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Part 1. A presentation from the academic side

WHAT IS A KNOWLEDGE GRAPH?




In an educational/
research context, |
would ask the following

questions...

= Have you ever heard about
the term Knowledge Graph?

= Are you using a KG in your
everyday life?

= Which are the most typical
KGs available?

Let’s get to know each other
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R What are knowledge graphs?

= When do we start talking about Knowledge Graphs?
o Google’s announcement of the Google Knowledge Graph in 2012

* https://www.blog.google/products/search/introducing-knowledge-graph-things-
not/

» "Things, not strings”
o Followed by Airbnb, Amazon, eBay, Facebook, IBM, LinkedIn, Microsoft, Uber, etc.

Marie Curie
Marie Skiodowska-Curie was a French-Polish

physicist and chemist famous for her pioneering
GO\ )Sle marie curie ' “ avieoursogg

research on radioactivity. She was the first person
honored with two Nobel Prizes—in physics and

hemistry. Wi
Search ’amml rosults. 1 b el
Born: November 7, 1867, Warsaw
ER enwikipodia orghiiitarte. Curte Died: July 4, 1934, Sancellemoz
Images Marie Sidocowska-Curie (7 Novemder 1867 — 4 July 1934) was a French-Polish
Mige physicist and chemist amous for her pioneering research on radioacivity. smuu: Pierre Curie (m. 1895_1%6)
+ Marie Curie Cancer Care - Pieme Curie - inbne Joliot-Curie - Radioactive decay
Videos Children: Iréne Joliot-Curie, Eve Curie
Marie Curie - Bography - Nobelprze org
News nobel hodel o Jmarie-curie-dio himi N 1 :
gm""&°: J"""M ::‘“" o m: Discovered: Radium, Polonium
s Education: Ecole Supérieure de Physique et de

Chimie Industrielles de la Ville de Paris,
University of Paris

Marie Curie - Bography - Nobelprze org

www Nobeiprize Orphodel_przesihemisty/ Jmarie-curie-Dio M

More Marie Curie, née Maria SKodowska, was bom in Warsaw on Noverber 7, 1867, e
Gaughner of a secondany-school acher. She received a general educaton

Mountain View, CA People also search for

Change Images for marie curie - Report images

Past 24 hours [

Past2 days

Past woek L

Past month Made Curle and The Scence of Radoactmty Albert Pierre Curie  Emest Louis John Dalton
D > ylcurie/ . .

::mm Th i of taris Curta,Som e AP Coatar for Hiskory of Pyelcn Test by Neors Einstein Rutherford  Pasteur

Pasachoff and many Busasons descride Cune's CoNYIDUBoNs 1 e sCence of ..
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https://www.blog.google/products/search/introducing-knowledge-graph-things-not/

'. Let’s check a video about it

https://youtu.be/mmQI6VGvX-c



https://youtu.be/mmQl6VGvX-c

Tutorial: What are knowledge graphs?

= When do we start talking about Knowledge Graphs?
o Google’s announcement of the Google Knowledge Graph in 2012
* https://www.blog.google/products/search/introducing-knowledge-graph-things-
not/
» "Things, not strings”
o Followed by Airbnb, Amazon, eBay, Facebook, IBM, LinkedIn, Microsoft, Uber, etc.

» This dates back to earlier efforts done by the knowledge representation
& Web communities on the Semantic Web and the Web of Linked Data

o Berners-Lee, T., Hendler, J., & Lassila, O. (2001). The semantic web. W
Scientific american, 284(5), 34-43. AMERICAN .
o Bizer, C., Heath, T., & Berners-Lee, T. (2011). Linked data: The story so elaea

far. In Semantic services, interoperability and web applications: emerging
concepts (pp. 205-227). 1GI Global.

= Plus the emergence of graph databases beyond triple stores

Experiences in Knowledge Graph Development and Use in Europe


https://www.blog.google/products/search/introducing-knowledge-graph-things-not/

» Ontologies

o Explicit representations of the
concepts, relations and properties in
the domain (“common information
model” = “common schema”)

o Often layered and represented in
OWL and/or SHACL rules

» Graph-structured data

o Each entity has a clear identifier
(URI, IRI)

o Often represented in RDF

= (Generated from a rich set of
sources

Experiences in Knowledge Graph Development and Use in Europe

Ingredients for a Knowledge Graph




Knowledge Graphs. Where are they built from?
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Part 2. Let’s go now into industry...

WHERE ARE KNOWLEDGE GRAPHS
BEING USED? AND WHAT FOR?
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Three use cases (plus a few other pointers to ongoing work)

Knowledge graphs in the public sector (Ciudades Abiertas)
o Open data governance (dataset cataloguing, prioritisation)
o Vocabulary/ontology management

A knowledge graph for cloud operations (Huawei Research Ireland)
o Basis for a chatbot to support site reliability engineers
o Based on structured data sources (databases) and server logs
Knowledge graphs and ontologies for improved data governance in a
multinational manufacturing company (non-disclosable, yet)
o Data governance processes based on the DAMA framework
o Ontology governance processes to generate ontologies for describing reference
data
Plus a few other pointers to ongoing work
o European Agency for Railways
o Drugs4COVID
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Disclaimers

= These are three use cases (plus ongoing work)
where | have been involved as a service
provider
o In ontology governance and engineering
o In KG creation and exploitation

CAUTION:

USE THESE
WORDS WITH
DISCRETION

* | may have used other cases, but | preferred giving you those where we
can discuss insights in more detalil
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Knowledge and Data Governance

&

The core message from my -
presentation Glossaries

Content

Tag Sets Ontologies Data Assets

Taxonomies

Besides many other cool applications
(chatbots, link prediction, question |
answering systems), knowledge Sl
graphs (and the ontologies behind Governance
them) are a very useful mechanism
for a proper organisational data
governance nowadays

Reference C Ik Lineage Governance
Data rosswatiks g ﬂ Models Assets
T‘i\Chmtcal Organizations + Other Business, Technical
ssets and Operational Metadata
Based on

TopQuadrant’s EDG

20



Case 1. Knowledge
graphs in the public
sector

!’ CIUDADES

ABIERTAS




Ontology Engineering “on the wild”. Open Government

July 2018 — November 2021 INICIATIVA PLATAFORMA DE GOBIERNO ABIERTO,
COLABORATIVA E INTEROPERABLE (121/17-SP)

. CIUDADES
ABIERTAS

Details at http://www.ciudadesabiertas.es/ (Spanish)

Esta presentacion ha sido elaborada en el marco de la iniciativa 'Plataforma de Gobierno Abierto, Colaborativa e
Interoperable’ cofinanciada por el Ministerio de Economia y Empresa, a través de la Entidad Publica Empresarial Red.es, y
por los ayuntamientos de A Corufa, Madrid, Santiago de Compostela y Zaragoza y con la cofinanciacién del Fondo
Europeo de Desarrollo Regional (FEDER), dentro de la 'II Convocatoria de Ciudades Inteligentes’.
** 5 *k
CIUDADES * *

% GOBERNO  MINISTERIO y '}\ S
% gosiERn o senens e eraco E ISLAS *
o5 oM macownes | EREEECL red.es Q INTELIGENTES *px

UNION EUROPEA

~y/
m—: ] Zaragoza
AYUNTAMIENTO

Fondo Europeo de Desarrollo Regional
“Una manera de hacer Europa”
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http://www.ciudadesabiertas.es/

Why do we need ontologies for open data publication?

= However, when we provide open data, wouldn’t it be good to publish following
the same data structures?

| want to publish
- Publish

my data Publish Publish

Extract Extract
b P v
’* “m”‘ﬁ‘ it " ﬂ]ﬁﬂ]]]]] el iy i ﬁ]ﬂﬁ""‘ W ® o i
ove L) - : P
(0 " if [H]]]Iﬂ]] A A i i
| use GTFS | use CSVs with my own
data structure
_id stop_id stop_code stop_na... | lat lon stop_url
1 101 101 Alameda ... 36.716872 -4.424393  http://ww... " link: “"http://www.urbanosdezaragoza.es/frm_esquemaparadatime.php? oste=1",
I " - title: "(1) Principio de Linea Lineas: 501",
SroupNumber [DateFirst Ll 'Llne 'Label Rameh icon: "//www.zaragoza.es/contenidos/iconos/bus.png”,
110 21/11/2014  31/12/2999 _001 _1 PLAZA DE CRISTO REY - geometry: {

type: "Point”,

] -
[ paradas_bus | - coordinates: [

1 rm:m";“m:m";“am:m";“m:m”;“@g:idenciﬁer“: "dg:modified™; "gp:coordX"; "gp:co

2 "/93/4RRAQSkZJRQABAQEASARIAAD/2wWRDACgcHiMeGSgjI: Y PDc3PHtYXUlkkYCZ1lo+A]jIqgtObDoKrarYgMyP/L2u71// 675945 2
3 "/93/4RRAQSkZJIRQABAQEASARIAAD/2wBDARYERQYFBAYGBQYHBWYIChAKCgkJChQODWWQFxQYGBCUFhYaHSUfGhsJHBYWICwgIyYnKS 4613286
Develop once, deploy everywhere Source: Esther Minguela (Localidata)
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A bit of history... Open Data Guide by FEMP

DATOS ABIERTOS First edition: 2017
Guia estratégica para su puesta en marcha Second edition: 2019

Conjuntos de datos minimos a publicar

http://datos.gob.es/es/noticia/la-femp-elabora-una-guia-de-datos-abiertos-para-ayuntamientos-y-entidades-locales

http://femp.femp.es/files/3580-1617-fichero/Guia%20Datos%20Abiertos.pdf
https://datos.gob.es/es/documentacion/datos-abiertos-femp-2019-40-conjuntos-de-datos-publicar-por-las-entidades-
locales

http://femp.femp.es/files/3580-1938-fichero/DATOS %20ABIERTOS %20FEMP%202019.pdf
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http://datos.gob.es/es/noticia/la-femp-elabora-una-guia-de-datos-abiertos-para-ayuntamientos-y-entidades-locales
http://femp.femp.es/files/3580-1617-fichero/Gu%C3%ADa%20Datos%20Abiertos.pdf
https://datos.gob.es/es/documentacion/datos-abiertos-femp-2019-40-conjuntos-de-datos-publicar-por-las-entidades-locales
http://femp.femp.es/files/3580-1938-fichero/DATOS%20ABIERTOS%20FEMP%202019.pdf

saih | BD 0 = E

Agenda municipal Agenda de actividades Aparcamientos Avisos, sugerencias, Bicicleta publica
alcaldia y personal y eventos publicos quejas y reclamaciones
directivo

Q7 : S

Calidad del aire Callejero oficial del Censo de locales, Contaminacién acGstica Contrataciones,
Ayuntamiento actividades, terrazas de (dia, tarde, noche, licitaciones y
hosteleria y restauracion industrial, tréfico proveedores de
y licencias de apertura rodado) servicios municipales

o,
O, =
=\ ¥ ite %%
Convenios Deuda publica del Equipamientos Instalaciones deportivas
ayuntamiento municipales (ubicacién y uso)

(gD
A RS

=—{J=

~

“lo KX B
ARAN :
Lugar de interés turistico Padrén municipal: Presupuesto municipal y Puntos de acceso Transporte
poblacién ejecucion presupuestaria WIFI pablicos publico

https://github.com/opencitydata

¢/ CIUDADES

ABIERTAS

L UNION EUROPEA
o, CIUDADES * » "
= eaes Qs [l e
% | MADRID lllf concerto pEsaTIAGO g

http://vocab.ciudadesabiertas.es/
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https://github.com/opencitydata
http://vocab.ciudadesabiertas.es/

A bit of history... FEMP — 40 datasets (2019)

» =l ]
B A & -
ommwow foWNN, =] E
==
Cartografia municipal Accidentes de trafico Contenedores para Registro de Alojamientos, hoteles,
el reciclaje asociaciones alojamientos turisticos y

-0 on

1

‘.

viviendas vacacionales
(si tienen competencia
municipal)

Ao

https://github.com/opencitydata

¢/ cluDADES

ABIERTAS

Calidad del agua Carriles bici/ vias ciclistas/ Alumbrado publico Subvenciones Zonas infantiles y
calles tranquilas (farolas, etc...) zonas de mayores
L UNION EUROPEA
- CIUDADES 1S * ‘ondo Europeo de Desarrollo Regional
?ﬁ? ®E8 gzt redes @ INTELIGENTES Bt fu,;r.‘ad m;eraZen:cergumpa' o fegond
N & =m -
a EI/ E’ ™ Q‘ lif CONCELLO DESANTIAGO g Za ragoza
- 2 — AYUNTAMIENTO
Censo de empresas que Facturas Censo de vehiculos Inventario de bienes Parques y jardines h ttp . / /V oca b C| u d a d esa b | e rt as.es /

pagan impuestos o estan
obligadas en Entidades
Locales (IBl, IVTM, IAE...)

e
4b db
RPT (Relacion de Puestos  Licencias urbanisticas y

de Trabajo) y trabajadores  de actividad de locales
municipales comerciales

m

Gestion de residuos

urbanos y rasticos

Fuentes de agua
de beber

E

Sanciones y multas

Up to date information at:
https://opencitydata.github.io/CatalogoFEMP/

(concejales, directivos,
eventuales, funcionarios,
laborales, etc...)
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https://github.com/opencitydata
http://vocab.ciudadesabiertas.es/
https://opencitydata.github.io/CatalogoFEMP/

A bit of history... FEMP data catalogue in GitHub

= Available at

o https://github.com/opencitydata
o https://opencitydata.github.io/Catalo
goFEMP/ (website)

= Ongoing work on specific

vocabularies and dataset had BB Bl K
transformations (on MSc theses s = @ B
co-supervised by officials from
the city of Madrid) | . Q1
B 8 &
i 1 @

.......
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https://github.com/opencitydata
https://opencitydata.github.io/CatalogoFEMP/

3 How did we do it? The stakeholders

~—
\ —
l
L
Appointed city experts <
per vocabulary/dataset City data engineers

§ 9’ Yandex
Open data & Q
transparency city schema.org
officials from generation

4 cities to increase
visibility

/ m
A team of ontology engineers

APl and app
developers

Honorio Enrique Crespo Diaz-Alejo - Ayuntamiento de Madrid
Maria Carmen Ruiz Moreno - Ayuntamiento de Madrid
Maria Jesus Fernandez Ruiz - Ayuntamiento de Zaragoza
Maria Jesus Gallego San Miguel - Ayuntamiento de Madrid
Maria del Mar Arribas de Andrés - Ayuntamiento de Madrid
Victor Morlan Plo - Ayuntamiento de Zaragoza

Antonio Bermejo Aguia - Ayuntamiento de Madrid
Francisco Javier Catalina Celaya - Ayuntamiento de Madrid
Andrés Iglesias Pardo — EMT Madrid

Andrés Recio Martin — EMT Madrid

José Antonio Chanca Céceres - Ayuntamiento de Zaragoza
Ana Bajo Prieto - Ayuntamiento de Madrid

Juan Antonio Lépez Lépez - Ayuntamiento de A Coruia
Laura Gris Pérez - Ayuntamiento de Madrid

Fernando Paris Roche - Ayuntamiento de Zaragoza

Araceli Rollan Arrojo - Ayuntamiento de Madrid

Carmen Hervas Bautista - Ayuntamiento de Madrid

Manuel Alejandro Pose Pose - Ayuntamiento de A Coruna
Angel Pueyo Campos - Universidad de Zaragoza

Sergio Valdivielso Pardos - Universidad de Zaragoza
Antonio Herrero Martinez — Ayuntamiento de Zaragoza
Rubén Notivol Bezares — Ayuntamiento de Zaragoza
Francisco Javier Martinez — Ayuntamiento de Zaragoza
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'. The result. 14 ontologies and 44 thesauri

14 inter-related ontologies (and 44 thesauri) for homogeneous Open City
Data publication: Business census, municipal agenda, census datacubes,
noise pollution, budget, bicycles, etc.

Vocabulario Fecha Prefijo Serializacién Licencia Idioma Dominio Enlaces Descripcién

Some with an associated paper:
Ruckhaus E, Antén-Bravo A, Scrocca

Censo de localesy 16/1/18 escom rdf+xml Ccc-BY es comercio [3 repositorio Vocabulario para la representacion de

= i M, Corcho O (2021-2022) Applying
actividades turtle v= isi o . . .
ey e s the LOT methodology to a Public Bus

licencias de apertura

asociacas © webinr Transport Ontology aligned with
g A - . § Transmodel: Challenges and Results.
Agenda Municipal 21/1019 esagm rdf+xml CC-BY es sector-publico Q repositorio Vocabulario para la repr?sfentaclon . .
I - O issves  COieEAe B Boenen e e Semantic Web Journal (in press)

comprende las reuniones de los

turtle YZ requisitos érganos colegiados y las reunione! h tt ,// t' _ b _
© releases general, actos y reuniones con los p L WWW' S e m a n I C We
. medios de comunicacién que reali; M | / /f‘ | / . 284 1 df
© webinar alcalde/sa, concejales, directivos y _J O u rn a 2 n et sySte m I eS SW.,I z p
personal eventual con motivo del
ejercicio de su cargo.
. . . s
. . . ) Espinoza-Arias P, Poveda-Villalon M;,
Padrén de Habitantes 04/02/20 espad rdf+xml Ccc-BY es demografia Q repositorio Vocabulario para la representacion de

htrml en © issues los datos del padrén que provienen de G a rcia - Ca st ro R[ C O rC h o O (20 1 9)

los ficheros de relacién de habitantes
turtle v=

= eauistos. que intercambian los Ayuntamientgsy Ontological Representation of Smart

© releases el Instituto Nacional de Estadistica.

e s City Data: From Devices to Cities

corresponden a los microdatos, los

ETE—— datos crudos (raw data) de cada (2019) Appl SC| 9(1)32
https://vocab.ciudadesabiertas.es/ hitps://doi.org/10.3390/app30 10032
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https://vocab.ciudadesabiertas.es/
http://www.semantic-web-journal.net/system/files/swj2841.pdf
https://doi.org/10.3390/app9010032

Local budget (proposed and actual)

& language en
g . ” . .. . .. .
a Vocabulario para la representacion de la informacion de los presupuestos y la ejecucion presupuestaria de
£ acuerdo a los datos de gestion econémica municipal.
g 9 p "] presupuesto_ejecucion_ingreso ¥ "] presupuesto_ingreso v | presupuesto_gasto v
% Versién: 00 ikey VARGHAR(50) 4 ikey VARGHAR(50) ikey VARCHAR(50) 4
1.0.
’E Revisién nimero: 2id VARCHAR(S0) 2id VARCHAR(50) 2id VARCHAR(50)
%" E?::eers;;\;:@bgr:r:lacmg:: :;’::I:?;: g;umamiems deyhfajsfi:cg:mgom PR AR Com:: el contexto del proyecto "Plataforma de gobierno abierto, colaborativa > prevision_m odificaciones DECIMAL (12,2) ,' > prevision_inicial DECIMAL (12,2) © credito_presupuestario_inicidl DECIMAL(12,2) :
g Autores: > prevision_definitiva DECIMAL (12,2) I | dasificacion_organica V ARCHAR (50) > dlasificacion_organica VARCHAR(S0) |
E:Z:rﬁc":km?;"fo(ﬁg&oygy GSI’J%“P '- I‘ ; i i dedhedxiar:gi?m"da‘a) > derechos_reconocidos DECIMAL (12,2) ,' 2 clasif_economica_ingreso VARCHAR(50)  dasificacion_programa VARCHAR(S0) :
Paola Espinoza Arias (Ontology ing Group - Uni itécnica de Madri > derechos_anulados DECIMAL(12,2) " 9 presupuesto VARCHAR(S0) .. | @ clasificacion_economica_gasto VARCHAR(50) :
calab:;:gnq;e Esv:\rique Crespo Diaz-Alejo - Ayuntamiento de Madrid 2 derechos_cancelados DECIMAL(12,2) I L2 : @ presupuesto VARCHAR(50) |
Maria Carmen Ruiz Moreno - Ayuntamiento de Madrid SKOS Concept  derechos_reconocidos_netos DEMAL(12,2) | | Vo > |
Maria Jests Fernandez Ruiz - Ayuntamiento de Zaragoza N - - " I \ / |
Maria Jests Gallego San Miguel - Ayuntamiento de Madrid . 2 recaudacion_neta DECIMAL(12,2) | | ! I
Maria del Mar Arribas de Andrés - Ayuntamiento de Madrid ) . I ! |
Laura Gris Pérez - Ayuntamiento de Madrid 1T ] @ '; 7 derechos_pend_cobro_31.dic DEAMAL(122) | | ) resupuesto v : / |
g::l-ieciso doin jecucion_beginning VARCHAR(50) Il ikey VARGHAR(50) \ |
ikey
Servicio de In Ejem Descripcién jecucion_end VARCHAR(50) | 1 ] presupuesto_ejecucion_gasto ¥ :
Victor Morlan ) - 7 id VARCHAR(50) N
to_ingreso VARCHAR(50) - ikey VARCHAR(50) |
Descargar serlaliz — - > fecha_aprobacion_pleno DATETIM... id VARCHAR(S) |
[ o] ikey VARCHAR(50) PRESUPO1 Identificador de la Tabla (PK). fecto_prevision DECIMAL (12,2) > estado_prorroga BIT(1) ! I
Licencia: > -prorrog: > credito_modificaciones DECIMAL(12,2) |
[ License nttos:/} © anio_fiscal VARCHAR(4) " N |
= = - > credito_definitivo_vigente DECIMAL(12,2)
Cit : ; Identificador del presupuesto. http://purl.org/dc/te ) e I
o Fuca | 1 VARCHAR(50) PRESUPOT pieste FnsAtaniifiel 7| Hdecn ARGHRED) > edto_sutorzado DECIVAL(12) !
E:ﬂ:g;mn: s e esto_liquidacion v / / > > total_gasto_comprom etido DECIMAL (12,2) |
oo Fecha de aprobacién en el Pleno. La | http:/vocab.ciuda HAR(S0) % » credito_disponible DEAMAL(12,2) |
Provenance de esti aprobacién definitiva del presupuesto | desabiertas.es/def R(s0)  credito_retenido DECIMAL(12,2) :
i ; tario DECIMAL (12,2) > obligaciones_reconocidas_netas DECIMAL(12,2)
y . general por el Pleno de la corporacion | /hacienda/presupu presupues! g ! ! 2|
o] p -01- :00: p ! e
fecha.aprobacion pleng | DATETIME 2020-01-15 00:00:00 habré de realizarse antes del dia 31 de | esto#fechaAproba CIMAL(12,2) > pagos DECIMAL(12,2) |
diciembre del afio anterior al del | cionPleno ajustado DECIMAL (12,2) > obligaciones_pend_31_dic DECIMAL(12,2) :
ejercicio en que deba aplicarse. sbacien_liquid DATETIME(S) petadockasion beginnng VARGHR(ED) | | T
> > periodo_ejecucion_end VARCHAR(50) 1
Si el presupuesto de la entidad local a | http://vocab.ciuda @ presupuesto_gasto V ARCHAR(S0) -
31 de diciembre no esta aprobado, se | desabiertas.es/def > remanente_credito DECIMAL (12,2)
consideraran automaticamente | /hacienda/presupu >
1 prorrog BIT(1 i
gslado. proneaa BIT(1) 9 prorrogados los presupuestos iniciales to#estadoProrr
del ejercicio anterior hasta la | ga cganica/madrid/002> a skos:Concept ;
aprobacién y publicacién del nuevo, icienda/presupuesto/organica/madrid> ;
cogr; gasto/madrid/23270> a skos:Concept ;
Ejercicio fiscal. Periodo de 12 meses | http:/vocab.ciuda 'hacienda/presupuesto/programa-gasto/madrid> ;
anio fiscal VARCHAR(4) 2020 entre el 1 de enero y 31 de diciembre. | desabiertas.es/def sonomica-gasto/madrid/60900> a skos:Concept ;
/hacienda/presupu 'hacienda/presupuesto/economica-gasto/madrid> ;
esto#anioFiscal
El presupuesto se liquida al final del | http://vocab.ciuda
ano fiscal y corresponde a la Ultima | desabiertas.es/def
Iiguidacion VARCHARLE)O) LIQUIDO1 e]ecumén presupuestaria. /ha0|en'da{ re§u u
esto#Liquidacion
FK de la tabla
PRESUPUESTO_LIQUIDACION
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A few recommendations for other lectures...

ont +
. [m ot
i LocaliData ingGroup

Local data makes you smarter

© ®

% IEmur
i LocaliData ingGroup

Local data makes you smarter

Ontology Engineering at Scale for
Open City Data Sharing

Slow-cooked data and APlIs in
the world of Big Data:
the view from a city perspective

School of Informatics, The University of Edinburgh

13/05/2019
{ ]
With contributions from Maria Poveda, Raul Garcia-Castro S E M A N T I C S
and Paola Espinoza Vienna 2015
16/09/2015

Oscar Corcho
ocorcho@fi.upm.es

@ocorcho
'111;\,5 www.slideshare.com/ocorcho i'

Oscar Corcho
ocorcho@fi.upm.es
@ocorcho, @opencitydata_es

https://www.slideshare.com/ocorcho \
Madrid
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What about a specific deployment?
The city of Zaragoza’s knowledge graph

Espinoza-Arias, P.; Fernandez-Ruiz, M.J.; Morlan-Plo, V.; Notivol-Bezares, R.; Corcho, O.
The Zaragoza’s Knowledge Graph: Open Data to Harness the City
Knowledge. Information 2020, 11, 129. https://doi.org/10.3390/info11030129
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Where can open data be found in Zaragoza?

Datos Abiertos

Datos abiertos

Datos Abiertos Zaragoza es una iniciativa del Ayuntamiento de Zaragoza para el fomento de la reutilizacion de la informacion
publicada en su web por parte de la ciudadania, las emp y otros i lo que ofrece un aumento de la transparencia
dela ini: ion, el i de la participacion ci yla ibili de imi 6 en distintos sectores.
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ultimos conjuntos de datos -
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(consensuated

URBANISMO AYUNTAMIENTO PARA LA GENTE GOBIERNO ABIERTO Datosa bietos Za ragoza es
n O r m a I I S e d ) Clavos Topograficos Delimitacion de Juntas Datos de uso Bus y Tranvia Ejecucion Presupuestaria
Mapa del Ruido viales urbanos Tramites y Servicios Bizi: Estaciones y usos Agenda Institucional 2 O 08
Proximidad de Equipamientos Tablén de edictos Renta neta media Catalogo de Transparencia
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para reutilizadores
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Documentacion Aplicaciones
* Ejemplos en GitHub Consulta el Directorio de

y . A * Formatos aplicaciones que utilizan
/ /3 ¥y "\ * Términos de reutilizacion nuestros datos.
i ~
Registrate como reutilizador

Podrés dar deaia les urls que estds utizando pera que nos pad Indicadores de uso del Portal de Datos Abiertos del Ayuntamiento

poner en contacto contigo antes de realizar modificaciones y

conozcamos sus implicaciones. Consultas Aplicaciones
Dar de alta las aplicaci que ili nuestros d Conjuntos diarias Reutilizadores publicadas
Yy nuevos conj de datos publi dedatos anuestros registrados por
. ? . : datos reutilizadores
Comienza accediendo a la Plataforma o si todavia n
has hecho, jRegistrate!
© Ayuntamiento de Zaragoza. 2018 Su opinién importa Accesibilidad Miembro W3C Aviso Legal Politica de privacidad
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R Technical architecture
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'. A knowledge graph: what for?
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Conoce y Explora Zaragoza
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Ayuntamiento de Zaragoza, ciudadanos y entidades desde la generacién de GRAFICOS a partir de CUADROS DE MANDO todas las
th e m atl C m a p S informacion publi{:ada en su web por infraestructura de datos espaciales de los conjuntos de datos. informaciones asociadas a los distintos
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A knowledge graph: what for?

Conoce y Explora Zaragoza Q &

zaragoza.es / Goblemo Abierto

w
. Accede a los DATOS ABIERTOS del

Conoce y Explora Zaragoza Datos Abiertos Ayuntamiento de Zaragoza,
informacién publicada en su web por
Entra en el Catdlogo de Datos Abiertos Zaragoza, una iniciativa del Ayuntamiento de parte de su ciudadania, las empresas y
Zaragoza para el fomento de la 6n de la 6 en su web por |
pane%e lap‘ ia, la y otros lo que ofrece un aumento d: la otros organismos.
dela eli de la participacion ciudadana y la
posibilidad de crecimiento econémico de distintos sectores.

. AP| Zazacoza

Conoce y Explora Zaragoza

zaragoza.es / Gobiemo Abierto

Si quieres reutilizal
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puedes hacerio d¢ Realice aqui su consulta en el Cz de Datos Abiertos
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Realice aqui su co Editor Ayuntamiento de Zaragoza. Unidad de Gestion de la Web Municipal i Informacion
descarga 128 _
Actions over Bk
informacién (125 ]
h t t W Mapa
Filt} d
explorar D €ac atase L Gréficos
Ver todos > M Cuadro de mandos
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< Acceso y descarga
TEMAS
descarga
iomadith y o Equipamientos culturales
— urbanismo @ Editor Ayuntamiento de Zaragoza. Unidad de Gestion de la Web Municipal i Informacién
n (24 BB Explorar
Ver todos > W Mapa
Lu Gréficos
TIPO DE ACTUALIZACION
M Cuadro de mandos
instantane
e G o < Acceso y descarga
anual 18]
Fyzarcamientos Publicos
diario [12]
Editor Unidad de Gestion de la Web Municipal i Informacién
Ver todos >
Materia:Try fi Tr: XML
ateria:Tr¢fico y Transporte {EIo)] . @ Explorar
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Main messages for other municipalities

= Open data by default
o The municipality services are the first reusers of open data
o The open data portal is not a data graveyard
o Datasets + APIs

\Q
= A proper open data governance (g@Q

o Avoid duplication of data across your information systems 6()8

» Knowledge graph principles are key for this (unique identifiers) $\®
o Processes and people (multidisciplinar teams are essential) (\0
o Combine data with maps, dashboards, indicators... ?‘\(‘ . 66
9\
A\

= Homogeneisation
o Inside the city (common patterns)
o Across cities (e.g., as in Ciudades Abiertas and on the FEMP catalogue)
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Case 2. A knowledge graph for cloud operations
(Huawei Research Ireland)
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high-level ontology network for ICT
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' Motivational example (I)

A sudden drop in performance
(e.g., data throughput) is
detected in the provision of a
cloud-based product or service
(e.g., in a video transmission
application that uses a content
delivery network).
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Unknown autor. Available under license CC BY-NC

Site reliability engineers (SREs) need to be able to inspect the topology of
services and microservices (e.g., object storage services, domain name services,
elastic cloud servers) that are used by the product where the problem is detected
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R Motivational example (ll)

Services and microservices run in
specific servers and clusters and
are based on specific software
module versions, which are
available in some software
directory.

Those servers (commonly virtual
servers) are running on specific
configurations of hardware items
(including hardware servers,
network cards, etc.) that are
hosted in a data center.

Unknown author. Available under license CC BY-NC

Unknown author. Available under license CC BY

All this should be done independently of which specific types of
infrastructures, hardware and software providers are being used.
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We need to build an ontology (or better an ontology network) for this domain.

Information sources for this:
« Configuration Management Database models (e.g., BMC CI\/IDB)
* |IT Service Management Systems |
* |T Asset Management databases and tools | 1*

i
Including database models available and in use by Huawei o
« 85 tables for entities, 59 tables for views o

« Some sample data for the main entities B
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n. Ontology network / catalogue

10 ontology modules implemented and documented

- Core (Resource, ResourceGroup)

- Organisation (domains, areas, scopes)

- Product (Business Offering, Services, MicroServices)
- Server (physical and virtual)

Devops Infrastructure
On

https://w3id.org/devops-infra

Database

Product Organisation
- C e rtl fl Cate p { Product Version |Q—0»asProductVersion—| Product Offering I ma"aged B"_’| Organisation
- H a rd Wa re alls uses hasPradulctoffering
- Software / ; cope [ |
N k | MicroService k_(a“sj Service ’J Business Product I \ f
- Networ e
\ / \\ 7 Im%“\é
- Data Center  gesme core
Module Version deployedinstanceOf deployedinstanceOf deployedinstanceOf Configuration Item depends On
| 3
| MicroService Instance }1— all>—| Service Instance |<—USES—' Business Product Instance l I |
| Resource l | Resource Group l
runsinServiceCluster
Service Cluster l
S dinSite.
-uses Service Module ----~\g----------------
Data Center N Server
Software T hosts
- »| Service Module Version || Service Module | Data Center Connection
:
A
allows Connection via £\
V hosts+ \
N . : hostedBy
in software directol
Software Directory m P / : -
n Data Ce: Physical Server hosts Virtual Server
hostsx -
/ hosts r]
Network i | Database \ runs on Hardware Hardware
/ : ¥
provides access to belongs to H has Database
SSH Channel IP network m P "etwmk—l IP Address | : | Database |— Instance Database Instance Hardware Item atch Hardware Batch
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Case 3. Knowledge graphs and ontology
engineering for improved data governance in a
manufacturing Company

Data
Architecture

Data Modeling
& Design

Data Storage
& Operations

Reference
& Master | & Content
Data Management
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Knowledge graphs and ontology engineering in a manufacturing company

Two teams/departments: Data Governance and Ontology Governance
o Difficulties in handshaking when ontologies are being delivered to the data management team

Different user Diversity of
requirements give ontology and data
incompatible governance know- - Processes
solutions how that is not
shared
No standardized Reinvented tools
methodologies to accomplish the
same tasks Governance creates the coordination framework

for these components to work together
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'. Ontology Governance Model and workstreams

Best Practices &
Methodologies

S é

Governance
Principles

Standards

Training Outreach

o iy
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.. Governance Principles

Principle 2 on
Principle 1 on ACCESS RIGHTS Principle 3 on
AVAILABILITY & SECURITY PERSISTENCY
POLICIES

Principle 4 on Principle 5 on Principle 6 on

DOCUMENTATION FAIRNESS MODULARITY

Principle 7 on
COMMUNITY

Governance
Principles
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Governance Principles

Principle 2 on
Principle 1 on ACCESS RIGHTS Principle 3 on
AVAILABILITY & SECURITY PERSISTENCY Recommendations

POLICIES

e Rec1onlIRIs

 Rec 2 on Metadata

Principle 4 on Principle 5 on Principle 6 on * Rec 3 on Format
DOCUMENTATION FAIRNESS MODULARITY « Rec 4 on Reuse

* Rec 5 on Naming Conventions
 Rec 6 on Licensing

Principle 7 on
COMMUNITY

Governance
Principles
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Principles and the ontology and knowledge graph lifecycle

Principle 5 on Principle 7 on
FAIRNESS COMMUNITY

Requirements » Implementation »
& Kickoff g

Principle 6 on

» Maintenance

Principle 3 on

Publication

Principle 1 on
AVAILABILITY

Principle 2 on
ACCESS RIGHTS
Principle 4 on
DOCUMENTATION

MODULARITY PERSISTENCY

Governance
Principles
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. Standards Journey

QA tooling implementation
* Implementation or reuse @ @
of tools ’
Quality Assurance definition ®

« Analyze external tools to reuse : QA dashboard
* QA requirement and definition : . N
o « Visual QA verificator

Requirements

» Align with principles and third
parties
+ ldentify standards use cases

» Standards implementation
» Check external ontology
landscape
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Three use cases (plus a few other pointers to ongoing work)

Knowledge graphs in the public sector (Ciudades Abiertas)
o Open data governance (dataset cataloguing, prioritisation)
o Vocabulary/ontology management

A knowledge graph for cloud operations (Huawei Research Ireland)
o Basis for a chatbot to support site reliability engineers
o Based on structured data sources (databases) and server logs
Knowledge graphs and ontologies for improved data governance in a
multinational manufacturing company (non-disclosable, yet)
o Data governance processes based on the DAMA framework
o Ontology governance processes to generate ontologies for describing reference
data
Plus a few other pointers to ongoing work
o European Agency for Railways
o Drugs4COVID
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Three use cases (plus a few other pointers to ongoing work)

= Plus a few other pointers to ongoing work

o European Agency for Railways: homogeneise data about rail infrastructure in Europe,
run compatibility checks between vehicles and tracks, generate routebooks, etc.

« https://data-interop.era.europa.eu/

* https://data-interop.era.europa.eu/era-vocabulary/
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https://data-interop.era.europa.eu/
https://data-interop.era.europa.eu/era-vocabulary/
https://data-interop.era.europa.eu/?compatibilityVehicleType=http%3A%2F%2Fdata.europa.eu%2F949%2FvehicleTypes%2311-001-0002-1-001&fromId=http%3A%2F%2Fdata.europa.eu%2F949%2FfunctionalInfrastructure%2FoperationalPoints%2FES71901&fromLoc=2.1293%2C41.3444&toId=http%3A%2F%2Fdata.europa.eu%2F949%2FfunctionalInfrastructure%2FoperationalPoints%2FES70803&toLoc=-0.947%2C41.6789&via=

Three use cases (plus a few other pointers to ongoing work)

o Drugs4COVID

* https://drugs4covid.oeg.fi.upm.es/
* You can play with our QA system:

- https://drugs4covid.oeg.fi.upm.es/services/qa

iences in Knowledge Graph Developmen
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What traditional medicine has been used to treat Covid-19?

Max Answers ————@-

Dac[] DB Pedia[]) Wikidata

What traditional medicine has been used to treat Covid-19?
herbal formulae

Type: lteral

Confidence: 0.4

In the process of treating for COVID-19, the treatments are individualized according to traditional Chinese medicine syndrome diagnosis and treatment (Bian Zheng Lun Zhi).

Syndrome differentiation individually is used to guide the selection of traditional Chinese medicine treatment using traditional Chinese medicine herbal formulae. 62 Some
drugs and herbal formulae also were recommended for treating COVID-19 in the latest version of China guideline for diagnosis and treatment of COVID-19. 3 However, the

therapeutic effect of traditional Chinese medicine warrants further investigation in future studies.

ABSTRACT

Hydroxychloroquine, initially used as an is used as an and anti-
inflammatory agent for the management of autoimmune and rheumatic diseases such as sys-
temic lupus erythematosus. Lately, there has been interest in its potential efficacy against severe
acute respiratory syndrome coronavirus 2, with several speculated mechanisms. The purpose of
this review is to elaborate on the i i iine. The review is
an in-depth analysis of the antimalarial, i and antiviral isms of
hydroxychloroquine, with detailed and novel pictorial explanations. The mechanisms of hydroxy-
chloroquine are related to potential cardiotoxic manifestations and demonstrate potential
adverse effects when used for coronavirus disease 2019 (COVID-19). Finally, current literature
associated with hydroxychloroquine and COVID-19 has been analyzed to interrelate the mecha-
nisms, adverse effects, and use of hydroxychloroquine in the current pandemic. Currently, there
is insufficient evidence about the efficacy and safety of hydroxychloroquine in COVID-19.
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Take home message

X7 ke D

Aome meSsSage

Glossaries
Esta foto de Autor desconocido esta bajo licencia CC BY-NC-ND

. Content
Taxonomies

Tag Sets Ontologies Data Assets

= Heterogeneous data sources in data

lakes/data governance need GEtD?
homogeneisation
o Ontologies and vocabularies provide for that
o They support reference data representation Reterence ¢ linesge  Governance
= Knowledge graphs provide an alternative
for improved exploitation

Assets

and Operational Metadata

= This is a necessary first step towards
doing more advanced exploitations
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