
University of Konstanz
Distributed Systems Laboratory
Prof. Dr. Marcel Waldvogel
Marc Kramis

Seminar: FPGA & VHDL
SS 08

October 31, 2011

FPGAs as Computing Platform

Thomas Zink

Abstract

Since the discovery of Moore’s Law ad-
vances in hardware have shown to fulfill
it accurately. However, maintaining that
fact seems to be increasingly difficult[1].
The von Neumann architecture suffers from
drawbacks that have become known as
the von Neumann Syndrome[2]. Ineffi-
cient data transmission through the mem-
ory wall and instruction-stream-based se-
quencing are the source of its illness. To re-
duce the symptoms the number of comput-
ing cores and the cache sizes are increased.
But higher parallelism demands greater
programming skills. Reconfigurable Com-
puting promises to overcome those prob-
lems by performing a paradigm shift to-
wards data-stream-based, instruction-less
machines. FPGAs present a low-cost re-
configurable computing platform. This ab-
stract gives a short overview of how FPGAs
are used as computing platforms today.

1 Introduction

Before the age of reconfigurable computing
(RC ) two different kinds of algorithm exe-
cution platforms existed. There are ASIC s
which are application specific and inflexi-
ble but provide the best performance. And
there are microprocessors (µp), which are
programmable to execute all kinds of ap-
plications but have performance problems.
RC tries to bridge this gap by utilizing con-
figurable hardware and combining the flexi-
bility of software with the high performance
of hardware.
A wide variety of reconfigurable hard-

ware devices exist which can not be re-
viewed here. For an extensive overview
see [3]. Reconfigurable devices are clas-
sified by the grain of their architecture
which influences the performance for cer-
tain applications, the power consumption
and the rate of reconfiguration. FPGAs
have a fine-grained architecture with a 1-
bit path-width which makes them opti-
mal for implementing algorithms that op-
erate at bit level but which leads to over-
head when implementing designs that op-
erate at a higher path-width since the rout-
ing space occupied will be very large, re-
sulting in longer path ways and higher
power consumption. Coarse-grained ar-
chitectures like DPAs (Data Path Arrays)
have broader path-widths. Thus they are
more suitable for designs like processors but
wasteful when operating on data smaller
than word size. There are also Data Path
FPGAs (DPFPGA) which have a mixed
fine-/coarse-grained architecture to com-
bine the advantages of both worlds.
FPGAs can be reconfigured at deploy-

ment, between execution phases or even
during execution. Parts of the chip remain
operational while other parts are reconfig-
ured. This allows adaptive and on the fly
hardware generation.
The number of gates available in FPGAs

have grown to several millions recently and
development as well as end-user costs are
shrinking. Thus, despite their compara-
tively inefficiency regarding processor de-
signs their popularity in academic as well as
commercial usage has grown continuously.
Two application domains for FPGAs

as computing platforms can be identified
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which will be discussed in the next sections.
They are application acceleration (AA) and
high performance computing (HPC ).

2 Reconfigurable Computing
Origins

Most RC systems in use today are based
on an architecture proposed 1960 by Ger-
ald Estrin in [4]. His "fixed plus vari-
able structure computer" consists of a stan-
dard processor connected to an array of re-
configurable hardware, or fabric coproces-
sor modules (FCM ), that can be set up
to perform specific tasks in parallel at the
speed of hardware. His idea didn’t draw

Figure 1: Fixed plus variable
structure computer[5]

too much attention since at that time µps
were rather cheap compared to reconfig-
urable hardware and powerful enough with
exponential growth in performance. But
things changed when affordable FPGAs hit
the market and the design flaws of the
von-Neumann computer showed effect espe-
cially in HPC. Today a number of vendors
provide systems based on Estrin’s design.
The FCM array can be connected to the

CPU in three different ways.

BUS connection To exchange data be-
tween the CPU and the FCM array the
data must be moved through a BUS that
is clocked at much lower rates and suffers

from arbitration. It usually takes multiple
idle clock cycles to wait for data.

I/O connection A dedicated I/O port
provides a simple data and control interface
to connect the CPU to the FCM s. Clock
rates are much higher than with a BUS
and data movement has lower latency and
higher rates.

Instruction pipeline connection In this
model an auxiliary processing unit (APU )is
directly connected to the CPU instruction
pipeline. Instructions not recognized by the
CPU are decoded by the APU and directed
to the FCM s for execution. Shared mem-
ory is provided to exchange operands and
results.
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Figure 2: Instruction pipeline
connected FCMs[6]

Using FPGAs it is possible to design
complete processing systems on one chip,
processor and custom coprocessors reside in
the gate array. Alternatively Systems exist
that feature a standard µp with APU inter-
face and an FPGA on one board, like the
Xilinx Virtex-4 FX.

3 Application Domains

3.1 Application Acceleration

The major usage for FPGAs as comput-
ing platforms is Application Acceleration
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(AA). Computational expensive and paral-
lel tasks that would normally require mul-
tiple CPU instructions are offloaded to an
array of FCM s. Thus AA accelerates ex-
ecution by reducing multiple instructions
to a single instruction that is directly im-
plemented in hardware and by introduc-
ing massive parallelism. AA also aims
at accelerating the hardware/software de-
sign by providing a higher level of abstrac-
tion. The system is designed using high
level languages (HLLs) like ansi C/C++ or
even Java. Profilers and optimizers iden-
tify bottlenecks and potential parallelism
in the code which can be partitioned into
parallel processes. The optimized source
code is used to generate Hardware Descrip-
tion Language (HDL) files (usually Ver-
ilog or VHDL) and HLL source files that
define the software-to-hardware interfaces.
The HDL files are synthesized using the
FPGA provider’s toolchains while the soft-
ware sources can be compiled using stan-
dard compilers. Figure 3 depicts the design
steps as shown in [7]. Optimizers exist that
automatically perform all these steps, with
poor results, however[7]. Usually the sys-
tem is designed with parallelism and cus-
tom hardware in mind and the optimizers
are used for support.
There are a number of proprietary and

open source SDKs available, see table 1 for
an overview of established products.

3.2 High Performance Computing

RC for HPC pushes FPGA-based solu-
tions to the massively parallel world. A
high number of FPGAs and multicore µps
are interconnected using a dedicated high
speed bus to form a unified clustered sys-
tem. Shared memory is connected to the
bus to guarantee fast and consistent data
exchange between all connected computing
cores. Usually multiple µps and FPGAs
with an arbitrary number of memory reside
on one board which interfaces with other
boards via the bus. This architecture al-
lows a mass of processes to execute in par-
allel, however, designing such systems is a
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Figure 3: Systems design using HLLs

challenging task.
Most manufacturers providing reconfig-

urable super computers implement their
own proprietary bus. Usually the boards
come in some sort of blades which are stack-
able. Table 2 shows an overview of the most
prominent FPGA super computers. Num-
bers for CPU s and FPGAs are for a single
blade.

4 Discussion and Outlook

Expectations are high regarding RC. One
can imagine self adapting and reconfigur-
ing hardware similar to natural evolution-
ary processes. However, RC is still in it’s
early childhood. Improvements in hard-
ware/software design have been made by
integrating both worlds into single SDKs
at a high level of abstraction featuring
well known HLLs. But results of auto-
matic optimizers are too poor so develop-
ers still have to think in parallel hardware/
software processes. None of the tools avail-
able make use of the FPGA’s capability
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language extends developer licence produces
DIMEtalk ansi C Nallatech commercial VHDL
Handel-C ansi C Celoxica commercial FPGA bitstream
Mitrion-C ansi C Mitrionics commercial FPGA bitstream

free for personal use
Impulse C ansi C Impulse commercial VHDL or Verilog
System C ansi C++ Open System C Initiative open source VHDL or Verilog
JHDL Sun Java 1.3 Brigham Young University open source FPGA bitstream

Table 1: HLL-to-gates development kits

Product CPUs FPGAs Bus
SGI RASC RC 100
blade

None, must be coupled
with host system

2 Virtex 4 LX200 SGI NUMAlink 4 Interconnect,
6.4GB/sec, latency < 1µs

Cray XD1 12 AMD Opteron 64bit
Single/Dual Core

6 Xilinx Virtex-4 RapidArray Interconnect, 4-
8GB/sec, latency < 1.7µs

FHPCA Maxwell 1 2.8GHz Xeon 2 Xilinx Virtex4 on-board PCI-X, 600MB/s, rocke-
tIO for blades, 2.5 Gbits/s

Table 2: FPGA based Super Computers

of being reconfigurable during execution.
Today, RC is limited to some sort of re-
configurable application specific system de-
sign. Nonetheless the potential is great
and heavy research is done especially in the
HPC area. It is expected that in the near
future it will be possible to dynamically cre-
ate hardware during execution. An exam-
ple would be that instantiating a new ob-
ject results in synthesizing new hardware.
The long term goal of RC is to replace to-
days von-Neumann architecture with a No-
Instrucion-Set-Computer, a machine that is
completely data-stream driven. But this is
not to be expected soon.
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