transfers. This problem is isomorphic to the classical register load latency issue that we find 
on modern architectures where the compiler need to insert data pre-fetching to avoid staling. To deal 
with that issue, one usually rely on data dependency analysis, and it appears our expression language 
can provide the  necessary informations. If we consider our previous sample assignment, we get the 
following piece of dependency tree:

(The value of A at time t depends on the value of A at step t-1). 
Such  information  will  be  exploited  when  appropriate  in  the  context  of  template  methods  (see 
section....): in that context, each step can be seen as a sequence of field expression assignments, and 
we can automatically build a dependency tree (during the first step typically), so the step becomes a 
function that need to produce a set of output fields, each being built from elementary operations from a 
set of input field. Since the dependency tree inside that step is well known, we can use it to pre-fetch 
the data using standard compilation techniques.
Obvious applications involves GPU data transfer optimisation, but also for multi CPU data dispatching 
to reduce communications.
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Task 3 : Optimization of Legendre transform

A Spherical Harmonic transform consists of a Fourier-Transform and a Legendre-Transform. For the 
Fourier transform, the "Fast-Fourier-Transform" algorithm is well known, simple (as it requires few 
operation per step) and flexible. Heavily optimized implementations exist, and have been widely 
tested and used.
For the "Legendre-Transform" part, all numerical simulation code we know use the classical Gauss-
Legendre Transform which has complexity O(N2). This becomes the main bottleneck at high 
resolution. Even though there exist a few algorithms that can be called "Fast-Legendre-Transform" 
[37-44], they are not used in practical applications, because they suffer from several problems : 

• They are heavy, and they perform better than Gauss-Legendre algorithm only for quite large 
sizes (around 512 collocation points), so it's often not worth the effort. 

• To this we must add that they require much more (at least twice as many) collocation points 
than the Gauss-Legendre algorithm, this would be a significant performance hit for the rest of 
the code. 

• The reference implementation is for scalar field only, and it is not clear if it could be easily 
generalized to vector fields. 

• Some of them lack the inverse transform 

• Most of them have stability issues at high resolution, and solving these issues would cost a 
significant computation time. 

• The reference implementation lacks flexibility and optimization. 

Thus, in order to achieve high-performance spherical harmonic transform, we have three research 
direction that we plan to explore :

• Overcome  the  limitations  of  one  of  the  available  "fast  spherical  harmonic  transform" 
algorithm,  and  write  an  optimized  implementation  targeted  at  parallel,  multi-threaded 
computing. 

• Develop a variant of the "Gauss-Legendre" algorithm that will take advantage of the GPU 
capabilities. We think this is possible because there is a simple way to compute the Legendre 
polynomials “on the fly”, giving a good ratio (arithmetic operations)/(memory access) that 
would make good use of the tremendous computing power of the GPU. 

• Develop an MPI and/or multi-threaded version of the "Gauss-Legendre" algorithm, that would 
make a significant speed-up. 

N. Schaeffer will lead this task. 
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Task 4 : Advanced diagnostics and visualisation

As explained in the communication interface section, the communicator allowed data to be send into 
sub-MPI-space, where the data will be then either treated in parallel without slowing down the main 
program, or even connect a SpecTLib application to another.   

Data compression becomes essential within the present evolution of high resolution
numerical experiments using higher and higher resolutions, up to 4096³  per time step for 3D 
turbulence DNS. When one considers three dimensional vectors or tensor flow fields and complex 
geometries, as proposed here, this task becomes highly non trivial and requires the development of 
new tools.

4.1 Wavelet decomposition and turbulence structures. 

 Classical statistical tools used to study turbulence  (energy spectrum, correlation function, structure 
functions, etc.) assume stationarity and homogeneity of the flow. We propose new statistical tools that 
do not require such hypotheses and therefore also allow non-stationary and non-homogeneous flows to 
be studied. 
The new tools are based upon the wavelet representation, which unfolds information in space and 
scale. Wavelets are functions well localized in both physical and spectral space, in contrast to Fourier 
modes that are delocalized in space albeit, well localized in wavenumber. As a consequence spatial 
information cannot be retrieved from a subset of Fourier coefficients since it is encoded in the phase of 
all  coefficients.  In  contrast,  a  reduced  set  of  wavelet  coefficients  is  sufficient  to  recover  spatial 
information, since each wavelet coefficient is indexed in both space and scale. Therefore, filtering the 
wavelet coefficients respects the spatial structure of the fields under study, which is not the case for 
Fourier filtering. 
There exist two kinds of wavelet transforms: the continuous wavelet transform and the orthogonal 
wavelet transform. The first is better suited to signal analysis since it unfolds the signal continuously 
in space and scale. This results in a redundancy of information that presents the advantage of good 
readability of the coefficients. However, this overcomplete representation presents the drawback of a 
correlation  between  neighbouring  coefficients.  The  orthogonal  wavelet  transform  overcomes  this 
problem at the price of losing translation invariance. Indeed, the orthogonal wavelet coefficients are 
only defined on a dyadic grid, i.e., their scale is sampled by octaves and their position is restricted to 
discrete intervals that depend upon their scale. 
We will  implement  several  diagnostics based upon the wavelet  coefficients,  such as local  energy 
spectrum,  intermittency  measure,  and  local  Reynolds  number.  To  study  the  anisotropy  and  the 
intermittency of turbulent flows we propose to develop scale- and direction dependent statistics based 
on the wavelet decomposition of scalar and vector fields. Using the above tools the anisotropy of the 
spatial fluctuations of the energy distribution can hereby be quantified for different length scales. This 
measure allows to distinguish between longitudinal and transversal intermittency as well as between 
horizontal and vertical intermittency.  Actually,  the difference between longitudinal and transversal 
dissipation range intermittency is related to the incompressibility constraint. 

We have developed a wavelet-based denoising algorithm. We use it to extract the coherent structures 
in each flow realization, which is decomposed into coherent and incoherent contributions. We will use 
it to perform conditional statistical analyses, which consist in studying separately the statistics of both 
the coherent and incoherent fields. Moreover, this algorithm will be used to compress the results of the 
code before storing the data on disks since the wavelet transform is easily invertible and its operation 
count very efficient (the orthogonal wavelet algorithm scales in N, i.e., even faster that the fast Fourier 
transform). The compression rate thus obtained could be very important (i.e., reduction by a factor ten)
depending on the nature of the fields and their resolution [44-52].
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4.2 Extra diagnostics 

Using extra nodes for external diagnostics will be generic. 
We are thinking included integration of the Lagrangian particle trajectories,  integration of inertial 
particle, or images creation on the fly, in purpose to look the dynamics of the field structures and 
making movies.     
Before set up completely the communication interface, the advances diagnostics could be included and 
tested inside the basic diagnostic library. The communication interface will just parallize the tasks of 
the main program and the advanced diagnostics.
The visualization will be made using the VAPOR graphics package [53-54] which is using orthogonal 
wavelet  transform. It has been developed by the NCAR (Boulder, USA) and is distributed an an open 
source. Several participants to this proposal have been already involved in the development.     

4.4. TASKS SCHEDULE, DELIVERABLES AND MILESTONES

The plan of the different tasks are presented in the next diagram. Only the core library (periodic and 
spherical ) are necessary for the others. The slab and torus geometry will be treated in the second half 
time of the project. 

The responsible of 
Each tasks are presented in 4.2, and we are planning bi-annual meeting between the partners.  The 
deliverable of our project is the library, with the different modules. 

The way in which the library will be built, leave the different tasks relatively independent of each 
other. 
Only the core library needs to be built first, the other modules will be connected to the core. Even the 
optimization could be handled later, the design of the template object allows the loop optimization of 
the basic mathematical operations to be separated from the object itself. This design is really the heart 
of  the  SpecTLib  library,  and  could  be  adapted  at  future  computer  architectures.  This  feature  is 
essential to make the library  generic and flexible enough to be widely used. 
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5. DISSEMINATION AND EXPLOITATION OF RESULTS. MANAGEMENT OF INTELLECTUAL PROPERTY 

This project will offer to the scientific community a flexible tool running on computer at any size from 
laptop to PetaFLOPS computer.  We have decided to share our experience, and our tools with the 
scientific community, and create open source project. After the end of the beta-test  period, the library 
will be an open source project under the control of the CeCILL license (www.cecill.info) (French GPL 
equivalent).  We hope to start  a  synergy,  where users becomes programmers and enrich the initial 
library.
 
By opening the project and the associated applications, we will produced reliable science, due to  the 
simple  fact  that  other  groups  could  reproduce  the  results.  Nowadays,  the  major  default  of  the 
simulation data is the incapacity to easily reproduce results, due to a lack of codes or tools available. 
The conclusion produces with our library will become reliable because of this reproducibility property. 
After-all is science without reproducibility still science ? 

We  will  ask  explicitly,  that  any  publication  produced  using  SpecTLib  library  acknowledge  the 
SpecTLib project and the ANR contract number.

There will be by-products of our library : 
The strategies obtained from the optimization task will be transposable into other project, where 3D 
array mixing MPI and multi-tread are needed. 
Our solution for the communication interface between different codes, could produce generic tools. 
 
We  hope  this  project  makes  breakthrough  in  our  respective  science,  by  efficiently  using  all  the 
computer power soon available in Europe, whilst offering a good balance between high resolution and 
the production rate of relevant diagnostics.    

6. CONSORTIUM DESCRIPTION

6.1. PARTNERS DESCRIPTION & RELEVANCE, COMPLEMENTARITY 

We have four partners, where the competence are well identified :

Inside the Laboratory Cassiopée, Y. Ponty and H. Politano are specialist of spectral method inside 
periodic box. They programmed their own parallel-vector code. And have produced numerous articles 
on the turbulence MHD, the dynamo effect inside this geometry. 
The UMS the Observatory de la Cote d'Azur, has a computer Centre, where two engineers  are helping 
the users to optimise use their applications using a thousand of core. A. Miniussi is a specialist of 
compilation, object oriented and generic programming techniques, including the latest design pattern 
techniques. 
In the Laboratory (LGIT) in Grenoble, N. Schaeffer is a specialist on computations inside the spherical 
geometry using pseudo-spectral code, and studies related to fluid instability or MHD dynamics for 
high rotating sphere. 
At the Laboratory LMD in Paris, Marie Farge is the leader of a team working on turbulence, using 
wavelet decomposition to study the structure of the turbulence flow. 

Working together, we will combine our competencies to built the SpecTLib library. 
Our motivation is simple, such computer tool are essential for us to continue our existing projects and 
advanced science. 

25/39

http://www.cecill.info/


PROGRAMME COSINUS

EDITION 2010

Project SpecTLib

SCIENTIFIC DOCUMENT

6.1.1 PARTNER 1 (CASSIOPÉE NICE) 
The group of  fluid,  plasmas and turbulence has  a  long tradition (30 years)  to  work on turbulent 
phenomena  in  fluid  dynamics,  magnetohydrodynamics  for  experimental,  geophysical  and 
astrophysical  application.  They  have  been  looking  at  highly  non  linear  science  theoretically  and 
numerically.  The  group  was  one  the  first  to  use  spectral  techniques  on  vectorial  and  parallel 
computers.  Y.  Ponty  and  H.  Politano  following  this  long  tradition  are  specialist  of  turbulence 
phenomena's inside simple fluid, or  conductor media such as the magnetohydrodynamic, and using 
intensive computation on local and national computation centre. They programmed their own vector or 
parallel code.  
 Y. Ponty is responsible of the fluid group, part on the panel in charge of the local computation centre, 
member and president of users committee of IDRIS (national centre of  computation), H. Politano is 
the scientific leader of the local mid size HPC centre for intensive computation, member committee 
section 60 (Mechanic, fluid , …) of the French University (CNU).          

6.1.2 PARTNER 2 ( GALILÉE , NICE)

The  Crimson  team  is  in  charge  of  the  mid-size  computing  center  whose  mission  is  to  provide 
computing  time  to  the  laboratories  affiliated  to  the  Observatoire  de  la  Côte  d'Azur  (OCA)  and 
University of Nice-Sophia (UNS) and requiring access to HPC resources (7 laboratories at this time). 
This team is integrated into the IT service of the Galilée Unit, which is the the service unit (UMS)  of 
the OCA. .
This team (2 full time engineers) is more specifically in charge of the hardware maintenance, system 
and software administration and evolution of the cluster. The team also provide software development 
expertise to the users. Such an help can be provided in the domains including code optimization and 
software development techniques and methodology.  Alain Miniussi  is the leader of this computing 
center,  he  is  also an  expert  in  application development,  object  oriented design,  development  and 
language and in generic programming. 
 

6.1.3 PARTNER 3 (LGIT GRENOBLE)
Nathanaël Schaeffer is a full-time CNRS researcher (CR2) at LGIT. He works with spherical codes 
(Navier-Stokes and MHD) targeted at the modelling of the Earth liquid core and its magnetic field 
since 2002.
He developed an improved Quasi-Geostrophic model and wrote the corresponding code and coupled it 
with a spherical code for the magnetic induction (QGdynamo) who used to run on the IDRIS Zaïr 
machine. He also wrote spectral Cartesian codes to study the non-linear evolution of the elliptic 
instability of vortices (sciziff), and a multi-threaded 3D-spherical code to study the waves in the earth-
core (xshells), currently running on a local cluster.
During his post-doc at CEA Cadarache, he worked with the XTOR code (torus geometry for tokamak 
plasma simulation).

He is interested in advanced algorithmic, MHD simulations, waves and instability phenomena.
As a tool for his (and other's) current research in geophysics, he is currently developing a high 
performance spherical harmonic transform library aimed at numerical simulations. Taking this library 
to a highly parallel level using GPUs is part of this ANR project.

Frank Plunian is interested in the physics which governs the growth, saturation and non linear 
behaviour of the magnetic field in an electrically conducting fluid with strong turbulent motion (the 
so-called “dynamo action”). The most direct applications concern the magnetic generation in planetary 
cores and stars plasmas; though he has also studied the possibility of such dynamo action to occur in 
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the liquid sodium of Fast Breeder Reactors. he has been involved in studies on dynamo experiments 
and strongly turbulent dynamos, using theoretical models, numerical simulations and data analysis. In 
the frame of the current project he would like to focus on the effect of strong rotation and strong 
magnetic fields, leading to duality between waves and turbulence. 

6.1.4 PARTNER 4 (LMD PARIS)  
Marie Farge is DR1 CNRS and member of the LMD (UMR 8539) at Ecole Normale
Superieure Paris. She has expertise in direct numerical simulation of geophysical turbulence using 
spectral methods. She has written several CFD codes, in particular a rotating shallow water code 
which integrates Saint Venant equation (similar in the quasigeostrophic case to the Hasega Mima and 
Hasegawa-Wakatani models for edge plasma flows in tokamaks).
In 1988, she had introduced the use of the wavelet representation to analyze, model and compute 
turbulent flows and is still developing this research program in collaboration with Kai Schneider.

Since 2000 she is coordinating, in collaboration with Kai Schneider, the contract between ENS Paris 
and  CEA Euratom on  'Wavelet  techniques  for  identification,  extraction  and  analysis  of  coherent 
structures to study their role for turbulent transport in the edge plasma' . She was partner of the ANR 
project M2TFP that Kai Schneider leading from 2005 to 2009. She collaborates with the GDRE on 
Computational Fluid Dynamics, GDR on Turbulence and the GDR on Dynamo since their creation.
 Under the supervision of Marie Farge and Kai Schneider, Romain Nguyen van yen has developed 
during his PhD a parallel  code solving Navier-Stokes and Euler  equations in two dimensions and 
performing wavelet analysis at each time step. The code is running on the BlueGene/P com puter of 
IDRIS (Orsay, France). 
Marie Farge and Kai Schneider collaborate since 2008 with Odim Mendes and Margarete Domingues 
from the Brazilian Space Research Institute (INPE) from San Jose dos Campos (Brazil), and with 
Peter Frick from the MHD Research Institute (ICMM) in Perm (Russia), to perform wavelet analysis 
of MHD signals from the sun using the tools they are developing.

6.2. RELEVANT EXPERIENCE OF THE PROJECT COORDINATOR

Yannick Ponty, is researcher at CNRS since 2000. 
Since 2001, he programmed MPI parallel code, to study the effect of the turbulence of the Dynamo 
effect (MHD), and running on national centre or foreign centre in large parallel architecture. 
In 2007, he obtained a DEISA computer grant (200 000 hours) on his project (European computing 
time). Using intensive and parallel computation, he has produced 10 publications in refereed journal 
over the past 10 years along with one cover letter for Phys. Rev. Lett. 

He is also responsible of the fluid, plasmas, turbulent group of his institute, part on the panel in charge of 
the local computation centre, member and president of users committee of IDRIS (national centre of 
computation). He is an active member of the GDR Dynamo (French Researcher group). 
Since 2008, he has started to improve his code, using the last techniques of design pattern objects, with 
the  engineer  A.  Miniussi  (Partner  2).  He supervised one Phd student,  two engineer  training (few 
month), and start in 2010 a training formation (“to be a manager”) provided by the CNRS. 
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7. SCIENTIFIC JUSTIFICATION FOR THE MOBILISATION OF THE  RESOURCES

Equipment :   For the non permanent and the permanent personnels, we ask for workstation (with GPU 
or multi-core), compiler licences for all the partners are also need, then 10000 Euros 
is required  by partner for the four years.   

Personnels costs :  We ask for computer engineer salaries, and some month of post-doc.  

Computer engineer : 48 months for Partners 1,3, 
        36 months  for Partner 2 and 24 month for the Partner 4.

  
Indeed, the input of young engineer, having a formation in oriented object 
languages is the essential input and need for our project.  
The profile, we are seeking is engineer trained for scientific computation or 
object oriented languages. But we need a wide range of skills and motivated 
individual such as, specialist in code optimisation, able to built a graphics 
interface, interested to 3D visualisation ….       
We think that non permanent position inside CNRS laboratory, could be attractive for 
young engineer seeking an experience in HPC (High Performance Computing) which 
will be a good skill and experience to find a  job in industrial world after it.         

 
Post-doc : 24 month for the Partner 4.  

The Task 4, is the task which necessitate more a physicist experience. Indeed even if 
the procedures of wavelet is well understood and will be implemented in SpecTLib. 
Finding the right criterion for filtering the turbulent structure imply really good 
knowledge in turbulence system. A Post-doc position becomes more suitable for this 
task.       

   
Travel cost :  

• We will need to organized internal meeting every 6 month, in the different place (Nice, Paris, 
Grenoble).   

• We will invited specialist of computing for informal talks.
• We want  to  organized a workshop, to promote our library and start a synergy.
• Member  of  the  team,  will  present  the  scientific  results  obtain  with  spectlib,  willing  to 

participate in to specific meeting, conference. 
    

For all the expenses, we will need a financial support on travel cost, invitation, equivalent for all the 
partner. 
(7 permanent + 4  non permanent ) personnels on the projects = 11 personnels  
 Taking the average of  1100 euros/personnel/year = in total, then we ask  for  12 000 euros by partner 
for the four years.    

Particularity by Partner :
The partner 1 (Cassiopée)  will be in charge to organized a workshop about  “high resolution spectral 
simulation “, and the problematic of the post-treatment, and the diagnostics at high resolution.
We will need 6000 euros for inviting people and 6000 euros for external cost of the events.   

The partner 3 (LGIT Grenoble) need to participate financially into the cost of the local computing 
centre to have access of the computing time. Before testing the library on the national centre, we will 
use our local computing facilities. ( internal cost : 6000 euros for the 4 years).     
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8.2. BIOGRAPHIES/ CV, RESUME 

Yannick Ponty (coordinator of SpecTLib)
Age : 41

CR1, CNRS section 10,  INSIS

Tel. +33 (0)4 92 00 30 57 
Fax. +33 (0)4 92 00 3121

Laboratoire Cassiopée UMR 6202
Observatoire de la Cote d'Azur Nice
B. P. 4229 06304 Nice Cedex 4 France

email : Yannick.Ponty@oca.eu
http://www.oca.eu/ponty

• 2000 Chargé de recherche CR1, CNRS Laboratory Cassini, then Cassiopée
• 1997–2000 Research Fellow in the fluid “MHD” group Math department Exeter University  (UK). 
• 1996–1997 (Research fellow/teaching ) (ATER) Physic department Nice Sophia Antipolis University .
• 1993–1997 (PHD) “Thése en Sciences de l’Ingénieur” of the university Nice Sophia Antipolis.

“Textures convectives dans un fluide en rotation et effet dynamo dans un écoulement chaotique” 
• 1993 Service National en “qualité d’enseignant du contingent”(National Service duty) 
• 1991–1992 (Master 2) D.E.A Turbulence et système dynamique (mention bien),

à l’Univ. de Nice Sophia Antipolis (UNS).

Publications : 

1 book chapter (Ecole des Houches 2007) 
title : “Dynamos” 
PHD thesis.

20 publications in refereed journals 
(4 PRL, 6 PRE, 2 JFM, 1 Phys. Fluid., 3 GAFD, 1 APJ, 1 NJP ...)  
1 cover page in  Phys. Rev. Lett. (October 2007) 
3  proceeding (with referring process) 

Scientific topics : 
MagnetoHydroDynamic (MHD), Dynamo Effect, Fluid Instability, Rotating Convection, Convective Pattern, 
Ekman Layer Instability, High Performance Computing. 

Administration/events : 
• Responsible of the Fluid, Plasmas, Turbulence group of the Institutes (Observatory of the Côte d'Azur) 
• Member of the user committee of IDRIS (National Centre of Computation (FRANCE) www.idris.fr )

(President of the committee).
• Part of the commission in 2009 (HPC and Virtual Observatory) for the INSU/CNRS prospective.   
• Member of the board of computer centre of Côte d'Azur (http://crimson.oca.eu/) 
• Elected member of the Scientific and Administrative board of the “Observatoire de la Côte d'Azur”.
• Co-organiser du sympoium IAU 271 “Astrophysical Dynamics: From Stars to Galaxies” ( Nice June 

2010) ( http://irfu.cea.fr/Projets/IAUSymp271/) 
• Organiser of the conference “EUROMHD 2008” (Nice, September 2008) (www.oca.eu/euromhd2008)  
• Organiser of the workshop  UK-MHD 2004 (Nice, May 2004) 

Award/grant :  
• 2007-2008 : DEISA computer grant (200 000 hours) on the  project :

 “Dynamo effect and magnetic induction at low magnetic Prandtl number”.
• Contract ANR : DSPET 2007-2010 (BLANC07-1-192604) : coordinator : Alain Pumir,

Titre du projet : «Dynamique et Statistique de Particules dans un Écoulement Turbulent»  (560 k€).
• 2007-2008 and 2007-2008 : CNRS/Royal Society grant (international exchange) with Exeter University 
• 2002 – 2004 : ATIP young scientist : grant from CNRS/SPI (now INSIS)  (32 k€).  
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Hélène POLITANO

DR2, CNRS section 10,
Département INSIS

tél.:  04 92 00 30 16   
fax:  04 92 00 31 18 

Laboratoire  Cassiopée,  Université  de  Nice-Sophia 
Antipolis, CNRS UMR 6202, Observatoire de la Côte 
d'Azur, BP 4229, F06304 Nice Cedex 4 

Email : Helene.Politano@oca.eu

A. Parcours:

• 28 septembre 1984 : Thèse de doctorat en Mécanique des Fluides (Université de Nice); Convection en 
milieu poreux: étude de la dynamique sur des modèles à petites dimensions de co-dimension 1 ou 2.

• 9  janvier  1995:  Habilitation  à  Diriger  des  Recherches  (Université  de  Nice-Sophia  Antipolis), 
Dynamique des structures à petite échelle en turbulence fluide et MHD. 

• 1986-1990 : CR2 CNRS, section 10, Observatoire de Nice, et Laboratoire G.D. Cassini (UMR 6529). 
• 1990-2004 : CR1, Laboratoire Cassiopée (UMR 6202), Observatoire de la Côte d’Azur.
• depuis 2004 : DR2, Laboratoire Cassiopée (UMR 6202).

B. Autres expériences professionnelles

• oct. 2000-déc. 2003: Directrice adjointe du Laboratoire G.D. Cassini UMR 6529 (Dir. H Frisch)
• janv. 2004-déc. 2007 : Directrice adjointe du Laboratoire Cassiopée UMR 6202 (Dir. A. Bijaoui)
• février-avril 2002: Présidente de la  Commission “Etat des lieux” de l’OCA pour la restructuration de 

l’Etablissement (4 UMR et 1 UMS: plus deux cents personnels). 
• depuis mars 2006:  Responsable scientifique de la demande CPER/OCA 2007-2013, pour l'évolution 

du mésocentre de calcul scientifique intensif SIGAMM. Responsable scientifique du centre. 
• depuis juin 2002: Membre du Comité Scientifique du  GdR Dynamo G2060
• nov. 2003-2004 & nov. 2007-2011 : Membre nommé en 60ème section du CNU.
• depuis juin 2008 : Dir. adjointe de l'ED Sciences Fondamentales et Appliquées ED364 (Dir. GL Lippi)
• 2002-2008: Membre élu de la Commission des Spécialistes de l’UNS en 60ème section
• Encadrements et co-encadrements: 6 Thèses: B. Bigot (2008) et J. Baerenzung (2008), L. Sorriso-Valvo 

(2002), Th Gomez (1999), S. Galtier (1998), B. Galanti (1991); 5 stages postdoctoraux: A. Alexakis 
(2006-2007), J. Saur (2000-2001), E. Zienicke (1996-1998), Th. Zurbuchen (1995), O. Boratav (1993-
1994).

• Expertise : rapporteur régulier pour 7 revues internationales, expert AERES (au titre du CNU)

C. Activités de recherche: 

Turbulence  MHD:  caractérisation  des  échelles  et  de  la  géométrie  des  fluctuations  de  vitesse  et  de  champ 
magnétique dans les magnétogrammes solaires,  intermittence,  développement de l'anisotropie sous un champ 
magnétique uniforme et transition à la turbulence d'ondes d'Alfvén. Effet dynamo à faible nombre de Prandtl 
magnétique:  comparaisons avec  les  expériences,  détermination du seuil  de la  dynamo,  dynamo cinématique 
basée  sur  le  profil  moyen des  vitesses,  effet  de  la  turbulence  sur  le  seuil,  influence  de l'hélicité  cinétique. 
Modélisation numérique : nouveau modèle spectral  de simulation de la turbulence à grande échelle (de type 
LES) avec adaptation dynamique des spectres d'énergie et d'hélicité des échelles non résolues (sous-mailles) à 
ceux des grandes échelles résolues, extension du modèle à la MHD à nombre de Prantl magnétique quelconque, 
et aux écoulements en rotation.

Nombre total de publications dans les Revues internationales à comité de lecture : 40
 Actes de Conférences internationales à comité de lecture : 35
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Alain Miniussi
Age : 41

IR2, MESR

Tel. +33 (0)4 92 00 30 09 
Fax. +33 (0)4 92 00 18 31

UMS 2202 Galilée
Observatoire de la Cote d'Azur Nice
B. P. 4229 06304 Nice Cedex 4 France

email : Alain.Miniussi@oca.eu
http://www.oca.eu/alainm

• 2005-now Research Engineer at the French Riviera Observatory (OCA), tech lead of the Crimson team 
(crimson.oca.eu). The team is responsible for the mid-size HPC computing center.
Also: tutoring in software development techniques and tools. Offers expertise in software development 
and optimization.

• 2003-2005 Software Engineer, NQI Corp, Sophia Antipolis, France.
Development of Web Application (J2EE) in various domains (traceability, project management, etc.).
Also: took part in the development of the in-house application development tools, provided consultancy 
to the company's clients in their technology shift to web technologies.

• 2002-2003 Software Engineer, Avant!/Synopsys California & Massachusset, USA.
Development of formal verification tool for chip design.
Also: migrated the development team to OO methodology, design and development.

• 1999–2002 Software Engineer, Hewlett-Packard (www.hp.com) Cupertino, California, USA.
Member of the ANSI C++ Compiler team. Also: represented the company at the C++ standardisation 
committee, at the Itanium C++ ABI workgroup. 

• 1997–1999 Software Engineer, R&D, ILOG (www.ilog.com) Nice Sophia Antipolis, France. Member 
of the Ilog Server team.
Keywords: Distributed Systems, CORBA, Design Patterns.
Also: represented the company at the Object Management Group (OMG)

• 1993–1997 (PHD) Docteur en Informatique au LaBRI (Laboratoire Bordelais de Recharche en 
Informatique) “Amélioration des Performances d’un Système de Compilation d’Équations.”
Keyword: compilation, code optimization, partial evaluation, term rewriting system, machine code 
generation. Also, in addition to the PhD students activities : co-initiator of the “distributed Systems and 
Objects” team at LaBRI, co-founder of the OO Design module of the Master in Soft. Eng.

• 1991–1992 (Master 2) D.E.A Informatique, Université de Bordeaux I.

Publications : 
• Miniussi A., Sherman D. J. “Squeezing Intermediate Construction in Equational Programs”, Lecture notes in computer science 

1110 (1996) 284 -302.
• Metzemakers T., Miniussi A., Sherman D. J., Strandh R.  “Improving Arithmetic Performance using Fine-Grain Unfolding” 

Lecture notes in computer science (1994) 324 – 339
• Kablan B., Desainte-Catherine M., Miniussi A., “The Semantics of Musical Hierarchies”

Computer Music Journal 17, 4 (1993) 30-37

• Miniussi A., Strandh R  “An Efficient Algorithm for Recognizing the Forward-Branching Class of Term-Rewriting Systems” 
Dans APPIA-GULP-PRODE - APPIA-GULP-PRODE, France (1997)

• S. Chaumette and A. Miniussi Une présentation du langage Java. Tribunix, vol. 12, n 64, 1996, pp. 19-22. 
S. Chaumette and A. Miniussi Java, état des lieux et perspectives. Tribunix, vol. 12, n 67, 1996, pp. 37-3

Traduction : 
• Java In a Nutshell Editions O’Reilly International Thompson, 1996 traduit par S. Chaumette, G. Eyrolles and A. Miniussi, Titre 

original Java in a nutshell par D. Flanagan, O’Reilly & Associates Inc.
• Le langage Java International Thomson Publishing, 1996. traduit par S. Chaumette et A. Miniussi

Titre original: The Java Programming Language par K. Arnold et J. Gosling.
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MARIE FARGE

Directrice de Recherche (DR1) CNRS
LMD-IPSL-CNRS

Tel. 33-1-44-32-22-35
Fax. 33-1-43-36-83-92

Ecole Normale Supérieure
24, rue Lhomond
75005 Paris, France

farge@lmd.ens.fr

Web: // wavelets.ens.fr

1973-1975:   CEA, Département de Physique des Plasmas et de la Fusion Contrôlée
1976-1977:   Master of Science, Stanford University, USA
1977-1980:   Doctorat de 3ième cycle en Physique, Université PARIS VII
1980-1981:   Post-doc, Harvard University, Fulbright Fellow, USA
1981-1987 :   Doctorat d’Etat en Mathématiques, Université Paris VI
1981-         :   Chercheur CNRS, Ecole Normale Supérieure, Paris
1994-1995:   Sofia Kovaleskaia Chair of Mathematics, Kaiserslautern University, Germany
2005-2008 :   Visiting Fellow, Trinity College, Cambridge University, UK
2007-         :   Member of the Ethics Comittee of CNRS

Publications
284 articles (71 in refereed journals and 83 in refereed proceedings)

1640 quotations (1511 as first author) in Web of Science
can be downloaded from http://wavelets.ens.fr

• Associate editor

1993-         :   Journal of Applied and Computational Harmonic Analysis, Elsevier
1994-2004 :   The Journal of Fourier Analysis and Applications, Birkhaüser
2004-         :   SIAM Journal of Multiscale Modeling and Simulation

• Teaching

Courses on wavelets,  numerical simulation, turbulence, data processing, visualization, … :

France (CNRS-Formation-Entreprises, ENSTA, ENS-Paris, Université de Provence, Université Technologique 
de Compiègre, Ecole Centrale de Marseille, CNES, ONERA, Aérospatiale, Thomson), United States (Stanford 
University, UC Santa Barbara, University San Diego), Germany (Universität Kaiserslautern, Max Plank Institute 
für  Plasma  Physik  in  Garching,  Universität  Hambourg),  China  (Wuhan  University),  Turquie  (Istanbul  and 
Ankara  Universities),  Netherlands  (Technische  Universiteit  Delf,  Universiteit  Leyden),  Brazil  (Universidade 
Estadual de Campinas, Universidade Federal do Rio Grande do Sul in Porto Alegre, National Space Research 
Institute in  San Jose dos Campos), Poland (Académie des Sciences Varsovie), Italy (Universita di Siena), India 
(Tata Institute for Fundamenral  Research in Bangalore,  Indian Institute of Technology Delhi),  Japan (Kyoto 
University) .

HONORS

1971: ESRO (European Space Research Organization), 1985: Ministry of Foreign Affairs of Japan, 1988: ‘Prix 
Seymour Cray’,  1989:  CNRS ‘La recherche  en action’,  1991: American  Physical  Society ‘Gallery  of  Fluid 
Motions’,  1993:  Académie  des  Sciences,  ‘Prix  Poncelet’,  2005:  Academia  Europaea,  élue  en  ‘Physics  and 
Engineering Sciences’.
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Kai Schneider, Professor
M2P2 CNRS
UMR 6181 & Centre de Mathématiques et d'Informatique
Université de Provence (AixMarseille I)
39, rue JoliotCurie
13453 Marseille Cedex 13, FRANCE
Email:
kschneid@cmi.univmrs.fr
http://www.cmi.univmrs.fr/~kschneid
Born 19 April 1966 in Ludwigshafen/Rhein (Germany)

Positions
09/2004 – 08/2006 CNRS position (Délégation), M2P2, UMR 6181, Marseille
01/2004 Visiting Professor Department of Mechanical Engineering, University of California
Santa Barbara (USA)
09/2000 – present Professeur des Universités (section 60/26) au Centre de Mathématiques et d’Informatique, 
Université de Provence (AixMarseille I)
0110/
1997 CNRS Researcher, Centre de Physique ThÃ©orique, Marseille
07/1996 – 09/2000 Assistant professor l’Institut fÃ¼r Chemische Technik, UniversitÃ¤t Karlsruhe (Germany)
04/1993 – 06/1996 Assistant, Chemistry department, UniversitÃ¤t Kaiserslautern (Germany)
Degrees

2001 Habilitation in Physics, Université LouisPasteur, Strasbourg
1996 PhD in Natural Sciences (with honors), Universitat Kaiserslautern (Germany)
1993 Master in Applied Mathematics (mark: very good), UniversitÃ¤t Kaiserslautern
(Germany)

5 significant publications

K. Schneider, M. Farge, G. Pellegrino, and M. Rogers. Coherent vortex simulation of threedimensional
turbulent mixing layers using orthogonal wavelets. J. Fluid Mech., 534, 3966, 2005.

K. Schneider and M. Farge. Decaying twodimensional
turbulence in a circular container. Phys. Rev. Lett., 95, 244502, 2005.

S. Neffaa, W. J. T. Bos and K. Schneider. The decay of magnetohydrodynamic turbulence in confined
domains. Phys. Plasmas, 15, 092304, 2008.

B. Kadoch, W. J. T. Bos and K. Schneider. Extreme Lagrangian acceleration in confined turbulent flow.
Phys. Rev. Lett., 100, 184503, 2008.

K. Schneider and O. Vasilyev. Wavelet methods in computational fluid dynamics. Annu. Rev.
Fluid Mech., 42, 473–503, 2010.

Prix, distinctions

1999 Young professor award, DECHEMA, Frankfurt (Germany)
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Franck PLUNIAN, 45 y, male

Current status
Lecturer at Grenoble University

Education
1. 2004 Habilitation for research supervision (Grenoble University)
2. 1996 PhD in Fluid Mechanics and Transfers (Grenoble University)
3. 1989 Master of Science in Aerospace Engineering, UCLA (USA)
4. 1988 Engineer diploma from Ecole Centrale Paris 

Cursus
5. Since 2007 Head of the Geodynamo group ( LGIT)
6. Since 2006 Lecturer at Grenoble University, research in the LGIT
7. 1998-2006 Lecturer at Grenoble University, research in the LEGI
8. 1997-98 Post-doc at Institute of Astrophysics Potsdam (Germany)
9. 1995-97 Assistant lecturer (2 years) in Fluid Mechanics (ENSHMG)
10. 1992-95 PhD student at Grenoble University (LEGI) in Fluid Mechanics
11. 1991 Assistant manager, Alstom
12. 1989-90 Military service

Distinctions
13. 2004-2006 CNRS research grant (2 years, full time)
14. Since 2000 Research allowance from Ministry of Research

Research activities :
15. Keywords:  MHD turbulence,  geodynamo, wave turbulence,  dynamo theory,  liquid 

sodium experiments, boundary conditions, intermittency, solar magnetic activity, fast 
breeder reactors.

16. Tools:  3D  direct  numerical  simulations,  phenomenological  models,  sodium 
experiments

17. PhD supervision: J. Soto (1999), R. Avalos-Zuñiga (2004), M. Peyrot (2008)
18. Reviewer for Science and Technology Facilities Council (UK)

Total number of publications :40 (27 in journals and 13 in conference proceedings)

Five significant publications during the last five years
2009 -Avalos-Zuñiga, R.,Plunian, F., Rädler, K.H. Rossby waves and alpha-effect,  Geophysical and 
Astrophysical Fluid Dynamics, 103, 375 – 396
2009 - Plunian, F., Sarson, G.R., Stepanov, R. Deciphering solar turbulence from sunspots records, 
Mon. Not. R. Astron. Soc., 400, 47-51
2008 -  Stepanov R.  and Plunian  F.,  Phenomenology of  turbulent  dynamo growth  and  saturation, 
Astrophys. J., 680, 809
2008 - Laguerre R., Nore C., Ribeiro A., Léorat J., Guermond J.-L., Plunian F., Impact of impellers on 
the axisymmetric magnetic mode in the VKS2 dynamo experiment,  Physical  Review Letters,  101, 
104501 
2007 - Peyrot, M., Plunian, F., Normand, C. Parametric instability of the helical dynamo, Phys. of  
Fluids, 19, 054109.
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Nathanaël Schaeffer, 31 y, male 

Currently : "Chargé de Recherche" (CR2) CNRS at LGIT, Grenoble University 

Education 
• 2004 : PhD in Geophysics (Grenoble University) 

• 2001 : Master of Science in Fluid Mechanics (Ecole Centrale Lyon / EPF Lausanne) 

• 2001 : Magistère des Sciences de la Matière (ENS Lyon) 

• 1998 : admission to ENS Lyon. 
Cursus 

• Since 2007 : CR2 in the Geodynamo group (LGIT/CNRS/Grenoble University) 

• 2006-2007 : Post-doc at CEA Cadarache (Tokamak Plasma modelling) 

• 2005-2006 : Post-doc at IRPHE, Université Aix-Marseille (Vortex Dynamics modelling) 

• 2001-2004 : PhD student at LGIT, Grenoble Univesity, in rotating fluid instabilities and geodynamo 
modelling. 

Research activities : 
• Keywords  :  rotating  fluids,  vortex  dynamics,  MHD,  geodynamo,  numerical  modelling,  tokamak 

plasmas,  turbulence,  quasi-geostrophic  model,  elliptic  instability,  spherical  harmonics,  data 
assimilation. 

• Tools:  various  home-made  codes  (spherical,  cylindrical,  cartesian)  spectral  and  finite  differences. 
Quasi-geostrophic models and home-made derivatives. 

Number of publications : 7 (6 in peer-reviewed papers, 1 conference proceeding) 

Five last significant publications : 
• N. Schaeffer, S. Le Dizès,  2010 : Nonlinear dynamics of the elliptic instability ; to appear in J. Fluid 

Mech . 
• C. Roy, N. Schaeffer, S. Le Dizès, M.C. Thompson, 2008 : Stability of a pair of co-rotating vortices with 

axial flow ; Phys. Fluids 20, 094101 (8 pages) 
• N. Schaeffer, P. Cardin, 2006 : Quasi-geostrophic kinematic dynamos at low magnetic Prandtl number; 

Earth and Planetary Science Letters 245, 595-604 
• N.  Schaeffer,  P.  Cardin,  2005 :  Rossby-wave  turbulence  in  a  rapidly  rotating  sphere;  Nonlinear 

Processes in Geophysics 12, 947-953 
• N. Schaeffer, P. Cardin,  2005 : Quasigeostrophic model of the instabilities of the Stewartson layer in 

flat and depth varying containers; Phys. Fluids 17, 104111 (12 pages) 

Home-made codes : 
• Quasi-geostrophic dynamos (2004) 

• DNS for rotating, non-linear, vortex interaction (2006) 

• MHD-DNS Spherical Shell code (2008) 

• Highly optimized spherical harmonic transform library (2009) 
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