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Abstract: The related work to reveal the primary characteristics of roles underlying the existing approaches is

analyzed. Then, it is demonstrated that the representation of roles is rather complex and error-prone in these

approaches. Especially, the constraints among roles in the same context cannot be expressed by the current web

ontology language (OWL). To solve these problems, a novel model of role is presented and a corresponding

ontology language is provided for representing this model. The key idea underlying the solution is that a role

should be regarded as an element of a certain context and a context as a structured thing which is comprised of

some internal elements. The structure of context possesses inherent modularity and local semantics, whereby the

representation of roles and context is significantly simplified.
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Ontology is a conceptualization of a domain and
plays a crucial role in many communities such as se-
mantic webs. Typically, ontology consists of entities,
attributes, relationships and axioms. Ontology langua-
ges are, as opposed to logic languages, generally based
on the understanding of the world and provide intuitive
syntaxes and constructs. Without exception, all ontolo-
gy languages provide classes as basic constructs and
the is-a relationship by which a domain can be organ-
ized based on hierarchical structures.

Role is another candidate basic construct which
has received considerable attention since role concepts
are introduced in such fields of computer science as
and conceptual model-

knowledge representation

ing'' ™. However, an integrative consensus definition of
role has not been established yet. An acceptable model
of role should satisfy three requirements. First, it should
be natural from an ontological perspective. Secondly, it
should be general from a theoretical perspective, that
is, it can solve all the problems related to roles. Final-
ly, there should be a language which can embody the
former two requirements.

In this paper, we first analyze the related work to
reveal the primary characteristics of role underlying
many approaches. Then, we point out some problems
on the representation of roles involved in the existing
approaches. Especially, we point out that most con-
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straints related to roles cannot be represented in web
ontology language (OWL). A new role model by shift-
ing emphasis on the dependence relationships between
role and context is presented. In Ref. [10], a new con-
struct called whole structure driven by the search for an
integrated approach to represent context was intro-
duced. The key idea underlying the proposed approach
is that a role should be regarded as something internal
to a certain context and a context as a structured entity
which is comprised of some internal entities. By this,
the dependence relationship between role and context is
directly embodied in the structure of the context. In ad-
dition, the structure possesses inherent modularity and
local semantics, whereby the representation of role and
context is quite natural and simple.

1 Related Work

We provide a brief overview of role concepts in
several selected formalisms in the fields of knowledge
representation and conceptual modeling.

In the field of knowledge representation, the main
purpose of investigating roles is to reveal their primary
characteristics. The common cognition on roles is that a
role is necessarily dependent on other entities. Sowa'"!
distinguishes natural types “that relate to the essence of
the entities” and role types “that depend on an acciden-
tal relationship to some other entity.” Developing
Sowa’s ideas further, Guarino et al. "™ presented an
ontological distinction between role and natural types
based on two meta-properties of concepts which are
called (external) dependence and rigidity. These no-
tions are employed in a formal account of roles: a role
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is a property which is anti-rigid and dependent. Anoth-
er observation on roles is that the dependence of a role

from another entity is involved in the definition of the

role. Masolo et al. ™

[11]

generalized Fine’s definition of
dependence’ ' into the notion of definitional depend-
ence for describing social roles and societies.

In the field of data modeling, the main motivation
for many approaches is the problem of capturing sub-
stantial, complex changes of represented entities while
retaining their individual identity. Dahchour et al. '
concentrated on dynamic change of role classes, multi-
ple instantiation of the same class and role-specific ac-
cess to objects. The latter two points cannot be realized
by inheritance only.

The purpose of using roles in software engineering
is two-fold. First, role is a nature concept for conceptu-
al modeling. Roles are often used to characterize a spe-
cific responsibility of certain object in some context. In
the role-centric and collaboration-based software devel-
opment method, for example, OORAM'®, the concept
of role modeling is introduced as the main abstraction
mechanism for separation of concerns. Secondly, roles
are viewed as a construct to overcome some deficien-
cies in programming languages: for instance, multiple
and dynamic classification, objects changing their at-
tributes and behaviors, etc. Although roles are intro-
duced as a conceptual construct for the analysis and de-
sign phase, they are replaced by classes and objects in
the implementation phase. A notable exception is the
recent work'”" in which the authors explicitly introduce
role and context as first class constructs in program-
ming language.

In multi-agent systems (MAS), roles are generally
viewed as descriptions of an agent’s acting and interac-
ting. The characterization of these kinds of roles is
founded on theories of action and behavior and deontic
notions. In the Gaia methodology'®', a role is viewed as
an “abstract description of an entity’s expected func-
tion” which is defined by four attributes: responsibili-
ties, permissions, activities, and protocols.

Based on comprehensive analysis of various ap-
proaches, Loebe!” recently gave an account of roles by
the simple role model shown in Fig. 1. These elements
are recurrent terms which have frequently been used in
most approaches.

Fig.1 A simple role model

In addition, there are two primary characteristics
of roles which are assumed for most approaches: Every
role instance has just one object as its player and be-
longs to just one context instance; further, it is existen-
tially dependent on its player and context.

2 Problems on Representation of Roles

In this section, we use a project-team as an exam-
ple to demonstrate that the representation of roles is
rather complex and error-prone. A project-team is made
up of one manager, one secretary and at least two pro-
grammers. In addition, a manager cannot be secretary
and vice versa in any project-team.

We start by discussing the disjoint constraint be-
tween manager and secretary. With the terms of the
model shown in Fig. 1, it may be wrongly expressed as
formula (1). In formula (1), we implicitly assume that
the classes Manager and Secretary are both subclass of
Person. The meaning of formula (1) is that every man-
ager cannot be a secretary and vice versa. It is not our
expectation that the manager and secretary of the same
project-team are not the same person. The cause is that
the roleof relation cannot fix the role played by a play-
er in certain context.

PTeam(x) A roleof(y, x) Aroleof(z, x) A
Manager(y) A Secretary(z))—y#2z) (D

There are two ways by which we can obtain the
right meaning. The first one is to introduce a special bi-
nary relationship called rolenameof. By using ro-
lenameof relations, we can correctly express the con-
straint as
PTeam(x) /A Managerof(y, x) A\ Secretaryof(z, x) —y#z

(2)

The drawback of this kind of representation is ap-
parent: we have to introduce a special rolenameof rela-
tionship and a corresponding constraint for every role
class.

The second solution is to separate role class from
object class, i. e. , role instances are not objects. In this
way, any Manager is a disjoint with any Secretary and
vice versa. At the same time the constraint should be
translated into the one that the players of Manager and
Secretary of any project-team are not the same as

PTeam(x) Aroleof(y, x) /Aroleof(z, x) A Manager(y)

A Secretary( z) /\ Person(s) A\ Person(t)

Aplay(s, y) Aplay(t, z) —s#1)

This kind of representation is very lengthy as
shown above because we have to resort to roleof and
play relations.
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Another question is the representation within “a
project-team has at least two programmers. ” Consid-
ering that a manager and a secretary can both be pro-
grammers, there are two possible interpretations of the
project-team. In the first one, a project-team can be
made up of two persons, and one of them is both a
manager and a programmer, and the other one is both
a secretary and a programmer. In the second one, a
project-team has at least two programmers which are
not the manager or secretary of the project-team. In
this case, a project-team is made up of at least four
persons. As pointed out above, the constraints among
roles are very complex.

To express the constraints between the roles of
the same context, we need at least three variables
which respectively refer to a context and its two roles.
This means that they cannot be expressed with the
web ontology language OWL!"'. The logic foundation
of OWL is description logics ( DLs)'"" which are a
well-behaved fragment of first order logic equipped
with decidable reasoning. Generally speaking, most
DLs are restricted within two variable fragments of
first order logic. This restriction is inherited by OWL.

3 Role Model and Its Representation

To overcome the problem pointed out in the pre-
vious section, we present a new role model as shown
in Fig. 2. The basic elements of our model are similar
to the one of Loebe except that the roleof relationship
is eliminated. However, they are different from each
other in structure.

Fig.2 The new role model

At the concept level, our key choice is to put
Role in Context, thus Role is implicitly separated form
Player. The immediate inference from this choice is
that roles are exclusive universals; that is, all object
classes are not role classes and vice versa. At the in-
stance level, we assume the two primary characteris-
tics of roles which are assumed for most approaches:
every role instance has just one object as its player
and belongs to just one context instance; further, it is
existentially dependent on its player and context.

An acceptable model of role should not only be
natural from an ontological perspective but also have a
language which can represent roles and context in a

simple and natural way. In the previous work'"”, we
introduced a new construct called whole structure
driven by the search for an integrated approach to re-
present context. The whole structure can facilitate the
organization of concepts and axioms.

Definition 1 Whole structure A whole structure
is a description of some type which is a relationship,
or collaboration, or a composite class. A whole struc-
ture consists of: { Features, Parts, Roles, Relations,
Axioms: ( HasParts, Dependences, Configurations,
Qualifications ), Others} where

(D Features are a set of attributes and behaviors.
They are optional and are often needed when the type
of whole structure is a composite class.

() Parts are a set of concept names whose type is
an object class.

) Roles are a set of concept names whose type
is a role class.

(4 Relations are a set of relation names whose
type is a relation type.

(5 HasParts is a set of restrictions which describe
how many instances of the concepts of Parts and
Roles may exist in the whole.

® Dependences are a set of restrictions which
describe the dependence relations between the proper-
ties of the whole and the properties of the parts.

(D Configuration is a set of constraints which
characterize the integrity of the whole.

Qualifications are a set of restrictions which
specify the concepts outside the whole from which the
concepts of Parts are specialized or by which the con-
cepts of roles are played.

Definition 1 serves as a framework for the defini-
tion of concrete context type and it is incomplete and
extensible. What a concrete whole structure consists of
is determined by its type. We regulate that all concepts
and constraints defined in a whole structure are local
to this structure and make sense only within it. By
this, the whole structure possesses inherent modularity
and local semantics. In addition, all axioms except the
ones in Qualifications can only use the features, con-
cepts and relations defined in the same whole struc-
ture.

For clarity, we use brackets to denote whole
structure: every concept which occurs in a pair of
brackets is defined in the direct outer concept which is
followed by a colon mark. By using the whole struc-
ture, the example of project-team can be defined as
follows:
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ProjectTeam: {

Roles: Manager, Secretary, Prgrammer;

Haspart: 3 _,xManager(x), 3 _, xSecretary(x),

3 _,xPrgrammer(x) A - Secretary(x) /A = Manager(x)
Con: Manager( x) —— Secretary(x)

Qua: SecretaryHQPerson, ManagerHQMan; }

The main benefit we gain from this kind repre-
sentation results from the inherent modularity of the
whole structure. Project-team serves as an organization
element, and the three role classes Manager, Secretar-
vy, Programmer, and the integrity constraints among
them are defined in the project-team. In addition, the
local semantics of the whole structure is crucial for the
representation, that is, the constraints among these par-
ticipants make sense only in the same project-team.
For instance, the constraint Manager(x) —— Secretary
(x) means that the manager and secretary of the same
project-team are not the same. By the local semantics,
the roleof and rolenameof relations are eliminated and
thus the constraints are significantly simplified.

In traditional languages, role classes are regarded
as subclasses of object classes. The representation of
roles in them is rather complex because the interde-
pendence must be explicitly expressed. The main
drawback is that more axioms are needed and these
axioms are flattened, i. e. , all axioms are assembled at
the same level. This makes it difficult to manage and
organize ontologies. In addition, this kind of represen-
tation is short on intuition and simplicity from an on-
tological point of view.

Because the local semantics significantly simplify
the expression of constraints, many constraints can be
expressed by using the formulae with just two varia-
bles. By extending DLs with the whole structure, we
can gain a more natural, simple and powerful ontology
language without changing syntax restrictions. This is
another great benefit we gain from the whole struc-
ture.

4 Conclusion and Future Work

In this paper, we analyze the related work on the
notion of role and point out that the representation of
roles is rather complex and error-prone in these ap-
proaches. Especially, most constraints among roles in
the same context cannot be expressed by OWL. The
main reason lies in the dependence between role and
player as well as the dependence between role and
context. To overcome these problems we present a no-
vel model of role and provide an ontology language
for representing the model. The main idea underlying

our approach is that a role should be regarded as
something internal to a certain context and a context
should be regarded as a structured entity which is
comprised of some internal entities. By this, the de-
pendence among roles in the same context is directly
embodied by the structure of context. The structure
possesses inherent modularity, whereby all roles relat-
ed to a certain context and the constraints among them
are organized into the same context. In addition, the
structure possesses local semantics, whereby the roleof
and rolenameof relations are eliminated and thus the
constraints are significantly simplified.

The future work is to give a formal syntax and
semantic of the language introduced. Especially, we
will give a language extending DLs with the whole
structure and role, and investigate the decidability
problem of the language. Another future work is to re-
fine the model into top-level ontology.
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