Fine-Grained Evaluation for Entity Linking

Henry Rosales-Méndez, Aidan Hogan and Barbara Poblete

University of Chile
{hrosales,ahogan,bpoblete}@dcc.uchile.cl

Nov 5, 2019

T EMNLP-1JCNLP 2019, Hong Kong



Example

Joseph Walter “Joe” Jackson, was a steelworker at U.S. Steel. In an interview
with Martin Bashir for the 2003 documentary Living with Michael Jackson,
Jackson recalled that Joe often sat in a chair with a belt in his hand as he and

his siblings rehearsed.




Example - Entity Recognition

Joseph Walter “Joe” Jackson, was a steelworker at U.S. Steel. In an interview

with Martin Bashir for the 2003 documentary Living with Michael Jackson,

Jackson recalled that Joe often sat in a chair with a belt in his hand as he and

his siblings rehearsed.




Example - Entity Disambiguation

. B

U.S. Steel

Joseph Walter “Joe” Jackson, was a steelworker at U.S. Steel. In an interview

with Martin Bashir for the 2003 documentary Living with Michael Jackson,

Jackson recalled that Joe often sat in a chair with a belt in his hand as he and

his siblings rehearsed.

CHAEL JACH




Knowledge Bases

m%ia |\!IIIKI|!A!A Y%ng'ggg*
~ Freebase

BabelNet



Name Variations in Entity Linking

Michael Joseph Jackson

Michael J. Jackson

King of Pop



Name Variations in Entity Linking

«——— Michael Jackson




Text collections with noise

Donald J. Trump &
B @realDonaldTrump
Despite the constant negative press covfefe

RETWEETS LIKES

3263 4134 WAEHDFETLES

2:06 PM - 31 May 2017
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Text collections with noise

Donald J. Trump &
B @realDonaldTrump
Despite the constant negative press covfefe

RETWEETS LIKES

3263 4134 WAEHDFETLES

2:06 PM - 31 May 2017

Donald ). Trump & v
@realDonaldTrump
Who can figure out the true meaning of "covfefe" ?7?

Enjoy!

Traducir Tweet

6:09 a. m. - 31 may. 2017 - Twitter for iPhone



Multilingual Entity Linking - English

A Martin Bashir USS. Steel

Joseph Walter “Joe” Jackson, was a steelworker at U.S. Steel. In an interview

with Martin Bashir for the 2003 documentary Living with Michael Jackson,

Jackson recalled that Joe often sat in a chair with a belt in his hand as he and

his siblings rehearsed.
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Multilingual Entity Linking - Italian

Martin Bashir

i ey Bastr 1 19

Joseph Walter “Joe” Jackson, era un operaio siderurgico presso U.S. Steel.

In un’intervista con Martin Bashir per il documentario del 2003 Living with

Michael Jackson, Jackson ha ricordato che Joe spesso sedeva su una sedia con

una cintura in mano mentre lui e i suoi fratelli provavano.

A Michael Jackson *i

Ling with ichae Jackson




Multilingual Entity Linking - Spanish

Martin Bashir

i ey Bastr 1 19

Joseph Walter “Joe” Jackson, era un trabajador siderirgico en U.S. Steel. En

una entrevista con Martin Bashir para el documental del 2003 Living with

Michael Jackson, Jackson recordé que Joe a menudo se sentaba en una silla

con un cinturén en la mano mientras él y sus hermanos ensayaban.

Ling with ichae Jackson




® What should Entity Linking link?



Example annotations produced
by four EL systems

Joseph Walter “Joe” Jackson, was a steelworker at U.S. Steel. In an interview
with Martin Bashir for the 2003 documentary Living with Michael Jackson,
Jackson recalled that Joe often sat in a chair with a belt in his hand as he and

his siblings rehearsed.




Example annotations produced
by four EL systems

Joseph Walter “Joe” Jackson, was a steelworker at U.S. Steel. In an interview

D DIT BID ABIT DIT

with Martin Bashir for the 2003 documentary Living with Michael Jackson
Alpir D Br o D

Jackson recalled that Joe often sat in a chair with a belt in his hand as he and
AB A T it T

his siblings rehearsed.
DIT




Example annotations produced
by four EL systems

Aida

Joseph Walter “Joe” Jackson, was a steelworker at [U.S. Steel,| In an interview

D DlT

with for the 2003 documentary Living with Michael Jackson,
AlDIT D BIT ABID

Jackson recalled thatoften sat in a chair with a belt in his hand as he and
AB A IT T

T D

his siblings rehearsed.
DIT




Example annotations produced
by four EL systems

Aida | Babelfy

—

Joseph Walter “Joe” Jackson, was a steelworker at|

D DIT
with Martin Bashir for the 2003 documentar;
AIDIT B e ——————————————

Jackson|recalled that Joe often sat in a chair with a belt in his hand as he and
AB A T DIT T

his siblings rehearsed.
DIT




Example annotations produced
by four EL systems

Aida || Babelfy | DBpedia Spotlight

steelworker\ at[U.S] Steel. In an [interview|

D J

‘Joseph Walter “Joe” Jackson| was a‘

plT | [BplABIT o7 |
with Martin Bashin for the 2003 Living with |Michael Jackson.
AIDIT D A ———

Jackson recalled that Joe often sat in a chair with a in his hand as he and
AB A DIT T

T
his| siblings|rehearsed.
DIT




Example annotations produced
by four EL systems

Aida || Babelfy |DBpedia Spotlight| | TagME

Joseph Walter “Joe” Jackson, was a|steelworker|at |U.S. Steel{ In an|interview

D DT DIT

with [Martin Bashir| for the 2003 documentary [Living with Michael Jacksonl,
ADIT D BT T ARD
Jackson recalled that Joe often sat in a wlth am his as he and
AB A
his|siblings |rehearsed.
DIT




Questionnaire

Gong-Qing Wu, Ying He, and Xuegang Hu. 2018. Entity linking:
An issue to extract corresponding entity with knowledge base.
IEEE Access, 6:62206231.



Questionnaire

In an interview with Martin Bashir for the 2003 documentary Living with
Michael Jackson, the King of Pop recalled that Joe often sat with a white
belt at hand as he and his four siblings rehearsed.

Russian daily Kommersant reports that Moscow will supply the Greeks with
gas at rock bottom prices as Tsipras prepares to meet the Russian President.




Questionnaire

[[Russian]] daily Kommersant reports that ...
Annotate "Russian” with https://en.wikipedia.org/wiki/Russia <tick all that apply>
Annotate "Russian" with https://en.wikipedia.org/wiki/Russian_language <tick all that apply>
Annotate "Russian” with https://en.wikipedia.org/wiki/Russians <tick all that apply>

Do not annotate "Russian”

Russian [[daily]] Kommersant reports that ...
Annotate "daily" with https://en.wikipedia.org/wiki/Newspaper

Do not annotate "daily"



Questionnaire

@ We sent the questionnaire to 321 researchers, of which 232
requests were delivered successfully.

® We received a total of 36 responses.



Questionnaire

In an [interview]''? with [Martin Bashir]® for the [2003]-2® [documentary]-2® [Living with
{Michael Jackson} 75]-97, the [{King} 8 of {Pop}33]94 [recalled]:?% that [Joe]' of-
ten [sat]%8 with a [white]'!! [belt]''* at [hand]''* as [{he}%® and {his}39 {four} 08
{siblings}'14]0 [rehearsed] 8.

[Russian]-61 [daily]"'4 [Kommersant]-97 [reports]-?¢ that [Moscow]?* will [supply]-? the
[Greeks]94 with [gas] 3¢ at [{rock}® bottom {prices}19]-28 as [Tsipras]-92 [prepares] %% to
[meet] 9% the [{Russian}-33 {President}12]-97.




Questionnaire

In an [interview]''? with [Martin Bashir]® for the [2003]-2® [documentary]-2® [Living with
{Michael Jackson} 75]-7, the [{King} 8 of {Pop}33]9* [recalled]:?% that [Joe]' of-
ten [sat]0® with a [white]'!! [belt]-!* at [hand]''* as [{he}®6 and {his}3? {four}08
{siblings}'14]0 [rehearsed] 8.

[Russian]-61 [daily]"'4 [Kommersant]-97 [reports]-?¢ that [Moscow]?* will [supply]-? the
[Greeks]94 with [gas] 3¢ at [{rock}" bottom {prices}19]-28 as [Tsipras]-?2 [prepares] %3 to
[meet] 9% the [{Russian}:>3 {President}12]-97.




Goal

@ Allowing a fine-grained evaluation for Entity Linking



Categories

BASE FORM PART OF SPEECH OVERLAP REFERENCE

Extended Name

o)
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Joseph Walter, was a steelworker at U.S Steel.
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Categories

BASE FORM PART OF SPEECH OVERLAP REFERENCE

Extended Name
- Gommonom]
orom]

Joseph Walter, was a steelworker at U.S Steel.



Categories

BASE FORM PART OF SPEECH OVERLAP REFERENCE

Extended Name

Numeric/Temporal
Common Form

Pro-Form

Joseph Walter, was a steelworker at U.S Steel.



Categories

BASE FORM PART OF SPEECH OVERLAP REFERENCE

Short Name

Extended Name

Numeric/Temporal
Common Form

Pro-Form

Joseph Walter, was a steelworker at U.S Steel.



Categories

BASE FORM PART OF SPEECH OVERLAP REFERENCE

Extended Name

o)




Categories

BASE FORM PART OF SPEECH OVERLAP REFERENCE

Extended Name

o]

David and Victoria added spice to their marriage.



Categories

BASE FORM PART OF SPEECH OVERLAP REFERENCE

Extended Name

o)

Greece beat England in the Euro Finals.



Categories

BASE FORM PART OF SPEECH OVERLAP REFERENCE

Extended Name

o)

Today I am presenting my Doctoral Proposal
https://en.wikipedia.org/wiki/Present



Categories

BASE FORM PART OF SPEECH OVERLAP REFERENCE

Extended Name

Numeric/Temporal

~Common Form

Pro-Form

The capital of Chile is an incredible city.



Re-annotation and categorization

® KORES50: 1 doc, 50 sentences
® VoxEL: 15 doc, 94 sentences
© ACEO4: first 20 doc, 214 sentences



Re-annotation and categorization

A ‘wake-up ¥ call §

With clear-cut &3 positions EQ] W confrontational | W attitude
towards other [l F SIS W thundering | W businessman
occupies the [ JCATITENR FERTECN since

W Woanuary W 20th [EYOLS0%a © centering FotS

W attention [ERaE] ® majority B Q Eu an | W countries |
its IR0 I X00EN to transform thisinto
W real | % politics |

IR0 © #8 European 2 Donald Trump [
less than a [l JNCESHGE since, in just a few [ FNIESN and with
remarkable &3 efficacy , has made =1 close ranks more than
ever for a long ¥ time §

belongs to that W category [ @ Americans i)
Ll Sidea (] =a = S unied ©Q Europe |
because they Ik ZCH -8l as a [ JUICE (0 the [ LI
W preeminence B @ theirown % country |

who

%8 Union




Re-annotation and categorization

Surface Form:

Donald Trump

Add annotation

Link of the selected entity mention

- Select Type - ¥
List of URIs:

https://en.wikipedia.org/wiki/Donald_Trump LAPERSON~ | SIS ¥ Remove
[ % el:Mnt-Full | [ % el:Pos-Nounsingular | [ % el:Ref-Direct | [ * €l:Olp-None




Validating by tag

B, B, T D A F

P R Fy P R F P R Fy P P R L P
Full Mention 093 046 061 0.75 053 0.62 0.82 059 0.69 0.84 0.78 057 0.66 0.82
Short Mention 044 016 0.23 0.37 0.24 0.29 0.54 044 048 0.5 0.5 036 042 0.39
Extended Mention 1.0 056 0.71 0.83 0.56 0.67 1.0 044 062 1.0 1.0 0.44 062 0.8
Alias 0.56 0.16 0.25 0.33 021 025 052 032 04 0.67 06 029 04 0.55
Numeric/Temporal 045 0.01 0.02 082 024 037 0.14  0.03 0.05 0 0 00 00 0
Common Form 021 00 0.01 0.66 0.33 044 0.49 028 035 0.88 043 00 00 0.56
Pro-form 000 00 000 00 00 00 00 0 000 00 0
Singular Noun 079 017 028 0.73 045 0.56 062 038 047 0.87 079 02 032 0.74
Plural Noun 033 0.01 0.02 0.61 033 043 0.56 0.28 0.37 0.83 0.7 003 0.07 0.66
Adjective 077 0.02 0.04 026 0.07 0.11 0.56 024 0.34 0.65 072 021 032 0.6
Verb 0 00 00 0.86 002 0.04 037 017 023 10 0 00 00 0
Adverb 0 00 00 0 00 00 0.56 042 048 0 0 00 00 0

Non-Overlapping
Maximal Overlap
Intermediate Overlap

075 012 02 0.67 033 045 0.58 0.38 0.46 0.84
087 0.17 029 085 036 05 0.73 034 046 0.89
0.76 0.18 0.3 071 052 06 0.57 03 039 0.56.
082 0.04 0.09 0.61 037 046 05 015 023 0.8

Minimal Overlap
Direct 079 0.3 023 071 043 053 063 038 047 083 076 019 03 07
Anaphoric 0 0.0 0.0 0 0.0 0.0 0.0 0.0 0.0 0 0 0.0 0.0 0
Metaphoric 00 00 00 057 020 038 043 035 038 [091 0 00 00 0
Metonymic 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Related 064 006 011 036 014 02 039 024 03 076 01 018 [081] 008 0.15 [083
Descriptive 033 001 001 044 002 004 016 002 0.03 06 002 003 000 00 06

All 4,231 077 011 019 0.67 035 046 0.59 033 042 084 017 029 0.77 016 0.26 0.72




Validating by tag

B, B, T D A F
P R Fy P R Fi P R Fi P R Fy P R Fy P R

Full Mention 093 046 061 0.75 053 0.62 0.82 059 0.69 0.84 057 068 0.78 057 0.66 0.82 055
Short Mention 044 016 0.23 0.37 0.24 0.29 0.54 044 048 0.5 03 037 0.5 036 042 039 0.28
Extended Mention 1.0 056 0.71 0.83 0.56 0.67 1.0 044 062 10 044 062 1.0 0.44 062 0.8 044
Alias 0.56 0.16 0.25 0.33 021 025 052 032 04 0.67 0.38 048 06 029 04 055 0.29
Numeric/Temporal 045 001 0.02 082 024 037 014 0.03 0.05 0 00 00 0 00 00 000
Common Form 021 0.0 0.01 0.66 0.33 0.44 049 028 0.35 088 0.04 0.08 043 00 0.0 056 0.0
Pro-form 000 00 000 00 0000 00 000 00 000 00 000

Singular Noun

079 017 028 0.73 045 0.56 0.62 038 047 087 024 038 079 02 032 074 019
Plural Noun 0.7

0.83 0.03 0.06 0.03  0.07 0.66 0.04

Adjective & 0.65 0.14 023 072 021 032 0.6 0.14
Verb 0 00 00 086 0.02 0.04 0.37 10 00 001 0 00 00 0 00
Adverb 0 00 00 0 00 00 0.56 0 00 00 0 00 00 0 0.0

084 019 032 078 019 03 071 017
089 019 0.32 0.84 0.08 0.15 084 0.12
056 013 021 054 0.1 017 078 0.1

08 009 017 0.72 009 0.16 0.66 0.06

Non-Overlapping
Maximal Overlap
Intermediate Overlap

075 012 02 0.67 033 045 0.58
087 0.17 029 085 036 05 0.73
0.76 0.18 0.3 071 052 06 0.57
082 0.04 0.09 0.61 037 046 0.5

Minimal Overlap
Direct 079 013 023 (071 043 053 063 083 021 033 (076 019 03 07017
[Anaphoric 0 0.0 0.0 0 0.0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0
Metaphoric 00 00 00 057 020 038 043 091 0.14 025 0 00 00 000
Metonymic 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Related 064 006 011 036 014 02 039 076 0.1 0.8 [08L 008 015 083 0.09
Descriptive 033 001 001 044 002 004 016 06 002 003 000 00 06 002

All 077 011 019 0.67 035 046 0.59 084 017 029 0.77 016 0.26 072 0.14




Validating by tag

B. B, T A F
P R Fy P R F, P R Fy P P R L P R F.
Full Mention 093 046 061 0.75 053 0.62 0.82 059 0.69 0.84 0.78 057 0.66 0.82 055 065
Short Mention 044 016 0.23 0.37 0.24 0.29 0.54 044 048 0.5 0.5 036 042 0.39
Extended Mention 1.0 056 0.71 0.83 0.56 0.67 1.0 044 062 1.0 1.0 0.44 062 0.8
Alias 0.56 0.16 0.25 0.33 021 025 052 032 04 0.67 06 029 04 0.55
Numeric/Temporal 045 0.01 0.02 082 024 037 0.14  0.03 0.05 0 0 00 00 0
Common Form 021 00 o0.01 0.66 0.33 044 0.49 028 035 0.88 043 00 00 0.56
Pro-form 000 00 000 00 00 00 00 0 000 00 0
Singular Noun 079 0.17 028 0.73 045 0.56 0.62 0.38 047 0.87 079 02 032 0.74
Plural Noun 033 0.01 0.02 0.61 033 043 0.56 0.83 0.7 003 0.07 0.66
Adjective 077 0.02 0.04 0.26 0.07 0.11 0.56 0.65 0.72 021 0.32 0.6
Verb 0 00 00 086 0.02 0.04 0.37 1.0 0 00 00 0
Adverb 0 00 00 0 00 00 0.56 0 0 00 00 0
Non-Overlapping 075 012 02 0.67 033 045 0.58 0.84 078 019 03 0.71
Maximal Overlap 087 0.17 029 085 036 05 0.73 0.89 084 008 0.15 0.84
Intermediate Overlap 0.76 0.18 0.3 071 052 06 0.57 0.56. 054 0.1 017 0.78
Minimal Overlap 082 0.04 0.09 0.61 037 046 0.5 0.8 0.72 009 0.16 0.66
Direct 079 013 023 0.71 043 053 0.63 0.83 076 019 03 0.7
Anaphoric 000 00 000 00 0.0 0 000 00 0
Metaphoric 00 00 00 0.57 029 0.38 0.43 0.91 0 00 00 0
[ 00 00 00 0.0 00 00 0.0 X X 0.0 00 0.0 00 0.0
Related 064 0.06 0.11 036 014 02 039 024 03 0.76 0.81 008 0.15 0.83
Descriptive 0.33 001 0.01 044 0.02 0.04 0.16 0.02 0.03 0.6 0 00 00 0.6
All 4,231 077 011 019 0.67 035 046 0.59 033 042 0.84 0.77 016 0.26 0.72




How to perform an evaluation for categorized datasets?



| TP
p=1"1
S|
| TP
R=_1__'
G|
F_2PR

<
+
Pyl

Traditional F1



FUZZy set

A: Crisp set

B: Fuzzy set

Q>



Modifications to F1

| TP|
[
S|
R* — ZBES /’LG*(a)
ZaGG :uG*(a)
2.P.R*
F=

P+ R*



. the values for R* and F{ both range between 0 and

1, inclusive.

. when pg« 1 G — {1} (i.e., when memberships are

binary), R* and F{ correspond to R and Fy.

° missing annotations with higher membership degree

are penalized more in R* and F{ than those with lower degree.



Conclusions

We stress the lack of consensus about what should Entity
Linking link.
We propose a set of categories for Entity Linking.

We re-annotate three datasets: VoxEL, KORE50 and
ACEO04—first_20.

We extend F; measure.
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