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Location: Paris, France
Height: 1,063 feet (324 m)

Completed: 1889

Scientific name: Panthera leo
Weight: 350-400 Ibs

Maximum speed: 30 mph
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ENTITY

Dé%'b-p;jia Albert Einstein

foaf:name Albert Einstein
rdfs:comment Albert Einstein was a German-born
theoretical physicist who develope
the general theory of relativity[E
dbo:birthDate 1879-03-14
dbo:birthPlace dbpedia:Ulm
dbpedia:German_Empire
dbpedia:Kingdom_of WYrttemberg
dbp:residence Germany
Italy
Switzerland

| N |
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ENTITY LINKING IN QUERIES

@ total recall arnold schwarzenegger] @ total recall ]

SCHWARZENERGER SCHWARZENERGER

TOTAL RECALL (1990 FILM) ARNOLD SCHWARZENEGGER TOTAL RECALL (1990 FILM) TOTAL RECALL (2012 FILM)



ENTITY LINKING IN QUERIES

Entity Linking Interpretation

nashville thrift stores

{NASHVILLE TENNESSEE, CHARITY SHOP}

obama’s wife

{BARACK OBAMA }

cambridge population

{CAMBRIDGE }
{CAMBRIDGE (MASSACHUSETTS) }

new york pizza manhattan

{NEW YORK-STYLE PIZZA, MANHATTAN}
{NEW YORK, MANHATTAN }

I Evaluation is revisited

I TAGME as baseline for entity linking in queries




APPROACH

(0\ new york pizza manhattan )

Candidate Entity
Ranking

A v
m e s(m,e) interpretation sets
new york | NEwW YORK CITY 0.8 (new york, NEW YORK),
NEwW YORK 0.7 (manhattan, MANHATTAN)
new york | NEW YORK-STYLE PizzA | 0.9 (new york pizza, NEwW YORK-STYLE PIZZA),
E




RESEARCH QUESTION

Q Question

How should entity linking in

queries be performed to
achieve high efficiency and
effectiveness?




APPROACH

Candidate Entity
Ranking

v

METHODS:

(1) Unsupervised (MLMcg)
(2) Supervised (LTR)



UNSUPERVISED [MLMcqg]

Probabilistic model for ranking entities based on the query
and the specific mention

@@
P(e‘q Prob. mention being
linked to the entity

query likelihood based on
Mixture of Language Models (MLI\/
Ze, n(m, e’)
[To o P(t]!e)P IO
[To 4 P(t[C)P (@




SUPERVISED [LTR]

28 features extracted based on: "
mention, entity, mention-entity, and query

Len(m) Number of terms in the entity mention M
NTEM (m)? Number of entities whose title equals the mention M
SMIL (m)? Number of entities whose title equals part of the mention M
Matches (m) Number of entities whose surface form matches the mention M
Redirects (e) Number of redirect pages linking to the entity E
Links (e) Number of entity out-links in DBpedia E
Commonness(e, m) Likelihood of entity e being the target link of mention m ME
MCT (e, m)@ True if the mention contains the title of the entity ME
TCM (e, m)? True if title of the entity contains the mention ME
TEM (e, m)? True if title of the entity equals the mention ME
Pos;(e, m) Position of the 1% occurrence of the mention in entity abstract ME
SimM ¢ (e, m) Similarity between mention and field f of entity; Eq. (1) ME
LenRatio (m, q) Mention to query length ratio: % Q
QCT (e, 0 True if the query contains the title of the entity Q
TCQ(e,0 True if the title of entity contains the query Q
TEQ(e, 0 True if the title of entity is equal query Q
Sim(e, 0 Similarity between query and entity; Eq. (1) Q
SimQ+ (e, 0 LM similarity between query and field f of entity; Eq. (1) Q




APPROACH

Disambiguation

v

METHODS:

(1) Unsupervised (Greedy)
(2) Supervised (LTR)



UNSUPERVISED [Greedy]

Algorithm 1 Greedy Interpretation Finding (GIF)

Input: Ranked list of mention-entity paiid ; score threshold
Output: Interpretations = {E1,...,Em}

(I) Pruning of mention-entity pairs

begin
_ _ 1: M'1 PruneM,s)
Discards the ones with score < threshad ! 2: M'1PruneContainmentMentiorté(')
3: 1 ! Createlnterpretations( ")
4: return |
: : : end
For c_:ontamment mentions, keeply the highest 7 function CREATEINTERPRETATIONSM )
scoring one 22 11 {"}
3: for (m,e) in M do
4. h! O
5: for E in | do
(1) Set generation o e s (e then
8: h! 1
. . . . . o i
Adding mention-entity pairs in decreasing order [ ¢
of score to an interpretatiaet 11: ifh==0 then
12: | .add{(m,e)})
13: end if
14: end for

15: return |
16: end function




SUPERVISED [LTR]

1) Generate all interpretations (from the top-K entity-mention pairs)

2) Collectively select the interpretations with a binary classifier

new york NEW YORK 0.8

new york NEw YORK CITY 0.7
manhattan MANHATTAN 0.8

new york pizza | NEW YORK-STYLE PIzzA | 0.9
manhattan MANHATTAN (FILM) 0.2

K new york SYRACUSE, NEW YORK | 0.5
new york ALBANY, NEW_YORK 0.2

Interpretation sets

(new york, NEW YORK),
(manhattan, MANHATTAN)

(new york, NEW YORK CITY),
(manhattan, MANHATTAN)

(new york, SYRACUSE, NEW YORK),
(manhattan, MANHATTAN)
(manhattan, MANHATTAN)

(new york pizza, NEW YORK-STYLE PIZZA)

(new york pizza, NEW YORK-STYLE PIZZA),

=




TEST COLLECTIONS

I Y-ERD
- Based on the Yahoo Search Query Log to Entities dataset
+ 2398 queries

I ERD-dev

* Released as part of the ERD challenge 2014

91 queries



ENTITY LINKING IN QUERIES

Results:

I It 1Is more beneficial to perform the (expensive) supervised learning for
the first step and tackle disambiguation with an unsupervised algorithm.

I Entity interdependence features are less helpful for entity
disambiguation compared to contextual similarity features

I LTR-Greedy approach achieves the state-of-the-art performance



Returning Entities in response to queries
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Term-based representation

foaf:name Hans Albert Einstein
rdfs:comment Hans Albert Einstein wa S an
engineer, and the child of
Albert Einstein and Mileva
Mari! [.. term-based . : :
dbo:birthDate = 1904-05-14 < : C albert einstein children )
Il matching
dbo:birthPlace Bern
dbp:parent Albert Einstein

Mileva Mari ¢



Term-based representation

foaf:name Hans Albert Einstein
rdfs:comment Hans Albert Einstein wa S an
engineer, and the child of
Albert Einstein and Mileva
Mari! [..] term-based : : :
dbo:birthDate 1904-05-14 matching albert einstein children
dbo:birthPlace Bern
dbp:parent Albert Einstein
Mileva Mari ¢ entity
linking
Entity-based representation
dbo:birthPlace dbpedia:Bern based
dbp:parent dbpedia:Albert_Einstein entity-base m— : :
dbpedia:Mileva_Mari . < matching > dbpedia:Albert_Einstein




Based on Markov Random Fields (MRF)

N

albert einstein  children dbpedia:Albert_Einstein

D. Metzler and W. B. Croft. A Markov Random Field model for term dependenciEsodnof SIGIRpages 472479, 2005.



Based on Markov Random Fields (MRF)

I cliques involving a query term and the document

albert einstein  children dbpedia:Albert_Einstein



Based on Markov Random Fields (MRF)

I cliques involving two query terms and the document

albert einstein  children dbpedia:Albert_Einstein



Based on Markov Random Fields (MRF)

I cliques involving an entity and the document

albert einstein  children dbpedia:Albert_Einstein



Feature-based ranking model

rank |
P(DIQ) = )‘TE:Q o/7(@ D Terms
Qi €

1
Yoo D ‘Q|_1fo(q*"q"+1=m+ Ordered bigrams

qi:9i+-1€Q

1
A7 r(q;, 1)
4 E ’Q|_1fl-(Qzan+1, )+
9i:9i+1€Q

oy Z S(EZ)fb'((i, D)a

e€E(Q)

Unordered bigrams

Entities



The free parameters! set the weight for each feature

PDIQ) "= ar Y — (g, D

b IQI

1
AO Z \Q| 1 fO(%anl-}-l:D)-i‘
qi:9:i+1€Q

1
AU E : ’Q| — 1fU(Qi; Qi+1,1))+
9::9i4+1€Q

Ael S s(e)fi(e, D),
ecE(Q)

to be trained




Scores of different features are normalized

PDIQ) "E* Ar Y = fr(a, D

b IQI

1
AO Z ‘Ql_l,fO(qzl,taH:U)‘F
qi:9:i+1€Q

1
AU Z ’Q|_1fl-’(Qz‘an‘+1,U)+
93:9i+1€Q

oy Z 8(6) ft’i(e? D)a

ecE(Q)

l entity linking score

et £(Q) 5(6) =1



Term-based matching is modeled based on term frequencies

PDIQ) "Z* A S —fr(g, D
qzze:Q \

1 smoothed"
A0 Ze@ \Q|_1fo(q"q"'+1’m+ T (fielded) LM
Ji.0:+1

1 —
Ao Y

fu(gi, qiv1, D)+
—1
03:9i+1€Q ’Q|

Ao Y, s(e)fele, D).

e€E(Q)
}

entity-based
matching




SemSearch-ES INEX-LD

Q ¥ OmadridO Q ¥ Qvietnam war factsO

¥ Obrooklyn bridg® ¥ Oroman architectur®

List Search QALD-2

Ostates that border Q OWhat is the second
okIahomaO highest mountain?0O




Results:

| 4.4-7.3% improvements over in terms of MAP over "
all baseline methods

I The biggest improvements are obtained for the ListSearch and
QALD-2 queries, seeking entities related to other entities”
(8-16% In terms of MAP)

I The model is robust against parameters



L] RESULT PRESENTATION

Summarizing Entities for Entity Cards
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ENTITY CARDS

Albert Einstein <

Thearetical physicist

Albert Einstein was a Germen-born theoretica' physicist, He developed
the theory of relativity, one of the two pillars of medern physics. Einstein's
werk is also known for its influence on the philosaphy of science.
Wikipedia

Bom: March 14, 1879, Ulm, Germany

Died: Acril 18, 1955 Princeton. New Jersay. United States

Education: University af Zurch (1908), ETH 2urich (1896-1901), mare
Spouse: Elsa Einstein (m. 1819-193€), Mileva Mar¢ (m. 1903-1919)

People also search for View 15+ mare
£
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ENTITY SUMMARIES

Q einstein family

Born: March 14, 1879, Ulm, Germany

Died: April 18, 1955, Princeton, New Jersey, United States

Siblings: Maja Einstein

Spouse: Elsa Einstein (m. 1919-1936), Mileva Mari¢ (m. 1903-1919)
Education: University of Zurich (1905), more

[Q einstein awards ]

Born: March 14, 1879, Ulm, Germany
Died: April 18, 1955, Princeton, New Jersey, United States

Education: University of Zurich (1905), more
Awards: Barnard Medal for Meritorious Service to Science, more

Influenced: Satyendra Nath Bose, Wolfgang Pauli, Leo Szilard, more




ENTITY SUMMARIZATION

D%;iia Albert Einstein

dbo:almaMater
dbo:almaMater
dbo:award
dbo:award
dbo:birthDate
dbo:birthPlace
dbo:birthPlace
dbo:citizenship
dbo:children
dbo:children
dbo:deathDate
dbo:deathPlace
dbo:spouse
dbo:spouse
dbp:influenced

dbr:ETH_Zurich
dbr:University of Zurich
dbr:Max_Planck Medal
dbr:Nobel Prize in_Physics
1879-03-14
dbr :Ulm
dbr :German_Empire
dbr:Austria-Hungary
dbr:Eduard_Einstein
dbr:Hans_Albert_Einstein
1955-04-18
dbr:Princeton, New_ Jersey
dbr:Elsa_Einstein
dbr:Mileva_Mari!
dbr:Leo_Szilard

E and ~700 more facts


http://dbpedia.org/ontology/deathDate
http://dbpedia.org/ontology/deathPlace

ENTITY SUMMARIZATION

(Q einstein awards )

dbo:almaMater dbr:ETH_Zurich

dbo:almaMater dbr:University of Zurich
dbo:award dbr:Max_Planck Medal

dbo:award dbr:Nobel Prize in_Physics
dbo:birthDate 1879-03-14

dbo:birthPlace dbr :Ulm

dbo:birthPlace dbr :German_Empire
dbo:citizenship dbr:Austria-Hungary

dbo:children dbr:Eduard_Einstein

dbo:children dbr:Hans_Albert_Einstein
dbo:deathDate 1955-04-18
dbo:deathPlace dbr:Princeton,_New_Jersey
dbo:spouse dbr:Elsa_Einstein

dbo:spouse dbr:Mileva_Matri!

dbp:influenced dbr:Nathan_Rosen

dbp:influenced dbr:Leo_Szilard

dbo:knownFor dbr:Brownian_motion


http://dbpedia.org/ontology/deathDate
http://dbpedia.org/ontology/deathPlace

Importance:

The general importance of that fact in describing the entity,
irrespective of any particular information need.

Relevance:"

The relevance of fact to query reflects how well the fact
supports the information need underlying the query.



RANKING CRITERIA

Utility: The utility of a fact combines the general

importance and the relevance of a fact into a single
number

ur,q = @if + Prr.q
) !

iImportance  relevance




FACT RANKING

| Supervised ranking, optimized on utility
- more bias towards importance or relevance

| Fact-query pairs as learning instances

Importance Relevance

Type-based importance Semantic similarity
Predicate specibcity Lexical specibcity
Object specibcity Inverse rank
Normalized fact frequency Context length

E E




SUMMARY GENERATION

1. dbo:birthDate 1879-03-14

2. dbp:placeOfBirth Ulm

3. dbo:birthPlace dbr :Ulm

4. dbo:deathDate 1955-04-18

5. dbo:award dbr:Nobel Prize in_Physics
6. dbo:deathPlace dbr:Princeton, New Jersey
7. dbo:birthPlace dbr:German_Empire

8. dbo:almaMater dbr:ETH_Zurich

9. dbo:award dbr:Max_Planck Medal

10. dbp:influenced dbr:Nathan_Rosen

11. dbo:almaMater dbr:University of Zurich
E

|

Born: March 14, 1879, Ulm, Germany
Died: April 18, 1955, Princeton, New Jersey, United States

Education: University of Zurich (1905), more
Awards: Barnard Medal for Meritorious Service to Science, more

Influenced: Satyendra Nath Bose, Wolfgang Pauli, Leo Szilard, more



http://dbpedia.org/ontology/deathDate
http://dbpedia.org/ontology/award
http://dbpedia.org/ontology/deathPlace
http://dbpedia.org/ontology/award

SUMMARY GENERATION

Iineq;

dbo:birthDate
dbp:placeOfBirth
dbo:birthPlace
dbo:deathDate
dbo:award
dbo:deathPlace
dbo:birthPlace
dbo:almaMater
. dbo:award

10. dbp:influenced
11. dbo:almaMater
E

© 0N ORWDNRE

1879-03-14
Ulm
dbr :Ulm
1955-04-18
dbr:Nobel Prize in_Physics
dbr:Princeton, New_Jersey
dbr:German_Empire
dbr:ETH_Zurich
dbr:Max_Planck Medal
dbr:Nathan Rosen
dbr:University of Zurich

=

heading;



http://dbpedia.org/ontology/deathDate
http://dbpedia.org/ontology/award
http://dbpedia.org/ontology/deathPlace
http://dbpedia.org/ontology/award

Algorithm 1 Summary generation algorithm

Input: Ranked fact$:_e, max height j,, max width!,
Output: Entity summarylines

! Creates a Summary Of a 1 rl\l/lea!dir’liasr?di([;]ate_Name Mappir(a!) Determine line headings
. . . . for f in Fedo
given size (length and width)

2

3

4 Phame ! M [fp]

5: if (Phame ! headiris) AND (sizefeadiris) " !},) then
6 headiris.add(fp,Pname))

7

8

9

end if
. . . " . end for
! ReSOIVIng Identlcal fa CtS : #alues! ] | Determine line values
10: for f in Fe do
(RF featu re) 11 if f, #headifis then
12: #aluegfp].add(fo)
13: end if
14: end for
< < 15: lines! ] I Construct lines
I Grouping multi-valued 16 0r (T, Prame) in headirts do
. 17 line! ppame + 0:0
predicates (GF feature) 6 for # in faluegfy] do
19: if len(line) + len(v)" !y then
20: line! line+# I Add comma if needed
21: end if
22: end for
23: linesadd(ine)

24: end for




Results:

| 16% improvements (in terms of NDCG@ 10) over the best "
baseline for fact ranking

| Users preferred utility-based summaries over importance/relevance-
based ones

| Grouping of multivalued predicates (GF features) is perceived as
more important by the users than the resolution of identical facts (RF
feature)



RESOURCES

DBpedia-Entity Collection”
Entity search toolkit



DBPEDIA-ENTITY V2

Improvements compared to the previous collection:

I Graded relevance judgments were collected for all queries and also all
Jjudged items (relevant or not) were included in the grels

I A recent DBpedia version (2015-10) were used as the knowledge base

I The relevance labels were obtained under the same conditions for all
queries In the collection



DBPEDIA-ENTITY COLLECTIONS

Ot Entity ” ot Entity " ot Target Type "
Retrieval Summarization Identification

¥ 468 queries ¥ 100 queries ¥ 485 queries

¥ 19K relevant entities J ¥ 4K entity facts ¥ ~900 types

Built with DBpedia 2015-10






http://nordlys.cc/

ENTITY SEARCH TOOLKIT

® Highlights

- Web Interface, API, and

command line usage"

- 3-tier architecture

» Online source code and
documentation




NORDLYS

LI raskDNon Go'
Targat Type Datection

Entity Search Entity Linkdng

Results from the collection DBpedia 201510 &

Kimi Raikkonen
cdbpedia:Kimi_Rakkonen>
Kimi-Matias Raikkonen (Finnish pronunciation: [kimi matias reikenen) borm 17 Oclober 1979}, nicknamed
“Tha Ice Man®, Is a Finnish racing driver cumrently driving for Fesrarl In Formula One. After nine seasons racing
in Fermuda Ona, in which during his first Ferrari stint ha was tha 2007 World Champion, ha compated in the
Kimi Ralkkbonen

Worid Rally Championship In 2010 and 2011,
RACING DRIVER
Formula One and World Rally Champilonship

Ville Raikktnen
<dbpediaVille_Rakkonen:-
Ville Rékkdnen (bom 14 February 1972 in Tuusula) is a Finnish former bisthlete. He is the second cousin of
2007 Formuila One World Champion Kimi Ralkkonen.
http/www kimiraidconon.com

driver

Double R Racing
<dbpedia.Double_R_Racing>
Double A Racing is & motor racing team, which races in Formula Three, The team was lormed in Novenber
2004 a5 Riikxinen Robertson Racing by then MclLaren Formula Cne driver and 2007 world champion with
Ferrarl, Kimi Riikkiinen, and his race manager Steve Robeartson, a former Formula Three driver.

Jenni Dahlman
<dbpeda.Jenni_Dahman>
Jenni Dahiman (barm 27 Octaber 19681) is a Finnish former model and winner of the 2001 Miss Scandinavia
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