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Abstract used as part of a new system design.

The drawbacks of using programming languages for

Software programming languages, such as C/C++, have hardware design are a few. | shall outline the most im-
been used as means for specifying hardware for quite aportant ones. First, hardware circuits can execute opera-

while. Different design methodologies have exploited the tions with a wide degree of concurrency. Conversely, soft-
advantages of flexibility and fast simulation of models de- ware programming languages like C/C++, were conceived
scribed with programming languages. At the same time, thefor uni-processor sequential execution. Second, the specifi-

mismatch (of software languages) in expressing power (for cations of hardware circuits entail some structural informa-

hardware systems) has caused several difficulties. In thetion. For example, the interface of a circuit with the envi-

recent past, novel approaches have helped in reducing theronment (and/or internal blocks) may require the definition
semantic gap, and in easing the creation of design flows thatof the input/output ports and the data formats across these
support system-level specifications in C/C++. ports. In addition, a designer may want to express hints (or
constraints) on some partitions of the circuit. Such struc-

tural information and constraints are missing from program-

Hardware Synthesis from C/C++ Models ming languages. Third, detailed timing of the operations is
very important in hardware, because of performance and in-

terface requirements of the circuit being described. On the

systems is characterized by several features and constraint ther hand, most programming languages do not support
First, the system complexity is increasing, and at the same iming construc-ts.. . .

time the design time has to shrink. Thus, design method- _ AS @ result, itis common practice that designers model
ologies and tool flows must support synthesis from high- Circuits and systems using C/C++, perform functional sim-

level specifications and fast means of verification. Second,ulation, and then translate the portion of the model to be

most electronic design will target embedded systems, withimplemented in hardware in a suitable subset dfaad-
an increasingly larger component of software. Efficient de- Ware description languag@DL), such as Verilog HDL or

sign and optimal implementation require exploiting hard- VHDL, that can be synthesized into logic gates. Needless
ware/software co-design strategies. Balancing the hardward® Say, this manual translation is a time-consuming, error-
and software components in the search of on optimal im-Prone and tedious task.

plementation may require thrigration of software blocks Over the last decade, a few research groups have tried to
to hardware or vice versa. Third, design of complex cir- €ase the mapping of hardware models in programming lan-
cuits and systems will leverage more and morerthese ~ guages into corresponding HDL models. Most approaches
of existing hardware and software components. Efficient both extended and restricted programming language con-
component re-use requires specification at a high-level ofstructs. Extensions are needed to express concurrency,
abstraction as well as the ability of mapping the specifica- structural information (partitions, 1/Os, data formats) and
tions to different targets. Programming language modelsvarious types of constraints. Restrictions were motivated by
in C/C++ can be compiled into object code for several ar- avoiding constructs with no hardware meaning (e.g., print
chitectures, and it is highly desirable to be able to compile Statements), as well as avoiding constructs whose transla-
them into hardware as well. tion into hardware is difficult (e.g., pointers).

Within this context, it is clearly obvious why designers Whereas extending a software model with annotations to
write functional models of hardware/software systems, assupport hardware synthesis is a task usually acceptable by a
well as of hardware circuits, using familiar programming designer, because he just adds information to steer a partic-
languages. Functional models can be evaluated quickly byular implementation, the restriction on the usable constructs
simulation, and can be directly compiled when a software is problematic. For example, a designer who has a legacy
solution is sought. At the same timlegacymodels of soft- model in the C language that uses pointers, and who has a
ware functions written in programming languages can bedesign system that does not support pointers, has to re-write

The current and future design of electronic circuits and



the model. Sometimes, model re-writing is more time con- mapping (part of) a C-model to field-programmable gate ar-
suming than generating a new model from scratch. As arays, again with the purpose of achieving execution speed-
result, the research trend in this area has been to extend thaps, and thus achieving-configurableco-processors. Re-
subset of C/C++ that can be synthesized into hardware asearchers at IMEC have developed the OCAPI design en-
much as possible. At the same time, an important researctvironment, that supports C++ based design [6].
objective is to insure that the mapping of C/C++ modelsto  Despite all these efforts, providing a synthesis path from
hardware is efficient, i.e., not wasteful of silicon area, mem- an ANSI C model to hardware is still a formidable task. Dy-
ory space and performance. namic memory allocation and recursion require the use of
| shall briefly summarize the research trajectory in this dynamically-changing storage structures, which cannot be
area over the last decade. For the sake of conciseness, | sha#st into hard-wired circuits, as typically done in hardware
report on the major contribution that differentiate modeling synthesis. Solutions may come from incorporating mem-
and synthesis approaches. In addition, | shall concentratedry synthesis techniques [2] into hardware synthesis. The
on the use of C/C++ for hardware modeling and synthesis. N€xt generation hardware circuits, and corresponding de-
A very large body of work exists in modeling hardware with Sign tools, will probably benefit from having large, local
programming languages with only simulation support; this €mbedded DRAM arrays.
will not be reported here. Pointer resolution for hardware synthesis has been

Stroud et al. [8] developed the design systemnNESs at though of as a hard problem for a Io.ng time. TheCS
AT&T in the late eighties. As the name suggests, a cone istoolset has demonstrated that most pointers can be resolved

a block of combinational logic, whose output (cone vertex) &t Synthesis time [7]. Moreover, pointer resolution and en-
is either a primary output or an input to a register. Cones C.Od"?g may be done in a way to generate efficient hardware
of combinational logic were modeled in the C program- C'r?u'ts' i which C/C q
ming language, using assignment, branching and iterative N summary, we are now at a stage in which C/C++ moa-
constraints. Such cone models were expandedsiato of els can be synthesized in hardware, thus making it easier to
products and then minimized migrate software models into hardware and to avoid HDL-

. level hardware specification. There are still a few unre-
At the same time, Ku etal. [4] developed a language solved technical problems to be solved, and present tech-
called HARDWAREC, with a much larger EXpressing power nigues need to be perfected. But examples of C/C++ mod-
:Eg{;g“ﬁ;ég&g? igoglodt buestfual\lﬁ,'n?{gttggsgeg' dil;ll‘g\r/sri_n els that have already been mapped (with synthesis tools)
! ; ot ) i into product-level industrial designs prove that the concept
semantics and in the available constructs (e.g., it does no

support pointers, but supports send/receivedrBIWAREC FC/C++ based design is viable and convenient,

has a C-like syntax, and a cycle-based hardware semantics.
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