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Hay casos en que interesa mas modelar las
relaciones entre cosas que las cosas!
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Knowledge Graphs

“a graph of data intended to accumulate and convey knowledge of the real
world, whose nodes represent entities of interest and whose edges represent
relations between these entities.” (Hogan et al, Knowledge Graphs, 2021)

Albert EinStein Overview\ Education
Theoretical physicist _)

.\
Tnecmleg - [ b
x

Wikipedia
https://en.wikipedia.org > wiki > Albert_Einstein }

Albert Einstein

Albert Einstein (14 March 1879 — 18 April 1955) was a German-born
theoretical physicist who is best known for developing the theory of
relativity.

People also ask
What is the I1Q level of Albert Einstein?
What is Albert Einstein famous for?

What did Albert Einstein do at the age of 13?

Elsa Einstein S _
Overview Education
Albert Einstein's wife :

Wikipedia
https://en.wikipedia.org > wiki > Elsa_Einstein :

Elsa Einstein
Elsa Einstein (18 January 1876 — 20 December 1936) was the second wife and
cousin of Albert Einstein. Their mothers were sisters, thus making them maternal

People also ask
Why did Albert Einstein marry Elsa?

What did Elsa say to Einstein?

§ Facebook

The Secrets Of The Universe - Elsa
Einstein (1876-1936) was Albert...

We are all related. Mitochondrial eve is the
common ancestor to all modemn humans...

Sep 24, 2024

Born Died

Jan 18, Dec 20,
1876 1936

Hechingen, Princeton, New
Germany Jersey, Unite...

§ Facebook

Elsa Einstein

(1876-1936) was

Albert Einstein's r

second wife and fir... 4
)

Sep 24, 2024

About

Elsa Einstein was the second wife and cousin of Albert
Einstein. Their mothers were sisters, thus making them
maternal first cousins. The couple were also paternal
second cousins. Wikipedia

Bom: January 18, 1876, Hechingen, Germany

owenthal, lise Lowenthal

ert Einstein (m. 1919-1936), Max Léwenthal
(m. 1896—1908)

Parents: Rudolf Einstein, Fanny Koch




,en que escenarios son adecuadas las
BD de grafos?

« Las entidades estan muy conectadas a través de
relaciones descriptivas.

« EXisten relaciones ciclicas o entidades autorreferenciadas.

- Esto .suele ser un reto cuando se utilizan bases de datos
relacionales o documentales.

« Las relaciones entre entidades evolucionan
dinamicamente.

- especialmente aplicable a datos jerarquicos o estructurados en
arbol con muchos niveles.

« EXisten relaciones de muchos a muchos entre las
entidades.

« EXisten requisitos de escritura y lectura tanto en las
entidades como en las relaciones.



Agenda

« Modelos en bases de datos de grafos
- El modelo Property graph
- RDF y modelos en la web semantica

Disepfo-de basesde dateosde gratos

« Motores de bases de datos de grafos
- Estrategias de almacenamiento
- Lenguajes de consulta
- Modelos de procesamiento distribuido



Modelos

en bases de
datos de grafos




., Qué es un grafo?

Un grafo G consiste en
un conjunto de nodos o vértices V,
Yy un conjunto de aristas E.
Las aristas conectan nodos entre si.

| as bases de datos de grafos
implementan diferentes variantes'.

I Survey of Graph Database Models, Angles and
Gutierrez,
ACM Computing Surveys, 2008



Grafos segun su estructura

VoV

Grafo dirigido

Multigrafos y

pseudografos Hipergrafos




Grafos segun los datos asociados

QBQ G Q Q Q

Bob Alice [Bob,25] [Alice,30]

Etiquetas en las aristas Etiquetas en los Atributos en los
(Edge-labelled) nodos nodos



,qué tipos de grafos se utilizan en
las bases de datos de grafos?

Existen muchos modelos (ver Survey of Graph Database
Models, Angles and Gutierrez, ACM Computing Surveys, 2008)

_0s sistemas mas populares actualmente utilizan
Property Graph [Miller, 2013] o Resource
Description Framework [Cyganiak et al., 2014]




Grafo dirigido con etiquetas en las
aristas

(2018-03-29 20:00 "J | ﬁlam‘; ./Open Market | (Food Truck |
\ ‘\/ . T J /\' ‘/\ " ? J
end name type type name
\ \ ,/—li‘\_/ P \ /'71 —
| 2018-03-22 12:00 |«—start— EID15 |——type—| Food Festival |«—type { EID16 |
- o
venue type\ venue venue
i(Santa Lucia | (Drinks Festival ) /Sotomayor" (Piscina Olimpica |
~ 7 7 “ l J “ l o
city city city
* bus ‘ ‘
- \* - ~ 7
\Santiago s | Vina del Mar j*busoLArica |

flight

Figure 2.1: Directed edge-labelled graph describing events and their venues

El modelo RDF esta basado en este tipo de grafos

Definition 2.1 (Directed edge-labelled graph)
A directed edge-labelled graph is a tuple G = (V,E, L), where V C Con is a set of nodes, L C
Con is a set of edge labels, and E C V x L x V is a set of edges.



Resource Description Framework (RDF)

Pseudografos dirigidos.

I\2018—03-29 20:007_ ;wrﬂam: Open Market/ uFood Truck.‘
1 \cnd nat‘ne ty c/ \tv De nafme
Etiguetas en nodos vy e e

2018-03-22 12:00 |+—start—{ EID15 —type—{ Food Festival +—type— EID16
: | : e | 7N
a rl S a S . venue type venue venue
' i T 4 N
Santa Luci _‘VDrinks F I Sotomay P a Olimpic
ctlty ci}y c%y
M b
Las et quetas pu eden St (Vikadel Mar)<buse{Arica
: 2 ; _,

ser. =

I R | S | i t e r a | e S O n O d O S Figure 2.1: Directed edge-labelled graph describing events and their venues
b b

blancos.

Cada nodo o arista tiene Virtuoso y Stardog son e¢jemplos de
una sola etiqueta sistemas de bases de datos que
soportan RDF.



Property graph model

EDED (T

:\at |on,; from mode  company to .I\at Ionfg
R N R
(Santiago) (Flight ) LLATAMJ (Arica

b ! ' '

Wype to mode company _from type
Capital City | LA381 | Port City

(a) Directed edge-labelled graph

LA380 : flight
'S ’
\Santiago : Capital City] |

A} 'd Y

company = LATAM 1 Arica : Port CityJ

7 /\ ___________ l‘\, .

' lat = —33.45 , | lat = —18.48 ,
] ]

i long = —70.66 | LA381 : flight ) long = —70.33 |

T e e ® ""—-—___f ___________

A}
company = LATAM 1
’

I
\

Definition 2.3 (Property graph)

Figwe 23:C A property graph is a tuple G = (V,E,L,P,U,e,l,p), where V C Con is a set of node ids,
E C Con is a set of edge ids, L C Con is a set of labels, P C Con is a set of properties, U C
Con is a set of values, ¢: E — V x V maps an edge id to a pair of node ids, [ : VU E — 2
maps a node or edge id to a set of labels, and p : V U E — 27U maps a node or edge id to a set
of property—value pairs.



Property Graph Model (PGM)

L. —33.45)(~70.66) (LA380) (—18.48)(—70.33)
Pseudografos dirigidos. henh o el b e ek
47 e o e o
\;Santiago" \Flight/ _‘LATAMJ rArica:
| |
type \to ‘qudc compa/n‘y from/ type

Parejas (clave,valor) llamadas @ue wwr T
propiedades asociadas a
nodos y aristas.

(a) Directed edge-labelled graph

LA380 : flight
’ e

 Santiago : Capital Cit | company = LATAM 1 (Arica : Port City
| Santiag P y) _t company —_ y)

Puedo etiquetar nodos y e M e N ety
aristas.

(b) Property graph

Figure 2.3: Comparing directed edge-labelled graphs and property graphs

Cada nodo o arista puede
tener mas de una etigueta

Neo4j y Titan son ejemplos de
sistemas de bases de datos que soportan PGM.



CONCEPTUAL

age $name
since
N
Users Groups
! ’ founder ‘ N
LOGICO

Users /N
name  |age /

| foundedBy
Bob 25
Alice null
Groups memberOf memberOf

since:2015 since:2014
name founder G Q @
GDM Alice User Group User
GroupMembers name:Bob name: GDM name:Alice
age: 25

userName |groupName |since
Bob GDM 2015
Alice GDM 2014




Restricciones y esquemas

« ENn ambos casos es posible definir nociones de
esguema mas 0 menos fuertes.

o En la familia de lenguajes y modelos vinculados
a RDF puedo hacer cosas muy expresivas y
potentes.

o Sobre el PGM puedo definir en forma tedrica
algunas restricciones pero dependen del
vendedor

- Ejemplo Neo4| constraints
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Grafos de eonocimiento y
la web semantica



L.a web clasica es una red de

’

Interpretable por humanos,

donde las relaciones entre
documentos no tienen un

significado.



Ademas, la mayoria de los
datos en la web estan
alslados




La Web de datos es una red

de , Interpretable por
humanos y maqguinas, donde las
afirmaciones se relacionan y

tienen un significado.

"< Semantic
%C " Web




RDF: un basado en

gue permite representar
relaciones.

SPARQL: el lenguaje de consultas sobre
RDF.

RDF-S y OWL, para representar
metadatos y darles
(ontologias).
8] RDF L8] sparoL

http://www.w3.0rg/2001/sw/wiki/RDF http://www.w3.0rg/2001/sw/wiki/SPARQL




afirmacion o tripla

<sujeto, predicado, objeto>

MVD Shopping
Center

Ing. Eladio Dieste



afirmacion o tripla

<sujeto, predicado, objeto>

ubicadoEn

http://.../Eladio_Dieste W http://.../Buceo

En RDF todo es una tripla.

Los recursos vy las propiedades se
identifican por URIs

esAutor -




Linked Data

es un conjunto de
buenas practicas para
Yy relacionar
datos en la web,
usando
tecnologias de la

web semantica



Principios de Linked Data

1) Usar URIs para nombrar cosas

2) Usar URIs HT TP que sean consultables
por humanos y maqguinas

3) Proveer informacion util acerca de
cada URI en RDF

4) Crear links entre URIs

Tim Berners-Lee - Linked Data (2006)
htto../www.w3.org/Designilssues/LinkedData

#TED Talk Tim Berners-Lee on the next Web
(2009)http://www.ted.com/talks/tim berners lee on the next web.html




1) Usar para nombrar cosas

URI's minting: the act of establishing the
association between the URI and the resource
it denotes. A URI MUST only be minted by the
URI's owner or delegate. Minting a URI from
someone else's URI space is known as URI
squatting

The URI Lifecycle in Semantic Web Architecture, David Booth,
http://dbooth.org/2009/lifecycle/




1) Usar URIs para nombrar cosas

> Evitar el uso de namespaces que no
estan bajo nuestro control

http://www.imdb.com/title/tt0057012/#film

> No incluir detalles de implementacion

http://tiger.biglynx.co.uk/people.php?id=dave-smith&format=rdf

> BEvitar claves “artificiales”

http://data.nytimes.com/66209802438676211043



2) Usar URIs HTTP que sean consultables por
humanos y maquinas

HTTP URI- mecanismo universal de
acceso a una URI

[.as URIs HTTP deberian ser
desreferenciables

"HTTP can look up the URI using the

HTTP protocol and retrieve a of
the resource that is identified by the URI"

Heath, Bizer, Linked Data: Evolving the Web into a Global Data Space



Redireccionamiento y negociacion de
contenido

| ® dbpedia.org/page/Uruguay + @ | |B~ desreferenciQ J;L
About: Uruguay
An Entity of Type : populated place, from Named Graph : DBpedia
"L http://dbpedia.org, within Data Space : dbpedia.org '

Uruguay Listen/'jusragwar/, 0ﬂ"’itraﬂy the Oriental Republic of Uruguay and sometimes caﬁeé the
Eastern Republic of Uruguay, is a country in the southeastern part of South America. It is home
to 3.3 million people, of whom 1.8 million live in the capital Montevideo and its metropolitan area.

An estimated 88% of the population is of European descent. With an area of approximately
176,000 square kilometres, Uruguay is the second-smallest nation in South America by area,
after Suriname.

Property Value
dbpedia-owl:PopulatedPlacefareaTotal = 176215.0

m 176215.0210629304

URI que identifica el documento HTML

g | i NewTab

dbpedia.org/resource/Uruguayl

que describe al concepto Uruguay

URI que identifica al
concepto Uruguay

dbpedia.org/data/Uruguay.rdf

= -qrdf:Descriptinn rdf:ahoutz“http :.-*.-’dbpedia.or’g.-"resource.-’%{:

application/rdf+xml URI que identifica eI documento RDF
que describe al concepto Uruguay




HTTP GET request(text/html)
http://dbpedia.org/resource/Urugquay

“

HTTP 303 See Other response
http://dbpedia.org/page/Uruguay

—

HTTP GET request
http://dbpedia.org/page/Uruguay

“

HTTP 200 OK response
Cédigo HTML

—



curl -i -L -H "Accept: text/html" http://dbpedia.org/resource/Uruguay

HTTP/1.1 303 See Other

Date: Wed, 02 Oct 2013 22:21:01 GMT

Content-Type: text/html; charset=UTF-8

Server: Virtuoso/07.00.3203 (Linux) i1686-generic-linux-glibc212-64 VDB
Location: http://dbpedia.org/page/Uruguay

HTTP/1.1 200 OK

Date: Wed, 02 Oct 2013 21:59:40 GMT

Content-Type: text/html; charset=UTF-8

Content-Length: 608380

Server: Virtuoso/07.00.3203 (Linux) i1686-generic-linux-glibc212-64 VDB

<?xml version="1.0" encoding="UTF-8" ?
<!DOCTYPE html PUBLIC "-//W3C//DTD XHTML+RDFa 1.0//EN" ...

dbpedia.org + @| |[A~ desreferenci@ 4
About: Uruguay NP
An Entity of Type : populated place, from Named Graph : mrmia

http://dbpedia.org, within Data Space : dbpedia.org

Uruguay Listen/'juaragwaif, o H‘I ||yth Ori ental

R.ep ublic of Uruguay and sometimes called the

Eastern Rep ublic of Uruguay. is a country in th outheast part of South America It is home
to 3.3 million people, of whom l 8 m||| n live in th capital Montevideo and its metropolitan area
An estimate dSS‘V Fth p pulatio fE p d t. With area of approximately
1?6 000 square kilometres, Urugu y th d mallest nat South America by area,
after Suriname.

Property Value

dbpediz-owl:PopulatedPlacefareaTotal

= 1762150

m 176215,0210629304

®



HTTP GET request(application/rdf+xml)

http://dbpedia.org/resource/Uruguay :

HTTP 303 See Other response
http://dbpedia.org/data/Uruguay.xmi

HTTP GET request
P pedia.org/data/Uruguay.Xxm

. HTTP 200 OK response
Datos en RDF



curl -i -L -H "Accept: application/rdf+xml" http://dbpedia.org/resource/Uruguay

HTTP/1.1 303 See Other

Date: Wed, 02 Oct 2013 22:28:35 GMT

Content-Type: application/rdf+xml; gs=0.95

Server: Virtuoso/07.00.3203 (Linux) i1686-generic-linux-glibc212-64 VDB
Location: http://dbpedia.org/data/Uruguay.xml

HTTP/1.1 200 OK
Date: Wed, 02 Oct 2013 22:28:35 GMT

Content-Type: application/rdf+xml; charset=UTF-8
Content-Length: 603067

<?xml version="1.0" encoding="utf-8" ?>

<rdf:RDF
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmins:owl="http://www.w3.0rg/2002/07/owl#"
xmins:dcterms="http://purl.org/dc/terms/"

| dbpedia.org/data/Uruguay.rdf

This XML file does not appear to have any style information associated with

—<rdf:RDF >
—<rdf:Description rdf:about="http://dbpedia.org/resource/%C3%81lvaro
<dbpedia-owl:birthPlace rdfiresource="http://dbpedia.org/resource
<dbpprop:birthPlace rdf:resource="http://dbpedia.org/resource/Uru
<dbpprop:placeOfBirth rdf:resource="http://dbpedia.org/resource/l
</rdf:Description>



curl -i -L -H "Accept: text/rdf+n3" http://dbpedia.org/resource/Uruguay

HTTP/1.1 303 See Other

Date: Wed, 02 Oct 2013 22:29:03 GMT

Content-Type: text/rdf+n3; qs=0.8

Server: Virtuoso/07.00.3203 (Linux) i1686-generic-linux-glibc212-64 VDB
Location: http://dbpedia.org/data/Uruguay.nt

HTTP/1.1 200 OK

Date: Wed, 02 Oct 2013 22:29:04 GMT
Content-Type: text/rdf+n3; charset=UTF-8
Content-Length: 296903

@prefix owl: <http://www.w3.0rg/2002/07 /owl#> .
@prefix ns1: <http://cs.dbpedia.org/resource/> .
@prefix dbpedia: <http://dbpedia.org/resource/> .
ns1:Uruguay owl:sameAs dbpedia:Uruguay .
@prefix ns3: <http://pl.dbpedia.org/resource/> .
ns3:Urugwaj owl:sameAs dbpedia:Uruguay .



Utilizacion de Hash URIs

curl -i http://www.w3.0rg/2006/07/SWD/recipes/examples-20080421/
examplel#ClassA

HTTP/1.1 200 OK

Date: Thu, 03 Oct 2013 13:08:38 GMT
Server: Apache/2

Content-Type: application/rdf+xml;

<?xml version="1.0"7>

<rdf:RDF

xml:base="http://www.w3.0rg/2006/07/SWD/recipes/examples20080421/examplel">

<owl:0ntology

rdf:about="http://www.w3.0rg/2006/07/SWD/recipes/examples20080421/examplel">
<rdfs:comment>An example vocab for minimal hash setup.</rdfs:comment>
<rdfs:label>Example 1 Ontology</rdfs:label>

</owl:0Ontology>

<owl:Class rdf:about="http://www.w3.0rg/2006/07/SWD/recipes/examples-

20080421/examplel#ClassA">

</owl:Class> ...

</rdf:RDF>



3) Proveer informacion acerca de
cada URI en RDF

dbpedia:Eladio_Dieste dbpedia-owl:birthPlace dbpedia:Uruguay ;
dbpprop:birthPlace dbpedia:Uruguay ;
dbpprop:deathPlace dbpedia:Uruguay ;
dbpedia-owl:deathPlace  dbpedia:Uruguay .



4) Crear entre URIs

http://dbpedia.org/resource/Uruguay

@prefix ns192: <http://www.wikidata.org/entity/> .
@prefix ns17:  <http://nl.dbpedia.org/resource/> .
@prefix ns18:  <http://eu.dbpedia.org/resource/> .

dbpedia:Uruguay owl:sameAs ns192:Q77,
<http://gadm.geovocab.org/id/0_233> ,
<http://rdf.freebase.com/ns/m.07twz> ,
ns18:Uruguai,
ns17:Uruguay .



@prefix gn: http://www.geonames.org/ontoloqy
@prefix dbpedia: http://dbpedia.orqg/resource/
@prefix dbpedia-owl: http://dbpedia.org/ontology/
@prefix geo:http://sws.geonames.orq/

@prefix owl:http://www.w3.0rqg/2002/07/owl#

. - dbpedia.org
dbpedia:Eladio_Dieste

dbpedia-owl:significantBuilding

dbpedia:Montevideo_Shopping dbpedia:Buceo
|

owl:sameAs owl:sameAs

geonames.org

1,

gn:nearby
gn:name gn:name




Linked Data + Open Data
= LOD

LINKED DATA

On the web, open license
Machine-readable data
Non-proprietary format

RDF standards
Linked RDF
IS YOUR DATA 5+ ¢
|/
'\A, ( -
—
= g

http://5stardata.info/en/



RDF Book
DBtune Mashup
|
Jamendo
us . DBLP
Census Project
Data Guten-
berg As of May 2007

http://lod-cloud.net/ 2007




RDF Book
DBtune Mashup
|
Jamendo
us . DBLP
Census Project
Data Guten-
berg As of May 2007

http://lod-cloud.net/ 2007
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Hannover

As of September 2008

http://lod-cloud.net/ 2008




Semantic
Web.org

Flickr
exporter

MySpace Scrobbler

Wrapper

BBC Music | /
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‘ .\
ROF Book | ™
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As of July 2009

http://lod-cloud.net/ 2009
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Algunos casos
interesantes usando PGM

Analyzing the Panama Papers with Neo4;:
Data Models, Queries & More

https://neo4dj.com/blog/analyzing-panama-papers-neo4j/

Analyzing the Graph of Thrones

http://www.lyonwj.com/2016/06/26/araph-of-thrones-neo4j-social-network-analysis/




