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Abstract For human beings to understand what individual
things in reality mean they need to know what pegso
The main purpose of an enterprise ontology is to the things are intended for, by whom, when, andreshe

promote the common understanding between peopld'oW they are related to other things and envirotmen
across different enterprises. It serves also as ahow they have been emerged, created, and/or evolved

communication medium between peop|e and when and Where, etc. Shortly, they need to knowtbo

applications, and between different applicationisT ~ contexts where the things appear, have appeared,
paper outlines a top-level ontology, called theteasr ~ and/or are to be appeared, and also about thesthing
based enterprise ontology, which aims to promoee th related to them in those contexts. Considering this
understanding of the nature, purposes and mearsfigs understandable that context plays an important irole
things in enterprises with providing basic concefois ~ Many disciplines, such as in formal logic, knowledg
conceiving, structuring and representing thingshirit ~ representation and reasoning, machine learning,
contexts and/or as contexts. The ontology is based Pragmatics, computational linguistics, sociolingies

the contextual approach according to which a contex Organizational theory, sociology, and cognitive
involves seven domains: purpose, actor, actioneatbj  Psychology. In most of these fields, the notioused,
facility, location, and time. The concepts in the in particular, to specify, interpret, and infer mews
ontology are defined in English and presented itame Of things through the knowledge about the contexts
models in a UML-based ontology engineering they appear.

language. In the recent years a number of enterprise and
business ontologies and frameworks (e.g. [8], [38],
1. Introduction [25], [9]) have been proposed. Some of them are

generic, whereas the others are aimed at specific
business fields (e.g. UNSPC, NAICS, and OntoWeb for
e-commerce). In addition, there are several eriserpr
modeling languages (e.g. IEM, EEML,
GRAI/Actigrams). The main purpose of an enterprise
ontology is to promote the common understanding
between people across different enterprises. keser

Numerous applications are run in enterprises to
provide information for, and to enable communicatio
between, various stakeholders, inside and outdide t
organization. Currently, an increasingly large fmort
of enterprise knowledge is hold, processed and

distributed by applications. Enterprise knowledge i T .
“local knowledge” by its nature, in that its meagiand also as a communication medium between people and

representation is agreed in relatively small, local 2PPlications, and between different applications.

contexts. A prerequisite for the successful use ofTak'ng mtohaccpunt the S|gn|f|t(_:ance_ttr:1_at th? s’rga_of
applications is, however, that the common Meanings has in communication within enterprises as

understanding about that knowledge is reached andWeII as experiences got f“’”? t_he_ use_o_f context n
maintained across the enterprise(s). Especially in C2PUring meanings in other_ d|s<_:|p_l|nes, IS sispg
modern inter- and intra-organizational applicatioims how |gn_0red a contextual view is in current entepr
need to support the understanding of shared kna@eled ontologlgs._ We propose that. the semantic and
is crucial [2]. This implies that besides technical pragmatic interoperability of appllcatlohg In epeses
interoperability, the enterprises are facing witke t should be advanced by the more explicit use ofexant

challenge of achieving semantic and pragmatic and othe.r cqntex.tual concepts in enterprise oniedog
interoperability among the applications Our aim in this study is to present a context-based

enterprise ontology. It is a top-level ontology J11
which provides a unified view of the enterpriseass
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aggregate of contexts. This ontology can be speedl
into task ontologies or domain ontologies to meet
special needs of the enterprise, but still maitgin
connections of the specialized things to their erist
The concepts in the context-based enterprise agptolo
are defined in English and presented in meta mddels
a UML-based ontology representation language. The
UML language has been adopted as the basis beitause
has a very large and rapidly expanding user
community, it is supported by widely adopted
engineering tools, and there are positive expeggnc
from the use of UML in presenting ontologies (5,
[39]). We apply a subset of the concepts of thesla
diagram.

The article is structured as follows. In Sectiow@
will define the notion of context and the contextua
approach, and describe the overall structure of the
context-based enterprise ontology. In Section 3wille
define the contextual concepts of the ontology and
present them in meta models. We will end with the
summary and conclusions.

2. Context and Contextual Approach

Based on a large literature review about the notion
of context in several disciplines, we conclude that
contextis a whole, composed of things connected to
one another with contextual relationships. A thgeds
its meaning through the relationships it has whb t
other things in that context.

To define a proper set of contextual concepts we
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Figure 1. An overall structure of the context-
based enterprise ontology

performing functions in a defined organizational
structure, for agreed purposes, and responding to
events, both internal and external, and needs of
stakeholders. The contexts can be decomposed into
more elementary contexts, and they are relateché o
another with inter-context relationships.

An ontology is an explicit specification of a
conceptualization of some part of reality that is o
interest [10]. Thecontext-based enterprise ontologgy
an ontology which aims to promote the understanding
of the nature, purposes, and meanings of the thimgs

draw upon relevant theories about meanings. Based 0 the enterprise with providing concepts and conssruc
three topmost layers in the semiotic ladder [36& W for conceiving, structuring, and representing tking
identify semantics (e.g. case grammar [7]), pra@rsat \yithin contexts, and/or as contexts. The ontology i
[22], and the activity theory [6], respectively, intended to assist the acquisition, representatio
such theories. In semantics, context appears as gnanipulation of enterprise knowledge via the priovis
sentence context, In pragmatics as a conversationyf 4 consistent core of basic concepts and corstruc
context, and in the activity theory as an actiontegt. In the next section we will first define the cortiesd

) Anchorefj on this groundwork and some gomains and the most essential concepts within them
contextual” approaches (e.g. [35], [31], [27]), We pye to the limitation of space, the location anueti
define seven domains, which serve concepts foryomains are excluded. In addition, we will shortly

specifying and interprgting contextual phenomer}a. present relationships between the domains.
These contextual domains are: purpose, actor,mactio

object, facility, location, and time (Figure 1).
Structuring the concepts within and between these
domains is guided by the following scheme, callesl t
seven S’s schem&or Some purpose Somebodydoes
Somethingfor Someonewith Some meansSometimes
andSomewhere

We define thecontextual approachto be the
approach according to which individual things agers
to play certain contextual roles in a context anttdde
contexts themselves. Following this approach, we
define arenterpriseto be an aggregate of contexts that
are composed of people, information and technosggie

3. Contextual Domains

3.1 Purpose Domain

The purpose domairembraces all those concepts
and constructs that refer to goals, motives, @nitibns
of someone or something (Figure 2). The concems ar
also used to express reasons for which somethiistsex
or is done, made, used, etc. We yseposeas the
general term in this domain.
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A goal (of e.g. an actor or action) means a desired expresses reasons, or rationale, for decisionstams

state of affairs ([25], [19]). It can also be reldtto an
object, a facility, a location or a time (systemganing
the purpose, which they are aimed atreasonis a
basis or cause for some action, fact, event efy. [¢
can be a requirement, a problem, a strength/weaknes
or an opportunity/a threat. Between a goal anchaae
there is thedueTo relationshipmeaning that a reason
gives an explanation, a justification or a basis fo
setting a goal.

towards the goals [30]. The problems are commonly
divided into  structured, semi-structured and
unstructured problems [33Btructured problemsare
those that are routine, and can be solved usimglatd
solution techniquesSemi-structuredand unstructured
problemsdo not usually fit a standard mold, and are
generally solved by examining different scenararsl
asking “what if” type questions.

Other expressions for the reasons, of not so ctancre

We can specialize the goals based on their lifespankind, are strengths, weaknesses, opportunities and

Strategic goalsare kinds of missions, answering
questions such as “What is the direction of an
enterprise in the future”. Their spans are gene@h-

10 years.Tactic goalsshow how to attain strategic
goals. Operative goalsare generally determined as
concrete requirements that are to be fulfilled by a
specified point of time. The goals can also be
categorized based on whether it is possible tondefi
clear-cut criteria for the assessment of the foifiint of
goals.Hard goalshave pre-specified criteria, arsoft
goalshave not [23].
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Figure 2. Purpose domain

Requirementsmean something that are necessary
and needed. They are statements about the fut8fe [2
Actually, the goals and the requirements are twessi

threats related to something for which goals atdce
SWOT-analysis, e.g. [16]Strengthmeans something
in which one is good, something that is regardedras
advantage and thus increasing the possibilitiegaia
something betteMVeaknessneans something in which
one is poor, something that could or should be
improved or avoidedOpportunity is a situation or
condition favorable for attainment of a goal [40].
Threat is a situation or condition that is a risk for
attainment of a goal.

A general goal is refined into more concrete ones.
The refinement relationship between the goals
establishes goal hierarchies, in which a goal can b
reached when the goals below it (so-called subsyoal
in the hierarchy are fulfilled (cf. [18]). Thiafluence
relationship indicates that the achievement of a goal
has some influence, positive or negative, on the
achievement of another goal (cf. [25], [18]).

As the goals and the requirements are two sides of
coin, the relationships between the requiremenés ar
similar to those between the goals. Consequently, a
requirement can influence on another requiremeart, a
a requirement can be a refinement of another
requirement. The relationships between the problems
manifest causality. TheausalTo relationshifpetween
two problems means that the appearance of one
problem is at least a partial reason for the oenae of
the other problem.

3.2 Actor Domain

of a coin: some of the stated requirements can be The actor domainconsists of all those concepts and

accepted to be goals to which actors want to cormnit
functional requirementan be achieved by performing
a sequence of operations [20]. Aon-functional
requirement is defined in terms of constraints, to
qualify the functional requirement related to it.

Instead of directly referring to a desirable state,

constructs that refer to human and active parta in
context (Figure 3). Actors perform, own, communégat
borrow, send, receive etc. objects in the conteMigy

are responsible for and/or responsive to triggeand
causing changes in the states of objects in theesam
context, or in other contexts. We consider it intant,

purpose can also be expressed through an indirecf’om the philosophical viewpoint, to distinguishrhan

reference to problems that should be solvegragblem
is the distance or a mismatch between the pregailin
state and the state reflected by the goal [15]reah
the goal, the distance should be eliminated oeastl

actors from non-human actors, which are here regard
as tools (see Section 3.5).

An actoris a human actor or an administrative actor.
A human actoris an individual person or a group of

reduced. Associating the problems to the goals Persons. Apersonis a human being, characterized by
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his/her desires, intentions, social relationshipad
behavior patterns conditioned by his/her culturg (c
[3], [29]). A person may be a member of none or
severalgroups.An administrative actor is positionor
a set of positions. Avositionis a post of employment
occupied byzero or many human actorgor each
position, specific qualifications in terms of skill
demands on education and experience, etc.
specified.

An organizational role shortly a role, is a collection
of responsibilities, stipulated in an operational o

A Context-Based Enterprise Ontology

can be autonomous or cooperative. They can mean
highly abstract work like studies in mathematiasab

the other extreme, physical execution of a stegthp-
procedure with detailed routines.

There are a large number of action structures, lwhic
an action is a part of. We distinguish between the
decomposition structure, the control structure, the
temporal structure and the management — execution
(Mgmt-Exec) structure.

In the decomposition structuregctions are divided
into sub-actions, these further into sub-sub-astietc.
Sub-actions may be functions, activities, tasks,
operations, etc. Decomposition aims at reaching the
level of elementary actions, where it is not pdssir
necessary to further decompose. Toatrol structure
indicates the way in which the actions are logjcall
related to each other and the order in which theyta
be executed. The control structures are: sequence,
selection, and iteration. Theequence relationship
between two actions gctand act means that after

areselecting the action gcthe action agtis next to be

selected. Theselection relationshipmeans that after
selecting the action acthere is a set of alternative
actions agt.., act from which one action (or a certain

structural manner. In the former case, a role is numper Qf actions) is to be selegted. Tltma_tion
composed of tasks that a human actor occupying therelationship means that after selecting the action, act

position with that role has to perform. In thedattase,
a role is charged with responsibilities for somgeots.

the same action is selected once more. The saleistio
repeated until the stated conditions become trire T

A role can be played by many persons, through ortemporal structurds like the control structure but with

without the position(s) they hold.

The supervision relationshifnvolves two positions
in which one is a supervisor to another that isedah
subordinate. A supervisor position has respongibili

and authority to make decisions upon the positions

subordinate to it, and those occupying the subatdin
positions have responsibility for reporting on ane’

work and results to those occupying the supervisor

position.

An organizationis an administrative arrangement or
structure established for some purposes, manitestin
the division of labor into actions and the coortima
of actions to accomplish the work. It can be peramin
and formal, established with immutable regulations,
procedures and rules. Or it may be temporally get u
like a project organization, for specific and oftgort-
range purposes. Aorganizational unitis composed of
positions with the established supervision releiops.

An organization consists of organizational units.

3.3 Action Domain

The action domaincomprises all those concepts and
constructs that refer to deeds or events in a gbnte
(Figure 4).We useaction as the generic concept to
refer to things belonging to the action domain.idws

temporal conditions and events.

Sequence str Selection str

Control str

-
Staffing
1

Controlling

Iteration str Disjoint str Overlapping str

Parallel str ‘

Mgmt-Exec str

Process

1t

Execution

gon
Condition
Ein
Work procedure F—{ Rule ‘
-

Figure 4. Action domain

The temporal structures are specified using tenhpora
constructs, such as during, starts, finishes, kefor
overlaps, meets, and equal. Constructs are used to
specify relationships between starting and/or emdin
events, or between durations of actions. With these
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constructs, overlapping, parallel, disjoint (nomagiel) ’_—_|59ml_mma‘
and overlapping executions of actions can be

I

Object *

distinguished. Two actions asaid to beoverlappingif
the durations of their executions overlap. Theoasti
are (strictly)parallel if the durations are equal or the
duration of one action is included in the duratidrihe

other action. Two actions are said todigjoint if their |
durations do not overlap.

va
. Informational object<l

Material object

The management — execution structisecomposed SpporES ‘f o wp;o,
of one or more management actions and those
execution actions that implement prescriptions ’—‘—‘ ’—‘—‘
provided by the management actions (e.g. [26],,[41] DESCX"M P'm;pm"
[ [ \

[14]). Management actionsmean the planning, [
organizing, staffing, directing and controllingf psserion ‘ ’ prediton ‘ ’ pran ‘ ’ rule ‘
execution actions, in order to ensure the achienewie
goals and constraints (cf. [4], [34], [37]). Therpose
of execution actiongs to implement the prescriptions
with the given resources. . o .

The action structures are orthogonal to one another.ObJeCtS .Of special interest are in the form of data
This makes it easy to specialize the defined sirest information. We call thgmllngl_.usth pbjeqts and
and extend them with new ones, e.g. with the conceptual obj_ectsnespe_ctlvely. Linguistic objects can
dichotomy of material and social actions (cf. sfeec beformal, s_emrformabrmformal. e
acts [32]). The action structures are enforcedubgst . Infgrmat|onal QbJeCtS can be cIa_ssmed based en th
A rule is a principle or regulation governing a conduct, Intentions by which they are provided and used. (e.g

action, procedure, arrangement, etc [40]. It is posed [36], _ [32]' [21]). I_nfprmatlonal .Ob.leCtS _can be
of four parts [12], event, condition, thenActiomda descr|p_t|v_e or prescriptive. A descr_lptlve opjamjled
elseAction. structured in the ECAA structure. éwent adescription,is a representation of information about a
is an instantaneous happening in the context, with slice _Of_ re@"ty- A_n informational Obje.Ct can be
duration. Aconditionis a prerequisite for triggering an gescr!pt!ve in h.Vﬁ”OUS Wayi‘ Arassertlpn IS a h
action. AthenActionis an action that is done when the e§cr|gt|on, whic asserts t at a cehrtaln state d as
event occurs and if the condition is true. dleeAction existed or exists, or a certain event has occuae

is an action that is done when the event occurghaut ~ OCCU'S: A predict_ion is a despription of a future
condition is not true. An aggregate of related sule possible world with the assertion that the courfe o

constitutes awork procedure (cf. [14]), which events in the actual world will eventually leadthis

prescribes how the course of action should proceed.State _(C_f' [2_1])' A prescrip_tive object, caIIe_d a
Depending on the knowledge of, and a variety of, prescription, is a representation of the established

actions, work procedures may be defined at differen practice_or an authoritative regulation for actitiis
levels of detail [13]. An instance of an action ds |nform§1t|_0n th"?‘t says what must or ought to be ddne
process prescription with at least two parts ((E or C) ajdof

the ECAA structure is calledrale. A prescription with
34 Object Domain neither an event part nor a condition part is dabte

' command. A plan is a description about what is
intended. It can also be regarded as a kind of
prediction, which is augmented with intentions of
action. It is assumed that the future possible dvorl
described in the plan would not normally come out,
except for the intended actions (cf. [21]).

An object is often produced gradually through
several iterations. TheersionOf relationshipholds
between two objects oband obj, if properties of, and
experience from, the object gbjpave influenced the
creation of another object ghintended for the same
purposes (cf. [17]). We may also have several copie
from an object. TheopyOf relationshigholds between
two objects, the original object and a copy object,

Command

Figure 5. Object domain

The object domaincontains all those concepts and
constructs that refer to something, which an actson
directed to (Figure 5). It can be a message, astagi
an argumentation, a list of problems, a progranecad
workstation, etc. In general, an object can be a
conception in a human mind, data represented iresom
carrier, or physical material (cf. the semioticnes).
We useobject as the generic term to signify any
concept in the object domain.

Based on the nature of the objects we can
distinguish between material objects and infornratio
objects.Material objectsdo not carry or present any
information, whereamformational objectslo. For us,
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which are exactly, or to an acceptable extent,lamni
The supports relationshignvolves two informational
objects, ohj and obj, such that the information
“carried” by the object objis needed to produce the
object obj. ThepredAbstract relationshipetween two

A Context-Based Enterprise Ontology

diminishes. Thus, a resource is a thing, about hwtiie
main concern is how much it is available (cf. [24].

There are a great number of relationships between
the concepts within the facility domain, represempti
e.g. functional and structural connections. We ictans

informational objects means that one object is moreonly some of them. For being operative and useful,
abstract that the other object in terms of predicat tools should be compatibl&wo tools areeompatibleif
abstraction and both of the objects signify the esam their

thing(s) in reality. Thesignifies relationshiglefines the
conceptual meaning of a linguistic object in terafis
UoD constructs, which the object signifies. THeD
constructmeans any conceptual construct. TaetOf

interfaces are structurally and functionally
interoperable. Tools are composed of one or more
components that develop through consecutamsions

Only some versions of a component are compatible
with certain versions of the other components. A

relationshipmeans that an object is composed of two configuration is a whole that is composed of the

or more other objects.

3.5 Facility Domain

The facility domaincontains all those concepts and

constructs that refer to the means by which somgthi

components of compatible versions.
3.6. Inter-Domain Relationships

Until now we have defined only those contextual
relationships which associate concepts within traes

can be accomplished, i.e. something, which makes arcontextual domain. There is, however, a large $et o

action possible, more efficient or effective (Figus).
We distinguish between two kinds &dcilities, tools
and resources.

Facility

Z% Computerized
Resource ili Tool

B LT L

configured
1

Energy

Computer aided

Manual

Manpower

Configuration

*
1.* ’—lz
versionOf S
Component
*

compatibility

Money

Figure 6. Facility domain

A tool is a thing that is designed, built, installed, etc

to serve in a specific action affording a conveoen
efficiency or effectiveness. A tool may be a simaiel
concrete instrument held in hand and used for rautti
or hitting. Or, it may be a highly complicated cautgr
system supporting an engineer in his/her contrglin
nuclear power station. Tools can tmanual, computer
aided, or computerizedA resourceis a kind of source

contextual relationships that relate concepts fifedint
domains. For example, an actor carries out an ractio
an object is an input to an action, and a facilgy
situated in a location. We call thedster-domain
relationships.Figure 7 presents an overview of inter-
domain relationships. The space is divided intoerev
sub-areas corresponding to the seven contextual
domains. In each of the sub-areas we present the
concerned generic concepts to be related withrtfes-i
domain relationships. It goes beyond the space
available to define the relationships here.

wexpresseday

intendedFor
strivesFol motivatedBy Actor

Human Position
actor

existsAt

situatedin
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intendedFor

lseAbility

Action
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uses

Facility

Resource Tool

Time

— viewedB
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Object

involvedBy

signifies

UoD
construct

Figure 7. Overview of inter-domain relation-

of supply, support, or aid. It can be money, engrgy ships
capital, goods, manpower, etc. [1]. The resources a

not interesting in terms of pieces, but ratherimts of |, aqgition to the binary inter-domain relationship
amount. When a resource is used, it is consumetl, anhere are multiple n-ary relationships. With these,

when consuming, the amount of the resource ggether with composing binary inter-domain
relationships, it is possible to specify things the
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