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Abstract

Although reconfigurable computers can potentially of-
fer several orders of speedup for applications, high level
synthesis techniques must be applied during the design
process to ensure this potential be effectively explored.
While there have been many high level synthesis tech-
niques proposed in the literature, not much empirical
work has been reported by designing practical applica-
tions on the practical platforms. In this paper, we study
the problem of designing and implementing the DARPA
integer sorting benchmark on the commercial high per-
formance reconfigurable computer. Based on our em-
pirical results and hands-on experience, we evaluate the
effectiveness and discuss the deficiency of existing high
level synthesis techniques.

1 Introduction

Reconfigurable computers (RC) are the customizable
computing machines built on the reconfigurable hard-
ware, such as FPGA. RC platforms combine the speed
advantage from the custom ASIC design and the flex-
ibility from the general computer and, therefore, have
attracted much attention from the electronic design au-
tomation research community. Due to its high potential
in the high performance computing, many commercial
RC platforms such as SRC [2], SBS [1], have been de-
veloped.

The high level synthesis (HLS) [6] technology and RC
platform are perfectly matched in designing high perfor-
mance computing systems as high level synthesis pro-
vides the fast design cycle and the synthesized results can
be rapidly implemented in FPGAs. To fully take the ad-
vantage of computing capability of RC platforms, HLS

tools and methods must be incorporated into the appli-
cation designs. Some previous work has shown that, for
certain applications [3], the significant speedup can be
achieved by implementing these applications alone in re-
configurable hardware. However, such a strategy is not
always possible due to the limited FPGA resources, es-
pecially for large scale or complex applications. In addi-
tion, other architecture related constraints must also be
accounted for in the design phases to develop a feasi-
ble and efficient solution for the system. On the other
hand, by implementing and verifying the synthesized de-
sign with the RC platform, the deviation of the theoretical
model with the practical scenarios can be readily identi-
fied, which will further improve the synthesis results.

In this paper, we study the problem of designing and
implementing an application,i.e, the high bit-width inte-
ger sorting (DARPA benchmark four), on the commercial
RC platform, i.e., SRC-6e computer, aided by the HLS
technology. HLS consists of a number of highly coupled
sub-problems, such as allocation, partitioning, schedul-
ing, and mapping. While there have been extensive tech-
niques proposed for each sub-problems, these techniques
must be incorporated under a systematic framework such
that these sub problems can be solved in a cooperative
manner and, thus, the system performance can be opti-
mized. Moreover, when designing a practical application
on commercial RC platform, architecture issues and im-
plementation details, such as memory organization, data
path and data movement cost, slice usage, clock rate, sig-
nal wiring delay, which may not be formulated in the the-
oretical models must be taken into considerations to pro-
duce an optimized and feasible solution. These distin-
guish our work from others. Finally, through our work,
we evaluate the effectiveness of the HLS techniques pro-
posed in the recent research, and discuss the deficiency
in these techniques.



2 The application and RC platform

The application adopted in this paper comes from one
of the benchmarks which recently released by DARPAR
to measure the capability of high performance computing
systems [4]. The fourth DARPAR benchmark, i.e.integer
sort, requires to sort a stream of N (N∼ 5×107) unsigned
64 bit integers. Sorting a data set in such a large scale
simply cannot be performed by pouring all the data in and
out of the reconfigurable hardware once and for all. HLS
techniques are desired in developing effective designs for
this problem.

The RC platform used in this paper is the SRC-6e RC
platform [2] that combines the flexibility of traditional
microprocessors with the computing power FPGA. It
consists of two processor boards and one Multi-Adaptive
Processor (MAP) board. MAP board has two user logic
FPGAs (Virtex II XC2V 6000TM). Processor boards
are connected to MAP board through SNAP cards with
800MB/s transfer data rate. SNAP card plugs into DIMM
Slot on microprocessor motherboard and provides inter-
connect of MAP to microprocessor. In the SRC-6e RC
platform, the computation can be partitioned as:the soft-
ware component, i.e., using instructions of microproces-
sors, orthe hardware component, i.e., using capabilities
of modern FPGAs. Different hardware processing ele-
ments (PEs) can be realized for the required hardware
computation.

3 General Approach

Our general approach can be largely divided into
following three phases:parameter collection, trade-off
analysis, anddesign implementation.

During theparameter collectionphase, the character-
istics of the basic PE developed on the reconfigurable
hardware need to be identified. At this time, the research
team has successfully developed two types of principle
PEs based on the classic pop sort and merge sort. A thor-
ough analysis for these PEs regarding to their computa-
tion efficiency and resource usage is critical for the later
design phases. In addition, the parameters for the targeted
architecture such as the communication cost and config-
uration overhead must also be captured and collected for
the same purpose. Thetrade-off analysisinvolves for-
mulating our design as an HLS problem and performing
the corresponding theoretical trade-off analysis, based on
the information collected in the first phase. Techniques
for different aspects of HLS [5, 7, 9, 10] are combined
together to generate the theoretically optimized solution
for our problem. Finally, indesign implementphase, the

HLS result is implemented on the practical RC platform
and compared with those by other approaches, such as
thepuresoftware implementation.

4 Conclusions

In this paper, we propose to study the problem of
designing and implementing the real application on the
commercial high performance RC platform, based on the
HLS techniques. At the present, our implementation has
not completed yet. Through our study, we expect to
demonstrate that the RC platform, combined with HLS
techniques, can effectively achieve the projected goal of
such platform, i.e, several orders of speedup, compared
with the software implementation alone. We also ex-
pect to evaluate the effectiveness and identifying the de-
ficiency of existing high level synthesis techniques based
on our hands-on experience and empirical results.
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