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1 Executive Summary

People conventionally refer to an action or occurrence taking place at a certain time at a
specific location as an event. This notion is potentially useful for connecting individual
facts recorded in the rapidly growing collection of linked data sets and for discovering
more complex relationships between data. In this deliverable, we provide an overview
and comparison of existing event models, looking at the different choices they make of
how to represent events. We describe a model for publishing records of events as Linked
Data. This ontology, named LODE (Linking Open Description of Events), is represented
in OWL/RDF (the Semantic Web languages) and has been designed to be compatible with
numerous other event models. Furthermore, we developed a very large knowledge base
of past and upcoming events from web event directories and linked to the larger Linked
Open Data cloud, part of the Semantic Web. This knowledge base contains more than
100.000 events illustrated by nearly 2 million photos.
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2 Abbreviations and Acronyms

COMM

D&S
DOLCE

LODE

LSCOM
MPEG-7

OWL

RDF

RDFS

URI

Core Ontology for MultiMedia, heep://multinedia.
semanticweb.org/COMM/)

Description and Situation.

Descriptive Ontology for Linguistic and Cognitive
Engineering.

An ontology for Linking Open Descriptions of
Events.

Large Scale Concept Ontology for Multimedia.
MPEG-7 is a standard for describing metadata of
multimedia documents.

The Web Ontology Language is a knowledge rep-
resentation language based on description logics. It
has an RDF syntax and in its dialect OWL-Full in-
cludes the RDF/S semantics.

The Resource Description Framework is a knowl-
edge representation language based on a triple
model, and serves as foundation for other semantic
web languages such as RDFS or OWL.

The RDF Schema is a knowledge representation lan-
guage that has an RDF syntax.

Uniform Resource Identifier defined by IETE,
RFC3986.
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3 Introduction

Though their specific methods differ significantly, both historians and journalists work
to produce narrative chains of events to explain phenomena in the past. The resulting
historical records of events constitute valuable cultural heritage of interest to academics
as well as the general public. The Linked Dat effort seeks to publish and connect RDF
data sets on the Web using dereferenceable URIs for identifying web documents, real-
world objects, links between them and/or other pieces of information. Yet, while standard
and widely used vocabularies have emerged for representing people, places, and other
types of entities as Linked Data, none has yet emerged specifically for events.

The term “event” has several meanings. It is used to mean both phenomena that have
happened (e.g. things reported in news articles or explained by historians) and phenom-
ena that are scheduled to happen (e.g. things put in calendars and datebooks). Various
standards and formats have been proposed for representing the latter as structured data,
usually for personal information management purposes.

This deliverable makes two contributions. First, we compare existing models for repre-
senting historical events. These models serve different communities and have different
strengths. Our goal is not to propose yet another ontology per se, but rather to build an
interlingua model that solves an interoperability problem by providing a set of axioms ex-
pressing mappings between existing event ontologies (Chapter ). Second, we present a
large dataset composed of events descriptions together with media descriptions associated
with these events and interlinked with the larger Linked Open Data cloud. The dataset
is obtained from three large public event directories (last.fm, eventful and upcoming)
represented with the LODE ontology and from large media directories (flickr, youtube)
represented with the Media Ontology. We describe how the data has been converted,
interlinked and published following the best practices of the Semantic Web community
(Chapter[5)). Finally, we give our conclusions and outline future work in Chapter [6]

1http ://linkeddata.org/
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4 LODE: Linking Open Descriptions of Events

First, we compare existing models for representing historical events (Section 4.T)). These
models serve different communities and have different strengths. Our goal is not to pro-
pose yet another ontology per se, but rather to build an interlingua model that solves an
interoperability problem by providing a set of axioms expressing mappings between ex-
isting event ontologies. We propose LODE to be this model (Section and we provide
a simple example (Section 4.2.6)).

4.1 Comparison of Existing Event Models

A number of different RDFS+OWL ontologies providing classes and properties for mod-
eling events and their relationships have been proposed (see Table {.T]).

Event model Ontology URL

CIDOC CRM http://cidoc.ics.forth.gr/OWL/cidoc_v4.2.owl

ABC Ontology http://metadata.net/harmony/ABC/ABC.owl

Event Ontology http://purl.org/NET/c4dm/event .owl#

EventsML-G2 http://www.iptc.org/EventsML/

DOLCE++DnS Ultralite  nttp://www.loa-cnr.it/ontologies/DUL. owl

F http://events.semantic-multimedia.org/ontology/2008/12/15/model .owl
OpenCYC Ontology http://www.opencyc.org/

Table 4.1: Ontologies for representing events

In this section, we present an analysis based on their main constituent properties: type
(Section [4.1.2)), time (Section [4.1.3)), space (Section [4.1.4)), participation (Section §.1.5),
causality (Section[4.1.6) and composition (Section[4.1.7)). This builds upon previous work
in which we examined a number of different non-RDFS+OWL models for representing
information about events [[10]].

4.1.1 Event Models Overview

Though all of the ontologies presented in Table 1 provide classes and properties suit-
able for representing events, they were created to serve different purposes. The CIDOC
CRM [2]] and ABC [7] ontologies aim at enabling interoperability among metadata stan-
dards for describing complex multimedia objects held by museums and libraries. The
events they intend to describe include both historical events in the broad sense (e.g. wars,


http://cidoc.ics.forth.gr/OWL/cidoc_v4.2.owl
http://metadata.net/harmony/ABC/ABC.owl
http://purl.org/NET/c4dm/event.owl#
http://www.iptc.org/EventsML/
http://www.loa-cnr.it/ontologies/DUL.owl
http://events.semantic-multimedia.org/ontology/2008/12/15/model.owl
http://www.opencyc.org/
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or births) as well as events in the histories of the objects being described (e.g. changes of
ownership, or restoration).

The Event Ontology (EO) [8] was developed by the Centre for Digital Music to be used
in conjunction with music-related ontologies. Although intended to describe events such
as performances or sound generation, there is nothing specific to the music domain. It
is currently the most commonly used event ontology in the Linked Data community.
EventsML-G2 has been developed by the International Press Telecommunications Coun-
cil (IPTC) for exchanging structured information about events among news providers and
their partners. It describes both planned, past or breaking events as reported in the news.

DOLCE+DnS Ultralite (DUL) is a lightweight “upper” ontology for grounding domain-
specific ontologies in a set of well-analyzed basic concepts. It is a combination and sim-
plification of the DOLCE foundational ontology and the Constructive Descriptions and
Situations pattern for representing aspects of social reality [4]. The F Event Model is a
formal model of events built on top of DUL. It provides additional properties and classes
for modeling participation in events, as well as parthood relations, causal relations, and
correlations between events. F also provides the ability to assert that multiple models rep-
resent views upon or interpretations of the same event [9]. OpenCYC is also an “upper”
ontology, but at the other end of the spectrum from DUL.: rather than being a lightweight
set of core concepts it provides hundreds of thousands of concepts intended to model ““all
of human consensus reality”.

4.1.2 Fundamental Types of Events: Aspect and Agentivity

Given their different intended applications, these ontologies define events in varying
ways. Table provides a comparison of the prose descriptions for the top-level event
classes. Furthermore, all of these ontologies, with the exception of EO, make an attempt
to distinguish among some fundamental types of events. The basis upon which these
distinctions are made vary.

One way to distinguish types of events is their aspect, i.e. whether the event involved is
an ongoing activity or process, or the completion of some activity or transition between
states. For example, OpenCYC defines a concept called Situation and uses aspect
to distinguish between two main specializations of this concept: StaticSituation
and Event. The former denotes a situation in which some state of affairs has persisted
throughout the situation’s interval of time, while the latter denotes a situation in which
some change has occurred during the situation’s interval of time.

CIDOC makes a similar but conceptually less clear distinction between two types of
E2.Temporal_Entity: E3.Condition_State and E5.Event. Itis less clear
because CIDOC also introduces the concept E4 . Period, a type of temporal entity that
is not static, but does not necessarily involve a change of state. E3.Condition_State
is also defined narrowly to denote only descriptions of “the prevailing physical condition
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cidoc:E2.Temporal— “[E2.Temporal_ Entity] comprises all phenomena,

_Entity such as the instances of E4 .Periods, E5.Events and
states, which happen over a limited extent in time.”

abc:Event “An Event marks a transition between Situations.”

eo:Event “An arbitrary classification of a space/time region, by a
cognitive agent.”

eventsml:Event “...something that happens and is subject to news cover-
age.”

dul :Event “Any physical, social, or mental process, event, or state.”

f:Event “...perduring entities (or perdurants or occurants) that un-
fold over time, i.e., they take up time..”

cyc:Situation “...a state or event consisting of one or more objects hav-
ing certain properties or bearing certain relations to each
other.”

Table 4.2: Definitions of top-level event-related classes

of any material object or feature” which would seem to exclude descriptions of, for ex-
ample, the relative state of two things. E3.Condition_State is similar to the ABC
ontology’s Situat ion concept, instances of which describe the states of tangible things
at particular times. The ABC ontology then uses this Situation concept to narrowly
define an Event concept as a transition between two different Situation instances.
This makes it difficult to describe an event that is characterized by a change in the rela-
tionship between two things rather than a change in the state of a single object.

Another distinction is whether an agent is identified as having produced the event. Both
OpenCyc and DUL distinguish an Action as a particular type of Event, and CIDOC
distinguishes an E7 . Activity as a particular type of E5 . Event. The ABC ontology
also distinguishes an Action concept as something performed by an agent, but rather
than being a specialization of the Event concept, it is defined as disjoint with the Event
concept, which can “contain” actions via a hasAction property. Thus the ABC ontol-
ogy suggests that events are fully described as sets of actions taken by specific agents,
which may be an issue for modeling events such as earthquakes.

One potential problem with building these types of classifications into an ontology for
modeling things that happened is that they force a knowledge engineer to adopt a par-
ticular perspective on what happened. This is desirable for precise modeling in specific
domains that share a descriptive paradigm, but it is undesirable if the goal is to enhance
access to documents which may present different interpretations of the same events. Dis-
tinctions based on aspect or agentivity are not necessarily inherent to what happened,
but instead are rooted in particular interpretations. Whether a historical event or a event
reported in the news involves an identifiable change or not, or whether agency can be
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assigned, is often a matter of debate, and its resolution should not be a prerequisite for
representing what happened using a concept from an ontology.

This desire to separate events from their interpretations is what drives the approach taken
by DUL, which provides a Situation concept, instances of which may describe dif-
ferent views or interpretations of the same Event instance. Using the DUL ontology, the
types of classifications discussed above would be applied to instances of Situation
rather than to instances of Event[l]

4.1.3 Events and Temporal Intervals

Temporality is a major distinguishing feature of events as entities, requiring modeling
spans of time and relating events to these. The relationship between events and chrono-
logical spans of time is analogous to the relationship between places and spatial coordi-
nate systems. In each case, instances of the former have persistent, socially attributed
meanings, while the latter are arbitrary systems for subdividing an abstract space. One
approach to linking events to ranges of time uses datatype properties, directly relating
event instances with RDF literals representing calendar dates (and thus typed using one
of the date-related XML Schema datatypes such as xsd:date or xsd:dateTime).
Another approach introduces a class for representing temporal intervals, and uses object
properties to link event instances with instances of this class. Temporal interval instances
can then be linked to calendar values using datatype properties.

ABC, CIDOC, and EO all take the second approach, with ABC and CIDOC introducing
classes for temporal intervals, and EO using the TemporalEntity class from OWL-
Time [6]. DUL allows both approaches: dates for an event can be directly asserted using
the hasEventDate datatype property, or the temporal interval involved can be made
explicit by instantiating the TimeInterval class and linking an event instance to it
using the 1 sObservableAt object property.

The advantage of associating dates directly with events is simplicity: there are fewer ab-
stractions to deal with, and it is simple to filter or sort events using standard date parsing
and comparison routines. This also makes it simple to export lists of events for visual-
ization on a timeline. But the tradeoff for this simplicity is an inability to express more
complex relationships to time, such as temporal intervals that do not coincide with date
units, or uncertainty about when precisely an event took place within some bounded tem-
poral interval. This is a problem for representing historical events.

By introducing classes for representing temporal intervals, one can use a temporal calcu-
lus for reasoning about these more complex relationships. For example, if the precise date
of a historical event is not known but some boundaries can be established within which

'DUL does specialize its Event concept on the basis of agentivity, providing the Act i on concept for events that
have at least one participating agent and the Process concept for events that are not recognized having participating
agents.

10
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it must have occurred, the time between these boundaries can be represented as a tempo-
ral interval, and a containment relationship can be asserted between that interval and the
(unknown) interval during which the event occurred. The drawback to such an approach
is that it can be off-puttingly complex as it introduces a number of abstract entities. The
problem also arises of how to either mint URIs to identify these entities or deal with the
problems introduced by using blank nodes.

4.1.4 Events, Spaces and Places

Events can be linked to abstract temporal regions (Section and to abstract spatial
regions or to semantically significant places. ABC, CIDOC and EO only support linking
to spatial regions. CIDOC provides a class (E53.Place) for “extent in space” to which
events can be related viathe P7.took_place_at property. Instances of E53.Place
may have names (E44 .Place_Appellation), but there is no way to link an event to
a place name except through a specific spatial extent. ABC’s Place class also empha-
sizes spatial location rather than meaningful place. EO’s place property has a range of
wgs84 :SpatialThing, which is also defined in terms of spatial extent.

Only DUL makes an explicit place/space distinction between P Lace and SpaceRegion.
An event instance can be related to a P1lace via the hasLocation property, or related
to a SpaceRegion via the hasRegion property. This is the most flexible approach,
as it allows one to make assertions about events that occurred in places not easily resolv-
able to geospatial coordinate systems. For example, scholars of ancient history may work
with documents that do not distinguish between real and mythical events. These scholars
may wish to indicate that some event is recorded as having occurred at a mythical place.
Similar problems are posed by contemporary events which may occur at virtual places
such as those found within massive multi-player online environments. In both cases it is
convenient to be able to associate events to such places without having to specify geospa-
tial coordinates for them. Furthermore, making a clear distinction between named places
and spatial regions enables one to deal properly with the phenomenon of places changing
their absolute spatial location over time.

4.1.5 Participation in Events

The event ontologies also provide properties for linking agents, such as people and orga-
nizations, and the things involved in them.

Object Involvement in Events.

ABC defines two types of properties for relating an Event to a tangible thing (an Actuality
in ABC parlance). The involves property does not imply anything beyond simple in-
volvement. The hasResult property relates an Event to a tangible thing or attribute

11
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of a thing which exists as a result of that Event. ABC also defines various sub-properties
of these two properties that further specialize these meanings. For example destroys
is a specialization of involves implying that the involved Actuality ceased to exist
as a result of its involvement in the Event.

CIDOC defines a property P12 .occurred_in_the_presence_of, whichlike ABC’s
involves relates an E5.Event to a E77.Persistent_Item (endurant) without
committing to any implied role for that item beyond simple involvement. P12 .occur—
red_in_the_presence_of is the root of a hierarchy of properties expressing more
specialized forms of involvement such as P25 .moved and P31 .has_modified. Un-
like ABC’s Actuality, CIDOC’s E77.Persistent_Item encompasses not only
tangible entities but also intangible concepts or ideas, making CIDOC’s P12 .occurred-
_in_the_presence_of abroader concept than ABC’s involves. DUL defines a
hasParticipant for relating an Event to an Object. Like CIDOC’s E77 .Per—
sistent_TItem, DUL’s Object includes social and mental objects as well as physical
ones. EO’s factor property, having no range defined, is similarly broad. EO also de-
fines a product property that, like ABC’s hasResult, links an Event to some thing
that exists as a result of that Event.

Agent Participation in Events.

ABC defines a hasPresence property for weakly asserting that an agent was present
at an event without implying that the agent took an active role. It is specialized by
the hasParticipant property, which does imply an active or causal role for the
agent. CIDOC’s equivalent of ABC’s hasPresence is P11.had_participant,
and its equivalent of ABC’s hasParticipant is P14.carried_out_by. DUL’s
involvesAgent property is a specialization of hasParticipant for relating an
Event to an Agent. EO provides the agent property for the same purpose.

F stands apart from the other ontologies in what it offers for modeling participation. Us-
ing DUL, one can assert that a given object or agent participated in an event. F uses the
descriptions and situations (DnS) pattern[4]] to enable a further classification of this par-
ticipation as an instance of some role-based class. For example, using DUL one might
state that the agents Brian Boru and Mdel M6rda mac Murchada participated in the Bat-
tle of Clontarf. Using F, one can further state that the Battle of Contarf is classified as
a battle, that battles have commanders, and that Brian and Mael Morda are classified as
commanders.

CIDOC’s P14.1_in_the_role_of property provides some support for classifying
an agent’s participation in an event as an instantiation of a particular role. However, since
itis defined as a property of the P14 . carried_out_by property, it requires the use of
OWL Full. Furthermore, there does not seem to be a way to associate roles with generic
event schemas in the manner described above.

12
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4.1.6 Events, Influence, Purpose and Causality

Event models vary in their approaches to modeling relations of causality, purpose, or influ-
ence. Both EO and CIDOC provide properties for making broad assertions linking events
to any relevant thing (tangible or not). CIDOC defines P15.was_influenced_by,
while EO defines factor. EO does not distinguish between a thing’s participation in an
event and a thing’s influence upon an event, using the same property for both relations.
Likewise, it seems that the only difference between CIDOC’s P12 .occurred_in_the-
_presence_of and P15.was_influenced_by is whether the relevant thing was
physically present (and, by implication,aE77 .Persistent_Item). The only support
that ABC offers for making assertions about causality is the hasResult property.

In historical discourse there is often a lack of consensus about causality, purpose, or influ-
ence. Thus simple properties like these are unlikely to be adequate for modeling assertions
about such relations. Here the F model’s DnS pattern provides a more powerful and flex-
ible modeling tool. Unlike the other models, F takes the position that only other events
can stand in causal relation to an event. Rather than directly linking events via a prop-
erty expressing causality, events are included in an EventCausalitySituation.
The EventCausalitySituation includes not only the events being classified as the
cause and the effect, but also the theory under which causality is being asserted. Using the
F model’s interpretation pattern, one can assert that a given EventCausalitySituation
is part of a specific interpretation of an event. Thus multiple, potentially conflicting
causality relations can be asserted for the same set of events by specifying the interpretive
context in which the relations are made.

4.1.7 Events, Parts and Composition

Often, it is desirable to model an event A as being part of some other event B. While
an event A’s being part of event B implies that event B’s timespan contains event A’s
timespan, event parthood is more than temporal containment. One may get married dur-
ing the Olympics, but that does not make one’s marriage part of the Olympics. Thus,
event ontologies must distinguish between mere temporal containment and mereological
relationships between sub-events and some greater event. Ontologies that make a distinc-
tion between temporal spans and events can clearly distinguish between the two types of
relationships.

CIDOC distinguishes between time-spans and periods/events, and provides the P86 . fal-
1s_within property to express containment relations among time-spans, and the P9 . con-
sists_of property to express part-of relationships among events. EO defines a sub_event
property, and ABC defines an 1 sSubEventOf property for expressing mereological re-
lationships among events. Since ABC conceptualizes events as sets of actions taken by
specific agents, it also provides the hasAct ion property for linking events to the actions
they contain.

13
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DUL defines two properties for linking events to sub-events: hasPart and hasCons—
tituent. hasPart can be used both for temporal containment relationships such as
“the 20th century contains year 1923” and for semantic relationships such as “World War
IT included Pearl Harbour”. dul:hasConstituent attempts to capture the notion
that we sometimes model aspects of the world as consisting of layers at different levels
of abstraction, which are not strictly parts of one another. Thus society is constituted of
individual people, even though you might not want to say that people are “parts” of society
because people and societies exist at different levels of abstraction. This distinction is
useful for events as well, as it allows us to describe a large and complex event like the
French Revolution as being constituted of many smaller events, even though these smaller
events may not be “parts” of the larger event in the same sense that a set is part of a tennis
match.

In keeping with its use of the DnS pattern, F enables one to define a high-level description
of how an event can be composed of smaller events. Specific situations (i.e. specific
groups of events) can then satisfy this description. This allows one to simply describe
the conditions under which an event is considered to be part of another event, and infer
parthood based on this description, rather than requiring parthood to be explicitly asserted
every time. For large events that may contain large numbers of sub-events, this could be
quite useful. And, of course, F’s interpretation pattern allows for multiple, potentially
conflicting decompositions of the same event.

4.2 Towards a Linked Data Event Model

We propose a minimal model that encapsulates the most useful properties of the models
reviewed. Our goal is to enable interoperable modeling of the “factual” aspects of events,
where these can be characterized in terms of the four Ws: What happened, Where did
it happen, When did it happen, and Who was involved. ‘“Factual” relations within and
among events are intended to represent intersubjective “consensus reality” and thus are
not necessarily associated with a particular perspective or interpretation. Our model thus
allows us to express characteristics about which a stable consensus has been reached,
whether these are considered to be empirically given or rhetorically produced will depend
on one’s epistemological stance. We exclude properties for categorizing events or for
relating them to other events through parthood or causal relations. We believe that these
aspects belong to an interpretive dimension best handled through the DnS approach of the
F event model.

Table {3 shows the main properties of our model, aligned with approximately equivalent
properties from the models discussed above. For the actual equivalence relations, see the
Ontology itself at http://linkedevents.org/ontology/.

14
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ABC CIDOC DUL EO LODE
atTime P4 .has_time-span isObservableAt | time atTime
P7.took_place_at place inSpace
inPlace hasLocation atPlace
involves Pl2.occurred_in_the- hasParticipant factor involved
_presence_of
hasPresence | P11.had_participant involvesAgent agent involvedAgent

Table 4.3: Excerpt of approximate mappings between properties from various event mod-
els

4.2.1 Agentivity

Our model is agnostic with regard to judgements of aspect or agentivity (see Sectiond.1.2).
Users are free to model historical or reported events without taking a position on what
has changed or where agency lies. This agnosticism has consequences for mapping our
Event class to those defined by other models. We consider our Event class to be di-
rectly equivalent to those defined by EO and DUL, as both of these are also agnostic with
respect to aspect and agentivity. Our event class is not equivalent to the E5 . Event class,
since CIDOC defines E5 . Event to exclude ongoing states, activities, or processes. Be-
cause we wish to support the modeling of such static entities as events, we define our
Event class to be a subclass of CIDOC’s E2.TemporalEntity, which is the su-
perclass of E5.Event (viaE4.Period)and E3.Condition_State. Our Event
class is a subclass of E2 . TemporalEntity because the latter is defined as “anything
that happens over a limited extent in time”, which is more general than the definition we
wish to give. Specifically, we want to restrict our definition to only include those things
happening over a limited extent in time that have been reported as events by some agent,
e.g. a historian or journalist.

4.2.2 Time

We link events to ranges of time via instances of a temporal interval class. Like EO, we
use TemporalEnt ity from OWL-Time as our temporal interval class, so our at Time
property is directly equivalent to EO’s t ime property. atTime is a subclass of DUL’s
isObservableAt property, as it restricts the domain of the latter to include only
events. Likewise, at Time is a sub-property of CIDOC’s P4 .has_time-span be-
cause it restricts the domain of the latter to include only events (as we define them here)
rather than any temporal entity (recall that our event class is a subclass of CIDOC’s
E2.TemporalEntity). Wealsodefine at Time tobe an OWL FunctionalProperty,
meaning that an event can be associated with at most one interval of time. Where there
may be disagreement about the interval of time associated with an event, this disagree-
ment should be modeled at an interpretive level beyond the scope of our model, and the
value of at Time should either be specified as the shortest temporal interval that includes
the conflicting interpretations, or left unspecified.
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4.2.3 Space

We follow DUL in making an explicit distinction between abstract spatial regions and
semantically significant places. Our inSpace property relates an event to some subjec-
tively imposed spatial boundaries, i.e. a region of space. Like atTime, inSpace isa
FunctionalProperty, so an event can be related to at most one such region of space.
inSpace is a sub-property of DUL’s hasRegion because it restricts its domain to in-
clude only events, not all entities, and because it restricts its range to include only spatial
regions, not any dimensional space. In keeping with EO, we use SpatialThing from
the Basic Geo (WGS84 lat/long) Vocabulary as our spatial region class, so our inSpace
property is directly equivalent to EO’s place property. Because our concept of an event
is broader than the one defined by the CIDOC CRM, inSpace is a super-property of
CIDOC’s P7.took_place_at. While the range of inSpace is an abstract spatial ex-
tent, it is often desirable to express relationships to socially defined places. We define an
atPlace property to associate an event with some meaningful place(s), whether or not
it is possible to define spatial boundaries for those places. Unlike inSpace, atPlace
isnot a FunctionalProperty, so an event can be related to any number of places.
atPlace is a sub-property of DUL’s hasLocat ion property, because it restricts the
latter such that the domain includes only events and the range includes only places (not
any entity).

4.2.4 Participation

Like DUL, we define a property for linking events to arbitrary things (involved) and
a single specialization of this property for linking events to agents (involvedAgent).
These two properties are directly equivalent to DUL’s hasParticipant and involves-—
Agent, respectively. They are roughly equivalent to CIDOC’s P12 .occurred_in-
_the_presence_ofand P11.had_participant (though not directly equivalent
given our broader event concept). The mapping to EO is more complicated. involved
is more specific than EO’s factor property because it restricts the range of the latter to
include only objects and not, for example, “abstract causes.” But it is also more general,
because it does not imply (as factor does) a “passive” role for the involved object. Thus
there is no formal equivalence relationship stated between the two. involvedAgent
is a super-property of EO’s agent property because it generalizes the latter to include
all relations to agents, whether or not their role is “active” or “passive.” Judgments of
activity or passivity are higher-level interpretations that go beyond our goal of modeling
only “factual” aspects.
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4.2.5 Causality

Finally, as discussed above, our model contains no properties for expressing relations of
influence, purpose, or causality. Therefore, there are no properties equivalent to CIDOC’s
P15.was_influenced_by or EO’s factor. Similarly, we provide no properties
for expressing parthood relations among events. We believe these higher-level interpreta-
tions are best handled via a layer of descriptions and situations over the basic statements
expressible using our model. The F event model provides an exemplary blueprint.

4.2.6 LODE by example

The Figure {.1] depicts the metadata attached to the event identified by 1380633 on
last.fm according to the LODE ontology. More precisely, it indicates that an event of type
Concert has been given on the 24th of January 2010 at 20:00 PM in the
Henry Fonda Theater featuring the Radiohead rock band.

ime:inXSDDateTime|
lode:Event time:Instant

f:
dftype ode:atTime

o ttp://www.youtube.co
- lode:illustrate watch?v=yHHZGQRDKJA

ma:creator

Y
p:/iwww.youtube.com/use
aghorrorag

2010-01-24T20:00:00
Aysd:dateTime

ode:Concert_
Live_Music

lode:atPlace
dbpedia:The_Henry ~
Fonda_Theater
geo:Point

geo:la

rdf:about
lastfm: 1380633

lode:involvedAgent

lode:inSpace

dbpedia:Radiohead

34.101944° N~ -118.340972°W"A
xsd:string xsd:string

Figure 4.1: The Radiohead Haiti Relief Concert described with LODE

LODE is not yet another “event” ontology per se. It has been designed as an inferlingua
model that solves an interoperability problem by providing a set of axioms expressing
mappings between existing event ontologies. Hence, the ontology contains numerous
OWL axioms stating classes and properties equivalence between models such as MO [8]],
CIDOC-CRM, DOLCE, SEM [15] to name a few. Therefore, an OWL-aware agent would
infer that the resource identified by dbpedia:Radiohead is a dul:Agent as de-
scribed in the Dolce Ultra Lite ontology.
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5 Linking Events with Media

As we have seen in the previous chapter, events are a natural way for referring to any
observable occurrence grouping persons, places, times and activities that can be de-
scribed [16} [11} [3]. Events are also observable experiences that are often documented
by people through different media (e.g. videos and photos). We explore this intrinsic
connection between media and experiences so that people can search and browse through
content using a familiar event perspective. In this chapter, we describe the data scraping
and interlinking process as well as a large SKOS taxonomy of event categories.

5.1 Event Directories

We first explore the overlap in metadata between four popular web sites, namely Flickr
as a hosting web site for photos and videos and Last.fm, Eventful and Upcoming as a
documentation of past and upcoming events. Explicit relationships between events and
photos exist using machine tags such as last fm:event=XXX. Hence, we have been
able to convert the description of more than 1.7 million photos which are indexed by
nearly 140.000 events.

We use the Last.fm, Eventful and Upcoming APIs to convert each event description into
the LODE ontology. We mint new URIs into our own namespace for events (hctp://data.
linkedevents.org/event/)), AZENtS (http://data.linkedevents.org/agent/) and locations (http://data.
linkedevents.org/location/). A graph representing an event is composed of the type of the
event, a full text description, the agents (e.g. artists) involved, a date (instant or interval
represented with OWL Time [6]), a location in terms of both geographical coordinates
and a URI denoting the venue and users participation. A graph representing an agent or a
location is composed of a label and a description (e.g. the artist’s biography).

Event directories have overlap in their coverage. We interlink these events descriptions
when they involve the same agents at the same date or when they happen at the same venue
at the same date. We invoke additional semantic web lookup services such as dbpedia,
geonames and freebase in order to enrich the descriptions of the agents and the locations.
Hence, the agent URI which has for label “Radiohead” is interlinked with the dbpedia
URI (nttp://dbpedia.org/page/radionead) Which provides additional information about the band
such as its complete discography. This URI is declared to be ow1 : sameAs another iden-
tifier from the New York Times (nttp://data.nytimes.com/n12964944623934882292) Which provides
information about the 38 associated articles from this newspaper to this band. The venue
has also been converted into a dbpedia URI (nttp://aopedia.org/page/The_enry ronda_Theater))
but has been augmented with geo-coordinates from last.fm which was not originally
present in dbpedia thus increasing the amount of information available in the LOD cloud
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for the benefit of all semantic web applications. We observe that a few venues have been
interlinked with the LOD cloud. We are now investigating further linkage with Foursquare
which has a much broader coverage of event venues. The linked data journey can be rich
and long. One of the challenges we want to address is how to visualize these enriched
interconnected datasets while still supporting simple user tasks such as searching and
browsing enriched media collections.

5.2 Media Directories

The Ontology for Media Resource currently developed by W3C is a core vocabulary
which covers basic metadata properties to describe media resourceﬂ It also contains a
formal set of axioms defining mapping between different metadata formats for multime-
dia. We use this ontology together with properties from SIOC, FOAF and Dublin Core to
convert into RDF the Flickr photo descriptions (Figure[5.1). The link between the media
and the event is realized through the 1ode:illustrate property, while more infor-
mation about the sioc:UserAccount can be attached to his URL In the Figure @.1]
we see that the video hosted on YouTube has for ma : creator the user aghorrorag.

ma:lmage

ftp://farm3.static.flickr.com/2
4304618084_61a807374c¢.jpg

2010-01-24T20:36:34
Mxsd:dateTime

rdf:type ma:locator, ma:createDate
Radiohead / Thom | dc:description e siogasCreator wesiiaw flickr.com/people
‘ Yorke _RH03079xLAR LE o S 63343835@N00
— ) foaf:tumbnail a:keyword \ Jode:illustrate
ftp://farm3.static flickr.com/2

4304618084_61a807374c.jpg lastfm:1380633

ma:locator

— losangeles
el o FrameWidth - :

fa:frameHeight

160""xsd:integer

Figure 5.1: A photo taken at the Radiohead Haiti Relief Concert described with the Media
Ontology

The Ontology for Media Resource can then be used to attach different types of metadata to
the media, such as the duration, the target audience, the copyright, the genre, the rating.
Media Fragments can also be defined in order to have a smaller granularity and attach
keywords or formal annotations to parts of the video. We use the patterns defined in
the Event-Model-F to represent the actual role of various users for a given media: the

1http ://www.w3.org/TR/mediaont-10/
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uploader of the video, the user who has tagged, or commented the video, etc. In summary,
using these patterns, we can extend the LODE and Media ontologies with provenance
information, making the distinction between the creator of some media or event and the
creator of the association between events and media, and even between the participants of
this event.

5.3 Event Categories

Events are generally categorized in lightweight taxonomies that provide facets when
browsing event directories. We have manually analyzed the taxonomy used in vari-
ous sites, namely facebook, eventful, upcoming, zevents, linkedin, eventbrite and tick-
etmaster, and used card sorting techniques in order to build a rich SKOS thesaurus of
event categories. This SKOS thesaurus contains axioms expressing mappings relation-
ships with these taxonomies while the terms are defined in our own namespace (nttp:
//data.linkedevents.org/category/). Lhe top level categories are Sports, Music, Food, Arts,
Movies, Family, Social Gathering, Community and Professional but alignment with other
classification such as the IPTC News Codes for sports of the last.fm genres for music is
also provided.

Event | Agent | Location Media User

Last.fm | 37,647 | 50,151 16,471 | 1,393,039 | 18,542
Eventful | 37,647 6,543 14,576 52 12
Upcoming | 13,114 7,330 347,959 4,518

Table 5.1: Number of event/agent/location and media/user descriptions in the dataset

Overall, the dataset collected contains more than 30 million triples. A dump is available
at (http://www.eurecom.fr/~troncy/ldtc2010/) while a temporary SPARQL endeint is available

at (http: //data.linkedevents. org/sparql).
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6 Conclusion

There is a tremendous amount of timeline and chronology data on the web. There is
also increasing interest in mining descriptions of historical events from narrative text,
whether for temporal visualization of search results or for exploration of archival records.
Historians and journalists are increasingly interested in presenting their work as structured
data complementary to or in lieu of traditional narrative text. Yet, without some effort
to bridge the various data models being developed and employed within these various
applications, it will remain difficult to build the dense network of relations among them
that could lead to new discoveries or novel modes of experiencing historical narrative. In
this deliverable, we have presented a principled model for linking event-centric data that
draws upon a close analysis of existing event ontologies. Our initial investigations show
that it is useful for modeling a variety of timeline events and for mapping between events
modeled using other vocabularies.

We have shown how linked data technologies can be used for integrating information
contained in event and media directories. We used the LODE and Media Ontology re-
spectively for expressing linked data description of events and photos. Ultimately, we
aim at providing an event-based environment for users to explore, annotate and share me-
dia and we present some sketches of user interfaces that we will develop in the coming
weeks.

We are currently consolidating and cleaning our dataset with more sources (e.g. YouTube
videos) and more linkage (e.g. description of recurring event, artist and venue from hubs
such as freebase or dbpedia). We intend to provide soon user participation at events
from public Foursquare check-in or live Tweets. Our priority is also to express the right
licensing and attribution information to the data that has been rdf-ized. Finally, we will
release soon a voiD description of the complete dataset.

A number of questions remain to be answered. We have argued that a core event model
should include only those relations about which a stable consensus has been reached,
leaving more interpretive relations to a higher-level, application-specific models. But
further application experience is needed before we can determine whether we have cor-
rectly identified those relations that are intersubjectively stable, or whether (for example)
participation relations are interpretation-specific and ought to be moved outside the core
model. A related problem is the question of event identification. In the applications dis-
cussed above, an event is identified with a single textual description. We have made no
attempt to map multiple textual descriptions to the “same” event identifier. The reason for
this is that it is not clear when (if ever) we should consider two textual descriptions to be
of the “same” event. If we consider (as many contemporary philosophers of history do)
events to be linguistic phenomena rather than objectively existing in the past, then there
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is no basis for arguing that two textual descriptions of an event refer to the same thing.
At best we could say that they share a name, or that they refer to the same people, places,
or spans of time. On the other hand, we clearly would like to say that two descriptions of
past occurrences only differing in spelling or punctuation are the same event. These are
deep philosophical questions about the nature of events that will likely only be answerable
pragmatically, as we see which approaches are or are not useful for specific applications.
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