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Resumo: 

Algorithms that map each input element to a unique corresponding output can easily harness all the massive parallel processing power offered by today's GPUs. On the other hand, algorithms that need to selectively discard inputs or map them to one or more output elements, what is called stream compaction and expansion, are difficult to implement on the GPU. In this work, a data structure called Histogram Pyramid (also known as HistoPyramid) will be presented as a solution to implement this kind of data re-organization efficiently on the GPU.

The Marching Cubes is a traditional computer graphics algorithm that can benefit from this data structure. It is used to extract a triangle mesh from an implicit function. It can be used, for instance, as a fast way to visualize fluid simulations based on the Smoothed Particle Hydrodynamics method. This work will explore a HistoPyramid implementation of the Marching Cubes algorithm and also compare it with its geometry shader based counterpart. A fluid solver that runs fully on the GPU will also be presented. It also takes advantage of the HistoPyramid in order to sort neighbor particles close together in memory, which is essential for good simulation performance. Both algorithms can be used in conjunction, forming a complete GPU accelerated framework to simulate and render fluids. Advanced OpenGL 4.3 techniques, like compute shaders, were used to maximize the performance and flexibility of the algorithms developed.
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