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Two Cases for Distributed Supercomputing: First-Principles Materials 

Science and Parallel Acoustic Wave Propagation 

The first-principles materials science calculation will simulate the motion of disloca

tions in the crystal lattice structure of pure Nickel (Ni). The motion of dislocations in 

response to stress determines, to a large extent, the mechanical behavior and proper

ties (such as ductility) of a material. The code demonstrated here is an ab initio 

method, requiring no input parameters and calculating the quantum mechanical 

interactions within the local density approximation in the crystal solid. 

The acoustic wave propagation code simulates how sound travels through a geological 

formation for seismic analysis. A seismic shot is simulated as sound passes from the 

sound source through the complex 3D geological model to one or more receivers. In

dustrial seismic analysis codes can then be calibrated to reconstruct the underground 

model from just the sound source and receiver data. Typical reconstructions require 

thousands of shots. 

The datasets being generated in the seismic analysis code are simply too large-120 

million grid points for a full overthrust model-to understand without the aid of visual

ization. Visualization helps scientists see the sound waves and detect anomalous 

behavior. Viewing the motion of dislocations in a material allows a material scientist to 

understand at a fundamental level why a material behaves in a certain way and how to 

improve a material's properties, for example, by substituting an alloy component with 

a different chemical species or by simply adjusting the concentration of the original 

alloy species. 

http://www.epm.ornl.gov/-phi I/iway.html 
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