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Motivation

A large number of applications serve multilingual users,
e.g. question answering systems
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Google Home, Image: CC-BY-SA
Wikimedia Commons

Bloomberg Terminal, Image Credits: Bloomberg L.P.

Amazon Alexa, Image: CC-BY Pixabay


https://www.bloomberg.com/company/press/bloomberg-launches-new-rmb-bond-suite-global-investors/
https://pixabay.com/de/photos/alexa-echo-smart-home-box-musikbox-4758340/
https://commons.wikimedia.org/wiki/File:Google_Home_sitting_on_table.jpg

Motivation

A large number of applications serve multilingual users,
e.g. question answering systems

However, a large number of users is not supported in
their (native) language due to a lack of multilingual data



Motivation

Lack of language coverage on the web overall

Japanese

2.1%
French

2.6%
Persian
3.5%
Spanish
3.7%
Turkish

3.8%
Russian

English
62.9%

Source: https://w3techs.com/technologies/overview/content_language



Motivation

Knowledge graphs support a multilingual
representation of concepts
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Motivation

Knowledge graphs could support a larger coverage of
languages through, e.g., text generation
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Ada Lovelace

From Wikipedia, the free encyciopedia

Augusta Ada King, Countess of Lovelace (née Byron; 10 December 1815 — 27 November 1852) was an English mathematician and writer, chiefly
known for her work on Charles Babbage's proposed mechanical general-purpose computer, the Analytical Engine. She was the first to recognise that
the machine had applications beyond pure calculation, and to have published the first algorithm intended to be carried out by such a machine. As a
result, she is often regarded as the first computer programmer. 2314

Ada Byron was the only child of poet Lord Byron and mathematician Lady Byron.'®! All of Byron's other children were born out of wedlock to other
women. (% Byron separated from his wife a month after Ada was born and left England forever four months later. He commemorated the parting in a
poem that begins, Is thy face like thy mother's my fair child! ADA! sole daughter of my house and heart?".”) He died in Greece when Ada was eight
years old. Her mother remained bitter and promoted Ada's interest in mathematics and logic in an effort to prevent her from developing her father's
perceived insanity. Despite this, Ada remained interested in him, naming her two sons Byron and Gordon. Upon her death, she was buried next to him
at her request. Although often ill in her childhood, Ada pursued her studies assiduously. She married Wiliam King in 1835. King was made Earl of
Lovelace in 1838, Ada thereby becoming Countess of Lovelace.

Her educational and social exploits brought her into contact with scientists such as Andrew Crosse, Charles Babbage, Sir David Brewster, Charles
Wheatstone, Michael Faraday and the author Charles Dickens, contacts which she used to further her education. Ada described her approach as
"poetical science"®! and herself as an "Analyst (& Metaphysician)".1¥

When she was a teenager (18), her mathematical talents led her to a long working relationship and friendship with fellow British mathematician
Charles Babbage, who is known as "the father of computers”. She was in particular interested in Babbage's work on the Analytical Engine. Lovelace
first met him in June 1833, through their mutual friend, and her private tutor, Mary Somerville.

Between 1842 and 1843, Ada translated an article by ltaian miltary engineer Luigi Menabrea about the calculating engine, supplementing it with an
elaborate set of notes, simply called "Notes". Lovelace's notes are important in the early history of computers, containing what many consider to be

Search Wikipedia Q

“The Right Honourable
The Countess of Lovelac
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Daguerreotype by Antoine Claudet (c, 1843)(")
Bom The Hon. Augusta Ada Byron

10 December 1815
London, England




How can we support multilingual access to knowledge graphs for speakers of
low-resourced languages?
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How can we support multilingual access to knowledge graphs for speakers of
low-resourced languages?

Kaffee and Simperl: The Human Face of the Web of Data: A Cross-sectional Study of Labels [SEMANTICS 2018]; Kaffee et al.: When Humans

and Machines Collaborate: Cross-lingual Label Editing in Wikidata [OpenSym 2019]; Kaffee et al.: A glimpse into Babel: an analysis of
multilinguality in Wikidata [OpenSym 2017]; Kaffee and Simperl: Analysis of Editors' Languages in Wikidata [OpenSym 2018]




Framework to measure multilinguality in KGs

Dataset description

Core metrics

Data creator metrics

Dataset size

Entity label completeness

User language

Natural language URI

Class label completeness

User language editing

Labelling properties

Property label completeness

User activity

Unambiguity

Edit patterns

Multilinguality

Language overlap

Monolingual Islands

Activity and Multilinguality

Contextual comparison




Framework to measure multilinguality in KGs

§
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I Core metrics

Data creator metrics ]

| Dataset size

" Labelling properties

| Natural Language URI

_ Entity labelling

| Class labelling

" Property labelling

' Unambiguity

 Multilinguality

| Contextual comparison

| User language

 User language editing

- User activity

~ Edit patterns

 Language overlap

' Activity and multilinguality

Web of data
(LOD Laundromat dataset)



Framework to measure multilinguality in KGs
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Web of data

(LOD Laundromat dataset)

rdfs:label is by far the most used labelling property

Only 5.42% of subjects are labelled, 80.9% of properties are labelled
The five most used languages cover over 50% of labels

83.2% of entities are labelled in only one language



Multilinguality in Wikidata

e Compared to the Web of data at large, Wikidata’s editors create a more diverse knowledge graph

Native Speakers Wikidata LOD Laundromat

||||||

Language distribution




How can we support multilingual access to knowledge graphs for speakers of
low-resourced languages?

Kaffee et al.: Ranking Knowledge Graphs By Capturing Knowledge about Languages and Labels [KCAP 2019]
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LINGVO, framework to rank KGs based on labels and languages

& .3 Input: 2
DBpe . Knowledge Graphs entities_11_50_lang: 0.2,
and Requirements entities_1_lang: 0.06,
entities_2_5_lang: 0. |875
J L

entities_50+_lan,
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‘ Q62166 | ‘ dbpediaiLocation ‘ Class acto asod
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Qué01585 u iki Thuringia — number_languages: 12.0,
T T | | size_subjects: 32.0,
size_triples: 6469.0,
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1
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M b
1 ol
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subject_labeling: 0.9,
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Where was Bach born?

db:Bach dbo:birthPlace db:Germany
db:Bach rdfs:label "Johann Sebastian Bach"@en
db:Germany rdfs:label "Germany"@en
db:Germany rdfs:label "BRD"@en
db:Germany rdfs:label "Deutschland"@de
db:birthPlace rdfs:label "birth place"@en

English \ %

Y

Knowledge Graph 1 (KG1)

wd:Q255 wd:P19 wd:Q183
wd:Q183 rdfs:label "Germany"@en
wd:Q183 rdfs:label "Deutschland"@de

wd:Q183 rdfs:label "Almanya"@tr
wd:Q255 rdfs:label "Johann Sebastian Bach"@en
wd:Q255 rdfs:label "Johann Sebastian Bach"@de

wd:P19 rdfs:label "Geburtsort"@de

wd:P19 rdfs:label "birth place"@en

v

; Donde naci6 Bach? :
é : ,

Spanish

Knowledge Graph 2 (KG2)

ex:12 ex:31 ex:13
ex:12 rdfs:label "Johann Sebastian Bach"@es
ex:31 rdfs:label "lugar de nacimiento"@es
ex:13 rdfs:label "Alemania®@es
ex:12 rdfs:label "Allemagne"

Knowledge Graph 3 (KG3)

N

English

"Germany"
"BRD"

"Germany"

Spanish

"Alemania"




®

Where was Bach born?

English

-

db:Bach dbo:birthPlace db:Germany
db:Bach rdfs:label "Johann Sebastian Bach"@en
db:Germany rdfs:label "Germany"@en
db:Germany rdfs:label "BRD"@en
db:Germany rdfs:label "Deutschland"@de
db:birthPlace rdfs:label "birth place"@en

Knowledge Graph 1 (KG1)

Y

\

wd:Q255 wd:P19 wd:Q183
wd:Q183 rdfs:label "Germany"@en
wd:Q183 rdfs:label "Deutschland"@de

wd:Q183 rdfs:label "Almanya"@tr
wd:Q255 rdfs:label "Johann Sebastian Bach"@en
wd:Q255 rdfs:label "Johann Sebastian Bach"@de

wd:P19 rdfs:label "Geburtsort"@de

wd:P19 rdfs:label "birth place"@en

v

¢Dénde naci6 Bach?

Spanish

Knowledge Graph 2 (KG2)

ex:12 ex:31 ex:13
ex:12 rdfs:label "Johann Sebastian Bach"@es
ex:31 rdfs:label "lugar de nacimiento"@es
ex:13 rdfs:label "Alemania®@es
ex:12 rdfs:label "Allemagne"

Knowledge Graph 3 (KG3)

Select a Knowledge Graph

English

"Germany"
"BRD"

"Germany"

N

................

Spanish

"Alemania"




®

Where was Bach born?

English

hat answers the question best

db:Bach dbo:birthPlace db:Germany
db:Bach rdfs:label "Johann Sebastian Bach"@en
db:Germany rdfs:label "Germany"@en
db:Germany rdfs:label "BRD"@en
db:Germany rdfs:label "Deutschland"@de
db:birthPlace rdfs:label "birth place"@en

English

"Germany" i .
"BRD" i

Knowledge Graph 1 (KG1)

Y

\

wd:Q255 wd:P19 wd:Q183
wd:Q183 rdfs:label "Germany"@en
wd:Q183 rdfs:label "Deutschland"@de

wd:Q183 rdfs:label "Almanya"@tr
wd:Q255 rdfs:label "Johann Sebastian Bach"@en
wd:Q255 rdfs:label "Johann Sebastian Bach"@de

wd:P19 rdfs:label "Geburtsort"@de

wd:P19 rdfs:label "birth place"@en

"Germany"

NS

v

¢Dénde naci6 Bach?

Spanish

Knowledge Graph 2 (KG2)

ex:12 ex:31 ex:13
ex:12 rdfs:label "Johann Sebastian Bach"@es
ex:31 rdfs:label "lugar de nacimiento"@es
ex:13 rdfs:label "Alemania®@es
ex:12 rdfs:label "Allemagne"

Knowledge Graph 3 (KG3)

................

N

Spanish

"Alemania"




Input:
Knowledge Graphs
and Requirements

s TR i
o) o =

Q22865 schema:Place

| yago:wikicat_Cities_in_Thuringia

Q262166 dbpedia:Location

I yago:wikicat_Burial_sites_of_German_noble_families |

Q1401585 dbpedia:Wikicat TownsInThuringia I
I

|

Class Extraction Based
on Requirements

I [

~~

]

Match to Class-based

for the Domains

S ~~
Label Captures for
_-II_“, -III_ - s each Class
— Calculate
0.75 Aggregated Scores

o= &

Rank
Knowledge Graphs

DBpedia

/ ds_class_labeling: 0.00098, \

ds_size_triples: 2792021675,
entities_11_50_lang: 0.22,
entities_1_lang: 0.06,
entities_2_5_lang: 0.1875,
entities_50+_lang: 0.0,
entities_6_10_lang: 0.53,
languages_share: {ar: 0.01,
de: 0.07, en: 0.14, es: 0.06,

fr: 0.1, it: 0.07, ja: 0.1, nl: 0.06,
pl: 0.11, pt: 0.09, ru: 0.1,

zh: 0.07},
number_languages: 12.0,
size_subjects: 32.0,
size_triples: 6469.0,
subject_labeling: 1.0,

\ unambiguity: 1 /
/ ds_class_labeling: 0.00098.\

ds_size_triples: 2792021675,
entities_11_50_lang: 0.06,

entities_1_lang: 0.4,
entities_2_5_lang: 0.35,
entities_50+_lang: 0.0,
entities_6_10_lang: 0.1,
languages_share: {ar: 0.04,
de: 0.13, en: 0.32, es: 0.06,
fr: 0.09, it: 0.05, ja: 0.04,

nl: 0.04, pl: 0.05, pt: 0.08,
ru: 0.07, zh: 0.04},
number_languages: 12.0,
size_subjects: 32536.0,
size_triples: 4100302.0,
subject_labeling: 0.9,

\ unambiguity: 1 /




Input:
Knowledge Graphs
and Requirements

- S <
= =
5 _~~_

| yago:wikicat_Cities_in_Thuringia

bpedia:Location

I yago:wikicat_Burial_sites_of _German_noble_families |

Class Extraction Based
on Requirements

Match to Class-based
Label Captures for
each Class

ds_class_labeling: 0.00098,
ds_size_triples: 2792021675,
entities_11_50_lang: 0.22,
entities_1_lang: 0.06,
entities_2_5_lang: 0.1875,
entities_50+_lang: 0.0,
entities_6_10_lang: 0.53,
languages_share: {ar: 0.01,
de: 0.07, en: 0.14, es: 0.06,
fr: 0.1, it: 0.07, ja: 0.1, nl: 0.06,
pl: 0.11, pt: 0.09, ru: 0.1,
zh: 0.07},
number_languages: 12.0,
size_subjects: 32.0,
size_triples: 6469.0,

f

DBpedia

\

Calculate
Aggregated Scores
for the Domains

oo &

Rank
Knowledge Graphs

subject_labeling: 1.0,
\ unambiguity: 1

/ ds_class_labeling: 0.00098,
ds_size_triples: 2792021675,
entities_11_50_lang: 0.06,
entities_1_lang: 0.4,
entities_2_5_lang: 0.35,
entities_50+_lang: 0.0,
entities_6_10_lang: 0.1,
languages_share: {ar: 0.04,
de: 0.13, en: 0.32, es: 0.06,
fr: 0.09, it: 0.05, ja: 0.04,

nl: 0.04, pl: 0.05, pt: 0.08,
ru: 0.07, zh: 0.04},
number_languages: 12.0,
size_subjects: 32536.0,
size_triples: 4100302.0,
subject_labeling: 0.9,

Based on the framewor

\ unambiguity: 1

7




DBpedia

Location

Place

Class-based Label Capture (CLC)

/ ds_class_labeling: 0.00098,
ds_size_triples: 2792021675,
entities_11_50_lang: 0.22,
entities_1_lang: 0.06,
entities_2_5_lang: 0.1875,
entities_50+_lang: 0.0,
entities_6_10_lang: 0.53,
languages_share: {ar: 0.01,
de: 0.07, en: 0.14, es: 0.06,

fr: 0.1, it: 0.07, ja: 0.1, nl: 0.086,
pl: 0.11, pt: 0.09, ru: 0.1,

zh: 0.07},
number_languages: 12.0,
size_subjects: 32.0,
size_triples: 6469.0,

subject_labeling: 1.0,

\unamblgulty: 1 }

/ ds_class_labeling: 0.00098,
ds_size_triples: 2792021675,
entities_11_50_lang: 0.06,
entities_1_lang: 0.4,
entities_2_5_lang: 0.35,
entities_50+_lang: 0.0,
entities_6_10_lang: 0.1,
languages_share: {ar: 0.04,
de: 0.13, en: 0.32, es: 0.06,
fr: 0.09, it: 0.05, ja: 0.04,
nl: 0.04, pl: 0.05, pt: 0.08,
ru: 0.07, zh: 0.04},
number_languages: 12.0,

size_subjects: 32536.0,
size_triples: 4100302.0,
subject_labeling: 0.9,

\ unambiguity: 1 J

Capture knowledge about language and
label coverage for each class in the
knowledge graph

E.g. number of languages, label coverage



QALM dataset

Based on QALD-9 (benchmark for multilingual QA over

DBpedia, answers as entity URIs)

Manual translation of SPARQL queries for five KGs
DBpedia, Wikidata, YAGO, MusicBrainz, LinkedMDB

Answers in English, Spanish, Hindi

Crowdsourced best answers

Seperated in domains, such as company, politics

https://github.com/luciekaffee/QALM

(still has to be published somewhere properly)



https://github.com/luciekaffee/QALM

How can we support multilingual access to knowledge graphs for speakers of
low-resourced languages?




Translation and transliteration of KG labels

Traditional zh .
conversion

®

Simplified zh

Simplified zh

Entities in the company domain
Can be translated or transliterated

Simplified zh

R

e

®

Translation

Transliteration




Translation and transliteration of KG labels

Traditional zh .
conversion

Simplified zh

®

Simplified zh

Simplified zh

CR—

e

e Entitiesin the company domain

e Canbe translatedlor transliterated

transfers the
meaning of a
word from one to
another language

transfers a word
from one script to
another

®

Translation

Transliteration




Translation and transliteration of KG labels

Simplified zh

Translation

_.ggg:

Transliteration

®

KG

Traditional zh
conversion
Simplified zh
Simplified zh
Out of domain Out of domain
Translation data Transliteration data

8 8

s 8
Translation Model |1'rmm Model

®

Transliteration

Translation —» Embeddings
Classifier
KG

Embeddings

®



Translation and transliteration of KG labels

Traditional zh
conversion
Simplified zh
Simplified zh
Out of domain Out of domain
Translation data Transliteration data

d

8
s

Translation Model

®

|mm

e
Simplified zh —»%\‘

Translation

Transliteration

®

Translation —|

KG

Transliteration

“| Embeddings

Embeddings
Classifier
KG

Translation Model

label(s, English)
Gi"g —-{ Classifier

Transliteration Model

®

alias(s, Chinese)




How can we support multilingual access to knowledge graphs for speakers of
low-resourced languages?

Kaffee et al.: Mind the (Language) Gap: Generation of Multilingual Wikipedia Summaries from Wikidata for ArticlePlaceholders [ESWC
2018]; Kaffee et al.: Learning to Generate Wikipedia Summaries for Underserved Languages from Wikidata [NAACL 2018]; Kaffee et al.:
Using Natural Language Generation to Bootstrap Missing Wikipedia Articles: A Human-centric Perspective [Semantic Web Journal 2021]




ArticlePlaceholder on Wikipedia
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ext generation from Wikidata for
Wikipedia in low-resource languages

Encoded

Wikidata Triples ..................................................................................................................................................................................................................................... | Generation of 1-2
e >\ sentences

| :
gL [ )| o |po{TRE T descriptions of the
NS : _ .

& : | 0490900 || P31 || Q747074 | -I—>| heo |_, hrg| Iﬂpllt tl‘lples.

@ | 1
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Generated description of the topic
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e Tested with Wikipedia readers in
Arabic and Esperanto

e Results of the reader study:
We generate sentences of

comparable fluency, that “feel”

like Wikipedia sentences

Fluency |Appropriateness
Mean SD |Part of Wikipedia

£(Ours 47  12|77% R )

s Wikipedia|4.6 0.9 |74% N

<< News 5.3 041(35% W

< (Ours 45 1.5(69% N

2 Wikipedia|4.9 1.2 |84% NN

M News 42 12(52% 1R




Study with Wikipedia editors: We generate

sentences that are highly reused by editors

Category

Examples

%o

WD

L Slasls JSE sl 35Sy o il TulS Jibsaal! 4 5asS Syo i3 29 pslai,
B A

ol Slashs S sl (35Ssy ((ALCIU2085 Jissuall d e So 3 byl 3029 glais

A

45.45%

Arabic

PD

o 5stS asp 8 L3 Banill Sl 5 055 %3 oa( Beach Batom:iasyl ) asbe i
_— el D ------- E

33.33%

ND

ol -.*)ivé?gdd—ahlewy‘x:

Lyl L8 o Sl gl Ole

21.21%

Zederik estas komunumo en la nederlanda provinco Zuid-Holland,

Zederik estas komunumo en la nederlanda provinco Zuid-HooIandG kaj estas Cirkaliata de la municipoj Lopik kaj Zederik.

78.98%

Nova Padua estas municipo en la brazila substato Suda Rio-Grando, kiu havis (manka nombro) lodantojn en (jaro).

Nova Padua estas municipo en la brazila substato Suda Rio-Grando.

15.79%

Esperanto

Ibitna estas municipo de la brazila subStato San-Palilio, kiu taksis (manka nombro) enlogantojn en (jaro).
---------- )i emsseesey ittt L et dalt X

5.26%




Interview with Wikipedia editors
across 6 languages

Mistakes by the network are ignored
Can lead to too much trust

(no provenance of the text)

“magical threshold” for the length of a
generated text

Good for new editors

(as a starting help)

Language | Sentence displayed to participants #
Participants

Arabic (ar) Jeadi i 4y e Liya A (<rare> iy la¥l) Gid)a | 4
L)

Swedish Marrakech (arabiska <rare>, Berbersprak 2

(sv) <rare>) ar en stad i sydvastra Marocko, vid

foten av <rare>.

Hebrew DNT2 NN VWY KD (<rare> :nfya) wipan | 1

(he) .<rare> " NI7anY% IpiNn 11yn

Persian D548 W g 3 S (<rare> s 4) S e gl | 1

(fa) Sl <rare> (S s (il S pa g ES) e

Indonesia | Marrakesh (Arab: <rare>) ialah kota di barat 1

n (id) daya Maroko di kaki <rare>.

Ukrainian | Mappakew (apa6. <rare>) — BaxnuBe 1

(uk) imnepcbke micto B Mapokko, po3TaioBaHoro

6ina nigHiXoKaA rip <rare>.




Outlook on recent work



Entity linking over varying KBs with time

Time-stratified English Wikipedia snapshots from 2013
to 2022

Entities that change over time and newly introduced
entities for each year

Decrease of existing entity linking approaches by 3.1%
for existing, changing entities

For new entities this accuracy drop isup to 17.9%

Klim Zaporojets, Lucie-Aimée Kaffee, Johannes Deleu, Thomas Demeester, Chris Develder, Isabelle Augenstein

TempEL: Linking Dynamically Evolving and Newly Emerging Entities, NeurlPS 2022



Probing PTLMs for cross-cultural differences in values

LMs embed knowledge about cultures and values
Probing how those values align with previous
social-science studies of cross-cultural values

PTLMs capture differences across cultures, i.e., there
are differences in the values across different language
PTLMs

Those do not align with previous studies of
cross-cultural differences in values

Arnav Arora, Lucie-Aimée Kaffee, Isabelle Augenstein

Probing Pre-Trained Language Models for Cross-Cultural Differences in Values (under review)
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