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Data generated by large-scale scientific simulations is expected to increase by orders of magnitude in
the future as we approach exascale computing. Input/output constraints of supercomputers have increased
~the use of co-processing approaches, i.e., visualizing and analyzing scientific simulations on the fly

Co—processing tasks consume valuable simulation time, thus affecting the fidelity and scale of phenomena
that can be simulated in a given time frame. As the complexity and scale of both simulations and co-
processing tasks are bound to increase in the future, there is a need for new techniques to accelerate

challenging co—processing tasks

In this dissertation, we identify and address three challenges facing the large-scale co-processing of
simulation data. The first challenge is how to expeditiously determine what constitutes important data.
Analysis and visualization tasks can be focused on the most essential data, thus accelerating the co-—
processing. We present a method that evaluates the importance of different regions of simulation data
and a data-driven approach that uses this information to accelerate the in-transit co-processing of
large—scale simulations. We use the importance metrics to simultaneously employ multiple compression
methods on different data regions to accelerate the in—transit co—processing. Our approach strives to
adaptively compress data on the fly and uses load balancing to counteract memory imbalances. We
demonstrate the method’ s efficiency through a fluid mechanics application, a Richtmyer-Meshkov
instability simulation, showing how to accelerate the in-transit co-processing of simulations. The
results show that the proposed method can identify regions of interest expeditiously, even when using
multiple metrics. Our approach achieved a speedup of 1.29X in a lossless scenario. The data decompression

time was sped up by 2X compared to using a single compression method uniformly

The second challenge concerns load balancing simulation data. In large computing clusters, dynamicaily
load balancing data can lead to significant inter-process memory imbalances; as a result, data is
typically statically distributed among processes. We propose a novel compositing pipeline and a dynamic
load balancing technique for volume rendering that utilizes a two-layered stfucture to achieve effective
and scalable load balancing. The technique enables each process to render data from non—contiguous
regions of the volume with minimal impact on the total rendering time. We demonstrate the effectiveness
of the proposed technique by performing a set of experiments on a computing cluster. The experiments
show that using the technique results in up to a 35.7% lower worst—case memory usage as compared to a
dynamic k-d tree load balancing technique, whilst simultaneously achieving similar or lower rendering
times. The proposed technique was also able to lower the amount of transferred data during the load
balancing stage by up to 72.2%. The technique has the potential to be used in many scenarios where other

dynamic load balancing techniques have proved to be inadequate, such as in large-scale visualization

The third challenge relates to image batch visualization. In many cases, rather than saving large
quantities of simulation data, thousands to millions of images of different variables and viewpoints
can be rendered on the fly and saved to permanent storage. This image generation process can be
accelerated by rendering and compositing images in batches. Specifically, images can be combined into

larger multi—images, which results in less synchronization and communication overhead during the image




compositing stage. We present a technique to accelerate such batch processing, called dynamic image
resolutions. The dynamic image resolutions technique maps regions of blank pixels in each image and uses
this information to dynamically restructure the multi-images to reduce the total image size with no loss
of detail. An evaluation of the technique demonstrates a 2.02X speedup of the compositing stage as
compared to traditional image compositing and a 1.82X speedup compared to existing multi-image

techniques.

Our work successfully addresses three important challenges facing on—the—fly coprocessing of large-scale
simulation data. The first application shows how essential data can be identified, and how this
information can be used to accelerate co—processing tasks of large-scale data sets. The second application
significantly reduces memory imbalances resulting from dynamic load balancing, thus making load balancing
feasible in large-scale environments. The third application shows that batch image visualization can be

sped up significantly by taking advantage of the underlying image data
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