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The Semantic Web

Tim Berners-Lee

created by

http://geekcom.wordpress.com/2009/03/19/

described

machine-readable

entity-relationship
data

Frankfurt image: https://en.wikipedia.org/wiki/File:Frankfurt Am_Main-Stadtansicht_von_der_Deutschherrnbruecke_am_fruehen_Abend-20110808.jpg



The Semantic Web

Tim Berners-Lee

Problem:
Just an academic

idea, not used In
practice!

http://geekcom.wordpress.com/2009/03/19/

A Web of
machine-readable

entity-relationship
data

Frankfurt image: https://en.wikipedia.org/wiki/File:Frankfurt Am_Main-Stadtansicht_von_der_Deutschherrnbruecke_am_fruehen_Abend-20110808.jpg
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Big Knowledge Collections
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Big Knowledge Graphs

SGD

select knowledg

m YAGO 1: 2007
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Hoffart et al.
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Big Knowledge Graphs

select knowledge




Google Knowledge Graph
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Mainstream Adoption

Yahoo's Knowledge Graph
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Mainstream Adoption
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Trenton is the capital city of the State of New Jersey and the county seat of Mercer
County. The city is officially considerad to be within the Greater Mew York City Combined
Statistical Area. Wikipedia
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Mainstream Adoption

(_,1{} gltj german restaurants in sanlitun

German restaurants near sanlitun
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The Low-Hanging Fruit
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What we should be able to ask

L{IL deadlines of nip conferences
[

2014 NLP/CL Conference Calendar - Cumputer Sclence

www.cs.rochester.edu/~tetreaul/conferences.html * University of Roc

; - Main NLP/CL 2014-2015 Conference Deadilnes. C:}nference
ACM Leaming at Scale (Works in Progression submissions) Jan 02 Jan 14
AISB Wkshp on Questions, Discourse and Dialogue Jan 03 Feb 03




What we should be able to ask

Q'IL deadlines of nlp conferences in europe
-

Shopping Viore - Search tocls

2014 NLP/CL Conference Calendar - Cnmputer Sclence

www.cs.rochester.edu/~tetreaul/conferences . himl - Jersity of Roches
I've also added a list of the main conference deadlines bhel

ACM Leaming at Scale (Works in Progression submissions) Jan02 Jan 14
pean Semantic Web Symposium (ESWC 2014) Jan (08 Feb?26

Europe: Could be UK,
France, Germany, etc.!




What we should be able to ask

t,‘f.lx_ spring deadlines of nlp conferences in europe
L)

Shopping

2014 NLP/CL Conference Calendar - Computer Science
www.cs.rochester.edu/~tetreaul/conferences.html ~ University of Rochester

1 I've also added a list of the main conference deadlines below, ...
ACM Leaming at Scale (Works in Progression submissions) Jan02 Jan 14
European semantic Web symposium (ESWC 2014) Jan 08 Feb 26

Spring: March, April, etc.




What we should be able to ask

Are any talks at KG 2015
about social media?

The following talks at KG 2015
seem related to social media:




What we should be able to ask

Which talks at KG 2015 are most
related to my current projects?

The following talks at KG 2015
seem most related to your work:




Beyond Collections of Facts

® 1. Knowledge Integration and Organization
® 2. Natural Language Coupling
® 3. Multimodal and Cognitive Knowledge
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The Web of Data




The Web of Data

. Integrated
Data?




Linked Data Is Still Not
Integrated Data

Technical Challenges

» Different access mechanisms:
Individual HTTP requests, SPARQL endpoints,
Downloads

 Downloads often not available

e Servers offline




Linked Data Is Still Not
Integrated Data

Servers offline
Poor archiving

Dumps need to
be archived and
integrated.




Linked Data Is Still Not
Integrated Data

A lot of data
IS locked away
- to some extent

https://commons.wikimedia.org/wiki/File:Gov%27t Shutdown, Locked.. - Flickr - daveynin.jpg



Linked Data Is Still Not
Integrated Data

Semantic Challenges

* Different ontologies/schemas/vocabularies
e Links are incomplete
* Links are bad

 Data is sometimes bad or outdated




Disconnected Information
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Current Situation
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Entity
Integration




Entity Integration

Home  About Me  Write a Review  Find Fricnds  Messages Talk  Events

vego Montreal, QC, Canada

Show Fillers

Longueuwl

Source: Bordes & Gabrilovich. KDD 2014 Tutorial




Entity Integration:
Challenges

Michelangelo

e
=\ 3

Michelangelo di Lodovico Buonarroti Simoni , commonly known as Michelangelo,
was an Italian sculptor, painter, architect, poet, and engineer of the High
Henaissance who exerted an unparalleled influence on the i

Born: March 6, 1475,
Died: February 18, 1564, Homs

Parents

Source: Peter Mika



Entity-Level Integration

Language-specific,
Domain-specific,
Arbitrary Databases

e I

Unified KB

Gerard de Melo



Entity Integration:
Computing Similarity Scores

dbpedia: The_Godfather Iinkedmdh:film_jw
dbpedia-owl:director dbpedia:Francis Ford_Coppola movie:actor linkedmdb:actor/10107
dbpedia-owl:starring dbpedia:Al _Pacino movie:actor linkedmdb:actor/10486
dbpedia-owl:starring dbpedia:Marlon_Brando dc:date 1972

dbpedia-owl:starring dbpedia:Marlon _Brando movie:director linkedmdb:director/8405

dcterms:subject category:Mafia films movie:editor linkedmdb:editor/2902

Are these two the same?

Compare attributes, relations, text
— Similarity score (weighted link)




Merging Structured Data

en: Trentino

Use

Identity Links
to connect
What is
equivalent

en: Province

of Trento

fr:
| Trentino

‘fuk: MposiHLis
TpeHTOo

ACL 2010
AAAI 2013



Merging Structured Data

; la:
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tl: Trento | -
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- | ftr: Trent!nmn
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> = : J T‘L en: Trentino- )
uk: MpoB.iHuis ‘,.-ﬂ__—-"“_! f Alto Adige

TpeHTO ___/Sudtirol

ACL 2010
AAAI 2013
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Merging Structured Data

ko: EBIE R |
en: Trentino | M 7
; | 5 . One bad link is
,. _, a enough to make a
e el | connected component

inconsistent
en: Province |

of Trento W | Trentino- J
_South Tyrol

- | ftr: Trentinmn
Trentino Alto Adige

.- — : J ﬁi en: Trentino- |
uk: MpoB.iHuis ‘/7—-"“_! f Alto Adige

Tpexto | . /Sudtirol

ACL 2010
AAAI 2013




Merging Structured Data

zZh. )
95 10 7 7 - :

la: 'I
Tridentum |

en: Province |

of Trento =g ~ | Trentino-

tl: Trento

_South Tyrol )

= ‘ tr: Trentino-

Trentino Alto Adige

—, A s e [ en: Trentino- )
uk: MpoBiHLjs @F‘\ Alto Adige
Tpento | __Isudtirol )

Optimization
Problem:
Make clusters
consistent

Either by deleting
edges or merging
concepts

ACL 2010
AAAI 2013



Merging Structured Data

. - |
 Edl ) Skt |
= . : ﬁ "[E 3% = [

) J en: Trentino !

=7 : | b ) Min. cost solution:
/ a | A NP-hard
| | Tridentum | APX-hard

tl: Trento

en: Province > | =
of Trento W — " Trentino-
' South Tyrol J

F \ |t Trentino-
Trentino | | Alto Adige .
) — en: Trentino- )

uk: MpoBiHLis | Alto Adige
Treto | __ISdtirol )

ACL 2010
AAAI 2013



Merging Structured Data

Linear Program Relaxation

minimize

n I

> dew(e) +2 3. > uiww(Di)

ecE i=1j=1veDl; ;
subject to

Pijv = Uy Vi, j<bh, v € Dj;

Pijv + Uiy = 1 Wi j<h,ve U D
k> j

Pi.j.v £ P:’,j.,u‘|‘ de Vi, j<lj, e=(u,v) € E

de >0 Ve € E
li
Uiy =0 Vi, v € U D;;
=1

Pijv >0 i, j<l;, veV

' costs

from graph or
5 of nodes

> such that there is

vath between node pairs
still considered dis

Finally, use region growing
algorithm in the spirit
of Leighton & Rao 1988

Approximation Guarantee:
4In(ng+1)

for n distinctness assertions,
g=max |Dij|

but independent of [D| !




Merging Structured Data

: _ lize costs
Linear Program Relaxation
@ remove edges from graph or

" 5 of nodes
minimize
o O such that there is
Sodew(e)+ >3 Y uiww(Di) o path between node pairs

ecE i=1j=1veD; ; still considered

subject to
Pijv = Uiy Vi, j<k, v € Dj; Nice:

Pijv + Uiy = 1 Wi j<h,ve U D
k> j

This generalizes the
Hungarian Algorithm
Pijyv < Pijut de Vi, j<h, e=(uv) € E from bipartite matchings
ds>0 Ve € E to many non-standard kinds

I of matchings
Uiy =0 Vi, v € U D;;
J=t

Pijv >0 i, j<l;, veV

(cf. de Melo. AAAI 2013)




Taxonomic
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Question Answering
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Question Answering
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Question Answering
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Taxonomic Integration:
MENTA Approach

De Melo & Weikum (2010).
CIKM Best Interdisciplinary Paper Award
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Taxonomic Integration:
MENTA Approach

De Melo & Weikum (2010).
CIKM Best Interdisciplinary Paper Award




Taxonomic Integration:
MENTA

fr: ‘u"allee Valley \ Language

it: valle ,—

Province ‘

Dialect

it: Isole
linguistiche If:iel_lllr;t?alillz |
en: Uatleys dltalia en: Province
Dlalel-.t

of Italy of Trento

¢ | de:Talin de:
/ Sprauhmael :
: no:
3 de: Deutscher | Provinsen
de: Tal in . Dialekt  Trento
Trentino-Sudtirol | :
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L]
n
L]

no:
Bersntol




Taxonomic Integration:

MENTA

Fersental i etdl
(Bersntol, Valle dei Mocheni) SRS




Taxonomic Integration:
MENTA
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Taxonomic Integration:

Minority Languages in Trentino - Census 2011 [ agin language:
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Taxonomic Integration:
MENTA
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Taxonomic Integration:
MENTA

en: 'Jalle}-':'_;l ja: 1t s Llnqu_‘:‘:!
of Italy |4 2 ) 7 D4 el iallal
de: Tal in : E de: .
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| - 0 ¥,

Use Identity Constraint , Markov Chain Random
Algorithm to form Walk with Restarts
equivalence classes to Rank Parents




Taxonomic Integration:

MENTA

fr: it S 1 - )
Uallpe Valle valley ‘ Language
. J e ‘;;;71E::;1

: : N it: Lingue ] \|
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de: Tal iﬂ de:
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Taxonomic Integration:

Entity

Fersental

Cagayan National
High School

The Spanish
Tragedy

MENTA

WordNet parent

. valley

. natural depression
. geological

formation

. secondary school
. school
. educational

Institution

. book
. publication
. piece of work

Wikipedia parent

Valleys
Valleys of Italy

Valleys of Trentino
/ Alto Adige

Secondary school
School

High schools in the
Philippines

Book

British plays
Plays




Knowledge
Integration




Knowledge Integration

X isAuthorOf Y

Y writtenBy X

X wrote Y

Y writtenlnYear Z



UWN/MENTA

200+ languages nor "kl o _ Encyclopedic
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hab: *me — s & Video,

Ontological : Sounds, Maps
Taxonomy

CBS "hejno”

‘g — InstRution M tha * A

f
dew “Bikdungs- Eduscational

mnnchiung imstitution

schiool

{instilution) Universiy
i

WML T T /

University o
Califomia, Borkalay I:f-l'.'l:lrl:'iﬁ' Barkedey H"“ﬂlﬁs ﬂ"
emn " - Named Entities

Proteins,

ang: "UC Barkeley gy "l eng: "Berkalay © Astﬂrﬂidﬂl
UWN: Meaning Distinctions Companies, etc.)

multilingual extension of WordNet for
word senses and taxonomical information over 200 languages

Gerard de Melo



Search Interfaces

Object Time Location Keyword
¢+ | San Francisco, 100

7 | company | 3 nearby

(during %] [1910,2010] - i

Id Subject Property

i | type

Fl | created 27 17

QuUEry

A Lucas
Saaton Viallery- Mayemyrood Herowes  Marinez Latsbur (? sl | Morada Map [ satellite ]
x . Wl
a— P imbels 1T
Pinoke Concord Anticch, — BREY = g

San Marad® )
\ﬁ’.r_
LArRSpar

Rl iy

. t, #
Hichrmornd VWalnut : Starkinn
ik Claytor Brenhionr

;;;f..'..,-@ YAGO2:
WWW 2011 et
Best Demo Award

Barkeley

Crapwitle

San
Francisco

Dakland

Alameda Gt San Hamon
Leandro

cisen Bay e byl Livarmone

Hayward Pleasanion Modesio

Francisoo g.} Bvstrasy
5 Fremaont ol J o
San hMate P Slaniskus

i,

[ e [€EE]
':" —

Halt
Man Bay

=

Map data E2010 Gofigle

Men

it L. ol S
MenloPark™. Paloalo.  Mipilas

Blizzard North

'Reilly Madia Mendoding Brewing Company IrenMind

Sierra Mevada Brewing Company Digidesign Be Inc,

res THX Gilead Sciences

“Which companies were created during the

Monster Cable Produ

last century in Silicon Valley ?”

2000

MetObjects
Crystal Dynamics
Tumbleweed Communications

Thinking Pictures

Fox Paine &
Met?

Ligh



Example:
Lexvo.org

o languages: WordNet, ISO 639-3, Ethnologue, Linguist List,
Wikipedia
e language families/collections: WordNet, ISO 639-5,

Wikipedia
o writing systems: 1SO 15924, Unicode CLDR
e geographical regions: Ethnologue, Unicode CLDR

I::‘_.. % '__ B e INE
R Ll .
1 :J Vaotic language
-3 -'_: Frmnd age L, te o aegs ==eda
s e

WIRIELEA | g e

Gerard de Melo



Lexvo.org

.-,& - bt -'.. = 2 e - ’
EE‘L. 7 - . :
- = . Music DETune F, i3
Russia : 1 e

(Country)

=

Cyrllic

¥ Linked
MODB

chv: “Weyn
jpr. * H8”

kal: “bgoapmas”

Interdisciplinary
Work, e.g. in

Digital Humanities Semantic Web
B Journal 2014




YAGO-SUMO: Knowledge
Integration for Reasoning

SUMO

70000 axioms
open source

YAGO-SUMO

SUMO's axioms
attached to
real-world instances,

overall many millions
of axioms

extracted fact:

X hasCapital Y
becomes:
(capitalCity Y X)

(exists 7YEARNO 7MONTHNO ?YEARNO
(and
(birthdate HerveyDeStanton
(DayFn 7DAYNO
(MonthFn 7MONTHNO
(YearFn 7YEARNO))))
(greaterThanOrEqualTo 7YEARNO 1270)

(lessThanOrEqualTo 7YEARND 1279)))




Smarter Question Answering

Greasemonkey
e scripts

HTML User clhent-side

& XML Our server-side

PHP Server script

Questions Questions Questions
with hints | without hints| with regexp
constraints

TFTF & toxt ¥ HTML

.I"-— M

Curated KBs, I E & M
| eq., YAGO SPASS-XDB

A

Qur server-sicde

()]M.ﬂ)k.

World server-sice v
Online KBs,
e.q., DBPedia

Sutcliffe et al.

Gerard de Melo




Beyond Collections of Facts

® 1. Knowledge Integration and Organization
® 2. Natural Language Coupling
® 3. Multimodal and Cognitive Knowledge



Question Answering




Question Answering

Buy Jaguar in Beijing




Question Answering




Question Answering

“Do Macs
now support

. Windows?”
I |




Lexical Knowledge Bases

( “coach” ]

Y

—-{ sports trainer J
b

i ™

— to train / instruct
% A

" wheeled
t—= transportation
G vehicle

“bus” }—I




Multilingual Lexical Knowledge

- ( eng: “coach” ]

|L B ]
-—( sports trainer J
G [Mandanj

i

. (
English] to train / instruct

., o

Chinese

.

~ wheeled
transportation
vehicle

L

UWN (de Melo & Weikum 2009)




MENTA

por: “entidade” Entity }—[
heb: “nig” ces: “jsoucno’ \
cmn: “ i A" | Institution }-— tha: “ @a 1w’

deu: “Bildungs- | Educational
einrichtung” institution

swe: "konstskola” Art school }— chv: "fHep wkyné”
: | . 1 | .
spa. “Academia ‘ ‘ fra: "academie
d& Brare? Brera Academy da Brapa®

fin: “oppilaitos”




UWN: Universal Wordnet

Exploit millions
. - of translations
trans- from the Web

ita; “piatto” ‘

lation

eng: “course”

Gerard de Melo



UWN: “Universal Wordnet”

ita; “piatto” ] part of a meal
h:".. "
trans- : ' o '
lation academic course

ena: “course’ route of travel \

series of events |

Learn regularized
regression model
to predict edge weights
for a given pair of nodes

CIKM 2009

Graph-based features,
weighted by various
edge weight metrics

Gerard de Melo



UWN: Universal Wordnet

fra: “cours” jon: “ #PF"

Class

(category)
hye: “UnLpu” . deu: “Rubrik”

| £lass | ron: “clasa”
(education) .

ita; “corso” dan: “division”
Class

(sports division)

slv: “teCa)” ' gla: “roinn” l

over 1,000,000 words in over 100 languages

ICGL 2008
CIKM 2888 Best Paper Award

Gerard de Melo



UWN: Getting Started

http://lexvo.org/uwn/

Simple API for JVM Languages

val uwn = new UWN(new File("plugins/"))
for (m <- uwn.getMeanings('souris", "fra"))
println(m)

Or Just Download the TSV File




UWN Query Contact

UWN/MENTA — Universal Wordnet Project with MENTA extensions

Query

Word: atrasar {case sensitive)

Language: 5pan| (IS0 639-3 code, e.g. "eng" for English)

- o
Spanish (spa)

Search =

Instructions:
Enter a word in the first field with proper case (i.e., "jaguar" is considered different from "Jaguar”). Make sure the correct lang
language in English and rely on the autoccompletion feature or enter an IS0 635-3 code. You will then be directed to a page li

Examples:

http://www.lexvo.org/uwn/




UWN

UWN Query Contact

PR _ T

hEbp: s Neavo ongl i term spafatrasar

http://www.lexvo.org/uwn/




Infarmation

rh) Chuse to move mong Slewly or operabe Bt 8 Sloweer rate; "This doug will retard your hear rate”

lexicalizatan epdc ma l'-'u.-;-l

o
Show unreliable W

MES JOMCOATL

Show unreliable ¥




UWN Query Contact

s/v438495

Mew Criery

has gloss {werb) reduce the speed of; "He slowed down the car”
slow down, decelerate

lexicalization By decalerate
eng: slow down

(werb) caude to change: make differant; cause & transformatian; "The sdwvent of the autemabile may hbve altered the grawth pattess of the city®™; "The ditcu
changed my thinking aboul the isswe”
alter, change, modify

i 5 werb) ma 5 rinoenGe; & ur Sf 3
has sulsclass l! tl_: nake loss fast or intonde Tioderate FOUr Spdad
moderate

(werh) esuse ta move more slowly or operate at & shower rate; "This drog will retand your heart rate”
retard

{werb) slow dewn by moaving the tail sideways; “The airplane fishtailed on the remeay
fighiail

Meaning
Bulgarian
lexicalization 1L EL
Catalan

lexicalization t: desacocierar

intistio e http://www.lexvo.org/uwn/

lexicalzation (=100 _]iﬂl'l di 54 du
omn: iR
emn: BEER

Garman

lexicalization dew: abbramson




Etymological Wordnet

Polish:

L] L]

nowy
French:

n ) :
e | Croatian:
4 "nov”

GIE‘ Fm’?f’ . | Czech:
Mnove unnﬁu

Spanish:
"nuavo”

Russian:
“HOBBIA®

Enaglish: -
"new” [ Italian: Y
l, I- "nuove” ) Froto-Slavic; J

*novsL"

Swedish: |I"."Ii|:|diﬂ H. Gcnnan:J' Middle English:

"ny” "niuwe" newe Latin:

J I' l‘ ) "novus”

]

Old Norse: Old H. German: J Old English: ||  English: J

nyr’ "riumwi” "niwe" neg=" l
Proto-Germanic: || Ancient Greek: | Sanskrit '
““niwjaz" vEog ) -

|
L
= PIE: *"'néwos” )—

LREC 2014
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WIKIPEDIA

L Free End

k]
Wikimadia Shop
I Wi
-
About Wikoped
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Real Understanding?

Ludwig Wittgenstein

Froem Wikipedia, ihe rsa sncpciopedia

Witipansiein® radivects here, For oithas o

an Aysirign-British
1agea, = B 192681947, WiTlgansatain

(1521, oo

PRHOSORNET Wi

i [haan|; 26 Apeil TBE% = 29 Apil 19599

worked phmanly i laggPthe philcsopy of mathematics, the philosophy of mind, and tha prulossony of lang

Ludwig Jose! Johann 'Witts

vt | '-.-::5_,';:-:' SLAIIY

§
I

sim book, the TE-page Tn

T P FUESHIENSA Jhdss

faught at the L % ridgi, % Dy

ariscie, op ook reniieny and a chifdren’s dictionany. ! ! His voluminous manuschpls wene edibed and pubkshad posthurmousiy. FF AR ET
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R0 SUNTYS RO )
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Relation Understanding

Equivalent:

MetaWeb was acquired by Google.
MetaWeb was just recently acquired by Google.
MetaWeb, surprisingly, was acquired by Google.

Meta\WWeb was bought out by Google.
Google bought MetaWeb.

Google acquired MetaWeb.
MetaWeb was sold to Google.
Google's acquisition of Meta\Web.
Google's MetaWeb acquisition.

and so on...



Relation Understanding:
N-Ary Relations

® Capture the "who-did-what-to-whom”

® Microsoft bought the patent from Nokia.
Nokia sold the patent to Microsoft.
The patent was acquired by Microsoft [from Nokia].
The patent was sold [by Nokia] to Microsoft.

Underlying fra me: Buyer: Microsoft

Seller: Nokia

Commercial transfer  _quet The satent




Relation Integration

Search: —— <id 4h2o0u8 16x vkf2e7>

<Cécilia_Atlias> <sMarriedTo> <Micolas_Sarkozy> hasFactid -
<pxtractionSources <Cécilia_Attiass —
<htip:ifen.wikipedia.orghwiki'Cécilia_ Attias> —

=pecursUntil= o7 - EE  ed date —s

YAGO: isMarriedTo predicate

SOCCUrsSinces  "1906-##-#F"""sddale —

Freebase: Marriage Entity

Challenge:
L::Lr" atlnn of ceremony M O d e I I I n g

MNeullly-sur-Sene

Differences



Relation Integration:
FrameBase.org

Commerce_money-transfer

Lexical Undt Drdeex

Defindtion

The subdrams of the Commercial_trarssction frame which involves the manafer off Money from the Buver to the Seller (in exchasge for the Goods)

Semanthe Type: Non-Lexical Prame
Frame Elements

[ore Eleesemis

:H:\.r: The [layer] waes the Koods] and offers Poned] oo o [Selled in enchange for them

Ehunh: & onaf.
Lee wold 4 texthook

Excludes: Exchanpen
[ R

o _sell
) The edividualy pemicipating in the commescial exchange, otherwise encoded 50 Huyer) ed

Erariaiton

The FE Goods is amyvihing (including labor or time, for cxample) which is exchanged for Mooéy in a transaciion
it baought

::-.1.;;.' Moady i the (hisg given in exchanps for Coods in 4 asetion

Bringing knowledge into a standard form
based on natural language (FrameNet)




Background.:
Berkeley FrameNet Project




Beyond Collections of Facts

® 1. Knowledge Integration and Organization
® 2. Natural Language Coupling
® 3. Multimodal and Cognitive Knowledge



MENTA: Media

-

The pools of Pamukkale & More d tails




Knowlywood: Human Activities

EXT. SMALL MOUNTAIN--DAY

Wichita charges up the rockage ol a small
mountain-hill-tvpe thing. The image repeats
itsell over and over--each time Wichita

IS more sweaty, gasping, sneering

Wichita (V.O.)
The rules forbad anvone from the
climbing the camp's mountain

align via subtitles

Scripts Semantic Parsing

- Movies = PlasiE
- TV Series S e

: | N
- Sitcoms | % OpenNLP |
Novels @ =2 I
F St | ILP for WSD

Graph Inference

Statistical Priors

. E}

o PSL Inference

CIKM 2015

Taxonomy
Construction

5

ynsets

—

S Hierarchy

Knowlywood

Activity
Knowledge
Base




Knowlywood: Human Activities

Goup an elevation

Parent activity

Previous activity Next activity

{Climb up a mountain , Hike up a hill} ﬁ

h

Getto village Participating Agent climber, boy, rope
Location camp, forest, sea shore g '
Time daylight, holiday
Visuals :

I £ A ._I.
CIKM 2015




Learning Common-Sense

| p T | P
WebChild e pop-singer-n

hasAppearance

AAAI 2014 WA hot-a3
WSDM 2014 AN DA A
AAAI 2011

chili-n?
hasTaste
hot-a°

volcano-n?
hasTemperature
hot-al

Online: http://bit.ly/webchild



Learning Common-Sense

[ 5-5?5-175-&11 —swE é_lf-_a_u’-]
shake, sweal
0.7 * 0.4 | shake-n“, sweet-a' ]—

056" 1

[ , java-treweal-a’
[ava, SWwesl = )
& ; :
1 0.6 java-n’, sweet-a'
coffee-n', sweaet-a’ ]—-
coffes, sweel . i
[ 2 coffee-n®, sweet-a’ J

Domain (hasTaste) Assertions (hasTaste)

WebChild

Tandon et al. y —— - - _
\(/VSDM 2014): | #1220 22 0= Vo + 12 2P W 3L (Yvi = V) + 13 3 (Yvi = Rw)?
. " r vi

v.u |

Online: http://bit.ly/webchild




Comparative Knowledge

Joint Disambiguation:
<bullet train, quicker than, bus>

<train, slower than, plane>
<plane, faster than, train>
<bus, slower than, plane>

plane?,slow!, bus!? slow: bus:
has a neighbor penalize penalize
bus!, slow! , plane? >1senses >1senses

bullet train?, quick?, bus’*

maximize
2 2 (eohi; + 7ij)zi; + 3322 2 simijuBijm — 20 X ams —
i &k I

P rmeadjectives s mENUNS 5

fod — —

subject to train!,slow? , plane?

e . oy 4 [ . : —
A £L Vi, ], JEn .i’ H -“U-':‘-"II 1 planezlfastlJt]'aini

Online: http://bit.ly/webchild AAAI 2014




ImpLex:
Implicative Commitments

Netflix admitted that

they had developed
a prototype.

Did they
develop a

VSoft pretended that [} Prototype?

they had developed
a prototype.

Melo & de Paiva (2014)

de
based o
Lau

e Gerard de Melo
ri Kartunnen's work



ImpLex:
Implicative Commitments

It 1s confusing that

Apple has acquired
the technology.

de Melo & Have they
de Paiva 2014 acquired it?
It 1s unlikely that

Apple has acquired
the technology.




0.5

Word Vectors

etronia., ...
P x bird
‘X Sparrow.
0
-r!r ¥ c

o i g
]F hup://www.wikihow.corn/Read-a-Book-.to-é—Baby-or-Infant#/Image:Read-a-Book-to-a-Baby-or-Infant-Step-S.jpg
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“ - -
-
- LE L
7L
¥y
,f.'-rf{i;
e
f i




Why are

Word Vectors Successful?

—— — -
ST et SNy
,,/' ~ » Fast Training on Large Amounts of Text wq - .
- Joint Optimization (Mutual Influence N

between Word Vectors) :

[ / I . ; = 5 \ SR M | |
| | I | ; II.' ‘ Il-" I .-_ ::::.__ 7 . -; == X ; . 'fl"._ . \I I oA -I. ] " ) ] |
A0 B [ N L T L {¥
| 14 \ I} { L rj ¥ e -. = e My |- | ~ LF : .' 1
\I III ) 4 - ’ = n ; I". :I 1 "' ! iy 4 & . [ 1 il
L 1 :'|'||-I I |I . 18 . . R _'._ ':_ : ‘4 ) . 'III 1k i J | J U i " |
L'\ "'n, y W\ '::"n | \'.I ] v '._"' _:-. ¥ ‘- ) ._ 4 y .n-_' y .".':. .I-" / ; :
. - I"._ ‘-:'L"-Z,.I N '-..x" " : ",. ., =N .-J f :"...-' " y I;!" .-" {' "Ir .l"'ll ,;_"I _:' J
o ey ‘
Matej Kren: Idiom. Prague Munic ibrary g7 4 &
L‘\ - ‘g\“ﬁm .1{@&“; AT CFeTard dgsh . "':_d_,..r" https://www.flickr.com/photos/ill-padrin




What Goes into Word Vectors?

The Roman Empire was remarkably
multicultural, with "a rather astonishing
cohesive capacity” to create a sense
of shared identity while encompassing
diverse peoples within its political
system over a long span of time.

Jiagiang Chen and Gerard de Melo 2015



What Goes into Word Vectors?

syntactic

R

The Roman Empire was remarkably
multicultural, with "a rather astonishing
cohesive capacity” to create a sense
of shared identity while encompassing
diverse peoples within its political
system over a long span of time.

Jiagiang Chen and Gerard de Melo 2015



What Goes into Word Vectors?

: el
syntactic semantic!

N\

The Roman Empire was remarkably
multicultural, with "a rather astonishing
cohesive capacity” to create a sense
of shared identity while encompassing
diverse peoples within its political
system over a long span of time.

Jiagiang Chen and Gerard de Melo 2015



What Goes into Word Vectors?

syntactic semantic! syntactic’

V729N
The Roman Empire was remarkably
multicultural, with "a rather astonishing
cohesive capacity” to create a sense
of shared identity while encompassing
diverse peoples within its political
system over a long span of time.

Jiagiang Chen and Gerard de Melo 2015



What Goes into Word Vectors?

syntactic semantic! syntactic

V7 YR

The Roman Empire was remarkably
multicultural, with "a rather astonishing
cohesive capacity” to create a sense
of shared identity while encompassing
diverse peoples within its political
system over a long span of time.

Jiagiang Chen and Gerard de Melo 2015



What Goes into Word Vectors?

syntactic semantic! syntactic

V7 YR

The Roman Empire was remarkably
multicultural, with "a rather astonishing
cohesive capacity” to create a sense
of shared identity while encompassing
diverse peoples within its political
system over a long span of time.

Word2Vec Solution:
Subsampling

Jiagiang Chen and Gerard de Melo 2015




What Goes into Word Vectors?

syntactic semantic! syntactic

V7 RN

The Roman Empire was remarkably
multicultural, with "a rather astonishing
cohesive capacity” to create a sense
of shared identity while encompassing
diverse peoples within its political
system over a long span of time.

Jiagiang Chen and Gerard de Melo 2015



Textual Big Data

[
|-

=

c - e

g i i

g B
P

1 i
i S
i woddom, = - =
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T .,y < i Y R
- A= = e
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[y = 4L

e o z
Opx.com/photo/96738645/street-booksto



Better Word Vectors
by Exploiting Knowledg

Best Paper Award

Joint Training a{/géérCSLpi% l 5

Modeling Workshop

Better
Word Embeddings

Jiagiang Chen and Gerard de Melo 2015



Multilingual Word Vectors

Combine word2vec/GloVe Vectors
with multilingual lexical data from Wiktionary

Chandar A P et al. (2014) En-Es Vectors 0.629 @ 55.4%
Ours (word2vec) 0.834 @ 100.0%
Ours (Glove) 0.809 @ 100.0%

Chandar A P et al. (2014) En-Es Vectors 0.430 @ 60.0%
Faruqui et al. (2015) 0.591 @ N/A

Ours (word2vec) 0.811 @ 76.7%
Ours (Glove) 0.848 @ 76.7%

Chandar A P et al. (2014) En-Es Vectors 0.256 @ 65.1%
QOurs (word2vec) 0.548 @ 65.6%
Ours (Glove) 0.591 @ 65.6%

Available soon at
http://gerard.demelo.org/representations/
Contact me! Gerard de Melo




Multilingual Word Vectors

Combine word2vec/GloVe Vectors
with multilingual lexical data from Wiktionary

Chandar A P et al. (2014) En-Fr Vectors 0.586 @ 49.2%
Faruqui et al. (2015) 0.606 @ N/A

Ours (word2vec) 0.793 @ 96.9%
Ours (Glove) 0.824 @ 96.9%

Available soon at
http://gerard.demelo.org/representations/
COntaCt me! Gerard de Melo




Multilingual Analogical Reasoning

Coffee is to Starbucks

as ... Is to Lipton?

System: Tea

Source vectors: GLOVE



What we should be able to get
in the future

e Mew Footage Released...
Wh at 1S thlS gt Mitch Kicks The Can On September
all about?

Shutdown,.. Te Seplembar

Iy Tr‘ FOLLC
Rand Lagging.. Romney -
Slams Cruz.. GOP Accusation.. Permry's

'Huﬁngtoh Post
= |:|II
[} ] .l'l-.

N

This is about the US budget debt ceiling,
which needs to be extended. Republican

Senate majority leader Mitch McConell
would like to...

Image: Microsoft Cortana



Summary

® Knowledge Integration and T J
Organization -
» MENTA taxonomy | spa: ‘gracias’
» Lexvo.org Linked Data ““;‘;“:;t.t&““f E

® Natural Language Coupling - I ——
» Universal WordNet |
» FrameBase.org CRTEY

® Multimodal and
Cognitive Kn°W|edge More Information:
» Knowlywood

: www.demelo.org
» WebChild gdm@demelo.org

Gerard de Melo



