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Abstract. One of the key points of model-driven engineering is raising
the level of abstraction in software development. This phenomenon is not
new. In the sixties of the previous century, the first high-level programming
languages were developed and they also increased the abstraction level of
software development. The development of high-level programming lan-
guages initiated research on compilers and programming environments.
This research eventually matured into generic language technology: the
description of (programming) languages and tooling to generate compil-
ers and programming environments. The model-driven engineering com-
munity is developing tools to analyze models and to transform models into
code. The application of generic language technology, or at least the lessons
learnt by this community, can be beneficial for the model-driven engineer-
ing community. By means of a number of case studies it will be shown how
generic language technology research can be useful for the development of
model-driven engineering technology.

1 Introduction

Software engineering is currently facing two major challenges. The first challenge
is to deal with the increasing required level of dependability of software. Software
is more and more applied in daily life products, such as mobile phones, cars,
medical equipment, and consumer electronics. A number of these application
areas ask for an extremely high level of dependability. The second challenge is
dealing with the increasing amount of software that has to be produced and
maintained. The number of lines of code is continuously increasing. The speed
of producing reliable software has to increase. The application of model-driven
engineering could be a valid alternative to increase the overall productivity of
software engineers.

One of the key points of model-driven engineering is the raise of abstrac-
tion. Software is modeled on a higher level of abstraction and then advanced
model transformation techniques and software generation techniques are used to
translate the models into executable code. Furthermore, the use of models offers
the possibility to use these models for sophisticated analysis techniques such as
model checking, performance analysis, correctness, etc. This allows a possible
route to tackle part of the dependability problems of the first challenge.
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The key concepts in model-driven engineering are the development of for-
malisms to develop the models, the development of model transformation
engines, so-called model-to-model transformations, and the development of soft-
ware generators, so-called model-to-text transformations. In this paper we show
how techniques developed in the field of compiler construction can be applied
to the field of model-driven engineering. We will demonstrate this by means of
a number of case studies where we applied compiler construction technology to
model-driven engineering problems.

2 Generic Language Technology

Computer science and compiler construction have a very close marriage. The
development of programming languages, and thus the development of software,
has been facilitated by developments and research in the field of compiler con-
struction. Compilers facilitate the development of software at a higher level of
abstraction. In the sixties and seventies of the previous century a lot of com-
piler construction related research was carried out. The generation of compilers
based on language descriptions is one of the research fields of compiler con-
struction. The development of a compiler for a specific programming language
is a considerable amount of work. Compilers were and still are mainly develop-
ment manually. However, large parts of a compiler are almost identical for every
programming language. The definition of specification languages for the descrip-
tion of programming languages and the development of tools to generate from
these language descriptions parts of compilers is the focus of generic language
technology.

The most important milestones in the field of generic language technology are
scanner and parser generators and attribute grammars [1]. Scanner and parser
generators are tools for generating scanners and parsers from lexical and context-
free grammar specifications of (programming) languages. There exists a whole
range of scanner and parser generator tools, e.g. Lex+Yacc [26,22], ANTLR
[27], JavaCC [15], and SDF [19]. The development and maintenance of (context-
free) grammars is an underestimated effort [11,24]. Grammars are not developed
with reuse in mind. Exchanging grammars between different tooling is tedious
and error prone. Attibute grammars are a collection of formalisms to describe
the semantics of programming languages. There exist several implementations of
attribute grammars, e.g. JastAdd [17], ELI [18], LISA [20]. However, exchanges of
descriptions of one attribute grammar system to another is not straightforward.
This diversity has not contributed to the popularity of attribute grammars and
prevented it from becoming a mainstream compiler construction technology.

In the eighties, the focus of generic language technology shifted from compil-
ers to programming environments. Starting from language descriptions, (parts
of) interactive programming environments were generated. The development of
software within these interactive environments was supported by syntax directed
editors, type checkers, interpreters, pretty printers, and debuggers. These tools
were made available to the programmer via a uniform graphical user interface.
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The goal of these environments was to inform users in a very early stage on
syntactic and semantic errors in the software under development. Various re-
search groups have worked on the development of programming environment
generators. The most well-known programming environment generators are the
Synthesizer Generator [28] and the ASF+SDF Meta-Environment [8]. The fo-
cus of current research is on the integration of generic language technology into
frameworks such as Eclipse [9] via IMP [14]. A previous attempt in this direction
was SAFARI [13].

3 Model-Driven (Software) Engineering

Models have a central role in modern software development. The way software
is being developed in the last sixty years has gone through quite a number of
stages. The challenge was to increase the abstraction level of software develop-
ment in order to increase the development efficiency and quality of the resulting
software. In generic language technology this increase of abstract was done via
the introduction of specification formalisms to describe programming languages.
In ordinary software development there was a shift from developing software
in machine code to developing software in high level programming languages.
Nowadays, a lot of software is developed using domain specific languages or us-
ing the Unified Modeling Language (UML) of the OMG1. UML was created via
the unification of a number of modelling languages, initially the Object Mod-
eling Technique [29], the Booch method [7], and use cases [21]. Later, more
modeling languages have been added. The current version, UML2.0, consists of
thirteen different types of diagrams. UML has become the de-facto standard of
the software industry.

Meta models allow a definition of models. Meta models play the same role
for models as (E)BNF for programming languages. Meta models themselves are
described using meta meta models. Diagrams provide a view on (parts of) the
models. See [6] for a description of these hierarchies and [25] for a description
of the similarities between (meta) meta modeling and formalisms to describe
textual programming languages. The fact that different meta models can be
described using the same meta meta model does not mean that model trans-
formations are straightforward. The meta model describes the structure of the
model, but not the semantics. This is similar to programming languages, given
the (E)BNF definitions of Cobol and Java it does not mean that a source to
source translation from Cobol to Java is feasible due to semantic inconsistency.

4 Case Studies

We will discuss a number of case studies where we show how generic language
technology can be applied in the domain of model-driven (software) engineering.

1 http://www.omg.org
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4.1 Transformation of Behavioural Models Revealed a Semantic
Gap

An example of semantic inconsistency between models was discovered during the
development of model transformations from models, describing the behaviour of
processes in warehouses, to executable code. Formalisms, like Chi [4], based on
process algebra are very well suited to model the processes in this type of dis-
tributed systems. We developed a meta model, as an SDF definition [19], for the
process algebra ACP [5] and realized a model transformation from ACP to UML
state machine diagrams in ASF+SDF [16]. These state machine diagrams are
used to describe (concurrent) behaviour. Rhapsody2 can translate this type of di-
agrams into executable code. From a syntactic point of view, the transformation
from ACP to UML state machines is possible. However, given the requirement
for Rhapsody on preserving the structure of the original specification, quite some
effort is needed to get a semantic fit.

ACP consists of a number of operators, amongst others ”·” (sequential com-
position), ”+” (alternative composition), ”||” (parallel composition), and ”|”
(communication). The operands can be, among others an action ”a”, and dead-
lock ”δ”. The parallel operator in ACP describes more than just the behaviour
of two parallel processes. The arguments of the parallel operator can, if the spec-
ification allows this, interact and melt into one action. In general, ACP specifi-
cations are normalized and the result is an ACP specification where all parallel
operators have disappeared and only the result of the interaction of processes is
kept. These normalized specifications do not describe the original structure of
the modeled system, which is crucial whenever we want to have a distribution of
the software over several processors (that communicate with each other). This
semantic gap can be bridged by generating next to the UML state machine dia-
gram an execution environment which takes care of the steps performed by the
state machine. The details of our solution and transformation are described in
[2], in this paper also problems related to the alternative composition operator
are discussed.

4.2 Surface Language as Alternative for Graphical Language

This case study is also related to embedded software development. The goal was
to model the behaviour of systems in UML and use these UML specifications
for performance analysis. In order to be able to do the performance analysis, the
behavioural UML models are translated into POOSL [30] models. However, it
turned out that a straightforward translation was not feasible.

Therefore, it was decided to investigate how POOSL could be merged with
UML, which made the transformation from the extended UML models to POOSL
code feasible. Initially, the focus was on defining subset of UML activities (with
an imperative flavour) to enable a simple direct transformation to POOSL or
some other object oriented or imperative language. This turned out to be pos-
sible, but developing behavioural specifications graphically turned out to be
2 http://www.telelogic.com
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tedious. We continued our research in the direction of developing a textual
alternative for the UML activity diagrams, a so-called surface language. The
development of this surface language was not the actual challenge but the com-
bination of having, for instance, UML state machines annotated with pieces of
surface language code was. We tackled this problem by combining the gram-
mar for XMI with the grammar of the surface language, both written in SDF.
The Eclipse tooling allows the export of XMI with embedded surface language.
Via ASF+SDF we were able to parse this XMI, rewrite the embedded sur-
face language code fragments into full UML activities and produce the corre-
sponding XMI again. This resulting XMI can be processed using the Eclipse
tooling.

4.3 Syntax Safe Templates

The ultimate goal of model-driven software engineering is the generation of ex-
ecutable code. There are several approaches for generating code from models.
In fact, every tool has its own approach, for instance in openArchitectureWare3

this is done via Xpand. We investigated how we could improve the reliability of
the software generators based on templates.

There are various types of software generators, see [31] for an overview.
We will only consider the so-called template-based generators. This type of
software generator is based on strings, it consists of an evaluator and tem-
plates describing the code that has to be generated. There is a strict separa-
tion between the evaluator and the templates. A template is fragment of object
code with embedded meta language constructs. These embedded meta language
constructs are interpreted by the evaluator and replaced by information ob-
tained from input data. By combining the grammar of the object code with the
grammar of the embedded meta language we are able to ensure the syntacti-
cal correctness of the generated code. We use the power of the SDF toolset,
modularization of grammars, to be able to parse the templates and check for
their syntactical correctness. The evaluator checks whether the input obtained
from the input data is syntactic correct replacement for the meta language
construct.

Our Repleo approach allows us to check templates written in Java, C, and
HTML. Furthermore, it allows us to check us templates which use both Java
and for instance embedded SQL. Our approach guarantees the syntax safety
of a broad range of templates, based on the concept of ”the more grammar,
the more checking”. Details on the template evaluator Repleo, can be found
in [3].

Repleo has been used in an industrial project at Ericsson to translate state
machines into Java code [12]. Furthermore, to validate the expressive power of
Repleo the Java part of the tool ApiGen [23,10] has been reimplemented. Both
case studies revealed the usefulness of our approach because syntax errors where
discovered at an early stage.

3 http://www.openarchitectureware.org/
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5 Lessons Learnt

The combination of generic language technology with model-driven software en-
gineering is a very fruitful combination. In fact this was to be expected. Model-
driven software engineering is about raising the level of abstraction and this is
also the quest in compiler construction. The starting point may be different, i.e.,
graphical languages instead of textual languages, but it is all about translating
and transforming.

We have shown a number of case studies where generic language technology
has been successfully applied to the model-driven software engineering problems.
Furthermore, we have shown that the same semantic problems may arise in the
field of model-driven software engineering as in the field of source to source
translations.

There are a number of general lessons that can be learnt applying the generic
language technology:

– The development of domain specific modeling formalisms involves more than
just the development of meta models or profiles. It also involves the develop-
ment of tooling, methodology and even validation of the modeling formalism
via empirical research.

– There is a huge amount of compiler construction related research from which
the model-driven software engineering can learn. Reinventing the wheel is not
a good idea and working together can accelerate the research in model-driven
software engineering.

– There is one important lesson for both the compiler construction and the
model-driven software engineering community: consider standardization but
be critical of it. There are many tools developed by the compiler construc-
tion research community that do not allow the exchange of formalisms. The
situation is better in the model-driven software engineering community. On
the other hand, it turns out that (commercial) tool developers do not adhere
to standardization in order to create a (vendor) lock-in.
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