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Abstract. [n many intormation svstems applications, it is important to identity
similarities and diflerences between conceplual schemas. In order W support de-
signers in this activity, ontologies can be utilised. Lxperience indicates that it [s
particularly ditficult to compare relationships in coneeptual models. Therctore.
untologies should be dble W provide adequate support [or this sk, The contri-
bution of this paper Is an ontology for classifving and analysing relationships in
conceptial modelling. "The onlology 15 based on an analysis of actors and roles
in conceptual modelling. Three requirements on an ontology for classitying rela-
tiomships are introduced: high granularty. ease ol application and explicil repre-
sentation of similaritics.

1 Introduction

In recent vears, the use of ontologies has been proposed as a means for supporting dif-
ferent activities in conceptual modelling such as schema concept analysis and schema
integration. An ontology is commonly defined as an explicit specification of a conceptu-
alisation, where a conceptualisation consists of iobjects, concepts and other entities that
are assumed to exist in some arca of futerest and the relationships that hold among
themi, |Gr95|. A problem in representing and classifying relationships i ontologies is
the fact that they are represented in coneeptual models in muny different ways, c.g. as
binary or n-ary rclationships or as cntily types in their own right. The purpose of this
paper is W propose an ontology for classilying and analysing relationships in coneeplual
modelling. We believe thal a elassification of relalionships should satisfy the following
three requirements: High granudarity. The clussification shall distinguish between differ-
ent relutionships and not put dissimilar relationships into the same category. Fase of
application. Tt shall be easy to classily the relationships in a schema according Lo the
onlology. Explicit representation of similfarities. The ontology shall classily similur Lypes
ol relationships in such o way that their similarity is explicitly represented.

2 Related research

A comprehensive work on the elassification of relationships in conceptual modelling is
that of Purao, Storey, and Ullrich, [UPS00]. Our approach is in many respeets similar Lo
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theirs, as we also proposc an architecture partially buill on the primitives in [LPS00).
The main distinguishing leatures of our approach is thal we strive 1o achieve a higher
granularity of the classification, and thal we utilisc speech act theory as a theorctical
basis for analysing the roles in a relationship. Speech act theory [8¢79] has been used for
analysing processes as well as {or clarifving the creation of obligations between actors,
[JW99|. Some of this work has resulted in compleie languages for communication in
organisational setlings |DWO93|. In conlrast, our use ol speech act theory 1s light-weight
as we only intend 1o provide a classilication of relationships. A relationship between two
or more cntitics can be looked upon [rom the perspective of cach ol these entitics. We
will adopt the UMIL. notion and call these views the roles of the relationship.
IFurthermore, the roles often mirrors the actions carried out via the relationship. When
this is the case, the involved entities are called gotors. We advocate that the classification
of a relationship is the aggregation of the classifications of all the (actor-} roles
participating in a relationship.

3 An Ontology for classifving relationships

We define an onlology as a 6-luple <COMMON, SA, ORG, ACTIVITY, RoleLabel,
RelCat=. The frst four components in the ontology reler to basic categorics of
relationships: common relationships, speech acls, organizalional relationships, and
cciivifies.

i COMMON RELATIONSHIPS

The first category consists of common relationships that correspond to the data-
abstractions [G599] commaon in conceptual modelling: is-u
(generalization/specialization),  instance-of  (instantiation),  member-of.  part-of
(agerepation) and power fppe fOJ94]. The relationships in this group are domain
independent as well as static, i. e. they are not {or rarely} subject to change and
accordingly not influenced by activities perlformed by actors.

i. SPEECH ACTS

The relationships in the second catepory correspond to the speech acts of speech act
theory as developed by John Searle [Se79]. Searle proposes a taxonomy of speech aets
consisting of five classes, also called illocutionary points: assertives, comissives,
directives, declaratives and expressives. From a business perspective, the three middle
ones are the most frequent. Speech acts can also be viewed with respect to their so called
ilfocutionary force. An illocutionary force can be thought of as an illocutionary point
plus various qualifiers. [[2W93] distinguishes between the qualifiers power, authority
amef charity as a grounding for 4 speech act. The example of IFig, 1 illustrates how these
qualifiers are employed in the classification of relationships,

iii, ORGANIZATIONAL RELATIONSHIPS

The third group ol relationships consists of organisational rcelationships.  An
organisational relationship is a relationship between an actor and another object thatl can
exist only within an orsanisational contexi. A scl of organizational relationships has 1o
be delined lor cach specilic domain. An example ol such a set is the [ollowing,
appropriate for a business context (these relationships are similar to 4 subset of those in
group | of [UPSO0)) : {éis-owner-ofi, éis-owner-of-moneyi éis-in-confrol-ofi. &is-
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assigned-tol,  Eis-subjected-tol i is-crewtor-ofi, Shas wllitude towardsi, Efollows-or-
precedest, Eis-desiroyer-ofl, is-subjected-tol}.

iv. ACTIVITIES

Relationships of group four are activities, generally with a predetermined extension in
time and often concluded by a speech act. This group of relationships are, compared to
the other three proups, rarely present in a conceptual model. One case where this kind of
relationship occurs is when it is meaningful to preserve information of the duration of
the activity itself. Similar to the relationships of group 11l the members of this group may
vary from domain to domain,

v. GRAMMAR

The last two components of the ontology, i.c. the classifications of roles (RoleLabely and
relationships (RelCat), arc deflined by the grammar delined below. Recall that
COMMON, ORG and ACTIVITY denote the relationship categorics ¢Common
relationshipsi, 8Organizational relationshipsi and 2Activitiesi, respectively, as defined
above. Let Decli, 8Comi, E1)iri denote speech acts, An authorized directive isdenoted
Dir, whereas I)irp and Dire stands for directives based on power and charity,
respectively,

L. Dir < Dir, Dir, | Dir,

1L Decl & Decl, Decl, Decl,

II. ZeroLabel €& &

IV, SAlabel € Decl{ORG)

V. SAlabel € Nir(SAlabel)

VL SAlabel € Com{SAl.abel)

VI Rolel.abel € Zerol.abel SAlabel | Rolel.abel”

VI, RelCat € COMMON| ORG ACTIVITY| ACTIVITY Decl{ORG) | Rolel.abel”

We observe that the declorarive speech act is the only one that can result in state
changes of the relationships in ORG, sce rule 1V, Consequently a request 1o change
status, for inslance to request to resd something, should be thought of as a dircctive to
change the status of the relationship verb-phrase Sisin-control-oli, i. ¢. a dir{dec! - is-in-
control-of}.

4 Application of the ontology in classifying relationships

IFigure 1 illustrates five relationship examples, each of which has been classified through
the labeling of the two actor rales invalved in each relationship, We will assume that the
get of orpanisational relationships is confined to {8isin-control-ofi, &is-owner-ofi, iis-
owner-offmoneyi} as discussed in section 3, eg. we extend the previously defined
grammar grammar by the following rule: 0: ORG € éin-control-ofi  &is-owner-ofi | &is-
owner-of-moneyi.
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Figure |. Five relationships with two actors

RENT and LOAN both deal with the transfer of control between actors. The relevant
member of the set of organisational relationships 1s thus &isin-control-oli in both cascs.
The illocutionary Torce is also the same. awthority, for the speech acts involved. The
significant difference between a LOAN relationship and RENT relationship is that the
value transfer in the LOAN, in addition 1o a transler ol a product, also include transfer ol
money, 1. ¢. a declarative ol ownership of money on behall of the customer 1o the staff
authorizing the rental process.

Inspecting the BUY/SELL- and GIVE-relationships reveals some differences, the most
significant being the difference in illocutionary point on the classification of Role2,
(iselli versus igive?). The roles of iselli and igivet are both classified as declaratives

of ownership, 1. e. the actor performing Role2 is declaring a transter of ownership to the
actor of Rolel. The illocutionary force of the declarative of the ownership of the isell? -
role is aurhority whereas it is charity with regard to the igivei -role.

REQUEST, finally is probably the most generic relationship of the five. A request can
refer to all of the four relationships (LOAN, RENT, BUY/SELL, GIVE). The choice of
members of the set of organisational relationships must be established reflecting the
domain at hand.
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5 Conclusions

In Section |, three requirements on ontologics Tor classilying relationships were intro-
duced. We will now consider how well the proposed ontology satisfics these require-
ments.

{ligh gramifarity: Although the ontology is based on a small number of primitives, it is
our experience from a number of preliminary case studies that it is able to distinguish
even among fine nuances of relationships, One reason for this capability is the possibility
to form nested speech acts (as manifested in the recursive definition in the grammar of
Section 3). This enables the build-up of a Targe and varied set of roles that actors can
play in a relationship. fuse of application: [t might be argued that cur ontology builds on
a more complex foundation than other approaches. such as [UPS00], and that it. there-
fore. will be more difficult to apply. However, we believe that an adequate tool support.
in the form of a question and answering system, can substantially alleviate the task of
applying the ontology 1o specilic conceplual schemas. Explicit represeniation of simi-
farities: A strenglh of the proposed ontology is that it clearly represents the similaritics
and differences between relationships. This s achicved by the possibility 1o combine the
primitives ol the ontology (as manifcsted in the composition rules in the grammar of
Scetion 3).
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