~ p) e \ A Computational Steering Environment
E '\ I for Numerical Distributed Simulation

Due to the emergence of Grid computing, numerical simulations are
becoming more and more complex — it is not uncommon to find
different models and codes coupled. Our purpose is to analyse, to
design and to develop a software environment for steering distributed
parallel simulations from the visualization. This computational steering
environment should combine the facilities of scientific visualization
with the capabilities of existing high performance simu-
lations. The simple integration of an existing _<EPS
simulation should allow the end user to visualize ' Parallel Distributed Simulation
the intermediate results and to directly interact v
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with the simulation during its execution. a K

Light-weight steering

Context and Crucial Issues

Parallel & distributed numerical simulations
" Aiming the most common codes (C/C++/Fortran with MPI/PVM) _
" Each step of a simulation can generate very huge data Key Points

Parallel scientific visualization Distributed and dynamic infrastructure

= Complex and intensive visualization processing Client/server relationship

= Promising evolution of the parallel visualization (clustering, tiled display) " Several remote clients can connect and disconnect on-the-fly
" Concurrent client-directed requests

—> The coupling of parallel simulations and parallel visualization

systems leads to several open and crucial issues. Instrumentation of legacy simulation
" Annotations of the sources with EPSN C++ API (C/Fortran bindings)
% How to transfer data distributed on a parallel application directly to = Description of the simulation structure (data and tasks)

another parallel application ?

v'EPSN uses a M-by-N redistribution library RedGRID (locally developed). Performance design

" Low perturbation instrumentation (no request = no overhead)
= Communication overlapping of the and zero-copy sending
" Few synchronizations between the simulation and the steering applications

X How to ensure the steering treatments to occur at the same date in all the

X How to assign precise dates in a complex simulation (e.g. nested loops) ?
v"EPSN uses a hierarchical task model of the steerable simulations.

parallel processes without strongly synchronizing them ? Infrastructure
v"EPSN schedules the treatments with a weak synchronization and the
parallel processes execute them independently.
i Simulation source-code Instrumented source-code
Architecture
struct Particle { double x, y, z, vx, vy, vz, ax, ay, az, mass, charge; }; struct Particle { double x, y, z, vx, vy, vz, ax, ay, az, mass, charge; };
- - - Particle particleslMAX_PARTICLES]; Particle particlesfMAX_PARTICLES];
Co m m u n Icat I o n I nfraSt ru Ct u re based o n C O R B A Ir;-l-u)artl:les( particles, my_offset, particles_number) 'VTU““(;WQC; saro:
[ | S u ppo rt of h ete ro g eneous d | Strl b u ted SySte m for (count 0 count < N OF ITERATIONS: countes) init_particles( particles, my_offset, particles_number)
| CO R B A server enc ap sSu I ated | na th re ad exchange_particles( particles, my_offset, particles_number) :zl(:::-in;z:llt:‘::b;?;r;?i:t:;)‘:r:z:ls_r\r;izr;:i\;_a::l;?éLnEbS_)(:ImS);
oints->wrapStridedCoordinates(particles+my_offset, sizeof(Particle), 0 );
[ | U S e of CO R B A fu I Iy h Idd e n to th e e n d - u Se r compute_acceleration( particles, my_offset, particles_number) E:ssr:‘l_:i::;-n:lz?:cl)o;;:(l:::::::‘;):epgr)\_ltfc = newy EPSN::Slmula:Ion::lnt:rfat):e;
move_particles( particles, my_offset, particles_number) if(my_rank == 0)
} epsn_itfc->initProxyAndNode("particles”, “particles.xml", 0, pool_size);
MPI_Finalize (); else
/_ \ eps.nf_ltfc-:‘i;;tNog:;"pa(:ltfles')', m;/_ra.n:(, poolazlge );
Parallel visualisation EErTE— 2"22"2 o s :Ctsnmn:: i  main;
application Master for (c:)lufnt =0; count0<, NEOF__I It':'ERATIONS; ct(aunhl-q-))(,

epsn_itfc-> ("main");

exchange_particles( particles, my_offset, particles_number)
epsn_itfc-> ("acceleration");

compute_acceleration( particles, my_offset, particles_number)

E [ slave O | [slave 1 | [slave 2 |

, ( API ) (API_) (_API )

epsn_itfc-> ("acceleration");

H H epsn_ltfc->. : ("move"); .
thread thread thread thread - - :,,:T_'.:;:Tdes( par(t-'v::,’err)‘:"’f'set’ particles_numben)
@ epsn_itfc-> ("main"); epsn_itfc-> (VB
g epsn_itfc->finalize(); epsn_itfc->killORB();
E’ <simulation id="particles"> MPI_Finalize ();
MxN transfer <data>
i <points id="particles" dimension="3" />
Parallel simulation (RedGRID library) .
<htg auto-start="false" >
<loop I(?:"Taln" sythrgnIze=:no".> e
/_ forward requesis \ :::z:: :::"move" synclhro:ilze=".r::f'e>- "o
<data-context ref="particles" context="modified"/>
@ thread thread thread thread d:ﬁ::f
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Application fields ORB
" Multiscale/multiphysics of solids and fluids .
= Complex molecular systems: docking, steered simulation ".,
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" Environment: population dynamics, epidemiology and prophylaxis
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Supported simulations
" Parallel SPMD applications
" Complex simulations : multiple tasks/loops, nested tasks/loops

= Distributed complex data : data fields (generic block decomposition), Do _— e
particles, structured grids, unstructured meshes e
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o 5 : Parallel
Generic Client AVS/Express Viewer )
User Interface P VTK Viewer
Visualization
® Data collection for the on-line visualization of intermediate results ProspeCts

" Generic client adapted to any simulation
" AVS/Express (sequential) or VTK (parallel) data source modules
" EPSN client API to develop customized user interfaces

» Massively parallel and distributed applications
» Grid 5000 deployment
» Evolution to parallel CORBA objects: Paco++ (PARIS project)

Interaction » Definition of high-level interaction objects and association with 3D widgets
" Remote control of the simulation execution (play/stop)

" Modification of parameters and data on-the-fly
" Invocation of actions in the simulation code

» Virtual reality environment: haptic sensors, tiled display wall
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Web sites
EPSN http://www.labri.fr/epsn
RedGRID http://www.labri.fr/Perso/~esnard/RedGRID
ColCOWS http://colcows.sourceforge.net
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