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Mention Detection

Standard OB sequence classifier, trained on the task

2 main classifiers: CRF and Neural Network-based

The Spanish system was jointly trained on English and Spanish

Chinese system is a character-based system
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Mention Detection (NN)

» Computed the probability: Py, 1X,y, )
P(y I X,y, ) ? output
using a neural network Q sigmoic
| .
» Uses Viterbi to find the best tag hidden
sequence Ao A Ao Az M\
clwe [ we || werd | LA L
» Contrary to popular belief, it
words other features

does better when trained with
inguistic features!

4 %
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System Combination for Mention Detection

Both systems are high precision

We combine them as follows

Start with the “best” system

For each consequent system
Add any mentions that do not overlap with the current output

English 0.715 0.718 0.727
Spanish 0.703 0.698 0.752
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Overlapping Mentions

Experiments

Some “interesting” examples

m.o7_mg_ NIL01468 M.o45m1_ NILo1371 m.o_6t_z8 | m.o2jgz
‘ HitlerWasASexyMofo ‘ Jesus| was_a_Panda U
Some others
m.o34ls M.019X9z M.019x9Z ] M.019Xxg9z —
(George H.W. Bush) (Jeb Bush) M.019x9z M.019X9Z
‘ grandfather ‘ Jeb Bush| Jeb Bush‘
TEDLag_EVAL_22905 TEDLags_EVAL_22905 TEDLag_EVAL_27473
NILoooog  NILoooog m.o345h  NILoog2g
mM.0345h German
‘ Dylann|Roof | Y

TEDL15_EVAL_03416 ... (21 of them)

TEDL15_EVAL_04270

Conclusion
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Entity Linking (EL)

Reference Knowledge Base

Preprocessing for IBM EL System

Our Re-ranking model (and using the same model for other
languages)

Experiments
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Reference Knowledge Base (KB)

Information extraction from Wikipedia
April 2014 dump of the English corpus
~4.3M Pages (unique KB ids/titles)

Text

Redirects

Inlinks

Outlinks

Categories

Pr(titlejmention) : prior probability
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Reference Knowledge Base (KB)

Information extraction from Wikipedia
April 2014 dump
~4.3M KB Ids
Text

Redirects
| ﬂ | | ﬂ kS Categories: Tom Cruise | 1962 births | 20th-century American male actors | 21st-century American male actors
. American expatriates in Canada | American male film actors | American film producers | American people of En
O Ut| 1N |<S American people of Irish descent | American Scientologists | Best Actor Empire Award winners | Best Drama A«
Best Musical or Comedy Actor Golden Globe (film) winners | Best Supporting Actor Golden Globe (film) winners
Cateqo rles Former Roman Catholics | Converts to Scientology from Roman Catholicism
<

Pr(titlejmention) : prior probability

9 %
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Experiments Conclusion

Reference Knowledge Base (KB)

10

Information extraction from Wikipedia

April 2014 dump
~4 3M KB Ids
Text

Redirects

Inlinks

Outlinks
Categories

On June 29, 2012, Holmes had filed for divorce from Cruise in
New York after five years of marriage.[100][101] /

/

Ethan Hunt (Cruise) while vacationing is alerted... /

Cruise joined in and made\hisgebut for Arsenal F./é_. Reserves...

Thomas Cruise (footballer) /

Tom Cruise

Pr(title|mention) : prior probability




Reference Knowledge Base

Preprocessing for IBM EL System
Our Re-ranking model

Experiments
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Preprocessing for the IBM EL System

@ Invest
’“ T_ : “.Broad catapulted England IBM SIRE “[Broad] catapulted [England]

to a 74-run win over Australia... _ ; :
Ashes 2013: England win Ashes as to a 74-run win over [Australial...
Stuart Broad stars with ball

T‘_ 5 had David 1. Mention

Al Im bresnan nad opener vavi : .

R, Warner..” P Detection [Tim Bresnan] had opener
=i s o - 2. In-Doc Coref [David Warner]..”

A nspired spel of fest sowing from Stuert Broad Extracted Text

the fourth Test and sealed victory in the Ashes series.

Text with mentions
Any Web Document

Partition the
mentions into sets
of mentions

12
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Preprocessing for the IBM EL System

g Invest
“..Broad catapulted England IBM SIRE . . .
u'nﬂ |:> t0 0 74-run win over Australia.. E{} Broad; England, Australia
Ashes 2013: England win Ashes as

Stuart Broad stars with ball . 1 Mention

aaaaaaaaaaaaaa m ] D ] H 1 . 1

‘C"/m Bresnan had opener David Detection Tim Bresnan; David Warner
nnnnnnn (v este:::s)t. Err:ilr::es Durr(|am fG (d)a:yf::r). arner. : 2 . | n - DOC CO ref

An inspired spell of fast bowling from Stuart Broad Extracted Text

the fourth Test and sealed victory in the Ashes series.

Text with mentions
Any Web Document

“Mention-Entity Link” Tuples: Partit?on the
. mentions Into sets
[Broad] ; [England] ; [Australia] .
of mentions
m Extract top-K
St t i1 Eandl?ﬁti * Connected Component 1
B uac]; Il:el d Broad England gpg1and England Rty Hnks * Mentions:
roa road Ins. Cricket Rugby <<: * Broad; England; Australia
Team Team * Connected Component 2
* Mentions:
. . ° : . id W
[Tim Bresnan] ; [David Warner] . Tim Bresnan; David Warner

Connected Components %
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IBM EL Model: Re-ranking the "Mention-Entity Link” Tu

ples

Mention-Entity Link Tuples:
1. | {[Broad], Stuart Broad, [England], England Cricket Team, [Australial,

"Broad: England' Australia” Australia Cricket Team} ))
Connected Component . {[Broad], Neil Broad, [England], England, [Australia]l, Australia}

2
3
4. {[Broad], Neil Broad, [England], England, [Australia], Australia_Cricket_Team}
5

Meﬁfion—Entity Link Tuples:

“Tim Bresnan; David Warner” 1. {[Tim Bresnan], Tim Bresnan, [David Warner], David Warner (actor)}
Connected Component 2. { [Tim Bresnan], Tim_Bresnan, [David Warner], David_Warner_(cricketer)}
3.

Re-ranking model:

Pbld, ce, w) = P (W - f(b,d, cc))
T Xien(eo @ (W (Y, d, cc))

Classifier:
Maximum Entropy

14
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IBM EL Feature Functions

Local Features
Cosine Similarity

Domain Independent features
Count All (Category, Redirect Links, InLinks, Outlinks,..)
Count Unique (Category, Redirect Links, InLinks, Outlinks,..)

Global Features

Features from Entity Links
Categorical Relation Count
Entity-Type-PMI

NIL Detector Features

15
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L ocal Features

Knowledge-base Independent features from Sil et.al. 2012 are ported
to Wikipedia

= Example of such a feature: Count All (OutLinks)

Text: “..[Broad] catapulted [England] to a 74-run win over [Australial in the [Ashes] Test series thanks to [Tim Bresnan]...”

1D Name Outlinks

Stuart_Broad ~ Stuart Broad England; Australia; Ashes; Tim Bresnan, .. Neil_Broad Neil Broad  Australia, Grand Slam, ...

Count All (Outlinks) {([Broad], Stuart_Broad)} Count All (Outlinks) {([Broad], Neil_Broad)}
= Count<Outlink_1> + Count<Qutlink_2> + .. = Count<Outlink 1> + Count<Outlink 2> + ..
= Count<England> + Count<Australia> +.. = Count<Australia> + Count<Grad Slam> +...
=1+ 1+1+1+.=4 =1+0+.=1 3

16 %
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Local Features: Cosine Similarity (Word Embeddings)

" ..seam bowler [Broad] catapulted [England] to a 74-run win ”

Stuart Broad Neil Broad
From Wikipedia, the free encyclopedia From Wikipedia, the free encyclopedia
Stuart Christopher John Broad (born Stuart Broad ge" B_Ir_oad (Zomt :(')Ml\l.ovembetr 1966 "I‘ Neil Broad

, _ ape Town, Sou rica) is a tennis player :
24 June 1986) is a cricketer who plays hp od Great B)'t it pt 3; Country miam SOUt Africa

' i who represented Great Britain for most o £4=% United Kingd

Toact and Ona Day International cricket no rep . =S United Kingdom

i tiv th tai his playing career. He is a former UK Residence Cape Town, South Africa
England IS currerl Iy . ﬁ Caf) i"n number 1 who won 7 ATP tour doubles Born 20 November 1966 (age 47)
ormemr Twernty20 t titles in his career, and won the Silver Cape Town, South Africa
batsman and right-g S€am bOWIer Medal in doubles at the 1996 Summer Height 1.90 m (6 ft 3in)
Broad's professional career started at g Olympics. Turned pro 1986

Leicestershire, the team attached to his

Obtain the embeddings [Mikolov13] of words from input and Wiki target
Sum up all the embeddings from input and Wiki target
Compute:

Cosine_Similarity (InputDoc, Wiki (Stuart_Broad) ) > Cosine_Similarity (InputDoc, Wiki (Neil_Broad) )

17
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Local Features: Cosine Similarity (Raw)

" ..seam bowler [Broad] catapulted [England] to a 74-run win ”

Stuart Broad Neil Broad

From Wikipedia, the free encyclopedia From Wikipedia, the free encyclopedia

Stuart Christopher John Broad (born Stuart Broad Neil Broad (born 20 November 1966 in Neil Broad

Cape Town, South Africa) is a tennis player

24 June 1986) is a crickster who plays who represented Great Britain for most of Gounty ; 3?;:;2/:2:':;20[“
Tact and Ona Day International cricket : : . -

_ . his playing career. He is a former UK Residence Cape Town, South Africa
England  is currently the captain number 1 who won 7 ATP tour doubles Born 20 November 1966 (age 47)
ormemr Twernty20 t E— titles in his career, and won the Silver Cape Town, South Africa
batsman and right-4 Seam bowler Medal in doubles at the 1996 Summer Height 1.90 m (6 ft 3 in)
Broad's professional career started at g Olympics. Turned pro 1986

Leicestershire, the team attached to his

Cosine_Similarity (InputDoc, Wiki (Stuart_Broad) ) > Cosine_Similarity (InputDoc, Wiki (Neil_Broad) )

18
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Global Features: Categorical Relation Count

Use Category Relations between entities in Wikipedia

Example:

[Broad] was helped by [Tim Bresnan]

! |

Neil Broad Tim Bresnan

[Broa?] was helped by [Tim Bresnan]

!

Stuart Broad Tim Bresnan

No relationship!

Indicates: A Poor Match!

v’
Relationship in Wikipedia
English Cricketers

19 !éé%!
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Global Features: Entity Category PMI

Find patterns of entities appearing close to each other
> 1[T(er) =T(e) AT(e2) = T(€)]

B (e,e’)eT
PMI(T(e1),T(e2)) = D 1[T(er) =T(e)] x > 1[T(e2) = T(e)]

Example:

[Broad] catapulted [England] [Broad] catapulted [England]
| ! } J

Stuart Broad England Cricket Team Stuart_Broad England Rugby Team

Cgtego_ry: Category: Category: Type:
Cricketers National Cricket Team Cricketers National Rugby Team

v a
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Global Features: NIL Detector Features (NDF)

“Local journalist [Michael Jordan] reported, “[Martin O'Malley], meanwhile,
offered his prayers and solidarity with the president”.

=> CC = {Martin O'Malley, Michael Jordan}

NDF1: Count #0OutLinks overlap
NDF1 (Martin_O'Malley, Michael_Jordan_(basketball_player)) = 0

NDF2: Count #RoleName
NDF2 (journalist, Michael_Jordan_(basketball_player)) = 0

21
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Extending to Spanish & Chinese

The IBM EL system is Language-Independent

The same EL model has been ported for the Spanish & Chinese EL Task
without the need for re-training

Only requirement:

Preprocess the Spanish & Chinese WP corpus to build our own internal Spanish &
Chinese KB

Prior probabilities, Inlinks, Outlinks, Categories, etc.

22
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Adapting the System for TEDL (Demo)

IBM Statistical Information and Relation Extraction (SIRE) system:

INPUT IBM OUTPUT

, PERSON JN§Z EVENT_COMMUNICATION €55 1IN 72NN (@)
Singer Madonna 'can't stop

crying' over Jackson (? Singer Madonna 'can't stop crying' over Jackson

\
Los Angeles, June 25, 2003 (AFP) @ Pop di adlonna revealed she was left in Years over the death of Michael

Jackson \‘Thursda.y saying the music world had lost ..

Pop diva Madonna revealed she was
left in tears over the death of
Michael Jackson on Thursday,

saying the music world had Voo -
Y 9 Madonna (entertainer) Michael Jackson
l OS t e o From Wikipedia, the free encyclopedia FrO(r:‘e\gl‘irl;iz:gi:;:;::‘:;rj]:g:((;lg:)edia
Madonna Louise Cicconel?! Madonna For other people named Michael Jackson, see Michael Jackson (disami

(/t[Tkooni/; born August 16, 1958) is an
American singer, songwriter, actress,
and businesswoman. She achieved
popularity by pushing the boundaries of
lyrical content in mainstream popular
music and imagery in her music videos,
which became a fixture on MTV.

Michael Joseph Jacksonl2l[3] (August
29, 1958 — June 25, 2009) was an
American singer, songwriter, dancer, and
actor. Called the King of Pop,/41%! his - |

contributions to music and dance, along 5 1
with his publicized personal life, made g

. ) ) 'u? 43
him a global figure in popular culture for P %

23 !%é%!

Michael Jackson
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NIL Clustering

Conclusion

Mentions are linked to the 2014 Wikipedia

Mentions Wikipedia 2014 TAC KB

Tsarnaev Dzhokhar_Tsarnaev NILxxx0
Tamerlan_Tsarnaev NILXXXT

Steenkamp Reeva_Steenkamp m.0gtngg8
June_Steenkamp_(NIL) NILxxx2

We also use our in-Doc Coreference component
Steenkamp-> June_Steenkamp-> NILxxx2

24




IBM MD IBM EL Experiments Conclusion

NIL Clustering (contd.)

Mapping back to Freebase/ TAC KB :

Follow [Sil & Florian"14]:
Map back all non-English titles to the English WP titles (thanks! To WP inter-language links) ©

E%E%le::it\* &l Chinese WP [%EE%JEH:I] \1: = w
=F [7 SR

FeS IR % EERT 27 B
IEEE’LEEH#T :5_33/], Ei}j\

= B RIS \ SRS \
HERNTH NILOOS HKEHITH, \1L00

Map the English WP titles to TAC KB using Freebase to WP redirects

EEETLEE >
DEEA-EHIE | | moezoow
P S RIRME

fth 15 B2 18 3
SR EME \NILOOQ e
RERNITH

We use the set of all Wikipedia redirects for clustering entities for NIL or obtaining their KB ids.

25 %
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Experiments

Conclusion

Entity Type Prediction

' |
|

[Charlie Hebdo];-the

[French]

magazine was

targeted by [ISIS]....

Charlie_Hebdo

[

Charlie Hebdo | PER -> Charlie_Hebdo
ISIS |ORG -> ISIS

I ET| |PER -> Charlie_Hebdo

[

|
[EEEFNSE | NIL0009

FRTHYI B - A
| RHYRE A E
EHREER AR B
JITA -

[& BRI T Update Entity Types w

A

Charlie_Hebdo = ORG
ISIS = ORG
Barack_Obama = PER

Charlie Hebdo | ORG-> Charlie_Hebdo
ISIS |ORG -> ISIS

Z I F Tl |ORG-> Charlie_Hebdo

26




Reference Knowledge Base

Preprocessing for IBM EL System
Our Re-ranking model

Experiments

27
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Experiments (Datasets)

MD Training
Dataset: TAC 2015 (444 docs)

EL Training

Dataset:
WikiTrain (Ratinov et.al11_UIUC): ~10k docs
CoNLL 2003 (Hoffart et.all11_MPI train) ~ 900 docs

28
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FL Results (2013 & 2014)

System  B3+F1

Eng“Sh IBM 0.824 4  **Un-official**
Rank1 | 0.821 2014
Spanish System  B3+F1
IBM 0.80 4= **Official**
20
Rank2 | 0.66 th
Chinese Systems  B3+F1
System 1 0.6
IBM 0.602 mmm  Un-official**
2013

System 2 0.63
System 3 0.631

29
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TEDL Results (2015): MD

Strong Type Mention Match

0.90
IBM P
0.79 ER
0.80 076 el
0.72
0.70 0.69 0.72 0.70
* 0.65 0'660.69.65 0.64
0.60 0.58 0.56
0.5
0.50 P-4
0.40
0.30
0.20 t
1 2 3 4 5

30
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TEDL Results (2015): MD + EL (no clustering)

Strong All Match - o -
0 . 80 0.70 0'697. 7 0.65 . 6 6965 : 0.64
| B M 0.60 g 058 0.56
0.69 p oso | N
0.70 0.66 |0.66 040
0.63 0.63 -R 0.30
0.60 0.59 "R e e
0.55
0.53 0.5P-54
0.51
0.50
0.45
0.42
0.40
0.40
0.30
0.20
1 2 3 4 5
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TEDL Results (2015) : MD + EL + Clustering

Mention Detection

0.90
End to End (Mention CEAF) o | om
0.80 0.70 - 0.65. 966 665 = 0.64
| B M P 0.60 958 0.56
0.50 > P4
0.69 ‘
0-70 0.68 ER 0.40
0.65 030
0.62 0.62 HF1 .
0.59 - ‘ ‘ ‘ ‘
0.60 056 1 2 3 4 5
0.55 : 0.54).55 0.55
Entity Linking
0.50 0.47 0.80 IBM
070 | 0% 0.66 | 0.66
0.63 0.63 “R
0.60 0.59 HF1
0 . 40 0.53 0-53.5854 o1
0.50 :
b 0.4 par i
0.40
0.40
0.30 - '
0.20
1 2 3 4 5
0.20
1 2 3 4 5
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TEL Results (2015)

Comparison of IBM systems in the TEDL vs. TEL 1. Difference of :
task p A. 0.22 points for Linking
0.9 B. 0.213 points for Linking
' 0.829 0.83 0.829 =R + Clustering
0.8050.8070.806 F1
0.8 2. Scope of improvements:
0.693 A. In Doc Coref
0.7 0.659 B. Chinese MD
0.616
0.586
0.6 0.554
0.528
0.5
0.4
0.3 - - —— ]
Strong All Match|| Mention Ceaf Strong All MatcT Mention Ceaf

TEL TEDL
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Conclusion

We presented the IBM Language-Independent EL system
The English EL system is used for both Spanish and Chinese
Performs joint entity disambiguation using local and global features

The Mention Detection System obtained the top score in English &
Spanish

A system combination of NNs and CRFs proved to be a robust solution for
the task

The EL system obtained the top score in the end-to-end metric

34 %



Poster/Demo of the IBM system at 15.50

Thanks! Questions?

Gratitude
From Wikipedia, the free encyclopedia QueStlon

From Wikipedia, the free encyclopedia
(Redirected from Questions)

For other uses, see Gratitude (disambiguation).

"Thank" redirects here. For the protein symbol, see THANK. For other uses, see T}

You (disambiguation) and Thanks (disambiguation). For other uses, see Question (disambiguation). To ask questions about Wikipedia, see
Wikipedia:Questions.

"You're Welcome" redirects here. For the Angel episode, see You're Welcome (An
A question is a linguistic expression used to make a There are these
See also: the Wiktionary entries thank, thanks, thank you, and you're welcome. request for information, or the request made using such an

expression. The information requested may be provided in
the form of an answer.

four ways of

Gratitude, thankfulness, gratefulness, or answering

appreciation is a feeling or attitude in questions. Which

acknowledgment of a benefit that one has received or

Questions have developed a range of uses that go beyond four? There are
will receive. The experience of gratitude has the simple eliciting of information from another party. questions that
historically been a focus of several world religions, '] Rhetorical questions, for example, are used to make a should be
and has been considered extensively by moral point, and are not expected to be answered. Many answered
philosophers such as Lee Clement.”l The systematic languages have special grammatical forms for questions categorically

study of gratitude within psychology only began

35
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(for example, in the English sentence "Are you happy?", the [straightforwardly
around the year 2000, possibly because psychology inversion of the subject you and the verb are shows it to be yes, no, this, that].
a guestion rather than a statement). However questions can There are




