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Abstract

Domain-Specific Modeling Languages (DSMLs) have been
recognized as a viable solution for reducing the gap be-
tween domain abstractions and computational expression
within specific domains. In several domains and contexts,
DSMLs have been applied successfully to various areas
(e.g., finance, combat simulation, and image manipulation)
and have shown improvements to productivity and quality.
However, development of a new DSML is not an easy task
for either computer scientists or end-users because design-
ing and implementing a DSML requires profound know-
ledge of the domain and deep experience in modeling
language development. To address the challenges of DSML
development, this doctoral symposium abstract outlines a
new approach for building DSMLs that represents a dem-
onstration-based technique for specifying the details of a
new modeling language. The approach provides an envi-
ronment for describing and generating the abstract and con-
crete syntax of a DSML. Initial work on describing the
semantics of a new DSML is also a focus of the work. The
research represents an investigation into a technique that
allows end-users to sketch (or demonstrate) a domain mod-
el with free-form shapes. The goal of the proposed research
is to develop the underlying science and tool support to
enable end-users to assist in designing a DSML for their
domain, while minimizing the typical mundane tasks of
DSML development involving many accidental complexi-
ties.

Categories and Subject Descriptors D.3.3 [Program-
ming Languages]: Language Constructs and Features —
abstract data types, Frameworks.

General Terms Design, Languages.

Keywords Domain-Specific Modeling Language;
Demonstration; Flexible Modeling Tools.

1. Description of Purpose

Domain-Specific Modeling Languages (DSMLs) are lan-
guages that support encapsulation and abstraction of a par-
ticular domain. Normally, DSMLs provide notations
tailored to the domain, and the customized notations offer
substantial benefits, such as rich expressiveness and short-
ened learning curves for non computer scientists who need

By-

to express some computational task in a specific domain [9].

As an example, consider embedded report designers
who do not have language development expertise, but
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would benefit from a domain-specific language to capture
the diagrams that they currently draw informally. The for-
mats of reports slightly vary according to the characteristics
of embedded devices and customer requirements, but much
of the reports are common. The job responsibility of these
designers is to customize report formats for each embedded
device and link each data field with predefined APIs. How-
ever, it may be challenging for them to implement quality
report formatting because report formats may be hard-
coded with a specific programming language. Therefore,
the report designers may desire a DSML that can customize
a report format through a WYSIWYG editor.

The barriers that prohibit non-programming language
experts from developing a DSML are that development of a
DSML requires both domain and language development
expertise. But learning language development techniques in
a short time is difficult and hiring experts that have both
domain and language development expertise may be chal-
lenging. Thus, in general, at least two experts (domain ex-
pert and language development expert) collaborate when
creating a new DSML. In addition, DSMLs are often engi-
neered with an iterative and incremental process, but the
complexity of the process makes the DSML development
tedious, error-prone and time-consuming. The purpose of
the research described in this doctoral symposium abstract
is to provide a framework that assists domain experts, who
have domain knowledge but do not have language devel-
opment expertise, in building their own DSMLs.

2. Goals of the Research

A DSML is developed by iterating over complex language
creation tasks (shown in Figure 1) until the language meets
the needed requirements and/or reaches desired quality.
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Figure 1. DSML Development Process

DSML development begins by identifying the require-
ments of a problem domain. After requirements are cap-
tured, domain experts and language development experts
collaborate to design the concrete syntax, which represents
a problem domain. Based on the concrete syntax definition,



language development experts define the abstract syntax. In
addition, the semantics of a DSML is attached to the ab-
stract syntax (often represented as a metamodel). Finally,
domain experts and language development experts collabo-
rate to verify the correctness of the DSML. As described,
DSML development requires language development exper-
tise as well as domain knowledge so that domain experts
who do not have language development expertise may face
several challenges [3] if they try to develop their own
DSMLs. From the DSML development process as shown in
Figure 1, defining a DSML grammar (both concrete and
abstract syntax) and its semantics are challenging tasks
even for computer scientists, and automated and systematic
approaches are crucial toward resolving the challenges of
DSML development. Thus, the framework aims to simplify
and automate DSML development by (1) capturing con-
crete syntax as end-users perform modeling tasks in their
domain (or demonstrate their domain through modeling),
(2) inferring abstract syntax from concrete syntax and
model instances, and (3) associating semantics to abstract
syntax.

3. Technical Approach

The overall process for developing a new DSML based on
demonstration approach is shown in Figure 2.
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Figure 2. Framework of By-Demonstration Approach
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The framework provides a modeling canvas that allows
domain experts to draw their domain notations with free-
form or sketch-level shapes. The framework infers a candi-
date concrete syntax by recording the actions of domain
experts on the modeling canvas as they interact with the
tool to describe example systems in their domain. After the
concrete syntax is identified, the concrete syntax and do-
main models are transformed into an abstract model before
the abstract syntax is inferred. The inference process in-
duces abstract syntax in the form of a metamodel by com-
paring abstract models of the concrete syntax and the
domain models with patterns representing common meta-
model idioms. Metamodel design patterns represent a set of
training data that are passed on to an abstract syntax infer-
ence engine. The framework completes its process by in-
ducing and associating relevant static semantics to the
inferred metamodel.

3.1 Technical Challenges and Possible Solutions

In this section, we identify four major technical challenges
that this research may encounter. We describe the chal-
lenges and our candidate solutions below.
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e Support for free-form or sketch-level shapes: Due to the
likely preference of domain experts to work in more un-
constrained environments (i.e., whiteboard and paper-
based sketches) and advances in pen-based input devic-
es, the need to support free-form or sketch-level shapes
is a new challenge for language inference research.
Chen et al. [2] developed a software design tool named
SUMLOW to capture and formalize sketch-level UML
constructs. Ossher et al. [10] introduced the concept of
flexible modeling tools, which use predefined free-form
shapes for modeling pre-requirements. They built a pro-
totype to combine the advantages of office automation
tools and traditional modeling tools. In our approach,
we support a combination of these two approaches. At
first, the framework will provide a shape authoring tool.
End-users draw shapes that represent their domain and
store them as pre-defined shapes. After that, we will add
free-form recognition functionality to the framework,
which is similar to Chen’s work. With this functionality,
end-users can use any free-forms without defining them
prior to use.

o Concrete syntax definition: Concrete syntax represents
the visual representation of a DSML. It should be de-
signed to avoid ambiguity and assist with readability by
domain experts. Concrete syntax typically consists of a
set of domain notations and their relations. To define
concrete syntax automatically, the framework captures
the domain expert’s operations when they demonstrate a
new concept using the notation of a specific domain on
the modeling canvas. Concrete syntax is finally defined
after a domain expert reviews the candidate concrete
syntax and annotates with appropriate names. The core
technology for capturing and inferring concrete syntax
for a DSML is based on a by-demonstration technique,
which is similar to earlier work on Program By Example
(PbE) or Query By Example (QBE) [5][12]. Technically,
a by-demonstration approach can be implemented by
hooking events into a recording tool (e.g., a plug-in for
Visio or Eclipse). A challenge of the recording process
is maintaining an optimized sequence of actions (i.e.,
pruning unnecessary actions) while preserving the de-
monstrators intent. For example, a domain expert may
draw a rectangle as a symbol for some domain-specific
process and tweak the size and appearance. The inter-
mediate interactions in the editor are of little concern to
the inference process.

o Abstract syntax inference: Inferring abstract syntax is a
special case of inductive learning and represents a core
research area for this doctoral research. The goal of this
step is to generate abstract syntax (i.e., metamodel for a
DSML) by applying machine learning algorithms to
concrete syntax and domain models, which are created
in a previous by-demonstration step of the process. To
induce abstract syntax, many approaches have been
proposed, such as genetic programming [6], Bayesian
learning [1], hill climbing [4], and graph-based ap-
proaches [8]. In our research, we plan to adopt a graph-
based approach to leverage the benefits of graphs (e.g.,
analysis of structural and dynamic properties, design for
verification, and model transformation). Thus, before



proceeding to abstract syntax inference, the domain
models and concrete syntax will be rewritten as a (typed)
graph grammar. Generally, to induce accurate abstract
syntax, an inference engine requires a large set of train-
ing data (or model instances in our case). Presumably, it
is not possible to provide a large set of model instances
because a demonstration-based approach will ask do-
main experts to construct domain models manually,
which can be a mundane and error-prone task. Thus, it
is challenging to predict all possible cases of input for
the inference process. To resolve this issue, we plan to
investigate the notion of metamodel design patterns,
which describe a set of patterns that are commonly used
in metamodel design. Accordingly, the abstract syntax
will be induced by searching and composing a set of
maximum-likelihood patterns. The metamodel design
patterns approach will help to infer accurate abstract
syntax in the presence of insufficient training data.

o Semantics inference: Designing and implementing se-
mantic inference are other core areas of the research.
This will be the most challenging area of the research
because specifying semantics in a formal way is diffi-
cult even for language development experts. For speci-
fying modeling language semantics, several methods
have been proposed, such as OCL [7] and Attribute
Grammars [11]. The research goals of semantic infe-
rence of modeling languages will focus on (1) devising
efficient and accurate algorithms for semantics infe-
rence, and (2) finding an appropriate method to asso-
ciate the inferred semantics with the inferred abstract
syntax, with representation of both abstract syntax and
semantics in a (typed) graph.

4. Current status and Future Work

A prototype has been developed to understand the feasibility of
the approach. The prototype was developed with Microsoft Visio
because Visio provides various predefined shapes that support the
creation and definition of user-specific shapes. The prototype was
implemented with an understanding that a Visio template has a
correspondence to the metamodel of a DSML. The prototype im-
plementation focused on (1) the identification of concrete syntax,
(2) creation of a Visio template, and (3) the identification of rules
between shapes as a part of an initial static semantics.

Although we believe that the prototype demonstrates the
feasibility of a “by-demonstration” approach to DSML cre-
ation, we will also develop our framework for other devel-
opment platforms (e.g., Eclipse). The new framework will
be developed according to the following schedule.

e Phase 1: The initial phase will focus on a preprocessor
for the framework. During Phase 1, we will develop a
by-demonstration technique on the new development
platform and devise efficient algorithms for capturing
concrete syntax and graph transformation.

e Phase 2. An abstract syntax inference engine will be
implemented and compared to verify our approach in
terms of accuracy and performance.
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e Phase 3. Finally, semantic inference will be designed
and implemented. At this phase, we will try to design
efficient algorithm for inducing semantics as well as
their association with abstract syntax.
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