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Abstract. The paper presents the model of a context that is further used in the 
software tools that deliver proper pieces of information and knowledge to 
knowledge workers in their everyday professional activities. The main 
contribution of the paper is the upper-level context model which is a part of the 
PSI Upper-Level ontology. The formal correctness of the model ic checked 
using the OntoClean methodology. The model is further refined in the two 
different domain-level knowledge representations – the PSI Environment, 
Event and Happening ontology and the ACTIVE Knowledge Process Model. 
The adherence of the upper-level model to the common sense is checked by 
analyzing if its semantics is aligned with context denotations in several 
foundational ontologies. It is also outlined that the presented context model is 
effectively used for improving the productivity of knowledge workers in the 
software tools developed in both mentioned projects. 
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1   Introduction 

A friend told me on the phone that she enjoyed “Tequila Sunrise” yesterday evening. 
What would be my qualification of the object? The context grasped in the 
conversation has been too general for comprehending the message unambiguously. 
More knowledge about the situation has been required for disambiguation. If it was at 
the bar, then the cocktail1 was luckily well mixed (not too much tequila). If, however, 
it was over the home cinema, then I’d have been quite certain that she was amused by 
Mel Gibson2. Very similar things happen to us in our professional life. We play 
different roles in different situations circumscribed by different contexts. We often 
switch contexts in our work that is known to be an obstacle in the way of maximising 
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productivity, especially for knowledge workers whose processes are to a big 
proportion informal – i.e. very loosely defined and often alterable at execution time. 

The research described in this paper is being undertaken as a part of ACTIVE3, an 
EU-funded research project that seeks to remedy some of the defects of current 
knowledge worker tools. It addresses the need for greater knowledge worker 
productivity by providing more effective and efficient instruments based on the use of 
different sorts of knowledge acquired within an organization. One central theme that 
drives the research work in ACTIVE is the prioritization of the information and 
knowledge delivery through an understanding of the current context of a knowledge 
worker. Therefore the development of a rigorously defined context model that is 
further operationalized in the ACTIVated software tools has been one of the 
important tasks. Architecturally such a model has to be at a high level of abstraction 
for being generic enough to cover the requirements and specificities of the project 
case studies. It was also important to ensure that the model is harmonized with the 
available domain-level knowledge representations of the case study partners. One of 
such representations in the form of the Suite of Ontologies is being developed in the 
PSI4 project that is parallel to ACTIVE. It has been decided that the PSI Upper-Level 
Ontology (PSI-ULO) would be the right setting for placing the high-level context 
model of ACTIVE. The reasons for that are: (i) the PSI-ULO is a well founded upper-
level representation of a descriptive theory of informal processes; and (ii) the PSI 
Suite of Ontologies is used as the knowledge representation formalism for one of the 
ACTIVE case studies. Thus, providing the abstract context model at the upper level 
allows bridging the context models at domain level for different case studies and 
technology development.  

The remainder of the paper is structured as follows. Section 2 reviews the related 
work in modeling and using contexts. Section 3 presents our upper-level context 
model that is further used as a conceptual bridge for domain-specific models in PSI 
and ACTIVE projects. Section 4 describes these domain-specific models with the 
emphasis on the refinement of the semantics of a Context5. Section 5 analyses the 
alignment of our representation of a Context with foundational theories. Section 6 
outlines the use of the presented context model in the software tools developed in PSI 
and ACTIVE projects. Section 7 concludes the paper and outlines the planned future 
work.  

2   Related Work 

Apparently the notion of a Context is both: (i) reflecting a mental state that people use 
or are aware of quite frequently for determining the pragmatics in their situations; and 
(ii) very vaguely defined for machine processing. Indeed, the definitions of a Context 
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vary substantially depending on a field [16]. Several reviews (for example [8], [9], 
[10]) point out to the cross-disciplinary nature of a Context mentioning different 
stances in denoting and modeling contexts.  

In theoretical Artificial Intelligence (AI), more specifically in the study of events 
and situations, in commonsense reasoning, a Context is understood often 
synonymously to a Situation [1]. Different aspects of contexts are highlighted and 
used in defining categorizations and formal logical representations [1]: projections, 
approximations, ambiguities, mental states. One of the prominently widely accepted 
metaphors of a context is the box model [2] that allows analyzing the dependencies of 
contexts following the dimensions of partiality, approximation, and perspective. The 
idea of this approach is to look at a circumscription of a context and analyze its 
placement and dependencies on the “terrain” of the observable contexts structured 
alone the mentioned dimensions. Such an analysis allows understanding the situation 
circumscribed by the interior of the context. At a very general level of understanding 
AI approaches find their root in the definition by Abowd et al [4]: “Context is any 
information that can be used to characterize the situation of an entity. An entity is a 
person, place, or object that is considered relevant to the interaction between a user 
and an application, including the user and applications themselves”. These 
“situationalist” approaches of AI find reflection in the “environmentalist” approach 
that has been pursued by us in the former work [5] and further in the ACTIVE project. 
Our approach differs by the incorporation of processes as possible element kinds 
comprising a Context.  

In Conceptual Modeling (CM) and Knowledge Representation (KR) more attention 
is paid to the structural aspects and categorization of context kinds. One of the well 
founded approaches to context modeling [3] is based on the understanding that a 
Context is a referential kind per se and therefore has to be separated from the 
representation of an Entity. The context kinds are further classified as intrinsic and 
relational. Situations are modeled by involving the combinations of contexts of 
different kinds. Our approach to modeling contexts is aligned with the referential 
character of a Context and its attribution to “MomentUniversals” [3]. In addition to 
that, in PSI and ACTIVE we place our model in the setting of loosely defined 
dynamic informal processes, environments, and subjective perceptions of what 
happens in these environments. The emphasis in the PSI and ACTIVE domain 
“serializations” of our upper-level model of a Context are slightly different. In PSI the 
model is closer to the situational and referential representation of a Context. In 
ACTIVE a Context is modeled in a holistic way as a part of an Environment. Many of 
the foundational ontologies contain the formalizations of the semantics of a Context at 
a high level of abstraction. Cyc [7] for instance is even structured in contextual parts 
for better usability.  

Yet another perspective in the vast body of research on contexts and context-
awareness is the use of contexts in software applications. Here as well exist a number 
of context definitions in different areas, for example in Ambient Intelligence [4] or 
the Semantic Web [22]. The area covered by our work in PSI and ACTIVE is more 
related to exploiting user contexts in knowledge-involved daily tasks. The approaches 
to context modeling and use around user context models and applications are as 
presented below.  



In EPOS project [17] a user context is denoted as the things that influence 
knowledge work. Following an approach that is similar to the one of ACTIVE, a 
context-sensitive application can detect the user's current working context through 
user observation and logging and further support the user with suggestions and other 
services6. As a part of this approach the two ontologies were developed: (i) 
UserContextOntology7 that is a top-level RDF Schema for modeling and processing 
user context and also providing operators and comparators for that data; and (ii) 
NopOntology (Ontology of Native User Operations)8 that is an RDF schema to model 
the native operations a user does when working. The NopOntology models generic 
information objects (file, website, mail) and operations on them (open, close, save).  

The work on user context done in EPOS has been further used as a basis in the 
NEPOMUK project9. NEPOMUK developed a UserContextService as part of their 
framework10  that can be divided in three parts that work together: 

(i) Observing user operations via plugins that send messages to the 
UserWorkContext service. The observations are expressed using the NopOntology, 
but only describes the actions (browse to, open mail), but not the objects of operations 
(website, mail) which are well-defined through the NieOntology and PIMO 
Ontology11 [20]. 

(ii) Gathering user operations in the UserWorkContext service and computing and 
updating the user context thread. Then,  the work context is represented in the 
UserContextOntology describing objects related to user's tasks which attributes are 
computed and change constantly (like relevance).  

(iii) Using context in the GUI and to support the users 
This approach is used as part of NEPOMUK’s implementation12 in KDE (the 

graphical desktop environment for Unix/Linux workstations)13. 
APOSDLE project enhances knowledge worker productivity by supporting 

informal learning and teaching activities in knowledge workers’ everyday work 
processes and within their work environments [18]. This is done including the 
learner’s current work context for the three roles (called 3spaces) a knowledge worker 
performs at the professional workplace: (i) the role of a learner, where APOSDLE 
presents contextual knowledge sources as part of learner’s current work context; (ii) 
the role of an expert, where APOSDLE enriches artifacts with context information 
turning them into contextualized collaboration artifacts; and (iii) the role of a worker, 
where APOSDLE enables workers to access content from several diverse knowledge 
sources without having to change the environment based on their working context. 
APOSDLE characterizes user context [19] by a relevant subset of all surrounding 
potentially dynamic (e.g. temporal, environmental) information and external and 
internal conditions considering a goal bounded to a knowledge worker.  The User 
Context is then an abstraction of three context spaces depending on the particular role 
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in each particular moment. The work-related context space is defined by a knowledge 
worker’s tasks and the resources necessary to execute tasks. The learning-related 
context space is defined by a knowledge worker’s competencies. The knowledge-
related context space is defined by a knowledge worker’s knowledge with regard to a 
certain knowledge domain. 

3   Context Model  

The upper-level context model (Fig. 1) has been developed in response to the 
requirements of the ACTIVE project in order to enable user context awareness in 
ACTIVE software for information delivery [13]. The context model has been made 
the part of the PSI-ULO v.2.314 that has been developed using the Shaker Modeling 
methodology for ontology refinement [6]. The upper-level model has been further 
used for developing the domain extensions of context models both in the Suite of PSI 
Ontologies v.2.3 that is used in the ACTIVE Case Study on engineering design in 
Microelectronics [12] and in the ACTIVE Knowledge Process Model that is used in 
the other software developed in ACTIVE, for example in the Context Visualizer.   
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Legend: (mA…MA), (mB…MB) are the multiplicities denoting the (instance) cardinality of the relationship: 
(m,M)A specifies how many (minimally, Maximally) instances of A may be related to the ONE SPECIFIC instance of B; 
(m,M)B specifies how many (minimally, Maximally) instances of B may be related to the ONE SPECIFIC instance of A. 
DOLCE is the foundational ontology of the WonderWeb ontology library [14]; SUMO is the Suggested Upper Merged 
Ontology [15]. 
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Fig. 1: The upper-level context model and its domain-level refinement by PSI E2H Ontology. 
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A Context15 of an entity (that has the context) is the selection of related things that 
facilitate interpreting, using, or performing the entity having this context in a 
pragmatic way. For denoting a Context it is therefore required to answer: 

(i) The context of what is specified? A Context could be either of a Process or of 
an Object. Examples are: the context of a development team affiliated to an 
organization, the context of a project, the context of the development process of the 
configurable multimedia controller.  

(ii) What is relevant for the inclusion in the context? An instance of a Context 
may contain the instances of a Process or of an Object as relevant referential 
constituents. Examples are: (a) the context of the process of engineering design may 
refer to the members of the development team, the manager, the resources used or 
consumed, the tools used, the design artifact under development; (b) the context of the 
development team (subclass of an object) may contain the design processes performed 
by the team, the organization to which the team is affiliated, the tools and the 
resources, etc.  

An Object16 in PSI-ULO is a Holon17 that has Environment, belongs to an 
Environment, and may be changed in the execution of an AtomicAction. An Object 
may have Characteristics and may be either material or immaterial. As an Object 
inherits the structuralParthood relationship of a Holon the context model accounts for 
the objects of any structure and complexity. The constraint that is put by the model 
onto its object related part is that a Holon is an Endurant. Therefore the compositions 
and aggregations of Objects are static in time. However a Context allows for 
temporally dynamic aggregations of its referential components, objects in particular.  
Therefore a Context, like an Event or an Environment, is a Perdurant. 

In contrast to an Object, a Process in PSI-ULO is a Perdurant. A Process18 is a 
specialization of an Event that is stateful and possesses pro-active character. A 
Process has its Environment – the part of the world which is changed in the course of 
the Process. A Process is pro-actively directed by the Agent who manages it. As the 
context model contains the concept of a Process with its relationship to the concept of 
a State, the situations can be modeled as the states of the Environment. Moreover, as a 
Process is explicitly related to its Environment, the model possesses a clear 
environmentalist grounding.  

(iii) Who uses the Context? A Context is used by an Agent to define the current 
working focus and determine working priorities. For example if a manager supervises 
several design projects he has to concentrate on each of them at different time. When 
he is focused on a particular project the things relevant to the context of this project 
become more important. Therefore we may say that the manager has switched his 
work to the context of this project and considers that his actions applied on the items 
relevant to the chosen context are of the higher priority than the actions applied to the 
other contexts. 

                                                           
15 http://isrg.kit.znu.edu.ua/ontodocwiki/index.php/Context  
16 http://isrg.kit.znu.edu.ua/ontodocwiki/index.php/Object   
17 A holon is a term that denotes a system (or phenomenon) that is a whole in itself as well as a 

part of a larger or a higher-level system (or phenomenon). The term is attributed to A. 
Koestler (e.g. [24]).  

18 http://isrg.kit.znu.edu.ua/ontodocwiki/index.php/Process  



After the introduction of the context model the refined PSI-ULO taxonomy has 
been formally evaluated using OntoClean Methodology [11]. The meta-properties 
have been assigned to all the concepts (see Fig. 1 for the Context-related part) and the 
analysis of the adherence of the taxonomy to formal constraints has been 
undertaken19. The concept of a Context has been qualified as rigid (+R), supplying 
identity (+O), carrying unity (+U), and externally dependent on the other concepts 
(+D). A Context is rigid because for any instance of a Context it holds true that it is 
always a Context. If x (at time instant t) and y (at time instant t') are Contexts and they 
referentially contain the same instances of a Process and an Object (Γ(x,y,t,t')), then 
x = y. Hence, a Context supplies (its own) identity. A Context subsumes to DOLCE: 
Perdurant and therefore inherits its temporalParthood relationship to self, which is a 
unifying relation. Indeed, a Context carries unity condition because it is a whole 
comprising other instances of a Context as proper temporal parts. A Context is 
externally dependent on other concepts: a Process, an Object, and an Agent. For 
instance it is impossible to qualify something (x) as a Context without explicitly 
pointing to y which is the process or the object relevantTo the context, or the agent 
that worksIn the context.  
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Fig. 2: ACTIVE context model as a domain-level refinement of the PSI-ULO context model. 

The upper-level context model (Fig. 1, 2) as a part of the PSI-ULO serves as a 
semantic bridge [6] for enabling interoperability between different context-aware 
applications in different though overlapping domains. Via this bridging the upper-
level model puts both domain-level models in one semantic context circumscribing 
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the unifying feature of these domains. This feature is the account for the personalized 
user context of a knowledge worker performing informal, loosely defined, and 
dynamically ramified processes in his everyday work using his tacit knowledge. 

4   An Environmentalist View on Contexts in Informal Processes  

The domain-level models that are bridged by the context model of PSI-ULO are the 
context model of the PSI Environment, Event, and Happening ontology (E2H) and the 
ACTIVE Knowledge Process Model.  

E2H provides a subjectivist view of an Agent, presented by an Observer concept, 
and the model of his individual perceptions of the events that happen in his 
Environments [5].  A Context in E2H (Fig 1, and also http://isrg.kit.znu.edu.ua/ontodo 
cwiki/index.php/Environment,_Event,_and_Happening_ontology) is the view of an 
Observer on the proper part of the Environment. An Observer is a PSI-ULO: Agent 
that perceives events as happenings. In positioning itself in an Environment and 
adjusting its behavior an Observer focuses on a Context. For example, an Observer 
being situated in different environments may have different properties: play different 
roles, have different beliefs, have different availabilities, execute different atomic 
actions, etc.  

An E2H: Environment in the ontology subsumes to PSI-ULO: Environment and 
refines the model of environment by specifying the way an environment changes. An 
Environment contains objects (an AffectedObject) which characteristics 
(AffectedCharacteristic) are affected in the Event changing its AffectedValue. From 
the other hand, the Environment containing the AffectedObject is the Environment in 
which an InternalEvent affecting this object occurs.   One more refinement provided 
by E2H: Environment in the property of being a structural aggregate of Environments. 
This parthood relationship allows modeling nested environments. Finally, an 
Environment could be projected by the Context of an Observer. Such a context is the 
view on a particular proper part of the Environment. 

A Happening of an Event is the perception of this event by an Observer. Hence, in 
terms of PSI-ULO a Happening is a specific sort of an atomic action performed by an 
Observer. A Happening is atomic because it can not be split in parts without ceasing 
being a happening of this event. An Event could be perceived as a Happening by an 
Observer only if the event affects the object belonging to the part of the environment 
that is in the context of the observer. A Happening, in difference to the associated 
Event, never has duration but occurs instantly – at a TimeInstant when the perception 
is recognized by the observer. A Happening may occur with a certain lag in time with 
respect to the percept Event. The reasons for such a delay may be: (i) the observer 
may take a certain time to notice the change in the value of the characteristic of the 
affectedObject, or (ii) the change may become apparent with a delay. 

In ACTIVE project the Context Model (Fig. 2) is one of the central parts of the 
ACTIVE Knowledge Process Model (KPM) [30]. The Context is contained within the 
Environment. The Context itself is defined as a collection of related things of a 
specific State of the Environment. The things related to a Context are Actors, Tasks, 



Resources, and Events. A Resource is an object which is associated with a Task and 
belongs to a specific Context. 

The KPM is bridging the common understanding of processes, either tacit or 
formal, to the implemented software underneath. It facilitates turning informal 
processes into more formal (or semi-formal) processes by defining terms such as 
states, state transitions, admissible actions, as well as composing processes in various, 
dynamic ways.. The model does not require any concrete and explicitly defined 
sequence of action. It puts the actor – the knowledge worker – into the center of 
driving his or her knowledge processes. 

A Knowledge Process (KP) is denoted as a loosely defined and structural ramified 
collection of actions. The structure of such a process and the order of action are not 
fully defined at the start of a KP. Many actions require a decision by an actor about 
the follow-up action. At such a decision point the actor uses his (tacit) knowledge and 
the current working context to decide about the successor action. 

To complicate matters, as circumstances change, the actor may decide to work in a 
different context, rather than follow the normally expected pattern. In this way the 
actor drives and carries out the KP. The context in the KPM is the part of the working 
environment in which the KP is carried out. The context is composed of the elements 
of the working environment that have to have a priority treatment by the actor in this 
KP. Therefore the constitution of a context influences the decisions taken by the 
Actor. Those decisions have to been taken during execution time over the process 
development path and lead to emerging structural ramification constituted by 
admissible alternatives. The outlined higher level denotation of knowledge processes, 
contexts, actions, and actors is leading to a more formal mapping and alignment with 
the PSI-ULO. 

A Task (subclass of PSI-ULO: Process) is managed by an Actor (subclass of PSI-
ULO: Agent) containing subtasks. The AdmissibleAction is a PSI:AtomicAction and 
therefore wrapped by a Task. A KnowledgeProcess is a specialized Task. The Actor 
as a sub class of a PSI:Agent uses either tacit or explicit Knowledge, to decide about 
FollowupActions and to drive the KP. The Decision about the FollowupAction is 
driven by the Goal (subclass of PSI-ULO: Goal).  

A PrimitiveEvent is an evidence of an action, e.g. something which a system is 
aware of, and which forms an input to the event mining for event pattern detection. 
We distinguish between system and non-system events. System events are observable 
by the system, such as ‘file opened’ or ‘file closed’. Non-system events are not 
observable by the system because the happen outside the system itself, such as talk to 
a colleague. An Environment has States. The transition from one State of the 
Environment to another State is caused by a PrimitiveEvent. 

ACTIVE is trying to combine top-down and bottom-up approaches to transform 
informal knowledge processes into more formal processes. Top-down means that we 
start from a descriptive level where the knowledge worker defines his tasks and 
activities (or derives these from a business- or master process). Those definitions are 
shared within the organization and evolve over time. The bottom-up approach is about 
mining and learning from event and action patterns to predict follow-up actions and 
recommend alternatives to the knowledge worker. Patterns in general are Rules as 
defined in PSI-ULO. An EventPattern is a regulatory on the event log which could be 
connected to a defined ActionPattern. In the KPM EventPattern, TaskPattern, and 



ActionPattern are the patterns that will be identified by the underlying mining 
services (bottom-up). 

Thus, the ACTIVE KPM provides concepts to express stateful creative dynamic 
processes, actors, context and tasks situated in nested dynamic environments based on 
the formal representation of time, events, and actions. 

5 Checking Context Model with Foundational Theories 

Several foundational ontologies have been reviewed to check if the proposed context 
model is aligned with their top-level definitions of the semantics of a Context: CYC 
[25], the D&S extension to DOLCE [14], SUMO [15] and WordNet [26], and BFO 
[14]. 

In CYC a Context is a specialization of CYC: AspatialInformationStore and CYC: 
AbstractIndividual. An individual context is the representation of the corresponding 
instance of a CYC microtheory that is an atemporal, aspatial, informational thing, 
though its components may possess temporal or spatial extent. Each context serves to 
group together a set of assertions that share some common assumptions; the assertions 
in a microtheory constitute the content of that microtheory. Hence, contexts are used 
for circumscribing corresponding microtheories to enable adding new assertions and 
facilitating reasoning with less effort. A Context is understood as a region in a 
knowledge space having several dimensions (projections) as outlined in Fig. 3 in a 
simplified way. It is mentioned that the order of analyzing the “footprint” of an 
assertion onto these projections is important – so the dimensions of the knowledge 
space are not orthogonal. However, no recommendations on the order of applying 
projections are given, probably because of the foundational nature of CYC. In 
essence, CYC context model is the abstract collection of assertions that hold true 
within a particular region circumscribed by a combination of dimensional constraints. 
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Fig. 3: A simplified context model of CYC reconstructed from [25]. 



A primary distinction of the proposed model is that contexts in PSI-ULO contain 
components that belong to environments and are not abstract, while the constituents 
of CYC contexts are disembodied. Therefore a PSI-ULO: Context could be 
considered a subclass of a CYC: Context only to a limited extent – both are 
circumscribed using several dimensions. The primary dimensions for a PSI-ULO: 
Context are temporal regions, structural compositions, and attribution to an Agent. 
Contexts differ temporally as they are Perdurants. So, there is a correspondence to a 
CYC: TemporalRegion dimension in the proposed model. Contexts differ in their 
structures because both Processes and Objects inherit temporal or structural parthood 
properties respectfully by subsumption. The structural dimension of the PSI-ULO 
context model corresponds roughly to the Topic/Granularity projections of SYC. 
Contexts in PSI-ULO are associated to an Agent who has this Context as his working 
focus. This dimension corresponds to the CulturalDistinction projection of CYC as it 
is also called “restrictions on the AgentType” [25]. 

The ontology of Descriptions and Situations (D&S) has been developed [14] as an 
extension to DOLCE. D&S is a descriptive theory that outlines the distinctions 
between the states of affairs (flux-like things), logical theories structuring these fluxes 
denoted as Situations, and the Descriptions of these structures satisfied by the 
corresponding structuring theories in the terms of a foundational ontology (DOLCE). 
The UML model of D&S ontology reconstructed from the description in [14] is given 
in Fig. 4.  
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Fig. 4: Descriptions and Situations ontology – extension of DOLCE. 

D&S ontology follows a “situationalist” approach in defining contexts. Contexts 
are the descriptions of Situations (S-Description) specified in terms of the sequences 
of events (D&S: CourceOfEvents) that essentially are PSI-ULO: Processes, D&S: 
FunctionalRoles played by DOLCE: Endurants that are participants in processes, and 
D&S: Parameters describing constraints on the characteristics of the modeled state of 
affairs. Hence, a PSI-ULO: Context can be mapped to a D&S: S-Description, but 
again to a limited extent.  



One important difference of the PSI-ULO model is that it involves both objects 
(Endurants) and processes (Perdurants) as the components belonging to a Context 
while the model of D&S contains process descriptions only. Another difference that 
allows positioning our approach as “environmentalist” is that contexts in PSI-ULO 
are situated in environments as the containers of Process and Object instances that 
have their environments and belong to their (possibly different) environments. 
Finally, in the proposed model agents (specialization of an Object) are not only the 
components of contexts, but also the active users of contexts as their working foci.      

SUMO only states that a WordNet: Context subsumes to a Proposition that is a 
subclassof an Abstract (thing). In WordNet the relevant definition of a Context states 
that a Context is “the set of facts or circumstances that surround a situation or event” 
– Fig. 5.  

 
Fig. 5: The definition of a Context in WordNet. 

Like in CYC a WordNet: Context is a disembodied abstract thing but in difference 
to CYC it subsumes directly to an Environment. However, an Environment in 
WordNet is denoted as a hyponym to a Situation or a State of Affairs. Such a 
definition makes our model disaligned with WordNet.  

In BFO [27] only processual contexts (settings) are defined as Occurrent entities 
consisting of a characteristic spatial shape inhering in some arrangement of other 
occurrent entities. Processual contexts are the entities at or in which other Occurrent 
entities can be located or occur. Hence, contexts in BFO are situations or states of 
affairs attributed to spatial regions. The PSI-ULO model is very partially aligned with 
the BFO model of a Context – only in the sense that in both models a Context is a 
Perdurant and circumscribes a state of affairs.  

6 Context Model in Use 

The proposed context model has been used in software tool implementations for PSI 
and ACTIVE projects. In PSI it is the basic model for representing structural contexts 
within an ontology for knowledge engineers in the Ontology Difference Visualizer 
(ODV) software tool [28]. In Active the model has been used as a basic upper-level 
formal knowledge representation for knowledge workers in the Context Visualizer 
front-end of the ACTIVE Knowledge WorkSpace (AKWS) software [29]. 



A proof of concept prototype of ODV has been implemented in PSI as an ontology 
engineer plug-in for Cadence ProjectNavigator software. The composition of a 
context of an ontology concept, as implemented in the ODV, could be formed by 
specifying the radius of the neighborhood of this concept. Further it could be fine-
tuned by manual inclusion or exclusion of the concepts, object properties, 
subsumption relationships.  The analyzed ontological context may be placed on the 
wafer of the source (old) ontology. The context may be also altered by considering or 
filtering out the concepts belonging to the imported ontology modules. All the 
mentioned constituents of a context are Objects in terms of the context model. Finally 
the “owner” filter may be employed for concentrating on the changes that have been 
introduced by a particular ontology engineer in the team. These “owners” are the 
instances of an Agent in terms of the context model.  

A key factor in ACTIVE is to help knowledge workers manage and understand the 
context (elements, boundaries, and environment) of their daily collaborative 
processes. This visualization can be addressed from different perspectives. Moreover, 
as each complex collaborative process is performed in some context, the visualization 
of such a context helps understand the underlying relationships within collaborative 
processes in which those contexts are shared.  

Contexts in the enterprise environments have some specifics that should be 
considered in user-tailored representations: (i) there are different views on context, 
varying by the observation perspective (the aspect in focus) and the purpose of using 
that context – particularly in terms of the range of possible entities to be considered, 
e.g. tags as a new interesting resource; (ii) the relationships within a context among 
files, people, tasks, and any type of resource are multiple and complex, where 
different items have different relevance to the context; (iii) an easier comprehendible 
interpretation of a context for non-expert users has to be provided – for example by 
visualizing contexts in the terms that are native for knowledge workers.  

Consequently, the outlined specifics lead us to accounting for the following set of 
features for the ACTIVE context visualization tool: (i)  use a human understandable 
visualization paradigm of the underlying context model; (ii)  identify graphically 
different entities relevant to the visualized context as well as their relationships; 
(iii) identify the relevance (importance) of an item in the context to the user (the 
larger the icon is, the more relevant or important the item is to the user – for example 
the more time the user spends working on this item; (iv) provide easy to use facilities 
for filter the context elements; (v) deal appropriately with the size and complexity of 
context visualizations by providing the features for reducing the inherent complexity 
and facilitating understanding of the complex relationships within a context.  

Component-wise the Context Visualizer comprises the: Context Mapper, Context 
Representation Model, Context Presentation Engine. The Context Mapper receives 
the incoming knowledge from the AKWS Services [23] (in particular, the User, 
Resource, Task, and Mining services) in terms of the KPM. For a better 
comprehendability by non-specalist users it maps the received context instances and 
consolidates them into the internally used Context Representation Model in terms of 
the resources within a context in ACTIVE platform [21].  



7 Conclusions 

The paper presented the context model developed in a parallel effort of ACTIVE and 
PSI projects in response to the requirements of the ACTIVE case studies. The upper-
level context model, as a part of the PSI-ULO, serves as a semantic bridge for 
enabling interoperability between different context-aware applications in different, 
though overlapping domains. Through this bridging the upper-level model puts both 
domain-level models in one semantic context circumscribing the unifying feature of 
these domains. This feature is the account for the personalized user context of a 
knowledge worker performing informal, loosely defined, and dynamically ramified 
processes in his everyday work using his tacit knowledge. It has been also shown how 
the upper-level model is refined for the needs of finer-grained domain-level 
descriptive theories in the contexts of PSI (the E2H ontology) and ACTIVE (the 
KPM). Finally the paper outlines that the context model is used for developing 
software tools for knowledge workers. One such tool – the Context Visualizer – is the 
front-end part of the ACTIVE knowledge worker desktop, another is the tool for 
contextualized visualization of structural differences in ontologies developed in PSI 
for knowledge engineers. 
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Annex A. Meta-Properties, Constraints and Assumptions 

As suggested by the OntoClean methodology for the formal evaluation of the 
ontological adequacy of taxonomic relationships [11]: 

Definition 1: rigidity, non-rigidity, and anti-rigidity. A rigid property (+R) is a 
property that is essential to all its instances, i.e. a property φ such that: 

→∀ )(xxφ □ )(xφ . A non-rigid property (–R) is a property that is not essential to 
some of its instances, i.e. ¬→∃ )(xxφ □ )(xφ . An anti-rigid property (~R) is a 
property that is not essential to all its instances, i.e. ¬→∀ )(xxφ □ )(xφ . 

Definition 2: identity. An identity condition (IC) is a formula Γ that satisfies either 
(1) or (2) below, excluding trivial cases and assuming a predicate E for actual 
existence  at time t or t': 

E(x,t) ∧ φ(x,t) ∧ E(y,t') ∧ φ(y,t’) ∧ x = y → Γ(x,y,t,t')    (1) 
E(x,t) ∧ φ(x,t) ∧ E(y,t') ∧ φ(y,t’) ∧ Γ(x,y,t,t') → x = y    (2) 

An IC is necessary if it satisfies (3) and sufficient if it satisfies (4). Based on this, 
two meta-properties are defined: 

Identity (I): Any property carries an IC (+I; –I otherwise)) iff it is subsumed by a 
property supplying that IC (including the case where it supplies the IC itself). 

Own Identity (O): A property φ supplies an IC (+O; –O otherwise) iff: (i) it is 
rigid; (ii) there is a necessary or sufficient IC for it; and (iii) the same IC is not carried 
by all the properties subsuming φ.  

Definition 3: unity. An object x is a whole under ω iff ω is an unifying relation 
such that all the parts of x are linked by ω, and nothing else is linked by ω. A property 
φ carries a unity condition (+U; –U otherwise) iff there exists a single unifying 
relation ω such that each instance of φ is a whole under ω. A property has anti-unity 
(~U) if every instance of the property is not a whole. 

Definition 4: dependence.  A property φ is externally dependent (+D; –D 
otherwise) on a property ψ  if, for all its instances x, necessarily some instance of 
ψ must exist, which is neither a part nor a constituent of x: 

x∀ □ )),(),()(()(( xyCxyPyyx ¬∧¬∧∃→ ψϕ ,   (3) 
where is a parthood relationship; is a constitution relationship.  ),( xyP ),( xyC

Assignment of OntoClean meta-properties imposes several constraints on 
taxonomic relationships. If φ and ψ are two properties then the following constraints 
hold: 

φ~R can't subsume ψ +R       (4) 
φ+I can’t subsume ψ -I       (5) 
φ+U can't subsume ψ -U       (6) 
φ~U can't subsume ψ +U       (7) 
φ+D can't subsume ψ -D       (8) 
Properties with incompatible ICs/UCs are disjoint.    (9) 

Finally, the following assumptions regarding identity are made. Sortal 
Individuation: every domain element must instantiate some property carrying an IC 
(+I). Sortal Expandability: if two entities (instances of different properties) are the 
same, they must be instances of a property carrying a condition for their identity. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


