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Abstract. We present a taxonomy of the variability mechanisms of-
fered by modeling languages. The definition of a formal language en-
compasses a syntax and a semantic domain as well as the mapping that
relates them, thus language variabilities are classified according to which
of those three pillars they address. This work furthermore proposes a
framework to explicitly document and manage the variation points and
their corresponding variants of a variable modeling language. The frame-
work enables the systematic study of various kinds of variabilities and
their interdependencies. Moreover, it allows a methodical customization
of a language, for example, to a given application domain. The taxon-
omy of variability is explicitly of interest for the UML to provide a more
precise understanding of its variation points.
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1 Introduction

A complete definition of a formal modeling language consists of the descrip-
tion of its syntax and its semantics (meaning) [I]. It is widely accepted that a
commonly agreed formal definition (especially semantics) of a language helps to
avoid misunderstandings and lack of interoperability between tools.

In [2], we presented a tool-based approach to define textual modeling lan-
guages and to formalize their semantics in a flexible way using a theorem prover.
While one of our main targets is the formalization of the Unified Modeling Lan-
guage (UML 2) [3l4], the approach is more general and applies to any modeling
language based on objects.

In this paper, we investigate how variability in a language definition can be
formally specified. This work is inspired by the introduction of semantic vari-
ation points in UML where portions of the language have been deliberately
incompletely specified. The benefits of systematically describing UML’s vari-
ability have been noted early [5]. The treatment of semantic variation points in
the UML, however, is rather disappointing. It was not systematically carried out,
semantic variation points are dispersed across the documentation. Moreover, the
standard fails to tag them completely: it suffices to look for underspecified se-
mantic definitions in order to realize that there are far more semantic variation
points than those explicitly labeled as such.
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Beyond UML, we are interested in a general treatment of variability in model-
ing languages which may be of semantic and also of syntactic nature. Hence, one
goal of this work is to classify the kinds of variability that a modeling language
may offer and their interdependencies. Additionally, we extend our approach
from [2] and present a tool-based solution to define and configure variability
within a language definition.

A systematic approach to variability should make it possible to explicitly state
all (possibly implicit) assumptions and previously chosen variants. This allows a
systematic customization of a language for a given application domain. Further-
more, tool builders can refer to particular variants in order to document design
decisions. Variation points of modeling languages, unlike those of product lines,
are not associated with a binding time [6]. That is, tool builders may delay the
binding of a variation point to a variant and leave the decision to project man-
agers. Moreover, these may even forward the disambiguation to modelers. As for
UML, currently implementors may provide [...] informal feature support state-
ments [...] for less precisely defined dimensions such as presentation options and
semantic variation points” [3, Sect. 2.3]. We improve this situation by making
precise the definition of the variability mechanisms offered by a language.

The rest of this paper is organized as follows. Sect. 2ldescribes the constituents
of a modeling language definition. Sect. Bl presents our classification of variability
in a language definition. Sect. @ introduces our tool-supported solution using
feature diagrams. The approach is illustrated with a simple example of UML-
like class diagrams. Sect. Bl discusses related work and Sect. [6] draws conclusions
and sketches future work.

2 Constituents of a Modeling Language Definition

As shown in Fig.[I a complete definition of a modeling language consists of the
following basic parts:

— the concrete syntax of the language, which may be a graphical or textual
syntax or a combination of both,

— the abstract syntax to which the concrete syntax is mapped. For a textual
syntax this may be given as abstract syntax trees. In case of graphical mod-
eling, metamodels are typically used. Additionally, a set of well-formedness
rules or context conditions are defined,

— some minimal abstract syntax that can be derived from the abstract syntax
by expressing more complex constructs of the language by primitive ones.
Thereby the number of constructs but not the expressive power of the lan-
guage is reduced. This eases the definition of the semantics of the language.
This step may not be required for some languages,

— a semantic domain, a domain well-known and understood, typically based
on a well-defined mathematical theory, and

— the semantic mapping that relates elements of the (minimal) abstract syntax
to elements of the semantic domain.
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Fig. 1. Basic parts of a modeling language definition
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Fig. 2. Theories that constitute the system model

Characteristic for our approach to define the semantics of a modeling language
is a set-valued or predicative semantic mapping of the form sem(.) : £ — p(S).
The semantics of a model as an element of the (minimal) abstract syntax m € £
is therefore the set sem(m) of elements in the semantic domain S.

We defined a single semantic domain S used as a target for the semantic
mapping of various kinds of object-oriented modeling languages [7]. This do-
main, called system model, captures and integrates all aspects of object-oriented
systems using basic mathematical theories. It is rather detailed as it defines var-
ious structural, behavioral, and interaction aspects, and is built in a modular
fashion as depicted in Fig. 2l Systems in the system model are state transition
systems (theory STS). They operate on a global system state which is com-
posed of object individual states (theory State). States constitute a data store
for attribute values of objects (theory Data), a control store (theory Control) for
active threads and computational states of methods, and an event store for un-
processed events (theory Events). States evolve dynamically. Static information
(e.g., which classes, methods, etc., exist) is defined through underspecified uni-
verses containing abstract identifiers only. For example, UTYPE is the universe of
type names (defined in theory Type). Classes are elements of the universe UCLASS
(theory Object) and are only described by functions that yield information about
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their attributes or methods, i.e., they are not constructed from records. Thus,
the definition of the system model is predicative and not constructive. For a
complete picture of the system model features, the reader is referred to [7].
The system model as a single semantic domain and the set-valued semantic
mapping enable a straightforward treatment of composition and refinement of
possibly incomplete and underspecified models of various modeling languages [§].
For example, the integrated semantics of models mq, ..., m, from possibly dif-
ferent languages Lq,..., L, is given as semg,(m1) N ... N semz, (my). In the
same way, m’ € L is a refinement of m € £, exactly if sem(m’) C sem(m).

3 Classification of Variability

In this section, we develop a classification of variability that a modeling language
may offer. We do not restrict our attention to semantic variability (in UML
terms, semantic variation points) but also consider syntactic variability.

In a very abstract view, the syntax of a formal language is defined by a set
of words over some alphabet A, i.e., L C A*. Syntactic variability allows for
defining more than one syntax, say £ and Lo, which normally contain many
common words but are different. That is, there is at least one model (i.e., word)
m € (L1 U L2)\(L1 N L2) that is in one but not both languages. The semantics
of a syntax £ over some semantic domain S can be defined as sem C L x §
(in a relational style). Semantic variability means more than one semantics,
say semy and sems, for a given syntax L. These mappings may have different
codomains &7 # Sy or not. As with the syntax, sem; and sems are mostly the
same but there is at least one model m and an element s for which (m,s) €
(semq U semz)\(semy N semy). So the meaning of the model differs according to
which semantics is chosen.

There naturally may be languages containing both kinds of variability, and
relationships between both exist. In the following, we concretize this abstract
view by analyzing how variants and their interdependencies can be classified.

3.1 Syntactic Variability

Regarding concrete syntax (see Fig.[I]), differences can be given by, e.g., alterna-
tive keywords such as “public” or “+” in case of modifiers, or the font size, line
thickness, and color of some graphical element. In UML, these are called pre-
sentation options and can be classified as presentation variability. They improve
the readability of models. Nevertheless, presentation options are so defined that
the abstract syntax of models remains the same even if the options are ChangedE

! This is an important assumption we make on presentation options, namely that
they do not alter abstract syntax and hence the intended semantics of the presented
model element. Font size, for instance, may have a meaning in cartography, where
cities with bigger labels have more inhabitants. In the case of cartography, therefore,
font size does matter and is not a presentation option.
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We do not classify presentation options as syntactic variability since they
do not make it possible to define different languages. Their effect exclusively
concerns the concrete syntax. They must, nevertheless, be registered and docu-
mented.

The syntax of a language may allow the use of stereotypes. The term stereo-
type, borrowed from UML, is used here to designate a general principle of ex-
tending the syntax of a language. The concrete set of defined stereotypes (e.g.,
as part of a profile in case of UML) is classified as syntactic variability.

Another kind of syntactic variability also found in the syntax is given by so-
called language parameters. Concerning for instance UML, the language of state
machines defines transition systems whose transitions are triggered by a stimulus
subject to a condition on the stimulus and/or the internal state of the object.
The language in which conditions (or guards) are expressed is not specified. This
constitutes a syntactic variability.

In the abstract syntax, optional context conditions may exist. Examples
thereof, for instance for a particular code generator to operate, are the enforce-
ment of types of attributes of a class to be defined, and the restriction to single
inheritance only. Context conditions rule out certain models based on syntactic
criteria. Only if the context conditions are met, the model is well-formed and it
makes sense to give the model a semantics.

The syntax also may offer constructs that enhance readability and are seman-
tically equivalent to other, usually more involved, expressions of the language.
Such constructs are often referred to as “syntactic sugar” and may be safely
omitted, since models of the language obtained by the use of those constructs
can be replaced by equivalent models that do not use the abbreviations. We clas-
sify this as presentation variability. In particular, the language can be reduced
to a minimal one, which not necessarily is unique. Note that a minimal language
derived this way may still allow synonyms, i.e., syntactically different models m,
and my that denote the same semantics sem(my) = sem(mz).

Summarizing, we classify any variability as syntactic variability that still may
be present in the minimal abstract syntax of a modeling language and hence in-
teracts with the semantics. This variability originates from stereotypes, language
parameters, and optional context conditions.

3.2 Semantic Variability

While UML only uses the term semantic variation point, we further subdivide se-
mantic variability into semantic mapping variability and semantic domain vari-
ability; cf. Fig.[Il A helpful analogy might be to see the variability of the semantic
mapping similar to configuration options of a code generator while variability of
the semantic domain has its analogy with properties of an underlying run-time
system or target platform.

Regarding semantic domain variability, the system model defined in [7] already
contains explicit variability in form of extensions through optional definitions.
In general, semantic domain variants may provide alternative realizations of
functions, additional constraints to properties of existing definitions, or optional
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structures and definitions. Alternative realizations are, for example, different
notions of type-safe method overriding. Additional constraints are, for example,
the restriction to single inheritance only, or the requirement of certain predefined
types like, e.g., “String.”

Similarly, in the semantic mapping, the same mechanisms to introduce vari-
ants apply. Semantic mapping variability often manifests as alternative choices
for specific mapping functions while the target domain remains the same. For in-
stance, one mapping of super-classes of classes in a UML class diagram assumes
multiple inheritance in the semantic domain, while an alternative mapping uses
some delegation mechanism for a domain that may lack multiple inheritance.
As this example shows, there are also various relationships between variants on
the different levels which will be discussed in more detail in the following. As
another example, consider the representation of states of a state machine in an
implementation as, e.g., a simple enumeration or using the state pattern [9].

Note that semantic variability is transparent to the modeler. But it may be
necessary to allow the modeler to select one or the other interpretation of a con-
struct. We propose to model these interpretation choices as syntactic variability
by providing corresponding stereotypes. For instance, consider the example of
a semantic mapping for a class which states that only a single instance of that
class may exist at run-time. One possibility would be to encode this syntactically
as a stereotype “singleton” which can be used by the modeler and which is used
by the semantic mapping to associate exactly this meaning to the given class.

Table [ provides a comprehensive summary of our modeling language vari-
ability classification.

Table 1. Variability classification summary

presentation variability variability not present in a minimal abstract syntax
presentation options affect concrete syntax only
abbreviations can be omitted without losing expressiveness
syntactic variability variability affecting a minimal abstract syntax
stereotypes syntactic encoding of semantic variability
language parameters usable with different independent languages
context conditions constrain the set of well-formed models
semantic variability variability in the semantics
semantic domain variability |variability in the underlying target domain
semantic mapping variability|different choices for mapping functions

3.3 Interdependency and Consistency

Dependencies between variants exist. These are characterized with the help of
examples. Consider the integration of multiple languages: One language might
be parameter to another, e.g., a constraint or action language. Additionally, lan-
guages may be mainly orthogonal and used to describe different views of the
same system such a class and state machine diagrams. In any of these cases, dif-
ferent assumption on the underlying domain may be made, i.e., different variants
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of the semantic domain may be assumed. Moreover, a language that is parameter
to another is equipped with a semantics that has to fit the assumptions made
by the parametric language.

Context conditions may influence the selection of a specific semantic map-
ping. For instance, if the context conditions for UML class diagrams guarantee
that multiple inheritance is syntactically excluded, then one can safely select a
semantic mapping that only handles single inheritance. Similarly, if a semantic
domain only allows for single inheritance, then a delegate mechanism must be
resorted to by the semantic mapping of UML class diagrams in case multiple
inheritance is allowed syntactically.

From these examples we conclude that it is important to capture all possible
variants and their interdependencies. We propose to model them using feature
diagrams including constraints that state inclusion or exclusion between vari-
ants [10]@ As a supplement, informal descriptions of the variabilities can be
given to explain their raison d’étre. The proposed approach is completely sup-
ported by tools and will be described in the next section.

Unfortunately, capturing variants as feature diagrams and constraints does
not guarantee that a concrete configuration of variants that conforms to the
given feature diagrams is consistent. Since we have many configuration options,
we might have not captured all constraints to rule out inconsistent, unwanted,
or simply uninteresting configurations. Especially when integrating multiple lan-
guages, there is a possible risk of contradicting mapping functions. One way to
obtain a consistent set of theories is to actually prove consistency. That is, given
two languages £1 and Lo with semantic mappings sem; and sems, to show

semy(my) N sema(ma) # 0

for some witnesses m; € £1 and mo € Ls.

4 Definition and Configuration of Variability

We now describe the actual definition and configuration of variability in a mod-
eling language with respect to the configurable semantic mapping and the like-
wise configurable semantic domain. Syntactic variability such as optional context
conditions and language parameters can be handled similarly and are therefore
omitted here. The presentation is accompanied by a simple running example.

The whole approach of defining a language and its variabilities is supported by
two tools. The basic tool-based approach (neglecting variability) has been pre-
sented in [2] and is summarized below. It features a complete, formal, flexible,
and machine-readable definition of modeling languages using the tools Monti-
Core and Isabelle/HOL.

2 There is an inclusion relation between two or more variants if the choice of one makes
it mandatory to choose the other(s). There is an exclusion relation between two or
more variants if the choice of one forbids the choice of the other(s).
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Fig. 3. Approach with tool support

4.1 Prerequisites

The basic approach is depicted in Fig. Bl MontiCore [I1] is a framework for
the textual definition of languages based on an extended context-free grammar
format. We use MontiCore to define the concrete syntax of a language because
it provides enhanced modularity concepts like language inheritance and embed-
ding (not used in the simple running example, though). Sophisticated framework
functionality allows, for example, an easy development of generators. Note that
the general idea can similarly be implemented using, e.g., metamodeling.

To provide a semantics developer with maximum flexibility and also with some
machine checking (e.g., type checking) as well as the potential for verification
applications, we use the theorem prover Isabelle/HOL [12] for

— the formalization of the system model as a hierarchy of theories,

— the representation of the abstract syntax of the language as a deep embed-
ding [13], and

— the actual semantic mapping that uses the generated abstract syntax and
maps each language construct to predicates over systems of the formalized
system model.

Concrete Syntax. The example grammar CDSimp in Fig. [4] defines UML-like
class diagrams with classes that can have super-classes. MontiCore grammars

grammar CDSimp {
CDDefinition = "classdiagram" Name:IDENT "{" (CDClass)* "}";

CDClass =
"class" Name:IDENT ("extends" scl:IDENT ("," scl:IDENT)*)?";";

o oA W N R

Fig. 4. MontiCore grammar of class diagrams

have terminal symbols enclosed in quotes (see, e.g., Fig. @ line 2) and support
Kleene closure (*) and option (?), among other constructs. The two rules of
CDSimp use the built-in identifier rule IDENT. Nonterminals may be prefixed by
descriptive names followed by a colon (like IDENT, l. 2). According to Fig. H] a
class diagram definition (1. 2) has a name and a set of classes. Classes (1. 4) have
a name and a comma separated list of names that refer to super-classes.
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Abstract Syntax. A MontiCore generator produces the Isabelle/HOL data
type definition in theory CDSimpAS (see Fig. [H) from the grammar in Fig. @

theory CDSimpAS imports GeneralAS
begin
datatype CDClass =

CDClass IDENT "IDENT list"

datatype CDDefinition =
CDDefinition IDENT "CDClass list"

© N e A W N e

end

Fig. 5. Generated abstract syntax data type in Isabelle/HOL

Isabelle/HOL data types have a name (e.g., CDClass in Fig.[5] 1. 3), a construc-
tor (also CDClass, . 4), and a list of arguments. Data type IDENT is defined in the
imported, re-usable theory GeneralAS and iteration in a grammar is translated
to the built-in data type list (e.g., 1. 4). A complete account on the mapping
of MontiCore grammars to Isabelle/HOL can be found in [2].

System Model. We have formalized the system model, introduced in Sect. [2]
in Isabelle/HOL as a hierarchy of theories.

1 theory Object imports Type

2 begin

3 datatype iCLASS = Class "char list"

4

5 consts

6 UCLASS :: "SystemModel = iCLASS set"

7 sub :: "SystemModel = iCLASS = iCLASS = bool"
8

o fun psubRefl :: "SystemModel = bool"

10 where "psubRefl sm = (V C € UCLASS sm . sub sm C C)"
11 end

Fig. 6. Isabelle/HOL theory Object (excerpt)

Fig. [0l shows a small excerpt from the theory Object which introduces the
universe of classes UCLASS (line 6) as a function that yields a set of class names (of
type iCLASS). consts is Isabelle’s way of declaring a constant without defining
it. Additionally, a subclassing relation sub is declared. The boolean function
definition psubRefl is a simple example of a predicate that must hold in all
valid systems and requires reflexivity of the subclassing relation.

The top-level theory SystemModel-base (Fig. [7) imports all basic definitions
and defines a predicate valid-base. In our abbreviated example, only theory
Object is imported. The full theory would import all other theories from Fig.
and combine all predicates (like psubRef1) into valid-base, describing all prop-
erties of a valid system in the system model.
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1 theory SystemModel-base imports Object

2 begin

3 fun valid-base :: "SystemModel = bool"

4 where "valid-base sm = (psubRefl sm A ... )"
5 end

Fig. 7. Isabelle/HOL theory SystemModel-base (excerpt)

Semantic Mapping. The semantic mapping of our simplified class diagrams is
likewise formalized in Isabelle/HOL. The theory in Fig. Bl imports the abstract
syntax and the system model theory and defines the mapping. We only state
the signatures of the mapping functions, which are built in a modular fashion
along the abstract syntax. Note that the mapping functions for classes and class
diagrams, mCDClass and mCDDefinition, are function definitions (using the key-
word fun) while the mapping of super-classes of a class, consts mSuperClasses,
again is just a function declaration whose body has not yet been defined.

1 theory CDSimpSem-base imports CDSimpAS SystemModel

2 begin

3 consts mSuperClasses :: "iCLASS = IDENT list => SystemlModel = bool"
4

5 fun mCDClass :: "CDClass = SystemModel = bool"

6 where ...

7

g8 fun mCDDefinition :: "CDDefinition = SystemModel set"

9 where ...

10 end

Fig. 8. Semantic mapping of the simplified class diagram in Isabelle/HOL

4.2 Definition of Variants

We start by introducing a variant for the system model. Fig. [ contains a theory
with an additional constraint for the transitive subclassing relation, restricting
it to single inheritance. That is, for all classes C1, C2, C3, if C1 is a sub class of
C2 and C3, then C2 and C3 have to be in a subclass relationship (or equal due to
reflexivity of sub).

As explained before, we model variants of theories as feature diagrams like
the one in Fig. [, Ignoring the check mark for a moment, the feature dia-
gram therein states that SingleInheritance is an optional feature of the the-
ory Object. Other variants may be associated with other theories as the other
variation point vType indicates.

3 In our tool suite, we use a textual version of feature diagrams and configuration files
but we stick to the standard graphical form for the sake of clarity of the presentation.
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1 theory SingleInheritance imports Object

2 begin

3 fun valid-SingleInheritance
4 where "valid-SingleInheritance sm = (V C1 C2 C3.
5 sub sm C1 C2 A sub sm C1 C3 — (sub sm C2 C3 V sub sm C3 C2))"

¢ end

"SystemModel = bool"

Fig. 9. Definition of an Isabelle/HOL predicate about single inheritance

SystemModel

vType

vObject

]

feature diagra

Singlelnheritance‘

/ Legend:

———O optional feature

v selected optional feature

Fig. 10. Semantic domain feature diagram (fragment)

Additionally, the feature diagram for the variants of the semantic mapping
can be found in Fig. [[Il The class diagram semantics has two variants for the
mapping of super-classes. The variant mapSuperCDirect carries an additional
constraint which excludes the use of variant SingleInheritance for the system
model. The actual implementation of the theories has been omitted.

CD Semantics

feature diagram

vMapAssocs vMapSuperClasses Legend:

——O optional feature
excludes / AN alternative feature
SystemModel. X A4 inclusion/exclusion
VObject.Singlelnheritance mapSuperCDirect mapSuperCDelegate [\ constraint

v selected optional feature

Fig. 11. Semantic mapping feature diagram (fragment)

4.3 Configuration

The configuration space of the simple class diagram language has been defined
above with the help of feature diagrams. A concrete configuration for a system
model is also given in Fig. [I0, in which the single inheritance variant is selected
as indicated by the check mark. As a configuration for the class diagram semantic
mapping, we select variant mapSuperCDelegate (see Fig. [Il); choosing the other
variant would violate the exclusion constraint.
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A generator written for MontiCore processes a set of configuration files (mul-
tiple configurations of, e.g., the system model may be defined). It first com-
bines configuration files that refer to the same feature diagram. Then, it checks
if the configurations conform to the feature diagrams and if the constraints
have been observed. Afterwards, the configured theories for the system model
and the semantic mapping are generated. In case of a system model configu-
ration, the generated theory (see Fig.[I2) combines all predicates (line 4) from
the imported theories that constitute the configuration. This is done by name
convention: The theory SingleInheritance has to provide a predicate called
valid-SingleInheritance.

1 theory SystemModel imports SystemModel-base

2 "vObject/SingleInheritance"

3 begin

4 constdefs "valid sm == valid-base sm A valid-SingleInheritance sm"
5 end

Fig. 12. Resulting generated system model theory in Isabelle/HOL

Fig. I3 shows the resulting (generated) class diagram semantic mapping. It
simply combines the chosen theories using the Isabelle/HOL import mechanism.
The loose end in Fig.[8] namely the declaration mSuperClasses, is automatically
bound to the definition provided in theory MapSuperCDelegate.

1 theory CDSimpSem imports CDSimpSem-base
2 "vMapSuperClasses/MapSuperCDelegate"
3 begin end

Fig. 13. Resulting generated class diagram semantics theory in Isabelle/HOL

Finally, the theory in Fig.[I4 uses the generated semantic mapping theory. The
generated system model theory was already used in Fig. 8 by the base version of
the semantic mapping. Presenting a meaningful verification application is outside
the scope of this paper, a simple verification example has been given in [2]. The
scenario in Fig. [[4] however, suffices to show, on the one hand, how variants in
a language definition can be systematically handled using feature diagrams. On
the other, it shows that the whole approach can be supported by tools. In this
scenario, property P (Fig.[I4] 1. 3) ranges over all class diagrams and all systems.
In [2], we also presented an additional generator that translates concrete textual
models to instances of the generated abstract syntax data type. This makes it
also possible to reason about properties of concrete models.

The instantiation of variants is done at the theory level. We could have made
all variation points type parameters, similar to [I4]. A configuration would then
correspond to instantiating type parameters with concrete types. We refrained
from doing so because the readability of the theories would have been drastically
reduced and it would be no longer possible to leave variants underspecified.
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1 theory myVerifyApp imports CDSimpSem

2 begin

3 lemma "V cd sm . mCDDefinition cd sm A valid sm —— P cd sm"
4 . done

5 end

Fig. 14. A possible verification scenario in Isabelle/HOL

5 Related Work

To the best of our knowledge, there is no previous work on a general classification
of variability mechanisms offered by modeling languages. [15] also suggests fea-
ture models to express language variabilities. The focus is on syntactic variability
and variable code generators, formal semantics is not addressed.

Regarding the presented tool support for formal language definitions, most re-
lated approaches do not consider variability. For example, a complete language
definition (including syntax, typing rules, and operational semantics) can be
expressed in Alloy [I6], which has the advantage of immediate analyzability. Se-
mantic anchoring [I7] is another approach to define semantics with tool support.
Operational semantics is given by generated abstract state machines.

Other works support semantic variability to a certain extent. Template seman-
tics [I8] can be used to define the behavioral semantics of state-based modeling
notations. The execution semantics is based on parametric hierarchical transition
systems whose behavior can be configured with the help of predefined template
parameters. In [19], template semantics is employed to define the semantics of
UML state machines. The semantics explicitly models the variability found in the
UML standard. [2002T] describe semantically configurable Java code generation
and analyzable models using template semantics. Template semantics provides
a rich theory for state-based modeling notation variants but is restricted to be-
havioral semantics that furthermore fits the computational model. Templatable
metamodels, introduced in [22[23], is a similar approach presented for metamod-
eling the abstract syntax and operational semantics of a domain specific modeling
language. It uses the UML 2 profile and template mechanisms to define variation
points at the metamodel level and to bind the introduced generic types to con-
crete types at the metamodeling or modeling level. Like template semantics, the
approach is targeted towards behavioral semantics but its mechanisms are more
compliant with the UML standard. Quite differently, [24] proposes an approach
to model semantic variation points and implementation choices as class models
in their own right. These are transformed together with a source UML model
into a specific target UML model that reflects the chosen variants. The focus in
this work is also behavioral semantics in that variants correspond to operations
implemented in an action language. We are not aware of any other framework
that supports defining and configuring syntactic and semantic variability in a
formal language definition.
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6 Conclusion

The contribution of this work is twofold. First, we presented a taxonomy of
variability mechanisms that may be found in a modeling language definition.
Variability may be of presentation, syntactic or semantic nature. Opposed to
UML, which only talks about “semantic variation points” in general, we further
classify semantic variability according to semantic domain and semantic mapping
variability. Semantic domain variability can be thought of as variability in some
run-time system modeling the underlying platform assumptions, while semantic
mapping variability would correspond to configuration options in a generator
targeting a previously chosen (i.e., configured) run-time system.

Second, we extended our framework for defining the syntax and semantics of
an object-oriented modeling language by integrating the variability mechanisms
that we have identified. The tool suite built on MontiCore and Isabelle/HOL
uses feature diagrams with inclusion/exclusion constraints to model variants and
their interdependencies in the syntax, semantic domain, and semantic mapping.
Given a configuration of variants for possibly multiple modeling languages, the
framework generates a set of theories representing the integrated language defini-
tions. This set of theories can be used in several verification scenarios. Note that,
while the framework is tailored towards object-oriented modeling languages, the
taxonomy mentioned above applies to any kind of modeling language. Likewise,
the framework could be used for semantic domains other than the system model.

Future work will be concerned with elaborating variability for concrete mod-
eling languages; larger case studies will contribute to validate the proposal and,
in particular, the tool support. The long term goal, regarding one of our main
targets UML, is to provide a comprehensive feature model for UML variability
which ultimately could replace the currently used informal definitions and feature
support statements. Another line of work is verification within our framework.
Theorem proving is challenging. The effect of variability in concrete verification
scenarios is not very well discussed and may require substantial further research.

References

1. Harel, D., Rumpe, B.: Meaningful Modeling: What’s the Semantics of “Semantics”?
Computer 37(10), 64-72 (2004)

2. Gronniger, H., Ringert, J.O., Rumpe, B.: System Model-Based Definition of Mod-
eling Language Semantics. In: FMOODS/FORTE 2009. LNCS, vol. 5522, pp. 152—
166. Springer, Heidelberg (2009)

3. Object Management Group: Unified Modeling Language: Superstructure Version
2.1.2 (07-11-02) (2007), http://www.omg.org/docs/formal/07-11-02.pdf

4. Object Management Group: Unified Modeling Language: Infrastructure Version
2.1.2 (07-11-04) (2007), http://www.omg.org/docs/formal/07-11-04.pdf

5. Cook, S., Kleppe, A., Warmer, J., Mitchell, R., Rumpe, B., Wills, A.C.: Defining
UML Family Members Using Prefaces. In: Proc. of TOOLS 1999, Washington, DC,
USA, pp. 102-114. IEEE Computer Society, Los Alamitos (1999)


http://www.omg.org/docs/formal/07-11-02.pdf
http://www.omg.org/docs/formal/07-11-04.pdf

684

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

M.V. Cengarle, H. Gronniger, and B. Rumpe

Deelstra, S., Sinnema, M., Nijhuis, J., Bosch, J.: COSVAM: A Technique for As-
sessing Software Variability in Software Product Families. In: Proc. of ICSM 2004,
pp. 458-462. IEEE Computer Society, Los Alamitos (2004)

Broy, M., Cengarle, M.V., Gronniger, H., Rumpe, B.: Modular Description of a
Comprehensive Semantics Model for the UML (Version 2.0). Informatik-Bericht
2008-06, Technische Universitdt Braunschweig (2008)

Rumpe, B.: Formale Methodik des Entwurfs verteilter objektorientierter Systeme.
Doktorarbeit, Technische Universitdt Miinchen (1996)

Gamma, E., Helm, R., Johnson, R., Vlissides, J.: Design patterns: elements of
reusable object-oriented software. Addison-Wesley Professional, Reading (1995)
Czarnecki, K., Eisenecker, U.W.: Generative Programming: Methods, Tools, and
Applications. Addison-Wesley, Reading (2000)

Krahn, H., Rumpe, B., Volkel, S.: MontiCore: Modular Development of Textual
Domain Specific Languages. In: Proceedings of Tools Europe (2008)

Nipkow, T., Paulson, L.C., Wenzel, M.: Isabelle/HOL - A Proof Assistant for
Higher-Order Logic. Springer, Heidelberg (2002)

Wildmoser, M., Nipkow, T.: Certifying Machine Code Safety: Shallow versus Deep
Embedding. In: Slind, K., Bunker, A., Gopalakrishnan, G.C. (eds.) TPHOLs 2004.
LNCS, vol. 3223, pp. 305-320. Springer, Heidelberg (2004)

Shankar, S., Asa, S., Sipos, V., Xu, X.: Reasoning about real-time statecharts in
the presence of semantic variations. In: Proc. of ASE 2005, pp. 243-252. ACM,
New York (2005)

Volter, M.: A Family of Languages for Architecture Description. In: 8th OOPSLA
Workshop on Domain-Specific Modeling (DSM 2008), University of Alabama at
Birmingham (2008)

Kelsen, P., Ma, Q.: A Lightweight Approach for Defining the Formal Semantics of
a Modeling Language. In: Czarnecki, K., Ober, 1., Bruel, J.-M., Uhl, A.; Volter, M.
(eds.) MODELS 2008. LNCS, vol. 5301, pp. 690-704. Springer, Heidelberg (2008)
Chen, K., Sztipanovits, J., Abdelwahed, S., Jackson, E.K.: Semantic anchoring
with model transformations. In: Hartman, A., Kreische, D. (eds.) ECMDA-FA
2005. LNCS, vol. 3748, pp. 115-129. Springer, Heidelberg (2005)

Niu, J., Atlee, J.M., Day, N.A.: Template Semantics for Model-Based Notations.
IEEE Trans. Software Eng. 29(10), 866-882 (2003)

Taleghani, A., Atlee, J.M.: Semantic Variations Among UML StateMachines. In:
Nierstrasz, O., Whittle, J., Harel, D., Reggio, G. (eds.) MoDELS 2006. LNCS,
vol. 4199, pp. 245-259. Springer, Heidelberg (2006)

Prout, A., Atlee, J.M., Day, N.A., Shaker, P.: Semantically Configurable Code
Generation. In: Czarnecki, K., Ober, 1., Bruel, J.-M., Uhl, A., Volter, M. (eds.)
MODELS 2008. LNCS, vol. 5301, pp. 705-720. Springer, Heidelberg (2008)

Atlee, J.M., Day, N.A., Niu, J., Kang, E., Lu, Y., Fung, D., Wong, L.: Metro: An
Analysis Toolkit for Template Semantics. Technical Report CS-2006-34, David R.
Cheriton School of Computer Science, University of Waterloo (2006)

Cuccuru, A., Mraidha, C., Terrier, F., Gérard, S.: Templatable Metamodels for Se-
mantic Variation Points. In: Akehurst, D.H., Vogel, R., Paige, R.F. (eds.) ECMDA-
FA. LNCS, vol. 4530, pp. 68-82. Springer, Heidelberg (2007)

Cuccuru, A., Mraidha, C., Terrier, F., Gérard, S.: Enhancing UML Extensions with
Operational Semantics. In: Engels, G., Opdyke, B., Schmidt, D.C., Weil, F. (eds.)
MODELS 2007. LNCS, vol. 4735, pp. 271-285. Springer, Heidelberg (2007)
Chauvel, F., Jézéquel, J.M.: Code Generation from UML Models with Seman-
tic Variation Points. In: Briand, L.C., Williams, C. (eds.) MoDELS 2005. LNCS,
vol. 3713, pp. 54-68. Springer, Heidelberg (2005)



	Variability within  Modeling Language Definitions
	Introduction
	Constituents of a Modeling Language Definition
	Classification of Variability
	Syntactic Variability
	Semantic Variability
	Interdependency and Consistency

	Definition and Configuration of Variability
	Prerequisites
	Definition of Variants
	Configuration

	Related Work
	Conclusion



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


