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WHY HYPERFLOW?
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- Mostly designed for single-core machines

- Some only support data-parallelism with MPI

- Ad-hoc for multi-core and (multi-)GPU platforms
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PIPELINE EXECUTION

Stream SDK, etc. but di cult to apply to data ow due

to

being tightly coupled with task-graph execution.

SYSTEM ARCHITECTURE
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TaskOnented Module (TOM
e SHOW CASE 1 - HIGH-THROUGHPUT IMAGE PRQCESSING
Task mpl.| [ Task mpl. Task mpl.
e || e | eee | o Edge Detection Pipeline
process() process() process()
User API
How Construction | Ppeline | Rurtime System | How Execution
and Destrudion Update Configuration Scheduling
: : Low-Level API , ..
Eecution Engine Machine Specs: Timing Results
(1) 2 x Xeon w5580, 8-corgnput: 312 images ~ 6GB
Mrtual Rocessing Elements Scheduler 24GB RAM #Cpulcores #GPUOCOES Ezr'gi ©
VPE VPE Load Balaner Quadro 5800 2 0 1747
cpuicPu| *** | cruieru|| € (2) Intel 9701, 4-core 3 0 668
Context Context How Cache 6GB RAM 3 1 440
4 8 2 272
HARDVARE GTX 295, Tesla C1060 4 3 151

TASK-ORIENTED MODULE (TOM)

t

SHOW CASE 2 - HYBRID ISOSURFACE EXTRACTION

t )PME NFUB EBUB GPS JUT UBTL BOEsQB8BNEMESE TUBSUT XJUI
'.BOBHF NVMUJQMF JNQMFNFOUBUJR&Q&stRScBoIdeRb

) B EBUBTFU SFBEFS UIBU MPBET CMPDLT PG UIF WP M\
Hehbrbe @ Bsl &f active voxels, i.e., only voxels that may contain the desired isosurface (voxels that do not
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MULTI-MEDIUM DATA INTERFACE
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to inspect each voxel and, based on a standard Marching Cubes case table, construct a set of triangles that approximates the desired
Isosurface inside that voxel. This set of triangles can also be streamed to other modules for further post-processing.

Using HyperFlow, it becomes very easy to optimize the usage of CPU and GPU computational resources. We implemented the datase
reader to divide the input volume into blocks. The execution scheduler automatically instantiates separate, concurrent TOMSs to
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Improves algorithm performance. The TOMs designed to construct the actual isosurface can also be trivially parallelized by HyperFlow.

Isosurface Extraction Pipeline

Timing Results

nput: 1 billion voxels

#CPUCores #GPUCors Time (S)
1 1 132
1 2 101
2 1 125
2 2 72
4 1 127
4 2 71
4 3 49
8 1 113
8 2 69
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1iclass DImageData

: public Data ({

2public:
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DImageData (BaseImage *img, DMTYPE medium) {
// Store image with the medium type

/1l ...

}
virtual Datax createInstance (DMTYPE targetMedium) ({

// Convert from CPU Image to CUDA Image
if (this->medium==DM CPU_ MEMORY &&
targetMedium==DM GPU_ MEMORY) {
CUDAImage *newlmage = new CUDAImage();
cudaMemcpy (hewImage, this->image,
cudaMemcpyHostToDevice) ;
return new DImageData (newImage,
}
// Convert from CUDA Image to CPU Image
else 1f (this->medium==DM GPU MEMORY &&
targetMedium==DM CPU_MEMORY) ({
CPUImage *newlImage = new CPUImage();
cudaMemcpy (hewImage, this->image,
cudaMemcpyDeviceToHost) ;
return new DImageData (newImage,
}
// Use default transfer methods for CPU-CPU, etc.
else
return

DM_GPU_MEMORY) ;

DM_CPU_MEMORY) ;

Data: :createInstance (medium) ;
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Two execution scenarios need to be addressed: (1) an upstream module, w
sequentially, but generates output for concurrent execution downstream anc

nich executes
(2) a

downstream module which can only be executed sequentially and has to co

lect ows from

upstream modules executed in parallel. Scenario (1) occurs when data are moved from the
reader to mappers, as well as from the shu ing phase to reducers. This is necessary to
enable data parallelism in the Map and Reduce phases. Scenario (2) happens when the

execution comes back from the Map and Reduce to the Shu ing and Writer.
HyperFlow supports both scenarios: (1) an upstream can generate multiple

OWS

SHOW CASE 3 - MAP/REDUCE WORD COUNT

Timing Results
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task implementations to run sequentially by using a global lock. These are illustrated in the

source code on the right.



