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Development of compression algorithms for time-dependent mesh data: A common 
problem for large-scale, time-dependent scientific simulations is the storage of the vast 
amount simulation data generated. 

We have developed algorithms and software for the time (and space) compression of 
mesh-based data. These new algorithms exhibit approximately an order of magnitude of 
compression in the data set sizes. These algorithms allow mesh (or other) data from a 
parallel computer to be compressed for viewing on a visualization workstation via fast 
uncompression methods or for archiving on disk storage. A key feature of these 
algorithms is that they expend more effort on the compression end (using the power of 
the parallel computer), while requiring a small amount of computation for the 
uncompression phase. 

However, even given the lighter computational requirements of uncompression, there is 
still a sigtllficant computational load on the visualization workstation as it tries to handle 
data from hundreds of processors. Accelerator boards, in the form of configurable 
computers, have proven very successful in many applications. The boards typically sit on 
the PCI bus and provide significant computational capacity for a host computer. To take 
advantage of these new architectures, we mapped the uncompression algorithms to two 
configurable computer architectures (the AMs WildForce board and the SLAAC-1 V 
board). These boards gain their computational advantage by allowing themselves to be 
configured in an optima1 manner for a particular computation. 

As these uncompression algorithms require some type of hardware acceleration (as do 
most graphics-intensive computations), we examined the design of optimal hardware for 
the task. We identified floating'point multiplication to be the most cornputationally 
intensive aspect of uncompression---in particular, multiplication by a constant (for a 
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particular application). Given h s ,  we have developed hardware designs for this 
computation, and mapped these designs onto configurable computing architectures. 
Experimentally, we have demonstrated that these new designs are faster than typical 
alternatives. In addition, we have recently developed theoretical results to predict and 
understand the performance of these algorithms on this novel architecture. 

Extended SUMAA3d to support edge-based variables (as opposed to vertex-based 
variables). Support for these data structures allows the SUMAA3d programming 
environment to be used for numerical schemes based on finite-volume discretization 
methods (in addition to the finite-element based schemes already supported). In 
particular, this method provides support for work done at ANL on unstructured 
adaptive mesh methods for Raleigh-Taylor instabilities (see below). 

The edge-based data structures were used in an implementation of a simulation of 
Raleigh-Taylor instabilities on unstructured meshes in SUMAA3d. This 
implementation used the edge-based data structures discussed above and is based on a 
piecewise constant finite-volume discretization method. The implementation is adaptive, 
and flux discontinuities are handled with a Reimann solver developed by Bruce Fryxell 
(Univ. of Chicago). References [l], [2] ,  [ 6 ] ,  [8] 

Development of dynamic partitioning strategies: Explicit time-stepping methods are 
commonly used to solve transient, time-dependent problems. For problems involving 
small-scale features, adaptive unstructured mesh refinement can be effective. 
Unfortunately, using such dynamic strategies on parallel computers can result in difficult 
load balancing issues because of the relatively high cost of the mesh partitioning to the 
time-step computation. We have developed a partitioning strategy that addresses 
this problem and demonstrates the effectiveness of this new approach, proposed method 
for two and three dimensional. Raleigh-Taylor problems. This test problem is of 
particular interest to the DOE ASCI Center at the University of Chicago, and we have 
worked with members of this group on this application. Reference [ 123 

Mesh Optimization and untangling methods: An extension to our previous work on mesh 
optimization (with L. Frietag, ANL) is the development of mesh untangling algorithms 
for both sequential and paralIel computers. Tangled meshes often arise in practice, for 
example, in the generation of meshes for complex computational domains or in the use of 
Lagragian (moving mesh) methods. The important aspect of thlis work is that it 
represents the first time the problem has been given any theoretical guarantees and an 
efficient, robust solution. The:approach is based on the construction of local 
subproblems that are guaranteed to converge and the development of an efficient 
implementation for this subproblem solution (in this case, a specialized version of the 
simplex method). 

Working with L. Freitag (Argonne), we have developed mesh untangling methods that 
are effective for quadrilateral meshes. These are local optization methods that can be 
used on both sequential and parallel computers. Tangled meshes arise in the generation 
of meshes for complex computational domains or in the use of Lagrangian (moving 
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mesh) methods. This work is based on previous work on robust methods for untangling 
tetrahedral meshes. The approach is based on the construction of local subproblems that 
are guaranteed to converge and the development of an efficient implementation for this 
subproblem solution (in this case a specialized version of the simplex method). 
~eferences 131, ~41, PI, ~71, PI, [lei 

Scalable Particle Tracking Methods: Particle tracking methods are a versatile 
computational technique central to the simulation of a wide range of scientific 
applications. We have developed a mesh independent particle tracking software system 
based on "in-element" particle traclung. This approach is based on the assumption that 
particle trajectories are computed by probIem data localized to individual elements. 
Adaptive mesh refinement is used to control the mesh discretization errors along 
computed characteristics of the particle trajectories. We have demonstrated the use of 
this approzh in conjunction with SUMAA3d for advection dominated flow simulations. 
Reference [ 1 13 
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