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Session Topics

* Building taxonomies and ontology has been for years a current practice for data
modelling to power information applications

 For an ontology, the biggest focus can be on creating its data schema (classes,
attributes of classes and relationships between the classes) and then on manually
populating it with instances of classes, properties and relationships

* Using a cognitive technology to automate the feeding of the ontology with facts
derived from the content can help address this challenge

EXPERT
SYSTEM Copyright © 2018 Expert System Enterprise - All Rights Reserved - Slide 2

EEEEEEEEEEEEEEEEEEE



Ontologies, Taxonomies and Knowledge Bases
Some definitions

* Ontology : a conceptual model representing a specific field of information
* Classes (e.g. “person”, “organization”, “dog”)
* Attributes of classes (“age”, “birth date”, “foundation date”)

i

* Relationships between classes (“marry”, “own”, “hire”)

 Taxonomy : is the science of classification according to a predetermined system

* Taxonomy is the process of naming and classifying things such as animals and plants into groups within a larger system, according
to their similarities and differences.

 Knowledge Base (KB) : contains the ontology model plus the instances of
* Classes (“John Smith”, “Expert System”, “Buddy”),
* Properties (“John Smith is 25 years old”)
* Relationships (“Expert System hired John Smith”)
* Adding instances to an ontology model = “populating” the ontology

e Ontologies and KBs use RDF/RDFS as the representation language
*  OWL enables more complex definitions of classes and relationships
e An OWL ontology can include axioms to leverage automated reasoning over the model
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Your Ontology before its diet

Empty ontology model

Document

{func}hasPath:string

—

}oundInDocument

Father

=Person
and (hasChild{} some Person{})
and (hasGender{} value male{})

Son

=Person{}
and (hasParent{} some Person{})
and (hasGender{} value malef})

f <<instanceOf>>
Thing Gender ~ _ _t_ _O_f - = _
<<instanceOf>>
hasEndinteger | At A
hasBeginning:integer ” {func} |hasGender
Place
EE— asHeadquartersin ivesin
Company
worksFor sHiredBy
asEmployee
>hires} ires
Person <t
\ {func}dateOfBirth:string
{funcithasAge:string
,EasChiId hasParemj\
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Daughter

=Person{}
and (hasParent{} some Person{})
and (hasGender{} value female{})

Mother

=Person
and (hasChild{} some Person{})
and (hasGender{} value female{})




Your Movie Ontology before its diet

Science Fiction

Comedy ‘Horror

Romance / Drama Actor Producer

Director
Has_Genre [ 7

k Has Crew
/\ Movie
Is Showing at

Bethesda Theatre
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Populating an Ontology
A challenging task

* Transforming an ontology into a rich and accurate KB is quite challenging
* Requires access to (and validation of) a large amount of information

* NLP helps automate this process, extracting valuable information from documents and framing it
in an ontology model

Ontology Q

NLP platform Knowledge Base

IIIII Uy
o

Documents
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The Diet for your Ontology is NLP
What features?

* https://www.youtube.com/watch?v=Kzt7pd-YfMU

e Part of Speech recognition

* Tokenization, Lemmatization, Morphologic Analysis

* Syntactic Processing

* Full Sentence and inter-sentence parsing

* Co-reference and anaphora resolution

* Entity extraction and disambiguation

* Entity linking using Linked Open Data

* Rule-based extraction and categorization
 Machine learning

* Ontology and taxonomy management

e Automatic enhancement for ontology and taxonomy
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https://www.youtube.com/watch?v=Kzt7pd-YfMU

The Diet for your Ontology is NLP

Disambiguation based on understanding the context

Which “gas” means “gasoline” ?

My jaguar eats gas when | step on the gas.

gas, gasoline, petrol, gasolene

(62%) a volatile lammahle mixture of hydrocarbons
(hexane and heptane and octane etc.) derived from
petroleum; used mainly as a fuel in internal-combustion
engines

Adi:3  Moun:2 Verb: 10 Conj o Verb: 8 Prep Noun:
‘ME aguar \eats g ‘when ﬁ st gp on the gas
l [on]
2l | accelerator, accelerator pedal, gas pedal, throttle, gas, gun
(36%) a luxury car (63%) a pedal that controls the throttle valve: "he stepped

on the gas"
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The Diet for your Ontology is NLP

Disambiguation based on context and external properties (LODs)

Which “Paul Smith” am | talking about ?

COGITO®

Main elements

Paul Smith | $2 Human proper noun
— = . g )
NeoCon 201 Paul Smith, Sir Paul Smith a print from his Spring Summer 2015 collection as a patterned textile for US company Maharam .
clothing, commerce

The Assemb on a printed silk blouse from his Black Label range, presented in London two years ago.
The patchwg ed into a jacquard-woven cotton textile for upholstery.
Paul Smith's ng Summer 2015 collection.Image courtesy of Paul Smith
"While fine ¢ anced by a calendared finish, a tapestry construction of tight rib and twill weaves provides graphic
Smith 's Spri d Art Deco architecture of Miami.Here, the pale hues of peach, lilac and pink are contrasted with |
The designel pes that he has previously applied to everything from his garments and accessories, to limited-ec

Main sentences .

= . = ; : 3 ; . . The Assemb ack Label range.Image courtesy of Paul Smith

99 NeoCon 2016: British fashion designer Paul Smith has interpreted a print from his Spring Summer 2015 collection as a

patterned textile for US company Maharam . "The concep)| meetings at Paul Smith's London offices and developed over a transatlantic exchange of woven p

99 Paul Smith launches checked textile for Maharam at NeoCon 2016 . L .

99 Paul Smith’'s Maharam textile is a reinterpreted print from his Spring Summer 2015 collection. Paul Smith y n his signature stripes

Search concept Related stor)

Paul Smith u n his signature stripes
Main topics Smith has w cluding the 2015 Houndstooth design that was also lifted from one of the designer's runway shoy
Description
fabric The Assemb 3 P : = ere Maharam produces textiles by designers including Studio Job, as well as its own studio.
i Sir Paul Smith, CBE, RDI, (born 5 July 1946) is
o .Itecwre Maharam dq  a British fashion designer and businessman, de fair in Chicago
textiiehdustey whose business and reputation is founded upon
fashion — Maharam dg - p - P de fair in Chicago, which took place from 13 to 15 June 2016.
his men'’s fashion with a special focus on
Sentitient Also on shov  tailoring. He is kno... s PearsonLloyd's collection of office furniture for open-plan workplaces .
GEEN——— — ] Maharam was acquired by US furniture giant Herman Miller for $101 million (£70.7 million) in 2013.The brand has previously launched a collection of interior fabric

Serpentine Gallery.

Architects protest AT&T Building plans with "Hands off my Johnson" placardsArchitects protest at New York's AT&T Building
10 buildings that use classic cars to improve their image

Nienke Helder designs therapy tools for women recovering from sexual trauma

MVRDV completes library shaped like a giant eye in Chinese city Tianjin

Meganom gains permission for skinny supertall skyscraper in Manhattan242 Fifth Avenue by Meganom
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The Diet for your Ontology is NLP

Disambiguation based on context and external properties

Which “Paul Smith” am | talking about ?

COGITO Text

Main elements

Paul Smith: Accompanist to Ella Fitzgerald

Spencer Leigh

Monday 21 @=+=* 2 BT
~ Ella The Indeper 2 Human proper noun
au m'lt . Paul Smith, Paul Thatcher Smith, Smith,
F1tzgerald In terms of g Thatcher Smith e great jazz pianists like Oscar Peterson and Erroll Garner, but he never pushed himself forward and was content acc
Plays Annette never did an music e but the general continuity was always very easy to follow".Fitzgerald, who employed Smith as a touring musician frc
Steve Allen Warren paul Smithy| Description mith and Constance Farmer, were vaudeville performers, singing musical novelties with Lon also playing the trumpet.
— Paul Thatcher Smith (April 17, 1922 - June 29, . . ) ) i .
Mo entences Union.Enco 2013) was an American jazz pianist. He and then formed a jazz band at high school.In 1941, he turned professional with the Johnny Richards band.Paul Smitt
looked morq performed in various genres of jazz, most who would play it.
99 In terms of technique and (:r_eative ability, Paul Smith ranks with the grez?tjazz pia.nists like Oscar Peterson and Erroll typically bebop, but is best known as an . ) o . .
Garner, but he never pusheq hnmse\fforward and was content accompanying jazz singers. In 1943 he e accompanist of singers, especially Ella Fitzgerald. band run by the trumpeter Ziggy ElIman.In 1946 he played with the guitarist Les Paul and then joined Elman in Tomm
99 Allen was also a fine songwriter and he paid tribute to him with Paul Smith Plays Steve Allen (1984). |
99 Fitzgerald, who employed Smith as a touring musician from 1960 to 1978, reciprocated the feeling. TV and radio STIOWS a5 WeTr as Tecoras ana SOUTatracks:
Search concept He enjoyed the variety of session work and didn‘t mind what genre he was playing, although he preferred jazz.His lucky break was playing piano for Frank Comstock's orchestra when
record, Smith was given a piano solo and the head of Columbia, Paul Weston, was so impressed that he made Smith his pianist of choice.
Main topics In 1956 he was part of Buddy Bregman's Orchestra which accompanied Ella Fitzgerald on the first song book album, this one dedicated to Cole Porter.His witty playing enhanced "Alwa
Music as Fitzgerald on "Let's Do It".In 1960 he was the only musician on her album of standards, Let No Man Write My Epitaph, later reissued as The Intimate Ella.He played on the Grammy-v
singing N The Knife".
Sentiment Although they were never big sellers, Smith made several solo albums including a tribute to the Nat "King" Cole Trio, Fine, Sweet And Tasty (1953) as well as several releases for the Ou
Heavy Jazz (1977).In 1983, he recorded At Home (1983) on his piano at home.For several years he worked on The Steve Allen Comedy Hour.Allen was also a fine songwriter and he paic
Smith taught music and wrote a book on how to accompany artists.In his view, the art was to play only 10 per cent of what you're capable of behind a singer and save the rest for wher
with his wife, Annette Warren, in a show called "A Marriage Of Music And Mirth", and they recorded several albums together.
Paul Thatcher Smith, pianist: born San Diego 17 April 1922; married Annette Warren (two sons, one daughter): died Torrance, California 29 June 2013.
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High-Level Workflow :g FreUser

APPLICATIONS

FACETS PORTALS LINKED DATA ANALYTICS

SEARCH RECOMMENDATIONS || TOPIC PAGES || KNOWLEDGE BASES || VISUALIZATION

DOCUMENTS METADATA

E

g
i,

NLP ENGINE
FEEDS YOUR
ONTOLOGY

ONTOLOGY
2 DESIGN
- CREATE
NLP CREATE
PIPELINE ‘ ONTOLOGY
Subject MODEL

C EXPERT m Matter Expert
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Preparing Your Ontology’s Diet

Ingredients for your ontology

* NLP that enables advanced cognitive rule writing

» Supports effective extraction of class instances, properties & relationships

individual

individual

orID

LCnp i Type Rules Google Inc. just fired Mike Holson without any notice. Since our founding in 1998, Google has grown by leaps and bounds. Google
= "?ﬁﬁ?—;’ﬁ;ﬁﬁ;ﬁ“s'" , is located in Mountain View, California
E > NAME_OF PERSON 5 Mike Holson was hired by IBM in 2015.|Mike is the child of David Ho|son| Mike was born in 9/12/1981.
) RELATE 2 From offering search in a single language we now offer dozens of products and services - including various forms of advertising and
=) = COMPANY_LOCATED_PLACE web applications for all kinds of tasks - in scores of languages. And starting from two computer science students in a university
E : L“LA;\MCEE‘OF‘COMPANY i dorm room, we now have thousands of employees and offices around the world. A lot has changed since the first Google search
) RELATE 2 engine appeared. IBM's headquarters are in NYC. David Holson is a very rich man, mentioned in the list of Forbes 2014.
&) = COMPANY_NAME
&) =p PERSON_AGE
=T = PERSON_CHILD_OF_PERSON
» NAME_OF_CHILD 10 SCOPE SENTENCE
» NAME_OF_PARENT 10 {
b RELATE 10 :
3] = PERSON_DOB IDENTIFY (PERSON CHILD OF PERSON)
(#) =p PERSON_GENDER . { - - =
&) =p PERSON_LIVES_IN_PLACE :
&) =p PERSON_NAME BNAME OF CHILD[TYPE(NPH)] // Person ; huwman being;
& =p PLACE csy
LEMMA ("be")
Record / F <0:3>
2 = CO
*, BRELATE [KEYWORD ("son™, "daughter™, "child™) ]
E » <0:2>
ﬂ*&) @NAHE_OF_PARENT[TYPEiNPH]]ff Person ; human bheing:
= = CO }
& = CO
) =) COMPANY_NAME
5 PERSON_CHILD_OF PERSON
) NAME_OF_CHILD Mike Holson
Rules Instances | ) NAME_OF_PARENT David Holson
) RELATE child

SEMANTIC INTELLIGENCE
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SEMAI

Start feeding Your Ontology

The diet turns the ontology in a Knowledge Base

Mike Holson iis 30 years old and lives in New York. He’s the child of David Holson,

founder of a real estate company. Mike was born on September 12, 1981.

SCOPE SENTENCE

<0:2>

-1 {
IDENTIFY (PERSON CHILD OF PERSON)
= {
BNAHE_OF_CHILD[TYPE(NPH]] /{ Person ;
£S5V
LEMMA ("be'™)
<0:3>

ENAME OF PARENT[TYPE(NPH)]// Person ;

human being;

BERELATE[KEYWORD ("son", "daughter™, "child"™) ]

human being:;

individual

individual

> PERSON_CHILD_OF _PERSON

P NAME_OF_CHILD
P NAME_OF_PARENT
b RELATE

Mike Holson

Mike Holson|

David Holson
child

NNNNNNNNNNNNNNNN

EXPERT
SYSTEM Copyright © 2018 Expert System Enterprise - All Rights Reserved - Slide 13

\ 4

dateQOfBirth
Sep-12-1981 )

hasGender
male

label
Mike Holson m

hasAge

30

hasParent
David Holson

livesin
Mew York




Ontology becomes a Knowledge Base

CHILD_OF
RULES
NLP

ENGINE Q

DATE_BIRTH
RULES
NLP

ENGINE o

AGE
RULES NLP

ENGINE c

LIVES_IN
RULES
NLP

ENGINE o]

SEMANTIC INTELLIGENCE

Mike Holson
==

dateOfBirth
sep-12-1981 n

hasGender

male

label
Mike Holson m

hasAge
|

hasParent

livesin

Copyright © 2018 Expert System Enterprise - All Rights Reserved - Slide 14

Google Inc.

hasHeadquartersin
Mountain View

label

Google Inc. [

hires
Jack Adamson

sameAs
http://dbpedia.org/page/Google




It’s Served Hot |

Well-fed ontology leverages information applications

 On top of the Triple Store, an information application allows end users to interact with the well-fed ontology and
content by asking questions in natural language

* A Natural Language-to-SPARQL module translates the query to SPARQL and runs the query against the Triple
store endpoint, retrieving the results in RDF

 The answer to the question is displayed to the end user

In which city are the headquarters of the company which hired David Holson's son?

Ask

SPARQL Query:

SELECT distinct ?statement 7s ?p 70 ?label 7toNext

WHERE { 7statement rdf:predicate :hasParent . ?statement rdf:subject :David_Holson . ?statement rdf:predicate ?p . ?statement rdf:subject ?s . ?statement rdf:object ?toNext
. 70 rdfs:label ?label . ?statement rdf:object 70 .}

SELECT 7?statement ?s 7p 70 7toNext ?label

WHERE {?company :hires <...> . ?statement rdf:subject “company . ?statement rdf:predicate :hires . ?statement rdf:object <...> . ?statement rdf:subject ?s . ?statement
rdf:predicate ?p . ?statement rdf:object 70 . ?statement rdf:subject ?toNext . 2company rdfs:label ?label . }

SELECT 7statement ?s ?p 70 ?label

WHERE {<...> :hasHeadquartersIn ?city . ?statement rdf:subject <...> . ?statement rdf:predicate :hasHeadquartersin . ?statement rdf:object 7city . ?statement rdf:subject ?s .
7statement rdf:predicate ?p . ?statement rdf:object 70 . ?city rdfs:label ?label .}

SEMANTIC INTELLIGENCE
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It’s Served Hot |

Well-fed ontology leverages information applications

Query result:

New York | Show / Hide documents |

Label: Mike Holson

Google Inc. just fired Mike Holson without any notice. Since our founding in 1998, Google has grown by leaps and bounds. Google is located in Mountain View, California.
Mike Holson was hired by IBM in 2015. Mike is the child of David Holson. Mike was born in 9/12/1981. From offering search in a single language we now offer dozens of
products and services including various forms of advertising and web applications for all kinds of tasks in scores of languages. And starting from two computer

science students in a university dorm room, we now have thousands of employees and offices around the world. A lot has changed since the first Google search engine .

Label: IBM

Google Inc. just fired Mike Holson without any notice. Since our founding in 1998, Google has grown by leaps and bounds. Google is located in Mountain View, California.
Mike Holson was hired by IBM in 2015. Mike is the child of David Holson. Mike was born in 9/12/1981. From offering search in a single language we now offer dozens of
products and services including various forms of advertising and web applications for all kinds of tasks in scores of languages. And starting from two computer

science students in a university dorm room, we now have thousands of employees and offices around the world. A lot has changed since the first Google search engine .

Label: New York

Mike Holson was hired by IBM in 2015. Mike is the child of David Holson. Mike was born in 9/12/1981. From offering search in a single language we now offer dozens of *
products and services including various forms of advertising and web applications for all kinds of tasks in scores of languages. And starting from two computer

science students in a university dorm room, we now have thousands of employees and offices around the world. A lot has changed since the first Google search engine
appeared. |IBM's headquarters arein NYC. David Holson is a very rich man, mentioned in the list of Forbes 2014.
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Wrap-up
* Feeding your ontology w/ instances & relationships is essential

* Al/Cognitive technology leverages semantic reasoning to :
* Automatically feed your ontology based on your content
* Resolve ambiguity for a comprehensive view of each entity
* Maintain up-to date knowledge

* The result ? A well-fed ontology

* Provides end-users with relevant insights based on semantic triples extracted
from your content
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Largest pure-play vendor
of Al/Cognitive Computing
& Text Analytics solutions

7 Countries / 250+ employees

COGITO

Award-winning, patented technology
Text Analytics/NLP & Ontology
Management

G a rtneﬁ FORRESTER iﬁgﬂﬂgkﬁé/ » z%nré;.ggrﬁng

Diversified Business
= Publishing & Media

= Finance & Insurance

= Life Sciences

» Federal
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