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	Workshop Scientific Report


Please do not repeat the program (unless there were last-minute changes) or the initial description - we already have this material.

	
	

	Title
	Multiscale Modeling and Simulation

	Organizers
	Petros Koumoutsakos

	Scope of the workshop (one-two paragraphs)

The scope of the workshop was reporting on latest achievements and exchange of ideas on the topic of multiscale modeling and simulations by scientists from different disciplines. The participants of the workshop came from the areas of Chemistry, Materials Science, Physics, Mathematics and Engineering. 
We aimed fro an informal location and for a small number of participants so as to allow extended informal interactions and help the participants to overcome disciplinary barriers. The format of the workshop was chosen to allow for longer presentations by all participants followed by round table and summary discussions.

The workshop aimed to identify common multiscale challenges across disciplines and possible areas of cross fertilization. 
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	Main outcomes of key presentations 

Please visit this web site for PDF files of all talks 

 : http://www.cse-lab.ethz.ch/news/latest-news/kartaus.html

The workshop identified three different themes, namely : Multiscaling in 

· Space, 

· Time , 

· Applications 

 The talks were organized around these themes with participants from different disciplines. The round table discussions aim to distil the common themes from all presentations and to identify future research directions. 

In regards to Multiscaling in Space there is significant progress in multiresolution algorithms and in coupling atomistic, mesoscale continuum and macroscale computations. There is an ever increasing need for efficient implementation of these technique in modern architectures such as GPUs. Impressive size simulations were reported ion massively parallel computer architectures. On the other side there is a long road ahead before for example mesoscale models of blood can be coupled to continuum solvers of blood flow.  

Multiscaling in Time remains a very active topic of research with various groups focusing on overcoming energy barriers in chemical systems using techniques such as metadynamics or transition path theories. A number of successful techniques on the integration of stiff systems were presented and there were discussions regarding the extension of these type sof integrators to systems with more than one time scale.

Application of multiscale  methodologies are at the moment focusing largely on materials research problems. There was an ever increasing interest in applications  that couple physical phenomena in different scales such as the control of individual  blood cells and in turn of blood flow in capillaries by proteins.  Another set of applications that may benefit from multiscaling concerns hydrodynamics where nanoscale modification of surfaces may have effects in large scale quantities such as drag coefficients.
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	Report on selected discussions                                                                          

 eg. Were there interesting hints for new research? for new developments? for collaborations?

The lectures as well as the general round table discussion revealed that there are quite different opinions and views about the relevance and the goals/focus of multiscale modeling. Certainly all agreed that most phenomena we are dealing with are intrinsically of multiscale in nature. Also it is quite clear, that an artificial separation of multiscale in space or time is not helpful, often not possible. That does not mean, that one usually starts from a space bases or time based method.

Besides rather general considerations (Oettinger) in most cases the focus was on some specific physical/chemical situations, which were taken as a starting point.

Top down type of approaches (adaptive mesh domain decompositions in contrast to Schwarz type of decompositions) and lattice Boltzmann approaches are complemented by microscopic methods to determine precise interactions energies, mesoscopic models based on microscopic interactions or a DPD like dynamics rigorously derived through Mori Zwanzig projection operator formalisms and adaptive resolution MD. Special focus also is needed to properly treat continuum particle  interfaces within fluctuating hydrodynamic schemes. Problems of suitability of force fields etc were mentioned but not explicitly discussed during this meeting. Most of the calculations are based on equilibrium physics methodologies. However growth phenomena, structure formation and other driven systems will need new ways of thinking AND of computation.

A matter of dispute was the role of coming ever faster computers: "Just do it and then think vs think and then do it". The prevailing impression, as described by Prof. Kurt Kremer,  is that most of the participants have good reasons to follow the latter.

At least in soft matter and for many structure/morphology development problems the new computer generations will only be of very limited use. Just bigger systems, which are treated efficiently by a higher degree of parallelization do not give rise to better results. Rather very long times on moderately sized systems are urgently needed. Thus the new computers will be helpful, but only if used in the context mentioned above. Even for the microfluidics problem mentioned, as i.e. water systems of typically x1x10 micron^3 are needed as minimal systems, about 10^8 water molecules, however for a long time, microseconds ore longer., assuming that the current (poor) water models reproduce all effects correctly..

On the application side it was found that multi-scale methodologies open fascinating research opportunities today and in the future as became evident through the lectures of Payne, Schulten, and Parinello that bridged the Angstrom to micrometer scale wit examples from material science to biology and the consecutive, lively discussion.  In the discussion promising prospects for the following applications of multi-scale methods were hotly debated: the application of advanced computational hydrodynamics to bacterial swimming, e.g., multi-flagellar swimming and tumbling; the opportunities of on the fly computation of quantum chemical force fields in GPU-accelerated MD simulations; realistic GPU acceleration of MD simulations as judged by the status of the field; the question in how far multi-scale applications should be problem driven, rather than method driven, i.e., should developers join application projects even before they know numerical solutions to problems posed or should new methods be first developed and then "shop" for applications.
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	To what extent were the objectives of the workshop achieved (strong points, weak points)? 
All discussants agreed at the end of the final discussion that this was an outstanding conference, that was extremely well planned, brought together a unique mixture of experts, all leaders in their various fields, and lead to fascinating debates. 

Many participants mentioned that this was one of the best conferences they ever attended and they will be interested in a follow – up ! 

All  participants felt that the objectives of the workshop,  relating to an exchange of ideas and presentations of results from different disciplines were successfully met.  I believe that people became aware on the challenges that exist across different disciplines and the possibilities of collaboration.  This having been said I believe that a more continuous effort and common goals that span disciplines will be necessary for scientists to engage further in collaborations.

The conference venue was absolutely ideal, well located and absolutely wonderful in every respect
The weak point of the workshop was a the same time the diversity of the backgrounds of the various participants. While multiscale modeling can be used as a common language it is evident that  some multiscale problems in chemistry have little to do with fluid dynamics. A point of improvement would have been to include more people with expertise in more than one field, perhaps coming from a mathematics background, that would have facilitated further the translation of concepts and support a constructive dialog.

	Do you have suggestions for new workshops/tutorials/conferences on the topic?

I believe that the topic merits a biannual workshop in the format of the current workshop (few select participants and an informal setting such as kartaus Ittingen).

Besides the interdisciplinary workshop one may consider also multiscale modeling and simulation workshops limited to fewer and more closely related disciplines (e.g. Materials science and chemistry).
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Program and Conference slides can be found at 

http://www.cse-lab.ethz.ch/news/latest-news/kartaus.html

	

19 OCTOBER
19:00 - Conference Dinner

20 OCTOBER 
Moderator : Michael Payne
08.30: Christof Schuette 
09.15 : Christoph Dellago 
10.00 : Coffee Break
10.30 :  

John Maddocks 
11:15: Bastien Chopard 

12.00 : Lunch

Moderator : John Maddocks

14:15: Ulrich Ruede 
15:00:  Assyr Abdulle
15:45 Coffee Break
16:30:  Matthias Scheffler
17.15: Break
18:00 Round Table:  Multiscaling in Time (Host : Michele Parrinello)
19:30 Dinner

21 OCTOBER 
Moderator : Kurt Kremer

08.30: George Karniadakis 
09.15: Matej Praprotnik 
10.00 : Coffee Break
10.30 : Rafael Delgado-Buscalioni 
11.15 : Petros Koumoutsakos 
12.00 : Lunch

Moderator : George Karniadakis

14.15: Kurt Kremer  
15.00: Hans Christian Ottinger 
15.45- Coffee Break
16.30:  Olivier Pironneau 
17.15: Break
18.00 Round Table:  Multiscaling in Space (Host : Kurt Kremer)
19.30 Dinner

22 OCTOBER


Moderator : Christoph Dellago
08.30: Michael Payne 
09.15 : Klaus Schulten 
10.00 - Coffee Break
10.30  Michele Parrinello 
11:15 - Break 
11:30 - Round Table:  Multiscaling in Applications (Host : Klaus Schulten)



12:30 : Lunch and Adjourn


