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The Knowledge Graph is a knowledge base used by
Google and its services to enhance its search
engine's results with information gathered from a
variety of sources. The information is presented to
users in an infobox next to the search results.
Wikipedia
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;Qué es un “grafo de
conocimiento”?




Un grafo de conocimiento...

‘es un grafo de multiples relaciones compuesto de
entidades como nodos y relaciones como
diferentes tipos de aristas”

[Wang et al. 2014]




Un grafo de conocimiento...

“es una base de conocimiento estructurada como
un grafo”
[Nickel et al. 20716]



Un grafo de conocimiento...

“‘adquiere e integra informacion en una ontologia y
aplica un razonador”
[Ehrlinger & WoMR. 2016]



Un grafo de conocimiento...

"describe principalmente rentidades del muldo real
y sus inter-relaciones, organizado en un grafo
[Paulheim 2017]



Un grafo de conocimiento...

‘es un modelo de datos semi-estructurado caracterizado por tres componentes:
(i) un componente extensional de base].. ]

(i) un componente intensional [...];

(iii) un componente extensional derivado”

[Bellomarini et al. 2019]



Un grafo de conocimiento...

"describe objectos de interés y las conexiones
entre ellos” y “provee un sustrato comun de
conocimiento dentro de una organizacion”

[Noy et al. 2019]



A knowledge graph ...

‘is a graph of knowledge”
[Hogan 2022]



;Ejemplos de
‘grafos de conocimiento”?




Wikidata: Wikipedia en un grafo

B/ English - Aidhog ‘ D Talk Preferences Beta Watchlist Contributions Log out

|II |I Main Page Discussion Read View source View history 17 | Search Wikidata Q (o7

WIKIDATA /%

collaborative
Welcome to Wikidata
the free knowledge base with 97,964,462 data items that anyone can edit.
Introduction « Project Chat « Community Portal « Help
7 \ NG N /
multiingual \ Want to help translate? Translate the missing messages. o
\ I e
Recent changes

e . Il welcome! llll Learn about data

Main page
Community portal
Project chat
Create a new Item
Recent changes
Random Item
Query Service
Nearby

Help

Donate

Lexicographical data

Create a new Lexeme

Tools
What links here Wikidata is a free and open knowledge base that can be read New to the wonderful world of data? Develop and improve your
Related changes and edited by both humans and machines. data literacy through content designed to get you up to speed

Special pages
Permanent link

Wikidata acts as central storage for the structured data of its |

; : Wikimedia sister projects including Wikipedia, Wikivoyage,
Page information
Wikidataiitom Wiktionary, Wikisource, and others.

) Wikidata also provides support to many other sites and
In other projects

services beyond just Wikimedia projects! The content of

Wikimedia Commons s : ; : ;
Wikidata is available under a free license &, exported using

MediaWiki

Meta-Wiki standard formats, and can be interlinked to other open data




;Qué tipos de entidades contiene?

A English a Not logged in Talk Contributions Create account Log in

‘II ‘I ltem Discussion Read View history | Search Wikidata Q| ~

WIKIDATA Pontifical Catholic University of Chile (qii29925) a8

Chilean university
Main page Catholic University of Chile | Pontificia Universidad Catolica de Chile | Pontificia Universidad Catdlica de Chile | UC
Community portal
Project chat » In more languages
Create a new Item
Recent changes
Random Item Statements
Query Service
Nearby instance of
Help

qaeD

university

Donate ~ 0 references

Lexicographical data
open-access publisher

qeD

Create a new Lexeme
Recent changes
Random Lexeme » 1 reference

Tools

What links here
Related changes

qeD

logo image

Special pages

Permanent link PONTIFICIA
Page information UNI V ERSIDAD
Concept URI CATOLICA

Cite this page DE CHILE

Marca-uc.svg
512 x 295; 73 KB

~ 0 references




;Qué tipos de entidades contiene?

A English ;Aidhog .!. D Talk Preferences Beta Watchlist Contributions Log out

‘ II ‘ I ltem = Discussion Read View history More v | Search Wikidata Q| -

WIKIDATA Sharknado (Q13794921)

2013 film directed by Anthony C. Ferrante & edit

Main page
) » In more languages
Community portal
Project chat

Create a new ltem St t ¢
Recent changes atements

Random Item . . .
television film 2" edit

qer

instance of
Query Service

Nearby
Help » 1 reference

Donate
+ add value

Lexicographical data

Create a new Lexeme
Recent changes title

qep

Sharknado (English) & edit
Random Lexeme

~ 0 references
Tools

+ add reference
What links here

Related changes + add value
Special pages

Permanent link

Page information

Concept URI part of the series @ Sharknado 2 edit

Cite this page series ordinal 1

follows no value

followed by Sharknado 2: The Second
One
O



;Qué tipos de entidades contiene?

A English - Aidhog .!. D Talk Preferences Beta Watchlist Contributions Log out

‘ II ‘ I ltem Discussion Read View history More v | Search Wikidata Q| -~

WIKIDATA  Aidan Hogan (qsi366847)

Semantic Web researcher in Chile 2 edit

Main page
» In more languages
Community portal

Project chat
Create a new ltem
Statements

Recent changes

Random Item .
instance of

00

-
Query Service human # edit

Nearby

Help v 0 references

Donate + add reference

Lexicographical data + add value
Create a new Lexeme

Recent changes

Random Lexeme sex or gender

<00

male 2 edit

Tools
~ 0 references

What links here
+ add reference
Related changes

Special pages

: + add value
Permanent link

Page information
Concept URI

Cite this page family name

qer

Hogan P # edit

v 0 references

+ add reference



;Qué tipos de entidades contiene?

A English & Ferradest g U Talk Preferences Beta Watchlist Contributions Log out

‘II ‘I Item Discussion Read View history Search Wikidata Qf -

WIKIDATA San Joaquin metro station (q714420)
metro station in Santiago, Chile 2 edit
Main page San Joaquin metro station

Community portal

Project chat » In more languages
Create a new Iltem

Recent changes

Random Item Statements
Query Service

Nearby instance of

Help

qaeD

metro station & edit

Donate » 1 reference

Lexicographical data
ez + add value

Create a new Lexeme
Recent changes

Random Lexeme

transport network Santiago Metro & edit

qaep

Tools

What links here » 1 reference

Related changes
Special pages + add value

Permanent link
Page information
Concept URI image

qaep

& edit
Cite this page

Metro San Joaquin.jpg



;Qué tipos de entidades contiene?

2 English :.Aidhog ! D Talk Preferences Beta Watchlist Contributions Log out

‘ II ‘ I ltem Discussion Read View history More v | Search Wikidata Q| ~

WIKIDATA ESO 137-001 (Q3320830)

galaxy 2 edit

Main page
) » In more languages
Community portal

Project chat
Create a new ltem

Statements

Recent changes

Random Item

instance of galaxy 2 edit

qer

Query Service
Nearby
Help » 1 reference

Donate

infrared source 2 edit

L (o]

Lexicographical data

Create a new Lexeme » 1 reference

Recent changes

Random Lexeme
near-IR source 2 edit

40>

Tools

What links here » 1 reference

Related changes

Special pages + add value
Permanent link

Page information

Concept URI part of

qep

Norma Cluster g edit
Cite this page

» 1 reference

+ add value



;Qué tipos de entidades contiene?

3 English 3A\dhog ! D Talk Preferences Beta Watchlist Contributions Log out

‘II ‘I ltem Discussion Read View history More v | Search Wikidata Q| -

WIKIDATA toast sandwich (7811415

sandwich made with two slices of bread in which the filling is a thin slice of heavily buttered toast 2 edit

Main page
) » In more languages
Community portal

Project chat
Create a new ltem
Statements

Recent changes

Random ltem . .
sandwich g edit

qer

subclass of
Query Service

Nearby

Help
Donate + add reference

~ 0 references

Lexicographical data + add value
Create a new Lexeme

Recent changes

Random Lexeme image

qer

g edit
Tools

What links here
Related changes
Special pages
Permanent link
Page information
Concept URI
Cite this page An image of a toast sandwich, shot from the side.jpg
1,024 x 768; 69 KB

» 1 reference
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;Por qué esto es un grafo de conocimiento?
DL

WIKIDATA Pontifical Catholic University of Chile (qii29925) a8

Iltem Discussion Read View history | Search Wikidata Ql ~

Chilean university
Main page Catholic University of Chile | Pontificia Universidad Catolica de Chile | Pontificia Universidad Catolica de Chile | UC

Community portal
Project chat * In more languages

Create a new Item
Recent changes

Random Item Statements
[ PUC Chile empleador —[ Juan Reutter ]— estudio en Universidad de Edimburgo }
|
rec|tor miembro
instancia de instancia de de

l

[ Ignacio Sanchez } \n[ Universidad / [ Russel Group J




;Donde se usa Wikidata?

google knowledge graph use wikidata

Q All ] Images [»] Videos =) News [M] Books

About 756,000 results (0.47 seconds)

The current Knowledge Graph as Google's
semantic center is largely based on the

structured content from Wikidata and the
semistructured data from Wikipedia or
Wikimedia. Apr 13, 2022




;Donde se usa Wikidata?

GIZMODO 5 0
Siri Erroneously Told People Stan Lee Was Dead

By Beth Elderkin | 7/03/18 2:45PM | Comments (45)

For a few brief moments, comic book fans around the world were shocked to
hear some tragic news. But luckily, the panic didn’t last long. As first reported
by CinemaBlend, Siri spent a little time this week telling people that Stan Lee
had died on July 2. Why would a computer program falsely report a famous

figure’s death? You can blame a Wiki user for that.

Sources tell us the problem can be traced back to revisions in Lee’s Wikidata. If

you look at the profile’s recent history, Wiki user “&beer&love” changed Lee’s

Wiki data to include a “date of death.” Since Siri pulls data automatically from

Wiki pages, without edit or modification, the program temporarily included the
false death claim. The timing of the inquiry just happened to coincide with the

false information being present at that point.




;Donde se usa Wikidata?

3 mepece

File: Mary Tudor by Horenbout.jpg

Associated with

dia.org/resource/Mary | of England
wikidata.org/entity/Q82674

Appears in

fen.wikipedia.org/wiki/Mary | of England




;Donde se usa Wikidata?




;Qué tienen de novedoso los
‘grafos de conocimiento”?




GRAPH DATABASES

ONTOLOGIES & RULES

Ontology
Languages

GRAPH ALGORITHMS

Graph Query Parallel
Languages Frameworks
Graph
OBDA Queralytics GNNs
Recursive Hybrid
Languages Algebras
Knowledge
Graphs

Graph P e
Summaries Example
Node
Classifiers Context
Rule
Mining

MACHINE LEARNING

Graph
Embeddings



;Por qué grafos?




\/
\ :
'm A §
| B ” R
YN
\ _ Wl ,“ W -
\ jo ‘y.. w, ”
I\ .\ . §
I\ ’ —.z :
-s

Sy

| ~- gpitEEER
w . AL 1 T e A
| {38 \ )

f v
F .

-‘_.,

R A d
g s anep it

i RS
‘.\

Bases de Datos Relacionales



Bases de Datos Relacionales

Debit
account comment date time amount total @
7873698669 Initial deposit 2020-21-01 20:02:02 300000 300000 TRCXGU8JSHD

7873698669 C0°0°L Designs 2020-02-06  09:15:33 50000 325000 TRCCIA2J8AO

Credit
account comment date time amount total id
7873698669 Electricity 2020-02-02  20:00:01 8200 291800 TRCJASIDA9A
7873698669 Heat 2020-02-02  20:00:02 600 291200 TRC81KAQWAS
7873698669 Moviestar 2020-02-02  20:00:03 16200 275000 TRCK8J7JA8D
7873698669 ATM 2020-02-08  16:05:02 100000 225000 TRCPM8A45AD
Account
number rut type total_clp total_usd Exchavge
7873698669 32.000.273-K  Current 225000 344,94 cl 2 value
] CLP USD 0,0001533
Client USD CLP  652,2750000
rut name phone address

32.000.273-K  Kelvin +56976698463 Campo de Hielo Sur, Depto 273




Base de Datos Relacional de Planetas




Base de Datos Relacional de Planetas




Base de Datos Relacional de Planetas
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Base de Datos Relacional de Planetas

=
2|2
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ane
name dist
Mercury 0.39
Venus 0.72
Earth 1.00
Mars 1.52
Jupiter
Satur
Uranu
Neptu
Pluto 49.31




Base de Datos Relacional de Planetas

Planet

name dist radius
Mercury 0.39 0.38
Venus 0.72

Earth 1.00 1.00
Mars 1.52 0.53
Jupiter 10.97

Saturn 9.54

Uranus 19.19 3.98
Neptune

Pluto 49.31




Base de Datos Relacional de Planetas

Planet

name dist radius grav days years temp ring
Mercury 0.39 0.38 2.8 58.646 0.241 440 false
Venus 0.72 0.95 8.9 -243.019 0.615 730 false
Earth 1.00 1.00 9.8 0.997 1.000 288 false
Mars 1.52 0.53 3.7 1.026 1.880 186 false
Jupiter 5.20 10.97 22.9 0.414 11.862 152  true
Saturn 9.54 0.14 9.1 0.444 29.447 134  true
Uranus 19.19 3.98 7.8 -0.719 84.017 76  true
Neptune 30.07 3.86 11.0 0.671 164.791 b3  true
Pluto 49.31 0.19 0.063 6.39 248.000 44 false




Base de Datos Relacional de Planetas

Planet

name dist radius grav days years temp ring
Mercury 0.39 0.38 2.8 58.646 0.241 440 false
Venus 0.72 0.95 8.9 -243.019 0.615 730 false
Earth 1.00 1.00 9.8 0.997 1.000 288 false
Mars 1.52 0.53 3.7 1.026 1.880 186 false
Jupiter 5.20 10.97 22.9 0.414 11.862 152  true
Saturn 9.54 0.14 9.1 0.444 29.447 134  true
Uranus 19.19 3.98 7.8 -0.719 84.017 76  true
Neptune 30.07 3.86 11.0 0.671 164.791 b3  true
Pluto 49.31 0.19 0.063 6.39 248.000 44 false




Base de Datos Relacional de Planetas

Planet

name dist radius grav days years temp ring moon

Mercury 0.39 0.38 2.8 58.646 0.241 440 false L

Venus 0.72 0.95 8.9 -243.019 0.615 730 false L

Earth 1.00 1.00 0.8 0.997 1.000 288 false Luna

Mars 1.52 0.53 3.7 1.026 1.880 186 false Phobos, Deimos
Jupiter 5.20 10.97 229 0.414 11.862 152  true Callisto, Ganymede, ...
Saturn 9.54 9.14 9.1 0.444 29.447 134 true Titan, Rhea, ...
Uranus 19.19 3.98 7.8 -0.719 84.017 76 true Oberon, Titania, ...
Neptune 30.07 3.86 11.0 0.671 164.791 b3  true Triton, ...

Pluto 49.31 0.19 0.063 6.39 248.000 44 false Charon




Base de Datos Relacional de Planetas

Planet
name dist radius grav days years temp ring
Mercury 0.39 0.38 2.8 58.646 0.241 440 false
Venus 0.72 0.95 8.9 -243.019 0.615 730 false
Earth 1.00 1.00 9.8 0.997 1.000 288 false
Mars 1.52 0.53 3.7 1.026 1.880 186 false
Jupiter 5.20 10.97 229 0.414 11.862 152  true
Saturn 9.54 0.14 9.1 0.444 29.447 134  true
Uranus 19.19 3.98 7.8 -0.719 84.017 76  true
Neptune 30.07 3.86 11.0 0.671 164.791 53  true
Pluto 49.31 0.19 0.063 6.39 248.000 44 false

Moon

name planet

Ganimedes  Jupiter

Calisto Jupiter

Europa Jupiter

lo Jupiter

Titan Saturn

Triton Neptune

Luna Terra

Oberon Uranus

Charon Pluto




Base de Datos Relacional de Planetas

Planet
name dist radius grav days years temp ring
Mercury 0.39 0.38 2.8 58.646 0.241 440 false
Venus 0.72 0.95 8.9 -243.019 0.615 730 false
Earth 1.00 1.00 9.8 0.997 1.000 288 false
Mars 1.52 0.53 3.7 1.026 1.880 186 false
Jupiter 5.20 10.97 22.9 0.414 11.862 152 true
Saturn 9.54 0.14 9.1 0.444 29.447 134 true
Uranus 19.19 3.98 7.8 -0.719 84.017 76 true
Neptune 30.07 3.86 11.0 0.671 164.791 53  true
Pluto 49.31 0.19 0.063 6.39 248.000 44  false

Moon

name planet discoverer year

Ganimedes  Jupiter Galileo Galilei 1610

Calisto Jupiter Galileo Galilei 1610

Europa Jupiter Galileo Galilei 1610

lo Jupiter Galileo Galilei 1610

Titan Saturn Christiaan Huygens 1655

Triton Neptune William Lassell 1846

Luna Terra 1L 1L

Oberon Uranus William Herschel 1787

Charon Pluto 1L 1978




Base de Datos Relacional de Planetas

Planet

name dist radius grav days years temp ring

Mercury 0.39 0.38 2.8 58.646 0.241 440 false

Venus 0.72 0.95 8.9 -243.019 0.615 730 false

Earth 1.00 1.00 9.8 0.997 1.000 288 false

Mars 1.52 0.53 3.7 1.026 1.880 186 false

Jupiter 5.20 10.97 22.9 0.414 11.862 152 true

Saturn 9.54 9.14 9.1 0.444 29.447 134 true

Uranus 19.19 3.98 7.8 -0.719 84.017 76  true

Neptune 30.07 3.86 11.0 0.671 164.791 53  true

Pluto 49.31 0.19 0.063 6.39 248.000 44  false
Moon MoonDiscoverer MoonDiscYear
name planet name discoverer name year
Ganimedes  Jupiter Ganimedes  Galileo Galilei Ganimedes 1610
Calisto Jupiter Calisto Galileo Galilei Calisto 1610
Europa Jupiter Europa Galileo Galilei Europa 1610
lo Jupiter lo Galileo Galilei lo 1610
Titan Saturn Titan Christiaan Huygens Titan 1655
Triton Neptune Triton William Lassell Triton 1846
Luna Terra Oberon William Herschel Oberon 1787
Oberon Uranus Charon 1978
Charon Pluto




Base de Datos Relacional de Planetas

Planet

name dist radius grav days years temp ring

Mercury 0.39 0.38 2.8 58.646 0.241 440 false

Venus 0.72 0.95 8.9 -243.019 0.615 730 false

Earth 1.00 1.00 9.8 0.997 1.000 288 false

Mars 1.52 0.53 3.7 1.026 1.880 186 false

Jupiter 5.20 10.97 22.9 0.414 11.862 152 true

Saturn 9.54 9.14 9.1 0.444 29.447 134 true

Uranus 19.19 3.98 7.8 -0.719 84.017 76  true

Neptune 30.07 3.86 11.0 0.671 164.791 53  true

Pluto 49.31 0.19 0.063 6.39 248.000 44  false
Moon MoonDiscoverer MoonDiscYear
name planet name discoverer name year
Ganimedes  Jupiter Ganimedes  Galileo Galilei Ganimedes 1610
Calisto Jupiter Calisto Galileo Galilei Calisto 1610
Europa Jupiter Europa Galileo Galilei Europa 1610
lo Jupiter lo Galileo Galilei lo 1610
Titan Saturn Titan Christiaan Huygens Titan 1655
Triton Neptune Triton William Lassell Triton 1846
Luna Terra Oberon William Herschel Oberon 1787
Oberon Uranus Charon 1978
Charon Pluto




Base de Datos Relacional de Planetas

Planet

name dist radius grav days years temp ring
Mercury 0.39 0.38 2.8 58.646 0.241 440 false
Venus 0.72 0.95 8.9 -243.019 0.615 730 false
Earth 1.00 1.00 9.8 0.997 1.000 288 false
Mars 1.52 0.53 3.7 1.026 1.880 186 false
Jupiter 5.20 10.97 22.9 0.414 11.862 152  true
Saturn 9.54 0.14 9.1 0.444 29.447 134  true

Uranus 19.19 3.98 7.8 -0.719 84.017 76  true
Neptune 30.07 3.86 11.0 0.671 164.791 53  true

Pluto 49.31 0.19 0.063 6.39 248.000 44  false

Moon MoonDiscoverer MoonDiscYear
name P.name name discoverer name year
Ganimedes  Jupiter Ganimedes  Galileo Galilei Ganimedes 1610
Calisto Jupiter Calisto Galileo Galilei Calisto 1610
Europa Jupiter Europa Galileo Galilei Europa 1610
lo Jupiter lo Galileo Galilei lo 1610
Titan Saturn Titan Christiaan Huygens Titan 1655
Triton Neptune Triton William Lassell Triton 1846
Luna Earth Oberon William Herschel Oberon 1787
Oberon Uranus Charon 1978
Charon Pluto




Base de Datos Relacional de Planetas

Planet

name dist radius grav days years temp ring
Mercury 0.39 0.38 2.8 58.646 0.241 440 false
Venus 0.72 0.95 8.9 -243.019 0.615 730 false
Earth 1.00 1.00 9.8 0.997 1.000 288 false
Mars 1.52 0.53 3.7 1.026 1.880 186 false
Jupiter 5.20 10.97 22.9 0.414 11.862 152  true
Saturn 9.54 0.14 9.1 0.444 29.447 134  true

Uranus 19.19 3.98 7.8 -0.719 84.017 76  true
Neptune 30.07 3.86 11.0 0.671 164.791 53  true

Pluto 49.31 0.19 0.063 6.39 248.000 44  false
Moon MoonDiscoverer MoonDiscYear
name P.name name discoverer name year
Ganimedes  Jupiter Ganimedes  Galileo Galilei Ganimedes 1610
Calisto Jupiter Calisto Galileo Galilei Calisto 1610
Europa Jupiter Europa Galileo Galilei Europa 1610
lo Jupiter lo Galileo Galilei lo 1610
Titan Saturn Titan Christiaan Huygens Titan 1655 P’;;}_’;‘:G
Triton Neptune Triton William Lassell Triton 1846 LOVING
Luna Earth Oberon William Herschel Oberon 1787 PLANET
Oberon Uranus Charon 1978 i RIP

Charon Pluto
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Bases de Datos Relacionales: pros y cons
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name dist radius grav days years temp ring
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Grafo con Aristas Dirigidas y Etiquetadas
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Property graph semantics

How should we define the semantics of property graphs?
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¥

v
(Dwarf Star J+— subclass —{ Ultra-Cool Dwarf) 0.08+0.009 Mg,

.COmMo se deberia retornar y manejar caminos en los resultados?

hY
! 2dstar — instance/subclass* —| Dwarf Star
7’

- - -

$path

TRAPPIST-1 I~ instance = Red Dwarf — instance —b—
TRAPPIST-1 | instance —b[UItra-CooI Dwarf)— instance —I>




Retornar Grafos

-4— subclass

—|/ Extrasolar Planet |

[Astronomica

*

subclass

i ¥
,'?dstar + instance | Dwarf Star l I
- — -

?dtar

U

subclass instance instance
| Body|  (TRAPPIST-1b) (TRAPPIST-1c )
parsnt nstellation parent
child ce child

N

4_ instance\—(TRAPPIST-l){mmp S
| T~

instance mass

2,5650+55 K

™~

subclass subclass

\F).‘OS:I:0.00Q Mg

v v
4— subclass —(UItra—CooI Dwarf]

hY
| 7dstar + instance —»(UItra-CooI Dwarf

- —m -

==
| ?dstar ~ instance - Red Dwarf l I
- — -

?dtar
TRAPPIST-1

?dtar
TRAPPIST-1

U




Retornar Grafos

-4— subclass —|/ Extrasolar Planet |

subclass instance instance
(i o) (TRAPPISTS]_ Twpra
Astronomical Body TRAPPIST-1b Aquarius TRAPPIST-1c
parent parent

subclass constellation

hild hild
M N | T
4_ instance —[TRAPPIST—l)— temp —| 2,550455 K

subclass subclass instance mass

v v
(Dwarf Star |«— subclass ——{ Ultra-Cool Dwarf | 0.08+0.009 Mg,

;. Se podra definir un algebra nativa (<, \, o, 7, L)) para grafos?

A TET TN TT T TN
| ?dstar + instance | Dwarf Star I | ?dstar i instance -»| Red Dwarf l I | 7dstar + instance —»(UItra-CooI Dwarf)
' - — - 4

{} I TRAPPIST1 - instance = Red Dwarf l I TRAPPIST1 F instance -D{Ultra—Cool Dwarf]




Encontrar Caminos /nteresantes

[: United _States_of_America)

" ™~

:country_of_origin :country_of_origin
(:Blade_Runner]i :instance_of —>4— ‘instance_of —[:Top_Gun] '
:director :director

\ /
[:Ridley-Scott}« :sibling —»[:Tony_Scott]




Encontrar Caminos /nteresantes

Pathfinder [Dijkstra's Algorithm]

Nodes weight
PageRank weight
From:

Adolf Hitler

Entity ID
352

To:

Mahatma Gandhi _
Adolf Hitler

Entity ID
1001

Search time: 5952 ms

Use weighted Edges

Mahatma Gandhi




Encontrar Caminos /nteresantes

Pathfinder [Dijkstra’'s Algorithm]

Nodes weight

PageRank weight

From:

Adolf Hitler
Entity ID
352

To:

Mahatma Gandhi _
Adolf Hitler

Entity ID
1001

SEARCH

Search time: 5952 ms

Use weighted Edges

nominated for

Nobel Peace Prize

nominated for

Mahatma Gandhi




3.- Reglas y Ontologias




Reglas

-4— subclass —|/ Extrasolar Planet |
subclass

instance instance
(Astronomical Body]  (TRAPPIST-1b) (TRAPPIST-1c )
parent
subclass

. parent
constellation
child child
Red Dwarf |«—— instance —(TRAPPlST-l)— temp ——»
V\

subclass subclass

instance mass
\ ¥
RedDwarf C DwarfStar Dwarf Star |«— subclass — Ultra-Cool Dwarf)
DwarfStar C Star

¢t - - . r - - .
1 ?star :— instance —| Red Dwarf | — 1 ?star :— instance —| Dwarf Star
. P — ~

¢ . o
| ?star —— instance —| Dwarf Star | —) | 7star }
N - - ~

instance ——| Star

(TRAPPIST-1}— instance —> — (TRAPPIST-1 }— instance —( Dwarf Star
(TRAPPIST-1 }— instance —> — (TRAPPIST-1 }— instance —»(Star |

2,5650+55 K

\F).‘OS:I:0.00Q Mg




| >\e g | a S -4— subclass —|/ Extrasolar Planet!
/

subclass instance instance
(osorier o) (TRAPPTS_ s
Astronomical Body TRAPPIST-1b Aquarius TRAPPIST-1c
parent parent

subclass constellation

b child \\k | ‘// child
Star

Red Dwarf |«—— instance —(TRAPPlST-l)— temp —| 2,5650455 K
| T~

subclass subclass instance mass

child C parent™ 4 +
varent = child™ (Dwarf Star }«— subclass —{ Ultra-Cool Dwarf | 0.08+0.009 Mg,

parent o constellation C constellation

— — = - - — = - - — = - —— = -

| 7body1 child ———» 7body2 — 7body2 parent —! 7body1
"7[)c_>d_yf parent —»"7E)<;d_y2 — "7I_:>c;d_}/2 child —»—"7E><;d_y1
"7T3<;d_yf: parent —»—"7E>c_>d_y2 —— constellation — { 2con ! | — "7T3<;d_yl —— constellation — ;c_o;,

__________ \__o _—— = - . - -

(TRAPPIST-1 }— child —{ TRAPPIST-1b | —  TRAPPIST-1b | parent —( TRAPPIST1

(TRAPPIST-1b | parent —{ TRAPPIST-1] —  TRAPPIST-1 }— child —{ TRAPPIST-1b |

(TRAPPIST-1b | parent —»( TRAPPIST-1}- constellation —> — (TRAPPIST-1b }- constellation —{ Aquarius |




Reglas: disyuncion
y existenciales (B — e —(Erir i)

subclass instance instance

(ovononin o) (TRAPPSTD)_ w0
Astronomical Bod TRAPPIST-1b Aquarius TRAPPIST-1c

parent parent

subclass . constellation .
child \ / child
ar

4_ instance —(TRAPPIST—lJi temp —| 2,5504-55 K

subclass subclass instance mass

v v
(Dwarf Star |+— subclass —{ Ultra-Cool Dwarf) 0.08+0.009 Mg,

Planet C ExtrasolarPlanet U SolarPlanet

____________

[ — [ — - -

BinaryStar C dorbits.BinaryStar 1 Star

TT T TN T T T T
| ?bstar +— instance —»| Binary Star | — EI;’/['; | ?bstar — orbits —P instance -»=| Binary Star
- - - —— -




Rule Mining




[ J [ ]
Rule Mining ) s — i s
/

subclass instance instance
/
[Astronomical Body] (TRAPPIST-lb)— constellation —><— constellation —[TRAPPIST-ch
parent parent

subclass

) constellation )
child \ / child
ar

4_ instance —(TRAPPIST—lJi temp —| 2,5504-55 K

subclass subclass instance instance mass

(Dwarf Star |+— subclass —{ Ultra-Cool Dwarf) 0.08+0.009 Mg,

I’EB_;_CI_ZI_ child —»":?E)_c:_d_)_/% — ":’E)_o__d_y_/% parent _>"ZB_;_d_)_/1_. @
":’B_c;fl_}jl‘— parent —»";"_b_c;_cl_)_/%— constellation —».\'_?::_c_);d — 'ija—c;_d-y_/l_— constellation —».\?i:-c:n‘, @
I’f_bi;fl_zl_ <+—— child _I’zl_j_‘;_d_)_’z_._ constellation _h\;f_c_);.. —> "ZB_(;_CI_)_/l_._ constellation —».\?_c_c:;', @
'?(Ela:sgu— instance —:?I_o-?-d_;//n— constellation —».\;::-?r:‘, — '?(EI;ES?'— constellation —>.\'_?£:_c3;,, @

|Galarraga et al. 2015]




[ J [ ]
Rule Mining ) s — i s
/

subclass instance instance

(Astronomical Body| ~  TRAPPIST-1b }— constellation —»{ Aquarius |«— constellation —{ TRAPPIST-1c|
subclass parsnt constellation parent
child child
b.St

ar Red Dwarf |«—— instance —(TRAPPlST—lJi temp —| 2,550455 K

subclass subclass instance instance mass

(Dwarf Star |+— subclass —{ Ultra-Cool Dwarf) 0.08+0.009 Mg,

.Podemos minar reglas disyuntivas y/o existenciales?

—_———

N - === N E—
' ?dtar +— instance —| Dwarf Star | —% | ?dstar —— instance —| Red Dwarf | \/ . ?planet - instance -»[UItra-CooI Dwarf)
A -————

-_——— N~ mmem=s N~ T m m m -

________




Ontologias




La necesidad de tener
Semantica/Significado (-« Enng

subclass instance instance
(ovononin o) (TRAPPSTID)_ rwesto
Astronomical Body TRAPPIST-1b Aquarius TRAPPIST-1c
subclass parent constellation parent
child / child
Red Dwarf |«—— instance —(TRAPPIST—l]i temp —| 2550455 K

subclass subclass instance mass

Y Y
<_ subclass —[UItra—CooI Dwarfj 0.0840.009 M,

Encontrar instancias de Dwarf Star




La necesidad de tener
Semantica/Significado e e G

subclass instance instance
/
(Astronomical Body|  (TRAPPIST-1b) (TRAPPIST-1c |
¥ T~ ¥ -
subclass parent constellation parent
child / child
Red Dwarf ]«—— instance —(TRAPPIST—lJi temp —| 2550455 K

subclass subclass instance mass

¥ ¥
<_ subclass —[UItra—CooI Dwarfj 0.0840.009 M,

Encontrar Cuerpos Astronomicos y su constelacion

. . N . ’
(Astronomlc Body]-t—lnstance —,' ?body +— constellation— ?con |

_____ . -




Description Logics: A-Box

A-Box
child(TRAPPIST-1, TRAPPIST-1b)
constellation(TRAPPIST-1, Aquarius)
RedDwarf(TRAPPIST-1)
BinaryStar(AlphaCentauriB)

Name Syntax Semantics (/)

ASSERTIONAL DEFINITIONS

Individual a al (an element of AT)

ASSERTIONAL AXIOMS (A-Box)

Role Assertion R(a, b) (al,b’) e R’
Negative Role Assertion —R(a,b) (al,b’) ¢ R
Concept Assertion C(a) al e !
Equality a=b al =b!
Inequality a#hb al #£b!

Ontologia



Description Logics: T-Box

A-Box T-Box
child(TRAPPIST-1, TRAPPIST-1b) RedDwarf C DwarfStar
constellation(TRAPPIST-1, Aquarius) DwarfStar C Star
RedDwarf(TRAPPIST-1) Planet C ExtrasolarPlanet LI SolarPlanet
BinaryStar(AlphaCentauriB) BinaryStar C Jorbits.BinaryStar 1 Star ,
Ontologia
Name Syntax Semantics (-/)

CONCEPT DEFINITIONS

Atomic Concept A AT (a subset of A7)

Top Concept T Al

Bottom Concept 1 0

Concept Negation -C Al !

Concept Intersection CcnbD cInp!

Concept Union Cub cfup!

Nominals {a} {al}

Existential Restriction JR.C {x|3y:(x,y) e Rl andy € C'}
Universal Restriction VR.C {x|¥y:(x,y) € RT implies y € C'}
Self Restriction JR.Self {x] (x,x) € R}

Number Restriction *n R (where » € {>,<,=}) {x| #{y: (x,y) € R"} xn}

Qualified Number Restriction *nR.C (where x € {>,<,=}) {x|#{y: (x,y) e Rl andy e ('} xn}

ConcepT AXxioms (T-Box)

Concept Inclusion CCD cf cp!
OO MW W — — — —_— —_— _—_—_ _—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_———— T



Description Logics: R-Box

A-Box T-Box R-Box

child(TRAPPIST-1, TRAPPIST-1b) RedDwarf C DwarfStar child T parent™
constellation(TRAPPIST-1, Aquarius) DwarfStar C Star parent C child™
RedDwarf(TRAPPIST-1) Planet C ExtrasolarPlanet LI SolarPlanet parent o constellation C constellation
BinaryStar(AlphaCentauriB) BinaryStar C Jorbits.BinaryStar 1 Star Asym(parent) ,
Ontologia
Name Syntax Semantics (1)

ROLE DEFINITIONS

Role R R’ (a subset of A x AT)
Inverse Role R™ {(y,x) | (x,y) € R"}
Universal Role U Al x A

RoLE AxioMs (R-Box)
Role Inclusion RCS R csf
Complex Role Inclusion Rjo...oR, CS R{ 0...0 Rfl - sf
Transitive Roles Trans(R) RToRT CR!
Functional Roles Func(R) {(x,y), (x,2)} € Rlimplies y = z
Reflexive Roles Ref(R) for all x € AT : (x,x) € R!
Irreflexive Roles Irref(R) for all x € AT : (x,x) ¢ R
Symmetric Roles Sym(R) RT = (R7)!
Asymmetric Roles Asym(R) RIN(RT) =0
Disjoint Roles Disj(R, S) RInsi =0




Description

A-Box

child(TRAPPIST-1, TRAPPIST-1b)
constellation(TRAPPIST-1, Aquarius)
RedDwarf(TRAPPIST-1)
BinaryStar(AlphaCentauriB)

A-Box

parent(TRAPPIST-1b, TRAPPIST-1)
constellation(TRAPPIST-1b, Aquarius)
DwarfStar(TRAPPIST-1)
Star(AlphaCentauriB)
orbits(AlphaCentauriB, )
BinaryStar ()
orbits(z, )

Logics: R-Box

T-Box
RedDwarf C DwarfStar
DwarfStar C Star
Planet C ExtrasolarPlanet L SolarPlanet
BinaryStar C Jorbits.BinaryStar M Star

T-Box

RedDwarf C Star
BinaryStar C Jorbits.BinaryStar
BinaryStar C Jorbits.Star
BinaryStar C Jorbits. T
BinaryStar C Star
RedDwarf T T

1 C RedDwarf

R-Box
child C parent™
parent C child™
parent o constellation C constellation

Aoym(parent) Ontologia

R-Box

Irref(parent)
Asym(child)

Irref(child)

Disj(

Disj(

child, parent)
parent, child)

Implicaciones



Description Logics: grafos

A-Box T-Box R-Box
child(TRAPPIST-1, TRAPPIST-1b) RedDwarf C DwarfStar
constellation(TRAPPIST-1, Aquarius) DwarfStar C Star

RedDwarf(TRAPPIST-1)

<— subclass —|/ Extrasolar Planet |

subclass instance instance
(Astronomical Body] ~ TRAPPIST-1b) (TRAPPIST-1c )
parent ) parent
subclass constellation

child \\\ | ‘// child
Star

4_ instance —(TRAPPIST—l]i temp —| 2,5504-55 K

subclass subclass instance mass

v 4
(Dwarf Star J«— subclass —{ Ultra-Cool Dwarf| 0.08+0.009 Mg,

Ontologia




Reglas: mas alla de las ontologias
/4— subclass —|/ Extrasolar Planet |

subclass instance instance
[Astronomical Body] (TRAPPIST-lb) [TRAPPIST—ch
: N ¥ —
parent ) parent
subclass constellation

child \\k | ‘// child
Star

4_ instance —(TRAPPIST—lJi temp —| 2,5504-55 K

subclass subclass instance mass

' e L Dwarf Star |«— subcl Ultra-Cool Dwarf 0.08-:0.009 M
orbitsMorbits™ Csibling subclass — Ultr warf | =

- o - —

orbits
'7bodyl |, ~__'7body2} — ! 7bodyl — sibling —! 7body?2 }

— o — — — o — -

- o — - - — - - — —

-—— = = -




Ontologias: mas que reglas




Ontologias: mas que reglas
(@)

:sire :sire

Zia
:dam :dam

e 711 rdf :type

Y
G Zebroid]

:Lea




Ontologias: mas que reglas

:si :sire
Zia
. .dam

:dam -
i e 'Lea/ rdf : type
y
[:Zebroid]

rdf :typcli SRR S




Ontologias: mas que reglas
(),

:sire :sire
:dam :dam
T rdf :type
(:Zebroid]

rdf :typcli SRR S

(x,:dam,z1), (x,:sire,zs),

(y,:dam,z1), (y,:sire,zs),
(y,rdf :type,:Zebroid)
)

P — (z,rdf :type,:Zebroid ‘




Ontologias: mas que reglas
()

:sire :sire
Zia
:dam :dam
i e B it rdf :type
[:Zebroid]

EAf : typoii MRS S
* sire esuna sub-propiedad de parent
* dam es una sub-propiedad de parent
* Un Zebroid tiene exactamente un parent tipo Zebra
* Un Zebroid tiene exactamente un parent tipo (-Zebra y Equine)
 Un Zebroid es una sub-clase de Equine
 Un Equine tiene exactamente dos parents

» dos cosas no pueden estar relacionadas por sire y dam al

mismo tiempo
O



OBDA sobre grafos




OBDA:

patrones complejos de grafos
/4— subclass —/| Extrasolar Planet |

subclass instance instance
(oroni boh)  (TRAPPISTIS)_ et
Astronomical Body TRAPPIST-1b Aquarius TRAPPIST-1c
parent parent

subclass

constellation

child child

ReduDwarf]«— instance —[TRAPPIST—lJi temp —»| 2550455 K
-

™~

subclass subclass instance mass

v v
<_ subclass —[UItra—CooI Dwarfj 0.0840.009 M,

Patron de Grafo Patron Complejo de Grafo

A T T T TN
,'?dstar + instance | Dwarf Star O(Q) : ,'?dstar + instance -»| Dwarf Star I
-_— - - - — -
D ¥
' ?dstar ~ instance - Red Dwarf U
—-_— - -

RedDwarf C DwarfStar

UltraCoolDwarf C DwarfStar ! 7dstar + instance —I{UItra-CooI Dwarf)

[ —

DwarfStar C Star




OBDA: patrones complejos de grafos
/4— subclass —/| Extrasolar Planet |

subclass instance instance
(Astronomical Body|  (TRAPPIST-1b) (TRAPPIST-1c|
f T~ f -
subclass parens constellation parent
child child
Red Dwarf |«—— instance —(TRAPPIST—l]i temp ——»| 2,550455 K
subclass subclass instance mass

v Y
<_ subclass —[UItra—CooI Dwarfj 0.0840.009 M,

. Como soportar/utilizar caminos en OBDA?
Patron de Grafo Patron Complejo Navegacional de Grafo

Q : :?body:n— constellation —b— O(Q) : :?body:n— constellation —-— U
. — '_?l;o_d;/‘n— parent*/constellation —»m U
O : child C parent Ay (Aquarius

parent L child :;l;O_d;:l- (child ™ )*/constellation —b—
parent o constellation C constellation




4.- Contexto




La Verdad

The truth is rarely pure and never simple.

(Oscar Wilde)




Sin Contexto

Una proposicion ¢ es verdadera.

» presidente(Clinton, US) es verdadera
* ilegal(Bitcoin) es verdadera
* nacidoEn(Obama, Kenia) es verdadera



Con Contexto

Una proposicion ¢ es verdadera en un contexto c.

» presidente(Clinton, US) es verdadera
* ilegal(Bitcoin) es verdadera
* nacidoEn(Obama, Kenia) es verdadera



Con Contexto

Una proposicion ¢ es verdadera en un contexto c.

» presidente(Clinton, US) es verdadera en el contexto [1993, 2001] (temporal)
* ilegal(Bitcoin) es verdadera
* nacidoEn(Obama, Kenia) es verdadera



Con Contexto

Una proposicion ¢ es verdadera en un contexto c.

» presidente(Clinton, US) es verdadera en el contexto [1993, 2001] (temporal)
* llegal(Bitcoin) es verdadera en el contexto Bolivia (geografico)
* nacidoEn(Obama, Kenia) es verdadera



Con Contexto

Una proposicion ¢ es verdadera en un contexto c.

» presidente(Clinton, US) es verdadera en el contexto [1993, 2001] (temporal)
* llegal(Bitcoin) es verdadera en el contexto Bolivia (geografico)
 nacidoEn(Obama, Kenia) es verdadera en el contexto Breitbart (procedencia)



Con Contexto

Una proposicion ¢ es verdadera en un contexto c.

presidente(Clinton, US) es verdadera en el contexto [1993, 20011 (temporal)
legal(Bitcoin) es verdadera en el contexto Bolivia (geografico)
nacidoEn(Obama, Kenia) es verdadera en el contexto Breitbart (procedencia)




Contexto en grafos

:Chile president :{ :MBachelet |




Contexto en grafos

2014
xsd:gYear

A
start

presidency —b—@— president = :MBachelet

end
Y

2018
xsd:gYear




Contexto en grafos

2010
xsd:gYear

start

presidency v

president

presidency —»Q—

end
Y

AN

president —u{ MBacheIet) ( SPlnera

2018
xsd:gYear

S

presidency A

president

\g/




Representacion de Contexto

S P 0 E

:SPifiera :president :Chile :E1l
:SPifilera :president :Chile :E2

\Y%

2010
xsd:gYear

A
start

/g?\

presidency v president
2014
xsd:gYear

A
start

:El
:E1
:E1
:E1
(E2
:E2

:start

rend
:replaces
:replacedBy
:replaces
:start

"2010" " xsd:gYear
"2014" " xsd:gYear
:MBachelet
:MBachelet
:MBachelet
"2018" " xsd:gYear

presidency —»Q— president —»(:MBachelet) [:SPiﬁera)

end
Y

2018
xsd:gYear

presidency A president

\‘g/




Representacion de Contexto

E Q A

:E1  :start "2010" " xsd:gYear
:E1  :end "2014" "xsd:gYear
:E1  :replaces :MBachelet

:E1  :replacedBy :MBachelet

:E2  :replaces :MBachelet

:E2  :start "2018" " xsd:gYear

2014
/

xsd:gYear \
:end
/ start —» 2010 /
\

xsd:gYear :replaces
:replaces

:replacedBy

(

:MBachelet




Reificacion

E Q A

:E1  :start "2010" " xsd:gYear
:E1  :end "2014" "xsd:gYear
:E1  :replaces :MBachelet

:E1  :replacedBy :MBachelet

:E2  :replaces :MBachelet

:E2  :start "2018" " xsd:gYear

:SPifiera |

xsd:gYear \

N
o
=
Y
wn
[na
W
=
=+

:end
start —» 2010 /
xsd:gYear :replaces
\ :replaces

:replacedBy

(

:MBachelet




Grafos de Propiedades

(El : presidentl
start = 2010[YEAR]

end = 2014[YEAR]

replaces = MBachelet
/: replacedBy = MBachelet E\\

[SPiﬁera : Person) Semm s s ’ '(Chile: Country)\
1
)

3

Sesmmm=- \' - _(E2 : president)_ . \|/-; _______
I

start = 2018[YEAR]




RDF-star

2018
xsd:gYear

:start
2014
/ xsd:gYear
nd

e

| (:SPifiera ) — spresident —(:Chile | |

[ ‘president —> |: start ——» Xj?;(gar /

‘replaces
\ :replaces
‘replacedBy \ .
———(iBacheit [Hartig 17)




Semantica Contextual
Compleja




Semantica Contextual
G- (Aricjm (Festival Fl’atagonia)

city city city
{[123, 130]_ {[276, 279]} {[150, 152]}

N Y Y

flight

{[1, 120], [220, 365]}

. . T . ’
Q: flight —P-l\?Clty :4— city — ?event |

- — - N _— - -

7city context

Arica {[123,125],[276,279]}

QG) :

[Zimmermann et al. 2012]




Semantica Contextual
G- (Aricjm (Festival Fl’atagonia)

city city city
{[123, 130]_ {[276, 279]} {[150, 152]}

N Y Y

flight

{[1, 120], [220, 365]}

, : Sy L e5<
Q: flight —P-l\?Clty :4— city — ?event:

_____

.COMo se puede manejar un contexto mas complejo?




5.- Embeddings




Machine Learning en grafos

e

subclass

(Astronomical Body)

4— subclass 4/‘ Extrasolar Planet l

instance instance

subclass

/
(TRAPPIST-1b)

Red Dwarf

™~ |

subclass subclass

Y

Dwarf Star |l«— subclass

\ *

parent

child constellation
i \ /
temp —»

— instance —[TRAPP|ST-1]—
| \

instance

Y

Ultra-Cool Dwarf

=S

—

parent

[TRAPPlST-lc]

child

mass

2,5650+£55 K

\]?.Aosio.oog Me

-_y,
i

&




Embeddings Translacionales

Grafo de Entrada

north of north of

' '

north of north of

(Gt -+ (o

¢Que esta al este de Antofagasta?

Embedding relaciones Embedding Entidades

\ S

“'ev.><es."‘

/N

Prediccion de Links:

A. .
- ev_Kes_ >
L. ec

/

WO. /
e

\

Mayor Viabilidad:

Antofagasta —west of —>




Embeddings Translacionales

2.0

15}

1.0¢

0.5}

0.0

—0.5¢

=1.0¢F

=1.5¢

—2.0 1

"

—-2.0 -1

5 —1.0 —05 00 05 1.0 15 2.0

2.0

1.5}

1.0}

0.5}

0.0

—0.5}

=1.0F

=1.5}

-2.0

\pred

-2.0 -1

Dhand; https://www.ga-ccri.com/use-transe-effectively

5 1.0 —05 00 05 1.0 15 2.0




Embeddings Translacionales

2.0

15}

1.0F

0.5}

0.0+

—0.5¢

=1.0F

=1.5¢

—2.0 1

rf

—-2.0 -1

5 —1.0 —05 00 05 1.0 15 2.0

2.0

1.5}

1.0}

0.5}
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Viabilidad de triples implicados
/4— subclass —|/ Extrasolar Planet |

subclass instance instance
(ononi bedy)  (TRAPPISTIS)_ et
Astronomical Body TRAPPIST-1b Aquarius TRAPPIST-1c
parent parent

subclass . constellation .
child \ / child
ar

4_ instance —(TRAPPIST—lJi temp —| 2,5504-55 K

subclass subclass instance mass
v v
(Dwarf Star J+— subclass —{ Ultra-Cool Dwarf) 0.08+0.009 Mg,
DwarfStar C Star rf;s;a?:— instance —> — rf;sza_r.: instance —>
. Debiera ser .
A . A o
.'x ——— instance —> Siempre mas .'x — instance —>(Dwarf Star)
viable que:

[Demeester et al. 2016]
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iLas Redes Neuronales También son Grafos!
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Recursive Graph Neural Networks
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: : — gW (hﬂ: an)

[Scarselli et al. 2009]
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