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Networking Words

First hits of a Google picture search for German “Bank”:

e
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Networking Words

Neighbors of “Bank”:

Florian Hurlbrink, CC-By-SA

o

User Jleon, CC-By-SA

stornieren sitzen

sparen Banks Milleimer

Bank; Krise anlehnen

Kredit Park
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The Corpus

Patrologia Latina

e Compiled by Jaques Paul Migne

e [Latin documents from
the 4t to the 13™ century

e Multiple text types

e Digitized by Mark D. Jordan
and colleagues (since 1993)




The Corpus

Patrologia Latina

Object Number
author 3,586,131
text 875,404

paragraph 10,431,961
sentence 56,677,686
4,592 145
token 436,439,087

word form

Object Number
author 1,320
text 4,555
paragraph 674,718
sentence 7,727,864
word form 1,094,850
token 121,722,687




Preprocessing — Corpus

Beyond Conversion: Preprocessing Steps

2 Wirtschaft [Z] Rubriken  [£] Blattern

R Klage gegen Stilllegung
RWE droht mit Wiederanfahren von Biblis

Nach der Klage gegen die vorlaufige Abschaltung von Biblis A, droht
RWE nun damit, das Atomkraftwerk wieder hochzufahren. Solange
dies nicht verboten werde, gehe man davon aus, dass eine
Gefahrdung nach dem Atomgesetz nicht bestehe. »

sentence document
—_—

lemmatizing —> PoS tagging NER structure structure

XML Tree for 905790 <« XML View for 905790 Text Characteristics for 905790 Frequency Spectrum for 905790

S TEI = <div xml:id="xd1_di6" org="uniform" sample="complete" part="N"> :
teiHead E <p xml:id="xd1 pa34">
8 (JteiHeader <s xml:id="xd1_se36" part="N">
= text <w xml:iid="xd1_wo347" type="#CARD" lemma="01" function="dic" part="N">01</w>
= body <c xml:id="xd1_wo348" type="#%." part="N">.</c>

<w xmlid="xd1_wo349" type="#NN" lemma="April" function="dic" part="N">April</w>

@ QJdv <w xml:id="xd1_wo350" type="#CARD" lemma="2011" function="dic" part="N">2011</w>
H 1 ]div <seg xmliid="xd1_segm_ 6" part="N">
A [ div <w xml:id="xd1_wo351" type="#CARD" lemma="2011" function="dic" part="N">2011</w>
@ ) div <c xml:it_d:"xdl_woBSZ" type="#%(" part="N">-</c> ) .
) <w xml:id="xd1_wo353" type="#CARD" lemma="04" function="dic" part="N">04</w>
1 div <c xmliid="xd1 wo354" type="#4(" part="N">-</c>
2 div <w xml:id="xd1_wo355" type="#CARD" lemma="01" function="dic" part="N">01</w>
a539p </seg> ) ) :
<w xml:id="xd1_wo356" type="#CARD" lemma="16" function="dic" part="N">16</w>
I s <c xml:id="xd1_wo357" type="#%$(" part="N">:</fc>
Hw <w xml:id="xd1_wo358" type="#CARD" lemma="43" function="dic" part="N">43</w>
e <c xml:id="xd1_wo359" type="#3$(" part="N">:<fc>

- <w xml:id="xd1_wo360" type="#CARD" lemma="00" function="dic" part="N">00</w>
= 'ﬁ’ = <w xml:id="xd1_wo361" type="#ART" lemma="der" function="pro" part="N">Der</w>
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eLexicon Data Model Architecture %

Three layers
ANSI/X3/SPARC Study Group on Data Base Management Systems (ANSI, 1975)

elLexion Data Model

Relational Data Model RDF based Data Model.




eLexicon Conceptual Data Model

Simplified Entity-Relationship Diagram

Super Lemma Relation — — |
Language Language Variant
L<—>— —
] L
Child Part ‘l:
‘ of Speech Wordform of Lemma
Part of Speech >J Part of Speech

|

¢ Lemma Variant
Wordform of Lemma

Grammatical Category

— o

Wordform Variant

i




eLexicon Logical Data Model

Entity-Relationship Diagram

Dimension

dimensionID Integer <M> has Dimension

has Type

T +

Ontology Object ‘ | daughter
| aY - .
ontologylD Integer <M> [EIPYEONII AN Object|D Integer <M> has Type BN WS e
name String <M> | name String <M> | N relationIlD  Integer <M>

description  String description  String

BELLELY
| Y

has Type 4\( T

has Language

J)i mother Language

languagelD  Integer <M>

name String <M>
description  String




eLexiconType Hierarchy: Excerpt

Inheritance is implemented
In terms of
objectID/typelD reentrencies

objectID : 1
typelD : 1

Object
name :
objectID : 3
typelD : 1

Part of Speech

name : Verb

objectID : 8
typelD : 3

3

objectID : 12

typelD : 6

typelD : 6

objectID : 13

Object
name :
objectlD : 15
typelD : 10

Paradigmatic

objectID : 14
typelD : 10




eLexicon Data Model: Example Entry Caesar

Binary Relation
motherID : 100
daughterID : 101

typelD : 31 (Flexion) typelD : 31 (Flexion)
Noee [l ovie
name : Caesarem

Dimensions objectID : 101 objectID : 102 Dimensions
typelD : 26 (Wordf.) typelD : 26 (Wordf.)

J

Lexicon Entries
ontologylD : 2

_________________________________________________________________________

Type System
ontologylD : 1

Object

name : Genitive
objectID : 13

typelD : 6

Cra—
typelD : 28 (Num.)

name : Case
objectID : 6 objectID : 9

objectID : 20
typelD : 3

typelD : 2

typelD : 3

B




eLexicon Size

Stock-taking

POS # lemma # word form
ADJ 23998 2396 700
ADV 25314 90505
APPR (prep. left) 71 138
CARD 71 1474
ITJ 140 140
KO (conjunction) 166 166
NN 33649 442 623
NE 1052 16 204
NEP 28213 264 382
Vv 10005 3429535
ORD 71 2892
DIST 69 1590
sums: 122819 6 646 349
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Network Induction

Multilevel N_etworks

(1. syntactic units #

4
\e Z

sentence
networks .

N (N N
- Xt_l - Xt . e Xt_|_J . e

i

T
T

temporal ordering of%
g N

lexical
networks




Network Induction

Induction of Lexical Networks (Heyer et al. 2006)
k(lInk —InX—1)

In n

sig(w;, w;) = sig(A, B) =

- frequency vs. similarityf

Frequency of edge weight

107 10" 10
Significance (weight) of edges



Network Induction

Networks: Sample Networks

= l\.l!

Induction of Lexical




Time Series of Lexical Networks

Approach

‘ Preprocess each document |

For each preprocessed document:
induce a lexical network

‘ For lexical network: |

compute several topological indices

Evaluate the time series of
topological indices




Time Series of Lexical Networks

e |llustration of a time series of lexical networks

« Documents are ordered according to an underlying time line
e For each document a lexical network is induced

Documents d; . ..dqg ordered on a time-line



Time Series of Lexical Networks

Real life example: Patrologia Latina

oo A

o0

e Cws
e Cgr
e Cohesion
o [CC
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Language Change in a Network Perspective

Example: Word Usage in Time

mi [p] . deus [N]
dilecte [V]
ss8 videris [V] pulcher [A]
357
23
es [A] W, I 20 26 65
48806 481 decorus [A] 21 bellus [A] 13 .
b [V] Quam [U_
tu [U] -y 1025 1230 28 27
95
303
lanam [N]
aspectu [V]
436 P scribatur [V] 13
pulcher [A]
pulcher bellus
‘pretty’ or ‘nice’ ‘pretty’ or ‘nice’

*old form* *new form*



Language Change in a Network Perspective

Example of Word Usage

(..)

Vellus, si lanam significat, per v,
si bellus, id est, pulcher, per b scribatur.

(..)

Alcuinus: De Orthographia, Vol. 101, ~ 735 - 804

Vellus, if it means /ana (wool), is written with a v; if it's bellus,
in the meaning of pulcher, it should be written with a b.



Multa exercitio
i . : obtemperant
Sonar-word-induced imperium P
egn
networks: qloria N
virtus in P JiBram gentibus-—disciplina-—praedicatur
) rex
John of Salisbury’s
. Y bonus potens serviunt Nabuchodonosor
Polycraticus _ viri
vires
SO homines agri  indicatum
vera
ver . virtus solus bestiae
Dei
terrae universis -~ Vivit correptionem
Vero
industria - vivit - Nuntiatur
magna
I animi - ‘animarum saeculo
virtutis
. errantium
possit
constet vita humana
minor
curialibus
prodest nescio

memini



fortitudo  dicenda
sapientia humano
honorem-—finem
ponorum coelos
, dicit
gloriam opus
Deus utitur—lex
: . vero
Imperium vera
possit - Mmagna minora
vita
Vitiis bonis
virtus animi_ summa
, bonum
doctrina - —yelut
dicitur
virtute  posset
corporis
prima  potest
guatuor sempiterna
virtutem - naturae
divinitas
pudicitia

sectae flunt

fruitur

Sonar-word-induced
networks:

virtus in

Augustine’s

De civitate Dei

adipiscenda
wirtut officium
subduntur

appetenda —jungitur
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Time Series Analyses

Temporal Variability of Word Meanings
(Lauffmann 2010)

Il Ostern
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www.linguistic-networks.net

ﬁ éefr‘.'r:.-:h' S
inguistic

more languages

Ewnrapckn esmk
Romana
Slovenséina
Italiano

English

word form lemma
network network

Filter:  Choose language |Z| Choose corpus :

sentence
network

Choose network

Lingua Latina
Deutsch
Cesky
Svenska

PYCCKHMI AZLIK

Dansk
Catala
Espaiol
text
network
caesar Search




Coverage

Stock-taking

Corpus Language Network # Nodes # Edges
Althochdeutsch German lemma network 5787 103402
Althochdeutsch German word form network 4336 82652
AmeisenWiki German lemma network 29046 1299079
AmeisenWiki German word form network 36083 1614081
Avestan Avestan lemma network 5405 157465
Avestan Avestan word form network 1868 75398
CoNLL Shared Task English Treebank  English lemma network 33373 278260
Enron Email Dataset English lemma network 743459 1154792
Enron Email Dataset English word form network 512048 1352563
Franz Kafka: Bericht German lemma network 1097 24655
Franz Kafka: Bericht German word form network 1299 27622
Franz Kafka: Erzdhlungen German lemma network 9463 520064
Franz Kafka: Erzahlungen German word form network 11796 629996
Franz Kafka: Strafkolonie German lemma network 2097 63901
Franz Kafka: Strafkolonie German word form network 2499 76328
Friedrich Nietzsche: GdM (Exc.) German lemma network 3186 178841
Friedrich Nietzsche: GdM (Exc.) German  word form network 3678 201091
Heinrich Rauchberg: Z&hImaschine [...] German lemma network 2134 80755
Heinrich Rauchberg: Zéhimaschine [...] German word form network 2500 95146
Hofmannsthals Werk German lemma network 35048 53226
Hofmannsthals Werk German word form network 49813 74614
Patrologia Latina Latin word form network 067554 42112842
Patrologia Latina (tagged new) Latin lemma network 512574 9072484
Patrologia Latina (tagged new) Latin word form network 886794 12712662
SZ 1994 German lemma network 552163 5185775
SZ 1994 German word form network 761853 6539301
Test Latin lemma network 2097 774
Test Latin word form network 2499 775
Wikipedia German lemma network 7933813 24819804
Wikipedia German word form network 8465244 29665388
sum word form: 11922715 94879333

sum lemma: 9657891 43374403

total: 21580606 138253736




Linguistic Networks: Workflow
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Linguistic Networks: Workflow

Japanese
Tiirkce
EAANvikS
Nederlands
. Q0999
LAFApCKM 31K 0902999
Romana Qo QQQQQOQQ
Slovenscina 300088
Italiano

English

e —
A\  Which Language? 4

Lingua Latina

Cesky
Svenska
PYCCKUWIA A3LIK
Dansk

Catala

Espaiiol




Linguistic Networks: Workflow

e —
A\  Which Language? 4

A

Choose corpus

SZ 1994

Wikipedia

Hofmannsthals Werk

Althochdeutsch

Franz Kafka: Erzahlungen

Friedrich Nietzsche: Genealogie der Moral (Ausschnitt)
GuttenPlag Wiki

MemoryAlpha Wiki

VroniPlag Wiki




Linguistic Networks: Workflow

e —-
Which Language?

\

v

word form lemma sentence text
network network network network




Linguistic Networks: Workflow

Select Resource (s Search and View

Which Language?
.
Which Corpus?

v

About | Project Home | GraphML

LINGUISTICNETWORKS

Filter: Dautsch [ deguttenplagwikia.c{-  word form network ||  Plagiat Search
Plagiat

clear history
Show part-of-speech-filter «

Similar words: ADJA: Plagiat-Spotting (Plagiat-spotting) ,
nachrichten.t-online.de/plagiat-affaeren-in-der-union-guttenberg-schreibt-nicht-als-erster-ab/id 44588866/index
(nachrichten.t-online.de/plagiat-affaeren-in-der-union-guttenberg-schreibt-nicht-als-erster-ab/id _44588866/index)

, Komplett-Plagiat (Komplett-plagiat) ,

multipunkt.blog.de/2011/02/19/karl-plagiat-guttenberg-10634619 (multipunkt.blog.de/2011/02/19/karl-plagiat-guttenberg-
10634619)

, Plagiat-freier (Plagiat-freier) ,
faz-community.faz.net/blogs/antike/archive/2011/04/02/sozialgeschichte-abgeschrieben-erinnerung-an-ein-plagiat.aspx
(faz-community.faz.net/blogs/antike/archive/2011/04/02/sozialgeschichte-abgeschrieben-erinnerung-an-ein-plagiat.aspx)
, general-plagiat (general-plagiat) ,

nachrichten.rp-online.de/politik/plagiat-die-taktik-der-doktoren-1.1322042 (nachrichten.rp-online.de/politik/plagiat-
die-taktik-der-doktoren-1.1322942)




Linguistic Networks: Workflow

e —-
\  Which Language? 4

\ Search ltem

4 4

Which Corpus? / \ Display Graph

v

Nummer [NN]
Seitenzahl [NN]
Seite [NN]
Zusatz [NN] Sichtungsnachweis [NN]

Artikelende [NN]
Erginzung

Plagiat [NN]

Statistik [NN]

Arbeit [NN]

Doktorarbeit [NN]



Linguistic Networks: Workflow

= —
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Linguistic Networks: Workflow

e —-
\  Which Language? 4

\ Search ltem

4 4

Which Corpus? / \ Display Graph

4 \4

v

k Vicw Chri 4

Word chart

Number of words to plot: 75 (Use slider to change value.)

i Download as CSV Legend: x-axis: rank | y-axis: significance

3000,0

2000,0

1000,0



Linguistic Networks: Workflow

e —-
\  Which Language? 4

\ Search ltem

Y ' -
Which Corpus? / \ Display Graph / \ Tl;\nnealfzir;es /
y y

v

h Vicw Chri 4
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www . linguistic-networks.net
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