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Abstract. Stereotypes in object-oriented software development can be
perceived in various ways and they can be used for various purposes. As a
consequence of these variations, assessing quality of stereotypes needs to be
purpose-specific. In this paper we identify eight types of stereotypes and
provide a set of criteria for assessing quality of stereotypes. The criteria for
each type are formed by a set of properties that characterizes its stereotypes.
The identified types are based on the purpose of each stereotype (its role in
designs) and its expressiveness. We identified the types of stereotypes and their
properties in an empirical way by investigating stereotypes from UML profiles
used in industrial software development. The properties are intended to be used
in our further research for developing guidelines for creating and using
stereotypes in a more efficient way.

1. Introduction

Extending a set of modeling abstractions with dedicated constructs for modeling
specific purposes is an important issue in using the Unified Modeling Language
(UML, [1, 2]) for model-driven development. This general-purpose language is
known to have limitations and its extensions can be seen as a means of overcoming
some of those issues. One of the extension mechanisms in UML is the notion of
stereotype. Stereotypes are means of branding the existing UML modeling elements
with new semantics and properties. The notion of stereotypes, however, was
introduced into object-oriented software development before the creation of UML and
MDA when the stereotypes were used in a different manner than in UML.

In order to properly create and use stereotypes, modelers should be able to assess
whether their stereotypes are appropriate for the purpose — i.e. assess the quality of
the stereotypes. Thus, we perceive the quality of stereotypes from one dimension
which is fitness for the purpose. In order to assess the quality we elaborate the
properties which the good stereotypes should possess. The criteria for quality
assessment of stereotypes can created based on finding common properties of existing
stereotypes which are known to be appropriate for their purposes (an alternative way
is to arbitrarily set criteria for assessing the quality). The purposes, which were
identified in our previous studies, are organized into categories according to the roles
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of stereotypes [3]. The identified properties of stereotypes can be used within a
proposed lightweight process for assessing quality of stereotypes which is presented
in Fig 1. The process is based on finding common properties of a set of reference
stereotypes that are known to be well suited for their purpose. The stereotypes are
presented as Sg. The criteria identified, based on investigation of Sg, are used to
assess quality of other stereotypes (assessed stereotypes — S,) in the process. In order
to assess the quality of S, they must be classified (outlined in Sect. 7). The outcome
of quality assessment process is an assertion whether the stereotype is good (i.e.
appropriate for its purpose) or not.
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Fig. 1. A process of assessing quality of stereotypes

In this paper we focus on the way in which a set of criteria for assessing quality of
stereotypes can be identified by extracting desired properties of good stereotypes
(shadowed part in Fig. 1) hence we address the following research question:

How to elaborate quality assessment criteria for new stereotypes based on
existing stereotypes which are known to be “good”’?

In this research question we identify the need for quality assessment criteria to be
based on existing good practices of creating stereotypes. In our approach the
identification of the properties, and their subsequent analysis, is done in an empirical
way by investigating a set of 98 stereotypes used in practice. These stercotypes are
grouped into profiles, which are standardized or used in companies developing UML
tools and realizing the vision of model-driven software development. In the criteria
elaboration we group stereotypes using categories from two classifications of
stereotypes. Initially three classifications of stereotypes were considered: (i)
according to their role, (ii) according to their usage scenarios [4, 5], and (iii)
according to their expressiveness [6]. Based on our experiment it was found that only
two classifications should be considered: (i) and (iii). Based on the results of
classifying stereotypes we elaborated types of stereotypes. The #ype of a stereotype is
a pair which consists of two categories to which the stereotype is classified — (Cg,
Cg); where Cy is a category in classification according to expressiveness and Cy is a
category in classification according to role. After elaborating the types we examined
the stereotypes of each type thoroughly to identify common properties of stereotypes
of each type. The properties of stereotypes we consider subsets of the following:

e kinds of data types of tag definitions (these kinds can be either data types
defined in the UML metamodel or custom defined),
kinds of the base classes the stereotype extends (concrete of abstract classes),
kind of constraints the stereotype have,
kind of concrete syntax (icons or guillements), and
what kind of abstraction the stereotype should represent.
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The first four properties are used to characterize stereotypes of each type. The last
property is used to differentiate between types and is the basis for developing
guidelines on how to choose a type of stereotype appropriate for the purpose under
consideration. The guidelines are the core of our current work.

The outline of the paper is as follows. The most relevant related work in the field is
presented in Sect. 2. In Sect. 3 we outline the evolution of the notion of stereotype in
object-orientation and in Sect. 4 we describe the classifications used in our analysis.
The design of the empirical investigation of stereotypes is presented in Sect. 5 which
contains the identification of types of stereotypes. In Sect. 6 we present the properties
of identified types of stereotypes. Sect. 7 suggests how the properties are to be used to
assess the quality of stereotypes and Sect. 8 contains conclusions and outlines our
further work.

2. Related Work

Stereotypes have been given a special attention together with the idea of the Model
Driven Architecture (MDA, [7]) which is gaining popularity. The idea of models
being main assets in modern software development strives for more precise models
and more flexible languages to create them. As stereotypes are the main extension
mechanism providing some flexibility for UML, they were evaluated in several ways
by analyzing different ways of using and defining them (e.g. [8-11]). Although the
stereotypes are found to be very suitable for lightweight language customization, none
of the analyses performs a formal empirical study on stereotypes, which is a presented
in our research.

An alternative to using stereotypes for customizing UML is to extend the
metamodel of UML — i.e. to facilitate the technique of metamodeling. There exists an
extension of the classification of stereotypes according to expressiveness. It is a
classification of various kinds of metamodel changes developed in [12] which
attempts to classify the metamodel extensions into two categories: regular metamodel
extensions and restrictive metamodel extensions. The classification can be used if one
wants to extend our study from stereotypes to metamodel extensions.

The analysis methods for the auxiliary study presented in our paper are based on
the analysis methods used in [13]. One of the results from the study (on defect
classification) is that the poor agreement between classifiers can be caused by the fact
that the classifiers are not the creators of the classified objects. To some extent this
claim is valid in case of our study.

An empirical approach to verification of a small-scale classification schemes in the
context of requirement engineering has been done in [14]. One of the outcomes of that
study is that the classification result depends on the role of the classifier and that even
classifiers that are well into the domain of the built system need a considerable time in
order to classify a single requirement. Furthermore, a considerable amount of time
was required for getting insight into the understanding of the differences between
classifiers. The design of our study also used the same means of getting insight of the
classification process performed by each subject in the auxiliary study.
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3. Stereotypes in UML

The idea of stereotyping was first introduced into software development by Rebecca
Wirfs-Brock, who used the concept of stereotype to classify objects according to their
“modus operandi” [15, 16]. Wirfs-Brock’s original intention behind the usage of
stereotypes was similar to the aforementioned view of stereotypes in other areas i.c. as
a way of oversimplifying the view of objects’ role or behavior. She used a fixed set of
stereotypes, useful in characterizing the special roles of objects in the system.

An approach which is similar to Wirfs-Brock’s of using stereotypes as a secondary
classification of elements was adopted by the OPEN (Object-Oriented Process
Environment and Notation) Modeling Language — OML [17]. Its designers perceived
a stereotype as “a facility for metaclassification”. The initial set of stereotypes in the
language was restricted (c.f. [17]), although it was divided into several groups of
stereotypes (for example object, class and type stereotypes).

UML also contains a definition of stereotypes, but it specifies them as one of the
possible extension mechanisms of the language. In UML, the stereotypes are a way of
adding a new semantics to the existing model elements. They allow branding the
existing model elements with new semantics, thus enabling them to “look” and
“behave” as virtual instances of new model elements [2, 18]. They are no longer seen
(at least directly in the specification) as a way of additional classification of model
elements, according to their “modus operandi”, but rather as a way of introducing new
elements into the language, thus providing additional modeling abstractions (or
providing means of adding secondary classification of the existing modeling
abstractions — c.f. [9]).

During the evolution of UML (from version 1.1 [18] to 1.5 [2]), the definition of
stereotypes in the UML metamodel has not changed significantly, although it
underwent minor revisions due to the changes in the definition of other extension
mechanisms (mostly fagged values, which evolved from being merely additional
information for code generators in UML 1.1 specification towards virtual links
between metamodel elements — tag definitions — in UML 1.3 and later). With a
growing UML tool support for this mechanism the stereotypes are beginning to play a
major role as a means of realizing the provision of UML as a family of languages
rather than a one-fits-all modeling language [19].

In UML 2.0 [1], stereotypes are seen as a special kind of meta-classes that allow
creating new modeling constructs. The constructs created in this way are intended to
be as similar as possible to the original modeling constructs defined in the language
specification. As far as the usage of stereotypes is concerned, the notion of
stereotypes does not differ in UML 2.0 (compared with UML 1.x), but the way in
which stereotypes are defined is more coherent with respect to the different levels in
the four-layer metamodeling architecture.

4. Classifications of Stereotypes

Two classifications of stereotypes are considered in the course of identifying
properties of “good” stereotypes. The classifications are developed independently and
classify stereotypes based on distinct criteria. The classifications are summarized in
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this section, while the details of them can be found in the papers where they are
originally defined.

4.1. Classification of Stereotypes According to Their Expressiveness

Berner et al. [6] examined the notion of stereotype independently from object
orientation within the context of modeling languages with the focus on classifying
stereotypes. Their work introduced a classification of stereotypes according to the
expressiveness of the stereotype, i.e. according to the amount of changes in syntax
and semantics they introduce to the base model element. In their work the authors
distinguished between four categories of stereotypes (denoted as Cg while defining
the type of stereotype):

1. Decorative stereotypes, i.e. stereotypes which do not change the semantics of a
language element, but change its concrete syntax (graphical representation),

2. Descriptive stereotypes, i.e. stereotypes which modify the abstract syntax of a
language element and define the pragmatics of the newly introduced element
without changing the semantics,

3. Restrictive stereotypes are descriptive stereotypes which modify the semantics of a
language element,

4. Redefining stereotypes, which redefine a language element by changing its original
semantics, w. 1. t. syntax, they are similar to the restrictive stereotypes.

The classification attempts to address the complexity of a stereotype definition and

provides guidelines for applying the different kinds of stereotypes. Although the

classification addresses the problems of how stercotypes change the extended model
element, it seems to neglect the problems of practical aspects of mechanisms for
supporting stereotypes and the metamodeling levels that the stereotype definition
concerns.

The classification aims in answering the question: “What changes does the
stereotype make to the base model element?”

4.2. Classification of Stereotypes According to Their Role

It is not always the case that the classifications presented above categorize the role of

a stereotype in modeling. Therefore there is a need for a classification of stereotypes

based on the usage of stercotypes in software development thus capturing this role.

We use the classification to categorize the notion of stereotype within the context of

practical usage and introduction of stereotypes into software development, especially

customizing UML tools. The classification organizes the stereotypes into three
categories (denoted as Cr while defining the type of stereotype):

1. Code Generation stereotypes. They are aimed at making code generation rules for
specific programming languages more precise and detailed, e.g. [20], intended to
provide abstractions from a target programming language in order to model
software using the “vocabulary” of the target programming language. Specific
code generators are usually created together with the specific sets of stereotypes for
code generation.
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2. Virtual Metamodel Extension stereotypes. They are used to extend the set of UML
modeling elements and perhaps to create a new “dialect” of UML, e.g. [21],
intended to provide abstractions denoting new modeling constructs which are not
present in the standard UML. For example these stereotypes can be used to add a
“vocabulary” from another notation into UML (e.g. SPEM Profile, [22]).

3. Model Simplification stereotypes. They are used as an “oversimplification” of
modeling elements (e.g. denoting the role of the stereotyped model element in the
design), e.g. [16], intended to be created by individual modelers in an informal
way. The majority of these stereotypes are used to distinguish between elements —
denoting a specific purpose of the element or its role.

The detailed description of the categories is presented in [3]. The classification is

based on the use of stereotypes in software development and in particular the purpose

for which they are used in UML models. The proper categorization of a stereotype in
this classification allows choosing the proper way of using the stereotype in UML
tools.

The classification aids in answering the question — “What is the role of the
stereotype in the design?”

5. Investigation of Profiles

A previous step that we conducted of identifying the properties of stereotypes was a
study on comparing the classifications of stereotypes. In that study we have found that
only two classifications can be used for the purpose of evaluation of quality: (i)
classification according to expressiveness, and (ii) classification according to role.
The third classification (the classification according to usage scenarios [4, 5]) is not
considered in our study as it was found that all stereotypes in the studied profiles were
categorized into one category only — i.e. type classification category.

In this paper, the set of investigated stereotypes is extended to 98 stercotypes
(compared to 68 stereotypes in the previous study). The stercotypes are part of
established and standardized profiles by Object Management Group (OMG): UML
Profile for Software Development Processes [2, pp. 4-3 to 4-9], UML Profile for
CORBA [23]; UML Testing Profile. Furthermore, we investigated profiles developed
by companies and used by them: JNX profiles used by a company which developed
an MDA framework [20, 24]; and profiles available in a UML 2.0 tool (Telelogic Tau
[25]): TTDApplicationBuilder profile, TTDExport profile, and
TTDCppAppGeneration profile. The fact that the profiles are standardized and used
in industry allows using them as a set of reference stereotypes in the lightweight
process of assessing quality of stereotypes.

5.1. Operation of the Study

The operation of the study is summarized in Fig. 2, where each oval represents a step
taken during the study. Steps 1 and 5 are the main classification study. However, in
order to increase the internal validity of the study, additional steps were required.
Before classifying all stereotypes, the appropriateness of the classifier was verified by
comparing the classifier’s classification results to classifications of other subjects.
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The auxiliary study was conducted with
Fig. 2. Operation of the study. two additional subjects. The study was
performed in an academic environment
with doctoral students classifying a subset of thirteen stereotypes. The subjects (and
the classifier) possessed the necessary knowledge of stereotypes and they also
participated in other studies on stereotypes. They were sufficiently experienced in
modeling, object orientation and programming. The study afforded us with the
possibility to observe whether different individuals have different understandings of
the criteria used in classifying stereotypes. The results from the classifications of three
subjects were analyzed with Kappa statistics [26]. The Kappa statistics measures the
agreement between pairs of the variables (in this case the classification results
obtained from each subject). In order to use the statistics the categories were
translated to numeric values on the nominal scale. The values of the Kappa statistics
are presented in Table 1 for the two subjects in the study (denoted as S1 and S2) and
the classifier performing the classification on the whole set of 98 stereotypes (denoted
as C).

Pair Kappa value Significance level Agreement level
(according to [26])
C-sl1 0.24 0.0220 Fair
C-S2 0.39 0.0001 Fair
S1-S2 0.09 0.4020 Poor

Table 1. Summary of Kappa statistics

The results indicate that there is a poor agreement (statistically non-significant — the
significance level is above 0.05) between subjects S1 and S2. However, the subjects’
classifications are in fair agreement with the classification done by the classifier of the
whole set of stereotypes (fair agreement with both subjects, significant at the levels of
0.022 and 0.0001 respectively for C-S1 and C-S2). The fact that the subjects were in
agreement with the classifier supports the decision of choosing C as the classifier for
the whole set of stereotypes at the same time minimizing the risk of obtaining an
incorrect classification. Nevertheless, the fair agreement level indicates that there is a
dose of personal judgment in the classification. This judgment can be caused by the
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fact that none of the subjects has developed these particular stereotypes that were used
in the study. Furthermore, as it was also found in a similar study in [13], the fact that
the subjects and the classifiers were not the creators of the objects of classification
could be one of the factors that could result in the low classification agreement. In
order to minimize the influence of a personal judgment, a consensus meeting was held
after step 4. The objective was to discuss the different perspectives on each classified
stereotype of each subject. The meeting resulted in establishing a common
understanding of the different categories and which stereotypes should be included in
them. Additionally the meeting provided us with the reasons for classifying particular
stereotypes into each category. This in our opinion improves the objectivity of the
classifier.

5.3. Results of the Study

While analyzing types of stereotypes, the starting point for considerations of the
properties is the purpose of the stereotype: i.e. investigating the appropriate category
in the classification according to the role of stereotypes. After the consideration of the
role of stereotypes, the properties of stereotypes from the perspective of the
expressiveness of stereotypes need to be considered — i.e. investigating the
appropriate category in the classification according to the expressiveness of
stereotypes.

The results of the study are presented in Fig. 3. The nodes in the structure represent
different groups of stereotypes and the edges represent the percentage of stereotypes
that belong to the appropriate category in the node below. On the lowest level of the
structure there are categories in the classification according to expressiveness. In the
middle level there are categories in the classification according to the role of
stereotypes. The top level node represents all stereotypes in the study.

Studied stereotypes

24% 34% 42%
Code generation Virtual metamodel extension Model simplification
30% 70% 34%, 38% 28% 90% 5% 5%
Restrictive Redefining Descriptive Restrictive Redefining Decorative Descriptive Restrictive

Fig. 3. Results of investigation of 98 stereotypes — grouping of stereotypes

The results of the study were the basis for elaborating types of stereotypes. Certain
types of stereotypes, however, were not present in the study, e.g. (code generation,
decorative). The results indicate that there exist some relationships between different
categories in these classifications which make certain stereotypes (decorative) not
usable for a certain purpose (code generation). The identified types of stereotypes are
presented in Fig. 4 together with the percentage of stereotypes in this study that
belong to each type.
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Fig. 4. Frequencies of types of stereotypes in the study

The figure shows that the most common type of stereotypes is type (model
simplification, decorative). This observation shows that stereotypes are used to
designate specific elements and their usage for altering the semantics of the extended
elements is not very often.

6. Properties of Types of Stereotypes

We examined stereotypes of each type by conducting a qualitative analysis of their
definition and usage. Properties of each type of stereotype are presented in the
following section grouped according to the role of stereotypes.

6.1. Code Generation

Fig. 3 shows that there are two categories of code generation stereotypes, restrictive
and redefining stereotypes. A close investigation of these two types: (code generation,
restrictive) and (code generation, redefining). It shows that all code generation
stereotypes possess common properties:

e base model elements (i.e. the elements the stereotype is extending) are usually
concrete meta-classes from the UML metamodel as the concrete meta-classes
have rules on how they should be used in the designs (some also have some
standard code generation rules built into modeling tools),

e “templates” for code generation as part of the semantics of the stereotype;
sometimes the “template” can be defined as a specific tagged value (provided
that the code generator can interpret it), and

¢ no additional graphical icons defined for their presentation.

A way in which the templates for code generation are specified depends on the used
code generator. The mechanisms of code generation should be investigated before
creating code generation stereotypes (except, naturally, for profiles intended to be
standardized — e.g. the UML Profile for CORBA — in which the templates can be
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given only in textual form as the profiles are not dedicated for any specific tool —
other examples of code generation templates can be found in [27, 28]).

6.1.1. Redefining Stereotypes
The stereotypes in this group redefine the semantics of their base elements. The
redefinition of semantics makes the stereotyped instances of base model elements
completely different from non-stereotyped ones. The semantics of the stereotypes of
this type is defined by the semantics of the element in the target language which the
stereotype represents. The redefinition of the semantics usually requires that the
stereotyped elements are used in models only with other stereotyped elements. The
redefining code generation stereotypes possess:
e tag definitions which have custom-defined data types,
e constraints restricting the usage of the stereotyped elements so that they can be
used only with other stereotyped elements,
e semantics of the stereotyped elements that differs significantly from the
semantics of the semantics of the model element being extended.
The data types of tag definitions are defined as part of the same profile. There exist
certain exceptions as not all tag definitions have custom defined data type. A few
stereotypes in the study had tag definitions which had standard data.

An example stereotype of this type is «KCORBATypedef» from the UML profile for
CORBA. It is a stereotype that can be applied to classes. The stereotyped classes can
be used only with relation to classes that are stereotyped with other stereotypes from
the CORBA profile. Furthermore, the stereotyped classes cannot have attributes and
the code to be generated for the «CORBATypedef» stereotyped classes is very
different than the code to be generated from non-stereotyped classes.

6.1.2. Restrictive Stereotypes

This type of stereotypes is used if an element in the target programming language is
similar to an existing model element in UML although it lacks certain properties.
Using model elements stereotyped with stereotypes of this type is allowed in most of
the cases when the base model element can be used, but there are restrictions on the
usage of the stereotyped elements(c.f. [6]). Stereotypes of this type have:

o tag definitions which types are custom-defined or built-in data types,

e constraints “restricting” the usage of the stereotyped elements in certain

situations in which the base modeling element can be used,

e semantics making the semantics of the extended model element more precise.
The data types used for tag definitions can be both custom-defined (most often) or
built-in.

As example stereotype of this type is «CORBAStruct» from the UML Profile for
CORBA. The stereotype is applied to classes in UML and makes the semantics of
classes more precise, e.g. that all the attributes should be public. Its constraints state
that the « CORBAStruct» stereotyped class cannot be used in some situations when
the non-stereotyped class can be used.
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6.2. Virtual Metamodel Extension

Virtual metamodel extension stereotypes can be categorized into three categories in
classification according to expressiveness: redefining, restrictive and descriptive. The
virtual metamodel extension stereotypes are stereotypes that are used to add new
constructs into UML.

6.2.1. Redefining Stereotypes

Virtual metamodel extension stereotypes which are also redefining stereotypes are
stereotypes that are intended to create a new (sub-) language based on UML. In many
cases these stercotypes have been created based on metaclasses from another
metamodel (further referred to as the defining metamodel). The defining metamodel
specifies “a language” that is intended to be used as a member of the UML family of
languages. Examples of this kind of metamodel-based profiles are the SPEM Profile
or the UML Testing Profile [29]. They both have defining metamodels, which are
then “translated” into UML profiles. The UML Profile for CORBA is similar, but the
designers of the profile explicitly name the metamodel “virtual” and use only
stereotypes in it.

The stereotypes of this type have:

e constraints stating that the stereotyped elements are allowed to be used only
with other stereotyped elements,

o tag definitions (if defined) of custom-defined types (corresponding to attributes
of the model element in the defining metamodel which is the basis for creating
the stereotype),

e semantics of stereotypes in this group differs from the semantics of their base
elements and is defined based on the defining metamodel (which is the base
for abstractions denoted by stereotypes) and not the UML metamodel,

e base classes are concrete meta-classes in the UML metamodel as the
redefinition of the semantics is usually restricted to only the concrete meta-
class being extended, and

e icons with concrete syntax specified for the defining metamodel.

Examples of this type of stereotypes are stereotypes presented in [6] as typical
redefining stereotypes, «actor» and «use case» in early versions of UML. These
stereotypes change the meaning of the standard modeling elements (class) and in fact
create a new kind of diagrams in UML (use case diagrams) which are different from
class diagrams.

6.2.2. Restrictive Stereotypes
The difference of this type in comparison to the previous type is that the semantics of
the stereotypes is based on the semantics of the base model element, e.g. when the
abstraction in the defining metamodel is based on an element in the UML metamodel.
Just as the redefining virtual metamodel extension stereotypes they are based on
defining metamodels. Thus the stereotypes in this group have:

e constraints restricting the usage of the stereotyped elements — they cannot

always be used in places of the base model elements,
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e Dbase classes are most often (but not always) concrete meta-classes from the
UML metamodel, the abstract meta-classes are rather uncommon as base
classes for this type of stereotypes,

e tag definitions of custom-defined types (corresponding to attributes of the
model element in the defining metamodel which is the basis for creating the
stereotype),

e semantics making the semantics of the extended model element more precise,
and

e icons with concrete syntax specified for the defining metamodel.

A representative of this type of stereotypes is «GRMdeploys» from the UML Profile
for Performance, Schedulability and Time [30]. The stereotype restricts the usage of
the stereotyped element in certain situations and the data type of the tag definition is
custom-defined (defined as part of the same profile).

6.2.3. Descriptive Stereotypes
Virtual metamodel extension stereotypes which are descriptive stereotypes are
defined in order to make the structure of existing modeling elements more precise in a
new context (although these stereotypes usually do not represent elements from any
defining metamodel). They are characterized by:
e types of tag definitions being usually standard data types specified in the UML
metamodel,
e base classes can be both abstract and concrete meta-classes from the UML
metamodel,
e no constraints restricting the usage of the stereotyped elements, and
e usually no icons.
The tag definitions are usually used by external tools. An example stereotype of this
type is the «GenericExport» stereotype from the TTDExport profile in Telelogic Tau
G2. The intent of this stereotype is to provide means of connecting elements in the
model with other artifacts, for example relating a class to a piece of Java code in
Eclipse (but not for the generation of the code itself) or linking a class to a
requirement in Telelogic DOORS.

6.3. Model Simplification

Model simplification stereotypes are intended to be used for designating certain
model elements. Thus they are usually the simplest of stereotypes and they merely
change the concrete syntax of the stereotyped element. The name of the stereotype is
usually the main element of its definition and it reveals the intention of the stereotype
of all types of stereotypes for model simplification. Most of the stereotypes created
for this purpose belong to the category of decorative stereotypes (90% of all model
simplification stereotypes). A common property of model simplification stereotypes
is that their semantics is specified in a very loose form, e.g. only an intension of a
decorative model simplification stereotype.
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6.3.1. Decorative Stereotypes
Most of the model simplification stereotypes are decorative stereotypes. They have
the following properties:
e no tag definitions,
e no specific semantics, i.e. they are used for decoration of specific model
elements, and
e icons associated with them to enable more effective recognition of stereotyped
elements.
An example stereotype in this group is the stereotype «hidden» from the set of
predefined stereotypes in Telelogic Tau G2. The stereotype means that the
stereotyped elements should not be visible in a certain view in the tool. The stereotype
does not add new properties to the extended model element, but it causes that
stereotyped model elements are treated in a different way in model explorer in the
tool (although they are treated in the same way as non-stereotypes model elements in
models).

6.3.2. Descriptive Stereotypes
Some model simplification stereotypes add properties to the stereotyped model
elements. The tag definitions provide additional information about the “context” of
making the element distinct. The properties of this group of stereotypes are:

e tag definitions which usually are of standard data types,

e 1o constraints, and

e no icons.
An example stereotype in this category is «commentedClass» from [5, p. 155] which
provide means of adding information (as a tag definition) about authors of classes in
UML designs thus making the stereotyped elements special in the design.

6.3.3. Restrictive Stereotypes
Finally, there are also certain stereotypes, which to some extent restrict the usage of
the stereotyped element though they are not intended to create a new modeling
element (thus they are not virtual metamodel extension stereotypes). They are used to
designate the elements and impose light restrictions on the elements denoting that the
simplified element sometimes should not be used (the restrictions then designate the
situations in which the stereotyped element should not be used). The restrictions are
usually specified only informally. The properties of these stereotypes are:

o tag definitions which are usually of standard data types,

e constraints that restrict the usage of the stereotyped model element, and

® 1o icons.
An example stereotype which was found to be a restrictive model simplification in the
study is «UseCasePackage» from the UML Profile for Software Development
Processes [2, p. 4-4]. Applying the stereotype restricts the packages to be used only in
specific contexts.
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7. Basic Guidelines on Assessing Quality

The elaborated properties of the types of stereotypes are to be used as assessment
criteria. Modelers who use the properties for assessing quality of a particular
stereotype should:
1) Find the type of the stereotype, i.e. answer the questions:
a) What is the purpose of the stereotype?
b) What changes the stereotype introduces to the base model element?
i) Does it redefine the semantics of the base model element (i.e. is it
redefining)?
ii) Does it make the semantics of the base model element more precise (i.e.
is it restrictive)?
iii) Does it add any tag definitions (i.e. is it descriptive)?
iv) If none of the above, then it is a decorative stereotype.
2) Check whether the stereotype has properties of the stereotypes of this type

The stereotypes which are of a good quality should possess the properties. These
well-designed stereotypes save the effort for their maintenance since their definition is
as easy as it is possible given their purpose. For example the model simplification
stereotypes are very simple since they are used for simple purposes while the virtual
metamodel extension stereotypes are more complex since they are dedicated for more
advanced purposes.

There might be other types of stereotypes than the types found in the study
although we made our best efforts to include stereotypes from various vendors and for
diverse purposes in order to make the study as broad as possible. If the stereotype is
of a type that is not included in the study it might be the case that the stereotype is too
complex for the purpose it is supposed to serve (e.g. a redefining model simplification
stereotype) and therefore it should be redesigned. Sometimes it is a case that a
stereotype is intended to play two roles — then the stereotype should be redesigned
and split into two stereotypes. It is important that the stereotypes are “coherent” in the
sense that they are serving a single purpose and they are of a single type.

8. Conclusions

Stereotypes play an important role in using UML in an effective way. The set of
standard UML constructs is known to be insufficient for all purposes and the users of
UML often create stereotypes to enrich their set of modeling elements. Since
stereotypes are a notion which is defined by the users of the language and it is
supposed to be instantiated in user models, thus being a part of the language, the
quality assessment is specific. Furthermore, due to the fact that there are various
reasons for which the stereotypes, these reasons influence the way in which the
quality of stereotypes should be assessed. In this paper we provide a way in which a
question “What is a good stereotype?” can be answered. This paper presents a part of
the lightweight process for assessing quality of stereotypes and addresses the research
question on how the existing stereotypes can be used for creating criteria for assessing
quality of new stereotypes. It includes an investigation of a set of stereotypes used in
industry aimed at identifying types of stereotypes. The types of stereotypes reflect the
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purpose for which the stereotypes are created and the changes which the stereotype
introduces to its base model element.

The identified properties of stereotypes are designed to be used in assessing the
quality of stereotypes that have already been created. The assessment is done in the
final phase of creation of stereotypes. Currently in our research we focus on
developing a set of guidelines for creating stereotypes which are appropriate for their
purposes. The guidelines are intended to aid modelers to create “good” stereotypes for
their purposes in a structured way. The intention of the guidelines are designed to be
in a form of simple questions that would guide modelers through the process of
creating the stereotype, beginning from an initial idea of what the stereotype is for and
ending with the set of properties which the stereotype should possess. In our further
research we intend to validate the method in a company creating a framework for
model-driven software development.
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