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Abstract. While Grammar Inference (GI) has been successfully applied
to many diverse domains such as speech recognition and robotics, its ap-
plication to software engineering has been limited, despite wide use of
context-free grammars in software systems. This paper reports current
developments and future directions in the applicability of GI to soft-
ware engineering, where GI is seen to offer innovative solutions to the
problems of inference of domain-specific language (DSL) specifications
from example DSL programs and recovery of metamodels from instance
models.
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1 Introduction

Grammatical inference (GI), often called grammar induction or language learn-
ing, is the process of learning a grammar from positive and/or negative sentence
examples. Machine learning of grammars finds many applications in syntactic
pattern recognition, computational biology, and natural language acquisition
[3]. In the realm of software engineering, context-free grammars (CFGs) are of
paramount importance for defining the syntactic component of programming
languages. Grammars are increasingly being used in various software develop-
ment scenarios, and recent efforts seek to carve out an engineering discipline for
grammars and grammar dependent software [6].

The structure of this paper is as follows. Section 2 explores the application
of GI to inferring domain-specific language (DSL) specifications from example
DSL programs. In Section 3, application of GI to recovery of a metamodel from
instance models is discussed. We conclude in Section 4.
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2 Inferring DSL Specifications from DSL Programs

A domain-specific language (DSL) is a programming language dedicated to a
particular domain or problem [9]. It provides appropriate built-in abstractions
and notations; it is usually small, more declarative than imperative, and less
expressive than a general-purpose language (GPL). Using grammar inference,
language specifications can be generated for DSLs, facilitating programming lan-
guage development for domain experts not well versed in programming language
design. This enables a domain expert to create a DSL by supplying sentences
from the desired DSL to the grammar induction system, which would then create
a parser for the DSL represented by those samples, thus expediting programming
language development.

A memetic algorithm [I0] is a population-based evolutionary algorithm with
local search. MAGIc, Memetic Algorithm for Grammatical Inference [§] infers
CFGs from positive samples, which are divided into a learning set and a test set.
The learning set is used only in local search, while grammar fitness is calculated
on samples from the learning and test sets. Using samples from the test set in
the grammar inference process is the main difference between our approach and
many machine learning approaches, where the test set is used for testing the
result accuracy. Although the initial population has been created mostly ran-
domly in evolutionary algorithms such an approach has been proven insufficient
for grammar inference [1]. Indeed, a more sophisticated approach is needed and
an initial population of grammars is generated using the Sequitur algorithm [IT],
which generates a grammar that only parses a particular sample from a learning
set. Hence, Sequitur does not generalize productions. Moreover, the initialization
procedure can be enhanced with seeds of partially correct grammars or grammar
dialects, which are useful for learning grammar versions [2].

We have tested MAGIc on the formal language {a”b"c™|n,m > 1} used in
[13] and also on various DSLs, including desk calculator language DESK [12] and
a DSL for describing 3-D shapes and textures [I5]. MAGIc is able to infer CFGs,
which are non-ambiguous and of type LR(1). Often these have fewer productions
than the original grammar. Further details may be found in [§].

3 Recovery of a Metamodel from Instance Models

GI can also be applied to solve problems in domain-specific modeling (DSM) [14].
DSM assists subject matter experts in describing the essential characteristics of a
problem in their domain. The typical approach to DSM involves the construction
of a metamodel, from which instances are defined that represent specific config-
urations of the metamodel entities. Throughout the evolution of a metamodel,
repositories of instance models (or domain models) can become orphaned from
their defining metamodel. In such a case, instance models that contain impor-
tant design knowledge cannot be loaded into the modeling tool due to the version
changes that have occurred to the metamodel. Thus, the ability to recover the de-
sign knowledge in a repository of legacy models is needed. A correspondence exists
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between the domain models that can be instantiated from a metamodel, and the
set of programs that can be described by a grammar. This correspondence can be
leveraged by creating a GI-based tool that allows the recovery of lost metamodels
by making use of information contained in the domain models.

MARS (MetAmodel Recovery System) [][7] is a system we have developed
to infer metamodels from model instances, based on the GMH] modeling tool.
GME, and most other modeling tools, represent the model instance using XML.
XSLTH is a visual-to-textual representation transformation process which we use
for reading in a set of instance models in XML and translating them into a DSL,
called the Model Representation Language (MRL), that accurately represents
the visual GME domain models contained in XML files. MRL is then loaded
into the LISA language description environment [9]. As a result of the inference
process, an inferred metamodel in XML is generated using formal transformation
rules. The inferred metamodel can then be used by GME to load the previous
instance models into the modeling tool.

MARS has been validated using example models developed in ESML (Em-
bedded Systems Modeling Language), a domain-specific graphical modeling lan-
guage for modeling embedded systems [5]. We created various model instances
exhibiting different properties and were able to infer a very good approximation
of the metamodel. The quality of the inferred metamodel depends on the level
of details available in the domain instances and also the number of domain in-
stances used. If the set of domain instances used in the inference did not make
use of all the constituent elements of the original metamodel, then those elements
cannot be recovered in the inferred metamodel. Almost all properties addressed
in the instances we developed were used properly in the metamodel inference
and the cardinalities of connections appeared in the original were also correctly
computed. Further details may be found in [7].

4 Conclusions

We have shown that grammar inference may be used to infer DSLs from exam-
ple DSL source programs and metamodels from model instances. In both cases
results are good when the sample set is sufficient to illustrate the key aspects of
the underlying grammar. There are still some limitations in inferring highly com-
plex recursive structures. We are currently working on improving our algorithms
to overcome this. It is also the case that for both DSLs and models, the addition of
semantic information would be beneficial. Such semantic information could allow
the extension of the construction of DSL parsers into complete DSL compilers, and
also allow for more refined metamodels to be inferred using semantic information.
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