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Abstract allow unambiguous understanding and they allow computer
aided modelling with model editors or model transforma-
Meta-modelling programming frameworks enable engi- tions. Meta-modelling platforms [22] achieve this required
neers to deal with models, defined through object-oriented precision by defining languages themselves through models.
meta-models, in the environment of programming lan-Concluding, those language models —meta-models—are
guages. Existing frameworks use redefinition relationships also defined by models. This technique is usually used in
between meta-model classes to encourage reusable metéor layers: data (M0), models (M1), meta-models (M2), and
model design. In contrast to existing platforms the upcom-meta-meta-models(M3). To terminate this chain of models,
ing MOF 2.0 OMG recommendation proposes the meta-the M3 layer is usually the top layer, modelled with its own
modelling language CMOF that also includes the possi- concepts.
bility to define redefinition, and sub-setting constraints be-  Such meta-modelling platforms are realized in numer-
tween the properties of meta-model classes. ous existing meta-modelling frameworks. Each modelling
In this paper we extend existing implementation strate-framework comes with a concrete M3 model that defines
gies and language mappings to realize these new features irall meta-modelling concepts available in a concrete frame-
a MOF 2.0 implementation. We proposes a Java languagework. Each framework defines functionality, APls, and se-
mapping for the CMOF-model, based on method overwrit-mantics to create and modify model elements. The Meta
ing with changing return types and generic collection types Object Facility (MOF) [25, 5] , for example, is best known
that allow reasonable static type safety. Furthermore, we as the modelling platform used to defined the Unified Mod-
describe the semantics that are needed to implement funcelling Language (UML) [6, 8]. MOF is a platform inde-
tionality for adding and removing property values that auto- pendent modelling framework, hence it is described with
matically yields sub-setting constraints. UML and abstract IDL interfaces. In contrast to MOF, the
Eclipse Modelling Framework (EMF) [11] was develop as a
framework that is more centred on programming with mod-
els. Therefore, it is tightly connected to an implementation
language, which is in this case Java.

Mod ft " lex. To deal with thi In order to facilitate models in applications, like tools
odern Software systems are complex. 10 deai wi 'S for computer aided model driven development, models de-

complexity engineers use abstractions. Abstractions are deﬁned in a distinct framework must be accessible in a pro-

scription_s that leave out unnecessary dgtail ar_ld can be eXgiramming language. Where frameworks like EMF already
pressed in models. In software engineering object—onentedcome with a programming language interface, do others,

modelling is used for all aspects-of a system: st_ructure, be1ike MOF, need a language mapping that maps the abstract
haviour, deployment etc.; modelling is used at different lev- modelling concepts to a concrete programming platform.

els of detail. For instance, engineers distinguish be'tweenAn IDL mapping [25, 15] and a Java mapping (M1 [21]) ex-

p!atfor_m independent and platform dependant mo‘?'e's- EnTst for MOF. These language mappings serve two purposes:
gineering based on_models'has lead to Model I_Drlven De'ﬁrst, they define an application programming interface for
velopment (MDD) W.'th OMG's Model Driven Archltecture. creating, modifying, or storing models, and second they ex-
(MDA) [24] as an widely used and excepted model centric
development methodology. IThere is a different kind of frameworks, like the eXecutable mod-
The models used in such processes are written in distinctelling framework (XMF) [12], which feature a M3-model that is expressive

: e nough to completely self-describe the semantics of the framework. The
Ianguages. Those Ianguages define SpeCIfIC syntax and S§dvantage is that those framework are completely closed systems that do

mantigs for the concept; _Of a modelling Ianguage. Suchnot depend on an external programming environment. But they do not, at
modelling language definitions have to be precise in order toleast for now, scale very well.

1. Introduction




press model elements as objects in the programming envimore static type checking at runtime than JMI or EMF do
ronment, i.e. map M3-model concepts to the concepts ofby using new Java features, and the mapping maps CMOF'’s
the chosen programming language. new property redefinitions to Java’s covariant return types.
With the next major release of UML also comes a new The framework includes a mechanism that uniformly han-
major release of MOF. The corresponding MOF 2.0 recom-dles associations and sub-setting constraints as relations be-
mendations define the M3 model CMOF, which is used by tween properties and thus can automatically ensure the im-
the UML 2.0 recommendations to define the new UML with plied subset constraints.
CMOF itself. In contrast to older MOF versions, and com-  The following section 2 introduces existing implemen-
parable frameworks like EMF, it introduces new relations to tation strategies for meta-modelling repositories and com-
express specialisations between model elements. First, thipares them to the work presented in this paper. Furthermore,
is the redefinition of properties, like attribute or association itintroduces other work that addresses the subject of CMOF
ends, which allows to refine a property when it's owning language mappings and semantics. Section 3 describes a
classifier is specialized. Second, CMOF allows to define CMOF Java language mapping that uses covariant return
subset relationships between properties, which constraindypes and generic collection types for a more convenient
the values of one property to form a subset of the value of programming and enhanced type safety. Section 4 explains
another. the details of property subsets and introduces semantics that

With this features, CMOF enhances modularity and the allow uniform handling of associations and the automatic
possible use of abstractions within meta-models and thusuPdate of subset properties. The concluding section 5 visu-
enforces the reuse of concepts. With this, in addition @lizes the possible impact of this work on meta-modelling
to CMOF's packet merges, UML 2.0 could be defined in frameworks and suggest further work.
its highly modular fashion, where each UML superstruc-
ture concept is a combination of abstractions provided by 2, Related Work
UML's infrastructure. These techniques, important to UML
2, are also important for the modular definitions of other Multiple meta-modelling frameworks and their imple-

languages, especially when they are based on UML, i.e. ar§pentations exist. We start with a brief introduction into two
UML-profiles. popular frameworks: EMF and MOF. After a short discus-
Besides improvement in meta-modelling as in the sjon of the ideas and solutions used in these frameworks
CMOF-model, programming languages have advanced toognd what of them could be reused in our implementation,
Existing Java language mappings of meta-modelling frameye introduce other research work that is important to real-
works do not utilize important features of newer Java ver-ize aspects that are not covered from existing frameworks.
sions. Interesting here are covariant return types and gener- The Eclipse Modeling Framework (EMF) [11] and
ics. Covariant return types means that Java allows the reframeworks based on the MOF 1.x recommendations [25]
turn type of an overwriting method to be a specialisation are widely used modelling frameworks. Gerber and Ray-
of the overwritten method's type. Generics are templates ond have compared MOF and EMF in [16] to bridge
of classes or interfaces; concrete realisation of such a temne gap between the two communities that have assembled
plate, replace placeholder types with concrete types. Thataround MOF and EMF. The conclusions from Gerber and
way collections of elements can be written for a concrete Raymond are that both frameworks are conceptually very
element type with out knowing that type in advance. Those simjlar, hence they are both frameworks for object-oriented
features should be used to create modelling frameworks tha?neta-modelling; they model concepts with classes, typed
are safer to program (less casts and more static type checlgytriputes, allow multiple inheritance, modularisation with
ing) by using generic collection types for sets of property packages and package nesting. But where the EMF puts
values, and covariant return types for the redefinitions of more emphasis on simplistic programming with meta-data
model features. and thus comes with a smaller meta-modelling language,
In this paper we solve the following two problems. First, MOF has richer meta-modelling concepts and puts empha-
existing Java language mappings do not include newersis on more expressive modelling.
CMOF features, nor do they utilize generics or covariant  The Java Metadata Interface (JMI) [21] presents a Java
return types. Second, in order to implement CMOF prop-language mapping for the MOF 1.x recommendation, and
erly we need semantics for property sub-setting that can bethus gives Java users a meta-modelling framework based
implemented in a modelling framework that automatically on the MOF, which does include a Java language mapping

ensures sub-setting constraints. itself. JMI is implemented, among others, by SUN'’s Meta-
To solve these problems, we developed a CMOF baseddata Repository [3] and the ModFact project [2].
modelling framework, calledd MOF 2.0 for Java[l]. It The three mentioned implementations of modelling

includes a Java language mapping. This mapping allowsframeworks EMF, MDR, and the ModFact repository offer a



common feature set and have all similar design. They offer of constraint for property values, another constraint kind is
a build in repository for meta-models, support code gener-imposed by associations.

ation for user defined repositories based on meta-models. The implementation of associations is an often discussed
Models and meta-models can be loaded into repositoriesaspect in modelling. Associations can be implemented as
using XMI [28] based import and export facilities. Model objects in their own right, which realize a bi-directional
elements can be accessed using either generated interfaceslationship using references from the association object
or a meta-model independent reflection mechanism. All (link) two the linked objects. This approach is chosen in
three implementations store models in an uniform and metaMOF/JMI and was favoured by Rumbaugh et al. [27, 16].
model independent instance model, which is wrapped byThe approach, championed by Graham et al. and used in
a layer of delegators that presents the reflection functionalEMF [18, 16], realizes associations ends as references that
ity, and that is itself wrapped by generated typed interfacesare constrained to be opposites of each other. We use the
(that extend the general reflection interfaces) and that alsecond approach, because it is easier to unify with property
low access to the model via classes, properties and methodsub-setting, which is just another way of constraining prop-
that have names and types based on a corresponding meterties.

model.

The basics of those frameworks are well understood and3. A Language Mapping
proven. Therefore, we use the same architecture in our
framework, as well does our language mapping follow the A Janguage mapping is needed to use MOF based mod-
general rules for a MOF based repository that are definede|s in a programming |anguage; it defines how model ele-
in JMI. However, the existing frameworks and their corre- ments are represented by objects in the programming lan-
sponding meta-modelling languages do not support the newgyage, how such elements can be created, modified, or
MOF 2.0 features: refinement of classifier features and SUbde]eted using a programming |anguage' A |anguage map-
settings between properties. Basically do existing platforms pmg maps CMOF concepts to the concepts of a program-
cover the smaller brother of CMOF called EMOF (essential ming language. In case of the object-oriented CMOF-model
MOF), which is tailored for simpler and easier to realize and the object-oriented programming language Java, this is
modelling. Another fact is that none of the existing plat- often straightforward: model elements are mapped to Java
forms uses generic collection types for value collections, opjects, their classifiers to interfaces and classes, CMOF
what usually leads to statically unsafe programming prac-properties to Java propertfesind so on.
tices, including an annoying number of type casts and ex- We choose to realize a CMOF mapping for the Java pro-
tensive use of runtime type interspection with itngtanceof gramming |anguage’ because Java offers a flexible type sys-
Java operator. tem. Compared with IDL (the recommended language to

For the CMOF model, the MOF 2.0 IDL [15], issued by describe an interface to MOF), Java provides two important
the OMG, presents a MOF language mapping to OMG’s features that IDL does not: (Qovariantreturn types that
platform independent Interface Definition Language (IDL) were introduced with Java Platform 2 Version 1.4 and (2)
[4]. Unfortunately this work is heavily constrained by lim- genericsintroduced with Java Platform 2 Version 5. Those
itations imposed through the very strict static type system features will prove necessary for a convenient modelling
of IDL. For instance, the type constraints implied by the API. The importance of covariant return types and generics
redefinition of properties cannot be reflected in the targetwill be discussed later in this section. For more informa-
language, because IDL does not support operation overwrittion on static type checking and static semantics in object-
ing with changing return type (covariant return types). This oriented languages refer to [23, 17].
work presents value collection with concrete types. Since The previous MOF recommendation MOF 1.x [25]
IDL does not have a build in mechanism for generic types,and its Java mapping defined in thava Metadata Inter-
those collections are generated for each type defined inface(JMI)[21], already constituted the common practices
a meta-model. This idea can be improved to work with for a MOF to Java mapping. We propose a language map-
generic collection types in Java, and can be enhanced tging that follows these practices: Every model element is
exploit the possibility of covariant return types offered by represented through a proxy object that implements the in-
the Java programming language. terface that corresponds to the according meta-class. To call

Ameluxen et al. [10] developed templates of Java code OPerations on a model element, or to access its attributes, or
that realize the semantics of sub-setting in association enddinked objects, according Java methods have to be invoked.
and attributes or more general in properties. Here the updatér more information about MOF semantics and language
of a property value also triggers updates to subset propertiednappings refer to the olIOF 1.4[25] andJMI [21] or the
in order to keep values of properties subsets of each other. 2Java properties are member variables, accessible through a pair of get-
This can be generalized: sub-setting is only a special kindand set-methods




newMOF2.0 Facility and Object lifecyclf9] and MOF2.0 +p
IDL [15] recommendations.

We extend this mapping to solve two problems: (1) JMI
does not have support for CMOF's feature redefinitions, (2)
JMI does not incorporate the possibility of generic types,
hence programming with JMI often requires class-cast and
reflection on runtime types. Common functionality, like
model navigation, property updates, object creation, etc. D B B'
has to be programmable in short and safe idioms. Following +p
that rationale means that long chains of calls and numerous
cast should not be necessary in the usual case.

The rest of this section will handle the detailed mapping
of features; features are attributes, association ends, and op-
erations. The next three subsections will cover (1) redefini-

t!ons of features, (2) r_ngrging of classes (a spgcial a,pplica'example,p’ can be access in any context theis accessi-
tion of feature redefinition), and (3) features with arbitrary ;o £, properties that allow output- and input-access, like

multiplicity. member variables, onipvarianttype changes are allowed.
) o We want to investigate what this diversity means for
3.1. Mapping redefinitions mapping the example given in figure 1. When a class
with propertyp : A is specialized by clas® with prop-

The UML 2 Infrastructure library (which includes ab- erty p’ : B, wherep’ redefinegp and A < B, then accord-
stract, basic definitions for the MOF model) allows an el- ing to the basic JMI mapping rules two interfaces are cre-
ement to redefine other elements in the context of an generated. Interfac&€ with methodsA C::getP()  andvoid
alisation relation. The abstract concepdefinitionhas dif- C::setP(A value) , as well as interfac® extends
ferent semantics and syntactic implications in its concrete C with methodsB D::getP()  andvoid D::setP(B
realisations. value) will be created on the Java side.

For properties it must hold that a redefining property is In Java terms: B D:getP() redefines A
as least as restrictive as the redefined, or, in other words, thé€_::getP() , since it has the same signature. Fortu-
redefining property has tbe consistent witlhe redefined  nately Java supports covariant return types, and this piece
property. In detail, the multiplicity of the redefining prop- of language mapping preserves the intended semantics.
erty must be included in the multiplicity of the redefined The set-methods, on the other hand, are problematic. In
property, the redefining property must be derived when the order for a method to redefine another methodofarride
redefined is, etc. The constraint that the type of a redefiningto overwrite is what it means to redefine in Java), the argu-
property must be covariant (ihust conformto the type of ments of the redefining method must only change contra
the redefined property, is important for the language map-~variant. But the argument of the update method changes

{redefines p in C}

Figure 1. Redefinition example

ping. A propertyp”:B of type B can redefine:A of type A, covariant. Thereforeoid D::setP(B value) does

if B is a direct or indirect subtype of, denoted asi <—B. only overload void C::setP(A value) . Unfortu-

This is acovariant type change nately overloading does not have the semantics wanted.
But for most implementation languages more restrictive ~ Take the callc.setP(avValue) , wherec is a refer-

rules apply. Because many of those languages try to asence of type”' andaValue is of type B’ with A <—B’ but
sure static type safety, the type system has to be more renot necessarily3 < B’. Since references are polymorph in
strictive. Some of these languages are Java, C++, and IDLJava, it is possible thatreferences a value of typge. What
Most of those languages have the following, or even more are the semantics of this call in this particular context?
restrictive redefinition semantics: In the context of a output- The proxy object that implements the interfabehas
access, like getting a property value, or receiving the returnto implement both methodsid C::setP(A value)

of an operation call, the type can changmvariantwhen and void D::setP(B value) . Since both methods
the accessed feature is redefined. Since the redefinition casimply overload each other (despite their shared name),
masquerade as the redefined, the redefining element can bilie mentioned calt.setP(aValue) will invoke void
access in any context the redefined can be accessed in. IR::setP(A value) . This is becausaValue has type
the context of a input-access, like setting a property’s value,B’, which is incompatible wittB.

or providing the arguments for an operation call, the type  But this is not what MOF intends; instead we waht B

can change onlgontra variant because only this way the intype D to be updated, since it redefines A in C'. There
redefinition can still masquerade as the redefined. In theis only one slot (value container) defined by the redefining



propertyp’. This slot is used for both propertipandy’ be- S S
cause both describe actually the same property just with dif- bRy i
ferent types. The reason for the mappings failure is that we ‘(,mm’*layc‘;jgw%{(fﬁﬁ'r?:i'j;i;,

AType  [tproperty AClassifier
(from PackageB) (from PackageB),

try to do a covariant type change on both, a output-access R 4
(getP ) and a input-access€tP ), on the same property. R I
But static type safety can only be assured for a writing ac- <<merge>> <<merge>>

\

cess with contra variant type change. In other words static ; 4
type safety for redefining a property with both output- and |
input-access can only be assuredifmarianttype changes. ATyes | [ ACIassifier

The solution to this problem is to postpone some type (rom Meroes)
checking from compile time to run time. The proxy object’s hepebiad Sy il
implementation ofroid C::setP(A value) must re-
alize that it is redefined; it has to check whethatue is
of type B or not. Ifvalue is of type B, it delegates and Figure 2. Merge example
callsvoid D::setP(B value) ; if it is not of type B,

it raises a type check exception. That way, retrieving avaluetimes for the definition of the CMOF model. For example,

can be type checked statically. To type check the setting &he CMOF package is a merge of EMOF and UML infras-
value is only possible against the most general type of a re;

definition- lote t hecking. h . bl ttructure’s Constructs.
rlfnltri]rlnlgny complete type checking, however, Is possible at -, e example, the merge leads to multiple interface in-

Redofiniti h he redefini | h giff heritance and a method that redefines two methods that are
edefinitions, where the redetining element 1as a diMler; herited from different super interfaces. The Java language
entname, are anpthe_r troubling point. The mapping leads ,todoes not forbid such a redefinition, but it does so, when the
Java methods with different names and .h(.a.nce different S'9%wo inherited methods have incompatible return types. And
natures, and therefore there is no redefinition at Java IevelsincePackageA"AType andPackageB:AType are
we can apply S|m_|lar solution _to solve_th|s problem: The unrelated and therefore incompatible with each other, this
according method implementation realizes that the repre'mapping leads to faulty Java code. This holds true even
Rihen the redefining method has a return type, which is con-
checks, and delegates the call to the method that represent§, \cted to be compatible with bofPackageA::AType
the redefining.property. - andPackageB::AType

For operations, MOF allows operation arguments t0 1 tact that such a mapping does not work in Java, does
change covgrlant when redefined. T_h's is a bit peculiar ‘_"mdnot necessarily mean that it cannot work for other static
th_e semantlcs are no further described. When operathnstyped languages. From a type checking perspective the re-
with covariant arguments are mapped to Java, overloadmgdeﬁning method has a type that is covariant to both rede-

semantics apply. Since overloaded methods are selected 8hed methods and the problem lays in the too restrictive
compile-time it cannot be assured that the wanted operationtype system of the Java language

is called. As before, the implementations of the correspond-
ing Java methods have to decide at runtime with operation,
is to be invoked? 4

(fom Merged)|~, ety

For the Java mapping the only satisfying solution that

we could find is to use theombinesemantics described in

MOF 2.0 Core. Combine is a special kind of merge, where

o ) ] the merging package contains all classes and features as

3.2. Multiple inheritance and merging it would with the regular merge, but all redefinitions and

generalisation relations to the merged packages are omitted.

Even more challenging for the Java type system is the This leads to a package with types that have all desired fea-

redefinition of multiple properties as they commonly occur tures, but that do not conform with the types of the merged

when packages are merged. In the example, shown in figpackages.

ure 2, two classes with a property of same name, but differ-

ent types, are merged. For instance, MOF used this severa8.3. Higher multiplicity

3This paper does not explain the runtime semantics of operations in de- . h . tiplicity: i h
tail. But, CMOF operation can basically be mapped on Java methods with Properties can have arb|trary multiplicity; it means that

implementations that the user has to provide, since the operation behaviouthey can represent a collection of values. Elements with
cannot be expressed with CMOF. such a multiplicity have to be mapped differently. For prop-

4possible other semantics for operation parameter that could be Workederties with higher multiplicity only one access method is
into a language mapping, aneulti-methodg14]. The implementation of

such operations is resolved based on the runtime types of the arguments t@enerated with a Java type that allows to contain a collec-
on operation call. tion of values. To update the values of the property, the



collection retrieved through access method invocation has When implementing such operations, non trivial ques-
to be changed. In order to allow type safety and convenienttions arise that can not be answered by static constraints.
programming that collection has to preserve the type of its The basic problem is: When the user makes a local change
elements. Java supports generics to parameterise collectioto a model, what else has to be changed in the model as
types with concrete element types. a whole in order to let all constraints still be yield. For in-
Those collections preserve type safety for both, output-stance, when you add a value to a property that subsets other
and input-access to its elements. But this houses anotheproperties: How to change the model in a way that the sub-
problem: Two collection typeSet < A> and Set < B > setting constraints are still fulfilled?
are not compatible to each other, evendit—B. That We refine the semantics for associations and property
means, if property’ : B in D redefinesp : A in C and sub-setting in this section. We propose a mechanism that
both property’s have multiplicity that implies a collection uniformly includes semantics for associations and property
of values then the mapping ®et<A> C::getP() and sub-setting. This is reasonable, because associations and
Set<B> D::getP() does not work, because the two re- property sub-settings are two special cases for constraints
turn types are incompatible and would cause a compile timebetween properties. Associations impose a bi-directional re-
error. Generics are only compatible for invariant context lationship between properties—namingly association ends;
type parameter due to the fact that a generic may use a cor&nd property subsets imply that the values of one property

text type parameter for a output- and a input-access. always form a subset for the values of another property. Be-
For such cases Java allows to weaken the generics’ corfore we proceed to explain the semantics in a formal man-
text parameter: The reference tyget<? extends ner, we want to discuss our and other approaches to both

B> is covariant toSet<? extends A> . The context Subjects: associations and property sub-setting.
parameter is now unbound to covariant types. The negative Associations have been used since the early works
side on unbounded context parameter is that every methodn object-oriented design; semantics and implementation
that uses this context parameter as a type for one of its argustrategies have been discussed widely. There are two gen-
ments (input-access), can not be called anymore. The rezral possibilities: (1) associations are classifiers in their own
son is that the object beyond the reference of (gpe<? right with possible properties and specializations between
extends A> could have a more restrictive context and associations; realized though association instances that link
therefore static type safety can not be assured anymore. ~ associated objects (Rumbaugh [27], MOF/IMI [5, 25, 21]);
The solution to modify collections with unbound ele- (2) associations are simply realized by unidirectional refer-
ment type is the same as the solution for modifying rede-eNCes with yalues that are constrained by the association
fined properties: The type checking is postponed until run-(Graham, Bischof, Henderson-Sellars [18], EMF [11]). We
time. We implemented generic collection classes that useUSed opportunity (2), because it defines an association as a
the most general Java ty@bject as element type for any constraint on the va_llues of two corresp_on_dmg propertl_es. In
method that modifies the collection, but a concrete type for MOF those properties are called association ends, which are
all methods that return elements of a collection. That way,basically properties of the associafipnThis allows us to
static type safety is assured for output-access on the colbandle associations in a similar way as we handle property

lection’ members, but modifying access can only be type Subsets. However, realizing associations using constrained
checked dynamically. properties internally, does not mean that it is impossible to

maintain the appearance of associations as classifiers and
links as their instances.
4. Semantics for Associations and Property Property sub-setting is a new feature in MOF and avail-
Sub-setting able in the CMOF-model. Amelunxen et al. [10] use the
following approach: When adding a value to a property, it
is also added to all subset properties and their subset proper-
Y%ies and so on. This is straight forward; the values of proper-

: ties remain subsets. When removing a value from a subset,
[5] and the related recommendation UML 2.0 Infrastruc- 9

. . remove it also from properties that are subsets to that prop-
ture [6]. However, the models in those recommendations brop brop

. : -erty, concluding subsets remain subsets. We agree with the
are only described as static constructs, and therefore their Y 9 g

. : : adding process, but the removing seems troubling. Imagine,
semantics are defined only for static models; the recommen-
dations express semantics only in static conditions. But 5The CMOF itself (the same for the UML or older MOF version) use
model repositories—basically dynamic programs—define the Rumbaugh way of modelling associations. In CMOF an association
operations to create model elements, operations to add VaE a_class!ﬂ_er. As each_ cl_assmer, an association has m(_amber properties,
. . ut in addition an association has member ends, sub-setting member prop-
ues to the properties of an object, or remove values from thegyies. These special properties associate classifiers (the property’ types)

properties of an object. with each other

The semantics for associations and property sub-settin
in the CMOF model are explained in the MOF 2.0 Core




adding a value to property with subset property’ and Model)
deleting the same value fromagain. It will be added t@’,
but not removed fromp’. The remove operation does not
completely reverse the add operation. This does contradict /) A
typical add/remove semantics.
We propose a different approach: Every time a value is Az{s“bﬁff o
add, we keep the information on which places the value is - : az
added (this information is later on calleét of depending foubets o1y | 545
sloty. Whenever this value is removed, it is also removed
from all other properties that is was once added to. That
way, we completely reverse the original intention of adding a3
the value, {subsets a2}
In the remainder of this section we define the semantics 1) u=
for adding and removing property values on a set theoretic
basis. After we give some basic definitions, that relate rele-
vant CMOF concepts to sets and relations, we introduce the
notion of slots, and sets of depending slots. Finally we use
those definitions to define semantics for adding values and
removing values from object properties. ®620),,

B2

B3

(0:A2,v:B3,a3) 2) u=(0:B3,v:A2,b2")

(b1,0

4.1. Properties, Slots, and Depending Slots

May P donate the set of all properties in a meta-model.
We define forpg,p; € P the relationp, <, p <
pi. redefineg;. It reflects redefinitions given in the meta- 3)u=(0:A2.v:B2,:a2) 4) u=(o:A1.v:B1.at)
model. We define a reflexive, transitive hull fer, as
P1L=r P2 D1, D0 Pk <r D1 Pn <r LLADL <y
p1-..pn <- Pr. The equivalence classes-6f form slots.
We defineslot(p) = {pi|p; = p} as a function that gives
the corresponding slot to a property. (b2,0)

@v) b1o)E<—2 @ alv)

(b2,0)

- . © (82,¥) O@2v)
Later on we will use slots as container for property val- ©2.00 62,00
ues. Because there is only one slot for all properties that
redefine each other, the notion of slots has also redefinition
semantics attached to it . O @) O@3w)
There are two relationships between slots, imposed by
rela_\tionships_between co_rre_sponding properties. Fi_rst we Figure 3. Update-set examples
define a relation for associations; for two sletssy, — is
defined as:
regarding an update as a set of updat€s:). It is defined
§1 7 82 & 31 € Slh’p2 € Szb' . o recursively; it contains the updateand all updates that are
p1,p2 are the members of an association  j5jiaq py associations and sub-settings for the properties
Second is the definition of a relation for sub-setting; is N updates inis(u):
defined for two slots, s, as:
81 —s So < dpy € 81,2 € So : p1 SUbsEtP, start : (0,v,5) € ds(u)

(01,v1,81) € ds(u) A s1 —q S2
(v1,01, 82) € ds(u)
(01,v1,81) € ds(u) A s1 —5 S2
(01,01, 82) € ds(u)

association :

Based on those relations we construct a set of depend-
ing slots. Therefore, we define an updateuas: (o, v, s), subset :
whereo denotes an object that contains staindw is the
value that the slot shall be updated (either added to the
slot, or removed from the slot) with. To keep this simple Given the constrains in the UML-Infrastructure (that
we only consider object values here. For that mattele- CMOF is based on), which regard validity of redef-
notes always an object. We define a set of depending slotsnition and subset contextsds(u) can only contain




(03,03, 8:), (0,v5,8;) € ds(u) with (0; = 0; ANv; = E |= NonSeto,u,p A Eoop; ...opn |= NonSeto,,p
v;) V (0; = v; Av; = o;). In other words an update will Eoadd (o,v,p)oopy . ..op,oremove (o,v,p) E
only concern two objects, the object that is updated and the NonSet, v p

value that the object is updated with. o When adding values to a property, all depending proper-
The example in figure 3 shows a model with five prop- ties are updated too. This is straightforward, opposite as-
erties with different association and subset constraints beg,.iation ends are assigned accordingly and subset proper-
tween them. Below the model you see different examplesi;eg are updated to remain supersets. The remove, however,
of update sets. Dependencies between all slots are drawpyight he more peculiar. When removing a value, it is also
as arrows; every dependent slots is markedaghe origi-  geleted from the set of depending slots that was originally

nating slot that the update is initiated on, is marked as big ,seq to add the value. This especially means that for all
bullet. The first example (1) shows the update set for valueph <oy Dn AN (05,04, 8;), (05,05, 8;) With p; € s;,p; € s

v (an object that has at least typ3) on objecto (at least of ands,, s; € ds((0, v, slot(p))):
type A2) for propertya3. Sometimes there are several rea- Y o

sons why a slot depends on the originating slot; they have Eoadd (o, v,p)oremove (o;,v;,p;) E A

different arrows pointing at them. Because of the symmetry Eoadd (o, v, p)oremove (o;,v;,p;) = A

of —, the update set for adding a valudat least typed2

on objecto (at least of typeB) to propertyb2’ in example In other words, no matter on what slot of depending slots

(2) contains the same slots as in example (1). Examples (3)of (o, v, p) we remove a previously added value from, all

and (4) show smaller updates where the propertieand slots that were originally updated when adding the value,

al are updated. are considered. That way, all values are removed that are as-

signed to the original intention of adding a value. Example

1 in figure 3 for example: No matter whetheis removed

from b1, b2, or b2’ or v is removed fromul, a2, or a3, they

are all removed, because the reason for each value is in each
Meta-modelling frameworks use operations on models to g|ot thaty has been added i@8. The same holds for the

modify them. These can be object creation, deletion, or thegther examples.

adding and removing of values to and from properties. May  The rules given here are far from complete. Unfortu-

Op be a set of such operations. We only want to give se-nately it is not possible to give all rules, considering all

mantics foradd (o, v, p) € Op andremove (o,v,p) € Op. possible operations, within the scope of this paper. A lot

These are parameterised operations that add or remove 8f non-trivial cases arise especially in the context of certain

value v in property p of objecto. May E denote the  property features, like ordered values, uniqueness of values,
state of an model.E = Op1 ©...00pPy results from suc- mult|p||c|t|es1 non Object_valueS, etc.

cessively calling operationsp; € Op. For eachE and

objecto, f, g(p) denotes the set of values that the prop- .
erty p of objecto has in stateE. We use these function 5. Conclusions and Future Work

4.2. Add and Remove Values to Properties

in predicatesP(f,, &, -- -, fo,.r). Alternatively we write ) _ )
E |= P(f,.,..., f.,) to denote that a stat yields predi- In this paper the language mapping and semantics

model were presented. UML 2.0 and MOF 2.0 allow the
redefinition of classifier features in the context of a generali-
jsation; this advantage can be preserved for the Java mapping
by using covariant return types. Further more can generic
collections types be used for a type safe access to values
of properties with higher multiplicity. Compared to the pro-

The predicatesiiiSet, , , and NonSet, , , describe a
model state, where all depending slots of update:, p)
contain the according value, and a model state where al
those slots do not contain those values.

AllSetop = V(0,vi,5i) € ds ((0,v, slot (p)) gramming practice with MOF 1.x and JMI better abstract
Vpi € 512 0i € fo,(pi) definitions and programming with out heavy usage of type
NonSety o, = Y(0i,vi,5:) € ds((o,v,slot (p))) : casts and reflection are possible. Only the modifying ac-
Vpi € 55 0 & fo,(pi) cess to redefined properties can not relayed to the native
static Java type checking, and it has to be done at runtime.
Using those predicates, the following rules desceitie The presepted sema}ntics for asspciations and thelsub-setting
andremove : of properties allow implementations for automatic update
of depending properties when the values of a property are
E = NonSet, . p changed. The presented work was implemented in a Java
Eoadd (0, v,p) = AllSet,,, modelling framework called MOF 2 for Java



This MOF 2 implementation transfers all the possibilities based systems.
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