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ABSTRACT In the view-based development of cyber-physical systems, developers with different roles and tasks use specific
views to access models of the system. Using projective approaches, these views are derived from consistent, underlying models.
The views and transformations from and to the underlying models are defined using domain-specific languages. The problem is
that existing view definition languages lack either an easy-to-use syntax or sufficiently expressive transformation operators or
incremental model-view transformations. In this paper, we propose a syntax for the view definition language NeoJoin based
on the concepts of model queries and meta-model descriptions. We evaluate the usability of the proposed syntax with a user
study and apply it to an existing case in the domain of smart electricity grids. With the proposed syntax, we aim to provide an
easy-to-use, yet universally applicable language for the definition of views in cyber-physical systems development.
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1. Introduction

In model-driven engineering, view-based approaches enable
developers to use the most efficient representation of relevant
aspects of a system (Bruneliere et al. 2019; Cicchetti et al. 2019).
Various approaches have been proposed, providing domain-
specific view definition languages to define the views available
to developers. Unfortunately, to date, no approach meets the
requirements of cyber-physical systems engineering (Konig,
Stickling, & Burger 2025), which are:

— incremental, bidirectional transformations between models
and views

— expressive transformation operators

— combination of information from heterogeneous meta-
models

— usage both before and during development
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We previously presented the concept of the new view def-
inition language NeoJoin (Konig, Stickling, & Burger 2025),
in an effort to meet all of these requirements. In this paper,
we propose a novel, textual syntax for NeoJoin. Our textual
syntax integrates the view type definition with the definition of
the model-view transformation in a query-style syntax based on
known concepts from database engineering and object-oriented
modelling. The NeoJoin implementation provides support for
different transformation backends and so enables the use of in-
cremental, bidirectional transformations. Our sole purpose here,
in this paper, is to describe the textual syntax; therefore, we
refer to (Konig, Ritz, & Burger 2025) for initial results towards
an incremental, bidirectional transformation backend based on
triple graph grammars.

To evaluate our contributions, we show that NeoJoin can
be used in CPS engineering by applying it to a view-based
outage management system for smart electricity grids (Burger,
Mittelbach, & Koziolek 2016). We further show that NeoJoin
can be effectively and efficiently used by developers without
intensive training in NeoJoin or model-driven technologies.

In the end, NeoJoin should help developers to manage the
complexity of their collaborative development processes, which
remains an open challenge for academia and for industry (Fe-
ichtinger et al. 2022). This is especially important in the engi-
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Figure 1 Overview of the view-based development process
using NeoJoin. [_] = artifact, O = process step, — = data flow,
{Zr = interaction scope of role with artifacts and process steps

neering of cyber-physical systems where, in addition, a high
degree of variability and dependability is needed.

2. Preliminaries

Here we explain the view-based development process supported
by NeoJoin (subsection 2.1), and we introduce our running
example and make our problem statement (subsection 2.2).

2.1. View-based Development Process

Developers use views specific to their role and task in order to
work on the models of the system under development (ISO
2011). We refer to the meta-model of a view as its view
type (Goldschmidt et al. 2012). With projective approaches
to view-based development, a view is defined by its view type
as well as by the model-view transformation which generates
the view from the models and updates the models upon changes
in a view (Atkinson et al. 2015).

Figure 1 overviews the artifacts and process steps involved
in the view-based development process supported by NeoJoin.
We distinguish artifacts along two dimensions. Along the one
dimension, we distinguish between derived artifacts that the
developers work with (called farget) and underlying artifacts
that these are derived from (source). Along the other dimension,
we distinguish between artifacts at the meta level and artifacts
at the instance level. We assume a pragmatic approach for
assembling the source artifacts (Atkinson et al. 2015), i.e., there
can be multiple source meta-models and instantiating models.

NeoJoin supports development processes with different roles.
In the development process of the orthographic software mod-
elling (OSM) approach (Atkinson et al. 2010), the role of the
methodologist is responsible for creating the meta-models, as
well as the view types. The role of the developer is responsible
for developing the system models using the views. (Burger
2013) also defines flexible views, which can be defined by the
developer. Both of these processes are supported by NeoJoin;
moreover, NeoJoin offers a flexible, combined syntax for the
definition of the view type and the model-view transformation.

We refer to the combined definition of the view type and the
model-view transformation as view definition. The view defini-
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Figure 2 Class diagram of the meta-models imdb and
library used as running example in this paper.

tion only references elements from the source meta-models and
is therefore independent of the model instances. Due to that, it
can be used to generate the view type from a view definition
before model instances are created, supporting the methodol-
ogist in the OSM development process (Atkinson et al. 2010).
Together with the source instance models, the view definition
can then be used by the developer to create one or multiple
views using one of the transformation backends supported by
NeoJoin.

2.2. Running Example and Problem Statement

We use a toy example to illustrate the syntax for view definitions
on multiple source meta-models in NeoJoin. The two meta-
models imdb and 1ibrary, shown in Figure 2, address concepts
around media items. The imdb meta-model, referring to the
Internet Movie Database, contains the two meta-classes Film
and Actor, where a film has a number of actors that take part
in it, represented by the reference actors. The 1ibrary meta-
model describes items in a library, such as DVDs and books,
represented by the two meta-classes DVD and Book. In the
remainder of the paper, we refer to the meta-classes of the two
meta-models as well as to their attributes and references.

The overall problem to be solved by view-based approaches,
is to provide developers with view types and instantiating views
that contain part of the information in the models conforming
to the source meta-models. Views are especially useful for
analyzing large heterogeneous models and deriving multiple
role- or task-specific views. In our example, a view type could
contain the most recent films of an actor, stating title, genre, and
length. As we show in the source meta-models of our example
in Figure 2, creating views of this view type would require
combining information from multiple models.

Note, the following examples for NeoJoin are not intended to
construct a single view type but instead to show different syntax
elements. We therefore do not present a meta-model or variants
of a meta-model for the results of the presented queries.

3. Language Design

A NeolJoin view definition produces a single view type, as well
as the associated model-view transformation. For that, a view
definition consists of a header and a number of queries, each
of which represents a meta-class in the view type. A query
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Figure 3 Syntax for the source section of a query.

comprises two parts: first, an optional source section, which
selects meta-classes and instances from the source meta-models
and models, and second, a mandatory target section, which
defines the meta-class in the view type, including its features
(i.e., attributes and references).

For concrete, i.e., non-abstract, target meta-classes, the target
section also defines the model-view transformation between the
source models and a view. As the queries are specified entirely
on the source meta-models (see subsection 2.1) they cannot
reference instances in the view. References in the view are
therefore specified as references to source instances. After all
instances have been transformed to a view, the references are
then created to reference the corresponding view instances. If
there are multiple view instances of a single source instance,
their type is used to distinguish them (see subsection 3.4).

In the following subsections, we describe the syntax ele-
ments of the source and target section in NeoJoin. Our focus is
syntax, because we want to present our language design choices.
For that reason, we explain semantics only where required for
understanding the syntax and our design decisions. We inten-
tionally chose to use syntactical elements from languages such
as SQL, Emfatic!, and Xbase?.

3.1. Setting Up the View Type

export movies to "http://example.org/movies"
import "http://example.org/imdb"
import "http://example.org/library" as 1lib

Listing 1 View definition header

The header of a view type definition contains the name
and URI of the created view type, and import state-
ments for the source meta-models. In Listing 1, the cre-
ated view type is named movies and assigned the URI
http://example.org/movies. There can be any number
of import statements. An import statement requires the URI of
the source meta-model, and can optionally specify an alias for
the imported meta-model. In the example, the meta-models are
available via the aliases imdb and 1ib.

3.2. Selecting From the Sources

The source section of a NeoJoin query is responsible for se-
lecting meta-classes and instances from one or multiple source
meta-models. In general, it consists of the four parts shown in
the syntax diagram in Figure 3: a primary source meta-class,
optionally one or multiple joins, as well as an optional filter and
grouping part. The source section itself is optional and can be

! https://eclipse.dev/emfatic/ (accessed 2025-11-11 12:00)
2 https://eclipse.dev/Xtext/documentation/305_xbase.html (accessed 2025-11-
11 12:00)

omitted when creating a single instance of a new meta-class in
the view type.
from Film film
join DVD dvd
on film.title == dvd.title

with film using title
where film.year > 2020

Listing 2 Source/join/where statement

The primary source meta-class of a query selects a single
meta-class from one of the source meta-models as input for
the view type, as well as for the model-level transformation.
In the example of Listing 2, the source meta-class Film from
the source meta-model imdb is selected, and the alias £ilm is
registered to reference an instance of Film in the remainder of
the query. If there is only the primary source meta-class, i.e.,
the query contains no joins, and no alias is explicitly set, the
implicit alias it is generated. If the name Film was not unique
across the source meta-models, we could use its qualified name
imdb.Film, including the name or alias of the source meta-
model (see subsection 3.1).

To combine multiple source meta-classes, as well as in-
stances of multiple source meta-classes when creating instances
of a view tape in a view, developers can use join for inner
joins, or left join for left outer joins. In addition to the pri-
mary source meta-class of a query, a join selects another source
meta-class by its name, and assigns an alias to reference an
instance of the selected meta-class in the remainder of the query.
In Listing 2, the source meta-class DVD from the meta-model
library is selected, and the alias dvd is registered to reference
an instance of DVDmeta.

Join conditions are used to specify which instances of the
source meta-classes are combined to create an instance of the
target meta-class in the view. There are two different types of
join conditions: expression join conditions introduced with the
keywords on and feature join conditions using the keywords
with and using. Expression join conditions state an expres-
sion, such as film.title == dvd.title in the example in
Listing 2, which instances must fulfill to be included in the
resulting view. Feature join conditions are a shorthand to join
instances on a common attribute, such as title. If there is only
a single other source meta-class, the reference to it can be omit-
ted (in the example, with film). There can be multiple joins
in a query, and each join can have multiple joins conditions,
which all need to be fulfilled by the combined instances. (In
the example, the expression join condition and the feature join
condition are equivalent, and either one could be omitted.)

While the primary source meta-class, as well as the joins,
select the source meta-classes, and specify how to combine their
instances, the optional filter of a query restricts the instances or
tuples of joined instances that are selected. From each selected
instance or each selected tuple of instances, an instance of the
target meta-class of the query is created in the view. The filter is
defined using the keyword where followed by a boolean expres-
sion, such as film.year > 2020 in Listing 2. The expressions
in NeoJoin are specified in the Xbase expression language. In
the expressions, the defined aliases for instances of the source
meta-classes, such as £ilm, are available and give access to its
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https://eclipse.dev/emfatic/
https://eclipse.dev/Xtext/documentation/305_xbase.html

@ - (e~ (o)

LJ»T@J

Lo

Figure 4 Syntax for the target section of a query.

Name

features, such as year in Listing 2.
group by film.year
Listing 3 Group statement

Developers can create instances of the target meta-class for
each single instance or tuple of joined instances from the source
meta-models, but they also have the option of grouping the
source instances using the statement group by: In the optional
grouping part of a query, instances or tuples of instances are
grouped by the result of the given Xbase expression, such as
film.year in Listing 3. The expression can have any result
type. Instances or tuples of instances are in the same group
if the expression results in the same value. In the example,
films from the same year would be grouped together. As there
are now multiple instances or tuples of instances selected to
create an instance of the target meta-class, the aliases for the
instances of the selected source meta-classes now represent
multiple instances each: instead of being of type Film, the alias
filmis then created as a variable of type List<Film>.

3.3. Creating the Target Meta-Classes

The target section specifies a meta-class in the view type, to
which the instances selected in the source section are trans-
formed, if there is a source section. The general syntax structure
of the target section is shown in Figure 4. This syntax structure
covers four use cases for queries: First, defining a new target
meta-class and transforming instances of one or multiple source
meta-classes; second, copying a single source meta-class to
the target and transforming its instances; third, defining a new
target meta-class with a single instance; and fourth, defining an
abstract target meta-class without instances. In this subsection,
we explain and illustrate the syntax for the four use cases.
from Film film
join DVD dvd

using title
create Movie extends Item { /* ... x/ }

Listing 4 Example query with inheritance.

The example in Listing 4 demonstrates the first use case:
The query defines the target meta-class Movie by combining
the source meta-classes Film and DVD. The keyword create
indicates that target instances of the defined target meta-class
are created. As the query contains a source section, a target
instance is created for each tuple of joined source instances. The
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name of the defined target meta-class (Movie) is optional and
defaults to the primary source meta-class. Movie will extend
the meta-class Item; additional meta-classes could be added
after Item, separated by commas, as shown in Figure 4. The
extension mechanism is limited to the creation of the target meta-
classes; there is no inheritance between the queries defining the
meta-classes Item and Movie. The body of the target section
defines the features of the target meta-class, as well as the
transformation of the feature values (see subsection 3.4).

from Film film

where film.year > 2020
create Movie

Listing 5 Example query with renaming.

An example for the second use case is shown in Listing 5,
indicated by the missing target section body (i.e., missing braces
after the name of the target class). The query in the example
defines the target meta-class Movie by copying all features from
the source meta-class Film and transforming its instances to
the target. The selected source instances can be limited by
filters, but joins and groupings are not allowed because these
would require an explicit definition of the features of the target
meta-class. The name of the target meta-class is optional and if
omitted, determined by the name of the source meta-class. If
the source meta-class of the query references other meta-classes
in its meta-model, queries are implicitly created that copy the
meta-classes and transform their instances to the target. This
feature allows developers to easily create views on entire models
or, regarding the included meta-classes, subsets of them.

create root MovieDatabase {

name := "All movies since 2020"

i

}

Listing 6 Example query defining the target meta-class
MovieDatabase, as well as a single instance of it.

The third use case is relevant primarily for creating a single
root meta-class, as in Listing 6. Views can optionally have
a single root meta-class with a single instance. If a single
root meta-class is present, it will contain all non-contained
meta-classes; if a single instance is present, it will contain all
non-contained instances. In the example, the root meta-class
MovieDatabase is defined, together with a single instance.
This is indicated by the missing source section of the query. As
there is no source meta-class, the name of the target meta-class
is mandatory, and all features and feature values have to be
specified explicitly, such as name in the example. We explain
the syntax for defining features and their values in detail in
subsection 3.4. By omitting root, also non-root target meta-
classes with a single instance each can be defined.
from DVD, Book
abstract Item {

title = Book.title

length = DVD.length
genre: EString

Listing 7 Example query with abstract target meta-class .

Finally, the fourth use case creates an abstract target meta-class,
as shown in Listing 7. In the example, Item is abstract, there are
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Figure 5 Syntax for a feature definition.

no direct instances created, indicated by replacing the keyword
create with the keyword abstract. The features of the target
meta-class can still be copied from one or multiple source meta-
classes (DVD and Book). The instances of the source meta-
classes are, however, not transformed by such a query. In this
special case, developers can specify multiple primary source
meta-classes and use the names of the meta-classes as variables
to define the features of the target meta-class. An abstract meta-
class can also extend other meta-classes using extends, as
shown in Listing 4. In addition to copied features, the developer
can define features by providing a name, a type, and optionally
additional modifiers (see subsection 3.4). Calculating feature
values is not supported. An abstract meta-class can be defined
without copying features from source meta-classes, omitting
the source section of the query. If the query has a single source
meta-class instead, the name of the target meta-class and the
body of the target section can be omitted. In this case the name
or the features are copied from the source meta-class.

3.4. Defining the Features of Target Elements

The target section of a query defines its target meta-class and
the transformation from the source instances or tuples of source
instances to the target instances. In subsection 3.3, we describe
four different use cases for creating target meta-classes, covered
by the syntax for the target section. In most use cases, when
the query does not copy a source meta-class to the target as-
is, the developer specifies the features of the target meta-class
explicitly. The feature definitions are written between the braces
({3}) in the body of the target section, as shown in Figure 4.

The syntax diagram in Figure 5 now shows the syntax struc-
ture of feature definitions in NeoJoin. With the shown syntax,
we support three different kinds of feature definitions: First,
copied features from one of the source meta-classes; second,
explicitly defined features; and third, abstract features. In the
remainder of this section, we explain the syntax for the three
kinds and show examples for each.

film.title
released = film.year

Listing 8 Copied features

Listing 8 shows two minimal examples of the first use case.
In the first line, we define a feature by copying the feature title
from the source meta-class Film. We do this by providing an
expression resolving to a feature of one of the source meta-
classes using its alias, such as £ilm in this example. In the
second line, we additionally rename the copied feature year to
released. For this, we use the copy operator (=).

In case there is only a single source meta-class with the
implicit alias it, as described in subsection 3.2, the features
of the source meta-class can be accessed directly, omitting the
alias it. Instead of film.title or it.title, we simply write
title. This shortcut is available in all expressions, including
expressions in the source section, and calculated features.

recent: EBool := film.year > 2020

Listing 9 Explicitly defined feature

In the second use case, demonstrated in Listing 9, we define
a new feature by providing a name and type for it, as well as an
expression for calculating the instance values. We do this using
the calculate operator (:=). The expression for calculating the
feature value can access the instances of all source meta-classes
using their aliases and is, as all expressions in NeoJoin, written
in the Xbase expression language. When omitting the type of a
feature, NeoJoin infers it from the expression. In the example
above, the type statement : EBool could therefore be omitted.

genre: EString

Listing 10 Abstract feature

When defining an abstract meta-class in the target, as, e.g.,
shown in Listing 7, developers can define the abstract features
of the meta-class by specifying their name and type. In List-
ing 10, we create the abstract feature genre of type EString.
When creating instances of a concrete meta-class extending the
abstract meta-class, developers have to provide an expression
for the value of the inherited feature. For the abstract feature de-
fined in Listing 10, we could, e.g., define the inherited feature as
genre := film.genre. Note that we use the calculate opera-
tor :=, as the inherited feature is already defined and, therefore,
cannot be copied from a source meta-class.

name: EString [id, 1..1] := film.title

Listing 11 Modifiers

In addition to the name, type, and, if applicable, expression,
a feature definition can also contain a list of modifiers, which
are included in the generated view type. If the feature is defined
by copying an existing feature, the explicitly specified modifiers
override the copied ones. Note that it is not possible to override
the modifiers of an inherited feature.

As shown in Figure 5, the modifiers are specified after the
type or name, if the type is inferred, of a feature. The modi-
fiers in a feature definition are enclosed in brackets ([]) and
separated by commas (,). Listing 11 contains a feature defini-
tion, in which we define the feature name to have exactly one
value, which is used as the identifier of the generated instances.
NeoJoin supports the following feature modifiers: unique,
ordered, unsettable, id (only for attributes), containment
(only for references), derived, changeable, volatile, and
transient. Every feature modifier can be used as-is or negated
by prefixing it with an exclamation mark (!).

In addition to using modifier keywords, developers can de-
fine the multiplicity of a feature by specifying lower and upper
bounds. The lower and upper bounds are integer numbers and
have to be greater or equal to O and 1, respectively. The multi-
plicity of a feature is defined as part of the modifier list, using

Neodoin Language Design 5



the syntax of Emfatic, by separating the lower and upper bounds
with two dots (. .), as shown in the example above. To define
a feature with an unlimited number of values, the upper bound
can be replaced with a star symbol *. NeoJoin also supports
three shorthands: * for the multiplicity 0. .*, + for 1. .*, and ?
for0..1.

actors = film.actors create Actor {
name = it.name

}
Listing 12 Reference definition with a sub query

While the feature definition in NeoJoin generally works the
same for attributes and references, there are a few aspects spe-
cific to references. First, as reference definitions are specified
on source instances and implicitly mapped to corresponding
target instances, it can happen that the target of a reference in
the view is ambiguous. This can happen when a single source
meta-class is used in multiple queries. To make the transforma-
tion unambiguous, NeoJoin requires an explicit type as part of
the reference definition in those cases.

A feature specific to reference definitions are sub queries,
which can be used to quickly create queries for referenced meta-
classes. Sub queries extend a reference definition by appending
the keyword create. The definition of a sub query is similar to
the target section of a regular query, but cannot be used to create
root or abstract meta-classes. It is interpreted as a regular query,
with the type of the reference being the single source meta-class.
In Listing 12, the reference actor from the source meta-class
Filmis copied to a target meta-class, including a sub query to
create the target meta-class Actor for the referenced instances.
Again, the name of the target meta-class is optional and defaults
to the name of the source meta-class. The body of the target
section of a query, including the opening and closing braces
({3}), can be omitted to implicitly create queries that copy the
referenced meta-class, its attributes, references, as well as all
referenced meta-classes (as described above in subsection 3.3).

4. Implementation

We have implemented the syntax presented in section 3 in a
prototype for NeoJoin®>. The structure of the prototype was first
presented in (Konig, Stickling, & Burger 2025). Our prototype
consists of a parser, a meta-level transformation, as well as two
model-level transformation backends. In addition, it includes
two front ends: a command line interface and an extension to
the IDE Visual Studio Code The extension to Visual Studio
Code provides syntax highlighting, auto-completion, syntax
validation, and a live visualization of the view type meta-model.

The parser module uses the Eclipse Modeling Framework
(EMF) to parse a textual view definition, using the syntax pre-
sented in section 3, referencing source meta-models in the Ecore
format. We implemented the parser using the Xtext parser frame-
work”. The module responsible for the meta-level transforma-
tion generates the Ecore view type meta-model from source
meta-models, using the parsed view definition. For the model-
level transformation, we use the parsed view definition as an

3 hitps://github.com/vitruy-tools/NeoJoin (accessed 2025-12-15 14:35)
4 https://eclipse.dev/Xtext/ (accessed 2025.12.15 14:30)
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interface, such that we can extend our prototype with multi-
ple transformation backends. While the parser and view type
generation are dependent on the EMF framework, the parsed
view definition can be serialized in any format, allowing us to
integrate non-EMF backends as well. We currently support a
unidirectional, EMF-based transformation backend as a refer-
ence implementation, and work on integrating a bidirectional,
incremental transformation backend based on triple graph gram-
mars (Konig, Ritz, & Burger 2025).

As part of the implementation, we created unit tests. The
language module, which contains the implementation of the
parser and the view type generation, has a line coverage of
68.0 % and a condition coverage of 53.9 %, as calculated in
our continuous integration pipeline. The backend-emf module,
which contains the unidirectional reference implementation for
the model-view transformation, has a line coverage of 75 % and
a condition coverage of 46.7 %.

5. Evaluation

Our evaluation of the syntax of NeoJoin (presented above in
section 3), using a prototypical implementation, is based on
these four evaluation goals: (G1) Usability, (G2) Expressive-
ness, (G3) Reliability, and (G4) Conciseness.

We evaluated the expressiveness and conciseness of the pro-
posed syntax because our overall aim is to support general
view definitions with an easy-to-use syntax. Following this, we
evaluated the usability of the proposed syntax by performing
a user study with 13 participants (see subsection 5.1). We fur-
ther applied our language to an existing case for view-based
development from the domain of energy systems. The case (see
subsection 5.2) applies view-based modelling to the problem of
outage management in smart electricity grids (Burger, Mittel-
bach, & Koziolek 2016). All evaluation material is available in
our replication package (Konig et al. 2026).

5.1. Usability (G1): User Study

Here, we explain the evaluation design of our user study, present
the results, and discuss their validity. To set a baseline, we
also included the view definition language ModelJoin (Burger,
Henss, et al. 2016) in the user study. In the user study, partic-
ipants were assigned either to ModelJoin or to our language,
NeoJoin. A more detailed description of the user study is avail-
able in (Stickling 2025) (included in our replication package).

5.1.1. Study Design All material, including the question-
naires and tasks, is available in our replication package (Konig
et al. 2026).

Structure, Execution, and Environment We structured the
user study in three phases: During the first phase, the partici-
pants filled out a pre-study questionnaire for demographic data,
regarding their professional background and experience with
model-driven development. During the second phase, the par-
ticipants were shown a short tutorial document, introducing the
syntax of the assigned language. During the third phase, the
participants were asked to perform a set of tasks in the assigned


https://github.com/vitruv-tools/NeoJoin
https://eclipse.dev/Xtext/

language. We performed the study unsupervised in an uncon-
trolled environment, using the online tool LimeSurvey>. The
participants were able to interrupt the survey and continue again
later. We encouraged participants not to use additional resources
for solving the tasks.

Object of Study Our goal was to evaluate the usability of
the view definition languages NeoJoin and ModelJoin. How-
ever, the two languages have different levels of IDE support in
different IDEs, Visual Studio Code® for NeoJoin and Eclipse’
for Model Join. As not to bias the results through the use of
different IDEs and different levels of IDE support, we decided
to evaluate only their textual syntax. Therefore, we used plain
text input for both languages throughout the study.

Participants  Our only requirement was that the participants
have a background in computer science or software develop-
ment. This requirement aligns with our intention to design a
view definition language that is easy-to-use, re-using concepts
from database query languages, for example. We used conve-
nience sampling and assigned each of the participants to one of
the two languages. As we did not know the number of partic-
ipants beforehand, we randomly assigned them upon opening
the survey for the first time. We excluded the name of the as-
signed language from all survey documents and did not inform
the participants whether they were assigned the language we
developed.

Tasks We developed a total of four tasks, applicable to both
the ModelJoin language and the NeoJoin language. All tasks
used the same two small source meta-models, which we adapted
from an example in the ModelJoin wiki®. The first two tasks
required the participants to read a view definition, i.e., queries,
in the assigned language and describe the resulting view type.
The description of the resulting view type should include the
classes and their features, including their types. For the re-
maining two tasks, the participants received a natural language
description of the view definition and were tasked to write the
view definition in the language assigned to them. In general, we
intended to cover all basic features of both languages with the
tasks, including joins, attribute definitions, and sub queries. We
excluded features supported by only one of the languages, such
as grouping in NeoJoin or abstract classes in ModelJoin (at the
time of the study). We further tried to reduce the influence of the
expression languages on the results of our usability evaluation
by using and requiring only simple expressions in the tasks. The
expression languages used are Xbase in NeoJoin and OCL in
ModelJoin.

Pilot Study While preparing the study material, we ran a pilot
study with colleagues, all with a background in model-driven
engineering. The results of the pilot study were used to improve
the study material and to better align the time required for

3 https://www.limesurvey.org/de (accessed 2025-12-08 15:45)

6 https://code.visualstudio.com (accessed 2025-12-08 15:50)

7 https://eclipseide.org (accessed 2025-12-08 15:50)

8 https://sdq.kastel.kit.edu/wiki/ModelJoin/Getting_Started (accessed 2025-12-
08 16:00)

NeolJoin | ModelJoin x o X o
TCR [%] 91 0.13 73 0.11
Time [minutes] 6.03 2.27 7.56 2.95
RTLX 48.33 1591 | 51.25 12.50
SUS 75 13.05 65 6.12

Table 1 Overview of the mean X and standard deviation ¢ of
all metrics collected for the view definition languages Neo-
Join (left) and ModelJoin (right) as part of the user study.

the study with the time intended to be required. None of the
participants from the pilot study participated in the actual study.

Measures and Analysis  Our evaluation goal (G1) usability
can be broken down into the effectiveness, efficiency, and sat-
isfaction of solving tasks (ISO 2018). In our evaluation we
considered the properties: effectiveness, efficiency, and general
usability. As a measure of effectiveness, we chose the Task
Completion Rate (TCR) (ISO 2018). We calculated the TCR
using the average editing distance between the solution of the
participants and our expected solution across all tasks. To cal-
culate the editing distance we ignored minor errors, such as
spelling or capitalization, and deducted points for errors in the
view definition. We deducted 0.5 points when an element, e.g.,
a feature definition, had a single error, and 1 point when an
element had more than one error or could not be matched to
an element of our expected solution. A detailed description of
this is provided by (Stickling 2025) (included in our replication
package). To measure the efficiency with which the partici-
pants solved the tasks, we employed the NASA Raw Task Load
Index (RTLX) (Hart & Staveland 1988), as well as the task com-
pletion time. We used the standardized questionnaire for the
RTLX, limited to the areas: mental demand, perception of own
performance, effort, and frustration. For the task completion
time, we instructed the participants to track the time required
for solving the tasks. Finally, we used the system usability scale
(SUS) (Brooke 1996) to assess the general usability, using the
standardized questionnaire.

5.1.2. Results on Usability (G7) We provide demographic
information about our participants, then we present the results,
and finally we discuss threats to the validity. We include an
overview of the collected metrics in Table 1.

Sample Description  We had a total of n = 13 participants, of
which ny; = 9 were randomly assigned to NeoJoin, while the
remaining 7y = 4 were assigned to ModelJoin. Most of the
participants had a university degree, with 2 participants having
a bachelor’s degree, 7 participants having a master’s degree, and
1 participant having a PhD. In addition, most of the participants
have at least some work experience, with 11 participants having
at least one year of experience and 5 participants having more
than 5 years of experience. The participants mostly work as soft-
ware engineers (4 participants) or researchers (4 participants),
while one participant was a student. The remaining partici-
pants did not state their profession. The participants, who were
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Figure 6 Average Task Completion Rate (TCR) (ISO 2018)
across all reading and writing tasks.

randomly assigned to ModelJoin, had mostly school degrees,
except for one participant having a master’s degree, however,
two of them reported 2-5 years of work experience and the
other two reported more than 5 years of work experience.

We asked the participants to state their experience with rel-
evant technologies on a scale from 1 (no experience) to 5 (ex-
tensive experience). The participants reported mixed experi-
ence with model-driven technologies: on average, model-driven
software development received a rating of 2.7 and EMF/Ecore
receiving a rating of 2.0. These ratings make for a valid sample
to test the usability of NeoJoin, as its intended users may not
have a background in model-driven software development. The
participants assigned to NeoJoin on average reported a higher
experience with model-driven technologies (3.222) and EM-
F/Ecore (2.333) than the participants assigned to ModelJoin
(1.5 and 1.25, respectively). Only one participant reported any
experience with ModelJoin, rating his or her experience with
2, and was randomly assigned to the NeoJoin group. We there-
fore assume that previous experience with ModelJoin has not
significantly influenced our results. All participants reported
at least some experience with general software development
technologies, with SQL receiving an average rating of 3.2 and
Java receiving an average rating of 4.1. Thereby, they fulfill our
requirements for developers working with NeoJoin, as we use
concepts from database query languages and meta-model de-
scription languages, which share concepts with object-oriented
languages, such as Java.

Effectiveness We used Task Completion Rate (TCR) (ISO
2018) to evaluate participants’ effectiveness at solving the tasks
in the language assigned to them. The results are shown in
Figure 6. All participants were able to solve all four tasks,
including two reading tasks and two writing tasks (detailed in
subsubsection 5.1.1). While the TCR is high for both languages,
most participants using NeoJoin achieved a higher TCR than
the participants using ModelJoin. The second lowest TCR for
NeoJoin was 84 %, while the highest TCR for ModelJoin was
86 % — however, there was one participant assigned NeoJoin
who had difficulties with the reading tasks (indicated by the
outlier at 58 %). For the reading tasks alone, the median TCR
for NeoJoin was 100 %, while the median TCR for ModelJoin
was 86 %. Our results suggest that a developer using NeoJoin to
complete typical development tasks will do so more effectively
than a developer using ModelJoin.

Efficiency We used Raw Task Load Index (RTLX) (Hart &
Staveland 1988) to evaluate efficiency as a measure of the load
handled by a participant on task (results shown in Figure 7);
and we used Task Completion Time to evaluate efficiency as
a measure of the time spent by a participant on task (results
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Figure 7 NASA Raw Task Load Index (RTLX) (Hart &
Staveland 1988) for all tasks. Lower scores indicate a lower
perceived task load.

shown in Figure 8.) We calculated the RTLX values from the
standardized questionnaire, filled in by participants after task
completion. The median values for NeoJoin (45) and ModelJoin
(50) are close to the empirical baselines for Cognitive Activities
(46) and Computer Activities (54), as reported by (Grier 2015).
We calculated the average task completion time as the average
time required to complete a single task across all tasks. As
shown in Figure 8, the participants spent a median of 6 minutes
per task using NeoJoin and a median of 7.75 minutes using
ModelJoin. Overall, NeoJoin achieved values similar to those
achieved by the established view definition language ModelJoin;
still, NeoJoin achieved smaller median values for both measures.
Hence, developers using NeoJoin should be entirely capable
of developing view definitions with an acceptable task load
and within a reasonable time. However, our results cannot
definitively demonstrate that NeoJoin improves the efficiency of
solving tasks over ModelJoin, because our sample size is small,
and the resulting value ranges overlap.

Usability We used the System Usability Score (SUS) (Brooke
1996) to evaluate the general usability of the two languages. We
used the standardized questionnaire, filled in by participants
after task completion (results shown in Figure 9). To interpret
the results, we consulted the adjective rating scale from (Bangor
et al. 2009). The median SUS score for NeoJoin (77.5) falls
between the mean values for the adjectives Good (71.4) and
Excellent (85.5), while the median score for ModelJoin (66.25)
falls between the mean values for OK (50.9) and Good (71.4).
Although the worst score for NeoJoin (52.5) is lower than the
worst score for ModelJoin (57.5), the results of our study sug-
gest that NeoJoin offers good usability and is more usable than
the comparable view definition ModelJoin.

5.1.3. Threats to Validity Overall, our small and unbal-
anced sample is a threat to the conclusion validity of our study.
We are therefore only able to draw very limited conclusions.
We identified two threats to the internal validity of our study:
the selection of tasks and the quality of the provided material. As
the tasks we gave to the participants do not cover all features of
the two languages, the selection of tasks and therefore features

NeoJoin [ I I |
ModelJoin s I D s
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Figure 8 Average Task Completion Time (in minutes) across
all tasks.
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Figure 9 System Usability Score (SUS) (Brooke 1996) for
all tasks. Higher scores indicate a higher usability. The val-
ues assigned to the adjectives indicate the mean score in the
respective category, as reported by (Bangor et al. 2009).

could have had an influence on the results. We mitigated this by
choosing tasks that cover the basic features shared by the two
languages. Another influence may be the quality of the prepared
material with which we introduced the assigned language to the
participants. Especially for ModelJoin, our experience with the
language is limited, which might have led to a worse explanation
of its syntax and features. We tried to mitigate this by following
a similar structure for the language tutorials and re-using (where
possible) text blocks between the documents. In addition, an
author of this work was involved in the development of the view
definition language ModelJoin (Burger, Henss, et al. 2016),
against which we compared NeoJoin in this user study. As this
could pose a major threat to the validity of our user study, the
mentioned author did not participate in the creation of survey
material, the collection of survey results, or their analysis.

We identified the following threats to the external validity
of our study. We chose the participants using convenience sam-
pling, therefore our sample might not be representative for the
larger population, i.e., software developers working with mod-
els. As shown in subsubsection 5.1.2, the demographic data of
our participants indicates that they are from the population we
consider relevant. We used random assignment to reduce the
influence of previous knowledge of the participants on the re-
sults. This did, however, lead to an uneven distribution between
the groups, including unbalanced experience levels in the two
groups. Finally, our study required the participants to solve the
tasks using plain text code in a web browser. We chose to do
this to limit the influence of different IDEs and levels of IDE
support, as described in subsubsection 5.1.1. It is, however, an
artificial situation when developing code, including view defini-
tions. Consequently, this may limit the generalizability of our
results.

5.2. Expressiveness (G2), Reliability (G3), and Concise-
ness (G4): Case Study

We applied NeoJoin to the case created by (Burger, Mittelbach,
& Koziolek 2016). This case applies view-based modeling
to improve the outage management in smart electricity grids.
The authors derived meta-models and models from publicly
available, real-world data, and implemented view definitions
in ModelJoin (Burger, Henss, et al. 2016). In this section, we
describe the case in subsubsection 5.2.1, explain our evaluation
setup in subsubsection 5.2.2, and present the results in subsub-
section 5.2.3, subsubsection 5.2.4, and subsubsection 5.2.5. We

finally discuss threats to the validity of our study in subsubsec-
tion 5.2.6.

5.2.1. Outage Management Case We use the extended
outage management system case described by (Burger, Mit-
telbach, & Koziolek 2016). They describe operating modern
electricity grids as an increasingly complex task. Challenges
arise from the integration of more renewable energy sources,
decentralized energy generation and storage, as well as difficult
to predict loads, e.g., due to the charging of electric vehicles.
These challenges affect the reliability, stability, and efficiency
of electricity grids and their operation. To overcome these chal-
lenges, grid operators rely on smart grids, which complement
the traditional electricity grid with hardware and software for
communication, metering, repair, and control. An important
task supported by smart grids is outage management, i.e., the
detection and prevention of grid outages. However, the software
systems used for outage management cover different domains
and, as such, rely on heterogeneous standards for representing
data. Therefore, communication and data integration is difficult.
To improve on this, Burger, Mittelbach, & Koziolek created the
extended outage management system, consisting of a unified
data model and multiple view types, specific to the different
stakeholders and their tasks. They build their unified model
by combining meta-models representing the different standards
with explicit consistency preservation rules. The standards ei-
ther directly support an EMF-based representation or a data
format which can be mapped to an EMF meta-model.

The extended outage management system (Burger, Mittel-
bach, & Koziolek 2016) integrates three standards. The IEC
61970/61968 standards (IEC 2025b, 2024) defines the Common
Information Model (CIM), which includes “physical compo-
nents, measurement data, control and protection elements, and
the SCADA [supervisory control and data acquisition system]
system” (Burger, Mittelbach, & Koziolek 2016). Complemen-
tary, the IEC 61850 standard (IEC 2025a) contains definitions
“supporting interoperability of intelligent electronic devices in
substation automation systems” (Burger, Mittelbach, & Kozi-
olek 2016). We refer to this model as Substation Standard.
Lastly, the IEC 62056 standard (IEC 2023) defines the Com-
panion Specification for Energy Metering (COSEM), which
describes the “data exchange for meter reading, tariff and load
control” (Burger, Mittelbach, & Koziolek 2016).

In addition to creating a unified data model, Burger, Mittel-
bach, & Koziolek defined 14 view types for specific stakehold-
ers and tasks. They consider as stakeholders (a) control center
operators and (b) the smart grid software systems (Burger, Mit-
telbach, & Koziolek 2016). The view types, each defined on a
subset of the included meta-models, are shown in Figure 10.

5.2.2. Setup For our evaluation, we recreated the view def-
initions for the extended outage management system (Burger,
Mittelbach, & Koziolek 2016). We used the data available in
the replication package for the master’s thesis of (Mittelbach
2015) (included in our replication package (Konig et al. 2026)),
which includes meta-models for the three standards introduced
in subsubsection 5.2.1, the view definitions in the ModelJoin
language (Burger, Henss, et al. 2016), the resulting view type
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Figure 10 Meta-models and view types of the extended out-
age management system (Burger, Mittelbach, & Koziolek
2016). ¢D = view type, - » = source meta-models, <> = consis-
tency preservation specification

meta-models, as well as some view instances.

When translating the ModelJoin queries to NeoJoin, we
closely followed the structure of the ModelJoin queries. We
used shorthands in the NeoJoin syntax where possible, e.g.,
omitting the alias in queries with a single source class (described
above in subsection 3.2). The ModelJoin queries appear to be
designed similarly, using shorthands in the ModelJoin syntax
where possible. We used sub queries (described above in subsec-
tion 3.4) for referenced classes, as in the ModelJoin queries, but
not for sub or super class references, as this is not supported by
sub queries in NeoJoin. As ModelJoin does not support creating
an alias for a class name, we used the unqualified class name in
lower camel case as an alias to enable a fair comparison of the
conciseness of the queries. All evaluation data, including the
meta-models, view definitions in both languages, resulting view
types, and views are available in our replication package.

We validate that our NeoJoin queries describe the same view
type as the ModelJoin queries, using our implementation (de-
scribed above in section 4) to generate the view types as Ecore
files from NeoJoin view definitions. The view types for the
ModelJoin queries were already available as Ecore files in the
replication package of (Mittelbach 2015) (included in our repli-
cation package). We removed the eAnnotations elements from
the ModelJoin view types using a small, self written tool, and
compared the two Ecore files using another, self-written tool.
For the comparison, we matched elements with the same name.
We compared all EC1ass elements, including their super types,
attributes, and references. For attributes and references, we
compared their type and options. All detected differences were
written to diff files, which are available in our replication pack-
age, together with source code of the tool we used for the
comparison.

In an effort to validate the reliability (G3) of our imple-
mentation and, by extension, the semantic equivalence of view
definitions in NeoJoin and ModelJoin (Burger, Henss, et al.
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2016), we used our unidirectional, state-based reference imple-
mentation to create view instances from the available source
model instances and our NeoJoin view definitions. As the view
instances included in the replication package of (Mittelbach
2015) are incomplete, we only validated that the view instances
were created successfully. In addition, we created a description
of the expected view instance of a single view type by hand and
compared it to the view instance generated by NeoJoin.

To evaluate conciseness (G4), we employed three metrics:
line count, character count, and level of indentation. We deter-
mined the line count using the standard tool cloc” with custom
language configurations for excluding lines that only contain
comments. Empty lines are excluded by cloc by default. We
counted non-whitespace characters using the regex [~\s] with
the default search engine in Visual Studio Code. We counted
the level of indentation manually.

5.2.3. Results on Expressiveness (G2) We were able to
recreate all 14 view types of the extended outage management
system with NeoJoin, with only minor differences in the result-
ing view types. Here we present and explain the differences
between the view types generated from the view definitions in
ModelJoin and NeoJoin. We refer to the view types of the ex-
tended outage management system by their number, as defined
in our replication package.

One general difference between the view types generated by
NeoJoin and ModelJoin is the presence of a single root element
in NeoJoin view types. As this is a design choice rather than a
difference in expressiveness, we ignore it in this section.

In view type 1, ModelJoin assigns the type EString to the
attribute State in the meta-class GeneratingUnit, while NeoJoin
assigns the type GeneratorStateKind. Similarly, in view type 10,
ModelJoin assigns the type EInt to the attribute TapChange in
the meta-classes Arco and Atcc, while NeoJoin assigns the type
BSControlKind. Both difference are expected, as NeoJoin does
not support converting Enum values to String or Integer values.
Support could be added by registering extension functions that
would be available in the Xbase expressions used for the feature
value calculation, which we expect to be easy to implement.

View type 2 in the extended outage management system is
defined in multiple steps, where the later steps add additional
calculated attributes. With NeoJoin, we decided to recreate
only the first step, but we assume the later steps to work in
the same way. In the first step, however, there is a difference
between the view types generated by ModelJoin and NeoJoin.
In the ModelJoin view type, the meta-class NonConformLoadGroup

refers to the meta-class ConformLoad, while it refers to the
meta-class NonConformLoad in the NeoJoin view type. As the
source meta-model CIM contains a reference to the meta-class
NonConformLoad in this place, we assume this to be an error in
the ModelJoin view definition.

Another difference between the view types occurs in view
type 3 where the attribute Type in the meta-class GeneratingUnit
is missing from the view type generated by NeoJoin. This is
expected, as in the ModelJoin view definition, it is defined using
instance-of checks in the expression calculating the value of the

9 https://github.com/AlDanial/cloc (accessed 2025-12-14 14:00)
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Figure 11 Comparison of our conciseness metrics line count,
character count, and level of indentation for ModelJoin (left)

and NeoJoin (right). The level of indentation shows the aver-

age over the maximum level of indentation per view definition.
We use the ModelJoin values as a baseline at 100 % and show
the absolute values above the bars.

attribute, which are not supported in NeoJoin. For simple cases,
this could be resolved by creating explicit queries for all classes
used in the instance-of checks. Supporting this for all cases
would, however, require an explicit implementation of instance-
of checks in the Xbase runtime model used by NeoJoin, which
seems possible, although we did not investigate this further.

Finally, in view types 7, 8, 9, and 14, there are super classes
missing in multiple places in the view types generated by Neo-
Join. However, the super classes do not occur in the ModelJoin
view definitions. We investigated the issue with ModelJoin
developers and assume this to be an error in the view types
generated by ModelJoin.

5.2.4. Results on Reliability (G3) Using our unidirectional,
state-based model-view transformation, described in section 4,
we were able to successfully generated view instances for 12 of
14 view types of the extended outage management system (Mit-
telbach 2015), shown in Figure 10. The remaining two view
types contained small errors in the view definition, which we de-
tail in this section. In addition to generating the view instances,
we also validated view type 4 by comparing the generated view
instance against a description of the expected view instance,
which we created by hand, and found no differences. One over-
all difference between the view instances generated by NeoJoin
and ModelJoin (Burger, Henss, et al. 2016) seems to be that, as
NeoJoin lifts sub queries to regular queries, all instances of the
respective source meta-classes are transformed, instead of only
the referenced instances.

The first view definition, which caused transformation er-
rors, belongs to view type 2 of the extended outage mange-
ment system. In our view definition, we transform all in-
stances of the meta-class ControlAreaGeneratingUnit us-
ing a sub query, include their references to instances of the meta-
class GeneratingUnit. However, instances of the meta-class
GeneratingUnit, as well as its sub classes, are transformed
using a join with the meta-class ZGEN, for which the available
model contains no instances. As a result, the referenced in-
stances in the source model could no be resolved in the view
instances. In our replication package, we provide two alterna-

tive fixes for the view definition, removing either the reference
or the join with the ZGEN meta-class.

An additional problem in the view definition for view type
2 was the transformation of instances of concrete super classes
and their sub classes. This was caused by the view defini-
tion containing queries for the meta-classes EnergyArea and
GeneratingUnit, as well as queries for their sub classes,
which led to the instances of the sub classes being transformed
twice. We fixed this by explicitly excluding instances of the
sub classes from being transformed by the query of the super
class in our transformation, but this requires a more systematic
solution.

The other view definition, which caused transformation er-
rors, belongs to view type 5. Here, the attribute ID is calculated
by following the reference ServiceDeliveryPoint. How-
ever, as the reference is null for some instances in the source
model, a null-check is required, which was either missing or im-
plicitly applied in the ModelJoin view definition. After adding
the null-check, we were able to generate the view instance.

5.2.5. Results on Conciseness (G4) In our evaluation of
the conciseness of NeoJoin, we considered three metrics (results
shown in Figure 11). While the metrics line count and character
count show the total count over all view definitions, the metric
level of indentation shows the average over the maximum level
of indentation per view definition.

As can be seen in Figure 11, the line count in the Neo-
Join view definitions is 23 % higher than the line count in the
ModelJoin queries. We attribute this primarily to the fact that
ModelJoin contains sub queries for transforming sub and super
classes from within a query for a meta-class. We chose not to
provide support for this because we consider sub queries for
sub and super class difficult to understand. On the other hand,
not providing support for sub queries for sub and super classes
is the main reason why NeoJoin view definitions have a 47 %
lower maximum level of indentation on average. NeoJoin view
definitions for the extended outage management system have a
maximum level of indentation of 4 (instead of as many as 10
in ModelJoin view definitions). In conclusion, we have more
queries in NeoJoin view definitions, which require fewer levels
of indentation. Hence, we consider the language easier to read
and to understand.

// ModelJoin:

keep calculated attribute "substationStandard::
LNNodes :: LNGroupY::YPTR.PwrRtg.setMag.f" as
PowerTransformer.PowerRate:Double

// NeoJoin:

PowerRate := yptr.PwrRtg.setMag.f as double

Listing 13 Examples of attribute definitions in ModelJoin and

NeoJoin. The examples are taken from the definition of the

meta-class PowerTransformer in view type 1.

Overall, the number of characters required for a view defi-
nition in NeoJoin is 60 % lower than the number of characters
required for a view definition in ModelJoin. We attribute this
mainly to the support for aliasing and unqualified meta-class
names in NeoJoin and the overall less verbose syntax. An ex-
ample of this is shown in Listing 13. In the example, we see
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that keywords in ModelJoin, such as keep calculated attribute,
are realized as operators in NeoJoin, := in the example. Fur-
ther, instances are referenced with an alias, yptr in the example,
while ModelJoin uses the qualified name of the meta-class in-
stead. In places where meta-classes are referenced, such as the
source section of a NeoJoin query, NeoJoin supports the use of
qualified or unqualified meta-class names. In conclusion, view
definitions in NeoJoin are more concise than view definitions
in the established view definition language ModelJoin. Hence,
we believe NeoJoin view definitions to be more readable and
understandable, which benefits usability as a whole.

5.2.6. Threats to Validity We identified two threats to the
internal validity of our case study: limited semantic compar-
ison and factors beyond the syntax definition influencing the
conciseness of view definitions. First, while ModelJoin and
NeoJoin support the transformation of model instances, i.e., the
generation of views, we did not compare the generated views,
as the view instances in the replication package of (Mittelbach
2015) (included in our replication package) are incomplete. To
mitigate this and provide at least a limited evaluation of the
semantic equivalence, we consulted a ModelJoin developer to
validate our interpretation of the ModelJoin view definitions and
validated a single, generated view instance against a description
of the expected view instance created manually by us. Second,
for our comparison of the conciseness of the syntax of the two
languages, we used code-based metrics to compare the view
definitions. However, the source code and therefore the used
metrics depend not only on the syntax definition of the used lan-
guage, but also on code style, formatting, naming conventions,
etc. We mitigated this by following the structure and code style
of the ModelJoin view definitions closely (described above in
subsubsection 5.2.2).

One threat to the external validity is the selection of the
evaluation case. We chose a case that is already implemented
in an established view definition language, in order to have
a baseline for our evaluation. On account of that, we were,
however, limited in the case studies available for our evaluation.
While the extended outage management system is not itself used
in industry, it works in a realistic setting, using standards and
data formats from industry.

6. Related Work

In their survey, (Bruneliere et al. 2019) give an overview of
model view approaches, including their query and view type
languages. (Konig, Stickling, & Burger 2025) identified ap-
proaches related to NeoJoin and compared selected features. In
this section, we present the related approaches and check them
against our requirements. While the focus of this paper is the
language design of NeoJoin, we mention the transformation
capabilities of the related approaches as well, as they are part of
our overall requirements.

EMF Views (Bruneliere et al. 2015) is an EMF-based DSL
for the textual description of view types. Similar to NeoJoin, it
provides relational operators to derive a view type from source
meta-models. The model-view transformation is derived from
the view type definition. However, EMF Views only provides
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a limited set of transformation operators, as the view type el-
ements and, consequently, the view elements are only proxies
to model elements. It further provides only limited support for
editing views and no support for incremental transformations.

The Kitalpha approach (Langlois et al. 2014) has a more
general notion of views, which includes a concrete syntax and
tools for developers using the views. For that, they provide
specialized DSLs for the different aspects of views. However,
they only provide a limited set of transformation operators and
no support for incremental transformations.

The EMF-based ModelJoin (Burger, Henss, et al. 2016) view
definition language is closely related to NeoJoin. It provides
relational operators to define view types and model-view trans-
formations with a similar expressiveness as NeoJoin. However,
as we show in subsection 5.1, the syntax of NeoJoin provides a
more effective and usable way of defining views. In addition,
ModelJoin does not offer support for incremental model-view
transformations.

OpenFlexo (Golra et al. 2016) is a model federation approach,
mainly focused on the integration of data from different tech-
nical spaces, such as EMF, OWL, Excel, etc. They provide a
language to define view types on heterogeneous meta-models
with expressive transformation operators. In addition to having
different views on a set of models, they also support different
groups of models having the same view to keep their data con-
sistent. In contrast to NeoJoin, OpenFlexo requires the use of
different DSLs for the definition of view types and model-view
transformations. This restricts its use case and makes Open-
Flexo more cumbersome to use by developers and during the de-
velopment of systems. In contrast, we describe the view-based
development process supported by NeoJoin in subsection 2.1.

VIATRA Viewers (Debreceni et al. 2014) is an approach for
model queries that can be executed incrementally. Instead of
providing a DSL for view type definitions, they use annotations
to the queries to define a view type. Due to that, they offer only
a limited set of transformation operators, which excludes, e.g.,
the modification of meta-classes from the source meta-models.

In addition to DSLs for view-based development, there ex-
ist several languages concerned with the textual definition of
meta-models or models, as well as model transformation lan-
guages. Generic textual DSLs include Emfatic'’ as a meta-
model DSL, as well as DSLs for models, such as HUTN!! and
FlexMI (Kolovos & de la Vega 2023). While we have consid-
ered the design choices made in these languages, especially the
meta-class notation of Emfatic, these languages are intended
for developers to directly specify the resulting meta-models
or models, while view definitions in NeoJoin specify how to
derive view type meta-models and models from source meta-
models and models. Similarly, model transformation languages
are capable of transforming between source and target models.
However, as the source and target meta-model of a model trans-
formation can be arbitrarily different, as long as they share some
semantics, model transformations are, in general, more complex
to specify than view definitions, for which the target meta-model
and the target models are projections of the source. We designed

10 hitps://eclipse.dev/emfatic/ (accessed 2025-11-11 12:00)
" hitps://www.omg.org/spec/HUTN (accessed 2026-02-24 16:00)
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NeoJoin to use this advantage to make view definitions easy to
create.

7. Conclusion

In this paper, we presented an expressive, yet easy-to-use syntax
for the view definition language NeoJoin (Konig, Stickling, &
Burger 2025). The proposed syntax is based on known concepts
from database engineering and object-oriented design, as to
lower the entry barrier for developers without a background in
model-driven engineering. We described our language design in
detail and illustrated it through examples. We gave insight into
a prototypical implementation and then used this implementa-
tion to evaluate NeoJoin on usability, expressiveness, reliability,
and conciseness. The results from our user study provide a
first indication that developers can use NeoJoin to effectively
and efficiently create view definitions. Although the number of
study participants was too low for us to be able to draw any final
conclusions, average task completion rates and usability scores
were higher for NeoJoin than for the established view definition
language ModelJoin (Burger, Henss, et al. 2016). In our view-
based case study from cyber-physical systems engineering, we
recreated the 14 view types of the extended outage management
system (Burger, Mittelbach, & Koziolek 2016) from the energy
systems domain. We found only minor differences in expres-
siveness between NeoJoin and ModelJoin. Further, NeoJoin
achieved more concise view definitions, reducing the character
length by 60 % compared to ModelJoin.

Overall, we believe that our proposed syntax enables devel-
opers and engineers to use NeoJoin in flexible development
processes, providing expressive transformation operators and
an easy-to-use syntax, even for engineers without a strong back-
ground in model-driven engineering. Beyond the contributions
of this paper, NeoJoin is designed to integrate transformation
backends which support incremental, bidirectional transfor-
mations, which are crucial for the distributed development of
cyber-physical systems but which currently are insufficiently
supported by related view-based approaches. In future work,
we therefore plan to integrate our work-in-progress TGG-based
transformation backend for NeoJoin (Konig, Ritz, & Burger
2025) and apply NeoJoin to more cases from cyber-physical
systems engineering. This will include cases with variability in
the development artifacts, which (Feichtinger et al. 2022) identi-
fied as a central challenge for the development of cyber-physical
production systems. We further plan to research how common or
connected views can support consistency preservation between
models.
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