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The Problem
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* 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 audio-
visual 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 ...

Risultati: 8,898
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[Letter] 1850-07-17, Wien
[to] Franz Fischer

Uppsala Universitet
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Skizzenbuch von Wolfgang
Amadeus Mozart
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Amadeus Mozart

Wolfgang Amadeus Mozart
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Nationalbibliothek - Austrian
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... and in Wikipedia

1 Il nome 2.7 Mozart massone

2 Biografia 2.8 Malattia e morte (1791)
2.1 La nascita e la famiglia

2.2 Genio precoce (1756—1769)
2.3 Mozart in Italia (1769—-1773)
2.3.1 Primo viaggio
2.3.1.1 Verona
2.3.1.2 Milano
2.3.1.3 Bologna
2.3.1.4 Firenze
2.3.1.5 Roma
2.3.1.6 Napoli
2.3.1.7 Viaggio di ritorno

3 La carriera di Mozart come libero artista
4 Lista parziale delle composizioni per genere
5 Lista di tutte le composizioni per numero di catalogo
6 Lo stile mozartiano
7 Mozart e i compositori contemporanei
7.1 Franz Joseph Haydn
8 Aneddotica
8.1 Laleggenda su Mozart e Salieri
8.2 Prestiti da altri autori
9 Mozart nella letteratura
10 Onorificenze

2.3.2 Secondo viaggio in ltalia

2.3.3 Terzo viaggio in ltalia 11 Filmografia

2.4 Musicista di corte a Salisburgo (1773-1777) 12 Lavori teatrali
2.5 Mannheim e Parigi (1777-1780) 13 Filatelia
2.6 Rottura con I'Arcivescovo e permanenza a Vienna (1780-1791) | | 14 Note
2.6.1 Il ratto dal serraglio 15 Bibliografia
2.6.2 La Societa di musica antica 15.1 Testi di Mozart e testi da lui musicati
2.6.3 L'attivita di pianista-compositore 15.2 Biografie e letteratura critica
2.6.4 Le nozze di Figaro 16 Voci correlate
2.6.5 Don Giovanni 17 Altri progetti
2.6.6 Il viaggio verso Berlino 18 Collegamenti esterni
2.6.7 Cosi fan tutte e il viaggio a Francoforte 18.1 Partiture e testi

2.6.8 Gli ultimi capolavori




Background

* Artificial Intelligence
* Robotics
* Storytelling systems
* Narratology
* Aristotle
* Russian formalists
 Computational narratology




Conceptualization

Abstract model of a narrative, as derived from the narratology and
Al 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 Pompe:ii




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
e 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

Fabula

E63 Beginning
of Existence @
@ rdf:type

Dante Alighieri

P92 brought into
existence

Provenance
P3 hasNote P129 is P7 took place at

about rdf:object

rdf:predicate
o rdf:type rdf:Statement

P106 is composed of rdf:type

14 Proposition E73 Information
Set P129 is about Object

"nOt(-}"

rdf:subject

rdf:type

"Certainly Dante was
born in Florence"

Narration
frbroo: ExpressionFra@




Representing the fabula

“Certainly Dante wa:

e — Dante Alighieri

P92 brought into existence P11 had participant

el Birth of Dante e2 Baptism of Dante
P114 occurs after \p

E63 Beginning of
Existence
rdfs:subclassOf




Representing the Narration

Fabula

Narration
"Certainly Dante was

born in Florence"

"text/plain"

dc:format ﬂ m

rdf:type

P14 carried out by
dctypes:Text P106 is
composed of o

e P106 i P106 i E65 Creation
d - P94 has created rdf:type

composed of composed of

dctypes:ContentAsText
P106 is
composed of
E73 Information
Object

composed of

composed of

" E73 Information
composed of Object




Provenance

Fabula

Provenance

08 observed
S15 Observable Entity

J1 was premise for

12 Belief J2 concluded that

J4 that

I5 Inference Making

14 Proposition Set

Narration

E73 Information P106 is
Object composed of




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

Build a Narrative

about...

e

e
it

Michelle Obama

Dante Alighieri Gustav Kiimt Giant Squid

or..

Search for a different subject:




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

Biography of Dante Alighieri

ALL
Dante Alghieri ApelFrangais VL. Aeneld
PEQPLE
Aesop's Fables Alert | of Germ... Albertanus of Br...
ORGS
OBJECTS Aloertus Magnus Aloino | dell... Alfonso X of Cas...
Sl Alteg, Lord Ten... Alghieri Alghiero ci Bel..
PLACES
Amore e 1¢0rg... Anathema Andrea da Grosse...
WORKS
Andrea del Casta... Antonia Alighier... Antonio Nuvolane...
SEARCH
NEW Arezz0 Arilotle Amaldo D'Adari..
Marriage of Bella and Birth of Dante Baptism of Dante
Alighiero 1265 26-03-1266
1255
Alghiero i Bel... Darte Alghier Dante Alighieri
Bella degli Abat... Bella degli Abat... Florence Baptist..
Florence Florence Florence

Death of Bella
1270

Bella degli Abat...

Florgnce

Marriage of Alighiero and
Lapa
1210

Alighiero di Bel...
Lapa Cialuff

Florence

SAVE

CLEAR

EXPORT

RELATIONS

Elemental
|
1272

Dan

Aest



Visualizing Narratives

Sandro Botticelli, Dante

Birth of Dante

Charles of Valois Arrives in Florence .

Marriage of Bella and Alighiero

Dante Is Member of Consiglio dei Cento

Guelfi Neri Take Power in Fiorence

Marriage

Death of Bella
Florentine Legation to Boniface VIII

. Birth of Dante I

Marriage of Beatrice and Simone dei Bardi

‘ Death of Alighiero

Baptism of

‘ Marriage of Alighiero and Lapa

of Dante and Gemma ‘

Election in Consiglio Speciale del Capitano

Participation in Consiglio delle Capitudini

Dante Priore

‘ Education of Dante Death of Beatrice

Dante Meets Beatrice

Florence

Dante

Certainly Dante was born in Florence.

PRIMARY SOURCES:
e Dante Alighieri, Inferno XXIIl 94-95

>

Alighieri
(from Wikimedia
Commons)
(& Birth of Dante | .
Brunetto Latini
L ] [ ] L ] L ] L
1260 1270
ophy
D
Florence

Literature

ante's Education Dante Alighieri

Latin




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: : P o °
* Silk waving (Krefeld, Germany) I I I n g e I
e Glass blowing (CERFAV, France)

e 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.



http://www.mingei-project.eu/

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

New plants Young plants Adult plants
[
A A J h 4 A 4 h
: g Young Plant Adult Plant Adult Plant Adult Plant
[Jan-md Feh] | Flanting | Irrigation | Irrigation Pruning Fertilization
) 4 ) A Y A 4
[
r
Mar-Apr Plowing
—
) A
S | e
June Cleaning Soil
—_— E —
A A
Q1
July Embroidering
Y
[ ]
y h 4
Embroidering Collecting

Sept-mid Oct

—_—

v

v

A 4

Collecting




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.

e 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

. .



https://dlnarratives.eu/

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




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




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




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, semi-
automatic, manual)




Methodology

The creation of a formal ontology in order to COLLECT and VISUALIZE
knowledge about narratives

- « @ @




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




Mapping Between Classes of Wikidata and Our
Ontology

« Mapping between classes of our ontology and those of Wikidata

Wikidata Our ontology

Q5 human E21 Person

Q16334295 group of humans E74 Group

Q7184903 abstract object E89 Propositional Object
Q223557 physical object E19 Physical Object
Q17334923 location E53 Place

Q234460 text

Q478798 image E73 Information Object
Q340169 media

Q186081 time interval E52 Time-Span

Q1190554 event ES Event
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Biography of.Danta.Alighieti
ALL SAVE
Darse Alghier Aol Frangois Vi Aeneis
PEOPLE CLEAR
hasop's Fables Aerlof Gorm... Albertanys of B..

ORGS EXPORT
OBIEDTS Aberus Magrus Aboira | cells. Altonso X of Cs... RELATIONS|
ELIEEA Alled, Lord Ten.. Arghieri Alighiero @ Bel..

PLACES \

Armore @l cor g Anatberna Andrea da Grosse.
WORKS
droa dol Casi An .
SEARCH
NEW Arezzo Histatle Armildo DiAdda. :
Marriage of Bella and Birth of Dante Baptism of Dante Death of Bella Marriage of Alighiero and Elements
Alighiero 1265 26001286 127 Lapa
1255 1270 1n
Alighiero di Bel.. Dante Alighieri Dante Alighied Bella degl Abat, Alighiero di Bel.. D
Bela degli Aol Balla dogl Aval... Florance Baptist Forence Lapa Cal
Flrence Fierence Fioience Firerce
s

Event Creation and Timeline

START DATE

EVENT TYPE

ENTITIES

T

NOTES

DIGITAL OBJECT

END DATE

SAVE

CLEAR

EXPORT

RELATIONS

Marriage of Bella and
Alighiero
1255

Alighiera di Bel..
Bella deqli Abat...

Florence

Birth of Dante

1265

Dante Alighieri
Bella degli Abat

Florence

Baptism of Dante
26-03-1266

Dante Alighieri
Florence Baptist...

Florence

Death of Bella
1270

Bella degli Abat...

Florence

Marriage of Alighiero and
Lapa
1270
Alighiero di Bel...
Lapa Cialuffi

Florence




Causal and Mereological Relations

BACK

Marriage of Bella and
Alighiero
1255

Alighiero di Belli. ..
Bella degl Abatl

Florence

Caused by

Part of

Marriage of Bella and
Alighiero
1255

Causal and Mereological Relations

Birth of Dante Baptism of Dante Death of Bella

12565 25-03-1266 1270

Dante Alighieri Dante Alighieri Bella degli Abati

Bella degll Abail Florence Baplister... Florence
Florence Florence

Caused by Caused by Caused by
Part of Part of Part of

Birth of Dante Baptism of Dante Death of Bella
1265 26-03-1266 1270

Marriage of Alighiero and
Lapa
1270
Alighiero di Balli...
Lapa Cialuftl

Florence

Caused by

Part of

Marriage of Alighiero and
Lapa
1270




The SW Architecture

.|' E Loaded in Adds inferences to
] LIIN ]
SWRL
- TT T
Wikidata SWRL Rules Narrative Ontology Reasoner
Imported by I Implemented

| !

Loaded in * v by

Generates 5 Loaded in Generates
ﬁ
> JSON >
Narrative Tool GUI JSON File Java Triplifier OWL Narrative

A

Narrator

-2

Textual
Knowledge

. I Built with

OWL API

Loaded in

_»

((

Triple Store

Queried by

Visualisation Final Users

Components

Accessed byn Accessed by

54

SPARQL
Endpoint




Visualization: graphs

Brunetto Latini Literature

@
Philosophy -

Dante's Education Dante Alighieri

Florence Latin

Charles of Valois Arrives in Florence ‘
. ‘ Marriage of Alighiero and Lapa
Marriage of Bella and Alighiero Marriage of Dante and Gemma ‘

Election in Consiglio Speciale del Capitano

Dante Is Member of Consiglio dei Cento ‘
Participation in Consiglio delle Capitudini

Guelfi Neri Take Power in Fiorence

‘ Florence Dante Priore
. Death of Bella .
Florentine Legation to Boniface VIII

. Education of Dante o e

. Birth of Dante I

Marriage of Beatrice and Simone dei Bardi
‘ Death of Alighiero  pante Meets Beatrice

Baptism of Dante




Event

Birth of Dante

Baptism of Dante

Baptism of Dante

Marriage of Dante and
Gemma

Dante's First Travel to
Bologna

Date

1265

1266-03-26

1266-03-26

1277-02-09

1286-1287

Primary Source

Inferno

Inferno
Paradiso

Instrumentum Dotis

Trattatello in laude di
Dante

Author

Dante Alighien

Dante Alighien
Dante Alighiert

Uguccione di Baldovino

Glovanni Boccaccio

Text Fragment Reference
Fragment

‘io fui nato e cresciuto sovra 1 bel fiume MX11194-95

d'Arno, alla gran villa'

‘i1 mio bel San Giovanni' XX 17

‘in sul fonte del mio battesmo" XXV 8-9

‘Domine Gemme vidue, uxori olim Dantis
Allagheri et filie condam domini Manetti
domini Donati, pro iure sue dotis libraum CC 42, ¢. 3r
florenorum parvorum ut de instrumento dotis

constat manu ser Ranaldi filil condam Oberti

Baldovin: de Florentia notari, ex

Inbreviaturis ser Uguiccionis Baldovini

notarii, facto in anno Domini M* CCLXXVI,

indictione VJ, die VIILJ° mensis februarti'

Capitani di Parte

'Eqli i primi inizi, 51 come di sopra
dichiarato, prese nella propia patria, e di
quella, si come a luogo pit fertile di tal cibo,
nando a Bologna'

Visualization: Tables

Guelfa, Numer1 Rossi,

Event

Baptism of Dente

Death of Bella

Marriage of Alighiero and Lapa
Elernentary Education of Dante
Death of Alighiero

Marriage of Dante and Gemma

Date

1266-03-26
1210
1210
12n-1m
127h

12770209




Evaluation 1/3

Questionnaire to a historian who 1s 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 Itis 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




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




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




