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Abstract

Language workbenches (LWBs) are tools to define software
languages together with tailored Integrated Development En-
vironments for them. A comprehensive review of language
workbenches by Erdweg et al. (Comput. Lang. Syst. Struct.
44, 2015) presented a feature model of functionality of LWBs
from the point of view of “languages that can be defined
with a LWB, and not the definition mechanism of the LWB
itself”. This vision paper discusses possible functionality of
LWBs with regard to language definition mechanisms. We
have identified five groups of such functionality, related to:
metadefinitions, metamodifications, metaprocess, LWB itself,
and programs written in languages defined in a LWB. We
design one of the features (“ability to define dependencies
between language concerns”) based on our vision.
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1 Introduction

Implementing software languages is impossible without im-
plementing tooling for them: having a powerful tailored
Integrated Development Environment (IDE) is crucial for lan-
guages’ adoption in practice [83]. Language workbenches [29]
(LWBs) help automatize tool creation: based on definitions of
concerns [82], they output a tailored IDE with editor services,
such as syntax-aware editing with syntax highlighting, code
formatting, folding, completion, navigation, and so on [29].
Representatives of LWBs include Melange [24], MPS [14],
Monticore [40], Racket [81], Rascal [73], Spoofax [50], Sug-
ar] [29], Xtext [83], to name a few.

“This is a preprint. The definitive Version of Record is available at: https:
//doi.org/10.1145/3486608.3486907

A comprehensive overview of language workbenches by
Erdweg et al. [29] presented a feature model of functionality
of LWBs, which is based on input from both academic and
industrial research. This feature model focuses primarily on
the functionality from the point of view of the languages that
can be defined with a language workbench, while features
related to the language definition mechanisms of LWBs are—
as noted by the survey’s authors—only discussed to a rather
limited extent. Recent surveys on language development
tools [9, 47, 70] also focus on a desirable functionality of user
languages rather than the language definition mechanisms.

In this paper, we present a vision of the conceptual frame-
work that can be used to explore possible functionality of
LWBs with regard to the language definition mechanisms.
Key to this are the notion of a tool-first language, where lan-
guage’s properties related to tooling are first-class, and the
Language-Aspects-Concepts idiom (terminology inspired by
MPS [83]), where a language is treated as a set of language
constructs (concepts), for each of which several concerns
(aspects) can be specified. We give a non-exhaustive list of
possible functionality of LWBs, and illustrate how this list—
which constitutes the core of the conceptual framework—can
be used to design one of the suggested features, namely, the
ability to specify dependencies between aspects. We present
a research agenda whose goal is to facilitate the use of the
envisioned conceptual framework.

2 Definitions

Recall [53] that a language workbench can be used in three
different modes: a language user uses a workbench “just” as
an IDE to develop application software—mograms'; a lan-
guage engineer uses a workbench to design and implement
languages that language users then use; and a meta-language
engineer uses a workbench to bootstrap it [56, 71, 72]. More
formally, a language workbench operates with base meta-
languages By, ..., By that are used to define user languages
Ly, ..., Ly, in which user mograms Mj, ..., My, are written.
Each language L; is defined by means of By, ..., B, other L;,,
..., Lj,, and partially constructed itself L;. Bootstrapping of
LWBs can be expressed as a requirement on base languages
By, ..., By to be definable by means of themselves. For all
the mentioned languages, the functionality of a language
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1 As defined by Kleppe [53, p. 4], a mogram, which is a portmanteau of the
words “model” and “program”, can be either a model, a program, an XML
file, or “any other thing written in a software language”.
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workbench with respect to the language definition mech-
anisms (e.g., mechanisms to specify syntax, behaviour of
editor services, etc.) should be uniform.

To address the fact that tool support is an integral part of
a language definition in LWBs [29, 35], we introduce the no-
tion of a tool-first language. Formally, a tool-first language is
a set of concepts’: L = {Cy,...,Cm}, where each concept is a
tuple of aspect instances: C; = <C,~ |A1, ...,C; |A€>. An aspect
Aj is akin to a concern [82], related either to the specification
of syntax, semantics, the type system, or to a specification
of behaviour of tooling (i.e., an IDE) associated with the lan-
guage’. In a most general setting, an aspect can be considered
as a tuple A = (S, F) of sets Sy, ...,S5¢ € S and (effectful)
functions fi, ..., fr € ¥ on elements of these sets Sy, ..., Sg.
An instance C; ’ A; of an aspect A;j can be then considered as
an evaluation of these functions.

Algebraically, this skeleton definition of a tool-first lan-
guage focuses on specifying signatures; we refer to this def-
inition as the Language-Aspects-Concepts idiom. It can be
refined as necessary based on a task at hand (e.g., MPS allows
defining aspects not bound to concepts); later in Sect. 4 we
show an example of a refinement of the notion of an aspect.

3 Functionality of Language Workbenches

We present now the core of the conceptual framework—a
list of possible LWB features with regard to language defi-
nition mechanisms. We have identified 5 groups of features,
related to: (1) defining the behaviour of the LWB itself, (11)
defining (meta)languages, (111) introducing modifications to
(meta)definitions, (1v) assisting users in the process of lan-
guage definition, and (v) specifying the behaviour of a LWB
while mograms are edited or run. We present below each
of these groups, their representative functionality “classes”
and sample features. These features should have an algebraic
specification based on the Language-Aspects-Concepts id-
iom or its appropriate refinement. This also dictates how
the envisioned framework is applied when designing a new
feature: given an appropriate signature specification for it,
possible related features are explored based on the groups
we present below”. A feature model diagram of the features
discussed in this Section is presented in Fig. 1.

We start with a classification of LWBs according to the
functionality that allows customizing their behaviour.

2 A concept corresponds to a language construct, e.g., “if statement”, etc.
3Examples of aspects: STRUCTURE, that defines the abstract syntax of a
concept; VIEw, that defines its concrete syntax; HIGHLIGHTER, that de-
fines syntax highlighting; CONSTRAINTS, that defines aggregation relations
between the concept and other concepts; GENERATOR, that defines model-
to-model/text transformations applicable to the concept; and so on [29].
4A feature model diagram is available at: https://github.com/dsl-course/
next-700-LWBs.
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I: WORKBENCH-LEVEL

Bootstrapped LWBs provide facilities to define metalan-
guages in terms of those metalanguages. A generalized no-
tion is meta-LWBs; those can be used to develop (other)
language workbenches. An example of this is MPS which is
used to define the metalanguages of LanguageLab [72]. Major
LWBs are bootstrapped [29, 56, 71] and are thus meta-LWBs.
Customizable LWBs allow specifying and modifying their
behaviour and appearance (e.g., menu commands) by means
of designated metalanguages. Modifications can be performed
at workbench-runtime (i.e., independently of the languages
being defined), language-runtime (i.e., during the language
definition process), and mogram-runtime (i.e., during the use
of the LWB by a language user). We note standalone LWBs,
which allow hiding their meta-functionality (e.g., Rich Client
Platforms for Eclipse- and IntelliJ-based LWBs [57, 83]).
Restricted LWBs are tailored at developing a particular lan-
guage(s), including general-purpose ones. Oftentimes, the
metalanguages will be fixed and new ones cannot be defined.
Such a LWB provides, e.g., certain design templates or re-
strictions for the languages being defined; it could check
the consistency of the language constructs, etc. Examples in-
clude: a workbench to implement extensions of Aspect] [41];
MPS Lightweight DSLs [14] to define families of Java classes.
Programmable LWBs provide APIs for programmatically
manipulating (meta)languages and mograms; we note here
scriptable and REPL-supporting LWBs. One can also imag-
ine a LWB Server Protocol, in the style of Microsoft LSP.
Hosted LWBs are “embedded” into an existing IDE or
another tool (e.g., as a plugin). Ad hoc LWBs emerge when
a software tool, not necessarily tailored at software devel-
opment, is used to produce an artifact that conforms to the
definition of a LWB®. Front-end workbenches output a
language definition in another workbench’s metalanguages.

1I: METADEFINITIONS

In groups 11-1v, we present directions of possible functional-
ity and give examples as appropriate. Group 11 discusses the
expected expressive power of LWB’s metalanguages.

Definition of dependencies and relationships. Based on
the Language-Aspects-Concepts idiom, a LWB has mecha-
nisms® to define dependencies (cf. [22]) between languages,
aspects, and concepts (L/A/C). We give examples of such
functionality: dependencies between languages—ability to de-
fine and adequately support language composition [31, 46,
66]; between aspects—ability to define hierarchies of aspects;
between concepts—ability to define inheritance between con-
cepts; cross-dependencies between L/A/C—ability to define
aggregation relationships between languages and concepts.

5 An example of this is a sheet developed in a spreadsheet calculator, where
certain cell blocks are used to define—using the tabular notation—the ab-
stract syntax of language, and other cell blocks are used to define mograms
in that language—also in tabular notation [7].

By “mechanism” we mean “a dedicated metalanguage”.
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Figure 1. A feature model diagram of the features in groups 1-v. Several features are mandatory: a language workbench is
expected to: be bootstrapped, have mechanisms to specify metadefinitions, have mechanisms to specify mograms.

Parametrization in definitions. Parametrization refers to
ability to define generic L/A/C and/or their constituents, with
the goal of fostering reuse in language specifications. A work-
bench is expected to support powerful parametrization mech-
anisms such as renaming [12, 50] in specifications. In order
to fully support reuse [19, 25], a mechanism to define and
use libraries of L/A/C [19, 66] is expected in a LWB.
Lattice-theoretic operations. A LWB provides a mecha-
nism to define set-theoretic operations on L/A/C and their
constituents, e.g., it should be possible to define operations
such as union or set difference [1, 3] both on entire lan-
guages (L; U L,) and on their constituents, e.g., on aspects
only (L, |Ai UL, |Ai)' A workbench is also expected to support
defining and analyzing lattices of L/A/C (cf. [26]).
Object-oriented definitions in the style of MPS can be
extended to provide mechanisms to define interfaces, traits,
mixins of L/A/C (cf. [25, 44, 59, 60]); prototype-based defini-
tion of L/A/C; (sub)typing relations on L/A/C (cf. [78]); visibil-
ity modifiers for L/A/C; and so on. Another direction is the
support of the design-by-contract approach, with pre- and
postconditions in (meta)definitions.

Algebraic-style definitions.” A LWB is expected to pro-
vide mechanisms to define signatures of L/A/C. It should be
possible to follow the a la carte approach [80] to define con-
stituents of L/A/C. One could expect support for: modular

"Informally, this is where our framework “gets bootstrapped™: it should be
possible to express the definitions from Sect. 2 in LWB’s metalanguage(s).

definitions [64]; requires- and provides- interfaces; L/A/C in-
variants; holes in definitions; canonical, normalized definitions
of L/A/C [34, 48]; and so on. A mechanism to specify isomor-
phisms, equivalence-like relations on L/A/C could be used, e.g.,
for clone detection in metadefinitions.

1I1: METAMODIFICATIONS

This group includes functionality that deals with (automatic)
modifications of (meta)definitions.

Custom operations. One can expect a mechanism to de-
fine and execute transformations (semantics-preserving or
not) on L/A/C and their signatures. Examples include: mak-
ing a concept abstract; restoring an aspect instance given a
set of other aspect instances [43, 74, 87]; slicing L/A/C and
modifying their constituents; casting a concept definition
to another one; “extracting” an aspect from a concept and
then “applying” it to another concept (e.g., “eyedropping”
the FORMATTER from IfStmt to WhileStmt).

Morphisms. Extending on this, a workbench could provide
mechanisms to express morphisms. The simplest case are
homomorphisms, for which a LWB provides mechanisms to
define, compose, and analyze their properties (e.g., a homo-
morphism can be defined on aspect VIEw to support having
keywords in multiple natural languages). One can imagine a
comprehensive support of transforming (meta)definitions at
workbench-, language-, or mogram-runtime. A theoretical
framework for this are signature morphisms [37] and their ex-
tensions (e.g., Syntactic Theory Functors [42]). These would
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enable creating syntactic structuring mechanisms for LWB’s
specification formalism, in order to, e.g., extend signatures,
change notation or LWB behaviour in arbitrary ways, thus
unleashing the full power of LWB customization.

Derived (meta)definitions. A LWB can have a mechanism
to support derived (meta)definitions from existing ones. Ex-
amples include: constructing aspects or concepts from parts
of other aspects or concepts in a specified way”; specify-
ing how to derive language dialects from existing languages
(cf. [75]); mechanisms to manipulate parts of L/A/C.

One can also expect a workbench to support metamodifica-
tions inspired by the AOP paradigm [36, Sect. 6.1.].

IV: METAPROCESS |

This group discusses functionality to support a language
engineer during the language definition process.

Meta- metaprogramming/reflection. A language work-
bench can provide a mechanism to introspect itself and the
(meta)definitions (cf. [18]), which would be available for
(meta)language engineers and language users.

Querying definitions. Along similar lines, mechanisms for
querying (meta)definitions can be provided (cf. [58]); they can
also have a predicate-logic style (cf. [15, 39]). One can imagine
mechanisms for, e.g., creating and processing ontologies [5]
and knowledge graphs [45] of (meta)definitions.
Specification of language definition process. A LWB
can have mechanisms to specify the very process of language
specification, e.g., which concepts and aspects need to be
defined and in what order in certain classes of languages, the
“style” of the concrete syntax, requirements for code genera-
tion, etc. This will enable validating the language definition
process and guiding a language engineer along the way:.
Importing and exporting. Mechanisms that specify im-
port and export of (meta)definitions can be supported, most
probably of parts of or of simplified (meta)definitions. A
workbench can have mechanisms to specify and perform
exporting meta-artifacts, such as documentation (cf. [90]),
metrics reports in the style of [84, Sect. 6], various diagrams
representing (meta)definitions (e.g., UML-like), and so on.

V: MOGRAM-LEVEL |

This group focuses on functionality to specify the behaviour
of an LWB at mogram-runtime. It could include mecha-
nisms for: metalanguage-agnostic generation of sample
mograms; operations on and transformations of mo-
grams (e.g., slicing a mogram, mutation operations); defin-
ing a feedback-loop from mograms to change the lan-
guage definition and/or workbench behaviour; and so on.

8E.g.: “default” concrete syntax from abstract syntax (cf. reflective editors in
MPS [83]); “default” non-conflicting concrete syntaxes for all concepts in a
given set of languages that respects how these languages are composed.
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4 Example: Dependencies Between Aspects

We present an example of how a feature suggested in group
11 in the previous section—namely, ability to specify depen-
dencies between aspects—can be designed based on our vision.
Our conceptual framework is applied in two passes: first, to
design mechanisms for defining aspect dependencies, and
second, to explore possible related functionality.

The initial step is to express the notion of aspect depen-
dencies within the formal definitions presented in Sect. 2. For
that, we refine the definition of an aspect to reflect the data-
flow between aspects. Consider a function f; € #. When in-
voked on elements of sets S;,, ..., S;,, it can observe, update, or
output [6] elements of these sets. To reflect this, we partition
S into Syps, Supd, and Sour. We denote by o( f;) the signature
and by J(f;) the semantics of the function f;. We can now re-
fine the definition of an aspect by taking into account this par-
tition of S and the semantics of functions f; as follows: A =
<Sost Supd’ Souts {U(ﬁ)’ R O'(ft’)}v {5(ﬁ)’ B 5(f(’)}>

Based on this definition, we can design a metalanguage
to express aspect dependencies. We showcase this metalan-
guage on several (trivial) examples of aspect definitions’.

aspect Structure

obs Cardinalities, Concepts

out Children, Names

sig addChild: Names % Concepts x Cardinalities
=> Children

aspect View
obs Children
out Keywords, Boxes

sig project: (Children U Keywords)* -> Boxes
aspect Highlighter
upd Boxes

out Styles
sig stylize: Boxes *x Styles —-> Boxes

An invocation addChild(n, c,m) adds into the current con-
cept a new child with name n, which has cardinality m and is
an instance of concept c. Depending on a particular defini-
tion of the semantics §(addChild), the behaviour (the effect)
of this function can be represented, e.g., as an abstract syntax
specification using a context-free grammar, a UML-like spec-
ification, etc. Note that in this function, the sets Cardinalities
and Concepts are observed, while Children and Names are
output: indeed, an invocation of addChild spawns a new ele-
ment in the current concept’s children, and the new identifier
is only created as a result of the invocation.

Function project defines a concept’s concrete syntax (e.g.,
textual, projectional, or graphical). This function observes
the set Children defined in STRUCTURE, and outputs sets Key-
words and Boxes: each element of Keywords is spawned

9 Here Cardinalities is the (global) set of cardinalities, Names is the (global)
set of valid identifiers, Concepts is the a of language’s concepts, Children
is the a of (current) concept’s aggregation relationships, Keywords is the
(global) set of strings conforming to a definition of a “keyword”, Boxes is
the a of concrete syntax representations [54] of elements of Children and
Keywords, and Styles is a set of style representations of elements of Boxes.
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Table 1. Some possible features related to “the ability to
specify aspect dependencies”.

Group | Designed feature: ability to ...

I ... hide LWB’s menu commands to create aspects
which would be invalid in the current context

II ... define generic (parametrized) aspects

I ... define aspect interfaces

I ... define isomorphisms on aspects

III ... cast aspect instances

I ... derive aspects from other aspects

v ... query aspect definitions, instances

v ... guide a language engineer on the order in which
aspects should be defined for a concept

as a result of invoking project, and Boxes [54] are de-
fined in project. Depending on the particular definition,
project may return, for example, a context-free grammar
rule W — wyw, - - - we, a cell layout of a projectional edi-
tor: horiz-layout(wsy, ..., wp), or a user interface control
specification: UIControl; (w;); . ; UIControl,(wy)).

An invocation stylize(b, s) assigns a style s € Styles to a
box b € Boxes, updates the box, and outputs the style which
has been spawned as a result of the invocation.

These trivial signature specifications show how aspects
depend on each other: HIGHLIGHTER uses information on
Boxes defined in VIEw, which in its turn uses Children de-
fined in STRUCTURE, as can be seen in the figure below (only
relevant sets shown). We can argue that our refined defini-
tion of an aspect adequately expresses aspect dependencies.

TR i) = () o) < (L

We now apply our conceptual framework again—to design
an array of LWB features related to “the ability to specify as-
pect dependencies”; Table 1 presents some possible features.

We discuss the last feature mentioned in Table 1. Its imple-
mentation could provide validations and quickfixes to inform
the language engineer that a change in a concept’s aspect in-
validates other aspects (e.g., if a user modifies Children in
STRUCTURE, then VIEw and HIGHLIGHTER are invalidated;
if Boxes is modified in ViEw, then HIGHLIGHTER is invali-
dated; etc.), or that a transformation made to an aspect re-
quires certain transformations to other aspects (e.g., applying
a signature morphism within STRUCTURE necessitates cor-
responding changes first in VIEw, and only after that, in
HIGHLIGHTER). One can also imagine restricting which as-
pects can be defined for concepts: e.g., HIGHLIGHTER aspect
can only be defined after all ViEw aspects for all concepts
have been defined. Such a restriction would ideally force a
language engineer to reflect on a common styling options
first, and only then assign those styles to boxes in concepts’
HiGHLIGHTER aspects. This would mean a lower repetition
viscosity [38] of the HIGHLIGHTER’s metalanguage.
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5 Research Agenda

Fully benefiting from the envisioned conceptual framework
requires elaborating a meta-theory of language workbenches
and formalizing the notions of a LWB and a tool-first lan-
guage. This would provide a mathematically sound common
ground (cf. [13, 89]) for the tooling aspect of language devel-
opment tools, which seems to be a blind spot, especially in
comparison to an extensive body literature on formalization
of language definition mechanisms (e.g., [4, 10, 17, 20, 65, 76,
86, 91]).

Designing and implementing a featherweight language
workbench would provide a benchmark implementation and
a sandbox for experimenting with the LWBs formalization
and the conceptual framework envisioned in this paper.

Specifying (parts of) functionality of the major LWBs in
the new formalism would be a first step in solving the prob-
lem [53] of “transforming language specifications from one
LWB to another” (cf. [2, 8, 21, 23, 27, 68]). As recently ob-
served by Ozkaya et al. [70], “importing/exporting ... meta-
models is highly important” for practitioners. While solving
this problem is overly ambitious, specifying (parts of) major
LWBs could facilitate their more formal comparison.

6 Related Work

Like the overview of LWBs by Erdweg et al. [29], similar
discussions on language development tools tend to focus
primarily on the desirable functionality of user languages,
rather than the metamechanisms of the tools. Merkle [63]
gives a short introduction to several LWBs that support
textual languages. Kelly [52] compares the effort needed to
maintain language specifications in graphical modeling tools.
Bork et al. [9] give a systematic literature review on visual
modeling tools and the specification mechanisms of their
abstract syntax. Iung et al. [47] give an extensive overview
of tools for defining both textual and visual languages, based
on a systematic mapping study of last decade’s publications.
Ozkaya et al. [70] report on practitioners’ preferences on
textual and visual meta-tools. While these results describe
existing tools (and tool functionality of user languages), we
are only aware of one extended discussion [51, Sect. 14.3] on
the expectations for some of the metamechanisms of language
development tools, yet in the context of graphical model-
ing (unlike our—more general—approach). Combemale et
al. [19] describe a unifying framework for language reuse,
and overview several LWBs’ functionality with respect to
it. France et al. [36] present an extensive roadmap of model-
driven development, but only mention tooling in passing.
The idea of separation of concerns in language defini-
tions [82] has been extensively explored in the literature.
Apart from MPS [14, 83], we note Spoofax [50], which pro-
vides various metalanguages for specifying tooling-related
language concerns, e.g., debuggers [61]. A definition of a
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concern by Combemale et al. [19] considers it as “a con-
figurable unit of reuse that encapsulates a specific ... set of
constructs of a language” (e.g., support for expressions, sup-
port for exceptions), “which encompasses the definition of ...
abstract syntax, concrete syntax and behavioral semantics”.
This corresponds to “a concept” in our terminology.

An algebraic angle on language engineering is a well-
studied topic (cf. ASF+SDF [28], Rascal [11], Spoofax [50]).
In the present paper, we merely advocate for a broader use
of algebraic methods in specification of behaviour of tooling.

The idea of treating languages as first-class citizens within
LWB-like tools has been recently explored. Cimini [16] fo-
cuses on languages embedded in an (ML-like) general-purpose
language. Languages are treated as expressions: they can
be assigned to variables, passed to functions, created and
modified at runtime, etc. Mourad et al. [67] describe a tool
for transforming such language definitions into each other.
Lorenz et al. [62] discuss defining editors for embedded lan-
guages. While these approaches aim at embedded languages,
our focus is more geared towards custom software languages.

Several results treat IDEs first-class. Fabry et al. [33] present
a language to specify commands that are executed on cer-
tain events in an IDE. Sousa et al. [77] present a language to
customize (standalone—in our terminology) modeling tools.
Jeanjean et al. [49] discuss reconfiguring an IDE based on
Microsoft LSP-style protocols which are themselves treated
first-class. Klint et al. [55] implement a parametrized module
manager which coordinates all actions within an IDE.

Finally, we give pointers to formalization of editing tools.
Walkingshaw et al. [85] formalize structure editing using
choice calculus. Omar et al. [69] formalize a variant of typed
structured editing in the Agda proof assistant. Sufrin [79]
presents an algebraic formalization of a text-based editor.
Yovev [88] discusses theoretical limitations of editing tools.

7 Conclusion

We have outlined a conceptual framework that can be used to
explore possible features of LWBs with respect to a language
definition mechanism, and we have enumerated several ex-
amples of such functionality. Fundamentally, the proposed
vision is based on a simple idea of having algebraic specifica-
tions for all stages of the development journey in a language
workbench. We have given a use case of the envisioned
conceptual framework, and outlined a research agenda that
aims at facilitating its development and use. The focus of this
agenda is on the currently lacking meta-theory of LWBs.
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