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Streamable/Separable Data Structure

Concurrency Execution

Task Pipeline Data

Motivation Pull(), Push() and ReleaseInputs()
Current data�ow system problems
(with VTK, AVS, Data Explorer,...):
• API “polluted” over the years 
  (many designs in 80s-90s)
• Do not map well to modern 
  highly-parallel architecture: Multi-
  Core, GPUs, ...
• Large datasets not well supported

Need a uni�ed data�ow 
architecture supporting:
• Streaming
• Heterogeneous architecture
• Efficiency
• Concurrency
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Streaming Push Streaming Pull

• Use a priority queue with topological order of 
the modules as priority ranks
• Include streaming piece numbers to priority ranks
• Resources distributing strategy is  based on
 execution time
• Maximize concurrency but still taking data 
dependency into account

• Pipelining GPU branch with separate CUDA devices
• Load-balancing between CPU/GPU is converged over
streaming time
• Achieved a throughput of 250M pairs/s on (2) Xeon 
w5580 and a Quadro FX5800 gives
• Achieved a throughput over 350M pairs/s on (2) Xeon 
e5550 and (2) Tesla C1060s

Task Scheduler & Resource Distribution

System Architecture

Execution Parallelism

Classi�cation of Data�ow Streaming Model Preliminary Results

Ongoing Progress

Complete Implementation for CPU Thread Resources

Basic Concrete Implementation of CUDA execution for GPU Resources
   • Connections can direct data transfer to appropriate cudaMemcpy() calls
   • A custom scheduling strategy to minimize host-device data transfer

   • Dynamic Load-Balancing for GPU kernels
   • Concrete implementation for MPI to run on cluster
   • Incorporate TBB/OpenMP for Task Scheduling
   • A generalized streaming data structure
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viewportChangedEvent()

  while (LOD>0)

    // Set LOD of DataAccesses

    ...

    Push(<list of DataAccess>)

    LOD = LOD - 1

ProgressiveRenderer
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Average1 image
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ProgressiveRenderer
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viewportChangedEvent()

  while (LOD>0)

    // Propagate LOD to DataAccesses

    ...

    Pull(Average Module)

    LOD = LOD - 1

Push Pull

Better Pipeline Parallelism
Simpler Interface

Compute() {

  // input dependent computation

  .. 

  ReleaseInputs()

  // input independent computation

  .. 

}
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CPU/GPU Sort

Streaming Simpli�cation of Tetrahedral Meshes

Multi-View Visualization ~3x speed up on 4-core machine
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Streaming Simplication of Tetrahedral Meshes
Models (Tets) Original Streaming Quadric Pipeline

Inst. Inst.
Torso 1.0M 8.5s 8.4s 7.9s 3.0s
Fighter 1.4M 10.1s 9.5s 8.4s 3.6s
Rbl 3.8M 37.4s 35.6s 31.5s 8.9s
Mito 5.5M 52.0s 53.1s 44.9s 10.2s
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CPU Threaded Radix Sort

GPU Presort

GPU Scatter

Streaming Unsorted Data

CPU Threaded Merge
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Sorted Output

GPU Scan Blocks

GPU  Sum Blocks


