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The LNCS Journal on Data Semantics

Computerized information handling has changed its focus from centralized data
management systems to decentralized data exchange facilities. Modern distribution
channels, such as high-speed Internet networks and wireless communication
infrastructure, provide reliable technical support for data distribution and data access,
materializing the new, popular idea that data may be available to anybody, anywhere,
anytime. However, providing huge amounts of data on request often turns into a
counterproductive service, making the data useless because of poor relevance or
inappropriate level of detail. Semantic knowledge is the essential missing piece that
allows the delivery of information that matches user requirements. Semantic
agreement, in particular, is essential to meaningful data exchange.

Semantic issues have long been open issues in data and knowledge management.
However, the boom in semantically poor technologies, such as the Web and XML,
has boosted renewed interest in semantics. Conferences on the Semantic Web, for
instance, attract crowds of participants, while ontologies on their own have become a
hot and popular topic in the database and artificial intelligence communities.

Springer's LNCS Journal on Data Semantics aims at providing a highly visible
dissemination channel for the most remarkable work that in one way or another
addresses research and development on issues related to the semantics of data. The
target domain ranges from theories supporting the formal definition of semantic
content to innovative domain-specific application of semantic knowledge. This
publication channel should be of the highest interest to researchers and advanced
practitioners working on the Semantic Web, interoperability, mobile information
services, data warehousing, knowledge representation and reasoning, conceptual
database modeling, ontologies, and artificial intelligence.

Topics of relevance to this journal include:

Semantic interoperability, semantic mediators
Ontologies

Ontology, schema and data integration, reconciliation and alignment
Multiple representations, alternative representations
Knowledge representation and reasoning
Conceptualization and representation

Multimodel and multiparadigm approaches

Mappings, transformations, reverse engineering
Metadata

Conceptual data modeling

Integrity description and handling

Evolution and change

Web semantics and semi-structured data

Semantic caching

Data warehousing and semantic data mining

Spatial, temporal, multimedia and multimodal semantics



VI Preface

Semantics in data visualization

Semantic services for mobile users
Supporting tools

Applications of semantic-driven approaches

These topics are to be understood as specifically related to semantic issues.
Contributions submitted to the journal and dealing with semantics of data will be
considered even if they are not within the topics in the list.

While the physical appearance of the journal issues is like the books from the well-
known Springer LNCS series, the mode of operation is that of a journal.
Contributions can be freely submitted by authors and are reviewed by the Editorial
Board. Contributions may also be invited, and nevertheless carefully reviewed, as in
the case for issues that contain extended versions of the best papers from major
conferences addressing data semantics issues. Special issues, focusing on a specific
topic, are coordinated by guest editors once the proposal for a special issue is
accepted by the Editorial Board. Finally, it is also possible that a journal issue be
devoted to a single text.

The journal published its first volume in 2003 (LNCS 2800), its second volume at
the beginning of 2005 (LNCS 3360), and its third volume in Summer 2005 (LNCS
3534). The first two volumes are special issues composed of selected extended
versions of the best conference papers. The third volume is a special issue on
“Semantic-Based Geographical Information Systems”, coordinated by guest editor
Prof. Esteban Ziményi. This fourth volume is the first “normal” volume, consisting of
spontaneous submissions on any of the topics of interest to the journal. Currently
planned volumes include a special issue on emergent semantics.

The Editorial Board comprises one Editor-in-Chief (with overall responsibility)
and several members. The Editor-in-Chief has a four-year mandate to run the journal.
Members of the board have a three-year mandate. Mandates are renewable. More
members may be added to the board as appropriate.

We are happy to welcome both readers and authors, and hope we will share this
privileged contact for a long time.

Stefano Spaccapietra
Editor-in-Chief
http://Ibdwww.epfl.ch/e/Springer/



JoDS Volume IV - Preface

This fourth JoDS volume is the outcome of the selection of papers spontaneously
submitted to the journal, in particular in response to a Call for Papers issued on July
17, 2004. The call invited submissions on any topic that falls within the scope of the
journal.

Altogether, 38 submissions were reviewed. After the first round of reviews, 24
submissions were asked to perform a major revision and resubmit. Most of these were
actually resubmitted and went through a second round of reviews, with the same
reviewers as allocated for the first round. Eventually, 10 papers were accepted for
publication, after some last modifications suggested by the reviewers.

Accepted papers cover a wide range of topics, from traditional data semantics
(information modeling, data model transformation, knowledge representation, data
and schema integration) to the newest trends (multimedia, Semantic Web annotation,
information extraction, and knowledge discovery).

A new Call for Papers is open at the moment for a volume to appear in 2006. We
are looking forward to your contributions.

Stefano Spaccapietra
Editor-in-Chief



VIII Preface

In Memoriam

Prof. Maurizio Panti

On July 3, 2005, at 9:45AM, Prof. Maurizio Panti, Head of the Department of
Computer, Management and Automation Engineering at the Polytechnic University of
Marche, passed away.

Approximately seven months earlier, he had been diagnosed with a late-stage
aggressive cancer. In this brief period of illness, he never stopped his activities,
showing devotion to his work and students and a strong will power that will be an
example for all of us. He spent his final hours surrounded by family and friends.

Prof. Maurizio Panti was full professor of Information Systems and Data Bases. He
promoted the growth of informatics both in academia, contributing to the foundation
of the Informatics Institute, which then developed into the present department, and in
the regional economic arena, also serving as a member in the Scientific and Technical
Board for the Regional Information System.

His loss will be greatly felt by all those who knew and worked with him.

Prof. Hongjun Lu

Prof. Hongjun Lu was a world-renowned researcher who served the database
community with dedication and distinction in various capacities over the years. He
was a trustee of the VLDB Endowment, a member of the ACM SIGMOD Advisory
Board (1998-2002), an associate editor of IEEE Transactions on Knowledge and Data
Engineering (TKDE), Chair of the Steering Committee of the International
Conference on Web-Age Information Management (WAIM), and Co-chair (1998-
2001) and Chair (2001-2003) of the Steering Committee of Pacific-Asia Conference
of Knowledge Discovery and Data Mining (PAKDD). In December 2004, the China
Computer Federation Database Society honored him with a Contribution Award and,
just recently, he was honored with this year's inaugural PAKDD Distinguished
Contribution Award.

His passing is a great loss not only to the China Database Society but also to the
International Database Society. He has made sustained and outstanding contributions
to the international database research community as well as to database research.



External Reviewers

Organization

All Editorial Board members contributed reviews for the selection of the submissions.
In addition, a number of colleagues helped us in this reviewing task. We would like to
express here our gratitude for their cooperation and our warmest thanks for the job

they did.
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Generic Relationships in Information Modeling
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Abstract. Generic relationships are abstraction patterns used for struc-
turing information across application domains. They play a central role
in information modeling. However, the state of the art of handling generic
relationships leaves open a number of problems, like differences in the
definition of some generic relationships in various data models and differ-
ences in the importance given to some generic relationships, considered
as first-class constructs in some models and as special cases of other re-
lationships in other models. To address those problems, we define a list
of dimensions to characterize the semantics of generic relationships in
a clear and systematic way. The list aims to offer a uniform and com-
prehensive analysis grid for generic relationships, drawn from a careful
analysis of commonalities and differences among the generic relation-
ships discussed in the literature. The usefulness of those dimensions is
illustrated by reviewing significant generic relationships, namely, mate-
rialization, role, aggregation, grouping, and ownership. Based on those
dimensions, a new metamodel for relationships is proposed.

1 Introduction

Information modeling is the activity of creating abstract representations of some
aspects of physical and social systems and their environment. Information models
are typically built in the early stages of system development, preceding design
and implementation. But information models can also be useful even if no system
is contemplated: they then serve to clarify ideas about structure and functions
in a perception of the world.

Advances in information modeling involve narrowing the gap between con-
cepts in the real world and their representation in information models by iden-
tifying powerful abstractions allowing to better represent application semantics
(see, e.g., [1,29,31,34,38,46)).

Generic relationships are such powerful abstraction mechanisms. They are
high-level templates for relating real-world entities. Well-known generic rela-
tionships include the following.

S. Spaccapietra et al. (Eds.): Journal on Data Semantics IV, LNCS 3730, pp. 1-34, 2005.
© Springer-Verlag Berlin Heidelberg 2005



2 M. Dahchour, A. Pirotte, and E. Zimanyi

— Classification relates a class with a set of objects sharing the same properties.
An object must be an instance of at least one class. It is also known as is-of.
For example John is an instance of class Person.

— Association represents a structural connection among classes. Associations
can be binary or n-ary (n > 3). An example of a binary association is
teaches(Professor,Course). An example of a ternary association is prescrip-
tion(Doctor,Medicine, Patient).

— Generalization relates superclasses to their specializations called subclasses.
Subclasses inherit all properties (attributes, methods, roles, integrity con-
straints) from their superclasses. Subclasses may define new specific proper-
ties. For example, Vehicle is a generalization of Car.

— Aggregation associates an aggregate (or whole or composite) to its compo-
nents (or parts). It is also known as part-whole or part-of. For example, Car
is an aggregation of Body, Engine, and Wheel.

Generic relationships model patterns abstracting collections of related specific
relationships. Specific relationships are instances of generic relationships in a
particular application. For example, Vehicle«—Car is a specific generalization
with pattern SuperClassa—SubClass (see Figure 1).

Generic Relationships

generalization classification aggregation
SuperClass SubClass Class (= _ _
I pel lq—T.l ] l ]<_/r\ [Instancel WholeClass m _PartClass
1
[
is—of  Is—of

]

1

i I
LVehicle H Car I LPerson < i _ Car ! Body

Specific Relationships

Fig. 1. Generic and specific relationships

Research on information modeling has studied other generic relationships like
materialization [9], ownership [48], role [45,10], grouping [33], viewpoint [32],
generation [14], versioning [3,21], realization [25], transition [15], and refine-
ment [41]. These generic relationships naturally model phenomena typical of
complex application domains whose semantics escapes direct representation with
classical generic relationships (i.e., association, generalization, classification, and
aggregation).

Generic relationships play a central role in information modeling. However,
the state of the art of handling them leaves open a number of problems. The
semantics of some generic relationships differs among models. Other generic rela-
tionships have often been badly understood, underestimated, or merely ignored
in some models. In addition, some generic relationships, considered as first-class
constructs in some models, are considered as special cases of other relation-
ships in other models. For instance, in UML [41], the aggregation relationship
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is considered a special kind of the ordinary association, whereas in most models
(e.g., [46,36,19,30,23]) aggregation enjoys a status of its own and comes with
more specific features than those defined in UML. Another example concerns
the grouping relationship relating a collection (e.g., TennisClub) and its mem-
bers (e.g., TennisPlayer). Grouping was defined in [33] as an independent generic
relationship with specific characteristics, while it is just considered as a special
case of aggregation, e.g., in [46,19].

Another problem concerns the adequacy of choosing some generic relation-
ships rather than others when modeling an application domain. For example,
it can be argued that the relationship between students and employees on the
one hand and persons on the other hand is more adequately modeled as a role
relationship than as a generalization. Generalization seems more adequate to rep-
resent the relationship between males and females on the one hand and persons
on the other hand. The idea is that the role relationship captures the temporal
and evolutionary aspects of real-world objects (e.g., persons may be students and
later become employees), while the usual generalization relationship deals with
their more static aspects (e.g., most persons are permanently males or females).

Such difficult questions of adequacy or validity of generic relationships for
modeling real-world situations are not directly discussed in this paper, although
they are illustrated through a number of examples. Instead, the paper precisely
characterizes the structural semantics of generic relationships, to help conceptual
database designers precisely evaluate the adequacy of choosing one model rather
than another.

We argue that some problems with generic relationships mainly concern the
absence of formalizable dimensions or criteria along which the relationships can
be characterized in a systematic way. The paper defines such dimensions and
illustrates their effectiveness by reviewing some generic relationships. Imple-
mentation issues are not presented in this paper. They are discussed in detail
in [8].

Notations and Conventions. Table 1 gathers the main notations used in the
paper. We use UML [41] notations to specify classes, instances, generalization,
instantiation, and aggregation. We add notations to represent concepts that have
no equivalent in UML. We prefer to draw associations as boxes with rounded
corners rather than using the UML notation. As in UML, instances of relation-
ships are called links.

The rest of the paper is organized as follows. Section 2 presents a prelimi-
nary classification of generic relationships. Section 3 presents an overview of our
relationship model. Section 4 presents the characteristics of a basic binary rela-
tionship (denoted BBR). Section 5 defines a set of dimensions that characterize
binary generic relationships. Section 6 reviews several generic relationships in
the light of those dimensions. Section 7 gives some guidelines to identify and
define new generic relationships. Section 8 presents a new metamodel for generic
relationships based on their semantics as presented in Sections 4 and 5. Section 9
summarizes and concludes the paper.



4 M. Dahchour, A. Pirotte, and E. Ziményi

Table 1. Notations and their meanings

[Notation [Meaning

I--sCorlIeC I is an instance of class C

Ci—{r}Cs R is a binary association between classes C; and C»
S—>G S is a subclass of superclass G

Wo—P whole class W is composed of part class P

A—xC abstract class A materializes as concrete class C
R—0o0 R is a role class of object class O

0<---P owner class O owns property class P

M—S M is a member class of set S

BBR the basic binary relationship

Ch 2 C> R is a binary relationship between classes C; and C,
pc(R) the role played by class C in relationship R
C1(v1,v2) B &y cardinality of role pc, (R) is (v1,v2)

mc(R) the set of instances of C participating in R with role pc(R)
R(Ch1,C?) R relates C; and C»

R(c1,c2) there is an instance of R (a link) relating ¢; and c¢;
R1® R, relationships R; and R are exclusive

pc(R1) ® pc(Rz2) |roles pc(Ri1) and pc(R2) are exclusive

Ry C Ry relationship R; is inclusive in relationship Rs
pc(R1) € pc(R2) |role pc(R:) is inclusive in role pc(Rs)

Co Hyd {C1,...,Cr}|partition of R in classes C; according to discriminator d

2 Classification of Generic Relationships

Generic relationships can be classified along the following three orthogonal di-
mensions, as depicted in Figure 2: (1) degree, (2) structurality and dynamicity,
and (3) dependency on application domains.

Degree. 1t is the number of participating classes in a relationship. A relationship
of degree two is said to be binary, and one of degree n (n > 3) is n-ary. Examples
of binary generic relationships include:

— classification (of pattern Class«¢--Instance) relates an instance (e.g., Sarah)
to its class (e.g., person);

— generalization (of pattern SuperClassa—SubClass) relates a superclass (e.g.,
persons) to its subclasses (e.g., males and females).

— materialization (of pattern Abstract—xConcrete) [39,9] relates a class of cat-
egories (e.g., models of cars) with a class of more concrete objects (e.g.,
individual cars);

— ownership (of pattern Property- - ->Owner) [48] relates an owner class (e.g.,
persons) and a property (e.g., cars) possessed by their objects;

— aggregation (of pattern WholeClasso—PartClass) [30,46] relates composites
(e.g., cars) to their components (e.g., body and engine);



