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Abstract. The success of object-oriented software modelling depends to a large
extent on the ability to create adequate abstractions. While abstraction itself
must remain an intellectual process, a modelling language can support or hinder
this process by offering different kinds or dimensions of abstraction. For in-
stance, adhering to the object-oriented paradigm UML incorporates classifica-
tion and generalization as its key abstraction mechanisms. When it comes to
taking the complexity out of real systems, however, we argue that classification
and generalization alone are ill-suited to produce abstractions that are both
manageable and meaningful. As a remedy, we propose to regard composition as
an alternative form of abstraction, and find that it naturally comes with proper-
ties that are practically needed. We contrast our view of composition with that
of it being a special kind of association, with the composition of deployable ele-
ments, and with UML’s model management constructs such as packaging.

»The introduction of suitable abstractions is our only mental aid to reduce the
appeal to enumeration, to organize and master complexity.« Edsger W. Dijkstra, 1968

(4, p. 2]

1 Introduction

“Among current users of UML, one major complaint is that some of its features do not
scale to industrial-size problems. This deficiency requires some adjustment to the
existing modeling features,; we single out the following two.

o [...] the ability to recursively decompose objects into structures of intercon-
nected finer-grain objects | ...]

e [...] the ability to hierarchically compose and combine individual behavior
specifications [...].” [14]

Indeed, it appears that UML has no sufficient means of recursively partitioning large

models into smaller ones and, conversely, of composing small units of specification

into larger ones. This is surprising, the more so as it is in sharp contrast to certain

older modelling languages as, for instance, the SA language of SADT [8], or SDL [7]:

both languages allow a system to be recursively decomposed into units of which each

one — at a given level of abstraction — completely replaces for the parts of the sys-
tem it abstracts from.

" in: UML 2003: Modeling Languages and Applications Proceedings of the 6™ International Conference
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It seems that some of the benefits of earlier modelling paradigms, based on the idea
of stepwise refinement or functional decomposition, have been forgotten over the ex-
citement about the possibilities of data abstraction and inheritance, perhaps because
functional decomposition is nominally tied to procedural programming, the paradigm
that was to be displaced by object-orientation. Much to the detriment of object-
oriented modelling, however, data models are hard to divide and conquer hierarchi-
cally. In fact, even though generalization was initially regarded as the key to master-
ing the complexity of even huge problem domains, for reasons explained below it
never really worked. As a consequence, object-oriented modellers today are left with
some primitive model management offerings (such as packaging) whose effect on
models does not go beyond that of a pair of scissors on a piece of paper. Relief is des-
perately needed.

In the following, we argue that composition is a natural form of abstraction pos-
sessing properties whose unavailability in UML causes the noted poor scalability of
modelling. We then contrast this notion of composition with its variations currently
manifested in the UML standard, finding that the latter are either subsumed by the
former or out of place all together. To substantiate our argument, we demonstrate how
composition as a form of abstraction can tackle some of the scaling problems of
UML. A discussion with related work concludes our contribution.

2 Different Forms of Abstraction in Object-Oriented Modelling

Everyone in the modelling community agrees that abstraction is the key to mastering

complexity. However, abstraction is a very general concept that has many incarna-

tions. In fact, discovering and precisely capturing the differences between the various
forms of abstraction is central to formally defining a modelling language.

Besides its defining characteristic, namely the reduction of the level of detail, ab-
straction should possess certain technical properties.! In particular, abstraction should
be
* systematic, i.e., there should be rules or guidelines the application of which gov-

erns the abstraction;

* invertible, i.e., there should be some inverse process (“refinement” or “expansion’)
that allows the filling in of information dropped by abstraction;

e recursive, i.e., it should not be limited to a single level of abstraction;

* encapsulating, i.e., the elements that have been abstracted away should be invisible
to the abstraction’s context;

* structure-preserving, i.e., an abstraction should be able to take the place of the
elements it abstracts from, dragging their structural embedding in the model to it-
self.

In spite of the technicality of these properties, it should be clear that abstraction is an

intellectual process implementing non-trivial modelling decisions, in particular that

! Because of their impact on the modelling process, we refer to these as model abstraction (as
opposed to domain abstraction) properties.
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despite the property of being systematic, it cannot be automated. Note that being
structure-preserving does not imply that abstraction is also type-preserving: the prod-
uct of abstraction can be of a different type than the elements it abstracts from; in fact,
it can abstract from elements of different types.

We can identify at least three different kinds of abstraction that are of use in ob-
ject-oriented modelling: abstraction through classification, abstraction through gener-
alization, and abstraction through composition. As we will argue, of these the third
has the most favourable properties; characteristically enough, it is also treated rather
negligently in the current UML standard.

2.1 Classification

A classifier abstracts from a set of instances sharing same structure and behaviour.
Classification corresponds to the transition from an element to the set, or class, where
the class is something abstract, in particular, something which does not itself exist in
the modelled domain. For instance, in a domain with several documents and other
things there is no one entity that could be called “Document” (if anything, there might
be a prototypical document). In Russell’s type hierarchy, classifiers reside one level
above their instances. The inverse of classification, instantiation, reduces the type
level.

Classification is recursive, meaning that classifiers can be classified. Because clas-
sification invariably raises the type level, classifiers of classifiers are abstracter still;
consequently, they too have no representatives in the modelled domain. In object-
oriented and data modelling, the classifiers of classifiers are often called meta-
classifiers; in fact, classification is the “Metaisierungsprinzip” [17] forming the levels
of the ISO IRDF [5] and the OMG’s MOF [11]. However, the use of recursive classi-
fication for domain-specific abstraction is quite limited; rather, leading from model-
ling to meta-modelling it is sometimes used for language specification.

In object-oriented programming terms, a class is considered a unit of encapsula-
tion, since it separates the interface from the implementation. In object-oriented mod-
elling, however, the encapsulation property of classification means something differ-
ent: for a classifier to encapsulate, it must hide the instances it abstracts from in the
context in which it occurs. While this is characteristically the case for diagrams on the
specification level, encapsulating the instances of a single classifier (as seen on a
combined object/class diagram) cannot be structure-preserving, since dragging the
links to other instances to the class would make the links span two type levels (from
the instance to the type level), significantly changing their meaning. However, unlike
generalization and composition, classification is usually not applied individually: in
fact, in presence of strict levelling classification cannot be performed on a single
model element — rather, it must be applied to all elements of a diagram. In this case,
the encapsulation property of classifiers is granted as above; in addition, if the parallel
classification of the structural embedding (e.g., links to associations) is accepted as
leaving the meaning of the structure unaltered, then this form of abstraction is also
structure-preserving, although not in the strictest sense. We will return to this obser-
vation below.
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Figure 1 indicates the special role of classification as an abstraction mechanism:
while generalization and composition are obviously infinitely recursive, recursiveness
of classification would require that Instance and Classifier were comprised un-
der a single concept. However, the distinction between a class and its elements is pre-
sumably the single most important achievement of modern logic, and giving it up in
modelling would set back the discipline to the dark ages of semantic nets.

composition generalization

classification
Instance Classifier

Figure 1. Different forms of abstraction

2.2 Generalization

Of the different forms of abstraction, generalization is conceivably the most promi-
nent in the object-oriented community, the more so since its inverse, specialization,
goes hand in hand with inheritance, one of the defining characteristics of object-
oriented technology. At first glance, generalization seems to be a powerful concept:
ever since Aristotle’s introduction of genus et differentiae as a conceptual framework
for structuring the universe, people have come up with myriads of taxonomical order-
ings that have served their purpose well.

Although generalization plays an important part in the structuring of modelling
domains, it causes some nontrivial problems, too. In fact, since the specializations of a
model only exist because the differences they introduce (the differentiae) do matter,
the general is rarely a sufficient representative of its specializations. In a class dia-
gram, this usually materializes in associations ending at specialized classes, express-
ing that none of their siblings can play the required role, even though they are com-
prised under the same abstraction (the generalization). When hiding the classes sub-
sumed by the generalization from a diagram (exploiting the abstraction for model
management; see below), these associations cannot be faithfully redirected to the gen-
eralization (since it does not possess the required properties); they must be dropped
instead. Generalization, therefore, cannot be encapsulating and structure-preserving at
the same time.”

It appears that the prominence of generalization is the true crux of object-oriented
modelling: while being a defining characteristic, it promises what it cannot deliver,
namely to serve as the primary mechanism for the mastering of complexity. Indeed,
while generalization helps structure a model and its diagrams, its use for simplifica-
tion through the omission of detail comes at a high cost. Hence, as a form of model
abstraction (in the sense of Footnote 1), generalization is largely a letdown.

2 The problem can be boiled down to the simple observation that class hierarchies can gener-
ally not be encapsulated by a single interface; instead, they typically define a hierarchy of in-
terfaces (one for each class). In fact, unless the subclasses are completely hidden behind the
root of the hierarchy (the Family pattern [16]), class hierarchies are poor abstractions.
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2.3 Composition

Composition is something very natural: according to most contemporary explanations
of the universe, all things are composed of smaller things, and this recursively down
to the composition of atoms (or whatever the indivisible particles of the world are).
Despite being natural, composition is a form of abstraction: the composite represents
its components in sufficient detail in all contexts in which the fact of being composed
does not matter. It is a question of philosophical debate whether a composite is an ob-
ject in the same right as its atomic components?®; however, since we treat composition
as a form of abstraction [10], we prefer to regard composites as abstract instances
(see below).

Composition is a relationship with two roles, the component and the composite. As
suggested by Figure 2 a), it is both recursive and invertible. Note that the composition
relationship is not defined using UML’s composition symbol; this is intentional,
firstly because the diagram belongs to the metalevel, and secondly because the com-
posite role does not consist of component roles. In fact, Figure 2 b) would introduce
composition to the UML specification analogously to how generalization is intro-
duced [11].

composite

composition
a) «role» comp «rolex» b)
Composite Component
/N /\ Composable Element

R «stereotype» | _____ |
Composable Element
component

Figure 2. a) Pattern describing composition as a model abstraction and b) its transcription to
UML’s metamodel (see text).

As for classification and generalization, composition should not be bound to a par-
ticular kind of composable element. In fact, composition unfolds its true power only if
it composes whole structures (involving model elements of different types) into com-
posites. However, since UML (and object-oriented modelling in general) has no one
notion of composition as a form of model abstraction (especially if compared to the
rather settled notions of classification and generalization), we cannot assert or deny
here the properties of encapsulation and structure-preservation as done above. We can
observe, though, that they are naturally present in the world of hardware, a field that
is notoriously envied by us software people for its successful record of composition;
in Section 4, we will propose a notion of composition for UML that has very similar
properties.

In hardware, components are routinely composed into larger units, the composites,
which combine their components’ functionality into something useful. The combina-
tion is also moulded in hardware: the circuit board for instance and the wires and con-
nectors of an electronic device are, strictly seen, also components, although they are

3 For example, any particular document abstracts from the concrete signs it is made up of. Yet,
the document is somewhat more than its parts; therefore, it would be considered an instance
in its own right [8].
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sometimes only referred to as the “glue” of a composition. Even though the hardware
composite is usually identified as a distinct entity, when using a composite one al-
ways accesses one of its “public” components, the entity itself thus being inaccessible
(and, from a practical standpoint, non-existent). From an abstraction point of view,
however, the “published” properties of the components are regarded as the properties
of the composite as an individual, but abstract entity; this explains why we are led to
think of composites as abstract instances.

As can easily be verified, this kind of composition possesses the favourable prop-
erty of being both encapsulating and structure-preserving, and this without raising the
type level: the abstract (i.e., composite) instance combines all the context’s needed
properties of the structure it abstracts from. It can therefore completely replace for
this structure and drag all structural links to it to itself. Upon expansion (or refine-
ment), the abstract instance vanishes, letting the elements it abstracts from take its
place.

2.4 Comparing the Different Forms of Abstraction

The identified properties of the different forms of abstraction in object-oriented mod-
elling are summarized in Table 1. Not incidentally, composition appears as the most
complete form of abstraction; as will be detailed in the following sections, we sup-
pose that the absence of a corresponding abstraction mechanism in UML accounts for
much of the decried lack of scalability.

Table 1: The properties of the three different forms of abstraction

PROPERTY CLASSIFICATION GENERALIZATION COMPOSITION
systematic yes yes yes
invertible yes yes yes
recursive no" yes yes
encapsulating yes mutually yes
structure-preserving yes exclusive” yes
domain abstraction weak strong strong
model abstraction strong weak strong

except for metamodelling
if context is also subject to classification
unless in very special cases (see text)

Based on their different technical properties, the different forms of abstraction have
different uses in modelling. Classification or, more characteristically, its converse in-
stantiation serves the purpose of model integration: for example, it shows how an ob-
ject diagram or a collaboration diagram on the instance level corresponds to the static
structure of a system as declared in a class diagram (the model abstraction). Except
perhaps for very special (meta-)modelling issues, instantiation does not capture do-
main information (beyond the trivial fact that the objects of a domain are grouped into
certain classes, the domain abstraction).
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Generalization on the other hand primarily helps structure the modelled domain: it
is a means of expression given to the hands of the modeller, who can organize his
classifiers in an abstraction (the generalization) hierarchy that reflects subsumption
relationships of the problem domain (a domain abstraction). At the same time it
serves as a basis of model integration, by inheriting the properties of a classifier
shown in one diagram to its specializations shown in another. As has been argued
above, however, its use as a model abstraction is rather limited.

Like generalization, the role of composition is twofold: it serves to capture domain
abstractions (which elements of a model are meaningfully assembled into larger
units), and it is a means of model integration (components in one diagram may be
composites in another). Because of its combined capability of producing encapsulat-
ing and structure-preserving abstractions, however, its model abstraction capabilities
go beyond that of generalization: as will be detailed below, it can serve model man-
agement.

Figure 1 raises the question whether generalization is a meaningful concept for in-
stances, and whether composition can be applied to classes. Quite obviously, the gen-
eralization of instances could be introduced as the basis for instance-based inheritance
(of prototype-based languages), even though the general instances are not necessarily
abstractions. The second question is trickier: if classes were composed into a compos-
ite class, the composite would have to be an abstraction (but not a generalization!) of
the composed classes, ideally one that is both encapsulating and structure-preserving.
Although inner classes appear to be a possible interpretation, the consequences of
such a view, especially as concerns the transfer of the composition relationship to the
instances, need to be carefully investigated.*

3 Composition in UML

3.1 Composition as a Special Form of Aggregation

In UML, composition is a special form of aggregation, which in turn is a special form
of association. While aggregation is a close to meaningless concept in UML (“The
distinction between aggregation and association is often a matter of taste rather than a
difference in semantics. [...] Think of it as a modelling placebo.” [13 p. 148]), com-
position has a much stronger semantics. Unfortunately, this semantics is owed to
equating composition with joint memory allocation, and to claiming that for a class to
have composition associations is equivalent to it having attributes [11, p. 2-66].

4 Tt is important in this context that declaration of composition and composition itself are not
confused: although the composability of instances of certain classifiers into composite in-
stances of another classifier can be declared on the type level, the actual composition occurs
at the instance level. If composition of classes (as a form of abstraction) were to be declared,
this would have to take place on the metalevel.
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Whereas issues of memory management are clearly outside the scope of modelling,
equating composition with having attributes degrades the components of an object to
its properties. It seems that UML has no useful conceptual interpretation for composi-
tion; in fact, it does not even promote it as a domain abstraction. Its suitability as a
model abstraction (usable for model management) is not conceivable from the stan-
dard; all in all, composition is not put forward as a means for the reduction of detail.

Composite Objects. UML defines a composite object as a notational shortcut for an
object and its attribute objects (or an object and its parts connected to it by composi-
tion links) [11, p. 3-67]. Resembling a memory contour, this notation is suggestive of
the memory allocation semantics of UML’s composition definition; however, it hints
at how composition might be used to hide away detail, albeit only for objects.

3.2 Components and the Component Diagram

In UML, “a component represents a physical piece of implementation of a system, in-
cluding software code (source, binary, or executable) or equivalents, such as scripts or
command files.” [11, p. 216]. In particular, components “package the code that im-
plements the functionality of a system” [11] (p.216), but “a component does not have
its own features (for example, attributes, operations), it acts as a container for other
classifiers that are defined with features” [11] (3-171). Even though components are
abstractions in the sense that they are model artefacts representing physical (i.e., real)
entities, they are neither domain nor model abstractions; in fact, they suffer from the
same shortcomings as packages (see below).

The home of components in UML is the component diagram, in which components
can be placed in a context: “A component diagram is a graph of components con-
nected by dependency relationships. Components may also be connected to compo-
nents by physical containment representing composition relationships” [11 p. 3-170].

Although it is possible to express the composition of components, the composite
(the outer component) is merely a container and cannot produce instances that ab-
stract from the components and drag the relations to them (from the outside) to them-
selves. Instead, UML allows it that a classifier representing the externally visible
logic and functionality associated with the component (also called the “dominant
class” [11 p. 219-220]) can be introduced and marked with the focus stereotype.
This corresponds to an application of the Facade pattern and hints on the closeness of
component diagrams to the implementation level; in fact, it appears to be a technical
workaround bringing component oriented semantics into a class oriented world, and is
not compatible with our view of composition as a model abstraction.

3.3 Model Management

UML comes with at least two other forms of recursive (de)composition: the division
of a model into packages, and the division of a system into subsystems. Both mecha-
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nisms are intended to help manage the complexity of a model, by allowing the recur-
sive grouping of model elements.

A UML package comprises a loose collection of other (subordinate) packages and
arbitrary model elements owned by the package. This entails that the package struc-
ture is a forest enhanced by the possibility to import packages not directly or indi-
rectly owned. A package has no semantics; although it can structure models (in a
similar vein as paragraphs can structure a text), a package is not an abstraction of its
contents. In particular, a package is not structure-preserving (since it cannot drag the
structural embedding of its contents in a context to itself). Only by use of the facade
stereotype is it possible to create a composite for a package that can be considered an
abstraction of its content. However, such is really a design pattern and not a native
modelling element of the language.

A UML subsystem constitutes an independent part of the whole system. Equipped
with interfaces it “represents a behavioral unit in a physical system” [11, p. 2-192].
The model elements of a subsystem are divided into specification and realization ele-
ments. Apart from additional structure, “a subsystem is a package and has package
properties” [11, p. 459]. Thus, as a model abstraction, it suffers from the same weak
semantics.

4 Composition for Model Management in UML

The previous sections showed that UML has various notions of composition, but lacks
one that takes the complexity out of models. With UML currently being rebuilt, we
refrain here from suggesting changes to the language definition. Rather, we formulate
two postulates for the introduction of composition to a future UML:

1. Composition should remain a domain abstraction, i.e., it should continue to tag cer-
tain elements of a model as composites (“wholes”) and others as components
(“parts”), as found appropriate for the modelled domain.

2. At the same time, composition should become a model abstraction, i.e., it should
be possible for model elements that are (meta-)classified as composable that they
can be abstracted (together with their structure) into a composite. By taking on the
external properties of the abstracted components, this composite should be able to
completely replace for the composed model elements in the context of its occur-
rence.

These two postulates grant that — besides being a means of capturing certain abstrac-
tions identified by the modeller as structuring the modelled domain — composi-
tion/decomposition receives a status comparable to that of generalization/specializat-
ion and classification/instantiation, in particular that it comes with strong model man-
agement semantics. Specifically, composition should allow the expansion of single
model elements into detailed views composed of other model elements interconnected
to achieve the purpose of the composite, and this expansion mechanism should be in-
vertible and uniform to all kinds of (de-)composable model elements. To illustrate
this, we shall go through a set of concrete examples.
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4.1 Composition at the Instance Level

Object Diagrams. Although not the most popular diagram type, object diagrams are
very useful for identifying (and defining) composition relationships. For example,
Figure 3a shows an exemplary set of interconnected objects constituting a parser.
Note that according to the UML specification, aggregation has no special semantics
(as regards model management): if a modeller decided to reduce detail by dropping
the nodes and the symbols, the (indirect) connection between aParseTree and
asymbolTabTe is lost.

«composite»
anlDE

a) b)

[ » |

p «composite»
’ piler | aRefactoringTool anEditor
parseTree

l aParser > aGrammar < alexer ] «composite» aGrammar «composite»
aParser alexer

masterST

l aStack l [aParseTree] [aS 'mbolTable| l bSymbolTable ]
masterST «composite»
aniDE

aCompiler

c)

ref
l aNode H bNode > aSymbol ] l bSymbol ]
«composite» | parseTree | «composite» «composite»
d) aRefactoringTool aCompiler anEditor

«composite»
anIDE aGrammar aGrammar

Figure 3. a) conventional object diagram describing the structure of a compiler using UML’s
aggregation to designate its parts (standard composition could also have been used where
deemed appropriate) b) composition diagram showing the compiler in a larger context, with
some of the details abstracted away; the composition relationship has special semantics (see
text) c¢) acompiler collapsed with parseTree and relationships to aGrammar being redi-
rected d) highest level of abstraction

Figure 3b is different in that is employs a form of composition with properties as pos-
tulated above, i.e., one that — besides serving as a valid domain abstraction — is an
encapsulating and structure-preserving model abstraction. Note that, even though the
(sub)components of aParser and aLexer have been dropped, the (indirect) relation-
ship of aParser and aLexer is retained (a consequence of structure-preservation). In
the same vein, the newly added aRefactoringTool needing access to the parser’s
parse tree accesses aParser instead. When the components of aCompiler, aParser
and aLexer, are subsequently abstracted away, the associations of Figure 3¢ are in-
troduced to preserve the original structure.

Note that the diagrams of Figure 3b and 3c do not separate different levels of ab-
straction, since some composites are shown together with their components in one
diagram (the corresponding compositions are expanded). Alternatively (and analo-
gous to SDL), but too spacious to be shown here the components of the expanded
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composite together with their interconnections and relationships to the outside world
could be shown in a separate diagram, so that each diagram would cover only one
level of abstraction. In this case, only the «composite» stereotype indicates at the
composite level that there is something hidden underneath. Such is the case in Figure
3d: anIDE, a composite, hides all its internals (except for the fact that one or more of
its components need access to aGrammar).

Abstract Instances. Indeed, it is not anIDE itself that holds a reference to
aGrammar: this instance — like all other instances of Figure 3 stereotyped composite
— is a mere abstraction artifact serving, at the given level of abstraction, as a place-
holder for the object structure it abstracts from (that is, it is composed of). When ex-
panding (or drilling down) the abstraction, the instance dissolves, with all references
to and from the abstraction being redirected to the corresponding responsible parts.’
Of course the modeller is free to introduce a fagade or focus object for each composite
which takes on the position of the abstract instance at the component level. This fa-
cade object may realize the requests to the composition by collaborating with the
other components, but the relationship between the fagade and the other parts of the
abstraction is not that of composition: it may be regarded the components’ primus in-
ter pares (or “primary object” [19]), but it is not the composite. Thus, at the lowest
possible level of abstraction no composite instances will be left, which is why we re-
gard them as abstract instances.

Collaboration Diagrams. A collaboration is a structure of objects interconnected so
that through interacting they can jointly fulfil a certain purpose. A collaboration speci-
fies a composition of interacting objects, but the common abstraction, the composite,
is not shown. It is useful however to regard the collaboration itself as an abstract
(composite) instance that possesses the behaviour specified in the corresponding col-
laboration diagram(s).

With the whole collaboration diagram being regarded as the (partial) specification
of an abstract instance, a recursive decomposition of collaboration diagrams reduces
to assuming that one of its collaboration objects is itself a composite, i.e., abstract in-
stance.’ The instance then stands for (expands to) a lower level collaboration as indi-
cated above, and a call to an operation decomposes to the calls specified in the ab-
stracted collaboration. In a way, the composition of collaboration diagrams introduces
functional decomposition into UML.

Use Case Diagrams. Use cases are units of functionality; they can be related through
generalization and dependency relationships. Adding the dimension of composition, a
uses case can be recursively decomposed into smaller-grained use cases, from which
it abstracts. Even if semantically this is partially redundant to the other possibilities of

5 For instance, there need not be a concrete instance aParseTree when a reference to the root
node of such a tree suffices. Note how this accords with the hardware analogy of Section 2.3.

¢ Because a classifier role in a collaboration diagram stands for an instance of a certain type,
we treat collaboration diagrams on the instance and on the specification level alike.
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relating use cases, it reintroduces the traditional function tree to software modelling,
complementing the functional decomposition resultant from nested collaboration dia-
grams.

4.2 Impact of Composition on the Type Level

As has been noted previously, we have tied composition to the instance level; yet the
composability of objects of certain types is something that is declared on the type
level. As indicated by Figure 1, instance and type level are related through classifica-
tion, which is a systematic abstraction process (cf. Section 2). By applying this proc-
ess to Figures 3a and 3b, Figures 4a and 4b can be derived as classification abstrac-
tions.” The point of question here is whether and how abstraction through composition
translates from the instance to the type level.

In mapping Figure 3a to the class level, the symbol tables of aParser and aLexer
are abstracted to a single class SymbolTable (Figure 4a). Consequently, the refer-
ence from aSymbolTabTe to bSymboTTable maps to an association from Symbol-
TabTe to itself. At the same time, the information that a parser has access to the sym-
bol table of a lexer is lost: the parser’s symbol table could equally well hold a refer-
ence to itself (or some other symbol table not owned by any lexer). Thus, without fur-
ther information abstraction through composition on the class level cannot faithfully
restore or drop (abstract away) this association: Figure 4b cannot be derived determin-
istically from Figure 4a.

If on the other hand the abstracted object diagram of Figure 3b is mapped to the
class level, the relationship from Parser to Lexer is naturally retained, as shown in
Figure 4b. It is instructive to note that, although Parser is collapsed (hiding Parse-
Tree and other classes delivering the components of a parser) Stack and its associa-
tions are still present; this is so because Stack is also referenced from some other
class (the class not being shown), and since this reference may have nothing to do
with parsing, it cannot be redirected to Parser. As a matter of fact, declaring a com-
position between Parser and Stack does not mean that the class Parser is an ab-
straction of the class Stack, only that instances of Stack may serve as components
of instances of Parser (as well as composites of instances of many other component
types). We therefore conclude that abstraction through composition on the class level
is but a consequence of abstraction on the instance level (¢f. Figure 1); performing it
on the class level directly (if only for the purpose of model management) requires ad-
ditional information, specifically information that pertains to the instance level.

One further issue needs mentioning. Replacing a component at an association’s end
by a composite (as, for instance, is the case in Figure 4b, where Parser and Lexer
replace for SymboT1Table at the ends of mastersST) results in a typing problem: the
composite — if represented by a class — is usually a different classifier than its com-
ponents. Expanding or collapsing a composition would then entail the change of an
association end’s (or attribute’s) associated type. However, this problem is not a prob-
lem if every such association connects to an interface (as opposed to a class), and if

7 For illustrative purposes, a reference to Stack has been added.
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the component and the composite implement the same interface. In fact, since the
composite class is abstract in the sense that its instances are abstract (i.e., physically
non-existent, meaning that they do not survive to the lowest level of abstraction)?, it
suffices to equate a »composi te« classifier with a collection of behaviour specifica-
tions (analogous to the collaboration roles of a collaboration diagram, with no need
for a dedicated class definition). That having associations end at interfaces is both
natural and solving many problems of the UML specification so that it should be the
rule rather than the exception is strongly argued for in [15].

a) b) IDE

[ |
.. RefactoringTooll l Compiler l l Editor l

parseTree

Pars G L 1
l e T%‘ S ﬁ o l Parser I%‘ Grammar '61 Lexer l

‘ ’—? ‘ masterST
aStack [ParseTree] l SymbolTable f m

l Node ref> Symbol ]

Figure 4. a) Class diagram abstracting (through classification) from Figure 3a. b) Classifica-
tion of Figure 3b, which cannot be derived through composition from 4a (see text).

1SJeIsew

5 Related work

While composition as a means of assembling components (in the sense of component-
based software engineering) is certainly an exhaustively covered topic, composition
as a model abstraction mechanism appears not to be. Even though composition (under
the name of aggregation) was already incorporated in the semantic data model [1], its
potential impact on model management, in particular for mastering the complexity of
real systems, has to our knowledge not been sufficiently exploited.

One of the few notable exceptions is the reference model of open distributed proc-
essing [6], which adopts a notion of composition very much in line with ours:
“Composition:

a) (of objects) A combination of two or more objects yielding a new object, at a dif-
ferent level of abstraction. The characteristics of the new object are determined
by the objects being combined and by the way they are combined. The behaviour
of a composite object is the corresponding composition of the behaviour of the
component objects.

8 Again, the modeller is free to introduce concrete fagade classes, but these are no composites.
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b) (of behaviours) A combination of two or more behaviours yielding a new behav-
iour. The characteristics of the resulting behaviour are determined by the behav-
iours being combined and the way they are combined.” [6] (p. 5)

However, the standard (as well as several other works relying on it, such as the UML
Profile for EDOC [12]) leaves it open how to integrate composition thus defined into
a modelling language such as UML.

Among the few approaches addressing this topic are those by Wienberg et al. [19],
and by Cariou and Beugnard [3]. Wienberg et al. have proposed what they call dy-
namic components (runtime entities based on objects) as a generalization of compo-
nent instances and nodes of the UML implementation diagrams [19]. They introduce a
new association type (called component link, similar to aggregation) which designates
the relationship between the component and its subcomponents (should be: the com-
posite and its components). Composites are themselves objects; they are called the
primary objects of a composition. Upon coarsening (zooming out) of a model, the
primary objects are the only entities that remain of a composition; they inherit the
structure and behaviour of the abstracted components as accessed from the outside.
This is applied to both structural (object) and behavioural (collaboration and se-
quence) diagrams on the instance level. On the type level, component structure is ex-
pressed by a component aggregation stereotype.

Our major criticism of this approach is that the primary objects are concrete objects
that in a collapsed view are specified with properties they do not possess, leading to
unresolved inconsistencies between different views of the same model. In fact, the
primary object is sometimes, and sometimes not the complete interface to the compo-
nent. Also, Wienberg et al. present their work mainly as a set of notational extensions
(stereotypes) to various diagram types, leaving the integration into the language core
(in particular the delimitation between their newly introduced and existing model
elements) open. Lastly, by considering only the instance level, the authors fail to ad-
dress the specification of component types, one of the most interesting aspects of
component-based modelling.

Cariou and Beugnard have proposed the reification of UML collaborations into in-
teraction components, called mediums [3]. Mediums are special classes specifying the
protocol covered by the collaboration. However, despite the fact that the medium is to
represent the collaboration as a whole, it is dependent on additional interfaces, namely
those of the components the medium interacts with, so that it appears that the medium
is rather a controller coordinating the collaboration than a representative of the col-
laboration itself. Although certain parallels to our view of collaborations as composi-
tions are observable, our work is much more general.

6 Conclusion

We have proposed to complement classification and generalization with composition
as a third form of model abstraction. By identifying five technical properties of ab-
straction and their impact on the process of modelling, we have made plausible that
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composition has particular potential to let the modeller recursively assemble and de-
compose models, maintaining manageability at all levels of abstraction.
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