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1 INTRODUCTION

HIS special issue of IEEE Transactions on Computers is
devoted to Configurable Computing. Configurable

computing has experienced a radical change throughout
the last few years; from the early efforts to achieve “adap-
tiveness” under very restrictive conditions, configurable
computing has emerged as a significant area of research
and development for both the academic and industrial
communities. This tremendous growth in the design and
manufacturing of configurable systems is partly the result
of advances in fundamental research and technology. Tech-
nological advances have allowed us to place on a single
integrated circuit the computing power equivalent to early
supercomputers and to completement that hardware with
efficient software techniques; for example, a better under-
standing of the hardware/software issues involved has
resulted in significant changes in the technology platform
provided by field programmable gate arrays (FPGAs).

While the field of adaptive computing has been active
for the last decade, the specific focus on configurable sys-
tems has taken on an increased importance due to the rapid
expansion of the market for these products. Differently
from the past, configurable systems are not used in a stand-
alone configuration. Today’s configurable systems are typi-
cally placed within a larger overall application, often per-
forming real-time and high performance tasks. Example
applications include digital signal processing (sensing, im-
aging, and filtering), computationally intensive tasks
(arithmetic and embedded environments), personal com-
munications devices (wireless phones), consumer electron-
ics (printers, data storage), industrial control, and others.

There are many technical challenges facing the designers
of configurable systems: these systems are truly complex in
the integration of hardware and software resources. It is not
appropriate to consider the various elements separately
because the overall performance, modeling, and organiza-
tion will depend on the interactions occurring between all
of the system components. For example, the ability to meet
a hard, real-time deadline will depend on the performance
of the programmable hardware and on the software’s use of
that hardware, together with the timely response to the
changing requirements of the applications. The ability to

design a correctly functioning system depends on our abil-
ity to design and analyze software/hardware technologies
and to properly account for the interactions between them
in an embedded fashion.

Unfortunately, design environments and computer-
aided design tools have not yet successfully integrated the
technologies needed to design and analyze a complete con-
figurable system. Existing techniques often depend on sig-
nificant knowledge of the specific hardware/software im-
plementations and tradeoffs. The increasing complexity of
integrated circuits and the increasing use of FPGAs and
ASICs hardware and supporting CAD software have meant
that designers seldom have the detailed implementation
knowledge needed to efficiently design these systems. Also,
design approaches that depend on implementation specifics
are not easily portable from one application to the next, so
most reconfiguration techniques become both application
and implementation dependent.

Design remains one of the most significant challenges for
the configurable system community. In the early days, we
assumed that software and hardware were two separate do-
mains, each with its own set of problems. Now, the complex-
ity of the system is such that its design must employ hard-
ware and software in perfect synchronization and harmony
to attain the quantum leap in performance demanded by
many applications. In fact, the existing design paradigm is
gradually making hardware and software indistinguishable
such that integration takes a totally different role. The lack of
sufficient analysis techniques and tools to support a correct
modeling of configurable systems makes both their design
and evaluation a formidable task. Communications links
(including hardware and software components), real-time
profiles, coordination and allocation of resources, and or-
ganization of application software provide an integrated
hardware/software system with numerous possibilities.
While the term configurable computing is becoming a reality,
its complexity management is still a daunting task.

Configurable systems are also often very cost sensitive.
The increase in cost of a few dollars is often crucial when
the application involves the sale of millions of units. Cost
sensitivity and high performance are often at odds with one
another. Many of the elegant solutions for configurable
systems have been rejected by industry because of the sig-
nificant cost associated with them. Highly sophisticated
architectures are a superb solution to a very difficult techni-
cal problem, but few applications can afford the features
(such as cost and power) associated with these solutions.
We must develop techniques that can provide efficient so-
lutions to the practical configuration arena.
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It is impossible to cover all of the technical issues in this
one special issue, but we have selected seven papers that
cover a spectrum of technologies and applications. The pa-
pers are authored by individuals from both industry and
universities, and cover issues associated with hardware,
software, design environments, partitioning and schedul-
ing, and chip design.

Our first paper “Static and Dynamic Configurable Sys-
tems” authored by E. Sanchez, M. Sipper, J.-O. Haenni,
J.-L. Beuchat, A. Stauffer, and A. Perez-Uribe reports on the
general classification of configurable systems. Starting with
the two common modes of configurability (static and dy-
namic), various systems which utilizes unique features are
presented. These include FPGA-based back propagation
neural networks, biological-based implementations capable
of handling incomplete and/or modified specifications, and
a novel configurable board that can be incorporated into an
educational curriculum. This paper highlights the diversity
and multiplicity of systems and applications to which con-
figurable computing can be used. This is important for ap-
preciating the paradigm involving programmable and con-
figurable entities.

The second paper (“Partitioning Sequential Circuits on
Dynamically Reconfigurable FPGAs” by D. Chang and M.
Marek-Sadowska) examines the CAD topic of partitioning.
This paper presents a new gate-level model that permits
time-multiplexed computation on a dynamically reconfigu-
rable FPGA. This is possible by utilizing a so-called en-
hanced force directed scheduling algorithm which parti-
tions the original sequential circuit to minimize logic and
communication overhead (subject to enhanced perform-
ance). The advantage of this approach is the capability to
model communication between nonadjacent on-chip con-
figurations and multiple levels of logic.

The issue of partitioning is also addressed in the third
paper, “Temporal Partitioning and Scheduling Data Flow
Graphs for Reconfigurable Computers” by K.M. Gajala
Purna and D. Bhatia. This paper presents a technique for
partitioning and scheduling data flow graphs for configur-
able computing. This is required to accommodate scalabil-
ity by appropriately generating the temporal mappings and
reusing the hardware. Both logic and temporal require-
ments are considered and examined such that a complete
hardware environment can be realized through CAD tools
for processing and synthesis. An intermediate format and a
communication protocol for sequentially executing parti-
tions in the time domain are also proposed. Its application
to logic emulation is described.

The title of our fourth paper is “Dynamic Reconfigura-
tion to Support Concurrent Applications,” by J. Jean, K.
Tomko, V. Yavagal, J. Shah, and R. Cook. The issue of mul-
tiple applications running concurrently is examined. This is
made possible through the design of a FPGA resource man-
ager to enable efficient management and pre-loading of the
resources. The resource manager is developed based on
application flow graphs; this relieves developers from the
management of FPGA resources. Evaluation through exten-
sive simulation supports the conclusion that the overhead
associated with using the manager is compensated by a
large speed-up in application execution due to concurrency.

The fifth paper, “Synthesis of Application Specific In-
structions for Embedded DSP Software” by H. Choi, J.-S.
Kim, C.-W. Yoon, I.-C. Park, S.H. Hwang, and C.-M. Kyung,
describes a modified subset-sum-based approach for gener-
ating application specific instructions for digital signal
processing. The issue of multicycle complex instructions is
considered for use in an ASIP (application specific instruc-
tion processors). This approach results in enhanced paral-
lelism, thus achieving higher performance in both theoreti-
cal and practical sized problems (such as those having
multipaths). Code size is also reduced, while meeting tim-
ing constraints.

The sixth paper “A Scan-based Configurable, Program-
mable and Scalable Architecture for Sliding Window Based
Operations” is authored by C. Thibeault and G. Begin. This
practical architecture is applicable to many applications in
which programmable signal processing with high band-
width and real-time performance are required. In particular,
the sliding-window operations are dealt with by using
many examples involving convolutional encoding and fi-
nite impulse response filtering. This architecture is based on
a loop of processing elements controlled by a set of circu-
lating tokens which identify the processing of incoming
data.

The last paper in this special issue, “The GRD Chip: Ge-
netic Reconfiguration of DSPs for Neural Network Proc-
essing” by M. Murakawa, S. Yoshizawa, I. Kajitani, X. Yao,
N. Kajihara, M. Iwata, and T. Higuchi, describes the appli-
cation of genetic reconfiguration  for DSP (GRD); this process
is made possible by embedding it directly onto a chip. This
chip is particularly suited to industrial applications in
which time-varying problems and real-time constraints
must be addressed. This chip does not require a host to re-
alize autonomous configuration of hardware structures and
on-line performance.

We sincerely hope that you enjoy this special issue. The
topics covered in the papers are timely and important, and
the authors have done an excellent job of presenting the
material. We extend our sincere thanks to all the authors
and reviewers. We also thank Prof. Jane Liu, former editor-
in-chief of IEEE TC, for allowing us to create this special
issue. Finally, a special thanks is due to all the staff for ed-
iting and assembling this issue. Please feel free to contact us
if you have questions or comments.

Jean Luc Gaudiot, University of Southern California
Fabrizio Lombardi, Northeastern University
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