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nterest in hardware-software co-

design has been growing steadily in

recent years. Particularly interesting

is the trend toward establishing an
integrated design methodology for hardware and
software systems that could be supported by
computer-aided design tools. Practical CAD envi-
ronments for codesign in the short term are cred-
ible, thanks to the maturing of hardware
synthesis and simulation tools. Algorithms and
tools for hardware-software codesign thus
become new challenges to CAD researchers,
who can migrate their domain of activity from
the chip to the digital system level, and to CAD
vendors who hope to extend their customer
base.

In an effort to address this challenge, this spe-
cial issue features contributions selected from the
International Workshop on Hardware-Software
Codesign, held last October in Cambridge,
Massachusetts. First, a tutorial on the state of the
art in computer-aided hardware-software co-
design orients you to the subject. The tutorial
attempts to classify major areas for research in
codesign while considering application domains,
such as general-purpose computing, digital sig-
nal processing, and embedded controllers. It
addresses the opportunities presented by novel
programmable hardware technologies, such as
field-programmable gate arrays, which blur the
difference between hardware and software.
Eventually, it summarizes recent achievements
in the validation and synthesis of mixed systems.

Since it would be impossible to address all cur-
rently interesting aspects of codesign in one
issue, I've selected four articles that sample areas

with a high demand for CAD methods and
research results that have attained reasonable
maturity. Hu et al. introduces important codesign
problems in the automotive sector, where the
use of electronic devices is pervasive and the
design aspects involve several system-level
considerations.

Chiodo et al. explores issues in embedded
controller design for automotive applications,
with particular emphasis on a rigorous codesign
methodology that supports automatic synthesis,
optimization, and verification. The authors use
a consistent model of hardware and software,
that is, one based on an extension to finite-state
machine representations. This approach lets us
use formal properties and synthesis techniques
for finite-state machines in the codesign domain.

The third contribution by Chou et al. also
addresses embedded system design, but with a
different flavor. The authors design mixed sys-
tems starting from high-level models in the
Verilog HDL language and use high-level syn-
thesis techniques such as scheduling and parti-
tioning. They also discuss the automatic synthesis
of device drivers.

The last contribution explores a very impor-
tant issue in system design: providing fast behav-
joral-level simulation. To achieve this goal,
Olukotun et al. describes a simulator that uses a
specific hardware platform consisting of a tight-
ly coupled processor and FPGAs. The codesign
problem consists of pantitioning and scheduling
the circuit model (to be simulated) into compo-
nents to be executed concurrently on the proces-
sor and on the FPGAs, for maximal simulation

speed.
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EVEN THOUGH THESE ARTICLES OFFER only a few
samples of activities in the field of codesign. I hope they will
stimulate vou to follow this rapidly evolving field of rescarch
in future workshops. conferences. and scientific journals. B

Giovanni De Micheli is associate pro-
fessor of electrical engineering and. by
courtesy. of computer science at Stanford
University in California. Previouslv. he
held positions at the IBM T.J. Watson
Research Center. at the Department of
Electronics of the Politecnico di Milano in
Italy. and at Harris Semiconductor. His research interests
include several aspects of the computer-aided design of ICs
and systems, especially automated synthesis. optimization,
and validation.

De Micheli holds a nuclear engineering degree from the
Politecnico di Milano and MS and PhD degrees in electrical
engineering and computer science from the University of
California at Berkeley. He authored Syntbesis and Opti-
mization of Digital Circuits (McGraw-Hill. 1991), and coau-
thored or coedited various technical books and articles. He
is a Fellow of the IEEE. recipient of a Presidential Young
Investigator award, Editorial Board member of [EEE
Proceedings. and associate editor of IEEE Transactions on
VISI Systems and Integration: Tbe V1.SI Journal.

Direct comments conceming this special issue 1o Giovanni
De Micheli. Center for Integrated Systems, Rm. 129. Stanford
University. Stanford. CA 94303-4070: nanni@galileo.stan-
ford.cdu.

Reader Interest Survey
Indicate vour interest in this article by circling the appropriate
number on the Reader Service Card.

Low 150 Medium 151 High 152

L SR

Logonas
ik

=

{Nstribirted Technoiogy « IEEE Soitware «JEEEAnnals of fie History ol
Camauting = IECEATCM Transactans oo Networong « ICEE T =neactons
o Compiters «[EEE. Tiansaciions.an Knowledge and Data Enginesring.
= |EEE Tranzhclions on Pardiiel and Bistritoied Systems = IEEE
Transactions ot Soitware Engieerng « [EEE Transaciions on Sattém
Amahais and Maching imelipence » IEEE Tmnsactians on VLT Systems

IEEE Mier» Computer» IEEE Gompuer Grapik
CompulationaliScience & Engmesangy=iyiGEE Design sl o
IComputars’ » IEEE Expert, - ZFEEE'Mumgrrj IEEE Faralicl &

i =
AT OT I
q L
L

M
- L ¥

] LR

raphics & Applications = (EEE

Design & Test of

iy
=

August 1994 9




