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L ecture overview

= Logistics
= Named entity basics
= NERD System 1. TAGME

= NERD System 2: AIDA

CNED
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Logistics: Exam
o ey At
= All 21 papers — Sy llabus

10— 720

= ~15 minutes per student

Ads

= ~3-510piCS — guestimns RPVET S
/OW

= Question test your understanding § 94 sy

= Relative grading AD%M
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Logistics: Assignments

6 ECTS
Self-assessment, no tutorials

=  (Grades available every week

: Sample good reviews ( %»7)

«  Extensive guidelines subte dﬁdmrs

Assignments contribute to final grade

Exact formula only at end

Our decision is final, vetted by two
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Logistics: Material

= Reading material

= https.//www.mpi-inf mpg.de/question-answering-systems/

= Slides and recordings
=  https://drive.google.com/drive/folders/1ZOIVSiymCDG6IX TCn4dNInuz8Kb42BL

. Assignment grias g e—
o https.//docs.google. com/gpggads@eets/dée/@PzAQ)@lvRNqur-

00E1JGLfLOPM89ipdPRBprwRUAKLKkaRXPgCmDcjOHtOTSLIGIgEe3gLk3sHS9YI
HndDjRLI/pubhtmI?gid=1036917168&single=true&urp=gmail_link
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https://docs.google.com/spreadsheets/d/e/2PACX-1vRN0qyr-ooE1JGLfLoPM89ipdPRBprwRUAKLkaRXPqCmDcj0Ht9T5LfGlqEe3gLk3sHS9YIHndDjRLl/pubhtml?gid=1036917168&single=true&urp=gmail_link

Question of the day

How can we disambiguate named entities
present in questions?
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You’ll find this covered in

() = Fast and Accurate Annotation of Short Texts with Wikipedia Pages TAGME
= Ferragina and Scaiella

= CIKM 2010 + IEEE Software 2011 CIKM, S14IR, WEDM, NWW - (R+ Web

Lol — = https://arxiv.org/pdf/1006.3498.pdf

@ - Robust Disambiguation of Named Entities in Text A 1Df

= Hoffart et al.

- EMNLP 2011 ALy, cMNLE, NAfAcL, EACL COLING NP

= https.//www.aclweb.org/anthology/D11-1072.pdf
ﬁ
%M
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NLP-\—/K

Entities: Tasks
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Entities: Applications

= Question understanding
=  News readabillity
= Information extraction

= Many many more in IR + NLP

= Canyou think of some..?

Question Answering Systems Saarland University, Summer Semester 2020 Rishiraj Saha Roy 26 May 2020 @



Research paper 1

Fast and Accurate Annotation of
Short Texts with Wikipedia Pages

Fast and accurate annotation of short texts with wikipedia pages 815 N 2011

P Ferragina, U Scaiella
|[EEE software 29 (1), 70-75
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Try it out!

TAGME is a powerful tool that is able to identify on-the-fly meaningful short-
phrases (called "spots") in an unstructured text and link them to a pertinent
Wikipedia page in a fast and effective way. This annotation process has implications
which go far beyond the enrichment of the text with explanatory links because it
concerns with the contextualization and, in some way, the understanding of the
text.

Try TAGME now!

You can play with the demo interface below or check the TAGME RESTful API we are currently supporting.

Currently TAGME is available in English, German and in Italian and it is based on Wikipedia snapshots of April,
2016.

NEWS! TAGME is now hosted by the D4Science infrastructure. Check the RESTful API page for details.

veloped by Paolo Ferragina i Ugo ¢ tA3Lab
Dipartimento di Informatica, University of Pisa

tnput Text e L

I I taliano —~ English| ™ Deutsche \g
On this day 24 years ago Maradona scored his infamous "Hand of God" goal against England Ham, i httDS //taq me.d4SCie nce. OrQ/taq me/
in the quarter-final of the 1986 )
ﬁ Thanks to Prof. Paolo Ferragina for the slides
Few links lQ

) Knob

TAGME!
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https://tagme.d4science.org/tagme/

Ta.g.g.ed.tem: Topics

On this day 24 years ago Maradona scored his infamous "Hand of God" goal against England in
the quarter-final of the 1986 ~ v\ R

> A/ LV"Y’(}(L

Less links

Tagg.edtext Topics

On this day 24 years ago Maradona scored his infamous "Hand of God" goal against England in
the guarter-final of the 1986

More links
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One issue: Synonymy K 4,
J},J; w;&[ vl

s

He Is using Microsoft’s browser

2 S0 @

He Is a fan of Internet ExEIorer\
/
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Another issue: Polysemy

/7W
the paparazzi photographed the
the astronomer photographed the

\\ \(N
)
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Wikipedia is a rich source of instances

/%z, Steve Jobs
\ \ From Wikipedia, the free encyclopedia (}r«d‘/g
o lull

For the biography, see Steve Jobs (book).

Steven Paul "Steve” Jobs (/ d3obz/; February 24, 1955 — October 5. 2071145 drab-Americanl’!
entrepreneur®! and inventor, ! who was the co-founder, chairman, and CEQ hrough Apple, he was
widely recognized as a charismatic pioneer of the personal computer revolutfErressa = tor his influential career in
the computer and consumer electranics fields, transforming "one industry after another, from computers and
smartphones to music and movies._."["?! Jobs also co-founded and served as chief exacutive of Pixar Animation
Studios; he became a member of the board of directors of The Walt Disney in J006, when Disney
acquired Pixar. Jobs was among the first to see the commercial potential g mouse-driven graphical
user interface, which led to the creation of the Apple Lisa and, one year later, acintosh. He also played a rale

in introducing the LaserWriter, one of the first widely available laser printers. to themarket [12]

Steve Jobs

After a power struggle with the board of directors in 1985, Jobs left Apple and founed MeXT, a computer platform
development company specializing in the higher-education and business markets lin 1986, he acquired the
computer graphics division of Lucasfilm, which was spun off as Pixar.['®! He was @edited in Toy Story (1995) as an
executive producer. He served as CEO and majority shareholder until Disney's pufhase of Pixar in 2006.11%] In
1996, after Apple had failed to deliver its operating system, Copland, Gil Amelio t¥ned to NeXT Computer, and the
NeXTSTEP platform became the foundation for the Mac 0S X.['¥1 Jobs returned tolApple as an advisor, and took Jobs holding a white iPhone 4 at Worldwide
control of the company as an interim CEOQ. Jobs brought Apple from near bankruglcy to profitability by Developers Conference 2010
1998_[1?:[1 2l[15]

Born Steven Paul Jobs

_ _ PARC (company)
Question Answering Systems 26 May 2020 @

From Wikipedia, the free encyclopedia
(Redirected from PARC User Interface



Wikipedia’s categories contain classes
N \o veust (l/mj/’“

Categories: Steve Jobs | 1955 biths | 2011 deaths | American adoptees | American billionaires
American chief executives | American computer businesspeople |JAmerican industrial designers
American inventors | American people of German descent | American people of Swiss descent Qe @
American people of Syrian descent | American technology company founders Iﬁmerican Zen Buddhists
~ || Apple Inc_]| Apple Inc. employees | Businesspeople from California | Businesspeople in software

o TCancer deaths in California Computer designers | Computer pioneers | Deaths from pancreatic cancer

Disney people {Intemet pioneers ) National Medal of Technology recipients ChexT )
[_Drgan transplant recipients || People from the San Francisco Bay Area | Pescetarians
Reed College alumni

vM?‘"’)y Qé@/%\
Categories typically form a taxonomic DAG /SK
0

avd

6
e
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DAG of categories

/

the San Francisco Bay Area | | Companieq based in Silicon Vallﬂ

\ \ |

Cumpanles hased in Santa Clara County, California

Wikidata | | Software companies based in the San Francisco Bay Area

Compa+ies based in Cuperting, California

: : : : : : : Incorporated cities and towns in California | | Economies by city in the United States | | Categorie
-l | I | I____k_ \
T =
High-technology business districts | | Companies of the United States by county | | California counties | | Economies by city in California
3an Francisco Bay Area Siicoh Valley ,p P( (1) Companies based in Califarnia by county Companies based in California by city Wikipedia categories named aft

Myttinational companies headquartered In the United States ‘ Wikipedia categories namec

\\\\

e ———

ApplelInc,




Topic-based annotation

\ulpdie e e ™ 2)‘%”
“Diego Maradona I/von against‘Mexico”‘ MM&V
&JS(O’T
Mexico’s football team -~
) 7!2:7 6 /\’\“"L'L(\ ) “}I;t"
Ex-Argentina’s player gﬁ,ﬂod ¢ :
m/M VM?U‘
_ (o
n Find and annotate them T i
%’%VJ& ~7 with |articles [drawn from A,

Sf%)w‘c
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P
Sy NOnN y m y Internet Explorer
From Wikipedia, the free encyclopedia

ﬁ Internet Explorer[a] (formerly Microsoft Internet Explorer[t']
Microsoft and included in the Microsoft Windows line of opera

were available as free downloads, or in-service packs, and in

browser is discontinued, but still maintained !

He Is using Microsoft’s browser

She plays with Internet Explor
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Polysemy

W Celebrity /s a person who is
famously recognized ...

-y,
the paparazzi photograph

the astronomer photographed the
~

J

W Starisa
massive, luminous
ball of plasma ...
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Why is it a difficult problem?

Y i wr '
XQ((, /SG"I/S[}\JL/ \A(k\'/

1Diego Maradong won against|Mexicg”

! !

&“‘&L

“Ex-Argentina’s *Mexiconation

COACh -Meovico stajte

eHis-nephewm -Mexico football team NI

*Maradena-Stadium ‘Mexice-hasehbalteam
|_Don’t annotate!
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The literature

» TagMe (Univ. Pisa)

DBPedia Spotlight (Univ. Berlin)

llinois Wikifier (Univ. lllinois)

AIDA (Max Planck Institute for Informatics)
CNMS (Univ. Amsterdam)

Wikipedia Miner (Univ. Waikato)

Yy v, v v ¥

Many commercial software: AlchemyAPI, DBpedia
Spotlight, Extractiv, Lupedia, OpenCalais, Saplo, SemiTags,
TextRazor, Wikimeta, Yahoo! Content Analysis, Zemanta.
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The TAGME system

- Designed for short texts —— Www§+C

= news, blogs, search-results snippets, tweets, ads, etc

= competitive onW \,(N\“W ("U )\W}, 7.).
)

= Achieves high accuracy

= Massive experimental test on millions of short texts

A yooir nyw_
= Fast S° n\/ Ao ¢ 77
—~ Wz/fj )
= More than 10x faster than others /
- 100% Java - bl ' > 3
- Porth b~ F %Ml‘b 07
|
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TAGME' Distilled information

IS(’ /} (XW Mw
d e o
Page catalog 1 (M? a, 19 (4)
In-link graph (k (2) %(4) a zeoht
O\#’—/w e (1]4)
o Ly (a) - &M P, é?g )
f g (£

61\"9?
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TAGME: Overview /i

wegp — NER # NED

) ! T M€ B |
Anchor parsing “ X\*A maption = (00

= Anchor disambiguation

w, | Wy | W3 Va4
= Anchor pruning
\/\/\/ W
| A é%
it A S%W:P |
TYD)W \'_\La_/_\/, /M p
oteppiey mehe? = e,

—————

fo T SIS ) Sl = ok (81) 7 M”‘z)
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Features used to link a = p

Commonness of a page

p wrt an anchor a :
¢ Context of a around the mention

Pr(p|a)= # a linked to p T=.w,w,w,aw, wsws..
# a as anchor

and the content of a page/entity
Pagep=2z,z,2, 2,25 Z; ...

Link probability of an anchor

freg of aasanchor
freq of ain the text

Ip(a) =

Question Answering Systems




Relatedness between pages

A (P T :
' Sr'(a,b})))z 1ﬂg(max(]A|,|B|))_ logﬂAﬁ Bl)

05 (105~ ¢ pout- . N02(¥])~1og(min( ] [B]) o

v 26 May 2020
https://www.aaai.org/Papers/Workshops/2008/WS-08-15/WS08-15-005.pdf MIZ')\-?Q( Wfd«"/v Y



https://www.aaai.org/Papers/Workshops/2008/WS-08-15/WS08-15-005.pdf

How TAGME works

Diego Maradongworfagainst]Mexicg”

! |

!

v
Dlego A. Maradona AIJ_ Mexice-Ratien
a [ [
H-a*aden-a-&ad-ru-m *Mexico football team
» Peterrerei e e exdee-Pasepat-team

v
{42

DISAMBIGUATION
by a voting scheme

PARSING

No Annotation NS {13

PRUNING
2 simple features




Disambiguation: The Voting Scheme

q. 2

Collective agreement among topics via voting

‘Diego Maradona

*Diego A.
Maradona
Diego Maradona
Ir.

Maradona
Stadium
Maradona Film

— D

Pa
€ Ba)

on against

exico”

a -

prepg(b) rel(ps, pa) - Pr(ps|b)

votep(pa) =

C | Pg(b)|
“la (b - Zm\[%

q
Wiki-articles b EAr
Mexico M
State of iy 'UP
Mexico ke
Mexico Vo
National
Football Team 26 May 2020 @
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Disambiguation: All steps

L\(.Q/ 7% 1= trade-off

: speed vs. recall

Question Answering Systems

Commonness of a page

% Pruning by p wrt an anchor a
) /‘8."‘

commonness < Tt : i
EPI‘(p|a):#a linked tOpE
I : # a as anchor

‘ Voting scheme ‘

]

‘ Select top-€ pages ‘

]

Select the best In
commonness

Saarland University, Summer Semester 2020
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Pruning 3~

= Use 2 features:
. link probability
2. coherence wrt context

v ‘L.“ (» "ED

=  Compute a p score via
g 3 classifiers, avg, linear co

Atpan 3J’L—(?Dj

O,

dination

Question Answering Systems Saarland University, Summer Semester 2020

Link probability of an anchor a

freq of a asanchor
freq of ain the text

Ip(a) =

Avg. relatedness btw the
assigned concept to the
others

—

balance

precisiori vs. recail

26 May 2020




Research paper 2

Robust Disambiguation of Named Entities in Text

Robust disambiguation of named entities in text 833 2011
J Hoffart, MA Yosef, | Bordino, H Furstenau, M Pinkal, M Spaniol, ...

Proceedings of the Conference on Empirical Methods in Natural Language ... +

Aida: An online tool for accurate disambiguation of named entities in text and 158 2011
tables

MA Yosef, J Hoffart, | Bordino, M Spaniol, G Weikum
Proceedings of the VLDB Endowment 4 (12), 1450-1453
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Disambiguating to KG entities

KG
TAGME is fast and effective o ﬂw‘k'Md
\ J- )W‘/M(/c
e ~

= Works well for short texts =’

T
= Does not go all the way! U 5 1\t
= Wikipedia more general, but we need KG-linking! CN";S%‘ &%N \«\V\/G

= Lookup KG entities using Wikipedia links? J (W

- @G properties! Enter AIDA.
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O%l-l’y it out! N7h ~ bodivost P

AmbiverseNLU Demo

Jack founded Alibaba in Hangzhou with investments from SoftBank and Goldman. £ Settings M S
Ol ence 075

Enter any text in English, German, Spanish, or Chinese.

ANALYZE

5

@ Visual </>JSON / / C‘ \/\(.ﬂ/F

e L e il GOlGiian
e i > achs

/https://ambiversenlu.mpi-inf.mpq.de/

8y Thomas LOMBARD, CC BY SA 3.0 By Plasticv-comrsigk. Pulic Somain 8y Lusheeta, Public Domain Public Domain

Jack Ma Alibaba Group Hangzhou SoftBank Group Goldman Sachs

Chinese businessman Hangzhou-based group of capital of Zhejiang Province, Japanese company American multinational
P SR Q-

....................... e
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| 1

Images taken from Wikijpedia under CC BY-SA 3.0

Ly
%EWM@ VAIDA uses (Stanford) NERTX
E 1 T e

Thanks to Dr. Johannes Hoffart for the slides
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Disambiguating names 1o entities

127080

possible
combinations

Images taken from Wikipedia under CC BY-SA 3.0
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Entities in knowledge bases

artifact | .1
4 AN
o subcl ass subcl ass Classes
c N
song musi ci an gui tar
t\ .)
type
\ N
pl ays —>
was pl ayed at pl ayed at > Entities
g pp

P d p ok

< LVJJ7J%m_<;

(o ) G |
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AIDA features for disambiguation

)

Images taken from Wikipedia under CC BY-SA 3.0

T -]

India
Pakistan
Pashmina

When Page played Kashmir at Knebworth, his Les Paul was uniquely tuned.

Led Zeppelin
Jimmy Page
Knebworth Festival

pathy A

How often did “Kashmir” link to this entity in Wikipedia? Are the disambiguated entities related?

Question Answering Systems Saarland University, Summer Semester 2020 26 May 2020



Entity keyphrases

“Kashmir (song)
§ Af ) q/ From Wikipedia, the free encyclopedia

"Kashmir" is a song by the English rock
band Led Zeppelin from their sixth album

Led zeppelin T
\!a Physical Graffiti, released in 1975. It was

Knebworth Festival

written by Jimmy Page and Robert Plant
(with contributions from John Bonham)

Link Anchor Texts | years. with the

Led Zeppelin Remasters

. 1973.
John Paul Jones
References
16. A "The 100 Greatest Rock Songs of All Time - July 2000" (.
VHT. Retrieved 2009-02-10. Mellotron

ireatest Songs of All Time - November 2003" .

Citation TItles | reyieved 2008-02-10.

Categories: 1975 songs | Led Zeppelin songs | Songs /k Tit/es 0fL//7k//7g AftiC/es

written by Jimmy Page | Songs written by Robert Plant |

C‘ategory Names ' Bonham | English-language songs
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Mention-entity graph example
vvwma‘”

)% €
AP A Kashmir (song) — T
7
VX\ They performed _—  Kashmir (region) \m@\ — /
«
P [Kashmir - W"('/) * Led Zeppelin
written by — | Larry Page C * Hard lfDCk _
: * Electric guitar
BooE Jimmy Page
: * Session guitarist
and|Plant. 1 Page, Arizona L~ * Led Zeppelin
\ D/  (Gibson
Page played T~ Robert Plant ‘
unusual chords * Jimmy Page

signature model

: |
on his Gibson.]f Gibson Les Paul e Hard rock
s M- 2 4W5 X ZJ;V Gibson, Missouri j"" S~ __—

b, 5T L
Question Answering Systems v «@,k( ‘ \/e -€ 26 May 2020 @
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AIDA: Joint disambiguation as graph problem

I
A When |Eage —
) layed
MW,\L p yh
~ ") asnmir e
V\,QV \ \,a\\"'"
My~ at/Knebworth,
(;-SL / Jo 7(
- his [_es Paul
140 \
was uniguely
tuned.
~ %Sfé M N Prior Probability and
K Keyphrase Based Similarity
(P Knowledge Base
C ,( ______
Gre? ® s
Question Answering Systems A1 PP‘M I = st

v C-e
Coherence
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AIDA: Joint disambiguation as graph problem

When Page —

played

asnhmir

at Knebworth]x

his [_es Paul

was unlquely\

tuned. 7
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Keyphrase-based similarity

= Keyphrases (kp) commonly occur only partially

t1 t1

2
score(kp) _ # matching words Zchover weight(w)
length of cover(kp) wEk:p weight(w)
@\t for partlal matches Mof contamed tokens w
¢
§ 41 ashmlfwas \ertten by Page and Plant. J

A TR S — '

“Songs written by Robert Plant COVer — mors < p
WQ(@)

= To score an entity, all keyphrase scores are summed 2 S

¢in~ ST (’M,@) :@é Ke(e)
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Keyword weighting (o
v e
4

2
 # matching words [ D ccover WEIGht(W)
~ length of cover(kp) D wekp Weight(w)

score(kp)

o\

= Global IDF of a keyphrase token win Wikipedia ~ \@fDM

. . . w4 L hen
= Mutual Information of a token wand an associated entity s 6
= How often does the token occur in the keyphrase set of an entity?

https://en.wikipedia.org/wiki/Mutual information Vf/\,\/

9 <
(MqNW
w
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Disambiguation by joint inference

k

et 0% 0y prior(mie)
= Mentions VV,U'/(D@ v = 0\07‘ 8\1\
= context of mention cx{m) W A ,
= entity candidates e + cxtfe) l +5- ; sim(ext(ms), ext(e;,))
- Features | prior prior(m,e) 4+ - coh(ej,, €, , - - €5,) \ic”
Similarity |sim(cxt(m),cxt( = max!
e)) (
V)
Coherence | coh(el,eZ2) s (
= Q‘)l a W‘ S(K“e
M/ /
vgr
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Greedy graph algorithm

= Input: weighted graph of mentions and entities

= Output: result graph with maximum density

= Objective: maximize the minimum weighted degree

= Constraint: keep at least one entity per mention

o W5
. Prune entities that are too distant from all mentions

2. While an entity can be removed, remove the one with the lowest weighted degree
= Keep graph with best minimum weighted degree
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Final steps

= Find subgraph maximizing total edge weight
= |f graph is small enough, enumerate all potential mention-entity mappings
= Otherwise do local search, randomly switching mention-entity mappings for a fixed number of times
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Robustness issues

%(7"‘;

Prior may be misleading

Given the prior probability for all entity candidates, only use prior
when very good indicator for one single entity (>90%)

Coherence can get hooked to a wrong subgraph

Given prior probability and similarity distribution for all entity
candidates. If they are reasonably similar, fix entity for mention
before running the graph algorithm.

Dataset is available at
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http://www.mpi-inf.mpg.de/yago-naga/aida

Conclusions

= Understanding entities is vital to QA
= NERD is a vital (first) cog in the QA wheel
= Often used off-the-shelf

= Many, many innovative techniques

M,—C

= Mainly based on priors, similarity and coherence

= Applications span beyond QA!
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