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Abstract—Metamodel-based DSL development in language
workbenches like Xtext allows language engineers to focus more
on metamodels and domain concepts rather than grammar
details. However, the grammar generated from metamodels often
requires manual modification, which can be tedious and time-
consuming. Especially when it comes to rapid prototyping and
language evolution, the grammar will be generated repeatedly,
this means that language engineers need to repeat such man-
ual modification back and forth. Previous work introduced
GrammarOptimizer, which automatically improves the gener-
ated grammar using optimization rules. However, the optimiza-
tion rules need to be configured manually, which lacks user-
friendliness and convenience. In this paper, we present our vision
for and current progress towards a language workbench that
integrates GrammarOptimizer’s grammar optimization rules to
support rapid prototyping and evolution of metamodel-based
languages. It provides visual configuration of optimization rules
and real-time preview of the effects of grammar optimization to
address the limitations of GrammarOptimizer. Furthermore, it
supports the inference of a grammar based on examples from
model instances and offers a selection of language styles. These
features aim to enhance the automation level of metamodel-based
DSL development with Xtext and assist language engineers in
iterative development and rapid prototyping. Our paper discusses
the potential and applications of this language workbench, as well
as how it fills the gaps in existing language workbenches.

Index Terms—language workbench, Xtext, textual DSLs,
model-driven engineering, grammar optimization, automation

I. INTRODUCTION

A language workbench is a powerful tool that facilitates
the development of domain-specific languages (DSLs). It pro-
vides an integrated environment where language engineers can
define, design, and implement languages to address specific
application domains. There is a plethora of available language
workbenches that cover a wide range of features, as identified
and discussed in two previous surveys [1], [2] of 10 and 14
workbenches, respectively.

We focus on a specific approach to the development of
textual DSLs, where language engineers first create a meta-
model and then automatically generate the grammar from
the metamodel, followed by generating the editor from the
grammar. We refer to this DSL development approach as
metamodel-based development. To our knowledge, the only
available workbench supporting this approach is Xtext [3].

Metamodel-based development entails several benefits for
language engineers. First, language engineers focus on domain
concepts and relationships at the beginning, rather than being
burdened by syntax details from the start. Second, at the
beginning of the language creation process, it does not need
to be clear whether the new language is text-based, graphical,
or both [4]. In fact, following the philosophy of blended
modeling [5], there are good reasons to support multiple
syntaxes, as different developers are likely to benefit from
different syntax paradigms. Thus, it is a sensible choice to
start with the metamodel. Automatically generating a grammar
from a metamodel helps the language engineer to save effort.

However, there are limitations to the metamodel-based DSL
development approach. The automatically generated gram-
mar follows a fixed format that includes various grammar
elements. Some of these elements are necessary, but the
grammars typically become lengthy and rely on deep nesting,
making it cumbersome to write code in the resulting DSL.
As a result, the generated grammar often requires manual
adjustments to be effectively used—we call this adjustment
grammar optimization. Most importantly, the development
of DSLs, just as the development of any software, requires
iterations. To rapidly prototype a language, the metamodel,
i.e. the conceptual side of the language, will be extended
step by step, and so will the grammar. However, to keep the
metamodel and grammar consistent, the grammar needs to be
re-generated when the metamodel changes. This implies that
manual grammar optimization needs to be re-applied, which is
a cumbersome process. Therefore, we argue that there is today
no language workbench that allows for metamodel-based DSL
development, while also supporting rapid prototyping.

In this paper, we present our vision for and progress toward
developing such a language workbench. Our envisioned lan-
guage workbench will be based on the Xtext technology and
will support the automatic optimization of grammars generated
from metamodels, along with supporting rapid prototyping.

In previous work, we studied how to optimize generated
grammars, leading to the development of a tool called Gram-
marOptimizer [6] that encompasses 54 optimization rules.
Currently, it exists as a standalone grammar optimization tool,
but we plan to integrate it into the envisioned language work-
bench, which will address several challenges associated with



performing optimizations with GrammarOptimizer: Before
performing optimization operations with GrammarOptimizer,
manual configuration of optimization rules is required, and the
effects of the configuration are not visible in real time during
the configuration process. Moreover, the parametric approach
to configuration requires new users to spend time learning how
to use it. To enhance usability and convenience, our envisioned
language workbench will include visual configuration of the
grammar optimization rules and real-time preview of the
configuration effects. This preview will include the optimized
grammar and example model instances that conform to the
grammar. Additionally, we aim to provide optional language
styles and the ability to infer grammar based on given model
instances in the envisioned language workbench. Our goal is
for the envisioned language workbench to facilitate the rapid
prototyping of languages in iterative cycles of engineering,
reducing manual work, shortening development time, and
improving efficiency.

In the following, we focus on outlining the potential of
the language workbench. We will provide insights into the
specifics of our goals, discuss the architecture, features, and
potential application scenarios of our language workbench,
as well as address the limitations of existing language work-
benches in these scenarios.

II. MOTIVATING EXAMPLE

We developed EATXT [7], a textual syntax for the architec-
ture modeling language EAST-ADL with the help of our exist-
ing tool GrammarOptimizer. We generated an Xtext grammar
from the EAST-ADL metamodel, but the resulting grammar
was not user-friendly and easy to use. In collaboration with our
industrial partners, we aimed to make it more concise and user-
friendly. We set specific modification goals to optimize the
grammar, such as removing the keyword ‘shortName’ from
the attribute shortName in all the grammar rules and moving
it from inside the outermost curly braces to before the opening
one. Using GrammarOptimizer, we optimized a total of 2,046
lines of text and 233 grammar rules in the grammar. Despite
the substantial number of optimization operations performed,
we only needed to configure 31 lines of optimization rules.
When developing the language, we needed to present the
optimized effects to our industrial partners to ensure that
the resulting grammar style met both parties’ expectations.
GrammarOptimizer saved us a significant amount of effort
by supporting rapid prototyping. The generated grammar,
the configuration of optimization rules, and the optimized
grammar can be found in the supplementary material [6].

However, we realized that using GrammarOptimizer leads
to a substantial manual overhead. Configuring the rules re-
quires invoking and parameterizing associated methods, which
leads to complex code-based configurations. For instance,
removing the keyword ‘shortName’ requires the follow-
ing configuration: “go.removeKeyword("EAPackage",
"shortName", "shortName", null);”. The 1st two
parameters specify the grammar rule and attribute where the
keyword is to be removed, and the 3rd one is the keyword to

be removed. The 4th parameter, here set to null, can restrict the
scope of the rule application, by specifying a context attribute
determining the line on which changes will be performed.
Additionally, during the configuration process, users lack
visibility into the outcome of the optimization. The code-based
configuration approach increases the risk of configuration
errors, as language engineers may input incorrect parameter
values, thus impacting the correctness and effectiveness of
grammar optimization. These challenges have motivated us to
develop a new language workbench to address these issues.

III. BACKGROUND AND RELATED WORK

A. Existing Language Workbenches and Features

The term ”language workbench” was officially coined and
popularized by Fowler in 2005 [8]. However, prior to that,
tools and methods for language development had been evolv-
ing. The first version of MetaEdit was released in 1993 [9],
which served as the precursor to MetaEdit+. Today, MetaEdit+
has evolved into one of the most comprehensive language
workbenches. In [1], Erdweg listed a total of 34 features
covering various aspects, including notation, semantics, valida-
tion, testing, composability, editing mode, syntactic services,
and semantic services. From their report, it can be observed
that MetaEdit+ now covers the majority of these features,
even supporting symbolic notation, which is not typically
supported by many other language workbenches. Around
2003, JetBrains initiated an experimental project to validate
the concept of language-oriented programming [10], which
eventually developed into the powerful language workbench
JetBrains MPS. Today, JetBrains MPS encompasses almost
all of the 34 features mentioned in [1], with the exceptions
of graphical notation, free form, and live translation. In 2010,
Spoofax was introduced as a language workbench specifically
designed for creating textual languages [11]. While it supports
most of the aforementioned 34 features, it does not support
DSL debugging, projectional editing, or quick fixes.

As mentioned before, to the best of our knowledge, these
two papers cover the most comprehensive language work-
benches currently available. Apart from Xtext, there is cur-
rently no other language workbench that supports metamodel-
based DSL development. Although tools like GEMOC Studio
enable language engineers to create metamodels, they do not
support direct generation of grammar from metamodels [12].
Similarly, there are also metamodels in JetBrains MPS, but
its underlying principles prevent it from supporting grammar
generation from metamodels. The Grasland toolkit developed
by Kleppe supports grammar generation from metamodels [4],
but it is no longer publicly available, today.

B. Workflow of metamodel-based DSL development with Xtext

Eclipse Xtext is a framework for developing software lan-
guages, including modeling languages, and provides a com-
plete infrastructure that includes tools, such as the parser, for
the developed language [13]. Xtext offers two approaches for
designing textual DSLs. One approach involves creating the
grammar first and deriving the metamodel from it, while the



other approach is the metamodel-based method mentioned in
the previous section. Paige discusses and compares these two
methods in [14]. This paper focuses on the latter method.

Figure 1 depicts the workflow of developing a DSL using
the metamodel-based approach in Xtext. Initially, the language
engineer creates a metamodel to represent domain concepts
and relationships. Then, a generator model file, known as gen-
model, is created based on the metamodel. Subsequently, the
Xtext grammar is automatically generated from the genmodel.
The generated grammar is manually modified, and the Xtext
artifacts are generated to compose the DSL editor. Finally, the
language engineer creates and verifies model instances within
the DSL editor (i.e., the model instances are parsed correctly).
If the language engineer finds that the grammar does not reach
the desired state while verifying models in the DSL editor, she
will iterate back to the manual modification of the grammar.
This iterative process continues until the language engineer is
satisfied with the grammar.

C. GrammarOptimizer: Metamodel-Grammar Co-Evolution

The mentioned grammar optimization refers to directly
modifying the elements, e.g., the keywords, of a
generated Xtext grammar. Before the development of
GrammarOptimizer, no automated approaches existed for
such modifications. In [6], we analyzed the differences
between the generated grammar and the desired grammar
for seven DSLs and extracted 54 optimization rules based
on the analysis. We developed the tool GrammarOptimizer
to implement these optimization rules. GrammarOptimizer
can run as a standalone Eclipse plugin. By configuring the
optimization rules, it optimizes the generated grammar toward
the desired grammar. The configuration for each optimization
rule involves invoking its public method. When calling these
methods, parameters are configured to specify the scope,
target, content, and constraints of the optimization operation.
For example, “go.addKeywordToAttr("Header",
"appName", "pages", false);” means adding the
keyword pages after the attribute appName in the grammar
rule Header (where false indicates that the keyword is
added after the specified attribute).

The efforts invested in configuring GrammarOptimizer will
pay off quickly when the language undergoes changes, such
as during rapid prototyping iterations or continuous language
evolution [6]. As an example, consider the evaluation section
in [6] where we selected the EAST-ADL language. As part of
the BUMBLE project [15], we developed a textual language,
EATXT [7], for EAST-ADL. The development was divided
into two stages [6]. In the first stage, we generated the
grammar based on a simplified version of the EAST-ADL
metamodel and configured 22 optimization rule settings to
optimize the generated grammar towards the target appearance.
The execution of these 22 configurations allowed us to avoid
manual modifications in approximately 2000 lines of text. In
the second stage, we regenerated the grammar based on the full
EAST-ADL metamodel, reusing the optimization rule settings
from the simplified version, and optimized the generated

grammar towards the target with only 10 modifications in the
configurations. During the evolution of a metamodel-based
language, GrammarOptimizer can save language engineers’
efforts in adapting the grammar by reusing configurations with
minimal modifications at each evolution step.

IV. APPROACH AND UNIQUENESS

A. Visual Configuration of Optimization rules

Based on the challenges regarding the use of GrammarOp-
timizer for grammar optimization explained in Section II, our
envisioned language workbench will provide support for visual
configuration. This means that language engineers will be
able to configure optimization rules through a graphical user
interface, integrated into the development environment they are
familiar with. Our workbench will have a user interface with
multiple windows, as depicted in Figure 2. Window 1⃝ will
display the generated grammar and allow language engineers
to select the grammar rules or elements they want to modify.
When one or more grammar rules or elements are selected,
the language engineer can configure the optimization rules
in the standard user interface in Eclipse (properties view).
Configuring the optimization rules primarily involves selecting
the optimization rules and parameterizing them, which will
be done in that user interface. Parameterizing a selected
optimization rule includes specifying the working scope of the
optimization rule, the specific modifications to be performed,
and any constraints associated with it. The working scope of
an optimization rule refers to the places in the grammar that
will be affected by the rule application, e.g., all lines of the
specified grammar rule.

B. Real-time Grammar Preview and Domain Programs

In Section III-B, we introduced the traditional workflow of
metamodel-based DSL development. The problem is that each
time we verify the modified grammar with model instances, we
need to manually regenerate the editor and run it. Additionally,
we optimize the grammar by configuring and performing the
optimization rules, then the new issue is that the optimized
grammar is not real-time shown when we configure the gram-
mar. The new language workbench addresses these challenges
by providing real-time grammar previews and offering domain
program examples. At the start, domain programs need to
be imported or created by the language engineer. Later on,
the language workbench will modify the domain programs
according to the adjusting grammar.

As mentioned above, our workbench will consist of multiple
windows. Window 1⃝ will display the generated grammar.
Window 2⃝ will offer a preview of the optimized grammar.
When the language engineer configures the optimization rules,
the grammar modified by these optimization rules can be
seen in this window. Window 3⃝ will show example model
instances that conform to the optimized grammar. Through this
window, language engineers can understand the impact of their
optimization rule configurations on both grammar and model
instances. Without such a capability, optimizing a grammar
often involves iterative trial and error, where each iteration
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Fig. 2. Visual work interface of the new language workbench.

requires modifications, execution, and validation, sometimes
even involving temporary model instances for experimentation.
Language engineers spend considerable time and effort in
this back-and-forth engineering process. However, this feature
will reduce the time and effort of language engineers by
supporting rapid prototype printing of languages, increasing
their efficiency and productivity.

C. Optional Language Styles

We envision a scenario in which a language engineer is
designing a new DSL where the appropriate style or target
style is yet to be determined. Our envisioned language work-
bench will provide multiple optional language styles, such as
Python style, Java style, C style, etc. A concrete example of
this is a semi-automatic approach that we introduced in [16]
that can turn a DSL into a Python-like language. Once the
language workbench has the capability to optimize grammar,

it will enable the swift transformation of a DSL into a language
in a desired style. This transformation is achieved by executing
corresponding optimization rule configurations. Each language
style option corresponds to a library that is composed of a
set of pre-configured optimization rules. Users simply need
to select the desired language style without any additional
operations required. At the same time, we provide the ability
for users to develop and contribute their own style libraries.
This means that users can write their own style libraries with a
set of configured rules and make them available for download
and use by other users.

D. Infer Grammar with Given Example Model Instance

We envision the following scenario. To design a new lan-
guage, a language engineer first tries to build the desired model
instance to find out how the language should be designed.
When she builds a trial model instance, she needs to design
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a DSL that can parse such a model instance. Our envisioned
language workbench will enable the derivation of grammar
from a given model instance, upon which the language infras-
tructure is generated.

After importing the model instance file (i.e., the domain
program), the language engineer selects the specific string in
the given model instance on the interface and set its type. For
example, the language engineer selects a string whose content
is shortName and sets its type to “keyword”. Based on
this input, the workbench constructs corresponding grammar
rules. Once all necessary grammar rules are constructed,
the workbench generates Xtext artifacts from the grammar,
forming the complete set of infrastructure required for the
editor. Ultimately, the imported model instance program will
be parsed and displayed by the editor.

This approach allows language engineers to rapidly create
a DSL tailored to specific model instances without investing
significant development time in a full-fledged DSL, making it
a suitable solution for one-time parsing needs.

V. WORKFLOW OF LANGUAGE ENGINEERS

The envisioned language workbench aims to save the ef-
fort of language engineers and improve the efficiency and
productivity of designing languages through allowing rapid
prototyping. In contrast to the workflow depicted in Figure 1,
where language engineers manually modify the generated
grammar, the envisioned language workbench allows engineers
to configure optimization rules instead. While configuring
these rules, engineers can preview the optimized grammar and
model instances that conform to the grammar in the visual
interface. By observing the real-time preview, language engi-
neers can assess whether the optimization rule configurations
can change the generated grammar to the desired one. This
new workflow is shown in Figure 3.

In a language evolution or rapid prototyping scenario, the
metamodel undergoes changes resulting in a new version.
For such scenarios, the workflow in our language workbench
would involve re-generating the grammar and then reusing the
configuration from the first version. This initial configuration,

which optimized the grammar of the first version, serves as
a starting point for optimizing the grammar of the second
version. This way previously made decisions about the syntax
can be re-applied. Language engineers would then adjust the
configuration to account for the differences in the concepts of
the metamodel introduced by the evolution process. By iter-
atively adapting and refining the configuration, the optimized
grammar for the new language version can be achieved.

VI. CONCLUSION AND FUTURE WORK

In this paper, we envision a new language workbench de-
signed to support rapid prototyping and evolution of languages
to improve the workflow of language engineers leveraging
Xtext for metamodel-based DSL development. This language
workbench will integrate the grammar optimization capabil-
ities of the GrammarOptimizer, i.e., the optimization rules,
and incorporate the features for visually configuring of the
optimization rules and real-time preview of the optimization
effects. There will also be optional library styles in the
language workbench, such as the Python style, where each
style consists of a set of optimization rule configurations.
These library styles can be customized and extended by
users. Additionally, we envision implementing the capability
of example-based grammar inference within this new language
workbench. By integrating these capabilities and features,
the automation level and user-friendliness of the language
workbench will be enhanced.

We foresee several future directions for our work. Firstly, we
plan to develop the feature of visual optimization rule configu-
rations for the language workbench, which primarily involves
interface development. Secondly, we aim to implement a
real-time preview of grammar optimization, which involves
addressing two technical challenges, i.e., 1) parsing multiple
grammar files simultaneously and 2) parsing examples from
model instances. Thirdly, we will introduce various library
styles to offer a broader range of choices, which will involve
experimenting with multiple language styles. Finally, we will
explore how to infer matching grammars based on given model
instance programs.
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