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Some applications of Shapes

Traditional application: Validate RDF data

Tools to understand/manage the data models

Visualizations, HTML page generation
Editors

Obtaining shapes from data
Creating subsets from Shapes

Other applications:
Continuous integration
Generate code, SPARQL queries
Optimize SPARQL queries or triplestores based on their shapes



WESO
Tools to understand/edit shapes schemas

UML-like diagram visualizations

Implemented in rdfshape —

New implementation in rudof s

XMI-based prototype allowed to edit the data models using ==
uML editors T

HTML pages

Partial visualizations to improve usability browsing large
data models

3D prototype visualization of shapes schemas
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Continuous integration with Shapes

Coexistence between ontologies/shapes
Shapes can validate the behaviour of inference systems
Shapes pre- and post- inference

TDD and continuous integration based on shapes Continuous
Ontolo-ci: https://github.com/weso/ontolo-ci il
Gene Ontology Shapes: &d‘—
https://github.com/geneontology/go-shapes \\ 7 y—"
4 Control ve:sion infrastructure

system (git)

N
—
Endpoint
SPARQL Ontology
N~ = publication Shapes library
Triple system
Store Test data

~N



https://github.com/weso/ontolo-ci
https://github.com/geneontology/go-shapes

WESO
Continuous integration with Shapes

Ontolo-ci: https://github.com/weso/ontolo-ci
Developed as part of HERCULES-Ontology
Test-Driven-Development applied to Ontologies

Input:
- Ontologies
- Shapes
- Test data
- Input shape map (SPARQL competency question)
- Expected result shape map



https://github.com/weso/ontolo-ci

WESO
Creating shapes

Shapes editors
Text-based editors

Visual editors and visualizers

Obtaining shapes from...
Spreadsheets
RDF data
Ontologies
Other schemas (XML Schema)

9
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Text-based editors

YaSHE: Forked from YASGUI: http://www.weso.es/YASHE/

Syntax highlighting
Auto-completion

PREFIX xsd: <http://www.w3.org/2001/XMLSchema#>
prefix wd: <http://www.wikidata.org/entity/>
prefix wdt: <http://www.wikidata.org/prop/direct/>

<Researcher> EXTRA wdt:P31 wdt:P186 {

wdt:P31 [ wd:Q5 ] H
wdt:P186 [ wd:Q1658915 ] H
wdt:P181 @<Discipline> o
wdt:P496 xsd:string P
wdt:P1153 xsd:string ? |;

} Scopus Author ID (P1153)

identifier for an author
emt et T assigned in Scopus
bibliographic database

WESO



http://www.weso.es/YASHE/

Shapes author tools: Top Brai

Form based editor

Integrated with Top Braid product

[s] *UserBook.shapes.ttl &2

Node Shape Form
Name: |Person
~ Annotations

~ Constraints
=

sh:property

-

sh:sparql
~ Targets

b=

sh:targetClass
sh:itargetObjectsOf ~
shitargetSubjectsOf ~

=

sh:targetNode

-

sh:target
sh:deactivated ~

~ Other Properties
dash:abstract ~

-

dash:applicableToClass

-

dash:closedByTypes
dash:defaultViewForRole ~

-

dash:resourceAction

o EE S S

Form | Browser | Diagram Grapf

@ Imports &2 | 4 Instances | M |

d Com

Create sh:property for Person
Predicate: | knows

[] Also globally declare rdf:Property

Display Name: | name

Description:

Name of a person

Count: Unlimited [0.%] ~

Node kind: |Literals e

Class:

Datatype:

Value shape

OK

Cancel 3

"[% http://datashapes.org/dasm [OWLITTDOTTS TIOMT / TOPBTaray SHACL/Oasn.IT)
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Shapes author tools: UnSHACLed

Visual SHACL Editor in Javascript

B. De Meester, P. Heyvaert, A. Dimou, and R. Verborgh, “Towards a Uniform User Interface for Editing Data
Shapes,” in Proceedings of the 4th International Workshop on Visualization and Interaction for Ontologies and
Linked Data, 2018, vol. 2187.



Shapes author tools: ShEx Author

ShEx-Author: Inspired by Wikidata Query Service
2 column: Visual one synchronized with text based

ShExAuthor

e l« [+

o
4

a

Assistant

Shape IriRef ~
Triple
Triple
Triple
Triple

Triple

Shape IriRef

Triple

Researcher

Prefixe
Prefixe
Prefixe
Prefixe

Prefii ~

Discipline

Prefixi v

wdt

wdt

wdt

wdt

wdt

wdt

n

P31

P106
P101
P496

P1153

P31

PREFIX xsd:
PREFIX wd:
PREFIX wdt:

<Researcher>
wdt:P31
wdt:P1ee
wdt:Ple1l
wdt:P496
wdt:P1153

<Discipline>
wdt:P31

<http: w3, 2001 /XM ad>

p //wwwutm -org/ ‘/'_i)( fc@emu o o
<http://www.wikidata.org/entity/>
<http://www.wikidata.org/prop/direct/>

{
IRI
IRI ?
@<Discipline>? ;
xsd:string ?
xsd:string *
{

IRI *

WESO



Shapes visualization

Integrated in RDFShape/Wikishape

@ ‘E153

EXTRA wdt:P31 wdt:P106

wdt:P31 : [wd:Q5 ]
wdt:P106 : [ wd:Q1650915 ]

wdt:P496 : xsd:string

wdt:P101

@ :Discipline

EXTRA wdt:P31
wdt:P31 : [ wd:Q11862829 ]

rated by rdfshape

uMLsHaclex UML diagrams for ShEx
. shuMLex: Conversion to UML through XMl

WESO

Prefixes

prefix : <https://schema.org/=
prefix xsd: <http:/fwww.w3.org/2001/XMLSchema#=

© User
:name xsd:string ‘-\\\I ‘knows
:age xsdint 7 "
:gender :gender
* 57&&

base <http:/fexample.org/=

ﬁorksFor @Emp\oyee

.II
||
= @ :Company

@:T|tanuser

:name xsd:string
Y h
\ | |
| . .
:possess | | hasDirectives I||,ﬁnND
| |
{110} | |
= Y / '.
<Product> i L
@ Iflll @_B\ankl
name Any
:sku xsd:boolean l.u"

/
\y@nufactuy Shape

© _Blank2

:Jdorganizationb -
;) sisPartof
o — titancode xsd:string

:name xsd:string



https://github.com/weso/umlShaclex
https://github.com/weso/shumlex

WESO
Shapes from spreadsheets

SKOS-Play was used at ELI to generate SHACL shapes from Excel
ShExstatements: https://shexstatements.toolforge.org/
ShExCSV: CSV representation of Shapes

Hermes: ShExCSV processor, https://github.com/weso/hermes
Creating data models using spreadsheets

DCTAP data models (templates in XLSX, CSV), recently added to rudof



https://shexstatements.toolforge.org/
https://github.com/weso/hermes
https://www.dublincore.org/specifications/dctap/

WESO
Generating Shapes from RDF data

Useful use case in practice

Some prototypes
RDFShape: http://rdfshape.weso.es
sheXer: http://shexer.weso.es/

7o | G

RDF data



http://rdfshape.weso.es/
http://shexer.weso.es/

Shapes from data: RDFShape

RDFShape/Wikishape impl

Shapes from RDF data

@ P2037Prop

Wdp:P2037

@ P2579Prop

ps:P2037 : xsd:string |

2RI

ps:P2579 : IRI

@ P287Prop

ps:P287 - IRI

wikibase rank : IR

WForConstraint : IRl *

a:IRl

wikibaserank - IRI

@ Shape

rdflangString *

schema:dateModified : xsd:dateTime

chema:descripfion : rdf ing *

schemarversion - xsd-integer

skos:altLabel - [ @en~]*
wdtP2037 : xsd:string

wdtP287 ; IRI*

wdt:P856 : IRI

kibase-identifiers - xsd-integer

wikibase:sitelinks - xsd.integer

wikibase:statements : xsd-infeger

ikiba: : xsd:dateTime
T
\
dp:P287 dp:P571 wdp:P31 dp.P856 dp.P2283
\
@ P571Prop @ P2283Prop
@ P31Prop @ PE56PTOp @ P4570Frop
5:P571 : xsd:dateTime | rov-wasDerivedFrom - IRI
1} s:P31 - IRI s:P856 - IRI — 5:P4570 - IRI
psw:P571 :IRI ps:P2283 - IRI
a:IRI a:IRI a: IRl
a IRl ER
wikibase:rank - IRl wikibase:rank - IRl wikibase rank - IRI
wikibase rank - IRI wikibase:rank - IRI
e . Tonmee

WESO

ement a basic prototype to derive

Shape Expression
generated for
wd:Q51613194

|prov-wasDerivedFrom

Y
@ P31PropRef

prP813 : xsd-dateTime |

prP8s4 (IRl
prv:P813 - IRI
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Shapes from data: sheXer

sheXer: https://github.com/DaniFdezAlvarez/shexer

Implemented as a Python library

Supports Shapes generation from large SPARQL endpoints

Can generate shapes from sampling

ShEx consolidator can be used for large RDF data


https://github.com/DaniFdezAlvarez/shexer

WESO

Why creating Knowledge Graphs subsets?



Large know

WESO
Some current problems...

edge graphs are difficult to handle

SPARQL queries require computational resources

Endpoints usually impose limits (timeouts...)
Contents are continually evolving

Results of SPARQL queries now may be different later
Research based on large KGs difficult to be reproducible



WESO
Some applications for KG subsets (1)

Performance

Enable SPARQL queries that don’t work with whole KG
Data integration

Create domain specific subsets and integrate with other data
Reproducibility

Snapshots of KG contents that can be cited & reused
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Some applications for KGs subsets (2)

Transformation and enrichment
Add and integrate content from different KGs
KG in your pocket
Create mobile apps based on some subset
KG analysis
Create and compare subsets from historical dumps
License combination
Combine subsets from KG with some license (CCO) with others
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Motivating use case: GeneWiki proiect

found in taxon (1,247)

has active ingredient / found in taxon (581,407)
active ingredient in (236)

ortholog (3.711,264)

I} SuLab / Wikidatalntegrator
<> Code D Issues 4 I Pull requests 1 I Projects 0 Pulse

Ii Graphs

A Wikidata Python module integrating the MediaWiki API and the Wikidata SPARQL endpoint

0. subclass of (41,199)
© 397 commits ¥ 2 branches © 1release £}
instance of (2,335)
symploms (685)
Branch: master v = New pull request

2= sebotic fixed an omission where new items don't get created when domain not s.

. doc Wikidata to Wikipedia mapping prototype for diseases added.

(o162 VOB puno}

= has part /
=t ] part of (2,278)
I wikidataintegrator fixed an omission where new items don't get created when domain not s § <
g P
[ .git-commit-hash crop article title to 250 chars 2% ] =
23 >0
[ .gitignore pep8 package name, imports, reformat 3 g, §§
[E) LICENSE.txt change to MIT license 2 §§
3 §
H
. g- g
F - -3
£ Jenkin i
g i
i g 3 g
Jenkins Running g 2 2
- 3 2
| E g :
& Newltem Running Bots g £ e £
p— = e -
Ed | P z |5
& People ) HIEE B
Al Running  + % e £ |¢
= o -4 X 4
. Build History 1N £
— Name 3 )
..Q:; Edit View 3 E has part / part of (1,003)
ProteinBot_homo_sapiens 5 - .
@ Delete View =

significant drug interaction (3,130)
) GOBot_bigmem
ﬁ Manage Jenkins

Q My Views
*. Credentials

subclass of (221)

GeneBot Homo_sapiens

Disease_Ontology

cell component (15,310)

GeneDiseaseBot negative therapeutic predictor (565)

COO0OO© "~

Build Queue =

positive therapeutic predictor (685)

cell component (907)

hysically interacts with (675
subject has role (2,307) physically i (675)

L partof f has part (726)
i stereoisomer of (642) ’
significant drug Interaction (1.725)

Source: Wikidata as a knowledge graph for the life sciences, A. Waagmeester et al, https://elifesciences.org/articles/52614

physically interacts with (3,924)



https://elifesciences.org/articles/52614
https://elifesciences.org/articles/52614

Reusing turned out to be difficult

| wikdata Query service

Example: counting number
of genes and associated
elements:

e Proteins

e Chromosomes
e Disease

e Taxons

1 PREFIX wd:
2 PREFIX wdt:

W

SELECT (COUNT(?gene) AS ?count gene) ?count P688 protein ?count P1857 chromosome ?count P2293 disease ?count P7@3 taxon

‘gene  wdt:P31

= Examples

© Help

<http://www.wikidata.org/entity/>
<http://www.wikidata.org/prop/direct/>

wd:Q7187

{ SELECT (COUNT(?y) AS ?count_P688 protein)

A

5 WHERE

6

.

8 WHERE
9 { x
10
11 2y
12 }
13 }
14 { SELECT
15 WHERE
16 { x
17
18 2y
19 }
20 }
21 { SELECT
22 WHERE
23 { x
24
25 2y
26 }
27 }
28 { SELECT
29 WHERE
30 { x
31
32 2y
33 }
34 }
350 }
3

wdt:P31

wdt:P688 ?y .

wdt:P31

wd : Q8054

wd:Q7187 ;

(COUNT(?y) AS ?Pcount P1857 chromosome)

wdt:P31

wdt:P1e57 ?y .

wdt:P31

wd: Q7187 ;

wd:Q37748

(COUNT(?y) AS ?count_P2293 disease)

g Query timeout limit reached
Wi

WC

(c

6 GROUP BY ?count_

SPARQL-QUERY: queryStr=PREFIX wd:

PREFIX wdt:

-

-

<http://www.wikidata.org/entity/>
<http://www.wikidata.org/prop/direct/>

Query Builder

WESO

SELECT (COUNT(?gene) AS ?count_gene) ?count_P688_protein ?count_P1857 chromosome ?count _P2293 disease ?count_P7083_taxon

WHERE

{ ?gene wdt:P31

{ SELECT
WHERE
1 ™x

’y

wdt:P31
wdt :P6BS8
wdt:P31

wd: Q7187
(COUNT(?y) AS ?count_P688_protein)

wd: Q7187 ;
Py .
wd : Q8854



Wikidata subsetting efforts

Collaborative research driven by a practical need

WESO

Most of the advances were triggered by SWAT4HCLS and Biohackathons

12th SWAT4HCI_S Conference, 2019. Wikidata:WikiProject Schemas/Subsetting - Wikidata

Europe Biohac
Europe Biohac
Europe Biohac

Kat
Kat

Kat

non, 2020, project 35 [preprint]
non, 2021, project 21

non, 2022 project 11, [preprint]

Japan Biohackathon, 2023 [preprint]
2023, Paper: Wikidata subsetting: approaches, tools and evaluation,

accepted at Semantic Web Journal


https://www.wikidata.org/wiki/Wikidata:WikiProject_Schemas/Subsetting
https://github.com/elixir-europe/BioHackathon-projects-2020/tree/master/projects/35
https://doi.org/10.37044/osf.io/wu9et
https://github.com/elixir-europe/BioHackathon-projects-2021/tree/main/projects/21
https://github.com/elixir-europe/biohackathon-projects-2022/tree/main/11
https://doi.org/10.37044/osf.io/n7qku
https://biohackrxiv.org/md73k
https://www.semantic-web-journal.net/content/wikidata-subsetting-approaches-tools-and-evaluation-0

Problem statement

e

N

WIKIDATA

~

J

.e :> Wikidata
subset
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Subsetting based on ShEx

Generate subsets from ShEx
ShEx describes the contents of the expected subset

RDF data a
:Person {
ralice :name "Alice" ; // :name xsd:string
:knows :bob ; :knows @:Person *
:worksFor :companyl . }
:companyl :location :locl 5
:employee :alice . @
:loc1l :postalCode "33007" ;
:country :Spain
:bob :name "Robert" . Subset
:carol :name "Carole" ; [:::} [:::}
:worksFor :company2 . generator Subset
:company2 :employee :carol :alice :name "Alice" ;
:location :loc2 -knows :bob
:loc2 :postalCode "98052" ; -bob ‘name "Robert" .
-country $USA :carol :name "Carole" .




wdsub

Input:

ShEx/WShEx schema
Wikidata dumps in JSON

Output

Dumps in JSON/RDF

WIKIDATA

N~

Link: https://github.com/weso/wdsub

Docker (CLI): wesogroup/wdsub:0.0.32

JSON
dumps

Entity schemas
ShEx or

WShEXx

WESO

Subset

JSON
or RDF

e



https://github.com/weso/wdsub
https://hub.docker.com/repository/docker/wesogroup/wdsub

eneWiki
roject

Data model

found In taxon (1,247)

subject has role (7,945)

significant drug interaction (246)

subject has role (5,052)

significant drug interaction (1.725)

significant drug interaction (247)

i stereoisomer of (642) ’

active ing

has active ingredient /

redient in (236)

subclass of (221)

negative therapeutic predictor (585)

subclass of (41,199)

instance of (2,335)
symploms (685)

positive therapeutic predictor (685)

subject has role (2,307)

Y T N ™

has part /
part of (2,278)

Tor62) voxe o el

has active ingredient /
active ingredient in (3,030)

has part / part of (1,093)

significant drug interaction (3,130)

-
<

cell component (15,310)

part of / has part (726)

physically interacts with (3,924)

found in taxon (581,407)

subciass of (6.276)

encoded by /
encodes (1,845,119)

{680'8L2) Wed SEU ! P yed

partof / has part (220,

o
| wed
o s

ortholog (3,711,264)

{pes"1) Jo weven jexbojog

physically interacts with (675)



https://elifesciences.org/articles/52614

start= @:active_site OR
@:anatomical structure OR

GeneWiki subset o
@:gene OR
GeneWIkI experlments ractive_site EXTRA wdt:P31 {
rdfs:label [ @en ] ;
wdt:P31 [ wd:Q423026 ] 5
) ShEX SChema (E258) wdt:P361 @:protein family * ;
wdt:P527 @:protein_ family * ;
}

:gene EXTRA wdt:P31 {
rdfs:label [ @en ] ;
wdt:P31 [ wd:Q7187 ];
wdt:P684 @:gene * 5 # ortholog (P684)
wdt:P2293 @:disease * ; # genetic association (P2293)
wdt:P703 @:taxon * # found in taxon (P703)
wdt:P1057 @:chromosome * ; # chromosome (P1057)
wdt:P682 @:biological process * ; # biological process (P682)
wdt:P688 @:protein * ; # encodes (P688)



https://www.wikidata.org/wiki/EntitySchema:E258

WESO
Results about GeneWiki experiment

Class 2015 2016 2017 2018 2019 2020 2021 2022 Wikidata
active_site 0 0 132 132 132 132 132 132 132
anatomical_structure 4 62 470 483 614 732 738 812 746
binding_site 0 0 76 76 76 77 77 77 76
biological_pathway 0 0 425 2754 2929 3279 3429 3486 3554
biological_process 11 12 31263 31222 42058 43417 42061 41857 42449
cellular_component | 1 4017 4081 4230 4208 4137 4139 4211
chemical_compound 19144 21128 156718 157018 157685 1050488 1201719 1245041 1249719
chromosome 0 0 149 152 432 9167 0224 0223 0224
disease 124 031 9578 0026 11439 13197 5305 5607 5698
gene 17 20 679372 677836 811574 1196193 1196334 1211506
medication 46 2127 2459 2472 2699 3210 3336 3424 3450
molecular_function 0 0 9413 0801 11258 11226 10940 10898 11246
pharmaceutical_product 0 0 1067 1067 2725 2754 2759 2774 2784
protein_domain 2 3 0581 8847 0348 10770 11274 11709 11736
protein_family 0 212 20012 20632 22240 22170 23277 24204 24266
protein 118 166 450785 487781 579979 080520 OR85755 0880099
sequence_variant 0 0 1411 018 774 724 695 686 686
supersecondary_structure 0 0 687 687 688 688 694 696 696
symptom 16 235 273 283 328 366 319 335 343

taxon 1920049 2121404 2213907 2318731 2492613 2769303 2929068 3478871 3491430




WESO
Other examples

The paper contains other other studies about

Multilingual extraction Qualifiers and references
start= @:gene OR
@:taxon
:gene EXTRA wdt:P31 { <gene> EXTRA wdt:P31 {
rdfs:label [ @en @es @fa @nl ] ; rdfs:label [ @en ] ? ;
schema:description [ @en @es @fa @nl ] ; wdt:P31 [ wd:Q7187 ] * ; # is instance of (P31) gene (Q7187)
skos:altLabel [ @en @es @fa @nl ] * ; wdt:P351 . ? ; # has one or no Entrez Gene ID (P351)
wdt :P31 [ wd:Q7187 1 ; p:P2293 {
wdt:P703 @:taxon * ; ps:P2293 @<disease> + ;
} prov:wasDerivedFrom @<References> + ;
P+
:taxon EXTRA wdt:P31 { }
rdfs:label [ @en @es @fa @nl ] ; .
schema:description [ @en @es @fa @nl ] ;
skos:altlLabel [ @en @es @fa @nl ] * ;
wdt:P31 [ wd:Q16521 ] ;
}
More information at paper: , S. Hosseini, J. Labra, A. Waagmeester, A. Ammar, C.

Gonzalez, D. Slenter, S. Ui-Hasan, E. Willighagen, F. McNeill, A. Gray, accepted at Semantic Web Journal


https://www.semantic-web-journal.net/content/wikidata-subsetting-approaches-tools-and-evaluation-0

WESO
Subsets based on Pregel algorithm

Pregel algorithm = parallel algorithm proposed at Google
“think like a vertex”

2 prototype implementations (work in progress)
Scala: SparkWDSub

We were able to create subsets in 36 minutes with large cluster (512
cores)
Rust: pregel-rs based on Polars and
It can process Wikidata-dumps
Recently applied to large RDF data: UniProt

More information at paper:
Creating Knowledge Graphs Subsets using Shape Expressions, J. Labra, arXiv:2110.11709
Using Pregel to create Knowledge Graphs subsets described by non-recursive Shape Expressions, A. Préstamo, J. Labra,
accepted at KGSWC’ 23



https://github.com/weso/sparkwdsub
https://github.com/weso/pregel-rs
https://arxiv.org/abs/2110.11709
https://labra.weso.es/publication/2023_kg_subsets_pregel/

WESO
Uls and shapes

Shapes can provide hints to generate user interfaces/forms
SHACL core defines a basic vocabulary: sh:group, sh:order, ...

ShEx annotations can also be used to define Ul declarations

Example: Ul ontology annotations



WESO
Uls and Shapes: ShExPath and ShEx-Forms

ShEx Path can be used to point to parts of a ShEx schema
https://shexspec.github.io/spec/ShExPath

ShEx generated forms demo based on Ul ontology:

https://ericprud.github.io/shex-form/?manifestURL=examples/manifest.json



https://shexspec.github.io/spec/ShExPath
https://ericprud.github.io/shex-form/?manifestURL=examples/manifest.json

WESO
Uls and shapes: TopQuadrant

Form generation from SHACL

Explore = Modify = Cance Preview | Save Changes Australian address shape v

DASH vocabulary: @ rolsershdies
http://datashapes.org/forms.html| -

street address: 3 Teewah Close v



http://datashapes.org/forms.html

WESO
Generating code from shapes

Domain model based on Shapes

Clean architecture pattern
Domain model as central element
Simple classes (POJO): Plain Old Java Objects

Shapes synchronization
Application logic and services based on domain model

UML
Diagrams

Syncrhonization

Shapes
library

Semantic architecture Ontological infrastructure



Shapes and rules

:Rectangle a rdfs:Class, sh:NodeShape ;
rdfs:label "Rectangle" ;
sh:property [ sh:path :height ;

sh:datatype xsd:integer ;
sh:maxCount 1 ; sh:minCount 1 ;
sh:name "height" ] ;
sh:property [sh:path :width ;
sh:datatype xsd:integer ;
sh:maxCount 1 ; sh:minCount 1 ;
sh:name "width" ; ] ;
sh:rule [ a sh:TripleRule ;
sh:subject sh:this ;
sh:predicate rdf:type ;
sh:object :Square ;
sh:condition :Rectangle ;
sh:condition [
sh:property [
sh:path :width ;
sh:equals :height ;
15151

SHACL Advanced Features describes SHACL rules

:I a :Rectangle .
:N a :Rectangle ;
:height 2 ;
:width 3 .

:S a :Rectangle ;
:height 4 ;
:width 4 .

>

WESO

:S a :Square .




WESO
Shapes ecosystems

Wikidata provides a whole ShEx ecosystem

Entity schemas can evolve and relate between each other
Directory: https://www.wikidata.org/wiki/Wikidata:Database reports/EntitySchema directory

Different schemas for the same entities?
Some schemas stress some aspects while others stress others

Evolution of schemas
Searching entity schemas


https://www.wikidata.org/wiki/Wikidata:Database_reports/EntitySchema_directory

WESO
Conclusions

Shapes can be a very important aspect of Knowledge Graphs
Graph data is flexible and shapes also
Shapes ecosystems with:

Prescriptive shapes
Descriptive shapes

Suggestive shapes (can suggest properties to employ)

Domain experts are a key aspect of this



WESO

END OF PRESENTATION
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