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Why graphs . . . ?

Linguistic systems of all types, as well as ‘linguistic behaviour’ more generally
speaking, can be described in terms of sets of elements (e.g. words) and
relations holding between these elements.

Graphs are just that – sets of elements (nodes, vertices) and edges (pairs of
nodes/vertices, i.e. relations).

G = <N, E>,

N = {n1, n2 . . . nn},
E = {e1, e2 . . . en}, ei = <nj , nk>

Examples: Syntactic trees (directed acyclic graphs), lexical networks (WordNet),
Markov models, etc.

Linguistic systems as ‘networks’ → psychologically plausible, computational
implementation is straightforward.

Both the concept of a ‘graph’ and the computational ressources can be very
useful for a wide variety of linguistic tasks.
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Automatic Donald Trump (Markov model)

https://filiph.github.io/markov/
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Overview

Types of graphs discussed in this talk

Distribution graphs

Impersonals: mapping the potential distribution of a linguistic element
Scalar additive operators: mapping the actual distribution of linguistic
elements

Translation graphs

Adverbials of immediate posteriority: mapping translation behaviour

Information graphs

Mapping the information conveyed in communicative events, and the
processing of this information
Mapping the temporal structure of texts
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Scalar additive operators

Distribution graphs, aka (‘traditional’) ‘semantic maps’

‘Traditional’ semantic maps as a way to represent patterns of polysemy
and carry out crosslinguistic comparison.

Prominent (early) examples: indefinites1, modals;2 see Georgakopoulos
and Polis (forthcoming)3 for a recent survey.

1M. Haspelmath (1997). Indefinites. Oxford: Oxford University Press.
2J. van der Auwera and V. Plungian (1998). “Modality’s semantic map”. In: Linguistic Typology 2, pp. 79–124.
3T. Georgakopoulos and S. Polis (forthcoming). “The semantic map model. State of the art and future avenues for linguistics

research”. In: Language and Linguistics Compass.
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Indefinites
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Distribution graphs and distance-based maps

Distance-based maps: Similarity (mostly in terms of distribution) is
represented as proximity in two-dimensional space.

Are distance-based maps the better way of representing (crosslinguistic)
distributions?

“. . . the semantic map model, while theoretically well-motivated
in typology, is not mathematically well-defined or computationally
tractable, making it impossible to use with large and highly variable
datasets.”

(Croft and Poole, 2008, p. 1)4

4W. Croft and K. Poole (2008). “Inferring universals from grammatical variation: Multidimensional scaling for typological analysis”.
In: Theoretical Linguistics 34.1, pp. 1–37.
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My point of view

Distribution graphs and ‘distance-based semantic maps’ are different
types of things.

Distance-based semantic maps are visualizations of multi-dimensional
data (implying simplification, loss of information). They can be used as
bottom-up ways to explore multi-dimensional data.

Distribution graphs are hypotheses about restrictions on linguistic
systems.

In distribution graphs, the meaning is (ideally) given and distribution is
shown, whereas in distance-based semantic maps distribution is given and
meaning is inferred.

Both methods are valuable and can complement each other (and both
methods are mathematically well-defined).
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Impersonals and distribution graphs

Impersonal pronouns: Engl. one, Fr. on, Germ. man etc.

(1) One only lives once.

(2) On ne vit qu’une fois.

(3) Man lebt nur einmal.

Each node in a graph corresponds to a specific meaning-context
combination, defined on the basis of theoretical work.
Meanings and context types are represented by features, e.g.:5

episodic vs. generic event descriptions
veridicality (veridical, non-veridical)
type of quantification (existential, universal)
inclusion / exclusion of addressee

5V. Gast and J. van der Auwera (2013). “’Towards a distributional typology of human impersonal pronouns, based on data from
European languages”. In: Languages Across Boundaries. Studies in Memory of Anna Siewierska. Ed. by D. Bakker and
M. Haspelmath. Berlin: de Gruyter Mouton, pp. 119–158.
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Impersonals: Features
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Impersonals: Diagnostic contexts
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Impersonals: Engl. they
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Impersonals: Ital. si
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Impersonals: Examples of Ital. si

(4) In Spagna si cena tardi.

‘In Spain they eat late.’

(5) Si vive solo una volta.

‘One/you only live(s) once.’

(6) Non si deve bere alla guida.

‘One/you shouldn’t drink and drive.’

(7) Cosa succede se si beve del latte scaduto?

‘What happens if you/one drink(s) sour milk?’
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Scalar additive operators and distribution graphs

Scalar additive operators: Engl. even, Fr. même, Germ. sogar etc.

Case study: use of three scalar additive particles in German as translation
equivalents of even.6

Engl. even is translated in various ways, mostly with sogar, selbst or auch.

What translation is found in what context types / under what conditions?

6V. Gast (2017). “The scalar operator even and its German equivalents: Pragmatic factors determining the use of auch, selbst and
sogar”. In: Focus on Additivity. Multifaceted views on Focusing Modifiers. Ed. by A.-M. De Cesare. Amsterdam: Benjamins,
pp. 201–234.
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Some examples

(8) Even with a [F moderate] level of reduction, effects on communities are
severe.

(9) The key result has been the adoption of a joint declaration on agricultural
expenditure, allowing the Commission to submit a letter of amendment to its
preliminary draft budget even [F outside] the procedural provisions of the
financial regulation.

(10) A remarkable part of this report is dedicated to the countries in Eastern
Europe that might in the future become members of the EU family, namely
Ukraine, Moldova and even [F Belarus].
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Scalar additive operators: Parameters of variation

How many focus alternatives are there (two/bin, more than two/mult)?

What type of contrast is established (inherently/contextually scalar)?

Are focus alternatives mentioned in the relevant sentence?
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A three-dimensional feature grid (2×2×2)
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The distribution of selbst

(11) Voluntary modulation of 20%, top-slicing the single farm payment, will mean that our
farmers are likely to be 20% worse off than even [F their Welsh, Scottish and Ulster
counterparts], let alone the French.

(12) Die freiwillige Modulation in Höhe von 20%, durch die Teile der einheitlichen
Betriebsprämie zur Finanzierung anderer Zwecke gekürzt werden, bedeutet, dass unsere
Landwirte im Vergleich selbst [F zu den Landwirten in Wales, Schottland und Ulster], von
den französischen Landwirten ganz zu schweigen, 20% weniger verdienen werden.
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The distribution of sogar

(13) A remarkable part of this report is dedicated to the countries in Eastern Europe that might
in the future become members of the EU family, namely Ukraine, Moldova and even [F

Belarus].

(14) Ein erheblicher Teil dieses Berichts ist den Ländern Osteuropas gewidmet, die in Zukunft
Mitglied der EU-Familie werden könnten, nämlich der Ukraine, Moldawien und sogar [F

Belarus].
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The distribution of auch

(15) The key result has been the adoption of a joint declaration on agricultural expenditure,
allowing the Commission to submit a letter of amendment to its preliminary draft budget
even [F outside] the procedural provisions of the financial regulation.

(16) Das wichtigste Ergebnis war die Annahme einer gemeinsamen Erklärung zu den
Agrarausgaben, wodurch die Kommission dem Haushaltsvorentwurf auch [F außerhalb] der
Verfahrensvorschriften für die Finanzordnung ein Berichtigungsschreiben hinzufügen
konnte.
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Adverbials of immediate posteriorty
Representing translation behaviour

Translation Graphs: Adverbials of immediate posteriority

Study of ‘adverbials of immediate posteriority’, e.g. Fr. immédiatement,
tout de suite, Germ. sofort, gleich.

(17) a. Faites demi-tour immédiatement, s’il vous plâıt!

b. Drehen Sie sofort um.

(18) a. Quand je t’ai vue avec tes fleurs, tout de suite, j’ai eu envie d’être
heureux.

b. Als ich dich das erste Mal sah, wollte ich sofort glücklich mit dir werden.
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Adverbials of immediate posteriorty
Representing translation behaviour

Parameters of variation

Adverbials of immediate posteriority vary along several distributional
parameters.

Two parameters were shown to be particularly important in our studies,
the reference point (deictic vs. chronological) and the ‘direction of fit’
(word-to-world, world-to-word).7,8

Deictic adverbials refer to the moment uf utterance (‘right now’),
chronological ones to a preceding event (‘right after e’).

Direction of fit:
word-to-world: representative speech acts etc.
world-to-world: declarations, directives

7V. Atayan et al. (forthcoming). “Ausdrucksformen der unmittelbaren Nachzeitigkeit in Originalen und Übersetzungen: Eine

Pilotstudie zu den deutschen Adverbien gleich und sofort und ihren Äquivalenten im Französischen, Italienischen, Spanischen und
Englischen”. In: Translation und Linguistik. Ed. by B. Ahrens et al. Berlin: Frank & Timme.

8V. Gast et al. (forthcoming). “Unmittelbare Nachzeitigkeit im Deutschen und Französischen: Eine Studie auf Grundlage des
OpenSubtitles-Korpus”. In: Comparatio delectat III. Akten der VIII. Internationalen Arbeitstagung zum romanisch-deutschen und
innerromanischen Sprachvergleich. Ed. by C. Konecny et al. Frankfurt: Lang.
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Adverbials of immediate posteriorty
Representing translation behaviour

Representing translators’ behaviour Fr. → Germ.
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Adverbials of immediate posteriorty
Representing translation behaviour

Representing translators’ behaviour Fr. → Germ.
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Adverbials of immediate posteriorty
Representing translation behaviour

Representing translators’ behaviour Germ. → Fr.
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Adverbials of immediate posteriorty
Representing translation behaviour

Adverbials of immediate posteriority: MCA
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Adverbials of immediate posteriorty
Representing translation behaviour

A more global picture
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Adverbials of immediate posteriorty
Representing translation behaviour

A more global picture (zoom)
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Information models
The Frog King

Information processing

Assumption: We have no direct access to ‘reality’ but can only talk about
‘models’, i.e. simplified representations of the world, formed on the basis
of sensory perception → ‘information models’.

Each one of us has their own (‘private’) information model, and we create
‘meta-models’ of our conversation partners.

Information models are graphs; the world is represented as a set of
entities (with specific properties/belonging to specific categories) and
relations holding between these entities.

A communicative event provides an input to an information model, which
is subsequently processed, modifying the model in accordance with the
inferential processes triggered (cf. Relevance Theory).

Utterances are defined as actions intended to update the addressee’s
information model.
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An interactional model of communication

Sender Receiver

pursues
Intention

hypotheses about R’s information model

S’s message
Channel

R’s message

hypotheses about S’s information model

infers
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An example

Once upon a time there was a princess who went out into the forest
and sat down at the edge of a cool well. She had a golden ball that
was her favorite plaything. She threw it up high and caught it in the
air . . .
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Once upon a time there was a princess . . . (input)
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Once upon a time there was a princess . . . (proc.)
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. . . who went out into the forest . . . (input)
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. . . who went out into the forest . . . (proc.)
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. . . and sat down at the edge of a cool well. (input)
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. . . and sat down at the edge of a cool well. (proc.)
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She had a golden ball . . . (input)

Volker Gast 39/55



Introduction
Distribution graphs
Translation graphs
Information graphs

Summary

Information models
The Frog King

She had a golden ball . . . (proc.)
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. . . that was her favourite plaything. (input)
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. . . that was her favourite plaything. (proc.)
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She threw it up high . . . (input)
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She threw it up high . . . (proc.)
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. . . and caught it in the air . . . (input)
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. . . and caught it in the air . . . (proc.)
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The use of information models

Capture the dynamics of information transfer, i.e. communication, and its
linguistic reflexes, e.g.

definiteness
conversational inferencing

Ideally, information models can be extracted from texts through
dependency parsing).
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The temporal structure of an information model

Information models have a temporal dimension; they consist of ‘slices’
representing one unit of narration (‘narrated time’).

The order in which models are updated corresponds to the ‘narrating
time’.
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An annotation experiment (The woman in white)

Annotation scheme based on Klein (1994)9,10

9W. Klein (1994). Time in Language. London: Routledge.
10V. Gast et al. (2016). “Enriching TimeBank. Towards a more precise annotation of temporal relations in a text”. In: Proceedings

of LREC, 2016.
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Temporal structure of (The woman in white)
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Summary

Graphs are a tool of analysis with a lot of potential in many areas of
linguistic analysis!

Further uses:

Modelling the world’s languages as a network (→ understanding language
contact)
Social networks in Shakespeare’s plays
etc.
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The world’s languages
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Social relations in Shakespeare’s plays

TN_SECOND FRIEND

1H_MORTIMER

Pe_SECOND FISHERMAN

TN_THIRD QUEEN

TG_HOST

R3_CLARENCE

An_IRAS

JC_MESSALA

WT_SHEPHERD’S SON

Pe_FIRST FISHERMAN

Ti_VARRO’S MAN

WT_LEONTES

3H_SECOND GAMEKEEPER

Ot_BRABANTIO

Ro_CAPULET

1H_FRANCIS

R3_KING EDWARD

MN_PHILOSTRATE

TN_WOOER

Co_CORIOLANUS

Ad_BORACHIO

LL_COSTARD

1H_ALANSON

Sh_LUCENTIO

Wi_PAGE

1H_SUFFOLK

H5_GOWER

Sh_CURTIS

Tm_GONZALO

3H_EXETER

3H_QUEEN MARGARET

MN_OBERON

WT_HERMIONE

Co_MENENIUS

Tr_PATROCLUS

1H_WESTMORELAND

AY_DUKE SENIOR

2H_SILENCE

Ma_MACDUFF

2H_DUCHESS

R3_GREY

WT_ARCHIDAMUS

AW_GENTLEMAN

TN_MARIA

LL_BEROWNE

H5_WILLIAMS

An_CANIDIUS

3H_MESSENGER

Ad_URSULA

WT_JAILER

An_ALEXAS

JC_PLEBEIANS

Ti_FIRST FRIEND

Sh_BAPTISTA

Sh_KATHERINE

Ti_ALL THE MEN

Ti_LUCIUS’ MAN

1H_MESSENGER

3H_WARWICK

MV_NERISSA

Lr_CORNWALL

MV_PORTIA

Wi_PISTOL

Ti_TAMORA

Ro_PETER

Sh_BIONDELLO

Ro_GREGORY

H5_BATES

Tm_SEBASTIAN

JC_LUCILIUS

TN_OLIVIA

Lr_LEAR

2H_FEEBLE

Co_AUFIDIUS

TN_PIRITHOUS

2H_SALISBURY

Ma_MURDERER

AY_PHOEBE

LL_ARMADO

Ha_POLONIUS

TN_BROTHER

Wi_SIMPLE

LL_BOYET

JC_OCTAVIUS

AY_ADAM

H8_CAMPEIUS

Cy_FIRST LORD

TN_VIOLA

Ma_DOCTOR

R3_FIRST CITIZEN

R2_BUSHY

1H_CHARLES

Lr_CORDELIA

Jn_HUBERT

TG_ANTONIO

TN_ANDREW

2H_PETER

TN_FIRST COUNTRYMAN

R2_CARLISLE

Er_ABBESS

MV_BASSANIO

1H_HOSTESS

R3_QUEEN MARGARET

Jn_KING PHILIP

1H_PRINCE

AW_FIRST LORD

Ha_REYNALDO

Sh_VINCENTIO

R2_KING RICHARD

3H_PRINCE EDWARD

Wi_MISTRESS FORD

H5_KATHERINE

1H_KING HENRY

MV_SALERIO

R3_HASTINGS

Ti_PAINTER

Ro_FIRST MUSICIAN

Ti_SERVANT

1H_POINS

TN_FABIAN

TN_SECOND COUNTRYMAN

AY_DUKE FREDERICK

An_COUNTRYMAN

Ha_LAERTES

Tr_PANDARUS

JC_BRUTUS

TN_DAUGHTER

MV_TUBAL

R3_KEEPER

An_THIDIAS

Er_EGEON

JC_ANTONY

Tr_HECTOR

1H_WINCHESTER

H5_CONSTABLE

WT_ANTIGONUS

Jn_CITIZEN

Ma_ALL

Ha_OTHER

Co_COMINIUS

Sh_MERCHANT

Lr_ALBANY

Ad_BENEDICK

2H_BUCKINGHAM

Jn_BLANCHE

2H_MORTON

2H_IDEN

WT_AUTOLYCUS

AY_AMIENS

Ot_LODOVICO

Pe_PANDER

R3_BRAKENBURY

LL_PRINCESS

H5_EXETER

Ha_KING

Ad_PRINCE

Lr_MESSENGER

Wi_DOCTOR CAIUS

Tr_AGAMEMNON

JC_CALPHURNIA

R3_QUEEN ELIZABETH

Ma_LADY MACDUFF

AW_SECOND GENTLEMAN

Pe_THIRD FISHERMAN

TG_PANTINO

TG_THURIO

Co_FIRST SENATOR

Pe_BAWD

Er_ANTIPHOLUS OF SYRACUSE

JC_CAESAR

H8_SURREY

Ad_HERO

MM_JULIET

Pe_SIMONIDES

Tr_CASSANDRA

H5_BARDOLPH

3H_FIRST GAMEKEEPER

Jn_PEMBROKE

TG_LANCE

AY_AUDREY

Wi_FENTON

Ma_FIRST MURDERER

2H_BARDOLPH

AW_BERTRAMJn_PANDULPH

Ma_SECOND MURDERER

MV_SHYLOCK

MV_MOROCCO

1H_BASTARD

TN_SEBASTIAN

H5_MONTJOY Pe_THAISA

Ma_ROSS

MM_MARIANA

Er_DUKE

JC_FIRST PLEBEIAN

MN_EGEUS

1H_BLUNT

JC_CLITUS

Cy_LADY

Co_SECOND CITIZEN

H8_THIRD GENTLEMAN

Tm_ANTONIO

R2_MOWBRAY

TG_SECOND OUTLAW

2H_HOSTESS

2H_SMITH

Co_AEDILE

Ad_FIRST WATCHMAN

MM_PROVOST

R2_RICHARD

Ha_ROSENCRANTZ

Tr_ALEXANDER

Ot_BIANCA

Ot_MONTANO

1H_GLOUCESTER

MV_JESSICA

Ha_BARNARDO

Tr_AJAX

Ro_BALTHASAR

Co_SICINIUS

WT_FLORIZELL

2H_FALSTAFF

MM_CLAUDIO

H8_ANNE

2H_CADE

Er_OFFICER

2H_SERVANT

R2_BOLINGBROKE

Cy_SECOND LORD

2H_WESTMORELAND

Ma_MESSENGER

Ti_FIRST LORD

An_MARDIAN

R3_DORSET

JC_FOURTH PLEBEIAN

Cy_JAILER

Wi_ANNE

R2_NORTHUMBERLAND

R3_STANLEY

3H_NORTHUMBERLAND

R2_YORK

Ro_PARIS

Er_LUCIANA

H5_BOY

MN_STARVELING

Ti_SECOND SENATOR

Co_FIRST WATCH

MM_FRIAR PETER

1H_BARDOLPH

3H_EDWARD

Ad_SEXTON

An_MAECENAS

LL_MARIA

An_FIRST SOLDIER

1H_VERNON

WT_FIRST GENTLEMAN

Ro_FIRST WATCH

Co_ALL PLEBEIANS

R3_SECOND MURDERER

H8_CHAMBERLAIN

3H_YORK

MM_FROTH

AY_CELIA

1H_JOHN TALBOT

H5_NYM

H8_OLD LADY

JC_PORTIA

Pe_ANTIOCHUS

R3_SECOND CITIZEN

MM_ELBOW

Ha_FRANCISCO

Ti_CAPHIS

Pe_FIRST LORD

1H_BURGUNDY

Co_ALL

Jn_CONSTANCE

Ma_SECOND WITCH

Co_FIRST CITIZEN

Ha_QUEEN

Sh_WIDOW

H5_KING OF FRANCE

1H_PETO
1H_EXETER

Cy_SECOND GENTLEMAN

JC_SECOND PLEBEIAN

MN_HERMIA

LL_ROSALINE

Er_ANTIPHOLUS OF EPHESUS

Ad_LEONATO

Cy_IACHIMO

JC_CASCA

Ti_COUNTRY FELLOW

2H_WHITMORE

Co_SECOND SERVINGMAN

Ro_MONTAGUE

Ti_MESSENGER

LL_KING

1H_HOTSPUR

TN_FIRST FRIEND

Wi_FORD

1H_GLENDOWER

TG_LUCETTA

Ma_MACBETH

Sh_GRUMIO

3H_RICHARD

Ti_HORTENSIUS

2H_QUEEN MARGARET

TN_MESSENGER

2H_BEVIS

LL_DULL

Ma_SERVANT

MN_LYSANDER

Co_MARTIUS

TN_FOOL

2H_FANG

1H_FALSTAFF

Ti_FLAMINIUS

1H_REIGNIER

2H_SAYE

MN_ROBIN

2H_WARWICK

WT_CLEOMENES

Ha_GHOST

LL_JAQUENETTA

MN_QUINCE

Ti_NURSE

Wi_HOST

Pe_SECOND GENTLEMAN

WT_MOPSA

MM_POMPEY

An_CAESAR

An_AGRIPPA

Ot_FIRST SENATOR

Tr_NESTOR

R3_FIRST MURDERER

An_ENOBARBUS

R2_FITZWATER

R3_BOY

Ti_APEMANTUS

Jn_BIGOT

TG_FIRST OUTLAW

Ti_AARON

An_SCARUS

Jn_KING JOHN

1H_LUCY

3H_OXFORD

Ti_DEMETRIUS

TN_HIPPOLYTA

Ti_SECOND FRIEND

R3_ANNE

Jn_QUEEN ELEANOR

Tm_TRINCULO

2H_CARDINAL

Wi_RUGBY

Wi_SIR HUGH

Ma_GENTLEWOMAN

R2_QUEEN

Ha_ALL

Wi_MISTRESS QUICKLY

Jn_PHILIP FAULCONBRIDGE

Wi_NYM

H8_QUEEN KATHERINE

Wi_BARDOLPH

3H_KING LEWIS

Cy_GUIDERIUS

Ot_CLOWN

An_POMPEY

1H_DOUGLAS

2H_LIEUTENANT

TN_ANTONIO

TN_SECOND QUEEN

Ad_MESSENGER

Lr_DOCTOR

Tr_ACHILLES

LL_KATHERINE

H8_SUFFOLK

H5_HOSTESS

Ad_CLAUDIO

H8_LOVELL

2H_LORD BARDOLPH

Ro_SAMPSON

3H_LADY GREY

Co_ROMAN

Ad_VERGES

2H_DICK

R2_PERCY

R3_YORK

H8_BRANDON

Ad_BEATRICE

2H_SHALLOW

AW_FIRST SOLDIER

AY_ORLANDO

H8_GRIFFITH

R2_ROSS

Pe_CERIMON

1H_PUCELLE

Ha_CAPTAIN

2H_WIFE

Ro_LADY CAPULET

Tm_BOATSWAIN

Wi_SLENDER

1H_KING

Ma_THIRD WITCH

TN_ORSINO

1H_PLANTAGENET

Tr_PRIAM

Co_BRUTUS

R3_THIRD CITIZEN

3H_SOMERSET

Tm_ARIEL

Er_SECOND MERCHANT

Ro_ROMEO

3H_KING EDWARD

3H_CLIFFORD

Pe_THALIARD

Jn_SALISBURY

An_PROCULEIUS

Wi_WILLIAM

MM_LUCIO

MV_SALARINO

Cy_BELARIUS

Ro_PRINCE

Sh_PETRUCHIO

Wi_ROBIN

AW_LORD

2H_PISTOL

H8_CRANMER

H5_BISHOP OF ELY

AW_HELEN

1H_CHAMBERLAIN

Wi_SHALLOW

Er_ADRIANA

Ti_SECOND LORD

MM_ISABELLA

Ha_HAMLET

Ot_RODERIGO

1H_WORCESTER

Pe_LYSIMACHUS

Ti_PHILOTUS

R3_CATESBY

Ti_MARCUS

WT_DORCAS

Ad_MARGARET

Ti_FLAVIUS

Ti_ALCIBIADES

Tm_PROSPERO

Jn_AUSTRIA

H5_FLUELLEN

2H_THOMAS OF CLARENCE

Ti_FIRST SENATOR

TN_SCHOOLMASTER

1H_BASSET

MM_ESCALUS

Tr_ANDROMACHE

Ha_GUILDENSTERN

Tr_AENEAS

Ma_LADY MACBETH

Cy_POSTHUMUS

1H_LADY PERCY

MM_ABHORSON

TN_TOBY

An_EROS

2H_STAFFORD

2H_ARCHBISHOP

JC_DECIUS

Pe_FIRST GENTLEMAN

2H_JOHN OF LANCASTER

Ti_YOUNG LUCIUS

2H_KING

AY_TOUCHSTONE

TN_FIRST QUEEN

Tr_CRESSIDA

R3_RATCLIFFE

2H_HASTINGS

Lr_EDMUND

Pe_CLEON

Tr_TROILUS

3H_KING HENRY

2H_SUFFOLK

Lr_OSWALD TN_CAPTAIN

Lr_GONERIL

2H_MOWBRAY

LL_LONGAVILLE

R3_TYRREL

TN_THIRD COUNTRYMAN

Cy_IMOGEN

AY_CHARLES

H8_WOLSEY

MN_TITANIA

WT_SHEPHERD
MV_ANTONIO

AY_FIRST LORD

MM_BAWD

2H_HORNER

Tm_STEPHANO

MN_DEMETRIUS

Ti_OLD MAN

MN_HELENA

H8_SANDS

Cy_PISANIO

Co_LARTIUS

Lr_EDGAR

Lr_OLD MAN

Co_THIRD SERVINGMAN

R2_AUMERLE

Ti_SERVILIUS

2H_YORK

TN_FOURTH COUNTRYMAN

R3_PRINCE

MN_FLUTE

MM_FIRST GENTLEMAN

Cy_PHILARIO

Pe_MARINA

Co_VOLSCE

Co_MESSENGER

LL_BOY

Ha_OPHELIA

JC_SOOTHSAYER

Ro_FRIAR LAWRENCE

1H_WARWICK

Tr_MENELAUS

An_MESSENGER

Ti_TITUS

Ad_CONRADE

Ti_MARTIUS

MM_SECOND GENTLEMAN

2H_DAVY

TN_PALAMON

Jn_DAUPHIN

MM_BARNARDINE

Er_DROMIO OF EPHESUS

3H_RUTLAND

An_CHARMIAN

JC_LUCIUS

An_MENAS

Er_DROMIO OF SYRACUSE

R3_MESSENGER

TN_SERVANT

WT_PERDITA

3H_HASTINGS

2H_DOLL

An_DOLABELLA

AW_DIANA

Ad_BALTHASAR

Jn_MESSENGER

3H_CLARENCE

Pe_PERICLES

Ha_FIRST PLAYER

Ti_LUCIUS

R2_GREEN

1H_FIRST CARRIER

R2_MARSHAL

WT_PAULINA

H8_PORTER’S MAN

R3_MAYOR

Ti_LUCULLUS

MN_SNOUT

MM_ANGELO

Ot_CASSIO

H5_ORLÉANS

TN_EMILIA

Ro_MERCUTIO

1H_NORTHUMBERLAND

AY_CORIN

H8_PORTER

An_SOOTHSAYER

AW_FOOL

TG_JULIA

MV_GRATIANO

Ad_SEACOAL

H5_FRENCH SOLDIER

Cy_LUCIUS

Ot_DUKE

Cy_FIRST GENTLEMAN

1H_BEDFORD

Ad_DOGBERRY

Wi_MISTRESS PAGE

MN_THESEUS

TG_VALENTINE

AY_JAQUES

JC_SERVANT

H8_BUCKINGHAM

H8_SECOND GENTLEMAN

AY_LE BEAU

Tr_DIOMEDES

Ma_BANQUO

2H_BOLINGBROKE

TG_SYLVIA

Cy_LORD

1H_GADSHILL

Sh_TAILOR

Ti_POET

Co_BOTH

MV_LORENZO

1H_YORK

Cy_CORNELIUS

Sh_GREMIO

Sh_BIANCA

Ti_BOTH

An_OCTAVIA

Ot_GRATIANO

Lr_KENT

JC_THIRD PLEBEIAN

Wi_FALSTAFF

Ha_MARCELLUS

Ti_JEWELER

2H_HUMPHREY OF GLOUCESTER

MV_LANCELET

Sh_HORTENSIO

An_LEPIDUS

Cy_QUEEN

JC_CINNA

3H_MONTAGUE

MM_DUKE

Ha_HORATIO

AY_ROSALIND

JC_TITINIUS

LL_NATHANIEL

H8_CHANCELLOR

H8_KATHERINE

Ti_FOOL

H8_NORFOLK

H5_KING HENRY

Tm_MIRANDA

An_FIRST GUARD

Ot_EMILIA

H5_DAUPHIN

R2_SCROOP

3H_WESTMORLAND

R3_RICHMOND

Ro_TYBALT

AW_COUNTESS

An_SECOND SOLDIER

JC_CASSIUS

1H_SECOND CARRIER

WT_POLIXENES

Lr_GLOUCESTER

Ma_DUNCAN

Lr_FOOL

Co_THIRD CITIZEN

Ti_THIRD FRIEND

R2_DUCHESS

Co_VIRGILIA

Ha_GRAVEDIGGER

Lr_GENTLEMAN

Jn_ARTHUR

TN_WOMAN

H5_ALICE

H8_SURVEYOR

2H_HOLLAND

Ti_BASSIANUS

Tr_THERSITES

H5_BISHOP OF CANTERBURY

MV_GOBBO

H8_GARDINER

Jn_PRINCE HENRY

2H_PAGE

AW_WIDOW

AW_FIRST GENTLEMAN

Ad_LEONATO’S BROTHER

Tm_ALONSO

3H_POST

Ma_THIRD MURDERER

2H_CLIFFORD

LL_HOLOFERNES

R2_LADY

An_ANTONY

Lr_REGAN

Pe_HELICANUS

Tm_ADRIAN

TG_PROTEUS

H5_PISTOL

TN_ARCITE

Ro_BENVOLIO

2H_SIMPCOX

1H_SOMERSET

AW_KING

Co_VALERIA

LL_DUMAINE

R2_GAUNT

Tm_CALIBAN

TN_DOCTOR

MN_HIPPOLYTA

R3_BUCKINGHAM

R3_RICHARD

Co_VOLUMNIA

TG_THIRD OUTLAW

2H_CHIEF JUSTICE

Ot_OTHELLO

Ma_SON

H5_WESTMORELAND

TN_MALVOLIO

AW_LAFEW

MV_SOLANIO

2H_ALL

MV_DUKE

AW_PAROLLES

Pe_BOLT

TN_JAILER

R2_KING HENRY

Er_ANGELO

JC_COBBLER

1H_MARGARET

Er_LUCE

2H_PRINCE

R2_WILLOUGHBY

MN_BOTTOM

Ro_JULIET

Tr_MAN

Ma_SIWARD

An_SOLDIER

Er_PINCH

Ti_MERCHANT

Ma_MALCOLM

TG_SPEED

Cy_SICILIUS

1H_TALBOT

1H_COUNTESS

Sh_TRANIO

Tr_HELEN

An_DIOMEDES

H8_KING

AW_STEWARD

Cy_CLOTEN

H8_CROMWELL

Ti_LAVINIA

Ot_DESDEMONA

Ot_IAGO

AY_SILVIUS

WT_SERVANT

AW_SECOND LORD

TG_DUKE

Cy_FRENCHMAN

Co_FIRST SERVINGMAN

Pe_DIONYZA

Ha_OSRIC

Ti_QUINTUS

Ad_FRIAR

H5_BURGUNDY

2H_KING HENRY

H8_FIRST GENTLEMAN

WT_CAMILLO

Ti_CHIRON

Cy_CYMBELINE

WT_MAMILLIUS

WT_LORD

Tr_ULYSSES

Pe_LEONINE

R3_DUCHESS

TG_EGLAMOUR

Tm_FERDINAND

WT_THIRD GENTLEMAN

Ma_LENNOX

Ro_SERVINGMAN

Cy_ARVIRAGUS

An_ALL

Ti_TIMON

2H_NORTHUMBERLAND

Tr_PARIS

R3_RIVERS

2H_POINS

Er_COURTESAN

AY_WILLIAM

R3_NORFOLK

TN_THESEUS

Jn_BASTARD

2H_GLOUCESTER

Ma_FIRST WITCH

Ad_DON JOHN

2H_SOMERSET

An_CLEOPATRA

Ti_SATURNINUS

Ro_NURSE

AY_OLIVER
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Software used

Software used:

Python
graph tool: https://graph-tool.skewed.de/ (T. de Paula Peixoto)
R
rgl: https://cran.r-project.org/web/packages/rgl (D. Adler, D. Murdoch)
FactoMineR: http://factominer.free.fr/ (F. Husson, J. Josse, S. Lê)
Ruby
GraphAnno: https://github.com/LBierkandt/graph-anno (L. Bierkandt)
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