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to C or not to C?
For as long as EDA has existed, its innovators have had their

sights on a single high-level-design environment. In such an en-

vironment, you could model the overall behavior of a system before

you detail its design and long before you build a prototype. You

could plan and explore which areas of your design you could best

realize in hardware and which you could best implement in 

software. And you could use the descrip-
tion you created during the detail-design
stages of both the system hardware and
the software, constantly refining the sys-
tem and moving toward a finished 
product.

The EDA industry has been  successful
in building this type of tool chain, but
achieving a smooth transition from a sys-
tem description at the highest level to im-
plementation has largely remained in the

academic-research domain. Until now,
the fact that the chain has been broken,
lacking the link between high-level mod-
eling and actual chip design, has not been
fatal to the product-design process. Now,
however, the ability to bridge the gap be-
tween system-level description and de-
sign implementation is moving from an
aspiration to a necessity. Not surprising-
ly, the main force driving this movement
is complexity: rising gate counts that you

FIRST THE BAD NEWS: IF YOU HAVE

ONLY RECENTLY BEGUN TO FULLY

EXPLOIT HDL-BASED DESIGN WITH

VHDL OR VERILOG, IT WILL SOON BE

TIME TO MOVE ON AND MOVE UP TO

A HIGHER LEVEL OF ABSTRACTION.

BUT THE GOOD NEWS IS THAT THE

LANGUAGES YOU’LL BE USING MAY

NOT BE ENTIRELY NEW, AND THEY

MIGHT EVEN BE VERY FAMILIAR.

P
ho

to
 c

ou
rt

es
y 

IM
E
C



designfeature System-level design languages

136 edn | October 14, 1999 www.ednmag.com

SEVERAL MORE LAYERS
VHDL and Verilog do not handle
higher levels of expression well.
Even in their own domain they
are often criticized for verbosity;
that is, there is simply too much
code for the amount of hard-
ware they describe. This prob-
lem is becoming more complex.
The languages are not tuned for
expressing the kind of algorith-
mic functions that you might use
to represent the activity within a
complex circuit block on the
highest black-box level. Recall
that neither VHDL nor Verilog
was conceived as a hardware
design medium. Verilog has
most of its roots in board-level
simulation; VDHL was originally
a description language, intended
mainly to document and to
specify rather than to design. But
conventional high-level comput-
ing languages were designed to
execute algorithms in a compu-
tational medium, so why not use
them?

If you look at the aggregate
offering across a number of sup-
pliers, a design flow is evolving;
you use a high-level language
early in a process but not neces-
sarily at the earliest stages. This
change does not replace but
augments algorithmic explo-
ration tools, such as Matlab
(www.matlab.com), COSSAP
(www.synopsys.com), or SPW
(www.cadence.com). However, a
language such as C can express
a number of levels of circuit
function, beginning at the top,
black-box block level. From
there, you add detail, replacing a
few statements of C that simply
implement a mathematical algo-
rithm. More detailed coding
shapes how your design will
compute the functions, and you
will start to add timing onto that
coding. At some point, you must
determine which functions you
will do in hardware and which
you will do in software. The

hardware portion will be ready
for the key step that distinguish-
es this phase of EDA tools from
previous tools: compilation or
translation to VHDL or Verilog. In
an ideal world, implementation
from this point to physical layout
would be automatic: In reality,
this point is where the estab-
lished EDA tool chain takes over.
Many participants in this new
sector envisage shaping the
hardware detail before leaving
the C (or other language)
domain, by writing the code in a
style that drives the HDL in a
well-defined manner; look for
terms such as “RTL-C.”

You will still write HDLs simi-
lar to the way you now write C
code for an embedded-proces-
sor application. Just as you now
insert a segment of assembler
to implement a critical routine
in the middle of a high-level-
language microcontroller pro-
gram, you will insert a section of

HDL for a critical part of your
hardware. The new class of
translation tools will pass this
HDL unchanged for synthesis,
so from the highest level you
will be able to define well-con-
trolled hardware structures for
the most demanding parts of
the design.

You will likely see analogous
approaches evolve among
designers, too. Some designers
determine that the most efficient
style is pushing the entire
approach through from the high
level and exploiting the automat-
ed tools to the maximum. Oth-
ers continue to demand hands-
on control of important details.

The EDA sector is following a
traditional route toward this tran-
sition: It has spawned several
start-up companies, each offer-
ing and exploring distinct
approaches to the problem.

need to design in less time. As your de-
signs increase in complexity, the number
of degrees of freedom for decisions at the
architectural level—such as how you
should break down into functional
blocks the operations that your design
will have to carry out and how those
blocks should interact—expands dra-
matically.You must have some sort of ex-
ecutable specification at a high, behav-
ioral level—at which simulation will
quickly reveal the effects of architectural
changes—to explore the options before
you proceed further into the design.

Such specifications have existed for
some time now; most often, they are in
C, CRR, or System Description Lan-
guage (SDL) or unified modeling lan-
guage (UML) in the telecommunications
sector. Even if your job title doesn’t in-
clude “system architect,” you may write
such specifications; they define the over-
all shape of the product and may form
the basis for a testbench, against which
you can measure subsequent implemen-
tations of the design. Until now, howev-
er, the most common practice has been
to take the outline that this top-level

spec-writing exercise provides and dis-
card much of the information it contains.
When you write the code that defines the
hardware in VHDL or Verilog, you re-
code it by hand.

This method has several drawbacks.
The most obvious one is that it is a du-

plication of effort that lengthens the de-
sign cycle, so using this method  is a time-
consuming bottleneck. More subtly,
manually recoding the architecture that
you first chart in the high-level model is
an interpretation rather than a transfor-
mation of the design. Even if the new im-
plementation of the design works—that
is, if it carries out the intended functions,
which you must painstakingly verify—it
may not reproduce the precise design in-
tent expressed with the original.

EDA- industry analysts, who like to see
long-term cyclical trends in these mat-
ters, rationalize that fundamental
changes in logic-design methodology
have occurred on roughly a 10-year cy-
cle. Now, about a decade since the wide-
spread adoption of logic synthesis, the
time is ripe for a further seismic shift.
Even if you don’t entirely subscribe to
that analysis, the pressures of escalating
complexity and the closely related need
for designs to painlessly assimilate circuit
functions that you import fully formed
(namely, intellectual property (IP)
blocks) means that the established design
path is rapidly losing momentum.

AT A GLANCE

ee Design complexity is continuing to rise,
forcing another upward move in the level
of abstraction at which the the design is
started.

ee VHDL and Verilog are too inflexible and
too verbose to handle the transition to
designing at a higher abstraction level.

ee None of the language options proposed
to handle this abstraction shift is entirely
new; they range from extended HDLs and
ANSI C to System Description Language.

ee The migration will fundamentally
change the way you and your team under-
take system-level design.
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WHAT DO YOU MEAN BY “ARCHITECTURE”?
An analogy commonly used to
describe the history of EDA is
the progressive demolition of
brick walls. This analogy repre-
sents discontinuities in the
design process that automated
tools have overcome. An exam-
ple is the step from logic design
to physical design. The expres-
sion “to throw the design over
the wall” represents the shift
from one design discipline to
another, when logic design is
complete and silicon, or board,
layout begins. As the penalties
associated with the two-step
approach have become unac-
ceptable, physical-synthesis tools
have emerged to unify the pro-
cess. For high-level designs, the
brick walls are between hard-
ware, software, and architectural
designers. Working in languages
that don’t (at least initially) carry
any implications of how you will
realize functions and algorithms
means that, in many organiza-
tions, teams are going to have to
become more close-knit.

At CoWare (www.coware.
com), European Sales Manager
John MacDermott points out that
subtle—and in some cases non-
technical—issues exist. For exam-
ple, when you have assembled
the entire team dealing with the
front-end design, make sure you
understand each other. Architec-

ture does not always mean the
same thing for everyone
involved. If you come from a
hardware background, “architec-
ture” implies microprocessor
architectures, and you may be
allowing previous experience
with microprocessor cores to
shape your thoughts. In other
words, you think in terms of
physical architectures. If you are
used to working at the top level,
you may be thinking purely in
terms of function, with little
thought as to how the functional
blocks that the design’s algo-
rithms need will map onto hard-
ware and software blocks. Or, if
your background is software,
“architecture” may mean the
programming model of the
processor cores that the design
is likely to use. MacDermott
notes that one of the first tasks
in introducing a co-design envi-
ronment is establishing a glos-
sary in which everyone involved
agrees on what the words mean. 

When hardware and software
co-design becomes a reality and
you can move the functional
blocks of the design between the
two domains with a consistent
view of the complete project,
any architectural changes you
make instantly reflect on the
work of everyone involved. This
fact may require a fundamental

change in your working method-
ology and a need for everyone
to understand of the implications
of individual design decisions on
the work of the entire team.

CoWare’s N2C is a system-on-
chip (SOC) design environment
that claims to provide support
from the highest level of specifi-
cation to transfer into HDL syn-
thesis and importation of intel-
lectual-property (IP) blocks.
According to MacDermott, N2C
spans from an untimed, com-
pletely abstract description to a
timed C for translation to HDL.
However, you need not take the
whole span of that process
onboard at once. For RTL
designers, moving to RTL-C is a
relatively small step.

MacDermott contends that
most of the value you add to
your project lies in behavioral C,
which defines the algorithmic
basis for the way you get the job
done. N2C  focuses on maximiz-
ing that value. The mechanics of
the task include mostly interface
design: interfacing logic blocks in
hardware or writing all the ser-
vice functions in software.

MacDermott says, “These
interfaces are either right or
wrong. By themselves, they add
no value to the project.”
Automating as much of this part
of the design as possible is the

basis for CoWare’s Interface Syn-
thesis. From an untimed-C
description, the flow is to hard-
ware and software partitioning.
From there, the hardware flow
adds a shell to the C that super-
imposes rough timing. At this
level, simulation is still fast
because you perform it by run-
ning compiled C. But underlying
the C description is the fact that
an instruction-set simulator has
already been introduced. In sub-
sequent stages, the designer
uses the tool to add more detail
to the bus-cycle-accurate model,
in turn leading to cycle-accurate
RTL-C.

MacDermott also notes the
move to CoWare’s “platform-
based design” in which the plat-
form or processor-plus-logic
foundation of the design is a
known quantity. In effect, the
platform becomes an applica-
tion-specific standard part that
the silicon vendor provides
around base IP, which allows
you to concentrate on the higher
level aspects of the design. In
some companies, MacDermott
says that people have been
unconsciously using this process. 

He adds, “They need to start
doing it explicitly.” System-level
design changes the relationships
not only within the design team,
but also with external suppliers.

A number of tools that effectively tran-
slate from a higher level into today’s syn-
thesisable HDL formats are facilitating
the move to a higher level expression of
design intent as a routine starting point.
And more tools are in development. A
key question to ask yourself is: “What is
the most appropriate language for that
next step?” It’s important to remember
that when you embark on this transition,
you are not just moving to a more com-
pact and powerful way of coding for
hardware. (However, doing so may be a
worthwhile and useful objective.) Rather,
you are moving into the hardware/soft-
ware co-design regime (see sidebar “Sev-
eral more layers”).

As a first step, determine which lan-
guages are in contention. Several distinct
categories exist. Perhaps the most obvi-
ous approach is to develop today’s HDLs
(VHDL and Verilog) so that they handle
a higher level of abstraction. A variety of
sources, including established EDA play-
ers, start-up ventures, and IEEE language
committees, have proposed extensions  of
both languages. A second set of candi-
dates for high-level design languages is
mainstream high-level computing lan-
guages, including C, CRR, Java, and ex-
tensions of them; yet a third category is
purpose-designed specification lan-
guages, such as SDL and UML. Howev-
er, using these languages involves ex-

tending them downward to reach toward
the physical world.

C AND C++

Because many first-pass system de-
scriptions are already in C, many EDA
suppliers in this field believe that C is the
most appropriate vehicle to use as a next-
generation language. However, those
against this use of C often cite C’s lack of
support for certain key features that are
necessary to describe hardware—most
notably, concurrency. C is a sequential
computing language that does not de-
scribe concurrent processes. Hardware is
intrinsically parallel, and specifying it re-
quires a method of prescribing concur-
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rency. Nevertheless, Frontier Design’s
(www.frontierd.com) general manager,
Herman Beke, believes that the sheer mo-
mentum of all the work that is currently
done in C virtually dictates its success.
Beke notes that, among EDA vendors and
users, multiple sets of proposals exist for
extensions of basic C to add sup-
port for concurrency, most often
by adding CRR -type classes. He says
that proponents of C must now agree on
a de facto standard for these extensions.
Beke expects moves to resolve this situa-
tion before the end of 1999. Frontier ex-
pects users to migrate over time to de-
signing with full CRR, but he believes
the move to fully object-oriented pro-
gramming will be a big step for hardware
designers to undertake and one that will
come gradually. Frontier sells the Archi-
tectural Synthesis Tool Kit, and the A|RT
C-to-HDL-conversion tool (Figure 1).
The tool kit is a set of libraries and tools
that allow you to express a design in be-
havioral C in an architecture-indepen-
dent form. Beke emphasizes the impor-
tance of doing as much architectural
exploration as possible before synthesis,
using the tool kit to control resource al-
location, assignment, and scheduling to
optimize designs (Figure 2).

The A|RT tool set focuses on imple-
mentation of DSP algorithms and in-
cludes support for fixed-point data and
operators via a CRR class library. (You
can download the A|RT Library from
Frontier Design’s Web site.) You use stan-
dard commercial CRR compilers, but
you work mostly with a basic C subset.
This subset includes only a few special
operators to develop fixed-point algo-
rithms and accurately handles quantiza-
tion and overflow effects. Once the be-
havioral C algorithms are
complete, the builder tool auto-
matically translates the design to VHDL
or Verilog.

Cadence (www.cadence.com) Labs has
been working with the French research
organization CMA (Sophia Antipolis,
France) and the computing-research or-
ganization Inria to develop an alternative
approach to extending C. Researchers at
CMA have developed Esterel, one of a
class of languages known as synchro-
nous-reactive programming languages
(see www.inria.fr/meije/esterel). Esterel
describes communicating processes by
means of complex reactive commands,
and Cadence believes that synchronous-

reactive programming is a suitable vehi-
cle for building system-level components
for system-on-chip (SOC) design. How-
ever, Cadence does not think it needs to
introduce a completely new language
into the SOC arena. Rather, the compa-
ny believes that a hybrid language, ECL
(Esterel C), is the way forward. ECL will
be based on conventional C, augmented
with reactive statements to add concur-
rency and control features. New con-
structs for waiting, concurrency, and pre-
emption have descriptors, such as
“await,”“emit,”“parallel,”and “do/abort.”

ECL is not yet a product, but Cadence
will use some of these techniques in a
technology called Virtual Component
Co-design (VCC), which it will formally
introduce this year. A paper at the 1999
Design Automation Conference details
ECL’s workings (Reference 1). For now,
Cadence is keeping its options open.

Mike Gianfagna, Cadence’s vice presi-
dent of product marketing for design and
verification tools says, “Since our cus-
tomers must have the ability to integrate
IP from multiple sources, it is our pri-
mary strategy to support IP developed in

multiple languages within the
context of our system-design
tools.” He notes that many
companies are chasing a stan-
dard, and Cadence anticipates
that one of its competitors will
soon develop a strictly CRR
approach. For now, however,
Cadence is, “choosing to play
the field.”

All of the major EDA ven-
dors are taking a position on
the coming shift in design lan-
guages, but they are avoiding 
taking a position that will sub-
sequently restrict them. Men-
tor Graphics (www.mentor.
com) intends to be “language-

Frontier Design’s A|RT Builder tools show extended-C and generated-VHDL code.

F igure  1

Frontier Design’s A|RT Library allows you to control hard-
ware dimensions; the Fix <14,6> statement specifies a vari-
able with a 14-bit-long word and 6-bit precision.

Fix<14, 6> a, b, c;
c = a + b;

S
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F igure  2
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neutral” and  sees some of its customers
using ICL’s (www.icl.com) Supervise (via
its Model Technology subsidiary) in
UML, SDL, and CRR and C with exten-
sions. Like other companies, Mentor
contends that mixing high- and
low-level representations will be
necessary to bring RT-level IP into
designs that are conceived at the system
level.

Synopsys (www.synopsys.com) is
planning an announcement with Co-
Ware. Synopsys’ strategic marketing di-
rector, Brian Barrera, had previously ar-
gued that the last thing the EDA industry
needs is a completely new proprietary
design language, because it would pre-
vent companies from producing the
broad range of tools to support it. Bar-
rera maintains that the answer is to use
a language that is already in widespread
use. He notes that standard HDLs are
bad candidates because they were writ-
ten to describe hardware, not software or
system-level algorithms. Barrera advo-
cates a C-based modelling infrastructure
and gives weight to Synopsys’ argument
for suitable CRR class libraries that en-
gineers with expertise in base (non-ob-
ject-oriented) C can use.

The IMEC research organization in
Belgium has followed this path and de-
veloped a methodology based on CRR.

IMEC has developed a cosimulation and
co-design environment based on the Tip-
sy multithreading library. You use Tipsy
to schedule the threads that represent the
hardware and software blocks. The li-

brary also gives timing attributes to the
threads. Researchers at IMEC have used
their CRR-based methodology to de-
velop the digital part of BO4, an asym-
metric-digital-subscriber-line (ADSL)

Based on an object-oriented description, this chart shows the design flow through IMEC’s OCAPI
C++ based environment.

C++ TIMED, BIT-TRUE
SYSTEM DESCRIPTION

C++ UNTIMED, 
FLOATING-POINT

SYSTEM DESCRIPTION

HDL-COMPONENT-
CONTROLLER DESCRIPTION

HDL-COMPONENT-
DATAPATH DESCRIPTION

COMPILED-CODE
SIMULATOR

REFINEMENT SYSTEM
STIMULI

HDL-SYSTEM
TESTBENCH

HDL-COMPONENT
TESTBENCH

HDL-SYSTEM
IMPLEMENTATION

VERIFICATION

VERIFICATION

HDL-COMPONENT-
CONTROLLER

IMPLEMENTATION

HDL-COMPONENT-
DATAPATH

IMPLEMENTATION

TESTBENCH
GENERATION

TESTBENCH
GENERATION

VERIFICATION

CONTROLLER
SYNTHESIS

DATAPATH
SYNTHESIS

SYSTEM
LINKAGE

CODE
GENERATION

F igure  3

LavaLogic’s forthcoming Forge-J design environment, which infers structure from a Java description and then outputs HDL code, involves several
processes.

JAVA
BYTECODES

FUNCTIONAL
JAVA

SOURCE

USER
PREFERENCES
AREA, SPEED,
AND LATENCY

MODELS,LIBRARIES, AND
FUTURE PRODUCT

INTERFACE

CLASS ANALYZER

ALGORITHM EXTRACTION

CONTROL/DATA-FLOW-
GRAPH GENERATOR

CONTROL DATA-FLOW-GRAPH
TRANSFORMATION 
AND OPTIMIZATION 

ARCHITECTURAL SYNTHESIS

RTL VERILOG WRITER

FORGE COMPILER MODULE

FORGE USER INTERFACE

SOURCE-CODE READER

ARCHITECTURE,CONTROL/DATA-FLOW-GRAPH VIEWER

APPLICATION-PROGRAMMING INTERFACE 

DEVELOPMENT ENVIRONMENTF igure  4
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modem and to develop an engine for
MPEG-4 algorithms. Both of these pro-
jects have successfully reached silicon. If
you implement it as a single chip, the
logic of the ADSL design contains two
datapaths: control hardware and a large
amount of embedded software. An
ARM core controls the ADSL start-up
sequence.

The IMEC research team is basing this
design environment on CRR and call-
ing it OCAPI (www.imec.be/ocapi).
IMEC’s head of digital broadband ter-
minals, Serge Vernalde, explains that, in
CRR, you can change semantics while
remaining within the same syntax, using
the power of operator overloading. This
ability allows you to apply different im-
plementation meanings to objects. For
example, if you have an addition state-
ment, you don’t directly execute it.
Rather, you create an addition object in
memory, with which you can then do
different things.You can cause the object
to be executed by running a simulation,
or you can translate it to VHDL. The sys-
tem generates both synthesisable VHDL
and a testbench (Figure 3). In this way,
you don’t rely on the sequential seman-
tics of CRR, but you have a means of
handling concurrency.Vernalde adds that
IMEC researchers opted for CRR be-
cause you can use the open, standard lan-
guage; adding special constructs to C
would make it non-standard.

Vernalde says that the object-oriented
learning curve is not that bad:“You learn
the objects in the dedicated library and
work with them.” Of course, if you fur-
ther develop the libraries yourself, you
will need a thorough knowledge of
CRR and object-oriented techniques.
Vernalde admits that engineers with the
necessary crossover skills (of object-ori-
ented programming and hardware de-
sign) are now rare, but he believes that
skill set will develop.

OCAPI is not a commercial product,
but you can use it to gain experience with
the CRR approach to system-level de-
sign. You can download an evaluation
version of the environment and libraries,
which are limited only because they han-
dle a maximum of 3000 signals, from
IMEC’s Web site.

“OCAPI is not a closed toolbox but a
philosophy,” Vernalde adds. “You can
learn design in object-oriented style us-

ing OCAPI as a starting point.” IMEC is
supporting the learning process with
training courses and has doubled the
number of courses it originally planned
for this year.

C Level Design’s (www.cleveldesign.
com) name leaves little doubt about
where this company enters the arena. Un-
like other proponents of C, however, this
start-up proposes that you can use the
standard ANSI C language as it is with-
out restrictions or additional libraries.
You can resolve the concurrency issue, C
Level says, because the parallelism that
hardware requires is inherent in algo-
rithmic coding and can be inferred and
extracted. You can work with tools in ei-
ther a behavioral- or an RTL-style C; you
derive the RTL version from the coding
styles that HDLs use.You can translate ei-
ther style of C to HDL for synthesis; C
Level claims that simulation perfor-
mance increases by orders of magnitude
at the high level. As with other C-based
approaches, simply compiling and run-
ning the C code amounts to a simulation;
the System Compiler product family al-
lows you to compare that simulation re-
sult with others that you run on the HDL
output by the language-synthesis
process. (C Level officials say that the
company’s tools synthesize HDL from
the C input, which is distinct from sub-
sequent synthesis of hardware structures
from the HDL.) RTL-C is a coding style

that identifies algorithms to handle log-
ic constructs and specifies how to use
them to provide a bridge in design
style for designers currently working
in HDLs.

CynApps (www.cynapps.com) re-
cently made its Cynlib library freely
available via an open-source licensing
program. Cynlib is a CRR class library
that implements HDL-like features in
the higher level language. CynApps of-
ficials say that the product’s modelling
and simulation spans abstraction lev-
els from very high level to RTL using
only the library and widely available
CRR compilers. Cynlib contains a cy-
cle-based simulator that provides cy-
cle-accurate results with minimum in-
tervention from the user to create
simulation code. According to the
company, the combination is “effec-
tively an HDL dialect of C.” CynApps
also produces a synthesizer that turns

out synthesizable Verilog at the 
completion of the process of successive
refinement from algorithmic level.

VHDL EXTENSIONS

Some EDA suppliers believe that the
best way to get to where you want to be
is to start from where you are. In other
words, if you have working HDL synthe-
sis, you should not seek to replace that
synthesis with something different. You
should extend its function to the level of
abstraction that you require.

ICL Design Automation (www.icl.
com/da) has produced VHDLR, a ver-
sion of VHDL that has definitions at
higher levels of abstraction for data, time,
and resources than the standard lan-
guage. VHDLR is a cornerstone of ICL’s
Supervise methodology for SOC design.
Supervise includes a compiler that con-
verts the VHDLR into conventional
VHDL. (VHDLR typically uses one-
tenth the number of lines of code that
conventional code uses to describe equiv-
alent functions.) You can simulate the
output of the compiler using any stan-
dard VHDL simulator. ICL integrates
with Model Technology’s (www.model.
com) ModelSim. The most recent addi-
tion to the suite is SuperviseMX, a mul-
tilevel and multilanguage simulator that
now supports VHDLR, VHDL, Verilog,
C, and CRR and will eventually support
SDL, UML, and Java modelling. Event-

typedef struct {string s; ref node left, right;} node;

ref node n, root; // global data - pointers to nodes
int visited = 0; // global data - number of nodes visited

function ref node treeFind(string str, ref node parent);
     if (parent == null) return null;
     visited++
     if (str == parent->s) return parent; // string compare
     if (str < parent->s) return treeFind(str, parent->left);
     else return treeFind(str, parent->right); // recursion
endfunction

state {S0, S1, S2} cstate; // state variable with enumeration

always @(posedge reset)
       transition (cstate) default:->> S0; endtransition

always @(posedge clk iff !reset)
      transition (cstate)
        S0:if (inp == 0)->>S2; // change state
        S2:if (inp == 1)->>S1; else->> S0;
        S1:->>S0 n=treeFind("shergar",root);
endtransition

LISTING 1—SUPERLOG FROM
CO-DESIGN
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driven simulation combines with tech-
niques that ICL calls interface and mes-
sage-based simulation.

Interface-based design is a key element
of the design style that ICL proposes. It
describes the interaction between com-
ponents (functional blocks) in a design
by capturing both the behavior of the
blocks’ ports and the communications
protocol you observe when passing in-
formation across the ports. With this lev-
el of information, interface-based design
supports multilevel modelling of the in-
terface so that true multilevel simulation
can take place; if the models of the func-
tional units in the design span different
levels, the interface model understands
how to present the data needs to each lev-
el for a simulation to run. ICL claims that
this approach has benefits, including
faster and more meaningful full-system
simulation and the wide applicability of
testbenches; you can apply the same test-
bench across multiple levels of the design
hierarchy.

With Summit Design (www.summit-
design.com), ICL is developing a version
of VisualHDL for VHDLR that will ap-
ply Summit’s graphical-design-entry
tools to the higher level language.

The System Level Design Language
(SLDL) committee of VHDL Interna-
tional is further developing VHDL with
Rosetta. Rosetta is not strictly a language.
Rather, it is a framework through which
you can impose design constraints on
other higher level languages. Eventually,
this process will produce workable
VHDL. Use of Rosetta is some way off,
however; its formal publication is not due
until later this year, and tools will follow.

As you might expect from a company
that has provided a graphical-entry sys-
tem for the HDL level, Summit is plan-
ning to do the same at the system level.
Its Visual SLD design environment will
support both textual- and graphical-de-
sign capture. The higher level
version will support design entry
in VHDL, Verilog, C, CRR, and
ICL’s VHDLR. It will also inte-
grate a route to C-Level’s C-Sim.

Just as before, entry styles will
include block diagrams, flow
charts, and other graphical meth-
ods, but, in this generation, the
underlying expression of the
content will be in C; the connec-
tions that the system will depict

will not be signals but more abstract
communication channels. The system
will offer a C-to-VHDL translation and
will support mixed-level simulation (for
example, when some functions are ex-
pressed in C and some in HDL). Some of
the blocks in the design will become
hardware, and some will remain as soft-
ware. Summit’s chief technical officer,
Guy Moshe, notes that the environment
incorporates VHDLR, but he anticipates
difficulties including higher level lan-
guages, such as UML.

You can think of Superlog as a  new
language or as an extension of Verilog.
Superlog is a language proposal that
start-up Co-Design (www.co-design.
com) created. Co-Design’s intends to
place the language in the public domain;
when it does, Co-Design will introduce
a simulator and other tools to work with
it. Superlog has similarities to Verilog
(and, in some respects, to VHDL) but
adds C-like high-level-language con-
structs (Listing 1). Co-design believes

that only a new language can
fulfill all the speed and power
requirements to deal with the
complexity problem and take a
project from conception
through implementation and
allow design methodologies to
evolve into more powerful tech-
niques.

Java is also a proposed vehicle
for SOC designs. At Frontier
Design, Beke notes that Java has

advantages, but he believes that C and
CRR will dominate. Not so at start-up
LavaLogic (www.lavalogic.com), which is
planning a Java-to-HDL compiler for late
1999. LavaLogic’s director of engineer-
ing, Don Davis, points out that Java is
generally simple to learn, plus it is object-
oriented, robust, portable, and multi-
threaded. To handle the concurrency is-
sue, Java has mechanisms to extract the
parallelism inherent in a design descrip-
tion. These mechanisms, Davis says, in-
clude Java’s abstract memory handling,
stack orientation, and multithreading.
He even asserts that, applying LavaLog-
ic’s forthcoming tools to Java, you can
identify implicit parallelism that the de-
signer may not have intended (Figure 4).
LavaLogic sees Java’s freedom from the
use of pointers as an advantage, and the
multithreading feature allows you to
code explicit parallelism. LavaLogic will
call its Java compiler Forge-J, and it will
both infer optimized architectures from
Java code and output synthesisable Ver-
ilog.

SPECIFICATION-LEVEL EXPLORATION

ArchitMate is a new tool from Arexsys
(www.arexsys.com) based on the com-
pany’s “architectural-exploration meth-
odology.” Arexsys built this technology
on many years’ work from the TIMA lab-
oratory (Grenoble, France). The tech-
nology initially works with a system-lev-
el specification written in SDL. Arexsys
then derives an executable specification.
The architectural exploration includes
synthesis of process communications; al-
location of processors to functions; hard-
ware/software partitioning; and auto-
matic generation of software code,
interfaces, and hardware-RTL code. Ar-
chitMate reflects Arexsys’ strong back-
ground in computer-aided software en-
gineering; the company claims that the
product most effectively controls switch-
ing functions between hardware and soft-
ware domains. CosiMate is a cosimula-
tion backplane that gives Arexsys’ tool
suite a multilanguage simulation capa-
bility by interconnecting commercial
simulators.k
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