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German Compounds in the Texts of Technical Science

Ekaterina Shmidt'
Hanna Gnatchuk’

Abstract: The present investigation is engaged with a quantitative study of German com-
pounds in the text of technical science. We have analyzed word classes for German
compounds in Book “Wirtschaftsinformatik™ by H. R. Hansen et al (2015). In such a way, 20
pages of the above-mentioned book have been studied with a sample of 221 German
compounds. The data have been processed statistically. The results can be of great use for
typological studies of compounds.

Keywords: German, compounds

1. Introduction: Some notes on German compounds

Compounds are considered to be the most productive ways of enriching the vocabul-
ary of any language. According to Oguy (2003) “der Begriff Zusammensetzung bezeichnet
sowohl einen spezifischen Typ der Wortbildungsprozesses (Komposition), der in der
Verbindung einiger freier Morpheme besteht, als auch sein Ergebnis (Kompositum)”. As far
as the reasons for the appearance of compounds are concerned, they can be summarized as
follows:

- The absence of the appropriate name for designating a notion or a thing;
- Language economy;

- The language unit gets older;

- The creation of euphemisms, metaphors, puns.

In the German morphology, one distinguishes three types of compounds: deter-
minative, coordinative copulative and independent compounds (unabhdngige Zusammen-
riickungen). We are intended here to have a look at the above-mentioned types:

» Determinativkomposita (determinative compounds) consist of basic and specifying
which are designated as “Grundwort” and “Bestimmungswort” (Oguy, 2003 : 200). By
the way of illustration, let us take a German word Grofstadt: Stadt = basic word, grof3
= specifying word. We can also take a more complex word — Schreibwarengeschidift.
The first two components (Schreib + Waren) are specifying words. The third one
(Geschift) is a basic word which determines gender and word class of the whole
compound. The most productive models of a determinative compound is Noun +
Noun and Adjective + Noun. As far as the types of meanings are concerned, it is
possible to differentiate exocentric and endocentric compounds. The endocentric
determinative compound_means the notion formed by a sum of meanings of the
components of a compound: Fensterbrett = “ein Brett am unteren Ende des Fensters”.
The exocentric compound “geht die Gesamtbedeutung tiber die Bedeutungen einzelner

! Jekaterina Shmidt, Alpen-Adria Universitét, Institut fiir Romanistik, Universitétsstrale 65-67, 9020
Klagenfurt, Austria. Email: jekaterinaschmidt@gmail.com
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Bestandteile hinaus: ein Schlaukopf™ which is applied to designate a person and
his/her character (Oguy, 2003 : 201);

» Kopulativkomposita (copulative compounds) consist of equal constitutents of one
word class: Dichter-Komponist, achtundvierzig, Strumpthose. The most characteristic
models are Noun + Noun (Strumpthose) or Adjective + Adjective (taubstumm);

» “Zusammenriickungen” are represented by nominal word groups of different word
classes and imperative sentences. Here the second constituent of a compound does not
determine the word class of the whole compound. To this group we refer adverbs
(infolge, zugrunde) and verbs (spazieren gehen, kennen lernen).

Moreover, it is worth introducing the notion of cohesion which deals with a linking
element between two constituents of a compound. In the German language we have the
following linking elements:

- -e: Hundefell, Gerdtetechnik;

- -er: Fdcherkatalog, Rechnernetz, Rechnerstruktur, Speichertechnik;

- -ir Nachtigall;

- -o: Elektrotechnik, Neuroinformatik

- (e)s: Engelsgeduld, Arbeitsprozess, Forschungsvorhaben, Geisteswissenschaft,
- (e)n: Stellenwert, Datenschutz, Methodenliicke, Stellenmarkt, Weizenbau

- ens: Herzenslust

On the whole, the linking element of a German compound may help us differentiate
the meaning of a word: Landsmann (Bauer) and Landmann (Heimatgenosse). Moreover,
Oguy outlines that syntactic properties of compounds can be of “binédre Struktur (vorwiegend
zwei Konstituenten) und strukturelle Zweideutigkeit (z.B. Kinderfilmwoche als
[Kinder[filmwoche] — Filmwoche fiir Kinder und [Kinderfilm[woche] — Woche des
Kinderfilms* (Oguy, 2003 : 201).

2. A quantitative analysis of German compounds in terms of word classes
of their constituents

The task of our analysis presupposes classifying German compounds in terms of their
parts of speech in the text of technical science. Furthermore, we aim to find the frequencies of
each model for German compounds as well as compare the results with English and Ukrainian
compounds in this type of texts. Intending to do it, we have analyzed 29 pages of the book
“Wirtschaftsinformatik™ (2015) which belongs to the sphere of technical science.

As far as the procedure of our study is concerned, we have analyzed each page of the
above-mentioned book (20 pages) where the German compounds have been written on each
page. As a result, our sample includes 24 models (types of compounds according to the word
classes of their constituents). The results are as follows:

1) Noun + Noun: Schrifisteller, Grenzverschiebung,  Geltungsanspruch,
Informationsgesellschaft,  Antrittsvorlesung, Spielkarten,  Konsumartikel,
Teilaspekt, Deutschland, Weltkrieg, Forschungsansatz, Programmiersprache,
Gehaltsskalen, Bundesrepublik, Frankreich, Fachkraft, Datenverarbeitung,
Fachrichtung, Studiengang, Ausbildungsprogramm, Kulturhoheit, Finanznote,
Studienfach, Erdffnungsrede, Wirtschaftswissenschaftler, Fachbeirat,
Forschungsprogramm, Arbeitsgruppe, Fachbereich, Wechselweise,
Wechselwirkung,  Wirtschaftsinformatik, Ingenieurinformatik,  Datentechnik,
Beschreibungsverfahren,  Ingenieurseite,  Informatik-Werk,  Steuertechnik,
Regeltechnik, Kommunikationsaspekt, Ausbildungsgang, Akademie-Definition,
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2)

3)

4)
5)
6)
7)

8)
9)

Sprachraum, Titeldnderung, Grundlagen, Informationstdtigkeit, Fachredaktion,
Informationswissenschaft,  Dokumentationswissenschaft,  Informationsnutzer,

Sprachschopfung, Informatikstudium, Forschungsinstitut,
Bibliothekwissenschaftler, Fragestellung, Forschungsfrage, Bibliothekskatalogen,
Lieferdienst,  Forschungsbereich,  Anwendungsbereich,  Griindungsphase,

Handbedingung, Stellenwert, Teilaspekt, Forschungsvorhaben, Inhaltsverzeichnis,
Schaltungsentwurf,  Grundbegriff, Zeichenverarbeitung, Informationsbegriff,

Geisteswissenschaft, Wissenschaftsklassifikation, Formierungsansatz,
Automatisierungstechnik,  Systemtheorie, =~ Kodierungstheorie,  Spieltheorie,
Prozessautomatisierung, Entfaltungsmaoglichkeit, Kooperationsmoglichkeit,

Anwendungsliicke, Anpassungsdruck, Abschlussarbeit, Informatikausbildung,
Forschungsprogramm, Neuroinformatik, Datenschutz, Abgrenzungsentscheidung,
Korrektheitsproblem, Programmieraufwand, Anwendungsproblem,
Medizininformatik, Verwaltungsinformatik, Informatikfrage, Betriebswirtschaft,
Naturwissenschaft, Informationsbegriff, Mustererkennung, Informatikmethode,
Theorieverstindnis, —Methodenliicke,  Klassifikationsproblem,  Studienfiihrer,
Forschungsfiihrer, Strukturwissenschafft, Ingenieurwissenschaft,
Technikwissenschaft, Gestaltungwissenschaft, Priifungsarbeit, Theoriebildung,
Systemprogrammierung,  Gerdtetechnik,  Stellenmarkt,  Verfahrenstechnik,
Schutzwall, Fécherkatalog, Rahmenrichtlinien, Volkswirtschaft, Griindungsphase,
Notlosung, Computerindustrie, Rationalisierungstechniken, Produktionsbereich,

Autoindustrie, Unternehmensberater, Jahrestagung, Diskussionsbeitrag,
Kopfarbeit, Losungsansatz, Rechnernetz, Hundefell, Netzwerk, Geschmacksfrage,
Kooperationspartnerin, Berufsentscheidung, Rechnerstruktur,

Unterstiitzungssystem, Staubsauger, Handwerk, Kunstfertigkeit, Engelsgeduld,
Weizenbau, Restbestand, Informatikfirme, Arbeitsprozess, Rechnerunterstiitzung,
Erkenntnisziel, Komplexitdtstheorie, Modellierungsmoglichkeit, Modellbildung,
Zustandsdiagramm,  Computergrafik,  Speichertechnik,  Vermittlungstechnik,
Prdsentationstechnik, Datenmodelle, Lehrbereich, Lehrplan, Lehrbuch.

Noun + Adjective: deutschsprachig, mittelfristig, forschungspolitisch, erfolgreich,
wissenschafispolitisch, informatikrelevant, verwaltungsrechtlich, maschinennahe,
kampfbereit, wertfrei,

Noun + Noun + Noun: Bundesforschungsminister, Informatikstudiengang,
Informatikfachbereich, Zeitschriftartikel, Fachzeitschrift, Mensch-Maschine-
Kommunikation, Intelligenzformalisierungstechnik, Datenbanktechniken,
Informatiklehrbuch, Stichwortgebe;

Adjective + Noun: Hochschule, Neugriindung, Sowjet Union, Neubestimmung,
Digitalrechner, Bereitstellung;

Adjective + Verb: vollziehen, hochqualifizieren, wahrnehmen, gleichberechtigen,
bereitstellen,

Adjective + Noun + Noun: Halbleitertechnik, kiinstliche-Intelligenz-Forschung,
Langfristziel;

Preposition + Noun + Noun: Nebenfachregelung, Uberlebensstrategie,
Ubersichtband;

Adjective + Adjective: gleichzeitig, geistig-philosophisch, formallogisch;

Noun + Verb (Partizip 2): teilnehmen, Kopfzerbrechen, Gerdtefixiert,

10) Pronoun + Adjective: allgemein, alltdglich,

11) Pronoun + Noun + Noun: Alltagsgegenstand, Allmachtphantasie;
12) Preposition + Noun: Binnenreguliereung, Nebenfach;

13) Preposition + Adjectiv: aufSeruniversitdr, kontraproduktiv;

14) Noun + Preposition + Noun: Grenziiberschreitung;
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15) Noun + Pronoun + Noun: Berufsalltag,

16) Conjunctive + Adjective: wenngleich;

17) Noun + Noun + Noun + Noun: Fachliteraturdatenbank;

18) Preposition + Pronoun + Verb (Participle 2): auseinanderliegend;
19) Pronoun + Noun: Selbstverstindnis;

20) Numeral + Noun + Noun: drittmittelvorhaben,

21) Adverb + Adjective: vielfdiltig,

22) Preposition + Pronoun + Noun: auseinandersetzung,

23) Pronoun + Priposition + Noun: Sel/bstiiberschdtzung;

24) Preposition + Noun + Adjective: iiberarbeitungsbediirftig

The results are given in Table 1.
Table 1

Rank-frequency distribution of the frequencies for German types of compounds
in terms of parts of speech

Rank Models Absolute Computed
frequencies values
1. Noun + Noun 159 158.9
2. Noun + Adjective 10 13.35
3. Noun + Noun + Noun 10 3.78
4. Adjective + Noun 6 1.96
5. Adjective + Verb 5 1.42
6. Adjective + Noun + Noun 3 1.21
7. Pronoun + Noun + Noun 3 1.12
8. Adjective + Adjective 3 1.07
9. Noun + Verb (Participle 2) 3 1.04
10. Pronoun + Adjective 2 1.03
11. Pronoun + Noun + Noun 2 1.02
12. Preposition + Noun 2 1.01
13. Preposition + Adjective 2 1.01
14. Noun + Preposition + Noun 1 1.00
15. Noun + Preposition + Noun 1 1.00
16. Conjunctive + Adjective 1 1.00
17. Noun + Noun + Noun + Noun 1 1.00
18. Preposition + Pronoun + Verb 1 1.00
19. Pronoun + Noun 1 1.00
20. Numeral + Noun + Noun 1 1.00
21. Adverb + Adjective 1 1.00
22. Preposition + Pronoun + Noun 1 1.00
23. Pronoun + Noun + Adjective 1 1.00
24. Preposition + Noun + Adjective 1 1.00
Total 221 R =0.996
a=157.8874
b=-3.6758

A statistical study of German compounds has shown that there are 24 models in the texts of
technical science. It is worth mentioning a quantitative study of English compounds in the
scientific texts (Gnatchuk, 2016) where 24 types (models) for English compounds have been
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found (West-Germanic languages). The analysis of Ukrainian compounds has shown only 11
types of compounds in the texts of computer science. In this case, it would be relevant to take
into account family groups of each language. Similar to the frequencies of English
compounds in the scientific style, the German model Noun + Noun has turned out to be the
most productive one in comparison with others.

Since we have to do with simple ranking we suppose that the usual Zipfian power
function may sufficiently capture the data. Instead of distribution we use a usual function. But
since there is a long tail filled with 1, we displace the function and use

(1) d—yzédx
y—1 x

yielding

2) y=1+ax"

The results of fitting are presented in the last column of Table 1. As can be seen, the
construction of compounds is regulated by the same law as many other rankings of classes.
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Persian Text Ranking Using Lexical Richness Indicats'

Tayebeh Mosavi Miangah
Mohammad Javad ReZai

Abstract

The adequacy of some quantitative parameters mbaggd on frequency of lexical items (types and
tokens) are to be demonstrated in this study thr@rgexperiment. The main purpose of the present
article is to rank some Persian texts accordingat@us indicators of vocabulary richness propadeed
the state of the art literature. It is the firsteaipt towards a quantitative study of lexical
characteristics of Persian texts to show the plessddationship between specific formal features of
texts and vocabulary richness. The results showjdlianalistic texts in which repetition of certain
words is inevitable are less rich in terms of vagaty than poetry and literary texts, and that the
type-token ratio and lambda indicators could wellble to distinguish genres in Persian language.

Keywords: Lexical richness, Persian language, text rankiyggettoken ratio, word
frequency

1. Introduction

One of the oldest sub-fields in quantitative lirgjigs is vocabulary richness measurement.
As a virtue of a language, the concept tracing llat¢ke Roman philosopher Cicero, is based
on the notion of functional relationship betweercatoulary and text length used in the
process of text generation. This parameter demetestnot only the size of active vocabulary
at the disposal of the writer or the speaker, &t ¢he way this is used in actual language
usage. In fact, it is usually used in linguistioddr genre analysis and author attribution, that
is, each person uses idiosyncratic and specificdax

The present study is the first attempt in Persiaguistics at a quantitative study of
various Persian text genres to be ranked basedwooug indicators of vocabulary richness
proposed in the literature. In the first sectiorttoé paper we shed some theoretical light on
various text analytic metrics including type-tokaatio, h-point and lambda structure. In the
section 2, we review some related literature orfitld. Section 3 goes through methodology
based on an experiment performed for text rankingoming to various measures of
vocabulary richness. In section 4, we summarizdititings and conclusion comes at the last
section as usual.

There are different approaches to vocabulary riskreccording to  Wimmer and
Altmann: a) Capturing the vocabulary richness byanseof a measure, of an index which is
the first step in most cases towards quantificatioh Capturing the unfolding of the
vocabulary by a curve, e.g. Herdan, Tuldava, Koatet Galle and several Russian scholars,
c) Starting with the empirical distribution of wardtypes) occurring x-times (tokens) and
deriving the theoretical distribution based upombmatorial considerations and d) based

! This paper is dedicated to Prof. Dr. Reinhard Kbhi honor of his 65birthday.
> Payame Noor University, [ramosavit@pnu.ac.ir
3Yazd University, Iranmrezai@yazd.ac.ir
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upon stochastic processes resulting in distribsti@aopted by the guild of mathematicians
like Brainerd, Gani, Haight, McNeil, Simon and athéWimmer and Altmann, 1999:143).

Another criterion for measuring the lexical richgses the arc length indicator, which
can be regarded as an elementary indicator of wibagb richness. Popescu and his
colleagues studied the behaviour of arc length egetpfrom the ranked frequencies of some
text units and tried to construct an indicator wahig independent of text sia¢and which is
useful for text characterization, text comparisard alassification and even for language
comparisons (Popescu, et al. 2013).

However, there are other measures for lexical gsbrto be discussed in this paper,
namely type-token ratio, h-point indicator and laakstructure. Clearly, each of these ap-
proaches behaves differently depending on the ¢yp@nguage and text, length of the texts,
the aim of the study and many other factors. Asabatary richness is mainly used in stylo-
metry, in this study we analyze genres in textsw®ring the most widely used measures of
lexical richness applied to different Persian tgyies. The main purpose of the study is to
discover whether such a parameter may be ablestmgliish genres in Persian language.

1.1. Type-Token Ratio

Type-token ratio (TTR) is one of the oldest andestsvays of vocabulary richness measure-
ment. It is based on the simple ratio between timaber of types and tokens in a text. The
TTR value shows how much the vocabulary varieg,ithdahe more vocabulary variation in a

text, the higher TTR (Kubéat and Mika, 2013).

Token (text length) refers to the number of wondsany form with any number of
reoccurrence in a text; and the type (the numbaetifedrent words) refers to any form of a
word appearing in a string, regardless of the nurobés frequencies in the text. Type-token
ratio, as Wimmer puts it "is understood as theorafithe number of different words to all
words in text, or with other words, the ratio ofcabulary richness to text length. The
problem developed probably in analogy to that @&fcsgs frequency or species abundance in
biology and has been imported in linguistics bytistigians who were active in both
disciplines" (Wimmer, 2005: 361).

TTR is the basic measure of lexical richness whels first introduced by Chotlos
(1944), and was formulated as follows:

TTR=% 0<TTR<1

in whichV is vocabulary andl is the text length.

The information about the number of types and tekgext length) of a text as well as
the frequency of different words along with thekalistribution of the text vocabulary under
study is to be taken into account as an index>atét richness in every procedure measuring
such a property of the texts. According to Panastet are two interpretations of the TTR,
namely (a) it is a characteristic of vocabularyhness of the text, and (b) it is a model of
information flow in text (Panas, 2007).

From the guantitative point of view, the very basioperty of a text is the frequency
or the repeat rate of lexical units in the texteTkpeat rate (which may be transformed in
redundancy) in the data in text analysis has mampjictions in information systems. That
is, the more often a lexical item appears in a,ttheé less amount of information the text
under study will provide. In other words, based ioformation theory, more predictable
linguistic units contain more redundancy (Weber300
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1.2. The h-point

Hirsch has originally introduced the conceptgoint, initially applied to scientometrics and
bibliometrics (Hirsch, 2005), after which the coptevas widely used in quantitative
linguistics and particularly in word frequency sesl(Popescu and Altmann 2006, dJtek,
Popescu and Altmann 2007). Studying lthgoint is useful for descriptive linguistic purpsse
as well as cross linguistic studies. In a rankdiestpy distribution of a list of some entries,
the h-point is a fixed point at which the ramkand the frequenci(r) of the list are equal. It
separates two different areas of this distributio@mely the synsemantic and the
autosemantic branch. The formula for calculating tipoint proposed by Popescu and
Altmann (2008:95) is given as follows:

r if thereisanr = f,

h= fir2 — foan
=1+ fi—f

if thereisnor = f,

In quantitative linguisticsh-point has many applications, the most importarwioich
is language typology. In this field, thepoint may be interpreted as a sign of analytism,
because in analytic languages the synthetic elevaatreplaced by synsemantics and hence
the number of word forms is smaller. Thgoint can also be used in determining the lexical
richness of individual texts. In such an applicatithe area below thb-point may be
considered the lexical richness measure of thengiegt (Z6rnig et al. 2016). As Popescu
points out, the applicability of thiepoint as an indicator of text richness, howevepahds
on the text length, and the fact poses some limitaton exclusively applying such a
measure for text richness studies without normadizhe measure by text length (Popescu et
al. 2009).

1.3. Lambda structure

Lambda is the indicator of the structure of theglaage usage; it is not a direct indicator of
the ability or talent of the authors. That is, #vé a higher lambda value does not imply a
better author. It is not a quality indicator, buayrbe expressed in relationship to some other
gualitative characteristics of text

Moreover, lambda is something more than a vocapulaehness factor. It takes into
account the extent of the vocabulary which is neagsfor computing the arc length and
at the same time, the difference between individieguencies of the neighboring entries in
the rank-frequency sequence. By computing lambd® may study not only the rank-
frequency structure of the text, but also the votaly richness of the text under study.
Generally speaking, the greater the value of lamtigagreater is the vocabulary richness of
the given text (Popescu, et al. 2011). The beshdita of the lambda structure stabilizing the
arc length and getting rid of text length is asowk:

= Llog, N)
N
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2. Literature review

Kohler and Gale investigated the dynamics of soesufes of a text, particularly a TTR
measure. They believe that any dynamic property te#xt is controlled by a linguistic law
derivable from a theoretical model. A correspondmgpothesis for TTR follows from
Altmann's proposal (1998:88), presenting an eqoatiose solution T =4 (in which T
stands for types and L for tokens and 0 < a < 1y beaused for prediction (Kéhler and Gale,
1993).

In another study, the index of lexical richness Iasn investigated using the concept
of elasticity of vocabulary with respect to texhdgh. In this methodology, the existing
indexes were derived as special cases. They bdl@ten order to explain the effect of the
increase of text length on its vocabulary, it isreot to use the concept of elasticity; however,
to explain the effect of the change in the textgthnon lexical richness, the elasticity of
vocabulary with respect to text length as well lesM-N function (Vocabulary-Text length
function) implied from the elasticity should be safered. So, by combining the analysis of
V-N functions, they attempted to capture the ide@xithl richness (Panas, 2007).

Kubat and Miltka proposed a new way of vocabulary richness measent without
any text length dependence. They applied their m&thod of vocabulary richness measure
to genre and authorship analysis. Specificallyytheed their new method for a genre
analysis in texts written by the Czech writer Kat&pek. They had two aims in their
research: to propose a new way of vocabulary rehrmaeasure without any text size
dependence, and to discover whether vocabularpessis an advisable criterion for genre
attribution (Kubat and Mitika, 2013).

Popescu tried to use tlieindex concept in ranking tasks. For this purposartade
use of three main classes of web text sources, Igahe Bible, classical works, and Nobel
lectures. The word distributions of these textsewproduced using web available word
frequency counters. Three main quantities desgilihe word distribution of the texts
developed in detail were as follows: (a) text Iéngt total word count representing the area
under the (rank, frequency) word curve from thetfiank up to the last rank, (b)index for
words, indicating the “word distribution width”, dr(c) weight or percentage of the fitst
highly frequent wordshfw) out of the total word count. He believes that tifw criterion
seems as a consistent estimator of the ineffaple ahder which the text has been created.
The results of sorting texts according to the albmiteria showed that rankings by text length
and byh-index are closely similar as expected. Howevertirgp the data by the third
criterion (fw), revealed top position of Bible texts, followey dassical texts and finally by
Nobel lecture texts. He concluded that thfev criterion is a consistent estimator of the
ineffable style under which the texts are creaBaked on his claim, a simple and objective
measure can be used for evaluation of any typeexdfih a matter of seconds (Popescu,
2007).

Zornig and his colleagues studied lexical propsrtedifferent Serbian text types to
reveal the characteristics and text parametersdbase¢he frequency of word forms (relative
frequencies, repeat ratdy-point and related indicators). They applied tegbes of
multivariate analysis (cluster analysis and muttiihsional scaling — MDS) to classify the
text types adequately and to illustrate the fumitig of these techniques in detail by explicit
calculations of all programming steps (Zornig, le2@16).
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3. The experiment

In order to evaluate the effectiveness of the thmemtioned approaches, namely, TR,
point and lambda structure for lexical richnesdext ranking, we collected some Persian
texts from different genres and implemented the@gghes on them.

3.1. Corpus used for this study

The corpus based on which our word frequency arsabysd subsequent text ranking was
performed consists of four different genres of Rerdanguage, namely, poetry, religion,
press or journalistic texts and literature.
- The poetry texts are extracted from the whole veluoh Hafez Shirazi' sonnets
collection (an Iranian poet of 1325/26-1389/90)udag 8384 lines of 495 sonnets.
The religious texts are extracted from the Pergesion of the Holy Quran including
6345 sentences of 114 chapters. The Holy Quraheisrain religious book of the
Muslims all over the word.
- Journalistic texts are extracted from a selectetigfdHamshahri Newspapeof May
2015, including 13458 sentences.
- Literary texts are extracted from selected numtb&rensian short stories mainly taken
from IranOnlin€, including 10860 sentences.
The type-token information of the corpora usecdhis study has been demonstrated in
Table 1.

Table 1
The type-token ratio of the used corpora

Text type Author/source | Type (v) | Token(n) | TTR
1 | Poetry Hafez 8383 60366 0.1388
2 Religious Quran 10206 132066 0.0772
3 | Journalistic | Hamshahri 19945 392058 0.0508
4 Literary Short stories 20522 162452 0.1263

3.2. Methodology

For the purpose of this study, for each of the abanentioned selected texts from different
genres the rank-frequency distribution of word fermvas computed using a software
developed by the author for the very purpose. Th@neach text thd-point, namely, the
number for whichr = f(r) (i.e. rank = its frequency) was calculated. lérh was no such
number we took simplyh = r + 0.5. The sum of relative frequencies or the datiue
relative frequency from 1 up tepoint, i.e. the distribution function up toF(r) for each text
was computed separately(r) shows theh coverage of the text. Ithis way, the Popescu
indicator of vocabulary richness could be set ufolgws:

Rizl—[F(h)—;—N}

2 _ http://www.hamshahrionline.ir/
3 - http://www.iranonline.com/
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whereN is the text size (number of words in text) (cf.zZy Popescu, Altmann 2010:127).
The lambda indicator for each text was computdthénfollowing steps. In the first place, we
computed the arc length between neighbouring frecjee expressing the frequency
structuring of the text as follows:

L =§[( f—f.)2+1]",

whereV is the size of the vocabulary (number of word-faymes, the highest rank) ahdire
the individual frequencies. In the next step, udimg arc length value gained, we computed
for each text the lambda indicator as follows:

A = Llog, N)
N

Using the above methodology, thepoint, the cumulative relative frequencies up to
the h-point F(h), the arc length, the Popescu-indicator of votatyuichnessR, as well as
the lambda for each text is displayed in Table 2.

Table 2
The quantitative properties of the four Persian ¢enares
Text type Author/source | H-point F(h) L R Y|

1 | Poetry Hafez 83 0.4119 | 10720.2609 | 0.6451 | 0.8490
2 | Religious Quran 131.5| 05736 15627.8181 0.5572 5960
3 | Journalistic | Hamshabhri 244 0.5374 | 33040.5528 | 0.6144 | 0.4713
4 | Literary Short stories 138 0.4361 25655.6180 0.6810.8229
4. Results

The statistics gained from the TTR part of the gtumdlicated that the relationship between
types and tokens in four text types under studyesairom 0.1388 to 0.0508, belonging to
poetry and press texts, respectively. Figure ladgphe TTR for these four text genres:

0,16
0,14

0,12
0,1
0,08
0,06
0,04

0,02 I
0

poetry literature religious press

TTR

Fig. 1: TTR for four text genres

11



Tayebeh Mosavi Mianga; Mohammad Javad Rezai

As the value of TTR varies between 0 and 1, a suadlle of TTR — that is, the one
close to O, indicates a lexicon decreasing its wiitle the growth of the text size, whereas, a
large value of TTR, that is, the one closer todidates the growing size of distinct words as
fast as the growth of the text size. In other wpnds text whose TTR is equal or very close
to 1, almost all the words are unique. In contriaisg text whose TTR is equal or close to O,
the most of the text words are repetitive or redumdType-token ratio for each of four texts
have been calculated in 15 intervals to be abkcém the growth of TTR in different points.
Figure 2 depicts the relationship between type tahken, the corresponding numbers are
found in Appendix 1.

textgenre
= Poetry

= Literature
* Religion
< Press

12000.00—

1000000

S000.00— -

G000.00= L - <

Type

4000 .00 - o>

2000.00=

.00

T T T
.0 20000.00 40000.00 S0000.00

Token

Fig 2. The relationship between type and tokerbiiniervals of four text types

Based on the above figure, it is conjectured thatgrowth pattern of types of the
poetry and literary texts are highly distinctiverr the two other ones, namely, religious and
journalistic texts. So, we can conclude that theéckd richness spectrum between these four
text genres may be as follows:

Poetry > Literature > Religion > Press

These results are well compatible with the rankimg texts by lambda indicator in
which the poetry texts stand at the top and joushaltexts at the bottom. However the
ranking of the texts by these two indicators areltipoint indicator are very similar though
not closely compatible, which is, somehow, dueiti@eence in text lengths.

The vocabulary density is the ratio of text size #me vocabulary sizH/V (Buk and
Rovenchak2007). In this study the vocabulary density @ tbur text genres are calculated
as shown in Table 3.
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Table 3
The vocabulary density of the different text genres
Text type Author/source | VOC. DENSITY
1 Poetry Hafez 7.2
2 Religious Quran 12.94
3 | Journalistic | Hamshabhri 19.65
4 Literary Short stories 7.91

As the table shows, the journalistic text has tighdst vocabulary density comparing
to other genres. This means that, in journalisgtidg of Persian a new word appears in the
text at every 19-20 word. In other words, journalistic texts are digtiished by a lower
repeat rate as compared to other text genres.

5. Conclusion

The purpose of the present article is to rank sdteesian texts according to various
indicators of vocabulary richness proposed in ttegdture. It is the first attempt towards a
guantitative study of lexical characteristics of$?@n texts to show the possible relationship
between specific formal features of texts and vataly richness. The results showed that
journalistic texts in which repetition of certairowds is inevitable are less rich in terms of
vocabulary than poetry and literary texts, and thattype-token ratio and lambda indicators
could well be able to distinguish genres in Perdaanguage. It seems that the quantitative
parameters like relative repeat rdtgqgoint, TTR, as well as lambda structure are apjeaits
measures for ranking and classification of texes/pf Persian language.

Further, the findings of this study was proved ®ib line with the results gained
from similar studies in other languages (e.g. Pope007; Panas, 2007). It is realistic to
have more text genres to be investigated with mareber of texts (written and oral) in each
genre in order to prove the adequacy of the giveanttative parameters in different
languages.

References

Altmann, G. (1988). Wiederholungen in TexterfQuantitative Linguistics 36)Bochum:
Studienverlag Brockmeyer.

Buk, S., Rovenchak, A.(2007). Statistical parameters of lvan Franko’'satd?erekhresni
stezky(The Cross-Paths)n: Exact Methods in the Study of Language and Teecks:
Peter Grzybek & Reinhard Kohler. Berlin: Mouton@euyter, 39-48

Chotlos, J. W. (1944). Studies in Language Behaviour. IV. A statal and comparative
analysis of individual written language samplBsychological Monograph$6, 75—
111.

Devooght, J.(1957). Sur la loi de Zipf-MandelbroAcademie Royale des Sciences, des
Lettres et des Beaux-Arts de Belgigd®@, 244—-251.

Herdan, G. (1964).Quantitative LinguisticsLondon: Butterworth.

Herdan, G. (1960). Type-Token Mathematics: A Textbook of Mathematicaguistics
s’Gravenhage: Mouton.

Hirsch, J. E. (2005). An index to quantify an individual's scidic research output.
Proceedings of the National Academy of SciencéseoUnited States of Amerid#®2
(46), 16569-16572.

13



Tayebeh Mosavi Mianga; Mohammad Javad Rezai

Hirsch, Jorge E. (2005). An index to quantify an individual’'s scidic research output. In:
arXiv:physicg0508025 v4 23 Aug 2005.
http://arxiv.org/PS_cache/physics/pdf/0508/0508p@6

Kohler, R., Gale, M. (1993). Dynamic Aspects of Text Characteristics LIHiebicek, G.
Altmann (eds.Quantitative Text Analysis: 46-58rier: Wissenschaftlicher Verlag,

Kubat, M., Mili ¢ka, J. (2013). Vocabulary richness measure in gentksirnal of
Quantitative Linguistic0(4), 339-349.

Macéutek, J., Popescu, l.-I., Altmann, G.(2007). Confidence intervals and tests for the h-
point and related text characteristiGottometricsl5. 45-52.

Panas, E.E.(2007). Indexes of lexical richness can be esBohabnsistently with knowledge
of elasticities: some theoretical and empiricautss In: Peter Grzybek & Reinhard
Kohler (eds):Exact Methods in the Study of Language and TeX8-584 Berlin:
Mouton de Gruyter.

Popescu, I.- I. (2007).Text ranking by the weight of highly freqiewords. In: Peter
Grzybek & Reinhard Kohlefeds.): Exact Methods in the Study of LanguageTand:
557-567.Berlin: Mouton de Gruyter,.

Popescu, I.-1.,Cech, R., Altmann, G.(2011).The lambda-structure of textsiidenscheid:

RAM.

Popescu, 1.-I., Altmann, G.(2006). Some aspects of word frequenc@mttometrics 13.
23-46.

Popescu, l.-I., Altmann, G. (2008). On the regularity of diversification innguage.

Glottometricsl7. 94-108.
Popescu, I.-1. et al.(2009).Word Frequency Studies. (Quantitative Linguist@®$). Berlin,
New York: Mouton De Gruyter.

Popescu, I.-l., Zornig, P., Altmann, G.(2013). Arc length, vocabulary richness and text
size.Glottometrics 25, 43-53.
Tuzzi, A., Popescu,, Il.-l., Altmann, G.(2010). Quantitative analysis of Italian texts

Ludenscheid: RAM.

Tweedie, F.J., Baayen, R.H(1998). How Variable May a Constant Be? Measwks
Lexical Richness in Perspective. @omputers and the Humanitje2; 323-352.
Weber, S.(2005). Zusammenhange [Interrelations]. In Reidhédhler, Gabriel Altmann
and Rajmund G. Piotrowski (eds.Quantitative Linguistics. An International

Handbook 214-226. Berlin, New York: de Gruyter.

Wimmer, G. (2005).The type-token relatiorin: Koéhler, R., Altmann, G., Piotrowski, R.G.
(eds.), Quantitative Linguistics. An International HandbooR61-368. Berlin, de
Gruyter.

Wimmer, G., Altmann, G. (1999). Review Article: On Vocabulary Richnegsurnal of
Quantitative Linguistics6, 1-9.

Zornig, P., Kelih, E., Fucks, L (2016). Classification of Serbian texts basedleical
characteristics and multivariate statistical analyGlottotheory 7(1). 41-66.

14



Persian Text Ranking Using Lexical Richness Indiat

Appendix 1
Types and tokens belonging to four text types imniérvals
No. Poetry Literature Religious Press
type token type token type toke typ token

1 536.00 869.00 803.00  1685.00 = 445.00 998.00 677.00 = 1489.00
2 982.00 | 2031.00 @ 1112.00 | 2551.00 & 759.00 & 2003.00 @ 1239.00 3353.00
3 123400 2853.00 149400 3909.00 1223.00 4037.00 1707.00 @ 5214.00
4  1814.00 497400 @ 2108.00 | 6242.00 A 1731.00 6986.00 & 2317.00 @ 8857.00
5 229400 7093.00 2498.00 = 7228.00 . 2333.00  11034.00 2713.00 . 11250.00
6  2986.00 11021.00 2829.00 8556.00 @ 2745.00 & 14930.00 3516.00 @ 17363.00
7  3739.00 16017.00 3418.00 11402.00 @ 3285.00 A 20112.00 @ 3936.00 . 20488.00
8  4143.00 19399.00 4008.00 14188.00 @ 4020.00 A 28845.00 4761.00 @ 27938.00
9  4781.00 24632.00 4984.00 19214.00 @ 4402.00 & 33216.00 5164.00 . 32589.00
10  5325.00 30079.00 5929.00 @ 25266.00 @ 4923.00 @ 39702.00 5544.00 & 36505.00
11  5976.00 36073.00 7169.00 = 35114.00 . 5277.00 @ 44672.00 @ 6001.00 . 41499.00
12 6759.00 43277.00 8529.00 @ 43005.00 @ 5573.00 @ 49530.00 6312.00 & 46380.00
13 7396.00 50637.00 9483.00 @ 49219.00 . 5919.00 = 54292.00 6628.00 . 50852.00
14  8018.00 56327.00 10090.00 @ 53627.00 @ 6127.00 @ 57759.00 6846.00 = 54860.00
15  8384.00 60367.00 11132.00 62547.00 @ 6322.00 @ 61234.00 @ 7286.00 . 60545.00
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Euphemismsin Political Speeches by USA Presidents

Lyubov Rimkeit-Vit
Hanna Gnatchuk

Abstract: The present study deals with the study of lexicoestic groups (LSGs) of euphemisms in
the political speeches of four USA presidents. Tbmous of our study is represented by 16 political
speeches. We have studied the public speeches BugB. Senior, B. Clinton, G. Bush Junior and B.
Obama. The selected euphemisms have been clagsifieti4 lexico-semantic groups. The proposed
classification has been captured by the power fomct

Keywords:English, euphemism, US Presidents

1. Introduction: General notes on euphemisms and their functionsin the speech

Galperin (1981) considers that “euphemism is a vasrghrase used to replace an unpleasant
word or expression by a conventionally more acd#ptane (Galperin, 1981 : 173)". A good
example is illustrated in the newspapw Statesman and Natigfune 15, 1957) mentioned
in Book Stylistics(1981) by I. R. Galperin:

“The evolution over the years of a civilized mertiablth service has been marked by
periodic changes in terminology. The mad-holiseame the lunatic asylurtie asylunmade
way for themental hospital- even if the building remained the same. Idigtshecilesand
the feeble-mindedecame lowmediumand_high gradenental defectivesAll are now to be
lumped together as patients of severely subnorm@opality The insandecame persons of
unsound mindand are now to be mentally-ill patienfss each phrase develops the stigmata
of popular prejudice, it is abandoned in favouaonbther, sometimes less precise than the old.
Unimportant in themselves, these changes of naméehar stigmapoints of progress.” (June,
15, 1957):

Moreover, Galperin gives the example of a word "“died its euphemism4o pass
away, to expire, to be no more, to depart, to ghi@ majority, to be gone, to kick the bucket,
to give up the ghost, to go wegGalperin, 1981:173).

On the whole, the appearance of English euphemwasstraced in the Xl — XV
centuries and was indebted to the influence ofRtemch culture. It is worth mentioning that
Chaucer was the first person who used euphemisnissirfiCanterbury Tales”. Then the
activity of purists gave way to increasing the earpisms. In particular, they forbade using
the word “God” in vain. In such a way. Shakespearegpression Well, God give the spirit
of persuasion”was replaced byWell, maist thou have the spirit of persuasidn addition
to it, theatres and dramas were forbidden becdwesewere considered to be indecent. Thus,
a new explanation of Shakespeare’s works as weltemsorship resulted in appearing a
considerable number of euphemisms in the Englispuage. The abundance of euphemisms
flourished in the Victorian Age whereas wisdom anddesty played an important role for
that period of time.

! Lyubov Rimkeit-Vit. BA. Alpen-Adria Universitat, nistitut fiir Anglistik und Amerikanistik,
Universitatsstralle 65-67, Klagenfurt, Austria. Hmgiubavit@yahoo.com
2 Hanna Gnatchuk, MA. Universitat Trier, Computeaglimstik und Digital Humanities, Universi-
tatsring 15, Trier, Germany. Emadlgnatchuk@gmail.com
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On the whole, euphemisms perform numerous funciiotise speech. We shall take a
look at euphemistic, intentional, social and regulative ntaxts-establishing, emotive and
esthetic functions:

1)

2)

3)

4)

5)

6)

The euphemistic functiopresupposes substituting a certain word for amathe
due to some fears, old traditions and conventigs.shall mention the example
of the word “die” which is predominantly replacey the politicians by to pass
away, to expire, to be no more, to depart, to jihie majority, to be gone, to kick
the bucket, to give up the ghost, to go wé¢&talperin, 1981 : 173);

Intentional functionis supposed to make a certain impression in the-com
municative situation. This function is of great ionfance to the speakers who tried
to veil some unpleasant or negative facts. It ileworthy mentioning that this
function can manipulate a speaker in so far ahbketan present the information in
better lights. For instance, T. Blair substitutedvard “war” for military action,
military operation, armed intervention, conflict.

Social and regulative function§here can be certain situations where the nomin-
ation of certain things or phenomena are not aet¥pt Here one must consider
politeness. Focusing on a political speech, thiggress is called in the modern
world “political correctness”. In such a way, wenadeal here with a considerable
number of euphemisms. Let us consider the lexermenimg age discrimination:
middlecence = the period from 40 to 65; the thirgea= the period from 65.
According to Peccei (1999), the direct nominatidraavord “old people” can be
replaced byretired personor senior citizenbecause the connotation of these
euphemisms is associated with the semantics ofivacprogressive, happy,
strong” (Pecceli, 1999: 107). Thus the euphemismsised in these situations with
the purpose of making an image of a perfect socgiegprdless of age, financial
backgrounds or gender;

Contactsestablishing functionThis function helps a speaker establish contacts
with the audience. In this case, a speaker mushcemirect words for euphem-
isms in order to maintain a successful communicaaod avoid negative out-
comes. For instance, it is better to use a euplmerfysung offender” than “young
criminal”. In this situation the euphemisms can énavpositive influence on the
further youth life;

Emotive functioris characteristic of the euphemisms with metaplabroe meto-
nymical transferences. These euphemisms are carttevith an internal mood of
a speaker. One can refer to this function the emmras of pity or sympathy to the
children without parents. For example, we can apply euphemismstd go
through a prison gateto the people who have committed a crime;

Esthetic function.The usage of euphemisms can provide the speethmote
delicate and elegant nominations of certain thiegsphenomena that evoke
unpleasant emotions or feelings. Let us considersituation told by a senator
Tom Harkin. He said that one day Trumann’s wifekedl together with one lady
around the White House. Having met the presidéet)ady gave her compliment
to the beauty of the flowers. In answer to it, Teum used a lexeme “manure”.
Although it would have been more appropriate toaiseutral word “fertilizer”.
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2. The analysis of euphemisms according their lexico-semantic groups in the
political speeches of 4 USA presidents

Ginzburg (1979) is of the opinion that “the clagsifion of vocabulary items into lexico-
semantic groups is the study of hyponymic relatibesveen words. By hyponymy is
meant a semantic relationship of inclusion. Thug,, eehicle includescar, bus, taxi and
so on” (Ginzburg, 1979 : 53). In such a way, ipassible to deal with the lexico-semantic
groups (LSGs) o¥ehicles (car, train, bus, trolley-bus, taxi, trangmotions (happy, gay,
satisfied, cheerful)pnovements (walk, hop, run, saunter).

The aim of our studgonsists of two steps: a) we intend to write oet ¢uphem-
isms from 16 political speeches of four Americaedfitents; b) we aim to classify them
into certain lexico-semantic groups as well as tolir frequencies.

The material of our researdb represented by 16 political speeches by 4 Acaari
presidents -George Bush (Senior), Bill Clinton, George Bushn{du) and Barack
Obama The majority of the speeches have been taken fKkomerican President Speech
Archive — Miller Center fittp://millercenter.org/president/speeches

GeorgeW. H. Bush (Senior): (political speeches dating back to 1992-1993)

1) George H. W. Bush: Address at West Point. Januahp93;

2) George H. W. Bush: Remarks at Texas A & M UniwerBiecember 15, 1992;
3) George H. W. Bush: Republican National Conventfurgust 20, 1992;

4) George H. W. Bush: State of the Union Address. dgn28, 1992

Bill Clinton: (political speeches dating back to 1993 — 2000)

1) Bill Clinton. State of the Union Address. Januaiy 2998;

2) Bill Clinton: First Inaugural Address. Washington B., January 21, 1993;
3) Bill Clinton: Farewell to DNC. Los Angeles, CA, Aisg 14, 2000.

4) Bill Clinton: | Misled people. August 17, 1998.

George W. Bush (Junior): (political speeches dating back to 2001-2002)

1) George W. Bush: “A New Approach”. Knoxville, Tersess, June, 2000;

2) George W. Bush: “2000 RNC Presidential Acceptanédiiladelphia PA, August
3, 2000;

3) George W. Bush’s®linauguration Address. January 20, 2001;

4) George W. Bush: “Address to the Joint Session @flli’" Congress”, February
27, 2001.

Barack Obama: (political speeches dating back to 2004 — 2010)

1) Barack Obama: Responsibly Ending the War in IragjF2bruary, 2009;

2) Barack Obama: Official Announcement of Candidacy {5 President. 10.
February, 2007;

3) Barack Obama: Democratic National Convention Kegnatldress. July 27, 2004;

4) Barack Obama: Oval Office Address to the NationB#hOil Spill Disaster. June
15, 2010.

The procedure of the research and the discussidheofesultsFirst of all, we have written
out the euphemisms and classified them all intoleddco-semantic groups (LSGs). The
results are as follows:

1) LSG of national or racial belongin(@vailable in the speeches by Bill Clinton, G. Bus
(Senior), Barack Obama):
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Black-Africans = black-skinned people;

White South Africans = people from South Africa \ah® of European decent;
Celebrating oudiversity= celebrating the availability afifferent nations
African-American families = black-skinned Americans

We're becoming more and modeverse= different nationsnhabit America
Black-America = all black-skinned people

A white American = an American with a white skin

a black youth = a youth with a black skin

It does not matter whether you’bback or white or Hispanic or Asian or Native America”
The most diverse nation on Earth = the people fedimations

2) LSG of abstract (or metaphorical) notions or adi@arack Obama and Bill Clinton)

To sit on opposite sides of the aistdo belong to different parties, share opposite iof
view;

To struggle with bills = to have difficulties witpaying the bills or hardly paying for
everything;

To open wide the doors = to make something acdessib

Thelion’s share of the credit = a considerable parttbé credit

The mystery of American renewal = the ceremonpaiguration

To say yes to democracy = to agree to join the NATO

A far-off storm = a problem

Temporarily left behind by the global marketplacéhe Americans that have nothing to do
with trade.

To lay a foundation = to start, to initiate;

The bedrock of this nation = hope, belief

To win the nexbattle=to win the election

The tyranny of oil = the dependence on oil

Now is the moment for this embark on a nationalsimis tounleash America’s innovation
to refuse from fossil fuels

Industry’swatchdog= to control the consumption of oil industry

| am in this race = | keep the policy of this kind

3) LSG of countries or states (G. Bush (Senior), Biinton, G. Bush (Junior) Barack
Obama)

The second world - previous socialist countrieg @Ebuntries of the former Soviet Union);
The third world = the countries of Africa, Latin Anica, Oceania and Asia,

The Arab World = Arabic-speaking population and owies;

To form that ‘more perfect union” = The United States of America

The world’s great power the USA

A servant of freedom American nation

A prosperous natior the USA

Crossroad of a nation = lllinois

Magical place = USA

Land of Lincoln = lllinois

4) LSG of economic or social stat@Seorge Bush Senior, George Bush Junior)

Low-income people, family, housing = poor peo@eify, housing
Middle class = the social class of people beingMeetn working class and upper class

5) LSG of deathBill Clinton, G. Bush (Senior), Barack Obama)
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The people who have discharged their duty with hamal professionalisrs the people who
died in the interest of the USA;

To lose two patriots = to die;

Late father = dead father;

It lives in memories of your fellows, soldiers, Ises, airmen and Marines whgave their
lives=to die;

They've bothpassed awapow =to die

6) LSG of illnesses or physical disabiliti€Seorge Bush (Senior), George Bush (Junior)
and Barack Obama)

The Americans with Disabilities = ill American péep

The Disadvantaged ill people

It does not matter whether you're black or whiteHigpanic or Asian or Native American or
young or old or rich or poor, abledisabled

7) LSG of (economic or political) periods of tin{&eorge Bush (Senior), Bill Clinton,
George Bush (Junior) and Barack Obama)

The cold war = a rivalry between the USA and thevovus Soviet Union in military,
economic and political spheres;

The Great Depression economic period of time

Passage = a new millennium;

The spring = the period of Clinton’s presidency aulicy

Service=the period of presidency of Bill Clinton

The most extraordinarghaptersof service in the history of our nationperiods of time

8) LSG of peoplgBill Clinton)

America’s First Lady = Hilary Clinton

She’s beem great first lady= Hilary Clinton

We American have offered our mgsecious resource women and mewho will cooperate
with the Iraqis

9) LSG of Age(George Bush Junior)

Elderly Americans = old American people
The seniors = the old;

10)LSG of military notiongGeorge Bush Senior)

The women and men who proudly wear the uniforniseotd SA= the people who serve in the
army
A strong fighting force = army

11)LSG of political partiegBarack Obama)

Red states = the Republicans
Blue states = the Democrats

12)LSG of war(Barack Obama)
A tragic mistake = a war in Iraq

13)LSG of substancéGeorge Bush Senior)

Nuclear nightmares = nuclear fuels
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14)LSG of close relationshi(Bill Clinton)

To have a relationship = to have an intimate redaship

The frequencies of lexico-semantic groups (LSGs)eophemisms in 16 political
speeches by four USA presidents illustrated in @dblAs can be seen, even this very abstract
level abides by a well known law, namely that opfZexpressed by the power functigr
axX’. The computation is displayed in the last colurhiiable 1.

Table 1

LSGs of euphemisms in political speeches of 4 UgSipents
N L exico-semantic groups (L SGs) Absolute frequencies | Power function
1 | LSG of metaphorical notions 15 16.15
2 | LSG of national or racial belonging 10 9.22
3 | LSG of countries or states 10 6.64
4 | LSG of (economic) periods of time 6 5.26
5 | LSG of death 5 4.39
6 | LSG of illnesses or physical disabilities 3 3.79
7 | LSG of people 3 3.35
8 | LSG of economic or social states 2 3.00
9 | LSG of Age 2 2.73
10| LSG of military notions 2 2.51
11| LSG of political parties 2 2.32
12| LSG of war 1 2.16
13| LSG of substance 1 2.03
14| LSG of close relationships 1 1.91

a=16.1485, b = -0.8089,°R 0.9164

Thus, we have found 63 euphemisms in 16 politipakshes of 4 USA presidents which have
been classified into 14 lexico-semantic groups: ESBmetaphorical notions, national or
racial belonging, countries or states, periodsiofd, death, illnesses or physical disabilities,
people, economic or social states, age, militartions, political parties, warsubstanceand
close relationshipTable 1 shows that the semantic groups of eupdramidenotingneta-
phorical notions, national or rational belongings well ascountries or statehave the
highest frequencies. The lowest frequencies areroed in LSGs ofeconomic or social
states, age, military notions, political partiesamvsubstance and close relationships

The result testifies to the fact that Zipf's lawldts true even in this abstract stylistic
domain.
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The Impact of Code-switching
on the Menzerath-Altmann Law

Lin Wang, RadekCectt

Abstract. Based on the Chinese-English code-switching cogmt Modern Chinese corpus,
the impact of code-switching on the Menzerath-Almdaw is observed. Specifically, the
relationship between the sentence length and thesellength is analysed. Both code-switching
and monolingual sentences abide by the Menzerdthaln law, however, differences are
found in values of the determination coeffici€itand parameten of the function expressing
the law. As for the determination coefficieRt, code-switching sentences evince worse fit of
the model to the data then than the monolinguas.oRerther, the lower value bfin the case

of code-switching sentences expresses lower dfieson (and a higher entropy) of the system.

Keywords. Chinese-English code-switching, the Menzeratimaiin law, sentence length,
clause length

1. Introduction

Code-switching is one of the important languagetacinphenomena. It refers to
“language use that consists of material from twonore language varieties at any level
from the discourse to the clause” (Jake and Myerst&n, 2009, p. 207). According to
Myers-Scotton (2006), there are two types of comligehing: Classic Code-switching
and Composite Code-switching. “Classic code-switghincludes elements from two
(or more) language varieties in the same clausepbly one of these varieties is the
source of the morphosyntactic frame for the clau®éyers-Scotton, 2006, p. 241).
Composite code-switching is “bilingual speech inichheven though most of the
morphosyntactic structure comes from one of thdigyating languages, the other
language contributes some of the abstract struatnderlying surface forms in the
clause” (Myers-Scotton, 2006, p. 242). The languaiganguage variety that builds the
morphosyntactic frame is the Matrix Language aragarticipating language is called
the Embedded Language. The Morpheme Order Prin¢Mleers-Scotton, 2006) is
applied to determine the Matrix Language: In mixaohstituents which consist of at
least one Embedded Language word and any numbbfabix Language ones, the
surface word (and morpheme) order is the ordem@Matrix Language.

Example (1) is a typical example of ClassiCade-switching, in which Chinese is
the Matrix language, and English is the Embeddedguage and example (2) is a
Composite Code-switching (Wang and Liu, 2013).

! School of Foreign Languages, Zhejiang Gongshangeusity, China.
% University of Ostrava, Czech Republic. Email 1 &2chradek@gmail.com
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(1) Xiao haizi dou xihuan catsl dogs
[Little kids all like cats and dogs]

Little kids all like cats and dogs

(2) Ta_.you contaato.
[He have contact me]

He has contacted me.

In the clause (2), English contributes some ofabstract structure, that igou contact
is the Chinese word-for-word translation of Engl@irasenave contactedin Chinese,
the aspectual markée at the end of the sentence expresses the pesfess instead of
you preceding the verb, see the sentence (3).

(3) Ta lianxi wo le.
[He contact me ACCOMPLISHMENT]

From the theoretical point of view, there is an aripnt question concerning the
impact of code-switching on general language ptogserOne can find two different
views on the phenomena; some researchers are gedsuhat there are specific
constraints for code-switching (Sankoff and Popld&81; Woolford, 1983; Di Scilullo
et al.,1986), while others deny this idea and amrsihe code-switching to be governed
by the same constraints or principles underlyinyensal grammar (Mahootian, 1993;
MacSwan, 1999, 2000; Chan, 2003).

The aim of the article is to analyze a relatiopsbetween code-switching and
one of the very general language property whictexpressed by the Menzerath-
Altmann law (Cramer 2005; for syntax see Kohler 20dhapter 4.1.3). According to
the law, there is a systematic relationship betwienlength of language constructs
(e.g., sentences) and their immediate constityergs, clauses):

(1) y=ax?,

wherey is the mean size of the immediate constituenis the size of the construct, and
a, b,are parameters which seem to depend on the leWieéafits under study.

In this study, we focused on a relation betweeriesme length and clause length
in two sorts of data: Chinese-English code-switghsentences and monolingual
Chinese sentences. We assume that code-switchiogldstaffect the Menzerath-
Altmann law because two different language systars mixed in a language
performance. Therefore, firstly we test the vajidif the Menzerath-Altmann law in
both samples. It is expected that the monolinguahé&se abides by the Menzerath-
Altmann law. However, for Chinese-English code-shihg sample there is no sure
result — the potential impact must be tested ewcqdlyi.

Four possible outcomes for Chinese-English codéeking data are:

a) They do not abide by the Menzerath-Altmann law;

b) They abide by the Menzerath-Altmann law, howewaelit between the data and
the model is worse than for monolingual data;

c) They abide by the Menzerath-Altmann law with gaene fit between the data
and the model as for monolingual data, howeverptrameters of the model differ;

d) There is no difference between code-switching anmonolingual sample,
conesquently, code-switching has no impact on teazdrath-Altmann law.

The article is organized as follows: in Sectiorth2z character of language
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material is described; methodology of the rese@&gresented in Section 3; in Section
4 the results of the analysis are presented aedpietted; general findings and future
study are discussed in Conclusion (Section 5).

2. Language material

Two sorts of data are used in our study: 100 Clewtagglish code-switching sentences
and 100 monolingual Chinese sentences. ChinesasBngbde-switching sentences
were randomly selected from our self-built Chin&selish code-switching corpus. The
corpus consists of 19,766 tokens, i.e. 16,267 #82.Ghinese tokens, 3,499 (17.7%)
English tokens. Code-mixed data in the corpus a#eated by audio-recording
Chinese-English mixed discourses on mainland CaimhHong Kong broadcasting or
TV programs from June to September 2011. The meestences in this papare from
the resource of the transcribed spoken languad@® gdrograms. About 20% of the data
come from interview programs and 80% from the d¢atement news or social news.
100 mixed sentences include 2,385 tokens in totaluding 2,119 Chinese tokens and
266 English ones. In this corpus most cases of -eadiehing are Classic code-
switching, a few cases (only 11 of 773) are Composbde-switching; about 89% of
code-switching are those with Chinese as the Mdtarguage, and only about 11%
with English.

Monolingual Chinese sentences are selected fromsguoken part of Modern
Chinese Corpus online (www.cncorpus.org). The Modehinese Corpus consists of
50 million tokens. The total 9,487 texts of the puw are generally about the social
sciences and the natural sciences, such as poétiomomy, culture, law or psychology.
The spoken Chinese sub-corpus is composed of ®milbkens. Our data are chosen
from the spoken texts after 1980s. In our sampd@, honolingual Chinese sentences
consist of 2,249 tokens in total.

3. Methodology

According to Hudson (2010), sentence can be defasedny string of words which are
held together by syntactic relationships and wiad not related to words outside that
string. In other words, sentence boundaries aratpavhere there are no syntactic
relationships. In accordance to this approach,epers are determined by referring to
the transcription of spoken language in TV progra8entence length is calculated by
the number of clauses in the sentence.

Lyon’s (1968) definition of clause is applied inighpaper: a clause is a word
sequence with subject and predicate and with pirsords connected by syntactic
relationships. Thus, the sentence can consist ®foormore clauses. According to this
definition, clauses can be segmented clearly insample. Clause length is calculated
by the number of words in the clause.

We perform a manual count of 100 Chinese-Bhgtode-switching sentences and
100 monolingual Chinese sentences.

4. Results
The results, presented in Table 1 and 2 and Figused 2, show that both datasets
follow the general tendency of the Menzerath-Alimaaw, i.e. the longer the sentence

the shorter the clause (in average). However, miffiebehaviours of the two datasets

24



The Impact of Code-Switching on the Menzerath-Altmzaw

are obvious at a first sight. Specifically, coddtsining sentences (Table 1 and Figure
1) evince a deviation of the law in the area of 2hdause and 4-clause sentences. The
mean length of clauses in sentences with 2 claigsslsorter than the mean length of
clauses in sentences with 3, and the mean lengtlao$es in sentences with 4 clauses
is longer than the mean length of clauses in seatewith 3, which is in a contradiction
to the prediction of the Menzerath-Altmann law. ther, the determination coefficient
R?, expressing the degree of correspondence beteesntpirical data and the model,
is lower in the case of code-switching sentencas tmonolingual ones, which also
indicates the deviation of the law. Finally, a camgon of parametdy of the function
indicates different course of particular curvese Téwer value ob in the case of code-
switching sentences expresses lower diversificgaona a higher entropy) of the system.

clause length

Tablel
Chinese-Engliskeode-switchingsentencedngths and mean clause lengths

Sentence length Mean clause length
(in clauses) (in words)

1 9.69

2 6.38

3 6.71

4 6.9

5 6.06

6-7 5.64

a=9.08,b=0.25R* =0.76
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Figure 1. Fitting the Menzerath-Altmann law on ©f@inese-English
code-switching sentence level.
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Table 2
Monolingual Chinese sentence lengths and meanelangths
Sentence length Mean clause length
(in clauses) (in words)
1 10.4
2 9.2
3 7.07
4 6.3
5 6.54
6-8 6.48
a=10.53,b=0.31,R* = 0.92
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Figure 2. Fitting the Menzerath-Altmann law on thenolingual Chinese sentence

level.

5. Conclusion

This study analyzes the impact of code-switchimgtiee Menzerath-Altmann law.
From the Chinese-English code-switching corpus Btatiern Chinese corpus, 100
mixed sentences and 100 monolingual Chinese sesgdrave been randomly selected

to test the Menzerath-Altmann law on the senteacel |

It is found that with regard to both Chinese-Erglisode-switching and
monolingual Chinese, the relation between the seetéength and the clause length
generally abide by the Menzerath-Altmann law. Hoerew fit between the data and the
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model is worse in the case of code-switching sesterthan for monolingual data.
Moreover, the lower value d&findicates different behavior of code-switchingteeces
with regard to the Menzerath-Altmann law. Evidentlyere is a boundary condition
which could be captured by a further parameter slightly different function but it
must be made for several languages at once.

It must be emphasized that this paper representsajuirst step to study of the
relationship between code-switching and the Merhektmann law. We are aware
that only more detailed study can reveal the negdaict of the phenomena under the
study on the law; for instance, a proportion of dgof Embedded Language in the
sentence and their syntactic functions of shoulthken in the account.
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The Meaning-Frequency Law in Zipfian Optimization
Models of Communication

. 1
Ramon Ferrer-i-Cancho

Abstract. According to Zipf’s meaning-frequency law, words that are more frequent tend to have
more meanings. Here it is shown that a linear dependency between the frequency of a form and its
number of meanings is found in a family of models of Zipf’s law for word frequencies. This is
evidence for a weak version of the meaning-frequency law. Interestingly, that weak law (a) is not an
inevitable of property of the assumptions of the family and (b) is found at least in the narrow regime
where those models exhibit Zipf’s law for word frequencies.

KEYWORDS: meaning-frequency relationship, Zipf’s law; optimization of communication; linguistic
universals

1. Introduction

The relationship between the frequency of a word and its number of meanings follows Zipf’s
law of meaning distribution: words that are more frequent tend to have more meanings (Zipf
1945; Baayen & Moscoso del Prado Martin 2005; Ilgen & Karaoglan 2007; Crossley et al.
2010; Hernandez-Fernandez et al. 2016). In his pioneering research, Zipf defined two laws
where £, the number of meaning of a word, is the response variable (Zipf 1945; Zipf 1949).
One law where the predictor variable is 7, the rank of a word (the most frequent word has rank
1, the 2™ most frequent word has rank 2 and so on), i.e.

poci’, (1
where y~ 1/2. Another law where the predictor variable is f, the frequency of a word,
poc f°, (2)

where 0 is a constant satisfying o = 1/2. Zipf (1949) referred to Eq. 1 as the law of meaning
distribution in his most famous book while he referred to Eq. 2 as the meaning-frequency
relationship in a less popular article (Zipf, 1945). Eq. 1 and Eq. 2 describe, through different
predictor variables, the qualitative tendency of the number of meanings of a word to increase
as its frequency increases (assuming y> 0 and o > 0).

Zipf (1945) derived Eq. 2 from Eq. 1 and Zipf’s law for word frequencies (with rank
as the predictor variable), i.e.

! Complexity and Quantitative Linguistics Lab. LARCA Research Group. Departament de Ciéncies de
la Computacio, Universitat Politécnica de Catalunya (UPC). Campus Nord, Edifici Omega, Jordi
Girona Salgado 1-3. 08034 Barcelona, Catalonia (Spain). Phone: +34 934134028. E-mail:
rferrericancho@cs.upc.edu .
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Sfoei®, 3)

where a = 1 (Zipf 1945; Zipf 1949). Zipf’s derivation of Eq. 2 is revisited in the Appendix.
After Zipf’s untimely decease, some researchers investigated Eq. 2 and provided support for it
independently from Zipf’s law for word frequencies. i.e. Eq. 2 (Baayen & Moscoso del Prado
Martin 2005; Crossley et al. 2010; Hernandez-Fernandez et al. 2016) while others provided
further empirical support for Eq. 1 (Ilgen & Karaoglan 2007).

L 1s a measure of the polysemy of a word. If the mapping of words into meanings is
regarded as a bipartite graph joining word vertices with meaning vertices (Ferrer-i-Cancho et
al. 2005), u defines the (semantic) degree of a word in that network.

The target of the preset article is the meaning-frequency law. Eq. 2 with 6 = 1/2
defines a strong version of the meaning-frequency law. A weak version of the meaning-
frequency law can be defined simply as a positive correlation between g and f. Notice that we
are not assuming a Pearson correlation here, which is a measure of linear association
(Conover 1999). Instead, we have in mind an association measure that can capture non-linear
dependencies, e.g., Spearman rank correlation (Conover 1999; Zhou et al. 2003). The
definition and use of a weak version of the law is justified for various reasons. First, looks of
a pure power law of the form of Eq. 2 can be deceiving. This is a lesson of research on
Menzerath-Altmann law in genomes (Ferrer-i-Cancho et al. 2013a), Heaps’ law in texts
(Font-Clos & Corral 2015) or the degree distribution of protein interaction and metabolic
networks (Stumpf & Ingram 2005; Stumpf et al. 2005). Admittedly, Zipf’s laws of meaning
(Eq. 1 and 2) are not among the most investigated statistical laws of language and a
mathematical argument illuminating the origins of both laws is not forthcoming. Thus, the
basis for their current formulation is purely empirical. Second, the weak meaning-frequency
law allows one to remain neutral about the actual dependency between u and f. This neutral
formulation has been adopted for research on Menzerath-Altmann’s law in genomes (Ferrer-i-
Cancho et al. 2013a) and Zipf’s law of abbreviation in animal behavior (Ferrer-i-Cancho et al.
2013b and references therein). Third, the weak version allows for a unified approach to
human language and the communicative behavior of other species. A positive correlation
between frequency and behavioral context (a proxy for meaning) has been found in dolphin
whistles (Ferrer-i-Cancho & McCowan 2009). Fourth, the weak version provides enough
flexibility to allow for parsimonious models of language, models that reproduce more than
one law of language at least qualitatively (Ferrer-i-Cancho, 2013).

In spite of the generality of the weak version of the law, its formulation imposes some
hidden constraints. First, the fact that the law is an empirical law, imposes that only words
that have non-zero probability matter for deciding if a theoretical model agrees with the law.
Words that have zero probability are not observable. This second constraint might seem
somewhat farfetched but Zipfian optimization models of communication can generate words
with zero probability (Ferrer-i-Cancho & Diaz-Guilera 2007; Dickman et al. 2012;
Prokopenko et al. 2010; Ferrer-i-Cancho 2013). Second, the definition of a proper correlation
between u and f (e.g., Pearson correlation, Spearman rank correlation) needs at least two
different values of & and at least two different values of f; otherwise, the variance of x and
that of f are undefined. To see it recall that the Pearson correlation between two variables X

and Y (the ranks of x and the ranks of f'in case of the Spearman rank correlation between X
and Y) is defined as

. COV(X,Y)

o(X).o(Y)’ @
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where COV(X,Y) is the covariance of X and Y and o(X) and o(Y) are the standard deviation of
X and Y, respectively. If o(X) =0 or o(Y) = 0 the correlation is undefined.

If one wishes to determine if a theoretical model (e.g., Ferrer-i-Cancho & Solé 2003;
Ferrer-i-Cancho 2005) agrees with the weak version of the law, frequencies must be replaced
by probabilities. In that case, the definition of a proper correlation needs that there at least two
different word probabilities. For the reasons explained above, words that have zero prob-
ability are excluded. Thus, the weak law cannot be defined properly in a communication
system where only one word has non-zero probability or all words are equally likely. The
weak law cannot be defined either in a system where only one word has non-zero degree or all
words have the same degree.

Notice that the constraint of non-zero variance in the values of x# and f also concerns
the strong meaning-frequency law (if /' does not vary, Eq. 2 is not the only possibility for the
relationship between u and f).

Here we investigate if a family of Zipfian optimization models of communication
(Ferrer-i-Cancho & Solé 2003; Ferrer-i-Cancho 2005) is able to reproduce some version of
the meaning-frequency law. The family was conceived to investigate Zipf’s law for word
frequencies. It will be shown that those models yield Eq. 2 with 6= 1 thus satisfying only the
weak meaning-frequency relationship.

2. The family of Zipfian optimization models

The family of models departs from the assumption that there is a repertoire of Vs forms,
StsererSiseees Sy and a repertoire of Vz meanings, r,...,7, Ty that are associated through a

binary matrix 4 = {a;}: a; = 1 if the s; and 7; are associated (a;; = 0 otherwise). The models of
that family share also the assumption that the probability that a form s; is employed to refer to

meaning 7; is

_%Y
p(s;|r)= pat (5)
where
w, =) a, (6)

is the degree of the j-th meaning. The convention that p(s;;) = 0 when @, = 0 is adopted.
By definition, the marginal probability of s; is

Ps) =D ps,) =2 ps, 11)p(r). ™

The models of that family diverge by making further assumptions about p(r;). While one
model (model B) assumes that p(7;) is given, e.g., p(r;) = 1/V assuming that no meaning is
disconnected (Ferrer-i-Cancho & Solé 2003), another model (model A) assumes that (Ferrer-
i-Cancho 2005)
@;
p(r) =21 ®)

being M the total number of associations (links).
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M=>a,. ©)

The Model A/B terminology is borrowed from Ferrer-i-Cancho & Diaz-Guilera
(2007). Although the original Model B can easily be extended to allow for disconnected
meanings, hereafter Model B with a ban for disconnected meanings is assumed for simplicity.

Applying the assumption of Eq. 5 and the convention on p(s;r;) above, Eq. 7 becomes

Roa.
— _v ).
p(si) ;a)j p(rj) (10)
®;>0

For model A, Eq. 8 and 10 lead to

(s) i a; @; 1 i H
S.)= — L = a. =—,
R N VA VR~ R (11)
@;>0
where
Vi
m=>a, (12)

is the degree of the i-th form. Eq. 11 indicates that form probability is proportional to form
degree, i.e. model A satisfies Eq. 2 with 6= 1. For model B, Eq. 10 and the assumption that
p(r;) =1/Vy (recall that no meaning can be disconnected) leads to

PO (13)

l VR = @; '
The relationship between the probability of the i-th form and degree is not straightforward but
it is possible to satisfy a weak version of the meaning-frequency law. Let us impose the
following constraint on meaning degrees: @ = k with 0 < k < V. This constraint transforms

Eq. 13 into

1 & 1
s)= a. =——U. . 14
PO = Dy =t (14)

Thus, the assumption of identical non-zero meaning degrees produces proportionality between
the probability of the i-th form and its degree in Model B. Next section will show the utility of
the case k= 1.

3. The weak meaning-frequency law is not inevitable

It has been shown that form probability is proportional to form degree directly in Model A
and making further assumptions in Model B but this does not imply that those models are
reproducing a weak meaning-frequency law. Some configurations of the matrix A where the
weak law is missing will be shown next.
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H(S) is defined as the entropy of forms (S) and /(S,R) is defined as the mutual in-
formation between forms (S) and meanings (R). The reader is referred to Ferrer-i-Cancho &
Diaz-Guilera (2007) for definitions of those information theoretic measures.

If H(S) is minimized, it is well known that then only one form has non-zero probability
and non-zero degree (Ferrer-i-Cancho & Diaz-Guilera 2007). Then the variance of form
probabilities is zero (recall that form probabilities that are zero are irrelevant for the weak
version of the meaning-frequency law) and thus the correlation between form probabilities
and semantic degree is not defined (recall Eq. 4). The same problem happens if /(S,R) is
maximized. Then the optimal solutions are those where all forms that have non-zero prob-
ability have the same degree or the same probability (Ferrer-i-Cancho 2013; Ferrer-i-Cancho
& Diaz-Guilera 2007) and thus their variance is zero again.

4. A weak meaning-frequency law is possible
4.1. Possible in globally optimal configurations

The meaning-frequency law is possible (at least) in the global minima of H(S|R), the con-
ditional entropy of forms when meanings are given. The minima of H(S|R) are characterized
by @ € {0,1} for model A (Ferrer-i-Cancho 2013; Ferrer-i-Cancho & Diaz-Guilera 2007) and
@, = 1 for model B (Ferrer-i-Cancho & Diaz-Guilera 2007; Prokopenko et al. 2010; Dickman
et al. 2012). Those minima allow for an arbitrary number of words with non-zero
probability/degree (Ferrer-i-Cancho & Diaz-Guilera 2007; Trosso 2008; Prokopenko et al.
2010; Dickman et al. 2012), a requirement of both the strong and weak meaning-frequency
law.

The family of models assumes that languages minimize a linear combination of H(S)
and /(S,R), i.e.

Q(A) = —AI(S,R)+(1- A)H(S) (15)

with0<A<1.
Eq. 15 is equivalent to (Ferrer-i-Cancho 2005; Ferrer-i-Cancho & Diaz-Guilera 2007)

Q(A)=(1-22)H(S)+ AH(S|R). (16)

It is not surprising that the mapping of forms into meanings exhibits the principle contrast, the
tendency of different forms to contrast in meaning (Clark 1987): the global minima of both
H(S) and H(S|R) in Model A and B share @ < 1 when Vs < Vi (Ferrer-i-Cancho & Diaz-
Guilera 2007; Ferrer-i-Cancho 2013).
The global minima of £X 1) split the range of variation of A into three domains (Ferrer-
i-Cancho & Diaz-Guilera 2007):
- 0 < A < 1/2 where only H(S) is minimized. The weak meaning-frequency law is
impossible (Section 3).
- A=1/2 where only H(S|R) is minimized. The weak meaning-frequency law is possible
(this section).
- 1/2 < A £ 1 where only I(S,R) is maximized. The weak meaning-frequency law is
impossible (Section 3).
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4.2. Possible in suboptimal configuration

The appearance of the weak meaning-frequency law is easier when the global minima are not
reached. Indeed, those models generate a distribution of forms resembling Zipf’s law for word
frequencies when A equals A, a critical value of 4 when (X A) is optimized by means of an
evolutionary algorithm based on a Monte Carlo method at zero temperature (Ferrer-i-Cancho
& Sol¢ 2003; Ferrer-i-Cancho 2005; Prokopenko et al. 2010). s typically a value below 1/2
but close to 1/2, i.e.

A=12-¢ (17)

being ¢ a small positive quantity, e.g., €= 0.1 (Ferrer-i-Cancho 2005; Ferrer-i-Cancho & Solé
2003; Prokopenko et al 2010). When A = A, there is enough variability in form probabilities
and their degree to reproduce the meaning-frequency law (Ferrer-i-Cancho & Solé¢ 2003;
Ferrer-i-Cancho 2005; Prokopenko et al 2010), a requirement of both the strong and weak
meaning-frequency law.

4.3. Where a weak meaning-frequency law is found

For model A, a weak meaning-frequency law in the minima of H(S|R) (equivalent to Q(1/2))
or the suboptimal configurations appearing for A= A" is not only a possibility but a fact thanks
to Eq. 11. For model B, some further reasoning is needed to turn apossibility into a fact. The
global minima of H(S|R), i.e. @ = 1 with M>0, imply k=1 in Eq. 14, which gives

1 (18)
P(s) =

R

Being the probability of the i-th form proportional to its degree, a weak meaning-frequency
law is expected in general in the minima of H(S|R) for model B due to the variability of form
degrees of these minima: configurations where (a) all forms have the same degree or (b) only
one form is connected are unlikely (Trosso 2008; Prokopenko et al. 2010; Dickman et al.
2012). A weak law is also expected in the suboptimal configurations that are obtained for A =
A". This implies that the minimization of (XA) in Eq. 16 is being dominated by the
minimization of H(S|R): while the weight of H(S) is small, i.e.

(1-2)4 = 1-2(1/2-8) = ¢, (19)
the weight of H(S|R) is relatively large, i.e.
A=2=1/2-¢ (20)

thanks to Eq. 17. The fact that H(S|R) is much stronger than H(S) is critical for the emergence
of the weak meaning-frequency law. The point is that the minimization of H(S) implies the
minimization of H(S|R). On the one hand, this is positive for the emergence of the weak law
because their minimization promotes in both cases @ € {0,1}. On the other hand, this is
negative for the emergence of the weak law because we have shown that the minima of H(S)
turn the weak meaning-frequency law impossible (Section 3) and the fact that H(S|R) < H(S),
implies that, if H(S) is minimum, i.e. H(S) = 0, then H(S|R) is also minimum, i.e. H(S|R) = 0
(Ferrer-i-Cancho & Diaz-Guilera 2007). Being H(S|R) much stronger than H(S) a weak law is
expected. Additional support for the arguments comes from the presence of Zipf’s law for
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word frequencies for 4 = A (Ferrer-i-Cancho, 2005; Ferrer-i-Cancho & Solé, 2003). If the
minimization of H(S) was dominating, instead of a distribution of this kind one would find
one form (or a few forms) taking all probability. This is not what happens (Ferrer-i-Cancho
2005; Ferrer-i-Cancho & Solé 2003; Propopenko et al. 2010).

It is important to note that an inverse-factorial distribution has been derived for A = A"
in Model B (Prokopento et al. 2010) and that this distribution differs from the traditional
power-law that is typically used to approximate Zipf’s law (Eq. 3). The inverse factorial
should be considered as a candidate for in empirical research on Zipf’s law (e.g., Li et al.
2010; Font-Clos et al 2013; Gerlach & Altmann 2013).

5. Discussion

We have shown some conditions where a weak meaning-frequency law, i.e. Eq. 2 with 6= 1,
appears in a family of Zipfian optimization models although the law it is not an inevitable
property of the probabilistic definitions. Interestingly, that weak meaning-frequency law
emerges (at least) in the narrow range where the models are argued to exhibit Zipf’s law for
word frequencies. Tentatively, those findings do not imply that a weak meaning-frequency
law emerges only under very special circumstances. Suppose that m=FglVz. The binary
association matrix A allows one to produce 2" different mappings of words into meanings.
The proportion of mappings (configurations of A) where a Spearman rank correlation is
defined and has a positive sign could be large. That should be the subject of future research.

Randomness may facilitate the emergence of the weak law. For instance, consider
configurations of the matrix A where the weak law is not found because the correlation is
undefined (e.g., those where H(S) is minimum or /(S,R) is maximum). Producing a few
random mutations in those configurations, it might be possible to obtain a variance of non-
zero probabilities or non-zero degrees that is greater than zero and thus the correlation is
defined (recall Eq. 3). Although the correlation is defined, the variation in form probability or
form degree may be still too small with regard to real language.

There are many models of Zipt’s law for word frequencies (Piantadosi 2014) but as far
as we know the family of models reviewed here is the only that illuminates the origin of
synchronic properties of language such as the principle of contrast and also dynamic
properties such as the tendency of children to attach new words to unlinked meanings (Ferrer-
i-Cancho 2013). It is tempting to conclude that the prediction of a linear relationship between
number of meanings and frequency instead of the actual power law dependency of Eq. 2 is a
reason to abandon this kind of models (i.e. the current family or variants stemming from it).
Although the disagreement between the models examined so far and reality is a serious
limitation (and thus we encourage future research), we cannot miss an important point: mod-
ern model selection is based on a compromise between parsimony and quality of fit (Burnham
& Anderson 2002). To our knowledge, generative models for Eq. 2 are not forthcoming and
the predictions of current models of Zipf’s law beyond word frequencies are unknown,
unexplored or simply impossible (Piantadosi 2014). There is at least one exception: the family
of optimization models reviewed here, which is able to shed light on various statistical
patterns qualitatively but in one shot from minimal assumptions.

The virtue of that family is not only its parsimonious approach to various laws but also
its capacity to unify synchrony (patterns of language such as Zipf’s law for word frequencies,
a weak meaning-frequency law, the principle of contrast) with diachrony/ontogeny (through
the vocabulary learning bias above). The science of the future must be unifying (Morin 1990).
Theoretical linguistics cannot be an exception (Alday 2015; Ferrer-i-Cancho 2015).
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Appendix

In his seminal work, Zipf derived Eq. 2 from Eq. 1 (law of meaning distribution) with y= 1/2
and Eq. 2 (Zipf’s law for word frequencies) with & = 1. Here a more general and detailed
derivation of Eq. 2 is provided. Notice that Egs. 1 and 3 give, respectively,

i oc /[? (21)
and

o £ (22)
Combining Egs. 21 and 22 it is obtained

poc f° (23)
with

s=L. (24)

o

Therefore, y=1/2 and =1 predict 6= 1/2 as shown originally by Zipf (1945). Interestingly,
Eq. 24 shows that Ilgen & Karaoglan’s (2007) assumption, namely that y= &, is only valid if
a=1.
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Activity in Italian Presidential Speeches

Peter Z6rnig, Gabriel Altmann

Abstract. We analyze the activity of New-Year-Speeches alidh presidents evaluated over the

period from 1949 to 2012. The activity is measureterms of Busemann’s indicator. The results are
used both to compare the speeches of a given presidd to describe the alteration over the andlyze
64 years. Some possible interpretations of the damnalysis are outlined.

Keywords: Busemann'’s indicator, classification of speechegt{ comparison and develop-
ment, Italian language.

1 Introduction

The mood of a text can be evaluated in many difteneys. One may analyze the theme, the
structure of sentences, the use of words, repesitioonceptual inertia, etc. The number of
aspects is constantly growing, it is practicallfinite. A possible approach is to study the
activity measured by the modified Busemann’s irtdica

V
A+V'

(1) Q=

where V and A denote the number of verbs and adjectives in tke (Busemann 1925;
Popescu et al. 2014; Zornig et al. 2015, 4 ff.,d3op et al. 2015). One can say that basically
verbs and adjectives indicate activity and deseapiess, respectively. The expression (1) is
the only “activity measure” for texts or speechesarintered in the linguistic literature. It
should be clear that it is a very rudimentary tewmeato capture the much more complex
reality. Complications arise, for example, from tfaet that verbs may express various
“degrees of activity” — some of them being not &etat all, e.g. “be”, “have”, “sleep” in
English — and in some languages verbs do notrdfenally from adjectives or can be used
in the same grammatical positions (e.g. in Hungaead Indonesian). Moreover, adverbs
could also be taken into account. But adjectivas\atbs are predicates of the first degree of
nouns, and considering adverbs would complicateat®ilation of the activity indicator.

It would be adequate to invent a kind of scalifi@ativity and take into account the
adverbs which modify the given activity, but suclpracedure requires analyzing all verbs
and all adverbs that modify them and should beoperéd by psycholinguistg-or this
purpose test persons would be necessary sinceafingsof this kind has been performed up
to now. Restricted investigations concerning therdation of space in language (expressed
mostly by prepositions, adverbs and affixes) wesdgsmed for Nimboran and Slovak (cf.
Altmann, D6mo6tor, RiSka 1968a,b).

However, such a procedure is only of limited peattuse. Anyway, software exists
that may discern adjectives from verbs so that iicator (1) can be calculated
mechanically. Thus our studies of the presentlarace based on this specific measure of

! Univ. Brasilia (Brasilia). Email:peter@unb.br
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activity. In the following section we analyze chetaaistics of the random variab@in (1). In
Section 3 we compute the Busemann’s indicator aaadrresponding characteristics of the
New-Year-Speeches of Italian presidents. A datdyaisaand tentative interpretations are
presented in Section 4, followed by some final nk®@n Section 5.

2 Characteristics of Busemann’s indicator

In order to model the distribution of the randonriatle V in (1), we restrict the text to a
sequence of verbs and adjectives, simply ignoritigeroparts of speech that may occur,
obtaining thereby the topical universe. Assumirgf ih the construction of this sequence a
verb is chosen with probabilify and an adjective with probability= 1 (cf. e.g. Altmann,
Kdhler 2015), the resulting numb¥rof verbs is binomially distributed, i.e.

(2) P(V=kKk :KEJ p“@-p)" fork=0,1,..n,

wheren is the number of verbs and adjectives,n.e.V + A.
From elementary probability theory (see e.g. Z$2016, Sections 5.3, 8.1, 8.2) it is
known that the expectation and variance of theaandariableV are given by

(3)  E(V)=np, Var(V)=np(l-p),
implying

\Y,

@ EQ=E[L)=2Em)=p, varQ)=Var & |= Lvar(y) = PA=P)

n n

for the activity defined by (1). When the sequeateerbs and adjectives is sufficiently long,
the activity Q is approximately normally distributed with the gareters given in (4). In
columns three and four of Table 1 we present thmbmaun of adjectives and verbs in the
analyzed speeches of Italian presidents. The fdthsmn shows the corresponding observed
value of the Busemann'’s indicatQ In order to decide whether the value is largsmall,

we calculate the squared deviation

(5) 3= VAT @ -y
V+A n

between the numbers of adjectives and verbs. Wighiition ofX? is relatively complicated.
By means of simulation one can show that it is flEifito a chi-square distribution with one
degree of freedom f is “close to 0.5” and similar to a normal distriimn otherwise.

Based on the value of the random varia¥lave consider the following five activity
classes:

SA = significantly active (V > A, X> 3.84)
AC = active (V > A, X < 3.84)
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(6)  NE = neutral (X< 0.5)
DE = descriptive (V < A, X< 3.84)
SD = significantly descriptive (V < A, % 3.84)

The constant 3.84 is derived from the chi-squastridution with one degree of freedom,
-x/2

. . . . e
having the probability density functidx) = Janx A variableY following that distribution

0 —X/2

e
satisfiesP(Y > 3.84) =j o dx= 005, The threshold 0.5 to delimit the neutral regias h

384
been chosen arbitrarily

3. Data collection regarding the activities in preislential speeches

The statisticX” and the respective class of the presidential $paeeindicated in columns 6
and 7 of Table 1. The last column contains theavae ofQ calculated according to (4),

assuming thap is given by the observed raNén of the respective speech

Table 1
Activity in speeches of Italian presidents
President Speech A V Q X Class VarQ)
Einaudi 1949 30 33 [0.5238 | 0.14 NE | 0.00395926

1950 15 20 05714 | 0.71 AC 0.00699708
1951 41 34 | 0.4533 0.65 DE | 0.00330430
1952 27 28 | 0.5091 0.02 NE | 0.00454395
1953 34 24 |0.4138 1.72 DE | 0.00418221
1954 43 36 | 0.4557 0.62 DE | 0.00313971

Gronchi 1955 64 51 |0.4435 1.47 DE | 0.00214613
1956 88 87 |0.4971 0.01 NE | 0.00142853
1957 170 126 | 0.4257 6.54 SD | 0.00082593
1958 131 127 | 0.4922 0.06 NE | 0.00096876
1959 92 80 | 0.4651 0.84 DE | 0.00144641
1960 112 107 | 0.4886 0.11 NE | 0.00114096
1961 184 162 | 0.4682 1.40 DE | 0.00071962

Segni 1962 120 83 | 0.4089 6.74 SD | 0.00119062
1963 170 131 [ 0.4352 | 5.05 SD | 0.00081662
Saragat 1964 85 64 |0.4295 | 2.96 DE | 0.00164452

1965 141 138 | 0.4946 0.03 NE | 0.00089595
1966 185 144 | 0.4377 5.11 DE | 0.00074808
1967 167 145 | 0.4647 1.55 DE | 0.00079730
1968 176 134 | 0.4323 5.69 DE | 0.00079165
1969 222 232 | 0.5110 0.22 AC 0.00055039
1970 272 257 | 0.4858 0.43 NE | 0.00047221]

Leone 1971 37 35 |0.4861 0.06 NE | 0.00346954
1972 134 111 | 0.4531 2.16 DE | 0.00101142
1973 174 205 | 0.5409 2,54 AC 0.00065522
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1974 120 139 | 0.5367 1.39 AC 0.00096006
1975 200 191 | 0.4885 0.21 NE | 0.00063905
1976 196 211 | 0.5184 | 0.55 AC 0.00061342
1977 216 262 | 0.5481 | 4.43 SA 10.00051817

Pertini 1978 156 283 | 0.6446 | 36.74 AS 0.00052182
1979 280 442 | 0.6122 | 36.35 SA | 0.00032883
1980 164 244 | 0.5980 | 15.69 SA | 0.00058919
1981 330 571 | 0.6337 | 64.46 SA | 0.00025762
1982 322 495 | 0.6059 | 36.63 SA | 0.00029228
1983 452 760 | 0.6271 | 78.27 SA | 0.00019295
1984 163 269 | 0.6269 | 26.01 SA ] 0.00054386

Cossiga 1985 | 404 289 |0.4170 | 19.08 SD | 0.00035082
1986 215 187 | 0.4652 1.95 DE | 0.00061887
1987 349 248 | 0.4154 | 17.09 SD | 0.00040678
1988 369 311 | 04574 | 4.95 SD | 0.00036497
1989 303 231 | 0.4326 | 9.71 SD | 0.00045965
1990 533 396 | 0.4263 | 20.20 SD | 0.00026325
1991 64 57 104711 | 0.40 NE | 0.00205920

Scalfaro 1992 | 360 472 | 0.5673 | 15.08 SA | 0.00029504
1993 387 469 | 0.5479 7.86 SA | 0.00028938
1994 482 590 | 0.5504 | 10.88 SA | 0.00023084
1995 523 741 | 0.5862 | 37.60 SA | 0.00020470Q
1996 326 313 | 0.4898 | 0.26 NE | 0.00039107
1997 521 | 1048 | 0.6679 | 177.01| SA |0.00014136
1998 415 775 | 0.6513 | 108.91| SA |0.00019086

Ciampi 1999 276 291 | 0.5132 | 0.40 NE | 0.00044061
2000 272 291 | 0.5169 | 0.64 AC |0.00044354
2001 260 338 | 0.5652 | 10.17 AC | 0.00041095
2001 301 312 | 0.5090 | 0.20 NE | 0.00040770Q
2003 211 231 | 0.5226 | 0.90 AC | 0.00056445
2004 264 268 | 0.5038 | 0.03 NE | 0.00046990
2005 164 181 | 0.5246 | 0.84 AC ]0.00072288

Napolitano 2006 | 285 356 | 0.5554 | 7.86 SA | 0.00038523
2007 241 274 | 05320 | 211 AC | 0.00048344
2008 219 281 | 0.5620 7.69 SA | 0.00049231
2009 268 374 | 0.5826 | 17.50 SA | 0.00037879
2010 336 354 | 0.5130 | 0.47 NE | 0.00036207
2011 330 341 | 0.5082 | 0.18 NE | 0.00037248
2012 325 398 | 0.5505 7.37 SA 10.00034226

4. Data analysis and preliminary interpretations

Analyzing the activities in Table 1, we may distingh between “internal” and “external”
characteristics, the first of which refers to pmtjes related to one and the same legislative
period, the latter examining the alteration of miestial features over the time. In the first
case we may e.g. ask whether the above definedtaaif a president varies in the course of
his mandate or which textual characteristics apcty of a politician. The End-of-Year
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speeches are of course dictated by the partipdhtical, economic circumstances etc. but
depend also on the attitude of the writer. It idl\Wweaown that presidents have their writers,
but the texts on which the speeches are basedffanial documents reflecting the president’s
opinion and may be used for analysis.

In previous studies it has already been demoestrttat the topic of presidential
speeches depends only on individual choices wherelear time-effect can be observed
However, this does not mean that the choice ofestilig completely random and independent
of the geopolitical situation. One might considbe tpossibility that a certain regularity
underlies the temporal evolution that could be deté by means of quantitative analyses.
Moreover, clear temporal patterns have been obdexvg in discourses of prime ministers,
presidents of chambers and of the confederatidtakdn industries.

In this paper we aim to extract any available nimfation from the quantitative
analyses.

4.1. Activity alteration over time

In a first attempt to express internal charactiesstelated to the legislative periods of
presidents, we present the mean values of the nanaoiablesQ andX? in Table 2. The last
column contains theactivity vectors whose components express the numbers of speech
classes of the form SA, AC, NE, DE, SD, respecyiyske (6)), which were presented by the
same president.

Table 2
Mean activities and deviations in the presidersjmeches

Legislation | President Mean Mean squared Activity vectors

period activity deviation [SA,AC,NE,DE,SD]
1: 1949-54| Einaudi 0.4879 0.64 (0,1,2,3,0)
2: 1955-61| Gronchi 0.4686 1.49 (0,0,3,3,1)
3: 1962-63| Segni 0.4220 5.90 (0,0,0,0,2)
4: 1964-70| Saragat 0.4651 2.28 (0,1,2,4,0)
5. 1971-77| Leone 0.5103 1.62 (1,3,2,1,0)
6: 1978-84| Pertini 0.6206 42.02 (7,0,0,0,0)
7: 1985-91| Cossiga 0.4407 10.48 (0,0,1,1,5)
8: 1992-98| Scalfaro 0.5801 51.09 (6,0,1,0,0)
9: 1999-05| Ciampi 0.5222 1.88 (0,4,3,0,0)
10:2006-12 | Napolitano 0.5434 6.17 (4,1,2,0,0)

The alteration of the mean activity of the prestdas illustrated graphically in Figure 1.
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Figure 1. Mean activities of legislativeripds

According to the above remarks no temporal trermdl loa discovered for this oscillating
curve. However, one can identify the peaks cornedpg to the presidents Pertini (1978-
1984) and Scalfaro (1992-1998). These two pressdam characterized by the highest textual
activities. In accordance with other analyses, éhadliticians exerted a great influence and
differed from the other presidents. While Pertifien held extemporaneous speeches without
reading from the template, Scalfaro was known fmmgl speeches with an easy-to-read
preachy language. The minima of the activity clowgespond to the politicians Segni (1962-
1963) and Cossiga (1985-1991). The former gave tmmyspeeches since he early resigned
from his office and the latter announced his posita year ahead of schedule (in the last
speech he informed his decision to resign fronoffise).

In summary one can say that the four mentione@staen are easily detected in the
formal analysis as atypical personalities, siney tlepresent the extrema of the curve in Fig.
1. |Interpreting the activity indicator one mightiegs that high values indicate a great
influence and a comprehensible language, whilevalmes may indicate missing animation
and career frustration.

4.2. Jumps in the course of time

In order to discover “jumps” i.e. abrupt changeswieen subsequent New-Year-Speeches,
one may test the differences in the activity levdlsubsequent years. We apply an asymp-
totic two-sided normal test in order to check faogndicant differences in subsequent
activities. One compares tli@values of consecutive yeai®; andQ,, considering the test
statistic

Q,-Q, |
Jar(Q)+var Q)

(6) U=1|, wherer =
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TherebyY is a reduced random variable, having expectatiamd variance 1. Suppose that
the activity is approximately normally distributeadenY has the standard normal distribution.

It holds P(Y > 1.96) = 0.025, hence P(U > 1.9®)(¥ > 1.96) + P(Y < -1.96)
= 2(0.025) = 0.05. That is, if U > 1.96 we can iifgnthe transition as a “jump” for a
significance level of 5%.

The U-values are summarized in Table 3. As can be sexrgll transitions from one
president to his follower are jumps, and on theeothand jumps may occur between
subsequent years of the same legislation period.significant values (> 1.96) are indicated
in bold face. The last value of a legislation perrepresents an activity change between two
consecutive presidents.

Table 3
Activity changes in the New-Year speeches
President Year U President Year U

1949-1950 0.45 1978-1979 1.11

1950-1951 1.16 1979-1980 0.47

1951-1952 0.63 1980-1981 1.23

Einaudi 1952-1953 1.02 Pertini 1981-1982 1.19
1953-1954 0.49 1982-1983 0.96

1954-1955 0.17 1983-1984 0.16

1984-1985 6.88

1955-1956 0.90 1985-1986 1.55

1956-1957 1.51 1986-1987 1.55

1957-1958 1.57 1987-1988 1.51

Gronchi 1958-1959 0.55 Cossiga 1988-1989 0.86
1959-1960 0.46 1989-1990 0.24

1960-1961 0.47 1990-1991 0,93

1961-1962 1.36 1991-1992 1.98

Segni 1962-1963 0.59 Scalfaro 1992-1993 | 0.80
1963-1964 0.11 1993-1994 0.11

1994-1995 1.74
1995-1996 3.99
1996-1997 7.72
1997-1998 0.92
1998-1999 5.49

1964-1965| 1.29 1999-2000 0.12

1965-1966| 1.40 2000-2001 1.65

1966-1967| 0.69 2001-2002 1.97

Saragat 1967-1968| 0.81 Ciampi 2002-2003 0.44
1968-1969| 2.15 2003-2004 0.59

1969-1970| 0.79 2004-2005 0.60

1970-1971| 0.005 2005-2006 0.92

1971-1972| 0.49 2006-2007 0.79

1972-1973| 2.15 2007-2008 0.96

1973-1974| 0.10 2008-2009 0.70

Leone 1974-1975 1.21 Napolitano| 2009-2010 2.55
1975-1976| 0.85 2010-2011 0.18

1976-1977| 0.88 2011-2012 1.58

1977-1978 2.99
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One can see from Table 3 that there are four fezgnt jumps between succeeding
presidents (out of nine possible), and six jumpgHin” a legislative period. In particular, the
highest jJumps occurred between 1984 and 1985 amgebr 1996 and 1997. One could ask
again, whether significant activity jumps corresppdn important historical data. A definite
answer can only be given by historians specialiredtalian politics. The study of this
guestion would be a step towards an interdiscipjin@search.

The activity changes are illustrated graphicallyigure 2.

Qefivity 44
changes

bz 3 4 s én
Hme

Figure 2. Activity differences between the New-Y-&geeches

4.3. Activity vectors

In the above studies we have considered activitfeinms of a singular value of the
Busemann’s indicator. We now characterize pressdenkegislation periods by means of the
activity vectors considered in Tablel2sing this concept, one may compare the presidents
different ways. One possibility is to determine #rgles between the vectors. We make use
of the elementary relation

O nyi
W oS

i=1

(7) cos@) =

wherex = (Xq,...,X,) andy = (y1,...,yn) aren-dimensional vectors and denotes the angle in

n n
radians betweer andy. By xiy = > xy, and |X|=v/xG = |> x* we denote the scalar
i=1 i=1
product betweer andy and the norm aof, respectively.
In our application we have = 5, since there are five activity vectors in TeaBl The
anglea between the vectossandy is now given as
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_ xOy
(8) a =arccos| ——— |.
IX|dv

Its value can vary between 0 andcorresponding to 0 and 180 degrees, i.e. iderdicdlop-

posed directions. Perpendicular vectors form arleanf 721/2 radians or 90 degrees, re-
spectively. In the following we analyze the direatichange between the activity vectors of
consecutive presidents. A large angle between teders might indicate a course change in
the political strategy. For the vectdts= (0,1,2,3,0) ands = (0,0,3,3,1) corresponding to
Einaudi and Gronchi we get e.g.

0[0+1[0+2[3+3[3+0[1 _ 15

= =0.9197
JO2+12+22+32+02 3/02 402 +32 +32 +12  V1413/19

cos@) =

Hence the angle betwedhand G is a = arcos(0.9197) = 0.4035 radians am@z 23
T

degrees. Performing these calculations for all eocave presidents we obtain the results in
Table 4.

Table 4
Angles between activity vectors obnsecutive presidents
Subsequent presidents Angle
in radians in degrees

Einaudi — Gronchi 0.4035 23
Gronchi — Segni 1.3393 77
Segni — Saragat 1.5708 90
Saragat — Leone 0.9023 52
Leone — Pertini 1.3096 75
Pertini — Cossiga 1.5708 90
Cossiga — Scalfaro 1.5392 88
Scalfaro — Ciampi 1.4720 84
Ciampi — Napolitano 1.1192 64

One can observe that every change of a presi@aised a considerable change in the
direction of the activity vector. The smallest charoccurred when Einaudi was replaced by
Gronchi. The largest occurred in the transitiomsnfiSegni to Saragat, Pertini to Cossiga and
Cossiga to Scalfaro. Once more it would be intergsb check by political studies whether
large angles correspond to certain changes intytee governing

4.4. Reduced activity vectors

One possibilityto simplify and sketch the activity vectors gragthiy consists of restricting

them to the two extreme classes SA (significantiyva) and SD (significantly descriptive).

Thereduced activity vectoobtained thereby can be represented as a potheiplane (see

Fig. 3). The dotted diagonal line divides the plarte a more active part (above) and a more

descriptive part (below). It is interesting to ob&ethat no president has combined high

activity with high descriptiveness, i.e. if onetbé president’s speeches is significantly active,
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none of his other speeches is significantly detiegpand — vice versa - if one of the
president’s speeches is significantly descripthane of his other speeches is significantly
active.

Geometrically interpreted, this means that theiced activity vectors of all presidents
are all located on one of the axes in Fig.Che could possibly use this graphic to group the
presidents in personalities which tend to be mate’ey, more descriptive or neutral in their
speech (with respect to the above defined actirattor).
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Figure 3. Reduced activity vectors

5. Conclusions

As already indicated in the introduction, “activityn a text or speech can be defined and
measured in different ways. The only concrete cdaiga activity indictor available in the
linguistic literature seems to be Buemann’s indicavhich we have used as the basis of our
calculations.

It is obvious that other definitions of activityight yield different result<Only some
individual analyses of textual activity have beerfprmed in linguistics since Busemann’s
“classical” paper of 1925 (cf. Altmann 1978; Wimnwtral. 2003). Therefore it is interesting
to apply this concept to an extensive data matdikal the Italian presidential New-Year-
Speeches. The analysis can be used as a basigtforfinvestigations. The interpretations
are of preliminary type. It should be clear thatyomtensive comparisons with political,
sociological, economical or other important factsaymlead to useful and reliable
interpretations.
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An Optimization Model of Global Language
Complexity

German Colom4a

Abstract. In this paper we develop a theoretical model obgldanguage complexity, based on
a constrained optimization approach. We assume ldragjuage is a system that chooses
different levels of complexity for its different dwins (i.e., phonology, morphology, syntax,
vocabulary) in order to minimize a global complgxfunction subject to an expressivity
constraint (which also depends on non-linguistidaldes related to geographic, phylogenetic
and demographic factors). The model is illustratittl the aid of a dataset based on a short text
translated into 50 languages, for which global clexipy is measured using a version of
Kolmogorov complexity. That dataset is used to simultaneous-equation regressions, which
represent different relationships between langueageplexity measures.

Keywords: language complexity, optimization, Kolmogorov gbemity, simultaneous-
equation regression.

1. Introduction

The literature about global language complexityelatively vast and diverse. On one
hand, there is a considerable amount of theorédliteahture that has dealt with topics
such as the definition of language complexity (eKusters 2003, Miestamo 2008,
Culicover 2013) and its determinants (e.g., McWhert2001, Balasubrahmanyan &
Naranan 2002, Hawkins 2004, Trudgill 2009). Ondtteer hand, there is a good deal of
empirical work that has either analyzed the retetiop between complexity measures
(e.g., Nettle 1995, Fenk-Oczlon & Fenk 2005, Shths2@06, Sinnemaki 2008) or the
relationship between those measures and other limgunstic) variables (e.g., Hay &
Bauer 2007, Atkinson 2011).

The theoretical literature has also developed nsoaesuming that language is a
system, and that its behavior is guided by a hidutecess which tries to achieve some
desired objective. Among the main contributionsthat literature we can mention
Beckner et al. (2009), which states that language complex adaptive system whose
structures emerge from interrelated patterns ofeegpce, social interactions and
cognitive mechanisms. Another group of studies @&mailar line are the ones related to
the concept of “synergetic linguistics” (e.g., K6BhR005), for which language is a self-
organizing and self-regulating system whose proggertome from the interaction of
several constitutive, forming and control requiraise

Part of that theoretical literature has explored possibility of explaining the
behavior of the language system through an optimizanodel (e.g., Ke, Ogura &
Wang 2003, Ferrer-i-Cancho 2014, Futrell, Mahow&l&Gibson 2015). However, we
have not found any example from that literaturenimich the model used is directly
related to complexity minimization, and this is lpably the main contribution of the
current article. The model that we develop herenesjertheless, well known in other

1CEMA University, Buenos Aires, Argentina. Ematoloma@cema.edu.ar
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social sciences such as economics (e.g., Chiang &nwight 2005), where cost
minimization is a standard approach.

The main challenge for using a model like thiplisbably the fact that global
language complexity is a rather indefinable concepd it is therefore very hard to
measure. The theoretical literature that has sotafiind results related to its deter-
minants (e.g., Hawkins 2004, Culicover 2013) hageneral ended up with the con-
clusion that language complexity had better be istudusing concepts that are
applicable to specific situations (e.g., markednessonomy, efficiency). In the
empirical literature, however, there is a measwevdd from information theory that
could represent the global complexity of a text.affhmeasure is Kolmogorov
complexity (Kolmogorov 1963), and it has been ubgdsome authors in different
linguistic settings (e.g., Juola 2008, Ehret & Seasanyi 2015).

Kolmogorov complexity can be defined as the lengfthhe smallest algorithm
required to generate a certain string of charadiers Vitanyi 1997). Although in
general it is formally incomputable, it can be apgmated by the size of a compressed
text file that comes from another (original) filEhe ratio between the sizes of the two
files, therefore, can be seen as an empirical measguthe global complexity of the text
to which those files refer to, since the possitif compressing the original file into a
smaller one is directly linked to a series of cleteastics (e.g., letter inventory, letter
repetition, morpheme repetition, word repetitiolguse length) that signal the com-
plexity of the text.

In the following pages we will develop a modeMhich we assume that global
language complexity is measurable (for examplecdimputing the Kolmogorov com-
plexity of a representative text) and that it dejseon several partial complexity vari-
ables (which can also be measured). We will alsorag that those partial complexity
variables are somehow “chosen” by the language ruadalysis in order to minimize
global complexity, but that they are also influethd®y non-linguistic variables related
to phylogenetic, geographic and demographic factdisose factors can also be
important to determine language “expressivity”,.,ilhe capacity of a language to
discriminate between possible alternative referénts certain expression (Kirby et al.
2015). That expressivity will also depend on thigedent language domains involved in
the production, transmission and decoding of lisilcimessages (e.g., phonology, mor-
phology, syntax and vocabulary).

Our model will be illustrated with an example bhea data from a short text for
which we have translations to 50 different langsagé@/ith those translations we
compute several complexity measures (including Kaglarov complexity) and build a
dataset in which those measures are seen as thblgarof the empirical version of our
model. As the languages belong to different famidad regions, and are spoken by
different numbers of people, we can make use dfdiversity to build three additional
(categorical) variables. With all that we proceedestimate the parameters implicit in
our theoretical model, using a statistical procedfrsimultaneous-equation regressions
known as “three-stage least squares” (Zellner &lITI#62).

2. Theoretical model
Let us assume that we can measure the global caitypté a language by a numerical

continuous variable “g”. Let us suppose, moreotteat the value of that variable is an
increasing function “C” of several partial complgxivariables related to different
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language domains (e.g., phonology, morphology, ssynvocabulary). Let us now
assume that those partial complexity variables #remselves numerical and
continuous, and can be associated to “g” in thiewohg way:

g=C(p, m, s, V) (1)
where “p”, “m”, “s” and “v’ may represent, for exaoe, the phonological, morphol-
ogical, syntactic and lexical complexity of langaag

In a context like this, global complexity can s as a measure of the effort
that speakers have to exert in order to use thgubage under analysis. Therefore, the
smaller the value of “g”, the less costly a langriagyto be used by its speakers. But as
language has to express meanings associated daffésent components (i.e., to its
words, clauses, texts, etc.), then its partial dexity levels can also be positively
associated to its expressivity (through a functiéhy which will be increasing in “p”,
“m”, “s” and “v").

Following the ideas that appear in the literatab®ut language as a complex
adaptive system, we can think of the process ajuage evolution and transmission as
an attempt to choose optimal levels for “p”, “m§"“and “v”, which simultaneously
minimize “C” and maximize “E”. But this trade-offebween opposing objectives can be
influenced by other variables, such as phylogenageographic and demographic
factors (“pg”, “gg”, “dg”). One possible way to noiduce those factors is to suppose
that they operate as a determinant of the levebxpiressivity that a language must
possess, through a restriction “R” (which integsateem into a single function). If that
is the case, we can think of an “expressivity c@mst’ that can be written in the
following way:

R(pg, 99, dg) = E(p, m, s, V) 2) .

If “R” is a constraint for the level of “E”, andsi determinants are exogenous to
the language system, then our problem of choosiagptimal levels of “p”, “m”, “s”
and “v” is somehow simplified, since it can be certed into one where we minimize
“g” subject to the constraint stated in (2). If “@hd “E” are both continuous and dif-
ferentiable in “p”, “m”, “s” and “v”, that problentan be solved using a standard
optimization technique known as the “Lagrange méthdhis method implies writing a

Lagrangean function “L”, which is defined as follew
L =C(p, m, s, v) #:[R(pg, 99, dg) — E(p, m, s, V)] (3)
and then finding the values of “p”, “m”, “s” and™¥or which the corresponding partial

derivatives of “L” are equal to zero. These eqieditare the “first-order conditions” of
the problem, and can be written as:

o _oc ,0E_, - A:(OC/ap) (4)
dp op ~ op (0E/ap)
oL_oc . 9E_, N A:(aC/am) ()
om om ~ om (0E/0m)
oL _oC _, oE _ R _(acyas)
o o s © A= (0E/0s) ©)
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In both the Lagrangean function and in its firsti@r conditions there is an additional
“artificial variable” (A), which is known as the “Lagrange multiplier” d¢fet problem’s
constraint. This variable plays the role of conwvertthe units in which the constraint is
expressed (which in our case would be “expressiuitys”) into the units in which the
objective function is expressed (i.e., complexityts). Due to that conversion, the first-
order conditions can be stated as equations thHaterenfinitesimal changes in
complexity with infinitesimal changes in expressgryiand establish optimal ratios be-
tween those changes.

Another role that the Lagrange multiplier playgasinclude the fulfillment of
the constraint as an additional first-order cowditof the problem. This is due to the
fact that, in order to minimize “C” subject to “REZ, we also need that:

oL
- R(pg.99.po)- E(pmsyv)=0 —  R(pg,99.dg) = E(p.m,s,v) (8)

and this last equation is included, together wihations (4) to (7), in a system whose
solutlion is the one that determines the optimabeslof “p”, “m”, “s” and “v” (and
“A).

One relatively straightforward way to solve thistem of equations is to use
(4), (5), (6) and (7) to find the optimal relatibmzss between each pair of partial
complexity variables. By doing that, it is possibdeexpress any complexity variable as
a function of any other complexity variable (e!gn = m(p)”, “s = s(p)”, “s = s(m)”,
etc.). Making use of that possibility, we can repldhose functions into (8), and write
something like the following:

p = p(pY, 99, dg) 9)
m = m(pg, gg, dg) (10)
s=s(pg, gg, dg)  (11)
v=v(pg, gg, dg)  (12).

R(pg,99,p0) = E(p.m(p),s(p),v(p))
R(pg,99,p0) = E(p(m),m,s(m),v(m))
R(pg,99,p0) = E(p(s),m(s),s,V(s))
R(pg,99,p0) = E(p(v),m(v),s(v),v)

bl

What equations (9) to (12) give us is actually sb&ition to our optimization problem.
Each partial complexity variable is expressed asation of the different phylogenetic,
geographic and demographic factors that influeheddanguage system under analysis,
and can be inserted into equation (1) in order @b the minimum level of global
complexity which is compatible with the fulfillmeiwof the constraint stated in equation
(2). By doing that, we obtain the following:

g = C(p(pg,99,dg), m(pg,99,dg), s(pg,99.dg), \dogig)) (13)

which is an expression in which “g” is equated tuction that will ultimately depend
on the actual levels of the non-linguistic variabl&he whole process implied by this
optimization model can therefore be represented gyaph like the one that appears in
Figure 1.

! For a more complete explanation of this procedsge, Sundaram (1996), chapter 5.
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As we can see, the idea behind this model isttiehon-linguistic factors (i.e.,
phylogenetic, geographic and demographic), whidluemce the environment where
language systems operate, have an effect on thenwalgich those systems choose the
characteristics of their different domains (i.ehopology, morphology, syntax and
vocabulary). But as those characteristics are oted simultaneously, then their
implied levels of partial complexity are related @ach other, and they all have an
impact on the global complexity of the system.

Phylogenetic Phonolog@cal
Factors Complexity
Morphological
Complexity
Geographic Language / \ Global
Factors > System S - Complexity
yntactic
\ Complexity L
Demographic
Factors Lexical
Complexity

Figure 1. Language complexity model

3. Description of the data

In order to apply the theoretical model descrilethie previous section to an empirical
example, we will use the same dataset that wasqugly employed in Coloma (2015,
2016), whose source is a series of articles puddish IPA (1999) and in thdournal of
the International Phonetic Associatioit consists of a sample of 50 languages for
which we have a version of the same text (the fabtavn as “The North Wind and the
Sun”), on which we define different phonologicalpmphological, syntactic and lexical
measures of complexifyThose measures are the following:

Phonological inventorylV): It is an index that consists of the sum of the
number of consonant and vowel phonemes in eacludéaygg modified by the number of
distinctive tones that such language possesses,bgnthe possible existence of
distinctive levels of stress. This index is defirzex

INV = Consonants + Vowels*(Tones+Stress)

where ConsonantsVowelsand Tonesare numerical variables, argtressis a binary
variable that takes a value equal to one whensstgedistinctive in a certain language
(and zero otherwise).

Phoneme/word raticdPWR): It is defined as the ratio between the total nemb
of phonemes of “The North Wind and the Sun” textdach language, and the
corresponding total number of words in that text.

% The list of languages and their complexity lesis reported in the appendix.
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Word/clause ratioWCR): It is defined as the ratio between the total nemddf
words of “The North Wind and the Sun” text in edahguage, and the corresponding
total number of clauses in that text.

Type/token ratioTTR): It is defined as the ratio between the numbaetitbérent
words (types) of “The North Wind and the Sun” téxteach language, and the total
number of words (tokens) in that text.

To measure the global complexity of the texts wunadealysis we will use
Kolmogorov complexity KC). This will be defined as the ratio between theesf a
compressed file (which contains the “The North Wiadd the Sun” in a certain
language) and the size of the original versionhatt tfile, both of them measured in
bytes. Compression was made using the program”,Azypsion 4.32.

Another set of variables that we need for our eiwgli exercise is the one
related to non-linguistic factors. This consists afie geographic variable, one
phylogenetic variable and one demographic variaddlepf which are categorical. The
values of the geographic variable represent 1@udfft regions of the world, and each
of them encompasses between 4 and 6 languagesdworsample. The regions are
North America, South America, Northern Europe, 8eut Europe, Northern Africa,
Southern Africa, West Asia, Central Asia, East Aeia the Pacific.

Additionally, the 50 languages in the sample bglom 24 different families,
some of which are represented by more than oneutayegy Those families are Indo-
European (IE, 13 languages), Afro-Asiatic (AA, Sidaiages), Niger-Congo (NC, 4
languages), Sino-Tibetan (ST, 3 languages), Alfait, 3 languages), Austronesian
(Aus, 2 languages), Nilo-Saharan (NS, 2 languagat®},Manguean (OM, 2 languages),
plus two languages that can generically be refetoeds “Amazonian” (Amaz). The
remaining 14 languages are grouped into anothegoag named “Other families”.

The demographic variable, finally, divides langesgnto three categories:
“large languages”, “medium languages” and “smalhgiaages” (according to the
number of speakers that the different languagesgss$. The group of large languages
is constituted by the following 12 cases: Mandakmnglish, Spanish, Hindi, Arabic,
Portuguese, Russian, Japanese, Bengali, GermarchFamd Malay. Correspondingly,
the ones that belong to the category of “small leggs” (less than 1 million speakers)
are the following: Apache, Arrernte, Basque, Chszk@, Dinka, Irish, Mapudungun,
Nara, Sahaptin, Sandawe, Seri, Shiwilu, Tausugju€riand Yine. The remaining 23
languages in the sample are considered to be “medized”.

The main descriptive statistics of this databasesammarized in Table 1, in
which we find the average valuesIdfV, PWR WCR TTRandKC for each group of
languages. In that table we can see, for exampé, East Asian and Oto-Manguean
languages tend to be phonologically more compled,that Amazonian languages tend
to have higher phoneme/word ratios. The higher yetadse ratios, conversely, appear
in Indo-European languages (especially in the NwrthEuropean ones), while the
highest type/token ratios seem to occur in West Asid in Sino-Tibetan languages.
Finally, Kolmogorov complexity is higher in SoutheEurope and East Asia, and in
Sino-Tibetan and Altaic languages.

Another set of descriptive statistics that could bseful to analyze our
complexity measures is the one formed by the caticel coefficients between the
different variables. Those coefficients are rembrteTable 2, in which we see that there
are several partial complexity measures that dyspidatively significant negative
correlation coefficients between themselves. Thetnmaportant one is the coefficient

® To see which language belongs to each familyfteeéable included in the appendix.
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betweenrPWRandWCR(r = -0.7265), followed by the one betwedfCRandTTR(r =
-0.5046), and by the one betwddl\/ andPWR(r = -0.3720). Conversely, Kolmogorov
complexity exhibits relatively large positive cdagon coefficients withT TR andINV
(“r = 0.3639” and “r = 0.2543"), and small negatizerrelation coefficients witlPWR
andWCR(“r =-0.1395” and “r = -0.1108").

Table 1
Descriptive statistics for complexity variables
Category / Variable INV PWR WCR TTR KC
Northern Europe 44.20 3.964 12.53 0.6336] 0.7203
Southern Europe 33.60 4.086 11.93 0.6105 0.7490
Northern Africa 42.75 4.787 11.04 0.6417| 0.6978
Southern Africa 49.00 4.469 10.98| 0.6296| 0.7002
North America 49.83 5.115 9.22 0.5938| 0.6851
South America 25.00 7.076 7.58 0.6541| 0.6357
West Asia 33.50 5.854 9.18 0.7634| 0.7417
Central Asia 36.00 5.060 11.33] 0.7067| 0.6573
East Asia 68.50 4.709 10.32| 0.6865| 0.7911
Pacific 26.25 5.530 8.80 0.5838| 0.6450
Indo-European 38.38  4.259 12.28| 0.6555| 0.7134
Afro-Asiatic 39.20 5.277 10.40/ 0.7164| 0.6956
Niger-Congo 43.00 4.298 11.15/ 0.6231] 0.7231
Sino-Tibetan 66.00 5.128 8.23 0.7469| 0.8291
Altaic 31.00 6.009 8.52 0.7132| 0.8103
Austronesian 22.00 5.592 9.63 0.5489 0.6252
Nilo-Saharan 46.50 4.157 11.76 0.5469| 0.6792
Oto-Manguean 68.00 3.557 10.18 0.6173| 0.7749
Amazonian 23.0( 8.457 6.91 0.6904| 0.5874
Other families 45.50 5.361 9.44 0.6302| 0.6787
Large languages 37.47 4.439 11.15 0.6507 0.7153
Medium languages 44.48 5.048 10.30| 0.6873| 0.7315
Small languages 42.60 5.438 9.65 0.5992| 0.6661
Average 42.28 5.019 10.31) 0.6521] 0.7080
Table 2
Correlation coefficients between complexity variales
Complexity variable INV PWR WCR TTR KC
Phonological inventory 1.0000
Phoneme/word ratio -0.3720 1.0000
Word/clause ratio 0.2136| -0.7265| 1.0000
Type/token ratio -0.0428| 0.5581| -0.5046 1.0000
Kolmogorov complexity 0.2548 -0.1395| -0.1108| 0.3639| 1.0000
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4. Empirical estimation

The dataset that we described in section 3 carsbed to perform an estimation of the
model developed in section 2. In order to do thes, first need to define which
empirical variables will be used to approximate theoretical variables of the model,
and which functional forms can approximate thetr@tships that that model displays.
One obvious possibility is to usdV, PWR WCRandTTR as proxies for “p”,

“m”, “s” and “v”, respectively. An easy way to uskem to write expressions for the
functions “C” and “E” is to suppose that the ficdtthose functions is linear, and that
the second one is log-linear. This implies thathb@itnctions will depend on four
variables and four parameters each, and they canitien as:

C=cl:INV +c2-PWR + c3-WCR + c4-TTR 14
E =al:In(INV) + a2:In(PWR) + a3:In(WCR) + a4-IA{) (15)

wherecl, c2, c3 andc4 are the parameters of the complexity function, ahda2, a3
anda4 are the parameters of the expressivity function.

In order to perform a statistical estimation of '@ is straightforward to assume
that global complexity can be approximated by tladue of KC. This implies that
parametergl, c2 c3 andc4 are going to be the results of a procedure in WKi€ is
regressed as a linear function IbfV, PWR WCRand TTR The estimation of “E”,
conversely, is considerably more cumbersome, siecdo not have any empirical vari-
able that can easily be associated to a measuepoéssivity. What we can do, instead,
is to work with the first-order conditions of thkebretical optimization problem de-
scribed in section 2, and write them in the follogviway:

0C/dp _ 0C/om _ 9C/ds _ OC/av_) ek _ 2 _ a3 _ A
0E/dp OE/0m 0E/ds OE/ov  al/INV a2/PWR a3WCR a4/TTR

(16)

As those relationships imply equality signs, ip@ssible to write equations that relate
complexity variables in pairs. Those pairs areftlewing:

INV——GC—[IPWR NV =2 B ver: INV——GO—4EI'TR 17)
a2 cl a3 cl

PWR=22FL Ny PWR=22 2 wCR - PWR=2 1R (19)
al c2 a3 c2 a4 c2

WCR——GC—EIINV WCR——ZE—IC—EPWR WCR——E—IO—4EI'TR (19)

a

TTR=2F Ny - TTR= 2 pWR - TTR——BC—3NVCR (20) .

al c4 a2 c4

The equations that appear in (17), (18), (19) &) ¢an also be added and reduced to
four regression equations, so we end up with aaysike this:

INV 3 —EE—IC— PWRF EIC—SNVCR+ G°—4 TTR (21)
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PWR[B——GC—lEHNV+ [-»C—swvcm BO—4EFTR (22)

wera =2 L oy +§G°—DPWR+—B°—4UTR (23)
al c3 a2

TTR[IB-—E—IC—lEIINV+ ZGE—EPWR+ BC—SNVCR (24).

Another set of equations from the theoretical madat can be empirically estimated is
the one that corresponds to the system formed hy(10), (11) and (12). One simple
way to do it is working with the three non-linguecstzariables described in section 3,
and regressing each partial complexity variabhV( PWR WCR and TTR against
those categorical variables. What we obtain is shmeg like this:

INV = blr + blf + blp ; PWR =b2r + b2f+b2p  (25)
WCR =b3r +b3f+b3p ; TTR = b4r + b4f + b4p (26)

where the differenbij coefficients represent measures of the effect ¢éhah category
(i.e., each region, family and population size ggohas on our partial complexity
variables.

If we estimate the system of equations represeite(P5) and (26), using
ordinary least squaréswe obtain a set of coefficients that can be usebuild “in-
strumental variables”. Those instrumental varialales created to replace the original
partial complexity variables in a new set of regiess, and we will label them #d 'V,
PWR, WCR and TT R. They are formed by the fitted values of the regiens for
equations (25)/(26), and their role is to represkeatoptimal values dNV, PWR WCR
andTTRIin (21), (22), (23) and (24) (without includingyaendogenous elements that
could make our estimation biased or inconsistent).

The new set of regression equations can therdferaritten in the following
way:

KC =c1-INV + c2-PIR + c3-WR + c4-TTR (27)
INV-3 = c5-P/R + ¢6-W'R + c7-TTR (28)
PWR-3 = (1/c5)-INV + (c6/c5)-WR + (c7/c5)- TTR (29)
WCR-3 = (1/c6)-INV + (c5/c6)-BIR + (c7/c6)-TTR (30)
TTR-3 = (1/c7)-INV + (c5/c7)-BIR + (c6/c7)-WR (31)

where €5 = (al-c2)/(a2-cl) “c6 = (al-c3)/(a3-cl)and “c7 = (al-c4)/(ad-cT) Their
results are reported in Table 3, and were obtairsaty three-stage least squares.

* This estimation was performed using the compuiragram EViews 3.1. The same software
was used for the other regressions whose reselt®ported in this paper.
® For an explanation of the logic behind this praredsee Kennedy (2008), chapter 10.
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Table 3
Three-stage least square regression results

Parameter Coefficient Std. Error t-statistic Probabhlity

cl 0.001300 0.000799 1.628061 0.1048
c2 0.026399 0.013069 2.019964 0.0445
c3 0.025719 0.005237 4.911356 0.0000
c4 0.392505 0.164358 2.388111 0.0177
c5 9.087457 0.588355 15.445540 0.0000
c6 4.342966 0.223163 19.461000 0.0000
c7 68.872710 3.391096 20.309870 0.0000

With the values that we have found, we can diyeotimpute the parameters of
the complexity functiondl, c2, c¢3 andc4). Using an indirect calculation, we can also
compute values for the parameters of the expraégdiwnction @1, a2, a3 andad). In
particular, if we set those values so that they @pldo one, we get the coefficients of
equation (33), together with the complexity funotieritten as equation (32).

C = 0.0013:INV + 0.026399-PWR + 0.025719-WCR +268%-TTR (32)

E = 0.0821-In(INV) + 0.1836:In(PWR) + 0.3742-In(WGFRD.3601-In(TTR)  (33).
20
16 X
E=1.32
C=0.82
12

10.31

Words/Clauses

0 2 4 5.02 6 8 10
Phonemes/Words

Figure 2. Iso-expressivity and iso-complexity curve

Equations (32) and (33) can be represented iagraln like the one that appears
in Figure 2, in which we have drawn one particutase of “E” (the one that
corresponds to the expressivity levels impliedhwy average values 6§V, PWR WCR
andTTR) and three particular cases of “C” (then one inclwhhat function equates the
average level oKC, plus two additional ones). As we can see, thagdim is depicted
in the space dPWRvs.WCR and in it we find that our iso-expressivity curggangent
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to the iso-complexity line for whic@ = 0.708(which is the average level BIC in our
sample). This means that such level of global cexipf is the minimum one that could
be obtained if we require that a language has tipeessivity implied by the average
levels ofINV, PWR WCRandTTR Moreover, in that tangency point we see that the
values forPWRandWCRare the ones that correspond to the average vafuib®se
variables (i.e.PWR = 5.02andWCR = 10.31

If we make a small variation in our model, we @dso use it to estimate partial
correlation coefficients between the complexityiailes. In order to do that, we have
to write equations (28)/(31) in the following way:

INV-3 = c5:-B/R + c6-WR + c7-TTR (34)
PWR-3 = c8:INV + ¢6-c8-WR + c7-c8-TTR (35)
WCR-3 = c9-INV + ¢5-c9-F/R + c7-c9-TTR (36)
TTR-3 =c10-INV + ¢5-¢10-PR + c6-c10-WR (37)

where we assume the8, c9 andc10 are not necessarily equal 1¢c5 1/c6 and1/c7.
Let us now define the correlation coefficients betw our variables using the following
formula:

Fy = =y (38)

wherer,y is the partial correlation coefficient betweenishles x andy, ¢,y is the
regression coefficient that correspondsytoin the equation where the dependent
variable isx-3 andcyy is the regression coefficient that corresponds tim the equation
where the dependent variableyi&®

Table 4
Partial correlation coefficients between complexityariables
Complexity variable INV PWR WCR TTR
Phonological inventory 1.0000
Phoneme/word ratio -0.2322 1.0000
Word/clause ratio -0.3720 -0.2592 1.0000
Type/token ratio -0.3947 -0.2750 -0.4406 1.0000

Using the results obtained in our new set of regoms, we used equation (38)
to calculate the coefficients reported in Tablé&H.of them turned out to be statistically
significant at a 1% probability level, and the kesg absolute value is the one that
corresponds to the relationship betwd®@@CRand TTR Note also that some variables
that display positive product-moment correlatioef@igients in Table 2INV vs. WCR
and PWRvs. TTR are now negatively related. This is consisterthvihe idea that
partial complexity measures are linked through itiieraction between functions “C”
and “E”, and must therefore be negatively correlateall cases.

® For an explanation of the logic behind this forayidee Prokhorov (2002).
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5. Concluding remarks

The two points that we believe are more importarthis paper are related to the use of
the proposed optimization model, and to its impletagon through the concept of
Kolmogorov complexity. On one hand, we think that cmodel is an elegant theoretical
approach to the general problem of language adf-segelated system, and that it is
also good to include the interaction that the eleimérom that system may have with
external forces such as phylogenetic, geograpldaamographic factors.

On the other hand, we see the concept of Kolmagaamplexity (and its
approximation through the ratio between the siZes compressed file and an original
text file) as a promising empirical approach tobglblanguage complexity. Due to the
fact that it is a measure that can be appliedfferént texts, it can also be correlated to
other (partial) complexity measures for those tewtsich can in turn be seen as their
internal determinants.

The logic behind our results is that the relatiopdetween the different com-
plexity measures can be interpreted as the outadmaeprocess in which the language
system defines certain levels of partial complexityorder to minimize a global
complexity function, subject to an expressivity swaint. Using particular functional
forms for those relationships, we were able tostlate them through various
parameters that are estimated in a simultaneoustiequregression procedure. In that
procedure, we also used information from non-lisgaivariables that define each
observation in our sample (i.e., the region andilfato which each language belongs,
and its size in terms of number of speakers).

However, the empirical illustration included inghpaper is not intended to test
the accuracy of the proposed model to fit actuah.diis purpose is to show how the
theoretical variables of the model can be integuteds observable variables, and how
those observable variables can be used to figurplausible “shapes” for the functions
postulated in the theoretical model. Of course, tiedel could also be used, in a
different setting, to be contrasted with anothezotietical alternative that provides a
different explanation for language complexity pherena.

Another possible use of the optimization modeledeped in this paper has to do
with testing different definitions for the globalomplexity variables (apart from
Kolmogorov complexity). It could also be possibteuse the empirical version of the
model to test different functional forms for thengalexity and expressivity functions,
since our linear and logarithmic versions of thdsections are just one, relatively
simple, alternative to write the relationships eddes in the theoretical model. That
alternative can certainly be contrasted with otiditional specifications.

Finally, the model could be applied in differenbntexts that were not
necessarily cross-linguistic. An alternative santpléhe one used could consist of texts
written in the same language, but belonging toeddiht authors, or genres, or styles, or
time periods that cover different stages in thduian of language.
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Appendix

Dataset from “The North Wind and the Sun”
Language Family Region Size INV PWR WCR TTR KC
Amharic AA NAfrica Medium 41 6.958 11.88 0.7263 23d
Apache Other NAmerica] Small 57 4,907 7.87 0.6017 @L67
Arabic AA WASsia Large 35 5.741 9.44 0.7647 0.6962
Arrernte Other Pacific Small 35 5.892 6.17 0.6351 0.6150
Basque Other SEurope Small 33 4.831 11.86 0.6506 0.7690
Bemba NC SAfrica Medium 46 5.506 9.88 0.7468 0.713
Bengali IE CAsia Large 36 4371 10.50 0.7143 0.715%4
Berber AA NAfrica Medium 37 3.873 8.78 0.7468 0.8087
Burmese ST EAsia Medium 70 7.143 6.00 0.9048 0.9195
Cantonese ST EAsia Medium 85 3.857 9.10 0.6484 0.7739
Chickasaw Other NAmericd  Small 34 8.316 5.70 0.666Y 0.6376
Dinka NS NAfrica Small 48 4.000 13.7Q 0.5474 0.7030
English IE NEurope Large 35 3.389 12.56 0.557H 0.6945
French IE SEurope Large 33 3.176 12.0Q 0.5926 0.7205
Georgian Other WAsia Mediuny 3B 6.058 7.67 0.8116 7781
German IE NEurope Large 53 4.147 10.9Q 0.6514 0.6972
Greek IE SEurope Medium 28 4.165 12.78 0.5478 0.7046
Hausa AA SAfrica Medium 48 3.904 13.83 0.5241 0.6094
Hebrew AA WASsia Medium 35 5.910 8.09 0.8202 0.74Q0
Hindi IE CAsia Large 45 3.766 15.5Q 0.6290 0.6252
Hungarian Other NEurope Medium 39 4.310 10.00 0.6300 0.7418
Igbo NC SAfrica Medium 50 3.358 13.25 0.5094 0.8044
Irish IE NEurope Small 46 3.147 18.43 0.5969 0.7421
Japanese Alt Pacific Large 26 5.045 9.78 0.6023 az5
Kabiye NC SAfrica Medium 39 4.758 10.11 0.6928 0.7441
Korean Alt EAsia Medium 37 6.350 8.57 0.7833 0.8536
Malay Aus Pacific Large 24 6.16[7 9.75 0.6154 0.648
Mandarin ST EAsia Large 43 4.385 9.60 0.687% 0.7940
Mapudungun Other SAmericg Small 28 4.800 8.33 0.4800 0.7644
Nara NS NAfrica Small 45 4.315 9.82 0.5463 0.6585
Nepali IE CAsia Medium 38 5.340 10.44 0.8085H 0.7198
Persian IE WAsia Medium 35 5.308 10.17 0.71438 0.7220
Portuguese IE SEurope Large 45 3.878 12.25 0.6429 0.7747
Quichua Other SAmerical] Medium 26 6.589 8J18 0.7556 0.6037
Russian IE NEurope Large 48 4.825 10.78 0.7320 0.7P6
Sahaptin Other NAmerica | Small 46 6.579 7.13 0.6140 0.7923
Sandawe Other | SAfrica Small 74 5.716 7.44 0.7612 0.6993
Seri Other NAmerica | Small 26 3.777 14.27 0.4459 0.5142
Shiwilu Amaz SAmerica| Small 25 7.750 7.71 0.6759 0.5322
Spanish IE SEurope Large 29 4.381 10.78 0.6186 0.7761
Tajik IE WAsia Medium 28 5.477 12.57 0.7159 0.6559
Tamil Other CAsia Medium 25 6.763 8.89 0.6750 0.5686
Tausug Aus Pacific Small 20 5.018 9.50 0.4825 0.601
Temne NC SAfrica Medium 37 3.568 11.3§ 0.5440 0.6302
Thai Other EAsia Medium 66 3.664 11.91 0.5649 0.6437
Trique OoM NAmerica | Small 101 3.35b 10.70 0.5794 08y
Turkish Alt WAsia Medium 30 6.631 7.22 0.7538 0.8629
Vietnamese Other EAsia Medium 110 2.855 16.71 0.5299 0.7622
Yine Amaz SAmerica | Small 21 9.164 6.10 0.7049 0.6872
Zapotec OM NAmerica| Medium 35 3.759 9.67 0.6552 4908

63

oo



Glottometrics 35, 2016, 64-84

On Russian Adnominals

Sergey Andreéyloan-lovitz Popescu, Gabriel Altmann

Abstract. The aim of the article is to show that the clasadnominals in Russian behaves regularly
and abides by a strict rank-frequency distributiarfact giving them the status of “legal” lingudsti
units. It will be shown that there is a left-righdymmetry in placing adnominals.

Keyords: Russian, adnominals, rank-frequency distron, asymmetry

Adnominals or adnominal modificators can be congide- cum grano salis — a part of the set
of noun valencies. They are not compulsory and beaglaced in front of or behind the noun.
They can consist of parts of compounds, free waptisases or clauses. They express some
properties of “things” expressed by nouns. Theyrather components of style, hence one
can expect that in different text types we findiffedent set of adnominals. The writers use
them consciously but choose them intuittively, withcaring what form they choose. A good
example is rhythmic poetry in which the author meeste for rhythm and restrict his choice.
In the course of human life the use of adnominhEnges automatically, hence it should be
studied also in the language of children.

Inspite of freedom and change of choice one camecture that adnominals set up a
class whose members behave regularly and any ofptuperties abides by a regularity. If it
is so, then adnominals can be considered quitel disigaiistic units. There is no list of
individual cases but one may set up a list of éass# adnominals. This will be different in
different languages and — as one can suppose erdtiff for every researcher because
linguistic schools want to show that they are “tigh

Without having this claim we consider a class okgble adnominals that were
necessary for analyzing great works of the Rus8tarature. The list and some Russian
examples are presented in Table 1. These adnotyjesd are proposed in Russian grammar
sources (Russkaja grammatika, 1980; Valgina, 280315). Each modificator is abbreviated
and has as a last letter either L (left) or R @igih order to be able to study the asymmetry of
positioning the same type of adnominals. It mustdmearked that not all of them occurred in
all texts.

Analyzing a text we obtain a vector of abbreviasioim order to exemplify it we show
the vector obtained from the long poem by A. Pushkiadim (1822) containing 203
adnominals. Their meaning is given in Table 1.

[GR,AR,AL,AL,GR,AR,AL,AL,PtL,AL,GR,DETL,DETL,DETL,RL,PtL,GR,PtL,AR,DETL,
AR,AR,AR,DETL,AL,GR,AR,AL,AR,AR,AL,GR,AR,AL,AL,AL,GR,GR,PtL,GR,ApR,
PtR, AL,PtL,AL,GR,PtL,ApR,AL,ApR,RCR,DETL,AL, DETIAL,ConL,AL,AL,PtR,GR,
PrL,AL,GL,AR,DETR,AR,InstrR,PtR,PrR,AL,InstrR,Ptin$trR,AL,PtL, AL,PtL,AL,AR,
AR,ALDETR,AL,GL,GL,AL,AR,GR,AL,CR,AR,GL,AL,GR,AL,AL,GR,PtR,GR,GR, AR,
AR,AL,AR,RCR,AL,RCR,GR,AL,CR,AR,CR,RCR, AL,AR,GR,IAAR,GR,AL,GR, DETL,
GR,AL,DETL,PtL,PtR,AL,GR,AR,PtL,AL,AR,AL,GL,AR,AL,AR,AR,AL,AL,GR, CNL,
DETL,AL,DETL,AL,AR,AR,AL,AL,DETR,DETL,PrL,AL,AL,GR,GR,AL,AR,AL,GR,AL,

! University of Smolensk. Emaimol.an@mail.ru
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ALALALAR,PrR,AL,AR,ALAL,AL,ALAL,AR,AR,DETL,AL, AR,PrL,AR,AL,AL,
DETR,AL,GR,ApR,AR,ApR,AR,AR,AR, AL,PrR,GR,AL,AL,ALRPtR,AL,AL,AL]

The vectors of all the other texts are presentethenAppendix. Now, having data of this
kind, a number of problems arise. (1) Is there soam&-frequency distributions of symbols
or are they represented in equal proportions?s(#)dre a left-right symmetry of adnominals
or are they placed equally? Some languages e.g. thavtendency to place adjectives on the
left hand side but in poetry they stay frequentty the right hand side. (3) How is the
distribution of distances between equal symbolgfdgse some regularity or is it random? (4)
Since we have to do with symbols, it is possiblectmstruct Koéhlerian (Kéhler, Altmann
2014: 21-25; Koéhler, Naumann 2016 Koéhler, Naumafh2? qualitative motifs and study
their properties. (5) The symbols can be weightegl, by their frequency; if one replaces the
symbols by their frequency, one can obtain a gtative vector which can be transformed in
guantitative motifs.

Table 1
Adnominals in Russian
Type Head initial Desig Head final Desig
(modificator right) - (modificator left) -
natio natio
n n
Componential | — B khlebzavod bread factory) CNL
noun (CN)
Componential | rozakrasavitsa (rose- krasavitsa-roza peauty-
adjective (CA) | beauty) CAR rose) CAL
Adjective (A) | krasnaja roza (ed rose) AL rozakrasnaja (rosered) AR
Participle (Pt) | tantsujushchaja devushkaantsujushchaja
devushkadancing girl), (girl dancing), roza
tsvetushchajaroza tsvetushchaja(rose
: PtL ) PtR
(blooming rose), blooming), dom
pokrashennij dom pokrashennij (house
(painted house) painted)
Adverb (Av) nalevc povorot o the povorotnalevc (turnto the
left turn),sovsem AvL left), rebjonoksovsem(a AVR
rebjonok @bsolutelya child absolutely)
child)
Infinitive (1) rabotat’ soglasije {0 soglasijerabotat’ (agreement
work agreement)spat’ to work), zhelanijespat’
zhelanije (o sleep IL (desireto sleep, gotovnost’ IR
desire) borotsja borotsja (readinesso
gotovnost’ {o struggle struggle)
readiness)
Concretization | Volga reka(Volga the rekaVolga (theriver Volga)
(extension), river)
nominative ConL ConR
case
Noun, genitive | moloka stakan ([of] milk stakanmoloka (glass [of]
case glass)raboti nachalo GL | milk), nachaloraboti GR
(no ([of] work beginning) (beginning [of] work)
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preposition)

Noun, dative | detjam podarki ([to] podarkidetjam (gifts [to]

case children gifts), druzjam DL children), pomoshch DR

(no pomoshch ([tofriends druzjam (assistance [to]

prepositior) assistance) friends)

Noun, rukoj tolchok ([with] a tolchokrukoj (a push [with]

instrumental | hand a push)kartinoj Instr ahand), voskhishchenije Instr

case voskhishchenije ([of] L kartinoj (admiration of R

(no painting admiration) painting)

prepositior)

Noun, dlja devushki podarok podarokdlja devushki (a

prepositional | (for the girl a present) presenftfor the girl), ljubovk

phrase zhizni ljubov (for life PrL | zhizni (lovefor life), pros’ba | PrR
love), 0 pomoshchi o pomoshchi(pleafor help),
pros’ba for help plea),

Determiner moja sestraify sister), DET sestranoja (sistermy), DET
takaja kartina guch L kartinatakaja (picturesuch) R
picture)

Conjunctional | Kak spetsialist ja Ja,kak spetsialis, polnostju

phrase polnos-tju podderzhivaju podderzhivaju etu ideju. (s
etu ideju. As a specialist ConL | a specialist absolutely ConR
| abso-lutely support this support this idea.)
idea.)

Apposition or | Znamenitaja Eta aktrisaznamenitaja

Anteposition | telezvezda eta aktrisa telezvezda nichego ne znaje
nichego ne znajet o o politike. (This actress
politike. (A famous TV- | ApL | famous TV-star, does not ApR
star, this actress does not know anything about
know anything about politics.)
politics.)

Conjunctional | — Znanije,chto ona krasive,

clause B radovalo devushku. CCR

(Knowledgethat she is
pretty delighted the girl)

Relative clausg — Film, kotorij mi smotreli ,

B byl interesnym (The film RCR

which we sawwas
interesting)

Here we shall study the rank-frequency distributbddradnominals. Counting the numbers of
individual adnominals in individual texts one maeghat the Zipf-Mandelbrot distribution
developed to this aim yields an excellent fit. Ehare merely two exceptions shown below.

Table 2 Table 3
Pushkin: Vadim, 1822 Pushkin: Graf Nulin (Count Nulin), 1825
Rank| Frequency Zipf-Mandelbrot Rank| Frequency Zipf-Mandelbrot
1 72 74.06 1 70 74.01
2 40 38.33 2 44 36.29
3 28 22.22 3 18 20.73
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4 12 13.95 4 13 13.07
5 6 9.30 5 8 8.83
6 5 6.49 6 6 6.28
7 5 4.70 7 4 4.65
8 4 3.51 8 4 3.55
9 3 2.68 9 4 2.77
10 3 2.09 10 2 2.22
11 1 1.66 11 2 1.80
a=3.1734,b =3.3346, n = 11, 12 1 1.49
DF =7, X =4.2075, P = 0.76 13 1 1.25
14 1 1.05

a=2.6218,b =2.2012, n = 14,
DF = 10, ¥ =3.25, P = 0.97

Table 4 Table 5

Pushkin: Mednij vsadnik (The Bronze Derzhavin: Felitsa (Ode to Felica), 1782
Horseman), 1833

Rank| Frequency Zipf-Mandelbrot

Rank| Frequency Zipf-Mandelbrot 1 27 27.00

1 142 147.54 2 26 31.88

2 78 73.29 3 23 22.40

3 41 41.95 4 21 16.03

4 34 26.38 5 15 11.77

5 14 17.73 6 9 8.87

6 11 12.53 7 6 6.83

7 10 9.20 8 5 5.36

8 7 6.97 9 5 4.27

9 5 5.42 10 4 3.45

10 4 4.30 11 3 2.82

11 4 3.47 12 1 2.34

12 2 2.85 13 1 1.95

13 2 2.37 14 1 1.64
a=2.7666,b=2.4757,n =13, 15 1 1.39
DF =9, ¥ =4.22, P=0.90 a=0.1091, b = 0.4247, n = 15,

DF =10,X=5.47,P=0.86
Table 6 Table 7
Derzhavin: Vodopad (Waterfall), Karamzin: Bednaja Liza (Poor Liza),
1791-1794 1792. Paragraphs 1-8

Rank| Frequency Zipf-Mandelbrot Rank| Frequency Zipf-Mandelbrot

1 110 116.39 1 93 90.07

2 76 82.80 2 40 45.15

3 62 59.91 3 28 26.63

4 52 44.01 4 15 17.39

5 28 32.79 5 13 12.16

6 26 24.74 6 11 8.94

7 25 18.88 7 9 6.82

8 18 14.57 8 I 5.36
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9 18 11.35 9 4 4.31

10 10 8.92 10 3 3.54

11 5 7.08 11 3 2.95

12 4 5.66 12 2 2.49

13 3 4.56 13 2 2.13

14 2 3.70 14 1 1.84

15 2 3.02 15 1 1.60

16 2 2.48 16 1 1.41

17 1 2.05 17 1 1.25

18 1 1.70 a=2,2286,b=1,7481,n= 17,

19 1 1.42 DF = 13, ¥ = 3,7913, P = 0.9932
a=6.5388,b=17.7091, n = 19,
DF = 15, X = 13.8025, P = 0.5406

Table 8 Table 9

Pushkin: Vystrel (The Shot), 1830. Part 1 Lermontov: Demon (The Demon), 183%&rP1

Rank| Frequency Zipf-Mandelbrot
1 93 108.78 Rank| Frequency Zipf-Mandelbrot
2 73 59.50 1 55 53.98
3 36 37.48 2 30 30.56
4 30 25.77 3 23 19.76
5 18 18.80 4 10 13.88
6 17 14.33 5 9 10.31
7 16 11.28 6 7 7.98
8 14 9.11 7 7 6.36
9 12 7.52 8 7 5.20
10 5 6.30 9 7 4.34
11 4 5.36 10 4 3.67
12 3 4.62 11 4 3.16
13 2 4.02 12 3 2.74
14 2 3.53 13 2 2.40
15 1 3.13 14 1 2.13
16 1 2.79 15 1 1.90
17 1 2.50 16 1 1.70
18 1 2.26 17 1 1.54
19 1 2.05 18 1 1.39
20 1 1.86 a=1.8768,b=1.8247,n =18,
a=1.9867,b=1.8181, n = 20, DF =14, ¥ =6.2019 , P = 0.9611
DF = 16, X = 21.9132, P = 0.1469
Table 10 Table 11
Lermontov: Fatalist (The Fatalist), Turgenev: Dvorjanskoe gnezdo (Home of
1837-1840 the Gentry), 1856-185&art 1
Rank| Frequency Zipf-Mandelbrot Rank| Frequency Zipf-Mandelbrot
1 112 121.54 1 84 80.02
2 74 65.99 2 38 41.48
3 43 41.10 3 24 25.25
4 25 27.92 4 18 16.94
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5 22 20.13 5 12 12.13
6 18 15.17 6 7 9.11
7 17 11.81 7 7 7.08
8 15 9.45 8 7 5.66
9 8 7.72 9 6 4.63
10 5 6.42 10 6 3.85
11 4 5.42 11 4 3.25
12 4 4.63 12 2 2.78
13 2 4.00 13 2 2.41
14 1 3.49 14 2 2.10
15 1 3.07 15 1 1.85
16 1 2.72 16 1 1.65
17 1 2.42 17 1 1.47
a=2.1193,b=1.9942, n =17, 18 1 1.32
DF = 13, ¥ = 15.2228, P = 0.2937 a=2.0447,b =1.6390, n =18,
DF = 14, X = 4.3757 , P = 0.9927
Table 12 Table 13
Nekrasov: Zheleznaja doroga (The Tolstoy: Vojna i mir (War and Peace),
Railroad), 1864 1863-1869. Chapter 2
Rank| Frequency Zipf-Mandelbrot Rank| Frequency Zipf-Mandelbrot
1 40 42.39 1 81 71.92
2 29 24.24 2 34 45.49
3 16 15.70 3 29 30.23
4 12 11.01 4 21 20.90
5 6 8.16 5 15 14.93
6 4 6.29 6 13 10.96
7 4 5.00 7 11 8.24
8 4 4.07 8 11 6.32
9 4 3.38 9 4 4.93
10 3 2.85 10 2 3.90
11 3 2.44 11 2 3.13
12 3 2.11 12 2 2.55
13 2 1.84 13 2 2.09
14 2 1.63 14 1 1.73
15 1 1.44 15 1 1.45
16 1 1.29 16 1 1.22
17 1 1.16 a=3.7988, b =6.8033, n = 16,
a=1.9543, b =2.0209, n =17, DF=12,X%= 11.0012, P = 0.5288
DF = 13, X =3.7158 , P = 0.9939
Table 14 Table 15
Tolstoy: Anna Karenina, 1873-1877. Chekhov: Zhenshchina bez predrassudkov
Chapters 1-2 (The Woman without Prejudices), 1883
Rank| Frequency Zipf-Mandelbrot Rank| Frequency Zipf-Mandelbrot
1 83 92.76 1 30 34.95
2 54 50.19 2 29 19.52
3 36 30.29 3 9 12.34
4 22 19.72 4 I 8.45
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5 14 13.59 5 6 6.13
6 10 9.77 6 4 4.63
7 7 7.27 7 4 3.61
8 6 5.56 8 3 2.89
9 4 4.36 9 2 2.37
10 3 3.48 10 2 1.97
11 2 2.82 11 2 1.66
12 2 2.32 12 2 1.42
13 2 1.94 13 1 1.22
14 1 1.63 14 1 1.07
15 1 1.39 15 1 0.94
16 1 1.19 16 1 0.83
17 1 1.03 a=2.1634, b =2.2355, n = 16,
18 1 0.90 DF =11, ¥ =7.0374 , P = 0.7960
19 1 0.79
a=2.8502, b = 3.1579, n = 19,
DF =14, X =3.5466 , P = 0.9976
Table 16 Table 17

Chekhov: Dama s sobachkoj (The Lady Kuprin: Chari (The Spell), 1897
With The Dog), 1899. Chapers 1-2

Rank| Frequency Zipf-Mandelbrot
Rank| Frequency Zipf-Mandelbrot 1 92 84.84
1 107 94.85 2 35 46.23
2 39 56.12 3 31 28.33
3 30 35.55 4 20 18.79
4 27 23.74 5 15 13.20
5 23 16.52 6 9 9.68
6 20 11.90 7 9 7.34
7 6 8.81 8 8 5.72
8 5 6.68 9 6 4.56
9 5 5.17 10 1 3.70
10 5 4.07 11 1 3.05
11 3 3.25 12 1 2.55
12 2 2.63 a=2.5430,b=2.7085,n =12,
13 1 2.16 DF = 8, ¥ =9.9898 , P = 0.2657
14 1 1.79
15 1 1.50
16 1 1.26
a=3.5188, b =5.2189, n =16,
DF =12, ¥ = 19.0603 , P = 0.0871
Table 18 Table 19

Kuprin: Junkera (The Junkers), 1928-  Bunin: Kavkaz (The Caucasus), 1937
1932. Chapter 2

Rank| Frequency Zipf-Mandelbrot
Rank| Frequency Zipf-Mandelbrot 1 100 92.46
1 125 111.73 2 31 40.10
2 39 49.71 3 18 21.86
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3 22 27.77 4 16 13.57
4 13 17.62 5 13 9.16
5 13 12.13 6 6 6.56
6 12 8.83 7 5 4.90
7 9 6.71 8 5 3.79
8 7 5.26 9 3 3.01
9 6 4.23 10 2 2.44
10 4 3.47 11 2 2.02
11 3 2.90 12 1 1.69
12 2 2.46 13 1 1.44
13 2 2.11 a=2.2369,b=1.2088, n =13,
14 1 1.83 DF=9,X=6.3379, P = 0.7057
15 1 1.60
16 1 1.41
17 1 1.25
a=2.0919, b=1.1152,n=17,
DF =13, X =10.5270, P = 0.6504
Table 20 Table 21
Bunin: Stepa, 1938 Kuprin: Domik (Little House), 1929
Rank| Frequency Zipf-Mandelbrot Rank | Frequency R-T.Zipf
1 103 91.96 1 125 113.81
2 33 50.01 2 21 37.90
3 29 29.41 3 19 19.92
4 26 18.38 4 16 12.62
5 18 12.05 5 10 8.86
6 4 8.21 6 6 6.63
7 4 5.78 7 5 5.20
8 4 4.19 8 5 4.20
9 3 3.10 9 4 3.49
10 2 2.35 10 4 2.95
11 1 1.81 11 3 2.54
12 1 1.41 12 3 2.21
13 1 1.12 13 2 1.95
14 1 0.90 14 1 1.73
15 1 0.73 a=1.5863, R = 14,
16 1 0.60 DF =11, ¥ =11.0760 , P = 0.436
a=4.1363, b =5.3031, n =16,
DF =19, ¥ = 16.8174, P = 0.0785

In Table 21, the Zipf-Mandelbrot was not adequhtd, the right-truncated Zipf distribution
was satisfactory. Its formula is B X%F(R), x = 1,2,...,R, where F(R) is simply the sunxof
&, It is slightly simpler than Zipf-Mandelbrot, i.a.simple power distribution.
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Table 22
Bunin: Antonovskie jabloki (Apple Fragrance), 19@arts I-11

Rank | Frequency| Hyperpascal

1 192 185.47

2 47 51.18

3 36 37.36

4 23 28.35

5 21 21.82

6 20 16.91

7 13 13.16

8 12 10.27

9 12 8.04

10 12 6.30

11 4 4.94

12 3 3.88

13 2 3.05

14 1 2.39

15 1 1.88

16 1 1.48

17 1 1.17

18 1 4.35
k=0.0477, m=0.1369, q = 0.7921
DF = 14, X = 14.3679, P = 0.4227

There are two esxceptions, nam@&wypmik by Kuprin andAntonovskie jablokby Bunin.
Peculiar enough, in the former case a simpleridigion is adequate, in the latter, applying
the continuous Zipf-Mandelbrot function the resolt fitting is excellent, the discrete
distribution is not. One must take another distidou . Here we apply the Hyperpascal
distribution defined as

(k+ x—1J
PR=" " JqR, x=012,.

X~ m+ x-1)

X
which is, in our case, replaced one step to thiet.righis is, of course, only a preliminary
proposal. We expect several other exceptions whaer text types will be analyzed.

As can be seen, the ranking has an ordered ckaritsome places one of the classes
acquires an extreme value but 19 out of 21 tex®usfsian literature behave according to the
same distribution. Needless to say, the hypoth&smild be tested in other text types, and
especially those creatred in"™tentury. There are surely developments in theuagg of
children, too.

Now, since the trend is evident, one may conjectbat the parameters of the Zipf-

Mandelbrot distribution are also linked in some w@ince n is merely the number of classes,
we may study the relation <a,b> as shown in TaBle 2
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Table 23
Relation between the parametarandb of the Zipf-Mandelbrot distribution

Author Title year a b

Derzhavin | Felitsa 1782 0.10910.4247
Lermontov | Demon 1839 1.8768 1.8247
Nekrasov | Zheleznaja doroga 1864 1.9543 2.0209
Pushkin Vystrel 1830 1.9867 1.8181
Turgenev | Dvoryanskoe gnezdo 1856-1858.0447  1.639
Kuprin Junkera 1928-1932) 2.0919 1.1152
Lermontov | Fatalist 1837-1840] 2.1193 1.9942
Chekhov | Zhenshchina bez predrassudkoy 1883 2.1634 2.2355
Karamzin | Bednaja Liza 1792 2.2286 1.7481
Bunin Kavkaz 1937 2.2369 1.2088
Kuprin Chari 1897 2.5430 2.7085
Pushkin Graf Nulin 1825 2.6218 2.2012
Pushkin Mednij vsadnik 1833 2.76662.4757
Tolstoy Anna Karenina 1873-1877| 2.8502 3.1579
Pushkin Vadim 1822 3.1734 3.3346
Chekhov Dama s sobachkoy 1899 3.5(188.2189
Tolstoy Vojna i mir 1863-1869 3.7988 6.8033
Bunin Stepa 1938 4.1363 5.3031
Derzhavin | Vodopad 1791-1794| 6.5388 17.7091

As can be seen in Figure i.increases according to the increasa.ofhere are only slight
deviations. The course of the function can be aegtiy a simple exponential or a power
function. Ordering the table according to incregsinwe obtain the results in Table 24.

20 -

15

Figure 1. The link between parameaeandb, <a,b>
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We adhere here to the simple power function andiobt= Ka" , hereb = 0.362&" with R?

= 0.9695. Only two texts were omitted in which @teuld search for boundary conditions.
Nevertheless, there is a very regular link. If tekationship can be shown also for other text
types and languages, we are on the trace of baskdraw.

Table 24
Relation between parameterandb

Parameter a| Parameter b | Power function
0.1091 0.4247 0.0037
1.8768 1.8247 1.3331
1.9543 2.0209 1.4494
1.9867 1.8181 1.4995
2.0447 1.6390 1.5915
2.0919 1.1152 1.6684
2.1193 1.9942 1.7139
2.1634 2.2355 1.7885
2.2286 1.7481 1.9017
2.2369 1.2088 1.9164
2.5430 2.7085 2.4985
2.6218 2.2012 2.6612
2.7666 2.4757 2.9741
2.8502 3.1579 3.1630
3.1734 3.3346 3.9497
3.5188 6.2189 4.8905
3.7988 6.8033 5.7295
4.1363 5.3031 6.8322
6.5388 17.7091 17.6137

K = 0.3626, M = 2.0680, R= 0.9695

Left-right asymmetry

In order to see how one placed the adnominals ssfan, it is possible to perfom a test for
the equality of both positions (L and R). Addind alinominals ...L and those of ...R, we
obtain the full sample. Now to test whether the proportions are equal, one can apply the
binomial test; but if the number of cases is toméa one rather uses an asymptotic test
yielding almost the same result. Let L be the nundfeadnominals ending with L, and R
those ending with R, we set up the chi-squareraiteand test

w2 — (L=R)’
L+R

Representing the chi-square with 1 degree of freedbose root is identical with the quantile
of the normal distribution. The critical value is33. In this way we obtain the following
classes:
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SL = significantly left (L > R, X> 3.84, u > 1.96)

L =left(L>R, ¥<3.84,u<1.96)

NE = neutral (R < 0.5, - 0.71 <u < 0.71)

R =right (L<R, X<3.84,u<-1.96)

SR = significantly right (L < R, X> 3.84, 0 < — 1.96)

For the sake of simplicity we show the test usimg first text, namely Vadim by A. Pushkin
where one finds L = 107, R = 96, hence

X?= (107 — 96Y(107+96) = 0.5961

which is not significant, and since L > R, the slabtained is L (non-significant left trend).
For the other texts we obtain the results presentdable 25.

Table 25
Asymmetry in positioning the adnominals

Text Left (L) | Right (R)| X* | Class
Pushkin Vadim 107 96 0.5961 L
Pushkin Graf Nulin 119 114 0.1073] NE
Puskhin Mednij Vsadnik 263 178 16.3832 SL
Pushkin Vystrel 185 146 45952 SL
Derzhavin | Felitsa 64 86 3.2267 R
Derzhavin | Vodopad 203 242 3.4180 R
Karamzin | Bednaja Liza 137 97 6.8376] SL
Turgenev | Dvorjanskoe gnezdo 132 91 7.5381 SL
Lermontov| Demon 82 91 0.4682| NE
Lermontov| Fatalist 205 148 9,2040 SL
Nekrasov | Zheleznaja doroga 71 64 0.3630, NE
Tolstoj Vojna i mir 134 96 6.2792] SL
Chekhov | Zhenshchina bez predrassudkov 65 39 6.50(BL
Chekhov | Dama s sobachkoj 152 124 2.8406 L
Kuprin Chari 148 80 20.2807 SL
Kuprin Domik 156 68 34.5714 SL
Kuprin Junkera 155 106 9.19920 SL
Bunin Antonovskie jabloki 240 162 15.1343 SL
Bunin Kavkaz 150 53 46.3498 SL
Bunin Stepa 164 68 39.7241 SL

As can be seen, 14 out of 20 cases have a lefemegydconcerning adnominals, a phen-
omenon that is in accordance with Russian gram@aly the works by Derzhavin display a
right hand tendency. This trend is caused eithestglystic or by text type boundary con-
ditions. The number of analyzed texts is not sidfit to make conjectures but it would be
helpful for literary scientists.
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Appendix

A.S. Pushkin Vadim (long poem), 1822, words 846, attributes 203.nEré.S. Pushkin.
Polnoje sobranije sochinenij v desyati tomakh (Clatepcollection of works in ten volumes).
Tom 4 [Volume 4]. Izdatelstvo Akademii nauk SSSRilffshing house of the Academy of
Sciences of the USSR). Moskva (Moscow), 1963.
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DETR,AL,GL,GL,AL,AR,GR,AL,CR,AR,GL,AL,GR,AL,AL,GR,PR,GR,GR,AR,AR,AL,
AR,RCR,AL,RCR,GR,AL,CR,AR,CR,RCR, AL,AR,GR, AL,ARFGAL,GR,DETL,GR,
AL,DETL,PtL,PtR,AL,GR,AR,PtL,AL,AR, AL,GL,AR,AL,ARAR,AL,AL,GR,CNL,DETL,
AL,DETL,AL,AR,AR,ALAL,DETR,DETL,PrL,AL,AL,GR,GR,AL,AR,AL,GR,AL,AL,AL,
AL AR,PrR,AL,AR,AL,AL,AL, AL AL,AR,AR,DETL,AL,AR,PrL ,AR,AL,AL,DETR,AL,
GR,ApR,AR,ApR,AR,AR,AR,AL,PrR,GR,AL,AL,AL, PtR, ALAL,AL];

Pushkin: Graf Nulin (Count Nulir) (long poem), 1825, words 1567, attributes 23Dbn¥r
A.S. Pushkin. Polnoje sobranije sochinenij v dasgaakh (Complete collection of works in
ten volumes). Tom 4 [Volume 4]. Izdatelstvo Akadenduk SSSR (Publishing house of the
Academy of Sciences of the USSR). Moskva (Mosca@3.

[AL,PrR,DETL,AL,AL,GR,PtR,PrR,AL,PrR,PrL,PrL,AL,PrRL,PrL,AL,PrL,AR, AL,AL,
GR,ALALAL,GR,DR,AL,DETL,AL,AR,PrR,GR,AVR,GL,AR,DHR, DETL,AL,AL,AL,
CR,AL,GR,GR,GR,GR,AR,AR,AVR,AR,AR,AR,AR, AR,PrR,ARrL,PtL,GR, AL,AL,

AL AR,AR,DETR,AR,AR,ApR,GR,AR,PtR,CR,AL,AL, DETL,RPtAR,AVL,PtL,AL AR,
CNL,AR,CR,AL,RCR,GR,DETL,PtL, ConR,AL,AL,AL,ConR,AIGR,AL,GR,AL,GR,AL,
GR,GR,GR,GR, DETL,AL,DETL,AR,PrR,AR,DETL,PrL,DETLETL,AL,AR,AR,DETR,
GL,PtR,AR,AL,AL, PtL,AL,DETR,DETL,PtL,DETR, CR,AL,A,PrR, PtL,AL,AR,AR,AL,
ALAL,DETL,AR,AL,AL,AL,AR,GR,AR, AR, DETL, GR,GR,ARAR,ApR,AL, PtL,AL,
ALAL,GR,AR,AR,AL,AL,GR,AL,GR, PtL,AR,PtR,AVR,AL,ARGR,DETL,DETL, AL,GR,
DETL,AR,DETL,AR,PtL,AR,AR,DETR,CR,DETR,AR,AR,AL,DEL,DETL,AL, AL,AL,
DETR,AL,GR,AL,DETR,PtL,AL,AL,AR,AL,AR,PtL,PtL,AVR,DETL,DETR,CR, AL,AL,
DETL,AL,ApR,AR, DETL,AL,DETR,DETL,DETL,ApR,GR,DETLDL,AL,DETR]
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Pushkin: Mednij vsadnik (The Bronze Horsemaifjong poem), 1833, words 2017, attributes
411. From: A.S. Pushkin. Polnoje sobranije sochjnedesyati tomakh (Complete collection

of works in ten volumes). Tom 4 [Volume 4]. I1zdateb Akademii nauk SSSR (Publishing

house of the Academy of Sciences of the USSR). Magikloscow), 1963.

[AL,GR,GR,AR,AR,AL,AL,AL,AL,GR,PtR,DR,PrR,PtL,GR,AIAR,AL,DETL,AL,ApR,AL
,GL,GR,GR,AL,AL,GR,AL,AL,AL,DETL,AL,AVL,AL,AR,GR,GR,GR, DETL, PrR,AL,
CAL,AL,DETL,AL,AL,AL,AL,GL,ApR,DETL,AL,AL,GL,AL,AL, DETL, DETL,GL,AR,
DETL,AL,GL,AL,AR,DETR,AL,PtL, AL,GR,AL,AL,AR,AL, AL ,DETR,GL,DETR,AR,
AL,GR,AVR,AR,AL,AR,GR,GR,AR,AL,GR,GR,AR,AL,AL,AL, ®R,AL,GL,GL,AL, DETL,
AvL,PtL,DETL,GR,AR,GR,DETR,AR,AVL,PtL, PrR,AL,DETIGL,AL,AL,PrR, DETL,AL,
AL AR,CR, ALLAR,DETR,AR,AL,AL,GR,AL,AL,DETR,DETL,ALDETL, PtL,AL,AL,
DETL,GR,AR,DETL,AR,DETL, AR,DETL,DETL,PrL,DETL,AR,[ETR,PtL, AL,DETL,
PtL, PtL,AL,AR, DETL,AL,GR,AR,RCR,AR,AR,AR,AR,IR,ARAR,AR,DETR, InstrR,
DETL,AL,AL,GR,AL,AL,DETL,AL,DETL,InstrL,GL,GL,GL,PtL,GR, PrR,PtL, AR,AR,
ConR,AL,ConR,AL, ConR, AL,GR,AL,GR,AL,GR,InstrL,PfPrR,PtL,AL,DETL, ALAL,
AL,ALAL, AL, AL,AL,AR,AR,AR,AL,AL,DETL,PtL,PtL,AR, CL,AR,PtL,PtL,AL, AR AR,
AVR, AL, AvL,AL,AR,AL,PtL,AR, AR,ConL,PtL,AvL,PrL,DETL,PtR,AL,DETL, DETL,
DETL,DETL,ConR,AR,ConR,ConR,AL, PtL,PtL,AL,PrR,ALETL, DETL,PrR,AL, DETR,
PtL,PtL,DETR,PtL,GR,AL,DETR,PrL,PtL,ConR,AR,AR, AAL,DETL,AL,AL,AR,AR,AR,
AR,AR,PtR,AR,AL,ConR,AL,AL,RCR,DETL,AL,AL,AL,AR,GLAL,AL,AL,GR, AR,AR,
AR,DETL,AR,AL,DETL,AL,AR,PtL,DETL,AR, PtR,InstrR,ALAL,GR,AL,AL,DETL,
DETL,AL,AL,AL,GR,GR,DETL,AL,AL,DETL,DETL,AL,AL,DETL ,AR,DETL,PrL,PtL,
AR,ALAL,PtR,AL,GR,DETL,AL,GR,AR,AL,GR,AL,AL,AL,CorR, DL,PtL,GR,AR, AR,
PrkR,GR,AL,PtL,ConL,AR,AL,PtL, PtL,AL,AR, RCR,AL,RCRAR,AL,AL,DETL,AL, AL,
GR,DETL,PrR,AR,GR,AR,AR,GR,GR, DETR,AL,AR,AL,AR,CaAR,AL,AR,GL, CAL,
AL,PtL,AR,AR,CR,CAVL,PtL,DETL, AR,CR,AL,DETL,DETL,ETL, DETR,DETL, PtR,
PtL,AL,InstrL,PrR,AR,AL, DETR,AL,AL,AL, ConR,PtL,ARPtR,DETR,AL,DETR]

Pushkin: Vystrel (The Shat (Novella) in Povesti Belkina (The Belkin Ta)ed830, Part 1,
words 2044, attributes 331. From: A.S. Pushkin.nBjgl sobranije sochinenij v desyati
tomakh (Complete collection of works in ten volujnesom 4 [Volume 4]. lzdatelstvo
Akademii nauk SSSR (Publishing house of the Academ$ciences of the USSR). Moskva
(Moscow), 1963.

[CR,AL,GR,AR,AVL,AL,PrR,AL,PrR,AVL,AL,AL,AL,PrR,DETL,DETL,AR,DETL,AL,AL,
AL,ALAL,DETL,DETL,DETL,AL,PtR,AL,RCR,PtL,AL,AL,DETL,PrR,DETL,GR,DETL,
PtR,AL,DETL,DETL,AR,GL,PtR,AL,DETR,PrR,DETL,GR,PreonR,AR,AL,GR,AL,AL,
GR,RCR,RCR,PrR,DETL,DETL,PrR,RCR,DETL,PrL,DETL,DEAL,AL,GR,AR,RCR,
AL,DELT,PtL,DETL,GR,GR,IR,AL,PtR,PrR,AL,DETL,CCR,RtGR,GR,GR,GR,PrR,AL,
RCR,PtL,AL,PrR,AL,AR,CR,AL,AL,PtL,AL,DETL,DETL,DETRPtR,AL,PrR,AL,GR,GR,
AL,RCR,AL,GR,GR,AR,GR,DETL,AL,RCR,RCR,AL,DETL,GR,ARL,DETL,AL,AL,AL,
AL,CCR,DETL,DETL,AL,DETL,IR,DETL,DETL,AL,AL,DETR,AL,GR,PrR,AL,DR,GR,
GR,PrR,AL,GR,AL,DETL,InstrR,DETR,AR,PtR,DETL,PrR,RCAL,GR,DETR,PtR,DETL,
AL DETL,AL,DETL,DETL,PtL,DETL,DETL,AL,AL,PtL,DETR,AL,AL,AL,AVL,GR,DETL
,DETL,RCR,DETL,AL,GR,AL,PtL,AL,PtR,AL,GR,AL,DETL,ALDETL,DETL,DETL,AL,
PrR,CR,IR,DETR,DETL,DETL,DETL,DETL,DETL,IR,DETR,DER,DETL,GR,AL,AL,PrR
,PrR,PrR,CL,AL,DETR,DETL,AL,PrR,AL,PtR,DETL,PtL,AAVL,PtR,AL,ConR,DETL,AL
,AL,AL,GR,AR,AR,AR,AL,RCR,RCR,PtL,DETL,DETL,DETR,RR,PrR,GR,AL,DETR,
RCR,AR,AR,DETR,RCR,AR,AL,PrR,GR,DETL,GR,DETL,GR,PERR,PrR,DETL,AL,
DETL,PtL,DETL,PtL,DETL,AL,PrR,PrR,PtR,PtR,AR,GR,ABR,IR,AL,DETL,AL,AL,GR,
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DETR,DETL,AL,GR,AL,RCR,DETL,AL,DETR,DETL,DETL,DETLAL,RCR,DETR,PtL,
DETL,ApR,PrR,AL,AL,AL,AL,AL,DETL,DETL,DETL,DETL,AL,AL,RCR,PrR,DETL,
PrR]

Derzhavin: Fédlitsa (Ode to Felica)(long poem) 1782, words 1151, attributes 198rom:
G.R. Derzhavin. Stikhotvorenija. Biblioteka poetol'shaja serija. (Poems. Poet's
library. Big series). Leningrad, Sovetskij pisaté957.
[AL,AL,GR,RCR,AR,AL,AL,CR,DETL,AL,RCR,RCR,DETL,DETIRCR,RCR,GL,DETL,
DETL,AL,DL,DETL,AL,DETL,DETL,DETL,AR,PrR,GR,PtL,ALDETR,PrR,PrR,AR,RCR,
RCR,RCR,AL,AL,AR,GR,AR,AR,RCR,AR,RCR,RCR,PrL,AL,AAL,AR,AR,DETR,AL,
DETL,GR,AL,AL,GR,DETL,GR,GR,AR,AL,ApR,RCR,RCR,AL,Cd._,PrR,DETL,PrL,PrL,
AR,PtR,PtR,DETR,GR,PtR,RCR,DETL,GL,GL,AR,AL,ConR,AETL,AL,AR,DETL,GL,
GR,AR,GR,DETR,DETR,AR,AR,PtR,PrR,AR,GR,DETL,AR,ALEDDL,PrL,AR,AR,AR,
DETR,GR,GR,AL,PrL,ConR,RCR,RCR,RCR,AR,AR,DETL,DERCR,AL,DETL,RCR,
RCR,AL,DETL,AR,DETL,DR,GR,RCR,AR,GR,DETR,GL,DETR,ARL,DETL,AL,DETR,
PrL,ConR]

Derzhavin: Vodopad (Waterfall) (long poem), 1791-1794, words 2042, attributes #46m:
G.R. Derzhavin. Stikhotvorenija. Biblioteka poetol'shaja serija. (Poems. Poet's
library. Big series). Leningrad, Sovetskij pisaté957.

[AL,GR,GL,GR,AL,PrR,AL,AL,GR,ConL,PtL,AL,AL,PrR,ARGR,GR,GR,AR,ConR,AR,
DETL,AL,DETR,PtIR,GR,GL,AL,PrR,AL,AR,AL,AL,DETR,PtIAL,DETL,GR,AL,RCR,
GR,AL,DETL,AR,AR,GR,DETR,PtL,PrR,DETR,AR,AR,ConR,AGR,DETL,GR,DETR,
GR,DETL,RCR,DETL,PtL,GR,GR,GR,GL,AR,DETL,AR,AR,DETCoONR,AL,PtL,GR,AR,
AL,GR,PtL,GR,PtL,GR,PtL,DETL,GL,DETR,AL,DETL,AL,AIAPR,AL,GR,ConR,PtL,
PtR,AL,PtR,DETR,AL,GR,RCR,AL,AL,DETL,DETL,RCR,RCRIAPtL,DETL,PtL,AL,
PtR,AR,DETR,PtL,AR,AL,DETL,PrR,AR,DETL,DETL,PtR,GR(R,AL,AL,AR,AL,AL,
AR,AL,GR,GR,AR,AL,GR,DETL,AL,DETL,DETR,AL,AL,GR,ALPrR,AL,DETL,PrR,
DETL,AL,AL,RCR,DETL,AR,GR,GR,GR,AR,GR,GR,AL,AVL,AIErR,GR,AL,AL,PrR,
PtL,AR,AL,DETL,PtR,PtR,ConR,,AL,PrR,PtR,PtR,PtR, GIETL,GR,AL,AR,DETL,GR,
ALALDETR,GR,AL,AR,DETR,DETR,DETR,AR,PrR,AR,DETL,R,AR,DR,P1L,GR,
DETR,DETR,GR,AR,AL,Av,PtL,InstrL,DETL,GR,AL,GR,AL,8,AR,DETL,DETL,GR,
DETR,AR,AR,AL,AR,AL,AL,AL,GR,AR,DETL,PrR,DETL,PrL,A,,GR,AL,GR,PtL,AL,
PtR,AR,AR,GL,AL,CR,GR,AL,GR,GR,GR,GR,PrR,PrR,AR,PRER,GR,GR,DETL,DETL,
RCR,AL,DETL,RCR,AR,GR,AR,AL,AR,CR,AR,GR,RCR,ALAL,BTR,AL,DETR,GR,
DETR,ApR,PrR,PtL,AR,AL,CR,RCR,AR,AR,GR,RCR,AL,DETAL ,DETL,AL,AL,AL,
GR,PtR,PrR,DETR,RCR,AR,AR,AL,DETL,PtL,AL,DETR,AR,ABR,GR,GL,AL,AL,RCR,
DETL,PrR,AL,AL,GR,AL,AL,AL,GR,DETL,DETL,AR,AL,DETLAL,PtR,RCR,GL,GL,
GR,PtR,AR,AL,AL,GR,DETL,DETL,PtL,CR,DETR,GL,DETR,GRtR,PrR,PtL,GR,GR,
GR,GR,AL,AL,GL,AL,PtL,PtR,GR,DETL,DETR,PrR,AL,DETAL,AL,AL,DETL,PLL,
ApR,AR,AR,DETL,AL,DETR,AL,AL,AR,PtL,PtL,DETL,AR,DETL,RCR,RCR,AL,GR,GR,
InstrL,AL,DETL,AL,AL,AR,DETL,AR,AR,AL,GR,DETR,DETRPtL,AL,GR,PrR,PtR,PrR,
PtR,AL,AL,AL,DETL,RCR,AR,AR,AR,DETR,AR,AR,PIR,PrRR,AR,PrR,AL,GR,AL,
PrL,AL,DETL,AL,GR, DR]

Karamzin: Bednaja LizalPoor Liza)(novella), 1792, Paragraphs 1-8, words 1117 baitieis
234. From:N.M. Karamzin. Izbrannije sochinenija v dvukh torhglSelected works in
two volumes). Khudozhestvennaja literatura, Moskeaingrad, 1964. Tom 1.
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[GR,PrR,GR,DETR,DETL,AL,AL,AL,DETL,RCR,AL,AL,CL,DET,AL,DETL,DETL,AL,
GR,GR,RCR,AL,ApR,AL,AL,DETR,AL,AL,AL,PrR,PrR,AL,ALRPtL,AL,AL,PtR,AL,AL,
GR,PtR,AL,GR,RCR,AL,GR,AL,DETL,GR,AL,RCR,AL,GR,AL,AAL,RCR,AR,AL,AL,
GR,ALAL,GR,CL,AL,AL,AL,InstrL,PtR,CR,AL,PrR,DETR,EBTL,AL,GR,PtL,ApR,PtL,
ALAL,PrL,GR,AL,GR,AL,GR,GR,PtR,RCR,DETL,RCR,AL,ApRL,PtL,PtL,AL,AL,GR,
DETR,PrR,PrR,DETR,CR,GR,GR,AL,AL,PrR,AL,PrR,GR,AItFRGR,AL,PrR,DETR,AL,
GR,AL,DETR,GR,GR,DETL,PrR,PtR,GR,PtR,AL,GR,DETL,DEGR,AL,DETL,RCR,
ALAL,GR,RCR,AL,PtL,ConR,AL,AL,DETL,CL,GR,AL,GR,ALGR,RCR,DETL,AL,GR,
PrL,AL,PrR,AL,PrR,AL,AL,PrR,PrR,PrR,AL,AL,ApR,DETRL,AL,AL,AL,GR,DETL,AL,
AL,PrL,GR,DETL,RCR,DETL,AL,AL,DETR,AL,AL,GR,PtL, ALGR,DETR,CCR,DETL,
DETL,IR,DETL,AL,AL,DETR,GR,GR,DETL,DETL,AL,AL,DETLAL,AL,DETR,AL,GR,
AR,AL,PtL,AL,AL,PtL,AL,GR,DETL,AL,AL,DETL,DETL,AL,A L,DETL,DETL,DETR]

Lermontov: Fatalist (The Fatalis} (novella) in Geroy nashego vremeiA Hero of Our

Timeg, 1837-1840, words 2625, attributes 355. FrdvhYu. Lermontov. Sobranije so-
chinenij v chetirekh tomakh. (M.Yu. Lermontov. Gadtion of works in four
volumes). Moskva. Khudozhestvennaja literatura619om 4.

[AL,AL,PrR,GR,CR,PrR,RCR,GR,CR,DETL,AL,AL,AL,PrR,DH.,AL,RCR,DETL,AL,
DETL,AL,PtL,RCR,DETL,GR,DETL,DETL,PrR,DETL,PtR,GRIADETL,GR,CR,DETL,
ALAL,GR,AL,AL,AL,AL,AL,DETL,AL,AL,PtR,PrR,DETR,GR,AR,AR,RCR,DETL,AL,
ALAL,RCR,GR,DETL,AL,RCR,AL,DETL,ApR,AL,PrR,AL,AR,A,,GR,RCR,DETL,PrR,
AL,GR,CR,DETL,AL,AR,AR,DETL,GR,AL,AL,IR,AL,GR,GR,DHL,DETL,DETL,AL,AL,
AL,DETL,PtL,AL,DETL,DETL,GR,AL,PrR,DETL,AL,DETL,RCRRCR,DETL,AL,AL,GR,
AL,IR,AL,AL,DETR,AL,AL,AL,DETL,AL,AL,RCR,DETL,RCR,PtR,PrR,DETL,DETL,
RCR,AL,ARAL,PrR,PrR,AL,PrR,RCR,DELT,GR,AL,RCR,PAL ,AL,GR,AR,AR,CR,GR,
AL,GR,ALAR,PtR,AR,DETL,AL,PrR,GR,DETL,PtL,,PrR,DHIPtR,DETL,PrR,DETL,AP,
DETL,CR,PtR,GR,AL,GR,AL,DETL,AL,PrR,AR,PtR,AL,ApRIR,DETL,AL,PrR,PtR,AL,
PrR,AL,PrR,GR,PtL,PrR,DETL,DETL,PtL,AL,RCR,DETL,PHRR,AL,GR,DETR,DETL,
ALAL,DETR,AL,AL,RCR,ALAL,RCR,AL,PrR,AL,PtL,GR,ALGR,GR,PtR,AL,DETL,
ConR,RCR,AL,AL,DETL,GR,AL,DETL,DETL,DETL,DETL,AL,DHL,DETL,AL,IR,IR,
AR,AR,AR,PtR,AL,RCR,AL,DETL,AL,GR,AL,AL,DETL,AL,RCRAL,DETL,AL,CR,PtR,
DETL,AL,PtL,AL,DETL,DETL,DETL,GR,PrL,GR,PtR,CCR,AIGR,AL,GR,RCR,AL,PIrR,
ALAL,PtR,PtR,PtR,AL,AL,DETL,DETL,DETL,DETL,PtL,ALGR,AL,PrR,GR,GR,DETL,
PtL,RCR,AL,GR,AL,AL,DETL,InstrR,DETL,GR,AL,AL,PtL,A ,DETL,AL,AL,CR,AR,AL,
DETR,DETL,PtL,AL,PtL,AL,PtL,AR,PtL,DETL,PrL,AvR,PtIDETL,PtR,PrL,GR,GR,
DETL,GR,GR,DETL,GR,DETL,DETL,AR,DETL,AR,DETL,AL,AL]

Lermontov: Demon (The Demor) (long poem), 1839, Part 1, words 1640, attribuit@s.
From: M.Yu. Lermontov. Sobranije sochinenij v chekh tomakh (M.Yu. Lermontov.
Collection of works in four volumes). Moskva. Khudh@stvennaja Literatura, 1976.
Tom 2.

[AL,GR,ApR,AL,AL,GL,DETL,RCR,GR,AL,ApR,RCR,PtL,AL,®,RCR,AL,AL,PtL,PtR,
GR,RCR,AL,GR,DETR,AR,GR,AR,PtR,GR,AL,AL,DETR,GR,GRinR,GR,AR,ConR,
ApR,GR,AL,ConR,AL,PrR,PrR,AL,AL,GR,DETR,AL,AL,AVR,A,InstrR,AL,GR,AR,P1L,
GR,PrR,GR,PrL,AL,CR,DETL,AL,AL,AL,GR,DETR,DETR,AR,BTL,GL,AR,AL,GL,AL,
AL,GR,ALAL,PrR,AR,GR,RCR,AR,AL,DETL,GR,GL,AL,AL,At,RCR,PtL,AL,GR,AL,
GR,GR,AL,GL,AL,AR,ConR,ConR,GR,AR,AR,GL,GR,AR,AL,ARCR,AL,AL,AL,AR,
ALAL,GR,DETR,AR,PtL,AL,CR,AR,AL,AR,DETR,DETL,PtR,A,GR,DETR,AR,AL,
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AVL,AL,DETR,ALAL,DETL,AL,AR,AR,GR,AR,PtR,DETL,ConRConR,AL,GR,GR,GR,
AR,AL,AR,DETL,GL,PtL,AL,DETL,AL,InstrL,AL,DETL,AR,AL]

Turgenev: Dvorjanskoje gnezdo (Home of the Gentjy(novel), 1856-1858, Part 1, words
1640, attrbutes 224. From: I.S. Turgenev. Polnojeranije sochinenij i pisem v dvadtsati
vos’mi tomakh (Complete collection of works andées in twenty eight volumes). Moscow-
Leningrad, Nauka, 1964. Tom 7.
[AL,AL,AL,AL,AL,DETL,GR,PtL,AL,GR,AL,AL,PrR,AL,GR,CR,AL,PrL,DETL,AL,AL,
ApR,AL,DETL,ApR,AR,AR,AR,AR,AL,PtL,AR,IR,IR,PrR,ApRCR,AL,DETL,CR,AL,
DETR,PrR,AL,AL,DETL,DR,AL,DETL,PrR,RCR,DETR,DETL,ARR,PrR,PrR,CR,RCR,
AL,ALAL,CR,AL,CR,AL,PrR,DETL,AL,AL,PrR,AL,PrR,AL,AR,DETL,GR,DETL,DETL,
DETLAL,GR,DETL,AL,AL,DETL,DETL,DETL,DETL,AL,PrR,ARAR,PtR,InstrR,AL,AL,
GR,PrR,PtR,DETL,DETL,DETL,ApR,RCR,PtL,PrR,PtR,AL,ARDETL,DETL,RCR,AL,PrR,
ALALALALAL,ALALAL,AL,AL,AL,ALALAR,ALDETR,A L,ALAL,ALDETL,AL,
AR,ConR,DETL,AL,DETR,AL,GR,AL,AL,GR,AL,PrR,AL,PrR,AAL,PrR,PrR,AR,AVR,
AR,AVR,AL,PtL,PrR,PrR,GR,GR,DETL,GR,AR,AR,DETR,RCAR,PrR,DETL,PrR,PtL,
AL,DETL,AL,RCR,DETL,DETL,AL,DETL,DETL,DETL,DETR,DET,AL,AL,GL,ApR,
DETR,DETL,AR,AL,DETL,AL,PtL,DETL,AL,AL,GL,AL,AL,RCR,DETL,PrR,ApR,PtR,
ALAL,DETL,DETL,AR,AL,AL,AL,AL,GR,AL,AL,AL,PrR,PtL]

Nekrasov: Zheleznaja doroga (The Railroad (long poem), 1864, words 1640, attributes 224.
From N.A. Nekrasov. Polnoje sobranije sochinenij igosv 15 tomakh (Complete
collection of works and letters in 15 volumes). KauMoskva, 1981. Tom 2.

[AL,AL,AL,AL,PtR,PrR,AR,PtL,ConR,AL,ConR,ConR,AL,AJAL,AL,PrR,AL,AR,AL AR,
DETR,ALAL,AL,DETR,AR,AL,DETL,AR,AR,AR,AR,GR,AR,GRAR,DETR,AR,DETL,
PtL,CNL,AL,ApR,AL,GR,DETL,ApR,DETL,AR,PrL,CR,PrL,AlAL,GR,AR,DETR,ApR,
PtL,AL,AL,AR,AR,AL,PrP,PrL,PrL,PtL,PrR,InstrL,RCRBETL,DETL,DETL,AR,AL,AL,
PrR,AR,AR,AR,AL,DETL,AR,RCR,AL,AL,DETL,AR,DETL AR,R,AR,GR,AL,GL,GL,
DETL,GL,GR,AL,CR,DETL,DETL,DETR,AR,DETR,CR,AR,AL,DEL,DETL,GR,IL,IL,
AL,GR,GR,GR,AL,AL,DETL,AR,AL,AL,AL,AL,AL,AR,AR,AR,CR,DELT,AL,GR,AL]

Tolstoy: Vojnai mir (War and Peace(novel), 1863-1869, Chapter 2, words 1062, adnemi
als 233. From L.N. Tolstoy. Vojna i mir [War and Peace]. Moskv@ovremennik,
1978.

[GR,AL,GR,AL,PrR,PrR,AL,PrR,RCR,GR,CR,ApR,CR,PtR,@R,AL,ConL,AL,AL,CR,
PtR,PtR,PtR,AL,DETL,PtR,AL,ApR,GL,CR,RCR,CR,PtL,ML,PrR,PtR,DETL,GR,AL,
ALAL,GR,AL,AL,DETL,DETL,,PrR,DETL,PrR,PrR,DETL,GRRCR,GR,PtL,AL,GR,
DETL,AL,CR,PtL,AL,AL,DETL,AL,PtL,PrL,AL,PrR,AL.DETRApR,GR,PtL,DETL,AL,
DETL,DETL,AL,GR,GR,AL,AL,PTL,DETL,PTL,AL,AL,PtR,DET,DETR,AL,PtL,AL,
RCR,ALALALAL,PrR,AL,DETL,DETL,DETL,PrR,AL,AL,GRAL,DETL,CR,GR,CR,AL,
CR,AL,AL,AL,AL,PtL,PrR,AL,PrR,AL,PrR,AL,PrR,AL,PrRAL,AL,AL,AL,AL,GR,ApR,
GR,CR,PtR,RCR,AL,PtR,PrR,AP,GR,DETL,PrR,DETL,AL,DEPrL,PtL,,GR,RCR,AR,
AR,AL,PtL,DETL,DETL,AL,AL,AL,AL,PtR,PtL,RCR,AL,ConRAL,GR,PrR,DETL,CR,AL,
DETL,AL,GR,DETL,GR,GR,AL,GR,DETL,RCR,AL,GR,AL,DETIGR,GR,DETL,RCR,
ALAL,ALAL,GR,AL,DETL,PtL,PtL,AL,AL,AL,DETL,AL,PrR ,DETL,RCR,PtL,RCR,PLL,
DETL,AL,RCR,DETL,GR,ConR,PrR,AL,PrR,AL,RCR,PtL, ALRGPtR,IR,DETL,AL]
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Tolstoy: Anna Karenina (novel), 1873-1877, Chapters 1-2, words 1062 ,bafies 233.
From: L.N. Tolstoy. Anna Karenina. Moskva, Khudogtvennaja literatura, 1985.

[AL,AL,AL,GR,CR,AL,DETL,CNR,AL,AL,DETL,DETL,GR,DETL,GR,DETL,PrR,DETL,
AL,PtL,ApR,GR,GR,DETL,AL,DETL,ConR,PtR,AL,DETL,GRJAAL,PrR,CR,AL,GR,GR,
DETL,AL,DETL,AL,PtL,GR,DETL,AR,AVL,AL,DETL,AL,GR,AR,GR,PtL,AL,AL,GR,PtL,
PrR,GR,AL,PrR,DETL,AL,PrL,AL,AL,DETL,RCR,PrR,GR,DHTCCR,DETL,GR,DETL,
DETL,AL,DETR,CCR,InstrR,InstrL,DETL,AL,PrR,DETL,PrRL,DETL,AL,RCR,AL,PrR,
PrR,AL,PtL,PrR,DETL,AL,AL,AL,RCR,CR,PrR,GR,GR,GR,DE,DETL,DETL,GR,
DETL,DETL,RCR,DETL,GR,DETL,AL,GR,RCR,AL,AL,AL,DETLAL,DETL,AL,AL,AL,
GR,DETL,DETL,AL,AR,PrR,,DETR,DETL,RCR,,AL,AL,AL,PtlApR,ApR,PtL,InstrL,AL,
DETL,DETL,DETL,DETL,DETL,PtL,PtL,AL,ApR,AL,AL,AL,ApR,GR,GR,AL,DETL,PrR,
PrR,DETL,PrR,AL,AL,CR,DETL,PrR,RCR,AL,RCR,DETL,AL{E,GR,DETL,RCR,CNL,
GR,AL,ALAL,DETL,AL,AL,AL,AL,PtIR,GR,PtR,DETL,AL,AL,ApR,CR,PrR,PrR,AL,GR,
RCR,GR,DETL,GR,DETL,DETL,PtL,PtL,DETL,CR,AL,AL,GRIR,AL,AL,AL,PrR,DETL,
DETL,AL,GR,PrR,AL,PtL,AL,PrR,PrR,AL,AL,AL,AL,GR,ALAL,AL,AL,AL,GR,AL,ApR,
GR,DETL,InsrL,PtL,AL,AL,GR]

Chekhov: Zhenschina bez predrassudkov (The Woman without Prejudigegstory), 1883,
words 1063, attributes 114. From: A.P. Chekhov.nBjgl sobranije sochinenij i pisem v
tridtsati tomakh (Complete collection of works datters in thirty volumes). Nauka, Moskva,
1975. Tom 2.

[DETR,AR,DETR,PrL,AL,PrL,RCR,DETL,AL,CNL,DETL,DETIAL,AL,AL,PtL,DETL,
AL,ALALAL,GR,DETR,AL,AL,DETL,AL,GR,GR,AL,AL,ApR,DETL,DETL,RCR,DETL,
ALDETL,DETR,PrR,AL,DETL,DETL,DETL,DETL,DETL,DETL,ETL,DETL,IR,DETL,
DETL,AL,AL,AR,AR,AR,AR,AL,DETL,GR,DETR,PrR,AL,ConRAL,AL,DETL,RCR,
RCR,DETL,ConR,DETL,DETL,PrR,AL,DETR,AL,CCR,AL,GR,DH. ,AL,ApR,PtL,AR,
PtR,PtR,GR,PtR,DETL,DETL,AL,DETL,AL,AL,AL,PtR,AR,GRRVL,GR,DETL,GR,]

Chekhov: Dama s sobachkoj (The Lady With The Dgdnovella), 1899, Chapers 1-2, words
2456, Attributes 277. FromA.P. Chekhov. Polnoje sobranije sochinenij i pise
tridtsati tomakh (Complete collection of works detters in thirty volumes). Nauka,
Moskva, 1975. Tom 10.

[AL,ApR,PrR,PtR,PtR,AL,PrR,AL,AL,GR,ApR,PrR,AL AL B DETL,PrR,AL,PrR,PrR,GR,
CNR,AL,AR,PrR,AL,AR,AR,AR,PtR,AR,AR,AR AL, AL, AL, DET,AR,AR,RCR,DETL,
AR,AL,RCR,AL,AL AL ApR,AR,AR,AR,AR AL PIR,AL,DETL,AL,AL,AR,AL,GR,DETL,
RCR,AL,DETL,AL,PrR,PrR,PrR,AL,AL,AL,PrR,PrR,AL,PrRCR,AL,DETL,CR,AL AL,
AR,AR,RCR,AL,AR,AR,AL AL RCR,DETL,RCR,AL AL AL, DETLCR,DETL,PIR,AL,
PrR,DETL,RCR,AL,AL,RCR,DETL,AL,AL AL AL PrR,ALAL AL GR,PrR,AL,GR,RCR,
AL,PrL,AL,AL,AR,AR,AR,DETR,ConR,DETL,RCR,AL,DETL,R®, AR,AR,RCR,AL AL,
IT,IR,AL,AL,PtL,AL,AL,DETR,DETL,PIR,AL,GR,AL,GR,PrRCCR,DETL,GR,AL AL,
PrR,AL,PrR,AR,AR,PtL,GR,AL,PtR,DETL,AL,AL,DETL,DETI]AR,AR,DETL,AL AL,
RCR,AL,DETL,DETL,AR,AR,AL AL,PtL,PtL,DETL,AL,AL,DETL,CR,DETL,PrR,AL,GR,
AL,AL,AL,GR,PtR,AL,RCR,AL,DETL,AL,GR,AL,GR,GR,AL,GRAL,RCR,AL,DETL,
CCR,AL,GR,DETL,AL,DETL,ApR,DETL,PtL,AL,PrR,DETL,PtR.CR,AL,DETL,AL,CCR,
GR,AL,PrR,AL,AL AL,GR,AL,ApR,PrR,PrR,RCR,DETL,AL,AIGR,AL, DETL,DETL,AL,
DETL,AL,AL,GR,GR,AL,GR,DETL,RCR,AL,AL,DETL,AL,RCR,[ETL,ALAL,ALGR,
RCR,CCR]
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Kuprin: Chari (The Spel) (Story), 1897, words 935, attributes 229. Fromt. Kuprin.
Sobranije sochinenij v shesti tomakh (Collectionwadrks in six volumes), Gosu-
darstvennoje izdatel’stvo khudozhestvennoj litaiatdoskva, 1957. Tom 2.

[DETL,DETL,AL,AL,DETL,RCR,AL,DETL,PrR,AL,PrR,PrR,ALDETL,AL,AL,PtR,GR,
PtL,GR,PtL,PrR,AL,PrR,GR,PtR,AL,GR,AL,AL,AL,AL AL,R,PtIR,AR,ApR,GR,GR,
DETL,AL,GR,DETL,AL,AL,AL,PtL,GR,AL,AR,PtR,AL,PtL,ALPtL,CNR,PrR,PtL,AL,GR,
GR,DETL,AL,RCR,DETL,AL,PtL,AL,GR,AL,GR,DETL,AR,PtIDETL,PtL,AL,AL,DETL,
AL,RCR,DETL,AL,AL,AL,AL,AL,AL,AL,PtL,PR,PrR,IR,AL,PtL,RCR,AL,GR,DETL,AL,
GR,AL,GR,AL,AL,PtR,AL,AL,AL,PrR,AL,AL,DETL,AL,GR,AL,DETL,AL,AL,AL,PIR,
ALR,AR,ApR,DETL,AL,AL,PrL,RCR,AL,AL,PrR,AL,AL,DETL RCR,AL,AL,DETL,AL,
AL,DETL,RCR,GR,GR,GR,AL,PtL,AL,GR,GR,DETL,PtL,DETP{R,GR,DETL,ApR,
DETL,AL,ApR,DETL,AL,ApR,DETL,ApR,AL,AL,GR,AL,PtL,PR,DETL,AL,PrR,AL,PrR,
PtL,AL,ApR,PtL,PtL,AR,PtR,AL,AL,ApR,GR,PtL,AL,ApR,A,PrR,DETL,RCR,GR,PtL,
DETL,ALAL,PrR,AL,AL,GR,AL,GR,GR,PtR,PrR,AL,DETL,ALAL,DETL,AL,AL,DETL,
AL,DETL,AL,DETL,AL,DETL,AL,PtL,GR,GR,GR,AL,AL]

Kuprin: Domik (Little Hous@ (story), 1929, words 1064, attributes 2B4om: A.l. Kuprin.
Sobranije sochinenij v shesti tomakh (Collectiomnairks in six volumes). Moskva,
Gosudarstvennoje izdatel’stvo khudozhestvennapglitei, 1957. Tom 6.

[AL,CL,AL,CR,AL,ApR,AL,AL,AL,AL,AL,AL,AL,PrR,AL,AL, InstrR,AL,AL,AL,,INStrR,
AL,PrR,DETL,AL,AL,AL,AL,DETL,AL,GR,DETL,AL,AL,PtL,A L,PrR,AL,AL,AL,AL,
RCR,AL,AL,AL,CNR,AL,AL,AL,AL,AL,AL,AL,AL,AL,AL,AL,D ETL,PtL,PrR,AL,GR,
ALAL,ApR,DETL,AL,PtR,AL,AL,DETL,AL,RCR,AL,PtR,PtLApR,CR,AR,PtL,AL,AL,
AL,AL,ALAL,GR,RCR,AL,ALAL,CR,AL,ALAL,AL,AL,PrR,D ETL,AL,AL,AL,DETL,
RCR,ConR,ALAL,GR,RCR,DETL,AL,AL,AL,AL,PrR,AL,PrR,A,CL,AL,GR,DETL,AL,
AL,GR,ALAL,DETL,AL,AL,DETL,AL,AL,AL,AL,AR,RCR,ConR,PrR,CL,AL,GR,CL,AL,
AL,DETL,CL,AL,DETL,CR,GR,AL,AL,PrR,DETL,DETL,AL,ALConR,AL,DETL,DETL,
AL,DETL,AL,CR,GR,AL,PrR,PrR,AL,DETL,AL,GR,CR,GR,CRL,AL,AR,AL,AL,AL,
ALPrR,PrR,PrR,AL,AL,AL,AL,GR,AL,ConR,AL,AL,AL AL R,GR,CR,PrR,GR,GR,
InstrR,CR,AL,GR,AL,AL,GR,GR,AL,AL,AL,AL,PrR,AL,CR,A ,AR,PtL,AL,DETL]

Kuprin: Junkera (TheJunker$, 1928-1932, Chapter 2, words 1182, attributes. 26dvel).
From: A.l. Kuprin. Sobranije sochinenij v shestmakh (Collection of works in six
volumes), Moskva, Gosudarstvennoje izdatel’stvoddalnestvennoj literaturi, 1957.
Tom 6.

[AL,CR,AL,AR,AR,AR,AL,AL,DETL,AL,AL,CNR,AR,AL,AR,AL ,DETL,DETL,DETL,
GR,CR,AL,ALAL,GR,AL,AL,DETL,AL,IR,DETL,IL,GR,IL,GR,PtR,CR,GR,AL,AL,ConR,
AL,AL,ALAL,AL,ALAL,AL,CR,AL,PtIR,AL,AL,PrR,CR,AL,A R,AR,CL,AR,AR,PtR,
DETL,PtL,AL,AL,AL,AL,AL,AL,DETL,GR,AL,GR,AL,DETL,DE TR,AL,DETL,AL,PrR,
GR,AL,GR,CR,ApR,CR,AR,AL,CR,AL,GR,AL,GR,AL,ApR,DETRtR,DETL,AL,CR,AL,
ALAL,DETR,AL,AL,AL,AL,AL,AL,AL,ALAL,PIR,GR,RCR,AL ,AL,AL,PrR,AL,PrR,AL,
AL,AL,ALALAL,GR,RCR,DETL,DETL,AL,AL,GR,AL,DETL,AL ,GR,AL,GR,ApR,ApR,
ALAL,GR,GR,PtR,AL,PtR,AL,AL,AL,GR,AL,AL,AL,AL,AL,PtL,PrR,RCR,GR,GR,DETL,
AL,DETL,DETL,PrR,CR,AL,GR,ApR,AL,GR,RCR,AL,AL,AL,ARAL,GR,AL,AL,GR,AL,
ALALALALAL,GR,CR,DETL,CR,AL,ApR,PtR,AL,GR,AR,ARAL,AL,GR,RCR,AL,AL,
GR,AL,PrR,AL,AL,GR,CR,AL,PtL,AL,GR,AL,AL,GR,GR,GR,A,GR,AL,GR,GR,PtR,AL,
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AL,IR,AL,PrR,PtR,PtR,AL,AL,PtR,RCR,PtL,AL,AL,GR,AIAL,DETL,PrR,DETL,AL,GR,
AVL,DETL,DETL,AL,AL,RCR,AL]

Bunin: Antonovskie jabloki (Apple Fragrancg (story), 1900, Parts I-ll, words 1999,
attributes 405. From: Ivan Bunin. Sobranije sochinesr shesti tomakh (lvan Bunin.
Collection of works in six volumes). Moskva, Santa294. Tom 1.

[AL,AL,AL,PtR,PrR,AL,PrR,GR,PrR,CL,GR,AL,AL,AL,AR,A ,AL,AL,AL,AL,PtL,PtL,
ALAL,PtR,AL,GR,GR,AL,GR,DETL,GR,CNR,RCR,AL,GR,AL,B,AL,AL,PtL,AL,AL,
GR,AL,PrR,PrR,GR,PtL,GR,PtL,AL,PrR,PtL,DETL,RCR,ATL,DETL,PtL,AL,AL,PrR,
CR,AL,AL,AL,AL,AL,AL,CNR,PrR,PtL,DETL,AL,AL,AL,PrR,AL,AR,AL,AL,PrR,AL,AL,
CR,GR,PrR,PrR,PrR,AL,GR,PtL,AL,AL,AL,AL,AL,PrR,ALRAL,PtL,AL,AL,PtR,PrR,
PrR,ALAL,PrR,AL,PrR,AL,AL,ApR,RCR,AL,AVL,GR,AL,ALGR,GR,AL,PrR,GR,AL,AL,
AL,GR,ApR,GR,AL,GR,AL,PtR,AL,PtL,AL,PrL,AL,PrR,DETIAL,AL,ApR,DETL,ApR,
DETL,AL,RCR,RCR,AL,GR,CR,AL,ConR,AL,AR,DETL,AL,AL,GNL,AL,AL,PrR,AL,AL,
AL,DETL,PrR,AL,AL,PtL,AL,PtR,AL,AL,AL,AL,AL,RCR,AL, PtL,AL,RCR,AL,AL,DETR,
ALAL,PrR,AL,AL,AL,AL,AL,AL,GR,AL,GR,DETL,AR,AL,DET L,GR,AL,AL,GR,RCR,
DETR,ApR,PrR,PtL,AL,AR,AR,AL,PrR,AL,AL,PrR,PrR,PrRiR,PrR,AR,PtR,ApR,AL,CR,
CR,CR,DETL,CNR,AL,GR,AL,AL,PtR,AL,RCR,AL,AL,PtR,AIAL,PrR,AL,AL,PrR,AL,
AL,DETL,AL,PrR,AL,ALAL,PrR,AL,PrR,AL,PrR,AL,AR,PrRAL,PrR,PrR,AL,AL,GR,
DETR,ALAL,GR,DETL,AL,AL,DETL,GR,CR,PtL,DETL,ApR,ALAL,AL,AR,AR,AR,AR,
PtL,AL,IstrL,AL,AL,AL,AL,AL,AL,PtL,AL,DETR,ConR,AL, ApR,AL,AL,AL,CR,AR,AR,
AR,PtL,AL,AR,AR,AL,AL,AL,PtL,RCR,AL,AL,GR,AL,AL,PrR,AR,AL,PtR,AL,PtL,AL,
DETL,InstrR,RCR,PrR,DETL,GR,DETL,DETL,AL,AL,AL,PtRtR,AL,AL,AL,ApR,AL,
DETL,GR,AL,AL,PrR,DETL,AL,GR,DETL,AL,AL,GR,AL,AL,GRAL,AL,RCR,ApR,AL,
GR,ApR,ApR,PrR,AL,AL,AL,PrR,AL,AL,AL,PrR,PrR,ApR,AICR,CR,CR,CR,AL,AL,AL,
PrR,PtL,AL,AR,AR,PrR,AL,AL]

Bunin: Kavkaz (The Caucasygstory), 1937, words 1259, attributes 205.Frdvan Bunin.
Sobranije sochinenij v shesti tomakh [lvan Bunioll€ction of works in six volumes].
Moskva, Santax, 1994. Tom 6.

[AL,PrR,PrR,DELT,DETL,AL,PtL,PtL,PrR,DETL,DETL,DETJPrR,DETL,AL,AL,DETL,
ApR,DETL,DETL,DETL,AL,AL,DETL,AL,DETL,AR,AR,AL,AL,A L,AL,AL,AL,DETL,
ALALAL,PtL,GR,PtL,PtL,PrR,AR,GR,AL,AL,AL,AL,RCR,A.,AL,DETL,AL,AL,PtR,AL,
AL,GR,IR,AL,DETL,AL,AL,AL,AL,RCR,DETL,GR,GR,PtL,RCRDETL,AL,AL,DETL,
AL,DETL,AL,AL,PtL,AL,AL,PtL,AL,AL,PrR,GR,AL,PrR,AL,AL,PrR,PrR,PtL,AL,AL,GR,
PrR,AR,PtL,AL,PtL,AL,RCR,AL,RCR,AL,AL,AL,AL,AL,AL,AL,GR,AL,PtL,PrL,PtL,
DETL,AL,AL,GR,AL,AL,PrL,AL,PtL,AL,AL,PtR,DETL,AL,AR,PtL,PrL,AL,AL,DETL,AL,
AL,ALAL,GR,GR,PtR,PtR,PrR,GR,DETL,DR,DETL,DR,AL,AAL,AL,AL,AL,GR,AL,
GR,RCR,DETL,ApR,AL,PrR,AL,AL,AL,AL,AL,PtR,AL,AL,ALDETL,DETL,AL,DETL,
AL,AL,ALAL,AL,AL GR,ALAL,ALAL,GR,PtL,AL,DETR,DET L,PTL,DETL,AL,AL,
DETL,GR,GR,PrR,DETL]

Bunin: Stepa (story), 1938, words 1520, attributes 233. Frdwan Bunin. Sobranije
sochinenij v shesti tomakh [lvan Bunin. Collectimiworks in six volumes]. Moskva,
Santax, 1994. Tom 6.

[PrR,AL,CR,IstrR,PrR,PtL,AR,PtL,PrR,RCR,AL,AL,AL,APtL,AL,AL,AL,AL,AL,PtR,AL,
GR,ALAL,AL,AL,PrR,DETL,AL,AL,DETL,PtR,AL,GR,GR,PtLAL,AL,GR,AL,AL,PtL,
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PtL,PtL,DETL,PtL,DETL,DETL,AL,AR,AL,CNR,PtR,PrR,AIBtL,DETL,AL,AL,AL,GR,
AL,PrR,AL,PrR,DETL,AL,AL,PtL,AL,PrL,PtL,AL,PrR,PrRCL,AL,GR,PtR,PrR,CR,PrR,
PrkR,PrR,PrR,PrR,PrR,GR,AL,AL,DETL,AL,DETL,PtL,AL,DH ,AL,PtL,GR,AL,AL,CNR,
CR,DETR,DETL,PrR,AL,PrR,AL,AL,PrR,AL,AL,PrR,PtL,AIAL,AL,PtL,PrL,DETL,GR,
ALALAL,PrR,ALAL,PrL,PrR,AL,PtL,PrL,AL,GR,AL,AL,AL,PrR,AL,PrR,AL,AL AL,
AL,PtL,GR,ApR,DETL,AL,AL,DETL,PtL,PtL,PrR,AL,AL,ALAVL,AL,GR,PrR,AL,GR,
DETL,AL,Ap,DETL,PtL,PtL,DETL,DETL,AL,PtL,PrR,PtL,ALPtL,AL,AL,GR,AL,ALAL,
CCR,DETL,AL,AL,DETL,AL,AL,DETL,PtL,DETL,AL,ALAL,PrR,AR,AL,AR,GR,GR,AL,
GR,AL,PrR,DETL,PtL,PtL,AL,AL,AL,AL,AL,AL,PtL,PrR,ALAL,PrR,PrR,PrR,PtL,DETL,
GR,DETL,AL,DETL,AL,AL,AL]
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