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Abstract In [2], we have discussed the need to adequately
characterize the application’s universe of disceurs
In previous work, we have defined conceptual @ result of this characterization process, we expec
foundations that can be beneficially used in cantex context model, which is a conceptual model (in the
modeling. These conceptual foundations include thesense of [9]) of context. We argued that the dedini
separation of entity and context, and the Of such a context model should precede the detailed
characterization of context as either Intrinsic or design of a context-aware application.
Relational. This paper aims at extending this apgto As part of that work, we have proposed basic
by introducing the ontological concept of Situatias conceptual foundations for context modeling, which
means of composing the elements of our ontology@llow designers of context-aware applications to
(entities, intrinsic and relational contexts) to de» ~ represent relevant elements of a context-aware
particular states of affairs of interest. Our copee  application’s universe of discourse. These conaptu
have been inspired by and aligned with conceptual foundations should facilitate the specification of

theories from the fields of philosophy and cogeitiv context models that are clearer and easier to
sciences. understand.

As a basic distinction, we have proposed the
separation of the concepts efitity and context We
have also proposed that context should be
aharacterized as eithentrinsic or relational. We have
motivated our concepts by relating them to
developments in foundational ontologies [5], whick
in line with conceptual theories in the areas of
philosophy and cognitive sciences.

The models we have discussed in [2], allow
application designers to represent all possiblestaf
affairs of an application’s universe of discourse,
without discriminating particular situations thahyrbe
of interest to applications. For example, whilecoeld
model that a person may be near another person and
that a person may own a mobile phone, we could not
explicitly model particular situations such as “dobk
near Alice and their mobile phones are available” o
“John has a fever and influenza”. Since we coult no
individuate these situations, we were also unable t
predicate them.

We aim in this paper at extending our conceptual
foundations with the ontological concept of Sitaati
Situations are genuine ontological entities [1,ti&t

1. Introduction

Context-awareness has emerged as an important an
desirable feature in ubiquitous applications. This
feature deals with the ability of applications tilize
information about the user's environment (contemt)
order to tailor services to the user's currentadion
and needs [3].

In order to address both the users’ demands for
innovation and the interest of service providersfter
more attractive services, new kinds of context are
frequently incorporated into applications. In aatdtit
sophisticated context reasoning is used.

As applications become more complex and
interconnected, there is an increasing need fotegbn
modeling abstractions that are appropriate to: (i)
characterize the application’s universe of disceuts
(ii) support common understanding, problem-solving,
and communication among the various stakeholders
involved in application development [5]; and toi)(ii
represent context unambiguously.



model particular states of affairs which are okrast
for applications. In our approach, Situations are
composite concepts, whose constituents are
elements of our ontology. We discuss here how
application designers can compose Entities, Formal
Relations, and Intrinsic and Relational Contexts, t
yield Situations. Further, we introduce the conseqit
Situation Type and Situation of Situations.

The remainder of this paper is structured as falow
Section 2 identifies relevant characteristics ofiteat
and introduces our context categorization scheme.
Section 3 discusses the categorization scheme e mo
detail. Section 4 introduces the concept of Situmati
and motivates its use in context-awareness; Seétion
discusses related work. Finally section 6 presents
conclusions.

2. Characteristics of Context

Context can be defined as ‘“the interrelated
conditions in which something exists” [8]. This
definition reveals that context is only meaningfiith
respect to a thing (that “exists”), which we cadrd an
entity.

The concept of entity is fundamentally different
from the concept of context: context is what carsdiel
about an entity, i.e., context does not exist Isglit

the  Universals and

3. Ontological Foundations

individuals are fundamental
categories that have been considered in our magelin
abstractions. Universals are predicative terms ¢hat
possibly be applied to a multitude of individua$. [
Intuitively, individuals refer to instances, while
universals refer to types. We focus here on context
models that capture the general aspects of corgest,
therefore, we only represent universals. We define
universal for entities and a universal for context,
namely, Entity and Context, respectively. For
example, thent ity typePer son and thetont ext type
Location are universals, while John and his actual
location are individuals (instances of these ursaks),
respectively.

Universals can be categorized asbstantial or
moment [10]. A moment is anindividual that
existentially dependsn other individuals, named its
bearers In addition, a moment should algthere on
its bearer(s), the way mood inheres in a personaand
smile on a face. Substantials are universals tbatad
inhere in other universals, i.e., which are not raots.
Inherence is much stronger than a one-to-one
relationship, since it implies existential depermen

Examples of entities are persons, computing devices

and buildings. The context of an entity can haveyna
constituents (“interrelated conditions”). Examplek
some constituents of the context of a person age th
person’s location, mental state, and activity. he t
remainder of this paper, we use the term context to
refer to constituents of the context of an entity.
Together, these constituents form the entity’s exint

The process of identifying relevant context cossist
of determining the “conditions” of entities in the
application’s universe of discourse (e.g., a ugeit
environment) that are relevant for a context-aware
application or a family of such applications. The
representation of these relevant conditions or
circumstances is called here a context model. We
define a context model as a conceptual model @n th
sense of [9]) of context.

In [2], we have drawn a parallel between the
concepts proposed here for context and those define
elsewhere for foundational conceptual models [5, 11
10]. We summarize our results in the following
sections.

between individuals. Figure 1 summarizes these
concepts.

{disjoint, complete}

Figure 1 - Fragment of foundational concepts

{disjoint, complete}

i lniversall |" tU 'versall

Considering the fundamental categories mentioned
above, we argue thantity andcont ext types should
be classified intosubstantial universabnd moment
universal respectively. Since entities do not inhere in
other entities, they cannot be moments, and therefo
they should be classified as substantials. On the
contrary, contexts always inhere in other entitesl
therefore, they should be classified as moments.
Figure 2 depicts the relationship between the qotsce
of Context and Entity. In this paper, we represent
context models as UML class diagrams because of
UML’s widespread adoption. We use the stereotypes
<<Subst ant i al Uni ver sal >> and
<<Mbrent Uni ver sal >> to denote explicitly thatntity
andcont ext are categorized as substantial and moment
universals, respectively. Context types are degicte
shaded rectangles to facilitate readability.
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«SubstantialUniversal» «MomentUniversal»
Entity Context
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Figure 2 — Basic context modeling concepts

We distinguish two categories of context, namely
intrinsic context I(ntrinsicContext) and relational
context Rel ati onal Cont ext ).

3.1 Intrinsic Context

Intrinsic context defines a type of context that
belongs to the essential nature of a single emtitg
does not depend on the relationship with othetiesti
Figure 3 depicts examples of intrinsic context s/pe
Geographic location GeoLocation) is context that
inheres in all spatial entities. Spatial entitiere a
bearers of GeoLocation. Similarly, battery power
(BatteryPower) inheres in a device. Analogous

granularity of associated quality dimension. For
instance, take two different quality dimensid@sQ’
associated with the quality universal location sthet

Q = {list of names of civil locations}Q’ = {precise
GPS location value spaceynder these circumstances,
we can have that two entities are considered catdalc

in the quality spac® but not inQ’. In other words, the
accuracy of our comparisons of entities’ intrinsic
properties depends on the precision of our quality
dimensions.

Figure 3 also presents examples of intrinsic cdntex
types of a person, such as the person’s curreivitact
mood and mental state. These context types are quit
subjective and difficult to measure. However, one
could conceptualize an objective notion for these
context types in a context-aware application, by
enumerating the possible values (quality dimension)
with which each of these types may possibly be
associated. For example, we may say that the pessib
values of a person’s mood are: “happy”, “sad”,
“bored”, “tired” and “moody”; and the possible vaki
of a person’s current activity are: “working”, “dang”

reasoning can be applied to other context typesor “attending a meeting”.

depicted in this figure.
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Figure 3 - Intrinsic Context Types
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Intrinsic context types discussed in this paper are

classified as the ontological notiongfality universal

Quality is an intrinsic moment that can be mapped t
value Quale in a quality dimension [5]. A quality
dimension defines the possible set of values aitgual

type might be associated with. The geographical Channel Availability.

location of an entity is an example of quality, who
quality dimension is defined by all possible valies
geographical coordinate system.

The quality of an entity is an intrinsic objectiie
property of that entity, thus, even if two entite® co-
located, they do not necessarily have the sameidoca
quality in the strong sense. Co-location dependthen

3.2 Relational Context

While intrinsic context information inheres in a
single entity, relational context information inbsrin a
plurality of entities. Figures 4 and 5 show exarapé
relational context.
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Figure 4 - Relational Context Types
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Figure 4 shows that relational context may be used
to relate an entity to the collection of entitibattplay a
role in the entity’'s context. Examples of relatibna
context are Devi ceAvai l ability,
Net wor kAvai | abi lity, Soci al Net wor k and
The DeviceAvailability
relational context relates a person to a collectibn
devices that are available to that person.
Net wor kAvai | abi lity relates a device to a collection
of networks that are available through that device,
Soci al Network relates a person to the collection of
persons interacting with that person by any
communication channels, anthannel Avail ability



relates a device to a collection of communication
channels supported by that device (e.g., e-maitevo

and SMS).
/\
Containment

= |
[le 1.2 1.0
1

Figure 5 - Relational Context Types

Figure 5 depicts another example of relational
context, thecont ai nment context, which represents a
direct containment relationship among spatial iestit
More specifically, a ContainerEntity such as a
building, a room or a vehicle may be associateti ait
containment relational context, which may in turn
contain a set of spatial entities. A containmergichs
created with the condition that every containedtent
physically fits in its respective container entity.

Intuitively, relational context allows us to naviga
the context model from an entity to the contexts of
entities that are related through the relationadtext,
still maintaining the separation of the concernisveen
entity and context. Consider the following example
involving the entity typeser son, Devi ce andChannel .

Let us suppose that John (of type son) is related to
his PDA and phone (of typeDevice) through
Devi ceAvai | abi lity. John's PDA is related to e-mail
(of type channel ) throughcChannel Avai | ability, and
John’s phone is related to a voice channel alsmutir
Channel Avai | abi | i ty. Therefore, we can conclude
that John is indirectly related to certain e-maiée
channels.

We regardrel ati onal Cont ext type as a relational
moment universal in conceptual modeling. The refati
that holds between bearers of a relational moment i
called amaterial relation For example, the relation

than taller than, older thanand subset af The

immediate relata of such relations are qualitie],[1
i.e., formal relations are defined in terms of threlata

qualities.

Nearnesds an example of formal relation useful in
context modeling. The truth value of an expression
such as “John is near Maria” (“nearnesbging
defined, for example, as within 1 km range) only
depends on the values of John’s and Maria’s lonatio
which are qualities (intrinsic context). Anotherexple
of formal relation isdistance (Distance(x,y,z))which
can be thought of as a logical construction from th
intrinsic context a docation(x) b =location(y) such
that z = Valueofa)-valueofb)| (Euclidian distance
between a and b).

The distinction between material and formal
relations are useful in our context models. On one
hand, it is possible to derive or infer the truttiue of a
formal relation solely from the intrinsic contexf o
entities related. On the other hand, direct infeeen
from intrinsic context is not sufficient to detemai
whether a material relation holds.

4. Situations

Situations define particular states of affairs whic
are of interest to applications. They are composite
concepts whose constituents are the elements of our
ontology, i.e., entities, formal relations, intimsand
relational contexts. Situations are genuine onfiokdg
elements that are composed by other elements.
Examples of theories that define situations aré]1,

Examples of situations that might be of interest to
context-aware applications are “John is running laed
has access to his mobile phone”, “John is in danger
an eminent epileptic seizure and he is drivingtHhid is
near Alice and both have access to their mobile
devices”.

Extending the foundational concepts presented in
Figure 1, situations are individuals, which are
composed by other individuals. Figure 6 depicts
situations as foundational concepts.

that holds between devices and channels through

Channel Avai | abi | i ty is a material relation.
3.3 Formal Relations

Material relations are not the only means by which
one can establish the relation between entities.
Conceptual modeling theories also define the nadion
formal relation. Formal relations hold between two
individuals  directly, without any intervenient
individual. Examples of formal relations argreater

N < com| sed b
Individual |_=composed by Universal posedby
{disjoint, complete]

{disjoint, complete}
=l e omvrsl]|

w Situation Universal

Figure 6 — Foundational concepts

Universal |

In our approach we define Situation Universals
(types), which aim at characterizing situations hwit
similar properties. For example, the situation type



“John is within 50 meters from Alice” consists df a
situation individuals in which the distance between
John’s and Alice’s location values is less than 50
meters. Similarly, the situation type “Person ighivi

50 meters from another person” consists of albsitun
individuals in which the distance between any two
persons’ location values is less than 50 meters.

A situation exhibits temporal properties, suchhes t
time interval during which the situation holds. Fhi
aspect is in line with the ontological definitiorf o
situations discussed by [6], which defines a sitmahs
a snapshot view of some part of the world. In this
theory, a situation iframedby achronoid Chronoids
are ontological entities that define a temporaktion.

As an example, consider the situations “John igigtr

to Alice” and “John and Alice are divorced”. From
time t, to tyo (€.9., for 10 years) John has been married
to Alice. During this interval, at any time (a ssapt),

the situation “John is married to Alice” holds. \Wan
say that the situation “John is married to Alice’ i
framed by a chronoid that refers to the time irabft,

ti]. Suppose the situation “John and Alice are

divorced” is framed by a chronoid defined by the 9

interval [t;, t]. Since the marriage situation is a pre-
requisite for the divorce situation, and a cou@anot
be married and divorced to each other at the semeg t
we can explicitly define that> t;,.

The examples used throughout the paper illustrate a

range of situation patterns that are relevant fortext-
aware applications. These patterns involve thewifit
kinds of context (intrinsic and relational), ertj and
formal relations, which are the building blocks dise
compose situations.

@ substantial (entity)
O Intrinsic context
O Relational context

"+ Quality dimension

— Inherence relation
----- » Association relation

Figure 7 - Notation for situation modeling

We use a simple visual notation to represent
situations (see Figure 7): (i) black circle: substd
(entity); (ii) hollow circle: intrinsic context; if) grey
circle: relational context; (iv) rectangle: situatj (v)
spatial inclusion in the plane: parthood; (vi) dedh
ellipse: quality dimension; (vi) normal arrow:
inherence relation (vii) dashed arrow: association

relation between a quality and its value in a duali
dimension.

4.1 Situationsinvolving Intrinsic Context

Situations involving intrinsic context are composed
by a unique entity and part of its intrinsic corteXn
example of such a situation is “John has influeszd
he is tired“. Figure 8 depicts this situation usithg
notation we have just described.

influenza tired

John

Figure 8 — John with fever and influenza

Other examples of intrinsic situations are “Johs ha
temperature 40 degrees” and “a laptop x has battery
power at 10%”, which are,%nd S depicted in Figure

temperature

O battery power

o

Laptop x

Figure 9 - Examples of situation involving
intrinsic context

John

Q: and Q represent the temperature and percentage
quality dimensions, respectively. The points 40t@ a
10% are specific values (quales) of these quality
dimensions, as discussed in Section 3.1.

We can define a situation type “John has fever”,
which characterizes all situation individuals inieth
John’s temperature is above 38 degrees (of whidk S
an instance). Similarly, we can define a situatigre
“Person has fever” which characterizes all situatio
individuals of persons (not only John) whose
temperature is above 38 degrees.

The situation type “Laptop x has low battery power”
can be defined such that it consists of all situati
individuals in which Laptop x’s battery power isnler
than 20% (of which $is an instance). Analogously, a
situation type that applies to any arbitrary laptep be
defined.



to each of the three networks, WLAN, Bluetooth and

4.2 Situations involving Relational Context Infrared  (entities). By explicity modeling the
connections as relational context, we are ablessiya

Situation involving relational context are congtii ~ Properties to these connections, such as access rig

by at least two entities and part of their relaion and negotiated QoS.

contexts. Several examples can be mentioned in this

category, as follows. Bluetooth connection se
Figure 10 defines the situation, $ which John, Infrared connection

Alice and Mary are connected to each other thraaugh

social network, such as a friendship. This friefiypl¢bf

type relational context) inheres in John, Alice and

Mary.

WLAN connection

Laptop x WLAN Bluetooth  infrared

friendship S4

Figure 12 - Network connection situation

Figure 13 represents situation i which Laptop x
‘ ‘ ‘ has the potential of connecting to WLAN, Bluetooth
and Infrared networks. Differently from ¢S this

) i B situation does not imply that laptop x is connedied
Figure 10 - Friendship situation these networks.

John Alice Mary

Other examples of situations with similar
configuration as §Sinclude: (i) the case that several
people participate in a meeting t. In this case th
relational context of type Meeting inheres in all
participants of the meeting; (ii) the case thatesal
medical units participate in the treatment of aquatx.

In this case, there is a unique relational conbéxype
Treatment that inheres in the patient plus all
participating medical units; (iii) John being madito

S7

Laptop x

Laptop x's
network
availability

Mary; (iv) companies a, b, ¢ having a mutual cacttra WLAN  Bluetooth Infrared
instance of a relational context type) to work @an . —
E)roject. yPe) Figure 13 - Network availability situation

S Figure 14 represents situatiop i which John and
Gree”DeaCe ° Alice are married (through a Marriage relational
context), while Alice works for the University of

Twente (through a work contract relational context)
John’s membgrship Mary's\qembership S
8
m

Allce 's mgmbership Marriage  Work contract

John Allce Mary
John Alice uT

Figure 11 — Membership situation Figure 14 - Marriage and working contract

Figure 11 represents situation; # which John, situation
Alice and Mary are members of a non-governmental
organization, such as Greenpeace. The relational Figure 15 represents situationi§ which both John
context type that connects John, Alice and Marp is and Alice have access to their mobile phones.
participation relational context, such as membershi

Figure 12 represents situatiog i which Laptop x
has established a connection (of type relationalexd)



Jonh's device Alice’s device Se

availability availability

¢

John John's Mobile Alice Alice’s mobile

Figure 15 - Device availability situation

4.3 Situationsinvolving Formal Relations

Situations involving Formal Relations consist of at
least two entities and at least two or more qualifuch
that these qualities are comparable. Two qualdies
comparable if they are associated to the sametguali
dimension. An example of such a situation is depict
in Figure 16, where Qrepresents the location quality
dimension.

S10

John’s locatigh O Maw'.é-.l cation

Alice’s|location

John Alice Mary

Figure 16 — John, Alice and Mary’s locations

In situation &, the value of John’s location is,L
the value of Alice’s location isJand the value of
Mary’s location is L.

We can define a situation type “John, Alice and
Mary are nearby each other”, which consists of all
situations in which L, L, and L; are within 50 meters
radius. Similarly, we can define a situation type
“Persons are nearby each other” which consistdlof a
situations in which persons within 50 meters radius

We can also define a situation type “John is closer

to Alice than to Mary”, which defines all the sitioms

in which the distance between John’s and Alice’s

locations is greater than the distance between’sohn
and Mary’s locations. If =L 5| > |4-L 4], situation g is
an instance of type “John is closer to Alice than t
Mary”.

Situation $; (Figure 17) represents;Rand R,

which are the regions in space occupied by John and availability

the Zilverling building, respectively. Lxepresents the
spatial region quality dimension.

John's spatiaf Zilverling’s
region spatial region

John Zilverling

Figure 17 — Containment situation

We can define the situation type “John is contained
in the Zilverling building”, which consists of all
situations in which John’s spatial region is withire
Zilverling’s spatial region. If Ris within R,, S;; is an
instance of type “John is contained in the Zilvegli
building”.

Further, we can define a containment situation type
between any two spatial entities. This situatiopety
consists of all situations in which an entity’s sala
region is within another entity’s spatial region.

4.4 Combined Situations

We call combined situations the situations that
combine the context types we have defined. Figére 1
represents situation ;S in which Alice is being
interviewed by John, and Alice has access to her
mobile phone (through device availability relatibna
context) and her mobile phone is on. Further, this
situation also represents the values of John's;eAl
and Alice’s mobile phone locations 4LL, and Ls,
respectively).

John's location .
Alice’s

mobile
Alice’s|location location
Alice’s
mobile
isON
John

job interview Alice’s device

Figure 18 - Example of hybrid situation



Figure 19 represents situatiogs 8 which Laptop x
is connected to a WLAN network (through WLAN
connection relational context), and laptop x’s émstt
power is 40% and WLAN's bandwidth is 2Mbps.

battery power

Laptop x

bandwidth

WLAN

WLAN connection

Figure 19 — Example of hybrid situation

4.5 Situations of Situations

Situations themselves exhibit properties (bear
moments). Consider the situation type “John is at
location Ly while Alice is at location §, for more than
10 minutes”, which consists of all situations inig¥h
John and Alice are located at and L, respectively,
with the duration of more than 10 min, e.g., 11 MiR
min, 20 min, etc.

Figure 20 depicts a situation of this typegsfSsince
Si4 has a duration intrinsic property of 15 minutes.

John’s|location  Alice’s|location

duration
John Alice

Figure 20 — Example of situation of situation

Consider the example situation in which “John has

been married to Alice for 10 years”. This situatien
represented by;$in Figure 21.

Si6

Marriage

C duration

John Alice

Figure 21 - John and Alice married for 10 years

We might also need to represent temporal relations
between situations. For example, we might want to
know when laptop x switches from a WLAN
connection to a Bluetooth connection in order tb se
new quality of service parameters.

Figure 22 shows that this situation can be modeled
by defining a situation (g which is composed of
situations (§ and Sg) with particular temporal
properties.

Situations & and S represent the situations
“laptop x is connected to WLAN” and “laptop X is
connected to Bluetooth”, respectively. Botl 8nd S
have starting time and final time, which are irgin
properties of these situations.

Sy represents the situation in which initial and fina
times of §g are T,g and Tyf, respectively; and initial
and final times of § areT,d and Tydf, respectively. If
Tid > Ti4f, and the duration of handover is less than 1
minute, i.e..Tig —T1gf < 1 minute we say that,§is an
instance of the situation type “laptop x switchesnf
WLAN to Bluetooth”.

Sz
S
WLAN connection initial time
0 O
Laptop x WLAN final time e e
* Tisl Ty
Tul o
S initial ime e
Bluetooth connection e i
—CO
® @
final time
Laptop x Bluetooth

Figure 22 — Example of situation of situations



5. Rdated Work ontologies [4, 6], which are in line with concegtua
theories in philosophy and cognitive sciences.
Most approaches towards context modeling We have extended our models with the ontological

presented in the literature (e.g., [7, 13, 14]) i concept of Situation. Situations are composed of

explore the benefits of conceptual modeling agitse ~ ndividuals that are instances of entity and contex
phase in the design trajectory. Often these appesac Universals, and can be considered as elements of
consider technological issues already in the béggnn  nterest on their own. This allows us to identifyda

of the design process, giving precedence to discriminate properties of situations such as these

computational issues over human understandabiiity. have exemplified throughout this paper. By takini t
addition, these approaches do not consider approach we are able to model relevant changdsin t

ontologically well-founded theories to support thei State of affairs of a context-aware application’s
modeling choices. universe of discourse. We believe this is the kay t

The work presented in [7] discusses a situation NClude temporal aspects of context in a comprebens
based theory for context-awareness that allows©ntology for context modeling, since situations tn
situations to be defined in terms of basic factegyp related to suitable notions of time using the cpha#
Fact types are defined in a ORM (Object-Role chronoid As future work, We_W|II further e_xplore
Modeling) context model, and situation types are €mporal aspects for the modeling of context inicigd
defined using a variant of predicate logic. Sinist €Vents and their (temporal ordering and causal)

approach does not discuss a suitable notion of, time relations. We anticipate that the notion of eveart be
temporal aspects, such as duration and preceddnce ¢'S€d to capture transitions between situations.
situations, cannot be explicitly defined. Situations have been represented using an ad-hoc
Our approach also differs from that of Barwise [15, grap_hlcal notation. It h_as not b_een our intention t
16]. Barwise did not elaborate an ontology of ielzt ~ Provide a comprehensive notation, but to use this
(relational moments and formal relations). There a Notation to convey the examples intuitively. Astpeir
no corresponding elements in his theory to subisfant OUr future work, we intend to investigate suitable
and moments, making it difficult to draw a paraiiéh ~ anguages to specify situations and situation types
context-awareness, since contexts are moments and We would also like to provide support for bridging
entities are substantials. In addition, Barwisesuse ¢ 9ap between conceptual context models such as
L : . those proposed here acdntext information modelén
abstract situations in order to analyze, describe and

lassi | situati Abstract situai - the scope of context information models, we should
classify real situations. Abstract situations am-S roter 1o context informationas opposed taontext

theoretical constructions which can capture only congext information refers to the representation of

limited aspects of the ontology of real situatiffis (constituents of) context in an application, subhtt
) this representation can be manipulated and exchange
6. Conclusions Situations are in this case, detected based orextont

information. Issues that become relevant for cdntex

We have presented in this paper our current effortsinformation models relate to: (i) how context insed;
towards conceptual modeling of context. We have (i) how context information is produced, learned,
proposed before an approach that considers asi@ basinférred and used, and (iii) the validity and qtyabf
distinction, the separation of the conceptemtityand ~ contextinformation.
context Further, we characterize context as either
intrinsic or relational. We believe that conceptual 7. Acknowledgements
modeling of context should precede the detailedydes
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