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Example Scenario

Crux of the Problem

Limitation of HTML

Type sumething an 3 search engine

+

Ie ust matches the keywards in your query

!

Lat of work [

Online Shopping

Machine didn’t understand what the user

Used to represent information actually wants

NOT DATA

even if it did

Visual Structured
Information

It Didn't understand
how to get it

-t million hits on an avg query

Structuring
Required



Type something on a search engine

It just matches the keywords in your query

Lot of work !l

-~ 1 million hits on an avg query
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Limitation of HTML

Used to represent information

NOT DATA

Visual Structured
Information




Example Scenario

Online Shopping

At this point in the evolution of the Web,
your best bet would be to look at different With the Semantic Web, you'd have
retailers” web pages, comparing prices and another option. You could enter your
shipping times and rates, You could also preferences into a computerized agent,
look for a site that will compare prices and which would search the Web, find the
shipping options from several retailers all at best option for you, and place your
once, Either way, you have to do most of order,

L the virtual legwork, then make your buying

LA Pt P N decision and place your order yourself.

RN Honti i




CONDITION  PRICE SHIPPING SPECIFICATIONS
I | l I l l

New Lowest Fast Cheap Widescreen 4-disc

D2006 HowStuffWorks
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At this point in the evolution of the Web,
your best bet would be to look at different
retailers’ web pages, comparing prices and
shipping times and rates. You could also
look for a site that will compare prices and
shipping options from several retailers all at
once. Either way, you have to do most of
the virtual legwork, then make your buying
decision and place your order yourself.
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With the Semantic Web, you'd have
another option. You could enter your
preferences into a computerized agent,
which would search the Web, find the

best option for you, and place your
order.



Crux of the Problem

Machine didn’t understand what the user
actually wants

even if it did

It Didn’t understand
how to get it
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Semantic web

Representation and Languages

OWL-

web Ontology Language

Guus Schreiber, Why OWL and not WOL?



web Ontology Language

Why not be inconsistent in at least one aspect of a language which is all

about consistency?

—Guus Schreiber, Why OWL and not WOL?

Motivation

Conceptual Madels are
required in

- artificial Intelligence



Syntax

Graph Database

Diefines data in the form of 2 <Subject, Pradicate Object- triphe

«1dfDestription rdfabout="subjuct >
<predicate rifresource="nhject” /=
<predicate-teral valugpeedicate=

<rifDeseription-

Drawback

ReSource I‘?ﬁ&iSeﬁ:rip

RDF, whilst the foundation of
defining data structures for
the semantic web, does not in
itself describe the semantics,
ar meaning, behind the data

tion Format

Example

<t FF smbvaroll ="tk gl Fwrwew. w3 o 2502422 rd syl s
aumhs:Features i bin, Lry
it Desceiprtion i Fabuot="Titbg! Forwa bniked detat ool comit bthesnt-shi ™

<Faaburesies12-/faatura sies
<feabarexah rdfresauice="hitp Fwwy
Il Descrplion»
<IrdfRF

lked " PR

Reification

Invelves representation of factual
assertions that are representated
by seme other assertions

To compare logical assertions from
different witnesses in arder to
determine their credibiliny




Graph Database

™ T
‘T — —
T'T' - [( o

Relational DB Hierarchical DB Graph DB
Tables Related By Parent Nodes Have More Arbitrary Object Relations
Primary Key Intrinsic Impartance
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Syntax

Defines data in the form of a <Subject,Predicate,0bject> triple

<rdf:Description rdf:about="subject">
<predicate rdf:resource="object" />
<predicate>literal value</predicate>

<rdf:Description>

T-Shirt )

Y
\Color

pY

White )



Example

<rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:feature="http://www.linkeddatatools.com/clothing-featuress">
<rdf:Description rdf:about="http://www.linkeddatatools.com/clothes«t-shirt">
<feature:size>12</feature:size>
<feature:color rdf:resource="http://www.linkeddatatools.com/colors#white"/>

</rdf:Description>
</rdf:RDF>

@:Prez
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Reification

Involves representation of factual
assertions that are representated
by some other assertions

To compare logical assertions from
different witnesses in order to
determine their credibility



Drawback

RDF, whilst the foundation of
defining data structures for
the semantic web, does not in
itself describe the semantics,
or meaning, behind the data

for that we need
Schema or Ontology



Motivation

Conceptual Models are
required in

- Artificial Intelligence

- Database Design

- Software Engineering

- Information Integration

Fundamental Ontology

Conceptual model is populated by
+ Individuals
- related by binary relationships
(called roles & features)
= grouped into classes (concepts)

So we need ability to describe concepts,
relationships and individuals

FOL cannot be used as it is not
decidable

Ciker Sy Aperien

Description logic is characterized by
a set of constructors that allow to
build complex concepts and roles
from atomic ones.

concept - class | set of objects

role - binary relations on objects




Motivation

Conceptual Models are
required in

- Artificial Intelligence

- Database Design

- Software Engineering

- Information Integration



Fundamental Ontology

Conceptual model is populated by

- Individuals

- related by binary relationships
(called roles & features)

- grouped into classes (concepts)

So we need ability to describe concepts
relationships and individuals

FOL cannot be used as it is not
decidable



Description logic is characterized by
a set of constructors that allow to
build complex concepts and roles
from atomic ones.

concept - class [ set of objects

role - binary relations on objects

W:Prez



TBox and ABox

TBox | Terminological Box) :

contains sentences describing concept
hierarchies ie; relations between
concepts

Example

Every TA is a student (TBox)

ABox | Assertional Box) :
contains ground sentences stating
where in the hierarchy individual
belongs { relation between concepts
and individuals )

Nikhil is a TA (ABox)

Why two separate boxes? Other Significant Properties

No UNA (Unique Name ASSumption/
Tweo conceptsfreles having different names may be

shown Lo be squivalent by inferance
e.g; married_to(X.Y) is equivalent to spouse_of(X.Y)

Various inference methods require different boxes

Classification will require TBox and Instance
checking requires ABox.

OwA (Open World ASSumption)
Lack of knowledge of a fact does
not imply negation of the fact




TBox and ABox

TBox ( Terminological Box) :
contains sentences describing concept
hierarchies i.e; relations between
concepts

ABox ( Assertional Box) :
contains ground sentences stating
where in the hierarchy individual
belongs ( relation between concepts
and individuals )

@:Prezi




Fxample

Every TA is a student (TBox)

Nikhil is a TA (ABox)




Why two separate boxes?

Various inference methods require different boxes

Classification will require TBox and Instance
checking requires ABox.




Other Significant Properties

No UNA (Unique Name ASSumption/
Two concepts/roles having different names may be

shown to be equivalent by inference
e.g; married_to(X,Y) is equivalent to spouse_of(X)Y)

OWA (Open World ASsSumption)

Lack of knowledge of a fact does
not imply negation of the fact

W:Prez



OWL~

Web Ontology Language

Why not be inconsistent in at least one aspect of a language which is all
about consistency?

—Guus Schreiber, Why OWL and not WOL?
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<rdf:RDF
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#”
xmlns:owl="http://www.w3.0rg/2002/07/owl#"
xmIns:dc="http://purl.org/dc/elements/1.1/">

I-- OWL Header Example -->

<owl:Ontology rdf:about="http://www.linkeddatatools.com/plants”>
«dc:titlesThe LinkedDataTools.com Example Plant Ontology</dc:title>
<dc:description>An example ontology written for the
LinkedDataTools.com RDFS & OWL introduction
tutorial¢/dc:description>

<(/Jowl:Ontology>

<I-- Remainder Of Document Omitted For Brevity... -->

¢/rdf:RDF>



plants:flower ; plants:shrub )

An example of a taxonomy hierarchy

<rdf:RDF

<I-- OWL Subclass Definition - Flower —>

<«owl:Class rdf:about="http://www:.linkeddatatools.com/plants#flowers">

<! Flowers is a subclassification of planttype -->

<rdfs:subClassOf rdf:resource="http://www.linkeddatatools.com/plantsi#planttype”/>
«rdfs:label>Flowering plantse/rdfs:label>

«rdfs:comment>Flowering plants, also known as angiosperms.¢/rdfs:comment>
<Jowl:Class»

<!-- OWL Subclass Definition - Shrub >

<owl:Class rdf:about="http://www.linkeddatatools.com/plants#shrubs”>

<I-- Shrubs is a subclassification of planttype --»

crdfs:subClassOf rdf:resource="http://www.linkeddatatools.com/plants#planttype”/>
<rdfs:label>Shrubbery/rdfs:label>

«rdfs:commentShrubs, a type of plant which branches from the
base.¢/rdfs:comment>

<Jowl:Class>

<l Individual (Instance) Example RDF Statement —>

«rdf:Description rdf:about="http://www.linkeddatatools.com/plants#magnolia”>

<I-- Magnolia is a type (instance) of the flowers classification --»

«rdf:type rdf:resource="http://www.linkeddatatools.com/plants#flowers"/>
</rdf:Description>

</rdf:RDF>




An example of a taxonomy hierarchy




<rdf:RDF

<I-- OWL Subclass Definition - Flower -->

<owl:Class rdf:about="http://www.linkeddatatools.com/plants#flowers”>

<I-- Flowers is a subclassification of planttype --»

<rdfs:subClassOf rdf:resource="http://www.linkeddatatools.com/plants#planttype”/>

«rdfs:label>Flowering plants</rdfs:label>

«rdfs:comment>Flowering plants, also known as angiosperms.</rdfs:comment>
<Jowl:Class>

<]-- OWL Subclass Definition - Shrub --

<owl:Class rdf:about="http://www.linkeddatatools.com/plants#shrubs”>

<I-- Shrubs is a subclassification of planttype -->

«rdfs:subClassOf rdf:resource="http://www.linkeddatatools.com/plants#planttype”/>

rdfs:label>Shrubbery</rdfs:label>

<rdfs:comment>Shrubs, a type of plant which branches from the
base.</rdfs:comment>

<Jowl:Class>

<!-- Individual (Instance) Example RDF Statement -->

«rdf:Description rdf:about="http://www.linkeddatatools.com/plants#magnolia”>
I-- Magnolia is a type (instance) of the flowers classification -->

<rdf:type rdf:resource="http://www.linkeddatatools.com/plants#flowers”/>
</rdf:Description>

</[rdf:RDF>

i -
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Properties / roles

Individuals in OWL are related by
properties

Object properties (owl:ObjectProperty) relates
individuals (instances) of two OWL classes.

Datatype properties (owl:DatatypeProperty)
relates individuals (instances) of OWL classes to

literal values.




«rdf:RDF

J-- Define the family property --
<owl:DatatypeProperty
rdf:about="http://www.linkeddatatools.com/plants#family”/>

«rdf:Description
rdf:about="http://www.linkeddatatools.com/plants#magnolia”>
I-- Magnolia is a type (instance) of the flowers class --»
rdf:type

rdf:resource="http://www.linkeddatatools.com/plants#flowers”/>
I-- The magnolia is part of the ‘Magnoliaceae’ family -->
<plants:family>Magnoliaceae</plants:family>

«/rdf:Description>

(/l’df:RDF)

@:Prezi



<rdf:RDF

<!-- Define the family property --

<owl:DatatypeProperty rdf:about="http://www.linkeddatatools.com/plants#family”/>

<!-- Define the similarlyPopularTo property -->

<owl:0ObjectProperty rdf:about="http://www.linkeddatatools.com/plants#similarlyPopularTo”/>

<!-- Define the Orchid class instance -->
<rdf:Description rdf:about="http://www.linkeddatatools.com/plants#orchid”>

¢/rdf:Description>

I-- Define the Magnolia class instance -->

«rdf:Description rdf:about="http://www.linkeddatatools.com/plants#magnolia”>

<!I-- Magnolia is an individual (instance) of the flowers class -->

«rdf:type rdf:resource="http://www.linkeddatatools.com/plants#flowers”/>

<I-- The magnolia is part of the 'Magnoliaceae’ family --»
<plants:family>Magnoliaceae</plants:family>

I-- The magnolia is similarly popular to the orchid -->

<plants:similarlyPopularTo rdf:resource="http://www.linkeddatatools.com/plants#orchid”/>
¢/rdf:Description>

¢/rdf:RDF>

@:Prez



LEMON

Lexicon model for ontologies

- Separate Lexicon models and
Ontologies

- Linking them can aid in lot of

NLP applications like Q/A,

Machine Translation

Lexicon is the vocabulary of the

language Lemon model provides a

principled chain between
the semantic representation
and its linguistic realization

Uses RDF for defining links

Meaning of a word given by reference

Reference (Ontology} capable of
representing more complex semantic



Lexicon is the vocabulary of the
language

Uses RDF for defining links

Meaning of a word given by reference

Reference (Ontology) capable of
representing more complex semantic
information




Lemon model provides a
principled chain between
the semantic representation
and its linguistic realization




POWLA

Interoperability of Linguistic corpora

Conceptual
Interoperatibility

Heterogenous annotation schemes

Structural
Interoperatibility

Use RDF to represent all the annotations of the corpus
in an interoperable way, integrate their information
without restrictions and guery the information

Motivation

Same text, Different annotations
POS tags, Parse trees, etc

A processing stage may require different
annotations to the same text

Terminological Reference repository

Use OWL/DL to specify and verify formal constraints
an the correct representation of linguistic corpora in

RDF

Provide interlingua that allow mapping
form scheme A to scheme B

Common representation which provides
access to all the linguistic information
conveyed in the annotations




Motivation

Same text, Different annotations
POS tags, Parse trees, etc

A processing stage may require different
annotations to the same text

Common representation which provides
access to all the linguistic information
conveyed in the annotations




Structural
Interoperatibility

Use RDF to represent all the annotations of the corpus
in an interoperable way, integrate their information
without restrictions and query the information

Use OWL/DL to specify and verify formal constraints
on the correct representation of linguistic corpora in
RDF

@:Prezi




Conceptual
Interoperatibility

Heterogenous annotation schemes

l

Terminological Reference repository

Provide interlingua that allow mapping
form scheme A to scheme B
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BABLENET

multilingual lexicalized semantic network.
autematically created by linking the largest
multilingual Web encyclopedia - i, Wikipedia - to
the most popular computational lexicon of the
English language - ie, Wordnet

MOTIVATION

We Have

= Manually maintaining and updating lexical
knowledage resources is expansive and time-
comsuming.

» Second, such resources are typically
lexicographic, and thus contain mainly
concepts and only a few named entities.

« Third, resources for non-English languages
often have a much poorer coverage since the
construction effort must be repeated for every
language of interest.

VT

APPLICATIONS

BabwiNaE

Multilimgual Natiral Language Frocessing
semancic ralatedness
Multtingust wend sense disambigassion.

POTENTIAL

Trcrires i (h (b bkt ead
toak hedkid reseane




BABLENET

multilingual lexicalized semantic network.
automatically created by linking the largest
multilingual Web encyclopedia - i.e, Wikipedia - to
the most popular computational lexicon of the
English language - i.e., Wordnet

PQ92| IVATION




JADLLINL

multilingual lexicalized semantic network.
automatically created by linking the largest
multilingual Web encyclopedia - i.e., Wikipedia - to
the most popular computational lexicon of the
English language - i.e.,, Wordnet
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MOTIVATION

- Manually maintaining and updating lexical
knowledge resources is expensive and time-
consuming.

- Second, such resources are typically
lexicographic, and thus contain mainly
concepts and only a few named entities.

« Third, resources for non-English languages
often have a much poorer coverage since the
construction effort must be repeated for every

language of interest.

How to tackle these?




WordNet

A lexical database for English

IKIPEDI
The Free Encyclopedia

Machine Translation

|

BabelNet

A very large multilingual semantic network




we fndve

WordNet

A lexical database for English

The Free Encyclopedia

Machine Translation

'

BabelNet

A very large multilingual semantic network

@:Prezi
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BabelNet

A very large multilingual semantic network




e BIG PICTURE
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It collectss (a) from
‘WordMet, all available word senses (as conceprs)
and all the semantic peinters between synsets (as
relations);
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(b} from Wikipedia, all encyclopedic
entries (ie pages, as concepts) and semantically
unspecified relations from hyperlinked text.

Hachin: Towms v st

Wikipedia Wondier

Duplicate concepts? Multilinguality?

he Lewical abeation of she pvedsble

In order to provide a unified resource, we merge eontips in iVoutr: Largpages by
the intersection of these two knowledge sources 0 ¢ haranaireriicd Useslalior pro-
(i.e. their concepts in commen) by establishing a il S e cakd e e
mapping between Wikipedia pages and WordNet E‘i::sﬁ';}’.s"‘:—l&"&?ﬁﬁ”

senses




...the plays and novels of Samuel Beckett...
...based on Shakespeare’s play Othello...

...dramatic media (plays, films, etc.)...

+

SEMCOR SENTENCES

...dramatic force in A. Miller’s play...
...as the play opens the audience...
...characters in the play take...

i)

Machine Translation system

-
- -
e

Wikipedla

WordNet

playgy, drama,,, obrag,
Biihnenwerk,;, obra.,,
Theaterstiick,;, opera
teatrale,;, dramma,,
piece de théatrey

P




It collectss (a) from
WordNet, all available word senses (as concepts)
and all the semantic pointers between synsets (as

relations);

(b) from Wikipedia, all encyclopedic
entries (i.e. pages, as concepts) and semantically
unspecified relations from hyperlinked text.

O:Prezi -



Duplicate concepts?

@:Prezi

In order to provide a unified resource, we merge
the intersection of these two knowledge sources
(i.e. their concepts in common) by establishing a
mapping between Wikipedia pages and WordNet
senses




Multilinguality?

The lexical realizations of the available
concepts in different languages by

using

(a) the human-generated translations pro-
vided in Wikipedia (the so-called inter-language
links), as well as

(b) a machine translation system to translate
occurrences of the concepts within sense-
tagged corpora, namely SemCor
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The lexical realizations of the available
concepts in different languages by

using

(a) the human-generated translations pro-
vided in Wikipedia (the so-called inter-language
links), as well as

(b) a machine translation system to translate
occurrences of the concepts within sense-
tagged corpora, namely SemCor
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The lexical realizations of the available
concepts in different languages by

using

(a) the human-generated translations pro-
vided in Wikipedia (the so-called inter-language
links), as well as

(b) a machine translation system to translate
occurrences of the concepts within sense-
tagged corpora, namely SemCor



p pnums=3»

<§ snum=3»

«wf cmd=ignore pos=DT>The¢wf>

«wf cmd=done pos=NN lemma=september wnsn=1
lexsn=1:28:00::»September¢wf>

«wf emd=done pos=NN lemma=october wnsn=1
lexsn=1:28:00::>0ctober«/wf>

«owf cmd=done pos=NN lemma=term wnsn=2
lexsn=1:28:00:terme¢/wi>

«wf cmd=done pos=NN lemmas=jury wnsn=1
lexsn=1:14:00:jury<fwi>

«wf cmd=done pos=VBD ot=notag>hade¢/wf>

«wf cmd=done pos=VBN ot=notagbeen<jwf>

«wf emd=done pos=VB lemma=charge wnsn=5
lexsn=2:41:00:>chargede¢/wi>

«wf cmd=ignore pos=IN>by</wf>

«wf cmd=done rdf=location pos=NNP
lemma-=location wnsn=1 lexsn=1:03:00::
pn=location:Fultone¢/wf>

«wf cmd=done rdf=person pos=NNP lemmas=person
wnsn=1 lexsn=1:03:00:
pn=person»Superior_Court_Judge_Durwood_Pye«/w
fr

«wf cmd=ignore pos=TO>to¢fwf>

«wf emd=done pos=VB lemma=investigate wnsn=2
lexsn=2:32:01::3investigate«fwi

«wf cmd=done pos=NN lemma=report wnsn=2
lexsn=1:10:00:>reportsg wis

«wf cmd=ignore pos=IN>ofwf>

«wf cmd=done pos=|] lemma=possible wnsn=2
lexsn=3:00:04::3possible¢/wf>

<punc¢/punc:

«wf emd=done pos=NN lemma=irregularity wnsn=1
lexsn=1:04:00:»irregularities¢fwf>

<puncy”’¢/puncs

«wf cmd=ignore pos=INin</wf:

«wf cmd=ignore pos=DTs>the¢/wf>

«wf cmd=done pos=|] lemma=hard-fought wnsn=1
lexsn=5:00:00:difficult:00>hard-foughtqwf:

«wf cmd=done pos=NN lemma=primary wnsn=1
lexsn=1:04:00:»>primarye/wf>

«wf cmd=ignore pos=WDT>which¢/wf>

«wf cmd=done pos=VBD ot=notag>was</wf

«wf cmd=done pos=VB lemma=win wnsn=1
lexsn=2:33:00:nwon</wf

«wf cmd=ignore pos=IN>by</wf>

«wf cmd=done rdf=person pos=NNP lemma=person
wnsn=1 lexsn=1:03:00:: pn=person>Mayor-
nominate_lvan_Allen_]r.<fwf>

<puncr<fpunc:

¢fs»

< pr




POTENTIAL

Experiments show that this fully-automated
approach produces a large-scale lexical resource
with high accuracy.

The resource includes millions
of semantic relations, mainly from Wikipedia
(however, WordNet relations are labeled), and
contains almost 3 million concepts (6.7 labels per
concept on average).

Such coverage is much wider than that of ex-
isting wordnets in non-English languages.
While BabelNet currently includes 6 languages, links
to freely-available wordnets can immediately be
established by utilizing the English WordNet as an
interlanguage index.

BabelNet can be extended to virtually any language
of interest. The translation method allows it to cope
with any resource-poor language.



APPLICATIONS

Multilingual Natural Language Processing
-Semantic relatedness
-Multilingual word sense disambiguation.
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BabelNet

A very large multilingual semantic network

s

Papers

Roberto Navigli & Simone Paolo Ponzetto
BabelNet: Building a very large
multilingual semantic network

In: Proceedings of the 48th Annual
Meeting of the Association for
Computational Linguistics, Uppsala,
Sweden, 11-16 July 2010, pp. 216-225.

2 por ¥ gibTex

Roberto Navigli & Simone Paolo Ponzetto
BabelNet: The Automatic
Construction, Evaluation and
Application of a Wide-Coverage
Multilingual Semantic Network
Artificial Inteligence, 193, Elevier,
2012, pp. 217-250.

A por

Roberto Navigli & Simone Paolo Ponzetto
BabelNetXplorer: A Platform for

In: Companion Volume to the
Proceedings of the 21st World Wide
Web Conference, lyon, France, 16-20
April 2012, pp. 393-396.

2 poe B pibTex

Roberto Navigli & Simone Paolo Ponzetto
Multilingual WSD with Just a Few
Lines of Code: The BabelNet API

In: Proceedings of the 50th Annual
Meeting of the Association for
Computational Linguistics, Jeju Island,
South Korea, 8-14 July 2012.

» por B4 pibrex

BabelNet and its APl are licensed under a Creative Commons Attribution- Noncommercial-Share Alike 3.0 License

BabelNetXplorer, an online
interface, is available here.

Overview

From this page you can download: BabelNet, a very large multilingual semantic
network with millions of concepts obtained from:

e an integration of WordNet and Wikipedia based on an automatic mapping
algorithm

» translations of the concepts (i.e. English Wikipedia pages and WordNet synsets)
based on Wikipedia cross-language links and the output of a machine translation
system

The resource was automatically generated using the methods presented in our
ACL-10 and Al) papers (see "Papers” in the left box).

Download

. ﬁ BabelMet APl version 1.0.1 (August 2012)
. BabelNet precompiled index version 1.0 (July 2012)

BabeINet dump version 1.0 (July 2012)

B

BabelNet glosses version 1.0 (July 2012)

How to get started with BabelNet

The best way to start is to download the BabelNet APl and follow the instructions
found in the README file. You can also download the raw' data (ie., the BabelNet
dump and glosses files) and use them with other software (e.g., your favourite API).
Details on the APls and the data format can be found in our demo papers (again,
please refer to the papers found in the left box).
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INDO WORDNET

linked lexical knowledge base of wordnets of 18
scheduled languages of India

Assamese, Bangla, Bodo, Gujarati, Hindi, Kannada,
Kashmiri, Konkani, Malayalam, Manipuri, Marathi,
Nepali, Oriva, Punjabl, Sanskrit Tamil, Telugu and
Urdu,

Indowordnet project started with creations of
Hindl WordNet by the Natural Language
Processing group at the Center for Indian
Language Technology (CFILT) in the Computer
Science and Engineering Department at [IT
Bombay.

MOTIVATION

Indian languages ferm a very significant
earmpanent af the languages Landscape of the
wortd

Many languages rank within top 10 in the world in
terms af the populatian speaking them, eg, Hindi-
Urelu 5th, Bangls 7th, Marathi 13th and so en as per
the List of languages by number of native
speakers.

AVAILABILITY




INDO WORDNET

linked lexical knowledge base of wordnets of 18
scheduled languages of India

Assamese, Bangla, Bodo, Gujarati, Hindi, Kannada,
Kashmiri, Konkani, Malayalam, Manipuri, Marathi,
Nepali, Oriya, Punjabi, Sanskrit, Tamil, Telugu and
Urdu.
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linked lexical knowledge base of wordnets of 18

scheduled languages of India

Assamese, Bangla, Bodo, Gujarati, Hindi, Kannada,
Kashmiri, Konkani, Malayalam, Manipuri, Marathi,
Nepali, Oriya, Punjabi, Sanskrit, Tamil, Telugu and

Urdu.
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MOTIVATION

Indian languages form a very significant
component of the languages landscape of the
world.

Many languages rank within top 10 in the world in
terms of the population speaking them, e.g., Hindi-
Urdu 5th, Bangla 7th, Marathi 12th and so on as per
the List of languages by number of native

speakers.




Indowordnet project started with creations of
Hindi WordNet by the Natural Language

Processing group at the Center for Indian
Language Technology (CFILT) in the Computer
Science and Engineering Department at [T
Bombay.




AVAILABILITY

Publicaly browsable at
http://[www.cfilt.iitb.ac.infindowordnet
Available under GNU licence
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Number of Synset for " 38" : 1

Indo Wordnet

CFILT Home

showing /[ 1

Synset ID :

Synonyms :

Gloss

Example
statement

Gloss in Hindi :

Gloss in English :

: g wsy ¥ forg agd & swaef &

2349 POS : noun
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Search Word 3
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a tall perennial woody plant having a main trunk and branches forming a distinct elevated crown; includes both
gymnosperms and angiosperms

click here to use virtual keyboard

Lnaent =4 (hindi) | showing hypernymy ' Words in other language
Change | fz=t — sid synonymy gloss example
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: . English .
Relations 1998 <, woft, Sieet, e, o, WG, MR, q9UN, offew, SO, SN, Aawg, weag,  Seid s o as e E A% (Assamene) |
WOTE "gedt TR ¥ g o @ 8
. hypernymy . M %ﬂ | . 7177 (Bengall) . |
. hyponymy . 923 wwg, diw, 49w, ondfies oaEaam @ el @R A - #2 (bodo) -
. holonymy . B :
: meronymy : 3250 ofeed, dAhEh, dEh, @R, age, Wy, REweer, @, s, W9, of|w,  wwade e R 5 g9 we : 3vad (Gujarati) S
. antonymy . SR TR & | . 5d (Kannada) . |
. s (Kashmiri “
. Onto tree . 73 W, @wOERHARTY g g o o A : ::‘:(:l:;:, I
. noun relation .
. verb relation B | . ammog. (Malayalam) 5 | |
. derived from . . w9 (Manipuri) . |
. modifies . | . sudt (Marathi) . |
| . dqralt (Nepali) . | |
. #expas (Sanskrit) .
. sy (Tamil) .
. Bwm} (Telugu) .
® Find: | semanti 4 Previous » Mext - Highlightall " Match case
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Synonyms ﬁra’r.‘ W, N'NE e, @, o, qadt, 4o, e, wivewm, SRwewsm, gEd, Bl e e —
Gloss W, T, ATEL T A0 § gE agedE Search Waord 3 |
statement * "7 7T 0 ep A g ¢ [
Gloss in Hindi ¢ o8, e oftad & o agadia aereafe e sgs b e ogn 8 agad i click here tn use virtual keyboard
a Lall perennial woeody planl having a main trunk and branches [orming o distincl elevaled crown; includes buth
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gymnosperms and angissperms

Ifn‘.“.:: : ammog. (Malayalam) [ showing hypernymy | Words in other language
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. . English .
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pronounced like syke

Cye is an artificlal incelligence praject that

artempts to assemble a comprehensive ontology
and knowledge base of everyday common sense
knowledge

INFERENCE ENGINE

MOTIVATION

An inference engise i 2 compuLer progeas this
ries Lo dierive amswers from 2 knowledge base.
T Oy imderence engne periems generad lagacal
Aatuction including =odus pone=s, modss
tallens, weiversal qeanufieaton wed eiaessial
geamificavan).

Ta codify, in machine-usable form, millions of
pietes of knowledge that compese human
COMITAN SEnse.

Typical pieces of knuwiedge rearesestnl in the
dawbase are Every tree s 3 pan and “Pams die
evemuualy”. When asked whesher rees e, the

inference angme cam draw the abnoss concusion
arl snwer e gution coreely.

Ta enable Al applications to perform human-
Tike reascming.

AVAILABILITY

The original knowledge base is
proprietary, but a smaller version of
the knowledge base, intended to
establish a commen vocabulary for
automatic reasoning, was released as
OpenCyc under an open source
(Apache) license. More recently, Cyc
has been made available to Al
researchers under a research-
purposes license as ResearchCyc.

APPLICATIONS




ronounced like

Cyc is an artificial intelligence project that
attempts to assemble a comprehensive ontology
and knowledge base of everyday common sense
knowledge
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MOTIVATION

To codify, in machine-usable form, millions of
pieces of knowledge that compose human
common sense.

To enable Al applications to perform human-
like reasoning.



KNOWLEDGE BASE

The Knowledge Base (KB)
contains over one million
human-defined assertions, rules
or common sense ideas.

Cycl

e anguage (1,
ok and basa st v 3 that of the Lisp programag
[

Trunh Furcties wiich am be appbed oo one or
=z ather concepty s=d rewrn elther true o
fabe For example #isiblings ks the siling
elationihi, ruse  the taw arguments are
abtngs.

e

18 S40AIC et #W Lo St esireRdoa )

W) Clivaan Bolsage 12 fha callacrian o 5.
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which produce new serme from ghven
ik, #8Frai L, when provided nith
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scribiing @ oype {o collectlen) of
wlants, will returs the collection of its frut by

i#tgnle #4Tree Thebbae @3

A s are e

ol
comvemsion, Szmcrion comseaniy. st with an
wpar Cage leiter andl eed with the siring Fi




KNOWLEDGE BASE

The Knowledge Base (KB)
contains over one million
human-defined assertions, rules
or common sense ideas.
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REFRESCNTATIUN

The concept names in Cyc are known as constants.
Constants start with an optional “#$" and are
case-sensitive. There are constants for:

Individual items known as individuals, such as
#$BillClinton or #$France.

Collections, such as #$Tree-ThePlant (containing
all trees) or #$EquivalenceRelation (containing all
equivalence relations). A member of a collection is
called an instance of that collection.

Truth Functions which can be applied to one or
more other concepts and return either true or
false. For example #$siblings is the sibling
relationship, true if the two arguments are
siblings.

Functions, which produce new terms from given
ones. For example, #$FruitFn, when provided with
an argument describing a type (or collection) of
plants, will return the collection of its fruits. By
convention, function constants start with an
upper-case letter and end with the string “Fn”.




Cycl

These are formulated in the language CycL, which is based on predicate
calculus and has a syntax similar to that of the Lisp programming
language.

eg:
(#$isa #3BillClinton #$UnitedStatesPresident)

“Bill Clinton belongs to the collection of U.S.
presidents”

(#3%genls #$Tree-ThePlant #3$Plant)

"All trees are plants”.
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INFERENCE ENGINE

An inference engine is a computer program that
tries to derive answers from a knowledge base.
The Cyc inference engine performs general logical
deduction (including modus ponens, modus
tollens, universal quantification and existential
quantification).

Typical pieces of knowledge represented in the
database are “Every tree is a plant” and “Plants die
eventually”. When asked whether trees die, the

inference engine can draw the obvious conclusion
and answer the question correctly.



AVAILABILITY

The original knowledge base is
proprietary, but a smaller version of
the knowledge base, intended to
establish a common vocabulary for
automatic reasoning, was released as
OpenCyc under an open source
(Apache) license. More recently, Cyc
has been made available to Al
researchers under a research-
purposes license as ResearchCyc.




APPLICATIONS

Terrorison Knowledge Base

The comprehensive Terrorism Knowledge Basc is an
application of Cyc in development that will try to
ultimately contain all relevant knowledge about
“terrorist” groups, their members, leaders, ideology,
founders, sponsors, affillations, facllitles, locations,
fimances, capabilities, intentions, behaviors, tactics,
and full descriptions of specific terrorist events. The
knowledge Is stored as statements bn mathematical
logic, suitable for computer understanding and
reasoning,

Cyclopedia

Cyclopedia is being developed; it superimposes Cyc
keywords on pages taken from Wikipedia pages

Cleveland Clinic Foundation

The Cleveland Clinie has used Cye to develep a
natural language query interface of biomedical
information,




Terrorism Knowledge Base

he comprehensive Terrorism Knowledge Base is an
pplication of Cyc in development that will try to
tlmately contain all relevant knowledge about
terrorist” groups, their members, leaders, ideology,
founders, sponsors, affiliations, facilities, locations,
finances, capabilities, intentions, behaviors, tactics,
and full descriptions of specific terrorist events. The
knowledge is stored as statements in mathematical
logic, suitable for computer understanding and

' reasoning. '
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al terrorist attacks in South America in July 1994 are parformed by HEZDOIIBD# Eind |

How do | ask it a question?

/ Hezbollah . July 1994

Simply type a question or keyword. ﬁuum America

CAE extracts relevant entities; ¥ Search Results
and then offers one or more choices, . ¥ What terronst attacks in South America in July 1994 are performed by Hezbollah?
based on its semantic interpretation of > g'm: 0';“';"9
what might have been aski omplex Questions
you mig ng- NT Is a terrorist attack, EVENT happened in South America, EVENT occurmed in Jl.i;l
CAE rephrases the query precisely. and Hezbollah deliberately performed EVENT

Edit it if ed, and click ""h-\ EVENT s a terrorist attack, EVENT hawnnd in LOC, EVENT's data is DATE, and WHO

\Tetabr\r performed EVENT
* EVENT is aterrorist attack,

* EVENT happened in South America, Sae
* EVENT occurred in July 1994, Stop
* and Hezbellah deliberately perfermed EVENT. '

mmmnn N

Each answer has icons
representing its sources,
and direct links to those |
original sources. 1 answer
Finighed

| Answers (1) |

IR a7 Tervorist Attack Database 1968-1997, Cilahoma N\
Answeer N\ Sources

bitp//db ipt orgfrand 68 97 cfm .
mamm e wm\L“Q”"‘”'"’ 0@ Amia Jowich Canter in Euanos Alres W

3\.9 i NAnswers to your questions are accompanied by detailed
Tehran Rising yo by
a\phhmﬂ Hezhodlah: Born with a Ve 1997, Colud Justifications: structured arguments that allow you to:
5% . Terrorist of Global Reach*, Jnsa * Review the sources and the rationale for each answer

i a " ch * Interactively fine tune answer sets by, e.g., approving
] or omitting individual sources or lines of reasoning

* [Rank and filter the results based on your personal
m. r— characterizations of source reliability (for such queries)

Masing At pthe Various visualization options (maps, timelines, SNA graphs,
T etc.) are available including exports to Analyst's Notebook™.

Connecting The Dots

Exploring length-3 chains from Mustafa Kamel,
we see that many of them lead to Omar Othman,
someone who has no direct link to him in the data.

CAE is built on Cyc® Cycorp

Ifwnn s“wl [imr Tr:nmu]

Hierarchy of 16,000 types of relations Cye is a unique resource: a huge 7718 Woc_:d
) (300k+ general terms) ontology Hollow Drive
The user wanted various broad categories with over 3 million hand-written Austin, TX 78731
of ralaﬁ:'s to be wf:i:f:d sali:om; Cyc's spanning ge human
general ontology en CAE to deter- rules neral
mine which more specialized relations, Tmud‘gi:;?" dﬂ:&e ms'. +1 512 342-4000

e.g., “religious teacher”, to search along. www.Cyc.com

years of effort, since 1984, led
by Al pioneer Dr. Douglas Lenat.

Prezl
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Cyclopedia

Cyclopedia is being developed; it superimposes Cyc
keywords on pages taken from Wikipedia pages
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toncept navigator

=
o I
Poodle -

more specific
= pPoodle

= German Shepherd
n Collie

articles

= Canine

® Dog
m Dog Training

search

(Go) (Search)

This article is about the domestic dog. For other uses, see Dog (disambiguation).

The dog (Canis lupus familiaris) is a domestic subspecies of the wolf, a mammal of
the Canidae familyl - |the order Carnivora. The term encompasses both feral and pet

variants. It i} . Biological Family
species. Family-Human
Over time, t| ~ Family-Nuclear

variation. For example, heights at th{
the Chihuahua) to roughly three feet
white through grays (usually called B
("red" or "chocolate") in a tremendouy|
from very short to several centimete|
wool, straight or curly, or smooth.

The collection of biological taxonomic
subdivisions below biological order (or
biological suborder) and above biologi-
cal genus. Especially important in
Botanical classification.

related articles:
= Family (biology)

/ Yes, this is the correct meaning of family.

r

-

W W W ! i W
¢ ‘ [] www.cycFoundation.org/cyclopedia.jpg
2 Sign in / create account
article || discussion | | viewsource || history
Your continued donations keep Wikipedia running! i
Dog N
From Wikipedia, the free encyclopedia -

Contents [hidc;
1 Overview
1.1 Origins
1.2 Human relationships
2 Terminology
3 Intelligence

3.1 Evaluation of a dog's intelligence

4 Physical characteristics

4.1 Sight

4.2 Hearing

4.3 Smell
5 Working, utility and assistance dogs
6 Show and sport (competition) dogs
7 Diet

7.1 Dangerous substances
B8 Reproduction

B.1 General

8.2 Males

B.3 Females

8.4 Copulation

B.5 Gestation and litters

other images of dogs
Conservation status
Domesticated
Scientific classification
Domain: Eukaryota
Kingdom:  Animalia
Phylum: Chordata
Class: Mammalia
Order: Carnivora
Family: Canidae
Genus: Canis
Species: C. lupus
Subspecies: C. I. familiaris
Trinomial name
Canis lupus familiaris
ﬂ Dogs Portal
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Cleveland Clinic Foundation

The Cleveland Clinic has used Cyc to develop a
natural language query interface of biomedical
information.
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Z Cyc Analytical Environment: Generic Medical Research Task Allotment _ _||:||£|
Eile Edit Tools ‘Window Help

@ @ @

| Taskinfo | DocumentSearch | Concepts | Queries |

@iWhat patients were diagnosed with a Hiatal Hernia atter an operation that 9I’T'ID|0E| Eind stop p

¥ Search Results a7
What patients were diagnosed with a Hiatal Hernia after an operation that employed a femoral i
percutaneous surgical incigion?
¥ Simple Questions
is the patient involved in
The patient ID for is
occurred in operations.
is an operation.
is a femoral percutaneous surgical incision.
comes about during a femoral percutaneous surgical incision.
The type of surgical incision employed in is fermoral percutaneous surgical
incisions.
During the event
is hefore
isa surghammmmmm :
contains | Copy Query Text 3 h
¥ Simple Question Ten gpen
occurred

Delete
comes al
The type of surgic Combine selected queries S

During the event the di is indi
» Keyword Search Atternpt to combine the two queries |

¥ CCF Query Library
P CCF Query Fragments
» CCF Example gueries

Sfatus: Idle Message:

the diagnosis indicates hiatal hernia.

<
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semantic web

NLP &

- Relationship between NLP & Semantic Web
- Mutual Benefit




Why NLP needed for
Semantic W




1.0ntology Query
2.0ntology Learning

3.Multilingual
Ontology Mapping




Ontology Query

-Semantic Web has the quite complex structur
and strict logical form

- It is not expected that Users will make a query
logic form

NL Query : Who is wife of Rama ?
Logical Query :
MarriedTo(?,Rama) and typeOf(?,Men)



Who is wife of Rama ?

NL to Formal Query

MarriedTo(X,Rama)'l'and typeOf(X,Women)

Semantic Web Agent

X= <ABCD>»

Wife of Rama is <ABCD»>.




Ontolo;
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Unstructured sources
Involves NLP techniques, morphological and
syntactic analysis, etc.

Semi-structured source

elicit an ontology from sources that have
some predefined structure, such as XML
Schema

Structured data

Extracting concepts and relations from
knowledge contained in structured data, such
as databases




Layer - Learning

Vx,y Suffering(x,y) -> ill(x)

Axioms & Rules
Relations
Taxonom

Concepts

cure(doctor, disease)

is_a(doctor, person)

disease

disease, illness

Synonyms

Disease,illness,
Hospital

Terms



Terms

- Linguistic realizations of domain-
specific concepts

- Are the basis of the ontology learning
process

Term Extraction

-Run a Part-Of-Speech (POS) tagger over
the domain corpus

-ldentify possible terms by constructing
patterns, such as: Adj-Noun, Noun-noun,
Adj-Noun-Noun,...

-lgnore Names

-ldentify only the relevant to the text
terms by applying statistical metrics




Taxonomy Extraction

1.With the use of WordNet
2.Co-occurrence Analysis

3.
Lexico-syntactic patterns




Taxonomy Extraction with wordnet
-Given two terms t1 and t2, check if
they stand in a hypernym relation
with regard to WordNet

-Normalize the number of hypernym
paths by dividing by the number of
senses of ti

Example: 4 different hypernym paths
between synsets ‘country’ and ‘region
- ‘country’ has 5 senses

value of isa (country, region) = 0.8




Lexico-syntactic patterns

- NPo such as {NP1, NP2,.., (and | or)} NPn
Vehicles such as cars, trucks and bikes....

- such NP as {NP,} * { (or|and) } NP
Such fruits as oranges, nectarines or
apples...

8
-NP {, NP} *{, }{ or|and } other NP
Swimming, running, or/and other
activities...

- NP {, } including {NP, }*{or|and } N
Injuries, including broken bones, wound
and bruises...




Relations

-General Relations
Exploiting linguistic structure
Ex: Author wrote a book.

Relation: write(Author, Book)




why Semantic web is
needed for NLP 7
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needed for NLP 7

Word Sense Disambiguation
- Locate the Least Weighted Path from One
Ontology Concept to Other Concept

Example

1. Sachin’s play is awesome.

2. Shakesphere’s play is awesome.



Example

1. Sachin’s play is awesome.

2. Shakesphere’s play is awesome.

Sachin -> Cricketer-> Play_1
Shakesphere -> Playwriter-> Play_2



n

Conclusion



Conclusion

-Without any doubt, Semantic Web needs natural language
technology
-To acquire knowledge from massive unstructured/
semi-structured Web 2.0
-To understand user's Natural Language Query
-Finally, To present answers to users
-Semantic Web should improve the NLP's performance in IE and WSD
-Almost all problems are in open to research, a long journey to go.
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