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Scalable Streaming-Array of Simple Soft-Processors for
Stencil Computations with Constant Memory-Bandwidth
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M FPGA'’s Potential

Programmable-logic device S
- Typical usage: VLSI emulation, Network Logics
processor for mobile-phone station

M Background

Problem: Low utilization of
multi-core/many-core processors

- Many cores for high peak-performance ... but

- Biased mix of operations ; - Capable of high-performance computing
low performance| Intel Corei7

processor

- Insufficient bandwidth

low scalability
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- Overhead in parallel computing i
(connecting wires) (ALTERA Stratix IV GX)
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It’s difficult to fully exploit the fixed
hardware for various algorithms...
How good with reconfigurable hardware’
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ALTERA FPGA products
3000 Stratix Series : high-end FPGAS
Cyclone Series : low-end FPGAs.
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This research : low-power & high-performance accelerato

- Architecture & design of custom computing machines for stencil computation
- Reconfigurable accelerators with programmable-logic devices (FPGASs)
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Internal structure of island-style FPGAs  DSP Blocks in ALTERA FPGAs (integer multipliers)
(more and faster DSPs in recent years)

Number of DSPs (18x18 multiplier)
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- Prototyping accelerators extensible with muliple FPGAs

. . - ) Logic Block (small programmable logic)
- Demonstrating high scalability and high performance per power

M Streaming Iterative Stencil-Computation
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M Scalable Streaming Array (SSA) M Prototyping and Evaluation

1 ] ] ) FPGA UERGA 2D Heat-propagation problem (Laplace’s eq.)
Design requirements gl clidls i - Jacobi method (2048 x 2048 grid, 80000 iterations)
- Balancing memory bandwidth and § B3 - é - Memory bandwidth of 2GB/s for R&W (DDR2 DRAM)
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Structure of programmable processing elements (PEs)

vo (FMAC: Floating-Point Multiplier and Accumulator)
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