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A Model-based Methodology for Application Specific Energy Efficient
Data path Design Using FPGAs

T+

Jang, Ju-Wook' - Lee, Mi-Sook™ - Sumit Mohanty™ - Seonil Choi™ - Viktor K. Prasanna’™"

ABSTRACT

We present a methodology to design energy-efficient data paths using FPGAs. OQur methodology integrates domain specific modeling,
coarse-grained performance evaluation, design space exploration, and low-level simulation to understand the tradeoffs between energy, latency,
and area. The domain specific modeling technique defines a high-level model by identifying various components and parameters specific to a
domain that affect the system-wide energy dissipation. A domain is a family of architectures and corresponding algorithms for a given
application kernel. The high-level model also consists of functions for estimating energy, latency, and area that facilitate tradeoff analysis.
Design space exploration(DSE) analyzes the design space defined by the domain and selects a set of designs. Low-level simulations are used
for accurate performance estimation for the designs selected by the DSE and also for final design selection.

We illustrate our methodology using a family of architectures and algorithms for matrix multiplication. The designs identified by our
methodology demonstrate tradeoffs among energy, latency, and area. We compare our designs with a vendor specified matrix multiplication
kernel to demonstrate the effectiveness of our methodology. To illustrate the effectiveness of our methodology, we used average power
density(E/AT), energy/(area x latency), as themetric for comparison. For various problem sizes, designs obtained using our methodology
are on average 25% superior with respect to the E/AT performance metric, compared with the state-of-the-art designs by Xilink. We also
discuss the implementation of our methodology using the MILAN framework.

Key Words : Energy Optimization, Embedded System Design, Reconfigurable Computing
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