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The Problem
• Traditional libraries collect
and make accessible
narratives, as we all know
from our very early days

• And so do Digital Libraries
(DLs). Every object in a DL tells
or participates in some story,
regardless of the medium, the
genre, or the type of the
object.

The Problem
• Narratives in DLs are expressed, if at all, in natural languages and
are not recognized as such. There is no track of narratives in the
conceptualization of today’s DLs--they offer no service on
narratives.
• In essence, DLs ignore a substantial aspect of their contents.
• Yet, narratives are a central notion to the activity of scholars, who
investigate many aspects of a narrative, and relate narratives to
each other and to the cultural context in which they are born.
• Narratives are also important to knowledge curators, who
document the many ways knowledge is produced, distributed,
organized, disseminated.
• The goal of our research is to make narratives emerge in DLs as
first-class citizens, known to the DL and at the center of a rich set
of services offered to the DL users.

The Approach
• At present, software agents (SAs) can perform many important
tasks on narratives, thanks to the dramatic improvements in the
automatic analysis of the content of the digital objects that
contain narratives.
• However, understanding the story told by, e.g., a text or an audiovisual object, is definitely out of reach for SAs, at the moment.
• Until SAs grow to this task, we can help DLs getting smarter by
creating the information space where narratives leave.
• SAs can help populating this space and, by so doing, maybe learn
what a story is, and how it is built.
• In short, we want to define an ontology of formal narratives.

The Proposal
• To be apt to our goal, formal narratives should not replace
traditional narratives.
• Rather, they should enhance them, by adding a formal dimension
to the informal one.
• This formal dimension should capture what SAs cannot capture:
the story that the narrative tells, as a series of events, situated in
space and time, with a beginning, a development and an end.
• This network of events would then form the conceptual glue that
holds together the DL objects and links them into meaningful
wholes that is fundamental in contextualizing the objects
themselves.

Searching “Mozart” in Europeana …

… and in Wikipedia

Background
• Artificial Intelligence
• Robotics
• Storytelling systems

• Narratology
• Aristotle
• Russian formalists
• Computational narratology

Conceptualization

Abstract model of a narrative, as derived from the narratology and
AI literature.
A narrative consists of three main elements:
• the fabula, the network of the events that compose the story
• the narration, the natural language messages that narrate the
fabula
• the reference function, connecting the narration to the fabula

Fabula

The fabula is built on top of events, including actions and activities.
Events are situated in time and space, are connected to the people
and the objects that participate in them, and are connected
between each other by:
• A mereological relation, relating events to their parts, e.g., the
birth of Dante Alighieri is part of the life of Dante
• A causal dependency relation, relating events to their causes, e.g.,
the eruption of the Vesuvius caused the destruction of Pompeii

The reference function
The reference function connects fragments of narrations to the
narrated events and by extension to constituents of events: time
intervals, places, people, objects.
The reference function establishes the link between the informal
and the formal level by providing the interpretation of the informal
narratives. We can say that understanding a story means to compute
the reference function: what humans can (almost always) do and
SAs can (almost always) NOT do.
In addition, it allows deriving the plot of the narrative. By visiting the
text of the narration in its natural order, it is possible to access the
narrative fragments and, via these, the events in the fabula, in the
order established by the narrator.

A specification of the conceptualization
We have developed a first-order logic specification of the
conceptualization relying on three existing ontologies:
• the CIDOC CRM for the specification of events and their
constituents
• FRBRoo for the specification of narrations
• OWL Time for the specification of time
We have implemented the resulting ontology using RDF as a
notation and OWL 2 DL as language (but mostly its rule-based
extension SWRL which allows specifying inference rules on time
intervals).

An example: the life of Dante Alighieri
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Representing the fabula
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Representing the Narration
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Provenance
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Creating and Visualizing Narratives
On top of the ontology, we created a semi-automatic tool for
building narratives, since we found no suitable tool to the needs
of our research
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Creating Narratives
• The tool retrieves and assigns
URIs to the instances of the
classes using Wikidata as
resource
• The user can introduce new
entities not present in
Wikidata
• The instances are
automatically classified in the
classes of our ontology thanks
to a mapping from Wikidata to
our ontology
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Visualizing Narratives
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Evaluation: the Mingei project
After an initial evaluation on the life of Dante, we are doing a more
probing evaluation of the ontology and of the tool in a European
project on Representing and Preserving Craft Heritage.
mingei-project.eu
Mingei addresses three crafts:
• Silk waving (Krefeld, Germany)
• Glass blowing (CERFAV, France)
• Mastic cultivation and processing (Chios, Greece)
It uses co-creation to elicit craft knowledge from craftsmen and
craftswomen and to build apps and museum installations to
disseminate that knowledge to scholars and to the public.
It also addresses the preservation of craft knowledge using Digital
Preservation methods, based on the OAIS Reference Model.

Narratives in Mingei
Narratives play a central role in Mingei. A craft process is modelled as a narrative,
whose fabula is linked to the media objects that document the various steps of
the craft, each seen as an event.
These media objects include datasets containing the tracking of the movements of
craft masters.
Narratives are also used to contextualize craft from the historical, social and
cultural point of view.
In the silk weaving craft, we have collected the following narratives:
• Processes Exercised by the Krefeld Weaving Community
• History of Haus der Seidenkultur
• History of Krefeld
• Chronicle of the Casaretto Family
• Hubert Gotzes Weaving Workshop
• Story of the Jacquard Invention
• Story of the Cloth in the Shrine of Charlemagne and Its Motif

Narratives in Mingei
We have three narratives for glass blowing and four narratives for
mastic cultivation and processing.
Thanks to Mingei we realized the importance of modelling process
schemes, descriptions of the activities needed to make that craft,
and of the order in which these activities must be done.
To add schemes to our ontology we followed the conceptualization
of processes of UML activity diagrams:
• the basic ingredients are human activities (as opposed to
computing operations)
• the primitives for establishing the order of the activity, that is,
which activities need to be done before, or after, or in parallel to
which activity, are those of Activity Diagrams

Process scheme for mastic cultivation

Conclusions
• Digital narratives have in DLs the role that narratives have in
traditional libraries: they are resources that the DL collects and
makes available to their users, or employ in knowledge curation.
• To introduce automatic tools in the management of narratives in
DLs, we have defined a formal ontology of narratives, based on
few, simple notions recognized by narratology as the basic
constituents of narratives: fabula, narration and reference
function.
• The ontology structures the information space of a DL, so that
many different ITs can be put at the service of the DL users.

Conclusions
• We have implemented a tool for the semi-automatic creation of
narratives and for their visualization along several dimensions.
• The tool relies on an inference engine to properly manage the
knowledge on narratives, including a rule-based engine to deduce
temporal knowledge based on Allen’s logic.
• The ontology and the tool are being employed in the Mingei
project to represent and preserve craft heritage.
• At present, we are extending the narrative ontology with a richer
representation of textual narrations, and experimenting with
information extraction methods to give more support to the
creation of narratives from texts.

Thank You
dlnarratives.eu
mingei-project.eu
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The Proposal
…the introduction of a new search functionality for DLs
that does not return just a list of objects but a narrative
Narrative
a semantic network of events, with a possibly associated
text, that are linked to the digital objects of the existing
digital libraries and are endowed with a set of semantic
relations connecting them to each other
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Narratology Background
• Aristotle
• Russian formalists
• Computational narratology studies narratives from a
computational perspective and develops narratological models 
In the Artificial Intelligence field storytelling systems use
narratives as interactive method. Ontologies are developed to give
a formal computable representation of a narrative
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Artificial Intelligence Background
Study of Situation and Event Calculus theories in order to:
• identify the logical components of narratives (e.g. events, actions, fluents,
physical objects, agents)
• identify types of events (e.g. generalized events, processes, mental events)
• Logical definitions:
o Event Initiates(e, f, t) means that the occurrence of event e at time t
causes fluent f to become true, while Terminates(w, f, t) means that f
ceases to be true
o Mental event Believes(Lois, x)
x represents Flies(Superman)
Flies(Superman) is a proposition that specifies a mental
object: reification of the mental object that Superman flies
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Evaluation of Ontology Learning Systems
Ontology Learning (OL) is a method to create ontologies in an automatic or
semi-automatic way from text analysis
Limits:
• language dependent
• style dependent
• the quality of the ontologies developed using semi-automatic methods is still
worse than the quality of ontologies developed by experts
Our main goals:
• Reliability of collected data
• Ontology independent from population techniques (automatic, semiautomatic, manual)
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Methodology
The creation of a formal ontology in order to COLLECT and VISUALIZE
knowledge about narratives

Conceptualisation
Formalization
of the problem

Mathematical
specification
Computational
analysis

Experimentalofimplementation
Development
a new algorithm

Experimentation:
Experimentationbiography
with a case
of study
Dante

Evaluation
Evaluation
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Narration

Each narration of a fabula consists of one or more narrators and a text, which
is authored by the narrator(s) and constitutes the narration
We focus on the only aspect that is functional to our model of narrative, namely
textual content that is the language expression that constitutes the content of a
piece of text
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Mapping Between Classes of Wikidata and Our
Ontology
• Mapping between classes of our ontology and those of Wikidata
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Event Creation and Timeline
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Causal and Mereological Relations
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The SW Architecture
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Visualization: graphs
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Visualization: Tables
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Evaluation 1/3
Questionnaire to a historian who is an expert of Dante Alighieri’s life. We asked him
about:
1. The representational adequacy of the ontology
o The historian explored the narrative on the timeline and looked at the
contextualization of the individual events of the fabula
o The use of external resources to enrich the narrative
o The representation of the provenance
o Different narratives of the same topic, created by different scholars
Result: The historian gave positive evaluation on the points above (4.3/5)
2. The effectiveness of a tool to build narratives
Results:
o It is possible to formalize a significant narrative from 40 pages (104,013
characters) of text in a matter of a few hours (80 events/7 hours)
o 70% of the entities used in the narration of the life of Dante are those
defined in Wikidata
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Evaluation 2/3
3.

The satisfaction of the historian’s requirements, deﬁned at the beginning
of the study  SPARQL queries and visualisation of the knowledge
- Extracted knowledge
o Events happened in a certain given range of time
o Events involving certain given entities (e.g. place, person)
o Events inter-linked by certain given relations (e.g. causal or
mereological)
- Knowledge visualisation
o Visualising the fabula of a narrative on a timeline
o Visualising events along with their primary sources in table
format, exportable in CSV format
o Primary sources in table format, exportable in CSV format
o Using network graphs to visualise an event and its related entities
o Using network graphs to visualise a certain given entity and its
related events
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Evaluation 3/3
In order to validate the ontology on different domains, representing different
types of narratives, the narrative building tool and the underlying ontology are
currently being used by:
1.

A Computer Science professor at the University of Pisa to represent the
history of Informatics, focussing on the Turing Award

2.

A researcher in Computational Biology at the Italian National Research
Council (CNR) to narrate the discoveries related to the giant squid

3.

A Digital Humanities researcher at the CNR to create the narrative of the life
and works of the Austrian painter Gustav Klimt and of the Italian poet
Dante Alighieri
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