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Abstract

Configurable systems offer a unique opportunity to define application-specific architectures.
These architectures offer performance advantages, where the use of customized pipelines exploits
the inherent parallelism of the application. In this research, we describe a set of program analyses
and an implementation that automatically map a sequential and un-annotated C program into a
pipelined implementation targeted to an FPGA with multiple external memories. This research
describes an automated approach to hardware design space exploration, through a collaboration
between parallelizing compiler technology and high-level synthesis tools. In previous work, we
described a compiler algorithm that optimizes individual loop nests, expressed in C, to derive
an efficient FPGA implementation. In this research, we describe a global optimization strategy
that maps multiple loop nests to a coarse-grain pipelined FPGA implementation.

We focus on the space-time tradeoffs associated with differing amounts of parallelism, com-
munication granularities and custom data layouts. Highly optimized designs may be too large to
fit within FPGA resource constraints, so we describe heuristics for reducing area requirements
while minimizing the impact on global performance. We present a design space exploration algo-
rithm, which demonstrates the potential of this approach, for automatically deriving pipelined
designs from high-level sequential specifications.

The configurability of FPGA hardware and the advent of multi-FPGA platforms leads to
new decision procedures for applying existing transformations. In this research, we investigate
how techniques, borrowed and adapted from existing parallelizing compiler technology, can be
combined with commercial synthesis tools, to automatically derive realizable and efficient designs
on multiple FPGA-based architectures. In particular, the contributions are as follows:

e Communication Analysis and Pipelining. We define a set of compiler analyses and trans-
formations required to automatically design the communication for application specific
pipelines for FPGA-based architectures. We determine the best communication granu-
larity, the corresponding communication placement points within the code, and the exact
data that must be communicated between pipeline stages.

e Partition and Custom Data Layout. Our compiler algorithm finds a coarse-grain compu-
tation and data partition, along with a custom data layout. To combat the large search
space, we employ several heuristics.

e Implementation and Evaluation. We implement our analyses and present experimental
results for a set of image-processing kernels.

With the growing number of available transistors on a single die, we anticipate the emergence
of multiprocessor systems-on-a-chip and reconfigurable computing architectures with the ability
to incorporate (through soft-cores) various coarse-grain computing elements such as microproces-
sor cores, and application specific engines (ASEs). Enabling pipelined execution, communication
across computing cores, task level parallelism, and data distribution across banked memories
will become increasingly important issues. Our analyses will allow the automated application
mapping for these emerging infrastructures.
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