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Abstract

In this paper we aim at defining conceptual fouratest for
context-aware applications. We argue that the qutscef
entity andcontextshould be separated in conceptual models
for context-aware applications. Further, we propas®vel
approach that characterizes context as eith&msic or
relational. The concepts we propose in this paper have been
inspired by and aligned with conceptual theoriesrfrthe
fields of philosophy and cognitive sciences. Singe
concentrate on conceptual modeling, understantialaitid
clarity are given precedence over properties sush a
efficiency and tractability.

Introduction

Context-awareness has become an important andablesir
feature in ubiquitous applications (Dockhorn Costaal.
2005a). The users’ demands for innovation andriterest
of application providers to offer more attractive
applications require context-aware application tgyers
to anticipate unusual and surprising scenariosa Assult,
new kinds of context are frequently incorporatedo in
applications and more sophisticated context reagoni
activities are used.

As applications become more complex and
interconnected, there is an ultimate need for otnte
modeling abstractionsthat are appropriate to (i) support
common understanding, problem-solving, and
communication among the various stakeholders imalv
in application development (Guizzardi 2005), and(itp
represent context unambiguously. Context modeling
abstractions should be able to adequately chaizetdre
universe of discourse of context-aware applicatidfer
example, a location-aware tourism application efey
concepts in a universe of discourse comprising efgm
such as hotels, restaurants, tourist attractioms, user's
geographical location, the notion of distance betwe
locations, etc. The quality of this application deds on
the correct representation of its universe of disse. In
the tourism application, a user is expected torierined
about tourist attractions in his/her proximity. Téfere, a
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suitable notion of proximity should be captured an
context model. The same applies to other elemehtiseo
application’s universe of discourse. The resultiogntext
model is a conceptual model (in the sense of (Mylidqs
1992)) of context. We argue that the definition soich
context model should precede the detailed desigra of
context-aware application.

Current approaches towards context modeling assume
that modeling languages such as OWL and UML ofier t
adequate conceptual foundations upon which theiatso
can be based. However, although OWL and UML are
currently being used for conceptual modeling, thaye
been originally designed for other purposes (OWIs ha
been designed for computational efficiency in reasmp
UML has been initially designed to support software
design and implementation). As a consequence, these
languages fall short in offering suitable abst@udi for
constructing conceptual models, as defended extelgsn
(Guizzardi et al. 2002; Guizzardi 2005).

The main contribution of this paper is to providesic
conceptual foundations for context modeling, whadlow
designers of context-aware applications to reptesen
relevant elements of a context-aware applicationigerse
of discourse. These conceptual foundations should
facilitate the specification of context models thate
clearer and easier to understand. We do not aim at
replacing current modeling languages, but insteasl w
provide concepts and guidelines that can be used in
combination with these languages to improve thdityuaf
context models.

As a basic distinction, we propose the separatfoine
concepts ofentity and context Further, we propose that
context should be characterized as eitl@rinsic or
relational. We motivate these concepts in this paper,
relating them to developments in foundational crgas
(Guizzardi 2005), which are in line with conceptual
theories in the areas of philosophy and cognittierses.
We also provide usage examples throughout the paper

The remainder of this paper is structured as ¥edtoT he
section on Characteristics of Context identifiefevant
characteristics of context and introduces the odnte
categorization scheme. Sections Intrinsic and Relat
Context discuss the categorization scheme in metaild
Section on Formal Relations discusses the notidorafal
relations, which are also useful for context mauggliand



the following sections discuss related work andsen¢
conclusions, respectively.

Characteristics of Context

Contextcan be defined as “the interrelated conditions in
which something exists” (Merriam-Webster 2005). sThi
definition reveals that context is only meaningfuith
respect to a thing (that “exists”), which we caéiré an
entity.

The concept oéntityis fundamentally different from the
concept ofcontext: context is what can be said about an
entity, i.e., context does not exist by itseifixamples of
entities are persons, computing devices and bugjidin
Examples of constituents of these entities’ comstaxe the
locationof a person, the available memooy a device or
the temperaturef a building. In the remainder of this
paper, we use the term context to refer to cornstiti of
the context of an entity. Together, these constitiéorm
the entity’s context.

The process of identifying relevant context comssist
determining the “conditions” of entities in the dipption’s
universe of discourse (e.g., a user or its envimtnthat
are relevant for a context-aware application oariffy of
such applications. The representation of thesevaate
conditions or circumstances is called heatext model
We define a context model as a conceptual modethén
sense of (Mylopoulos 1992)) of context.

We have observed that conceptual modeling of contex
shares a great deal of commonalities with concéptua
modeling in general. We have drawn a parallel behwbe
concepts proposed here for context and those dkfine
elsewhere for foundational conceptual models (Garidiz
2005; Masolo et al. 2003; Mulligan and Smith 198®)is
allows us to reuse results from conceptual modeling

We avoid in this paper a discussion on possible
alternative definitions of context (as, e.g., imédn (Bucur
et al. 2005)). For our work, it suffices to obseryat
application designers use the notion of contextcaomdext-
awareness meaningfully to design successful appita
to fulfill user's demands. Further, we strive to deb
context in terms of the state-of-affairs of an &gilon’s
universe of discourse and therefore we do not
distinguish whether and how context is sensed, igealy
learned, produced and/or used.

to

Basic Ontological Foundations

Universalsandindividualsare fundamental categories that
have been considered in our modeling abstractions.
Universals are predicative terms that can possiidy
applied to a multitude of individuals (Guizzardi ().
Intuitively, individuals refer to instances, whilmiversals
refer to types. We focus here on context modeld tha
capture the general aspects of context, and therefwee
only represent universals. We define a universatfities

and a universal for context, nametyyt i ty andCont ext,
respectively. For example, tiget ity typePerson and the

Cont ext typeLocation are universals, while John and his
actual location are individuals (instances of these
universals), respectively.

Universals can be categorized sagstantialor moment
(Mulligan and Smith 1986). A moment is andividual that
existentially dependsn other individuals to exist, named
its bearers In addition, a moment should alsthereon its
bearer(s), the way mood inheres in a person amcila sn
a face. Substantials are universals that do nagréntin
other universals, i.e., which are not moments. fehee is
much stronger than a one-to-one relationship. iplies
existential dependence between individuals. Figare

summarizes these concepts.
/\

Individual
/\
{disjoint, complete}

{disjoint, complete}

| Substantial | | Moment | |SubstantiaIUniversaI| |MomentUniversaI|

Figure 1 - Fragment of foundational concepts

Considering the fundamental categories mentioneesb
we argue thatentity and Context types should be
classified intosubstantial universaand moment universal
respectively. Since entities do not inhere in othetities,

they cannot be moments, and therefore they shoald
classified as substantials. On the contrary, castalwvays

inhere in other entities, and therefore, they sthobé

classified as moments.

Entities and Context Categories

Figure 2 depicts the relationship between the qutscef
Context and Entity. We represent context modeld &
class diagrams in this paper because of UML'’s wyidkzed
adoption. We use the stereotypes
<<Subst anti al Uni ver sal >> and<<Morent Uni ver sal >> to
denote explicitly thaentity andcCont ext are categorized
as substantial and moment universals. Context tgpes
depicted as shaded rectangles to facilitate reliyabi

1.% 1.%

«SubstantialUniversal» «MomentUniversal»
Entity Context
inheres in bears
disjoint, complete}

|/ntn'nsicContext | |Re/at/'ana/ConteXt |

Figure 2 — Basic context modeling concepts

We distinguish two categories of context, nametyinsic
context (ntrinsicContext) and relational context
(Rel ati onal Cont ext ). Intrinsic context defines a type of
context that belongs to the essential nature ofngles
entity and does not depend on the relationship wilter
entities. An example of intrinsic context is thedtion of a
spatial entity, such as a person or a building.attaial
context defines a type of context that depends e t
relation between distinct entities. An example elational
context is Contai nnent, which defines a containment
relationship between entities, such as an entityding
that contains a number of entity persons.
This categorization of context is analogous to the

ontological categories of moment defined in (Guidza
2005), which classify moments into intrinsic orat&nal.



Similar to our definition, an intrinsic moment inks in a
single individual, while a relational moment inhera a
plurality of individuals.

Figure 3 depicts some examplesofi ty types such as
Spatial Entity and Intangibl eEntity. Spatial entities
represent tangible objects, such as a person, Eejex
room or a building. Intangible entities represeanangible
objects such as an application and a network. Aqodar
type of spatial entity is th&ont ai nerEntity, which is
capable of physically containing other entities.

«SubstantialUniversal»
Entity

{disjoint}

{disjoin} /\ /\ {disjoint}
|Application || Network || Per;on | |Contair:erEntity| | De\‘lice |
Z,X{dusjoim)
| Buil‘ding | | Ro;m | | Veh‘icle |

Figure 3 - Entity Hierarchy

Intrinsic Context

Figure 4 depicts examples of intrinsic context /pe
Geographic locationGeoLocat i on) is context that inheres
in all spatial entities. Spatial entities almarers of
Geolocation. Similarly, battery power Bétt eryPower)
inheres in a device. Analogous reasoning can bkeajpip
other context types depicted in this figure.

IntangibleEntity IntrinsicContext

/\
Bandwidth

B 5 BatteryPower
hasHeartRate > peaueate

1
hasMood > oot
Activity

MentalState

1.%
\ | |

| Desire || Belief || Intention |

1 1.7

Figure 4 - Intrinsic Context Types

Intrinsic context types discussed in this paperctassified
as the ontological notion @fuality universal Quality is an
intrinsic moment that can be mapped to a vatpglg in a
quality dimension (Guizzardi 2005). A quality dinséon
defines the possible set of values a quality tymy rne
associated with. The geographical location of atityeis
an example of quality, whose quality dimensionesirted
by all possible values in a geographical coordisgttem.
The quality of an entity is an intrinsic objectiie
property of that entity, thus, even if two entitiage co-
located, they do not have the same location qualitthe
strong sense. Co-location depends on the granulafit
associated quality dimension. For instance, take tw

different quality dimension®, Q' associated with the
quality universal location such th@ = {list of names of
civil locations} Q' = {precise GPS location value space}
Under these circumstances, we can have that twtiesnt
are considered co-located in the quality sp@deut not in
Q’. In other words, the accuracy of our comparisofhs o
entities’ intrinsic properties depends on the ieci of our
quality dimensions. Quality dimensions could be
represented as datatypes in our models. Howeveomie
datatypes here due to space limitations.

Figure 4 also presents examples of intrinsic cdntex
types of a person, such as the person’s currentitact
mood and mental state. These context types are quit
subjective and difficult to measure. However, omaild
conceptualize an objective notion for these contigpes in
a context-aware application, by enumerating thesiptes
values (quality dimension) with which each of thégees
may possibly be associated. For example, we mayhsdy
the possible values of a person’s mood are: “hapisgd”,
“bored”, “tired” and “moody”; and the possible vakiof a
person’s current activity are: “working”, “dancingdr
“attending a meeting”.

Figure 5 shows how environmental characteristias ca
be modeled by using intrinsic context types assediaith
a Cont ai ner Cont ext . Examples of container context types
are noise level and temperature of a room and htynod
a car. These context types are ajsalities and therefore,
quality dimensions should be specified for eacktheim.
The quality dimension of relative humidity, for emgle,
comprises the values between 0 and 100 (percentage
values).

SpatialEntity

IntrinsicContext
/\

hasContainerContext

1. 1

ContainerContext

ContainerEntity

| Buiding |

Room
|:| |ContainerHumidity ||ContainerN0iseLeveI |

Figure 5 - Intrinsic Context Types for Persons

In some scenarios, depending on the modeling chpice
context information may be classified as eitherimsic or
relational. Take as an example the entity’s cieitdtion
(country, street and house). It may be necessaityetd
country, street and house as entities themseliree sne
may be interested in properties of these entisiesh as the
number of persons in a house, the holidays of atcpu
and the intensity of traffic on a street. In suckrsrios, a
civil location depends on the existence of a setriities,
and, therefore, is classified as relational context

| Vehicle | |ContainerTemperature ||ComainerLuminance |

Relational Context

While intrinsic context information inheres in angie
entity, relational context information inheres irplarality
of entities. Figures 6 and 7 show examples of imxat
context.
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Figure 6 - Relational Context Types

Relational context may be used to relate an emtitthe
collection of entities that play a role in the &y context.
Examples of relational context apevi ceAvailability,
Net wor kAvai | ability, Soci al Net wor k and
Channel Avai l ability. The Devi ceAvail ability
relational context relates a person to a colleatibdevices
that are available to that persoxetwor kAvail ability
relates a device to a collection of networks thet a
available through that devicesoci al Network relates a
person to the collection of persons interactinghwtat
person by any communication channels, and
Channel Avai | abil ity relates a device to a collection of
communication channels supported by that deviag,(e-
mail, voice and SMS).

SpatialEntity RelationalContext
/\

Figure 7 - Relational Context Types

Figure 7 depicts another example of relational exmtthe
Contai nment  context, which represents a direct
containment relationship among spatial entities. révio
specifically, acont ai ner Enti ty such as a building, a room
or a vehicle may be associated with a containment
relational context, which may in turn contain a sdét
spatial entities. A containment chain is createthwhe
condition that every contained entity physicallis fin its
respective container entity.

Intuitively, relational context allows us to naatg the
context model from an entity to the contexts ofter# that
are related through the relational context, stidlimaining
the separation of the concerns between entity antegt.
Consider the following example involving the entifypes
Per son, Devi ce andchannel . Let us suppose that John (of
type Person) is related to his PDA and phone (of type
Devi ce) through Devi ceAvailability. John's PDA is
related to e-mail (of type Channel) though
Channel Avai | abi lity, and John’s phone is related to a
voice channel also throughchannel Availability.

Therefore, we can conclude that John is indirectlated
to certain e-mail/voice channels.

We regardRel ational Context type as a relational
moment universal in conceptual modeling. The refati
that holds between bearers of a rela-tional moment
called amaterial relation For example, the relation that
holds between devices and channels through
Channel Avai | abi |'i ty is a material relation.

Formal Relations

Material relations are not the only means by whiok can
establish the relation between entities. Conceptual
modeling theories also define the notiorfainal relation.
Formal relations hold between two individuals dilgc
without any intervenient individual. Examples ofrrfal
relations are:greater than taller than, older thanand
subset of The immediate relata of such relations are
qualities (Mulligan and Smith 1986), i.e., formelations
are defined in terms of their relata qualities.

Nearnessis an example of formal relation useful in
context modeling. The truth value of an expressioch as
“John is near Maria” (“nearnessbeing defined, for
example, as within 1 km range) only depends orvithees
of John's and Maria’s locations, which are quaditie
(intrinsic context). Another example of formal rida is
distance (Distance(x,y,z))which can be thought of as a
logical construction from the intrinsic context a =
location(x) b = location(y) such that z =vhlueofa)-
valueotb)| (Euclidian distance between a and b).

The distinction between material and formal relagio
are useful in our context models. On one hand,sit i
possible to derive or infer the truth value of anial
relation solely from the intrinsic context of erd# related.
On the other hand, for relational context, diredeience
from intrinsic context is not sufficient to detemmi
whether a material relation holds.

Relational context and formal relations may be
interchanged, depending on the context model adoptar
example, one could adopt a model where the contihm
relational context is defined in terms of the spati
dimensions of a container and the location of aaioad
entity, being therefore a formal relation. A difet
approach is to adopt a model where the containment
relational context exists on its own (for exampie, a
badge system). In such scenarios, there is no teed
explicitly conceptualize the spatial dimensions af
container nor the location of a contained entity.this
scope, containment is categorized as relationaksbfand
hence, is a material relation).

Related Work

Most approaches towards context modeling preseinted
the literature (e.g., (Chen et al. 2003; Henricksam
Indulska 2004; Wang et al. 2004; Bucur et al. 2D@E)
not explore the benefits of conceptual modelinghasfirst



phase in the design trajectory. Often these appesac
consider technological issues already in the beginof
the design process, giving precedence to compuotdtio
issues over human understandability. In additidiese
approaches do not consider ontologically well-foeohd
theories to support their modeling choices.

In (Henricksen and Indulska 2004), entities artdrigic
context types are represented as object types M.@Rth
relational and intrinsic context types as well asnfal
relations are represented as relationships betwbgrct
types. Because of this modeling choice, the in&tgtion
of context models in this technique requires onm$pect
the attributes of the relationships between objgaes in
order to distinguish intrinsic context and entities

The work presented in (Wang et al. 2004) propases
general context model (which they call an “upperele
ontology”) that supports domain-specific specidlas.
Although this approach uses a hierarchy, it does no
distinguish context from entities, hindering theuge of
properties, since context and entities typicallyndd share
common properties. Furthermore, the upper leveblogy
is not based on fundamental characterizations ofecd,
making it difficult for distinct applications to age upon
the common model proposed.

Conclusions and Future Work

We have presented in this paper a novel contextefimay

In parallel, we are developing an approach based on
conceptual graphs (Sowa 1984) to mosdi#liationsas a
complement to our structural conceptual modelsiafitins
can be considered genuine ontological conceptsefimel
state-of-affairs (Heller and Herre 2004). Furthee will
extend our conceptual foundations to include tempor
aspects of context. This would allow us to, e.gadel
relevant events and changes in the state-of-affaira
context-aware application’s universe of discourse.
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