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Abstract. The aim of this talk is to present a general framework for
compiling Constraint Handling Rules (CHR) to a low level hardware
description language (HDL). The benefit introduced by a CHR based
hardware synthesis is twofold: it increases the abstraction level of the
common synthesis work-flow and it can give significant speed up to the
execution of a CHR program. I will describe a practical method that
set CHR as starting point for a hardware description and afterwards I
will show how to integrate the generated hardware code, deployed in a
Field Programmable Gate Array (FPGA), within the traditional software
execution model of CHR. The result is a prototype CHR execution en-
gine composed of a general purpose processor coupled with a specialized
hardware accelerator. The former executes a CHR specification while the
latter unburdens the processor by executing in parallel the most compu-
tational intensive rules. The talk will have a practical focus, illustrating
the achieved performance obtained by a prototype system architecture.

The motivations that gave rise to the development of a novel technique to
synthesize behavioral hardware components starting from a declarative program-
ming language are basically two. Firstly it introduces a high level of abstraction
in an environment that is traditionally described at low level and then secondly
it results in hardware blocks that can be interfaced with the high level lan-
guage execution giving relevant time improvements. Therefore we developed a
completely general framework that allows to synthesize reconfigurable hardware
easily employable in a wide range of application, since a small modification to
the high level code affects a huge portion of low level HDL code (resulting in a
remarkable time saving for the programmer). Moreover the generated hardware
code is fully compliant with the commonly adopted ones and hence can be eas-
ily integrated in the existing hardware project. Once hardware can be directly
compiled from a high level language, we implemented a coupled system consti-
tuted by a traditional general purpose CPU and a hardware accelerator deployed
on a Field Programmable Gate Array (FPGA). Thus such sole system will be
compiled from a single high level language specification through a double compi-
lation path resulting in a efficient execution engine. In the following paragraphs
we briefly introduce our contributions to the two aforementioned research areas.

High Level Synthesis The ability to integrate an ever greater number of tran-
sistors within a chip and the consequent complexity growth of the features that
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can be implemented in hardware demand for new languages and tools suitable
for describing the different nature of the hardware devices. First goal of this work
is to synthesize hardware starting from a language at a level higher than the ones
of the commonly used behavioral HDLs. This should let programmers to easily
focus on system behavior rather than on low level implementation details. The
design procedure identified in [4] can be applied to a declarative paradigm rather
than traditional imperative languages, inheriting all the well-known benefits for
the programmer.

We identify in CHR [3] the high level language that can fulfill the hard-
ware description. Its plain and clear semantics makes it suitable for concurrent
computation, since programs for standard operational semantics can be easily
interpreted in a parallel computation model [2]. In our work we want to fully
exploit these features, highlighting the relations with the parallel characteristics
of the target gate-level hardware.

We set the general outline of a hardware implementation of a CHR subset
able to comply with the restricted bounds that hardware imposes. We will show
how to efficiently accommodate in hardware concurrent rules execution. The
level of parallelization achieved provides a time efficiency comparable with that
obtained with a HDL design. The proposed optimizations then revealed that for
certain classes of algorithms the degree of parallelization achievable in hardware
is only limited by the available space resource. Clearly our work is not intended
to be an answer to the problem of the high level hardware synthesis, but it
attempts to highlight how a declarative programming language as CHR can
contribute to ease the burden of the hardware designers. Several example of
simple CHR programs will be presented showing the generality of application of
the proposed framework and pointing out how we can develop hardware compiled
to solve completely different tasks with minimal changes in the program’s rules.

Hardware accelerator Hardware designers have used FPGAs for many years
as single-chip accelerated application but recently, due to the increased devices
density, FPGAs are being the focus of system designers attention as well. This
change of perspective sparked the debate on what could be the best language for
describing a mixed hardware/software system. The lack of a suitable standard
gave rise to a plethora of high-level languages (HLLs) oriented to increase the
productivity in the description of reconfigurable computing devices [1].

We will show that CHR can be efficiently used directly at system level: the
generated hardware can be employed as specialized hardware accelerator for a
general purpose processor. In such a way we achieved a close synergy between
high level software and hardware because the former facilitates the synthesis of
the latter and the latter clears the way for a fast execution of the former.

The entire system compilation is split into two branches related to the hard-
ware and software parts. The compilation begins from an annotated program
in which the programmer highlights the rules that have to be executed by the
hardware accelerator. The hardware compilation consists of the application of
our high level synthesis technique [5] that results in a bit stream directly de-
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ployable in a FPGA. On the other side the standard software compilation will
be necessary altered due to the removal of some rules from the full program
specification. The execution of the removed rules will be embedded in a custom
made built-in Prolog predicate. When it is called all the constraints of a spe-
cific type are sent to the hardware accelerator that, once it has terminated the
computation, will send the resulting constraints back to the constraint store.

The proposed hardware based approach increases the performance of con-
straint programming trying to achieve a stronger coupling between algorithms
and platforms. A custom hardware based on FPGA is used as accelerator for
CHR code: the traditional program execution is then interfaced with a custom
accelerator engine. We will present case studies in which the high level hardware
compilation produces the needed hardware code for the accelerator, and simple
CHR rules, added to the program, let the CPU cooperates with the accelerator
itself. Finally we should remark that the system integration is made smoother
by the adoption of the same language for the software and hardware description
confirming the possibility to adopt CHR as system level language.
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