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Zenodotus D UNIVERSITAT
First Head Librarian of Library of Alexandria between 285-270 B.C.

This was the first recorded
use of metadata

http://www.systemslibrarian.co.za/first-librarian.html

Staikos, K. (2000). The Great Libraries: From Antiquity to the Renaissance. Newcastle, Delaware: Oak Knoll Press.
Wright, A. (2007). Glut: Mastering information through the ages. Washington, D.C.: Joseph Henry Press.
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Metadata is data about data D

It describes and gives information about other data
= Machine readable
= Descriptive

Purposes of metadata:
Discovery, Management, Delivery, Access control, Use, Re-Use, Long-term preservation, ...

There exists a vast amount of metadata schemes
for various domains and different types of content

UNIVERSITAT
BAYREUTH



Types of Metadata

Mainly used for
discovery &
identification

Title, Author,
Abstract, Keywords,
and more

Describe containers
of data, and how
compound objects
are put together

Ordering of pages
that form chapters

Used to manage a
resource.

Permissions, date of
creation, modality of
creation, ...
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Describe quality of
data. Also called
technical metadata.

Image resolution, file
size, file type ...

UNIVERSITAT
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Describe statistical
processes that were
applied to create
data

Mainly of interest for
statistical community
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Storing Metadata | s

Metadata is highly structured information
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Annotating Texts | s

Bayreuth (German: [ba1 sovyt], Upper Franconian: [ba(:) rait]; Bavarian: Bareid) is a
medium-sized town in northern Bavaria, Germany, on the Red Main river in a valley
between the Franconian Jura and the Fichtelgebirge Mountains. The town's roots date
back to 1194. In the 21st century, it is the capital of Upper Franconia and has a
population of 72,148 (2015). It is world-famous for its annual Bayreuth Festival, at which
performances of operas by the 19th-century German composer Richard Wagner are
presented.
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Annotating Texts | s

Bayreuth (German: [ba1 sovyt], Upper Franconian: [ba(:) rait]; Bavarian: Bareid) is a
medium-sized town in northern Bavaria , Germany, on the Red Main river
In a valley between the Franconian Jura and the Fichtelgebirge Mountains. The town's
roots date back to 1194. In the 21st century, it is the capital of Upper Franconia and has
a population of 72,148 (2015). It is world-famous for its annual Bayreuth Festival, at
which performances of operas by the 19th-century German composer Richard \WWagner

are presented.
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Annotating Texts | s

Bayreuth (German: [ba1 sovyt], Upper Franconian: [ba(:) rait]; Bavarian: Bareid) is a

medium-sized town in northern Bavaria : Germany :
on the Red Main river in a valley between the Franconian Jura and the
Fichtelgebirge Mountains. The town's roots date back to 1194 . In the 21st
century, it is the capital of Upper

Franconia and has a population of 72,148 (2015). It is world-
famous for its annual Bayreuth Festival, at which performances of operas by the 19th-
century German composer Richard Wagner are presented.

or
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Annotating Texts | s

Bayreuth (German: [ba1 sovyt], Upper Franconian: [ba(:) rait]; Bavarian: Bareid) is a
medium-sized town in northern Bavaria, Germany, on the Red Main river in a valley
between the Franconian Jura and the Fichtelgebirge Mountains. The town's roots date
back to 1194 . In the 21st century, it is the capital of
Upper Franconia and has a population of 72,148 (2015). It is world-famous for its annual
Bayreuth Festival, at which performances of operas by the 19th-century German
composer Richard Wagner are presented.

http://frankenland.franconica.uni-wuerzburg.de/login/data/1994 11.pdf
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Stand-off Annotations D S

Bayreuth (German: , . [ba(:) ra1t]; Bavarian: Bareid) is a
medium-sized town in northern Bavaria, Germany, on the Red Main river in a valley
between the Franconian Jura and the Fichtelgebirge Mountains. The town's roots date
back to 1194. In the 21st century, it is the capital of Upper Franconia and has a
population of 72,148 (2015). It is world-famous for its annual Bayreuth Festival, at which
performances of operas by the 19th-century German composer Richard Wagner are
presented.

Start Offset End Offset Annotation
19 27 Phonetic Spelling
31 48 Region
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Annotating Texts in the real world | s

Text representation

‘ Ich leugne natirlich nicht, dafld es Phanomene des Wiedererkennens gibt (wenn wir, z.B.,
e i ﬂ{ PRl sagen: “das ist dasselbe Kastchen, das ich vor Jahren dort gesehen habe”) auch nicht,
s T dafl} unter den Phanomenen, die wir “Wiedererkennen” nennen, das || dasjenige ist, ein

_ud"L.-.E- £ dan [1.""':.-\. - vl o of - L
.m g B -L,:,J__ P & L EL,;; ;m Vorstellungsbild mit der Wirklichkeit zu vergleichen.
_‘__-cr :-:I .3 L= -:-"-l. [ B = ; i .-,"-_g... o |_.._ A '\--:‘l
stk dnadlh o Lo BBt O Pl dheoricetien, Metadata annotation
:I:{:‘ﬂa Bk oL | ey g <ab ana="abnr:5" date="field:PhilosophyOfLanguage_pub:W-PG: Part I: Sect115_date:193312147-
ﬁ"wa PR L Lt b | g - 193312317?" date_norm="1933-12-14?-1933-12-31?" n="Ms-115,2[2]">
' - L “--"_'"'*:f 1*{-;,;. = - ?- ﬁ-“;_-a'__i_ <seg type="publ">
: B 'L“j" 2 e <s ana="facs:Ms-115,2 abnr:5 satznr:17" n="Ms-115,2[2]_1">Ich leugne natrlich nicht, daR es
R T g 1_“" 7T Pha
T S a_": ; e o <Ib rend="shyphen"/>nomene des Wiedererkennens gibt
O Al B E. B B A AP R : fp. Yrm - Hﬂ-l: I':g_ e 1:-;!'-" " "
f‘;'l—'ﬁ"':l I..-.,g_ /}l .tl-r:q ; '.- r"q'_ I‘L-EI.-E l1J falabb=4 e (W _-£ =4 " e A <Seg type: Strlpped > (W</Seg>enn
“"- -'; B e G e 3 o R e B II::.-:-.-:-% SRS <lo/> wir,
;;j_‘:]ﬂ ; '1:.1;',,;:; (SN ¥ -3 0 GO . A IS o Ml ol <abbr type="abb">z.B.</abbr>, sagen: “das ist dasselbe Kastchen,
M eela, i B e FED e i e, <Ib/> das ich vor Jahren dort gesehen habe”)
# X At .t._i:.:r_ D e Al R I <lb/> auch nicht, dal® unter den Phanomenen
Fro P 5y il Frecat L o e - <seg type="stripped">, die wir “Wiedererkennen” nennen,</seg>
~ T : <lb/>
' <choice type="s">

<seg n= s_alt1 '>das</seg>

<seg n="s_alt2">dasjenige</seg>
</choice> ist, ein Vorstellungsbild mit der Wirk
<Ib rend="shyphen"/>lichkeit zu vergleichen.
<seg type="edcom"> | </seg>

http://wittfind.cis.uni-muenchen.de/
</s>

http://reader.wittfind.cis.Imu.de/reader/Ms-115,2[2]
https://www.cis.uni-muenchen.de/kurse/max/wast/infrastruktur/edition/witt-data/WAB_Datenstruktur.html#



Annotating music

Prof. Dr. Mirco Schonfeld | Data Modeling & Knowledge Generation | v1.0

Ve

<IieSIUreS s -
<ztaff S,
clayer n="1">
.E! <note i
— Hyargs o~ "1
= = s e e e s
=% " A— F‘;; W rvaraes
m wun . derschi_nen Mo /%%

LTote
e — <yerae mys,

E <5yl
e

B
‘..j_ e

eI

— ot ©

i ¥

https://music-encoding.org/

1 <5yl
_ N <ivdreew
- —— - A =
_.‘#_c‘.'_‘-__ .----g:- A <THOLE. flig
e S

| o VELSE
- < a3y

E T e
< inotes

i Mote e
\ e e

R

meEmn I't.ll nmTmn

=1 = rdm R nasy 13

mam |.-'j_'rI =

1l "_"'a"“.‘-"ﬂ'ﬁ'l"‘jﬁijz}

:'jl _.' ir [ - I. m

Td"»schi</syl>

ST P T

"CYeneEnsSsvlE

dowmn
II.1TIII }
! __...].I.I|| .

UNIVERSITAT
BAYREUTH

n AL :-..Ié't II:'I::.

- "
ZDWIL



17

Annotating Images
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Annotating Images

_ Upper-left-x Upper-left-y Lower-right-x | Lower-right-y

124123 Face
124123 17 76 43 87 Hands
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Annotating Images

Unique Identifier:

A name that is guaranteed to be
unique among all other identifiers and
can be used to reference this object

ID Upper-left-x Upper-left-y Lower-right-x | Lower-right-y
24 ) o7 40

124123 Face
124123

17 76 43 87 Hands
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Components of Formal Models

Digital Model of a Structure used to Structure of metadata
specific entity encode the actual data and their specific
organization

Contains the actual
entity together with all
metadata and
annotations related to it

s

UNIVERSITAT
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Components of Formal Models DEEJEEE%‘J“

Digital Model of a Structure used to Structure of metadata
specific entity encode the actual data and their specific
organization

Contains the actual
entity together with all
metadata and
annotations related to it

_ Upper-left-x Upper-left-y Lower-right-x | Lower-right-y
4 5 57 40

124123 2 Face
124123 17 76 43 87 Hands
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Components of Formal Models DEEJEEE%‘J“

Digital Model of a
specific entity

Contains the actual
entity together with all
metadata and
annotations related to it

Digitalization of the
painting and the table

Structure used to
encode the actual data

Structure of metadata
and their specific
organization

_ Upper-left-x Upper-left-y Lower-right-x | Lower-right-y
4 5 57 40

124123 2 Face
124123 17 76 43 87 Hands



Prof. Dr. Mirco Schonfeld | Data Modeling & Knowledge Generation | v1.0

Components of Formal Models DEEJEEE%‘J“

Digital Model of a
specific entity

Contains the actual
entity together with all
metadata and
annotations related to it

Digitalization of the
painting and the table

Structure used to
encode the actual data

Format of the picture
file

Structure of metadata
and their specific
organization

|

|
I e e e
124123 24 5 57 40 Face

124123 17 76 43 87 Hands



Prof. Dr. Mirco Schonfeld | Data Modeling & Knowledge Generation | v1.0

Components of Formal Models

UNIVERSITAT
BAYREUTH

Digital Model of a
specific entity

Contains the actual
entity together with all
metadata and
annotations related to it

Digitalization of the
painting and the table

Structure used to
encode the actual data

Format of the picture
file

Structure of metadata
and their specific
organization

Table and its specific
structure

_ Upper-left-x Upper-left-y Lower-right-x er-right-y
4 5 57

124123 2
124123 17

Low
40 Face

76 43 87 Hands



Modeling Metadata



zstage>Enter two Centinels
<add place="margin"=Now ca
<pame xml:id="francisco">F
=/stage>
<s5p who="#francisco">
<speaker=l.</speaker=
<l part="Y"=>5tand: who 1is
</sp=
<sp who="#barnardo"=>
<speaker=2.</speaker-
<L part="Y"=Tis I.</1=
</sp=
<sp who="#francisco">
<speaker>l.</speaker>
<Ll=0 vou come most carefu
</sp=
<sp who="#barnardo"=>
<speaker=>2.</speaker=
<l=And if you meete Marce
<L>=The partners of my wat
</sp> ]
<sp who="#francisco">
<speaker>1.</speaker>
<l part="Y">I will: See &
</sp>
<stage=>Enter Horatio and M:

https://tei-c.org/release/doc/tei-p5-doc/en/html/CO.html

Metadata Models: Two Examples

Example coding of the
First Quarto of Hamlet
using TEI
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RDF: Resource Description Framework
Factual triplets in the form of

(head, relation, tail) or

(subject, predicate, object)

(Albert Einstein, Bornln, German Empire)

(Albert Einstein, SonOf, Hermann Einstein)

(Albert Einstein, GraduateFrom, University of Zurich)
(Albert Einstein, WinnerOf, Nobel Prize in Physics)
(Albert Einstein, Expertin, Physics)

(Nobel Prize in Physics, Awardln, Physics)

(The theory of relativity, TheoryOf, Physics)

(Albert Einstein, SupervisedBy, Alfred Kleiner)
(Alfred Kleiner, ProfessorOf, University of Zurich)
(The theory of relativity, ProposedBy, Albert Einstein)
(Hans Albert Einstein, SonOf, Albert Einstein)
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Metamodels — a selection D S

XML: eXtensible Markup Language

Textual format of encoding metadata. Readable for both humans and machines.
Consist of Tags, Elements, Attributes, ...

Hierarchical organization between elements

RDF: Resource Description Framework

General method for conceptual description or modeling of information
Consists of subject-predicate-object triplets

Collection of triplets can be represented as semantic networks

Relational Database:

Very old and very common

Efficient and fast systems allow for storing and processing huge databases
Consists of tables
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Metadata Standards | s

For specific domains or particular types of information resources,
specific metadata elements exist.

Groups of such elements combined are called a metadata schema

Example schema | Short description

Humanities, social sciences & linguistics TEI Text Encoding Intitiative
Librarianship MODS Metadata Object Description Schema
Networked Resources DublinCore

DOI Digital Object Identifier
Music notation MEI Music Encoding Initiative
Ecology EML Ecological Metadata Language
Social Science DDI Data Documentation Initiative

Photographs Exif Exchangeable file format
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Elements of a Metadata Schema | s

Semantics

What do individual metadata elements mean and represent?

Syntax

How is the scheme expressed? How is metacontent formulated? Plain text, XML, RDF, Database?
Linear vs. Hierarchical

|s the schema hierarchical due to parent-child relationships between elements?

Granularity

How much detail does the schema allow to model? Low granularity provides less detailed information
but can be created for lower cost.

Master data or reference data
Is a controlled vocabulary required for certain value assignments?
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If both the indexer and the searcher
are guided to choose the same term
for the same concept, then relevant
documents will be retrieved.

ISO 25964-1:2011
https://www.iso.org/obp/ui/#iso:std:is0:25964:-1:ed-1:v1:en




From Metadata to Ontologies
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An ontology is a way of showing the
properties of a subject area and how
they are related, by defining a set of
concepts and categories that represent
the subject.

https://en.wikipedia.org/wiki/Ontology (information_science)

s

UNIVERSITAT
BAYREUTH
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Ontology as the science of being
Ontology is a branch of philosophy

Studies concepts such as existence,
being, becoming, and reality.

Deals with questions of how entities are
grouped into basic categories and which
of these entities exist on the most
fundamental level.

Parmenides (born ~ 515 BC) has been considered the founder of ontology.

https://en.wikipedia.org/wiki/File:Parmenides.jpg

UNIVERSITAT
BAYREUTH
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Ontologies in information science | s
Attempt to represent entities, ideas, events, etc.

with interdependent properties and relations,

according to a system of categories.

Ontologies limit complexity and organize data into information & knowledge

Ontologies improve problem solving within domains

Pipe Pipe, Wisconsin
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Ontologies Give Structure DE.&‘JEEE?H*‘“

Ontologies define a common vocabulary for metadata.

Ontologies give us

...the possibility to share a common understanding of the structure of information within a specific domain
...the possibility to reuse domain knowledge

...the possibility to make domain assumptions explicit

...the possibility to analyze domain knowledge

...the possibility to separate the domain knowledge from the operational knowledge

Developing an ontology of the domain is not a goal in itself.
It is rather akin to defining a set of data and their structure for other programs to use.

Noy, Natalya F., and Deborah L. McGuinness. "Ontology development 101: A guide to creating your first ontology." (2001).
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Formal Ontologies are Designed P

BAYREUTH

An Ontology is an explicit specification of a
conceptualization. The term is borrowed from

philosophy, where an Ontology is a systematic

account of Existence. Gruber, 1995

An intentional semantic structure which encodes the
implicit rules constraining the structure of a piece of reality

The aim of an ontology is to define which primitives, provided with their associated
semantics, are necessary for knowledge representation in a given context

Gruber, Thomas R. "Toward principles for the design of ontologies used for knowledge sharing?." International journal of human-computer studies 43.5-6 (1995): 907-928.
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An Ontology of Wine P

Classes describe concepts in the domain

A class of wine represents all wines Winery Bordeaux

Pauillac

Noy, Natalya F., and Deborah L. McGuinness. "Ontology development 101: A guide to creating your first ontology." (2001).



An Ontology of Wine

Classes describe concepts in the domain
A class of wine represents all wines

Specific wines are instances of classes

Pauillac

Noy, Natalya F., and Deborah L. McGuinness. "Ontology development 101: A guide to creating your first ontology." (2001).
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Winery

Bordeaux




Prof. Dr. Mirco Schonfeld | Data Modeling & Knowledge Generation | v1.0

An Ontology of Wine P

Classes describe concepts in the domain

A class of wine represents all wines Winery Bordeaux
Specific wines are instances of classes Best wineries
Slots describe properties of Pauillac
classes and instances

maker produces

Classes can have subclasses

Noy, Natalya F., and Deborah L. McGuinness. "Ontology development 101: A guide to creating your first ontology." (2001).
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Ontologies are more DE.&‘JEEE?H*‘“

Ontologies are more than taxonomies and similiar

Ontologies are more than conservative definitions in the traditional logic sense
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Towards a Knowledge Graph | e

Using RDF as part of an ontology

allows representing the factual /ﬁ TN
triplets as a graph. i ( Thetheory = 1 ervor—

L - a
.\ Einstein \.of relativity 4

— - - el
Albert Einstein, Bornln, German Empire) | |

P

(
(Albert Einstein, SonOf, Hermann Einstein) SonOt ProposedBy Expertln |
(Albert Einstein, GraduateFrom, University of Zurich) |' - AwardIn
(Albert Einstein, WinnerOf, Nobel Prize in Physics) Hermann i |
(Albert Einstein, Expertin, Physics) Einstein /™~ SonOf — G
(Nobel Prize in Physics, AwardIn, Physics) \\" ] 7/f Albert WinnerOf / Nobel Prize
(The theory of relativity, TheoryOf, Physics) S_R Einstein Nr_‘n Physics
(Albert Einstein, SupervisedBy, Alfred Kleiner) Liumln - _-_—T—_-_ T —
(Alfred Kleiner, ProfessorOf, University of Zurich) /G T a Cra r:lm teFrom 5upun*i5ud[?}f
(The theory of relativity, ProposedBy, Albert Einstein) mp T'L e

-| % T S
(Hans Albert Einstein, SonOf, Albert Einstein) \ o Yo

/f Ul‘lll’EI‘bll’\ _ Ve A]_fre?d\

\\nf Zuru‘h /*— ProfessorOf — EEiI"I_E_L /
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The Knowledge Graph is More Than That DE.:#EEE%H?“

a.k.a. Semantic Network

Important class of representation of knowledge
Origin: Charles Peirce “Existential Graphs”

SubsetOf
Entities can be concepts HasMother qu

as well as real-world objects
Subai tOf Suba%

MemberOf MemberOf

Basically classes and instances
of ontologies combined.

Knowledge graphs are key to

building large & powerful Al systems ety

Peirce, C. S. ,1909. Existential graphs. Unpublished manuscript; reprinted in (Buchler 1955).
Russell, S. and Norvig, P., 2002. Artificial intelligence: a modern approach. New Jersey: Pearson Education.
Markman, A.B., 2013. Knowledge representation. Psychology Press.
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‘ ‘ If content is king,

then metadata is queen.

Somebody on the Internet.



Thanks.
mirco.schoenfeld@uni-bayreuth.de
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