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Abstract In this paper, we summarize and update the characterization
We compare the main features of the recently introduced Universal of textual variability modeling languages presented in the First
Variability Language (UVL) with other textual variability modeling International Workshop on Languages for Modelling Variability
languages from the software product line engineering domain. This (MODEVAR 2019) [7] with a comparison with the recently intro-
comparison is structured according to the level of support that each duced Universal Variability Language (UVL) [8]. UVL, one of the
language provides according to five dimensions: configurable ele- primary outcomes of the MODEVAR initiative, was developed as a
ments, constraints, configuration, scalability, and formal semantics. community effort during the previous eight workshop editions."
This work extends our earlier work on comparing textual variability Outline. In §2, we briefly introduce UVL, followed by an up-to-
modeling languages that used a similar approach (7, 14]. date overview of the state of the art of textual variability modeling
languages in §3. In §4, we conclude and suggest some future work.
CCS Concepts
. Software and its engineering — Specification languages; 2 UVL: Universal Variability Language
Software product lines. The Universal Variability Language (UVL) [8] was created as a sig-
nificant community effort, mostly driven in combination with the
Keywords MODEVAR Workshop series.! It is meant to become a novel refer-
software product lines, variability modeling, textual specification ence language for variability modeling research. Its design goals
languages, UVL were: simplicity, information hiding, expressiveness, extensibility,
ACM Reference Format: and exchange (of models) [8].

An important characteristic of UVL is that it explicitly distin-
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guishes multiple levels (cf. Table 1). The core language essentially

ing the Universal Variability Language with other Textual Variability Model-

ing Languages. In 29th ACM International Systems and Software Product Line corresponds to basic (Boolean) feature modeling with constraints,
Conference - Volume B (SPLC-B ’25), September 01-05, 2025, A Corufia, Spain. i.e.,, mandatory, optional, and alternative elements, attributes as
ACM, New York, NY, USA, 5 pages. https://doi.org/10.1145/3748269.3749381 well as (Boolean) constraints.

Language levels are subdivided into major levels (based on fea-
1 Introduction ture types) and minor levels. A minor level is always associated

with a single major level and can optionally be included if the cor-
responding main level is included. The use of a specific language
level is defined by the use of an include statement.

Major levels are strictly hierarchical, i.e., the use of the type level
implies the inclusion of the arithmetic level. However, the use of
minor levels is optional.

Variability modeling research traditionally focused on graphical
feature models [19] based on the concept of feature diagrams in
the form of trees. This has led to a plethora of different notations,
often varying only in minor technical details [27].

In practice, variability modeling has also been handled using tex-
tual notations. Prominent examples are KConfig [20] and CDL [29],
which are textual variability description languages originating from
the open-source domain. Unfortunately, such languages typically Unttps://modevar.github.io/history/
suffer from the fact that they are not fully (formally) defined and
are therefore challenging to analyze [15].

Academia has also proposed a substantial number of textual Table 1: UVL Language characteristics (based on Fig. 3 in [8])
variability modeling approaches [7], mostly following the notion
of feature modeling with variations [27], yet sometimes following Major Level Characteristics Minor Level
a decision modeling approach [26]. .
&2app [26] Boolean Boolean Features Group Cardinality
*All authors contributed equally to this paper. Group Keyword
Boolean CTC
Feature Attributes
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Despite the fact that UVL is rather new, it is already well sup-
ported by a number of tools from the research community for anal-
ysis as well as editing, such as FeatureIDE [21], flamapy [16], and
variability.dev [17], according to [8].

3 Textual Variability Modeling Languages

In this section, we augment our earlier overview of textual variabil-
ity modeling languages originally presented in [14], and updated
in [7], with a first comparison with UVL, based on its presentation
in [8].2 We would like to emphasize that, in line with our earlier sur-
veys, this paper focuses only on the expressiveness of the language.
However, there always exists a tradeoff between expressiveness
and analyzability. We refer the interested reader to our discussion
in [12] and will not discuss analysis aspects further in this paper.

3.1 Literature Analysis Updated with UVL

The original literature analysis presented in [14, Sect. 4] considered
the following textual variability modeling languages:

o Feature Description Language (FDL) [28] mainly aims at being
a textual representation of feature diagrams.

o Forfamel [5] is part of the Kumbang approach; Forfamel aims
at feature modeling, while Koalish adds structural modeling.

o Tree grammars for representing cardinality-based feature
models were introduced by Batory in [6].

o Variability Specification Language (VSL) [1] integrates feature
modeling with configuration links and variable entities.

o Simple XML Feature Model (SXFM) [22] is an XML-based
representation of feature models.

e FAMILIAR [2], next to modeling variability, also includes
capabilities for combining and analyzing variability models.

o Text-based Variability Language (TVL) [11] supports textual
feature modeling, including capabilities for feature attributes,
cardinalities and modularization.

e uTVL [10] is a variation of TVL, dropping some concepts,
but also adding others like multiple trees in a single model.

o CLAss, FEature, Reference approach (Clafer) [9] combines
meta-modeling of classes with feature modeling support.

e VELVET [24] is a language, inspired by TVL, but extends it
in several directions and reimplements it from scratch.

o Integrated Variability Modeling Language (IVML) [25] follows
the decision modeling paradigm with a strong focus on ease
of learnability, expressiveness, and scalability.

The extended literature analysis presented in 7, Sect. 2] additionally
considered the following textual variability modeling languages:

o Clafer (extended with behavior) [18] extends [9] with a tem-
poral dimension, resulting in a language combining behavior,
structure, and variability.

e PyFML [3] is a textual feature modeling language based on
the Python programming language.

o Variability Modeling (VM) [4] is a language with specific
constraints to ease reasoning on applications in the video
domain, which was developed in an industrial project.

2While we are aware of further information on UVL, such as https://universal-
variability-language.github.io/, we base our analysis mostly on [8], as it seems to
be the most consistent and the most up-to-date resource.
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In the meantime, the Universal Variability Language (UVL), as
described in Section 2, was developed as a collective effort of the
community [8]. Due to its importance, it is worthwhile to revisit
the literature analysis and analyze UVL’s position relative to other
textual variability modeling languages.

We base our comparison of UVL with other textual variability
modeling languages on the characteristics given in [7, Table 1],
which are based on the following five dimensions:

e Configurable elements
e Constraint support

o Configuration support
o Scalability support

e Formal semantics

In Table 2, we show the classification of textual variability mod-
eling languages from [7, Sect. 2], updated for UVL. Based on the
dimensions mentioned above, we consider in detail (just as in [7,
Table 1]) the following sub-dimensions:

Configurable elements and type systems: forms of varia-
tion, attached information, cardinalities, references, and ad-
ditional data types—such as basic types predefined by the
language, user-defined types, or types derived from already
known types.

Constraint support: constraint expressions, such as simple
dependencies, propositional logic, relational expressions, or
arithmetic expressions.

Configuration support: default values, value assignment, and
partial or complete configurations.

Scalability support: composition, i.e., the capability of inte-
grating units of configurable elements into a single model.

Formal semantics: whether a detailed and formal definition
of the semantics exists.

We refer the interested reader to [7, 14] for a detailed explanation
of these criteria and further pointers to the literature that confirm
the level of support offered by the surveyed textual variability
modeling languages, except for UVL. Below, we will explain for
each entry, the reasons for categorizing UVL the way we did. We
will also use this as a basis for discussing UVL in relation to the
other languages. The results are summarized in Table 2. As in [7],
we simplified our notation to direct support (+), indirect support (+),
unclear support (?) or no support (—).

An important challenge is that there is no single UVL language,
but rather a multitude of sub-languages defined by the different
language levels. Hence, we will discuss UVL in relation to its lan-
guage levels. This is also annotated in Table 2, using a and t for
arithmetic level and type level, respectively, and f and g for feature
cardinality and group cardinality, respectively.

3.2 Configurable Elements

The basic configurable element in UVL is a feature, since the lan-
guage follows the lead of FODA [19] rather closely. Thus, UVL
supports mandatory, optional, and alternative features (and feature
groups) directly. This is very much in line with more or less all other
approaches. Multiple corresponds to group cardinalities, which in
UVL is only available if the minor language level group cardinalities
is included. The notion of feature cardinalities (i.e., replication of
features) is not directly represented, in line with our earlier analysis.
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Table 2: Language support for configurable elements, type systems, constraints, configurations, scalability, and semantics

forms of variation data types constraint expressions  configurations g
= 0 o = 8 @ g
S . £ £ 43 = § 5o g 3 4 . £ £
£ 2 858 3% 8% 55 F 85 £ &P E FOCE
Language & < E 5§ ¥ 8 8 & <8 %2 3§ & & & & 8 & & 8 8 &
FDL + + + - - +x - - - + - - - - + - - - - +
Forfamel + + + + + + + + - 4+ + + + - + - + - %
Tree grammars + + + - - + —- — — — — + - - = - - -
VSL + + + + + + + 4+ -+ + 72 2?2 - 7?7 4+ + + + + -
SXFM + + + - - + - - - 7?7 - - = - - - - =
FAMILIAR + + + - - ? 4+ + - - + - - - - + 4+ + +
TVL + + 4+ 27 + 4+ + + -+ - + - + + - 4+ - - - +
UTVL + + + + + + - + - - 4+ + - + + - ? + + - +
Clafer + + + + 4+ + + + + + 4+ + + + o+ + + 4+ o+ 4+
VELVET + + + 4+ + £ + 4+ - - - + - 4+ - 4+ + + £ + -
IVML + + 4+ + + x + + + + - + + + + + + +  + -
PyFML + + + - 4+ - - + - — 4+ 4+ - + + + + - - - -
VM + + + - 4+ + - + - — 4+ 4+ - + + + + + = + -
UVL I S e S A T S L - + -
Support: + = direct; + = indirect; ? = unclear; — =no; g: group cardinality; f: feature cardinality; & type level; a: arithmetic level

It is present in UVL only if major level arithmetic with minor level
feature cardinality is included (cf. Table 1). Explicit support for ex-
tension mechanisms would imply that a variability model can later
on be extended to cover variability that was not initially conceived.
This is rather rare, as can be seen in Table 1. A limited notion of
extension is available in UVL as it allows the combination of models,
by mutual imports. This is similar to the approach taken by other
languages.

Like most other languages, UVL also supports feature attributes.
These include Boolean, Integer, Float, and String. In addition, at-
tribute lists, which combine multiple attributes, are supported. How-
ever, UVL does not support explicit typing of attributes (cf. §3.3).
This is (unfortunately) the case also for most other languages that
support feature attributes. Further, at this point UVL does not sup-
port explicit references (cf. Section 3.6), which is surprising since
about half of the languages we previously reviewed do support
them.

3.3 Type Systems

When comparing UVL with other languages, one needs to clearly
differentiate (typed) attributes from (typed) features. Although the
first is already part of the base model of UVL, the latter is only added
on the major level Type. In both cases, predefined types include
Boolean, Integer, Float, and String. Attributes also include attribute
lists as attributes, which one could see as separate types (similar
to records). Based on the available information, it seems that there
is no possibility for explicit typing of attributes and this is rather
implicitly determined.
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However, for features, there is the possibility of providing ex-
plicit typing at the major language level Type. However, this comes
with a quirk: as stated in [8], features are selectable independent
of the type. This means that they always have a Boolean com-
ponent on top of the given type. Indeed, a Boolean feature is just
selectable (identical to non-typed features on lower language levels),
while other types include additional information. In the tradition
of feature models, some other approaches do this in a similar way;
however, as this basically overlaps with the notion of attributes
with a slightly different syntax, it is unclear what the added ben-
efit is.3 This approach, while rather natural from a pure feature
model perspective, also is not shared by all other languages. Some,
like IVML [13, 14], do not implicitly add a Boolean type to typed
information.

UVL also does not support derived types* or user-defined types,
not even on major level Type. However, as shown in Table 2, sup-
port for such advanced typing is also rare in the other languages.
Only FAMILIAR, Clafer, and IVML offer derived typing (essentially
inheritance), while only Forfamel, TVL, Clafer, and IVML offer
user-defined types.

3.4 Constraint Support

The various languages differ considerably in terms of their capabil-
ities for constraint expressions. Different levels are shown in Table 2.

31t should also be pointed out that UVL defines conversion of types on feature level to
attributes as part of its conversion strategies (cf. Table 2), if the Type level is not used.
“4Derived types (as opposed to arbitrary user-defined types) refers to types based on
other types, e.g., forms like inheritance.
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While higher levels of expressiveness (both for configurable ele-
ments as well as constraints) significantly simplify or enable the
modeling of complex situations, it typically also leads to a reduction
of analyzability [12].

Like most other textual variability modeling languages, UVL does
not support simple constraint expressions like ‘requires’, but directly
goes for full propositional logic. It also provides higher levels of
expressiveness like relational and arithmetic constraints. However,
these are only available on major level arithmetic. On this level, UVL
allows to represent also constraints over aggregates of attributes
like the sum of all features need to have a size smaller than x.
This is similar to capabilities of the other languages considered.
In addition, UVL supports string constraints. This is only available
as a separate minor level on major level typing. Hence, it can be
regarded as the most advanced feature of UVL as it is on the highest
level (cf. Table 1). While we did cover this in Table 2, this seems
to be less supported by other languages. However, UVL support is
also quite limited. It seems that only equality and length of strings
are allowed.

Finally, like most other languages, UVL does not support any
first-order predicates or other higher levels of expressiveness. Thus,
the only languages that we know of that do explicitly support this,
are Forfamel, VSL, Clafer, and IVML. Like all the other languages
(except for IVML), UVL also does not support default constraints.

3.5 Configuration Support

UVL does not provide direct support for configuration, which is
arguably the characteristic that distinguishes UVL most from the
majority of other textual variability modeling languages.

Even one of the most elementary categories, value assignment,
is not supported directly, whereas it is supported by all other lan-
guages except for FDL, Tree grammars, SXFM, and possibly yTVL.
The difference is less marked for default values, which are supported
by half of the other languages.

Except for FDL, Tree grammars, SXFM, TVL, and PyFML, all
other languages support configuration as a first-class concept, allow-
ing often arbitrary many configurations to be managed separately
from the basic model description; moreover, except for Forfamel,
these can be partial configurations. A recent paper on challenges
for the industrial adoption of UVL specifically calls for the devel-
opment of (tool) support for configurations, including generation,
visualization, and verification [23]. Hence, this makes the issue that
this is not an embedded language feature even more remarkable.

3.6 Scalability Support

Like most of the recent languages, UVL supports scalability through
composition. Exceptions are PyFML as well as TVL and yTVL, which
only allow inclusion and conjunction, respectively, of models.

UVL allows to import models and, moreover, to explicitly locate
the imported feature tree (via an implicit reference) in the tree of
the importing model.

Similar to UVL, VM supports the import of models and IVML
supports the scoped import of models, which besides the provision-
ing of namespaces also provides scopes for the reasoning process,
explicit versioning of imports, as well as a concept of interfaces.
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Both Clafer and VELVET support scalability through inheritence,
whereas FAMILIAR provides two explicit composition operators,
namely the ‘merge’ and ‘aggregate’ operators for overlapping and
disjoint models, respectively.

3.7 Formal Semantics

To establish the degree of formality of the semantics of the textual
variability modeling languages, we consider whether they are given
by examples, grammars, or a formal specification (or combinations
thereof).

Fully formal semantics exist only for FDL, Forfamel (indirectly, by
translation into a logical representation in Weight Constraint Rule
Language), TVL, pTVL, and Clafer (extended with behavior) [7, 14].

Despite a dedicated section [8, Sect. 5: Syntax & semantics: Lan-
guage specification], UVL does not have an unambiguous formal
semantics. While the restrictions that different constraints in UVL
impose on the configuration space (i.e., the set of valid, complete
configurations modeled by a UVL model) are defined formally [8,
Table 1: Constraint semantics], the semantics of basic feature mod-
eling as well as additional capabilities like feature cardinality in
UVL are only illustrated by examples that show how to resolve fea-
ture cardinality in a concrete UVL model [8, Listing 10: Cardinality
Semantics Different Versions].

A further issue is that there does not seem to be a complete
description of even the basic functionality of all the levels, let alone
a definition which uniquely and formally defines the semantics
for all allowed combinations of language levels. This is particu-
larly striking as there is no definition of configuration within the
language (cf. Section 3.5).

4 Conclusion

We presented an overview of the main characteristics of thirteen
textual variability modeling languages in [7], as an extension of a
systematic literature analysis reported in [14]. In this paper, we up-
dated the characterization from [7] by considering also the recently
introduced Universal Variability Language (UVL), focusing on the
same five dimensions: whether the languages provide support for
configurable elements, constraints, configuration, and scalability,
and whether they are equipped with a formal semantics. Table 2
summarizes the outcome. On purpose, we refrained from any sort
of rating, as we believe that each language’s needs are made to fit
the specific design goals of the specific language. Thus, a feature
currently not present in UVL is not necessarily ‘missing’.

Together with [7, 14], the overview and comparison serves as
an important resource on all currently available textual variability
modeling languages for both researchers and practitioners in the
domain of systems and software product line engineering.

In [7], we aspired that “future languages should have an extensi-
ble and modular language design with sub-languages catering for
different needs, but holistically integrated into an over-arching con-
cept” UVL is such a language, sometimes with rather fine-grained
minor levels (e.g., string constraints only contains one function and
one predicate). So, UVL can clearly be seen as a major step forward,
especially in terms of community unification. This already benefits
the community significantly in terms of wealth of tool support.
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The comparison presented in this paper also revealed significant
potential for future work. For example, a precise definition of the
syntax and semantics of UVL is still lacking, which is particular im-
portant given the potential level interactions. Also, the total range
of capabilities is still rather limited, even on the highest level of
the language, in comparison to other languages. The most striking
omission in this area is the lack of explicit language-integrated con-
figuration support. However, other advanced features like typing
or references also strongly limit the range of applicability of UVL,
developed to become the Universal Variability Language.
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