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Context: KGs generation, publication and
guerying

Vocabularies
Gazeeters Ontologies
Authority Lists

A

Add Transform Store and Assist
Linked Data to Knowledge Publish Querying
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Generate interoperable graphs: shared model

Extracted from the CIDOC CRM and its extensions

P8_took_place_on_or_within
(withessed)

E21 Person <_P14_carried_out_by
person in charge (performed)

P53_has_former_or_current_location
(is_former_or_current_location_of)

019 _has_found_object 019 _has_found_object
(was_object_found_by) (was_object_found_by)

019_has_found_object 019_has_found_object
(was_object_found_by) (was_object_found_by)

P46_is_composed_of,

i P46_is_composed_of -
B1_Built_Work )_IS_Comp | E25_Man-Made_Feature (forms_part_of)

A2_Stratigraphic_Volume_Unit
(forms_part_of)

AP21_contains

P46_is_composed_of ) - )
(is_contained_in)

(forms_part_of)

This is an excerpt!

E22_Man-Made_Object

BIEA | JcitteresT]
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Generate interoperable graphs: vocabularies

Thésaurus =
PACTOLS (TH_1) \&J frangais

@[Compﬁe : r:l_gedwusset}

Opentheso

mesTheso] o

E Pl | F | »
lindex 7 &

8 ibule)
» [ chaussure broche
» [) couvre-chef fibule B |cacné:

» [ vétement Nombre de notices: 2456
» ) mobilier id : 14737
¥ I parure ark: 26678/pcrt1tSmMf0Tw8
~ I bijou Domaine : Sujets definition: Agrafe ou broche articulée

2 agrafe I e [ par un ressort ou une charniére et
2 anneau de cheville Créé. le : 08/02/2007 dont la pointe (ardillon) se fixait a
Modifié le : 01/07/2014 I'extrémité d'un arc de forme variée,
Total de la branche | servant 2 attacher les vétements
Total des notices flottants et non cousus. (Musée
Lien permanent d'Argentomagus) (fr)

anneau sigillaire
bague

bijou monétiforme
boucle

[ TP 7R P P 1

boucle d'oreille

2 bracelt Termel(s) spécifique(s [ T— 1

2 camée

exactMatch :
» [ ceinture Wikidata - Fibule
» [ collier
2 couronne
2 diadéme m
® épingle Coord GPS
> Em
2 hachette pendeloque
2 intaille Y, 4
©Opentheso 4.3.7 PACTOLS

citers] g

UMR 7324
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uriTerm
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https://ark.frantiq.fr/ark:/26678/pcrt795b632nWw
3 https://ark.frantig.fr/ark:/26678/pcrtms20Av82PY
4 https://ark.frantiq.fr/ark:/26678/pcrthQAINOX0GB
) https://ark.frantiq.fr/ark:/26678/pcrtb1E0Dz7cSX
6 https://ark.frantiq.fr/ark:/26678/pcrtUDMSNVJZ1
7 https://chypre.mom.fr

8 https://n2t.net/ark:/99152/pOm63njd3g2

9 https://orcid.org/0000-0001-8552-1283

10 https://n2t.net/ark:/99152/p0dg76fwn27

term

"fait archéologique"@"
"sépulture" @
"fosse"@f

"sol" @

"fouille"@"
"coquillage" @™

Site de Kition-Pervolia
"Cypro Classical I1"@"
Sabine Fourrier

"Archaic"@"
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| |

Publication and querying: OpenArchaeo [3]

Semantic web plateform for archaeo
MASA (Mémoire des Archéologues et des Sites Archéologiques), a consortium of the TGIR H found in ®

in semantic web, and the Laboratoire d'Informatique Fondamentale et Appliquée de Tours (L
Exploiting the archaeological triplestores paired with the CIDOC in a federated way, OpenArcl ((Where )

® ®
ﬁsne studied by 1 Actor @
User Interface : Explorer

and display results in... Table v
ACCESS TO THE EXPLORER

The Explorer, resolutely user-friendly, is based on a system of
icons and concepts well understood by archaeologists
(Stratigraphic Unit, Artifact, Feature, Site...). In order to produce

+ Query successful | - View/hide SPARQL query

1 SELECT DISTINCT ?2this ?thislabel

a SPARQL query from the natural language, OpenArchaeo has 2 FROM NAMED <http://openarchaeo.huma-num.fr/federation/sources/arsol>
been the subject of the development of the SPARNATURAL 3| WHERE
component. which is modular and reusable. This svstem 4 { ?this a <http://wwu.cidoc-crm.org/cidoc-crm/E25_Man-Made_Feature> ;
np ; »Q } ’ y i 5 <http://www.cidoc-crm.org/cidoc-crm/P2_has_type> <https://ark.frantiq.fr/ark:/26678/pcrt795b632nkw> .
enables to generate a SPARQL Query mtumvely, without 6 ?this <http://vww.ics.forth.gr/is1/CRMsci/019i_was_object_found_by>/<http://www.cidoc-crm.org/cidoc-crm/P8_took_pl:
knowledge of the SPARQL language, but with knowledge of the 7 ?Sitel a <http://www.cidoc-crm.org/cidoc-crm/E27_Site> .
: & scd § & _ & _ ¥ : p _ i _ g
main concepts of archaeology. 8 ?Sitel <http://www.cidoc-crm.org/cidoc-crm/P8i_witnessed>/<http://www.cidoc-crm.org/cidoc-crm/P14_carried_out_by> <
9 OPTIONAL
10 { ?this <http://vwww.w3.0rg/2004/02/skos/core#preflLabel> ?thislabel}
11 }
12 v
< »

The OpenArChan data mOdel 2 | Response Pivot Table Google Chart = Timeline | <
[0 implement 1.he MASA Iriplestore, the dalaselsT are mapped to the CIDOC Conceplu.al Refe Showing 1 to 50 of 722 entries o Show entries
heritage, coordinated by an international consortium (CRM GIS). The role of the CIDOC CRM .

i g [ bl s : s § thisLabel $

«‘Nﬂm ;

& g ¢

7 \%, 1 http://arsol.univ-tours.fr7ADACTION/WFICHEWEB/isepuAJ000001 Sepulture AJO00001
.-E. E i ‘é E i . . ° 2 http://arsol.univ-tours.fr/4DACTION/WFICHEWEB/isepuAJ000002 Sepulture AJO00002
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Number of Predicates

" K crm|crmsci|crmarch
KGs in OpenArchaeo K jenmionmscllenn:
Epicherchell| 13 2 0
. Kition 26 3 1
A nb triples| nb nodes Iceramm 19 9 0
Aerba 3,318 1,695 Rita 5) 0 0
Epicherchell 3,488 1,372 Outagr 7 1 0
Kition 26,773 9,165 Arsol 29 3 1
Iceramm 32,687 9,325
Rita 40,479 10,769 Number of Types and Terms
Outagr 79.420 39.573 K crm|crmsci|crmarch|crmba] PACTOLS
Arsol 670,757| 212,143 |  Aerba 41 0 ) 0} 0 0
Epicherchell| 9 1 0 0 21
Kition 12 1 1 0 o7
Iceramm 11 1 0 0 1
Rita 5 0 0 0 178
Outagr 6 1 0 0 1
Arsol 11 1 1 1 79

| 11§\
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Issue 1: KG generation errors

* Difficulties for RDF graph producers to check the results of their
automatic generation processes, especially when it comes to deal
with terms.

Ontologies
SHACL Oups! materials and
\ - usages are
) 20 merged...
Files with added Transform o O
Linked Data to Knowledge
4

RDF graph producer

7
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Issue 2: query tool reusability

* Difficulties to improve the reusability of Sparnatural [4] by
automating its generation from any given knowledge graph.

About Sparnatural
(] N e e d Of ext ra Cti n g a Sparnatural is a Javascript component that allows users to explore an RDF Knowledge Graph
by building SPARQL queries intuitively. It is configurable to adapt to your knowledge graph ontology.
“profile” from th
protile” Trom the
: ; : How do you explore your knowledge
knowledge graph S graph ?
Maybe you have lists of entities. Or a search engine. Maybe you have facets. Maybe

= © you even have data-visualisation. But can you explore your knowledge graph really
as a graph ? This is what Sparnatural does.

Have you ever been frustrated by not being able to show - and to sell - all this nice
structured data you have aggregated in your graph ? Sparnatural can demonstrate
the value of heterogeneous data integration.

Are you looking for a solution that can bring your knowledge graph to your end-users ?
Sparnatural is the right tool for this : it allows try-and-error interactions, it is visual,
and it "gamifies" the knowledge graph experience.

BHAL citer€S] ' FEK ®®‘ TTProfiler - SWODCH 2021 9




Issue 3: user understanding of the KG’s content

* Difficulties for a computer scientist user to know what can be
gueried, even with such a simple shared ontology

SELECT DISTINCT ?person ?personLabel
FROM NAMED <http://openarchaeo.huma-num.fr/federation/sources/arsol>
WHERE {
?person a crm:E21_Person .
?person skos:prefLabel ?personLabel .
?person crm:P14i_performed/crm:P8_took_place_on_or_within ?site .
?7site crm:P8i_witnessed/crmsci:019_has_found_object ?sepulture .
?sepulture a crm:E25_Man-Made_Feature .
?sepulture crm:P2_has_type <https://ark.frantiq.fr/ark:/26678
/pcrt795b632nWw> .
}

B | JciteresT”

RDF graph consumer

TTProfiler - SWODCH 2021 10
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Related Works

* Huge literature on computing graph summaries

 We don’t want to infer a schema from an Assertional KG
* it has been generated using ontologies
* in general not only one, often not accessible

* We want to compute and show the Predicates, Types and Terms used
in an Assertional KG

e ABSTAT partly does it
* Evidence of its helpfulness for users when querying an unknown KG

| | F citercs) Gl P ®®“ TTProfiler - SWODCH 2021 11



ABSTAT (http://abstat.disco.unimib.it/)  [Principe et al., 2017]

Subject Type (occurrences) Predicate (occurrences) Object Type (occurrences)

subject https://dbpedia.org/ontology, |object

dbo:Location (839987) dbo:country (770950) dbo:Country (13169)

schema:Place (1665807) dbo:country (770950) dbo:Country (13169)

dbo:Location (839987) dbo:country (770950) wgspos:SpatialThing
(1965986)

schema:Place (1665807) dbo:country (770950) wgspos:SpatialThing
(1965986)

LI A—E% E j —

UMR 7324
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Frequency

560532
560532

546131

546131
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P(n)

ABSTAT Abstract Pattern ¢,

v
@)
No

A profile is a set of Abstract Patterns

Basic Graph Pattern
dbo:country
?S g ?O Subject Type (occurrences) Predicate (occurrences) Object Type (occurrences) Frequency
Ja Ia dbo:Location (839987) dbo:country (770950) dbo:Country (13169) 560532
dbo:Location dbo:Country dbo:country (560532)
dbo:Location > dbo:Country
M | Jciteres] Mares ®®' TTProfiler - SWODCH 2021 13
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Basic Graph Pattern
Problem 1

dbo:country
’s "0

d d d

dbo:Location dbo:Place  dbo:Country

Subject Type (occurrences) Predicate (occurrences) Object Type (occurrences)
dbo:Location (839987) dbo:country (770950) dbo:Country (13169)
schema:Place (1665807) dbo:country (770950) dbo:Country (13169)
dbo:Location (839987) dbo:country (770950) wgspos:SpatialThing
(1965986)
schema:Place (1665807) dbo:country (770950) wgspos:SpatialThing
(1965986)
EA ﬂéfw;%é\
63 1 SH o ® ;;QHE,} .
| | citer®S] I A A TTProfiler - SWODCH 2021
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Frequency

560532

560532

546131

546131

same
instances
of (s,0)
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Problem 2

Subject Type (occurrences)

Nothing appears about the terms used

Predicate (occurrences) Term (occu rrences) Frequency

subject

dbo:Location (839987)
schema:Place (1665807)

dbo:Location (839987)

schema:Place (1665807)

RIA T JciteresT

UMR 7324

https://dbpedia.org/ontology;, |object

dbo:country (770950)

dbo:country (770950)

dbo:country (770950) ?
[

dbo:country (770950) '

TTProfiler - SWODCH 2021
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Solutions

Basic Graph Pattern Types Abstract Pattern ~ Basic Graph Patter Terms Abstract Pattern

P P(n) P P(n)
’ %0 {Cyy, Cy2} " {Cy1, C} s o C — —{t}
»&/Ja %a Ja JprefLabel
Cicy, Gy C Pt

Goal:

Given the ABox A of a knowledge graph KB = (A, T)

find a profile of A taking into account Types and Terms without
counting multiple times some instances of A

“ AT cilter€s] 'l ®. @@ TTProfiler - SWODCH 2021 16
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Algorithm TTProfiler

1. Retrieve all Abstract Patterns (one Type and/or one Term) and their weights:
R ={((C,P,D),w):((3P(a,b),C(a),D(b) € ABox) V

(3P(a,b),C(a), skos: prefLabel(b) = D))}
where w is the number of instances P(a,b) of (C,P,D) in the Abox

2. Compute all Types and Terms (TT) Patterns and store them in P

P(w) P(w)

(G G gl

3. For visualisation: group all TT Patterns of IP that share a type/term

LIIGY

{4}

cilter®s] | ®. - ®®‘ TTProfiler - SWODCH 2021 17
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TTProfiler: retrieval of Abstract Patterns step1)

1 SELECT * 3o D
2 FROM NAMED <http://openarchaeo.huma-num.fr/federation/sources/kition-
pervolia>
3 v WHERE {
av { = :
5 v SELECT ?C ?P ?D (COUNT(?P) AS ?w) { Query: Find all weighted pattern
. >subj 2P 20b3 ; a 2C . (C, P, D):w where C and Dar(?
- >0b5 a D . types and w the number of times
8 filter(!isBlank(?C) && !isBlank(?D) ) this pattern is instantiated in the
9 } GROUP BY ?C ?P ?D knowledge graph.
10 }
11}
12

RIAT

cilter®] '@

TTProfiler - SWODCH 2021 18




TTProfiler: retrieval of Abstract Patterns

2 Response Pivot Table = Geo = Google Chart = Timeline & | </>
Showing 1 to 42 of 42 entries Search: Show entries
6 P § o : :

,  Ditp://www.cidoc-crm org/cidoc- http://www.cidoc-crm.org/cidoc- http://www.cidoc-crm.org/cidoc- "3270"" " xsdl
crm/E21_Person crm/P14i_performed crm/E65_Creation nteger

> http://www.cidoc-crm.org/cidoc- Nitprwww-cidoc-erm-orgicides hittp77Wwww.cidoc-crm.org/cidoc-crm/E25_Man-  "134Q"" %S4
crm/E31_Document crm/P70_documents Made_Feature R
http://www.cidoc-crm.org/cidoc- _ . . _ "1090"" " *sd1

http://www.cidoc-crm.org/cidoc-crm/P2_has_type  http://www.cidoc-crm.org/cidoc-crm/E55_Type

3 crm/E31_Document P I gict —nas_yp P ' gicl —1YPE  nteger

4 Dttp:/www cidoc-crm.org/cidoc- http://www.cidoc-crm.org/cidoc- http://www.cidoc-crm.org/cidoc- "1090"" " Xsdi
crm/E31_Docu nent crm/P94i_was_created_by crm/E65_Creation —_

= http://www.cidoc-crm.org/cidoc- http://www.cidoc-crm.org/cidoc- http://www.cidoc-crm.org/cidoc- "109Q"" " *sd"
crm/E65_Creation crm/P14_carried_out_by crm/E21_Person nteger

6 http://www.cidoc-crm.org/cidoc- http://www.cidoc-crm.org/cidoc- http://www.cidoc-crm.org/cidoc- "109Q"" "*sd
crm/E65_Creation crm/P94_has_created crm/E31_Document ]
- EA

63 1 S o'y .
| 1IN cilter®s] e TTProfiler - SWODCH 2021 19




TTProfiler: retrieval of One Term Patterns (step 1)

1 SELECT * o3 D
2 FROM NAMED <http://openarchaeo.huma-num.fr/federation/sources/kition-
pervolia>

3+ WHERE {

4+ |

>V SELECT ?C ?P ?D (COUNT(?P) AS ?w) {

6 ?subj ?P ?o0bj ; a ?C .

7 FILTER(CONTAINS(STR(?0bj), "frantig")).

8 ?obj <http://www.w3.0rg/2004/02/skos/core#prefLabel> ?D .

9 FILTER(!isBlank(?C)) . :

. FILTER(Lang(?D)="fr') Query: Find all weighted pattern
11 } GROUP BY 2C ?P ?D (C, P, D):w where Ciis a type,
12} D a term and w the number of
13 |} times this pattern is instantiated
14

in the knowledge graph.

TTProfiler - SWODCH 2021 20
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TTProfiler: retrieval of One Term Patterns

Ly Response PivotTable = Geo = Google Chat = Timeline & | <>

Showing 1 to 58 of 58 entries Search: Show|All v |entries

c G v § o IR

1 hitp://www.cidoc-crm.org/cidoc-crm/E31_Document http:/iwww.cidoc-crm.org/cidoc-cfm/P2_has_type "Photographie"@" "gg57 xadinleger
2 http://iwww.cidoc-crm.org/cidoc-crm/E31_Document http://www.cidoc-crm.org/cidoc-ciry/P2_has_type "Graphisme"@" n{gg Xsdinkeger
; http://www.cidoc-crm.org/cidoc-crm/E22_Man- http: veruche@ g4 xsdinteger

Made_Object crmiP101_had_as_general_use

http://www.cidoc-crm.org/cidoc-crm/E25_Man- e Myad
‘ Wapde - J - http:/www.cidoc-crm.org/cidoc-crm/P2_has._type "fait archéologique"@"  n71+"*xsdinteger

http:/iwww.cidoc-crm.org/cidoc-crm/E22_Man- http:/iwww.cidoc-crm.org/cidoc-
Made_Object crm/P101_had_as_general_use

ubolu@fl' .|66n“‘xsd:integer

€5

UMR 7324

i
@
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Experiments

e TTProfiler is implemented [1] in Java using Jena

* Input
TTProfiler queries the public online SPARQL endpoints (Abox part)

* OQutput
TTProfiler outputs a JSON file containing the TT profile

* The visualisation is implemented [2] in Javascript using D3.js

Al JcitteresT @@@‘ TTProfiler - SWODCH 2021
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TT Profiles of Cultural Heritage Knowledge Graphs

statistics for T'T profile

A nb triples| nb nodes|{nb types & terms{nb AP{nb nodes
Aerba 3,318 1,695 5) 3 5)
Epicherchell 3,488 1,372 31 15 13
Kition 26,773 9,165 72 31 19
Iceramm 32,687 9,325 13 21 13
Rita 40,479 10,769 184 6 7
Outagr 79,420 39,573 8 8 8
Arsol 670,757 21,2143 94 34 17
Smithsonian | 2,542,142 969,172 18 39 18
Doremus 91,093,326(24,141,972 599 678 146

BIEA L JciceresT

TTProfiler - SWODCH 2021
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M [ Graph X ‘+

& (@] (@ localhost/RS_Graph/univGraph/RS_Graph.html

Graph EPICHERCHELL Visualiser

Home Guide Publications
E53_%ce

E42_Ideptifier

Q)"

Fait_et_al

S19_Encounter E

e autel i_al

E57_M6erial

P ‘\ 1 =Sna nea. o Tal N

Subset of source ' Subset of target '\'

crm:E5_Event crm:E52_Time-Span

albatre 6t_al

/«(\‘“‘m
oo i ‘. o O «A A
AT | UMR 7324 A . . PRISM

Yoot ‘“/ Sesames
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About

Prefix by:

I crm: http://www.cidoc-crm.org/cidoc-crm/
I crmsci: http://www.ics.forth.gr/isl/ CRMsci/
[0 frantiq: https://ark.frantiq.fr/ark:/26678/

Link P4_has_time-span

+

-

e Subset of source:
crm:E5_Event

» Subset of target:
cnn E52 Time-Span

Frequency 118
Uri: http //www.cidoc-

1.0 :
(IIll/P4 has time- -Span
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E25 Man-Made Feature

gva

S19_Encounter Event

BIA | Jcieres] maryes

Jo

5 ‘“‘%
%S
f %

Hd
’\)3(\, )

\N{W

Label set

Sesames

E42_Id3%iﬁer

autel ‘&al

E57 Material

albétre‘w_al
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Prefix by:

I crm: http://www.cidoe-crm.org/cidoc-crm/
P crmsci: http://www.ics.forth.gr/isl/CRMsci/
[ frantiq: https://ark.frantiq.fr/ark:/26678/

Node E22__Man-Made_Object

_— T~

Data properties

o E22_Man-Made_Object ,
prefLabel (182) , string

o E22 Man-Made_Object,
P3_has note (182), string
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E22 Man-Made Object
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autel al

Label set
autel

base
colonne
coupe
cupule
dalle
entablement
mosaique
piédestal
plaque

stele

urne

sarcophage

TTProfiler - SWODCH 2021

Node autel _et_al

Description
e
-~

» Prefix: frantiq
e Label link set:
autel
base
colonne
coupe
cupule
dalle
entablement
mosaique
piédestal
plaque
sarcophage
stele
urne -

Data properties

Queries

+I+I

26



Conclusion

* A profile builder taking into account terms of thesaurus
* Help the graph producers to check their result (Issue 1)
» Step towards automating Sparnatural’s configuration (Issue 2)
* Provides to graph consummers a precise picture of the KG’s content (Issue 3)

* Direct use of online SPARQL endpoints instead of loading graphs locally
* Interactive Types and Terms Profile visualizer, developed by Zilu YANG

e Future Works:
 Compute a KG Summary of size k from the TT profile

* Complete with ontologies: from the TT Profile to the ontology of that KG

could be with a “forgetting-based approach for computing views of ontologies” [Li
et al, The Web Conference 2021]

| | F citercs) Gl P ®®“ TTProfiler - SWODCH 2021 27



drumversité TTProfiler - SWODCH
de TOURS 2021

THANK YOU FOR YOUR ATTENTIOIN!

(beatrice.markhoff@univ-tours.fr)

[1] TTProfiler Github: https://github.com/DTTProfiler/DTTProfiler

[2] TT Profile Visualiser (work in progress): https://kgsumviz.univ-tours.fr

[3] OpenArchaeo: http://openarchaeo.huma-num.fr/explorateur/home

[4] Sparnatural: http://sparnatural.eu/
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https://github.com/DTTProfiler/DTTProfiler
https://kgsumviz.univ-tours.fr/
http://openarchaeo.huma-num.fr/explorateur/home
http://sparnatural.eu/

