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Language-related Linked (Open) Data for Knowledge Solutions, Artificial Intelligence and
more

This presentation sketches exploratory work on Language-related Linked Data. In particular, it
reports on work and networks in the realm of schema.org, Wikidata, and Linguistic Linked Data.
This work likely is of interest to companies, governmental institutions, researchers, and other
constituencies involved in or in need for assistive solutions related to content in general and
knowledge in particular. Examples for this include content syndication, multi-modal chatbot-based
applications, and various Atrtificial Intelligence/Machine Learning areas.
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Introductory Text from Submission

Many Linked (Open) Data scenarios and applications relate to human language, and human
language technology (HLT). The relationship is twofold: On the one hand, human language is
analyzed by HLT to yield Linked Data (see e.g. the "generation" of DBpedia from Wikipedia). On the
other hand, HLT uses Linked Data in various processing contexts (see e.g. the use of Wikidata for

Named Entity Linking).

Currently, activities related to a special area of Language-related Linked Data is picking up speed:
Linguistic/Lexicographic Linked Data. With this move, the existing intuitive tools for end users, and
the powerful interfaces for programmers make Linked Data relevant for even more usage scenarios
— amongst others in the realm knowledge discovery, content syndication and enrichment,
terminology work, and translation.



Possible Topics mentioned in Submission

« Which role can terminological assets play in today’s Web — especially concerning the search context?
» Does Schema.org already include everything that is needed to realize cross-lingual scenarios easily?

» Wikidata usage scenarios, and parts of the Wikidata tooling related to all things language (e.g.
extraction of terminology for a certain domain, or generation of multilingual dictionaries).

« The Wikibase Lexeme extension (allow for example senses, inflections, compounding to be captured).

» Data sets (textual, multimodal/multimedia and lexical data, grammars, language models, etc.) and tools/
technologies/services used for their processing

« Sample applications
» (European) spaces to watch
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In a Nutshell — Linked Open Data (1/2)

Universal network of units with explicit meaning

to bridge semantic gaps (like not knowing that a 0
| = ), ]
o

Semantic Web architecture (e.g. Resource
Description Framework for standardized meaning
representation); Data on a Solid Stack

)«ooo 1'

Enable or facilitate computers and people to work

better in cooperation

<span itemprop="price"
30 percent of HTML pages contain structured content="1000.00">1,000.00</span>

data

https://schema.org/price
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In a Nutshell — Linked Open Data (2/2)

Predicate

http:/jwww.w3.org/ http//purl.org/dc/elements/1 . 1title p| World Wide Web Consortium
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Conceptualization/model = explicit, machine
understandable, consensus

Vocabulary = describes and represents an
area of concern

Classifies terms that can be used in a
particular application

Characterizes entities

Schema.org vocabulary allows search engines
to recognize information easier and more
precisely



Microscopic
View

Wikidata Close-Up

Bird‘s-Eye
View

schema.org

Improved
Knowledge
Solutions
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Knowledge Solutions (1/2)
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Recognize

Recognize Entities facts/statements/relations

Input Input

* Welcome to Stuttgart » Stuttgart is the capital of Baden-
Wurttemberg

Output Output

« Stuttgart is an entity (class « Stuttgart and Baden-
city”) Wurttemberg are linked.
Stuttgart is ’known” as capital of
Baden-Wurttemberg.

: o Disambiguate
Link Entities Entities

Input Input:

« Stuttgart is the capital of + Armstrong reached Paris
Baden-Wurttemberg in record time

Output Output

« "Stuttgart” is linked to * "Armstrong’ is identified
Wikipedia article about as cyclist
Stuttgart




Knowledge Solutions (2/2)

Generate data (e.g. new Use data (to enable or
entries in knowledge base) Improve process)

Stuttgart ... The capital of
Baden-Wurttemberg ... Area

code 0712 ... Nice sights
include the Venusberg, L.
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Bird’s-Eye View Linguistic Linked Open Data (LLOD)

“Method and interdisciplinary community concerned with creating, sharing, and (re-)using language
resources in accordance with Lmked Data pr|n0|ples

Source:
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Close-Up Linguistic Linked Open Data (LLOD)

« Categories: Lexicons, Dictionaries,
Terminologies, Ontologies, Thesauri,
, Linguistic Resource
Metadata, Linguistic Data Categories, ...

« Examples: OLIA, WordNet, DBpedia,
lexinfo.net, BabelNet, lexvo.org,

DataCatReg, UBY, Glottolog, METAShare

LingHub ...

(with modules like e.g.
vartrans, lexicography)

* NLP Interchange Format (NIF)
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and FREME stack (entity recognition and
linking, creation of eBooks, annotatation of text with
terminology, conversion of terminology into RDF, ...)

DBpedia Spotlight, AIDA, Babelfy
Terminoteca RDF, Apertium RDF
WebBrain, MENTA, Klint, PIKES, KnEWS

W3C Community Groups (e.g. W3C Linked Data for
Language Resources community group)

Summer Schools and Datathons

Conferences (e.g. Language, Data and Knowledge
with shared tasks such asTranslation Inference
across Dicitionairies)

Research Projects (e.g. FREME, LIDER, LiODi,
Prét-a-LLOD, ELEXIS and Lynx)




Microscopic View Linguistic Linked Open Data (LLOD)

* LIDER terminology conversion

 Glottolog info on lesser known
languages

@ RDF Terminologies
This site provides the service that transforms terminologies from TEX to RDF

Glottolog Lar
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Language, Data and Knowledge

2019

« Name Variants for Improving Entity
Discovery and Linking

* Inflection-Tolerant Ontology-Based Named
Entity Recognition for Real-Time Applications

« Efficient Harmonization of Concurrent
Tokenization and Textual Variation

* Opening Digitized Newspapers Corpora:
Europeana’s Full-text Data Interoperability
Case




Bird’s-Eye View Wikidata
DBpedia (deDE)

» DBpedia (enUS)
“The free knowledge base that anyone can edit” [ Enttes
Source: https:/www.wikidata.org/wiki/\Wikidata:Main_Page L Facts

Wikimedia
Commons

*Graphics/images
*Videos
*Sounds/audio

*Facts
Wiktionary (enUS)
Words

WIKIDATA

Source: https://commons.wikimedia.org/wiki/File:VWVikidata-logo-en.svg

Wikipedia (enUS)

Knowledge
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Beijing (os0)

capital of China

- -
C I Ose -U p Wlklda ta Peking | Beiping | Peiping | Yanjing | Zhongdu | Khanbaliq | BJ

~ In more languages Configure

Language Label Description Also known as

English Beijing capital of China Peking
Beiping
Peiping
Yanjing
Zhongdu
Khanbaliq
BJ

German Peking Hauptstadt der Volksrepublik China Beijing

French Pékin capitale de la Chine Beijing

® Loxeme Source: https://www.wikidata.org/wiki/QO56

« Any item in Wikidata can relate to i
language: label(s), description(s)

‘@prefix ontolex: <http://www.w3.org/ns/lemon/ontolex#> .

# renrecentatio

« Special item type (lexeme) allows to
capture information on gender, — |
conjugation, inflection, derivation, o =

Senses wikibase:grammaticalFeature wd:Q1234 , wd:Q2345 ;

antonym, false friend, phonetics, J-cRe—

o Sta’ten\enta B ; J wdt:P2 wd:Q3 =

dictionaries/databases, colloquial N ) I

form and much more compounding | P B atteasebt-ebaz.cans. sriszebost
« Aligns with Ontolex-lemon

|wd:L64723~F1 a wikibase:Form , ontolex:Form ;

‘ ontolex:representation "hard"@en ;
rdfs:label "hard"@en ;
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Microscopic View Wikidata (1/2)

* Generate ontology and
translation proposals for the
English terms used in the
ontology

* Show the parts of a compound
word

* Visualize etymological
iInformation about a word

) .1 independent component analysis

offline learning

online machine learning
pattern recognition
reinforcement learning
statistical classification

supervised learning

Unabhangigkeitsanalyse
Offlinelernen
Onlinelearning
Mustererkennung
Bestarkendes Lernen
Klassifikationsverfahren

Uberwachtes Lernen



Microscopic View Wikidata (2/2)

4 Gesetz
@ Fleisch @ Aufgabe

®<Rindfleiscl® Rindfleischetikettierungsiiberwachungsaufzabeniibertragungsgesetz
»® Etikettierung

& Rind )
4 Cbema!kngbem'achung
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Bird’s-Eye View schema.org

“Schema.org is a collaborative, community activity with a mission to create, maintain, and promote
schemas for structured data on the Internet, on web pages, in email messages, and beyond.”

Source: hitps://schema.org/

Schema.org vocabulary allows search engines to recognize information easier and more precisely;
it can power (rich) snippets

Tim Berners-Lee - Wikipedia

https://en.wikipedia.org » wiki» Tim_Berners-Lee v
Sir Timothy John Berners-Lee OM KBE FRS FREng FRSA FBCS (born 8 June 1955), also
Welcome to Schema.org known as TimBL, is an English engineer and computer scientist, best ...

schema.org

Schema.org is a collaborative, community activity with a mission to create, maintain . T . . . . Al
data on the Internet, on web pages, in email messages, and beyond. Other names: TimBL; TBL Spouse(S). Nancy Carlson; (m 1990; div.
. . . IR 2011); ...

chema.org vocabulary can be used with many different encodings, including RDFa,
vocabularies cover entities, relationships between entities and actions, and can easil Parent(s): Conway Berners_Lee; Mary Lee Education: Emanuel SChOO]
documented extension model. Over 10 million sites use Schema.org to markup theil
applications from Google, Microsoft, Pinterest, Yandex and others already use these WOOdS

experiences.

Railfan - The Queen's College, Oxford - British Computer Society - Plessey

Founded by Google, Microsoft, Yahoo and Yandex, Schema.org vocabularies are dey
using the public-schemaorg@w3.org mailing list and through GitHub.

A shared vocabulary makes it easier for webmasters and developers to decide on a schema and get the maximum benefit
for their efforts. It is in this spirit that the founders, together with the larger community have come together - to provide a

shared collection of schemas.

We invite you to get started!

View our blog at blog.schema.org or see release history for version 3.9.

Source: htips://schema.org/
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Close-Up schema.org

<script type="application/ld+json">[{

* Ontology of types (e.g. Creative ans via dbG B14bas0mes Ot IN1360060803CEBEE-1 "
. . id": id . -1,
work which subsumes Book, Movie, ..., ... creativenworx,
MusicRecording, Recipe, "inLanguage": "EN",
TVSeries ) "name": "Easy Graphics Framework"},
. {
* Properties (e.g. award for Book) "@context”: "http://schema.org/",
"@id": "tid db6 014D420D507ED411B1360060B03C6BFB-2",
"sameAs" : "tid db6 014D420D507ED411B1360060B03C6BFB-1"
"@type": "CreativeWork",
° "inLanguage": "ZH",
RDFa "name": "BERHEE"}1</script>
 Microdata
« JSON-LD

Semantics 2019 // Christian Lieske, Dr. Felix Sasaki // Language-related Linked (Open) Data for Knowledge Solutions, Atrtificial Intelligence and more



Microscopic View schema.org
B 14 &

www sap.comv/
m ﬁ%

Known in SAP terminology (English equivalent: Easy Graphics Framework)

A rich snippet could display ional content of your choice (e.g the definition of a term,
domain/ontological information, etc.) here.

oo | e

Framework Framework

Easy Graphics Framew

Primary

Content

X X Ea Easy

. * Eas
BEFRHtE Gra;y;hiu

+Easy
Graphics Graphics
Framework

Framework Framework

Additional
Knowledge

Primary

Content

Source
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Conclusions

Linguistic Linked Open Data (LLOD), Wikidata, and schema.org enable or improve knowledge
solutions

Well designed

vocabularies/
models

Large entity bases

Communities
Interested In
consensus building,
and standardization

Semantics 2019 // Christian Lieske, Dr. Felix Sasaki // Language-related Linked (Open) Data for Knowledge Solutions, Atrtificial Intelligence and more



0 ) O O

Icontactsap

© 2019 SAP SE or an SAP affiliate company. All rights reserved.

No part of this publication may be reproduced or transmitted in any form or for any purpose without the express permission of SAP
SE or an SAP affiliate company.

The information contained herein may be changed without prior notice. Some software products marketed by SAP SE and its
distributors contain proprietary software components of other software vendors. National product specifications may vary.

These materials are provided by SAP SE or an SAP affiliate company for informational purposes only, without representation or
warranty of any kind, and SAP or its affiliated companies shall not be liable for errors or omissions with respect to the materials.
The only warranties for SAP or SAP affiliate company products and services are those that are set forth in the express warranty
statements accompanying such products and services, if any. Nothing herein should be construed as constituting an additional
warranty.

In particular, SAP SE or its affiliated companies have no obligation to pursue any course of business outlined in this document or
any related presentation, or to develop or release any functionality mentioned therein. This document, or any related presentation,
and SAP SE’s or its affiliated companies’ strategy and possible future developments, products, and/or platforms, directions, and
functionality are all subject to change and may be changed by SAP SE or its affiliated companies at any time for any reason
without notice. The information in this document is not a commitment, promise, or legal obligation to deliver any material, code, or
functionality. All forward-looking statements are subject to various risks and uncertainties that could cause actual results to differ
materially from expectations. Readers are cautioned not to place undue reliance on these forward-looking statements, and they
should not be relied upon in making purchasing decisions.

SAP and other SAP products and services mentioned herein as well as their respective logos are trademarks or registered
trademarks of SAP SE (or an SAP affiliate company) in Germany and other countries. All other product and service names
mentioned are the trademarks of their respective companies.

See www.sap.com/copyright for additional trademark information and notices.

THE BEST RUN w



