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Introduction

Jacqueline Léon,
UMR 7597, Histoire des Théories Linguistiques, CNRS
Université Paris Diderot
jacqueline.leon@univ-paris-diderot.fr

Sylvain Loiseau,
Sedyl Laboratory (UMR 8202 CNRS/Inalco),
sylvain.loiseau@univ-paris13.fr

Scope of thisvolume

This volume give a historical account of the fieifdquantitative linguistics in
France. It focuses about developments initiatelerance implying mathematical
methods or the usage and interpretation of quaéingtalata. It does not include
material about corpora compilation, computatiomaplementation, or formal
modelization.

Quantitative linguistics in France

1. Early quantitative linguistics

Historically, quantitative linguistics has a spéexistatus in France. It could be
said that statistical studies, namely statistitatiies of vocabulary, opened the
way to the reception of formal languages and thepmderization of linguistics
in France. On the one hand, French statistical svavkre deeply anchored in
French linguistic tradition mainly concerned by Ipldgy, etymology, dialect-
ology, stylistics and studies on specialized votaies. On the other hand,
contrary to the USA, the USSR and Great BritaianiEe significantly lagged be-
hind for computing, logic and formal languagesfdnt, the field of vocabulary
statistics played a crucial role by the rivalryhéd introduced between both
approaches, formal and quantitatives. This is shiawrthe multitude of de-
nominations naming the field and subfields the Asars have referred to as
‘computational linguisticst.

The Centre Favard, also named the ‘Seminar of @a#wé Linguistics’,
created in March 1960 at the Henri Poincaré Instiai the Faculté des Sciences
de Paris, significantly exemplifies that issue. Einthe name ‘Seminar of Quan-
titative Linguistics’ were brought together botte tformal aspects of linguistics
and statistical methods. It was an important pl@cetraining the linguists in

! See Cori & Léon (2002).
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mathematics, logic, information theory, set thedayguage theory, statistical
linguistics — and more generally statistics andbpimlities.

A further example is the classification introdudgdSolomon Marcus during
the Séminaire International de Linguistique Formetitat took place in Aiguille
in 1968. He put forward a classification of the feelds of formal linguistics, the
term which subsumed the whole set (see DescléadattsFL969). Marcus distin-
guished between algebraic linguistics (for insta@d®msky-Schitzenberger’s
work on monoids) and mathematical linguistics (gdiharkov chains), the latter
involving probabilistic linguistics and quantitagiiinguistics, automatic, com-
putational and cybernetic linguistics, finally ajepl linguistics. It should be
noted that Marcus did not include either works omfal grammars or vocabul-
ary statistics within computational linguistics.

Yet another grouping was offered by Bernard Vausjuaimajor leader in the
field of machine translation in France. He groupmpsherative grammar and
statistical studies of vocabulary on one side, ettdral language processing and
semantic formalisation on the other side. His reas@ere probably more polit-
ical than epistemological, as he aimed to ensua¢ Matural Language Pro-
cessing be recognized by the CNRS.

It is worth noting that these various classificatiado not reflect the distinc-
tions made by Computational Linguistics as defimed. 962 by American in-
stitutions, such as the Association for Machinenslation and Computational
Linguistics (AMTCL) and the ALPAC report in 1966o@putational Linguistics
claimed to involve every theoretical aspect of thieraction between formal
languages, linguistics and programming on the oardh and the practical
aspects of language engineering on the other hahne.whole set would be
carried out by NLP in the 1970s. As can be seenthi® Americans and unlike
the French, statistical studies did not pertaiodmputational Linguistics.

2. Current quantitative linguistics in France

How to characterize the field of quantitative limgjics in France ? Let us stress,
to start with, that the term « Quantitative Lindiais » (or a translation such as
linguistique quantitative is not really used in French nowadays. The fisld
mainly termed lexicométrie (cf. infra), linguistique de corpug(corpus lin-
guistics), ouwstatistique linguistiquéstatistical linguistics). The fact that the term
« quantitative linguistics » is not widely usedeets the fact that researches tend
to focus not so much on quantitative laws as onhi®rically-situated inter-
pretation of quantative data in corpora.

In order to characterize these local developmentengst the various
possible avenues of research in the field of qtetnte linguistics, we can draw
a basic typology of the different kind of quaniiatlinguistics. A good criteria
for such a typology is the object they focus on @sddegree of abstraction
(Loiseau 2010): quantitative linguistic works cam divided into (i) those that
seek for universal tendencies, irrespective abowyt @articular language, at a
very abstract level (ii) those that work on quaatiite tendencies at the scale of a
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particular linguistic system, and (iii) those thairk on quantitative tendencies at
the scale of a genre, a discourse, or a speakearstance.

The best known example of the first type (univela®l) is the Zipf law : it
is valid for any language and refers to the genecainomy of the language
faculty. Such a universal research is the heathefdenomination of « quan-
titative linguistics ».

An example of the second type could be the notidimmactional burdening
of a phonological distinction (eg Herdan 1958nother example could be the
analysis of morphological productivity (Baayen 20(8e formula proposed for
the computing of productivity index is supposedbt valid for any (fusional)
languages, but it aims nevertheless at quantifyirey productivity of a given
morpheme in a given language. It focuses on tlygiigtic system.

Examples of the third type are now numerous withdbvelopment of cor-
pus linguistics: many works try to caracterizeptlgh quantitative properties, a
genre, a discourse, a style, a variety, according ¢orpus representative of that
socio-/idio-lect. Methods of descriptive statistmsstatistical modelling applied
to corpora are most of the time aiming at descglsinch corpora.

Having this small typology in mind, we can try tetter characterize the
Quantitative Linguistics developments in France.ivdrsalist quantitative
models of linguistic data are represented by wdmkdMandelbrot on statistical
law of the distribution of words and by informatidimeory (Le Roux ; Léon).
We can also add to that group works on the morphaaiyc paradigm (Petitot
and also Ploux), and Guiraud’s work (Bergounioux).

However, the large bulk of works focuses on soctdlgiolect descriptions
and to the analysis of the links between discurpivenomena on one hand and
historical / ideological conditionnings on the atlhend. This applies to the joint
works by historians and lexicologues (Mayaffre), thee lexicométrie school
(Loiseau ; Brunet ; Longré and Mellet), to the weodone under the umbrella of
the TLF (Trésor de la langue francaigea large dictionary based on a corpus of
French texts (Candel).

As in several other countries, the field of Quatie linguistics in France
arose during the first half of the 20th century atevelop mainly during the
second half of that century. Today, the major pathe research in this field has
been incorporated into an international researeld fand have no national
peculiarity anymore. However, some subfields sush.exicométrieare still
mainly developed in France. A focus on texts il strong among French
scholars.

%2 if a phonemic distinction is contrasting a largemier of minimal pairs this

distinction cannot be withdrawn without producingptiof homonymies ; whereas if it
is contrasting few pairs of lexemes, it can be Mghout producing much lexical

ambiguity ; the « functional burdening » is a measaf this importance of a phonemic
distinction.
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| nterviews with actors of the field

In the process of the preparation of this volumevesal interviews have been
made with actors and witnesses of the field : RoRerolai (University of Nice),
Micheline Petruszewycs (EHESS), Pierre Lafon (EN$or), Jean Petitot
(EHESS), tMaurice Tournier (ENS Lyon), Evelyne Hoor(UMR Modyco).
These interviews aimed at setting up the instingiocontext of Quantitative
linguistics in France.

Robert Nicolai witnessed the development of quatinig linguistics in the
Nice University around the proeminent figure ofrReeGuiraud. Robert Nicolai
was Guiraud’s student at the University of Nicethe late 1960s, early 1970s.
He recalls that Guiraud’s lectures focused on Erigy and semantics more than
statistics. He was especially concerned by morphaséc roots and the etymol-
ogical structures of French which can be only tagkWith large lexical data
allowing to deal with semantic universals (see Bargoux this volume for more
details).

Guiraud created the department of General Lingigsit the University of
Nice and, with Gabriel Manessy, a research groumeadlderic (Institut de
Recherche Interethnique et Interculturel) [Ins&tudf Interethnic and Inter-
cultural Research] which Nicolai directed after aud’s death.

The interview with Jean Petitot turned into a ckapt this volume (Petitot,
Léon, Loiseau, this volume).

Interviews with Pierre Lafon, Maurice Tournier, e Bourion and
Micheline Petruszewycs focused mainly on the dguekent of thdexicométrie
school. Micheline Petruszewycs has been the assisfathe mathematician
Georges-Théodule Guilbaud (1912 - 2008). G.-T.leawitl was the founder of a
laboratory, the « Center for analysis and mathemmator Social sciences »
(Centre d'analyse et de mathématiques soqiadésthe 6th section of EPHE
(Ecole pratique des hautes étulelde also animated two seminars for years.
The Friday seminar was devoted to mathematicsdciaksciences and had been
very influencial. It was attended by various peogleh as the mathematicians
Pierre Achard, Bernard Jaulin, Simon Reignier, ¢flenologist Robert Jaulin,
and many psychologists — among them Francois Breasd his students. The
composer lannis Xenakis used to attend this semioar It should be said that
statistics, and more generally mathematics, werk regarded by social scien-
tists of EPHE (6th section). Guilbaud was eventewito give a course on
statistics within Levi-Strauss’s seminar. The Thlags seminar focused on
linguistics, more specifically on lexicometry witihe participation of Pierre
Lafon, Annie Geoffroy, Maurice Tournier, André Sale(who studied
mathematics in Moscow with Andrej Kolmogorov) asliveess other members of
the Laboratoire de Lexicométrie de St Clouduilbaud introduced the
hypergeometric law which helped solving some ipleited formulations made
by the St Cloud group.

% Thanks to Micheline Petruszewycs, we consultedhibek signing sheets of these
seminars showing the diversity of people who atbelnitl
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Presentation of the contributions

The volume gathers contributions either by peodpét have been involved in the
field of which they are giving an account, or byopke specialized in the history
of linguistics. In both cases, however, the samsthtcal focus has been adopted
by all contributors.

Some contributions are focussing on individualglisas Thom, Benzécri,
or Guiraud), while others are focusing on largetds of research (chapters by
Léon, Loiseau, Longré and Mellet).

The contributions have been organised in two pdie. first one focuses
on vocabulary statistics. The second one gatherdribations presenting
mathematical models.

The first part ‘Vocabulary statistics’ includes fquapers on the pioneering
works in the 1950-60s and three papers on conteanpeesearch. Some em-
blematic personalities and projects played a dicpnit role in these early years
and it is not surprising that they were adressedéaweral chapters: Pierre
Guiraud and Georges Gougenheim (Bergounioux, Led@gnoit Mandelbrot
(Léon, Le Roux) ; TLF (Brunet, Candel).

Jacqueline Léon deals with early French statisticgjuistics and its in-
stitutionalisation: after presenting the role ot tinstigators, Mario Roques
(1875-1961) and Marcel Cohen (1884-1974), she exasnithe three paths
followed by the pioneers: (i) the teaching trackhwieorges Gougenheim (1900-
1972) andLe Francais Elementaire (i) the stylistic track with Pierre Guiraud
(1912-1983) and later Charles Muller (1909-2016i);, finally, the mathemat-
ical and Information theory track with Benoit Matitet (1924-2010), René
Moreau (1921-2009) and the Centre Favard. She shmtstatistical studies of
vocabulary contributed greatly to the changes ianEn linguistics that took
place in the 1950-60s. As statistical studies afabmlary, simultaneously with
the first experiments of machine translation, wehe first fields to be
computerized, they made possible the automatidimgdiistics that took place in
the USA ten years before.

Gabriel Bergounioux dedicates a whole chapter sr€iGuiraud (1912-
1983), one of the major pioneers of quantitativeyliistics in France. He em-
phasizes the originality of Guiraud’s approach &rglrole in the beginning of
statistical studies on vocabulary. Guiraud publishieree key works on the
domain, a comprehensive bibliography (1954) and imaaihodological essays
(1954 and 1960). At first, Guiraud characterizedyliistics as an observational
science grounded on statistics, like sociology eognomics. Later, he claimed
that it was cognitive-based. His approach was stifiistic (with statistical
studies of Guillaume Apollinaire’s and Paul Val&wocabulary) and etymol-
ogical. For that purpose he worked out the conoépmorpho-semantic field”.
Bergounioux shows how his position of outsider shgit on the conditions in
which quantitative linguistics emerged in France.

Danielle Candel’s chapter is a testimony on théding of the Trésor de la
Langue Francaise, a major dictionary project (19924). This project aimed at
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building a reference corpus providing the basis theddata for the lexicographic
analyses. The corpus built for that project is tbee of the early exemples of
corpus built to be representative of a languageadsist the lexicographer to
derive meanings from observed usages in contegt|age enough in order to
extract the frequencies of the lexical items. Diégmi€andel shows how the quan-
titative approach and the use of a large-scalebdatais linked with many steps
in the building of the dictionary.

In the chapter devoted to the "lexicometric” sch&lvain Loiseau tries to
show the theoretical assumptions and the instiaticettings that lead to the
development of this very influencial line of resgarThe quantitative analysis
according to lexicometry is aimed at providing eestific tool for the analysis of
ideological content of texts. The main methods tmed in the field of lexi-
cometry are presented, focusing on the quantitaissumption of the method
specificity. Some characteristics of lexicometrg atill influential in contem-
porary research in corpus linguistics in France:fthcus on text, the search for
an ideological “backstage” beneath the words, tlea ithat quantitative textual
analysis can help providing an objectivity in tmakysis of such a backstage.

The chapter by Damon Mayaffre focuses on the hesibstudies of cor-
pora of political texts. This avenue of researdginates in the development of
the «lexicometry » approach of quantitative analysf vocabularies in the
1970’s in France and had always been associatédthat field of research. The
author shows that the lexicometry approach, ainahginravelling the social
position and ideological content, and due to itsuBbon political texts, has in-
terested historians from the beginning. Damon Miagathen offers several
examples of the methods elaborated and of theigeu$ar the historical inter-
pretation of political texts.

Longrée and Mellet's chapter contributes to thdistteal handling of a
corpus of Latin texts. The authors, as latinistsl gmoponents of statistical
studies, address the specific issue of the vaityaloif word order in Latin which
constitutes a guiding thread for quantitative liilstjas in Latin. This issue raised
latinists’s interest as early as the 1970s sottiet worked up counts of various
configurations in Latin texts. By taking over thgpe of work, Longrée and
Mellet identify ‘motifs’ in the aim of establishing typology of texts. Motifs
associating lexical and grammatical constraintssoied the notions of repeated
segments, collocations and colligations and lethéw software developments
for the treatment of Latin.

Etienne Brunet deals with the history of large catepzed corpora and
data bases of written texts in France. The firgnEh corpus was the TLF
(Trésor de la Langue Francaisécf. Chapter by Candel), which, in fact, was the
first computerized corpus in the world while theo##n Corpus was thought out
a little later. Brunet recalls how the making ot tHictionary was computer-
aided, with co-occurrences and frequencies at thi@re’ disposal. Examining
the TLF's successor, Frantext, he makes a disbincibetween a corpus
(Frantext) and a base (TLF). Contrary to a corpusase has a fixed frame with
ordered sections that items must fill by a numlaecpde or text. He compared
these two French projects with American bases sisclEncarta Encyclopedia
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(1993-2009), Wikipedia, and with corpora of thertate Language made outside
of France, such as the German Wortschatz, the $indbketchengine, the
American Google Books.

The second part of the book, ‘Mathematical moddtstuses on seminal
and influent contributions in the field of the mahatical models of language. It
includes three chapters on pioneering works andohiagter, by Sabine Ploux,
that illustrates contemporary research. Three lofesesearch are represented :
research on distribution laws by Benoit MendellfRaanan Le Roux), the devel-
opment of a family of factorial analysis, corresgence analysis, for the dis-
tributional analysis of a language by Jean-PaulzBen (Valérie Beaudouin),
and the development of Catastrophe theory by Rdm#n] a model aiming at
being a mathematical tools for language modellingminiscent of neural
networks (Jacqueline Léon, Sylvain Loiseau, JeditoPe

Ronan Le Roux devotes his chapter to Benoit Mamdel@924-2010),
another key pioneer of quantitative linguistic irafce. The author shows that
Mandelbrot’s study of language was mostly limitedZipf's law. He questions
the sources of the mathematician’s significant wonkZipf's law pointing out
the discrepancy between the horizon of retrospec#aroux 2007) he claimed
and the real background of his works. In partictiter scientific environment of
the California Institute of Technology where heysth in the late 1940s, the
inspiring figures of Wiener and Von Neumann andesyletics played a major
role in the way he tackled Zipf's law. Le Roux slsothat Mandelbrot’s later
works on the fractal paradigm were consistent Wwithearly work on Zipf's law,
exemplifying what Le Roux identifies as ‘the traessal regime of scientific
modelling’, a typical mode of scientific activity.

The chapter by Valérie Beaudouin accounts for ftabaogation of "corre-
spondence analysis”, a family of factorial analysiethods, by Jean-Paul
Benzécri. From the middle of the 1960s, Jean-PamzBcri (1932-) has intro-
duced and developed a series of methods calledlys@ales Données” (Data
Analysis) whose heart is Correspondence Analysmgethod for the analysis of
multidimensional data. Valérie Beaudouin tracesittellectual project behind
these methods, showing that linguistic data playedhjor role in the elaboration
of Correspondence Analysis: Correspondence Analysis at supporting an
inductive approach of languages, based on the eatma of corpora and the
synthesis of large distributional patterns.

The next chapter is an interview with Jean Pebtotlacqueline Léon and
Sylvain Loiseau. Jean Petitot presents in greatildghe mathematical work of
René Thom (1923-2002), and the application ofwhask to linguistics, of which
Jean Petitot is one of the best specialists. RémmThave defined an array of
concepts — singularity, structural stability, catayghe, bifurcation — for the
mathematical modelling of morphogenesis, a fietthpered by Alan Turing that
studies the formation processes of complex formparticular those of life. One
central issue of morphogenesis is the mereologioablem, i.e. how totalities
can be organized with constituents, relations aadstormation rules between
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constituents, and how totalities can show an ogmgdiain which is more than the
sum of their constituents. This constituency probles of course central for
linguistics. The article shows how the mathematitabls built by Thom
addresses these issues and shows how these pmpsite related to other
theoretical frameworks or approaches, such as tegninguistics or neural
networks. Petitot (2011) shows how the theory afadgic systems can account
for categorical perception in phonology and alssyntax, where he stresses the
fundamental links between vision and syntacticcstnes.

Sabine Ploux presents an approach aiming at mogdetie polysemy and
the contextual variation of the meanings of lexitais using graph theory. She
first shows the limits of two other paradigms : thaamic approach, illustrated
by René Thom (cf. Chapter by Petitot, Léon & Loiggeand the linear model,
illustrated by the concordance factorial analydaberated by Benzécri (cf.
Chapter by Beaudouin). Both use the context ofchxunits to model their
meaning. The former (as well as connexionnist aggres) adequatly models the
structural stability of a concept or a category pitesits “deformations” in
context. However, it can be applied only to fewidak units. The latter is based
on the whole lexicon and give a static core meanirgs approach is called
today vector space models, it doesn’t give acae$iset processes of the building
of the lexical meanings, but give a static repres@n of lexical meanings.
Ploux shows an alternative approach based on dhegainy. In graphs built from
large corpora, lexemes are represented as vewigdscooccurrences are re-
presented as edges. In such graphs, the systestratture of the lexicon can be
observed, while the various acceptions can be aeddatrough the cliques or the
communities (dense group of vertices) in the graph.
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The Statistical Studies of Vocabulary
In the 1950-60s in France.
Theoretical and Institutional Issues

Jacqueline Léon
UMR7597, Histoire des Théories Linguistiques, CNRSiversité Paris Diderot
Jacqueline.leon@univ-paris-diderot.fr

The statistical studies of vocabulary opened thg teathe reception of formal
languages and computational linguistics in Fraftey appeared before the first
experiments in Machine Translation which, elsewharéhe world, started the
automatization of the language sciences (Léon 2@é&yeral facts may explain
this specific French situation. On the one handnée significantly lagged be-
hind in the domains of computing and formal langsagontrary to the USA, the
USSR and Great Britain. On the other hand, stesigthd probabilities federated
the interests of both linguists and mathematici@he shared common objects,
such as letters, words and texts, pertaining taFtleach linguistic tradition and
that can be dealt with by statistical methods. €qosntly statistical methods
benefited from a wide interest among linguistic deraic institutions where
major issues on the relationship between statiaticklinguistics were discussed.
Among them: (i) Is frequency an intrinsic propeofywords? (ii) Are word fre-
guencies a property of languages, a property détexa property of speech or
discourse? (iii) Should statistics be regarded asentools or models for lan-
guage?

In this paper, | will address the context in whible statistics of vocabul-
ary appeared, especially how Mario Roques and NMaCoden initiated the
domain. | will then examine the three differenthyedys followed by the pio-
neering statistical studies, namely stylisticsglaage teaching and information
theory. In doing so, | will focus especially on tebates that took place about
the relationship between linguistics and statistics

1. Words, texts, letters: vocabulary studies in Frace in the 1950s

Linguistics in France was dominated in the 1950shisyorical linguistics and
philology so that texts were at the core of evenguistic activity in France.
American linguistics (i.e. linguistic anthropolognd distributionalism), still
virtually unknown, will be introduced only in thate 1960s (Chevalier 2006).

Le Francais Moderneone of the two main linguistic journals in that
period, is quite representative of that state afidniCreated in 1933 by Albert
Dauzat, it succeeded tliRevue de philologie francaisehile keeping the same
objectives: philology, etymology, dialectology, dites on specialized vocabul-
aries, stylistics. All the authors, whether lingsier not, were involved in the big
game of word dating. Debates on theoretical maktardly existed. As Chiss and
Puech (1987, p.171) recallse Francais Modernavas designed to be a journal
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of synthesis and vulgarization, leaving the fiefdgeneral linguistics and com-
paratism to th&ociété Linguistique de PariSLP) and itsBulletin (BSL).

Works on specialized vocabularies were then f&hung; most of them
were supervised by Robert-Léon Wagner (1905-19823pecialist of French
lexicology, professor at the Sorbonne and at th@eEPratique des Hautes Etu-
des. Among them, Matoré Georges, 19b#&, Vocabulaire et la société sous
Louis-Philippe;Wexler Peter-J., 195%a formation du vocabulaire des chemins
de fer en France (1778-184Z2puemada Bernard, 1959®mtroduction a I'étude du
vocabulaire médicalpDubois Jean, 1964,e vocabulaire politique et social en
France de 1869 a 1972. A travers les ceuvres dega@us, les revues et les
journaux Guilbert Louis 1965La Formation du vocabulaire de l'aviation ;
Wagner Robert-Léor,es Vocabulaires francais, Il.

Bernard Quemada (b. 1926), who created the Cefitede du vocabu-
laire francais at the University of Besancon in 89the Centre de linguistique
appliqguée in 1959 and the journads Cahiers de lexicologia 1959, launched
the serieMatériaux pour 'histoire du vocabulaire francaithe first volume of
which was published in 1965.

As we will see, what will make the success ofistigal studies is that the
SLP will become precisely the place for the dismuss involving words, texts
and statistics, generalizing the interest in wdndbkerto vested irLe Francgais
Moderneonly.

2. The instigators: Mario Roques and Marcel Cohen
2.1. Mario Roques(1875-1961)

Mario Roques was a specialist of French and Rondolpgy as well as a spe-
cialist of Balkan languages. He was appointed Reafeat the Collége de France
in 1937 and gave his chair the name of «Historlyrehch Vocabulary». In 1944,
he became a member of the executive Board of thiRE(Centre National de la
Recherche Scientifigue) where he put into prachicetaste for big collective
projects (Chantraine 1961, Roques 1937, Chevadigd 1Chevalier 2009).

It can be said that Mario Roques played a key imlgetting up the first
lexical data bases which will be used for stat@dtstudies. It should be men-
tioned that regional atlases implementing comifegiof vocabulary and results
of investigations and recounts were extremely irtgydrin the beginnings of
vocabulary studies. In 1955, Roques replaced Dawdad himself had succeed-
ed to Gilliéron) at the head of the «Atlas lingigjige de France» project. In 1933,
he launched the «Inventaire de la Langue Francaigkich began to be
operational in 1936. It consisted of a set of Giamlslips: each slip included a
word and its textual context. The sheets were basetihe systematic review of
literary and technical texts. They were listed alpgtically by authors and by
periods. The «Inventaire» was not intended for rtteking of dictionaries, but
was intended to be a database available to alhrelsers.

In the early 1960s, Mario Roques and Paul Imbsdedcto merge the
IGLF with the TLF (Trésor de la Langue Francaiselaga base of the whole of
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modern French literature since 1789t should be mentioned that the TLF can
be considered the first computerized corpus ofsted it was conceived and
exploited by statistical methods a little earlieart the Survey of English Usage
and the Brown Corpus (Léon 2005).

2.2. Marcel Cohen (1884-1974)

Marcel Cohen played a crucial role in the instdoglisation of statistical studies
in linguistics. He was a specialist in comparagiwvammar of Semitic languages,
in the sociology of language, historical linguistend writing systems. He was a
pupil of Mario Roques and Antoine Meillet (his smpsor) and taught at I'Ecole
des Langues Orientales and 'Ecole Pratique desdddttudes.

As did Mario Roques, Marcel Cohen played a crumde in the begin-
nings of linguistics at the CNRS. He was a veryemwe researcher and had a
huge intellectual curiosity. He devoted himselflg#ap the promotion of statist-
ical studies in the linguist community which traaiitally was hostile to math-
ematic$. In the 1930s, he reviewed Zipf's books in the §Sbhen, 1932, 1935,
1950). He managed to add linguistic statisticsifashird sub-theme) among the
themes of the 6th International Congress of Linguiat took place in Paris in
1948. General morphology was the general themee-two other sub-themes
were linguistic terminology and linguistic survey.

In the congress proceedings (Cohen 1948), he atkwehe creation of a
specific commission dedicated to linguistic statsstHe argued that:

“No one will dispute the usefulness of counts inpalrts of linguistics. But it
must be noted that until now little has been madehis direction... In a peri-
od of linguistic studies whose beginning does motbgck far into the past,
efforts were made to obtain qualitative accuracstfi. Knowing that opposi-
tion works is important; but, in order to use tfatt, we should know the in-
tensity of this functioning and its importance élation to others... Therefore
linguists must turn their attention to quantitativencepts, and appropriate
processes should be implemented to achieve thiy"$t¢Cohen 1948, p. 83-
84).

! See Candel in this volume.

2 Cohen (1967) mentions Meillet's indignation in hisview of Zipf's Relative fre-
quency as a determinant of phonetic chafig@29) inBSLt.31 1930 p.17.

% Personne ne contestera l'utilité des numératitams toutes les parties de la linguis-
tiqgue. Mais il faut bien constater que jusqu’a prégeu de travaux ont été faits dans ce
sens... Dans une période des études linguistiquddaldébut ne remonte pas loin dans
le passeé, on s’est efforcé d’obtenir d’abord dprkcision qualitative... Savoir qu’une
opposition fonctionne est important; mais il faugraour utiliser le fait, connaitre
l'intensité de ce fonctionnement et son importapaerapport a d’'autres.... Il convient
donc que l'attention des linguistes se porte vessriotions quantitatives, et que des
procédés appropriés soient mis en ceuvre pourligatan de cette étude (Cohen 1948,
p. 83-84).

11
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The aim of the commission was to recommend to Istgthow to use statistics
and to establish a bibliography. The last two rewmmdations (6 and 7) con-
cerned the use of mathematical methods and electmmachines.

6. We expose the mathematical processes to be ushdling the setting
up of proportions, and the possibilities of usealtulating machines.

7. Mathematical operations should be summarizesbmmon language for
use by linguists unversed in mathematics

It should be noted that when discussing Marcel @shproposals at the end of
his presentation, crucial questions were addressed:

“Can relative frequency, in the absence of othem#d criteria, serve as a
conclusive test for the special character of cerbaiguistic forms?... Can
relative frequency be a constitutive formal featafdanguage?” (Cohen
1948 p.88)

In 1949 he gave a talk on linguistic statisticsthe Institute of linguistics of
Paris, and in 1967, he wrote a history of linguaistatistics (Cohen 1967).

3. Pioneers and horizons of retrospection

Although American, English, Russian and German warén be found in the
French pioneers’ horizons of retrospection (Aurd®87, 2007), it still can be
said that French works were original. Word frequehsts were well-known.
Both Guiraud (1954a, b) and Gougenheim et al. (19%éntion Kading's
frequency dictionary of German (1897), Thorndiké21), Henmon (1924), and
Vander Becke (1935). Moreau (1964c) discusses faBdeke and Henmon’s
works on French word frequencies. They talk aboatkdv’s chains, Zipf's law
and Shannon and Weaver’'s Information Theory. Alltttgm attempt to adapt
Information Theory to the issues they examine.

French statistical works are anchored in earli@rke that can be
classified on three main axes: (i) stenographyptography and phonetics; (ii)
teaching and (iii) distributions of word frequersi®r philological, stylistic and
etymological studies. A fourth source should be eaddthe importance of
Russian works for the French linguists at that time

* «6. on exposerait les procédés mathématiquespioger, notamment pour établir

des proportions, et les possibilités de recourssandachines a calculer.

7. les opérations mathématiques devraient étreméss dans une transposition
en langage ordinaire a l'usage des linguistes pengég dans les mathématiques »
(Cohen 1948, pp.85-86).
® « la fréquence relative peut-elle, en I'absentritdes critéres formels, servir de
critere probant pour établir le caractere spéotakedrtaines formes linguistiques ? ...
guestion sous-jacente : la fréquence relative pl@tetre un caractére formal constitutif
de la langue ? » (Cohen 1948 p.88).

12
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Cohen (1967) recalls that, apart from phonemeukagie§, pioneering
works in word frequencies were initiated for langeideaching: 1894 for Eng-
lish, 1897 for German, 1924 for French. Those kioidBequency lists for educ-
ational purposes still existed in the 1950s (seeet@mple Josselson 1953, re-
viewed by Cohen 1955). Therefore, it is not suipgshat statistical methods
had been first applied in France lbyFrancais Elementaire

3.1 The literary track

Remember that early statistical works on texts b@ein undertaken on literary
works : Markov (1913) on Eugene Onegin and Zipf4@9on Joyce’s Ulysses
(among others). The French pioneers also chosegly atatistical methods to
literary texts. Guiraud studied Paul Valéry for RisD ; Moreau (1963a) worked
on Racine’d_es PlaideursCharles Muller (1967) on Corneille. In the la@60s
they started to work on political texts, then jamiDiscourse analysis studies
(Dubois’s PhD on social and political vocabularyl1f62) and The St Cloud
lexicometry group worked on May 1968 leaflet€otteret and Moreau'se
vocabulaire du général de Gaulleas published in 1969.

3.2. The Russian connection

One of the features of French statistical lingassts its familiarity with Russian
works. According to Papp (1966), statistical lirgjigs was highly developed in
Russia in the early 20th century. Of the three aede centres he identifies in
Russia, two of them involved scientists working tiis area: Moscow with
Markov’'s and Marozov’s works, and the Kazan Schodetrograd, carrying out
the counting of vowels and consonants in Padsy'§rancais Parlé There had
been continuous contacts between Russian and Freselrchers. Papp men-
tions the relations between Lev \&eBba and the slavist André Mazon as early
as 1900 (see also Rjéoutski 2011). In the 195@skthnch linguists are familiar
with Soviet works (Léon 2015). Many of them weremmbers of the French
Communist Party. This was the case of Marcel Cattem published an article in
the journalVoprozy YazykosnaniyalLinguistique moderne et idéalisme», in
1958 at the moment when structuralist issues weeuslsed among Russian
linguists, and when mathematical linguistics, #iyicpeaking, started in the
USSR.

The works from the former Soviet bloc countriesrevasystematically
reviewed in theBulletin de la Société de Linguistiquespecially papers from the
journalsVoprosy Jazykoznanijézvestija Nauk SSSBndThe Prague Bulletin of
Mathematical LinguisticsThus, in the early 1960s, the French linguists had
more information on Soviet works in mathematicagliistics, in machine trans-
lation and computational linguistics than on Amanicones. The work of the
Soviets N.D. Andrejev, V.J. Rozencveig, P.S. Kuoved.A. Mel'¢uk, A.A.
Reformatskij, V.V.lvanov, and those of the Czechetr BSgall and Lubomir

® The best known of which being Troubetzkoy’s ckamin phonological statistics in
his Grundzlige der Phonolog{@938).
" See Loiseau in this volume.
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Dolezel were well known among linguists in France. le #wrea of machine
translation, the French develop mixed models iesbioy both American and
Russian models (Léon 2015).

Let us add that, in order to establish an ingitit quantitative linguistics
in France (cf. 8 5 below), scientific military sex®s made a survey of existing
work in the USSR. When created in 1960, the Cdrgneard edited many works
of researchers from the Soviet bloc countries snskriesDocuments de lin-
guistique quantitativgpublished by Dunod. The book of the Romanian Solom
Marcus Mathematical introduction to structural linguisticeitended to initiate
both linguists and mathematicians into mathematsgects of language, was
published in its French version the same year (1, % was Gross and Lentin’s
introduction to formal grammarsotions sur les grammaires formellds. the
same series, A.V. Gladkij€ours de linguistique mathématigwas published
in a bilingual edition (Russian and French). Itnst surprising, then, that the
French pioneers in statistical linguistics oftemii@ned Russian authors in their
bibliography.

3.3. The teaching track. Georges Gougenheim anak Francais Elementaire

Georges Gougenheim (1900-1972) had a strong ihetial position. A pupil at
the Ecole Normale Supérieure, with the degree oégdgof grammar, he was
appointed chair of History of French Language atSorbonne in 1957. In 1951,
he was charged by the Ministry of National Educatio create thd-rancais
Elementairefor teaching purposes. He created the Centre dé&Eth Francais
Elémentaire and worked on this project with Aunéli€auvageot et Pierre
Michéa et Paul Rivend.e Francais Elementairavas published in 1956. Its
name was changed in 1959 fbe Francais Fondamentalconsidered less
“schoolish” (Coste 2006).

As its title suggests, the project was to devedopasic grammar and
vocabulary for teaching purposes. It was insping@asic Englishbut on a quite
different methodological basis. In any case, coptta the criticisms that have
been made of it, there was no intention thafrancais Elementairdetermine a
limited and required content of education for elatagy schools in France. It
certainly “was not a syllabus for French nativeadmes” (Coste 2006 p.11 note
14). Actually, the project was devised as a toolliteracy for immigrants and
rapid dissemination of French in the world. The auas that the users tfe
Francais Elementairavere able to understand and speak French in given s
ations.Le Francais Elementairesas based on the following principles:

0] As Pinchon (1991) recalls, it was based on the gqrinof spoken

language over written language.
“the essential force that acts on the vocabulasywall as on grammar), is
mutual understanding, the need we have to be uodery our inter-
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locutor and to understand him, to avoid ambiguitesstantly renewed”
(Gougenheim 1970 p.240 — quoted by Pinchon 19947@F.

Hence the importance to fouride Francais Elementaireon speech data col-
lectionand to treat the data by statistical methods a5 audio recordings,
1090 pages of transcript, 312,135 words (token89%/types).

(i) The statistical treatment was based on twannmations: a) frequency
and range, and b) availability. Two lists were bkshed: the frequent words
resting on a tape recording of 300,000 words; arlétaof available words.
Availability is an original notion invented by thes Francais Elementairéeam
as they regard the mere opposition between frequsul words and non fre-
qguent usual words as unsatisfactory. The interggtoint for them was that there
are words that are rarely pronounced in a converséiut that are nevertheless
permanently available for the speakers. Most of tthee, these are concrete
words, such a#ork, chair, pencil busetc., which are a major component of the
vocabulary that has to be part of language teactisguch they should be part
of Le Francais Elementaireln order to determine which infrequent words have
to be chosen, an availability degree was definadguthe method of “areas of
interest”. Sixteen areas of interest were iderdifiem a survey involving pupils
living in different parts of France. The definitiist comprised 1475 “element-
ary” or “fundamental” words (1222 lexical words a@8i3 grammatical words)
and 1900 available words.

(i) As a third principle, they advocated the éreigeneity of vocabulary, a
principle closely linked to the second one. Vocabyls made of two irreducible
sets: frequent words (grammatical words and verdns) available words
connected to areas of interest; in between theradjectives and nouns likely to
be used within various circumstances. Michea (12@if)ed that frequencies of
concrete nouns are not only low but also non-conmst@ghich means that words
have no proper frequencies. This led him to assakiad of heterogeneity of the
vocabulary.

The project was criticized by Guiraud (1956) is heview of the book.
His main criticism was methodological. He showedt tthe sample of 300,000
words was not sufficient to obtain the list of tmest frequent words. Only the
head of the frequency list was relevant and, from 408" word on, it was no
longer valid. To obtain the 800 most frequent wortthe authors should have
used a compilation of 2,000,000 words.

It should be noted that, in the conceptiorLefrancais Elementairgfre-
guency cannot be a property of words, since aJailalords are infrequent
words most of the time. Availability is then regaddby the authors as a new
property of languagde

8 «la force essentielle qui agit sur le vocabulé@mme d’ailleurs sur la grammaire)

est I'intercompréhension, le besoin que nous awb@se compris par notre interlocu-
teur et naturellement de le comprendre, d’évite@@mbiguités sans cesse renaissantes».
° The availability of vocabulary marks one majdfetience betweeBasic Englishand

Le Francais ElémentaireBesidesLe Francais Elémentairevas not an autonomous
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3.4. The stylistic track: Pierre Guiraud

Pierre Guiraud’s role (1912-1983) was paradoxiCal.the one hand, he can be
considered a pione®r on the other hand, his views on language stesistiere
much criticized, especially by mathematicians. didiaion, although a very in-
ventive and prolific author, he remained quite nrabamong the linguists. He
became renowned thanks to his bibliography of lisigu statistics which was
published in 1954 (Guiraud 1954a) and for whichwaes helped by Whatmough
at Harvard. As Marcel Cohen (1967) relates in hstohy of statistics for lin-
guistics, Guiraud made contact with him in 1947 wie started his PhD on
Paul Valéry and just before Cohen asked the 6thgféss of Linguists to add
linguistic statistics as a new theme. In his PhBupervised by R-L. Wagner —
and his book on stylistics, he intended to reneuissics by statistical methods,
on the grounds that stylistics aims at studyinguistic variations, especially de-
viations from the norm in a writer's style. As stits is the science of de-
viations from the norm, and a writer’'s style isevidtion from the norm which
can be defined quantitatively, stylistics can helsd by statistical methods.

Guiraud became the secretary of a specific coraeitreated within the
International Permanent Committee of Linguis{€IPL), thanks to Marcel
Cohert’. As one of the tasks of the committee was to pet specialized bibli-
ography on linguistic statistics, a first versiotia( tentative bibliography was
published by B. Trnka in 1950 with a foreword byh@a. Guiraud took over the
project and developed a more complete bibliograpiti the help of What-
mough’s research team at Harvard and a UNESCO§rémhis methodological
introduction, Guiraud proposed to make a distinctetween statistical linguis-
tics and quantitative linguistics. As quantitatlireguistics only makes countings,
only statistical linguistics is able to analyze ammderpret those countings.
Guiraud gathered about 1,400 references on stafidinguistics (grouped into
10 axes), which nowadays constitutes a preciou$ fimo historians of the
language sciences. The book, published in 1954r§@di1954a) was reviewed
by Marcel Cohen (1954) in the BSL. In his four bsakn linguistic statistics
published from 1953 to 1960 and regularly reviewedhe BSL, he held the
following views. Guiraud claimed that frequencyaiproperty of languages. His
position on that point evolved between 1954 and)19%hile in 1954 he alleged
that “any language element can be defined by éguency in discours& he
radicalized his position when, in 1960, he underpthit on cognitive hypotheses
(see Bergounioux in this volume), and he arguetfteguency is not a property
of discourse but a law of language. He arguedlthgtiistic units and elements
are countable:

language, but was the first step in learning Freréhally it was based on spoken
language more than written language.

19 see G.Bergounioux’s contribution in this volume

1 Cohen always supported Guiraud, most notablpetSLP: At the meeting of April
14 1951, he announced that Guiraud had begun aoRHiDguistic statistics.

12 Note that at that time, G.K. Zipf was also atwad University.

13« Tout fait de langue peut se définir par sadesge dans le discours » (Guiraud,
1954b, p.1)
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“ the linguist has the advantage of observing #usf easily identifiable and
countable; these facts exhibit very stable proliadsl.. signs (sounds,
words, grammatical marks and constructions, figwfestyle) are repeated
with a fixed frequency in a given state of languagérhis is the postulate
on which the application of the method and itstletacy are based, and
more than a postulate this is a fact now so unaligrebserved and verified
that we must consider it as a language law™.(Guiraud 1960, p.16).

He concluded that “language is essentially a stegisphenomenon; that is to say
subjected to constant and digital laws and, as,sudteptible to quantitative de-
finitions and interpretation$® (Guiraud 1960, p.16). He adds: “the frequency of
the sign would be an objective attribute of languagst as important as its form
or meaning.*® (Guiraud 1960, p.17-18). In his book of 1954, helieitly
borrowed from Yule the hypothesis of random worstribution, and the distinc-
tion between vocabulary and lexicon. From thisinéston, he criticized Zipf.
Unlike Zipf, he did not see Zipf's law as a chagastic of the vocabulary of
words in texts, but a characteristic of the lexiainpotential words in a lan-
guage. In other words frequency is a property oflm@age.

Several reviews of Guiraud’s books were publishrethe BSL between
1954 and 1963, mostly in the area of statistigayuistics (Cohen 1954, Man-
delbrot 1954b, Gougenheim 1955, Gougenheim 1960ug&theim 1961,
Gougenheim 1963). Guiraud himself wrote reviewsHerdan’s and Mandel-
brot's works (Guiraud 1957-58a, 1957-1958b). Heegéive talks at the SLP,
although only one of them was on information theanyd published a paper in
the BSL on Martinet’'s “double articulation”. Fron9@3 on, that is from his ap-
pointment at the University of Nice, he seemedawehno more activities within
the SLP.

Thus, Giraud was not isolated during that perimywas quite accepted by
the SLP, published many works in the BSL and wanesonsidered a pioneer.
However, the reviews of his last book in the fidhipbléemes et méthodes de la
statistique linguistiquewere quite negative. One of his aims was to make |
guists conscious of the interest of statisticalhrods. He insisted on not being
technical and that his books were intended foruistg more than mathemati-
cians, thus following Cohen’s recommendation (s@e2)8to translate math-

14 « ...en effet, le linguiste ... a 'avantage d’obserdes faits facilement identifiables

et dénombrables ; ces faits par ailleurs présedenprobabilités trés stables. les signes
(sons, mots, marques et constructions grammatjcelass de style) se répétent avec
une fréquence fixe dans un état de langue donn€eci.constitue le postulat sur lequel
repose I'application de la méthode et sa légitimatéplus qu’un postulat c’est un fait
désormais si universellement observé et vérifi@guloit le considérer comme une loi
du langage. (Guiraud 1960, p.16)

> ... le langage est un phénoméne essentielleméistisae ; c’est-a-dire soumis a des
constantes et a des lois numériques et susceptiblese titre, de définitions et
d’interprétations quantitatives. » (Guiraud 1960,6)

16 Ja fréquence du signe ... serait un attribut offjelet la langue tout aussi important
gue sa forme ou sa signification. (Guiraud 196071.8)
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ematical language into ordinary language for thguist’s use. Yet, this did not
prevent him from being criticized by mathematicianamely Mandelbrot and
Moread’, for his incompetence in mathematics. In his nevig Guiraud’sLes
caracteres statistiques du vocabulaifdandelbrot (1954b) pointed out many
errors in the area of statistics. His 1960 book @xen more criticized. Gougen-
heim (1961) challenged Guiraud’s view that all weoedte homogeneous, with no
intrinsic difference from their grammatical nattfreHe objected to Guiraud’s
implicit refusal to acknowledge the heterogeneftyacabulary and his view that
a word has a given frequency, a position GougenhaindlLe Francais Elémen-
taire had criticized with the notion of availability gselso Michea 1967). To
these criticisms may be added that of Greimdseifrrancais Modern€1963) in
which he opposed Guiraud’s view that graphic wamds the only units of style
at the expense of linguistic structure. This delateld be taken up by Charles
Muller and Maurice Tournier in the early 1970s. Yagle and Guiraud, Muller
(1967) maintains the idea of a distinction betwkesicon (concerning language)
and vocabulary (concerning speech). Muller soughtdevelop statistical
linguistics instead of linguistic statistics promatby Guiraud. Tournier (1985)
criticized him for considering frequencies as prtips of language, and
promoted discourse as the field of explorationtafistical properties.

4. The Mathematicians and Information Theoreticiars:
Mandelbrot and Moreau

4.1. Benoit Mandelbrot (1924-20167

After graduating from Polytechnique, Benoit Mandetlspent two years (1947-
1949) at Caltech (California Institute of Technolp@nd a year (1953-54) with
Von Neumann at the Institute for Advanced Studymmceton. From 1953 to
1971 he was regularly invited at MIT before teaghin other American uni-
versities and th€ollege de FranceHe was then totally aware of the new areas
that have emerged in the USA during World War Wbernetics, information
theory, electronics and computing.

In the wake of his presentations to the Academysoiences in 1951,
Mandelbrot published one of the first articles ewid¢al statistics in the journal
Word and attempted to provide a theoretical explanatiodipf's law in order to
generalize it (Mandelbrot 19548) One of his criticisms of Zipf's law relates to
the fact that Zipf took as a basis the word-foraisd called tokens or inflected
forms), that is to say the words as they appear text, thus giving word-forms
an intrinsic statistical property in a text (fogaen language) regardless of their

7 Moreau, personal communication (interview Renééda 27 April 1999, HTAL).

18 According to Gougenheim (1961), Guiraud held that most frequent words have
the following characteristics : they are the shsirt¢éhe oldest, the simplest morphol-
ogically and the broadest semantically.

19" See also Le Roux’s paper in this volume.

20 See Mandelbrot (1968, p.48-51) for an explanatibhis critique of the Estoup-Zipf
law, in terms understandable to linguists.
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use. He showed that the Estoup-Zipf law gives Hmesresult regardless of the
text where it is applied; thus the Estoup-Zipf lauggests that all texts (in the
same language) are identical. But this surprisingclusion is not accurate.
Rather it seems that frequency as a function &€, rdepends on the text, but only
to a very limited extent. The formula ceases tohapT (the total number of
words in the text) is very small or very large. Malbrot shows that the method
can only be applied on empty forms (types, lemnfask given text. He pro-
posed a generalized Estoup-Zipf law which can belyalid for a given text.

In his contribution to the book he wrote in 19%v dollaboration with
Apostel and Morf, he outlined his conception of th&ationship between statis-
tics and linguistics. For Mandelbrot, the abilibyrhake statistics for linguistics is
due to the purely formal nature of language. "Fdtrdaes not mean "logical" or
"logical-mathematical" but refers to the code-liksture of language, regardless
of meaning. It may be sufficient, he said, to fulltilize the tools already avail-
able, such as statistics, thus adopting the goditshéhat telegraph operators
acquired by manipulating signals, without recoursemeaning. In statistical
linguistics, the language units are to be meangsylas the signals are for tele-
graph communicatidh. For Mandelbrot, the linguistic units are physicaits,
or, more accurately, one can choose to treat themhgsical units because of
some of their common properties. By analogy witatistical physics, Man-
delbrot claims to treat the relationship betweercnmscopic language (voca-
bularies, taxonomic families) and microscopic laaqge (laws of grammar and
logic). Macroscopic elements, since they are nuongeroan only be addressed by
probabilistic methods. As Lees (1959) said in bMew, Mandelbrot is interest-
ed in language as a mass phenomenon (bulk data).

The macrolinguistic laws allow him to redefine thation of richness of
vocabulary, usually a very approximate value, andiralex to help intuition.
Richness of vocabulary generally refers to the maxn potential number of
available different words. Instead of richness otabulary, he put forward the
notion of informational temperature for the vocamul of a given text. The
availability of vocabulary (as defined hye Francais Elémentaijehelps him
determine the informational temperature of textsafi®l 1/B). If the inform-
ational temperature is high (very close to 1), éams that the available words are
used properly (even rare words are used with sagmt frequency). A low
temperature, on the contrary, means that the wardsmisused (rare words
become extremely rare). For example, James Joyoehat a varied vocabulary,
also has a B very close to 1.

Mandelbrot criticizes Zipf's use of JoycdBysses

“This example was a poor guide to Zipf, because alithor regarded Joyce
as the best sample available to him, because détiggh and variety of his

2L In a view belonging to Information Theory, Martuteit holds that statistical prop-

erties are those of the receiver more than thetemik “such things as frequency
relationships are rather foreign to the emitterigaspection, except when specially
trained. Signs are believed to be far more conu#tibby the corresponding meanings
than by any stochastic schemes. But for the receive statistical properties of

discourse are extremely real.” (Mandelbrot, 19621p).
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works; so he considered B = 1 as the best estiofai for any author,
while in fact this value is due to the exceptiopdligh potential variety of
Joyce’s text®? (Mandelbrot 1957 p.31).

Mandelbrot seeks general properties of statistcsainguage. To call ‘linguistic’
the statistical properties of words in speech isse), they must be systematic
and general enough to be independent from whasgbech is about, that is in-
dependent from its meaning and from the contethich it is produced.

The reception of Mandelbrot was rather low amomgnEh linguists,
probably because of the hard side of his matheriatiplanatior’s. Besides, he
seemed to have been more in contact with cyberae$ic philosophers and
psychologists than linguists Only late in his career, was he invited by lirgisi
In 1968, Martinet invited him to write a chapter 6hes constantes chiffrées du
discours”in the volume orLe Langagewhich he edited in th&ncyclopédie de
la Pléiade Before, his work was brought to the attentioniofuists thanks to
Guiraud (1957-58b) who wrote a review on Apostel ah (1957) irBSL In that
review, Guiraud criticizes Mandelbrot's interpretatof Zipf's law in terms of
thermodynamics, without acknowledging either thgngicance of the changes
made by Mandelbrot to Zipf's law, or the differermetween macrolinguistics
and microlinguistics (directly inspired by thermodynics) for the use of
statistical methods in linguistics. In his book 1860, Guiraud explains the dif-
ference between their respective positions. For dddomot, distribution is a
feature of the vocabulary of the text while for @wid distribution is a feature of
the lexicon of the text (hence the langudyelater, in the issue n°2 of ELA
dedicated to statistics and applied linguisticsjr&ud (1963, p.38) mentions
Mandelbrot's mentalist interpretation of Zipf's |&vwhile Herdan criticized
Mandelbrot’s substitution of variables in his machtion of the law:

“Feeling that ‘rank’ as not a real variable ana,fact, had no linguistic
meaning, Mandelbrot substituted for it first ‘coftost) and later ‘word
length’ and ‘occurrence frequency’, always argueng if the curve de-
scribed by the formula remained identically the samspite of the change
in the variable. Now this is against even the elsary idea of co-ordinate
geometry” (Herdan 1963 p.51).

22 Cet exemple a été un mauvais guide pour Zipf,cearauteur considérait Joyce

comme étant le meilleur échantillon a sa dispasijtéo cause de la longueur et de la
variété de ses ouvrages ; il considérait donc Briirae étant la meilleure estimation de
B pour tout auteur, tandis qu’'en fait cette valest due a la variété potentielle

exceptionnellement grande du texte de Joyce (Manotel 957 p.31).

23 Only in 1968, he was invited by Martinet to wrilechapter on « Les constantes
chiffrées du discours in theEncyclopédie de la Pléiade Le Langage

4 See Le Roux, this volume

% See also Bergounioux, this volume.

%6 |t should be said however that Guiraud fully mgmized the preeminence of

Mandelbrot in the field of language statistics. ¢leted him many times in his work

(Guiraud 1954a and 1960), often pretending to Jugmain views (the reverse was

obviously not the case for Mandelbrot).
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4.2. René Moreau (1921- 2009)

René Moreau (1921- 2009) was a French engineeraamdilitary man, an
alumnus of St. Cyr and of the Ecole Supérieureedttrité. Like Mandelbrot
but 10 years later, in 1961, he wrote reports @tistical vocabulary for the
Academy of Sciences, entitled "On the distributainr-grams in French" and
"On the distribution of tokens in French writingduring the French Indochina
War, he was in charge of cryptography as an “ddfile gendarmerie” and
eventually became chief scientist at IBM Francen&k&loreau played a very
important role in disseminating information teclog, statistics and inform-
ation theory among linguists. He was one of thenflmus of the Quantitative
Linguistics Seminars of the Centre Favard in 13&® (next section). He was one
of the first users of mechanographic machines dncomputers for statistical
treatments of texts, at the Centre mécanographdgua Faculté des Lettres de
Besancon led by Bernard Quemada. Besides, thartks tailitary functions, he
could use the computer of the Laboratoire Centeall'&rmement. He was
recruited at IBM in 1962, where he performed pioitee text analysis using
computers, including hi¥ocabulary of General de Gaulleublished in 1969
(Cotteret & Moreau 1968)

Moreau discussed the statistical laws of Zipf,sBon, and Herdan and
their extension and explanation to linguists (1963a his early works, in the
wake of his duties as a cryptographer, he wasdasted in improving crypto-
graphy with the help of frequencies of letters iteat. He thus contested the
position which had been accepted since the countimgde in the 19th century,
that the frequency of letters in French is conssauat varies little from one text to
another. Cryptography, which was based on this,ith@éa shown that it was
partly wrong: the frequencies of letters in Frertelxts written by different
authors can vary significantly. However, the freqgieis statistically constant in
the texts written by the same author when dealiiig the same topic (Moreau
1961a and b). Moreover, he showed that, for codimgyvery special distribution
of series of letters resulting from Markov chaimowld be taken into account.
These sequences of letters, called r-grams, hasteueture corresponding to a
particular mathematical function whose knowledgeusth facilitate the solution
of some problems regarding the transmission oftevrimessages.

Then he became interested in linguistic “equilibrf, a term borrowed
from Zipf, who was at the centre of his conceptafrihe relationship between
statistics and linguistics. According to this viemguistic phenomena are con-
stantly changing. They are the result of a seriexjailibria varying according to
individuals and groups of people. The equilibrioflinguistic units, he said, are
some function of the frequency of these units m slet where they exist: “The
statistical aspect of linguistic equilibria is ...enf the main objects of random

27 “Since | was one of the few French able to wonklinguistic statistical research on
computer, IBM hired me as part of a group the camgpareated in Machine
Translation. It is in this context that | publishatl my other articles in linguistics.”
(interview René Moreau 27 April 1999, HTAL).
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mathematical linguistics” (Moreau 1963 b). Howevezither information theory

nor statistics theory are sufficient to explain tbhgic and genesis of the code
rules. Random mathematical linguistics can onlyoaat for specific aspects of
linguistic equilibria.

He showed the limits of Zipf's idea (1935) of aqudibrium between
word length and frequency (which for Zipf is theyke explaining all linguistic
phenomena). According to Zipf's principle of eqorlum and least effort, the
more a speech element is used, the more it witl terlbecome simple. In other
words, the more frequent a word is, the shorteedomes.

In terms of information theory, the formulation thie principle becomes:
if the frequency-cost adaptation leads to a deer@éaghe length of the most
frequent sequences, it also leads to an increatieeitength of the rarest ones.
That is to say, the more frequent a word is, thatshit is, and the rarer a word
is, the longer it is.

When working with Quemada at the Centre of Lexiapfy of Besancon
on the statistical analysis of texts, Moreau waktte extend the hypothesis of
frequency-cost to the relation between the signdred the signified. His point of
reference was still the coding (language as a ogypphic code). In an ideal
coding, there is a one-to-one correspondence batiweesignifier and the sig-
nified. However he recognized that only a few wordslefined as intervals
between two separators —have only one meaningthandn most cases, context
is needed to give the word its exact meaning.

Moreau (1963a, p.77) argues: “Can we assume Mhiealirik between the
word and the signified is even closer to the onrerte correspondence than the
word is long?” The shorter a word is, the more nmegsit has — it is the case of
“d€’ and “le” in French - and the less information it has. Ttveger a word is,
the closer the link between the signifier and tlymifed. However, he admits
that the application of this principle cannot benptetely generalized, particular-
ly in relation to literary texts. He regrets thhetapplication of this principle to
Racine’sLes Plaideurded to the removal of many interjectiora! ah! he! eh!
etc., that have a semantic value much greater Wiat could be expected by
only the two letters of their coding.

The impact of Moreau’'s work was less among mathieraas than
among linguists. One of his main goals was to mstieistical methods and
information theory available to linguists. Contraoy Mandelbrot, Moreau was
well integrated with linguists and worked directiyith them, most notably
Marcel Cohen, Bernard Quemada, André Martinet, G&orMounin and
Georges Gougenheim. Although he shared with Mamodelthe adoption of
Martinet’s concept of double articulation and tbed of implementing the code-
like aspects of languages, Mandelbrot (1968, p.Béhied that frequencies of
words depend on frequencies of letters. Moreau @lsyged a significant role for
promoting the automatization of the language s@snEor Moreau (1963c), the
analysis of equilibria makes statistics a mandatooy for quantitative research
in linguistics, as it is the only method that alkwo interpret a counting scien-
tifically. Three conditions are necessary to cauysuch a project:
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(i) Statistical methods should be sufficiently dmped. Progress in the
domain had been made only since the end of thecESttury.

(ii) Statistical methods can be validated onlypbbgcessing large data sets

(i) This treatment can be processed only by angtic calculation.
He concludes his paper by paying tribute to Ma@ahen: “the researchers who
responded to Marcel Cohen’s call after 1948 hdle Idgatching up to do: before
that date, any study could only be fragmerfétyMoreau 1963c, p.9))

5. The Centre Favard

The Centre Favard played a pioneering role fordeeelopment of statistical
linguistics in France. The Seminar of Quantitatiweguistics of the Faculté des
Sciences de Paris, also called le Centre Favard,ongated at I'Institut Henri
Poincaré under the leadership of Jean Favard (1963), with the help of René
Moreau and Daniel Hérault (1936-2009).

Initially the seminar began in a group, the CASHGomité d'Action
Scientifique de Défense Nationafeyunded by the Ministry of Defence after the
Suez adventure to study the coding of messagellebyde of statistical models.
As Moreau reports, the scientific council of the &IAN included high-level
scientists, each of whom was accompanied by an affiser’®. René Moreau
accompanied the mathematician Jean Favard, who avasember of the
Academy of Sciences, professor at L'Ecole Polytep and member of the
Bourbaki group. The third founder of the Centre &dy Daniel Hérault, was
also a Polytechnique graduate and one of Jean dFayaupils.

After Jean Favard’s death in 1965 and after tesdtdlition of the CASDN,
Daniel Hérault became the head of thentre de linguistique quantitativand
createdl’Association Jean-Favard pour le développementlalelinguistique
Quantitative.Jointly the Centre and the Association edited sdvegries at the
Dunod publishing house, including (i) lectures givat the Centre de Linguis-
tigue Quantitative, (i) monographs in mathematitaguistics, and (iii) the
Documents de linguistique quantitatiwantii 1981, which, especially in the
1970s, published many works from the former Soklet countries (see § 3.2
above).

The seminar was an important place for training lihguists in math-
ematics (André Martinet, Jean Dubois). Besides amatitics, there were classes
on logic, information theory, set theory, statistand probabilities (René Moreau
and Daniel Hérault). In 1962-1963, an extra classanguage theory was given
by Jean Pitrat and Maurice Gross. In 1963, lectarestatistical linguistics were
given by Georges Gougenheim, Pierre Guiraud ane Réareau, among others,
which were published in the second issue of thenguELA (Etudes de
Linguistique Appliquéecreated in 1963 by Bernard Quemada.

2« ... aussi les chercheurs qui répondirent apré8 £9I'appel de Marcel Cohen

n'avaient guéere de retard a combler: avant cette ttate étude ne pouvait étre que
fragmentaire». (Moreau 1963a, p.XX)
29 personal communication, (interview René Moreadgil 1999, HTAL).
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In the early 1960s both the Centre Favard andAfh&LA (Association
pour la Traduction Automatique et la Linguistiquepliquée) created in 1959,
fulfilled the task of spreading the new theoriesl anethods in the fields of
machine translation and computational linguistielkawever only the Centre
Favard brought together statistical studies, forl@@iguages and computer
programming.

Conclusion

To conclude, it should be said that statisticatligs of vocabulary contributed
greatly to the changes in French linguistics tbaktplace in the 1950-60s. They
had a strong institutional impact. The debates loa telationship between
statistics and linguistics took place essentiallytree SLP, either in the com-
munications or the book reviews. It can be said tha statistical studies of
vocabulary joined the proponents of the historifaofjuage and vocabulary bé
Francais Moderne,a journal where philology was still dominant, atie
proponents of general linguistics of the SLP. Thhsy played a significant role
in establishing the field of statistical linguidignstitutionally in French lin-
guistics making possible the reception of the nmattezation of language that
took place in the USA. The Centre Favard, with s&ninar of Quantitative
Linguistics, dedicated to the training in statigticstudies of vocabulary and,
simultaneously, in formal languages and computirag been one of the central
places for the mathematization and automatizatibrlinguistics in France.
Actually, the statistical studies of vocabularymaltaneously with the first
experiments in machine translation, was the figdtifto be computerized.
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How Statistics Entered Linguistics:
Pierre Guiraud at Work.
The Scientific Career of an Outsider

Gabriel Bergounioux

University of Orléans

0. Introduction

Looking back, Pierre Guiraud (1912-1983) stands amrtspicuously from the
rest of the French academic world. His careerwuosk and his chosen topics
pioneered a novel conception of how computatioriccbe applied to linguistics.
This approach was not understood in his time byéheacademics, perhaps due
to the fact that he was the only humanities scholaenture into a field that had
been largely pre-empted by mathematicians (seeuH&aMoreau 1967), even
though, motivated by natural language processimgthematicians focused on
parsing rather than on statistics, as did Maurices& for example in the same
issue (Gross 1967). Of course, one has to takeaotmunt both the internal
hierarchy in mathematics, where statistics wer&kednow on the scale amid
Bourbaki’'s logicist conceptions, and the desiraliféerentiate computer science
in its early stages from electronics. As a matteaot, despite Guiraud's copious
production (eighteen books) in the famous papertauiyclopaedia collection
“Que sais-je?”, he never wrote one on the topikhew so well, quantitative
linguistics.

1. A short biography

Pierre Guiraud was born in Sfax (Tunisia) on Sepemn2é" 1912 and died on
February ¥ 1983. His mother quickly divorced and when sheldie Paris, a
few years later, the young orphan was raised byawds in Genolhac, a small
village located in Gard (south of France). He moiedecondary school in Ales
and was awarded his undergraduate dedieente de lettresin Montpellier in
1934. He held a position as a teacher in AubusSiruse) and Chatellerault
(Vienne). Lacking the requisite qualificationagfégation to be a secondary
school teacher in France, he accepted a positiooadbas French language
assistant in Chisinau (Romania) in 1939. Meanwhie joined the British
Intelligence Service where he was promoted, aetiteof the war, to the rank of
colonel and received the D.S.O. for his action. Wighisinau and all the
territory east of the River Prut (eastern Moldoware occupied by the Soviet
Union in June 1940, in accordance with the Germawie® Pact signed in August
1939, Guiraud was repatriated to Bucharest (Romaviere the Vichy govern-
ment had set up a secondary school. The “lycéecdighwas closed in June
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1941 when Romania entered the war on the sideeofAxis powers. From 1943
to April 1944, Guiraud was employed as a Frenclguage teacher in Hungary
where he acted as a spy for the United KingdomkBacBucharest, he was
immediately arrested by Antonescu’s police. In Astgl@44, Marshal Antonescu
was toppled and, as the country joined the All@sjraud was released and
returned to France.

Since his initial academic studies did not allam o obtain a position in
higher education in France, he took up a posit®a kcturer at the University of
Swansea at the end of the 40s where he preparetbbisral thesis (a Higher
Doctorate, or “doctorat d’état”, involving much reoextensive research than a
current PhD) to apply for a position as professte. became a professor at
Groningen (the Netherlands) and, following a refafrthe legal framework in
France, at Nice (1964) and also taught as a Wsjinofessor at Bloomington in
the same years. He spent the remainder of his awadareer at the University
of Vancouver until his retirement (August 1978Fiance.

As neither a former student of the Ecole Normailgpé&ieure, nor an
“agrégé”, Guiraud was considered an outsider asewer those days, A. J.
Greimas or Roland Barthes (on this topic, see therview with Greimas in
Chevalier & Encrevé 2006), and he failed when hglieg for a chair at the
Sorbonne, despite an attempt to portray himsed fadlower of Charles Bruneau
by dedicating his thesis to him. At that time, Bean held the only French
Language chair, established for Ferdinand BrunouiriBau's former teacher) at
the beginning of the Zbcentury. But Bruneau had not kept pace with nends
in linguistics and Guiraud’s remoteness was not hos side, despite the
encouragement of Robert-Léon Wagner (1905-1982)ackmowledged gram-
marian of the Sorbonne and the Ecole Pratique desad Etudes.

2. Linguistics in France: a policy of containment towads statistics

For a long time, the French syllabus in the unitesswas dominated by literary
studies but nonetheless made a B.A. dependentaunri;g specialized knowl-
edge. Undergraduate studies were divided in fouispthe least important one
(aka "the 4th certificate") because it was a tecdirone and not an aesthetic one,
was the "certificate of grammar and philology (=d®rench)", of which a small
part was devoted to stylistics. This organizati@u lbeen decided during the
1870s, the starting point of an academic structigsigned on the German
model, a process completed in 1896 and retaineill iunwas updated in the
1960s (Bergounioux 1998).

At first glance, it seems that Guiraud misseddim three times in his
career:

(i) When he tried to renew the stylistics studies & time by means of
statistics, during the 50s and 60s, an approachwha deemed un-
acceptable before the major reforms of higher ettuta

(i) When he proposed a new deal in linguistics whejlésgts and semantics
would play a leading role. Despite the special iagons given by
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Benveniste and Martinet in general linguistics,0ucrot in semantics
and by Jakobson, Mounin, and Ruwet in poeticgeh®ined outside
the scope of the new trends, however;

(i)  Lastly, when he studied etymology in connectionhvgemiology. As
he was more interested by Lazare Sainéan’s, Lu@sniere’s, or even
Gustave Guillaume’s working hypotheses, he remaisethted, far
from the functionalist and generativist schoolatpesvailing.

Nevertheless, when defending his doctoral thesisra@d had the opportunity to
adopt a stance on stylistic questions, in particataan internationally renowned
poet, Paul Valéry (1871-1945). But his method wagimal. Although he had
signed a contract with the Editions du Seuil toteven academic literary study
entitled Valéry par lui-mémgin his thesisLangage et versification d’aprés
'ceuvre de Paul Valéry(1953) [Language and versification based on Paul
Valéry’s work] he did not deal with any biograpHitapics but devoted himself
entirely to formal questions of literary work, iranicular metrics and sound
symbolism.

The positioning of this research differed from thpproach of math-
ematicians whdavouredlogical formalisms in which poetic and lexical dites
were discarded in favour of syntax and phonology. tld Guiraud's recourse to
the enumeration of tokens tally with the surveydimted during this period for
the definition of "Francais Fondamental' [Basic riale] (Gougenheinet al.
1956/1964). Although both these initiatives appédreconverge, almost to the
year, in introducing word counts into language scés, the differences between
them are very great. First, Basic French concenwgliterary language. Based
on an oral survey, it focused exclusively on spokeven colloquial French.
Second, as its objective was the teaching of Freesbpecially French as a
foreign language, this led to the preparation atidnaries and textbooks pub-
lished by an educational publisher (Didier). Gu@tain contrast, undertook a
very ambitious analysis of an author who is notsslyg difficult to understand.
His study was published in the highly ranked cditet "Linguistique” of the
Société de Linguistique de Paris. A significanttfgointed out by the lexico-
grapher Alain Rey, was that:

From his beginnings, by his very conception of aynand stylistics, and
his constant interest in quantifiable formal featur Guiraud was one of
the main introducers of language statistics in Egar he sought to re-
concile and articulate the essential forces thatatrwork in language and
more broadly in semiosis (Rey 1985: 48).

In the introduction to his doctoral thesis, Guiraudtified his approach as
follows:

I must now say a word about the method. | had advihgught it would be

interesting to count all the components of a temtiluall the possible
combinations had been exhausted (...). As | pregksn this direction |
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rapidly acquired the certainty of being on the tigiack. It seemed to me
more and more that every style corresponds not paraly quantitative

definition but rather to a standard deviation framorm (...). In summary,
three guides should help the reader to navigateighr this essay: (...).

3° a statistical analysis of these problems; aral ¢laim that literary

expression and style are "standard deviations" lwhustify our analytical

method. (Guiraud 1953: 15-17)

The use of statistics: seeking scientific certaintyn the humanities

While the end of the introduction to the thesis wddressed to all the lovers of
pure literature who would not appreciate the bdduiraud first explained how
he was led to use statistics:

The analysis of my predecessors' innumerable studmwvever, suggested
some doubt about the value of my original projastmost of these studies
seemed to me very fragile. The analysis of a stahdeviation presupposes
the establishment of a standard and a measurerysetis Soon | felt lost
in the complexity and mystery of numbers and turrded a time to
mathematics. This research resulted in two studie®ntly in press: one is
a bibliography of statistical linguistics that caims an analysis of nearly
two thousand books and papers on the topic andaighion of the ap-
plications of statistics to problems of languades bther is an attempt to
analyze the statistical characteristics of vocatyuld tried to address the
issue with as much mathematical rigor as | coulghrdvide — from a
theoretical viewpoint in the first study, and agmatic one in the second —
the qualitative value, the limits and the condis@i application of statistics
in the analysis of language (Guiraud 1953: 16).

It is no small paradox that counting was requirgdhe analysis of poetry, not in
terms of the number of syllables as usual butimseof words or of phonemes.
In the summary of the book statistics are mentipapdrt from the introductory
and the concluding parts, in the following chapters

Ch. Il “Rhythm”

Statistical study of the frequency of mugavhich proves that this rate is
abnormally high for some poets (...) Valéry has highest frequency of
mutee among all our poets (58 sq.)

Ch. IV “Rhyme”

Statistical analysis of rhyming dictionary (108-109
Identical rhymes. Statistical review (115-117)
Frequency of isometric rhyming words (124)

Ch. VII Extension of meaning

Valéry’s high frequency of derived words (179-180)
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While the importance accorded to statistics maynsskght, there are numerous
other accounts in percentages and a roster oftatati tables enumerates 17
frequency distributions.

Although the main innovation of Guiraud's doctoratas the use of statistics,
among the two hundred items listed in the biblipgsa there are only two
explicit references, both of them to Zipf's workn® is under the heading
“Phonetic and phonological system of the Frenclguage” where the bookhe
Psycho-Biology of Languag&ipf: 1935) is incorrectly cited as?sychology of
Languagé, the other under the heading “Vocabulary and aynparts of speech”
in which “Human behavior and the principle of leaBort” (1949) is mentioned.

4. An example of literary study in the light of statstics:
Apollinaire (1953)

In 1953, Guiraud published (in French) hredex of the Vocabulary of Sym-
bolisme I. Index of the Words of Alcohols by Guittee Apollinaire In his fore-
word, Wagner draws attention to the difficultiesiethhad arisen with phonetics
and semantics and he emphasizes the results abthyndinguistic statistics
applied to literature, and which complement theveyrconducted by Gougen-
heimet al. on spoken French. Quoting Eluard, Wagner hightighe specificity
of stylistic devices in modern poetry, even if legnrets the lack of a table of
rhymes.

As Wagner points out, the original idea behind ghrisgram was shared by a few
linguists:

Fortuitously and independently, without knowing leaather, Mr Pierre
Guiraud and | were following the same path. A cleaeocounter led us to
work together; first, to correct our mutual prejpeB. Statistics can be off-
putting and it took me some time to convince MGRiraud that his tables
and his calculations could find, so to speak, erdity application. After
discussing matters on an equal footing, | can saybelieve in both our
names —, that as long as there are more indexesg,wil from now on
more conveniently meet the needs of readers fornwkitey have been
written. (p. lI-1V)

The book is a short, 29-page monograph, with hagitge to explain how the
lemmatisation had been done, one page for themdsaaomd one more for key-
words, and one and a half pages for POS distribufibe remainder of the book
is an alphabetical list of words with an asteriségeding words which are not on
Van der Beke’s list (1929). Unsurprisingly, theseres are proper hames, poetic
words (Apollinaire had a special liking for thengnse of which are unknown
even to French readers, suchda$ie or sistreg), non lemmatised words and com-
pound expressions. Nevertheless, one can notevémader Beke had omitted
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ciseaux (scissors),medicament(drug), voisin (neighbour) and...vocabulaire
(vocabulary).

5. Guiraud as a reference in statistical linguists: counting and techniques

So, forsaking literary studies as they had beermtiged previously, Guiraud

adopted a quantitative approach. During this perloa published a series of
indexes to prepare the ground for an inventorhefvocabulary of the Symbolist
poets (1953-1954 and 1960a) and, with the assistahdrobert W. Hartle, of

Jean Racine’s tragedies (the general title of #rees was “Great seventeenth-
century French dramatists”, but in fact only Racimas analyzed), with the

support of R.-L. Wagner. The data obtained by spaimstaking and tedious
compilations did not result in a lot of papers. dnmpilation of nine of them

(Guiraud 1969) out of a total of thirty gives aga reference in the table of
contents to “statistics”, in the chapter: “Languagel style: form”.

One year later, in an anthology co-authored witKu®entz, statistics was
again mentioned only in passing. Guiraud just qlic@etext by Dolezel when
presenting the statistical theory of poetic langué§970: 62-4) before intro-
ducing his own work (1954a) on the opposition bemt&emewords (the words
most frequently used by an author) ated/words(the words whose frequency
deviates from the normal range in an author) (1222-4).

At the same time, he conducted a comprehensivaipfid-date database
of bibliographical references (1954b) as a resuthe decision taken at the sixth
Congres International des Linguistes [InternatioBaingress of Linguists] in
Paris, to establish a committee for linguistic istafs to investigate what has
been published. For this second title in the sei@@sraud supervised a team
comprising Joshua Whatmough, Thomas D. Houchim Jedavel, and Calvert
W. Watkins, all from the Department of Comparativieguistics at Harvard
University. While it is strange that one of the mos/entive and creative lin-
guists of his generation spent ten years as angsacompiling a bibliography
and counting tokens in literary texts (even if soofg¢hese tasks were done by
his wife), we can consider that it is the pricenael to pay to compensate for his
lack of academic qualifications.

Meanwhile, Guiraud wrote a short methodologicadagsof 116 pages,
entitled "The statistical characteristics of vodabyl', dedicated to R.-L. Wagner
and published in 1954. Two thirds of the book @egoted to "The distribution
of words", the last third to "The lexicon of poétryrhe last part applies the
theoretical principles outlined in the early chaptand it is exemplified by the
Symbolist poets’ vocabulary. Quoting Henmon (1924)the very beginning,
Guiraud followed in the footsteps of pioneeringds#s and complied with the
guidelines of the "Francais Fondamental" progranth which he was never
associated: in the bibliography of Gougenhegtnal. (1964), for example,
Guiraud is referred to only once, versus ten reiezs to René Michéa on related
topics.
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Now let's look at the first paragraph of the fooesy entitled "Language
and numbers™:

Any language event can be defined by its frequenajiscourse; between
this frequency and all its psycho-physical chanésties, constant and strict
relationships are established. Linguistics, whithdies the elements of
sounds and their mutations, the structures of gratncal forms, the mean-
ings of words and the mechanism of changes whianstorm them,

generally ignores one of their most important ara$insignificant features:
frequency. (Guiraud 1954a: 1)

If we have a closer look at this excerpt, we cantbat there are two differences
with the philological tradition and also with Sausss theory embraced by
Wagner and also by Guiraud. Instead ofldmgue/parole(language/speech) dis-
tinction, Guiraud employed the woriscours(discourse) which was not com-
monly used in French linguistics at the time (itswta become widespread in the
1960s). Admittedly, he was influenced by Englisimi@ology. Moreover, he did
not confine himself to lists of words but he inadddin his work the three main
linguistic domains (phonology, morpho-syntax anchaetics) and the two ap-
proaches, synchronic and diachronic. The use titsta was therefore both an
improvement in the definition of the scientific ebf of study discoursinstead
of parole) and an advancement of the method.

The book was primarily intended for linguists evkit established a link
between lexicography and stylistics. Thus afteres@ntation of Zipf — reiterated
in a short paper to thBSL (Guiraud 1955b) — he devoted a few pages to Yule
(1944) in order to preserve the relationship terdity studies, but apparently this
attempt at conciliation convinced neither linguists professors of literature. A
conclusion to this research resulted in (Guiraud0by where he tried to go
beyond the aims of a method, by taking into accdb@tdifficulties entailed by
using statistics.

Problems and Methods of Statistics in Linguis{ic$60)

Except for three subsequent papers, this book was@l's last contribution to
the topic. A brief foreword outlines the plan, digd in two parts: five chapters
deal with “method”, and seven chapters with “proidg, most of which are
reprinted or revised articles. Chapter one listsareas to which linguistic statis-
tics can be applied: (i) methodology; (ii) phonstiec phonology); (iii) metrics
and versification; (iv) indexes and concordances; Iéxical distribution and
frequencies; (vi) semantics; (vii) morphology; (vsyntax; (ix) child language;
and (x) philology. This broad coverage makes iackhat the implementation of
statistics can reorganize linguistics at large.

A wide variety of areas are itemized and the keyars are mentioned. In
methodology, following Herdan (1956) and Miller 119, Guiraud enumerates
the following authors:
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While our field may claim the patronage of the gesanames in linguis-
tics, Whitney, Reinach, Riemann, Gaston Paris, Sags Troubetzkoy, it
was not before the 40s that it became aware, thankgpf, Yule, and Ross,
of the possibilities of an analysis based on arags methodology. Until
then we had quantitative linguistics but which cbnbt be called statistical
linguistics (Guiraud 1960b: 6).

In chapter 2, “Postulates and limits of the methoGuiraud characterizes
linguistics as an observational science groundedtatistics, like sociology or
economics:

Linguistics is the typical statistical science; lghstatisticians are well
aware of that, most linguists are still unawarehait fact. This is because
the separation between literary and scientificiglstes limits the number
of researchers who can address aesthetic issuag t&irly complex
mathematics (...)li§id.: 15)

He further assumes that there is a cognitive sudistre underpinning this
phenomenon:

[These facts] allow us to imagine language as a githe mental images
that exist objectively in the speaker's brain ia thrm of marks or engrams
in memory. What is more, it can be plausibly argtledt each sign is
present together with its frequency. In this wagré are as many engrams
as the number of times that the word has beenvetand the frequency of
the sign, far from being an accident of speeclaniobjective attribute of
the language that is just as important as its fornts meaning. Under this
assumption — which is confirmed more strongly evdasy — any speech or
text can be considered to be a sample of a lingussate that reflects its
numerical structure as well as the possibilitiegtemantic performances.
(Ibid.: 17-18)

In the original text, there are two occurrences'iogramme” instead of “en-
gramme”, a word coined by the German psychologish&d Semon in 1904,
and translated into English and French (Laroussgiodary, 1932). This
probably means that this odd spelling is patterakeelr the American one, per-
haps after Miller’s books. Then, Guiraud says, fikiculties are encountered:
() the qualitative dimension of language; (ii) tbestortions of measurements
performed on speech, not on language; (iii) theerogieneity of data; (iv) the
complexity of language, and (v) the size of thebpgm, which is an obstacle to
data processing. On the last point, Guiraud predem increasing use of
electronic machines and he mentions, as an exampkg, was being carried out
at MIT.

Chapter three is a re-issue of (Guiraud & Wagr#s9) with an unex-
pected psychological incursion into characterolo@yobably inspired by
McCormick (1920) more than by Le Senne (1945)):
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The real problem is the characterology of the laggu That is to say, we
must begin by defining a method similar to the rodtlef anthropology or
of graphology, a kind of linguistic bertillonnagdrdm the Bertillon
system]. It is questionable whether this is possifibid.: 27)

Three core issues are discussed: the genealogationship of languages
(without considering linguistic typology), linguistchronology and, with respect
to literature, authorship attribution. Even thoubk aim assigned to statistics is
to take linguistic tasks beyond description andsgifecation to a science of
causes, the paper concludes with a definition efganeral principles of quan-
titative stylistics.

Chapter four, “Statistical analysis (how to dese)i, is a presentation for
dummies (i.e. linguists) of statistical method, exsglly the use of tables. Chapter
five, “Statistical analysis (how to interpret res)il, is a continuation of the
previous chapter, distinguishing between quantigalinguistics and statistics in
linguistics, in contrast to Grammont’s claims (1R23hapter six, “Language and
information” is a re-issue of an article first pishled in theJournal de
Psychologig1958). The seventh chapter, “Estoup-Zipf Equa#iod information
substrate in verbalisation” links statistics andoimation and quotes the
stenographer Jean-Baptiste Estoup’s proposal (19%2) precursor to Zipf, and
Mandelbrot (1961) on the statistical interpretatidmlata.

Chapter eight, “Estoup Zipf Equation and stataticharacteristics of
vocabulary” begins with two considerations regagdiword status (“word
definition is not relevant in practice”) and menpabjection (“the vocabulary of
a text reflects the mental lexicon from which ish@en drawn”). On the second
point Guiraud expresses a difference of opiniom\wiandelbrot:

Mr Mandelbrot thinks that distribution is a chaexddtic of the vocabulary
of the text and has a constant slope for this tekink that the distribution

Is a characteristic of the lexicon of the textttisato say a characteristic of
all the words from the memory storage of which wwds of the text are
derived. (bid.: 87)

Sampling requires particular attention to the numdiewords, especially for
pedagogical purposes (there are recurrent refes@énoc8ougenheimat al 1956),
since there is an inverse relationship betweenfrdguency of a word and the
guantity of information that may be deduced from it

Chapter nine, “Distinctiveness structure and sfial distributions of
phonological systems”, correlates the distinctigatfires with the frequency of
phonemes, in an attempt to compare the viewpoihtgigf and Martinet or
Haudricourt. The linguistic changes that have taikgce from Latin to modern
French are scrutinized, a reflection pursued inptdraten, on the effects of
loanwords: “Loanwords and phonological balance”jttem as a tribute to
Walther von Wartburg and first published in tHeitschrift fir Romanische
Philologie (1958). Foreign words, by introducing distortiansthe phonotactic
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and statistical distributions, allow the assignmainsemantic values to a certain
number of sound concatenations, for example, saya@l, “KA- has a negative
connotation in many words; B- contributes to crmgtimany onomatopoeic
words” (bid.: 123). This suggestion will guide his further amgs into phono-
semantism.

Chapters eleven and twelve conclude this booklirdgawith “The
evolution of Rimbaud’s style and the chronology likdminations’ and “The
phonetic structure of verse”, i.e. stylistics ancktmes. There is neither a
conclusion, nor a bibliography.

This book is in some respects the acme of Guisaudirk on statistical
linguistics. Compared with the ten subdivisionstloé initial enumeration (see
above), we can note that methodology takes theslisimare (chapters | to V).
Overall, phonetics is covered in chapters IX tomgtrics and versification in
chapters Xl to Xll (placed at the end of the bowkspite of the fact that they
were at the beginning of the list), indexes andckdistribution in chapter VIII,
semantics in chapters VI to VII, basically grounaedinformation theory. There
is no part devoted specifically to the other togim®rphosyntax, child language,
philology) and no special discussion of languagening or didactics which
pioneered the work in this field.

In assessing the points at issue, besides an ropetedness with respect
to new trends in psychology (characterology) antheraatics, Guiraud returned
to his initial subject of interest: literature; b pointed in the direction of two
new topics, word characterization and semantics.

6. How to quantify what is uncountable? From disambigation
to metaphor

A recurring problem in the field of linguistic sistics could be worded as fol-
lows: how can one count lexical units or tokensohtare identical in appearance
(the same character strings) but that fall intdedént categories? For example,
rather than lemmatisation, which requires additiggracessing, Guiraud dealt
with the question of Frendiecutions(fixed expressions or chunks) in his book
on the theme (1960c). In a phrase, each word, elkfas a cluster of letters
between two blanks, should not be counted sepgratelas a whole, as a macro-
unit. So the same token can be classified in tvifer@int ways. The same prob-
lem occurs with homonyms, especially homographschvimust be distributed
under different headwords.

This question was first approached by Guiraudughothe example of
slang (1956a) and the concept of “morpho-semargid’f coupled with etym-
ology BSL, 1956b), a path undertaken much earlievatery (1953) about sound
symbolism (131-150). This transfer of an infra-tatisemantic level is develop-
ed, for the first time, in a systematic and compredive way, in “The morpho-
semantic field of the root T.K."BSL, 1963c) and later ihe Francais Moderne
(1966). In 1967, in his masterpieS&uctures étymologiques du lexique frangais
Guiraud synthesizes the findings and deals witheissrelevant to the etym-
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ological structure of the French lexicon. The obedrregularities induced a form
of statistical determinism and thereby, the ideat ih was possible to predict
meaning on the basis of a purely phonetic assess®eme basic combinations
of phonemes (consonants mainly) in specific fidddsed the principles of etym-
ology on particular sound sequences, by means @ingonant frame. Unlike

conceptual metaphor, the sounds organize the dor@enhe shares the views of
other authors, ranging from Le Senne’s and Bergdraracterology to Lacan’s

conceptions, on psychoanalytic issues.

Over the years, Guiraud's thinking on the rolestattistics in linguistics
had evolved. By the late 1960s, he no longer emwvesd the statistical approach
as a merely quantitative computation but as antimeurecognition of the link
between the distribution of the letters in a textin a list of words, and its global
signification. To a certain extent, it was stillh@tter of quantitative linguistics
but it was no longer a matter of statistical lirgjigis. And even in stylistics, when
Guiraud attempted to follow in the footsteps of piiedecessors and continued to
build on the heritage left by Bruneau, after havidigtanced himself from
Marouzeau or Cressot because he was a lot moreestee in Bally's and
Spitzer's work, the time had now come for analgsish as Barthes, Kristeva,
Todorov or Genette to prevail.

Conclusion

Despite his position as leader in the field ofistatal linguistics, and his pio-
neering work, Guiraud never received the recogmitie deserved. Working far
from Paris, even outside France until 1964, withibigt academic qualifications
expected of a professor at the Sorbonne, he wapdadaby his inability to
respond to changing circumstances. Linguisticslé@chture, that he had always
attempted to reconcile, had become two distinct guite antagonistic domains
in the universities and his broad professional nétvgeemed to be out-dated at a
time when new linguistic schools sprang up. Hiesmntribution to Martinet’s
guidebook “Language” in the famous “Encyclopédie ldePléiade” is truly
symbolic: “The secondary functions of language”.

There was no room for him in French linguisticsthis period. Neither
before the 50s for academic reasons, nor durindgp@lseand 60s, when the con-
frontation between Benveniste and Martinet had $pé field into two factions,
nor since the 60s when the generativists (Ruweté),harrissians (Dubois), the
“énonciativistes” (Culioli) and the semanticiansu(@ot) discussed guidelines for
phonology, syntax and semantics, not for lexicolagystatistics. Even poetics
was, at the time, controlled by Jakobson, Ruwed, Miounin and prosody by
Meschonnic or Roubaud. Although Guiraud dedicatesl 1967 book to
“Hjelmslev, Guillaume, Jakobson, Benveniste, andtMat”, he remained alone,
without any successors. Through this position ofsider, however, his
professional career sheds light on the conditiansvinich French quantitative
linguistics emerged.
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The aim of this chapter is to recount how quantiéatools and methods were
first used in lexicography. For this, we considex toncepts put forward during
the early 1950's and 60's and their applicationthie Trésor de la langue
francaise project. These developments belong to the ensewofblguantitative
methods which provide computational and statisticals that can be used to
analyze large data sets which would otherwise kscrdeed in an empirical
fashion. Among these methods, descriptive stagisiparticularly well suited to
linguistics (Embleton 2001). While statistics wasown to the Babylonians in
the 3rd century B.C. and used to determine thetivelgositions of the sun,
moon and planets, it became a real disciplinehe 20th century, with many
applications in a range of fields. In linguistitsstwas beautifully exemplified by
Morris Swadesh in his analysis of the separatiopaifs of languages

Quantitative linguistics relies on countings. Cartgpizing helps dealing
with large data sets, automatically treated, amdedi at developing objective
analyses and conclusions. Statistics, for More&624}, is a scientific method of
observation — and not a new linguistics in itselfvhich allows us to examine a
subset instead of working on the whole corpus.

Since much of the present chapter is concernedanmitench dictionary, it
is interesting to evoke thgictionnaire francais latinby Estienne (1539), which
is the first having French as one of its languagiessuccess can be attributed to
the fact that the author was the official printértlee kingdom and had the re-
quired technological know-how. Four centuries latee Trésor de la langue
francaise dictionary TLF) managed by the Centre national de la recherche
scientifique (National Centre for Scientific ResggrCNRS) is also an official
undertaking and here too, the technological know-® important. However,
what is new is its quantitative approach and latme databade

The prominent example of organizing a TreasuryhefErench Language
as a database and of constructing the correspounastignary (1971-1994) con-
stitutes an interesting case study. It is showmwirat follows how statistical
methods were used to design it, assist in its caitipo and, in parallel, develop
a framework for further research in quantitative &xicological extensions.

This chapter begins with an overview of the depaient of statistical
ideas in the field of linguistics during the lat®85D's and early 1960's. It is
shown that considerable discussions and interactiare taking place, allowing
a remarkable growth of ideas and projects (sedjiomhis formed the basis for
the TLF project (section Il and Ill)The writing of the dictionary and specific

1 See Pruvost 1997.
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applications of statistics are described in sectigrwhile section V underlines
some critical points and section VI discusses thiewi-on to theTLF.

|. Before theTLF project: a solid ground in the 1950’s and 1960’s

It is timely to look back at the period precedirg tpublication of the first
volume of theTLF dictionary.

It is important to show that the new lexicography focus of this chapter,
results from the conjugated action, over a perajda set of individuals and a
variety of research groups. Almost everyone isaahes point in the centre of
action of the "quantitative" innovation that matke TLF.

The role played in quantitative linguistics by soof them is discussed in
other chapters in this book (see G. Bergounioutislys on Guiraud, or Léon’s
one on Roques, Guiraud, Gougenheim and MoreauoYe¢ complete, it is na-
tural to briefly mention their contributions to tietiation of the dictionary pro-
ject and see how the idea came out of exploitilgige database with quantita-
tive techniques and these grew out from the contbaféorts of different spe-
cialists.

I.1. Objective measures vs. introspection

It is clearly stated that objective linguistic meaes are needed, for instance
when building basic vocabularies such as FEnancais élémentairgroject as
soon as 1954. Authors are oscillating between fonat (linguistic) and de-
scriptive (statistical) options, but they are aigniat objective evaluations more
than intuitive ones and for that start to use fexguy analyses (Quemada 1974).

[.2. A manual inventory

The Inventaire général de la langue francaifli&&LF) begins in 1936, due to
Mario Roques - a scholar in line with of FerdindBminot. As early as 1932 he
had begun compiling handwritten data: tHeLF comprises ultimately six
millions "records”. Mario Roques seems to be on#heffirst to innovate in the
field of lexicography in France by systematicalbllecting textual data in order
to provide descriptive examples of usage in Frewcitten texts for a future
dictionary. He is helped in 1936 by tf@ont populaire government of Léon
Blum in officializing thelGLF. Chevalier (2006) qualifies this undertaking as “a
precursor to what is now known as a databfasEiis project will be pursued
later on by Quemada in Besancon (Chevalier 2006tiiMA969).

|.3. Active scholars

A few productive educational and research centresantributing to these new

2 This is the official translation in English, dem nowadays by the French « Académie
des inscriptions et belles lettres » (« AIBL »).
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orientations in descriptive linguistics of French, particular in lexicography:
Strasbourg, with Paul Imbs, Charles Muller, Bern®uattier, Robert Martin;
Besancon, where Bernard Quemada welcomes an immessmber of col-
leagues; Nancy, with Paul Imbs and also Robert inaaind later joined by B.
Quemada. It is also natural to include Nice, whéegrard Moignet as well as
Pierre Guiraud are activeand Paris of course, for a number of them, as for
Robert-Léon Wagnér

As indicated previously, Georges Gougenheim (Gohgen & al. 1964)
opened new perspectives in the 1950's with theoedlon of the basic French
vocabulary, a project supported by Unesco. Hencais fondamentat the new
name of thd-rancais élémentaire-, was created from word frequency lists in a
spoken French corpus and was designed to help tEemtch to adults or
children. Klinger & Véronique (2006) conclude tabugenheim’s work is still
up to date from linguistic and didactic viewpointsterms of a grammar of the
oral language, “interaction” and constitution oélocorpora.

Guiraud is interested in combining lexical statstand a structural ap-
proach. Considering the huge analysis carried quiMartburg for theFran-
z6sisches Etymologisches WarterbEnench etymological dictionaryFEW),
he shows that studying the history of a large nurob&vords leads to permanent
“models” able to explain whether words are sucadssf not. Guiraud likes to
innovate, for instance when creating the Appliedguiistics division at the Uni-
versity of Nice; he lets colleagues explore the fiietd opened by hir At his
time, Muller himself becomes influential in thelfle As usual for innovations,
designations are not quite fixed and Muller spezildgxical statisticsor of lin-
guistic statistics or quantitative lexicologyor quantitative linguisticor lexico-
metry. Muller prefers the fourth term to the first ome its broader sense (Brunet
undated, 2009, Gougenheim, 1954, 1960, 1967).

|.4. Productive institutions

Pioneering research centres develop quantitathguistics around the 1960’s.
First among them, the Strasbou€@entre de philologie romandegins its
activities in 1955. In 1958 Quemada createsGkatre d’étude du vocabulaire
francai€ and theLaboratoire d'analyse Lexicologiqua university of Besancon.
Besancon also hosts René Moreau’s group on statisésearch. Th€entre de
recherche et d’étude pour la diffusion du francg@®REDIF, Paris), directed by
Gougenheim, was born in 1959. In 1960 Imbs cretite€entre de recherche
pour un Trésor de la langue francaiseNancy which, at that time, is supposed
to gather an inventory of 250 million words as amg@ances and text-files
(fiches-textes and to produce a Treasury of the French langu@bes centre
first run by Paul Imbs takes the namelmstitut national de la langue francaise

3 And later Etienne Brunet.

4 And later Maurice Tournier, then Pierre Lafon.
5 See Bergounioux in this book.

6 See for instance Rondeau 1968 p. 84.
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(INaLF) when directed by Bernard Quemada who arrives amdy in 1977.
Institutions are organizing conferences which witinsiderably help develop
research and more generally the field of lexicalistics and lexicology.

[.5. Some influential symposia in linguistics, legography and statistics:
1957-1964

Many scholars attend the Strasbourg 1957 sympokixitologie et lexicogra-
phie francaise et romanes. Orientations et exigeraazuelle Pierre Guiraud is
one of them and on his way to publish his fundaalelmbok Problemes et mé-
thodes de la statistiqué’eople do not really speak statistiquesbut focus on
relevés(“records”) anddénombrementq“countings”). The wordnformatique
(“computer science”) is not yet widely used at tivake. It might be useful, in the
twenty first century, to go back to the definitiohmécanographielt may be
defined, like inTLF, by Utilisation de techniques, de machines et de suppor
(cartes et bandes perforées) destinés a meécaraseaitement de l'informatign
that is: “Using techniques, machines and mate(adsds and punched tapes) for
mechanizing information processing”. It was firgfided in 1947, as shown in
TLF, by emploi des machines a calculer, ou comptableseshines servant a
trier et classer les documentaise of calculators or accounters, machines for
sorting and filing documentsThere was some confusion at that time between
mécanographiandinformatique The distinction is already well understood by
Bernard Quemada and Robert-Léon Wagner. A few \latgs statistiquesounds
apparently more attractive to non scientists timhormatiqueand the Besancon
center helps its development, so do Gougenheimey I&uiraud and Muller.
Gougenheim explains the kind of progress statisiscgoing to bring once
complete indexes are available, provided that &xiesearch jumps from the
most artisanal stage to the industrial one. Assaltethe first publication from
the Nancy centre deals with statistics as do the fparts of theDictionnaire des
frequencegq1971). The first volume of th@&LF dictionary is another demon-
stration of it. The project of having a thesaurssfirst discussed during the
conference. Imbs participates, together with Paabd®t, the editor of the forth-
coming Grand Robert de la langue francaiskctionary, Josette (Rey) Debove,
Alain Rey, and many other language specialists sagcldean Fourquet, Henri
Frei, Georges Gougenheim, Rudolf Hallig, Louis Hjslev, Jean Martinet,
Bernard Pottier, Jean Dubois, Charles Bruneau orges Matoré. Despite some
scepticcism, the results Quemada presents contrec€NRS decision makers
that only mechanization (one does not yet say “agemnzation”) can help
complete, within a reasonable time, a large-scad@pt such as thérésor de la
langue francaisdlictionary. The draft offrésor de la langue francaigeroject
was born (Brunet 2011, Chevalier 2006, Muller 193@emada 1995).

A symposium held in Besancon in 19&Iglloque sur la mécanisation de
recherches lexicologiquedrings together specialists for automatic documen

7 Seelexicologie et lexicographie francaises et romar@gentations et exigences
actuelles(1961).
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ation, lexicologists and lexicographers, all deglimith mechanical tools. The
aim is to study the best ways of using these devaral the recent electronic
machinery. Little by little, punched card machinedyich permitted collecting
about 20 million punched cards, are replaced bgtrlric systems. The mech-
anical data file initiated at the end of April 1968s more than 4 millions cards
in June 1961. The difficulty of distinguishing, fimstance, homographs or ortho-
graphical variants (future lemmatization) is unaege Quemada proposes a hew
vision, in which he imagines researchers workinghwnicrofilms and optical
reading systems at home. The automatic grammaraigbdt time is a basic one,
where frequency is taken into account (such a nahlavel of automation is also
the one exploited in thErancais fondamentgbroject) (Pruvost 2000, Quemada
1962a, 1962b).

The 1964 Strasbourg symposi@tatistique et analyse linguistigigalso
to be mentioned. In the aftermath of this symposamd dwelling on their early
results, Muller and Pottier (1966) advocate theovation of quantifying and
counting in order to derive language descriptidtismerical issues in statistical
methods become important in lexicology but one alstices some hesitation on
the value of statistics and its relevance in refativith specific research direc-
tions.

Concluding on the 1957 and 1961 meetings, Pottgriflentifies signs of
nascent French linguistics. Second, he finds tafproject carried out by Imbs
is to write an enormous dictionary with machinesider to build a huge corpus
while Quemada, in Besancon, foresees the posbilif machines: future com-
puters will extend capabilities in a remarkable W@pevalier 2006).

Finally, Quemada is well known for having initidtéhe use of the com-
puter for studying and processing modern languages for having helped
develop automatic procedures for natural languagegssing (Zampolli 1990).
For Busa (1991), he is the man of the “new lexiapgy”.

[.6. New journals

So many new data are obtained and results readyutalication are getting so
numerous that Quemada creates new journals: inl86®'s theCahiers de

lexicologie and Etudes de linguistique appliquémnd later, in 1966lL.angages

This pursues the work undertaken by Ferdinand Brimblistoire de la langue

francaise when, in the XX century, vocabulary becomes a matter of funda-
mental interest (Chevalier 2006).

[I. Towards the Trésor de la langue francais€lLF)
In the program conceived by CNRS, equipments aold &re central.
[I.1. Specific equipments and quantitative tools

As a result of the conferences, Quemada prepaggetiyram of computerizing
the documentation helping
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prepare for the TreasutyHe understands the importance of mechanographical
and electronic equipment in order to gain efficienclarge-scale projects and to
readily obtain lexical statistics more effectivdlyan those derived manually.
Mechanographical operations begin as early as 1868ng issues in lexico-
graphy automation, derivation of vocabulary frequefists, frequency indexes
and reverse indexésThese devices are used to directly print the 'soidelic-
ations, allowing direct reading by researchers gewes. Matoré reports that, at
that time, using available electronic devices araymnetic tapes, allows a tre-
mensdous progress in archiving so that a hundrdebmwords memorized on
tapes only need five cabinets instead of 1540 ebtHer type!

Great corpora are necessary for descriptive mstlaod for distribution-
alism. Results are obtained with punched card mashand electronic equip-
ment. Linguistic applications are developed in paroin the USSR and in the
United States from 1951 on. In 1963, Quemada ppaties in the selection of the
technical equipment in Nancy where the famous l&genma BULL 60 com-
puter, with the highest performance of that tingeetd be installed as early as
1964 (Chevalier 2006). The Gamma BULL 60, creatad 1858 by the
“Compagnie des Machines Bull”, is the first mulsikéng computer and one of
the first to employ multiple processors. It featuseveral input and output units:
magnetic drums, tape, card readers, card punchesrg, paper tape readers,
paper tape punches, and a terminal. In total, 20 units were produced.. In 1969,
Robert Martin notes that the computer is able &attrabout 100 000 occurrences
(words) in seven hours (Martin 1969).

Starting in 1969, a sizable amount of data is gathén Nancy for the
TLF. 1000 “texts”, 80% of them belonging to literatuage transformed into
concordances and indexes. In the Nancy researdtecart‘text” counts conven-
tionally 100 000 occurrences, as shown below. Tiogpgrtion of literary texts
from the nineteenth century is 41,51 %, and one3&48 % of the texts from

8 It may be necessary to clarify the sense ofwwods which are sometimes leading to
ambiguities. First, there is a confusion concerriirgword « treasury ». It may be used
for designating (1) the rich amount of texts gatkein order to make lexicographical
studies, or (2) the place where this work is ddhat is the research laboratory of
CNRS in Nancy, which was called at one time « €edé recherche pour un Trésor de
la langue francaise », finally (3) the result ot tproject dealing with this lexical
treasury, that is the dictionaflyésor de la langue francaistself. Second, it seems that
there is a confusion too about the name « Framtexthich is (1) the name of the
computerized database used for writing the dictipiiaésor de la langue francaisand

(2) this database in its enriched form: one shalitinguish these two states and be
aware of this variation in time.

9 This is based on a range of specialized machmesding bill-feed, duplicatrice
(“duplicating machine”)nterclasseusé“collator”), lecteur de bande§magnetic tape
drive”), machine a bandes perforéder télébandg (“perforated tape machine”,
“teletape”),machine imprimante (“printing machine”), perforateur, perforatrice
(“keypunch  operator), poinconneuse-récapitulatrice (“punching  machine”),
positionneuse(“placement-machine;) reporteuse-traductrice(“transfer-interpreter”)
reproductrice (“duplicator”), reproductrice-duplicatrice, tabulatricg“punched-card
tabulator”),traductrice(“translator”) trieuse(“card sorter”) vérificatrice (“verifier”).
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the twentieth century. It was decided that onl9626f the selected corpus would
be non “literary” texts. The word list of the dmary is then given by the
automatic and statistical treatment of these tegshown below.

Up to 1985, no other language is subjected to adeinge-scale computer-
ization and such a performance is at that time ddaost in this field (Mitterand
& Petit 1962, Quemada 1959, Quemada [ed.] 1962n@da 1995).

11.2. Indexes

An historical critical review of indexes, coverittte nineteenth century (and also
including previous periods) to Quemada’s work irs&®;on, mentions among
others P. Guiraud, B. Pottier, J. Rey-Debove oL RVMagner (Wagner 1967 and
1970) as well as C. Muller, J. and C. Dubois, G.u@mheim, Algirdas-J.
Greimas, L. Guilbert. It also refers to journalseliComputers and the Human-
ities, dealing with studies of the Bible to author’s cordances and the mech-
anical revolution, including a typology of indexasd concordances (Brackenier
1972).

The first modern work concerning lexicographia&guency is related to
pedagogical issues (as explored by tiaboratoire d’Analyse statistique des
langues ancienneat the University of Liege in Belgium: see Longréed
Mellet's chapter in this book). The quantitativeatment of a corpus yields a
vocabulary index, a list of words and their frequerand a table of the frequency
distribution (ableau de distribution de fréquenceeach word has an actual
frequency fréquence réelleinside a given corpus and one wishes to knowis t
information can be used to deduce the frequenmcolirrence in the part of the
corpus which has not yet being analyzed. The remsiipn concerns the
frequency stability of a lexical item rather thdre tfrequency itself, a question
considered in thd-rancais fondamentalsee Léon’s chapter in this book).
Stability is naturally opposed to variety. (MullE964)

Statistics may be applied to linguistics, begignirom a textual unit or a
lexical one to full vocabulary quantification, inas, concordances and fre-
quency distributions. Examining the various kindsimtial indexes due to
Guiraud, Quemada, and Wexler (in Great Britain)]I&fu(1962) explains the ad-
vantages of Guiraud’s lemmatizing method, distisging homograph forms.

Going through the history of statistics, Mullemsalers that even if the
French school of statistics is sometimes thougluetan Strasbourg, its source is
Besancon, recognizing that Quemada started thigirewluring the 1957 sym-
posium. This was followed by some first resultd862, which themselves initi-
ated quantitative analysis (thanks also to the éormork of Yule, Guiraud and
Herdan). Muller highlights the importance at thawme of the new mechano-
graphical tools in Besancth

In retrospect one may conclude that theory andtipehave been, in this
field, constantly and successfully linked (Mullé96R, 1963, 1964, 1965, 1968,
1970, 1978, 1979, 1981).

10 Later replaced by computers — as the Gamma B@mcy.
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[ll. Preparing for writing the dictionary itself
The 1960's mark th&résor de la langue francaig®oject launch.

For the first time, the construction of a huge wektcorpus is initiated, aimed at
preparing the future French language dictionaryaged by CNRS.

[11.1. Technical infrastructure in the Nancy laboratory

The electronic research material is described bysiifi971a, 1971b) as being
similar to what is commonly used in the naturakeces. There are at first 30,
and later 46, perforating machines. Two punchingksalwops with forty-two
punch machines, of the “Flexowriter Friden” typeneerting texts into punched
tapes. The Gamma 60 computer is operational in 196&éh equipment for
“photocopic reproductior’®, photocopying, microfilms, and finally a pin and
binding workshop. The data are stored on perforéapds before being trans-
formed into magnetic tapes. The computer is ablgatber the variants of a verb
form and the different inflected forms, and to neugshem correctly.

About a hundred and thirty people are workingrapgring the dictionary.
In the steering committee members, one finds AetofBougenheim, Matore,
Quemada, Wagn&r(Imbs 1971a, 1971b, Martin 2000, Matoré 1968).

[11.2. Tools for the TLF project

Among the manual data sets, the “Inventaire géndeala langue francaise”
(IGLF) needs to be mentioned again, besides sohmr obanual collections of
data, such as a collection of neologisms gatheraoually, or copies of general
and specialized dictionary articles.

Computerizing is the great innovation of this disary with concord-
ances, shorter or longer contexts and binary grégnesipes binairesindicating
the most frequent semantic co-occurrents of a wicedfhe association of two
“semantic words”, separated or not by “functionakds”.

A Frequency dictionaryDictionnaire des fréquencd®971), due to Robert
Martin and Roland Vienney, offers a corpus of ov@rmillion occurrences, in
about 3 500 pages. It deals exclusively with ditgrtexts (from 1789 to 1964),
the ones treated on the Gamma Bull 60 computer.

The four parts composing tHisequency dictionaryare:

(1) The alphabetical frequency tablescota 70 000 lemmatized forms,
in eleven columns, giving indications by centuryngteenth and twentieth
centuries) and even half centuries (1789-1849, 1d®, 1880-1918, 1919-
1964), by absolute frequency and relative frequeaoyl by principle textual

11 The French term being « appareils de reprooluginotocopique ».
12 Although being quite appreciative, Matoré (1P@®nders whether the idea of a
« Trésor » may already be belonging to a past sthgeience.
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genres (such as prose or verse). By “relative gaqy’ is meant the quantitative
distribution in, for instance, either prose or ers
(2) A table of decreasing frequencies, in sixuams, grouping inform-
ation by frequency classes, the words being algicatly ordered; here, a list of
20 000 hapax is also given;
(3) A table of frequency variations deliveringanination as precise as a

decade;

(4) A table, in four columns (verbs, nouns, ady@s and grammatical
words), giving information about homographs; mdrant 4000 homographs have
been listed in the Gamma Bull 60 computer.

Let us give some examples, as in Tables 1 and 2.

Table 1a.
Alphabetical frequency table (detail)
term class absolute relative frequency
number | frequency| century| 1% half- | 2"%half-century
Century
SYSTEMATISER | 2981 31 94 49 166
3066 55 146 98 174
TECHNIQUE 2890 122 373 259 955
1723 1546 4105 1074 5930
classes occurrences occurrencesg occurrences
XIXth century: 3012 32.663%4 20.066.761 | 12.596.788
XXth century : 3121 37.653H68 14.148.234 | 23.505.451
Table 1b.
Alphabetical frequency table (detail)
term class absolute relative frequency
number | frequency prose verse prose poem soliloquy dialog rest
SYSTEMATISER | 2981 31 101 15 158
3066 55 150 118 185
TECHNIQUE 2890 122 399 202 164 511
1723 1546 4223 153 223 1478 833 5517
classes | occurrences occurrces | occurrences | occurrences| occurrences| occurrences
XIXth century: 3012 30.503.002 | 1.906.722 | 253.825 6.426.549 | 7.278.980 | 18.958.020
XXth century : 3121 36.553.411 651.864 448.410 6.761.651 5.518.025 25.374.009
Table 2
Homograph table (detail)
homograp | occurrences Grouping term
form
verb % noun % adjective/participle % diverse %
adjectival noun
substantivized participlg
TUE 2319 TUER 83 TU 6 ATUE-TETE | 11
VAGUES 3570 VAGUER | -1 | VAGUE | 19 VAGUE +80
VALSES 94 VALSER | -1 | VALSE | +99
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A textual database has been constructed in ordeedgo writing the dictionary,
just as was programmed at the 1957 Strasbourg rende. This selectedLF
corpus of computerized written texts is an inveyir French vocabulary, in the
form of cumulative indexes or concordances. Ithe teference database for
written French, for a period ranging from 1520 64. with 350 authors, 1000
titles, 70 million words, it is known for being thiat time the richest textual data-
base. It gathers 586 “texts”, considering that €aekt” would count about 100
000 words. They belong to an ensemble of 416 hyanerks from the nineteenth
century and 586 ones from the twentieth centurytHéumore, it has been de-
cided that the corpus would contain a literary @and a technical part as well.
But the amount of technical texts was to reach 20%e whole corpus. These
values stated were in conformity with the defimtiof the project in 1957 but
later on, it was possible to enrich the databagéaiot could serve new research
programs, as shown below (Brunet 1978 [2011], Ih®%1a, Marchello-Nizia
2004, Pruvost 2008}

Muller suggests using the frequency analysis tp betect, in the hapax
corpus and for given periods and types of langudmgemore productive and the
best accepted examples of “language creativity”|l{@1d.973).

But in about 1968-1969, everything is ready far Ti.F dictionary to be
written.

IV. Organizing and writing the TLF articles

The writing period of th&LF dictionary is considered in this section mostlyhwi
an insider’s view, based on my experience as a raeofithe Parisian teaff.

IV.1. Frequency analyses

It is worth noting first that the dictionary inclesl a quantitative element which is
generated automatically and is appended to thelaih addition to the lexico-
grapher’s work itself. Th&LF being the first dictionary with a frequency rabe f
each entry, the frequency class is given for eaotdwf the whole corpus (1789-

13 See §VI.2.

14 |1 was a member of the Parisian team from 18978904, the year of publication of
the last volume, vol. 16. | also strongly parti¢gzhin volume 17 — which the last
director of INaLF never brought to publication. Soof the pieces of information given
are based on my personal experience. Bernard Queriwdldwed Paul Imbs as a
director. Imbs had been the director from 1961989 partly from 1975 on. Quemada
organized the arrival of a “Parisian team of legi@phers” in 1975. The laboratory was
renamedinstitut de la langue francais€l977) — laternnstitut national de la langue
francaise Quemada became the editor of the dictionary in81%om vol. 8 on (the
CNRS Laboratory becomes in 20@halyse et traitement informatique de la langue
francaise ATILF). About theTLF writing, see also Candel (ed.) 1990.
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1964), the absolute one, and the relative oneggmetury. Each relative frequency
is referred to a fictive ensemble of 100 millioncooences. For frequencies
ranging from 1 to 200, only the absolute frequergygiven. For larger fre-
guencies, the relative frequencies by half cerguaie also included. One should
mention that there is no frequency informatiorhé entry has not been extracted
from the official corpus, but added to it.

The statistical treatment of the textual corpubvdes to the dictionary
writers several types of data. They enrich dossier de motsa “word-folder”
comprising photocopies of pre-existing dictionarjicées for each word to be
treated. Regarding the automatic extraction of ,ddtarovides the dictionary
author withfeuilles concordancesr “concordances sheets” afidhes-texteor
“text sheets”.

The “concordances shektsffer three lines of concordances, the second
line presenting the entry word. “Concordances”iate@duced by the book refer-
ence and sub-reference; a number permits findiagtlginal “text sheet”. This
is the most important document given to the lexiapber, who may ask, if
necessary, for the corresponding “text sheet”.

The “text sheet” is formed by an ensemble of @&ghtlines, where the
eight lines in the middle compose the text itsethe lines above and below are
there just as a complement.

Even if these documents are much less availablimencase of gram-
matical entries, and just non-existent in the cafserefixes or suffixes, they are
quite helpful otherwise. Nevertheless, in 1969, &bMartin notes that, with a
magnetic tape, the Gamma 60 treatment is rather slo

Another device helps the lexicographer: treupes binairesr “binary
groups”, which represent a rather frequent seqaleassociation of two “se-
mantic words” (as opposed for instance to “gramaadtivords”). It is obvious
that out of a corpus of six or seven millions ocences, most of the “binary
groups” with a frequency higher than six are linkedsemantic motivation and
not just to chance (Martin 1969).

What follows is more precisely focused on thedegrapher’s work.

IV.2. The lexicographer’s position

TheTLF articles are derived from situated analyses. Am#er of fact, in a way,

the dictionary may be considered both as havingesoommon features with a
corpus-based dictionary (as it essentially reliasaocorpus) and also with a
corpus-driven one (as the examples are exclusyigbn by the corpus — for the
distinction between both approaches, see Léon 2@i8) after all, with such a

large amount of data, the corpus might also beidered as being used to con-
firm expectations, and assumptions. It may appeacadrrespond to intuitive

knowledge, just as in the case of a “corpus-basgproach. As the lexico-

grapher has to follow the corpus, his feelings nesde taken into account. This
cautious framework provides the unity of the dicoy. Finally, as the corpus is
extensive, the lexicographer is in an excellentitos but quantitative data

remain the determining factor.
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IV.3. Instructions to the lexicographers

The composition of the dictionary relies on quatite parameters. A precise
balance is used to specify the number of quotatibedexicographer can select
per entry. Concordances and binary groups allowtorgiickly discern the most
frequent constructions which should be documented.

Guidelines are given to tHELF team concerning the words to be intro-
duced into the dictionary, countable guidelines)agelly depending on precise
conditions and answering the following questions:

(a) Which entries need to be treated ?

(b) How many entries have to be treated ?

(c) How many examples should be included perlarfic
(d) What size should be selected for each exafple

IV.3.1. Which entries need to be treated?

Instructions depend on the coverage of the treated.

The word is attested in the electronic databasmsesponding to literature texts
(designated like the computer itself “Gamma 607, i0 the supplement of

technical texts (“20%”), or in the manual databd9&LF”). An entry is
accepted if the word features:

(a) over 100 occurrences

(b) between 100 and 10 occurrences
if it is present in th®ictionnaire de I’Académie in recent general
dictionaries

(c) less than 10 occurrences
— in case of a root-word:
if it is either present only in the “20%” bas®nre general dictionary at
least, or in the “Gamma 60” + “IGLF littéraire”
—in case of a word morphologically related t@at-word:
if it is a hapax or a word of only 2 occurrenadesjay be accepted unde
specific conditions.

=

Words lacking in the databases may be accepted if they are priesanstance:
(a) in certain editions of theictionnaire de I'Académiprovided that they are
not too old,

(b) in certain reference dictionaries if textuahmples are available,

(c) in the lexicographer’s “linguistic awarenessiovided that examples

are available in two contexts due to two differaathors.

Sub-entries may have a different status. Hapax, for instanewgho be intro-

duced by the marker “Remarque”. As to the spe@akmf adverbs in “—ment”,
between 1 and 10 occurrences they have to be udead by the label “Re-
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marque”; between 10 and 100 occurrences, by “DérAdove 100 occurrences,
the word becomes an autonomous entry.

IV.3.2. How many entries have to be treated?

The rule is, for each lexicographer, to treat ad@@ synchroniarticles per
year, provided that the following countings areeshed:

105 words with 1 to 10 occurrences

36 with 10 to 100

26 with 100 to 1 000

10 with 1 000 to 10 000

1 or 2 with 10 000 to 100 000 occurrences.
In a note concerning the second part TafF vol. 14 (February 1986), the
lexicographer (specialized for the synchronic past)reminded that he has
commited himself to treat:

(@) 68 to 70 words with 1to 500 occurrence

(b) 2to 3 wordswith 501to 1 000 occurrences

(c) 3to 4 words with 1 001 to 5 000 occurrences

(d) 4 to 5 words with 5000 to 20 000 or more openees.

D
(7]

Here are two examples: the naimilitudecounted more than 5 000 occurrenc
and the verlsemblerfeatured more than 20 000 occurrences.

IV.3.3. How many examples should be included perricle ?

Occurrence classes Examples per entry

1 (case of words being 1 example or “énoncé(s) réduit(s)”
monosemic) (one short example)

2 to 500 occurrences 4 examples

501 to 1 000 5t09

1 001 to 3 500 9to 12

3 501 to 8000 13to 19

8 001 to 236 000 20 to 135

236 000 135

(proposal of Feb. 1979: Radermacher 2004)

IV.3.4. What size should be selected for each expha?

The author of the article has to choose betweeguéet syntagms, short quota-
tions or longer quotations, all depending on thenber of occurrences in the
database. An important issue during the writinghef dictionary is the balancing
between frequency and representativeness, or thieotgapher’s linguistic
awareness. Frequency is constantly respected raguaidtic facts are as well. If it
Is a case of weakness in the quantitative tooéslekicographer may intervene.
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IV.3.5. Repeated expression of the importance ofatistics and other
quantitative matters

The writing of the dictionary and the recurrent sfigns and recommendations
from the dictionary staff reminds the lexicograploérthe importance of quan-
titative guidelines.

For instance, at a time when it was still allowtedgive “detached ex-
amples” éxemples détachges which was not the case anymore when writing the
end of the dictionary —, it was decided that suttiedlached example” should not
exceed five lines. Thesexemples détachésere supposed to represent only a
quarter of all examples.

In the file prepared for an expert meeting in 1878 is recommended
that the number of authorized quotations per artoed reconsidered, so that each
volume would typically contain about 35 000 sigmerbtations.

The same yedt it is also noted that 60% of a volume (words wéhs
than 5000 occurrences) would be reviewed interratig then externally; 40%
(that is about 400 words with more than 5000 o@nees) would receive two
external reviews.

Before a meeting in 1980 between writers and tategories of reviewers
(réviseurs “reviewers”, experts from outside, amglecteurs “readers” from the
lab)"’, the following question was raised about sta@i$timatters. Is it a good
idea to use as a criterion for external expertigefact that the word being treated
reaches more than 5000 occurrences? The resposdbatdhe importance of an
article is not always proportional to the numbeoo€urrences.

The lexicographers were supposed to consideradldonds of short syn-
tagms or short noun phrases. If this group of shawin or verb phrases took only
two or three lines, they were to appear immediasdlgr the definition. If they
were more numerous, they had to appear in a spgaragraph with the intro-
ductory mark “SYNT.”

In 19852, the issue was to save room. “Detached examplese wo
longer possible for monosemic words presenting tleas 100 occurrences. And
even if three quotations were still allowed insplgragraphs representing big
sections, like those in sections “A” and “B” of tlaticle, it was highly re-
commended to keep two of them only.

Re-reading the texts and recommendations, we eewhe formulasi la
fréequence le justifi¢‘if frequency justifies it”), sometimes like aitimotiv.

V. Some critical points

Problems arise when a discipline is innovatingvalang, as seen previously.
Some points have been already addressed, likeidsaepfrom the scientific

15 Nancy, 22-23 November 1979, p. 1.18.
16 Nancy, 24 February 1979, p. I1.2.

17 Nancy, 13-14 November 1980, p.1.
18 Nancy, 11 February 1985.
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community for new developments (I.5.), hesitatiom®aming a new field such
as linguistic statistics (1.3.), distinctions beemeobjective evaluations and more
intuitive ones (I.1. and IV.2.), questions concegithe notions of stability and
variety (I1.2.), or attempts towards predictingritjiage creativity” (Ill.). A dual
issue such as lemmatizing, briefly mentioned if.]lwill be discussed in what
follows, before evoking again the use of statistitist first, let us highlight some
inadequacies observed while writing the dictionary.

V.1. Some inadequacies, zero occurrence frequenagd necessary
adjustments

Some modifications had to be made while writing thetionary to deal with
inadequacies in the instructions given to the legraphers. Of course, the
choices are linked to the corpus. But the strigtigics-driven rules make it even
less plausible to treat a term or a “frequent symtafeaturing a frequency of
zero.

This will be shown by two examples. The first caserovided by the
adjective “coquin, coquine”. When the letter Ctrisated, the lexicographers are
not allowed to look for illustrative examples odtsithe official corpus. The
expression “petite coquine” is quite usual (“cogummeaning “mischievous” and
“playful”, or what can only be ineffectively tramgéd, as “little rascal”). But as
there is no example in the corpus, the colleagtegking the rule, has to comply
with other dictionaries’s examples, such as the taken from the Dubois dic-
tionary:

coquin, ine

(...) Par antiphrase, fametcour.

1.[En parlant d'un enfant] Enfant espiedlzest un aimable petit coqu{Ac.
1798-1932)Eh bien, petit coquin, me dit-il d'un air asseahfé, que me
veux-tuAndrieux dsLar. 196. Petite coquine, tu étais cachée derriere la
porte! (DUB.) (...).

Another case deals with an article | was rewritivith Robert-Léon Wagner. At
that period, about 1978 or 1979, it was commonear lon French broadcasts a
French-speaking clock, giving the “exact time”: “@aisieme top il sera exacte-
ment...” (“at the third stroke it will be exactly ..."Jt seemed indispensable to
both of us to include an example of this usage,nouie is to be found; there is
no written sentence, in the whole computerized usrpf the required phrase.
We decided to “invent” a — written — frequent usagample:

exactement

(...) [Correspond &xactC; avec l'idée d'une précision (plus ou moins)
rigoureuse]

b) [Correspond axactC 3; avec une idée de rigueur excluant l'approtiona
ouindiquant une égalité parfaite (de mesutes)
Au quatrieme « top » il sexactemensept heures quarante-deux minutes
(Horloge parlante).
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V.2. About language for special purpose

The initial goal for the Treasury is to describeg@al language. Nevertheless, in
the very beginning, it seriously takes into accdanguage for special purposes
(Quemada 1959). From a quantitative and statispoaht of view, this seems
logical as technical language, “language for spgumigpose”, and terminology,
includes a much larger number of words than genlrajuage. But, unfor-
tunately, it appears that specialized vocabulanyisconsidered to be of central
importance when th&LF dictionary is designed. The computerized corpus is
quite reduced and not representative of the twintoentury scientific and
technical fields (the “20%”). Finally, one may addbrds, as proposed by
Bernard Quemada, and some modern quotations asMalé generally, as the
TLF is being written over more than thirty years, atldems are accepted under
strictly defined conditions, whenever the corpuiicially ending in 1964, no
longer satisfies the lexicographefQuemada 1980).

V.3. The importance of lemmatization and controvesial views

The important thing is to distinguish ambiguity apdlysemy. As a matter of
fact, the machine is able to contribute “disambigud and to produce a lem-
matized index. Taking this into account, the maeh&able to produce frequency
classes. Muller notes that Guiraud actually diduss the term “lemmatization”,
although he was regularly “lemmatizing”: Zipf wasniself a “formalist” but
Guiraud considers the word as a lexical unit, withdistinguishing different
meanings of a word, nor its different forms (seerLé this book).

Positive comments were made by Muller concerningdbid’s choice of
lemmatization, as seen above. Brunet’s opinionw@gln the same direction —
he was the first to useLF's data and the new computerized tools for studying a
large textual corpus. Nevertheless, Geffroy & La{d®82) discuss this view.
First, they criticize the way the Nancy corpus wasiposed, the one used by
Brunet, in its chronological partition and alsoit® partition into textual genres
(prose, verse etc.). But specific controversy resalso about lemmatization.
“Formalists” are opposed to “lemmatizers”, the fermbelieving that form
indexes are better than lemmatized ones, the lattguing that lemmatized
results are more easily “readable”. What peoplac@e in lemmatization is a
loss of information, due to the fact that an obyectpiece of information is
replaced by a subjective one. Another objectiondsffroy & Lafon is that
Brunet was not allowed to use directly Nancy's t@xicorpus and that he had to
make reference only to data derived from the fraqualictionary of the Nancy
Research Center. So, lacking the source texts,adetdn conduct a combined
disambiguation/ lemmatization/grammatical codinging the frequency diction-
ary entries and not the original textual data thewes. Geffroy & Lafon
definitely state that lemmatization is a loss dormation. On the other hand, as

19 See also Candel 1992b, Candel (ed.) 1994.
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they add, they appreciate for instance Brunet'skwam Rousseau’&mile in
1979.

Quemada (1973) explains the double criterion efword frequency and
of the word textual environment, summarizing thérispf the Trésor de la
langue francaiseand of the lexicographers’ work (Muller 1985). &y, index-
ation induces a loss of information, while lemmatian induces only a light one.
There is a gain, and this level of lemmatizatiomdepted for thd LF database
and automatically applied, thanks to machine-dicrees, grouping inflected
forms and variants.

Lemmatizing is naturally a big issue for tfi&F dictionary and its en-
vironment. What has been called “the INaLF catemoli due to Jacques
Maucourt and Marc Papin and named after them, Ssganenter, a categorizer
and a lemmatizer as well. It is designed from riésted on a large number of
literary works and allows annotating large textaafpora. It specifically pro-
vides detailed segmentation of texts and featuressands of compound words,
grammatical units or lexical ones, out of the nool&uire of thelTLF dictionary.
The part of speech is based on an electronic datyoreference, derived from
the nomenclature of th@LF dictionary. Disambiguation of homographs is
obtained thanks to an electronic reference dictignby means of several
thousand rules, established by testing the disnatimg contexts in several
hundred works. When discriminating context does exast, it is proposed that
the most common realization speech should be feitbWwy a question mark.
Many language difficulties are addressed: disandiign poly-categorical gram-
matical words, the processing of hyphens, numbets, The system allows
associating a lemma to each categorized ¥rm

V.4. What about using more statistics?

Fifty years after the publication diLF volume 1, Brunet regrets that the Nancy
statistics potential was not exploited to a sudinti level and that statistics,
finally, had not been as fruitful in linguistics @s other social sciences, like
sociology, psychology, human geography, economyaiitical sciences. Lan-
guage facts, examples, and quotations are more oafgntaken into account
than frequency. Linguistic statistics should hawptkmore links with other
quantitative investigations (Brunet 2011).

VI. Beyond the writing of the TLF dictionary

For the first time in the history of lexicograplguyantitative methods and com-
puter science have been decisive with, as a rdhaeltsixteen volume dictionary
(220/305 mm, 1000 to 1400 pages each volume),emritom 1968 to 1993, and
published from 1971 to 1994. The dictionary offé@ 000 words, 270 000
definitions, 430 000 examples, 350 million charectand it is the biggest dic-
tionary ever written for the French language. Thé&, a successful combination

20 www.elda.org/fr/proj/euromap/panofr/tools/220.hamcessed 5 June 2015.
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of countings and usagess characterized by a continuous balance between
guantitative systematics and usage varieties (Ma&@00). The period following
the dictionary composition, first calletldpres-TLF", is quite rich too.

VI.1. The dictionary

When the computerized version of fhieF dictionary is initiated, in the 1990's,
the paper dictionary is not yet finished; one diffty is that the first volumes
have to be re-recorded (this is done thanks tdNtteonal Library BNF), and re-
analyzed, in order to be able to reuse the infaomatypes for the electronic
version. This implies hierarchizing and coding lvefmarking the text, as well as
lemmatizing. TheTLF has to be seen (a) as a hypertext from the upeird of
view, (b) as a lexicological base from the lexiamrer’s point of view, (c) as a
knowledge base from the linguist’'s point of vieunadlly Pierrel (2010) reports
about the tremendous success of the online verdidhe dictionary. This new
version naturally allows all kinds of quantitativesearch. The decisions for a
computerizedTLF are presented during the 1995 conference in NaAagour
de l'informatisation du Trésor de la langue frasgai Quemada compares this
1995 meeting to the 1957 one held in Strasbourggmwthe decision was first
taken to create thérésor de la langue francais®uemada proposed in 1957 to
introduce mechanographical techniques for lexiqoigiGal and lexicological
analyses, and in 1995, it is again proposed tocasgemporary technologies in
orderf;[o help develop lexicography (Martin 199496%nd 2000; Piotrowski
1996)~.

VI.2. The Frantext database

TheTrésor de la langue francaiseas written thanks to a treasury of texts, which
became the Frantext database. The treasury at@atsnent permitted multiple
enterprises: first from the huge database, it vassiple to identify the more fre-
guent words in it. Second, this allowed one to drenthe usual environment of
these words and, therefore to highlight the spegigironments of these words.

VI.2.1. An evolving universal tool
The Internet makes it possible to consult what baen identified as an

exemplary linguistic database: Frantext (BrunetQ9% is unique in terms of
length, data homogeneity, and universal accedyiblacques Dendien’s query

21 The futurélLFi. See Dendien 1996, Pierrel 2010 and Pidragbreface du du

Trésor de la Langue francaise informatise,
www.atilf.fr/IMG/pdf/La_preface_du_TLFi_par_Jeantpd

22 The day Jacques Dendien asked what kind ofyduarght imagine some day if the
dictionary were computerized, | proposed to asktf@ number of entries marked
“Mechanics” in use since 1870 and still in use:ugry that — at that time — sounded
rather far-fetched.
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program Stellagystéme de traitement électronique en ligne et Bloceyallows
complex queries, and hyper-navigation throughoatititerconnected databases.
As a matter of fact, the remarkable database umeitié dictionary is continually
evolving. It is instructive to compare two diffetgyeriods, for example 1988 and
2014. In 1988 (Martin 1988), the data make 600 pfited pages, 300 000
different word forms, more than a hundred milliords, and over a billion
characters, as well as some other data such as twodlected by Quemada in
Besancon between 1956 and 1969. There are a fdt&Damillion quotations out
of four centuries of French literature and of asesnble of 20% scientific and
technical texts, all this corresponding to abou® @Huthors. Altogether, this
represents 2 600 “texts” from the years 1600 td®19Gs interesting to note that
the plan was even aiming at a specific distributtmmcerning the number of
items per decade — actually about 6 million wolleen aTLF dictionary writer
needs a quotation, he may get one of up to 300svd@udt the situation changes
whenever one jumps into the twenty-first centuffantext database. In 2G£4
the database Frantext counts 4 609 distinct “textsining between the tenth and
the twenty-first centuries; that makes 277 377 w@Bds, and this is more than
twice as much as in 1988.

VI1.2.2. An international collaboration

One should first mention the collaboration betwdlem Centre national de la
recherche scientifigue (CNRS, French governmentyd #e University of
Chicago, starting in 1982. The ARTFL Project, thfererican and French Re-
search on the Treasury of the French Languaged, asoperative enterprise of
the Laboratoire INaLF (Institut national de la laegfrancaise) — today ATILF
(Analyse et Traitement Informatique de la Languan€rise) — of CNRS and the
Division of the Humanities and Electronic Text Sees (ETS) of the University
of Chicago. This consortium-based service provitlemembers with “access to
North America's largest collection of digitized fch resources™

There is also a strong collaboration between Quenzad the Pisa re-
search group on computational lexicography: Quemeawl@rs the Scientific
council of the Istituto di Linguistica Computazid@aof Pisa in 1980 and be-
comes its president in 1988. Beginning in 1992 #rahks to strong links be-
tween Zampolli and Quemada, the INaLF laboratdgses to finishing thel'LF
dictionary and improving its computerized datab&seasked to join the Network
for European reference corpora project (NERC), thenPreparatory Action for
Linguistic Resources Organization for Language Begiing project (PAROLE),
part of the Language Engineering “Multilingual Amii Plan®. The aim is to
produce corpora and lexica for the major EuropeamiJ languages, with at

23 www.frantext.fr, accessed 16 June 2015.

24 https://artfl-project.uchicago.edu/ accesseta$g 2015.

25 The INaLF researchers associated were Pieranl Bfanielle Candel and Patrick
Paroubek. See also Candel 1992a.
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least 20 million words, a lexicon of 20 000 lemnfiasabout twenty languages
etc. This quantitatively balanced corpus is to Imeoded with the Corpus
Encoding Standard, following EAGLES recommendatiand it is specified that
statistical functions, i.e. the word frequency dsuishould be offered (Calzolari
& al. 1995, Sinclair 2004, Zampolli & Calzolari 1996). \Wetheless, | remember
that during a 1992 NERC session, a change in Sitsckttitude was noticed,
Sinclair was clearly feeling less confident in istétal procedures and explained
that he was strongly advocating the use of a “noorgbrpus”, a kind of open
corpus, which would be, therefore, constantly asefuily evolving. The quan-
titative issues are a permanent subject of diseasén one of its 1997 Reports,
the INaLF focuses on the text database FRANTEXT, the comnjzateon of the
TLF dictionary, and the European PAROLE Program (INARB7).

As a result, in this period “beyond tA&F’, on the one hand, the com-
puterized TLF dictionary, became a model for the Frenbictionnaire de
'Académieand on the other hand, the CNRS know-how in crga#ind ex-
ploiting corpora served to advance European preject

Concluding remarks

The objective of this chapter was to trace theyegldments of the rich history of
quantitative lexicography. Moving from statisti@slinguistics may be seen as a
fundamental process: a kind of “translation” pracéaltmann 2009). Data are
provided to a statistical model, the statisticaluteis interpreted and is translated
back to linguistics to be linguistically interprdteFor Muller, after Guiraud
linguistics is typically a statistical science —atlstatisticians know quite well
and what most of the linguists still ignore. Atdlmoint in time, one may wonder
whether this ignorance has either diminished ohg@es disappeared. The 1950’s
and 1960’s are when the concepts were laid outvameh the technical means
became available and started to be used to pemecord counting in a corpus
directed at lexicology or lexicography.

One landmark during that period is the early desigd successful com-
pletion of theTLF dictionary, a remarkable undertaking managed byREN
Looking back at the past of this project and itdlateral developments and
examining a time period of over a half century, @a@ sense the progress ac-
complished which was worth recounting. Begun in fiftees’ with rudimentary
mechanographical equipment, the technical progresemputer hardware and
software have led to an online dictionary and aneatable enriched database
which can be easily accessed through the web. Mamplars cited in this
chapter (such as Imbs, Quemada, Martin) participate a way, in the devel-
opment of this innovative dictionary and relatedabdase, a large-scale applic-
ation of lexicographic statistics.

For the first time in lexicography, informaticsdagquantitative methods
were combined in a worthwhile effort. While thesels were quite effective and
placed lexicographers in an excellent positionyegheas still much room for the

26 Probably the one Léon (2008: 27) highlighted.

62



Pioneering Statistical Applications to the Tréserld Langue Francaise Dictionary
in the 1960's and Beyond

lexicographer’s metalinguistic awareness for a lkahahtuitive threshold of word
usage. It is however clear that much insight cdaddyained from the statistical
tools exploited in thélLF and in this sense, this dictionary illustrates tise-
fulness of statistical linguistics.
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0. Introduction

Lexicométrieis a discourse analysis school founded in Francangl the 1960s
that focuses on the study of vocabulary. It devetbptatistical methods for the
analysis of the lexicon and, in particular, statet methods to describe the
contexts of words in corpora.

In a narrow sensdexicométrierefers to a linguistic ‘school’ defined by
several theoretical and institutional featureshsas (1) an object (political dis-
course and political texts), (2) a theory (languesgaighly political and struggles
between ideologies also take place in discours®)af hypothesis (statistical
analyses of the lexicon may help to uncover andsttaly objectively the
ideological opinions hidden in the discourse),d4hethod (statistical procedures
designed for the analysis of the contexts of womis) (5) an institution, the
“Ecole Normale Superieure de Saint Cloud”, a gréelsahool and a laboratory
founded at this institution. This narrow sense esponds to the early period,
from the mid-1960s to the mid-1980s.

Lexicométriehas been seminal up to today in France, maintiienfield of
text analysis and amongst linguists working on Eheiit is mentioned in several
chapters of this volume (Beaudouin, in connectiath the field of data analysis,
Mayaffre, in connection with the analysis of text listorians). It continues to
influence the way corpus linguistics is currentgveloping in France. The term
itself is still in use, with a broader meaning ththat of a schooltexicométrie
today refers more loosely to a methodology for ititerpretation of the content
of textual corpora using software designed forehd-user and implementing the
statistical methods developed earlier for the amalpf words in context. The
term is not limited to linguists but is also usadther fields (mainly history, but
also sociology and literary studies). In this breracheaninglexicométrieis less
closely linked with a specific theory of languagedaa specific hypothesis, but
some features of tHexicométrieschool remain influential, such as the focus on
text corpora, on the interpretation of content, andvocabulary.

Lexicométriein the narrow sense is strictly speaking nofirguistic
theory. Its relation with linguistic frameworks ge discourse analysis, sociolin-
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guistics, distributionalism) is eclectiand its theoretical content more general
and political, placing stress on the relation bemvéhe lexicon and power (see
section 5 below)Lexicométrieis not related to the modelling or computation of
quantitative datger se and is also distinct from the use of quantitathaa in
the applied field of NLP. Rather, the focus wastba interpretation of fre-
guencies in order to analyze the cultural contembexdded in the lexicon. Some
original and carefully designed statistical modetse proposed (see section 9).
Due to the seminal influence tdxicométrie there is no equivalent of “Quan-
titative Linguistics” in France (the terfimguistique quantitatives seldom used).
Apart from pioneers in the field of quantitativeatysis (see Bergounioux, this
volume; Léon, this volume), there has been no f@ldesearch in France con-
cerned with the analysis of quantitative constamténguistic data, such as the
Zipf law. Except in applied domains such as NLP,tla¢ uses of statistics in
linguistics are made with reference to the socicllgand historical context of
the texts under scrutiny (cf. section 4).

The history oflexicométrieis interesting for several reasons. Thgico-
métrie school is representative of some of the featufeientific and intellect-
ual life in France in the wake of the 1968 uprisiligs also representative of the
impact of an institution (the elite graduate schBblS St-Cloud) on intellectual
life. Its long-term effect on the practices of sosubfields of linguistics in
France needs to be documented. The scientific amdghe underlying ideology
of lexicométrie while they now seem to belong to the past ofdistic ideas,
continue nevertheless to influence research inetoporary France in the field of
discourse analysis applied to corpora of the Fréamohuage.

In retracing the history of thiexicométrieschool, many accounts by the
actors themselves can be called upon (e.g. Tourh@89, 1976, 2010;
Bonnafous/Tournier 1995). Of course, reflexive $elay those involved may not
always give a faithful account.

This contribution aims at outlining the context leixicométrie and its
original objectives as well as presenting the nm@thods developed in the field
of lexical statistics.

1. Lexicométrieis lexicology

The development ofexicométrieis rooted in a long-standing avenue of
research in France that focused on the lexicon ratbeer the vocabulary — as a
window onto historical and cultural issuesxicométriepursued the project of
ideological analysis of the lexicon and the develept of statistical analyses

1 Such multidisciplinary frameworks were used byesal research groups in
France in the post-structuralist context of the &3 80s. For instance, another research
group, led by Michel Pécheux, called “automaticdigse analysis”, included research-
ers from several disciplines. It worked on the mdtic analysis of political discourse.
Unlike the lexicométriegroup, they were reluctant to use statistical wash which
imply an unequivocal link between signifier and refigd (Pécheuxet al. 1982;
Pécheux 1969; Léon 2010).
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was not conceived as a departure from that prdpettrather as an aid in
achieving exhaustivity and systematicitiexicométrie used statistics as a
method, while its descriptive aims remained theaclex, focusing on political
texts. The name of the laboratory emphasizes thigirwity: originally called
“lexicologie politique” (1966-1975), it became “iewmétrie politique” (1975-
1980) and then “Lexicologie et textes politiquesd80) (see section 2).

The tradition continued byexicométrie started with Ferdinand Brunot
(1860-1938). Brunot was a professor of the histdrthe French Language at the
Sorbonne and an influential scholar. He contributedhe development of the
field of French lexicology, “writing the history dfrench society while writing
the history of its vocabulary” (Chevalier 2006: 2@% Tournier 2010: 213). He
showed that the French revolution had a strongetfe the lexicon and started a
systematic, fine-grained study of the lexicon aiou#s periods in the history of
the French language. Several landmark studieswetioBrunot (their titles often
included both “vocabulary” and “society” or “socigl for instance Matoré
(1908-1998), who introduced the notion of the “rt@roin” (word as a witness)
in Le vocabulaire et la société sous Louis-Philippablished in 1954 (he also
published an influentiaLa méthode en lexicologief. Tournier 2010: 222) or
Jean Dubois witlh.e Vocabulaire politique et social en France de 4861872in
1962 (cf. Tournier 2010: 214). For the “new lexagy” of the 1950s, “lexical
data, in particular changes in the lexicon, wersuaged to allow one to study
social or ideological reality” (Chevalier 2006: 32These studies focused on the
vocabulary a set of lexemes actually used by speakers imes gocio-historical
context, rather than oexicon viewed as an abstract set of lexemes that do not
match any actual usage. Another important influewas the work by Mario
Roques who “was in France the defender of an eritbgraphical ideology”
(Chevalier 2006: 212) exicométrigfollowed in their footsteps.

The director of the laboratory in whidéxicométriewas first developed in
the 1960s was Robert-Léon Wagner (1905-198®&hile supporting younger re-
searchers' interest in the use of quantitative austtior the exhaustive analysis
of corpora, he was himself reluctant to engageuangjtative studies. He was a
follower of Brunot (Tournier 2010: 213-214), andntdbuted several books on
the description of vocabularies and the historyth&f French language such as
Les vocabulaires frangaid970, an introduction to the study of the vocabyl

A comparison can be made with the contextualisbecin the UK. Both
the contextualist school anelxicométriefollowed an avenue of research rooted
in pre-quantitative work (Firth’s work for the foem studies of vocabularies for
the latter). Moreover, both of these avenues oéarh were independent of
quantitative analyses: Firth was not a proponentqafntitative methods
(Tognini-Bonelli 2001) and similarly a scholar suafi Wagner was not interest-
ed in quantitative measurement of the vocabulauy hle helped the new team to
emerge (Tournier 2010: 214).

2 Followed by Matore 1985, 1988.

3 Cf Chevalier & Encrevé 1984: 71. Wagner had dlydaeen a member of the
team created to devise a “basic French” in 1958p @t the Saint-Cloud graduate
School (Chevalier & Encrevé 1984: 79-80; cf. Léinis volume).
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2. The institutional development oflexicométrie

As already mentionedexicométriewas first developed in a laboratory
hosted at a elite higher education establishmbatEcole normale supérieure de
Saint Cloud. Work on the quantitative analysis loé tvocabulary of political
discourse started there in 1964 under the direafoR.-L. Wagner. After three
years of informal investigations, an official lantory was created on 1st January
1966 at ENS St-Cloud, named “Lexicologie politiquetaded by R.-L.Wagner
(1905-1982) (Tournier 1976: 11-12; Tournier 201Q4-215; Tournier 1969;
Bonnafous/Tournier 1995).

A year later, in 1967, it was decided to focus lo@ quantitative and ma-
chine-assisted analysis of vocabularies (Tourn@$9)] under the impetus of
young researchers such as Maurice Tournier (1933)20he aim was to make
machine-readable (mechanographic) versions ofigallicorpora on which an
exhaustive quantitative analysis of the lexiconlddae based. Four families of
methods were used at that time (Tournier 1976: @3)classical statistical stu-
dies of word frequencies (such as Guiraud, MulleHerdan: see Bergounioux,
this volume and Léon, this volume); (2) factoriakrespondence analysis (see
Beaudouin, this volume); (3) distributionalisinla Harris and, lastly, (4) the
study of co-occurrences in order to analyze thdecdrof words. The latter ap-
proach was the main original contribution of thédeatory (see below, sec-
tion 9), and the one for whidaxicométriedeveloped original statistical methods.

In 1975, the laboratory became a joint laboratorythe CNRS and the
ENS' and was renamed “Lexicométrie politique” (Tourng&10: 215; Bonna-
fous & Tournier 1995), still under the directionRf-L. Wagner. After a decade
of developing the quantitative analysis of vocabylahe laboratory finally
included the wordexicométriein its name. In 1977, M. Tournier became head of
the laboratory (Bonnafous & Tournier 1995). In 198 laboratory changed its
name again, to “Lexicologie et textes politiqueJoqrnier 2010: 220-221).
During the following three years, twelve PhD thesese defended by young
members of the laboratory (Tournier 2010: 221) angburnal was launched
(Mots cf. below section 7).

In 1992, the laboratoPywas named “Lexicométrie et textes politiques”
(Bonnafous Tournier 1995), under the direction of3&ffroy and P. Lafon.

According to Tournier (2010: 217), the wdekicométrieappeared for the
first time in unpublished texts produced by theolabory (cf. below) in the early
1970s. The word appeared in the title of Tournigresis (Tournier 1975)Jn
vocabulaire ouvrier en 1848. Essai de lexicoméffiee Vocabulary of Workers
in 1848. An Essay in Lexicoméfty

The lexicométrieschool is representative of some of the featufethe
scientific and intellectual life in France in th&emmath of the 1968 uprising.
First of all, most people involved were not trainasl linguists in the current

4 L.A. 246

5UMR 9952 of the CNRS (INaLF) and ENS de FontenaptSaloud

6 “Lexicométrie” is also found in Matoré (1953: 8yt with a slightly different
meaning and there seems to be no connection.
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sense. They were trained in literary studies omiktory of the French language.
At that time, only a few linguistics departmentsseed (the first linguistics
department was created at Nanterre University 6819Vagner was an historian
of the French language. Other people were traingérénch literature (such as
Maurice Tournier or Benoit Habert). Moreover, thBIE institutions did not
favour disciplinary specialisation and new discipk, but rather general intel-
lectual skills irrespective of “technical” discipry frameworks. Hence, the
theoretical basis ofexicométriewas not a linguistic one, but a more general
theory of language as related to power (see bedeuwtjon 5).

Moreover, from the outselgxiométriehad close ties with other fields inter-
ested in the interpretation of texts (mainly higtasee Mayaffre, this volume).
Early contributors such as Guilhaumou were histaiaMathematicians also
joined the team in order to develop statisticaldgdndré Salem, Pierre Lafon).
Thelexicométrieteam had few linguists at the beginning.

The management of the laboratory is illustrative tbé behaviour of
academics in an institution such as ENS St-Cloutdl @ntheir political orient-
ation. The laboratory tried to adopt a very colleemanagement: decisions were
made as collectively as possible and discussioms sugpposed to be conducted
irrespective of academic rank. (Tournier 2010: lother illustration of the
intellectual context of these years is the decisionto foreground any particular
individuals but to focus on the collective natufetlee research (Tournier 2010:
217). A long collective work on political flyers dnog the 1968 uprising was
published under the titlBes tracts en mai 6@olitical flyers during May 1968)
with no proper names on the cover. Inside the bteknames of the six authors
are given in alphabetical order, with no distinatibetween full professor and
research engineer.

3. Lexicométrieand historians

Beside Dubois’ thesis, another important book ih#tienced the devel-
opment oflexicométrie according to Tournier (2010: 15) was a book by th
historian Antoine Prost (1933-), on the vocabulaiyhe electoral campaigns in
1881, 1885, and 1889

Due to its focus on the lexicon as a way to studst pdeological opinion
and change, “vocabulary studies” as described alfamd lexicométri¢ were
close to history. As stressed by Chevalier (200#)2the direction given by
Brunot to the field of lexicology was close to timerests of the field called
“new history” in France at that time, and that feed on long-term trends in
historical change through the use of large bodieslata. The new historian
Lucien Febvrd publishedCivilisation: the word and the id&afollowing the

7Prost A. (1974)Vocabulaire des proclamations électorales, 188851 &t 1889
Paris, PUF, Publications de la Sorbonne.

8 Lucien Febvre (1878-1956) was the founder with MAlach (1886-1944) of
the “Ecole des Annales”, that focused on long-tesnopposed to event history and
included economic and social data.

73



A Linguistic School in France in the 1960s-1980stdty, Theories and Methods

principle laid down by Brunot (Chevalier 2006: 21The historian A. Prost
stressed that the work by Dubois (1962) “initiaedenewal of interest among
historians for language records” (Prost 1974: @)m@etrically, the linguist
Dubois stated (1962: 192): “due to the so-calleztislogical methods’, lexic-
ology does not belong to linguistics; it is a brdanaf history. The research
focuses on keywords or metaphorical figures thatratterize and that, to a
certain extent, illustrate the way of thinking agigen period of time*® In sum,
due to its focus on political discourse (cf. nexttgon), its interest in interpreting
ideology, and the use of quantitative methodolgdescométriewas very close
to history.

In his 1974 book, that was seminal in the develagnw lexicométrie
Antoine Prost used the factorial analysis propdsgdBenzécri (cf. Beaudouin,
this volume). The same year, Prost also editedptheeedings of the first con-
ference on political lexicology (ENS St Cloud, 1968 Tournier 2010: 218 and
note 31).

Collaboration between historians and practitionefslexicométrie was
frequent. For instance, Jacques Guilhaumou (bof®48), after a PhD thesis in
history, became a member of the Saint-Cloud laboyafrom 1982 to 1992.
Damon Mayaffre, also an historian (see Mayaffres tlolume), is a member of a
linguistics laboratoryLexicométriehas been thoroughly presented in manuals
written by historians (such as Robin 1973, Clairé&mercier 2008). Mayaffre
(this volume) deals with this point more fully. Semmesearchers ilexicométrie
published in historical journdfs

Some “New historians” shared with the practitionefslexicométriean
object (political discourse), a method, and alderalency to be scientific, with
the aim of providing an exhaustive analysis of \mdary (see below, section 6).

4. Object: political discourse

Another key feature ofexicométrieis its focus on political discourse.
During the 1960s, encouraged by R.-L. Wagner, tduai$ of the group shifted
toward popular (spontaneous) texts (Tournier 2@1@t). The four studies that
were very influential according to Tournier (201218 and 1998) during the
development ofexicométrie(Prost 1974, Cottert / Moreau 1969, Roche 1971
and Dubois 1962) are all analyses of political disse. A look at the theses and
at the main corpora built in the laboratory mayphial drawing a big picture of
the kind of data analysed. First, a lot of workthe laboratory was devoted to

9 Febvre L. (1930Civilisation. Evolution d'un mot et d'un groupeddes Paris,
Renaissance du livre.

10 “Avec les méthodes dites sociologiques, la @rigie n'appartient plus a la
linguistique ; elle n'est qu’un sous-chapitre dedtoire: on détermine des mots-clefs ou
des métaphores ‘caractéristiques’ qui, en quelquie,ssymbolisent une mentalité et
une époque”.

11Annie Geffroy (2013) “Les manuscrits de Robespierfgnales historiques de
la Révolution francaise2013/1 (n° 371).
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building corpora of all the revolutions in Frangece 1789 (apart from the July
Revolution in 1830):

- 1789 (French Revolution) (Robespierre and Mampara by Annie
Geffroy'% thePére Duchesnurnal by Jacques Guilhaumou),

- 1848 (French Revolution of 1848) (Tournier 19H&sis),

- 1870 (Paris Commune) (Ida Porfil@a mise en scéne du Peuple de la
Commune par Jules VallgBhD thesis, 1995, Paris 3 University),

- 1968 (May 1968 events) political flyers of May6B3(Gabrielle Muc).

Other studies and theses focused on political mewsn

- the Dreyfus Affair (J.-P. Honoré,.e discours politique et I'Affaire
Dreyfus. Etude des vocabulaires, 1897-190882, thesis, Paris 3 University)

- French trade unionism: CGT, CFTC, CFDT, FO (Jesékefevre; B.
Habert,Les Résolutions générales des congres de la CFTQTCE#e 1945 a
1979 1982, thesis, Paris 3 University; M. Launag, syndicalisme chrétien en
France (1885-1940)1981, thesis, Paris 1 University);

- Communists (Denis Peschanskiscours communiste et ‘grand
tournant, 1981, thesis, Paris 1 University);

- Socialists (S. Bonnafoud,es motions du Congres de Metz du PS :
processus discursifs et structures lexical380, thesis, Paris 10 University)

- Pétain (Gérard MillerLes Pousse-au-jouir du maréchal Pétait975,
thesis, Paris).

Other authors, most of whom were involved in theent history of French
political ideas, were also studied: Malebranche jidM&ekhraoui), Rousseau
(Michel Launay), Montesquieu (Jean-Marie Goulemo¥pltaire (Georges
Mailhos), Auguste Comte (Raymond Lallez (PhD the980)), Hugo (Nelly
Danjou), Stendhal (Jean-Marie Gleize), Valles (Rlarfido), Eluard (Marie-
Renée Guyard), surrealists (Daniele Bonnaud-Lamétenri Béhar, Jean-Luc
Rispail) (cf. Tournier 2010: 214).

Other theses applied the methodology to politicdlasons in other
countries (Miloud Bel CadLe mot démocratie dans le discours électoral de
1977 au Maroc: analyse des réseaux sémantigl@®5, thesis, Paris 3 Univer-
sity; Irene Rabenorbe vocabulaire politique malgache pendant les éneards
de Mai 1972 1995, thesis, Paris 3 University; B. Kadima-Tsanga,L univers
sociopolitique de Evolué congolaisentre 1955 et 1981. Une étude du
vocabulaire de La Voix du Congolaik983, thesis, Paris 3).

A large collective undertaking was the analysishef flyers that flourished
during the 1968 uprising. This work was the oppuoitiuto develop complex
procedures including sampling, translating into hiae-readable format, cat-
egorising, etc. The first outcome of this work via®emonet et al. (1975, 1978)
and fed work up to Tournier 2007. This large edkiigoroject was also one of the
founding principles of the journ@iots (see below) (Tournier 2010). The work

12 Geffroy A., 1974, “ Formes de base et formes smpa@k dans le discours
robespierriste”,Cahiers de lexicologieno 2[5], p. 96-116.; Geffroy A. 1980, “Trois
successeurs de Marat pendant I'été 1793. Analyseolmétrique des spécificités”,
Mots. Les langages du politigueo 1, p. 167-187.
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was characterized by very strict procedures thiatyded publication of the results
for many years, “a delirium of excessive method®Jn( délire de méthodes
excessives”) according to Tournier (2010: 216).

This focus on political movements and leaders wastheer reason why
lexicométrieestablished strong ties with historical research.

5. Language and power: the political interpretation offrequency

As mentioned above, tHexicométrieschool was rather eclectic with re-
spect to theoretical frameworks. Tournier (2010)ntiems as sources of in-
spiration Discourse Analysis (Pécheux 1969; Dult®&2; cf. Léon 2010, 2014),
Harris distributionalism, sociolinguistics, naturdnguage processing (cf.
Tournier 2010: 217-218), but also psychoanalysistributionalisma la Harris
was used for the analysis of corpora, but as aadethther than as a theoretical
foundation.

All in all, lexicométrieis not a linguistic theory. However, it did inckic
theory about language. This theory is not strietliimguistic one; rather, it is a
holistic view of language as wrought by politicaluggles. In thdexicométrie
framework, political discourse, but also languaggeneral, is viewed as a locus
of political conflict. Speakers' ideologies areleeted in their productions and
language is a place where speakers and social gstuggle or negotiate for the
dissemination of their own ideology. Dubois (1989) claimed that “the lexicon
reflects the economic, social and political relasichat link the various social
classes™ and Prost (1974: 15) enquired “at what point daesariation in
frequency cease to be due to chance and requolitiag explanation?**

Words or meanings are seen as real objects exathangiscourse. Some
claims for such a theory are in the following qotevhich may sound rather
exotic today: “all the research done at the Saiou@ laboratory tended to
prove, through statistics as well as through diss®@nalysis, that politics is a
struggle for the stabilisation or the destabilisatof the language, where there
are only false truces on the value [of words]’ (Bafous & Tournier 1995:
69)": “If we have to explain the place of lexicometrigsearch in a theory of

13 “Le lexique, objet de cette étude, traduit lapports d’ordre économique,
social et politique qui existent entre les diverdasses de la société.”

14 “[...] a partir de quel moment une différencefdguence cesse-t-elle d’étre
imputable au hasard et autorise-t-elle une intéapcd politique ? L'idée fondamentale
de la comparaison, en effet, est que toutes chpsedic, sujet, genre littéraire) étant
egales par ailleurs, si I'orientation politique desuteurs n’avait aucune influence sur
leur vocabulaire, ils puiseraient de facon aléataid’intérieur du stock lexical, en I'on
devrait constater entre les fréquences d’emploi différents vocables des écarts
minimes, explicables par le seul hasard. Si lest®sant accentués, une interprétation
politique est justifiee [...]”

15 “Que la politique soit une lutte pour la stadation ou la déstabilisation
langagieres, ou n'existent que de faux armisticesdes valeurs de langue, tous les
types de recherche pratiqués au laboratoire dd-S&und le montrent, qu'il s'agisse de
constats statistiques ou d'analyses discursives.”
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politics as conflict and a theory of language axald, we can say that the goal
of lexicometric research is to analyse, through dbmparison of text corpora,

how the terms that are used (exchanged) in theqsaphce, when power is at
stake, reflect struggles for the ownership of sylmbloat are at play in the inter-

action™® (Bonnafous & Tournier 1995: 69).

6. The quest for a scientific and semi-automatic interetation
of political discourse

The bulk of work in thdexicométrieschool was devoted to the interpret-
ation of (political) texts with the help of quaatitve data. Tension arose and was
constantly at work between the quest to be scienfifence the use of quan-
titative data) and the aim of analyzing meaningcamtext and the ideological
content of political discourse.

6.1. A quest to be systematic and objective

The development of quantitative methodsLexicométriewas due to the
search for a more “objective” and “scientific” inpeetation of political texts.
This aim can be seen as echoing, at the same petluet attempts to turn social
science into a predictive science through theaueh as Marxism (in the field of
linguistics, Marxists such as Michel Pécheux wergyunfluential and interested
in automatism in discourse analysis: Pécheux 18@2heux et al. 1982; Léon
2010, 2014). Both distributionalism and exhaustig@antitative analysis were
seen as a means to achieve more objectivity irfithe of the history of ide-
ologies and the analysis of textual data. The gleesigorous quantitative meth-
ods was perhaps seen as a way to escape poliliggictivity in the analysis of
political texts.

Another strong motive for the use of formal andrgiiative methods may
have been the institutional context. It was onlyl868 that the first linguistics
departments were created in French higher educgemabove) and most of the
first generation of linguists was trained in liten and eager to distinguish
themselves from literary methods and objects afystu

This quest to be scientific and objective was swdsby R. Robin
(Guilhaumou - Maldidier - Robin 1994): “rigorous thed would allow us to
break the vicious circle of presuppositions, inaimns and implications that
were pervasive in the debates about the Frenchl@®®m™'" In his pioneering
1962 work, Dubois also argued strongly that theaeishive quantitative analysis

16 “S'il faut situer la recherche lexicométrique I'ttérieur d'une théorie
conflictuelle du politique et d'une théorie disseike de la langue, nous dirons qu'elle
est chargée d'examiner, a partir de corpus destextemis a comparaison, comment les
termes échangés dans l'espace public autour degxet¢ pouvoir rendent compte des
luttes d'appropriation ou de dépossession symbediqui se jouent dans le lieu méme
de I'échange.”

17 “[...] des méthodes rigoureuses nous permettaiergortir du cercle vicieux
des présupposé, des sous-entendus et de I'im@itibeuvre dans les débats concernant
la Révolution frangaise.”
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of the lexicon of texts would result in greater esttjvity: “A comprehensive
survey makes it possible to objectively list thepogitions, identities and phrasal
units that form the structure of the lexicon. Itfahis Cartesian principle, and
its effectiveness in science, has never been queestj but it has long been held
that it was physically impossible to apply it iretfield of vocabulary.” (Dubois
1962: 192§°

This quotation stresses the role of exhaustivityaahieving objectivity.
Tournier (2010: 216) mentions the conditions of shevey that was published as
(Demonetet al. 1978): “We were fundamentalists of “scientificitghd of the
distancing necessary for analyses of political botary: building ‘neutral’ and
‘representative’ corpora, categorizing textual ferand complete counts, com-
paring statistics, sorting probabilities, buildiegntexts and repeated segments
[see below], identifying indices of repetition, [..ijdices of proximity, [...]
lexicogrammes, connexion trees... We wanted tol‘clmovn’ research and to
reduce interpretation to a minimum, while focusimg the implementation of
sampling techniques, sorting and processifg.”

Another influential source for the use of exhauestmounting by quan-
titative methods was the work by Gougenheim inding a “Basic French”
(Léon, this volume). He stressed the methodical exithustive observation of
word distributions rather than picking on epipheeo (Tournier 2010: 213).

6.2. The interpretation of frequencies

Rather than being related (only) to general lavesegoved frequencies were
interpreted as reflecting cultural, social or poét historical positions.

Exhaustivity in the counting of lexical phenomesaoine of the central
features oflexicométrie It governs the choice of analysing corpora cosipg
complete texts that have been carefully sampldterahan analysing frequency
as a general property of the language.

As lexicométrieis based on the idea of the exhaustive and compséelee
tabulation of frequency, it shows little interestthe idea of general frequencies,
related to the language itself, and not related text, a corpus, a norm (Lafon

18 “Le relevé exhaustif permet de dresser objectarm la liste des oppositions,
des identités et des unités syntagmatiques quieiorha structure du lexique. En fait, ce
principe cartésien n’a jamais été mis en cause, piog que son efficacité dans le
domaine scientifique, mais on a longtemps jugél @t&iit matériellement impossible de
I'appliquer dans le domaine du vocabulaire.”

19 “Intégristes de la ‘scientificité’ et de la distiation nécessaires aux analyses
du vocabulaire politique (construction de corpusutnes’ et ‘représentatifs’, dépouille-
ment des formes textuelles et comptages exhaustifssordances et contextes, com-
paraisons et parentages statistiques, tris en Ipit@da construction automatique des
cooccurrences et des ‘segments répétés’, indicespdéivité, de cadences d’apparition,
de proximité, de ‘figement’, probabilisation desduences et des cofréquences,
lexicogrammes, arbres de connexion...), nous atropsvoulu ‘refroidir’ la recherche
en ne suggeérant qu’'un minimum d’interprétationseetaxant la publication sur les
techniques d’échantillonnage, de dépouillementastalyse mises en ceuvre.”
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1980: 127) or usage (Tournier 1980: 194), undedstm“a system of habits that
trigger the use of words in context.”

Hence,lexicométriedoes not seek to uncover a general law of frequenc
such as the Zipf law, that determines a generaitggative profile, irrespective of
social determination.

It is worth mentioning that these frequency anayaere not intended to
sum up the meaning and the content of discourseaniMg was distinguished
from word frequency. Through comparison, frequenigeovided a diagnostic
tool of positions and strategies, but were not eored of as summarizing the
content: “The meaning in context is too subtle éorbodelled. A lexicometric
study has to start with the mere gathering, thepaison and the opposition of
occurrences of lexical units. Questions about nmgphiave to be asked later,
through the analysis of the statistical resultsisTdnalysis is qualitative and
focused on the context, but it is no longer guaamtby statistics. Statistical
analyses indeed must be done on stable units. diitertt of a word is not stable,
only the graphical form is. This is why thexicométrielaboratory chose to work
first on textual surface forms and not on the cotsteor the referents of the
words. It is a textualist orientation, both arliyrand pragmatic.” (Bonnafous &
Tournier 1995: 69)

Frequency, however, did receive a great deal ehatin. Since researchers
in the lexicometric school were mainly interestadhe (ideological) content of
texts, and in a kind of analysis that pre-dateduse of quantitative methods, it
was not easy to define rules for frequency analysisnany articles, some of the
researchers tried to give a political meaning &gfirency, even cautiously. In an
article devoted to the question of the interpretatof frequencies, Tournier
(1980) for example, in a style that is, again, hardnderstand today, explained
that: “in an interaction, there is no place for a clased language (most of the
time speakers have received the same languagengpibut, together with the
slight drift of the referents beneath the words) w& speak about class-specific
frequency? Frequency and co-occurrence may be msystwhose rhythm,
irrespective of the logical content, produces neaning but contagioA®

7. The Motsjournal

The journalIMOTSwas created in 1980. The name MOTS (“words”) was
written in capital letters during the early yeafshe journal and stood for “Mots,
Ordinateur, Textes, Société” (words, computersistegociety). The title re-
flected, again, the strong commitmentl@ticométrieto lexicology. It followed
the journal “Travaux de lexicologie et de lexiconetpolitique” (created in

20 “Au sein d'une situation d'échanges, il n'y a place pour des langues de
classe (les émetteurs disposent le plus souventhdigage formellement semblable) ;
mais, combinés aux glissements insidieux des néf€reous les dits et les compris,
n'existerait-il pas des usages fréquentiels desetag-réquences et co-fréquences ne
constituent-elles pas des systemes dont la rytheniqu-dela du texte logique, pro-
duirait non un sens mais une contagion?”
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1976). The journal was initially intended to helpbpsh the work of the labor-
atory on 1968 flyers (Tournier 2010).

8. The statistical methods developed

8.1. Quantitative methods

As stated abovédexicométrieis first and foremost a lexicology interested in
analysing social values embedded in the use ofetkieon. Lexicométrieuses
quantitative methods in order to assist interpi@taénd to turn it into something
that aims to be more “objective”. Thus, statisiesn interpretative tool, not a
model of the language or even of textual phenonem# as already stated,
lexicométriewas not interested in general quantitative lawth@lexicon such as
the Zipf law.

Two mathematicians were particularly influenti@ad-Paul Benzécri (born
in 1932, cf. Baudouin, this volume) and Georgeseobthe Guilbaud (1912-
2008). Several members of the laboratory attendatb&ud's courses. From
1955, he was Directeur d’étude (senior researchiethe “Ecole pratique des
hautes études” (a graduate school). He foundedeareh group on mathematics
for social sciences and influenced several reseasschn the social sciences
(social choice theory, kinship systems in anthroggl (with Claude Levi-
Strauss), psychoanalysis (with Jacques Lacan),efisas a composer interested
in mathematics such as lannis Xenakis). He advdctte use of the hyper-
geometric distribution in the lexicometric methaalled specificités(cf. below).
Two journals were seminalCahier de l'analyse des donnéededited by
Benzécri) andMathématiques et sciences humai(esited by Guilbaud).

Due to the function of statistics laxicométrie linguists using this frame-
work were not trained in statistics themselves. Bheistical methods were
developed by engineers or mathematicians, mainty eévthem: Pierre Lafon
(trained at the Institut polytechnique de Grenolalie)l André Salem (trained in
the USSR). A third engineer, Majid Sekharoui, wasomputer scientist. Lafon
eventually headed the laboratory in the 1990s.three of them completed their
PhD theses during their stay in the laboratory:

- Pierre Lafon Automatisation des dépouillements et études stptest sur
le vocabulaire 1981, Paris 3;

- André SalemMéthodes de la statistique textuell®93;

- Majid SekhraouiConcordances : histoire, méthodes et pratidL@83

Others contributed tdexicométrie slightly later, such as the statistician
Ludovic Lebart trained by Benzécri or the compusigentist Serge Heiden.

Several handbooks were written in order to spreadise of these methods:
Lafon 1984, Salem 1987, Lebart & Salem 1988, Fén&f81, or articles such as
Habert 1985, Fiala 1994.

These methods were particularly designed for tlayars of the context of
words, i.e. the “co-occurrence clusters in whicé timits of a text preferentially

80



A Linguistic School in France in the 1960s-1980stdty, Theories and Methods

function” (Tournier 1976: 13) as opposed to othethods available at that time,
such as correspondence analysis. They were, ieybe of their promoters, an
“original innovation” (Tournier 1976: 13).

These methods were presented in several papehe iaarly issues of the
journal MOTSin the 1980s, but they had been defined and dpedl®arlier:
software developed by Pierre Lafon was availableasy as 1967 (Tournier
2010: 217). At that time, an expensive computer pi@rshased at the ENS St-
Cloud graduate school.

Some years later, the methods were implementeddruser software (such
as Lexico by André Salem), that made them availabl@ larger number of
linguists. Methods such apecificitésand segments répétéme still largely in
use today. The former can be used to assess thetiath of a word for a part of
the corpus, or for a word with another word. Theg similar to various other
measures of word attraction defined in other apgres. The latter is used to
extract frequently repeated sequences of wordsciorpus. They are close to n-
grams.

Below, some of the methods are briefly presentede Of them,spéci-
ficités is outlined in more detail in the following sexti

8.2. Segments repétes

The work on repeated segments started from quastibout the forms in
the corpus: how can the text be segmented intedéxinits? Due to practical
considerations, texts were segmented into lexicétisuwusing their (graphical)
surface form and white spaces as separators. Odyjodsomographs were not
distinguished and the inflected forms of the saexéchl unit were not conflated,
which was one of the limitations déxicométrie(Lafon & Salem 1983: 172).
This confusion betweesignifiant and signifié was patrticularly criticised by a
competing theoretical approach, “AAD” (Analyse auttique du discours”,
Pécheux 1969; Léon 2010; Péchetral. 1982).

Since technical limitations impeded the use of latisation, another re-
search avenue was explored, the identification wfirword lexical units (frozen
idioms). Rather than considering the various o@nwes ofétat as one lexical
unit, identifying complex units such a&tat d’esprit(state of mind) andapi-
talisme monopolistique d’étéstate monopoly capitalism) (Lafon & Salem 1983:
172 sqq) was another way of strengthening the hetwveen graphical and se-
mantic units.

A sequence is a suite of (graphical lexical) formos separated by a punc-
tuation mark.

A biform, triform, etc. is a sequence of two, thre&. forms. A repeated
biform is a sequence of two forms with a frequeegyal to or greater than two.

In building the inventory of the repeated segmeits corpus, a segment is
listed only if it is not always included within ather, longer, segment. For in-
stance if there are five occurrenced'@isemble desut all of these occurrences
are part of a longer segmeritensemble des travailleursthe five shorter
segments are not listed.
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Repeated segments may be extracted and sorteddp ldoy frequency or
alphabetically. This type of information lies hadéfywbetween concordance lines
and a word index (Lafon & Salem 1983: 176). Repkaegments may also be
used for the actual segmentation of the text. Asssed above, distinguishing
état d’espritandcapitalisme d’Etathelps strengthen the link between graphical
forms and semantic units. However, it is not advsdo distinguish too many
different multi-word units. For instance, uiité d’action unité etc. are distin-
guished, a pertinent association between the graphnit unité and the corre-
sponding semantic unit is, again, lost. One methas to consider only the case
of words specialised in the context of a multi-wardit. Thus, if ouvriére
(labour) is found only afterlasse(social clas} (giving classe ouvriérg then the
segmentatiolasse ouvrierés adopted.

Repeated segments give a partial account of théioatons of units on
the syntagmatic axis, that are otherwise ignoretekigométrie texts are treated
as a “bag of words” in most statistical proceduness close to then-gram
procedure used in corpus linguistics. This metisdtill often implemented in
current software developed in France for corpugulistics and general accounts
have been proposed (Salem 1987).

8.3. Co-occurrence

Lafon (1981b) proposed a method for assessindgrédugiency of the co-
occurrence between two forms as well as the mestardie between the two
forms. Among the three methods assessed in (Le88aM), the best one used an
indicator based on the probability of the frequentythe co-occurrence in the
contexts of the sentences. The difficulty in builylia “co-occurrence distance”
indicator was that the two values — co-occurrerssa@ation and mean distance
— could not be conflated. This is because the ngethixed two kinds of phen-
omena: distant co-occurrences in the sentenceeoortd hand, and frozen idioms
on the other hand. This led to the developmenhe®fmethod ofegments répétées
(see above), better suited for the identificatibfrazen idioms.

8.4. Rafale

Rafale (Lafon 1981a) is a method developed for the amalgé sequen-
tiality, while other methods focused on frequenoygl @n the text as dag of
words”. The method aimed at quantifying to whateextthe occurrences of a
lexical phenomenon are regularly distributed over text, or, on the contrary,
are concentrated in some parts. The lexical forrhese occurrences are con-
centrated are said to appearhuorsts (rafaleg. This method was used im
parole syndicaléBergouniouxet al. 1982)

8.5. Correspondence analysis applied to chronologicabepora

André Salem (1988) analyzed the case of the fattanalysis of corre-
spondence when applied to corpora of texts thatchrenologically ordered
(such corpora are termed “chronological textualesgy. When analyzed with
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correspondence analysis, the texts of such corpopaared ordered on a para-
bola on the factorial map: the second factor isiadgatic function of the first.
This effect is called the Guttman effect, and is thanifestation of data that are
fundamentally one-dimensional. Such corpora aredsmensional due to the
high number of forms that evolve chronologicallyh@ge frequency decreases or
increases along the chronological axis). Salemriniéed to the definition of
correspondence analysis when applied to chron@btgatual series.

8.6. The Spécificitésmethod

“Spécificités (specific forms) is a statistical method for smieg which
forms (lexical types) are specific of a subcorphsubcorpus is called a “part”
of the corpus. A form may be positively or negdingpecific. A positively spe-
cific form is a form “attracted” or “over-used” itme part, whereas a negatively
specific form is a form “repelled” or “under-usei’the part. For each form in a
corpus, the specificity is calculated. The formattare below a given threshold
and that are not specific are said to be “commamlarhis is the method that
had the greatest influerfée

8.7. The construction of the specificities measure

In the presentation of the method, Lafon (198Gt fiecalled that absolute
frequency is not a reliable indicator of the stiéngf the link between a form
and a part, since obviously, a form that is velsgérent in a part may not be
specific to this part if it is also very frequentthe whole corpus.

A better modelling of the “surprise” associatedhaihe number of occur-
rences of a form in a part, given its number ofusances in the whole corpus, is
needed. Lafon chose the hypergeometric distribud®a model of this surprise.
This choice was suggested by the mathematician. Gtillbaud (cf supra). The
hypergeometric distribution models a sampling with@placement. It calculates
the probability of drawing a given number of whiballs from an urn that
contains a given proportion of white balls duringaanpling without replacement
of a given number of balls. Let's consider an Urat ttontains 50 white balls and
50 black balls. We assume that 20 balls are sampigbut replacement from
the urn. What is the probability of having 0, 1, 20, white balls in the sample?
Hypergeometric distribution calculates the prolkgbibf these different out-
comes using combinatorial calculus. The most exgaecutcome is intuitively
known: it is to have the same proportion of whitdldin the sample as in the
whole urn, hence 10. But the calculation of a giverobability requires
combinatorial calculus (Fig 1.)

21 It has been implemented in an R package, WAM (faordVAssociation
Measures, https://r-forge.r-project.org/projectadalstat/).
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Hypergeometric distribution
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Figure 1: hypergeometric distribution (probabilitgnsity function)

The model of the urn may be applied to the sitmataund when trying to
calculate specificities of a form in a given pdithe corpus is the urn, the part is
the sample, and the occurrences of the form are/tite balls. Hence, the hyper-
geometric distribution can be used to calculateptiobability associated with the
number of occurrences of a form found in a part.

Let us consider the typpeuple (“people” as in “we, the people”) in a
corpus of speeches by the French Revolution leBdbespierre. We will focus
on the first speech. Ipeuple over-used, under-used, or commonplace in this
part? To answer this question, we need to consider:

- the total frequency F gdeuplein the corpus, and the total number N of
occurrences in the corpus in order to calculatgtbportion of white balls in the
urn;

- the number of occurrencesn the first speech, in order to know the size
of the sample.

From these parameters, we can calculate the pilalesbassociated with
the various possible frequenciespafuplein the first speeches (Fig 2):
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Figure 2. Frequency of «peuple»

The frequency opeuplein the first speech may vary between 0 and 296,
the total frequency gbeuplein the whole corpus. The mode (the most probable
outcome) is 40 occurrences; we found 45 occurrent@euplein this part in
fact (plotted as a dot on Fig. 2). The form is éfiere used more than expected,
with a probability of 5.457782e-02.

However, the raw probability of this exact outcormenot really what we
are interested in. What we want to know is the gbaliiy of “to be so diverging
from the mode”, i.e. the cumulative probabilitytbe events with an equal or a
greater deviation from the mode. In order to defhme specificities indicator, the
following computations have still to be done. Eirste take the cumulative
probability:

- If the observed frequency is less than the exgaeftequency, we compute
the sum of the probabilities for a frequency leskan or equal to the observed
frequency (Prob(>€ k)) — i.e., the cumulative probability.

- If the observed frequency is greater than theeetqa frequency, we
compute the sum of the probabilities for a freqyegreater than the observed
frequency (Prob(X > k)) — i.e., the cumulative pablity for the upper tail of the
distribution.

Again, we are not interested in the probability‘dfawing exactly 45 oc-
currences opeuplé but in whether “there are at least 45 occurrerafgseuple
in this part” (Lafon 1980: 141).

Second, we use the log of the probability, rathantthe probability itself,
in order to focus on differences in order of maggh&t rather than on epiphen-
omenal differences.
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Last, we add a negative sign if the actual frequesidower than the mode,
and a positive sign if the actual frequency is tgethan the mode.

Finally, the graph of the specificities indicat@ncbe plotted with the para-
meters used below (Fig. 3). The values of the §p#gifunction are plotted for
all the possible frequencies péuplein one of the speech by Robespierre. The
actual frequency gbeuplein that speech is shown by a dot:

Specificities of 'peuple’

Specificities
300 400 500 600
L L |

200
1

100
|

I T T T T T I
0 50 100 150 200 250 300

Frequency of 'peuple’
Part size n=8395, corpus size N=61449, Total frequency of 'peuple’' F=296

Figure 3. Specificities of geuple»

However, we still don’'t know ipeupleis really a (positive) “specific”, i.e.
an attracted form. It may be a “commonplace” fowhose departure from the
mode is not significant.

8.8. Computing specificity indicators for all the forms of a part

In order to select (positive as well as negatiy@cs#ic forms of a part we
need to calculate the specificity indicator for @#leé forms of a part and fix a
threshold. The threshold may be an absolute véuenstance, specificities > 2)
or a number of forms (for instance, we will consittee first 20 specific forms).

Table 1
The first 20 (strongest) positive specificities Robespierre's first speects(ir
la situation politique de la Républigen a corpus of ten speeches.

Lexem Sub-corpus | Corpus Specificity
frequency frequency

france 36 70 29.73

puissances 13 19 15.81
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politique 19 57 8.23
autriche 9 19 7.11
francais 27 109 6.07
a 61 319 4.84
other 4316 30786 4.61
faire 21 87 4.60
projet 7 19 3.94
congquéte 3 5 3.15
croit 3 5 3.15
d 91 565 2.28
au 55 325 2.25
de 464 3173 2.18
ennemis 30 165 2.11
guerre 13 64 1.68
république 35 207 1.61
brlssot 5 19 1.56
courage 5 19 1.56
ceux 13 67 1.56
Table 2

The first 20 (strongest) negative specificitiesRmbespierre's first speeclts{ir
la situation politique de la Républigean a corpus of ten speeches.

Lexem Sub-corpus | Corpus Specificity
frequency frequency
que 94 803 -2.19
bourdon 0 20 -2.19
doute 0 20 -2.19
montagne 0 20 -2.19
dans 55 493 -2.21
hommes 9 109 -2.28
homme 5 73 -2.37
patriotisme 3 56 -2.46
représentants 4 66 -2.61
crime 4 71 -2.90
vertu 5 83 -3.16
ils 43 419 -3.17
justice 3 73 -4.41
publique 2 65 -4.90
fait 2 69 -5.24
nationale 6 124 -6.15
convention 6 126 -6.30
on 33 393 -6.39
patriotes 2 81 -6.79
patrie 6 153 -9.20
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Through this list of specific forms, the first sphe which deals with
foreign policy and war against other countries, t@ncompared to the fifth,
which deals with domestic issues:

Table 3
The first 20 (strongest) positive specificities Robespierre's fifth speech
(“sur les principes de morale politique”) in a cosof ten speeches.

Lexem Sub-corpus | Corpus Specificity
frequency frequency
faut 24 70 12.05
gouvernement 34 120 11.52
vertu 24 83 8.68
de2 103 563 8.23
ou 62 305 8.10
est 119 673 7.89
peut 24 91 7.13
par 86 499 5.23
la 405 2788 4.81
peuple 53 296 4.25
il 97 605 3.66
gque 124 803 3.40
but 13 58 2.85
a 52 319 2.55
cause 13 61 2.36
politique 12 57 2.28
le 194 1351 2.25
pour 88 595 1.74
tyrannie 13 72 1.46
les 291 2123 1.40
Table 4

The first 20 (strongest) negative specificitiesRobespierre's fifth speech
(“sur les principes de morale politique”) in a cosof ten speeches.

Lexem Sub-corpus | Corpus Specificity
frequency frequency

existence 0 19 -2.02
fabre 0 19 -2.02
géneéreux 0 19 -2.02
genre 0 19 -2.02
laches 0 19 -2.02
main 0 19 -2.02
projet 0 19 -2.02
puissances 0 19 -2.02
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bourdon 0 20 -2.09
montagne 0 20 -2.09
ce 37 365 -2.10
convention 10 126 -2.24
un 57 545 -2.35
crimes 3 59 -2.42
et 196 1708 -2.43
francais 8 109 -2.43
plus 30 317 -2.55
nationale 9 124 -2.80
comité 6 103 -3.50
other 3708 30786 -19.85

Let us now sum up. The calculation of the spetiéisi measure requires
four arguments:

- T: the total number of occurrences in the corpus;

- t: the total number of occurrences in the part;

- F: the total frequency of the form under scrutimyhe corpus;

- f. the frequency of the form under scrutiny e fpart under scrutiny.

This indicator can be computed for all the formsagbart and then for all
the parts of a corpus in order to compare them.

The method is contrastive, as are most of the ndsthised ilexicométrie
No absolute frequency is used: the parts are cadpaith the whole corpus, not
with another indicator of frequency.

8.9. Using the specificities indicator to study word ssociation

The specificities measure can be used to analygzecasions between
words as well as an association between a wordaapdrt. The measures of
association between words are most often repredeisiag a 2 * 2 contingency
table:

Table 5
The parameters of word association computation
word A - word A Total
word B
- word B
Total

The part (or subcorpus) above can be made ofaltdimtexts of word B. In
that case, specificity is used as a word assoaoiatieasure. The values of this
contingency table can be computed using the forarpeters given previously:
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Table 6
Word association computation parameters and spigifiarameters
word A - word A Total
subcorpus f n-f n
- subcorpus F-f N—-K-(n-Kk) N-n
Total K N-K N

Spécificitéshas frequently been used as an indicator of assmcibetween
words (e.g. Gréa & Haas 2015, Gtéappear).

9. Interpretation

Lafon stressed that the use of a probability distron does not mean that
we are doing an hypothesis test. The thresholdisanstatistical significance
threshold but a practical choice. The specificitiedicator is used in order to
compare the forms of a part and to assess whichison®re attracted than the
other: “this procedure may look like hypothesidites But the point here is not
to accept or to reject a hypothesis, with a givisk of error. Here, the null
hypothesis is never expected to be true. That's wavill use as threshold tme
first specific forms rather than a given p-valufé (Lafon 1980: 141)

The probability distribution is not used as a digant test because it is not
a probabilistic model of reality. Lexical data dat follow a hypergeometric dis-
tribution: “in our view, the statistical model, vdhi is completely distinct from
the linguistic realm, is unable to represent ituaately. That's why we do not
expect the statistical model to give an approxiaratf the frequency distribu-
tion in the parts of a corpus. It is inconceivatdeemploy the model to predict
the content of a fragment or to predict the sulpfeacy of such and such a form
in a part of a corpus [...] the statistical moddlistinct from the linguistic realm.
For us, it is nothing more than a tool for measyitihe forms that diverge the
most from it, so that we give a rigorous accounthaft reality” (Lafon 1980:

22 “Cette procédure rappelle celle habituellememhmée ‘test de signification’.
Mais il ne s'agit pas ici d'accepter ou de rejatex hypothése, en prenant un risque de
se tromper. Ici, I'nypothése d'équiprobabilité tfasais contestée. C'est pourquoi nous
fixerons le seuil plutét d'aprés le nombre de fame'il permet de sélectionner que
pour sa propre valeur.” (Lafon 1980: 141)

23 “A notre avis, le modele statistique, radicalamseparé du fonctionnement
linguistique, est, en effet, tout a fait inapteeprésenter celui-ci. C'est pourquoi nous ne
lui demandons pas de nous fournir une approximat®mma distribution des formes a
travers les fragments d'un corpus. Il n‘est pagimadle d'employer le modéle pour
prévoir la composition d'un fragment ou pour prédir sous-fréquence de telle ou telle
forme dans une partie du corpus [...]. Le modelestigiie est de nature totalement
étrangere a la réalité linguistique. Il n'est patseachose pour nous qu'un instrument de
mesure permettant de détecter les formes qui jesteg®eloignent le plus de lui, afin de
donner une description précise de cette réaliftafon 1980: 164)
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164; cf. also Lafon 1981a: 186-187; cf. Kilgarr#®05 for a similar position in
the context of corpus linguistics).

10. Conclusion

Lexicométrieis linguistic school that emerged during the 1980d 1970s
committed to the task of uncovering political regaetations through the quan-
titative analysis of the words and speeches oflsggeaaken as representative of
social or political positions. The emergence o8 techool took place in a part-
icular context. First, investigating the relatiogtWween the linguistic properties of
discourse and political positions was a populamaeeof research at the time,
also illustrated by the “Automatic Discourse Anaysschool (Pécheux 1969).
Second, the development of statistical tools fer ahalysis of digitized corpora
was in its infancy, antexicométriepioneered, in France, practical methods for
the quantitative analysis of corpora and the useoofiputers in linguistics for
guantitative research [cf. also Candel, this volumetradition was established
that has proved to be influential up to now in E&am the design and use of
software for the analysis of textual corpora.

This linguistic school can be compared with contakém. The two
schools converge in that both are rooted in preiadive traditions that were
sceptical about the use of quantitative methodsabolary study on the one
hand and Firth on the other. Both worked on théctex and they shared some
guestions about frequency, the focus on discowaeer than on the language
system, and the focus on the context. They divelgedever in many assump-
tions, such as the political orientation lekicométrie,its quest for a (quanti-
tatively founded) scientific approach, and its sgyonulti-disciplinary approach.
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Introduction

In France, quantitative linguistics has found ferterrain in political History:
unexpectedly at first, then privileged to the pahteveloping into a tradition or
even an autonomous sub-discipline.

This chapter reflects on this non-natural Frenciergific reality, now
several decades old, which has managed to takecamtemic and institutional
characteristics (laboratories, journals). But il yroceed in this way with a two-
fold simplification.

First, with regard to quantitative linguistics, wend to cover only quan-
titative corpuslinguistics, quantitativeliscourseanalysis or quantitativeext lin-
guistics. Phonologists or syntacticians also samesgi use computerized statist-
ical approaches, but in quantitative linguistics wid focus here on one part-
icular field, with a strong identity, which in Frem is calledtextometry logo-
metry,textual statisticor (statistical) analysis of textual data.

With regard to History and then political Histomjpere has also been a
narrowing of the point of view. The history of gals cannot be reduced to the
mere study of words, speeches, programmes or igiesloStill, we will ignore
here work done, for example, on party structurdsecteral sociology or
institutional workings, to concentrate solely omstarical studies that place the
centrality of language in political activity, anldat consider language production
(constitutional texts, meeting discourse, presglas, propaganda leaflets, etc.)
not only as political witnesses from a particulaa,eas a source or a medium
towards an historical reality that remains to kscdvered, but as historical actors
per sg and, in consequence, as an object of study iowts right: political lan-
guage as an object of Histary.

When, why, how and for what benefits, has politispeech become a
privileged subject of quantitative linguistics imaRce, in a gestational phase at
first and then ultimately in full development? Amdhat are the data treatment
methods - descriptive statistics and exploratogtisics - and the software
available on the scientific market - Hyperbasemuigeq, Lexico or TXM - which
have been successfully applied to this subject,vamdh have themselves been
enriched in return? It is these questions thatdbrgribution attempts to answer,

! A true scientific program, taken up by severatagations of scholars, and also the
subject of this contribution, "discourse as an objef history" was the manifesto
published in 1974 by the pioneering historiansgdas Guilhaumou, Antoine Prost and
Régine Robin, associated with the linguist Denisddudlier: Langage et idéologies. Le
discours comme objet de I'histoif@aris, Les éditions ouvriéres, 1974
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first by tracing the history of the interdiscipliyaencounter between (quan-
titative) Linguistics and (political) History [Pai®ne], then by highlighting
contemporary developments under the influence efdigital revolution and the
development of digital humanities [Part Two], amhfly by illustrating the topic
with concrete results and convincing machine ostpRart Three].

1. History and Linguistics: beyond misunderstanding

1.1. Early Engagements (1950s, 1960s and 1970s)

In France, it is undoubtedly withes caractéres statistiques du vocabulared
then Probléemes et méthodes de statistique linguistitpye Pierre Guiraud,
published in 1954 and 1960, that quantitative lisges gained its founding
books? While the French linguist, a great reader of Zipérhaps at that time
aimed to create a mathematical model of Languagdistical methods still in
their infancy were very quickly applied to cleaitientified corpora of discourse,
thus seeking less to describe the linguistic Systdms being impossible to
sample or "represent” in all its complexity, thaame of its discursive realis-
ations: not an absolute corpus, that is, but detasbrpora that constitute norms
of their own; not an absolute frequency or freqyeincLanguage but statistics
and semantics endogenous to duly problematizedigf discourse.

With Pierre Guiraud (1954, 1960) and Charles MUlI€¥68, 1973), it was
first and foremost literary works - in this case tlassical theatre of Corneille -
which served as a corpus for study, thus opening lgng tradition for literary
theorists, which, through the work of Etienne Bryiecame monumental over
time [see Brunet 1981, and recently his collectiohsarticles: Brunet 2009,
2011, 2015]. But beside literature, which remainety present and which
benefitted from the creation of tAgésor de la Langue FrancaiSehe field of
political discourse quickly emerged as a productwel fertile ground for statistical
linguistics?

Indeed, a decisive factor is that in 1967, the &ddbrmal Supérieure de
Saint-Cloud, in association with the CNRS, createdinterdisciplinary labor-
atory for "Lexicology and political texts", whosdject of study was political

2 For an even older archaeology, see the contabwtf Jacqueline Léon in this volume.
® Le Trésor de la langue francaig€he Treasury of the French Language), undertaken
by Paul Imbs in Nancy in 1957, and then by Berr@ué&mada at the Institut National
de la Langue Francaise (National Institute of thenEh Language), constituted one of
the largest and earliest works of digital inputtekts on paper. Fifty years before
GoogleBooks, and with certain unrelated philolobjecautions, its purpose was to
enter the entirety of French literature, as wellvasings from other origins.

* In detail, we note with Lemercier and Zalc [20@&t within the field of history this
connection was not foreseeable and could even geeadoxical, as political history
traditionally cultivated a qualitative approach ¢péat events, great men, secret or "dip-
lomatic" documents, etc.), whereas only economid social history had learned to
develop quantitative approaches.
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language, and in which computer-assisted methode weveloped, taking a
quantitative approach to discoursBrom that time on, and for several decades
thereafter, the Saint Cloud laboratory was at tneffont — in any discipline — of
the development of French lexicometry. Computeerggsts, mathematicians,
linguists (Robert Léon Wagner, Maurice Tournierer® Lafon, André Salem,
Benoit Habert, etc.) rubbed shoulders there fory&érs, and the historians of
discourse were the driving force there, both in eradhistory and in contem-
porary history (Annie Geffroy, Jacques Guilhaumddichel Launay, Denis
Peschanski, etc.).

It is thus from the Saint Cloud laboratory that it&itutionalisation of the
term lexicométrie (lexicometrics) occurred, with a first journdlravaux de
lexicométrie et de lexicologie politiqugublished in 1976, which in 1980
became the journal MOT3Mpts/Ordinateurs/Textes/Sociétémd thenMOTS,
Les langages du politiquayhich is still flourishing today. It was also ihi$
laboratory that certain major software developmemtse born, like LEXICO,
whose modern version, implemented by André Salemams widely used in
France today; and again it was in this laboratbat thany of the most signific-
ant applications of lexicometry, and thus on poditilanguage, were published,
with a first decisive book appearing in 19T2es tracts en mai 1968yith the
work of Maurice Tournier (1993, 1997 2002), withudies on trade union
discourse and socio-political vocabul&nAgain, alongside the lexicometric
exploitation of literature in Besancon (Quemadagnty (Imbs), Nice (Brunet),
Strasbourg (Muller) or Liege for Latin literaturetinn the LASLA (Evrard), we
owe many inventions, improvements or statisticgbliaptions to Saint Cloud
(Tornier), from the calculation of specificities ¢alculations of co-occurrences.
In parallel to the first issues of the jourd&DTS in which the main lexicometric
algorithms can be found, two Ph.D. dissertationgnfiSaint Cloud were critical
in this regard: the thesis of Pierre Lafon, defehde 1980, in which the
foundations were laid [Lafon 1984]; and the thedi®\ndré Salem, published in
part in collaboration with the statistician Ludowiebart, which remains today,
through its various editions and translations sewgeral languages, a core knowl-
edge base for Human and Social Sciences (HSS)rcbges in this field (Lebart
and Salem 1994).

1.2. History and Linguistics: a shared heritage

It must be said that the 1960s, 1970s, and 198@sHemselves to the flourish-
ing of quantitative linguistics in the field of by and political discourse.

> We thus find traces of this in April 1968 at anposium published bZahiers en
Lexicologienos. 13 and 14, 1968 and 19609.

® In this overview, it should be added that in &ddito Saint Cloud, Jean Dubois
defended a decisive thesis in Nanterrd_ervocabulaire politique et syndical en France
(Political and trade union vocabulary in FrancelpuFishing at first, the school of
Nanterre then died out, probably due to the abseh@m historical background. The
theses defended there intended to establish a-Bogiostics but found no echo in the
historical community (see below).
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In the twentieth century, History, as a centurikeiscipline within HSS,
became aware, early on, of the epistemologicalsgrbe made by conversing
with linguistics, which was still young but whicladh been rapidly expanding
since the advent of SausstrBeyond the initial contacts with a Marc Bloch or a
Lucien Febvre (Febvre 1953), and beyond Alphonserént’s decisive state-
ments about historical semantics (Dupront 1969y particularly beyond the
importance that structuralism and (therefore) Listics took on for all of post-
war HSS, let us recall that work on textual archive the very definition of
historical work (as opposed to the pre-historic kvoir palaeontologists), and this
necessarily made the community of historians semesmot only to classical
philology but also to the modern language scientks.major work, unequalled
to date, of Régine Robitistoire et Linguistiquepublished in 1973, became a
structuring element for several generations of &mdmstorians. While the author
certainly regretted the relational difficulties Wween historians and linguists, she
established an ambitious trans-disciplinary reseprogramme in which History
and Linguistics were to cross-fertilize one anatlaed maintain a non-ancillary
relationship. And in this fundamental work, a laf@tion, devoted to a better
future, was dedicated to the first lexicometriculess supported by the new
approach from Saint Cloud (Robin 1973. Chap 5 arah@® Appendices): with
strong theoretical postulateblistoire et Linguistiquethus declared, and gave
concrete illustrations of, the merits of the quiatitre treatment of the first large
digital corpora, which the community of historiam®w had at their disposal with
the arrival of computers in research laboratories.

History in particular, as one of the Humanitiesiasg to the status of a
science, had an old methodological tradition thes not necessary to recall here:
from the pre-War methodological school to the Aesaschool of the inter-war
years, passing, generally, through the rigourdefMarxist approach, historians
had long claimed to go beyond a mere impressienmsirative of past events to
establish controlled methodological protocols taldeith their sources and
objects. In this respect, therefore, the historgzaénces were ripe, in the 1960s
and 1970s, the period of interest to us here, tocomee the kind of formalized
and mathematical methods that computer-assistedtitpteve linguistics was
striving for. For example, serial history, with ttgelary figure Ernest Labrousse,
had just established the principle that quantigatdata processing made it
possible to go beyond the anecdotal to achieve wwmge representative and
structural. While serial history was at that tinppked primarily to the economic
domain, naturally more sensitive to figures, th@nsposition to politics was
envisageable: in a way, a corpus of political texdsld be considered asaries
within which word frequency and vocabulary regulas and irregularities could
be described and interpreted. And Régine Robimeation just one example,
explained her methodological detour towards lexietsios by the need to
process a corpus composed of a series of a huBdrekk of Grievances (1789),
something not accessible to human memory. In hé&ewinally, all the histo-
rians who use lexical statistics and computer témlgrocess their (large) textual

" Notwithstanding that Saussure’s Course in Gergrguistics was known quite late
in France.
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corpora fundamentally share this quantitativisttpas concerned as they are
with exhaustivity, systematicity, representativiiypnd seriality.

1.3. Correspondence factor analysis: an immediatelyutting-edge practice

For its part, quantitative linguistics experienaednajor and very rapid enrich-
ment in France, something in which the politicatbiian was both a participant
and a driving force. Alongside the primarily deptrie field of lexical statistics,
which was efficient but elementary (lexical freqoes, vocabulary specificity
scores, calculation of co-occurrences), and whicgirated, as we have seen,
with Guiraud, which underwent its decisive improwrnwith Muller, and which
blossomed in Saint Cloud in the 1950s, 1960s arkD4,9the mathematician
Jean-Paul Benzécri proposed, in his lecturesl'Analyse des données et
reconnaissance de formes (Data Analysis and PatBenognition)(1965), a
form of exploratory multi-dimensional statistioshich would revolutionise the
French methodological panorama for decades: canegnce factor analysis
(Benzécri 1972).

This is not the place to settle the debate ovepthely French or Anglo-
Saxon origins of a method that, beyond the eamti@ihematical presuppositions,
needed the computerised tools of the second pawegitieth century to thrive.
We will only note that, in France, it was the hisga of political discourse,
Antoine Prost, who was the first in the Human aodi8 Sciences to use it on
textual data in a pioneering worpcabulaire des proclamations électorales de
1881, 1885, 1889written in 1970 and published in 1974. From thate on,
political historians, and more generally the whalld-rench lexicometry, system-
atically used exploratory multidimensional statistiwhich is still implemented
today at the heart of all French software on theketa(DTM, Hyperbase,
Iramuteq, Lexico, TXM, etc.). Thanks to this methachder the direction of
Antoine Prost, and in the Saint Clous laboratdng, listorian Denis Peschanski,
for example, was able to defend a thesis applied tironological corpus of
communist speeches; 40 years after Antoine Prostpown books on contem-
porary French presidential speeches (Mayaffre 20@12012) still owe much to
correspondence factor analysis.

The methodological stakes were high and two-fold:

First, faced with textual corpora crossed by midtigocio-historical
variables (chronology, the political identity oktspeaker, his institutional status,
and the conditions of speech itself), the histodaunld unravel and prioritise the
extra-linguistic constraints weighing on the diss®) or more precisely, test
these variables in an exploratory way, that isa svithout projecting working
hypotheses onto the corpus that are too strong.ekample, at the outset,
Antoine Prost tested the political affiliations a@f French MPs during the initial
legislatures of the Third Republic by looking atetler or not unbiased statist-

8 We are referring here to the title of the booklmdovic Lebart, a statistician and
disciple of Benzécri: L. Lebarét al., Statistique exploratoire multidimensionagll
Paris, Dunod, 1995 (reprinted 1998 and 2000).
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ical processing allowed the grouping together, ioyug of a shared vocabulary,
of deputies from the left or the right; and as thkeults of the enquiry were
positive, the outlying deputies, transgressing tleems of the established
political groups, could be identified; and the Vimglary responsible for these
similarities and deviations was identified. In Hist, this method and this type of
exploration found a natural field in chronologicarpora, which André Salem
(1991) called in an ad hoc manner "chronologicalua series". In such cases,
when it comes to comparing texts from a single es®Wsame political party,

same speaker, same press organ) but producedfettedif and regular times
(every week, every year, every decade), correspumadanalysis makes it poss-
ible to reveal a chronology endogenous to the erpand not projected into it
by the historian - by identifying ruptures and c¢ouities in the discourse. (See
infra Part Ill).

Next, AFC (correspondence factor analysis) magessible to widen and
increase the field of observation of the origireital statistics. Up until now
usually reduced to the individualised distributafithe single unit, in the context
for example of a calculation ddpecificities lexical statistics offered only a
partial and fragmented view of the text. With AH@Ite is a large number of
units, up to the entire vocabulary of the text, athare all considered at the same
time, allowing us to work out their relationshipdatheir organisation; their
statistical relationship and organization, of ceurBhe idea then arose that it was
the text in its entirety and its full complexity,not its meaning, which could thus
be addressed.

In other words, to repeat the two virtues heremfarentioned, AFC
allows the political historian to process compleatnces: tables (x rows and y
columns), with a series of the texts in the coluitima$ we want to compare based
on their chronological, political and generic radaships, and in the rows the
entire body of vocabulary that is to be assessedl(atrated in Part Ill).

1.4. Beyond words, discourse: an essential epistelmgical position

Be that as it may, the emerging relationship betwgmlitical) History and
(quantitative) Linguistics had as a cause and waldd have as a result an acute
awareness of the complexity of the discourse opjattacute epistemological
awareness that makes the lexicometric analysisrudigeussion here, and which
can be considered as a preferred method for haskdinguists analysing dis-
course, cannot be confused, in France, with the rfsare content analysis that
had been proposed a few years earlier by LasswdllLazarsfeld; in France, at
that time, a very strong problematisation of bakt tand discourse lay behind
the computerised and statistical processing ofarerp

In France, reflections on the discourse objectrduthese baptismal years
immediately took the form of an interdisciplinargientific effervescence and
intellectual adventure almost without equal, whiicls beyond the scope of this
paper to describe, all the while being at its arttre French school of discourse
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analysis (Maziere 2005), to which Critical Discausnalysis (CDA) does not
hesitate to claim membership today.

Although we have talked about the birth of the S&ioud laboratory
both for its importance in the development of tektsgtatistics and for its
important role in the historical approach to poétilanguage - in a word, as the
meeting placepar excellencebetween quantitative linguistics and political
history - we should mention at the same time thekvad Jean Dubois and the
School of Nanterre which, although it eventuallgagipeared, played a decisive
role for two decades, and which was responsibléh®mpropagation of discourse
analysis in France.

Leading on from lexicology, that is to say, theirdahat the lexicon is a
structured whole and must be understood in usa oomtext, in the early 1960s
Jean Dubois campaigned for a trans-phrastic litiggisand found a model to
follow in the work of Z. Harris, which he had hadnslated in the journal he had
just created (Langage 1969).

Ultimately, this founding and original discourseabsis did not stand the
test of time, perhaps for two reasons that arectiyreoncerned with the subject
of the present contribution: first, because thengjtieation of linguistic phen-
omena did not play a strong enough role, to thestienf a more formal lin-
guistic approach (distributionalism), of which Jdanbois himself foresaw the
limits; and second because the proposed methododtgelinguistic complexity,
could not be assimilated by the (political) hishmis, whose role as a driving
force we have just emphasised, even though theotmhpeing processed were
highly political and historical:in fact, the theses of Marcelessi on the Congress
of Tours (1971) or of Maldidier (1970) on the warAlgeria, while important,
were not given any consideration by the historimanmunity (without being
given much consideration by linguists either): idisciplinarity, which was so
promising elsewhere, was unfortunately a generalré&in this case, with only a
few rare exceptions.

Still, the important thing is: Jean Dubois, witls lihesis (Dubois 1962),
encouraged the emergence of a linguistics of drseoin France - particularly of
political discourse - that is to say, on the onedydi) a linguistics that would not
be limited to the morpheme or the sentence but dvaddress trans-phrastic
organisation, which is something far more complést is to say, on the other
hand (ii) a linguistics of usage or of a socio-tigtally situated language and
soon of one that is ideologically constrained. Alibh composed primarily of
linguists,the School of Nanterre established discourse astgect of historythe
"I" of texts ceased to be the "I" of the grammdtmabject to become the "I" of
the historical or ideological subject of the higor vocabulary could only be
grasped in (historical) context. The structuresdisicourse, which were to be
updated, were of course subject to linguistic aamsts, but also to social and
ideological constraints.

° It should not be necessary to emphasise herentat is globally called "discourse
analysis" was at that time above all an analysipdlitical discourse. We recall in
particular that Jean Dubois and his followers warder Communist discipline at a time
when political militancy was an integral part ofalectual training.
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1.5. Beyond discourse, ideology

The 1969 issue dfangageconstitutes the official birth certificate of d®ase
analysis for linguistics: a birth certificate, let repeat, that is paradoxical insofar
as everyone still wants to lay claim to it but ndpauses the distributional
method today. But French discourse analysis hassdemded this birth in
linguistics significantly and has developed in FE@amnder the influence of three
master thinkers, Althusser, Foucault and Pechet, gffered a comprehensive
Marxist or "Freudian-Marxist" approach (Rastier 2D0f discourse. And in an
incredibly contracted chronology, we find ourselaeshe end of the 1960s.

With these thinkers, it is not only the relationshihat words have with
discourse that is posited, but the relationshipvbenh the subject, language and
ideology which takes on a central role and ultinyateecomes the keystone of
the French School of discourse analysis; and aMionel Pécheux, we note in
passing that his epistemological proposals are leduwith a strong method-
ological proposal of Automatic Analysis of Discoa@AD), which, although it
does not explicitly rely on statistics, took thesignary step of using digital
technology (Pécheux 1969).

It is perhaps the idea of the non-transparencyisfodirse that governs
discourse analysis and that political historiangewable to seize upon at the
outset; and it is this lack of transparency thahaeds the development of a more
effective methodological protocol than simple readi

While the meaning of a sentence can be formalliragtl by linguistics,
the meaning of discourse is not obvious or expl@itd texts are never trans-
parent. A discourse can say more than it says @#pli no production of
language is ever obvious, and language is alwaystged with ideology.

In psychoanalytic terms - since Freud and Lacarcaneerned here too -
manifest contentyhich is accessible through normal reading, magkn@amore
complexlatent contentand thepsychological subjectthe assumed "me" of the
speaker - can reveal a deepsychoanalytic subjecin Marxist terms above all -
for Marxism overshadows all of this nascent disseuanalysis - political
discourse explicitly exposes a programme or a thfuut also betrays and
constructs, at a deeper level, an ideology - argémelationship to the world -
that the analyst must discover under the deceptevdent material or linguistic
surface of the corpord.

Although one could criticize a majority of the lmsan researchers of the
1970s for a certain naivety in their approach tecdiirse and to linguistic
material (Robin), this basic critical stance ofcdigrse analysis, if not this
hermeneutic posture, could not fail to seduce hests, for whom making texts
and archives "speak” in order to reconstruct thet panstitutes the heart of their
profession.

In this context, it would obviously be reductivedssert that quantitative
methods are the only imaginable means to rendeéoriual interpretations ob-

1% We recall in particular that the key concepthis tdiscursive training" by which the
speaker was constrained to express himself.
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jective, but it was clear at that time that compaind statistics were an effective
and accessible lever for historians, even if it megaccording to Régine Robin,
instrumentalising them.

In addition, beyond the historian community, thisréhe whole of French-
style discourse analysis which considered lexicoynethich we can appropri-
ately call logometry (logos = discourse; metry =asi@ement), as an essential
method, as evidenced by its prominence in the tekb that were an authority
on the subject in France throughout the 1980s (leeneau 1976, 1987), and
the many articles published over the decades inoimemal Mots, in Histoire et
Mesure,and inLexicométrica And if one had to choose just one major text for
historians, it would be the contribution of AntoiReost in 1988, an intelligent
plea for using quantitative linguistics in politidastory.

1.6. History and computational linguistics: a delagd marriage (1990-2000)

The years 1990-2000 were marked by a significamgtempological retreat; a
retreat that could perhaps be generalised forhallHSS with the collapse and
non-replacement of such models of systematic thbaghMarxism, structure-
alism, generativism, Freudianism, etc.; in any cdsre was a significant retreat
concerning interdisciplinary exchanges betweendtysand Linguistics, and also
concerning methodological acuity in political histo

A young historian such as Eric Anceau, for exampley retraces the his-
toriography of political history in the late tweeih century and who campaigns
ambitiously for a total political history that cautonverse with other disciplines,
not only mentions lexicometry very little but alenly pays scant attention to the
dialogue between History and Linguistics (Anceat20the ideals of the 1970s
seem to have run their course.

Admittedly, Régine Robin herself was pessimistanirthe start, showing
the extent of the "misunderstanding” (Robin, 19CBapter 1:.Le malentendu
between historians and linguists. And while herkbad the impact described
above, she made a negative assessment of the artelprise in 1986, using the
expression "the continuing misunderstanding”; anehtually Régine Robin, her
little remaining support in France coming only fraacques Guilhaumou, pre-
ferred geographic exile in Canada and disciplireiie in Sociology.

However, even during a period unfavourable to dismiplinary dialogue
and to methodological precautions, and for politigatory marked by the return
of "battle history”, of coffee-table biographiesdaof anecdotal history, we still
find traces of other initiatives undertaken.

Besides the major and theoretical work of Jacqua&th@ mou, to which
we will return, it is perhaps the work of Jean-Ripié Genet, a medievalist at the
Sorbonne, that is the most remarkable becausesofehiacity. In addition to
numerous publications (Genet 2012, Genet and L20@3) and the transmission
of a scientific posture to the younger generati®ab@stien Benjamin Déruelle,
Stéphane Lamassé, etc.), in 1988, together withestetiow historians, he
created the associatidtistoire et Informatiquethis being the French section of
The Association for History and Computing, whichdhaeen founded a year

102



Quantitative Linguistics and Political History

earlier. This venture was limited to neither polldi history nor lexicometry, and
was only partially successful, but the soil for igtéry of political discourse
assisted by lexical statistics thus remained undkivation.

Similarly, during the same decade the politicaéstist Dominique Labbé
published several books on Communist languageheriscourse and vocabul-
ary of Francois Mitterrand (Labbé 1990), on govesntal discourse (Labbé and
Moniére 2004), and numerous articles on the rhetwfrde Gaulle and on French
trade union discourse. Our own thesis, publishatbuthe titleLe poids des mots
in 2000, was also part of this tradition, using doggtrics to interpret the
discourse of the left and the right in the inter~ywariod, and to update the dis-
cursive battle with reversed front lines betweenational right suddenly con-
verted to the spirit of Munich and an internatiastaleft converted to national
defence against fascism (Mayaffre 2000).

Finally, and in addition, with respect to textuttsstics the 1990s saw the
French textometrics community, including analysds Foench and foreign
political discourse (Bécue, Bolasco, Labbé, Marchavioniere), organise and
internationalise around the biannual Analysis DiysTextual Data Journées
d’Analyse de Données Textuelles, JADT), and around certain journals like
Lexicométrica, Corpusr Histoire et Mesure.

It is clearly through this internationalisation thfe community, and the
sharing of digital textual resources and commursbftware tools, that the
present-day conjuncture must be understood.

2. The current turn of digital humanities

Far from the grand explicative systems such as IdiarxFreudianism, or Struc-
turalism that form the backdrop for the interdisiciary rapprochement described
by Régine Robin and Antoine Prost between (politibestory and (quantitative)
linguistics in 1960-1980, the current scientifiandacape is marked by certain
significant elements in the relationship that cantseesearchers in the human
sciences - and particularly historians - with tetwal or the linguistic.

The two most important factors, which are essentighe daily practice
of researchers in the 21st century, are the dig#@lution and the hermeneutic
turning point that has occurred in HSS; and toghe® points we may add, from
a technical point of view, the popularisation arel&lopment of lexicometric
tools and functionalities to the point where nobaadwy ignore their existence:
such as, for example, searches by keyword in iatesearch engines, or the
processing of co-occurrences.

2.1. The universal digital archive
After the invention of language, which enabled Maie human, that of writing,

which brought him into History (versus pre-historgnd that of the printing
press, which swung us into modernity, everythingnse to indicate that our
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civilisation is experiencing a 4th major culturaldaepistemological revolution:
the digital revolution (Goody 2000 and Darnton 2009

Day after day, our Gutenberg society is being fansed indeed into a
digital society; the keyboard replaces the pentardscreen replaces paper; text
becomes hypertext; reading becomes hyper-readingemity becomes hyper-
modernity.

When it comes to the disciplines covered in thipgpalLinguistics and
History), the evolution is a major one.

For example, faced with the mass of data and itessibility by a simple
click, introspective linguistics such as generativiconcedes a new relevance to
corpus linguistics. Corpora of hundreds of billimisvords are now immediately
accessible to researchers, like Google Books (Brwianni 2014): universal
corpora can therefore now support universal grammar

In history - and in political history - the revaion is equally significant.
Long constrained by the scarcity of existing or enally available sources, the
historian is now faced with an almost infinite aweh the web. Old collections
are digitized and accessible from home, espediaflynedievalists and modern-
ists. Above all, for specialists in contemporargtbiy, new collections are
emerging daily, immeasurably rich but which cantdleen in instantly, such as
collections of media items or political speeches.

In other words, the digital revolution has reinezhthe textual archive,
and the historian and the linguist are being funelatally questioned once again
about their basic skills, at the crossroads of tihe disciplines. The inter-
disciplinarity between Linguistics and History, whicooled in the years 1990-
2000, seems to us to be in need of reviving.

Finally, and more prosaically, the immensity of dberesources raises
once again, and rather mercilessly, the issue afhiipative data treatment and
the contribution of statistical linguistics or couatational linguistics: computer
science and statistical processing, which mighedrave appeared as a luxury or
an option, have now become a necessity.

2.2. Digital hermeneutics

After the turn taken by linguistics, it is now tharn being taken by her-
meneutics, since the end of thé"2entury that seems to be marking all of the
HSS disciplines. Because the explicative systemstioreed above have been
partly abandoned, it is now less a question of arplg than of trying to
understand, that is to say, to interpret. The whadeld is to be interpreted; the
archive, the meaning, the corpus are all objectistefpretation.

In France, at the border between history and Istgus, it is perhaps the
philosophical figure of Ricoeur that has been m&gnificant in this inter-
pretative turn: history is a narrative, and theraiare is a shaping of the world
through language and interpretation. The work ef historian-linguist Jacques
Guilhaumou has played a decisive role here in dis® analysis; and as a
former researcher at Saint-Cloud, he is no stratmy#ére development of French
lexicometry. In 2006, Jacques Guilhaumou firmlyabsshed the language
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dimension of political events, and argues for amtemeutical posture in the face
of an historical record that is necessarily textimstorical events or facts are
always presented to us to examine and to understatieir dual material and
linguistic nature. Similarly, the writings of Framig Rastier play an important
role at the beginning of the 2tentury in France, by defining the text as a place
of "interpretative pathways". Meaning is never givgy the text but rather con-
structed through reading, that is to say, throughreader’s interpretation. And
Francois Rastier stresses the importance of melbgidal protocols meant to
signpost or even encompass these pathways goimgntddigerary intuition. In
this context, and in two successive books, he sgseethe contribution of digital
technology (Rastier 2001) and quantitative meth@dastier 2011) in the
development of "new observables" in linguisticsjchhare invisible on paper but
visible on a tablet, like so many objectifiableargretative elements.

2.3. Computer performance and software popularizatn

Beyond this double epistemological situation (thgitdl revolution and the in-
terpretative turning), everyday practices have alsalved very quickly at the be-
ginning of the 21st century. The tools that nowtrunmentalise our reading of
texts (search engines, keywords, word clouds, ei®)found everywhere, in
science and in society.

The two preconditions for the data treatment ofngitetive linguistics,
which still had to be justified in the 1980s, naynlkenisation and indexing, are
at the basis of the big search engines like Go@lileesearchers and citizens use
them without even knowing it. The lemmatisation anarpho-syntactic tagging
that allow automatic entry into text with lingurstinits that are better established
than graphic words have also become necessargasitt flor experts. As for the
frequency-based approach, it also appears indiapensn the face of the big
Web data.

In France, the lexicometric, textometric, and logtme software that
generally came into existence in the 19807?s isiphyltg, being freshened up,
and is putting 30 years of statistical expertige emmodern ergonomic form. An
historic programme such as Hyperbase, for exangplgw in its 10th version in
2016 and is being distributed on the Web in a ftlighversion
[http://hyperbase.unice.fr/ hyperbase/]. New sofevis appearing with an open
source logic such as TXM and Iramuteq. Beyond ttiegt,general public is be-
coming familiar with networks of words and co-oaeunce graphs. Especially
during election periods, candidates’ speechesféea decrypted in the media on
the basis of a lexicometric approach.

Finally, the institutions in charge of research mw@asuring the interest of
a field in full expansion, and ANR and Equipex paif are financing software
development in the fielt}.

1 One of the major projects is the Equipex MATRI(B10-2020, 2.6 million Euros;
dir. D. Peschanski), which funds the developmenhefTXM software.
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3. Applications

Since the early work of Jean-Marie Cotteret andéRdoreau on the vocabulary
of de Gaulle (Moreau and Cotteret 1969), the wdrRmtoine Prost on electoral
proclamations of the Third Republic (Prost 1974)Régine Robin on Cahiers de
doléances (Notebooks of Complaints) of 1789 (Rd®i4), or of Saint-Cloud
on the tracts of May 1968 (Demonet et al. 1975)diss of political history
making use of quantitative linguistics have beemerous in France, and it
would be presumptuous to claim to summarize thdnherde. We can reduce
them to just four — necessarily arbitrary — heaslingferring the reader to a rich
multi-decadal bibliography of dozens of books.

3.1. Men and words (vocabulary specificity scores)

Whether one perceives it as a simple subject karMarxist sense of the term —
or as a charismatic leader, the political historas always been preoccupied
with people in the polis; and this biographical cem naturally meets the con-
cern of the linguist or speech analyst, for whoumdamentally, there cannot be
any language without speech, nor speech withowtkgs.

Quantitative linguistics and political history hatleus been concerned
with describing and interpreting the production ioflividual speakers,(Presi-
dents, First Ministers, etc.), but also collectsfgeakers (parties, unions, press
publications, etc.) whose words have made society.

While literary lexicometry has been sensitive te talculation of lexical
richness to describe the style of authors (BruG@92, political lexicometry has
widely used, as a major tool, the calculation oécsfic vocabulary (Lafon
1984)? to describe the discourse of socio-political ptaye

In the necessarily contrastive corpus (multipleagees), the goal is to
identify the words (or other linguistic units) thetatistically characterise a part-
icular speaker. So, out thousands of possible ekenim the French presidential
corpus since de Gaulle and the beginning of thén Reepublic, we could point
out thespecificitiesof Nicolas Sarkozy [Table 1].

Table 1
Specific vocabulary of Nicolas Sarkozy (2007-2012)
Specificities Frequency in Frequency in the | Scores
Sarkozy corpus
(2007-2012) (1958-2014)
Ca (That) 663 1153 +33
On (you, one) 2524 13,961 +27

2 Now firmly established, the calculation estdindis the probability of a word having
the frequency k in a textet T= size of the corpus,= size of the texf, = frequency of
the word in the corpug, = frequency of the word in the textob (x = k) =
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Crise (Crisis) 368 1077 +22
Pas (not) 3501 23,099 +20
Je veux (I want) 355 1206 +19
Vouloir (to want) 1047 5504 +18
Ne (not) 4128 28,765 +17.5
Travail (Work) 415 1628 +17.5
Je (1) 4810 34,542 +17
Demonstrative 5866 43,723 +16
pronouns

Banque (Bank) 130 307 +15
Ce (This, It) 4136 30,237 +15
Pronoun+adverb+ 2252 15,606 +13.5
verb

Immigration 51 122 +9
Policier (Policeman) 37 70 +9
Délinquant 25 33 +8
(Delinquent)

Moi (Me) 448 2784 +8

And behind this statistical list, ranked here idearof precedence and ac-
cording to an elementary index, it is the overasigon on the political right,
called neo-populist, of Nicolas Sarkozy that weénaeen able to interpret. For
example, the statistical preponderance of the Veytmaup, "l want" participates
in the construction, through speech, of the figafehe leader or charismatic
authority; the over-use of the popular forms "oydy, one) or “¢ca" (that) seems
to participate in the demagogic relaxation of speaddressed to the greatest
number; the repetition of the syntactic structyyefpoun+adverb+verb], which
in French always has a negative aspect ("je ne.véux| don't want"; "il ne
faut..." — "There mustn't"; "vous ne pouvez..."yeu can't", etc.), plays a part in
the establishment of a Caesar who grumbles andlénann his speech, etc.

Similarly, Pascal Marchand has systematically deedrthe vocabulary
of all the French first ministers in their genepallicy speech since the estab-
lishment of the Fifth Republic (Marchand 2007) ame&l now know, in political
history, the statistical and lexical features of §peech of people like Michel
Debré in 1959, Raymond Barre in 1976, Jospin in718&lls in 2014, etc.

St. Cloud, to which we owe this calculationspiecificities- a calculation,
we repeat, that is widely used in France - in mdemlogical works, strove to
characterise the vocabulary of Communist speectsiigebourgeois speech) of
the interwar period through the collective speakepsesented by L'Humanité or
Cahiers du Bolchévismé:to characterise also the speech of the right (seitse
speech of the left); and to characterise the spekttie CFDT (versus the CGT)
(Demonetet al. 1978; Peschanski 1988; Tournier 1993). Etc.

3 Obviously, in a chronological corpus, the caltiola of particularities can be used to
distinguish a specific point in time (e.g. one Yyeduring a period (a decade, for
example). See below, 3.2.
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To conclude, we will anticipate a little: thanks tise correspondence
factor analysis described below, a synthetic vieivttte most remarkable
specificitiescan be produced. For example, in the 1958-201digertial corpus,
the ten main characteristics of each presidentdeatibuted on the graph as
follows (Figure 1).
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Figure 1. Factor map of the firgpecificitiesof the presidential corpus (1958-
2014)
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3.2. Discourses and periods (correspondence factanalysis)

Thanks to statistics, the characterisation of theabulary of the texts in large
corpora takes on a particular acuity for the hiatoin the context of diachronic
corpora that Andre Salem defined@sonological textual serie€Salem 1991).
Thus we can show that over long periods, a formegical continuity takes
shape, and that given this continuity the discrefganobserved allow us to
update a chronology of political events that is sbmes unexpected for the
historian, and endogenous to the corpus.

It is through theéDescriptive Multivariate Statistical Analysisebart et al.
1995) and theCorrespondences analysideveloped in France by (Benzécri
1973) from the 1970s on, that the most convincegults have been achieved.
For example, an examination of the entire vocalyudthe Communist leader in
France, Maurice Thorez, between 1930 and 1939 atlows to attribute a new
dating to the Popular Front (Figure 2).
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Figure 2. Correspondence factor analysis (Thoogaus 1930-1939)

Maurice Thorez's speech changes early on and feoeardy as 1932-1933
mobilises Jacobin vocabulary (as opposed to traditi Bolshevik vocabulary)
that foreshadows the Popular Front; a progressi early evolution only
broken by the year 1934, which appears as atypinc#the corpus and on the
graph, in moving away from the ideal parabola thatGuttman effect produces
on chronological corpora.

Beyond this type of general chronological studjieotmore specific in-
dices allow us to understand the temporal logias il through the corpus, such
as the calculation of the chronological correlatiBrunet 1981: 401-406)
applied to each unit and which allows us to idgntiie most striking pro-
gressions and regressions. For example, duringriadpef 60 years, in the
French presidential corpus (1958-2014), "unemplowh@&hdémage) is the word
that has progressed the most, and the most regulsith an index of 0.874
(Figure 3)
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Figure 3. Chronological distribution of "unemploymie(chémage) in the
presidential corpus (1958-2014)

3.3. Text classification (intertextual distance andree analysis)

Directly linked to the previous concerns of chagasation, logometry seeks to
classifytexts according to their origin: historical origifas previously), political
or ideological origins, and obviously, generic arg] this is classification on the
sole basis of the linguistic materials used, bdi words and also the gram-
matical or syntactical combinations.

Many indices of intertextual distance (or distabe&wveen texts) or lexical
connection (Muller 1973; Labbé and Labbé 2004) dtave been developed by
statisticians and used by the historian.

Dominique Labbé especially and Denis Moniére hanevided measure
and represented under a tree form the existingquusst between all the Throne
Speeches in Canada, representing 128 speecheshet®67 and 2010 (Labbé
and Moniere 2004; Labbé and Moniére 2014).

The calculation and this tree representation, imgleted for example in
Hyperbase [10.0 2016], allow us to classify tesgscomparing chronology and
politics, as in the study that we made of Chirarid Jospin's speech between
1997 and 2002 (Figure 4).
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Figure 4. Tree representation of the Chirac / josypertextual distance
(1997-2002)

Roughly speaking, the tree distinguishes, at tipeatod the bottom, two
versions of speech that correspond very well to tthe speakers (Chirac /
Jospin), and the respective chronology of eachkgrdaas been updated. In this
approach, the political historian will note the gaogitogether over the years of
the President and the First Minister (shorter bnasaon the tree), and the central
and indeterminate position of Lionel Jospin's sheac2002, as if his discursive
identity had disappeared as a consequence of ¢l year. In fact, for many
observers, Jospin's electoral discourse in 2002imagible until his electoral
defeat at the second round of the presidentiatiete(Mayaffre 2004b)

Similarly, the intertextual distance on the presit® corpus allows us,
for example, to see that Francois Hollande bar@yds out from his predecessor
at the Elysée (Figure 5), particularly because &arland Hollande use identical
vocabulary in response to the economic crisis Khadebt","growth", etc.).
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Figure 5. Tree representation of the intertextistbdce in the presidential
corpus (1958-2014)

3.4. Ideology and corpus semantics (cooccurrencequessing and
representation)

Finally, there remains the most interesting fieldgoantitative linguistics as
applied to political history: the description ofetthematic organization of texts
and, hence, of the programmes developed or evend#wogies defined as
coherent verbal expressions of the world in speech.

Statistical works on co-occurrence date back alnesntically to the
development of lexicometry in France, as (Maya#f@d4) reminds us. And they
are now undergoing a particular development, ngtablavour of networks.

According to a strong presumption of the lingusstaf the corpus, the
meaning of words must be established not by reeotosthe dictionary, but
endogenously from the corpus, by the study of Has/used in context.

But the context of a word A can be defined minimpal its co-occurrence
B: when A and B co-occur, A and B mutually contedtigse each other. General-
ising this theme, we will define the meaning of aravas the sum of its co-
occurrences.

Thus it is possible to calculate from a pole wdrd preferred attractions
which make up its lexical and semantic universe.éxample, by systematically
calculating the co-occurrence of "work" in the asspf de Gaulle and Sarkozy,
we have shown that the two presidents used theitexary different ways, in a
Marxist sense for de Gaulle and a Hegelian sensgdikozy (Table 2).
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Table 2
Co-occurrences of "work" in the corpus Sarkozy caraf to de Gaulle
SARKOZY DE GAULLE
Words Deviations Words Deviations
réhabiliter (regenerate) +8.48 technique +4.7¢
fruit +6.13 rendement (productivity) +4.34
effort +5.95 production +3.93
merit +5.94 information +3.90
partage (sharing) +5.41 capital +3.60
revalorisation (increase, +5.11 échelle (scale) +3.50
adjustment)
libérer (to free) +4.76 personnel +3.24
possibilité (possibility) +4.64 déplacement (shift) +3.23
durée (duration) +4.63 emploi (job, employment) 293.
valeur (value) +4.61 commission (commission) +3.21
récompense (reward) +4.32 responsabilité +3.19
(responsibility)
formation (training) +4.18 jeune (young) +3.18
réhabilitation +4.16 société (society) +2.91
(rehabilitation)
taxer (to tax) +4.14 professionnel +2.87
(professional)

vivre (to live) +3.85 intérét (interest) +2.84
création (creation) +3.59 ceuvre (piece of work) .822
récompenser (to reward) +3.49 direction +2.76

This elementary treatment can be complicated bty in particular of
second-level co-occurrences (co-occurrences ofccaroences). And several
representations can be imagined, like the grapbpgsed by the Hyperbase
software (Figure 6)
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Figure 6. Graph showing multiple co-occurrencesmftbe word "woman" in the

presidential corpus (1958-2014) (Hyperbase 10@ 5

Finally co-occurrence processing allows us to atersithe entire text and
to highlight speech isotopies. Jean-Marie Vipre39(d) has thus proposed vector
representations of co-occurrence matrices Wordsoxdd/ Today, software such
as Gephi (http://gephi.github.io/) can take inte@amt - from the same matrix -

the entire lexical network that a text constituteigure 7).
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Figure 7. Network of the presidential corpus (1208-4)

4. Conclusion

Just as there can be no language without histeyetcan be no history without
language, without archives, without speech. Cotmggiistics naturally turns to

the historical sciences to contextualise critic#ly selection of texts collected in
a corpus. And history, in turn, naturally turnslitguistics to grasp the intrinsic

linguistic nature of its sources and objects.
In France, the historian was from the outset it in the linguistic

turn, and from the 1950s to 1970s his attention ataacted to the development
of corpus linguistics aided by computers and dtasisToday, in a wider inter-
national movement, digital humanities are re-examgirhistory-linguistic inter-
disciplinarity, which had been at one time set @sid the light of the digital
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revolution that is giving a new shape to concepisessential as the (digital)
archive, the (digital) corpus or the web. Finatlyis same digital revolution, in

its most technical and most recent aspects, is datising statistical and com-

puter approaches to the text: processing softvediren developed in open source
(not to mention simple search engines or hyper&xnocessing) are become
necessary tools for the historian to deal withaer-@xpanding digital archive.

So the history we have tried to trace and illustrat this paper, which
takes its national origins in the 1960s in the ok Pierre Guiraud, Jean
Dubois and Maurice Tournier from a linguistic powft view, in the works of
Régine Robin and Antoine Prost from an historicahpof view, in the works of
Jean-Paul Benzécri and Charles Muller from a si@dispoint of view, or the
work of Althusser, Pécheux and Foucault from aqsaphical point of view,
will no doubt very soon appear as a pre-historyd Ahe aspiration towards
interdisciplinary thinking, sometimes disappointedthe past, will become a
complete reality.
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0. Introduction

In this overview of quantitative linguistics in F@e, we focus on works involv-
ing Latin corpora. Our contribution points out tisstistical handling of digit-
alized Latin texts is an original and important iidd to quantitative linguistics
studies, and we investigate the epistemologicahdations of this addition. To
this end, we go beyond the boundaries of Francel@idto Belgium, because
the development of quantitative studies devoted.atin texts is a Franco-
Belgian achievement, and is based almost entir@lyre@sources produced,
beginning in 1961, by the Laboratory for the Stated Analysis of Ancient Lan-
guages (LASLA) at the University of LiégeWe first emphasize the role of
lemmatisation, and show how this simple operatioabstraction and regrouping
allows other more or less complex analysis unitsr@rge. We then discuss the
importance that variability of word order in Latiras assumed with regard to
research issues and approaches; finally we disnfssare advances and certain
necessary adaptations involving digital researchthats and quantitative
handling made necessary by specific approacheatto torpora.

1. From lexicometry to grammaticometry

Preparing Latin corpora for textual data analysigj@antitative linguistics is a
particular operation, since the researcher is imately confronted with the

problem of lemmatisation. In the first place, Lasran inflectional language for
which a lexicometry based on graphic forms is protdtic. This does not mean
that the question of lemmatisation has not beemltject of a lively debate about
methods for analyzing French or other living langggthat are not inflectional
(or not as inflectionalj. But in Latin, the other alternative — the onet tt@nsists

in focusing on graphic forms — appears at firshg&ato be more limiting and

! http://www.cipl.ulg.ac.be/Lasla/

2 We recall especially the revealing title of aticée by Etienne Brunet: “Qui dit
lemme, dilemme attise”. The explicit rejection efrimatisation by M. Tournier (“La
lemmatisationne résout rien et empire tout”) dates from 1984, the effort toward
lemmatisation of Latin texts by LASLA goes backhe early 1960s.
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restrictive, even paralyzing. The workaround cdirgys in using chains of
characters in order to collect all the forms of deeeme is quite ineffective,
since inflection has a much greater impact on #reability of forms: as regards
verb conjugation, nominal inflection includes 6 emasnd 3 gender types. Most
importantly, inflection can have a considerableetfion the forms of radical®.

The automatic production of indexes — the object¥¢he Latin lexico-
metry pioneers — was directly in line with the ploical traditiorf and presup-
posed a particular form of the organization of d&tatries in the index were
lemmas, arranged alphabetically, and under eachmé&rforms were arranged in
a fixed morphological order. Here is an examplénwhie lemma DICO2 (for the
verb dico / dicere of the third conjugation, differentiated from tkerb dico /
dicare of the first conjugation by the index 2). This exae says that there are
183 occurrences of this lemma in the text amongclwiune formdico (first
singular person) in theé"®lace of the 19 sentence of the fxhapter of the'®
book of the work; and 3 occurrences of the faligis (second singular person)
with their references according to the same ret@reaystem as previously:

183 DICO2
dico
5,12,19, 8
dicis

The efforts at lemmatisation made indispensablsumh a conception of
indexes were therefore ahead of their time, anc wesvitably accompanied by
morphosyntactic analysis, the results of which dousefully, and with little
additional work, be recorded in order to be dirdcteward other purposes. It
should be noted that the granularity of grammat@&laélling used by LASLA is
very fine indeed. This is another direct resulthed principles that governed the
compilation of indexes; since it is only from a gse and complete description
of the form that we can determine, automatically,position under the lemma
that is also its entry in the index.

Since this morphological information was alreadycomputer memory
and easily available, why not use it for other msgs? The first case of this was
pedagogical. But researchers also found very isti@ig new units of analysis in
this information: why not study their frequency addtribution? Thus it was
that, beginning in the mid-1960s, Etienne Evrartk of the founder of LASLA,

® Cf. Mellet 1996; Purnelle, 1996; Mellet 2002a; IMde Sylvie & Purnelle,
Gérald, 2002.

* You can see a list of LASLA publications attp://www.cipl.ulg.ac.be/Lasla/
publications.html But see also the early publications by EtiennenBt and the entire
collection, “Travaux de Linguistique Quantitativiedm Slatkine, which collects mainly
vocabularies and indexes.
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began to ask questions about the stability of gratiwal categories in Latin
texts and about the possibility (or lack thereof) ohisposing, in respect of these
categories, general laws discovered regarding igtgkaition of vocabulary. And
about ten years later, studies based on grammatitagories began to appear,
whether it was a matter of characterizing the wgisi of an author or a particular
work,? or of studying the use, distribution and charasties of a grammatical
construction, or more broadly a complete sub-systaeain as the system of sub-
ordinates in Latir.

Otherwise, owing to the inflectional character lod tanguage, word order
is less dispositive in Latin as regards the ide#tion of the syntactic functions
of various syntagms that make up a sentence. kappio be more “flexible”
than it is in languages such as French or Enghshjt is no less significant at
other linguistic levels (semantic, pragmatic, siydi, etc.). Thus Latinists early
on took an interest in this question, and proceddeslork up counts of various
configurations, although in the beginning these amed intuitive and only
approximate. In the pioneer work of J. Marouzelaoydre des mots dans la
phrase lating® there are many vague expressions of this sortni@my cases”,
“‘quite a few examples”, “most examples”, etc. Thestfsystematic counts
appeared with the thesis of F. Charpin, publisime#ig77? They had as much to
do with the order of syntactical constituents ashwsequences of identical
endings or with chains of pre-accentual sequenthks. utility of such counts
became apparent to Latinists, and beginning in 197Berrot’ emphasized the
necessity of statistical enquiries concerning therfns” for the arrangement of
“meaningful material”, “comparable to those thavédeen produced for phonic
material”: these enquiries were made really pratimly through the existence
of computerized data basés.

An equally important contribution made in studiesveord order in Latin
can be found in research on recurrent “formulagcdgynizing such formulas is
of particular interest in the linguistic or stylstcharacterization of literary
works. In an article written in 1989, G. Purn€llpresented research concerning
“verbal groups [that are] syntactically homogeneans repeated, whose con-

5 Evrard 1966. It is true that in the year in whitths communication was
delivered (conference in 1964), Robert Martin aricaid®s Muller published “Syntaxe
et analyse statistique. La concurrence entre Isépastérieur et le plus-que-parfait dans
La Mort le Roi Artti; but most of the counts were obtained manually.

® See Fleury 1978; based on observation of a pes#pecific deviation for the
verbdico “to say” in theSatiresof Persius, this paper looked at tenses, modepeand
sons in terms of which the verb was conjugated,arnts most frequent constructions.
See also Delatte 1979, which observes the use ahrmgatical categories in Ovid’s
Héroidesand introduces in this context the notion of bynahains of two labels — a
notion which we refer to below.

" See Delatte, Govaerts & Denooz 1978.

® Marouzeau, 4 vol. 1922-1953.

°® Charpin 1977.

1 Perrot 1978.

' Charpin 1989a and 1989b in which the author ceteplthe counts presented in
his thesis.

2 Purnelle 1989.
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stituent elements are contiguous or nearly so entéxt”. This study did indeed
take into account the work of A. Salem and the S@loud Laboratory
concerning repeated segments, but differed in teapects. First, G. Purnelle
distinguishes “recurrent verbal groups” whose ideation does not at all
depend on literary, stylistic or semantic consitders, from “formulas” that
corresponded to “a still more homogeneous groughvimakes up a true fixed
expression, if not in terms of the entire languapen at least in terms of the
author language or of the genre of the work itseif] which functions as a single
semantic entity”. In addition, in Latin, a formutan have not only inflectional
variations, but also inversions of the order ofd@nstituents, or insertions of
terms that can, naturally, be expansions of thenéibat, but which can also have
nothing to do with it. Under these conditions ttwion of “repeated segments”
can serve as a model, but the analysis must eubngebeyond it. G. Purnelle
thus offers a method that is based on the annatationtained in LASLA files,
which aims at taking into account variations in piwlogy and word order;
Purnelle suggests the possibility of developmehn#t tvould take into account
the distance in the text separating each occurrehaegiven formula, in order to
“distinguish actual formulas from what is only anpile repetition of an ex-
pression recently employed in the text, which imean mind by both the author
and the reader”. Thus the way was opened for Susfi¢extual dynamics. The
programme of research proposed in the article veasnmmediately carried out
by the author, but would be carried forward by adleefew years later.

2. Evolution and adaptation of tools and methods
2.1 Software tools

In order to reach these objectives which had beete gpecific for them for a
long time (constitution of lemmatized alphabetigadlexes, study of morpho-
syntactic categories, research on word order),nlsa had to create or adapt
tools and methods that would later benefit thedampmmunity of researchers in
textual data analysis.

Well before the appearance of the first automadggers, LASLA de-
signed a semi-automatic lemmatiser that took agesh textual form, comparing
it with a lexicon of radicals and affixes, and th@ovided the philologist with a
list of all possible analyses (assignment to a lamend complete morpho-
syntactical description). The philologist then hadchoose the correct analysis.
This produced files in which each textual form wassociated with several
different kinds of information:

1. its lemma, such as it appears in the referermteniary;

2. an index allowing people to distinguish betwekferent homograph
lemmas, or to mark proper nouns and the adjectieesed from them;

3. the precise reference, and accordingly thetipasof the form in the
text;

4. a complete morphological analysis in an alphamoriormat;

5. for verbs, syntactical information allowing rasghers to distinguish
between the predicates of a main clause or of ardirtate clause, and in the
latter case, to connect the predicate to its subatidg word.

The first files of LASLA were thus presented addois:
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Lemma Index | Form Reference Morphological
Tag
LIBERTAS LIBERTATEM | 41 001 0001 007 007  13CO0O0O
ET 2 | ET 41 001 0001 008 008 81000
CONSVLATVS CONSULATUM | 41 001 0001 009 009  14C00
LVCIVS N |L. 41 001 0001 010 010  12A00
BRVTVS N BRUTUS 41 0010001 011011 12A00
INSTITVO INSTITUIT 41 001 0001 012 012 53C14

In this table is pictured an excerpt of the LASLHe fcorresponding to the
following sentenceLibertatem et consulatum L. Brutus institdib each form of
the sentence (third column) is first associatedl¢mema, with an index which
removes a possible ambiguity (for example ET2 =rdimating conjunction
“and” while ET1 = adverb “too”). The™4column gives the reference of this form
in the book: herdibertatemappears in the chapter 41, in the first parag@ph
the chapter, in the first sentence of the paragrépks the 7' word of the
paragraph and thé"#vord of the sentenc&t is the &§ word of the same sen-
tence and the same paragragtnsulatumis the 9" one and so on. Finally, the
last column gives an alphanumeric tag: libertatem13C00 means substantive
of the third declination, singular accusative; ifestituit 53C14 means verb of the
third conjugation, third singular person, perfexticative.

In some cases, the number of data points assdorth a single form
could go as high as ten. Thus, for a participlensasregnante the following
data are given: reference, lemma, part of speemfjugation type, voice, case,
number, mode, tense and gender. Finally, one wexdatually be able to deter-
mine if the form is the predicate of an ablative@bte (participial proposition).

With the development of personal computers in dmgyel 990s, the utility
of creating software tools that could manipulate this information became
apparent. In the beginning, it was a matter of ooth@nce programmes that
could produce not only alphabetical lists of alitances of forms, but also all the
forms of a lemma or all the forms associated with or more given grammatical
categories, or with a particular syntactical antiota In a short time, software
developed in order to manipulate the data in thes fof LASLA, Estela and
Opera Latina first, and Hyperbase-Latin followiradjowed the creation of con-
cordances on the basis of a complex search congbthe research of a lemma
associated with one or more grammatical or syrdtamtegories. For example,
the concordance-maker can provide a contextualigedf the occurrences of the
verbuincere®“to win” only in passive forms in a relative subdorated clause.

Thanks to the way the data are prepared and stea;tand to the re-
sulting enrichment of texts, these concordance msakere able to take into
account the multidimensionality of textual data,llweefore S. Fleury and
A. Salem perfected their concept of a “Trameur”.
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DE 3246al loci ipsius portus oue hatura uicta atoque superata est . Hic prinum
I3 353Eal gorum arbitrivum sufferre gqui aut uicti armis sunt aut inuitissimi parue
DE S006a| deben tamen ab omnibus pasne uincor sic sum incitatus ut cum te non
D& 5Z38al qui est ab uno te improbitate uictus Gabinius conlegit ipse se uix =
D& 5380a] dignior non cowpetitor a guo es uictus sed populus a quo es prasteritu
It 5388al fue contentio qua abs te uincitur our enim non confitear fquod n
0z 200&al orrecta uetustas (Querna oque glans uicta est utiliore cibo Frugibus ipmen
QC 2433a| eodew proelio domitas esse quo uictae sunt .

Co 992%a]| meus mallo minor nisi eo & fuo uictuws est tunc cum rem publicam const
L1103Z8al uocandun sit gquo dews ab honine winecitur | Sunwun bonum in animo conti
L110373a| uincetur dolor ratione ogui uictus est risu .

Lz1l0e50a] multos antecedat oui a tribus uinecitur et tribus elogquentissimis | 5
E=l0388al uincerent et nulla postea uilncerentur .

E=l033E8a| sunt in gquibus nostro bono wincimur . Tnde certamen tam optabile
E=10998a]| qui nincent felices oqui uincentur . (uid eo adulescente prascl
E=1107%al eaden Diogenes a guo utidque uictus est . Quidni uictus sit illeo di
TE1llellal certins robur sit gquod non unincitur guam gquod non lacessitur cum
TE11l67Ea| indiquas unisus est a quo uinceretur aligquando fortuna quas igna
TE11l675al gloria uinei oqui sine periculo uinecitur . Idem facit fortunma fortissi
Trlil23al Aloides meus . Mors refugic illum wicta quae in regno suo Semel est nec
TrlZZE7al . Edissere agedum flawwma oquo uicta est wodo . Ut omnis Oesten massta
PElZ358al esto . Semper in hac re fqui wincitur uinecit . Et tw oum esses capo
PélZdEEal cibo quam ancilla dquas prior uicta est .

Anl38&2al etiam cum uwalerent leges uincebantur .

Figure 1. Concordance of passive forms in the lemimeere“to win” in a
relative subordinated clause, in the whole Latirpas of LASLA

An illustration of this premature concern for mdithensionality can be
found in the simultaneous display, by Hyperbasea single textual sequence of
both forms and lemmas corresponding to them, doadh forms and morpho-
syntactic codes associated with them. Such ariréitisn can be found as well in
the simultaneous display, in the dictionary, ofnfsr lemmas, and morpho-
syntactic codes.

Semmaire Betour N® Mot Page

& 11 [aum

Cicéron In Watiniurm,1,1-11

surun mot ; autre

Ecarts estes Cherche Plotes —m Code Symtaney, P32
S | Bl »
DRE®

propter turpifudinem uitae sordis que domesticas
nullivs momenti putaretur tacitus dimitterem nemo
enim horum aut ita te refutandum ut gravem
aduersarium aut ita rogandum ut religiosum testem
arbitrabatur .

Sed fui paulo ante intemperantior fortasse quam
debui odio enim tui in quo etsi omnis propter tunm
in me scelus superare debeo tamen ab omnibus
paenefinHUNSTERIMENENERgcum te non minus
contemmerem quam odissem tamen uexatum potius
quam despectum uellem dimittere .

Si tantum modo Vatini quid indignitas postularet | SI2 TANTVMMODO VATINIVS@ QVIS1I INDIGNITAS
spectare uoluissem fecissem id quod his—| POSTVLO SPECTO VOLO3 FACIO IS QVIlL HIC1
uehementer placebat ut te cuius testimonium | VEHEMENTER PLACEO VT4 TV QVIlL TESTIMONIVM

PROPTER2 TVRPITVDO VITA SORDES QVE DOMESTICVS2
NVLLVS MOMENTVM PVTO TACITVS DIMITTO NEMO
ENIM2 HIC1 AVT ITA TV REFVIO VT1 GRAVIS
ADVERSARIVS1 AVT ITA ROGO VT1 RELIGIOSVS TESTIS1
ARBITROR .

SED SVM1 PAVLO ANTEl INTEMPERANS FORTASSE
QVAM1 DEBEO ODIVM ENIM2 TV IN QVII ETSIZ OMNIS
PROPTER2 TVVS IN EGO SCELVS SVPERO DEBEO TAMEN
AB OMNIS PAENE VINCO SIC SVM2 INCITO1 VT4 CVM3 TV
NON PARVM2 CONTEMNO QVAM1 ODI TAMEN VEXO
POTIVS QVAMI1 DESPICIO VOLO3 DIMITTO .

Figure 2. Parallel reading of a text excerpt, geas a string of forms and a string
of lemmas
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Figure 3. Parallel reading of a text excerpt seasip string of forms and as a
string of morphosyntactic codes

Latinists’ interest in this multidimensional appcbato Latin texts ex-
plains, for the most part, why Hyperbase, which adapted to Latin at a relat-
ively early date, later became one of the firsttwgafe programmes that si-
multaneously took into account lemmas and grammalatiategories for corpora
of French, English or Portuguese texts: it was omggessary to wait until
trainable automatic taggers were able to furnisheddable morphosyntactical
information for these languages.

Apart from concordance makers, software for maitid) Latin textual
data rapidly came to include functionality basedstatistical calculations such as
the calculation of chi-square, reduced variatisecificities. These functions
have proven particularly useful in order to chagaee the texts in terms of their
use of grammatical categories, and also in ordeyain better understanding of
the function of these categories, which from thainpon could be grasped in

terms of the specificity of their distribution iromtext™®

This was one of the

objectives of S. Mellet in her thesis devoted ® ithperfect indicative in Lati:

Other examples can be found in the article by CtrBed on verbal forms and
the structure of phrases in thistoria August& or in the article by D. Renard
on the parts of discourse used by various chamadterthe Satyricon of

Petronius™®

13 See Evrard & Mellet 1998.

14 Mellet 1987.
15 Bertrand 1982.
18 Renard 2000.
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2.2 Statistical methods

In a first approach, the statistical treatmentmingmatical categories seems to be
able to use the methods and calculations that gpked to lexicons (forms or
lemmas). As we have just noted, one can easily audirately calculate the
grammatical specifications of a text, or of anyestpart of a corpus. One can go
further still in taking account of the effect ofagnmatical functions in the cal-
culation of the specific co-occurrents of a keywtdréinally, one may integrate
grammatical categories into all methods of multieinsional calculation, and on
this grammatical basis handle data matrices inrotdeextract from them a
graphic representation that is then submitted fderpretation to a linguist.
Factorial analyses of correspondences or tree semlynade on the basis of the
distribution of grammatical categories in differeareas of a corpus are quite
expressive and often succeed in corroborating icedassifications (according
to authors, to genres, to a chronology, etc.) ithdturn appear in the results of
lexicometric treatments. But they bring to thisealthy independence, in relation
to the thematics of works. They also offer completagy elements of analysis
that make more subtle classifications possibleyesvere able to demonstrate as
early as 1987, and several times thereafténother pioneer in this area has
been D. Biber? who experimented in English with “grammaticométriech-
niques, and was able to demonstrate their intéoedinguistics. These methods
were applied to different kinds of corpora in di#fiet language®. However
Latinists have retained the distinction of workingth very fine grammatical
categories thanks to the initial material they t@evork on. The contribution of
the quantitative analysis of grammatical categasgsarticularly valuable when
a corpus groups together works that share a getiezaie, a vocabulary and
certain conventional motifs: in fact the use ofrgnaatical categories is more
likely to be independent from this thematic and aetic framework, and to
escape the control of the writer: therefore thexeaccess to deep and intrinsic
characteristics of the author’s style. This is oh¢he benefits used in the thesis
of Caroline Philippart de Foy, devoted to Btude d’un corpus de traductions
médiolatines d'origine grecqufé the analyses of which have allowed us to
globally characterize different groups of translas, initially defined on the
basis of historical and philological sources, tafam the pertinence of this
classification without masking the heterogeneoyseeis of each group, and to
suggest some definite attributions to particulathars, or at least to suggest a
school of translation, in the case of orphaned wodsed for purposes having to
do with the characterization of works and not j@st classification, these
multidimensional methods provide solid complemgniaformation, amounting
to significant added value when complementing laxanalysis.

7 Longrée & Mellet, 2012

® Mellet, 1987; Mellet 1998; Mellet 2002b; Longré@04; Longrée 2005.
¥ Biber, 1988.

% See for example Kastberg 2006; Loiseau, Poudabl&li 2006.

2t Philippart de Foy 2008.
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Just the same, “grammaticometricians” are quickl¢ to question the
pertinence of applying the statistical tools ofssiaal statistical linguistics to
grammatical categories. Grammatical categories ligteibutional specificities
that force us to rethink using the statistical roethused in classical lexicometry.
On one hand it is rare for a major grammatical gag to be completely absent
in a text. We cannot calculate intertextual diseanaccording to models that are
set up in terms of the presence or absence ofiablaiin different texts that are
compared. It is necessary to work with frequencas] to develop new al-
gorithms for this purpose. Also, the enumeratiortho$ new type of variables
produces matrices that sometimes have columns diwatiain very few data
points, but which nonetheless contain importanbrimiation in the eyes of the
philologist or the expert in stylistics (for exaraplthe use of the infinitive of
narration used by historians). It is thus necessamgcover this information in
the calculation of distance, even though the numobarstances is much too low
to allow for its being analyzed in terms of claas&tatistical analysis. One of the
adaptations suggested by S. Mellet and X. LGbngs to make the computation
depend upon numerical values not correspondingdaatimber of the instances
of each category in each text of a corpus, but noiraerical ordering according
to this number of instances: the matrix of initkta is converted so that it as-
signs to each text a number in an order that reptests rank with respect to the
use it makes of various grammatical categoriesgoexamined. This classific-
ation produces first a pre-order when it gives tseases of equal standing; this
pre-order can be transformed into a classificabbrimiddle ranks”. In every
case, we are working with homogeneous data dis&ibover a reduced scale,
which can be submitted to a simple Euclidean catoan of distance (all forms
of weighting are useless here). Results obtaingdrins of works and classific-
ations are very satisfying, in that they revealugiags that are coherent but not
completely obvious in terms of philological knowtgd It should be noted that
this method does not appear to have been usedbysaince it was published.

Thus we see that lemmatisation and tagging of Letkts allows us to
escape from a illusory naturalness of data, ancré¢ate new analysis through a
double process of abstraction and constructionhefdbject studied. This ap-
proach reaches its highest point thanks to the eqanalization of a complex
object — the motif — in the new epistemologicahfeavork of textual topology.

2.3 Textual topology

In this process of construction of the object ofdst it appears that just counting
the appearances of a form, a lemma or a code, takesalation, is not enough to
give an account of the specific textual dynamicsaoivork. The recurrent
succession of certain sequences of items and thiggacation of morpho-syn-
tactical sequences belonging to certain works appeaparticularly pertinent
elements of analysis. Thus D. Longrée and X. Luong003 published an initial
article on sequences of verb tenses: identifiedr a&treduction of the text to a

2 Luong & Mellet 2003.
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chain of the morphological codes of predicates afmtlauses, these sequences
have been chosen as a parameter for the charati@mizof Latin historians’
writings2® This first attempt at integrating the ordered iy of a text through

a guantitative treatment foreshadowed the lateeldgwment of methods, which
under the aegis of the famous “beyond the bag ofisiq2005-20065* were no
longer content to apply to texts the traditionatistical method of the Polya urn
scheme. In fact, when we work on an author’s stylen the structure of a work,
we quickly see the necessity of taking account enem the context of a quan-
titative treatment — of the organization of a sgmtatic axis grasped at one and
the same time in terms of short range (in repetisgquences of a single form or
of a single grammatical structure, and in the Iseakthese sequences) and of
long range (in the distribution of the studied sracross the different parts of a
text)?> Such a manner of apprehending textual structwleJI®. Barthelémy,
D. Longrée, X. Luong to S. Mellet to explore thesgibility of a topological
modelling of text€® Over short ranges, the aptitude of a grammate@gory to
be systematically associated with other categdr@® a syntagmatic point of
view or to favour certain collocations can be appraled through studies of
voisinages(neighbourhoodsy. Over long ranges, the distribution of a sequence
according to parts of the text (introduction, naom, commentary, conclusion,
etc.) can be analyzed through a method of cuttiegtéxts into fixed or variable
sections’® and its rhythm of appearance can be analyzed ghrthe method of
the calculation of “bursts” (“rafales™.

Taken together, these approaches allow us to ggindethe stage at
which texts are considered as simple ensemblegypetured’ and to take into
account the form of the text as a whole and in $eafits parts. The notion of
topological space applied to texts has been thedrithe text becomes an en-
semble of points, each of which has a family ofyjhbburhoods, and can thus be
studied through the concepts and tools we borrow fmathematical topology —
more precisely, discrete topology.

As we have deepened our study of neighbourhoodtstes, we have
become aware that some of these have propertieshwhiake them textual
objects that are particularly worthy of study: thaye multidimensional (they
associate lexical and grammatical constraints)erad and recurrent, and they
possess a textual function (structuring or charexbg). We have given the

2 Longrée & Luong 2003, and also Longrée & Luon®=20Longrée & Mellet
2007.

** From the name of the Workshop of the 28th Anmoi@rnational Conférence of
ACM SIGIR.

|t is interesting to note that this context iscabne in which methodological
work was developed on co-occurrences, whose melihgidal point of view is not
unrelated to our purpose. Cf. Mayaffre 2008a ar@BR0

6 Mellet & Barthélemy 2007; Barthélemy, Longrée pbg & Mellet 2009.

" In the mathematical sense of the word; see Landnéong & Mellet 2004

8 Longrée, Luong & Mellet 2004 and 2006

# Lafon 1981. For an application, see for exampéndble 2006, especially
pp. 479-493.

% Longrée, Luong, Juillard & Mellet 2007.
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name of motifs’ to these structures, which constitute elementdhefmodelling
of a text as a topological spateand that formalize in a more systematic manner
the properties that Gérald Purnelle had attribtiwetformulas”. The property of
recurrence makes them good candidates for treatmemieans of textometric
tools. Motifs allow us to automatically characterigither the various parts of a
text, or the different texts of a corp?sttherWise, thanks to the articulation
between its basic schematic form and its textuattionality (which contributes
in an important way to the stability of its recagomn), a “motif” can feature vari-
ants (permutation of two elements; commutation with paradigmatic series;
insertion, expansion or erasure; inflectional v@sig. Thus the study of motifs
returns us to the problem of word order, which iguiding thread for quan-
titative linguistics in Latin. Subsuming the notsoof repeated segments, col-
locations and colligations, it permits an enlargetngf the domain of phrase-
ology and constitutes a contribution — relativehexpected — from Latin to the
disciplinary field that is generally devoted to tkerminology of living lan-
guages® Another interesting relationship involving motitskes place in con-
nection with another domain of Natural Language cPsssing (NLP), the
domain ofdata mining,as soon as this begins to integrate sequentiaiti@onts
into its methodology? Finally, the notion of motif also allows openinigsvard
psychology, inasmuch as psychologists might uses ia tool for analyzing the
verbal production of subjects under examinationineofar as it might function
as a particularly complete representation of ldxassociations whose cognitive
functioning is thus modelled. In this area, workimnglerway.

Naturally, the constitution of a new unit of anasyson the one hand, the
taking into account of the topological dimensiortefts, on the other hand, have
led to new software developments, most often ifaboration with Latinists.
The functionality of Hyperbase-Latin, and also tbatHyperbase-francais have
been considerably enriched in recent years. TXM tegeloped, especially
under the influence of the reflection engaged irBbyincemin on the necessary
modelling of texts® And the designers of textometric software haveudised
and collaborated with specialists in NLP in orderdevelop non-supervised
research tools for motifs, for example, the onlpmegram for the extraction of
sequential motifs, that is, SDMC, “Sequential Diiaing under Constraints®®

This state of the art and this assessment of teareh progress show that
the contribution of classical languages to quatiigainguistics is based first on

%t Longrée, Mellet & Luong 2008; Mellet & Longrée @) Mellet & Longrée
2012.

%2 Gohy & Martin Leon 2012; Magri & Purnelle 2012.

® Longrée & Mellet 2013. This study contributesceragain, to the research in
this area the strong multi-dimensionality and medabelling of numerical Latin data,
and also enhances the approaches developed, fiopéxan Biber 2009 or Grezka &
Poudat 2012.

% Quiniou, Cellier, Charmois & Le Gallois 2012.

% Pincemin 2008; Pincemin, Heiden, Lay, Leblanc &préy 2010; Heiden,
Magué & Pincemin 2010.

% Béchet, Cellier, Charnois, Crémilleux & Quiniod13.
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the relative anteriority of computerized and taggecdpora for these languages,
and consequently on the lines of questioning theynaturely supported. This
longevity of a line of research in textual datalgsia has been accompanied by a
strong methodological consideration, linked to $pecific quality of Latin data.
The pathways opened up have not always been fallaweor investigated by
others, but in a certain number of cases, convesgehave given rise to part-
icularly fruitful collaborations, especially in cgd to comprehend the textual
structure from a global point of view and to deyetbe software necessary for
following up this global approach.
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On Very Large Corpora of French
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BCL Laboratory (UMR 7320 Nice Sophia Antipolis Uergity/CNRS

The first to imagine an automatic (or mechanogredhiprocessing of a large
textual corpus is an Italian Jesuit, Roberto Bwshao(passed away in 2011; he
was nearly one hundred years old). Father Busd liaeell of a visit he made in
1949 to the headquarters of IBM. In the anteroomdilegy to the office of
Thomas J. Watson, the founder, had provided atsigiing the power and speed
of the company: “For emergencies, it's already déoe miracles, it is ongoing.”
Father Busa brandished the sign under the directase and as if he believed in
miracles, he got it in the form of a thirty-yearosgorship which lead to the
Thomisticus Index 56 volumes, large format, bound in leather.

In France, a few years later, thanks to the suppoRené Moreau, the
director of scientific development of IBM-FrancegmBard Quemada and the
researchers from Besancon initiated @entre for the study of French vocabul-
ary by extending an earlier undertaking initiated bggiler and Guiraud as early
as 1953 and dedicated to the establishment o¥deabulary Index of Classical
Theater

Using the same method, the Rector Paul Imbs dténke lexicographical
project that would become the TLF (Trésor de laduenFrancaise) and where
no example was to be found that was not dated @yt The technique
provided only examples, references and statemAntstime when the text input
could only be manual, the creation of a large cerpeguired substantial re-
sources, a long time and much effort, especiallyhastext input could not be
conceived without grammatical correcting and corpasichment, related and
expensive operations that were self-evident withegburse to the wortem-
matization

The wordcorpusitself was then a rare and almost new Latinisnalde
signate the crude product of such undertakingskingoback fifty years later,
one can see in Figure 1 the various fates of semmestassociated with the study
of language and the remarkable extension of thedwoorpus"”, which parti-
cipates with a slight delay, in the explosion oliistics in the 1960s, but with-
out being affected by the decline observed from0198ote that this figure
comes from th&oogle Books corpushich accounts for 100 billion words per-
taining to the French domain and which we will diss later in this studyThe
combination of the two words is itself evolving (ime right part of Figure 1): the
corpus tends to break free from the linguisticlage in favour of an association
with the text, while conversely linguistics tenaslink its fate to the corpus in
the expressioforpus Linguisticshat acquires a sudden favour in 2000.

! As absolute frequencies are very unequal, cospanvas facilitated, without distort-
ing, by increasing the lowest by a factor 2 or 82@0 for the rare wortemmatisatioin

137



On Very Large Corpora of French

(corpus * 3)

(dictionnaire * 3)

1900 1920 1940 1960 1980 2000

T T T
1960 1980 2000

Figure 1. The evolution of some words associated @arpussince 1900

If the proper linguistic exploitation of corporeototime before asserting itself, it
was probably due to their low availability. To jdghe grammaticality of an
utterance, the innate or acquired intuition of laage seemed a sufficient gua-
rantee and, at a time when the Internet did ndteitiwas faster to make a hand-
out than to question existing databases.

The TLF data have led, even in the early stagespine outside services,
mainly concordances and indexes, delivered on emirgapet But sales of
digital texts were exceptional, especially as thpytight slowed their spredd
The gestation of the TLF lasted a long time andnduthe 1970s, the data pro-
cessing hardly crossed Nancy borders. And with@imd shelved, the project

2 To prevent ingratitude, we should acknowledge thatbenefited without restraint

from the Nancy sources which were widely availatdeus as index or frequency

dictionaries. If the text was not transferred diyeto magnetic tapes, at least it could be
reconstructed from the index and allow monograpks,Giraudoux, Proust, Zola and

Hugo established in the 1980s.

% This brake still exists even for copyright freatse CNTRL resource center provides
only a sample of 500 texts out of the 40B@ntext ones, half of which escapes the
copyright (address of CNRTL: http://www.cnrtl.frigus/). It is barely more than the

300 texts which were selected for the cdrom DISCRTEventy years ago.
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remained the prerogative of the TLF editors. O@tsgbme impatience accom-
panied this great project advancing slowly, abswla considerable part of re-
search funding. In 1978, the corpus was there, stimotouched, and we could
write in Le francais modernéThe largest world linguistic data base is French
Available. Untapped. And almost unexplored. Thistvimrest that covers two

centuri);zs, 350 authors, 1000 titles, 70 million egrawaits its Livingstone or

Stanley. "

|. National projects

1. The National Library

Concerning French, it would be natural to turniie Erench National Library,
which is rich in 14 million documents including tdillion books on the Tolbiac
site. This would be comparable @oogle Bookoffer, if access was similarly
electronic. Unfortunately the number of documentsessible on the Internet,
mainly in theGallica base, is far from reaching that figure. We celyaimave
access to the catalog and a sophisticated choineet#fdata parameters allows a
selection as accurate as you want. But the tealf itss often unavailable to the
internet user. And when the text is transferreds iusually readable only in
image mode. The transcription in text mode, whiglsometimes proposed, is
often the raw output of the optical scanner, witention of the probable error
rate. When the rate falls below 99%, that meanisalwaracter out of a hundred
Is questionable or wrong, that is a word out ofrtiye(the average length of a
word being five letters). Naturally the succesg m@decreases as one moves away
in the past, old documents suffering from ravagkesime and often offering
unusual fonts. These defects are common to evepuscor base founded on
automatic reading of documents, but they are migréfeant in Gallica because
past centuries are less under-represented. Yeteweirsthe results only the
correct reading of the proposed word, becauseds admt come to mind to look
for erroneous readings. AlthoudBallica is a long-standing base and widely
predatessoogle Booksits extension does not have the same scopelithitiag

its statistical interest. The number of usable dosots in text mode is limited to
200,000 while its US rival offers millions. And tipeoper statistical information
is minimized, with only the mere mention of tmeduency of the desired word.
It is difficult with so few elements to establistvarve, let alone a table

4 Le francais modernet6/ n°1, Editions d’Artrey, Paris, 1978, pp 54-66

> Google Booksloes not offer more quantitative information asidyilarly, is happy to
indicate the number of documents concerned by theryq But that number is of
another order of magnitude and proper statistinalyais is performed by a derivative
site Culturomics which has no counterpart in the BNF.
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2. FRANTEXT

In reality, the most reliable texts @allica, aside from newer ones transmitted
by publishers in digital form, are those comingnirthe Frantext legacy. Those
owe nothing to scanning, whose invention in 1974y Kurzweil is after the
initial capturing, carried out by keyboardists oaerfprated tape. This manual
input, duly revised and corrected for fifty yeamssisted all changes of systems
or supports, passing unhindered from the perfortdpd to magnetic tape and
disk, and finally to all types of memories availabbday.

To that reliability of texts, even when they arndes editions, Frantext
adds many other virtues: a balance between etasjiad) comparisons and pro-
viding a solid basis for analysing the evolutiontleé language; covering a wide
chronological span of five centuries of publicati@ndesired homogeneity of
texts whose choice is governed by specific critec@ncerning genre and lan-
guage level; consistency in the services offerethéoscientific community, the
same software being kept unchanged for twenty yearthe Internéf a mod-
erate increase and a controlled enrichment of elagaring compatibility with the
previous treatment. In brief, in the original draftthe Treasury of the French
Languageas in the derivativeSLFI (the digitalized version) anérantext there
is a clear understanding of objectives and a peedefinition of the means that
have made the French project a model. Now one reatuthis model interests
us: it is the part played by statistics. From tlegibning, TLF reserved for each
article a final section where the word's frequemcyhe whole corpus is noted,
but also in the subsets formed by time and gerfieouighout the making of the
dictionary, the editors had at their disposal, tesiconcordances, encrypted
information concerning frequencies and co-occurednand attached to written
forms, lemma, parts of speech, expressions andtstas. Most documentary
and statistical functions that made the succesBraitext were already oper-
ational in local mode on the Nancy site or evergistributed mode, on national
networks (Transpac or Minitel) that preceded therlmet. They were also used in
the CD Discotextproduced and distributed in 1984. But it was ir98,9with
Frantext on Internetthat proper statistical research was greatlyifated. The
use remained primarily documentary and numericgalilte were quite modest.
For, in order not to frighten the literary poputets, Frantext often merely
provides for percentages or relative frequenciad iBis easy to deduce the
actual frequencies, calculate variances, and lufdes, distribution tables and
multivariate analyzes, by opposing texts to eadtemptor authors or genres or
epochs. The statistical treatment not being fullgmorted byFrantext the user
needs additional and specialized programs.

®  This software, name®tella was achieved by an exceptional engineer, Jacques

Dendien. It regulates Frantext but also TLFI.
" The name "binary groups" had been given to tleseccurring records, sorted by
grammatical categories.
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Figure 5. Statistical analysis of FrantékHIEF database

Our base THIEF (Helping Tools for Interrogation afxploitation of Frantext)
addresses this need by offering the usual arrastatistical tools and applying
them to Frantext data, whether preloaded or dovdeldaon demand. In the first
case, the data are frozen in the state they warelfi98, a corpus of 117 million
words divided into 12 time slices, from 1600 to @9%his allows us to see the
evolution of the literary languafjdor four centuries and discover lexical and
linguistic properties for each period. One worksrthwithout connection and
without text, on recorded frequencies reachablénbybuttons on the top margin
of the main menu (Figure 5). Actually the functismead over the left margin
deliver direct access ferantextin its current state. The user is then conneaed t
Frantextand can define his working corpus, according toous criteria (title,
author, genre, time) and can extract any frequendgxtual data he wants. Once
saved in a file, the results are taken over bystifevare THIEF to deliver histo-
grams (by period or author), tables, factor analyso-occurrence graphs, etc.
However whatever its reputation and merits, Frartes limited prospects. Fifty
years of history overshadow its future. This is du@art to the timidity of its
statistical apparatus: simply distributing the tagtword lists or number series, at
a time when images have invaded the Internet, mdapgving oneself of the
immediate readability specific to the graphicalresgntation. The most serious
handicap is the data: we praised its reliabilityl &mmogeneity, but it merely
represents a single use of French: high languags, [iterary and classic. It is
the French that is learnt in school textbooks askisoyou read in libraries. It is

® Technical texts were excluded, to give more cehet to the corpus.
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not the French one speaks or is used in everydayih newspapers and the
media. It bears testimony to the culture, not #féection of current events. The
catalogue is now expanding by adding more recemdiymtion: it has currently
4000 references and 270 million words. But the BMéighs ten times more;
Google Bookss a thousand times more and its pace of growtnush faster.
Finally, Frantext remains constrained by an agreement made withighelos,
which limits the size of extracts and forces therus a prior subscription. This
subscription can be justified if it is to commurigaa text or a copyrighted
extract. But we do not see the legal legitimaay doncerns quantitative inform-
ation from the text, whether or not in the publ@m@hin. Furthermorekrantext
has not fully retained the intermediate solutionclhwould be to export the text,
at least the copyright free text, offering it foowehload so that the users may
apply any statistical and computing processingledir choice. This distribution
function has been outsourced to a subsidiary orgéon, the CNRTL, whose
current catalogue is too small.

Il. Bases and corpora. Encyclopedia

The notion of corpus became extensive and now témdiesignate any set of
texts likely to be submitted to statistical and gomational processing. In prin-
ciple, one should distinguish structured data, sasha library catalogue, from
those that are not, and where the text will scoahtinuously. It would be
appropriate to call the first “bases” reserving téen “corpus” for the second
Thus Frantextis clearly a corpus, while thELFI (or computerized TLF) is a
base. The criterion that differentiates them isghesence or absence of a fixed
frame having ordered sections that items musirfilbne way or another, by a
number, a code or text. But the opposition is ragotute: firstly a corpus is
usually partitioned into multiple texts and compgreach of which can receive
qualifications or metadata: title, author, datepablication, genre, register al-
ready constitute an external structure that cartirnos internally with chapters,
acts or scenes, collections or more generally compis, disjoint or nested, of
textual conterif. In addition, opinion and market surveys, nexbtxes where
there appears various coded information (occupat@e, sex, education, in-
come, etc.), often give way in form to a free settvhere respondents express
their opinion without any binding directive. To atethis part of the survey, spe-
cialized software then uses the same tools uséhdeirprocessing of corpora. It
even happens that structured database informataynhb® processed directly by
ignoring or blanking out every structure and'tatjow that most of the historical

° This distinction is what prompted the name "Basmspus and language" to the
laboratory where this research was conducted.

1 The normalization of textual data is greatly litaied by the standard TEI guidelines
(Text Encoding Initiative) and XML tags

1 This unscrupulous scanning is often practicecabpmata that scour the Internet.
More or less coarse filters chop up the site pagelsaw the best pieces, usually cutting
off the head and tail.
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dictionaries are available on the net or on CD MDE¥, one could flatten the
text and treat it as a corpus. But the statissgghificance of such an operation
seems low, since there is nothing to define partgithat can be compared. One
cannot oppose the words that begin with A to tHesginning with B. At most,
one might isolate some elements of the structureh @s entries, definitions,
examples or quotations, synonyms, areas of apolitat

The enterprise is justified more easily when ih@erns an encyclopedia,
first because the inclusion of proper names gives dorpus a space-time di-
mension which a language dictionary is lacking alst» because an ontology of
knowledge and disciplines takes shape more actyratée will give two ex-
amples borrowed from the editorial news.

1. Encarta

IndeedEncarta encyclopedias no longer relevant since this cultural product,
launched in 1993 by Microsoft, ended its existemc@009, Microsoft having
withdrawn it from the market in the face W¥ikipedias dominanc¥ in the
global network and theEncyclopaedia Universalison the French market.
Benefiting from a personal contract with Microswit2000, we had access to the
full text of Encarta which Microsoft wanted to submit to our software
Hyperbase As was expected, the lack of partitions redudexinterest in this
undertaking. However, a function remains that canabplied to any corpus
delivered in one piece and based on co-occurrefi¢es function can be limited
to one word, by observing its lexical environmehgt is identifying its closest
terms, but it can also extend to the whole corpuseparation technique and
progressive refining allows one to decant and tsoléexical themes or
constellations that structure the corpusipplied to the text ofEncarta the

12 For example, here is the rich catalogue of Redditioas, to which are added
Diderot’s Encyclopediavarious editions of thBictionary of the French Acadenand
theLarousse Universal Dictionary of the Nineteenth Den

= Dictignnaire de la Curne de « Le Thresor de la langve

Sainte-Palaye (1B76) francoyse de Jean Migot (1606

» Curiositez francoises d'Antoine = Dictionnaire francais contenant
Oudin (1640) les mots et les choses de Plerre

, Richelet {16807
« Dictionnaire universel d'Antoine Dictlonnalre Stymol - de
T por = Dictionnaire étymologigue d

Furetiere (16507 _ Gllles Ménage (1654)

= Dictionnaire de I'ﬁ-:a:_c\mm « Dictionnaire des arts et des
francaise (éd. de 1762 sclences de Thomas Corneille

« Dictionnaire philosophigue de (1694)
Voltaire et compléments (1765) = Dictlonnalre universel frangols et

latin de Trévoux (1743-1752)

= Dictionnaire [sic] eritique de
I'Abbé J.F. Férawd

= Dictionnaire grammatical portatif

» Dictionnaire universel des
synonymes de Gulzot (1822}
« Dictionnaire de |a langue

francaise d'Emile Littré (1872 et ge |3 langue francaise o IAbbe
supp. de 1B77) 1.F. Féraud

3 Specialized research in proxemy was publisheBriapo Gaume from the definitions
of French verbs ("For a cognitive ergonomics otetaic dictionaries” inDocument
numérique 2004/3 (Vol.8), pp.157-181).

14 At that time Encarta represented only 1% of Internet queries again$t 9@r
Wikipedia. But it is true thaEncartausers used the CD more readily. It is in this form
that this encyclopedia still continues its caregen though marketing has stopped.

15 The algorithm used is thdcestesoftware is one.
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decomposition process delivers a spectrum of tdauc® of which Figure 6
details the nuancts

1 (scienceyitesse onde rayon énergie surface métal éledrgdtz particule atometc.

2 (littérature)roman ceuvre auteur publier écrire poésie poeme éécivain etc.

3 (géographie)jégion nord sud département ouest habitant platedi¢e population massif cgte
etc.

4 (arts)film cinéma carriére cinéaste théatre scéne actéatisateur peintreetc.
5(guerre)guerre armée troupe militaire allemand Allemagniamique allié force accord
conflit offensive camp soviétiguetc.

6 (politiqgue)président république élection gouvernement ministil@ique député parti socialiste
républicain etc.

7 (penséephilosophie dieu philosophe pensée connaissancist&uience esprit idée vérité
évangile sociologie pratique ame histoire, fetic.

8 (sociétéxroit loi économique public juge entreprise salguiétice tribunal état privé sociaétc.
9 (histoire)roi empereur empire fils Charles royaume pape Loluis tréne prince

Henri Angleterre dynastjestc.

10 (patrimoinekiéecle musée église cathédrale chateau gothiquiembapelle édifice
Notre-Dame monumengtc.

Figure 6. The disciplinary spectrumBhcarta’

As can be seen, the editorial board of Encartalhatdals with geography,
circumscribed in section 3, whether physical or homHistory is best treated,
whether actors of the past, especially kings or uneents that bear witness of
the time (themes 9 and 10). But the distinctiomade between the old and the
contemporary: the theme of war makes clear referém¢he world wars (theme
5). And a distinction is made in the arts betwdenliterary tradition (theme 2)
and modern performing arts, especially cinema (thdin It would be interesting
to make a comparison with a similar editorial compand we think of the
Grand Larousse Encyclopédique du XlXed theEncyclopaedia Universalis
But in both cases, there is no honest way to olitenfull text of these bases,
which can be searched word by word but not as alevHake most bases
available online or in DVD, they answer all questicexcept those relating to
themselves.

2. Wikipedia

However there is one base which reveals its seangenuously:Wikipedia.
There is no need to describe this cooperative dopgdia; everyone uses it
daily. What is less known is the capacity to dowadldts content through the site
http://dumpswikimedia.org, or more easily through the site REDAC offering
exploitable resources from Wikipedia _ (http://red@cv-tise2.frEorpus/

'* The software (IRAMUTEQ) preventing us from treatiall the articles at one time,
we merely treated a sample of 2 million word-ocenaes, nearly a random tenth of the
whole set.

7 The name of the list designated in brackets redotm the interpretation of the
elements of the list, which are much more numetbhas those we supply, for lack of
space.
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wikipedia.html). A first approach, which is inditecs to identify products and to
note to which discipline they relate. While writifgikipedia articles is free, it is

customary to indicate, at the end of the artiaeywhich categories and portals
they can be linked, for any aspect of the cont&stmost articles refer to several
descriptors or keywords simultaneously, one catingahese associations or co-
occurrences, map the disciplines represented inpétka.

The software programmieamuteq, that was used for studyirigncarta,
provides, in Figure 7, an unexpected distributidrere one can hardly recognize
the traditional ontology of knowledge and actistidwo areas are particularly
highlighted: on the left (magenta) the performimtsaaround theinema tele-
vision and music, and at the bottom (dark blue)dinele of playerswho com-
pete for the ball. The divisions of the geographécaa complete the triangle and
occupy the top of the figure (in red) around tben The rest is confined to the
central area, less violently contrasted: threeridist nevertheless emerge: the
political and social sphere (on the right, light blue), bégdny and history that
hold registers ofleathsandbirths (green, below the origin) and finally (in black,
above the origin) a concentration of human actigéyhering thought, research,
science and industry. Science and technology areemarated. Except for this
detail, we find the same main lines Wikipedia imds in its subtitle: "Art -
Geography - History - Science - Society - Sporfeehnology”. Like Encarta,
Wikipedia highlights the cinema and all modern #ntst are based on the diffu-
sion of image and sound. It adds the sporting figidse spectacular promotion
is linked to this diffusion.
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Figure 7. Analysis of the key-words of Wikipedia

Wikipedia is a collective enterprise, linked to imidual initiative and free of
binding elements of centralization. The underlyorgology that emerges from
more than 600,000 articles is based on an imprdysevisional architectufd

1555 gates, themselves grouped in 11 categoriets, Aeography, History,
Hobby, Medicine, Politics, Religion, Sciences, $bogi Sport, and Technology.
This ontology is deduced from the keywords (“catggor "portal” in Wikipedia

terminology), examined in Figure 7, that accompeagh article.

One can wonder wether a classification of the adtexts of the article
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will produce the same categories. To limit the woduof data to be processed,

8 1t is not forbidden to add others, provided oinst fchecks that the proposal has no
articles preceding them. Control is a posteriorstéad of offering a predefined frame-
work to be completed cell by cell, decision-mak®esely register the proposed portals
without banning judgement: within1555 portals, #ite admits frankly that only 29 are

"good quality” and 50 “good gates”.
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one proceeds by sampling, retaining only one artelt of ten, and isolating the
class of nouns. In a corpus reduced to four miNiands, thdramuteqgalgorithm
sees a ten-class structure, which only imperfectfiects the official nomen-
clature. Of the eleven groups displayed in the mirgdion chart, more than half
are certainly reflected in the results, namelytpdj science, technology, history,
society and sports. But neither religion nor meucinor hobbies appears
independently. As for art, only sound and the imagetaken into account, not
the written text that is entitled to an independennstituency, covering liter-
ature, the press and scientific publishing. Sirhilgeography comes in two clas-
ses, depending on whether town or country is comcker

Where does the distortion, the difference betwaannsary and content,
come from? Any encyclopedia aims to be a dictiorariknowledge, as well as
of places and people. Now as the Wikipedia wriimgde is based on unsolicited
and unpaid collaborations, voluntary contributiaare not immune to interest
mingled with people. Let us observe the signifidesitof Figure 8: if the names
of places dominate in the geographical classes@45q and abstract concepts in
the technical or administrative classes (6, 7 a@y élsewhere the names of
persons take center stage: the writer, the teatthemphilosopher in Class 1; the
president, the minister, the deputy, the candidat€lass 2; the actor, director,
screenwriter in Class 3; and the player, champtoagch, winner in Class 9. As
for Class 8 dedicated to history, it is entirelydeaup of kinship terms, titles of
nobility and ecclesiastical dignitaries. Biogratielements occupy such a large
place that Wikipedia is becoming a kind of Who's dMbhere everyone would
like to see his or her picture and his or her mgedal

Classe 1: (écrit) littérature ouvrage éditionivin livre revue professeur lauréat
publication poésie roman université école philogopiesse science journal essai critique ..
Classe 2: (politique) parti élection présidentitmple ministre député parlement
gouvernement assemblée candidat suffrage constittépublique...
Classe 3: (image et son) film cinéma acteur sadur scénariste télévision internet
scénario série comédie métrage réalisation feaoiilet
Classe 4: (ville) pont batiment construction geartarchitecture architecte pierre
édifice métro ville rue hayteur station boulevaadede métre route béton ...
Classe 5: (campagne) parc montagne réserve agefisie altitude sud ile ouept
faune riviere lac forét nord région massif vallée éore...
Classe 6 : (sciences)exemple forme biologie cacntd propriété type températyre
acide protéine quantité surface chimie particulénoiméne effet équation cellule...
Classe 7: (technologie) logiciel moteur informagq entreprise systeme fichier
utilisateur processeut ordinateur gamme bit tygecuse technologie vitesse gestion...
Classe 8: (histoire) fils mort évéque fille empene@re prince duc royaume pape comte
prétre bataille dieu trbne époux archevéque...
Classe 9 (sport) joueur palmares équipe club champi football match sport
champion entraineur cyclisme carriére vainquelgselment sélection hockey rugby...
Classe 10 (société) maire population commune igerévolution période mandat
monument géographie compte district personnaliténicpalité administration statistique
village habitant...

Figure 8. Analysis of the text of Wikipedia
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[ll. Monograph-based corpora

Using monographs opens up a fruitful avenue ofamde First, the unifying
principle of the corpus must be chosen (a languagieeme, an event, a story, an
investigation, an author, a review or a newspageime or genre); then texts
may be added to the corpus, usually following @ohblogical axis.

If the texts are big enough, they may be usedibscerpora for statistical
comparisons. If on the contrary, the textual uaits numerous and small and
one cannot divide the corpus into sub-corpora,egen to the previous case (the
encyclopedias): the entire unstructured corpus rbedreated as a single piece,
and only co-occurrences phenomena in small conteslg be observed, using
the Alceste algorithm (or its Iramuteq implemeraaji

Such a situation is frequent in the treatment @iadogical surveys. For
instance, Pascal Marchand and Pierre Rastinaud bamducted a thematic
survey about “national identity”, based on 18,24@tdbutions available on the
official website of the Immigration ministry (whidiad opened a forum in 2009).
The forums, the social networks or the personaé datllection from traffic
analysis provide an inexhaustible reservoir forhsumvestigations, some of
which may reach gigantic size as soon as industpalitical or commercial
interests are involved.

In France, the “classic” methodology, first estsivid by Guiraud and
Muller, and then applied in the ‘Lexiometry’ labtogy, use the corpus as a norm
(a reference frequency list) to which its varioub®rpora may be compared.
There is no external index of the frequencies.

In the political or historical field, data is oftgoublic and free, and easier
to collect the data. For instance, Damon Mayaffie &nalyzed the discourses of
several French former presidents using a corpukree million words. These
analyses show that the various former presidentsbealistinguished from each
other not only according to the subject of thegcdurses, but also according to
their style. Even if he is facing very differentusitions, the speech of a president
remains recognizable. Figure 9 shows that the forpresident Mitterrand,
during his very long period of power, is always rettderized by the use of verbs
(such as Sarkozy) whereas other former presideatsrthe nominal categories,
apart from Chirac who remained undecided througheatexercises of power.
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Figure 9. Factorial analysis of parts of speectoimer French presidents’
discourses.

In the field of literary studies, the typical casehat of studies based on corpora
made of all the monographs by a given author. Badgks were involved from
the very beginning in the study of great textsg like Bible, St. Thomas Aquinas
or Shakespeare. The sizes of the corpora are petted to defeat those of these
pioneering works, due to the lack of prolific wrdeknown to exceed Saint
Thomas and Shakespeare... the Nancy ‘treasury’ni{@xt corpus) included
works by many writers but the strategy adopted twalsuild a corpus balanced
according to the works, and this choice preverttedriclusion of full texts in the
corpus. The most important "complete works" corpibva could be built (La
recherche du temps perdu by Proust, the Rougon-lacdoy Zola, Les
Miserables by Hugo) have rarely more than one omllvords. Professor Kiriu,
from Japan, devoted years to scan and correctdhmplete works of Balzac's
Comedie humaine. Other passionate contributions hesulted in the scan of the
complete works of Voltaire (Y. and R.D. Boudin), deassant (Thierry Selva),
Jules Verne (Ali Hefied). Today, using the goodrses (e.g. Wikisource or the
Gutenberg project) we can almost reconstruct thepbete work of a writer,
even a very productive writer such as Sand or Dumas/ided that there is no
copyright. The size of the corpus can then apprddximillion words. Nothing
prevents us from going beyond, if one aggregatesvibrks of writers, and
compares them inside a textual genre or an hisioe@. And from there, one
can go further and compare various genres or vaeoas.

However, today the size of the literary corporanaen below that of
Frantext (5000 texts and 300 million words). Owsttle literary field, several
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impressive corpora are emerging thanks to the tisewespapers, magazines and
electronic documents of all kinds that are produeedry day by the admini-
stration, industry, research and the media. One gfea regional newspaper such
as the “Est Républicain” is 100 million words tlae now offered for download
and analysis. Most newspapers now have followedxaenple of the newspaper
Le Monde and are open, in digital form, to retraspe research in their archive.
We are able to compare in the same corpus thengsitdf different newspapers
during a given period of time.

However, there is a hindrance to the exponentiagr of corpora: the
inadequacy of conventional software for operatimgsoich large masses. For
instance, | have had to deal with all the issuethefmagazin&uropepublished
between 1923 and 2000. My software, Hyperbase, neasable to deal with a
corpus of 28,000 articles and 58 million wordssldifficult to make it fit in the
memory of a personal computer a textual corporusselsize is close to one
gigabyte. At this level servers and specializediivare are needed, that are able
to handle the long work of entering, correcting;i@rng and indexing data; and
to distribute this data using index, pointers agiénences. But such institutional
corpora are like huge tanks that distribute themtent, word by word, as would
a dictionary. The consultation can be only punctiibky do not allow any over-
view, no overall analysis, as can be seen frometlgigantic corpora of the
French language built respectively in Germany, Khand in the USA.

V. Corpora of the French language made outside dfrance
1. Wortschatz

The first of these three corpora was build at thaversity of Leipzig (with
collaborators from the University of Neuchatel).idta corpus of the French
language with 700 million words, 36 million senteacfrom newspapers (19
million), web (11 million) and Wikipedia (6 millign One can base a query on
the entire database or on any of its three comgen&he querying of the corpus
may be done through keywords: absolute and reldteguencies are given for
the requested keyword, together with some exan{plils their addresses in the
corpus) and especially its environment, specifiesaveral ways:

- A list of words that co-occur preferentially wittie keyword in the sentence;

- Preferential immediate co-occurrents to thedefd right of the keyword

- A graph summarizing the most significant co-ocences
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One example suffices to illustrate the results taat be expected from this base

(Figure 10)

Mot-clef: Sarkozyite;
Nombre d’occurrences: 106536k,
classe de fréquences (i.e., has got abouf he number of occurences than the selected word.)

exemple(s):“Lundi depuis Pékin, MSarkozy avait lancé un appel a "l'apaisement"” resté stiefs e
(sourcehttp://fr.biz.yahoo.com/27112007/202/sarkozy-abs#onh-en-premiere-ligne-face-aux-
violences-de.htl'll est le cousin de I'ex premiere Dame de Fra@zgziliaSarkozy. (source:
http://fr.sports.yahoo.com/29122006/29/aime-jacefiret sa-reverence-avec-un-palmares-unigue.htm
strSarkozy se prévaut d'une baisse de 9,44% des crimesitst eléd'un taux d'élucidation en progressi
de 8 & plus de 34%. (sourdwtp://www.rtbf.be/info/international/ARTICLE_0800)%krexemples

supplémentaires
cooccurrences significatives de Sarkozy:

Nicolas(838584) présideni(51762.4)," (48587.6) UMP (36403),M (31913.1)a (30256.3) Roval
(25565.4) Ségoleng25195.9) Elysée(22596.7) ministre (22117.5) Intérieur (20576.1) présidentielle
(18656),Cécilia (15904.3) Francois(14851.6) Bayrou(14453.7) Villepin (14450.1)candidat
(13928.3)] (13536.4), (12823.7), (12757.2)francais(11182.9)Chirac(10215.3) ¢lection(10159.6),
visite (9974.35) Fillon (9635.87)Dominique(8574.88) campaan€8432.2) PARIS (7793.58) Carla
(7591.07) France(7580.98) avait (7430.25) politique (7166.54) discours(6749.46) son (6746.22),
Républigue(6676.53) Bruni (6566.09), etc

voisins de gauche significatifs de Sarkozy:

Nicolas(1326360)Cécilia(17948.7) présideni(9428.68), (5228.97) Jean(3338.48) candidat
(2430.55) Monsieur(1104.34) Présiden(774),loi (664.77),couple(595.96),Carla(564.47) Mr
(527.76),Guillaume(423.36) Cecilia(386.61) circulaire (365.12) ,sauf(334.23) Nicoals(301.77),
Bruni (295.11) voter (264.16) présidencg260.31) Nicolas (259.26),Royal-Nicolas(253.44) monsieur
(246.57) battre(234.84), etc

voisins de droite significatifs de Sarkozy:

a(53559.9), (28722.9), (14068.3)avait(11441),s (6645.14) et (5227.08) n (3751.04) veut
(3193.77)," (2796),est(2542.41))ors (1744.72) 2 (1641.62) ne (1631.29) doit (1446.9) devrait
(1353.74) souhaite(1325.86) £tait (1163.67), etc

Graph v. 1.6 far Sarkozy

Int&rieur

DN

Figure 10.Sarkozyaccording to Wortschatz corpus
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2. Sketchengine

Sketchengine is an English website which offergdtber with corpora of other

languages) a corpus of the French language. Thigisas over ten times larger
than the Wortschatz corpus. The range of tool$ss much wider. Sketchengine
has several points in common with the Frantext esirphe user needs to sub-
scribe — for reasons of profitability and not, as Frantext, of copyright —, the

freedom to download at least large extracts; amdpbssibility to manipulate

complex objects: lemmas, codes, structures. Howdvere are also differences.
Frantext has its own data. Sketchengine harvesta/éb. The former focuses on
books and full texts, the latter on short conteXtse former is diachronic, the

latter is synchronic.

Like many web-based corpora, Sketchengine is hangeshe web in
order to build a large representative corpus ocaragyliage rather than to build
corpora targeted at analyzing lexical innovatiofise starting point is a list of a
few hundred words of medium frequency, which isgbed of the harvesting. To
reap the harvest, thousands of requests on GoBuglg,or Yahoo are made in
search for pages that contain at least three wiboas the list. The pages are
collected in a cumulative corpus with the assodiateetadata (at least the ad-
dress and the title of the site as well as the ddt¢he request). Next, the
duplicate pages are eliminated (thanks to the 'fonsoftware ) as well as extra-
textual content (thanks to the "justext" softwaré/arious filters are then ap-
plied: the document must meet several conditioaftsufficient length (at least
500 words), contain a minimum proportion of gramoatwords. This auto-
matic control based on simple criteria is helpfaf femoving many unsuited
pages: the relationship between what is retainetvemat is tested is between
1/10 and 1/1000. The corpus is balanced betwedbugsites in order to in-
crease the corpus diversity. Such a process camestanp to 1 billion words per
day. The collected data receives linguistic praogs$o ensure lemmatisation
(TreeTagger is used for Western languages) andtaofigtatistical operations to
enable a sophisticated consultation.

One of the simplest requests of users is oftemfooncordance. The con-
cordance tool provided by Sketchengine gives theest (line or sentence) for
several kinds of queries: word-form, lemma or carpfuery with various
filters. It can also analyse the distribution o tkeyword and rank co-occurring
words according to the kind of grammatical relatibrey have with it, and
according to the strength of the statistical atioacfor the keyword. For in-
stance, an analysis of the woBdmedishows that the co-occurring words are
most oftendimanchedernier, prochain pluvieux ensoleillé It reflects the major
role played by the weekend for people. If one aters the profiles of other days
of the week, one gets a sociological typology ef dlays of the week. If one con-
siders the profiles of the months of the year, geis a sociological profile of the
season. Enquiries into sociological representatamesavailable with keywords
such as freedom, justice, equality, community,eadly sins.
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For example, the reputation of French politicianglte internet can easily be ob-
served. It is somewhat reflected in Figure 11. Tactor map is the result of a
factor analysis of the contexts where there is atime of one of the major
politicians of the fifth republic in France. Thi®rpus is extracted from the
FrTenTenl2 corpus of Sketchengine and has been fouilrepresenting 37
French politicians (Presidents, Ministers or pdegders) through 5,000 random-
ly selected occurrences of each of them. The 278t mommon nouns in the
corpus are then selected (they include by defmitilee names of politicians in-
volved, each with at least 5,000 occurrences). Gbmetingency table cross-
tabulates these words (at the intersection of roand column j there is the
number of co-occurrences between the words i arféby) a survey of men with
various historical statuses, it is not surprisih@ttthe first factor reflects the
timeline. The timeline, evident in proper nameslso observed among common
names. Those found on the left belong to politeants of the 2000s (electoral
campaigns and especially the 2007 and 2012 prdgteampaign). It shows the
competition between candidatesofdages, campagnes, votes, débat, décla-
ration, programme, émission, media, opinion, pastutien, militant, candi-
dature, primaire, présidentielle, tour, résultaictoire). The confrontation is less
harsh in the opposite half of the factor map, anright. The politicians, there,
have left the political scene. We see their wotkeathan their ambition and the
history rather than the current events.

The second (vertical) factor does not separatdetieand right political
tendencies. It might have be the case if the disssuof politicians have been
included in the corpus. But the corpus is not alvchdt they say, but about what
is said about them. And in the words about them rigjht and left tendencies can
coexist.Mitterrand is close tde Gaulle Public opinion tends to classify people
according to their rank. The presidents of the béipuoccupy the upper part of
the figure. Prime ministers are relegated to theelohalf, whereBalladur is
close toRocard Jospin Villepin, Mauroy, and Juppé While presidents are
characterized with the lexemes referring to theegainobjectives of politics
(peuple, famille, homme, femme, pays, société, wdieerté, justice, loi, démo-
cratie, politique, guerre, moxt prime ministers are concerned with admini-
strative management of current affainsirfistere, cabinet, comité, conseuil,
commission, directeur, secrétaire, conseiller, adsiée, groupe, chef, membre,
député, maire, poste, finance, université, preesetion, réeforme, emploi, ejc.
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Figure 11. Factorial analysis of co-occurrences @orpus about French
politicians (axes 1 and 2).

3. GOOGLE BOOKS

Such analyses of word distribution are not possiliehe Culturomics website
we met earlier (Figures 2 and 3). If the contexts readable in Google Books,
they are no more readable in Culturomics, wherg ordirect pieces of inform-
ation are available: n-grams, or text sections whHesgths do not exceed five
words. However, Google offers significant advangage quality and quantity.
By its size, it is the biggest corpora of the Flefanguage, with a size ten times
greater than that of Sketchengine (almost 100hiNvords in 2012§. While the
diachronic dimension is absent in Sketchenginexiénds over centuries in the
Culturomics corpus, opening fruitful avenues ofeaesh on the history of words
and realities of which those words bear witnes® Qhality of sources is also a
strong point in the Google corpus. The internettaiois a mix of all kind of
discourses and varieties. The methods used by I8k&jne are unable, despite

1 Between 2009 and 2012, the size of the Frenchocarpas doubled, as did the
corpora of the other languages. The current figatdte time of writing are 89 billion
words for the French language, 349 the Englishdagg (with several dialects), 53 for
German, 67 for Spanish, and 33 for lItalian, the ¢aspus built. These figures corre-
spond to the data that can be downloaded. Theligher in the first table of the article
published inProceedings of the 50th Annual Meeting of the Aasoa for Com-
putational Linguisticsp.170. Three other corpora are available (Rus€ifanese and
Hebrew).
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all the filtering, to be immune against the barbaus that are frequent on the
social networks. As for Google Books, since it uttds only books, such as the
BNF and Frantext, it gives access thereby to aarefevel of language and
culture that Facebook can not guarantee. A simpleey gives the measure: the
ratio between the incorretd#saitand the corredaisaitis 2.6% in Sketchengine
while it drops to 0.6% in Culturomics. Google Boakstill far from the focus on
literature found in Frantext, since it accepts mlblished works, especially in
technical news, and social or media domains. Beifodrrier of printing protects
it against insignificant verbal diarrhea that iseguling on blogs and social
networks.

Jean Véronis, who has just left us, did not hideemthusiasm for the birth
of Culturomicsat Christmas 2010. He had also greeted the 20ilovethat
corrects some defects of the 2009 version and phekiits power and flexibility.
The queries are no longer restricted to word foomphrases. It is now possible
to ask for lemmas (e.g. faire_INF to ask for theade of word forms of the verb
faire), and for the bare part of speech (_DET_ for deiteer) or to use wildcards
(such as *), and to select the corpora (symbol. “A)handicap yet was still
preventing the use o€ulturomics Culturomics was delivering curves only,
instead of the underlying numbers, and it was nmsiple to make further
analyses using the raw numbers. The authors ofufufics have therefore
released an API that for a given word gives the 28duency counts observed
along the timeline from 1800 to 2000. Better stiie raw data used to make
tables and curves were delivered for free downleduch we used to form a
base offering the analysis of unigrams (or indialdwords) of the French
domain.

As an illustration, Figure 12 summarizes the syitaevolution of the
sentence in French. The verb and its acolytes umasy adverbs and conjunc-
tions) lose ground to the benefit of classes rdlédethe name: nouns, adjectives
and prepositions. This trend is not unique to Fnentcis found for the same
period in other Western languages. This trend hewevay be a little suspect.
There is the suspicion that this change reflectsaanuch a change in the use of
French, as a change in the composition of the srRecent modern texts are
the most numerous and are frequently about techisgzes. In those text genres,
there is an impersonal style, and information isspd via the nominal cat-
egories. On the other hand, the older times areesepted by literature, more
than by science and technology. The verb is moesgnt in literary discourse,
and dialogues are more “personal’. The variatiorthef textual genres between
periods may have created a heterogeneous corpusg dghe illusion of an
evolution.
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Figure 12. Le dosage des catégories
(24 milliards de substantifs, 10 milliards de vespe

As we can see, one can be enthusiastic given the $ime of the corpora. But the
doubt remains as to the validity of the statisticasults. The doubt grows
especially as the compositions of the corpora @lté'ldack boxes”. As we saw,
even a graph based on large corpora may still BgoBhcriticised. If the choices
underlying the building of the corpus under scrytme unknown, the size of the
data does not prevent the result from being veffycdit to interpret. In such
situations, one can talk of “insecurity” in largerpora, as did the reviewers of
my book “Vocabulaire frangais” — which was howewssed on a corpus a
thousand times smalfér

2 Annie Geffroy, Pierre Lafon (1982).insécurité dans les grands ensembles. Noots
129-141.
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0. Introduction

Although the so-called “Zipf-Mandelbrot law” of wabrfrequencies (“ZML”
henceforth) gained immediate fame in the 1950ssytabolic aura may vary
depending on the academic or practical coordinates which it is considered.
Also, the interest it raised has fluctuated thramghthe decades. Therefore,
writing the history of this scientific law (followqg, for instance, Petruszewycz
1973) should include a careful mapping and clatfan of the various frames of
reference involved, since these are likely to shigee perception and histori-
cization of such an object with disciplinary valuasd expectations. In other
words: from their respective vantage points, auisgy a mathematician, a com-
puter scientist, a communication engineer, or gopbpher, will probably not see
ZML with the same “eyes”; and so on for linguists (nathematicians, etc.) of
different schools and periods.

Among the accounts of Benoit Mandelbrot's contiifru to this law that
have been or could be written, it is worth noticthgt the mathematician himself
repeatedly wrote about it. Besides his notoriostetéor actively constructing his
public figure and tendency to downplay some ofitilsences (Hayes 2013; Bru
2012), it is fair to expect that, in general, aimbgbaphical accounts can both
bring valuable contextual information and introduspecific biases in this
information.

This paper aims at contributing to the historyZ®iL in two respects: in
the first sections, a comparison of Mandelbrotdyeand late statements about
the meaning of his work shows a shift in perspectivhereas, after the emerg-
ence of fractal geometry, the mathematician pres@nL in retrospect as a
precursor application of fractals, early 1950s psy@nd talks unambiguously
claim another unifying framework, that of cyberost(that Mandelbrot did not
reduce to “information theory”, but rather wantex reconstruct as a general
science of behaviour). The last section of the p&peadens to the context of
postwar France to better assess the originalitylafdelbrot’'s scientific gesture
among the interest of mathematicians for languadjeeatime.

1. ZML in retrospect: a precursor application of fractal geometry?
From time to time, Mandelbrot discussed the meawihgML for his broader

work, in key publications as well as in his memoirsall these late writings, the
point is the same: the mathematician retrospegtigtepicts ZML as a precursor
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application of fractal geometry. It is enough takpup a few quotations that
speak for themselves:

“...since the beginning of my scientific careecohcluded that many real-
world shapes are so irregular or broken, that tptexity of Nature
overwhelms everything that is admitted by Euclideggometry, not
guantitatively but qualitatively [...] The existence of such objects ad-
dressed geometry with the challenge of describihgtwas considered as
“amorphous”. Having decided to take the challengeleveloped and
conceived a new geometry of nature, and usedvaiious domains. | did
not say | “applied” it, since it would develop ontirough its diverse
applications” (Mandelbrot 1997b, p. 32).

“...the scaling distribution rules many [...] impamt phenomena. [...] It
turns out that its most elementary example, thahies most fundamental,
is the Zipf law of distribution of words in humarsdourse” (Mandelbrot
1997b, p. 192).

“Thanks to fractal geometry, those bits of knowlkedgcame understood,
acquired a clear identity, and ceased to be "hmsséley becoming part of
a new field” (Mandelbrot 1997a, p. 8).

“Zipf's law proved interesting in probabilistic tes and [...] somehow
started me on a path that led, first, to financé aconomics, and even-
tually to fractals” (Mandelbrot 1997a, p. 205).

“...I found myself in the position of that child anstory who noticed a bit
of string and [...] pulled on it to discover thatas just the tip of a very
long and increasingly thick thing [...]. Oddly buihast ineluctably, that
string [...] ended up directing me to some of the rmtiemes of my
scientific life: [the concept] of fractality” (Maredbrot 2012, p. 150).

ZML is accordingly featured in Mandelbrot's magnuwpus The Fractal Geo-
metry of Nature(Mandelbrot 1977, pp. 344 ff.), since its exponpatameter,
called “discourse temperature” (or “informationaiperature”), generally has a
value between 0 and 1 (thus of non-integer dinmensivhat Mandelbrot con-
sidered as an approximate definition of 'fractal’).

All the accounts just mentioned converge to camm$ta coherent picture
of Mandelbrot's scientific accomplishments, accogdio which it was only in
the end that ZML found a link to a broader theaadtiframe. Before that, the
mathematician says, ZML was “homeless”. Even thecdote told by Mandel-
brot, of how he came to hear about Zipf's law amattsthinking about

2 “At the end of a day spent near the Sorbonneai not much of a detour — before
taking the metro home — to stop at Szolem’s flat [ihis uncle Szolem Mandelbrojt,
a towering mathematician then professor at thee@ellde France]. [As a] response
to my routine request for reading material for khveg ride home [...] he pulled out
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suggests that ZML came out of the blue, out ofiagha fortuitous problem on a
blank mental blackboard.

2. Early influences

Was there really nothing at the beginning, as iamhdy this picture? When
Mandelbrot received the challeng@ Walshvia his uncle Szolem, héid have a
background already, which played a role in his seghent development and
generalization of Zipf’s law.

“All my scientific work fell under the influence dhe branch of physics
called thermodynamics, and of other independeuditioss ranging from
deep to very shallow. | came to scaling and renbrad#on by cross-
fertilizing the influences of probability theory €lzy) and the social scien-
ces (Pareto, Zipf and the economists idea of agéi@®” (Mandelbrot
1997a, p. 105).

Besides thermodynamics (of which Mandelbrot considdimself an adept), the
“other traditions” are not detailed here, and basek they in the 2010 memoirs.
However, the influences contemporary of Mandelbr&a®50s work with Zipf's
law can be traced back.

“To have witnessed the birth of a field [i.e., malar biology] from close
by was an experience | never forgot. It providedilaxating proof that
someone with my bent might have a chance afte}.all.

The timing was ideal because several new develofamiéat had been
“bottled up” by war conditions were being reveaiea kind of fireworks

| saw on no other occasion. My restless curiogityrhe to read works that
were widely discussed when they appeakédthematical Theory of Com-
municationby Claude Shannor@ybernetics or Control and Communic-
ation in the Animal and the Machir®y Norbert Wiener, an@heory of
Games and Economic Behaviby John von Neumann and Oskar Mor-
genstern.

[...] | was beginning to think that the examples ofewér and von
Neumann might guide me to an idea big enough toemady, in some way,
the Delbriick of a new fiefd

of his wastebasket a reprint he had recently receifrom the Harvard mathe-
matician Joseph L. Walsh (1895-1973), presidenthef American Mathematical
Society. [...] | became hooked: first deeply mystfieext totally incredulous, and
then hopelessly smitten... to this day. [...] thenmeide was long and | had nothing
else to do. By its end, | had derived a more génemsion | could explain and was
dying to confront it with data. | soon decided targue this strange avenue, all the
way to a PhD. It is known today as the [ZML].” (M#eibrot 2012, p. 151)

3 Max Delbriick was a leading founder of moleculanldgy, whom Mandelbrot met
during his stay at Caltech. Formerly a physicist)bdplick thus gave Mandelbrot an
example that crossing disciplinary boundaries filwand to softer sciences could be
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This is precisely what | set off to do” (Mandelb®&i12, p. 126).

These early influences date from Mandelbrot’'s stathe California Institute of
Technology in 1948-49. What the mathematician dumssay is that these “hot
topics” of the time are linked to his imminent wark Zipf's law, not just by the
inspiring figures of their patrons Wiener and voeushann, but also by the
scientific perimeter they set up. Only in a 198teimiew did he clearly mention
that link', while the memoir is more elusive.

If we turn to Joseph Walsh’s account of Zipf's @9dook, published the
same year irScientific Americanwe can read Mandelbrot’s vocation in plain
letters. Walsh draws a parallel between, on thehamel, the recent work of von
Neumann, Wiener and others, and, on the other hiwedhistory of celestial
mechanics.

“Certainly it is reasonable to expect that lawsatial science, subject to
revision and obsolescence, may similarly be estiabdl. [...] Zipf is at his
best, and indeed without a peer, in the statisstaly of language. [...] In
a sense, this work so far serves mainly to suggester unsolved prob-
lems. [...] Why, for instance, is the distributiondiar and the slope minus
one? Opportunity is ripe for new Tycho Brahes, kkepland Newtons!”
(Walsh 1949, p. 56, 58)

This would be Mandelbrot’s literal inspiration (fathich he credits Walsh in his
memoirs), suggesting a continuity between the esfegs he discovered in
Caltech, and Zipf's work that needed mathematitzifecation (and competition
for fame). Not only did Mandelbrot have a backgmbubut he got involved in
this corpus, and presented ZML as an applicatiarybérnetics, as evidenced by
several sources, some missing from biographicabamobiographical accounts.

3. Mandelbrot and Cybernetics

Several aspects of Mandelbrot's involvement withbempetics have been do-
cumented by Segal (2003). This section expandé@mieaning cybernetics had
for his ambitions at the time: a general theorpehaviour, besides a theory of
information. At the beginning of the 1950s, Mandetbattended an informal

fruitful (although it is not the same modality adundary crossing, as will be seen in
the second part of the paper).

4 “The title [of my dissertation] wa&ames of Communicatiptargely because for
several years before and after my Ph.D. | was wargh influenced by the examples
of John von Neumann and Norbert Wiener. Indeed néfis bookCyberneticsand
von Neumann & Morgenstern’s bodlheory of Games and Economic Behaviad
come out during this time, and they were precisdigt | wished to emulate one day.
Each seemed a bold attempt to put together andageaemathematical approach to
a set of very old and very concrete problems thatrlapped several disciplines”
(Mandelbrot 1985, p. 218)
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seminar held at the Sorbonne Institute for the dfysiof Science. This small
seminar was called theercle d’études cybernétiqueSreated by mathematician
Robert Vallée, it gathered about twenty scholassnfvarious disciplines (math-
ematicians, engineers, biologists...) and featui@dteen sessions between
November 1951 and November 1953. The speaker frtlihd session was
Benoit Mandelbrot, on April'"% 1952. The title of his talk (as translated into
English) was: “Relationship between the statistgtalcture of language and the
presumed properties of the brainMandelbrot’s name is included in the mem-
bers’ list of theCercleg but it is not clear how he and Vallée got in touBoth
came from the Ecole Polytechnique, but did not gadel the same year. We just
know that, somehow, Vallée heard about Mandelbketsk in progress, and that
it was not in the context of Polytechnique. T@ercle is not mentioned in
Mandelbrot's memoirs. “Indeed | was a member of @ercle d’Etudesand keep
a fond recollection of its meetings. But | stoppdten | moved to MIT and don't
remember the topics discussed by the other spéakersimply wrote in 2008

Mandelbrot’s PhD took place between 1950 and the @& 1952. His
dissertation combines his topics of the momentntoglynamics, Zipf's law, and
the “fireworks” he discovered in 1948-49 at Calte8mannon, von Neumann,
and Wiener’s theories. Wiener and cybernetics eesgnt at a different level than
information and game theories, though. The dissentaleals with “games of
communications”, in the sense that the sender lamdetceiver form a coalition to
play a game against Nature. The strategy of Natute produce noise against
the transmission of a given message, while theegfyaof the communicating
coalition is to maximize the transmission for a immal cost. Feedback mech-
anisms are not discussed.

The first reference to Wiener is about consideangessage as a random
sequence (Mandelbrot 1953, p. 5), which is notlzenyetic trademark. But right
after, Mandelbrot states that his work is closelated to cybernetics:

“Communication games [apart from being very spearal asymmetrical]
can differ a lot from one another, depending onnhieire of the messages
involved. The existence of iquecommunication theory thus rests on a
special postulate, which unifies, on a functiorahpe, physical, biological
and human phenomena:

We assume that the functional conditions of comaaiion (and control)
processes belong to an abstract stuthat has the rigorous norms of
Physics, is quantitative, conceptually homogeneaudependent from
their physical realizationshence applicable to living organisms as well as
to artificial mechanisms.

Mr. Wiener, to whom the most striking presentatmnthis principle is
due, proposed to coin ‘Cybernetics’ the sciencelimgawith its ap-
plications” (ibid., p. 5-6).

However, it is not clear, from this statement, thiee the “abstract theory

5 It was most likely preliminary material for Mantedt (1953b).
6 B. Mandelbrot, Personal communication, E-mail,.F23, 2008.
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of communications” and “cybernetics” are one anel $ame thing, or whether
cybernetics only deals withpplicationsin machines or organisms. At any rate,
according to Mandelbrot, as an application (of #tedy of communication
games in human language), the analysis of Zipis lteelongs to cybernetics.
Another influence of Wiener is probably the exteasreference to Maxwell
demons, which are formally analyzed in a chaptethefdissertation. Although
Mandelbrot claims to have grasped the concept fRgsics, its extension to
other applications was most notoriously suggesyediener.

Thus Wiener, and cybernetics, are involved in Bt dissertation in a
theoretical, or even philosophical, rather thammézal, way. That does not mean
they are less important in Mandelbrot’s vision. E¥leough he could have pres-
ented his dissertation without any reference toeoyétics, he stuck to it as a
broader and unifying frame which he then declakedéd his actual scientific
horizon. He explains that the purpose of his ditasen is not to involve
mathematics of the highest possible technical |dwal to contribute to a trans-
versal theory. He goes to historical argumentustify a subtle position: where-
as physics and the social sciences have had diffeneathematics (i.e.,
“classical” for physics, and game theory for so@alences), cybernetics has
provided a bridge between them with informationottye Thus, for Mandelbrot,
game theory is (mathematically) more general thdyvemetics, but cybernetics
is more unifying. The ultimate purpose of his wottkough, is to bring cyber-
netics to a more general form — or, maybe it isebeb say that it is to contribute
to the construction of a transversal theory witluhich cybernetics is just a
particular case:

[The present work] “soon lead us to conclude thgbeEnetics’ inform-
ation is only a particular functional linked to ta@n strategies, within
problems of inductive behavior, and part of a viamge class of other
information concepts” [ibid., p. 9].

Eventually, Mandelbrot gives a somewhat final toteclthe theoretical landscape
of his work, under the sober title of “terminologicdemarks”: since the “theory
of inductive behavior” (referred to Neyman and Waldd cybernetics overlap to
a certain extent, a choice has to be made whetkgrdhould be considered one
and the same, or exclude one another: “We refusake side in this alternative,
and avoid the term ‘Cybernetics’ until further mefl, he simply writes, con-
sidering that cybernetics remains too confuse (ibpd 10). Besides the ter-
minological dilemma, it is perfectly clear that ZMd far from “homeless”: it is
an application of a theory of communication or iciike behaviour, the
generality of which it is even supposed to suppod illustrate:
[The examples of thermodynamics and of the steéikstructure of lan-
guage] “were chosen partly for their valuable suppo intuition in the
attempt to make the fundamental concepts evolve,naake them more
suited to the attack of real problems” [ibid., jp. 7

In 1953, a few months after he defended this Pla3ish Mandelbrot was invited
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for a post-doc at MIT, where he wanted to work witlener. Unfortunately,
Wiener was very depressed at the time, so that Blamat could not expect
anything, and stayed only one month (he then wethé Institute of Advanced
Studies in Princeton to work with his other role dab John von Neumann —
Wiener, though, will durably praise Mandelbrot's noincluding ZML in the
1954 revised edition oThe Human Use of Human BeifigsWiener had split
with McCulloch and other scholars (Conway & Siegatm2005), which prob-
ably somehow undermined cybernetics. Also, thatr,y&diener's work in
cybernetics was quite off the records. Under suatumstances, it would have
been timely for Mandelbrot to give up referringctdoernetics. Yet, he did not.

Mandelbrot came back to France for one year, B¥1&nd 1955. In June
1955, he gave a plenary talk at the “Conférencessoientifiques” of the Institut
Henri Poincaré, a key place in the French mathealatindscape. This talk was
published as a non-technical paper under the(tiiaslated): “The Engineer as a
Strategy-Maker: Theories of Behavior. A definitiohCybernetics; Applications
to Linguistics”. With respect to the 1953 PhD drsaton, this paper brings out
significant elements. It stresses Mandelbrot'sregefor, and even commitment
to, cybernetics, as he wants to “define what [helild have liked this discipline
to become” (Mandelbrot 1955, p. 278). He claimswamnts to rehabilitate the
term, which implies, he writes, to overcome Wiegerersion. He gives his own
definition of cybernetics, which is somewhat orainbut too long to discuss
here. Then, he introduces an “example of applinatiocybernetics”: “In order to
show the unity of Cybernetics, we will take an ep&min communication
theory: a problem of message reception [...]" (ibpd.287). Mandelbrot explains
that the construction of an optimal receiver regglisearching for and con-
structing a decision function that corresponds ¢erdain strategy.

L’Ingénieur en tant que stratége :

THEORIES DU COMPORTEMENT

Une définition de la Cybernétique ;

Applications linguistiques "

par Benoit MANDELBROT
Ancien Eléve de UEcole Polytechnique
Docteur és Sciences

After presenting “minimax” and “Bayesian” receptiatrategies, Mandelbrot
ends his paper with a discussion of a “model ofstinecture of language”. ZML
is featured as a “cybernetic model” of language.

“As an example of application of cybernetics, Istraention, for a change,
a model that allows a description and “explanatioh&mpirical linguistic
laws, thanks to concepts and tools created to \@#&hl normative prob-
lems of communication” (ibid., p. 292).

7 Wiener 1954, pp. 92, 187.
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Mandelbrot simply explains that, in a natural texdde of statistically independ-
ent words, the law of distribution of frequenciesresponds to a minimal Bayes-
lan-decoding cost. (Then he discusses objectivesabgkctive interpretations of
this correspondence, and considers that in thensecase the structure of lan-
guage can be considered “intentional”). Hence,mmhtwuman (written) language
appears as a specific possible communication girateside others (namely, a
“minimin” reception strategy, beside “minimax” afilayesian” receptors).

This paper is significant, as it suggests thab&ypetic” was not just syno-
nymous with “information-theoretical”. Neither wésjust a reference Mandel-
brot would use to label his early work with the reaaf an exciting new field. He
was sincerely committed to making something ouit.oih the references at the
end of the paper, two publications labelled “fodiming” are featured: a joint
paper with Schitzenberger, under the title “Deaisamd Informations”, and,
probably a book by Mandelbrot, simply entitled “@ybetics”. None will ever
see the light. Anyway, this paper makes clear Zh&lt was included in a broader
frame that was a theory in the making, a theorgarhmunication and decision
for which Mandelbrot temporarily chose to adop ttame “Cybernetics”.

Between 1955 and 1957, Jean Piaget hired MandelbtosCentre inter-
national d’épistémologie génétigue Geneva, a hotspot of cybernetics in Europe
(among other general topics). Piaget had probabbrdrabout ZML, and this
kind of work, as well as Mandelbrot’s profile, wasactly what he was looking
for to develop and strengthen t@entre Among the numerous publications pro-
duced there, Mandelbrot wrote two papers. The &iret deals with the concept
of equilibrium (Mandelbrot 1957a). The second ofianguistiqgue macrosco-
pique” (Mandelbrot 1957b), is the first part of alwme entitledLogique, lan-
gage et théorie de l'informatigrwhich other parts are handled by logician Leo
Apostel and psychologist Albert Morf. In this lopgper, Mandelbrot expands in
a non-technical fashion about several of the inaploms of ZML. But this time,
the background discussed is the analogy with thdymamics, at the expense of
cybernetics. (A key question for Mandelbrot is heeales relate to one another,
I.e., how grammar rules at the “micro” scale of i@ividual speaker can gener-
ate a “macro” structure such as the ZML — he cansithat the parallel with the
theory of gases is very relevant). NeverthelestJanch 1956, he presents a talk
“Macrolinguistique cybernétique” at a two-days cemgince about cybernetics
organized by thé&ociété d’Etudes philosophigyebat brought together several
of the main names associated with cyberneticsande®

In 1958, after Mandelbrot went back to Paris, s & speaker at the®21
Semaine de synthégsa high-level interdisciplinary conference takipiace
almost every year since 1925. Only an abstractioftdik was published, that
reads as follows:

“Cybernetics. Automata theory; Information theondats applications in

Physics and the Social sciences.

It is notorious that the most splendid synthesesoften unstable. After a

decade, it has to be acknowledged that, while tandyideas of N.

8 Revue Philosophique de Louva®hronique générale: Congrés et sociétés savantes,
p. 557.
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Wiener’s cybernetics have become mainstream, tohejdmot unify the
diverse activities between which they had reveaslath a deep link. It is
such a pain to “define” such a thing as a Cybecsdinat one can even
wonder whether it does actually exist, despiterni@rtance of its parts.
What can be said, nowadays, of Cybernetics in gdéherwill present it
briefly, using the language of another contempotagory (which bears
obvious links to Cybernetics), that of statisticdcision theory as a
strategy game.
[After reviewing feedback theory and automata thibwill expand more
thoroughly on another aspect of Cybernetics | amenumncerned with:
information theory. Its relationships with the falations of thermodyn-
amics have been noticed since the very beginningll lillustrate recent
advances by drawing on the theory of statisticahesion: first example
of a new methodological convergence between Phyanck the Social
sciences. Next, | will show how information theasized light on the
theory of the structure of certain natural syst@&isigns, that is, on lin-
guistics. The segment of this science, thus suligeatathematical form-
alization, remains of course very narrow with respe the infinite variety
of known linguistic facts. But the “macroscopicigjuistic theories feature
a striking parallelism with the macroscopic thesr@ matter, sketching
maybe a future interdisciplinary macroscopic sogenst any rate, this
parallelism opens wide perspectives, whose seedoerdmsps in Wiener”
(Mandelbrot, 1962, p. 10).
By merely confronting the sources, it appears tlyaernetics (whatever it meant
for Mandelbrot) played the role of a unifying reface, an early paradigm vis-a-
vis which the mathematician was trying to make senlsZML and to position
his work in the scientific field, and that this ¢t® lasted during the entire 1950
decade.

4. Abandon in the 1960s

In the following years, Mandelbrot gave up thakrehce to cybernetics. At the
beginning of the 1960s, he does not work on languagmore. Speaking at the
1962 international conference on “The concept @brimation in contemporary
science”, one of the grand interdisciplinary coaferes held at the Royaumont
abbey, Mandelbrot gives a rather critical talk,hattie title “Is information theory
still useful?” (Mandelbrot’s italic), about how the motiof ‘information’ lost its
unifying power as several specialized sub-fieldgeg precise, non-equivalent
and non-overlapping technical definitions. During presentation and the dis-
cussion that follows, he explains that he stilluesl problems common to dif-
ferent scientific disciplines — nowhere does hg& tdl cybernetics, although one
recognizes the same idea —, but does not beliextdht idea of information still
constitutes an interesting meeting zone for sudblpms. He considers inform-
ation theories as integrated into the normal cowfsscience. This moment is
interesting, because he clearly states that he doesee what could replace
information theory (and, we could add, cybernetics)}his role of a fruitful
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cross-disciplinary reference. Later, it will bedta geometry; but in the 1960s,
ZML, and other new works Mandelbrot mentioned iis talk (especially in eco-
nomics), are orphaned from any such unifying pagmadiThis, of course, will
make it easier reinterpreting them in retrospectabg after the turn to fractals.
As to ZML in particular, or language more generally notice that it is not dis-
cussed anymore. For Mandelbrot, the subject sedosed His acrimonious
debate with Herbert Simon, between 1959 and 196dady gave that impres-
siort. The only change in the terms in which Mandellwdt discuss it will be
the introduction of the word “fractal” circa 197%hus, ZML is in a kind of
dormant state in Mandelbrot's memory for at leasteaade, during which his
former cybernetic framework decays.

From all that precedes, we can suspect that it temgpting for him to
reinterpret the meaning of ZML once he coined tloeda/fractal geometry”, and
erase his former cybernetic tracks. Certain expyasshe uses to narrate or
comment on his early work proceed to such a regpdtor instance, when he
describes his PhD thesis in his memoirs, he cheniaes it as “messy”, “flawed”,
and “ahead of its time”. Yet, what precedes suggtsit it did take place in a
bigger picture, and that it was very timely becaok¢hat. Another example is
when Mandelbrot mentions the choice of chairmenhisrdefense committee:
Nobel physicist Louis de Broglie was selected toe official reason that “he
publicly praised interdisciplinary work®. These seemingly trivial words ring no
bell for the unaware reader. In the 1950es, Delgrogas a promoter of cy-
bernetics (though, as in the case of several dinench mathematicians and
engineers, it was generally synonymous with infdromatheory): the proceed-
ings of his 1951 seminar were published with tHe Lia Cybernétique : théorie
du signal et de l'informatiorfone of the speakers there, Robert Fortet, a spe-
cialist on random functions, was the third chairrodiMandelbrot’s defense); De
Broglie accepted the symbolic patronage of@eecle d’études cybernétiquést
which, remember, Mandelbrot was a member!); hethiced the first two notes
labeled “Cybernétique” for thedinptes-rendus de 'Académie des Scienaed

9 Herbert Simon proposed an alternative model, irciwZipf's law is explained not
by an optimal communication game as in Mandelbrdiig by a “Matthew effect”
instead, a self-reinforcing process by which thedsdhat are most used tend to be
the most used. If we consider the titles of theepsyby both protagonists, it is
amusing to notice how early in the debate Mandelbisamed to put a “final” point
to it: Simon: “On a class of skew distribution ftioas ” (1955).

Mandelbrot: “A note on a class of skew distribatfunctions ” (1959)

Simon: “Some further notes on a class of skewiligion functions ” (1960)

Mandelbrot: “Final note on a class of skew dmition functions: Analysis and
critique of a model due to H. A. Simon” (1961)

Simon: “Reply to “Final Note” by Benoit Manbellit1961)

Mandelbrot: “Post scriptum to “final note™ (1951

Simon: “Reply to Dr. Mandelbrot's post scriptu(@961)

10 Mandelbrot 2012, p. 143. The non-official reasacgording to Mandelbrot, being
that his supervisor Georges Darmois invited De Beogvho was a perpetual
secretary of thécadémie des Sciencdsecause he was campaigning to be elected
there.
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he wrote a short paper “Philosophical meaning arattgal range of cyber-
netics” in the main popular science journal of tinge, Atomes Thus, De Broglie

notoriously linked his figure and Nobel Prize atwathe name of cybernetics,
simply recoded as “interdisciplinary work” in Marndeot's memoirs.

In his 1985 interview, the mathematician giveseslabout his abandon-
ment of cybernetics. It is interesting to noticatthe presents it as a consequence
of a general failure, without mentioning his owmouitment to the domain:

“Unfortunately, cybernetics never really took @hd game theory became
yet another very special topic. Colossal claims Ibeein made when there
was little to support them, and they were not imiaiedy shrugged off
only because of the authors’ renown, based oneeaahd very different
work. It soon became good manners in academiaughlavhen someone
mentioned “interdisciplinary research.” To my hittksappointment, | had
to agree that there was good reason for laughtaroridered whether
things would have been better if von Neumann andnéfi had had the
desire and the ability to take an active interasttheir progeny”

(Mandelbrot 1985, p. 218).

5. Mathematicians and Language in Postwar France

In his memoirs and elsewhere, Mandelbrot, who enjoglling himself a
“maverick” (not less than 99 times in his memoirginphasizes the originality
of his work (and more generally of his person aagettory): “I have never done
anything like others” (Taleb 2010). This is truenmany respects, in particular in
choosing Polytechnique instead of Normale whenah&ed first at both schools’
entrance exams, and in many other examples nohwoentioning here. If we
focus on ZML, Mandelbrot also pictures his choiden@rking on a linguistic
topic in the early 1950es as original. He strefisasshe started his PhD without a
supervisor. However, Mandelbrot was, so to speakalone in the no man’s land
between mathematics and the study of language (aock generally, the social
sciences).

With the heyday of linguistics as a “pilot scieticand figures such as
Roman Jakobson who were interested in possibleribatiobns of engineering
sciences to the study of human communication, fteeimstances were favour-
able to the development of formal methodologies] #mus possibly appealing
for mathematicians. In France, love was in thetaar, but to a certain extent
only. It is certainly true that the general contexis not helping. France benefited
much less than its allies from the scientific aechhological outcomes of World
War 2. Interdisciplinary connections due to theeptmnal circumstances of the
conflict (such as, typically, operations researcbugs) were sometimes ex-
perienced by French engineers and scientists;Hayt were embedded into the
reconstruction of French research only in a matgnaxceptional way. Strong,
enduring traditional disciplinary boundaries renegiunchanged and still shaped
the habitus of French normal science. More than Wa, Auguste Comte,
Bourbaki and the “two cultures” gap were names tfeg implicit or explicit
obstacles to the emergence of modelling practicdéke life and social sciences.
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Thus, interdisciplinary boundary crossing largedgted on individual initiative.
Institutional support, whenever it existed, was twbecome usual, and rather
came from international channels. For instance, Roekefeller Foundation
funded a series of major CNRS conferences in tf®d® and 1960es. Another
significant occurrence is the support of UNESC@sibdes the international
congresses of cybernetics, which took place in iBeigan interesting example
is that of the seminar that took place in 1953 &884 in Paris on the use of
mathematics in the social sciences. This seminarasganized by Claude Lévi-
Strauss with financial support from M{T and obtained the patronage of
UNESCO's Conseil International des Sciences Socialgswhich Lévi-Straus
had been appointed secretary. This seminar wasfate main interdisciplinary
“trading zones” of postwar France, bringing togetligures of the social
sciences (understood at large) such as linguisieEB®nveniste, psychologist
and sociologist Paul-Henri Maucorps, psychoanalyatques Lacan, and
mathematicians such as Marcel-Paul Schitzenbergdr Jacques Riguet,
specialized in what was soon to be called the thewr automata. Benoit
Mandelbrot was there too. (In his memoirs, he amigntions a collaboration
with Lévi-Strauss, without further detdifs Of course, language was a central
topic, even from the point of view of disciplinesher than linguistics. This
short-lived seminar was an emblematic scansiorhé @émergence of various
forms of “structuralism” in those disciplinés.

But “language”, broadly understood, was not addpought to the atten-
tion of mathematicians from the outside, as a mexternal demand from
disciplines eager to harden their methodologiesdfcould reconstitute a list, as
exhaustive as possible, of all postwar French nmaglieians interested in the
study of some aspect of language (among which dgsuch as Jean-Pierre
Benzécri and René Moreau would appear), we woulitexanetworks. Man-
delbrot was a friend of Schitzenberger, who didetong work on algebraic
automata, including a collaboration with Chomskesi8le Schitzenberger are
two other interdisciplinary mathematicians: Jacq&eguet and Paul Braffort.
Riguet, who was interested in the formal analydishe structure of machines
and computer programs, became the mathematicalsethon of Lacan, intro-
ducing automata diagrams to represent the consigaimecessity of the “sym-
bolic order”. Braffort was something of a pioneerautomatic classification and
later in artificial intelligence, and a member bétliterary think-tankOulipo with
other mathematically-minded fellows such as RaymQuéneau and Francois

11 The support came from Max F. Millikan, director thle Center for International
Studies (Le Roux, forthcoming).

12 Mandelbrot 2012, p. 164: “Claude Lévi-Strauss, ithustrious anthropologist | had
worked with in Paris, had recommended me to hisecfoend Roman Jakobson”.

13 Another outcome is the famous 1954 issue of Ititernational Social Science
Bulletin devoted to “Mathematics and the Social Sciencesiprisingly, Mandelbrot
is not mentioned in the volume, although Lévi-Sssagquotes Yule’s 1945 study on
the statistics of vocabulary (Lévi-Strauss 1954)ilevColin Cherry’s paper “On the
Mathematics of Social Communications” (Cherry 198efers to Zipf’'s 1949 book.
Both authors thus seem to skirt Mandelbrot’s warkich they were aware of.
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Le Lionnais (Braffort 2002, Motte 1986). Braffortt994) mentions that
Schitzenberger, Riguet, Mandelbrot and himself,nvtedents in mathematics
in the Quartier Latin, formed a group to study theatomy and physiology of
mathematics”, with an original simultaneous inter@s Bourbaki’'s abstract
structures and applied topics. Mandelbrot’s involeat may not have been to
the same extent as others’ thotigtt any rate, in brief, Mandelbrot was linked
to mathematicians whose interest in language wassic, permanent and
notorious (even without mainstream institutional suppordehe was totally
identified and recognized among them for his wonkZML (see, for instance,
Moscovici 1959). And while Bourbaki paradoxicallpspired many French
mathematicians interested in language (Aubin 1@&7yvell as the purism that
would discourage and marginalize such cross-diseipl mathematical model-
ing, it did not inspire Mandelbrot at all. Strucilism held no monopoly on the
postwar (mathematical) understanding of human lagguin a bigger picture
that rehabilitates the place of statistical apphesac often bypassed, ZML is
emblematic rather than marginal.

Next to this historical perspective on the relatioriginality of ZML,
focusing on specific aspects of the French poswaatext, | suggest another
perspective, a sociological one, focusing on gdras@ects by replacing Mandel-
brot’s gesture in a typology of practices. In thhesent case, it is a typology of
mathematization practices. If we compare Mandelrimitellectual trajectory
with, for instance, that of the members@ilipo, a major difference is striking:
whereas most Oulipian mathematicians are interestiEthguageper seand take
it as their main and lasting topic, Mandelbrot'sdst of language was mostly
limited to ZML™, after which he moved on to other domains: econsmi
finance, signal transmission whether in telephonthe nervous system, galaxy
clusters, and all the objects eventually charamtdrias fractal. By developing a
special kind of mathematics which he tried to adapa variety of phenomena
from different disciplines, he would cross boundarback and forth, each time
solving local problems and enriching his generalotly in return. Thismodus
operandicorresponds to a perfectly identified ideal-tygepractice, known in
the sociology of science as the “transversal regoh&nowledge production”
(Shinn 2007). This regime of activity is that oftardisciplinary instrument
makers, who construct material or intellectual genenstruments and adapt
them to a series of specific niches of problemsimgiin different disciplines,
while, in turn, their generic knowledge benefiterfr learning and increased
robustness. This is a good sum up of Mandelbroégedtory, publishing his
papers as an outcome of visiting respective speethtommunities, while slow-
ly developing his general theory in parallel. ZMi_thus the first chronological
outcome of a definite activity of development aimdwdation of modelling tools.

14 “l barely knew Riguet and Braffort. | knew Schitberger very well - or so |
thought. You tell me about interests of his of whiavas not at all aware. Therefore,
they did not affect me” (Mandelbrot, Personal comination, E-mail, Feb. 2
2008).

15 But he seemed to take linguistics quite seriouslgt is, not as mere statistical
material.
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From there, two remarks should be made. First,rdéga the cybernetic debuts
of Mandelbrot, it is worth noticing that Norbert &ier was another remarkable
figure of transversal scientific modelling. It meathat, as a matrix of generic
instruments typical of the transversal regime, Mdbibt's first, cybernetic
paradigm, to which he related ZML, has a statuslainto fractal geometry. The
second remark is that, when comparing the varigeic fields targeted by
Mandelbrot’s transversal trajectory, linguisticspaears both as its archetypal
experience, and yet did not benefit from the saafmements as other fields.
Mandelbrot’s role is that of devising a tool forcekacommunity, who will then
take it over and push further the adaptation tosfiexific aspects of its problems.
“When a fractal theory really starts moving by litde¢end to become technically
under-equipped to continue to participate, andeitdmes wise to move on”
(Mandelbrot 1985). However, from that point of viedvthe technical and social
dynamics of the transversal regime, ZML remainetheashat orphaned: “In
linguistics, fractals will not revive. My early wioffi.e., ZML] was important to
me but peripheral to the field” (ibid.).

Thus, regarding both perspectives — an historpispective on the
French postwar context, and a sociological persgecin modelling practices —,
it is possible to better assess and relativize dhginality of Mandelbrot’s
involvement with ZML, that is, to characterize kisd of originality with respect
to a context of emerging practices performed by ymamginal individuals: a
paradoxical “community of mavericks”, of which Magidrot was both an
emblematic figure, and a “lonesome cowboy”. As iergdic gesture, ZML was
consistent both with Mandelbrot’s early influenadat of Wiener and von
Neumann) and his fractal paradigm of his matutitwas part of a typical mode
of scientific activity (the transversal regime ofientific modelling) which
provided continuity and coherence to Mandelbratgetctory, despite the variety
of domains he attacked as he encountered themaltmaligh he had to wait for
the mid-seventies to feel unity and achievement.
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0. Introduction

While the dream of artificial intelligence (Al), ai machine capable of dia-
loguing in a natural language, of understandingstexd so of generating them,
or even of translating them, has run up againstak /mductive approaches for
the exploration of texts have been developed, Vaiter theoretical ambitions
but greater efficacy. The purpose of such appraaché¢o identify phenomena
and regularities in a corpus of texts and to itders from them.

A discourse, or text, being the raw material afneoous human and social
sciences, this current has not been restricted garacular discipline, such as
linguistics. These methods have been, and stillvaidely used in many different
disciplines.

From the 1960s to the 1990s, long before “textimghbecame fashion-
able, France witnessed an exceptionally activeodein the field of automated
text analysis, exploiting the new affordances pedi by IT: digital corpora,
statistical algorithms and computing power.

A research field in this territory has grown upthwts laboratories, acad-
emic journals, reference books, symposiums, intecoatroversies, and cur-
rents... It brings together researchers coming frofferént disciplines (liter-
ature, linguistics, politics, sociology...). Its mdisciplinary aspect, and the di-
versity of the objects of research that its methuamge been used on, comes from
the very ubiquity of human language as a tool. Beytheir different goals and
disciplines, the actors of this field are motivabgdthe common need to mine the
text that is the material of their research.

The diffusion of these methods within the soc@ésces has been associ-
ated with the commitment of researchers who havetdd a large part of their
activities to developing and diffusing the tooldasoftware that put these meth-
ods into practice. The French school of Data Analygas a major actor in this
development, and at its core were Jean-Paul Bdna@édr his colleagues; the
influence of these founders is still vivid in theaptice of text mining, because
the algorithms and software carry their philoso@s/we will show below.

In this article, we have attempted to trace th&ohny of the statistical
analysis of textual data, focusing on the influeat8enzécri’'s work and school,
and to make explicit their theoretical positionkacly opposed to Al and to
Chomskyan linguistics. After a presentation of itiellectual project, as an in-
ductive approach to language based on the exparaficorpora, we present the
principles of correspondence analysis, which isrtteen method developed in
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the Data Analysis School, used for corpus analysisalso for many other types
of datasets. Then, we will focus on textual datalysis, a set of methods to
analyse a corpus of texts (answers to open-endesitiqas, set of newspapers
articles, corpus of literary works...). Based on fhet that software programmes
have played a major role in the use of these statigdechniques, we shall exa-
mine a selection of these, display their speciésitand their underlying theo-
retical bases.

In the process, we had to face the question of towame this field,
which has evolved considerably. For purposes ofitglawe shall use as the
generic term ‘textual data analysis’, as used dutine emblematic colloquium of
this community, the JADTJpurnées Internationales d’Analyse des Données
Textuelles—- Textual Data Statistical Analygiseven if the most currently used
term today is text mining. This JADT conference vi@snded in 1990 (in Bar-
celona), with a scientific committee head by Ludolzebart. Since then, this
international conference takes place every secaad y a different European
country.

1 The origins of textual data analysis

From the middle of the 1960’s, Jean-Paul Benzédsicolleagues and students
introduced and developed a series of methods, whicommonly designated as
“Analyse des Données” (Data Analysis) and that ae consider as the precur-
sor of data mining and “big data”. The methods ddug applied to all kinds of
data, textual data being a particular kind. .

Jean-Paul Benzécri, born in 1932, alumnus of tbeleENormale Supé-
rieure, obtained his Ph.D. in mathematics (topojogy 1955 at Princeton
University under the direction of mathematician HeBartan. He started his
career at the University of Rennes as an assiptaf¢ssor in 1960. In 1965, he
was promoted as a professor at ISUP, the Statististitute of the University of
Paris, where he spent the rest of his career (Aen2008). He is a mathe-
matician, mainly interested in linguistics. Whenwas in Rennes, he introduced
a mathematical linguistics course that revealedtins to linguistics and the
beginning of data analysis.

Benzécri is unanimously considered the fatherhef French School of
Data Analysis.

In a nutshell, the principle of correspondence ysiglconsists in setting the data
in rectangular “tables”, in the form of matricess,arder to be able to apply data
analysis methods to these tables. The tables wei&ly contingency tables (or

cross tables that represent the frequency disioibatf two qualitative variables).

Correspondence analysis, initially adapted to ogeincy or cross tables, was
extended to other kinds of tables, as disjunctames (Multiple Correspondence
Analysis) and can be used on all kinds of tablah wositive numbers. The idea
is to identify the pattern of the relation betwaao sets of elements put into the
table. In the case of a text corpus, the tablesagotexts in their rows and words
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in their columns; at the intersection of a row @ndolumn, there is an indicator
of the presence or frequency of the word in thé tex

Data analysis algorithms allow the information teamed in the matrices
to be synthesised. Factor analysis attempts t@aewe the matrices so that the
first dimensions contain the maximum amount of iinfation; classification
methods allow for the identification of homogenasigbgroups of texts and
words. The School of Data Analysis often combinastdr analysis and clas-
sification.

1.1 The origin of data analysis

In A History and prehistory of data analyswritten in 1975 and published in
1982, Benzécri traces the origins of data analysiglains correspondence
analysis and put it in relation to current relateorks (Benzécri, 1982). As he
explains in his introduction, after a chapter omawsce science” (“science du
hasard”), he distinguishes three steps for the onganent of multidimensional

statistics (or multivariate data analysis): biomdtom Quetelet to Pearson, the
works of Sir Ronald Fisher and psychometrics (fispearman to Guttman). By
these means, he draws a personal history of thgansriof correspondence
analysis (Armatte, 2008) to which he dedicates I part of the book. Al-

though he underlines the originality and homogenieitroduced by his method,
he also presents related works.

The origins of data analysis go back to the bagmof the century. Psy-
chologists were the pioneers in the explorationmafitidimensional data and
factorial analysis, as analysed by Olivier MartMaftin, 1997). Spearman, the
British psychologist, by analysing the links betwestudents’ academic results
and their mental aptitudes (Spearman, 1904), adiehat he had shown the
existence of a general aptitude or intelligefaetor, which was later given the
letter G. Subsequently, not just one, but seveaatofs were sought from in-
creasingly numerous data. Here lie the originfaofor analysis.

Correspondence analysis, a branch of factor asalswrted with Fisher,
during the 1940s (Fisher, 1940). For Benzécri, kyiaing discriminant anal-
ysis, Fisher developed the basic equation of cpomdence analysis. Then, in
1961, Kendall and Stuart elaborated the canonicghads for the analysis of
contingency tables (Kendall and Stuart, 1961). &limved them to calculate the
parameters used to test the hypothesis of indeperdbetween rows and
columns.

Benzécri explains that he used the name of casrelgnce analysis for
the first time in 1962 and presented the methotPB3 at the College de France
(Benzécri, 1982, p. 101). Correspondence analgsa generic term used as an
umbrella.

He was aware of the work by psychometrists and masontact with
Shepard at Bell Labs who had introduced "multidisienal scaling” (Rouannet,
2008). His mathematical linguistics course at theversity of Rennes lays the
foundation of data analysis as it will be developgdhe school.
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1.2 The main contribution of Benzécri

Correspondence Analysis is often presented as aptattbn to categorical (or
discrete) data of Principal Components Analysise@Bacre and Blasius, 2006;
Hill, 1974; Murtagh, 2005) or very close to muldimsgonal scaling (Hill, 1974).
How can we specify the originality of the Benzéxrtontribution to multi-
dimensional analysis?

His main contribution was to show the full algebraroperties of the
method and to display its interest: the testinghef independence of rows and
columns, but above all the description of how dht@rge from this hypothesis,
by representing "proximities", the associationst thaist between rows and
columns, on factorial maps (Diday and Lebart, 19The map, a data visualis-
ation of the proximities between individuals andwesen variables, is the central
output for the interpretation. The accent on vigadilon methods is a key to un-
derstanding the success of the Data Analysis Schdloht was a complex set of
data was organized as a “space” for the benefih@fanalyst, and suddenly the
cloud of data became accessible to interpretasom\ahole, with a structure that
could be explored, discovered, commented on anglagied. This approach
differs from the more classic (and widespread iglish literature at the time)
approach of testing hypotheses on data sets.

Benzécri was not only interested in algorithmstadanalysis constitutes
for him aglobal framework and this is his second main contribution. Ittfirs
includes data preparation: how to transform any loh data into a rectangular
table with positive numbers that can be analysexdrgSpondence analysis can
be applied to almost all kinds of tables afterahlg data transformation. It also
includes a global set of aids to interpretatiore dtomputation of contributions
allows for measuring the quality of the represeatabn the map and the pro-
jection of supplementary variables gives to thectiianer complementary ele-
ments for interpretation. The association of cqoeslence analysis with clus-
tering methods (in particular with ascending hielnézal classification) allows a
deeper understanding of data, and a simpler irg&pon.

Finally, the framework gives a uniqgue method (espondence analysis
and classification) instead of a profusion of aiifons, hard to understand for
non-statisticians.

The framework is clearly oriented for users amacptioners by offering a
methodological frame, with a particular attentiortiie display of results.

Benzécri devised and authorised the diffusion glabal framework for
analysing "large tables", but he was above all ggiidy a theoretical and philo-
sophical ambition, which directly interests us here

1.3 The philosophy of Benzécri

As a mathematician turning towards linguistics, Bami became interested in
data analysis methods not as psychological tooths@pline which has been at
the origin of a very large number of developmeriis},instead as a research tool
for linguistics: “Correspondence analysis was afigi proposed as an inductive
method for linguistic data analysis” (Benzécri, 298.102 ), “It was mainly with
a view to studying languages that we became indoinehe factorial analysis of
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correspondences” (Benzécri, 1981, p. X). His thismakambition was to open
the doors to a new linguistics, in an era that dasinated by generative lin-
guistics. He was opposed to the idealistic thesiSlmmsky who, in the 1960s,
considered that only an abstract modelling couldeaé linguistic structures.
Against this thesis, Benzécri proposed an inducthethod of linguistic data
analysis "with, on the horizon, an ambitious tigriaf successive researches,
leaving nothing about form, meaning or style inkthass" (Benzécri, 1981, p. X).
In this sense, he was quite close to the objectivédloomfield and Harris, who
aimed at constructing the laws of grammar from e of statements, with a
distributionalist approach. The methods Benzécvettgned were from his point
of view more efficient for an in-depth understargdiof language than the works
on statistical linguistics carried out by GuiraudMuller (Guiraud, 1954; Muller,
1977) which he found interesting but too exclugivédcused on vocabulary
(Benzécri, 1981, p. 3).
We propose a method aimed at the fundamental prebkbat interest
linguists. And this method (...) will consist in aaqiitative abstraction, in
the sense of starting from tables of the most dadi&a, it will construct,
through calculation, quantities that could measwaw entities, situated at
a higher level of abstraction than that of the Jattiat were initially
collected. (Benzécri, 1981, p. 4)

By identifying factors, there can be doubt thabaeration ofabstractionhas in-
deed been carried out. The computer gives neithgmames nor meanings to
the entities that it has extracted; it is up tocsests to provide their inter-
pretations.
Benzécri's philosophical ambition was to reassigiue to the inductive
approach, and thus to oppose idealism:
For we condemn the idea that, from principles lighéceived, idealism
can through a dialectic, even if it is subornedni@thematics, derive cer-
tain conclusions; then, to such a priori deductioms oppose induction
which, a posteriori, from the basis of observeddattempts to rise up to
what orders them. (Benzécri, 1968, p. 11)

He criticised idealistic theories that supposedkistence of a model and check
its relevance approximately through observationddebted that it was possible
to reduce a complex object into a combination efrentary objects, “for the
order of the composite is worth more than the eldarg properties of its
components" (Benzécri, 1968, p. 16).

The objective that he thought to be attainableuph data analysis was
being able to be extract "from the mush of datapilne diamond of true nature".
The passage from data to abstract entities, fralkneas to light, was made poss-
ible in his eyes thanks to data analysis and tlwilis organum" of the com-
puter: “The new means of calculation allow us tafoont complex descriptions
of a large number of individuals, and so place tf@nflat or spatial maps, in
reliable images that are accessible to intuitionsnfthe nebular of initial data”
(Benzécri, 1968, p. 21). As an auxiliary for syrsise the computer is a ment-
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al tool: after Aristotole’rganumand theNovum Organunconceived by Bacon,

is not thisNovius Organunithe newest tool"? (Benzécri, 1968, p. 24).
After all, it can be seen just how much analysigae from a priori ideas.
From data to results, a computer, insensitive botBxpectations and to
the researcher’s prejudices, proceeds on the kEmdesolid basis of facts
that have previously been defined and acceptedvasoée, then counted
and ordered according to a programme which, giliahit is incapable of
understanding, is also incapable of lying. (Benzd&68, p. 24)

Finally, among all the, often contradictory, a priddeas that each
problem inspires in profusion, a fitting choicenmde: even more, some
ideas which, a posteriori, and after a statistesa@mination of the data,
seem to have been quite natural a priori, wouldahwtys have occurred
to the mind. (Benzécri, 1968, p. 24)

1.4 Influence

The contribution of Benzécri (a unified frame fata analysis oriented to users)
greatly contributed to the diffusion of corresponcke analyses in France in all
the physical, social, human, and biological scisndcbey were, and still are,
extremely successful as a display of results. @iBourdieu played an important
role in the diffusion of the method as his influeno social sciences increased.
Bourdieu’ theory was profoundly inspired by copesdence analysis when he
analysed the social space as a field of tensionsexample inDistinction
(Bourdieu, 1984). Rouanet explains that “For BoeudiMCA provides a re-
presentation of the two complementary faces ofad@pace, namely the space of
categories - in Bourdieu’s words, the space of ertigs - and the space of
individuals. Representing the two spaces has beaimadition in Bourdieu’'s
sociology” (Greenacre and Blasius, 2006, p. 167).

The Data Analysis School has been, and still idely present in the field
of social sciences, and its approach continuestaded very regularly. Public-
ation of such research, however, runs up agaimestatt that English-speaking
publications favour hypothetic-deductive approacAdée purely exploratory di-
mension, aimed at bringing out forms and modelsfdata, does not have the
same legitimacy as other approaches; they are ésorigtive, instead of being
explicative. Yet, it is well known that hypothetieductive methods are fragile,
because of the order of causality which is prebdistaed at the moment when a
hypothesis is determined. Consequently, the da#dysis school had a wider
diffusion in France than in other countries.

In Paris, Benzécri put together a large team td daalysis researchers, as
can be seen in their numerous collective publioatiander his direction. The
main publications of Benzécri consist of treatlemdbooks and a history.

The treaty on Data Analysis is constituted of twalumes: the first
(Benzécri, 1973a) is dedicated to taxonomy ancemeyiall the classification and
clustering methods, the second (Benzécri, 1973bdtespondence analysis.
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A History and prehistory of data analysisedacted by Benzécri in 1975
and published in 1982 (Benzécri, 1982), constiautstate of the art of corres-
pondence analysis and situates the originalityiobpproach.

For Benzécri this book is an introduction to thexies of handbooks
Pratiqgues de I'analyse des donngmgblished at the beginning of the 1980’s: the
first volume is dedicated to correspondence amaliBenzécri, 1980), but in the
1984 edition, an added chapter concerns classditaffThe second is more
theoretical and the third is dedicated to lingustiPratique de l'analyse des
données. 3 Linguistique et lexicologi&enzécri, 1981).

Each of his volumes involved a large number oftcbuators, 30 for
example forLinguistique et lexicologie

The Journal of data analysiSghiers d’Analyse des Donngdmsed on an
idea of Michel Jambu (Armatte, 2008) stands asriha outlet for articles in the
field of data analysis, extended to textual datalysmis. This journal was
published from 1976 to 1997.

An element that distinguishes Benzécri’'s workhs brganisation of his
collective books that all propose: theory, exampésapplications from very
large fields (natural and human sciences) and progrto be reused in different
computers. This structure is an element that emplthe important diffusion of
methods. The statistical procedures were explied ahared (an open source
approach before its time). At the end of the 19&@®yeral correspondence
analysis procedures were included in the leadiatyssical software packages of
the time, notably SPSS, BMDP, and SAS (Greenacié Blasius, 2006).
Nowadays they are implemented in “R”, the open s®yrackage for statistical
computing (Husson et al., 2009).

At ISUP, Benzécri along his co-workers had an irtgad flow of
students, estimated at 180 master students peapea40 Ph.D. (Armatte, 2008)
who contributed to the diffusion of methods.

Although cluster analysis is also an importantt pair Data Analysis
School, we will focus on Correspondence AnalysiBiclv can be considered as
the core of Benzécri’s innovation.

2 Correspondence Analysis

The presentation of correspondence analysis in gbiion is based on the
chapter dedicated to this topichtistoire et préhistoire de I'analyse des données
(Benzécri, 1982, p. 101-131), on the introductionthe volume dedicated to
linguistics and lexicology (Benzécri, 1981, p. 7@} and on theHandbook
(Benzécri, 1992).

Correspondence analysis is a method that givesoenetrical represent-
ation of the associations between two sets of eltsria correspondence as they
appear in a table. It is applied to a specific kifidlata: a table of correspondence
between the two sets of elements (correspondencenmordance table). Statist-
ical tests are usually used to reject the ideandependence of variables or
attributes. The Benzécri’'s approach is exploratangl descriptive. The main
originality of correspondence analysis is to repn¢sin a geometrical way, the
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extent to which the independence of observatioms atributes isot verified
For Benzécri, independence between rows and collacks scientific interest;
what is interesting is precisely the detaihofvthey interact.

2.1 From a correspondence table to profiles

Correspondence analysis firstly requires one tosfaam raw data, for example a
corpus, into a contingency table, that crosses dets of elements, a set | (in-
dividuals or observations) and a set J (variableatwibutes). At the crossing
point of a row and a column, we get the numberaziuorences of the attribute |
in the observation i, k(i,j). Two examples will afg.

Suppose we are interested in analysing theatys.plde can build a table,
| representing the set of plays, and J the vocaptteat we can find in the plays.
In this case, k(i,j) will represent the number atorrences of the word j in the
play i. In the table, there are as many rows asehs in the set | (plays), m, and
as many columns as there are in the set J (wand®pws are individuals and
columns are properties. Let's take another exaniplen (Benzécri, 1982,
p. 103). In order to analyse the distribution otin® and verbs in a corpus, we
can build a table where rows are nouns and coluatasverbs and at the
intersection of a row and a column, we have thebemof sentences where the
noun is the subject of the verb.

In order to compare the distribution of the twdéssef elements, row and

column profiles are calculatedj fs k(i,j)/ki. (whereki.= X7_, k(i, j), ie the sum
of frequencies on the line i). The profile of i e flj, a vector made of the
sequence dij (ri; = {£}; |j€]})

Symmetrically, the profile of an element j will f/; = {f/; |i¢e I}.

2.2 Representing the distance between profiles

How do we compare the profiles of different elemsefmiows or columns of the

table)? We need a space and a distance. Correspmndealysis uses a Euclid-
ean space and a distributional distance, or thesgumare distance, which is a
distinctive feature of correspondence analysis. dis&ance between i and i’ will

be defined as follows:

1= ) (B — ') 517 € )

Each element i (resp j) of set | is representedsoprofile and is assigned a mass
proportional to the total of the row. The set a# fhrofiles fiJ constitutes a cloud
N(l) in a multidimensional space. Respectively,laud N(J) is defined for the
profiles fjl.
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The main idea is to reduce the complexity of tloeid and to find a way
to represent most of the information in a lower elrsion space. For this, the
center of gravity of the cloud is calculated anel drspersion of the cloud around
its center of gravity is measured (inertia). Thiea tactor axes, or principal axes
of dispersion, are constructed. Points are prajecte those axes, and their
coordinates on these axes are called factors.elipldn defined by the first two
axes we can have the best projection of the claddch minimizes the loss of
information).

A distinguishing feature of correspondence analysithe perfect sym-
metry of the roles assigned to the two sets | amdcbrrespondence. This per-
mits the simultaneous representation of the twadadoon the same axes.

The main objective is to visualize the distancéneen observations or
attributes, i.e. the distance from a random distidm. The algorithm produces a
set of ‘aids to interpretation’ that allows the @ascher to interpret the results
properly.

Often correspondence analysis is combined withalg&ical clustering:
the classification is based on the coordinateb®flements on the factor axes.

3 Instruments at the service of the humanities and sial sciences

Innovations rarely come from isolated individudlbey emerge and are diffused
through networks, collectives and institutions, which individuals meet and
exchange, in which innovations circulate, are dised, improved and criticised.
The diffusion of textual data analysis is no exmepto this rule.

Laboratories, journals and lectures have progrelsicontributed, thus
stimulating exchanges and debates. But in thisipéeld of research, IT tools
have become the major players in the diffusion ethmds and the organisation
of this network. On the one hand, they crystalligesitheoretical debates within
the community and, on the other, raised the questiccconomic, or more mod-
estly commercial, factors linked to these methods.

For the diffusion of these methods has been stggbdor economic rea-
sons: in the sector of surveys and marketing, gssipility of conducting quan-
titative research on qualitative data, in other dgoto introduce measurement
into the analysis of discourse, provides an irsiiamg opportunity.

After quickly examining the institutions that hagentributed to bring to
life this scientific speciality of textual data dyss, we will then focus on a few
emblematic textual statistics programmes, whileashg how each tool bears the
marks of the environment in which it was develogdee discipline, type of
corpus and the questions raised by researcherg)amdhis milieu interacts with
the researchers’ own objectives

3.1 Places
After Rennes, ISUP, in Paris, became the centealforation and diffusion of

data analysis. Benzécri's seminar at ISUP was datbrby most prominent
statisticians and researchers in this area. Tlisl fivas far broader than just
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textual data analysis as we have seen, but therealincluded key figures such
as Ludovic Lebart, who also paid particular atiamtio texts.

Crédoc Centre de recherche pour I'observation des cond#iae vig
was for a long time a powerhouse in the field afual statistics. Ludovic Lebart
worked there for many years (1971-1988), settingang directing the survey
Aspiration et Conditions de vie des FrancaWith André Morineau, he was
behind the development of Spa@yéteme portable d’analyse de donpées
(Lebart and Morineau, 1982) and its extension d=dbd texts ‘Spad.T’ (Lebart
et al., 1989) which was also based on the workfimaihgs of Eric Brian (Brian,
1986). The Lebart & Morineau’s programmes weretaine year 1987, distribu-
ted by a non-profit organization, Cesia in a freeveontext and served many
researchers or data analysts in the pioneer erahat was to become text
mining. Spad had been designed to analyse quargitairveys, and Spad T for
the analysis of answers to open-ended questiomsiniplementation of the algo-
rithms was guided by the framework of surveys vagen-ended questions. A
data centre in the basement of Crédoc, shared tvthCepremap, another re-
search centre on economics, and connected to @inagional computing centre
in Orsay,Centre Inter Régional de Calcul Electroniqueovided the possibility
to develop and test these tools on data and wasdleting point of a community
also involving statisticians such as Jean-Pierreeled (Fénelon, 1981) or Nicole
Tabard (pioneer of geographic information systethepart et al., 1977). A few
years later, in the “Prospective de la Consommatit@mpartment, Saadi Lahlou
developed a research axis based on the applicatibihexical analysis in the
social sciences (Yvon, 1990; Beaudouin and Lahl®93; Lahlou, 1992;). He
contributed to the diffusion of these methods mfikld of social psychology.

At Crédoc, Spad was used, but also Alceste, whachbeen developed by
Max Reinert (Reinert, 1990, 1987), and could arealysts of texts other than
open-ended questions. Lexical statistics becamaokfor the study of social
representations (Lahlou, 1998) and led to a reflexbout the interpretation pro-
cesses (Lahlou, 1995). Lahlou started a collabmratith M. Reinert to develop
tools on the Unix platform and to process greatumes of text. The large
number ofCahiers de recherch&com Credoc published on these subjects, and
the contracts using these methods, bear witnetbetdynamism of this centre at
the time.

Portability on Mac, Unix and Windows ensured amlgmg success of
Alceste software in the social sciences in Franod, as the software’s diction-
aries extended to other languages, to further ciagnt

The laboratory Eexicologie et textes politiguewas set up in 1967 at the
Ecole Normale Supérieure in St-Cloud. It has batached to various different
bodies over time, and some of its activities ares hacated in the Icare labor-
atory of the ENS in Lyon, while others are at P#tisThe analysis of political
discourses stands as the backbone of the unit, avitethodological reflexion
branch that explores the place occupied by machimdsxicometry, for the
analysis of texts. Pierre Lafon (Lafon, 1984) anaddée Salem (Salem, 1987)
undertook more specifically the setting-up of statal analysis tools: “these two
linguist-mathematicians [...] were advised in theiethods by the masters of
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‘data analysis’ (Jean-Paul Benzécri) and of prditgltheory (Georges-Théodule
Guilbaud)” (Tournier, 2010). It was in this labarat that reflexions about cor-
pus linguistics started in France (Habert et &97) and more exactly reflexions
regarding annotation systems and the enrichmetexts. André Salem’s Lexico

programme is one of the tools created in this cdnteincludes correspondence
analysis. It can be distinguished from other sofévan two points: the ident-

ification and processing of repeated segments éems of words allowing for

the introduction of a notion of syntax) (Salem, 7p&nd a detailed processing
that measures the chronological evolution in thepes (Salem, 1995). Cor-
respondence analysis allows to show the distanetgelkn sub-parts of a text
corpus and to visualise, if relevant, the chronimalgevolution of texts. Attach-

ments to political and trade-union discourses vgpexialties of this laboratory.

In the South of France, at the University of Niaapther laboratory was
founded in 1980, which accorded a significant tolenachines. Etienne Brunet,
a literary scholar who had been a computer amati@ge the end of the 1960s,
set up an active research pole at the universagedt in the laboratorases,
Corpus, LangageBrunet designed a tool, Hyperbase, which wasiquéatly
suited to the analysis of very large volumes adréity texts (Brunet, 1988), but
also political texts (Mayaffre, 2000), which opengg bridges with the labor-
atory in St Cloud. The software includes a corresience factor analysis from
the programs developed by J-P Fénelon and hisagplks. It gives a visual-
isation of distances between words and sub-partext$ projected on the map.
For example, figure 1 represents the result ottreespondence analysis applied
to a table containing in rows the different workis Rabelais (capital letters,
PANT for Pantagruel) and in columns the personahpuns.
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Figure 1. Hyperbase Factorial Analysis

(http://ancilla.unice.fr/~brunet/PUB/hyperwin/ansgyhtml)

This tool was distributed in the community of humias researchers. This
laboratory explored large corpora from the Frantgatabase, an exceptional
collection of digitized literary works. Since 200it,has had its own journal,
Corpus whose current editor-in-chief is Sylvie Melletwd volumes (Brunet,
2009, 2011) collected the main papers publisheHtl®nne Brunet .

Other sites have also played an important role:IBM scientific centre
led by Francois Marcotorchino, the team headed lmiDique Labbé in
Grenoble and other sites abroad, such as Sergms8wk team at the Sapienza
in Rome...

The Journées internationales d’Analyse des Donnéesu€ébet which
have been organised every second year since 1@t as a point for rallying,
but also enlarging, the community of researcherthis field. Mostly French-
speaking, it also welcomes Italian and Spanisharebers from the same field.
The systematic publication of the papers and tlalahility online from André
Salem and Serge Fleury's journ&kexicometrica (http://lexicometrica.univ-
paris3.fr/jadt/) thanks to Paris Ill, constitute@pus of experiences.

Lebart and Salem’s bookAnalyse statistiqgue des données textugelles
published by Dunod in 1988 (Lebart and Salem, 1288&) republished in 1994
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(Lebart and Salem, 1994), then translated into iEnglsExploring Textual Data
(Lebart et al., 1998), has become the referencesatam this field .

3.2 Programmes

Publications played a decisive role in the diffusmf methods of textual anal-
ysis, explaining the algorithms, displaying possibkages on corpora, and mul-
tiplying examples of application. But the diffusiah usages has mainly taken
place through the tools themselves, which have hbeejor vectors in the
appropriation of methods that are sometimes viewigla mistrust by the world
of the social sciences and the humanities. In easle, we shall underline the
particularities of the programme: preparation ofpooa (selection of texts and
variables), processing algorithms and interpretati¥e will focus on two soft-
ware programmes that where the most innovativeeiir analysis in Benzécri's
tradition: Spad T and Alceste.

3.2.1 Spad T

As we have seen, Spad T is an extension of Sfydt¢dme portable pour
'analyse des donnéesyhich allows for the analysis of answers to opersy
tions in surveys. Spad and Spad T were both dedignd coded by Ludovic
Lebart and André Morineau at the data centre ofd@réand Cepremap (see
above).

The unit of analysis (each row of the table) is itidividual in the survey,
characterised by their answers to open and closedtigns. But it can also
correspond to a group of individuals, accordingdoables such as age, or level
of education, with all the individuals having trense variable value constituting
one text (a row in the table). For example, figures2the result of the cor-
respondence analysis of a cross tabulation betweeds (from answers to an
open questioh and individuals grouped by educational level.

! The question was “What are the reasons that nighse a couple or a woman to
hesitate having children?” (Lebart et al., 1998).
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Figure 2. Proximities among words and among edoicalilevel
(Lebart et al., 1998, p. 52)

For the words entered in the tables (i.e. makinghg columns of the table),
Spad T proceeds as follows: it keeps the grapmmgoand the words, as they
appear in the text, and uses no form of lemmatisafthat is taking graphic
forms back to their roots, or dictionary entriesjth a frequency threshold, it
eliminates rare and very short words (under 3 rgtteor example), which is a
way to exclude grammatical words (articles, prorsoui. As the answers are re-
duced throughout the chain leading from the sumeethe processing (invest-
igators tend to keep only the main points whenngptiown answers, the entry
clerks often also simplify anyway), and the corpusquestion is full of
redundancies, this rather brutal “cleansing” hagpnactice little impact on the
results.

Spad T offers a full palette of data analysis paures. The most classic
approach is to carry out a correspondence anatysitable crossing the answers
in the rows with the words used in the columns. rifheased on factor co-
ordinates, an ascending hierarchical classificatoustering) is carried out. The
principle consists of bringing together in paire #gmswers that are most alike in
terms of the vocabulary used, and to advance pssiyely so as to arrive at a
predefined number of classes.

To assist interpretation, it is possible to obtlineach class its specific
vocabulary (the words that are significantly moresent in this class than in the
others), and the most characteristic answers. Asl $gs consistent with Spad, it
is possible also to add the values of other vagmb the survey, which are over-
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or under-represented in the class. Spad T incladesst useful “Tamis” (sieve)
procedure which systematically tests the interacthd a given modality with

every other modality of every other variable in gwvey, and orders them by
decreasing degree of significance. This enablefilipgpa class and orienting

interpretation and testing without any preconceptim the very explorative

spirit of the Data Analysis School.

To sum up, Spad?Tis particularly well suited to a specific usageext
(quantitative surveys) and well-defined types ofrpopa (answers to open
questions). The data analysis and interpretati@istasice algorithms are ex-
tremely robust, and the usage context means tlasithplistic vocabulary re-
duction creates no problems. The originality of #pgroach is the possibility to
incorporate metadata€. information on individuals who produced the texind
then to situate the texts regarding the charatiesief the speaker or writer.

It should be noted here that one of the flamingaties that animated the
community was precisely on this issue of lemmatsatsome defended the idea
of working on “raw” graphic forms (Lafon, 1984), i others considered that
lemmatisation (the reduction of forms to their lea)nwas an indispensable
prerequisite to any processing, as can be sedreiddfence mounted by Muller
in his introduction to Lafon’s book. The pros calesied it was a necessary step
to avoid ambiguity of forms (homonymy) while thensathought it leads to a loss
of information: plural/singular, masculine/feminjrgerson, time being meaning-
ful. This debate provoked heated discussions abstimvery JADT conference
until the possibility of keeping at the time thevrand the lemmatized form was
provided.

3.2.2 Alceste

The methodology of ALCESTEApalyse des Lexémes Cooccurrents dans les
Enoncés Simples d’'un Tekisas designed by Max Reinert (1993, 1983); it was
inspired by the field of data analysis, Reinertnigeialso a participant of
Benzécri’'s seminar. However, Reinert’'s preoccupatitbok a particular orient-
ation. He considered a corpus as a sequence efmgats produced by a subject-
utterer. Thus, the text is modelled in a table awmhg statements in rows, bear-
ing the mark of the subject-utterer, and wordsegemes in columns, referring to
objects in the world (without any preconception®wbthe “reality” of these
objects). The objective is then to bring out “letieorlds”.

A lexical world is thus at once the trace of a refgial site, and the index

of a form of coherency linked to the specific aicyiwf the subject-utterer,

which we shall call a local logic. (Reinert, 19939)

Thanks to statistical procedures, which associatements using the same type
of vocabulary, the method is able to identify diffet lexical worlds, which
could be interpreted as *“visions of the world”. Fexample, in his study of
Aurélia by Nerval, Reinert (Reinert, 1990) identified #rgypes of world by

2 Ludovic Lebart has made available to the publsptiware programme, DTM-VIC
(http://www.dtmvic.com/), which shares the sameperties as Spad for analyzing both
numerical and textual data.
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classifying the statements: the imaginary worle, teal world and the symbolic
world, each of which bears the mark of a certalati@ship with the narrator.

Let's describe Alceste in a nutshell. The inputastext or a set of texts,
described by some extra textual variables, whickcilee the communication
situation. The output is a typology of the statets¢hat constitute the corpus. A
statement is defined as a point of view from a ectbpbout the world. The
clustering process is based on the similarity sidigarity of words inside the
statements. Each cluster of statements is integbras a lexical world, which
reflects a world view.

This theoretical orientation has consequences henway analysis is
carried out. Let us start with textual units. Reinattempted to identify the
notion of a statement: a point of view about theldvohat bears the trace of a
subject. But how to define automatically the notairan statement given that it
does not necessarily coincide with the notion ekeatence, and no punctuation
marks allow it to be identified clearly? As thesenio satisfactory solution to this
problem, Reinert offered a heuristic: make two pmessegmentations of the
corpus into textual units while varying the lengththe units. Thus, one table
would contain in its lines the textual units frometfirst segmentation, and a
second those from the alternative one.

What vocabulary elements are kept in the tablelarans? As with Spad
T, a frequency threshold allows rare words to lomiehted (this has virtually no
impact on the final result since calculation is €@oon co-occurrences). A
lemmatisation process reduces the words to thetsrand above all provides an
identification of the elements of speech (nounshsgepronouns...). Given the
perspective adopted by Reinert, only “full” woresth reference points, are kept
for the analysis, and not grammatical words (asicktc.), which form the text's
cement.

On these matrices, which cross textual segmerdsleanmatised words,
Alceste carries out a descending hierarchical ifieason, using an original
algorithm devised in 1983 (Reinert, 1983) whiclpasticularly suited to sparse
matrices (with over 90% “0’s”). The idea is to ¢akll of the textual segments
and to divide them into two groups, in such a wayre groups will be as homo-
genous as possible in terms of the vocabulary wgkite also being as distant as
possible from each other. The procedure is theareged on the larger remaining
group until the requested number of classes has digtained. This classification
process is iterative and leads to a typology. Tieelly, the descending hierar-
chical classification uses factor analysis. Once finst axis is calculated, a
hyperplane is slid along the axis to split the dlooto two sub-clouds until it
maximises the inertia between both while minimizihg intra-class inertia. This
defines the first two groups, and the processiisreged (Reinert, 1983).

This is where the heuristic proposed by Reinemie® into play again: on
each of the tables that have been made, a desgdmédnarchical classification is
carried out, then the two analyses are comparedhaoonly the most stable
typological classes in both analyses will be covesgr What is more, this
provides a procedure which can optimise the nurobe&nd classes. For exam-
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ple, the figure 3 shows the result of the doubéssification on Aurélia (Reinert,
1990). At the end, three classes will be kept :38<10 <->11 and 11<->10.

1ére classification (10 mots/u.c.) 2éme classification (15 mots/u.c.)

F 13

Figure 3. Descending hierarchical classificatiothwfilceste (Reinert, 1990)

In this process, the new main axis is calculatquhisely for each successive
sub-cloud and the result is amazingly robust, coetgbdo other classification
techniques which are based on a single factor aisaly

Each class of the typology is characterised bgtaf words that make up
the specific vocabulary of the class, in comparigath the entirety of the cor-
pus, using the most characteristic textual segmehtfie class, and the most
representative values of the illustrative variablése whole can be visualised on
a factor analysis plane. These interpretation allisv for a characterisation of
the lexical-semantic field appertaining to eaclssland give a picture of which
external production factors best explain its patéidties. (Schonhardt-Bailey et
al., 2012) provide what is so far the sole detadled illustrated description of the
Alceste algorithm in English. Alceste has been uledanalysing corpora of
answers to open questions, literary works, newspapicles, semi-directed
interviews, forum interactions, film reviews, dmtiary articles...

4 Conclusion and perspectives

Jean-Paul Benzécri and his colleagues developddbalgramework for data
analysis (correspondence analysis and clusterinthads). Those inductive
methods were defined for linguistic purposes, berevwidely used in other
disciplines, for text analysis but also for quattite data. The efficiency of those
approaches for exploring data and for building hilgpees of research has been
widely proven by thousands of publications.

In linguistics, textual data analysis opened thth{go a systematic study
of language based on corpora, corpus linguistids the assumption that field-
collected texts, in natural contexts, are the st to infer sets of rules.
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Although the research in statistics and computio@nees has much
evolved, in particular with machine learning tecjuss, it is interesting to note
that those “old” techniques are still used by red®ears in the social sciences. To
do so, the textual data analysis tools have beapted to larger corpora. While a
corpus containing 2,000 answers was considereceta karge one during the
1980s, we now process ones with tens of thousamdsyen millions of texts.
The textual statistic tools were developed withgoamming languages which
have sometimes since become obsolete, such asfkoamd were often limited
in their size when it came to processing. Updatiregn to make them appropri-
ate to current volumes sometimes requires codebetownritten anew. For
example, Max Reinert’'s Alceste software was entireprogrammed by Pierre
Ratinaud, and renamed Iramuteq (http://www.iramutey), with a more
modern interface and the capacity to process fgetavolumes. Such re-writing
can raise problems of intellectual property rigimsthat the approaches and the
classification algorithms are virtually identicdh the same way, TXM devel-
oped for the Textométrie project (http://textome&ns-lyon.fr/), reuses and
modernises old algorithms, while opening up ancemient of the lexical data
with morpho-syntactic, phonetic or other traitsslich cases, there have been no
fundamental changes made to the algorithms ofalabysis themselves which is
a proof of their efficiency for social scientists.

The methods discussed above are based mainly eorartalysis of the
distribution of frequencies and co-occurrences ofds in texts. The main unit of
analysis is the word in its textual context. Bugfdse long, the reduction of a text
to a “bag of words” seemed too reductive and theduction of finer descript-
ive traits of texts became necessary. Benzécri ldadcolleagues (Benzécri,
1981) already imagined the introduction of annotagialthough the technologies
were not operational. The methods gradually impdotleanks to natural lan-
guage processing tools, which allowed syntactiojas#ic and even prosodic
aspects to be taken into account. A text coulddse@ated with a series of de-
scriptive characteristics, concerning differengiistic levels. In this perspective,
influenced by (Biber, 1989) who aimed at inductyedonstructing textual
typologies from descriptive traits, the field ofrpas linguistics grew up (Habert
et al.,, 1997). Let us take for examples of its magilon, the TypTex project
(Habert et al., 2000), the characterisation of gu® of texts according to
morpho-syntactic traits by (Malrieu and RastierQ20Rastier, 2011) or the
attempt to articulate phonetic, morpho-syntactigtimmic and semantic charact-
eristics by Beaudouin, (2002). To sum up, approsithat exploited the progress
made in the natural language processing no lomggetl themselves to words,
but now included other levels of linguistic anasy¢phonetics, syntax, seman-
tics...). The principles of correspondence analysid elustering are therefore
now applied to much larger tables than they usdzkto

The new frontier for textual data analysis is #malysis of web docu-
ments. Text was the first medium to enter intodiggtal world, before images,
sounds or videos. It is thus quite natural thatstadistical study of texts should
have started long before other contents. In Fratheedigitization of large sec-
tions of literature on the Frantext database coewiwith mathematical and
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statistical progress in the area of data analysi Hiostered the remarkable rise
of the field of textual data analysis. Today, diigation has reached the entirety
of cultural productions and, as a recent developymare and more production
is “born digital”. This has opened new researchstjoas. It is no longer possible
to reduce the Web to text only, so it will be neszeg to enrich the current
methods with resources that appertain to the Wpatticularities (multimedia,
hypertextual, imbricated in reception, dynamic) atelelop approaches that
combine different methods, textual statistics bgusg one among others.

5 Bibliography

Armatte, M., (2008). Histoire et Préhistoire de I'Analyse dksnées par J.P.
Benzécri: un cas de généalogie rétrospecfiarnl Electronique d’Histoire
des Probabilités et de la Statistiqu®l. 4, p. 1-22

Beaudouin, V.(2002). Metre et rythmes du vers classique - Abbenet Racine.
Champion, coll. Lettres numériques. Paris.

Beaudouin, V., Lahlou, S.(1993). L'analyse lexicale: outil d'exploration des
représentationsCREDOC, Cahier de Recherche, n°48, Paris.

Benzécri, J.-P.(1968). La place de I'a priori, “Organum”. IfEncyclopedia
Universalis. pp. 11-24.

Benzécri, J.-P. (1980). Pratique de l'analyse des données. Analyse des
correspondances & classification. Exposé élémeati&iaris.

Benzécri, J.-P.(1982).Histoire et préhistoire de I'analyse des donné&eatris:
Dunod.

Benzécri, J.-P.(1992).Correspondence Analysis Handbodew-York, Basel,
Hong Kong: Marcel Dekker, Inc.

Benzécri, J.-P. et al.(1973a).L’analyse des données. 1 La taxinoniraris:
Bordas.

Benzécri, J.-P. et al.(1973b).L’analyse des données. 2 L'analyse des cor-
respondancedRaris: Bordas.

Benzécri, J.-P. et al(1981).Pratique de I'analyse des données, Linguistique et
lexicologie.Paris: Dunod.

Biber, D. (1989). A typology of English textkinguistics vol. 27, p. 3-43

Bourdieu, P. (1984).Distinction. A Social Critique of the JudgementTaiste
Harvard University Press.

Brian, E. (1986). Techniques d’estimation et méthodes factoriellegosé
formel et application aux traitements de donnéegsctemétriques Ph.D.,
Orsay.

Brunet, E. (1988).Le vocabulaire de Hugdraris : Slatkine-Champion.

Brunet, E. (2009).Comptes d’auteurs - Tome 1. Etudes statistiqueRaleelais
a Gracq.Paris : Honoré Champion.

Brunet, E. (2011).Ce qui compte. Ecrits choisis, tome Il. Méthodatigtques
Paris: Honoré Champion.

Diday, E., Lebart, L. (1977). L'analyse des donnéés. Recherch@. 15-25

Fénelon, J.-P(1981).Qu’est-ce que I'analyse des donné@sis: Lefonen.

191



Statistical Analysis of Textual Data: Benzécri dnheFrench School of Data Analysis

Fisher, R.A. (1940). The precision of discriminant functiddnnals of Eugenics
vol. 10, p. 422-429

Greenacre, M., Blasius, J.(2006). Multiple Correspondence Analysis and
Related Method€8Boca Raton: Chapman & Hall/CRC.

Guiraud, P. (1954).Les caractéres statistiques du vocabulaiaris: PUF.

Habert, B., lllouz, G., Lafon, P., Fleury, S., Folb, H., Heiden, S., Prevost, S.
(2000). Profilage de textes: cadre de travail gteerence. In.JADT2000.
5emes Journées Internationales d'Analyse StatsstiDes Données Tex-
tuelles,Lausanne, 9-11 Mars 2000

Habert, B., Nazarenko, A., Salem, A.(1997). Les linguistiques de corpus
Paris: Armand Colin/Masson.

Hill, M.O. (1974). Correspondence Analysis: A Neglected Matiate Method.
Journal of the Royal Statistical Societyl. 23, p. 340-354.

Husson, F., L&, S., Pages, J2009). Analyse des données avec Rennes:
Presses Universitaires de Rennes.

Kendall, M.G., Stuart, A. (1961).The Advanced Theory of Statistics, Volume 2:
Inference and Relationshiplafner Publishing Company.

Lafon, P. (1984).Dépouillements et statistiques en lexicométdeneve-Paris :
Slatkine-Champion

Lahlou, S. (1992). Sialors: “bien manger”? - Application daimouvelle mé-
thode d’'analyse des représentations sociales @ constitué des asso-
ciations libres de 2000 individu€ahiers de recherchéaris: CREDOC.

Lahlou, S. (1995). Vers une théorie de l'interprétation ealgse statistique des
données textuelles. In: S. Bolasco, A. Salem (é&dk) (Ed.),JADT 1995.
[l Giornate Internazionali Di Analisi Statistica & Dati Testuali.CISU,
Roma: p. 221-228

Lahlou, S. (1998). Penser manger. Alimentations et représentationsakesc
Paris: PUF.

Lebart, L., Morineau, A. (1982).SPAD: Systeme Portable pour I'Analyse des
Donneées.

Lebart, L., Morineau, A., Bécue Bertaut, M. (1989).Spad.T: Systéme portable
pour I'analyse des données textuelles.

Lebart, L., Morineau, A., Tabard, N. (1977). Méthodes et logiciels pour
I'analyse des grands tableauRaris Dunod.

Lebart, L., Salem, A. (1988).Analyse statistique des données textuehesis:
Dunod.

Lebart, L., Salem, A.(1994).Statistique textuelléParis: Dunod.

Lebart, L., Salem, A., Berry, L. (1998). Exploring Textual DataDordrecht,
Boston: Kluwer Academic Publisher.

Malrieu, D., Rastier, F. (2001). Genres et variations morphosyntaxiqued.,TA
vol 42, 1 2, p. 547-577.

Martin, O. (1997). Aux origines des idées factorielleistoire & Mesure vol.
12(N), p. 197-249.

Mayaffre, D. (2000).Le poids des mots. Le discours de gauche et deedtans
I'entre-deux guerreParis-Genéve: Slatkine-Champion,

192



Statistical Analysis of Textual Data: Benzécri dnheFrench School of Data Analysis

Muller, C. (1992).Principes et méthodes de statistique lexicRiaris: Larousse,
1977, réimpression Champion-Slatkine, 1992.

Murtagh, F. (2005).Correspondence Analysis and Data Coding with Java a
R.Boca Raton: Chapman & Hall/CRC.

Rastier, F.(2011).La mesure et le grairRaris: Honoré Champion.

Reinert, M. (1983). Une méthode de classification descendhigerchique:
application a I'analyse lexicale par contextes cahiers de lI'analyse des
données vol. VIII, n°2, 187-198

Reinert, M. (1987). Classification descendante hiérarchiquanelyse lexicale
par contexte: application au corpus des poésiesgthiiA RimbaudBulletin
de Méthodologie Sociologiqueol. 13, n°1, p. 53-90.

Reinert, M. (1990). ALCESTE: Une méthodologie d’analyse desndes
textuelles et une application: Aurélia de Gérard Nierval. Bulletin de
Méthodologie Sociologiqu@°26, p. 24-54

Reinert, M. (1993). Les “mondes lexicaux” et leur “logiquetravers I'analyse
statistique d'un corpus de récits de cauchermarsggage et société°66, p.
5-39.

Salem, A.(1987).Pratique des segments répetearis : Klincksieck.

Salem, A.(1995). La lexicométrie chronologique. L’exemple [ere Duchesne
d'Hébert. In:Langages de La Révolution (1770-181F)ctes Du 4éme
Collogue International de Lexicologie PolitiquearB: Klincksieck.

Schonhardt-Bailey, C., Yager, E., Lahlou, S(2012). Yes, Ronald Reagan’s
rhetoric was unique — but statistically, how uniguresidential Studies
Quatrterly, vol. 42, n°3, p. 482-513.

Spearman, C. (1904). “General intelligence” objectively detenad and
measuredAmerican Journal of Psychology 15, 201-292

Tournier, M. (2010). Mots et politique, avant et autour de 198firetien. Mots.
Les langages du politique 94, 211.

Yvon, F. (1990). L’analyse lexicale appliquée a des donmkssjuéte: états des
lieux, CREDOC, Cahier de Recherche, n°5.

193



Interview with Jean Petitot

Jacqueline Léon
Histoire des Théories Linguistiques (UMR 7597, CNR&iversité Paris Diderot)
Jacqueline.leon@univ-paris-diderot.fr

Sylvain Loiseau
Sedyl Laboratory (UMR 8202 CNRS/Inalcsylvain.loiseau@wanadoo.fr

) Jean Petitot
CAMS, Ecole des Hautes Etudes en Sciences Soqetmt@ehess.fr

Abstract. From the 1960s onwards, the mathematician René&Tth623-2002) carried
out important contributions to the mathematical eilinlg of morphogenesis (analysis
of forms). The proposed concepts (singularity, cttmal stability, catastrophe,
bifurcation) were re-used in several social sciesngarticularly in linguistics. They
allowed a Gestalt-like approach, in opposition he then dominant logico-combinat-
orial ones, and met some cognitivist trends andeoctionist models. Jean Petitot was
the first to show interest in the application ofontis work to linguistics and he
developed many studies accordingly.

This article is based on an interview between Jitd®eJ. Léon and S. Loiseau
held on the 27 of September, 2014. While preserthegoral style of free conversation,
it also includes references, developments and mutheal statements added by the
authors.

1. Jean Petitot's biography

After preparatory classes at Louis-le-Grand highost, | entered the Ecole
Polytechnique in 1965 where | graduated in 196&dssioned by research, |
joined the new Centre of mathematics my professarrént Schwartz had just
created, and | learned algebraic geometry (withti@@mdieck's disciple Jean
Giraud) and differential geometry. As | investightsingularity theory; | met
René Thom, one of the leading specialists of thil fiwho had restructured it
entirely since the middle of the 1950s

Besides, | was much interested in structuralisnpdrticular Claude Lévi-
Strauss, whose lectures at the Collége de Fraatreddy attended when | was
very young, around 18-19 years old. It is throug@lvitStrauss that | discovered

! cf. infra.

2 René Thom (1923-2002) was a mathematician andaefostudent of the Ecole
Normale Supérieure. He had lectured in GrenobleggsBourg and, near Paris, at the
Institut des Hautes Etudes Scientifiques, untilQl99e received the Fields medal in
1958 for his work on differential topology. He déyged mathematical models of
morphogenesis popularized under the name of “Cafast theory” (cf.Stabilité
structurelle et morphogengsk972, InterEditions, Paris).
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Roman Jakobson. At that time, | did not see arly tiatween structuralism and
mathematics.

At the end of the 1960s, René Thom started to leitetthe manuscript of
Stabilité structurelle et morphogenggriblished in 1972). This book, which was
focused in biology, also explained why the scopthefmorphogenetic approdch
went far beyond biology and could apply to struaglism in general. Thom had
much discussed with Conrad Hal Waddington (19055),.98n eminent specialist
of embryogenesis, and he had benefited from Jakdbstrong support. His
book, proposing a mathematical structural approafciviology, became very
controversial. Its media audience owed much tostitpher Zeeman (University
of Warwick), who coined the term “catastrophe tly¢@nd turned it into a very
general methodology whereas Thom'’s objectives weree focuset

In 1969 | discussed with René Thom his applicatiohsingularity theory
to structuralism. According to what he told me, laswvthe first young
mathematician of my generation to do it. These udisons filled me with
enthusiasm. After having hesitated between purehemadtics (I then had a
position at CNRS, Centre National de la Recheratier@ifique) and modelling,
| accepted in 1971 a position at the Center of ysialand Social Mathematics
(CAMS) of the 6th section of the EPHE (Ecole Pragicdes Hautes Etudes),
which would become later the EHESS - Ecole des étattudes en Sciences
Sociales). | was recruited at the EPHE thanks & gihpport of Lévi-Strauss,
Fernand Braudel, the director of the 6th sectiohpvbelieved in the role of
mathematics in the social sciences, and Charleaadomy former professor at
the Ecole Polytechnique.

Having joined the EPHE, | naturally got in touchttwsome structuralists,
including A.J. Greimas. Greimas made an announcenmemis seminar and
some young colleagues got interested. | thus man-Beancois Bordron,
Frédéric Nef, Paolo Fabbri, Jean-Claude Coquet, A2gre Brandt, Francois
Rastier, Claude Chabrol, and later Jacques Folgaritan Darrault, Jean-
Jacques Vincensini and several other semiotici@nsimas did not have a very
strong institutional position and his disciples hather difficult careers, but he
compensated for this fragility by his exceptionahension.

Thanks to Paolo Fabbri who put me in touch with l@éntdo Eco, | spent one
year in Bologna where | wrote a part of my Habittatthesis (“these d'état”). |
spread Thom’s work on structuralism in the inteioral semiotics community,
in Bologna of course, then within Per Aage Brandtisup in Aarhus in Denmark

® Morphogenesis studies the formation processesmptex forms, in particular
those of life.

* Christopher Zeeman (born in 1925) founded the Bepnt of Mathematics and
the Research Centre in Mathematics of the UniyersfitWarwick in 1964. In 1969-
1970, during a sabbatical year in Paris, he diseav&ené Thom'’s Catastroph theory.
Next, he largely contributed to the notoriety oisttheory by providing it with many
applications in various fields, in particular incgd and behavioural sciences (cf. Isnard
C. A. & Zeeman E. C. (1976). Some models from ¢edpbe theory in the social
sciences”. In: Collins L. (edse of Models in the Social Scienc&avistock, London,
pp. 44-100).
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and in Toronto. | very early discussed with Jeagriiei Desclés who worked at
the time with Antoine Culioli. Thus, | became invell in a social sciences
community where | could use my double competencemathematics and
semiotics.

Later on, | remained primarily at the CAMS. | deded my “these d’état”
in 1982, and, until 1985, | remained focused on applicetiof Thom’s mor-
phodynamical models)(to phoneticsl{es catastrophes de la parole. De Roman
Jakobson a René Thorwlaloine, Paris, 1985),ij to elementary structures in
semiotics, ifi) and to theories of actantial syntax, in particidase grammars
(Morphogenése du sens. Pour un schematisme deutzwsie. PUF, Paris, 1985).

Afterwards, | became more and more interested gnitive neurosciences.
In 1986, | joined a team of cognitive sciences Whiad just been created by
Daniel Andler in a lab of the Ecole Polytechnigtiee CREA (Centre de Re-
cherche en Epistémologie Appliquée) founded in 1888 directed by Jean-
Pierre Dupuy. A little later, Michel Imbert, a sjacst in neurosciences, created
the first DEA (Diplome d’Etudes Avancées - a posdyate diploma) of
cognitive sciences, and | became actively involtdeere in this new context,
which led me establishing footbridges with American particular Californian,
cognitivism.

2. René Thom'’s contributions

Q.: You said you were initially interested in Thoms work in math-
ematics, in particular in his work on the theory of singularities you were
working on. Then, you were interested in his work o structuralism in lin-
guistics. Can you tell us about Thom’s contributios in these fields? To start
with, what is his theory of singularities?

Singularity theory aims to study, analyze and dgggometrical structures
of a specific type, which are called “singular” base they are not “regular”.
One considers a class of objects for whightt{e opposition between local and
global properties is meaningful, and) (there are standard “simple” objects
whose structure is “trivial”. Then, one calls “rég the objects that are every-
where locally simple (or “locally trivial”), evenf ithey can be globally very
complex and not trivial at all. There exist singillas when, locally, the
considered object is not regular.

For example, let us consider surfaces and defiregalar point as a point
where the surface admits a tangent plane. Let kes #&acone: apart from the
vertex there is a tangent plane at every pointtaaccone is thus locally regular.
But the vertex does not have a tangent plane atidigsa singular point. And as

® Pour un Schématisme de la Structure: de quelquplciations sémiotiques de
la théorie des catastrophethese d’Etat defended in 1982 at the Ecole desteda
Etudes en Sciences Sociales, Paris.
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it is the only singular point in a small neighboool, it is said to be an isolat
singularity.

One is immediately confronted with a theoreticalljpem: how to classif
the singularities? One can observe for example there exist points that a
more or less singular. Consider for example a rapért from the ridge, poin
are regular. The points of the ridge are singuldrdre not isolated singulariti
since the whole ridge consists of singular poiitge cone aex is more singula
it has a larger “degree” of singularity than thadge of a roo

One can thus establish a hierarchy of singulariied it is necessary
build a battery of theoretical concepts to anabitéhe possibilities

The interest of singarities — it was one of Thom’s great ide— is that if
all the local singularities of an object are knowhen the object can be globa
known qualitatively. The singularities concentrdtie qualitative information o
the objects. | give an examplintroduced by Moebius in th&Sth century, but
known for centuries by sculptors. A good way of ewstanding a thre
dimensional form is to cut it out in t-dimensional slices and to consider th
successive slices. Take a torus (considered viyli@nd cut it out in horizonte
slices of increasing height (see f1). If the cutting plane is too low, you do r
meet the torus. At a certain time you meet thest@ua first singular point |
minimum). When you still go up, you get circles.uystill go up and you met
another singular point (a saddle): the sectionthagorm of ar8. The following
level lines contain two circles, then again @, then only circle, and finally yo
reach the point at the apex of the torus (a maxij

Conversely, if | cutting out a surface in slices you meet fourgslar
points of this type (a minimum, two saddles, a mmaxn), then the surface
topologically a torus. Topologically these four gutar points (with their type
characterize a closed surface with atral hole. The fact that the list of tl
singular points with their type define the objegpdlogically is called Mors
theorem.

Figurel. A torus with its level linesMorse theorem
(source: http://fr.wikipedia.org/wiki/Théorie_de_kée
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The classes of structures you can analyze with sugthods are of a great
diversity. You can look for example at what arelemhldifferentiable manifolds
which generalize the concept of surface; you cao &bok at maps between
spaces. In all these cases, you consider classageafts and you want to study
their possible non-trivial local properties.

The levels of structure can be very different frome another. You can
consider topological objects (a very low level tusture but where the concept
of continuity has a meaning nevertheless); or dbjetaving more rigid
properties. For example, if you take an orange padlyou try to crush it on a
plane, as it is not elastic, it tears. This is drirog@roperty: at the metric level, the
sphere has curvature whereas the plane does netamgy Thom focused on the
level of structure known as “differentiable”, whidk intermediate between
topological and metric levels and means that youtake as many derivatives as
you want of the functions describing the objects.

Q: What are Thom'’s contributions in linguistics?

To understand Thom’ contribution in the fields eEmiotics and
linguistics, it is necessary to come back to thecB notion of structure in
linguistics, which concerns the mereological prahblehow totalities can be
organized with constituents, relations and tramsédgron rules between con-
stituents, and show an organization which is mbas the sum of their constitu-
ents.

There are many fields where mereological structesss be encountered:
grammatical rules and syntax (whatever the thepriast also, in psychology,
visual perception spatial objects linked by spatelations; in biology, the
constituent structure of organs; in chemistry, thelecules where atoms are
linked by their valence electrons, etc. These siires have been pinpointed for a
long time, but, until recently, the adequate mathigra to model them in biology
and in linguistics was completely missing (in chstnyi it is only with quantum
mechanics that they could be modelled).

This is why the issue concerning structures retergormalization and
modelling. In linguistics, the mathematical modet®d are multiple but general-
ly rest on formal tools, that is algebraic, combim@al and logical tools
(Chomsky, Shaumyan, Montague, etc). In other fidile visual perception and
biological morphogenesis, structures are intergretea much more geometrical,
topological and dynamical manner, as organized $caind Gestalts. The concept
of structure is no longer algebraic and logico-coratorial but morphological
and dynamical, “morphodynamical” as | like to say.

The problem of a topological and morphodynamicathmimatical theory
for forms, primarily in biology and perception,fimdamental and extremely old.
If we look back in history, there was a rather gabéory in Aristote (cf.
homeomeres and anhomeomeresTime Parts of the Anim3alsbut it was
completely eliminated by modern Galileo-Newtonidnygics.

As André Robinet brilliantly showed, Leibniz wasselsed all his life by
the antinomy thus created: one needs neo-Arishpietoncepts to work out a
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theory of form, but those seem to be incompatibiin \mechanist physiésTo
overcome that antinomy, Kant had to write his th@dtique, The Critique of
JudgmentAfter him, many philosophers and scientists raidesbe issues. But
these remained open until the 1960-70s when onelesilyl saw flowering
several radically new theoretical proposals: Thomd Zeeman with catastrophe
theory, llya Prigogine with dissipative structutesHermann Haken with
synergetic§ Henri Atlan with self-organization

It is Thom who introduced the deepest mathematizds. The only preced-
ent had been, about fifteen years before, thauahd@ who, just before his death,
had been interested in morphogenesis and had udeod the first models
explaining the emergence of forms and patternganhemical substrates using
reaction-diffusion equation’

In the late 1960s, one thus started to have anatleaw the old problem of
a theory of forms could be apprehended. Thom th#nduced, in a very radical
(and very controversial) way, the assumption thasé¢ morphodynamical tools
could be transferred from biological morphogenésistructural linguistics and
semiotics. As a result, he found himself at theyvesart of a linguistic debate
which had a rich history: that of the oppositiontvileen gestaltic views
(Guillaume, Tesniere, etc.) and formal views (Chikyn®tc.). Some linguists,
like Hansjakob Seiler and Bernard Pottier, werehesiastic. Others, like the
Chomskyans, were more careful, even hostile.

| had the privilege to take part in the histori¢ahd polemic) meeting
between Jean Piaget and Noam Chomsky organize®7B at the Center of
Royaumont by Massimo Piattelli-Palmarini, where regented the principal
differences between Chomsky and THam

® See André Robinet (1988)chitectonique disjonctive, Automates systémigties
Idéalité transcendantale dans l'oeuvre de G. Wbhigj Paris, Vrin. See also J. Petitot
(1999). "Le troisieme labyrinthe: dynamique desrfes et architectonique disjonctive",
L'actualité de Leibniz: les deux labyrinth@3. Berlioz, F. Nef eds)tudia Leibnitiana
Supplementa34, 617-632, Stuttgart, Franz Steiner.

" See for example llya Prigogine, Isabelle Sten@&839)La Nouvelle Alliance.
Métamorphose de la sciendearis, Gallimard.

8 H. Haken (1981Yhe Science of Structure: Synergetian Nostrand Reinhold).

® H. Atlan (1972/1992) 'Organisation biologique et la Théorie de l'infaation,
Hermann,

0 A. Turing (1952), “The chemical basis of morphoesis”, Philosophical
Transactions of the Royal Society of London. SeBieBiological Sciencesvol. 237,
No. 641, pp. 37-72. See also J. Petitot (2013)miflexity and self-organization in
Turing”, The Legacy of A.M. TuringE. Agazzi, ed.), Franco Angeli, Milano, 149-182.
ArXiv: http://arxiv.org/abs/1502.05328VvA. Lesne, P. Bourgine (eds.) (2008)rpho-
genése. L'origine des formeBelin, Paris. Murray J.D. (200%)lathematical Biology
Springer, New York.

" petitot, J. (1979) “Hypothése Localiste et Thédes Catastrophes. Note sur le
Débat”, Théories du Langage, Théories de I'Apprentissag®dbat Chomsky / Piaget
(M. Piattelli-Palmarini, ed.), 516-524, Le Seuigri3.
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Q. How did Thom become interested in linguistics?

Thom much admired Lucien Tesniére. He deeply regpehat he did not meet
this great linguist in Strasbourg when he was angortesearcher working there
with Henri Cartan between 1947 and 1951. His istefecused on the way
Tesniere conceived the dependence relations betwleenconstituents of a
sentence (still the mereological problem!) and ttgyed an almost narratologic
idea of the sentence as a “scene” making actatdggaut: “The verbal node [...]
expresses a small drama by itseff.

Thom was philosophically a realist in linguistié$e estimated that, below
the great variability and complexity of the morpyisxic surface structures, the
universals of language result from evolution and esoted in the cognitive
abilities of primates, in particular in perceptiand action. Consequently, he
tackled the linguistic problems from the point adw of the biological evolution
of cognitive structures.

Q. Which other researchers besides you were interesl in Thom’s work on
linguistics?

Among the linguists and semioticians who very eavbre deeply interested in
Thom, one can quote, besides masters like JakolSmiler and Pottiéf, two
researchers of my generation: Wolfgang Wild§est the University of Bremen
in Germany and Per Aage Brafdof the University of Aarhus in Denmark.
Their work developed, like mine, in the 1970-80s.

Then, in a completely independent way, without aeference to the
European debate, something relatively similar hapgden the United States in
the 1980-90s with the emergence of West Coast tegninguistics: Charles
Fillmore and George Lakoff at Berkeley, Len TalmyBarkeley then at Buffalo,
Ron Langacker at San Diego (where Gilles Faucomwes, too). These linguists
developed approaches which, on the one hand, weme structural (although
with few references to European structuralism) amdthe other hand, explicitly
supported the same theses on the evolutionarynoojlanguage in relation to
perception and action. At the time of the confeeena Tesniere organized in
1992 in Rouen by Francoise Madray-Lesigne (Tesmiggis born in 1893 in

12| Tesniére (1959)Eléments de syntaxe structurakdincksieck, Paris, 1959
(2eme éd. 1988), 48, 1. Voir aussi J. Petitot (J986rphogenéese du Sens. Pour un
Schématisme de la StructuRUF, Paris.

13 See for example B. Pottier (200REeprésentations mentales et catégorisations
linguistiques Paris, Louvain, Peeters.

14 ¢f. W. Wildgen (1982)Catastrophe Theoretic Semantics. An Elaboration and
Application of René Thom’'s Thepfgenjamins, Amsterdam, and (1999 la gram-
maire au discours. Une approche morphodynami@&ter Lang, Bern.

15 ¢f. Per Aage Brandt (1994)ynamiques du sendarhus University Press,
Aarhus, and (1995Ylorphologies of MeaningAarhus University Press, Aarhus.
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Mount-Saint-Aignan close to Rouen), Langacker madeemphatic praise of
Tesniére by regarding him as one of his precut$ors

In addition, connectionist models of neural netvgprpposed to formal
models, were developing powerfully and rapidly. Goiethe linguists more in
sight in that field was Paul Smolensky whose modased a violent debate with
Jerry Fodor and Zenon Pylyshyn. | took part in thettaté’.

Wildgen, Brandt and myself made contact with thesw trends. We or-
ganized meetings, for example in San Marino, at emabEco and Patrizia
Violi's “International Center for Semiotic and Catyre Studies”, a conference
with Len Talmy, and also two important conferenaethe CREA on the issue of
constituent structures in connectionist models.s€heonferences were relayed
by another one, organized this time at BloomindigrTim van Gelder and Bob
Port, entitled “Mind as Motior®,

Q. How were you informed of the works existing intie United States?

| was much interested in Fillmore — Case lingusstigvith Tesniére’s
structural syntax, is the closest to Thom’s views kangacker, Jackendoff,
Lakoff. But the one that made contact with the mo#tresting linguist for us,
namely Len Talmy, was Per Aage Brandt. Len achiexesplendid work on
linguistic Gestalt while showing empirically, on large corpus of data, the
existence of very close connections between syiftagre precisely deep
“syncategorematic” structures) perception and actite went much further than
case markers like prepositidiis

Q. Which modelling for linguistics?

Once the empirical regularities are described,asks how to model them |
regarded the works by Fillmore, Langacker, Talmg, as well supported results;
| trusted them, and what interested me was to seethe syntactico-semantic
structures they had identified could be modelled.

16 ¢f. Langacker, R.W. (1995) “Structural Syntax: TWew from Cognitive
Grammar ”,Lucien Tesniere aujourd’hufF. Madray-Lesigne and J. Richard-Zappella,
eds.), Actes du Colloque international CNRS, Ursitérde Rouen 16-18 novembre
1992, Louvain/Paris, 13-39.

17 See for example P. Smolensky (1988). “On the Rrdpeatment of Con-
nectionism”, The Behavioral and Brain Scien¢e$l, (1988), 1-74. J. Fodor, Z.
Pylyshyn (1988) “Connectionism ardgnitive architecture: a critical analysi€pgnition
28, 1-2 (1988) 3-71. J. Petitot (201Tpgnitive Morphodynamics. Dynamical Morphological
Models of Constituency in Perception and Syifteith R. Doursat), Peter Lang, Bern.

8T, van Gelder, R. Port (eds.) 1996ind as Motion Cambridge, MIT Press.

19 Len Talmy (2000)Toward a Cognitive Semantjdgol. I: Concept Structuring Systems
Vol. II: Typology and Process in Concept Structuyi@gmbridge, MA, MIT Press, 2000.
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For this purpose, | applied a general methodoldgicenciple. It is not
because the structures under scrutiny are of aitig nature that the good tool,
a priori, is formal languages. In sciences, one shouldmake any assumption
on the fact that the mathematical tools shouldflittesame order as the objects.
| am not anti-formalisa priori. | am ready to admit that formal models can prove
to be the best in some cases. But | do not seeagmyori reason that formal
languages should constitute good tools to undeistwmtactic structures of
natural languages, no more than to understand peregbiological or molecular
mereological structures. My methodological prinei: the structures of natural
languages are natural phenomena (I underline “aBijuand, as in other
sciences, it is necessary to invent (I underline iftvent”), starting from ap-
propriate bases, the suitable mathematical toatsadel them.

These appropriate bases are two-fold. On the ond,hthey come from
properly linguistic studies and on the other hamanf other disciplines like
cognitive sciences and neurosciences. Of coursagad to make brain imagery
to explain the conditional mood in French, but anast use neurocognitive
results on universal sensorimotor schemes of idtiera between actants to
understand verbal valence.

lll. Phonetics, phonology and catastrophe theory

Q. You were interested in phonetics.

In certain cases, non-formal mathematical modela tdpological-geometrical-
dynamical type have proved to be rather good. Tist éxample which con-
vinced me of the validity of morphodynamical modelsthe field of language
was phonetics. As you know, structuralism comespdrom the phonological
work of the Moscow and Prague Circles, and, wheadgan to work with Thom,
| already knew structural phonology a little and tremarkable results that
Jakobson transfered to general structuralism, migodar in collaboration with
Claude Lévi-Strauss. | thus tried to test Thom'sdeis on it and | discovered (I
consider that it was my first scientific “discovéryhat they were completely
adapted to phonology.

It happens that at the EHESS there was (and th#kesy a very good
laboratory of cognitive psycholo&fysome members of which worked in phon-
etics. Following their advice, | read many thingsthis field and | noted that
Thom’s models were not only relevant but that thegre quantitatively and
qualitatively exact.

In phonetic perception, several levels should Iséirdjuished: the acoustic
level, the peripheral level of sensory transductithe perceptive level and the
linguistic level. At one end of the chain, one caake a lot of acoustico-physical
experiments and at the other end one has at orsgssdl a very important
linguistic corpus of thousands of languages.

20 The LSCP (Laboratoire de Sciences Cognitives ytHdinguistique).

202



Interview with Jean Petitot

One characteristic of phonetic perception is whatalled its “categorical”
character. What does that means? When one mal@smgram one can identify
the “formants” of the sounds produced by the vdcatt. Sounds produced by
vocal cords are very rich in harmonics, and thewdtory controls control the
shape of the resonators of the vocal tract. Eadhexfe resonators (mouth, nose
...) amplify or damp specific harmonics. In other d&rthe amplitudes of the
harmonics are modulated by a continuous curve hasirongly marked peaks.
These resonance peaks select frequency bands adeicalled formants. Vowels
are stationary sounds having characteristic formyartd consonants are transient
sounds carrying out transitions between formantd possibly introducing
turbulence (plosives, fricatives).

When you look at the equations, you observe thafdhmants correspond
to the maxima of what is called “the transfer fumct (the output/input ratio) of
the vocal tract. In fact this functiod is the inverse of a functio® and the
maxima ofH correspond to the minima &

One can simplify the problem by preserving onlyeav fresonators, for
example three: the front cavity (mouth), the baakity (pharynx) and the nasal
cavity. Each cavity is described by a tube (witingtlh and diameter) and
constrictions of the vocal tract are described mals intermediate tubes. One
knows how to explicitly compute the way in whicle tformants depend on these
articulatory parameters. Personnally, | used asideghe classi@reliminaries to
Speech Analysiby Jakobson, Fant and H&fleFrom this audio-acoustic base,
structuralist works, in particular Jakobson’s, shbew phonological (linguis-
tically relevant) distinctive features can be rem@d using a qualitative descrip-
tion of the formant configurations. For exampleoife considers the universal
vocalic triangle &, /i/, lu/ in simple models with two formants:

/al corresponds to close formants of medium frequer(iégature
“compact”),

/il corresponds to well separated formants (featuddfuse”) with
predominance of the “acute” formant (high frequesti

/ul corresponds to well separated formants (featuddfuse”) with
predominance of the “bass” formant (low frequencies

If more detailed models are used, one can stilligti®ely describe phon-
ological distinctive features in this way by usingt the true formants quan-
titatively defined, but “formantial masses” as LutanChistovich proposed a
long time ago.

Then, | looked at the explicit formulas connectitige formants to
articulatory controls and | discovered that, fag thodels with tubes, the function
G exactly is an unfolding of singularity in Thom’srse and that the formants
and their configurations are consequently desclébabterms of catastrophes:

21 Jakobson, R., Fant, G. & Halle, M. (1952jeliminaries to Speech Analysis.
The distinctive features and their correlatddIT Technical Report.
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there are abrupt —discortinuous —changes in formantial masses accordin
continwous changes in articulatory contr’?,

Let us be a little more technical. The transferction is a functiorH(s) of a
complex variables= o +iw where w27 is the frequency an o a damping
factor. The restriction dfi(s) to the imaginary axisugives the modulation of tr
harmonics frgquencies. Let us consider the model with one rdsor(ae. two
tubes and one formant) of figu2.

Figure2. Model with two tubes

One obtains (for conveniently chosen valuedl, I and Ay the already
complex formula:

2
1 W,

H(s)= 3 =
LCs"+(RC+GL)s+GR+1  (s—s5)(s—5,)

with

=P/,
C:ﬁég

S
:?'\“Ill af‘u (3‘{‘!5}
n-1 | Aw
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G=S (1+1,)

whereA = section of the open tubS= circumference of diametA, o= density
of the air,c= speed of souncu = coefficient of viscosity] = coefficient of
conduction of the heasn = adiabatic constant, = specific heat of air undi
constant pressure. The polesH(s) are

22 Seel. Petitot (1985Les Catastrophes de la Parole. De Roman Jakobs
René Thom Maloine, Paris; and (1997) “Modeles morphodynareg] de
catégorisations phonétiquesThe Roman Jakobson Centennial Sympc (P.A.
Brandt, F.  Gregersen eds), Acta Linguistica  Hafniens,29,239-269.
http://jeanpetitot.com/ArticlesPDF/Petitot _Jakohgaif
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Only s, is relevant because its imaginary part 0 and frequency must be¢ 0.
For a model withwo resonators (four tubes and two formants), dtaions

the formula:

w, @,

H(s) =
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with
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Figure 3 shows the graph of the logarithm of thedub® of H(s) and the
damping of the formant

Figure3. Damping of the two formants
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The key point is that, fon formants, () the denominator of the transt
functionH(s) is the universal unfolding of the singularity kmoasA™

2n s In-1
AW =" 4G, 55" =% Fa 5t

and (i) the coefficients of this unfolding are complightiinctions of the n
articulatory controls.

To move from formants to formantial masses, ang thom quantitative t
quailtative, one introduces an “auditive transformatiaviiich merges the s
ficiently close formants. Then one really obtainsdels in the sense of Thc

In short, one can, thas to Thom's models, explicity move from t
acoustic level (physical) to the auditive levelnserial) then to the phonologic
level (linguistic), the key being the interpretatiof formantial masses in terr
of unfoldings of singularities pemeterizd by articulatory control

Let us address now the issue of categorical pao. In addition tc
articulatory cotrols determining the shape of the vocal tractrehexist othe
acoustic cues that one can vary in a continuouserae.g. voicing (V(T: voice
onset time) that measures the moment of excitatiadhe fundamental harmoni
In short, while one can vary many parameters canotisly, perception does n
vary continuously. It is the fundamental reason vemyne sounds can be 1
substrate of phonological code. For example, you can varyimgi@n order tc
move from [b] (voiced labial) to [p] (n-voiced labial). But at the percepti
level, on the other hand, you perceive only allogsoof b/ or fo/ and no inter-
mediate state.

To explain his remarkable phenomenon, psychologists distitgiwe fur-
damental mechanisms. On the one hand, discrimmatian | discriminate tw
close [b]; and on the other hand, identificatioa:lddentify a b/ or a f/, i.e. a
sound as an allophone of a peme or of another one.

For colours, discrimination corresponds to shadwkidentification corr-
sponds to colour names. The perception of colaifsantinuous” in the sen:
that shade dimination depends very little on colour ident#ion: one
perceives gradual shades independently of theesxist of the categories
colours. In categorical pception, the situation is quite different: discnaiion
degenerates insidbe categories; as one says, it is subordinatétketdification:
one digriminates two close sounds only if they are idesdias different. One |
unable to discriminate two close [b] sounds idésdifas allphones ofb/, but on
the other hand one is able to discriminate twoeciagemediate sounds if one
identifiedas an allophone ob/ and the other as an allophone f /

It is a little as in geography: there are areasrd&d by boundaries (tr
domains of the parameter space corresponding togée gphoneme), inside ¢

23 Among a richbibliography, three references were imgant for me. Liberman,
A. M., Cooper, F. S., Shankweiler, D. P., Stuc-Kennedy, M., (1967) Perception
the Speech Code?sychological Revie, 74, 6, 431461. Stevens, K., (1972) TI
Quantal Nature of SpeecHuman Communication, a Unified VidR. B. Denes, E. E.
David Jr. eds.). Malmberg, B., (197Manuel de phonétique généraRaris, Picart
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area the various positions (allophones) have aivaignt type (they are tokens
of the same phoneme: no intra categorial discrittong but at the boundary
crossing, the type (the corresponding phoneme)ggsaabruptly. In categorical
perception, there exist thresholds between categavhich are induced by per-
ception itself. That is due to the fact that petseary in an extremely non-linear
way compared to their audio-acoustic and articjatontrols. Kenneth Stevens
well studied this phenomenon in his article quaibdve “On the quantal nature
of speech”.

Categorical perception is a fundamemtalperty of phonetic perception and, |
repeat, explains why and how some sounds can bettenseibstrate of a code.

Catastrophe theory is particularly well adaptedtite modelling of cat-
egorical perception because its general model @stshe concept of “bifur-
cation”. A bifurcation occurs in a system when aallrmhange of a continuous
control produces a qualitative jump of the inters@te of the system, in other
words when a small variation of causes involvesigdéferences on effects. It is
precisely what occurs with categorical perceptidmemy for example, a small
articulatory change qualitatively moves the confegiion of formantial masses
from a single formantial mass to two formantial sess ( “compact/ diffuse”
opposition).

I thus showed that the catastrophes related toosambustic equations
match the phonological structures observed in laggs. For phonetics, Thom’s
models are thus valid models. Jean-Luc Schwartz taed Grenoble group,
among them Christian Abry and Louis-Jean Boé&, wante thoroughly into
thent®. In particular they identified the “auditive trdéoem” as a mechanism of
“large scale spectral integration”.

To summarize, catastrophe models help understamliagletailed way the
link between audio-acoustics, psycho-physics, pi@me and structural phon-

ology.

Q. What exactly is a catastrophenodel?

A catastrophe model starts with a system whichitigsnal states. For instance,
in the case of phonetic perception, there are malrstates corresponding to
percepts. In the case of a chimical element sucladsr, the thermodynamical

states are called “phases”; solid, liquid, gas.sEhaternal states are attractors of
the internal dynamics of the system and the trahsiates, induced by the inputs
of the system, are rapidly stabilizing toward thdéon:instance, an acoustic input
turns into a perceptive state (after having goneuth the external ear, the
cochlea, the auditory cortex). Moreover, the systencontrolled by external

parameters (articulatory parameters, acoustic ctesaperature, pressure...).
When these controls change, the inner states changggn, and there is two

4 See for example Abry, C., Bo&, L.-J., Schwartz]..J(1989). Plateaux,
catastrophes and the structuring of vowel systeloarnal of Phoneticsl7, 47-54.
Schwartz, J.-L., Boé, L.-J., Vallée, N., Abry C.99l). The dispersion-focalization
theory of vowel systemgournal of Phonetic25, 255-286.
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possible outcomes. Either a small change in th&ralsns without consequences
and does not change the inner state qualitativety. (he sound is still perceived
as al/, the water temperature shifts from 50°C to 51%€) small change in the
controls changes the qualitative type of the instate (the sound is now per-
ceived as ap/, the water temperature shifts from 99°C to 10@f@ the water
starts boiling). Such qualitative changes are dall&ifurcations”. In
thermodynamics they are called “phase transitions”.

Q. Can a shift from b/ to /p/ be predicted, in the sense that it followssome
constraints?

There are strong differences across languagesomeitcan assume a universal
innate “initial state” for new born humans. Durifanguage acquisition, some
thresholds move, others split, others disappear.ifstance, in the case of the
Japanese language, the threshold between [r] &mtisfippears and [r] and [l]

become two allophones of a single phoneme. Youpankse are able to dis-
criminate between [r] and [I] but, while learninget language, these dis-
criminations disappear due to the categorical ptype perception.

Thus, maybe there is an initial phonological “geqry” that evolves with
the learning of a specific phonological system. &ié phonological systems
categorize the same space of sounds defined byraitally possible articul-
atory controls and harmonics. The question is towknwvhether the category-
sations of actual languages are efficient and vérettiey reach an optimum of
the quantity of information conveyed by the phogatal code.

Q. Is there a definition of what is an optimum vochc system for
communication?

This is a fascinating question. We know of a greamber of phonological
systems and they may be grouped into classes. Murmanodels have been
proposed. The problem is the following: within #@ace of the possible sounds,
defined by universal anatomic constraints, we taviend the best categorisation
into sub-regions (the phonemes). There are sestedégies in order to solve the
problem of the optimisation of the categorisatiom dhere are several studies
showing how these strategies are related to edodr.oAll the phonological
systems are based on the universal vocalic triafagl€i/, /u/, and can be de-
scribed as a progressive refinement complexifyitgt ttriangle, leading
eventually to the most complicated vocalic systesush as that of French.

Q. We mentioned “basins of attraction”. Could you &plain that notion more
thoroughly?

When you have a dynamics defined on a given spécall the pointsx be-
longing toM have a trajectoryy (X) and you can consider the asymptotic be-
haviour of that trajectory. Generally, (x) is attracted by an attractdrwhich is a
sub-set topologically closed and dynamically ingatj minimal for these two
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properties, and which attracts all the trajectoresning from points in its
neighbourhood. All the pointx whose trajectoryy (x) are asymptotically
attracted byA constitute the basin of attracti®@{A) of A. Thus the dynamics
decomposed/ in several basins of attraction separated by bawesl (some of
them can be very complicated).

In the case of the internal dynamics of a systes@r\einput puts the system
into an initial statex and, generallyg is not on the boundary but inside a basin of
attractionB(A) and is therefore attracted by the attra&oiThis means that the
initial transient state will be attracted by the internal staie This projection of
the input on an attractor models the process ddrtification”. In this type of
models for categorisation, the basins of attractoe the categories and the
attractors are the prototypes. An input inducesnéral state that is associated
with a prototype. In the phonetic domain, a souncecognized and identified as
an allophone of a given phoneme.

Some boundaries between basins of attraction aree mmomplex than
others. When an initial state is on a boundary rsd¢jp@ two basins as a sort of
ridge-line, it is possible to fall into one or tbéher of the basins. And, last but
not least, the control space allows the modificatbthe basins of attraction and
their boundaries.

That is why Thom proposed to distinguish two kirafsbifurcation: ()
internal bifurcations, when the system moves frotoaain of attraction to an-
other in the internal spadé and {i) external bifurcations, when the system is co-
erced into another attractor by the effects ofdbwetrols, for instance due to the
fact that an attractor disappeared or that twaelidrs have merged. In practice,
external bifurcations matter most: the systemsimmgeneral of the “slow/fast”
kind, which means that the internal dynamic is,fadtile the variation of the
controls is slow and then it is possible to dofake system were always in an
internal stable state (on an attractor). It isethlan “adiabaticity hypothesis”.
What chiefly matters then is the bifurcation of thiractors and not the fast
internal transient trajectories.

Q. From a mathematical point of view, which kinds & mathematics are
involved?

When building the mathematics for his models, Thadrose — for the spaces, the
functions and the maps between spaces he needbkd level called differ-
entiable, that is the level where the objects Hawally almost everywhere well-
defined derivatives, except sometimes in some snguints. This level is more
constrained than the basic continuous level (hes caé allow objects such as
fractals). However, it is far less constrained thia@ algebraic or metric level.
The differentiable objects are very “flexible”.

Thom introduced two kinds of models: the elementapdels, and the ex-
tended ones. In the first ones, the internal dynans the steepest descent of an
energy potential functiof(x) defined in the inner spadé: the system optimizes
its state by minimizing its internal energy. Theadtors (the internal states) are
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in that case the minima &f): an initial state goes (according to the speitiéis
of the system) either to the closest minimum dh&absolute minimum.

The control parameters allow the variation of tleéeptial functions, and
therefore the change of the minima and their heighthinimum may then dis-
appear and the system will have to go into anoth@mum: these are bifur-
cations.

One of Thom great achievements has been the (diffiproof of the
classification theorem for elementary catastropfiée. main idea is the follow-
ing: if you consider a potential functidnwhere several minima, maxima or
saddles (called “critical points”) are merged isiagle pointx, f has an unstable
singularity atx (according to a natural notion of stability). by deform such a
singularity through external small parameterembedding into familiesf,(x)
defined in a small neighbourhood x#wvith fy(x) = f(X), it is possible to stabilize
the singularity in many ways, partially or totaltizrough the dissociation of the
critical points that have been merged. The keyltrasuhat, given such a sin-
gularity, there exists a universal deformation)ezhl‘'universal unfolding”, that
gathers optimally all the possible stabilisations.

Figure 4 shows the catastrophe named “cusp” thaspthe key role in
modelling the universal vocalic triangle. The ubfasingularityx* merges two
simple minima (non-degenerated minima, i.e. thatrest composed by merging
simpler critical points) and one simple maximumeTéxternal space/ of the
universal unfolding is two dimensional. It is paadined into three regions by a
catastrophe sd&t, containing the two branch&g of a cusp curve and the median
half-line K. Along the branchek, one simple minimum remains simple while
the other simple minimum and the simple maximumg®aeanto an inflection
point: theK, are lines of catastrophes of bifurcation. Alddg the two simple
minima and the simple maximum remain simple butttix@ minima have now
the same heighk. is a line of catastrophes of conflict. Apart fradnf,(X) have
either a simple minimum, either two simple minimgparated by the simple
maximum with one of the minima that dominates ttieen

o
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Figure4. The universal unfolding of the “cusp” catastrophe
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The classification theorem says that, whatevesttstem under scrutiny, if
there are one or two internal dimensions and ncerttwan four external controls
w, and if the potential functioffx) of the system has unstable singularities, and if
its unfolding is structurally stable (that is thegess stabilizing internal unstabil-
ities is itself stable), then these singularitiedohg to a finite list: “cusp”,
“swallowtail”, “butterfly” in the one dimensionalase, elliptic, hyperbolic or
parabolic “umbilic” in the two dimensional case.

From a methodological point of view, this resulivesy important because
it exhausts the field of possibilities. It is aspiontant as the theorem of classific-
?Stion for the platonic solids (the finite sub-greupf the group of the rotations)

lll. Language and perception

Q. What are the consguences for linguistics?

As | said Thom was interested in a realist approchanguage. For him,
language had an evolutionary origin. The abilityd&scribe perceptive scenes of
the outer world communicate them to those thatatosee them was, for him, a
fundamental requisite constraining natural langaaffeappears that a large part
of these perceptive scenes are interactions betWaesants® (being either
agents or objects), and the transformations of thgatial relations can be de-
scribed by verbs (to go into a place, to seize slimg, to attack, to run away,
etc.).

The basic assumptiois that the structure of the sentences descrilzing
perceptive scene with verbs and actants situatespace and time is a result of the
evolution pressure and that there is an analogydmt the constituent structure
(mereology) of actantial syntax and the constitsnicture of the perceptive scenes.

This assumption of a foundation of the actantialctrres in the structures
of perception and action has a long history. Onigsatomponents is the “localist
hypothesis”, which has been supported under vagoises by linguists such as
Anderson, Langacker or Talmy, and according to Wwhike basic syntactic
structures of elementary sentences categorize ¢herig interactions in space
and time. Structural syntaxes like Tesniere’s amskecgrammars like Fillmore’s
belong to the same paradigm. All these theorigsaorlan actantial theory using
semantic roles defined by spatio-temporal schemaslas to schemas of
perception and action and therefore rooted in d¢ovgnévolution.

In this context, Thom's theorem is of primary intpace: it is possible to
classify the actantial spatio-temporal interactitmsnks to the classification of

> Readers interested in the theory of mathematios wish to read (in French):
Chenciner, A., (1980). “Singularités des fonctiod#férentiables”, Encyclopaedia
Universalis Paris; as well as the compilation | made in 1@8Zrench):Eléments de
théorie des singularités
http://jeanpetitot.com/ArticlesPDF/Petitot_Sing.pdf

% We use the term “actant” analogue to what areedaemantic roles” in case
grammars. It is a deeper concept than that of rfaoto‘character”.
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elementary catastrophes. This theorem proves tiseeage of case universals. It
is obviously a fundamental result.

These hypotheses have been controversial. Numbengussts objected that
language is independent from perception and thet & cognitive facultysui
generis Chomsky for instance argues for the notion ofoaamy of syntax.
Other linguists acknowledge the existence of liwké perception but argue that
the linguistic categories of perception cannot kgagted from the perception
itself. And, in any case, these hypotheses ar@blaw interest for linguists de-
scribing actual natural languages since they pettaia deep “proto-linguistic”
level, far below from the morphosyntactic diversitfynatural languages. How-
ever, these hypotheses have a great theoretigafisamce for building bridges
between linguistics and cognitive neuroscience®yTiave also a great techn-
ological relevance, in order to build robots albdecbnvert natural language
instructions in terms of perceptual structures godor programs.

Q. Could you elaborate upon the relation between talist hypothesis and
catastrophe theory?

If one try to schematize perceptual scenes andhiztaelations (schematization
Is a strong simplification focusing only on the esggal forms), one encounters
again structures that are derived from elementatgstrophe.

Let's take objects distributed in space, that isayp static configurations of
spatial actants. Let us add a temporal evoluti@a dhanges this configuration
dynamically. These temporal evolutions generalfdléhe actants to interact. It is
then possible to represent the actants throughnmairef a potential function
(here is the schematization) so that to turn theractions into bifurcations and
so that it is possible to apply the models of eletawy catastrophes. | explain this
in details inCognitive Morphodynamié§ A schema such as “to take an object
is the fact that there is an actant and an objdattware initially disjoint and
which, later, are conjoint. The verbal node lexiad by the verb “to take”
describes this interaction, which is a bifurcatiderivable from the cusp
catastrophe. As soon as early 1970s, Thom maddisthef the “archetypal
actantial graphs” that are derivable from elemgntatastrophes.

Later on, Thom's archetypes have turned out to featgprecursors of
several cognitive models of language: Fillmore’anies, Langacker, Talmy,
Lakoff's image-schemas, Haiman's “iconicity in saxit Desclés’ “cognitive
archetypes”, Shank and Abelson’s scripts, etc. (hore details se€ognitive
MorphodynamicS).

’pPeter Lang, Bern, 2011.

28 gee for instance “Topologie et linguistiqu&ssays on topology and related
topics A. Haefliger and R. Narasimhan (eds), Spring®i(l 226-248. Reprinted in:
Modeéles mathématiques de la morphogeniéaes, 10-18 UGE, 1974.

% See for instance Fillmore, C., (1978frame semantics and the nature of
language”, InAnnals of the New York Academy of Sciences: Corderen the Origin
and Development of Language and Spe¥olume 280, 20-3Z2Haiman, J., (ed.) (1985)
Iconicity in Syntax Amsterdam, J. Benjamins. J.-P. Desclés (198@hgages
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Using the fact that elementary verbal nodes granmcalete bifurcations of
actantial relations, you can build a theory of atnsalency. It was one of the
results that mattered the most for Thom. All thegliists that have been
interested in verbal valency know that there ignaitlof 4 actants (the few
controversial cases with 5 actants use indeed hle@actant). Where does this
limit come from? Why could not we be able to creatav semantic roles
allowing for an increase of the valency? AccordingThom, it is one of the
strongest evidences of the rooting of actantiatasyimto perception and action.
Indeed, perception and action take place in a Z4edsional space-time, and
archetypal actantial graphs derive from elementatastrophes whose external
space have 4 dimensions at most. This closedflsttastrophes, drawn from the
classification theorem, puts a drastic limit on dwoenplexity of the bifurcations
and, then, on the verbal valency. We then obsdmag in all archetypes, the
valency has a limit of fodf. According to Thom, this constraint comes from our
outer world.

Of course, several linguists objected that, in nufsthe verbs denoting
action, there is an agentivity, and that agentsgamerally intentional agents.
However, numerous remarkable experiments have shownstrongly agentivity
itself is deeply rooted in perception and actios.&arly as the 1940s, F. Heider
and M. Simmel have shown that movements, even @mphes (such as
movements including accelerations, decelerationanges of direction, etc.) of
simple forms (triangles, circles, rectangles ofiaas sizes) were spontaneously
described by way of intentional action verbs (“coimig “come out”, “give”, but
also “hide”, “escape”, “hunt”, “attack”, “force”,te. *Y). Since these pioneering
experiments, numerous works were devoted to sueh@hena. Let us mention
for instance J. Scholl and P. D. Tremoulet on theegption of causality and the
animacy of objects; D. Premack on the perceptiomt@ntional movements by
children; S. J. Blakemore and J. Decety on the ecehgmsion of intentions; M.
E. Zibetti on the fact that we interpret as if thevements we perceived were
caused by intentional ageritsAll these works try to unveil the evolutionarydan
cognitive roots of the tendency we have to intdrgrerely cinematical and
dynamical motions as if they resulted from an ititeral agentivity. All these
authors showed that this tendency is automatic;aomeceptual, “hardwired” and
‘rooted in automatic visual processing”. Their weorkffered a general con-
firmation of Thom'’s theses.

applicatifs, Langues naturelles et Cognitidparis, Hermés. Schank, R., Abelson, R.P.
(1977)Scripts, Plans, Goals and Understandiktilisdale, Lawrence Erlbaum.

%0 Wwith 4 as the number of dimensiodsof space-time and with 4 as the
maximum valency(d), we have/(4) = 4. But it is not the case th4tl) = d generally.

31 Heider, F., Simmel, M. (1944) “An experimental juwof apparent behavior”,
American Journal of Psycholog§y7 (1944) 243-259.

32 See for example Scholl, B.J., Tremoulet, P.D. (0®erceptual causality and
animacy”, Trends in Cognitive Scieneg8), (2000), 299-309. Blakemore, S. J., Decety,
J. (2001) “From the perception of the action to tineerstanding of intentionNature
Reviews Neuroscien& (2001), 561-567. Zibetti, E., Tijus, C. (200Berceiving Ac-
tion from Static Images: the Role of Spatial CotiteXCONTEXT(2003) 397-410.
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Q. How to build a model of the perceptive scene?

This is an old and interesting issue. In order mvenfrom perception to lan-
guage, it is necessary to describe the perceptieaes very schematically in
order to specify the relevant information that dddae translated into elementary
proto-sentences. But how to simplify the percepseenes in a bottom-up and
data-driven way, and how to define the linguisticaklevant information that
lays inside?

For instance, let us consider a preposition aso%r (this example is
drawn from my bookCognitive Morphodynamig¢s This preposition can be
applied to a huge diversity of perceptive scen@srdss” can be applied to the
crossing of a street, a lake, a field, a countywalking haphazardly into a
forest, etc. How would it be possible to define tleometric and topological
invariant content of “across”? Obviously, that inaat pertains to the notion of
“transversality”, but how could we design algorithmxtracting such a schema
from a real and complex scene? The problem isntbdiood tools for simplifying
the scene, tools strong enough for skeletonizingut also able to preserve the
relevant information (“transversality”). I6ognitive morphodynamic$ showed,
together with René Doursat, that some morphologilgdrithms implemented in
neural networks can do the fGb

Figure 5 schematizes the clause “zigzagging adtessvoods”: &) is the
input image; it contains two objects: the path #mel wood. ) and €) result
from a first preprocessing using morphological alfpons of dilation and
skeletonization. d) and €) result from a second preprocessing; @ the
intersection of skeletonsik(A) and skB) allows one to extract the invariant
schema of “transversality”.

3 These algorithms are discrete variants of dynamicesses of diffusion and
skeletonization often used in morphodymics. They @mputationally very efficient.
They have been developed by G. Matheron and Ja $ext their colleagues. See for
instance: Serra, J. (1982inage Analysis and Mathematical Morpholodyew York,
Academic Press, 1982.
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Figure5. The extraction of the invariant content “transadity” in a
pixelized image described using the prepositiomdss’

| stress the fact that these morphologanalyses of images are not obvit
at all and that our capacity to easily and coryeafpply prepositions to visu
scenes is far from being understood. This issu@risnost complex than the
already quite difficult, of hand writing recognitis

I\V. Modelling and simulation
Q. What is the relation between modelling and simaltion?

Models are mathematical, but do not belong to tyedliam not a realist c«-
cerning mathematics. Let us consider classical iphysNewton’s eqttion is
perfect, but plaets do not do differential calculus. They move, the&y do no
solve equations. However, Newton’s equation alldws computing (eithe
explicitly or only numerically) some solutions thsimulate perfectly the «
served motions. The same holds for alldels. We start with collecting a gre
corpus of empirical data and then we try to find@denodels able to generat
virtual reality that simulates the empirical regal

If the morphodynamical models based on the thesis of the rooting ¢
languagein perception are correct, then it would be righttrty to understan
their neuronal implementation. It is not easy dt &tephen Kosslyn, a we
known neurophysiologist of vision, has studied witlrrent methods of bra
imaging the neural activity ring the use of prepositions. He showed that t
exist two systems for the processing of spatiahti@hs: one is a cdinuous
quantitative processingh(is more or less abou®), and the other is a categori
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discontinuous processind\ (is above or besid&). Moreover, the two neural
processings are lateralized: the continuous onestgitace in the right hemi-
sphere, while the categorical one takes place énlgft hemispher® Hence, if
one wants to know exactly how the brain deals ithpositions, he has to go
deeply into the analysis and modelling of the lbeékween perceptive structures
and linguistic categoryization.

Interested readers will find more informationGognitive Morphodynamics
as well as in my 2008 bodkeurogéométrie de la vision. Modéles mathématiques
et physiques des architectures fonctionndllés which | deal with the neural
implementation of basic properties of perceptiohi@ are already very difficult
to understand even though they remain very far fril@a complexity of
language).

Q. Is simulation a form of explanation?

It depends on the structure of the models on wthehsimulation is based. “It
works!” is not by itself an explanation since ingaertain to the mere fine-tuning
of ad hoc parameters. Models are explanatory whey @rise from general and
strong hypotheses while being able at the same timegenerate good
simulations. It is the case with Newton’s equatiaich results from general
physical principles; it is the case with the eletaen catastrophes which result
from general principles of structural stability aindm the dimensions of space-
time.

Q. Numerous linguistics phenomena are quantitativgl characterized by a
Zipfian distribution. Is there any relation between this characteristic and the
modelling proposed by catastrophe theory?

I have never worked in the field of statisticalgiinstics. Regarding Zipf’s law in
parttg%ular, | haven't worked on this subject, aligh the CAMS did work a lot
on it™.

However, one can't ignore that statistics are adgeay for approaching
regularities and that, during acquisition, childege learning rules in a statistical
way: they extract linguistic rules by generalizmger a finite set of examples.

3 Kosslyn, S.M. (2006). “You can play 20 questionghwnature and win:
Categorical versus coordinate spatial relationa aase study’Neuropsychologia44
(2006) 1519-1523. See also Kemmerer, D. (2007) afdscientific Perspective on the
Linguistic Encoding of Categorical Spatial Relastr_anguage, Cognition and Space
(V. Evans et P. Chilton edspAdvances in Cognitive Linguistickondon, Equinox
Publishing Co.

35 Les Editions de I'Ecole Polytechnique, DistribatEllipses, Paris.

36 Cf. Micheline Petruszewycz, “L'histoire de la tbEstoup-Zipf: documents”,
Mathématiques et sciences humajgs(1973) 41-56.

216



Interview with Jean Petitot

There are very interesting connectionist modelssghby Jeffrey Elman
seem to me to be the most interesting) that moo\el the syntagmatic statistical
regularities induce semantic paradigthsYou consider a small corpus con-
taining various classes of nouns (animate agent, avomate object, etc.) and
various classes of verbt® (eat, to read.). Then you do supervised learning with
a neural network: you give a word as input to teevork, you ask it to add one
more word, and you correct it if it outputs an ihecent sentence. At the
beginning, the network produces outputs that hdavany coherence, neither
syntactically nor semantically. The corrections yminted-out allow it to change
its internal structure (i.e. to change the weighit® hidden layers) by retro-
propagating the errors. When learning is donenttevork does not make errors
anymore. Then, you look at its hidden layer, and gee that it has built para-
digms (animate agents, inanimate objects, statesyéransitive and intransitive
action verbs, etc.). “Paradigm” here means that wioeds are grouped into
clusters. In other words, in order to produce adrsg/ntagmatic sentences, the
network has built some semantic rules.

Q. In the field of complex systems, what are the flerences today between
dynamical models and connectionnist models?

The difference between (morpho-)dynamical modets @nnectionist models is
the following: connectionist models do have intérdgnamics and, hence,
attractors. They are made of atomic units (the &rmeurons) linked by
inhibitory/excitatory connections having synaptieight. Each unit influences
the units to which it is connected, which produaegobal internal dynamics of
the network.

The main interest of these connectionist modeltoisnake explicit the
underlying differential equations, whereas theyagrad implicit in Thom’s and
Zeeman'’s works. These equations (introduced by Taekan, Hugh Wilson and
John Hopfield®) have very interesting properties and look veryilsir to those
found in statistical physics in the theory of sglasses. This has allowed, during
the 1980s, a massive transfer of a large bulk siflte from statistical physics to
connectionist models.

But the fundamental limit of connectionist modedghat they do not model
the bifurcations of attractors that can result framexternal dynamics modifying
the attractors. They do use external dynamics bigtflg for modelling learning
processes. The consequence is that they cannat affodels for constituent
structures needed by all syntactic theories. Asdabate took place at the end of

37 Cf. Elman, J. (1989). Representation and Struciur€onnectionist Models,
Cognitive Models of Speech Processif@. T. M. Altmann, ed.), Cambridge, MA, MIT
Press, 1989, 345-382.

% H.R. Wilson and J.D. Cowan (1972). Excitatory amkibitory interactions in
localized populations of model neuror&pphys. J. 12 (1972) 1-24. J. J. Hopfield
(1982). Neural networks and physical systems witiergent collective computational
abilities. Proceedings of the National Academy of SciencabeoflUSA 79, 8 (1982)
2554-2558.
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the 1980s between classic cognitivism (Jerry Fadaw Zenon Pylyshyn) and
connectionist cognitivism (Paul Smolensky). Fodad &ylyshyn's thesis was
that if one models the components of a sentencattogctors of a neural net-
work, then it is not possible to model constituendyey were right. In order to
model syntax, a model needs to be able to modedtitoency, which is im-

possible with attractors only.

However, as | wrof&, Thom’s actantial models provided an answer at the
beginning of the 1970’s, to this key issue of tae11980’s! Indeed, thanks to
their built-in bifurcations, these models allow farhat | call an “attractor
syntax”. If one models constituents (for instan@etants) with the attractors of
some network, then it is not possible to model thkations between these
constituents (for instance, actantial relationsainverbal node) through the
attractors of the same network. One needs interactetween attractors, that is
bifurcations. Attractors' bifurcations allow foretlilynamical modelling of verbal
nodes and constituent structures. It was the demesm of Thom's actantial
graphs we have already discussed.

Q. Have these models proved seminal? What are thetaal research results
that are based on your work in cognitive morphodynanics?

We already talked about phonetics. In actantiatasyrthe most important works
are those by my friends Wolfgang Wildgen and PegeABrandt. In the teams of
Aarhus and Copenhagen Peer Bundg8arBvend @stergaard and Frederik
Stjernfelt have used morphodynamic models. In Pdbdiavid Piotrowski, a
structuralist in the line of Hjelmslev has elabethiupon my propositions and
plans to use neuroimaging (EEG). He claims thatdgoeuroimaging experi-
ments may help decide between linguistic theoriesesacceptability may be
tested with neural waves, in particular N400
Again in the field of linguistics, there are worky Bernard Victorri on

synonymy that use dynamic models in an innovatieg'tv About prepositions,
there are many works that still need to be modeltegarticular those by Claude

39 (1991) Why Connectionism is such a Good Thing.r&i@sm of Fodor's and
Pylyshyn's Criticism of Smolenskighilosophica 47, 1 (1991) 49-79. (1994) Attractor
Syntax: Morphodynamics and Cognitive Gramma@mantinuity in Linguistic Semantics
(C. Fuchs et B. Victorri eds), Amsterdam, John Bemps, 1994, 167-187. (1995)
Morphodynamics and Attractor Syntax. Dynamical amdrphological models for
constituency in visual perception and cognitivengraar,Mind as Motion (R. Port and
T. van Gelder eds.), Cambridge, MA, MIT Press, 199%5/-281. Articles summarized
in Cognitive Morphodynamics

“0 Cf. for instance P. Bundgaard and J. Petitot (€@€)10)Aesthetic Cognition
Special Issue ofCognitive Semiotigs5, 2010. F. Stjernfelt and P. Bundgaard (eds)
(2011)Semiotics. Critical Concepts in Language Studiswy York, Routledge.

“! piotrowski, D. (2009)Phénoménalitéet objectivité linguistiquesChampion,
Paris.

2 See Victorri B., Fuchs C. (1996)a polysémie. Construction dynamique du
sens Paris, Hermes.
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Vandeloisé®. In the volume edited in tribute to Vandeloiseerthis a very i-
teresting paper by Langac™.

In the field of perception, perceptive bifurcatidres/e been studied ex-
sively. There are models that follow Thom expligitbthers that follow Pric-
gine, and others synergetics; tever, all these models are based on bifurcat
There is a largemount of empirical data. For instance, the Neckdrec(figure
6), with its wellknown double perspective. The sam-dimersional stimulus
can be interpreted as a-dimensional object in two different ways, and th
two ways are bifurcating one in 1 other in a spontaneous and alterna
manner along temporal series that have been sturiddpth. The inversion ¢
perspective is easy to understand. -dimensional images, there are two po
particularly sakent and informative (the two edges the centre of the figure
and according to the way you focus on one or therodf these two points, tl
cube is seen under one or the other perspectivareTil also the example of t
Rubin’s face (figure 7¥.

—

Figure6. Necker’s cube
(source http://fr.wikipedia.org/wiki/Cube _de_Necl)

3 Vandeloise, C. (1986L'Espace en Francais: Sémantique des préposi
spatiales Paris, Editions du Seuil. (2009) “The genesisditial terms” Language,
Cognition and Space: the State of the Art and Nexgctions (V. Evans, P. Chilto
eds), London, EquinoAdvances in Cognitive Linguist), 157-178.

* Langacker, R. (2010) Reflections on the Functida&racterization of Spati
PrepositionsEspace, Préposition, Cognition. Hommage a Claudedebist, (G. Col,
C. Callin, eds), Corela.

4> The vasdace by Edgar Rubin (Rubin, 1921) shows the impmeaof the
figure-ground contrast in perception. According to whetbee looks at the white ar
as the ground or the form, one sees two facevase
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Figure7. Rubin’s face
(source: http://fr.wikipedia.org/wiki/Perceptiongfire-fond)

Thus, inmany domains where mereological concepts of moggyoand oi
strudure mean something, one of the major issues i®mstehding how c-
egories can emerge in continuous substrates. Eyrahe needs models whe
in one way or another, there exist fesses that produce discontinuities. (

camot escape this necessity and this explains tlesaate of morphodynamic
models.
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This article presents some elements and milestibiaded to the emergence and
development of the topological paradigm in lexisemantics in France, and
more specifically, to the computational realizatahat ensued. The concepts
that laid the groundwork for this paradigm aros¢hatinterface between math-
ematics, linguistics, and computer science, conydyea scientific community
that has inherited both a modelling tradition arsgtof linguistic theories whose
foundation includes mathematical terminology. Theeagdigm rests on topol-
ogical notions, data-analysis methods, and a bogpteichnological context made
possible by the development of computer sciencetl@dgossibilities it offers:
large calculations, databases, and digital corpora.

There are many ways, of course, to grasp and egposteriorithe his-
tory of ideas and scientific realizations. In corgwnal lexical semantics,
authors often reduce the presentations of theikwmrgoals initiated in natural
language processing (NLP), such as the problemen§es disambiguation in
context. | propose instead to trace the link betwalkestract mathematical con-
cepts and the sometimes-oblique influence they ek in this domain. This
link has grounded the representation of lexical as#ios in a process of un-
folding potentialities, unlike sense disambiguatwinich is more like a process
of reducing the set of possible meanings.

I will begin by attempting to present the lingutsdind mathematical in-
heritances, which, by way of conceptual links, ldid foundation for the disci-
pline. | will then examine the various solutionoposed (dynamic systems,
vector spaces, geometrical space, etc.) and thglementation (neural nets,
data analysis, etc.), while trying to highlight tfi¢ between the semantic
phenomena to be described and the abstract wadsirgg so. Unlike generative
grammar, whose formal framework is essentially tgcafonto the concept of
inference, the topological approach to semantichichv looks at meaning
variability in context, is built on the notions tpace” and "dynamics”. | will
pay particular attention to the different levelsoofjanization proposed to support
the explanation of variability: the observable lewé lexical units, and the
underlying level of theoretical units (featuresnes, cliques).

1. Scientific Inheritance
1.1 Linguistic Theory and Topology
Antoine Culioli's theory of enunciative operatiohas certainly had a great

influence in France and has enriched the link bebwmeontinuous mathematics
and linguistics. The terminology used therein istaed directly from topology.
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Accordingly, a notional domain that structures ¢hass of occurrences of a given
notion (which itself refers to a system of cogretivepresentations, e.g., the
notion denoted /cat/) is composed of iaterior' endowed with arorganizing
centre(which is a type occurrence), axterior, and aboundary(Culioli 1999).
The theory also includes the concepts of stakalitgt deformation, which we find
in the theory of dynamic systems. "Withatbility, there would be no regulated
adjustment, no communication [...] but stabilitynpat be confused with rigidity
or immutability. Linguistic phenomena foralynamic systemthat are regular,
but with a margin of/ariation due to a wide variety of factors: these phenomena
are both stable and malleable. [Dgformationis a transformation that modifies
a configuration in such a way that certain propsrtdo not vary under the
transformation, while others do. [...] For deforntigoto exist, we have to have a
schematic form (such that we can see both modibicand invariance in it),
there must be some deformation factors and sonwalgei.e., an adjustment
space endowed wittopological properties.” Culioli 1991; 1986T1:129-130).
This quoted remark places enunciation theory immagigm very much like the
one proposed by René Thod®{7,198), in which the main task is to account
for possible deformations of a concept or categora way that allows it to
retain its structural stability.

Other linguists like L. Gosselin founded their @sh on a framework
involving topological representations. Gosselin (1996)this author proposes a
computation-based model of French temporality aspkeet, grounded in a re-
presentation of linguistic processes based on teshjaervals (in the sense of
continuous bounded time frames).

References to these mathematical notions have bien grouped under
the heading "continuist models”, with continuityinge a concomitant notion to
that of spatiality. The concept of continuity hdsoabeen used to delineate an
approach opposing the discrete one, wherein litiguisits are finite elements
that create meaning by combining with each othdr.aAconference entitled
"Continuity in Linguistic Semantics" headed by Qichs and B. Victorri (1994),
various types of arguments were advanced to ex@lathsupport this trend of
ideas:

 The extralinguistic parameters that convey languagesuch as
perception, movement, space and time, and pragecatiext — are
continuous in nature, and it is necessary to addaurnow one goes
from these infra-linguistic levels to the lingucstevel.

 Polysemy and the intrinsic variability of word mean is better
represented in a continuous space.

« Difficulty using a purely symbolic framework to ammt for the
results of psycholinguistic experiments on categion calls for a
paradigm that includes either weighting (using ealuaken from
real numbers) or gradients in a continuous space.

! Terms common to the quoted passage and topologiatthematics are shown in
italics.
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« Continuity allows one to synthesize a large setlafa. (This is a
methodological argument that does not assume thatincity is
used to adapt to the intrinsic nature of objects.)

Apart from the work by L. Gosselin, who used tengboepresentations to
build a computational system, a continuous topaligiramework is called upon
the most because it allows one not only to analyssception- and context-
based analysis, meaning analysis, comparative gsowe of concepts, data
processing, etc.) but also to explain categoryiifleation processes. This
approach differs from generative theories in lisgjas, wherein the concept of
inference is implemented within a discrete paradmgppmpatible with a logical
framework. Here, the objective is to synthesizguistic mechanisms by pro-
posing rules and then calculating and producing sisieof well-formed utter-
ances.

Thus, the features of the models are in keeping thié formal framework
chosen. The characteristic feature of the topolddramework is the presence of
different, incommensurable levels of units: thetsimif the studied objects, and
the units of a substrate level where the objeatd'suelineate shapes or are
defined in terms of their deformation potentialtbeir dynamics. This frame-
work is thus more suitable for a semantic analysighin” lexical units. The
discrete approaérenables one to compose units in order to genagateones of
the same nature, which is why it was chosen agyémerative framework for
combining linguistic units when the goal is moreunderstand the operating
rules interlinking them, than to uncover their mia structure.

1.2  Space, Topology, Dynamics, and Modelling

The idea that topology is a necessary paradigmrst-fior modelling perception,
and later, lexical semantics because of the Iattenk to the perceptual
modalities — is anchored in a tradition of worknrathematics and philosophy
initiated by Poincaré (1921), who "strove ... t@lgme the psychological origin
of the notion of space.” Ina Science et I'hnypothéé8cience and the Hypothesis,
1968}, Poincaré analyzes the constitution of the physicatinuum and the
space containing our representations, based orexpariences and immediate
sensory data. R. Thom's work, which aligns withnearé's, goes beyond the
perception of shapes and space by adding dynamielimg of morphogenesis

2 Although the concepts "movement” and "displacethexist in generative linguistics,
as does the concept "dynamic" in formal semantlesy have not, to my knowledge,
received any mathematical underpinning in the fofra mathematics of dynamic sys-
tems, and they are still described in terms of tamgs attached either to the sentence's
tree structure or to mathematical logic.

® Poincaré's work influenced philosophers such as Micod, who published a study
on the construction of a geometry of space fromionogensations. Nicod was able to
take advantage of several mathematical framewaksh according to its specific
characteristics: Russell's mathematical logic foduction, and Poincaré's work on
topology for constituting a proper space.
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phenomena like those found in language and sensamiccordingly, Thom
describes verbs as specific processes that unigdglarities linking the subject
of a process to its object and any other existiogsttuents. J. Petitot (2011)
showed how the theory of dynamic systems can adctmuncategorical per-
ception in phonology and also in syntax, wherethesses the fundamental links
between vision and syntactic structures.

However, while the dynamic topological paradigmeos$f an explanatory
framework for semantic analysis - in the senseitratows one to derive the set
of all possible variations, and only those variasioas a function of the internal
parameters associated with the organizing centtgpar schema - its theoretical
proposals are confined solely to case studies. #mde is no systematic
computation-based realization following directlprir it that is able to assign a
semantic space to each lexical unit, one capablmadelling its constitutive
dynamics and the organization of the different s#tinavalues it takes on in
context.

As a result, the massive realizations (massivlersense that they apply to
the entire set of words in the language) have eenllerived from a topological
model of the spaces proper to each lexical unit, rather from a systemic
approach using linear algebra, i.e., data analydh®e data-analysis approach
encompasses work done by several researchers wdeldmview of organizing
large sets of data coming from different domains@énce and the humanities.
The main idea is to extract components or axesdthatv one to determine the
principal variations that structure the data.

In the 1960's in France, Benzécri's work and hisespondence analysis
(hereafter called CA) were well received and witizy the scientific community
in many fields, particularly sociologyoéurdieu 199% When applied to textual
data, a correspondence analysis calculates thelioates of words in a space,
using tables filled in by extracting informatiorofn text corpora and question-
naires, etc. The coordinates are then used to cengamantic neighbourhoods
and semantic proximities between words.

In sum, major differences separate structural twgioal approaches like
those proposed by J. Petitot or B. Victorri and Y Wisetti, from approaches
based on correspondence analysis. The former ldothea topological and
dynamic structure of lexical units; the latter lgsst the first realizations) attempt
to represent the structure of part or all of thaden. The topological approach
defines a dynamic configuration within which it ettly relates the different
types of utterances containing a given lexical ,utot the unit's variations in
semantic content. The statistical approach usessgproximities to interlink
the lexical units in the set of words under stuidgstly, while the goal of the
former is to dynamically study the constructionnaéaning, the latter are static
models that represent meaning.

1.3 Computers, Corpora, Graphs, and Calculations

The advent of computers constituted a major teduicdl advancement towards
the implementation of models and the validation tieéir linguistic output.
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Computers gave us the ability to compile large tatpora, develop computer-
ized dictionaries, and perform enormous calculation

Compiling large corpora. For the English language, the compilation of
large corpora began in the 1960's (Brown Corpu$71BNC, 1991, etc.).
France followed in the 1980's and 1990's (Frani®88; the Inalf corpus of
synonym dictionaries). These sources led to mamgussbased studies in lin-
guistics (Habert, Nazarenko, Salem 1997) and iarabtanguage processing.

Software and implementation of mathematical methods The arrival of
computers had another consequence, namely, theenmepltation of connec-
tionist models and statistical methods for analgZext, the latter of which gave
rise to many studies in laboratories like the S@ilud Lexicometry Lab in
France. This work went beyond the study of lexgmhantics, covering domains
such as sociolinguistics, literary analysis, andcadirse analysis. The devel-
opment of computer systems like Alceste, Semantiasas, Lexico, Hyperbase,
Prospero, TreeCloud, etc., which are still in wsay, is currently a very active
area of research. These software packages enabbtutty of word frequencies
in large reference corpora, co-occurrences of wordsxts, and techniques for
visualizing semantic proximities using various noeth such as correspondence
analysis and hierarchical classification. The &pib see output in spatial format
has had a great impact on society, with graphisear@tions of news analyses
and political discourse (Jean Véronis, http://bkegonis.fr/), and on the world of
design, with the use of word clouds that have iedadur daily lives (publicity,
banners, etc.) and inspired artistic works like iBddordmann's Semographe
(http://www.borisnordmann.com/semographe/).

In the next section, | will begin by giving someofatypical examples of
realizations of connectionist networks that congtmmeaning in context, while
relating each one to its formal source frameworke | will present some
spatial models devoted to the representation oiningalincluding some of the
so-called vector space models).

2. Models and Realizations

2.1  Dynamic Models of Meaning Construction in Corgxt and
Connectionist Realizations

In order to implement dynamic models, researchergehused connectionist
networks. This type of network was chosen becatiseshared objective: using
data or initial states to determine a system's emence states. In this vein,
researchers in linguistics attempted to find a rhetlgt relied on dynamic con-
vergence to determine the possible semantic vatuealmes of a word, as a
function of its context of usage (considered toitsenitial state in a connec-
tionist network) and as a function of its initiaéights, the network's architecture,
and the learning rule. After several iterationstlud system, the values of the
weights stabilize — this corresponds to the netvgarsponse. In Victorri, Fuchs
(1996), we find a description and a precise jusdiion of the fit between dyn-
amic models and connectionist networks in semaniibe theory of dynamic
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systems serves as a framework for synthesizing usmtkrstanding the set of
semantic variations of a lexical item in the vasauterances that contain it. For
example, the French wormhcore which is presented as a paradigmatic example
of this approach, is endowed with a core meanitige(part of its meaning that
remains invariant” over and above the different rincations of the co-text) or
abstract operator, described in a diagram likeoties used by A. Culioli. "Let D
be any domain (temporal, spatial, notional, etcet P be a proposition whose
domain of definition is D and whose domain of vajiddenoted D(P), belongs
to D. Now let T be a trajectory in D ang, & privileged point on that trajectory.
Then the various senseseaicorehave in common the fact of indicating that the
boundary between D(P) and D(non-P) crosses T aird  beyond ¢, while it
would be conceivable or even predictable that itlde before it." The authors
show how different utterances containing the wertoreinduce a dynamic
process described by the diagram. This operatastitotes the invariable part of
the word's semantics. The variable part (such eddtt thatencorecan refer to
the repetition or sustainment of a process) is rie=t via different dimensions:
"The first has to do with domain D ... The secondaerns a way of travelling
along the trajectory and corresponds to the distincfundamental foencoreas
well as for other grammatical markers, betweenrdiecand continuous. Lastly,
a third dimension, which pertains more to the emtocs point of view, em-
phasizes that such and such an aspect of the mpeméscribed byencore
proves necessary in the end to differentiate betvilee typical values." Another
dynamic system is then uséd model the process that determines semantic
values as a function of the co-text's charactessfThe co-text is described as
follows: Each lexical unit in the utterance is désed using linguistic features:
singular or plural for nouns; stative, spatial, iooal for verbs; etc. These
features are encoded in the form of vectors compadel's and 1's. The se-
mantic values output by the system are associatidadvarious reformulations of
encore— a nouveayagain),une fois de plugonce again)lavantaggmore),un
peu plug(a little more) — and constitute the attractorshaf dynamic system.
Two levels of units are distinguished here. Thstfievel contains semantic
values paraphrasable by locutions and representdidebsystem's attraction and
convergence basins. The second level containsrésatomposed of elements of
linguistic description, represented by values betw8 and 1 in a multidimen-
sional space whose dimension is equal to the numbéeatures. Despite the
intrinsic merits of this type of modelling for olbteng a concise understanding of
a lexical unit's semantic variations in contexg thfatuation for connectionist
networks and their use in lexical semantics, acagnition in general, dwindled
in the late 1990'$1 would be tempted to analyze this disappearanderims of
the intrinsic limitations of having to choose fea and primitives by hand and
the pitfalls involved in encoding them as real nembalues. Clearly — and this
IS not a characteristic of connectionist modelsn@josince we find it in any

* A few new projects (se€hristopher D. Manning’s works for example) arengsthis
paradigm to reproduce and improve vector space Inatrived from data analysis,
while also taking the order of words in a sentemte account, something that data
analysis cannot do.
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proposal defined in a metalanguage, such as afligttributes (argumental,

evenemential, or qualia-related (Pustejovsky 1988)semes (Rastier 1987)
assumed to be finite in number — recourse to alar@aage with a finite voca-

bulary raises unresolved metatheoretical questismsh) as whether a complete
and potentially minimal set of primitives existsh@gve a set of primitives is

complete if it can describe and simulate any coie§iin process, in this case
semantic) and whether we are capable of selechay set. The problem of

choosing primitives also goes back to the problemsow to encode them (in

the above example, by a vector composed of O'slandvhere 1 stands for the
presence of the feature, 0 otherwise) and whetleercan determine the cor-
respondence in a systematic way.

The replacement of connectionist models by datdyaisamethods —
which while not fully responding to the goal of nadithg the meaning-con-
struction process but nevertheless offering theaathges of systematicity and
automaticity — undoubtedly also precipitated tltksappearance

2.2  Spatial Representation Models

Unlike generative Rustejovsky 1998pr connectionist models, which simulate
the processes that compute meaning, models thapase as a paradigm do not
give access to processes; instead, they providpragentation of word meaning.
Now called vector space models, since most usec®iven a multidimensional
space to represent a word (as explained belowkethmodels rely on data
analyses, especially text datBenzécri 1980; Lebart, Piron, Steiner_2003
Among the wide variety of studies using methodsveerfrom data analysis, two
major types can be distinguished: those whose angdinguistic entities only,
and those that construct a level of units othen iigectly observable ones, such
as cliques or small worlds. This distinction wa®s#n because it also corres-
ponds to certain objectives and particularitiese Td¢rmer type of method essen-
tially focuses on the organization of all or pafttlee lexicon, taken in its glob-
ality; the latter also permits a representationhef internal structure of a lexical
unit's semantics.

Vector space modelsVector space models are generated via the auto-
matic extraction of co-occurrence links frazorpora The initial units are the
word, the sentence, the paragraph, and the téxdelheated by separators such
as blanks, punctuation, a carriage return, etce Nwait the process of segmenting
into word units, even very basic ones, involves imglsome critical choices. In
this approach, for example, the French term foajpggomme de terréiterally,
apple of the earth), is made up of three words, or@, whereas the words
maisonandmaisons(the singular and plural of the wohdbusé@ are two distinct
lexical units. The vector space model automaticplyforms a factor analysis
between the words on the one hand, and the texitaragraphs that contain them
on the other. To do so, it builds a table with ttmcuments, sentences, and
paragraphs in the rows, and all words in the corpuble columns. The cells of
the table are filled with the number of occurrenoéshe word (the column
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header) in that portion of the text (the row headeymetimes reduced to 1 if the
word is present and O otherwise. Then the chosenatalysis method is applied

to this table. The output associates a vector nmuéiidimensional space to each

word, paragraph, or text, and defines a systenemfhiourhoods pertaining both

to the terms and the texts or paragraphs. The framechosen for representing

the semantic neighbourhoods is thus a Euclideacespa some cases, semantic
similarity between two words is not measured byEhkelidean distance between
their associated vectors but by the cosine of tiggeaformed by those vectors.

Below, | outline some of the features of these nwde

Vector space modeldo not assume any kind af priori organization for
the semantics of lexical units, nor any substratell of organization (there are
no semantic features, nor an organization levedrfiman the word). Only the
paragraph, the sentence, and the text, taken gs''b&words, constitute another
level (whose own organization is not studied dig@ct

In addition to being used in NLP, these models hlagen taken up in
psycholinguistics, where they provide an answea twiticism addressed to the
classic approach to concepts (also called Aristigloriginating in an altern-
ative trend to the one that developed followingRiesch's work (Collins, Loftus
1975; Rosch, Mervis 1975). Researchers in thidtigurestion the feasibility of
defining concepts and word meaningirftsch 200), and, via experimental
paradigms, have pointed out contradictions thabWolfrom the presupposed
existence of definitions based on a fixed list ecessary and sufficient con-
ditions or properties. Rather than a system hiéreatly organized into a list of
properties, they prefer an organization foundedhennotion of similarity, with
spatial models offering a form of realizatiohVé seek a mechanism by which the
experienced and functional similarity of conceptsare created from an
interaction of experience with the logical (or mathatical or neural) machinery
of mind' (Landauer, Dumai$997)

However, from the standpoint of lexical semantggatial-representation
models have some intrinsic limitations. Indeed,rd@resentation associated with
a word is atomic, in the sense that the differembgonents of the vector are not
interpretable in terms of semantic characteristte®. this reason, the semantic
values of a word cannot be represented in and erhskelves. The only thing
given is a list of neighbouring words, which, whidach is associated with one or
more of the word's valuésjoes not allow one to separate them. The "logic" o
the word's meaning (i.e., the distinctions androdenections between the dif-
ferent semantic values) is not a direct outputhefrmodel; the sole calculation is
a measure of the distance between words. In susnprpanization of the dif-
ferent senses of a word into classes or a treetstri(as in dictionaries or the
WordNet database (Fellbaut®98 has no counterpart in a vector space model.

Representation of polysemyThe initial plan to model meaning in context
and characterize the semantic space proper to engmnord is not directly
achievable using data analysis applied to textararpunless one introduces

°> Note, however, that Schitze's99B work addresses this issue by proposing an
automatic classification of the various values dieam, obtained by determining the
centres of gravity of the vectors representingwbed's different contexts.
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organization level other than a directly observatnhe like the word, the sen-
tence, the paragraph, or the text. Several propdsalinfra-linguistic units —
infra-linguistic in the sense that they are noedily interpretable as units of the
language — have been made. They do not use a mgtalge formed of sem-
antic features or semes, but rather units calalilatan the properties of word
graphs (cliques iPloux 1997 or small worlds in Gaume 2004ith each word
being associated not with a vector but with a domai a multidimensional
space, in such a way that within that domain, @arediscern various areas likely
to represent the different meanings of the word.

Cligues. To construct the domain associated with a lexigait, it is
necessary to build or define its constituent elasierhe idea of recourse to the
notion of clique arose from the hypothesis thadkting to a word a list of words
that are semantically related to it will constraggameaning and thereby result in
the fragmentation of its semantics. For the wgwodd for instance, the following
lists (Ploux, Hyngsuk JR0O03 will further specify the meaning ojood by
dividing up its values into ones linked either toaptitude or to a moral quality:

* 6: able, adequate, capable, competent, effegoe]
7. able, adroit, clever, dexterous, expert, gae@diul
8: able, capable, clever, expert, good, skilful

« 111: friendly, gentle, good, kind, kindly, niceyeset

e 112: friendly, good, gracious, kind, kindly, nicsyeet
» 113: friendly, good, helpful, kind

Cliques offer a way of compiling such lists. To geate them, one proceeds
as follows. The lexicon is seen as a graph whosicges are words and whose
sides are the semantic links (by synonymy or aasioal) between those words.
On the graph, a clique is a maximal, complete, @mthected subgraph. If the
link is synonymy, for example, then a clique wi# bomposed of words all of
which are synonyms of each other.

From the spatial standpoint, one can regard a €lagithe intersection of
the set of areas associated to the list of word<liique contains. An implication
of the property of maximality is that there exists other term in the language
that can divide up the intersection of the area®@ated to the clique's list of
terms. For this reason, a clique represents a rainumt of meaning, a "grain” of
meaning. Each clique will be represented by a pminvector.

The topology that underlies the set of all cliguas be discerned in a list of
cliques. Below is a path in which each clique shatleast one term with the
preceding clique. We can see that the meaning mioeesa taste-related value
to a value that might refer to a person:

« 80: delectable, delicious, good, lovely, savosgrumptious, tasty

« 78: delectable, delicious, excellent, exquisieod) lovely, scrump-
tious

e 77:. delectable, delicious, enjoyable, good, pletisa

e 79: delectable, delicious, good, lovely, pleasant
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82: delicious, good, lovely, nice, pleasant
114 friendly, good, kind, kindly, nice, pleasasweet
111: friendly, gentle, good, kind, kindly, niceyeet

The construction of the shape associated withritiali word (heregood
via a CA is used to summarize the set of proxiniitiks. Then a hierarchical
classification on the clique's coordinates outputsap of the organization of the
different semantic values. At the centre of the rnisaipe generic value, if there is
one, and the various other values are situatedndrau The gradient coming
from the map's centre is a measure of the spdgifai the semantic values
(which is comparable to an organization into prgtes). Overlapping meanings
or relative proximities among values are depictgdheir distances from each
other.

Small worlds. Small worlds are properties of graphs utilizedBruno
Gaume's lexical graphs. They act as a sort of gémation of cliques, not by
taking into account complete connected subgraplistather by using the more
flexible notion of strongly connected subgraphs.stnongly connected sub-
graphs, all vertices (words) can be joined by 4 plaat is shorter than a given
length. InGaume (2004)the author shows how using such subgraphs enables
one to represent not only lexical polysemy but dls® structure of graphs ex-
tending beyond the word's immediate neighbourhaas, (all words directly
related to it). The method itself takes the grapligcency matrix G and cal-
culates profiles (as in CA) representing the weadhrobability of there being a
link between two vertices, and then raises thisrinab the powem, thereby
tolerating paths between vertices that are shinter a fixed valu@. The struc-
ture of the resulting graph can be viewed by apglya principal component
analysis (PCA) to the output matrix. The coordisaté each word are then cal-
culated from the first three dimensions of the P{Aorder to obtain a re-
presentation in space.

Status of infra-linguistic units. In the two approaches described above,
two levels of organization, different in nature, toally determine each other: the
lexical-unit level and the level of the units exted from the lexical graph
(cligues or small worlds). In short, if these a@mioes are able to represent the
polysemy of a word, it is firstly because they assuhat a geometric shape in a
multidimensional space must be associated withwitrel, and secondly because
they propose a means of defining an infra-lingaittvel of units whose granul-
arity is finer than, and even incommensurate withtlie sense that a point is
incommensurate with any portion of space whose dgio& is greater than 1),
the level of the words themselves. The témfra-linguistic" is employed here to
describe those units whose individual semantic iBp#g cannot be charact-
erized, each one often being too close, semantjdallseveral others to allow
one to distinguish them by their meaning (as issiimbs in the SynSets of
WordNet, which, moreover, are less numerous).

The addition ofan abstract organization level incommensurate \whith
object level in a to-be-modelled domain seems tedsential, for the absence of
this level inevitably generates homogeneity cotglitndeed, objects of the same
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nature in a linguistic domain must be associateiti wiathematical entities that
are also of the same nature, and conversely, diftes in nature in the to-be-
modelled domain must be accompanied by the sanfereliices within the
model. Failure to satisfy this principle generagtéfalls or contradictions. Thus,
representing each lexical unit by a vector doesnable one to assign it its own
semantic organization, since a vector is an atamit On the other hand, using
vectors to represent objects that are linguistioature (features, semes) forces
the composing process to obtain only units thatadike in nature, so it seems
difficult to end up with realizations whose outpwbuld correspond to the
semantics of a lexical unit.

3.  Conclusion and Cognitive Perspectives

This article does not claim to be exhaustive butpdy attempts to trace the
history of the topological paradigm in lexical semes in France. This history
points out a deviation from the initial goal of repenting the semantics of words
in terms of their own individual dynamics. Howevtre topological notions that
grounded the paradigm (neighbourhoods, interioundary, etc.) have spread to
another paradigm, this time based on data analyisaé, has resulted in the
creation of models with broad lexical coverage.develop such models, new
units were generated from the theory of graphs. fidwe units (e.g., cliques) are
not interpretable as linguistic units, which raisies interesting question of their
cognitive relevance. To answer this question, an@mg route would be to
search for equivalents of these units in the dynaraf neural activeation during
word comprehension in context. By providing a dinwal characterization of
these dynamics from the standpoint of their neteaiporality and spatiality,
such an approach would bring us back to the irgoel.
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