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Rationale
Problems with Iterative Stencils
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Target Architectures

• Low Operational Intensity


• Synchronization between timesteps
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Previous work

G. Natale, G. Stramondo, P. Bressana, R. Cattaneo, D. Sciuto, M. D. Santambrogio,
A polyhedral model-based framework for dataflow implementation on FPGA devices of iterative stencil loops. ICCAD 2016: 77
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http://dblp.uni-trier.de/db/conf/iccad/iccad2016.html#NataleSBCSS16
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Previous work
Complete accelerator: 
Chain of SSTs

G. Natale, G. Stramondo, P. Bressana, R. Cattaneo, D. Sciuto, M. D. Santambrogio,
A polyhedral model-based framework for dataflow implementation on FPGA devices of iterative stencil loops. ICCAD 2016: 77
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• Constant off-chip BW requirements


• Dataflow Pipelining

http://dblp.uni-trier.de/db/conf/iccad/iccad2016.html#NataleSBCSS16
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• Constant off-chip BW requirements


• Dataflow Pipelining

Electronic Design Automation 
Framework

• Based on the polyhedral model


• Relies on High Level Synthesis


• Supported languages: C/C++

http://dblp.uni-trier.de/db/conf/iccad/iccad2016.html#NataleSBCSS16


Contributions Overview

• HDL-based design


• Intra-iterations parallelization strategy


• Performance model
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• Relies on HLS


• No intra-iterations parallelism

Issues with previous work

Proposed Improvements



Intra-iterations parallelization
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Intra-iterations parallelization
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• Minimum impact on-chip memory requirements
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• Minimum impact on-chip memory requirements

• Data reuse among PEs
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• Minimum impact on-chip memory requirements

• Data reuse among PEs

• Maximize off-chip BW usage
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Performance Model
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Experimental Setup
• Xilinx VC707 board, Virtex 7 FPGA, PCI-e 2.0 X8


• 250 MHz Target Frequency (200 MHz prev. work)


• 2 GB/s BW (800 MB/s prev. work)
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[3] V. Bandishti, I. Pananilath, U. Bodnhugula, Tiling Stencil Computations to Maximize Parallelism. SC 2012: 11
[2] J. A. Stratton et al., Parboil: A revised benchmark suite for scientific and commercial throughput computing. Center for Reliable and High-Performance Computing, vol 127, 2012
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Results (2)
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Conclusions
• Exploit Intra and inter-iterations parallelism


• Efficient on-chip storage


• Performance Model
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Slides will be available @
www.slideshare.net/necstlab

facebook.com/groups/ReconfigurableArchitecturesWorkshop

Future Work
• Scale on a multi-FPGA system using custom 

interconnection boards designed in collaboration with Elysis



Roofline Model

P : attainable performance 
   : peak performance 
   : peak bandwidth 
I : operational Intensity 
W : work 
Q : memory Traffic

Williams, Samuel, Andrew Waterman, and David Patterson. Roofline: an insightful visual performance model for multicore architectures.
Communications of the ACM 52.4 (2009): 65-76.


