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The lack of a formal event model hinders interoperability in distributed
event-based systems. Consequently, we present in this paper a formal model
of events, called F. The model bases on an upper-level ontology and provides comprehensive support for all aspects of events such as time and space,
objects and persons involved, as well as the structural aspects, namely mereological, causal, and correlational relationships. The event model provides a
flexible means for event composition, modeling of event causality and correlation, and allows for representing different interpretations of the same event.
The foundational event model F is developed in a pattern-oriented approach,
modularized in different ontologies, and can be easily extended by domain
specific ontologies.

1. Introduction
The explicit modeling of events and event-based systems are increasingly gaining
widespread attention by research and industry [24] due to a couple of reasons. Firstly, we
find an increasing number of systems that are treating events, e.g., media delivery, recognition of vandalism, or management of emergency incidents. Secondly, a fastly growing
number of intelligence-collecting devices such sensors, CCTV, upload facilities, and others lead to an ubiquity of events being recognized and communicated. Thirdly, event
detection, clustering, and annotation is and will be realized in many different software
components and proprietary solutions using a large variety of internal data models.
Thus, multiple systems are connected for managing events resulting in a complex,
so-called distributed event-based system (also cf. Section 2.2). Such a distributed eventbased system is a software system consisting of several components that are characterized
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by taking events as input and providing events as output. However, in contrast to
related work in the field of publish/subscribe systems that work at a technical level
of event management, e.g. [4, 24], the distributed event-based systems considered here
deal with events on the level of the domain under consideration. These domain events
may be very complex and may be linked to a variety of aspects such as time and space,
objects and persons involved, as well as structural relationships like mereological, causal,
and correlate relationships. Thus, the semantic interpretation of ad-hoc, ideosyncratic
event models may easily become ambiguous rendering the communication between and
integration of the different event-based components (and possibly different event-based
systems) a challenging task. Consequently, a common model for domain events and
their various aspects is needed. However, today’s event models such as [23, 17, 6, 32]
are developed ad-hoc and lack formal semantics. This hinders interoperability of the
different event-based components and event-based systems aggravating the treatment of
events in already complex, distributed infrastructures.
What is needed is a formal representation of events in a model that allows easy interchange of event information between different event-based components and systems [24].
Such an event model is presented in this paper. For our event model, F, we have analyzed existing event models and event-based systems and we have conducted a study of
relevant work in foundational sciences such as philosophy and linguistics. As a result,
we have decided to base the event model F on the Descriptive Ontology for Linguistic
and Cognitive Engineering (DOLCE) [10, 16] and to follow DOLCE’s pattern-oriented
approach for ontology development. The DOLCE approach provides native support for
modularization of F and extension by domain specific ontologies. The event model F
provides support for all aspects of events, namely time and space, objects and persons
involved, mereological relationships of events through sub-events, causal relationships,
and documentation by sensor data such as media content.
The remainder of this paper is organized as follows: The next section introduces the
concept of events and motivates the metaphysical distinction between events and objects.
A concrete scenario motivates the need for a formal event model F. From an analysis of
related work, we have derived a set of requirements on a common event model presented
in Section 3. In Section 4, we describe the development of our event model and its
patterns. The use of the event model F is demonstrated in Section 5. In Section 6, we
present an extensive analysis of existing event models and systems, before we conclude
the paper.

2. Motivation
According to the literature, there are different characteristics of events [5]. As the
definition of events is of metaphysical nature and essential for this paper, we first discuss
it in Section 2.1. Subsequently, we motivate the need for a common, formal event model
by a concrete scenario in Section 2.2.
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2.1. Events
In philosophical literature, there are different discussions of how to discriminate events
from other categories that are put as the ontological competitors of events [5]. One
of them are objects. Although not undisputed, there are standard differences between
events and (physical) objects [5]: Events are said to occur or happen. They are
considered perduring entities (or perdurants or occurants) that unfold over time, i.e.,
they take up time. In contrast, material objects such as stones and chairs are said
to exist. Such enduring entities (or endurants or continuants) unfold over space, i.e.,
they are in time. As said, this metaphysical distinction is not uncontroversial as some
philosophers consider objects as four-dimensional entities that extend across time just
as they do across space [5]. However, in our approach, we separate the two to allow
for clearly distinguishing them. This seems to be a pragmatic solution as merging them
later would be very easy and convenient if such a distinction is not necessary such as in
mechanical engineering [2].

2.2. Scenario
An example of a distributed event-based system is the emergency response use case of
the EU project WeKnowIt1 , which is depicted in Figure 1. Here, different professional
entities are involved such as the emergency hotline, police department, fire department,
and emergency control center. The emergency control center is in charge of coordinating
the emergency response entities. It processes the event descriptions from the emergency
hotline and communicates with the police department and fire department about the
incident event. Floating liaison officers as part of the emergency control center are out
in the field to report about the situation by taking photos and notes.
This socio-technical system for emergency response becomes active in very different
concrete incidents. For example, a heavy storm with a major flooding may happen. In
the course of the incident a power outage occurs. As a consequence of this, citizens are
calling the emergency hotline to report about the outage. The officers at the emergency
hotline record these calls and type in an event description for each call to document
them in their system. These events are annotated with information about the call and
its recording and are automatically transferred to the system of the emergency control
center. Many other citizens have already taken photos of the flood event and report
them. Here, the citizens describe the event using an application on their cell phone by
attaching a photo to it and tagging it and send it to the system of the emergency control
center. As they are already alarmed, the emergency control center may also be informed
about event descriptions from the systems of the police department and fire department
such as the pumping out of flooded cellars or about the rescuing of people trapped in their
homes. Based on the evidence about the events the emergency control center collects on
their system, the center may confirm the incident event and may set up an emergency
response team to alleviate the situation. The officers in the emergency control center
formulate hypothetical events that might have caused the power outage. To this end, the
1

http://www.weknowit.eu/
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Figure 1: A distributed event-based system for emergency response
officers in the control center analyze, (semi-)automatically cluster, visualize, and put the
events into relation. Possible causes they identify are a snapped power pole but also a
problem with the power plant. Once the hypothetical events are modeled in the system,
the officers try to verify them. For this purpose, the officers in the emergency control
center may contact the personnel of the power plant. At the same time, the hypothetical
event of a snapped power pole together with a task description is sent onto the PDA of
a floating liaison officer. The floating liaison officer drives to the area where the control
center suspects that the pole might be snapped and reports back the result using his
PDA.
As depicted in Figure 1, several professional entities are involved in an emergency
response using different systems. In addition, also citizens report events using an appropriate application on their cell phones. These systems and applications describe events,
process them, and use the representations and descriptions of events. They need to be
connected through a common understanding of events into a distributed, event-based
system to enable communication between them. This can only be facilitated by a common, formal event model.

3. Requirements on a Common Event Model
From our introductory scenario and the related work, we have derived a comprehensive
set of requirements that a common event model should support. These functional requirements are providing support for five aspects that can be defined for events, namely
the constitutive, temporal, spatial, experiential, and structural aspects. Besides these
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aspects of events, a common event model shall also provide for different interpretations
of events.
• Constitutive Aspect. The constitutive aspect describes the living and nonliving objects participating in an event such as people, animals, and other material
objects.
• Temporal Aspect. The temporal aspect covers the temporal extension of an
event. It can be modeled using absolute or relative representations of time.
• Spatial Aspect. The spatial aspect is in charge of capturing the spatial dimension
of objects participating in the event. This can be also modeled using absolute or
relative positioning.
• Experiential Aspect. The experiential aspect comprises the annotation of events
with sensor data such as media data.
• Structural Aspect. The structural aspect considers the arrangement of events
in mereological, causal, and correlative relationships. Events may be and usually
are made up of other events [22]. Thus, the common event model shall support
the modeling of mereological relationships between events. Causality is one of the
most difficult topics in philosophy [13]. It requires the modeling of causes and
effects and should support the integration and use of different causal theories as
discussed, e.g., in [13]. Correlation refers to two events that have a common cause
(cf. [27]). While causality is very difficult to discover and, hence, often unknown
correlation is typically easy to observe.
• Event Interpretations. Structural relations between events such as causality
and correlation can be a matter of subjectivity and interpretation. For example,
in a law-suit the parties involved may each claim that the other one is at fault. A
common event model should be prepared to support such different interpretations
of the same event.

4. Event Model F
For designing our event model F, we apply a methodology based on a foundational ontology. Such a foundational ontology provides a domain independent vocabulary that
explicitly includes formal definitions of foundational concepts [1]. Based on a previous review [19], we decided to use DOLCE [10, 16] as modeling basis. Our choice is
influenced by the pattern-oriented design approach that is pursued with DOLCE. The
development of our event model F also bases on patterns, more precisely on specializations of the descriptions and situations (DnS) ontology pattern that provides a formal
representation of context [11] and is part of DOLCE. We aligned the event model F
with the DOLCE+ Ultra Light (DUL) ontology2 that provides more intuitive namings
2

http://wiki.loa-cnr.it/index.php/LoaWiki:DOLCE-UltraLite
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and concept definitions than the older DOLCE version. DUL already defines the class
Event next to the disjunct upper classes Object, Abstract, and Quality. The definition of Event has been specialized from the formal definition in DOLCE as an entity
that exists in time (cf. discussion of events and objects in Section 2.1). Disjunctive to
the class Event is the class Object that stands for entities that exist in space such as
living things as well as non-living and abstract things like mental concepts. A Quality
is a characteristic of an object or an event that has a value which is represented as a
point or area in some Abstract. The class Abstract represents value spaces, e.g., the
space of natural numbers, the RGB color space, or the time of a day. In our event
model F, we do not prescribe specific Abstracts that are to be used. Thus, we refer
to the generic Abstracts already defined in DUL such as the regions TimeInterval,
SpatioTemporalRegion, and SpaceRegion.
We designed our event model F3 in consideration of prior research on event representation. The formal representation of the experiential aspect (see requirements in Section 3)
is already possible using existing approaches, e.g., the Core Ontology for Multimedia [1].
For the spatial and temporal aspects the DOLCE-aligned ontology modules for temporal relations and spatial relations4 , established ontologies for time and space such as
OWL-Time [29] and WGS84 geo positioning [30], and others can be used. The remaining aspects and the requirement for event interpretation are represented by specialized
instantiations of the DnS ontology pattern. In the following, we explain the ontology
patterns of the event model F including graphical illustrations of them. Classes defined
by the event model F are highlighted to show the alignment with classes of DUL that
are drawn with white background.

4.1. Participation Pattern
One aspect of an event is given by the objects participating in an event such as persons. The participation pattern of the event model F enables to express this constitutive aspect of events formally. As shown in Figure 2, participation is expressed by an
EventParticipationSituation that satisfies an EventParticipationDescription.
The situation includes the Event being described and the objects being participants of
this event. The EventParticipationDescription classifies the described event and its
participants by the concepts DescribedEvent and Participant.
The concept DescribedEvent classifies the Event described by an instance of the
pattern, e.g., the event of a flooded cellar. As is presented in DOLCE’s DnS pattern,
classifiers such as “Flooding” or “Hurricane” are represented as instances of the class
Concept. Thus they occur at the same modeling level like concrete events such as the
Hurricane Katrina. Only in this way, the instantiation relationship between “Katrina”
and “Hurricane” can be reified and thus be talked about in a first-order theory. Likewise,
instances of Participant classify objects as participants of the event, e.g., the fireman
reporting about the event of a flooded cellar, the landlord of the affected building, and the
affected building itself. Instances of Participant can be defined in a domain ontology
3
4

F = E + 1, a homage to the event model E [32] by Westermann and Jain.
http://wiki.loa-cnr.it/index.php/LoaWiki:Ontologies
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EventParticipationDescription

defines
Domain Ontology

Concept
Description
EventRole

Role

DescribedEvent

Participant

satisfies
classifies

classifies

Event

hasQuality

Object

hasRegion

hasParticipant

Situation

Person

isEventIncludedIn
isObjectIncludedIn

EventParticipationSituation

Quality

SpaceRegion

Place
DesignedArtifact

Figure 2: Participation Pattern
as indicated by Figure 2. For instance, some domain ontology modeling emergency
terminology may define the role of a person being affected by some emergency case,
i.e., the emergency subject, and the role describing the rescue staff such as firemen. As
indicated by Figure 2, the described event, participating objects, and their roles can
be defined in some domain ontology so that the participation pattern can be applied
to express participation with respect to arbitrary application domains, e.g., emergency
response.

4.2. (De-)Composition Pattern
As indicated by the emergency response scenario in Section 2.2, events are commonly
considered at different abstraction levels depending on the view and the knowledge of a
spectator. For instance, the local event of a flooded cellar may be considered as such or as
part of a larger event of a regional flooding in which many such (smaller) incidents occur.
The composition pattern enables to express such relations as the composition of events.
Here, the composite event is the “whole” and the component events are its “parts”.
Formally, an EventCompositionSituation includes one instance of an event that has the
EventRole of a Composite event and one or many events considered as a Component(s)
of that event (cf. Figure 3). Accordingly, an EventCompositionSituation satisfies
a CompositionDescription that defines the concepts Composite and Component for
classifying the composite event and its component events.
Component events may be further qualified or disqualified based on temporal, spatial,
and spatio-temporal qualities. For instance, component events may be required to occur

9

A Model of Events based on a Foundational Ontology, Fachbereich Informatik, Nr. 2/2009

within a certain time-interval, e.g., the second week of June 2009. Moreover, component
events may be required to take place in a certain spatial region, e.g., the flooding of the
town Sheffield should be composed exclusively by events that occur within a certain range
of longitude and latitude. Furthermore, events may be qualified by a spatio-temporal
quality like the progress of a flood that extents over time and space, starting with a high
water level located in some area of a river and extending spatially over time into closeby areas. Any such constraints on component events are formally expressed by one or
multiple instances of an EventCompositionConstraint that prescribes qualifying values
for temporal, spatial, and spatio-temporal qualities of a component event. While events
are formally defined as entities that exist in time and not in space (see Section 2.1),
constraints including spatial restrictions are precisely expressed through constraints on
the participating objects of a component event (cf. Figure 3).
defines

EventCompositionDescription

Concept
Description

EventRole

Parameter

EventCompositionConstraint
isParameterFor

Composite

TemporalConstraint

Component

classifies

classifies

parametrizes
SpatioTemporalConstraint
TimeInterval

satisfies

parametrizes

Event
SpatioTemporalRegion

hasParticipant

isEvent
IncludedIn

Object
hasQuality

SpatialConstraint

hasQuality

Situation
Quality

parametrizes

hasRegion
isTime
IncludedIn

EventCompositionSituation

SpaceRegion
isSpaceTime
IncludedIn

isSpace
IncludedIn

Figure 3: (De-)Composition Pattern

4.3. Causality Pattern
Causality is the traditional philosophical problem investigating the existence (or nonexistence) of any special “tie” binding causes and effects together [13]. It can be questioned
either as “Why” or “How” [13]. An answer to this question is (or better said claims to
be) a causal explanation. What explains, is the cause and that what is explained is
the effect [13]. Events are the most natural concept to serve for defining causal relations [22]. In fact, causes and effects are events [13] and only events can be causes and
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effects [15]. Causation is unidirectional [13], i.e., causes are bringing about effects in an
orderly succession, and causes are a necessary condition of its effect [13].
Based on the analysis of related work and discussion above, we designed a causality pattern depicted in Figure 4. The pattern defines two EventRoles called Cause
and Effect which classify Events. Furthermore, a Description is classified by a
Justification. Thus, the pattern expresses an explicit causal relationship between the
cause and the effect under the justification of some theory, which might be an opinion,
a scientific law, or even not further specified. However, the important property is that
a causal relationship is always justified by some (maybe implicit) underlying causal theory. In a situation of a heavy storm, a power outage might occur and many citizens are
calling the emergency hotline. This causal relationship would be justified by the social
norm, which allows citizens to call the emergency control center in cases of emergency.

EventCausalityDescription

Concept

defines

Role

EventRole
Description
satisfies

Cause

Effect
classifies

Justification
isRoleOf

Situation
Event

Description

isEventIncludedIn
isObjectIncludedIn

EventCausalitySituation

Figure 4: Causality Pattern
As defined above, causes and effects are events. Thus, we assume that objects inherently involved in the causal relationships are properly associated to the cause and
effect by using the participation pattern from Section 4.1. Further, the causality pattern
defines that exactly one cause is tied to one effect. If there are more than one event
classified as causes or if a cause implies multiple effects, we introduce a super-cause
(consisting of a set of events classified as causes) and a super-effect (the set of implied
effects), respectively.
As the discussion of different causal theories shows [13], not all theories separate
between objects and events as clearly as F does. The question arises, how to deal with
causality if the two concepts are merged? In such a case, we assume that the causal
“tie” that is modeled in the theory is applied to the event and its relation to the object
is defined by the participation of the objects in the events. This allows for describing the
participation of objects relevant in the context of a given causal relationship by using
the causality pattern in combination with the participation pattern from Section 4.1.
Finally, according to Shafer [26] there are different kinds of causal relationships. Thus,
using a single causality relationship would not be precise enough. Consequently, her logic
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EventCorrelationDescription

defines
Concept

Description
satisfies

EventRole

Role

Correlate

Justification

classifies
Situation

Event

classifies
Description

isEventIncludedIn
isObjectIncludedIn

EventCorrelationSituation

Figure 5: Correlation Pattern
for causality allows for explicitly modeling the different kinds of causal relationships
found in literature and avoids labeling any one as such. This can be supported with
our event model F by specializing the causality pattern to those specific kinds of causal
relationships.

4.4. Correlation Pattern
We call a set of events correlated, if they occur at the same time (or share some overlap)
and have a common cause. However, there exists no causal relationship between the
two events (cf. [27]). The common cause may origin from a single or a chain of multiple
preceding cause-effect relationships. Correlation also differs from co-occurrence where
two or more events just (randomly) happen at the same time and do not have a common
cause. Correlation is not of metaphysical interest as it is a property that can be derived
from causality, i.e., the common cause. In our ontology we model correlation explicitly as in many cases the (correlating) effects of some common cause may be known,
while the cause itself is not. The correlation pattern depicted in Figure 5 defines the
role Correlate to classify the events that are correlated. The Justification role
classifies some Description, which gives an explanation for the correlation in terms of
a (mathematical) law or some theory that was used to determine the correlation.

4.5. Interpretation Pattern
The perception of an event depends on the context of an observer. In the emergency use
case, two emergency control officers might have differing interpretations of the power
outage. One might be convinced that the power outage is due to a snapped power
pole, while the other might think of more serious case of a damaged power plant. Such
different, context-dependent interpretations of an event can be described formally by instantiating the different event model F patterns presented so far, serving different aspects
of events. One of the fundamental design decisions underlying our event model is the
identification and clear separation of the different aspects of events, i.e., the separation
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of concerns. However, in order to move from the formal treatment of events and objects
to a more natural and common sense interpretation of events, we provide the interpretation pattern depicted in Figure 6. Each instance of this pattern models a single, specific
interpretation of an event by associating decompositions, participations, correlations, and
causal relationships relevant in the context of this specific interpretation.
EventInterpretationDescription

defines
Role

RelevantSituation

Description
Domain Ontology

EventRole

RelevantComposition
RelevantCausality

satisfies

Interpretant

RelevantCorrelation

classifies

RelevantParticipation
classifies

Situation
Event
EventInterpretationSituation

Situation

isEventIncludedIn

Figure 6: Interpretation Pattern
We define the Interpretant as an EventRole that classifies the Event we interpret.
The Interpretant might be some domain ontology individual that specifies how an
event is interpreted, e.g., as an emergency incident in case of the emergency control center, or as a news event covered by a news paper. Within each interpretation, we classify
the RelevantSituations, namely the situations satisfying the decomposition, participation, correlation, or causality descriptions, respectively. These are defined as sub-classes
of RelevantSituation and are called RelevantComposition, RelevantParticipation,
RelevantCorrelation, and RelevantCausality.

4.6. Summary
We designed a formal event model F based on a foundational ontology. The experiential,
temporal, and spatial aspects of events can be well covered by existing ontologies. We
introduced new ontology patterns of small size to cover the remaining aspects of events,
namely event constitutives (object participation) and structural relations. Finally, we
introduced a pattern for event interpretation that allows to represent different “point of
views” onto the same event.
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5. Use of Event Model F
In this section, we demonstrate the use of the event model F and provide examples for
two of our patterns. The scenario is the emergency situation described in Section 2.2.
In this case many events occur and are documented within the different systems. For
instance, for each call to the hotline an event description is typed into the system, the fire
and police departments document events during their work, and the emergency control
center relates all of them with some super-event. In the following, we focus on a phone
call event and show how the participants of the phone call can be represented and how
the phone call event can be related to the overall flooding event using our patterns. We
further describe, how other events can be modeled using our patterns, without providing
examples at the instance level.
Figure 7 depicts a phone call event call-1 that is described in two patterns. The
event was documented when a citizen called the emergency hotline. The lower part
shows the participation pattern for this event. The phone call involves two persons,
the caller and the officer who answers the call. These two persons are represented by
the individuals person-1 and person-2. Please note that these instances are of type
Person. The role that they play within this event, i.e., the role caller or officer, respectively, is specified by individuals of type Participant. In this case, we use the
individuals caller-1 and officer-1, which are of type Caller and Officer, respectively. These concepts are defined within a domain ontology and are reused. Since
reusing these concepts as roles automatically infers a subclass relationship between the
domain concepts and Participant, we assume that either the domain ontology is not
aligned with DOLCE or that it is aligned correctly, so that the inference should not
lead to any inconsistencies. The upper part of Figure 7 depicts the composition pattern,
which describes the composition of a super-event flooding-1 with the two sub-events
call-1 and call-2. We classify the super-event with an individual composite-ev-1 of
type EventType. Each component of the super-event is classified by individuals of type
Component. Every further incoming call and all events related to the flooding that are,
e.g., documented in and collected from other systems, are added to this composition.
All further patterns are used in a similar fashion. If we assume that one of the
officers in the emergency control center has formulated an event power-outage-1 to
represent the power outage that is currently happening, he might link this to the incoming calls reporting the outage using the causality pattern. In the pattern, the event
power-outage-1 would be classified as the Cause, while a phone call call-1 would be
classified as the Effect. As this example shows, we reuse the individuals representing
events in the patterns, but every pattern only describes a certain aspect of the event.
In the composition pattern the event call-1 is a component, while in the causality
pattern it is an effect. We can even collect patterns within an interpretation and thus
formulate a certain view on the events. For instance, we could have an event representing the snapped power pole, e.g., snapped-pp-1, and one event representing a problem
with the power plant, e.g., problem-pp-1. For one interpretation, we would create a
causal relationship between snapped-pp-1 and power-outage-1 and for the other a
causal relationship between problem-pp-1 and power-outage-1. The officers in the
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Figure 7: Application of participation pattern and composition pattern for a “call” event
emergency control center might relate these causal relationships with the other event
descriptions using the interpretation pattern. All situations (representing the descriptions of the events) that are required to fully describe the interpretation are classified
as RelevantSituations within the interpretation pattern. Such an interpretation could
further be analyzed within the emergency control system, e.g., in order to validate some
of the interpretations or disprove them and to support the officers in making the right
decisions.

6. Existing Event Models
For designing our event model F, we analyzed existing event-based systems and event
models. These models are motivated from different domains and are the Eventory [31]
system for journalism, the Event Ontology [23] as part of a music ontology framework, the
Semantic-syntactic Video Model (SsVM) [7] and Video Event Representation Language
(VERL) [8, 17] for video data, the ISO-standard of the International Committee for
Documentation on a Conceptual Reference Model (CIDOC CRM) [6, 28] for cultural
heritage, and the event model E [14, 32] for event-based multimedia applications. An
overview of the analysis results and comparison to the features of our event model F along
the requirements in Section 3 is shown in Figure 8. Our analysis shows that the existing
event models almost fully support the constitutive, temporal, spatial, and experiential
aspects. Support for some aspects remains unclear, i.e., absolute and relative spatial
positioning in SsVM and VERL, respectively, and the linkage of CIDOC CRM with the
experiential aspect.
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Consti‐
tutive
Eventory
Yes
Event Ontology Yes
SsVM
Yes
VERL
Yes
CIDOC CRM
Yes
Event Model E Yes
Event Model F Yes

Temporal
Relative Absolute
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Spatial
Relative
Yes
No
Yes
Unclear
Yes
Yes
Yes

Absolute
Yes
Yes
Unclear
Yes
Yes
Yes
Yes

Experi‐ Structural
ential Mereologic
Yes
Limited
No
Limited
Yes
Yes
Yes
Limited
Unclear Limited
Yes
Limited
Yes
Yes

Causal
Limited
Limited
Limited
Limited
Limited
Limited
Yes

Correlate
No
No
No
No
No
No
Yes

Inter‐
pretation
No
No
No
No
No
Limited
Yes

Figure 8: Event models compared to the requirements
However,
existing
event
models substantially
lack in supporting the structural aspect,
Correlation
= Dinge
haben einen
gemeinsamen
Cause
Co‐occurence
= Dinge treten
gleichzeitig
i.e.,
mereological,
causal,
andauf
correlation relationships, and representation of different
interpretations of the same event. Here, we find different variations of limitations or even
no support by the existing event models. With respect to mereological relationships, the
existing event models typically provide support for simple part-of relationships such as
with the sub event property of the Event Ontology. However, no further axiomatizations are provided for refining the mereological relationship by different criteria such as
temporal and spatial constraints. Only SsVM allows for describing more complex mereological relationships. Similar, also the causal relationship is only limited supported by
the existing event models. It is typically defined as a cause-effect relationship such as
with the factor and product properties of the Event Ontology or the “resulted in”
property in CIDOC CRM. Here, also no further axiomatization of causality is provided
by the existing models such as that causes and effects are events and only events, cardinality between causes and effects, and support for modeling a justification of a causal
relationship (see Section 4.3). The correlate relationship is not considered by any of the
existing event models. With respect to representing different interpretations of the same
event (cf. requirements in Section 3), we find an interesting concept of “constellations”
introduced in E. However, constellations are only planned for E and thus not applicable.
Finally, we can state that F supports all the requirements to serve as a common model
of events.
The notion of events is different in the existing event models and not always explicitly
stated. Eventory, the Event Ontology, and E consider events as four-dimensional entities. VERL and CIDOC CRM explicitly follow the separation of events and objects as
introduced in Section 2.1 and indicate that the authors studied foundational literature.
However, the literature studied is not revealed and no consequences are drawn for their
modeling approach. In general, one can say that the existing event models are developed
“ad hoc”. Consequently, they are often ambiguous and lack a formal basis. Some ambiguities in E [32] with respect to naming conventions and ontological relationships of key
concepts have recently been removed [25]. However, the principal problem of being an
informal, ad-hoc created event model remains. Such a formal basis can be provided by
using an upper-level ontology such as DOLCE [10, 16] or SUMO [21]. The purpose of
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such ontologies is not to provide a fully fledged event model as our goal is in this work.
However, these ontologies come with formal definitions of fundamental concepts such
as events and objects and provide axioms that can be used and extended. Thus, they
provide a solid modeling basis for reference ontologies such as our event model F and
ensure good design. None of the existing event models leverage an upper-level ontology
for event modeling. They also do not follow a pattern-oriented approach. This is very
unfortunate as, e.g., DOLCE has already proven to provide a good design basis and modeling approach for different ontologies such as [1, 9, 19, 18]. Finally, we should mention
that only the Event Ontology reuses existing ontologies (for modeling its constitutive,
temporal, spatial aspects). A feature that is also supported by our event model F.

7. Conclusions
We have applied a pattern-oriented approach to develop a formal event model F. Our
model provides support for the different aspects of events, namely constitutive, spatial,
temporal, experiential, and structural relationships. The latter comprises the mereological relationships, causal relationships (by possibly using different underlying causal
theories), and event correlation. Finally, the event model supports representing different
interpretations of the same event. The full support for the structural aspect as well as
different event interpretations distinguishes F very much from existing event models.
Separating the different aspects of events into more easily manageable patterns allows
to master the complexity of events, even for the difficult mereological and causal relationships and for event interpretations. The event model F has been created in OWL
and is available online.5 An example of an event description modeled in F and further
information is available at the event model F website.6 The axiomatization of our event
model F in Description Logics [3] and a general discussion about how to axiomatize a
pattern-oriented foundational ontology like F is provided in the appendix.
Acknowledgment. We thank our student Chantal Neuhaus for her support in implementing the F ontology examples. This research has been co-funded by the EU in FP6
in the NoE K-Space (027026) and X-Media project (026978) and FP7 in the WeKnowIt
project (215453).

Appendix
A. Event Model F Axioms
In the following, we describe the axioms of our event model F in Description Logics [3]
along the different patterns for participation, composition, causality, correlation, and
interpretation. We discuss shortly in Appendix B what future extensions of Semantic
Web languages would be useful for models such as F, for instance in order two specify
constraints on the patterns.
5
6

http://events.semantic-multimedia.org/ontology/2008/12/15/model.owl
http://www.uni-koblenz-landau.de/koblenz/fb4/institute/IFI/AGStaab/Research/events
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For better understanding, we have renamed (specialized) the DOLCE concept
EventType to EventRole, and formulate that formally as
EventT ype ≡ EventRole

A.1. Participation Pattern
The participation pattern is discussed in Section 4.1. It describes the set of objects that
participate in an event and are relevant in a given context. The participation pattern
defines that for one event there has to be at least one participant. We formalize this
with the following set of axioms:
EventP articipationDescription v Description
EventP articipationDescription v ∀def ines.(P articipant t DescribedEvent)
EventP articipationDescription v≥ 1(def ines.P articipant)
EventP articipationDescription v= 1(def ines.DescribedEvent)
EventP articipationDescription v= 1(satisf iedBy.EventP articipationSituation)
EventP articipationSituation v Situation
EventP articipationSituation v ∀includesEvent.(
∃isClassif iedBy.DescribedEvent)
EventP articipationSituation v ∀includesObject.(
∃isClassif iedBy.P articipant)
EventP articipationSituation v= 1(satisf ies.EventP articipationDescription)
DescribedEvent v EventRole
DescribedEvent v ∀classif ies.(∃isEventIncludedIn.
EventP articipationSituation)
DescribedEvent v= 1(isDef inedIn.EventP articipationDescription)
P articipant v Role
P articipant v ∀classif ies.(∃isObjectIncludedIn.
EventP articipationSituation)
P articipant v= 1(isDef inedIn.EventP articipationDescription)

A.2. Composition Pattern
The composition pattern defines how events are composed, i.e., it basically describes a
part-whole relationship between events that is valid in a certain context and is possibly
subject to a set of constraints (cf. Section 4.2). We require exactly one composite event,
i.e., the whole, and at least one component, i.e., the part. The specification of constraints
is optional.
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EventCompositionDescription v Description
EventCompositionDescription v ∀def ines.(Composite t Component
t EventCompositionConstraint)
EventCompositionDescription v= 1(def ines.Composite)
EventCompositionDescription v≥ 1(def ines.Component)
EventCompositionDescription v= 1(satisf iedBy.EventCompositionSituation)

EventCompositionSituation v Situation
EventCompositionSituation v ∀includesEvent.(∃isClassif iedBy.
(Composite t Component))
EventCompositionSituation v ∀includesSpace.(∃isP arametrizedBy.SpatialConstraint)
EventCompositionSituation v ∀includesT ime.(∃isP arametrizedBy.T emporalConstraint)
EventCompositionSituation v ∀includesSpaceT ime.
(∃isP arametrizedBy.SpatioT emporalConstraint)
EventCompositionSituation v= 1(satisf ies.EventCompositionDescription)
Composite v EventRole
Composite v ∀classif ies.(∃isEventIncludedIn.
EventCompositionSituation)
Composite v= 1(isDef inedIn.EventCompositionDescription)
Component v EventRole
Component v ∀classif ies.(∃isEventIncludedIn.
EventCompositionSituation)
Component v= 1(isDef inedIn.EventCompositionDescription)
EventCompositionConstraint v P arameter
EventCompositionConstraint v= 1(isDef inedIn.EventComposition)
EventCompositionConstraint v ∀parametrizes.(∃hasSetting.
EventCompositionSituation)
SpatialConstraint v EventCompositionConstraint
SpatialConstraint v ∀parametrizes.SpaceRegion
T emporalConstraint v EventCompositionConstraint
T emporalConstraint v ∀parametrizes.T imeRegion
SpatioT emporalConstraint v EventCompositionConstraint
SpatioT emporalConstraint v ∀parametrizes.SpatioT emporalRegion
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A.3. Causality Pattern
The causality pattern (cf. Section 4.3) defines a causal relationship by exactly one cause,
exactly one effect, and exactly one justification, which classifies a description.
EventCausalityDescription v Description
EventCausalityDescription v ∀def ines.(Cause t Ef f ect t Justif ication)
EventCausalityDescription v= 1(def ines.Cause)

EventCausalityDescription v= 1(def ines.Ef f ect)
EventCausalityDescription v= 1(def ines.Justif ication)
EventCausalityDescription v= 1(satisf iedBy.EventCausalitySituation)
EventCausalitySituation v Situation
EventCausalitySituation v= 1(includesEvent.(∃isClassif iedBy.Cause))
EventCausalitySituation v= 1(includesEvent.(∃isClassif iedBy.Ef f ect))
EventCausalitySituation v= 1(includesObject.(∃isClassif iedBy.Justif ication))
EventCausalitySituation v= 1(satisf ies.EventCausalityDescription)
Cause v EventRole
Cause v ∀classif ies.(∃isEventIncludedIn.
EventCausalitySituation)
Cause v= 1(isDef inedIn.EventCausalityDescription)
Ef f ect v EventRole
Ef f ect v ∀classif ies.(∃isEventIncludedIn.
EventCausalitySituation)
Ef f ect v= 1(isDef inedIn.EventCausalityDescription)
Justif ication v Role
Justif ication v ∀classif ies.(Description u ∃isObjectIncludedIn.
(EventCausalitySituationt
EventCorrelationSituation)
Justif ication v= 1(isDef inedIn.(EventCausalityDescriptiont
EventCorrelationDescription))

A.4. Correlation Pattern
The correlation pattern describes the correlation of a set of events, as discussed in Section
4.4. It only makes sense to specify a correlation between two or more events. Further, the
correlation descriptions also refer to the justification defined for the causality pattern.
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EventCorrelationDescription v Description
EventCorrelationDescription v ∀def ines.(Correlate t Justif ication)
EventCorrelationDescription v≥ 2(def ines.Correlate)
EventCorrelationDescription v= 1(def ines.Justif ication)
EventCorrelationDescription v= 1(satisf iedBy.EventCorrelationSituation)

EventCorrelationSituation v Situation
EventCorrelationSituation v≥ 2(includesEvent.(∃isClassif iedBy.Correlate))
EventCorrelationSituation v= 1(includesObject.(∃isClassif iedBy.Justif ication))
EventCorrelationSituation v= 1(satisf ies.EventCausalityDescription)
Correlate v EventRole
Correlate v ∀classif ies.(∃isEventIncludedIn.
EventCorrelationSituation)
Correlate v= 1(isDef inedIn.EventCorrelationDescription)

A.5. Interpretation Pattern
The interpretation pattern defines an interpretation of exactly one event. Therefore,
it provides the means to specify all those patterns for an event that are relevant for
the interpretation. We have discussed the pattern in Section 4.5, and give the formal
axiomatization in the following.
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EventInterpretationDescription v Description
EventInterpretationDescription v ∀def ines.(Interpretant t RelevantSituation)
EventInterpretationDescription v= 1(def ines.Interpretant)
EventInterpretationDescription v≥ 1(def ines.RelevantSituation)
EventInterpretationDescription v= 1(satisf iedBy.EventInterpretationSituation)
EventInterpretationSituation v Situation
EventInterpretationSituation v= 1(includesEvent.(∃isClassif iedBy.Interpretant))
EventInterpretationSituation v≥ 1(includesObject.(Situation u ∃
isClassif iedBy.RelevantSituation))
EventInterpretationSituation v= 1(satisf ies.EventInterpretationDescription)
Interpretant v EventRole
Interpretant v ∀classif ies.(∃isEventIncludedIn.
EventInterpretationSituation)
Interpretant v= 1(isDef inedIn.EventInterpretationDescription)
RelevantSituation v Role
RelevantSituation v ∀classif ies.(Situationu
∃isObjectIncludedIn.EventInterpretationSituation)
RelevantSituation v= 1(isDef inedIn.EventInterpretationDescription)

B. Discussion of our Axiomatization
Our axiomatization is based on Description Logics, since the ontology itself is formulated
in OWL [20]. A human reader will instantly understand the meaning of most of the
axioms, e.g., that in the case of the causality pattern there must be a cause and an effect
and some justification for this causal relationship. However, an OWL reasoner will not
detect an inconsistency if, e.g., a causality pattern does not specify the cause. This is
due to the open world assumption that underlies Description Logics and more generally
the Semantic Web. Instead, the reasoner would infer that there must be some cause that
is currently unknown.
In general, this assumption is advantageous in the Semantic Web since we have to
deal with incomplete knowledge. Nevertheless, in certain cases, and a formal model
like F is such a case, a closed world is desired. The information that there is some
cause without specifying it is not really useful for processing events. Even in the case
of hypothetical events that could be the cause for some other event, we want to require
that the hypothetical event is explicitly represented with the aim of being able to talk
about it. This is of pragmatic importance for an information system as otherwise the
existence of the cause is not justified.
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For such cases and for ontologies such as F, COMM [1], or X-COSIM [9], it would be
beneficial if we could “close” certain parts of the world and thus state that the knowledge
in this small worlds has to be complete. An example of such an approach is presented
in [12], where the K-operator is introduced for Description Logics. This operator can
be interpreted as known to be. If we extend the axiom of the causality pattern with this
operator, we would get the following axiom
EventCausalityDescription v= 1(Kdef ines.Cause),
which is interpreted as: An EventCausalityDescription must define exactly one
known cause. The difference is that in this case we must know the individual, and if we
don’t find one, the reasoner will detect an inconsistency.
Such extensions are useful to close the patterns and provide some automatic means to
detect inconsistencies in the data. However, they do not solve all problems. For instance,
currently we are also not able to specify that a pattern has to be closed. We cannot say
that the role defined by a description has to classify an object that is included in exactly
that situation that satisfies the description. We can only specify that it has to classify
some object that is included in a compatible situation. Theoretically, this could be a
situation that does not satisfy the correct description. In other words, it is possible to
generate inconsistent data.
To summarize, while we can formally define the patterns of in Description Logics,
we currently do not have the means to fully check instances of them for consistency,
e.g., if there is an effect than there also has to be a cause. This has to be and can
only be guaranteed by the code implementing a concrete system. However, especially
in distributed systems, we have no means to check whether the generated data is valid.
Although the open-world assumption is very important for the Semantic Web in general,
we argue that extensions to Description Logics like the K-operator are very useful in
certain cases such as with our event model F and thus should be considered in the future.
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