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https://www.theguardian.com/world/japan ~ wlawminil
Inflation returns to Japan for the first time in more than a year. Published: 2 Mar ... Chris Grayling tells
Janan: snme of aur trains are sunerior to volirs Transnort

4



| ek \ AL

) =] N =
woslnidn < [ = u1ﬂﬂmﬂu Q
i = i .-."j- N
2 1 "
o) inila i
LR Ausl 3@la gt LHUN LG ATeaAn Lasasiia
1:11631_;1:

wamMsAurdszana 485,000 ens (0.77 3u1i)

fIJ'igL‘I/lﬁﬂ.l_, ﬂu ﬁsxmmsﬁﬂ_u / nansguUas

Uszina Tu taifansuaan

dithu fidamaemsdalssmadiu Wulssmanmitngluainaaidianyiuaan

g, nt S = 5 ==
eoad luumannIuldgila veaziuandaiuam Uy NILAKA LaZE1TITUSS ?juisﬁ a g l)ll gj
= = P & ' = = a e ar =i =
isyznzuiu taaiingiadiluny dunmeviania dedudssinasacgs dnsa
= - e w ' 1 _.
Tadanad tHlulduutisuay ... 367ALAL &9ue w.a. 2555

winsuane: Taidon
SuATNsANN: +81
A

wWun: 377,962 as.nu.

ANALIU: LEU

Fule aziwy Huuenfsuusiaun 90 zavlssvadiuwaniuaudiluiiiavdasanuianafon 2 auusnni
lassesuniaunaniguues IAMLde
szans: 127.3 a1u (w.a. 2556) surarslan

ar = = -y =_ =S8, v = P> o o
ANTWSIH: FULAANTIANTWITAaLAdIaY 9 auﬂhWﬂL@lN LAaAu ﬂau‘isﬂ auLuz

ANNERLTY

ARViaILieN adnaan 15 Meams

Google’s Knowledge Graph

5

1r1'l

a3 Tndonzn Lo}

ANNARLTY



What is the knowledge graph ?

« Knowledge graph is a graph of knowledge
* Each node represents an entity
« Each edge represents a relationship
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Let’s construct
the knowledge graph



What is the knowledge graph ?

« Knowledge graph (KG) is a graph of knowledge
* Each node represents an entity
« Each edge represents a relationship
* Each triple represents one knowledge
« <Subject, Predicate, Object>
« Ex. <Japan, capitalCity, Tokyo>, <Japan, area, 377962 km?2>
» Subject must be an entity
« Object can be an entity or a literal (value)




Ontology: a specification of a conceptualization.

Schema
Ontology
T-box

abstract

Species ‘

- Entity
- Instance / Object

o - 5
areaTotal Organization

- Relations
- ObjectProperty Class B is a subclass

of class A
Athlete

birthDate

- - DatatypeProperty

KG 1974-07-24 1985-12-04 -
A-box

- Literal

Bob

Cis an entity of type
A

2187.66

Tokyo is one of
the ...
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Characteristics of Knowledge Graph

* Directed Graph
* Attributed (Node-labeled, Edge-labeled)
« Dynamic Graph

11



Knowledge Graph Projects

OpenlE
ConceptNet .
. GDelt
' KNO
DBpedia
YAGO .
. WordNet Meta.web

Freebase C.YC GeoNames
i i
Name Instances Facts Types | Relations
DBpedia (English) 4,806,150 176,043,129 735 2,813
YAGO 4,595,906 25,946,870 | 488,469 77
Freebase 49,947,845 3,041,722,635 26,507 37,781
Wikidata 15,602,060 65,993,797 23,157 1,673
NELL 2,006,896 432 845 285 425
OpenCyc 118,499 2,413,894 45,153 18,526
Google’s Knowledge Graph | 570,000,000 | 18,000,000,000 1,500 35,000
Google’s Knowledge Vault 45,000,000 271,000,000 1,100 4,469
Yahoo! Knowledge Graph 3,443,743 1,391,054,990 250 800
12
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Knowledge Graph Projects

 NELL: Never-Ending Language Learning (Read the web)
* Cyc & OpenCyc: The world’s common sense knowledge base
* Freebase: A public, editable knowledge graph with schema template

« GDELT: monitors the world's broadcast, print, and web news

 DBPedia: extracted from structured data in Wikipedia
* WordNet & ConceptNet: lexical database and semantic network
* YAGO: derived from Wikipedia, WordNet, and GeoNames.

« WikiData, Google’s KV, Yahoo, Facebook, OpenlE, Microsoft, DeepDive, Prospera, ...

https://medium.com/@sderymail/challenges-of-knowledge-graph-part-1-d9ffe9e35214#.cvd9viz37 13



Advantages of Knowledge Graph
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Limitations of Knowledge Graph (1)

<Subject, Predicate, Object>
S+V+0
One Knowledge

* One Triple
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Limitations of Knowledge Graph (2)

 But, not all knowledges can be represented with S+V+0O

e S+V
eS+not+V+0
eS+V+0O+T

+S+V+0,+0,

« Sequences

Ex.
Ex.
Ex.

Ex.

Ex.

Balloons can fly
Muslims do not eat pork

Thailand’s PM was Ms.Yingluck
during Aug 2011 - May 2014

Germany paid 64 billions dollars to
The Allies of World War |

Cooking Recipes
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Related Terms and Motivation

« Semantic Web, Web of Data, Linked Data

| have a dream for the Web [in which computers] become capable of
analyzing all the data on the Web - the content, links, and transactions
between people and computers. A "Semantic Web", which makes this
possible, has yet to emerge, but when it does, the day-to-day mechanisms
of trade, bureaucracy and our daily lives will be handled by machines talking
to machines. The "intelligent agents" people have touted for ages will finally

materialize.

Weaving the Web, Tim Berners-Lee (1999)

https://en.wikipedia.org/wiki/Semantic_Web
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Semantic Web

 Web metadata

<meta name="keywords" content="computing, computer studies, computer" />
<meta name="description" content="Cheap widgets for sale" />
<meta name="author" content="John Doe" />

« Semantic HTML
e <> > <em>
« <span class="author” id =“user001”>

« Semantic tags such as section, article, footer, progress, nav,
aside, mark, and time.

https://en.wikipedia.org/wiki/Semantic_Web 18



Linked Data

* Publishing and connecting structured data on the web

Avatar

Director: James Cameron (born August 16, 1954)
Science fiction Trailer

1 H<div vocab="http://schema.ocxrg/" typecf="Movie">

2 <hl property="name">Avatar</hl>

3 B <div property="director" typecf="Per=zon">

4 Director: <span property="name">James Cameron</span>

5 (born <time property="birthDate" datetims="1954-08-16">August 16, 1954</time>)

6 [ </div>

i <span property="genre">Secience fiction</span>

8 <a href="../moviezs/avatar-theatrical-trailer.html" property="trailer">Trailer</a>
9 l‘</div>

https://en.wikipedia.org/wiki/Schema.org 19



"Linking Open Data cloud diagram 2017, by Andrejs Abele, John P. McCrae, Paul Buitelaar, 20
Anja Jentzsch and Richard Cyganiak. http://lod-cloud.net/"



Linked Data Principle

* Use URIs (Uniform Resources ldentifiers) as names for things
« Use HTTP URIs so that people can look up those names

* When someone looks up a URI, provide useful information,
using the standards (RDF, SPARQL)

* Include links to other URIs to allow discovering more things

 Ex. http://data.linkedmdb.org/resource/film/77

21



Standards

 RDF (Resource Description Framework)
« The data model of semantic web
« “Graph” : Nodes, Edges, Triples <Subject, Predicate, Object>
* Triples are organized into named graphs, forming quads (4).

* URI (Universal Resource |dentifier)
» Universal identities for things (consistent across databases)
* In RDF, resources and edges are URlIs.

* Might be written in shorthand
* Ex. foaf:name = http://xmiIns.com/foaf/0.1/name

http://www.cambridgesemantics.com/semantic-university/rdf-101 22



Standards

 RDFS (RDF Schema)

» Define common vocabularies for RDF based on the Object-
oriented concept

e rdf:type, rdf.Class, rdfs:Property, rdfs:Domain, rdfs:Range,
rdfs:subClassOf, rdfs:subPropertyOf

e rdfs:label, rdfs:comment, rdfs:seeAlso

http://www.cambridgesemantics.com/semantic-university/rdfs-introduction

23



Standards

« OWL (Web Ontology Language)

* The ontology (schema) language of the Semantic Web
« Efficient automated reasoning, fast, and flexible

 Larger than RDFS

» Datatype: owl:real, xsd:decimal, xsd:negativelnteger, ...

 Class, DatatypeProperty, ObjectProperty, ...

» ClassExpressions: Intersection, Union, Cardinality, Existential, ...
» Axioms: subclass, equivalent, disjoint, irreflexive, functional, ...

https://www.w3.org/TR/owl2-syntax/
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Standards

« SPARQL (SPARQL Protocol and RDF Query Language)

« Enables querying the Semantic Web
 Consists of two parts: query language and protocol

SELECT ?s1 ?s2 HTTP/1.1 200 OK
WHERE {
Date: Mon, 21 May 2012 23:43:38 GMT
?31 dbo:parent ?s2. y_ _
252 rdf:type dbo:Scientist. Content-Type: application/spargl-results+xml; charset=UTF-8
} LIMIT 3 OFESET 20 Connection: keep-alive

Server: Virtuoso/06.04.3132 (Linux) x86_64-generic-linux-glibc25-64 VDB
SPARQL results: Content-Length: 96743

DS Accept-ranges: bytes

:Amy Chua 7 :Leon O. Chua @/
‘Robert Tappan_ Morris & :Robert Morris_(cryptographer) &

:Gwen_Raverat ¥ :George Darwin
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Web Technologies Timeline

1980

http://www.sankarakannan.com/web-1-0-to-web-4-0/

1990

Windows
MacOS
SQL

Desktop

Unconnected

Databases
Files & Folders

2000

HTML, IMAP
POP, FTP
JAVA

HTTP, SOAP

Infrastructure

Connects Info

Static Websites
Email

Keyword Search
File Sharing

2010

P2P

XML, RSS
CSS, Javascript
Ajax

2020

OWL, SPARQL
RDF, RDFS

Semantic Web

Rich Internet Apps

Connects People

Web 1.0 » Web2.0

Connects Knowledge

Web Application
Wiki, Podcasts
eCommerce
Social Network

Semantic Search
Social sharing
Web as DB
Personal Assistant

Connect Intelligence

2030

Internet of Things
Reasoning
Natural Language

Ubiquitous Web

Smart Markets
Intelligent Agents Web
Semantic Communities
The Global Brain
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Research Areas of Knowledge Graph

Construction

Mining, Inference, & Analysis

Cold Start Knowledge Base Population » Link-based Clustering

Entity Creation and Resolution
Information Extraction
Slot Filling

» Association Rule Mining
* Question Answering System
* Knowledge Graph Embedding

Start

(Infra) Structure

Data Model

Search and Traversal
Query Optimization
Handling Data Streams

Completion Validation & Refinement
Link Prediction * Instance Matching
Type Prediction * Error Detection
Literal Estimation * Error Correction
Cross-lingual Analysis * Quality Assessment
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KG is not complete

KG 1974-07-24 1985-12-04
A-box deathDate birthDate

worksAt

- isParentOf -
7 O
spouse (\O“ 67.,2‘/7 livesin 'z}@;/
spouse € P, &
\ ‘\‘R%, - /‘90@ N4
- livesin -

abstract

2187.66

areaTotal

Tokyo is one of
the ...

« Knowledge Graph Completion
* Rules Learning : Given current knowledge graph, learn ...

* (A, spouse, B) :- (B, spouse, A) 100%
* (A, isParentOf, B) :- (A, spouse, C), (C, isParentOf, B) 85%
* (A, locatedIn, B) :- (C, worksAt, A), (C, livesin, B) 70%
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KG is not correct

1974-07-24 1985-12-04

Bob

2187.66

Tokyo is one of
the ...

 Error Detection in Knowledge Graph
* Numerical Outlier Detections
» Detecting Inconsistencies in Knowledge Graph
. etc.

» Error Correction in Knowledge Graph
30



Real Example » http://dbpedia.org/page/Donald_Trump

About: Donald Trump

An Entity of Type : person, from Named Graph : htip://dopedia.org, within Data Space - dbpedia.org

Donald John Trump (born June 14, 1946) is an American businessman, politician, and television personality. He is a
candidate for the Republican nomination for President of the United States in the 2016 election. Trump is the chairman and
president of The Trump Organization and the founder of Trump Entertainment Resorts, a gaming and hotel enterprise. His
extensive self promotion, outspoken manner, career, personal life and wealth have made him a celebrity.

dbp:birthDate = 19456-06-14 (xsd.date)

dbp:DirthName = Donald John Trump jen)

dbp-birthPlace dbr-United_States

dbr’New York City

= dbrQUueens Donald Trump iS a Child
of himself !!

dbp-children dbr:lvanka_Trump

= dbrEric_Trump

dbr:Donald_Trump,_Jr

= dbr-Donald Trump

31



Real Example - http://dbpedia.org/page/Marla_Maples

About: Marla Maples

An Entity of Type : person, frem Named Graph : hitp://dbpedia.org. within Data Space : dbpedia.org

Marla Ann Maples (born October 27, 1963) is an American actress and television personality, best known for her six-year
marriage to celebrity businessman and 2016 presidential candidate Donald Trump.
Property Value

deo:abstract = MMarla Ann Maples (born October 27, 1963) is an American actress and television personality. best known for her six-year marriage
to celebrity businessman and 2016 presidential candidate Donald Trump. (sn)

dpo:active'YearsStartYear = 1986-01-01 (xsd:date)

dba:birthDate = 1963-10-27 (xsd:date)

dbo:birthName = Marla Ann Maples (en) .
Donald Trump is h

dbo:birthPlace = dbr Cohutia, Georgia o na ru m Is er

- @rCeorga_(US_stte) husband and her child !!

dbo-birthear = 1963-01-01 (xsd:date)
dbo:child = dbr:Donald_Trump
dbo-occupation = dbr:Celebrity

= dbr:haria_Maples_ 1

= dbriActor

dbo:spouse = dbr:Donald_Trump



Error Classification

Error Class Type

4 M — < MmO UOCTr v>wm

No Error

Semantic Inappropriate

Not sure (due to lack of definition)
Link Missing

Unit Missing (for measurement)
Duplicate Values

Collective Information

Link to wrong entity

Incorrect Value/External Link
Invalid Link

Fragment

X\\\\\\\\\\

Type-conflicting relation

X X X X X X X X X v X ~

/
/
/
/
/
/
/
X
X
X
X
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Range violation errors

* The object of a triple does not have the type required by the
range of the triple’s property

« Examples

« < Chandan_Dasgupta, academicAdvisor, Harvard _University >
« academicAdyvisor requires an object with type Person
» Harvard University does not contain the type Person, but Universit
« < Bonkers (album), compiler, Neophyte (band) >
« compiler requires an object with type Person
* Neophyte does not contain the type Person, but band
* < Latin America, language, Mayan languages >
» language requires an object with type Language

« Mayan languages does not contain the type Language,
but it is actually a language

11
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ExampleS S wpecnt

dbpedia:ontology/Company 13

dbpedia:ontology/GovernmentAgency &7 1
dbpedia:ontology/Group & 2
° Non_Pe rson ObJeCtS be| ng dbpedia:ontology/Periodicalliterature &' 2
. dbpedia:ontology/MilitaryUnit &/ 4
a parent of another object dbpedia:ontology/MWirittenWork 2
dbpedia:ontology/Legislature &’ 1
dbpedia:ontology/GivenName 7 ¥
dbpedia:ontology/Organisation &' 27
dbpedia:ontology/Newspaper & 2
SELECT ?type COUNT (DISTINCT (?0)) as Z?cnt dbpedia:ontology/Work &
WHERE { dbpedia:ontology/PoliticalParty &7 1
?s dbo:spouse ?o. dbpedia:ontology/EthnicGroup & 14
?0 a ?type. dbpedia:ontology/Agent &7 27
FILTER dbpedia:ontology/Bank & 1
regex (?type, "http://dbpedia.org/ontology") dbpedia:ontology/Band &7 2
FILTER NOT EXISTS {?0 a dbo:Person.} dbpedia:ontology/Surname & 1
} GROUP BY ?type dbpedia:ontology/Name 8

35



* Property p and its range

The Fra mewo I'k « All triples with property p

Refine property’s range
« Appropriate range

» Triples violating the range

Infer objects’ type
» Triples with incorrect objects

Find correct objects
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