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Both software engineers and digital circuit designers face the fun-
damental challenge of managing increasingly complex computa-
tional artifacts that must function with exacting precision. The au-
thors have recently embarked on a joint project aimed at exploring
how programming language innovations can help hardware design-
ers. In particular, the project explores how statically typed two-
level languages (STTL) can be used to improve hardware descrip-
tion languages. This abstract is a brief overview of the project and
results to date.

Static typing is a verification technology that has proven to scale
linearly in practice. Advanced static type systems that support in-
dexed types have been used to perform static array bound checking.
We expect that the same idea can be used to check the consistency
of the width of various buses in a digital circuit. In addition, we
will explore their use for checking the size and shape of circuits.
Two-level languages [2] are a formal model for programming lan-
guages with a notion of a preprocessing stage. They have been used
to formalize the internal workings of offline partial evaluators [1],
to write statically-checked programming generators [4], and as a
basis for designing statically typed macros [5].

In the software world, STTLs have been successfully used to ex-
press generic, highly parameterized designs that are both machine-
checkable and highly modular. The notion of static typing for an
STTL program is strong: the static guarantee is that the result of
preprocessing will be well-typed. Can STTLs do for digital circuit
designs what they have done for software?

Several similarities between software engineering and hardware de-
sign suggest that STTLs can help. High-performance programs of-
ten completely avoid the use of powerful abstraction mechanisms
because of their associated runtime cost. Two-level languages al-
low us to write programs where uses of abstractions such as func-
tions, objects, and modules are eliminated at compile time. Simi-
larly, hardware designers working on high-performance circuits are
required to write carefully stylized hardware descriptions to ensure
these descriptions are indeed synthesizable by the tool being used.
This similarity suggests two approaches: The first approach is to
extend existing hardware description languages with STTL features
that can express designs in a more modular fashion, and that are
guaranteed to expand into well-formed descriptions that meet the
traditional stylistic constraints that hardware designers must com-
ply with. Work on hardware description languages in the functional
programming community shows that adding a mostly-functional
language for first-stage (or expansion-time computation) can be a
highly attractive approach. But a closer analysis of mainstream
hardware description languages suggests a second approach. In
particular, Verilog and VHDL have constructs (like for and while
statements) that are eliminated in a first stage. Can type systems
for two-level languages be used to specify precisely the conditions
under which such constructs can be eliminated in an preprocessing
stage? If we can do that, we would have a much less invasive ap-
proach to migrating existing engineering practice to a point where
higher level descriptions expressible in existing hardware descrip-
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tion languages can be used without jeopardizing the fidelity of the
design process.

As a first step in this direction, we show how two-level languages
can be used to define a two-level type system that characterizes
Verilog programs guaranteed to expand to ones that are “obviously
synthesizable”. Viewing synthesizable descriptions as two-level
programs can have several benefits. It provides the terminology
for explaining the behavior of any particular synthesis tool, and for
expressing the precise behavior that a hardware designer expects
from a synthesis tool. In addition, it makes it possible to compare
techniques for binding-time improvement in partial evaluators to
synthesis methods used in hardware synthesis tools.

So far, we have defined the syntax for a core calculus (a representa-
tive subset of Verilog) and defined a first-stage semantics to model
preprocessing, as well as a static type system that checks that a
given program is synthesizable. Key properties demonstrating the
consistency of this model are presented. First, a well-typed two-
level program synthesizes a well-typed one-level Verilog program.
Second, the synthesized program is free of preprocessing (or “stage
one”’) computations. Third, preprocessing is safe in the sense that
preprocessing computations do not depend on wire values.

To validate the core calculus developed in this work, we imple-
mented a prototype implementation that supports the core subset
using Verilog-compatible concrete syntax. The prototype will be
made available online.

A more detailed write up of this is currently underway. In addition
to reporting on the technical results, we expand on the more sub-
tle lessons that we have learned so far from this work, including
how to treat the notion of synthesizability as well as the similarities
between problems that arise in software program generation and
hardware synthesis.
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