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Perception of the digital ecosystem

Nn-dame achitecture systéme

Ressources

numeériques
Sources écrites (format doc)

iconographie (formats images)
relevés (Tormats vectoriels 2D et D)
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Catégorsation documentaire Catégonsation sémantique
OpenThéso, OpenArchaeo
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https://www.notre-dame.science/ecosysteme_n_dame/

e Effort pedagogique et didactique necessaire a I'appropriation

Quand on explique le fonctionnement

de notre framework maison au nouveau

~

GEEEEERRE  E T E T

- - -
ozr A
e = - - s =
= “ “
- oo P
o - g— —
we -
| o - -

e Accompagnement des GTs dans la prise en main et I'utilisation des outils (workshops,

collaborations etc)
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Data J i nfO 'm ati on / kn OWl ed g e... Le conte de Cendrillon et la quéte de provenance

“Where is the wisdom we have lost in know|edge? Guillem, Anais and Lercari, Nicola (2022): Global Heritage,
Knowledge Provenance, and Digital Preservation: Defining a Critical
- . - m ” Approach. In: Lercari, Nicola; Wendrich, Willeke; Porter, Benjamin
Where IS the knOWIedge we have IOSt In Informatlon? WF.);pBurton, Margie M. and Levy, Thomas E. (eds.) : Preserving
Cultural Heritage in the Digital Age. Sending Out an S.O.S.
T.S Eliot, poem “The Rock” (1934) London: Equinox Publishing Ltd. pp. 26-41

— Where is the information Probleme de l'interopérabilité

: humain/machine de lI'information e Compréhensible par 'lhumain * Metaphore de I_a pgnt(?ufle (_je verre
we have lost in data? ot e Retracer une histoire a partir de la
e Actionnable par la machine trajectoire :
I I o provenance de I'objet
| | o provenance des données
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¥ ,, L W Tzitzikas, Yannis: Marketakis, Yannis,
_/ : Cinderella's Stick - A Fairy Tale for
Humain Machine Digital Preservation, 2018.
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Challenge: interoperability of data and tools

FAIR data et Linked Open Data

[ (indable) N

N

make your stuff available on the Web (whatever format)
under an open license!

make it available as structured data (e.g., Excel instead
of image scan of a table)?

make it available in a non-proprietary open format (e.g.,
CSV instead of Excel)?

use URIs to denote things, so that people can point at
your stuff*

link your data to other data to provide context®

Tim Berners-Lee, 5 stars Open Data
https://commons.wikimedia.org/wiki/File:Tim Berners
-Lee 5-star Open Data plan.png
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https://commons.wikimedia.org/wiki/File:Tim_Berners-Lee_5-star_Open_Data_plan.png
https://commons.wikimedia.org/wiki/File:Tim_Berners-Lee_5-star_Open_Data_plan.png

Data therapy or digital maieutics conceptuatization 10100,

Knowledge Engineering, K-Graphs, Symbolic Al

How DATA SHOULD BE ORGANISED

a SDD —— E:) ProgecT ],
|
[::’ ProecT 2

(D Experiment 1 = [ Trace oata=—— [ YYMmoo_ID1
| |

|
D EXPERIMENT 2 D Textoata 7] YYNMDD_IDZ
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(D Exeerment3 0D Memaoama & Yymmoo_ 103
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(D Experirent 6

| How MOST DATA IS ACTUALLY ORGANISED
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Abstracts l
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Data in Various

Forms
Phenomenal

World

e Knowledge Engineering : building and maintaining knowledge-based systems
e Between:

o Software engineering: how to build and maintain software systems

o Al: how to represent, learn, and reason over knowledge computationally

Elena Simperl, Knowledge Engineering: from people to machines and back, ESWC2024, Keynote.
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meéta)data enrichment

Which metadata schema(s)?

7W model 7W: WHO, WHERE, WHEN, WHAT, HOW, WHICH, and WHY expressed in
basic CIDOC CRM
E77-
WHO ES5-Type P2 has type Eeerr:lstent
type of object See e
@ P12 occurred P14
in the carried
7 presence of out by
HOW WHAT WHY
E1 CRM P17 was Prtook  Fepa oice
Entity motivated by place at
r n : P4 has
\\' HERE “’HEI\ \VHICH P32 used P2 has time-sban )
gen al fvpe ES52-Time-
technique P Span
Sudha Ram and Jun Liu. 2009. A new perspective on semantics of data provenance. In
Proceedings of the First International Conference on Semantic Web in Provenance Management - E29-Design-
Volume 526 (SWPM'09). CEUR-WS.org, Aachen, DEU, 35-40. procedure
ES5-Type . n
Mapping de requéte
Example of 7W model use for photogrammetric acquisition:
Anthony Pamart et al. 2022. A metadata enriched system for the documentation of multi-modal
digital imaging surveys. SDH, 6, 1, 1-24. (type of

activity)

Anais Guillem, Antoine Gros, Livio De Luca. Faire parler les claveaux effondrés de la cathédrale Notre-Dame de Paris :

Un récit fondé sur le web sémantique et les Linked Open Data. Humanistica 2023, Association francophone des humanités
numériques, Jun 2023, Geneve, Suisse. (hal-04106101)
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Type

Mapping and Linked (Open) Data 9.

_—

g ki »
E55 I 1
R X
P

- x.-‘-'

E28 , = E18
Conceptual Object carried by Physical Object

1
. . ; |
Site Structure N° entaire Lieu de conservation N 7 E2 o\\je
| Cathédrale Notre-Dame, Paris | |doubleau entre les travées 1 et 2 de la nef| | N 1a | | MOE 76 - rack 17 - o - c\[\(\“

Rapport Claveaux GT Pierre - novembre 2020

Fiche descriptive Bloc

referto _J Temporal Entity  ff©

b . 4 n
. . Géologie & 7
Fonction de la pierre Nature Aspect Site o /identify - Olve
P
¥R Claveau QO Pilier W Calcaire Couleur de la pierre Grain | fin O Lutétien sup. \ E41 ' \
QO clef O culot O Gres - ”
" . . épiderme ) i O Lutétien moy.
O Ssommier O Corniche O Granite Fossiles Nummulites A "auon -
O Voutain (O Parement O Schiste entraille | blanc-beige visibles O Di.trupa O Val-de-Grace pm
QO cChapiteau O Blocage O Marbre O Milioles O Cochin
O Autre: O Autre: Inclusions notoires : () Silex () Galets o Orb_ltolnes O charrenton g
OFossiles (O Autres: O cerithes O Cchaillot 3
ooafes akiad O Alvéolines O saint-Maur "
(O saint-Denis ,@ L 4d
Métrologie Traces de taille

>

longueur: 47 cm Equarissement Dégrossissage Finition [CO l I l p r‘ ’ n d r‘ ! I a
E— 345cm QO Chasse O Pic O Laie R oblique longueur:  8cm 1.0
4 8 Pic QO Broche %BW"U’E 5O croisée ., trainée: > 10 mm O i
hauteurint: 15,5 cm Tétu G isel = (B Gradine ':‘3 O chevron i+ . O n S ru I O n e S
_ & Pofke @) Ilsaerau.(nse ure) 28 anwsgs T R gerbe g nbdedents: 12 C C
i Qtoucharde 5O désordonnée = larg.dents: 4 mm
O Ripe R paralelle latéralité: ~ droite

I RS claveaux de l'arc] E39 E52 Es3

, . . . Actor Time-Span Place
(O Marque de tailleur / d'atelier 15,7 (O Trous de pince O Dpélit O Trou d'agrafe etu d e | a I d a I re

(O Marque de montage QO Trou de louve (O stigmates O Trou de goujon 2 - N - - .

@ Marque de pose QO Tenons de pose QO Abreuvoir ] Flg. 1 CIDOC-CRM [()p Level C a[cgoncs

(O Marque de hauteur d'assise QO sans trace O Mortier

O Graffiti 157

: . Bruseker et al. 2017 112, fig.1]
HOW WHAT WHY | PP 112, fig
,. -

Liant associé T 1
4
X R
b

Nature lO Mortier O Ciment O Jointsec O Autre: |

ES5
Type

Composition
8 Sable 8 Argile
Stri Chaux Charbon
Ganuomewie [ | |Q&i 3 Vet
3 QO Terre cuite QO Eclat de pierre
Pulvérulence :’ O Incl.métalliques O Autre:

LOCATION

v

— %

INSTRUMENT

Enduit initial

fa o A refer to/refine
N iti Q sabl O Argil r T C
% 03? Compasiton (©) C;a:x Q C;\%‘rzon \v H E RE “’ H E N \v H I H
Décor O Galet O Veégetal Décor sculpté
O Uni Q Terre cuite O Eclat de pierre
5 3:;é(a| Q Incl.métalliques O Autre: QO Feuille d'acanthe O Grotesque

s
O Faux joints Couleur de fond [: @) CY?ChEtl » ) ArTimaI‘ier 1 4 b t' L4 t d d > E1 8
T e données [O servation, etude du E28

Date de rédaction 17 septembre 2020 Rédacteur(s) Cédric Moulis, Bruno Phalip

carried b
Conceptual Object y Physical Object
Remploi Ragréage 2 I . - x
Oui, fonction primaire fonction secondaire i ; 0 CO rp u S a p I a I re
@ ton [ O l | I @) Nor\ ® enduit:| rubané rouge 3 Ez O\\‘e &
e m— e
. ; refer to i Temporal Entity  gf€ s
Observations 3 " 2 E—— Ny,
: lidentify Olve
Décor rubané rouge ajouté lors de restaurations le long de I'extrados et dans les gorges entre les tores et le méplat central. 3 —_
Surface visible traitée a la gradine et bretture en frappe perpendiculaire ; surface enfouie dans la magonnerie traitée a la bretture. 5
Taille en gerbe sur les faces de contact, axée sur un tore. £ E41
Réalisation de la croix au ciseau. g /
. Deuxencachesde part et d'autre du claveau pour fixer les cintres des voutains adiacents :5.5x.55x 10 cm_et 55x55x9.cm i : pr"auon

uonedo|

4 2“ 5

b=

Exemple de la fiche GT Structuration avec un schéma de métadonnées et E39 £52

. Actor Time-Span

Pierre, étude lapidaire: enrichissement des métadonnées e —
identification/extraction des

métadonnées Mapping avec une ontologie

Anais Guillem, Antoine Gros, Livio De Luca. Faire parler les claveaux effondrés de la cathédrale
Notre-Dame de Paris : Un récit fondé sur le web sémantique et les Linked Open Data. Humanistica 2023,
Association francophone des humanités numériques, Jun 2023, Geneve, Suisse. ¢(hal-04106101)
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Research guestions
GT Pierre
-\m

\ \

/
/

Disciplinary background

\
............. / Disciplinary background: Ingénierie
Competences ¢ .- o

| | materiaux, archéologie, Archéometrie,
O’ Archéometrie
Scientific Questioning . I

Objective

Scientific questioning: Datation
du chevet de ND

-----
L
L

Research protocol

Objective : évaluer les sceénarios de

. .
. L] . * . -
L ¢ L} . - - " L ¢ ¢ *
- . . . s N - . '] * - . -
. . . . - . L * . . -
. ] . . N ] L] . . * .
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. ] . L} . . . . . . LI .
. [ . -
- . ] ] o . . . . . v - -
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" L . . . . . M . .
- Ll L4 * L]
- 'Y * - . L] . - . [ ]
. L] - ~ s . * ] . * . - L]
Data production . - ©Le : - . . .
e . . ¢ - -
* o " .
. . - N . - n . - n .
o« ® . AR SRR . G ¢ . .
. ¢ 6 4 0 . - . -
PR RSN R . G . . .
a® o o PY e o  °* . . Y .
* o . . G "
* s N o *e . - . * . * " )
Y . . . . * . .

Research protocol: prise d’

- \ échantillons (mortiers, bois, métal)
http://www.ndameheritage.map.cnrs.fr/ \ et croisement des résultats
e Workshops avec les différents GTs: RRENENS g - ==0 ooy ouenons
: : i . mortiers
e Liste des questions de recherche e N~ tude d .
e Requétes pour les données numériques/jeux de | | S N _O etude des goujons
données tirants en bois du N
e env. 120 questions de recherche a ce jour pour deambulato!re (pour  ~ O etude dendrochronologique
guider le travail sur les données avec tous les la construction)

groupes de travalil

Collogue Naissance et renaissance d'une cathédrale, Notre-Dame de Paris sous |'oeil des scientifiques, SESSION 2 : UNE CHRONOLOGIE
REVISITEE, Session animée par Alexa Dufraisse et Yves Gallet, 22-24 avril 2024, Cité de I'Architecture et du Patrimoine, Paris.

Si les données de Notre-Dame nous étaient contées....Données ouvertes, ingénierie des connaissances et maieutique numérique
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Thesauri and controlled vocabularies

On comprends mieux le bordel sur
certains chantiers.. données)

Enjeu des
_ —ressources
7 partagées

/

BT o

/
’
’
’
’
Data acquisition 4
Meme (source:
~-Dimensional internet, unknown,
'mensiona 2023; modified)

. | d Ve d Ve . Ve Ve . Ve . . d . LX) . ’ . h /d | d d Ve 7 . . | Dd- . |. . ‘. i 1 . ”wa”

Si les données de Notre-Dame nous étaient contées....Données ouvertes, ingénierie des connaissances et maieutique numérique Une cathédrale de données numériques et connaissances pluridisciplinaires MINISTERE - ondgion
19 — 21 juin 2024, Campus CNRS Joseph Aiguier, Marseille s e TETREET 9

ATIR NOTR!

Guillem Anais, MAP-CNRS/LMU



nd-Opentheso

Gestionnaire des vocabulaires contrélés pour I'indexation des données
numériques du projet Notre-Dame de Paris.

Thesauri in NDame research:

10.400 concepts / 9 thesauri

nDame ~  (Choisir un thésaurus) v be . ' l
Curation manuelle des concepts et thesauri B Bl = T Q =
Commence par Mot exact Note Identifiant  Filtrer par thésaurus

Liste des thésaurus :

e Techniques d'analyses et d'examens (TAPAC) (319 concepts)

e Thésaurus nDame (4137 concepts)

¢ Architecture (Jean-Marie Pérouse de Montclos) (2159 concepts)

e Thesaurus des activités de conservation et de restauration (TACR) (53 concepts)
¢ Typologie spatiale Notre-Dame (1053 concepts)

e Types d'objets et d'artefacts (254 concepts)

e Eléments de description des couches stratigraphiques (2114 concepts)

¢ Type de matériaux (284 concepts)

e |RMH_thesaurus (9 concepts)

A
4 B
terms/glossa ry informal‘is -a” formal”instance” value restrictions generall ogical ¢ onstraints https://frollo.notre-dame.science/opentheso/
catalog/ID thesauriw/ formal®is-a” frames & properties disjointness,
‘narrower term” inverse' Lassila, O., & McGuinness, D. (2001). The role of
. frame-based representation on the semantic web.
relation pan-Of Linkdping University Electronic Press.

. , s , , . e . . . ;. , , , . . e e e E X )
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SKOS Example (ttl)

Thesaurus curation

Simple Knowledge Organization System (SKOS) formalization

“animals’@en

“creatures”@en

Ex:animals [URI] “animaux”@fr
\ / A

o “créatures” @fr
Concept skos:concept z D
relations 2 %
documentation 0 o “bétes”@fr
= o
class skos:Concept prefix declaration »  URI_concept3 % %
- v -
T rdf-type T
, Ex:mammals “mammals’@en
skos:related [URI]
URI_concept1 skos:narrower »  URI_concept2
<€ \ skos:broader /
/ \ @prefix ex: <http://www.example.com/> .
skos:note—| : i "@f -
e TRImRhenet @prefix skos: <http://www.w3.0rg/2004/02/skos/core#> .
L kosdefiniio—>| "the definition is here"@fr Concept @prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
documentation

kos: |
"label"@fr skos:prefLabe

skos:scopeNote—»| “the scope note is here"@fr

ex:animals rdf:type skos:Concept;
skos:example—»{  "an example is here"@fr skos:prefLabel "animals"@en,;
label'@fr je—osaraoe skos-editorialNote—»{ “the editorial note is here"@fr skos:altl.abel "Crea_turesn@en;
| skos:prefLabel "animaux"@fr;
\ "label" @fr s iieat abel skos-changeNote—>| "the change note is here"@fr j skos:altLabel "Créatures"@fr;
skos:hiddenlLabel "betes"@fr
skos:narrower ex:mammals.
ex:mammals rdf:type skos:Concept;
skos:prefLabel "mammals"@en;

https://www.w3.0ra/2009/08/skos-reference/skos.html skos:broader ex:animals.

"label"@en < skos:prefLabel

representation of the essential elements of the SKOS model from the SKOS Primer

. , S . , , R . . .. , , , : e e EN
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https://www.w3.org/2009/08/skos-reference/skos.html

OpenTheso

Example of a concept and its
documentation

https://ark.notre-dame.science/ark:/35572/ndpmhbdw2dtdd80vr2t8ht

e workshops avec les différents
GTs (merci a tous les participants
et contributeurs)

e Mise en commun et
documentation des vocabulaires
de travalil

e Documentation manuelle :

o dans Opentheso
o tableur puis ingestion csv
dans Opentheso

Tous les projets v

5 Concept

‘= Index [®] Collection

€ W NS

¢

~
L

objet architectural
objet en bois
objet en metal

(® objet en cuivre

Vv & objet en fer

D agrafe

armature créte de faitage

N W
I

o v o o B R

armature fleche
barlotiere
barlotiere-tirant
barre

chainage
cheville

cheville clavetée

V2 dou

> (3 clou moyen
Vv = gros clou
(3 gros clou a pointe aplatie

gros clou a pointe carrée

gros clou a section arrondie

gros clou a section carrée

gros clou a section angles aplatis

Types d'objets et d'artefacts (th57)

(S O O W B W R

B

gros clou a section rectangulaire
gros clou a téte disque en relief

gros clou a téte disque plat

[ gros clou a téte pyramide tronquée

(® gros clou a téte trapézoidale
3 petit clou
D pointe
crochet
fer plat
goujon
tige boulonnée

tirant

(P R W W

B vergette
[ objet en plomb
objet en pierre

objet peinture polychromie

v &

Frangais

Concept Collection

v Rechercher...

Commence par Mot exact Note Identifiant

M objet en metal > objet en fer > clou > gros clou > gros clou & téte pyramide tronquée

Libellé

Variante du libellé

Collection

Total de la branche

Concept générique

gros clou a téte pyramide tronquée (fr)

& 1 concept(s)

¥ grosclou

Concept spécifique =
Concept associé Aa R
Traduction -
Notes
Image ’ a—
Téte Téte Disgee o Téte Disque Téte pyramide
b > o L bty roig
Coordonnées GPS
ID Interne @ 41242
URI @ https://ark.notre-dame.science/ark:/35572/ndpmhb4w2dtdd80vr2jt8hf
ID Ark 35572/ndpmhb4w2dtdd80vr2jt8hf
Exporter le concept en SKOS &Y, RDF/XML Json Jsonld Turtle

Créé le: 2023-03-12 Derniére modification le: 2023-03-12
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What if we could use a methodology with  Qui a déja utilisé un LLM

a LLM to help the concept curation?

O-shot/few shot classification

Expert verification L
and validation ~
Opentheso/
Y SKOS
? automated workflow thesaurus
7 With LLM -~

(ChatGPT)?

Qui a déja réussi a faire ce
qu’il/elle voulait avec un LLM?

=

7Y% a
oG T

NARROW-USFILM TOOLS
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Artificial Intelligence: Al waves 1, 2, 3

2 “tribes” / “religions” / “towers” in Al

1st Wave: 2nd Wave

symbolic subsymbolic, deep learning
reasoning learning

logic data

model-based function-based
knowledge-driven data-driven

Al system “based on
manipulating symbols” (v)

Al systems "based on
statistical patterns to be
learned from large amount
of data” (v)

Hitzler P and Sarker MK (eds). Neuro-Symbolic Artificial Intelligence: The State of the Art, Vol. 342 of
Frontiers of Artificial Intelligence and Applications. Amsterdam: 10S Press, 2022.

The 3rd Wave as neuro-symbolic or hybrid systems:
“Neuro-symbolic systems are the offspring of two very different
parents, roughly speaking the fields of ‘knowledge representation’
and ‘machine learning’, and each of these parents has its own
strengths and weaknesses” (vi).

LM-as-KB Structured KB
Construction Self/Unsupervised Wl Manual or semi-automatic ¥
Schema Open-ended v Typically fixed ¥
Maintenance - _
- adding facts Difficult, unpredictable side effects ¥ Easy vl
- correcting/deleting Difficult 9 Easy vl

Knows what it knows  No, assigns probability to everything ¥ | Yes, content enumerable v
Entity disambiguation No/limited 9" Common v
Provenance No ¥ Common v

Table 1

Differences of LMs-as-KBs and structured KBs

Razniewski, Simon, Andrew Yates, Nora Kassner, and Gerhard Weikum. "Language models as or for
knowledge bases." arXiv preprint arXiv:2110.04888 (2021), p.2)
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Neuro-symbolic methodology

l
Deep Learning :
T T T T T T
| LLM Probing for thesaurus curation and |
I documentation

LLM

Wac

|

| Prompt engineering and prompt patterns I
I with SKOS semantics
|

Symbolic Al

How to use LLMs for building and curating a KB (in this case a thesaurus)?

How to benefit from the advantages of LLMs and KBs without the disadvantages of both?

: . e . . C : N - , . - . e En Ml
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Prompt example with prompt patterns

A triple consists of three components: (subject, relationship, object).
Triples need to be extracted from the given text. {input} indicates an
element to be retrieved as input.

You are an expert in conservation and restoration in the field of cultural
heritage architecture. The {subjects} are entities from the list of terms
used to describe and document the field of conservation and
restoration in heritage and historic monumen

If {input} is a concept of historical heritage, it is defined as
[Mask_definition]@fr' in French and [Mask_definition]@en in English,
is another label of [Mask_altLabel]@fr in French an
[Mask_altLabel]@en in English', and has a not frequehtly used label (or
hidden label) [Mask_altHiddenLabel]@fr in French an
[Mask_altHiddenLabel]@en in English.

#Persona
Generate the following triples for each term:

({input}', skos:definition, '[Mask_definition]@fr')

({input}, skos:definition, '[Mask_definition]@en')

({input}, skos:altLabel, '[Mask_altLabel]@fr')

({input}', skos:prefLabel, '[Mask_altLabel]|@en')

({input}, skos:hiddenLabel, '[Mask_altHiddenLabel]@fr')

('{input}, skos:hiddenLabel, '[Mask_altHiddenLabel]@en')

#Meta-Language Creation

Replace the masks [Mask_definition], [Mask_altLabel], and
[Mask_altHiddenLabel] with appropriate information from the text for each
term in the {input} list. This will allow yo extract triples for all concepts
related to the conservation and restoration ofssultural heritage architecture.

Here is an expected example from the {input} and the_result as triples:

{input}:

édifice religieux
Eglise .
Altération #Knowledge Probing
Result:
(‘édifice religieux’, skos:definition, ‘Batiment consacré a un culte’ @fr)
(‘édifice religieux’, skos:definition, ‘Building built or used for religious
ceremonies or other functions having to do with a particular religion’@en)
(‘édifice religieux’, skos:preflLabel, ‘religious building’ @en)
‘édifice religieux’, skos:altLabel, ‘monument religieux’ @fr)
(‘Eglise’, skos:definition, ‘Edifice consacré au culte de la religion chrétienne,
surtout catholique’ @fr)
(‘Eglise’, skos:definition, ‘Building for public Christian worship that are
distinguished historically from chapels and oratories, which are buildings that
are in some respect private, or not public in the widest sense’@en)

(‘Eglise’, skos:altLabel, ‘chapelle’ @fr)

(‘Eglise’, skos:altLabel, ‘chapel’ @en)
(‘Altération’, skos:definition, ‘Changement physigue ou chimique d'un
matériau’ @fr)
(‘Altération’, skos:definition, ‘The protess of changing something in some
particular characteristic such as measure, dimension, course, arrangement, or
inclination, without changing into sométhing else’@en)

(‘Altération’, skos:altLabel, ‘dégradatioh’ @fr)

(‘Altération’, skos:altLabel, ‘degradationf @en)

(‘Altération’, skos:hiddenlLabel, ‘délabremnent’ @fr)

(‘Altération’, skos:hiddenlLabel, ‘dilapidatjon’@en)

Generate the results only with triples for the following {input}:

#Few-shot learning

Results

('peinture’, skos:definition, 'Application de couleurs sur une surface
a des fins esthétiques, expressives ou protectrices' @fr)

('peinture’, skos:definition, 'Process of applying pigment to a
surface such as paper, canvas, wood, or wall'@en)

('peinture’, skos:altLabel, 'tableau' @fr)
('peinture’, skos:preflLabel, 'painting' @en)
(‘peinture’, skos:hiddenLabel, '‘ceuvre picturale' @fr)

('‘peinture’, skos:hiddenlLabel, 'pictorial work'@en)

(‘cathédrale’, skos:definition, 'Edifice religieux chrétien principal
d'un diocese, siege de I'évéque' @fr)

(‘cathédrale’, skos:definition, 'Principal church of a diocese,
containing the bishop's throne'@en)

(‘cathédrale’, skos:altLabel, ‘église épiscopale' @fr)
(‘cathédrale’, skos:preflLabel, 'cathedral' @en)
(‘cathédrale’, skos:hiddenLabel, 'basilique’' @fr)

(‘cathédrale’, skos:hiddenlLabel, 'basilica’'@en)

('peinture murale’, skos:definition, 'Peinture réalisée directement
sur un mur ou un plafond'@fr)

('peinture murale’, skos:definition, 'Mural painting executed
directly onto a wall or ceiling' @en)

('peinture murale’, skos:altLabel, 'fresque'@fr)
('peinture murale’, skos:prefLabel, 'mural painting' @en)
(‘peinture murale’, skos:hiddenLabel, ‘art mural' @fr)

('peinture murale’, skos:hiddenLabel, 'wall art'@en)
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Results humain-in-the-loop + LLM

—>»| Prompt

Knowledge injection

<

LLM —»

Output

|

—

Manual validation/
curation

e =g

NDame

ecosystem

test sur 13000 concepts

++ vers un traitement +

automatiseé des vocabulaires

controlés et thesauri

- etape de validation humaine
est toujours nécessaire
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I F30 F28 F30 | . F28 F30 F28
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11 L F28
£30  F28 = collatéral intérieur P128 storey C128 P|c28
Cl28 Cl28 o I l )
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= T -1 i o T =1 I o collatéral intérieur sud T =T I I | I I I | — e —— —
N ——— . - b e e = = — J— ClI28 | Cl28 1 Cl28 : | southinterioraiste - 11
L ________ I C|28 ' _— —_— ' _— _I — — P|28
1: ,
CI28 <geo:rcc8-nttp> T28 collatéral intérieur sud collatéral sud
2:
Cl28 <geo:rcc8-po> F28
Cl28 <geo:rcc8-po> F30 3: geo:rcc8po geo:rcc8ec geo:rcc8ec geo:rcc8tpp || geoirce8ntpp  geo:rcc8po
Cl28 <geo:rcc8-ntpp> collatéral intérieur sud
4. . *
CI28 <geo:rcc8-ntpp> collatéral sud TO PO | ogica | Re | ation:
° 5: °

Cl28 <geo:rcc8-ntpp> collatéral intérieur

Topological Relation:
Place - Spatial
Primitive

Mereological Relation
Place - Place

Cl28 <geo:rcc8-ntpp>Niveau rdc
ClI28 <geo:rcc8-ec>Niveau tribune

Place - Object/Spatial Primitive
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Article:

([ ] ([ ] [ ]
Results: Matrix of Topological Relations, s Gl e i Ko St Wl b, i o s (CCOfr
Notre-Dame de Paris. SWODCH'23 : International Workshop on Semantic Web and
test dataset

Ontology Design for Cultural Heritage, Nov 2023, Athénes, Greece. (hal-04275714v2)

data structuration

Spatial indexing element ‘ i Space

entity_notation|R1  RDC  F27 F28 F29 F30 T27 T28 |CA27 CA28 CE27 CE28 Ci27 CI28 NF25 NF27 NF26 NF28 |PE27 PE2S PE29 PE30 P27 PI28 PI29 PI30 R27 R28 R29 R30
Spatial indexing element R1 EQ
Spatial indexing element RDC Ec | E@ |
Spatial indexing element F27 EQ
Spatial indexing element F28 = N
Spatial indexing element F29 EC Eg_'__
Spatial indexing element F30 EC EC EQ

Spatial indexing element f_27 ‘ EQ—J OntOlogical mOdeIing +

Spatial indexing element T28 EC EQ .
o | E 0 oC ¥ g data enrichment
CA28 | Ec EQ
CE27 EC ' EC EQ
CE28 | Ec EC Z
ci7 EC : : EC EQ
cizs EC EC EQ ,

NF25 EC EC EC EC EQ
NF27 EC EC EC EC EC EQ
NF26 EC EC EC EC EC EC EQ
NF28 EC EC Ec| Ec | ec | EC |EQ
PE27 EC EQ

PE28 EC oy |

PE29 EC EQ

PE30 EC EQ

P27 EQ

PI28 EQ \

P29 EQ
PI30 EQ

R27 E \
R28 EQY |
R29 EQ

R30 EQ

topologiques

Spatial

localisation

semantics

exemple de requete spatiale complexe:
afficher tous les documents de |'écosysteme ayant
pour sujet/localisation la nef en excluant les chapelles
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Case study: transverse arch F29-30 Reconstruction

Guillem, Andreas Hartmann-Virnich, et al.. La mise en
ceuvre des élévations et des voltes de Notre-Dame de
Paris : bilan des recherches et des protocoles en cours.
Pierre a pierre |ll. Economie de la pierre aux périodes

.~ ‘'S historiques entre Loire et Rhin, ler s. av. J.-C. = XVlle s.,
/7 . N Nov 2021, Charleville-Méziéres, Sedan, France.
*
LTS i 7 . (hal-04479729)
. \ ;
Crowdsourced ' N ' . Antoine Gros, Anais Guillem, Livio De Luca, Elise
photographic - £ - R S i i . .
coverage sty | . el N . Baillieul, Benoit Duvocelle, et al.. Faceting the
T T2 T3 T g S

(a) Temporal batches of tle photographic datasets

post-disaster built heritage reconstruction process within
the digital twin framework for Notre-Dame de Paris.
Scientific Reports, 2023, 13 (1), pp.5981.
(10.1038/541598-023-32504-9). (hal-04094074)

4 T4>...
: & % part
' . . Toolmarks /’/ Face classification

% (c) 2DWnnotation propagation to the
&4 corresPonding images in the scene

Spatio-temporal
annotation
process

Anais Guillem, Antoine Gros, Livio De Luca. Faire
parler les claveaux effondrés de la cathédrale
Notre-Dame de Paris : Un récit fondé sur le web
sémantique et les Linked Open Data. Humanistica 2023,
Brocs Association francophone des humanités numériques,

(Lapidary Mark) a Voussolrseries Jun 2023, Genéve, Suisse. (ha|—04106101)

e NS Width f"ﬁé’f
A'u X k‘ U -

?; & R

(b) 2D-to-3D annotation in a photogrammetric scene

5\‘, -
- N

Cross lapidary marks

Identification of
the archeological
artifacts

(e) Objectfdentification based on visual similarity zgm:Nog% Notches features

] . "

| \ ! Anais Guillem, Antoine Gros, Violette Abergel, Livio

- '\ . De Luca. Reconstruction beyond Representation in

\ . \ Notre-Dame de Paris. 2023 IMEKO TC-4 International
. \ . Conference on Metrology for Archaeology and Cultural
\ Spatio-temporal Ioca’SOQf data \ Multi-layered annotation of studied features Herltage’ International Measurement Confederation

. . (IMEKQO), Oct 2023, Rome, ltaly. ¢(hal-04275571v2)

claveau physique aux données numériques : déméler les

<
\ N \
o "
\

, Elise Baillieul, Anais Guillem, Antoine Gros. Du
I

. \\ hypotheses de restitution de I'arc doubleau de la nef de
N \ ‘I I Notre- Dame. Les voUtes de Notre,-Dame de Paris,
\ ‘I I ,’ recherches récentes (2019-2023), Elise Baillieul
Data N | | (IRHiS-ULille); Yves Gallet (Ansonius,
I UBordeaux-Montaigne), Nov 2023, Villeneuve d'Ascq,

provenance

/. Knowledge domains France. (hal-04472657)

S
N

Mo A. Guillem, J. Samuel, G. Gesquiére, L. De Luca, V.
N Abergel, Let the fallen Voussoirs of Notre-Dame de Paris
Speak: Scientific Narration and 3D Visualization of Virtual
Reconstruction Hypotheses and Reasoning, SEMMES'24,
Semantic Methods for Events and Stories, 20th
n-Dimensional Extended Semantic Web Conference (ESWC2024),
2024,

Data acquisition
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2 nd-viewerap

Restitution en 3D avec le relevé avant incendie "¢

Environnement de visualisation interactive des données 3D

Elise Baillieul, Yves Gallet, Antoine Gros, Anais Guillem, Andreas Hartmann-Virnich, et al.. La mise
en ceuvre des élévations et des voltes de Notre-Dame de Paris : bilan des recherches et des

protocoles en cours. Pierre a pierre lll. Economie de la pierre aux périodes historiques entre Loire et
Rhin, ler s. av. J.-C. = XVlle s., Nov 2021, Charleville-Mézieres, Sedan, France. (hal-04479729)

Current reconstruction hypothesis in the nDame_viewer:
https://public.aioli.map.cnrs.fr/reperage/index.html?projectld=64538%afd3da2

Hypothése hybride de restitution dans le viewer 3D (V. Abergel, 2022) (Gros et al., 2023)
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https://public.aioli.map.cnrs.fr/reperage/index.html?projectId=645389afd3da2

Mapping with CIDOC CRM:

event-centered ontology

crm:ES55_Type

thezo:Ah52/numero_inventaire

crm P2

crm:ES55_Type

Y

theso/ndpdwrd 12c4tmbmk535fig5

crm P2

Y

crm:E42_ldentifier

crm:E42_ldentifier

Encoches

reperage e42-clavesu_n320

crm:P180 "N320"M{xsd:string]

|
°"l"p1 fcrm.PZ

crm:E22_Human-Made_Object

reperage e22-clavesu_n320

d'outil

Prise d’échantillons
(carottages)

repersgeed42-clsvesu_nts

crm:P180 "N1A"M[xsd:string]

Marques

-crm:P21 C"IZM

crm:E22_Human-Made_Object

repersgee22-clavesu_nts

Partie manquante

Croix

Encoches

VOUSSOIrS

Tzitzikas, Yannis;
Marketakis, Yannis,
Cinderella's Stick - A Fairy

crm:E11_Modification

crm:E6_Destruction

crm:E11_Modification

Identifiant de la face

ef1-modificafion_incendie

eb-desztruction_incendie_voute

ef1-modification_poiiution

*

]

T crm:P10
crm:P10 l —crm:P173
crm:E5_Event

crm:E52_Time-Span

(marque lapidaire)

repersge e5-incendie

<../graph/e52_dsteincendie>

crm:Pstart "2012-04-
15" [xsd:date]
crm:Pend "2018-04-
16" M[x=d date]

CONCEPTUAL
REFERENCE
MODEL

Tale for Digital Preservation,
2018.

Anais Guillem, Antoine Gros, Livio De Luca. Faire parler les

claveaux effondrés de la cathédrale Notre-Dame de Paris : Un
récit fondé sur le web sémantique et les Linked Open Data.
dumanistica 2023, Association francophone des humanités

wmériques, Jun 2023, Genéve, Suisse. (hal-04106101)
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The central need for documenting argumentation and
scientific reasoning in reconstructions

Reconstruction

project
aesthetic
h 4
: in situ ‘ Documentation
3D reconstruction < > [ ey «—
: researc researc
representations —>
technical analytical
{'ﬂrgm‘ent > Eroposit’ion set
formulation < formulation
Anais Guillem, Antoine Gros, Violette Abergel, Livio De Luca. Reconstruction beyond Representation in
Notre-Dame de Paris. 2023 IMEKO TC-4 International Conference on Metrology for Archaeology and Cultural
Heritage, International Measurement Confederation (IMEKO), Oct 2023, Rome, Italy. (hal-04275571v2) l
CONsSiruc 1odel
Modeling >F\e,pn.trL ction mode
> and study
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The central need for documenting argumentation and
scientific reasoning in reconstructions

CIDOC CRM inf expressing conflicting arguments with CRMinf that | 14 proposition set ‘The voussoir has

12 Belief a lapidary mark on its joint side’

J5 holds to be
nBREUNES 1IF e " _ 16 Belief value { True
mark is facing T that 14 proposition set ‘The voussoir has
downwards clie a lapidary mark on its joint side’
J5 holds to be 12 Belief that |4 proposition set ‘The lapidary
N . mark allows to orient du voussoir’
Qe |6 Belief value ‘True’ J5 holds to be
AN /L’,,L:;;/, Y
0rig 16 Belief value 1 True’
12 Belief that 14 proposition set ‘The lapidary - ‘ -
M mark allows to orient du voussoir’ . 4 proposition set "The voussoir is
Gross lapktary marke P JS holds tq be Hypothesis 2: The 12 Belief -| positioned with its Iap!dary mark
: : 15 holds to Be face down in the arch
Archaeological predicate: fﬁ;{cmded |6 Belief value | ‘True’ mark is facing ,
the lapidary cross mark is a upwards : > ’
criterion to orient the voussoir. hat 14 proposition set ‘The voussoir is 16 Belief value False
12 Belief | positioned with its lapidary mark 15 Inference
| J5 holds to be 1) @R D U ElFelr making 2 Belief that |14 proposition set ‘a voussoir in situ
15 Inf J3 applies IS observed with its lapidary mark
making :
I3 Inference logic: _
J3 applies deduction |6 Belief value True

I3 Inference logic:
deduction

© Pierre No&l. Th. Chadouin, Ref
Baillieul, et al. 2023

Anais Guillem, Antoine Gros, Violette Abergel, Livio De Luca. Reconstruction beyond

Representation in Notre-Dame de Paris. 2023 IMEKO TC-4 International Conference on - _
Metrology for Archaeology and Cultural Heritage, International Measurement _ that 14 proposition set "The voussoirs
Confederation (IMEKO), Oct 2023, Rome, Italy. (hal-04275571v2) 12 Belief are positioned with their lapidary

mark faces up in the arch’

|6 Belief value “True’
. , . , , L . . , . , , . : T e = M
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Scientific narrative and research questions of the reconstruction

data,
Competency meta(;ie}[ta,
guestions 3D viewer paradaia,

\ documents

“| wish to query and visualize in 3D any resources representing
the reconstruction knowledge built on counterfactual reasoning
and hypotheses versions about the fallen located

in and the related components (voussoirs)
before the fire”

\ temporal

reasoning about conditionals
and hypotheticals

reconstruction knowledge _
hypotheses and arguments object

geometrical +
scale of the

In : A. Guillem, J. Samuel, G. Gesquiere, L. De Luca, V. Abergel, Let the fallen Voussoirs of
Notre-Dame de Paris Speak: Scientific Narration and 3D Visualization of Virtual
Reconstruction Hypotheses and Reasoning, SEMMES'24, Semantic Methods for Events and
Stories, 20th Extended Semantic Web Conference (ESWC2024), 2024.
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argumentation
reconsirucion R hypotheses about the

study formulates arch reconstruction
hypotheses

about the
cathedral’s
condition at the
time T1

3D-
visualization

Linear timeline

\
\

y,
~-—_—’

Knowledge
domains Data Do the 3D-visualization and

provenance querying have this ability to

explicitly convey the
reconstruction study process and

\
|
[/
& P -~ - - arguments?
2 -

reconstruction hypothesis
and reasoning

’
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Data curation, modeling, processing, and t

Voussoir

nd-ArcheoGRID

Base de données pour la documentation collaborative des données

numériques du projet Notre-Dame de Paris.

nd-Opentheso

Gestionnaire des vocabulaires contrélés pour I'indexation des données
numériques du projet Notre-Dame de Paris

No
‘ In : A. Guillem, J. Samuel, G. Gesquiere, L. De Luca, V. Abergel, Let the fallen
e Voussoirs of Notre-Dame de Paris Speak: Scientific Narration and 3D Visualization of
Reference . . . 1 H
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From tformalization to visualization (2D)

CQ#4: Give me pairs of voussoirs-slots- and the associated hypotheses
hyppair(N,H,R) :- hypothesis(H, R, N, _), voussoir(N,_, , ,_, ), slot(R,_,_,_,).

Voussoirs @ N114 @N119 @N12 BN137 [ N145 @ N15B @ N160 B N169A | N169B @IN169C @N16A @ N16B @N17 @IN172 @N177 @IN181 BIN1A BN1B @ N1C
@nN1D @N210 @N211 @IN212A @IN212B @ N212C @IN212D @N214 @N216A @IN216B @ N218 @ N222 @IN223 BIN224 @IN224B @IN227 @IN229 @I N231 @N232A
@ n2328 @IN233 BIN236 @IN238 BIN239 BIN244 @IN261 @IN263 @IN265 @IN268 @IN272 @IN28 @IN281 @ N281B 268 @N288 @N290 @N31 @N314 @IN316

@ nN317 @N319 @IN320 @IN322 @BIN323 @IN325 @IN327 BIN328 @IN33 @BN34 @INS3 @IN63B BN67 BIN84

N114 |"sol _glecr_Ox4fbefadd","sol_hh __glecr=0xatl[R41,R46,R26,R16,R19] :23;\ i

N119 "sol_pa_201218" "sol_glecr_Ox4fbefadd","s [R79,R79,R79.R72,R72 R72] 5

N12 "sol_pa_201218" "sol_glecr_Ox4fbefadd","s [R27,R8,R27,R10,R26 R3] ol e

N137 "sol_glecr_Ox4fbefadd","sol_hh_glecr_Oxat [R36,R36,R36,R36,R36] ;Hx | 40

N145 "sol_glecr_Ox4fbefadd”,"sol_hh_glecr Oxak [R56,R71,R54 R54 R54] a0 ¢ “"“4\“\!1\‘%"" v\\; 3 /\ o

N15B "sol_glecr_Ox4fbefadd","sol_hh_glecr_Oxak [R40,R40,R40,R40,R63] = «\\\W,’.-.y&\%@,} -

N160 "sol_glecr_Ox4fbefadd","sol_hh_glecr Oxak [R43,R62,R43,R43 R55] - i}i{}',;i:ﬁi'&‘! ‘w,,,{/'i?"vq‘ : o

N169A  "sol pa_201218" "sol_glecr Ox4fbefadd" "s [R53,R33,R25 R33,R35R12] < MKW 2= W28 — ik .

N169B  "sol pa 201218""sol glecr Ox4fbefadd" " [R55,R55,R55, R65,R66,R64] . ’A‘Wfé‘x ///’Q'A

N169C sol_pa_201218" "sol_glecr_Ox4fbefadd","s [R57,R62,R57, R30,R64,R62] % %%?MA\\“\»\' SE

N16A "sol_pa_201218" "sol_glecr_Ox4fbefadd"”,"s [R50,R26,R50,R32,R32, R44] 2 ~:.Q4$&&\‘\A /'é";‘l/i‘\\%\"\ \ =iz

N16B "sol_glecr_Ox4fbefadd","sol_hh_glecr Oxak [R54,R30,R22 R22 R18] 3 5 /"0,‘/’&;«\"/‘//}76\ A — B

N17 "sol_glecr_Ox4fbefadd" "sol_hh_glecr Oxalt [R32,R32,R48 R48,R32] \.l/’ /\\\\,,A“\\‘ﬁ( N R ey LS

N172 "sol_pa_201218" "sol_glecr_Ox4fbefadd" "< [R34,R42,R34 R42,R65 R65] 3 W*’A TN N N S

N177 "sol_pa_201218" "sol_glecr_Ox4fbefadd”,"s[R51,R19,R51 R15 R33 R14] i \\§\\\ 7

N181 "sol_glecr_Ox4fbefadd","sol_hh_glecr_Oxak [R30,R28,R28 R28,R25] g } AR [ e

N1A "sol_pa_201218" "sol_glecr_Ox4fbefadd","<[R63,R17,R58 R58 R58 R16] 7 | —vsr0365 | :

N1B "sol_pa_201218" "sol_glecr_Ox4fbefadd","s[R61,R18,R61,R68 R68 REI]

N1C "sol_pa_201218" "sol_glecr_Ox4fbefadd"”,"< [R59,R71,R59,R62,R62 R28] \/OUSSOir —

N1D "sol_pa_201218" "sol_glecr_Ox4fbefadd","s [R65,R21,R65 R50,R50,R34] \ EE RN

N210 "sol_glecr_Ox4fbefadd","sol_hh_glecr_Oxat [R38,R15,R14.R14 R17] N236 AR X

N211 "sol_glecr_Ox4fbefadd","sol_hh_glecr_Oxat [R27 ,R24,R4,R10,R7] MY v \

N212A  "sol_pa_201218" "sol_glecr Ox4fbefadd","s[R37,R77,R37,R11,R7,R37] \Voussoir R / | \

N212B "sol_glecr_Ox4fbefadd","sol_hh_glecr Oxak [R7,R21,R65,R27 R21] N2 8 1 s \\ | 2 : /‘\ \\\

N212C  "sol pa_201218" "sol_glecr Ox4fbefadd" "s [R29,R65 R29 R21 R42 R24] gy \ / SO

N212D  "sol_glecr Ox4fbefadd","sol_hh_glecr Oxat [R48,R81,R17,R17,R81] _ _ _ _ XL =2, Nk

N214 "sol_glecr_Ox4fbefadd” "sol_hh_glecr_Oxat [R45 R45 R27 R67 R27] visualization of both N236 (pmk) ‘ \\g’ / N z

N216A  "sol_pa_201218" "sol_glecr_Ox4fbefadd","s[R18,R28 R18 R13,R19,R9] : : | A ]\ —Z Nk ;
and N281 (ocre) trajectories = 3 v

In : A. Guillem, J. Samuel, G. Gesquiere, L. De Luca, V. Abergel, Let the fallen Voussoirs of |
Notre-Dame de Paris Speak: Scientific Narration and 3D Visualization of Virtual Reconstruction =
Hypotheses and Reasoning, SEMMES'24, Semantic Methods for Events and Stories, 20th Extended ‘

Semantic Web Conference (ESWC2024), 2024.
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Visualisation de la trajectoire d'un claveau au fil des
hypotheses de restitution

Exemple de l'itinéraire du claveau N1a au fil des differentes hypotheses de restitution (emplacements R16,
R58, R17, R63) associe a ses informations archeologiques

Information sur les données
visualisées

gtplerre:

Site : Cathédrale Notre-Dame

Lieu. Paris S Trajectoire du claveau N1A a .
‘Structure : Doubleau entre les : . 3 e Claveau N 1 A J ~ ‘
il e travers les hypotheses de

 Numero iventare: s Y restitution

W

Lieu de conservation : MOE 76

R .".-'l. ll.g

‘ '.’;FZ"@ ":‘,f_"l re: Claveau

&R

1 ogie -- Hauteur extrados :
— Qutil -

Finition == - Orientation -
-_Gem'\ - ‘m’ g ‘ | E.F !ﬂ.E 'léle e

Finition -~ Impacts -- Longueur -

ition — Impacts - Trainec : >

Finition -- Impacts -- Nb de

Finition -- Impacts -- Larg, Dents
- 4mm - )

Finition -- Impacts -- Lateralite :

)

y nd-viewerap

Environnement de visualisation interactive des données 3D

de Notre-Dame de Paris

In : A. Guillem, J. Samuel, G. Gesquiere, L. De Luca,
V. Abergel, Let the fallen Voussoirs of Notre-Dame de
Paris Speak: Scientific Narration and 3D Visualization of
Virtual Reconstruction Hypotheses and Reasoning,
SEMMES’24, Semantic Methods for Events and Stories,
20th Extended Semantic Web Conference (ESWC2024),
2024.
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Information easily decoupled from ZF

Its support

Knowledge
Obiject
CH/HS ——  Community Information
community of
researchers
Notre-Dame’s —— Data Data
WGs Producer/User
Notre-Dame de —— Cultural Heritage
Paris’ cathedral Obiject

“the dependence of information on the occurence of
syntactically well-formed data, and of data on the
occurence of differences variously implementable
physically, explain why information can so easily
be decoupled from its support”

[Floridi, 2010, pp24-25]

Si les données de Notre-Dame nous étaient contées....Données ouvertes, ingénierie des connaissances et maieutique numérique
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Thank you for your attention!
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