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A STUDY ON RUSSIAN GRAPHEMES *

guistic studies. These studies need not be enumerated in detail, here; it may

suffice to refer to the collective monograph Oneim onucanus pycerxozo azuika
8 ez0 nuceMenrol opme (Moskva 1964), written by Z. M. Volockaja, T. N. Molo3naja,
and T. M. Nikolaeva. This book was an important step in studying the Russian graphe-
mic system as a sign system in its own right, and it must be seen in the context of further
related studies, as those by Nikolaeva [1961a, b; 1965; 1969] .

Ultimately, any study of the Russian graphemic system (as of other graphemic sys-
tems, as well, of course) will be faced with one basic question, namely, which elements
which must be taken into consideration, representing the basic components of the system
under study? For most alphabets, an answer to the basic question as to the size and the
{number of} elements of the alphabetic systemn under study, depends on the decision if
the alphabet in question is regarded to be an autonomous or a heteronomous system; in
principle, this topic has been discussed in detail by T. M. Nikolagva {1965; 130f], though
with a different terminology. Basically, the decision to regard the graphemic system of a
given language as an autonomous or a heteronomus system, is identical with an answer
to the question if a grapheme (or a letter) is considered to be a (linguistic) sign in its own
right, or if it is regarded as the constituent of a sign, only. Considering a writing system
to be an autonomous sign system, graphemes are no signs since they have no meaning,
but only have differentiating function; as opposed to this, according to an heteronomous
perspective, each grapheme has sign character; since it is regarded to be the sign of a
phoneme of the given language (and thus has the function of a secondary sign).

It is obvious that any decision as to autonomy or heteronomy of a writing system is
of immediate relevance for the question which elements (and, of course, how many ele-
ments) are to be considered graphemes of the given writing system:

Formal aspects of the Russian alphabet have repeatedly been the object of lin-

a. Whereas from a heteronomous perspective, those letters and letter combinations have
to be defined as ‘graphemes’, which correspond to a phoneme of the language in qu-

* The present study was written in context of the reséarch project «Word Length Frequency
Distributions», financially supported by the Austrian Fund for Scientific Research (project P-15483) —
a8 to the general background cf.: http://www-gewi.uni-graz.at/quanta
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estion. Thus, in English, for example, not only the single letters s and 4, but also the
letter combination s# would have to be considered as graphemes, since s, &, and sh
all signify individual phonemes; therefore, in English. the three graphemes s, &, and
sh would be formed from the two letters s and & '

b. Following an autonomous definition, graphemes can bé defined by way of commuta-
tion tests on the basis of written texts. Thus, replacing the letter / by # in the English
word thick results in the word frick; both & and » would thus have to be considered
autonomous graphemes in English, and 4 would not only be part of the complex gra-
pheme A Still, according to the autonomous point of view, as well, graphemes are
not identical with letters: thus, in the Old English letters = and A, for example, can
be considered to be allographs of one grapheme, since they can replace each other
in the Old English orthography. Furthermore, under particular; conditions, also the
distinction between small and capital letters may be relevant with regard to the (size
of the) grapheme inventory, from an autonomous perspective: al;rhough any such pair
corrésponds to one phoneme only, different meanings of a wordi may result from the
fact if a word is written with small or capital letters (cf. fest or j est, in German).

In the above-mentioned study by Volockaja, MoloZnaja, and Nikolaeva (| 964), an at-
tempt is undertaken to describe the inventory of Russian graphemes on the basis of their
constitutive elements (i.e., of the “figures”, in Hjelmslev’s sense, off which a sign is con-
strued). A ,grapheme’ is defined as an “an abstract unit of the alphabet, which may have
for expression forms: printed or hand-written, small and capital, these four expression

variantsare called allographs or letters”(ibd., 10). In this understanding, then,
a grapheme, being an abstract concept (as opposed to an allograph,|or a letter), may not
be drawn, or written. Based on this assumption, one obtains the 33|standard graphemes
for Russian language, which are represented in table 1 (cf. ibd., 11)
Grapheme Grapheme Grapheme Grapheme Grapheme Grapheme
number name number name number name

1 a 12 Ka 23 xa

2 i) 13 Mk 24 u3

3 B3 14 aM 25|‘ w

4 ) .15 3H 26 wa

5 Jic] 16 o 27 wa

6 i 17 m 28 i3p

7 o 18 3p 29 B

8 Wy 19 3¢ 30 apk

9 3 20 ™ 31 3

10 H 21 y 32 fy

1 H KparKoe 22 Ah 33 fia
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Given this inventory of 33 graphemes, “each of the four distinguished types repre-
sents an independent system of interrelated signs” (ibd., 19). As a consequence, each of
the four variants has to be studied separately. Concentrating on the capital letters in their
printed form, the authors conclude that of all 33 graphemes, the majority ¢oincides with
their small equivalents, being different only in size.

ABBITIAEEXK3IMUKAMHONPCTY®XUYWWBH b K04
|a|63rnlcémsHﬁanHoanTycpqumm'bubalon

As can be seen, the shape of 29 letters coincides, differences exist only for the letters
a, 8, e, & Of course, since differences are mainly to be observed on the level of letters,
not of graphemes, the number of differences strongly depends on the concrete realiza-
tion of the written or printed allograph?. Thus, in their attempt to describe the inventory
of Russian graphemes in their printed form, the authors concentrate on capital letters.
According to their opinion, four elements are considered to be relevant {(and sufficient)
for their systematic description:

1. a skew line: /
2. a horizontal line: —
3. a vertical line: |
4, a bow: o

Figure 1 represents the generation of the individual graphemes from these four con-
stitutive elements.

~

O n

Fig. 1: Generation of capital printed letters
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As can easily be seen from fig. 1, a number of graphemes are excluded from the ana-
lysis: E, H, LLI, LL. The reason for their exclusion is the fact that each of them contains
one of the following diacritical elements: *" . -

According to the authors, these diacritical signs are not considered to be graphemes,
in Russian, because they exist only along with one letter, each which, being relevant for
the distinction of only one letter pair (E-E, H-H, LLI-LLI). In this respect, the letter 11 rep-
resents an exception since there is no corresponding letter without the diacritical element

1in the Russian alphabet. In the authors’ opinion, the four graphemes pointed out above
therefore represent separate graphemes (as opposed to Latin alphabets, where they are to
be understood as the combination of a basic letter plus diacritical sign).

As can be seen from figures 1 and 2, there remain 29 graphemes which are analyzed
with regard to their constitutive elements. One may agree with this reduction of the gra-
phemic inventory, or not; still, the idea is intriguing that these letters represent different
degrees of “complexity” (complexity being interpreted as the number of constituent
elements per letter). In fact, as can be seen from fig. 2, four ranks can be distinguished,

with an increase of one element per grapheme, the minimum of elements being two (rank
one).

Frxar I\
N

HeuHAKAA 1 | eBela | B,

Fig. 2: Generation of ranks for capital printed letters

It can easily be calculated how many graphemes with a given number of elements
are part of the alphabet. The corresponding data are represented in table 1. The graphic
representation of these data in figure 3 clearly shows the left-skewed asymmetry of the
frequency distribution (y = 1.286), which significantly deviates from a normal distribu-
tion (with a Shapiro-Wilk test value of 0.81 1, p <0.001).

This characteristic asymmetry coincides with observations from other linguistic units
and levels, and it asks for more detailed analyses. In this respect, two caveats should be
carefully taken into account, however:
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number number Hupbsr of graghemes
of elements of graphemes ;‘5
2 8 12
10
3 14 s
3
4 5 .
2
5 1 a
6
6 1

Tab. 1 / Fig. 3: Frequencies of letter complexity

1. It seems that Nikolaeva and her co-authors, at the time of writing their book, were
guided by the idea to provide a minimal inventory of distinctive features, thus stri-
ving for a maximum economy of meta-language. In fact, Nikolaeva [1969: 483]
assumed that for the description of a given inventory M, the number of distinctive
features should be ¥ = Vlog2 M. According to this calculation, we should thus arrive at
a number of five elements, for the Russian alphabet {which is relatively close to the
inventory used). However, concentrating on the economy of meta-language, is only
one possible perspective. From a synergetic point of view, there are other needs of
the graphemic system to be taken into consideration; in this respect, we are concerned
not only with factors, such as minimization of coding or decoding effort, but also with
the maximization of transfer safety (and thus with redundancy), with specification
and distinctiveness, diversity, etc. From this perspective, many elements of Russian
graphemes must not be considered to be “superfluous™ (cf. [Volockaja et al. 1964:
25]), and it seems reasonable to follow the authors’ suggestion to clearly distinguish
between the level of abstract graphemes and sign elements of natural language. — As
a consequence, more elements will be need for an adequate description of Russian
letters as they occur in reality, which, in turn, will result not only in a change of the in-

- ventory (size), but, quite naturally, also of the frequency of the constituting elements?,

2. Whereas Nikolaeva and her co-authors have concentrated on the level of the gra-

phemic system, thus allowing for the frequency analydis of the given elements on
the systemic level, it seems reasonable to ask a parallel question, too, which, thus
far, has been largely neglected, at least with regard to standard European alphabets.
This question may be phrased in the following way: how often do graphemes with
a particular number of constituting elements occur in a running text, and what is the
frequency of the elements themselves, under this condition? lrrespective of the fact
that different classification systems will arrive at different data, this question is much
less naive than it may sound at first sight. Ultimately, it will give an answer not only
as to the state of the (alphabetic) system, its redundancy and discriminatory potential,
but also as to basic processes of production and reception. 1t would not be economic,
for example, if letters constituted of only a few elements, would occur rarely, and
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Iettet"s with more elements would be of high frequency. In other words, it would be
possibie to gain !n51ght into the efficiency of the graphemic system (and eventually
of the system of its description), not only in a paradigmatic perspective. :

The present study concentrates on one related question only, asking for the frequency
of Russian. graphemes. Yet, even in confining ourselves to this particular perspective,
there remain two major directions of research. Given the frequency of Russian graphe-
raes, based on a particular sample (be it a single text, part of a text, a mixtures of texts
or a corpus), one may predominantly be interested in ,

I. comparing the frequency of a particular grapheme with its frequency in another sam-
ple {or other samples); the focus will thus be on the frequency analysis of individual
graphemes;

2. f:on.lp.aring the frequencies of all graphemes in their mutual! relationship, both for
individual samples and over samples; the focus will thus be|on the analysis of an
underlying frequency distribution model.

In the history of the study of Russian grapheme frequenci_és, practically only the first
course has been followed, although the question as to an overall|theoretical model has

been implicit in many of them (for a systematic historical overview and analysis of quan-'

titative studies of Russian graphemes cf. [Grzybek/Kelih 2003a)).:

In_fact, in order to further analyze the componential structure of the Russian gra-
phemic system, i.e., in studying the frequency of their constitutive elements, not only a
corpprehensive system for describing the totality of all 33 Russian graphemes with all
their elements — which may vary from realization to realization|— will be necessary;
alf;o, knowledge of each individual grapheme’s frequency is a $ine qua non. It goe;
without saying that such a new componential analysis cannot bé developed here, "en
pass'anr”. Therefore, we shall confine ourselves here to dealing with the second issue
outlined above, presenting an attempt to describe a general frequency distribution model
for Russian graphemes. We do not only consider this to be an important contribution to
the “Description of Russian in [ts Written Form”; we also considér this to be a proof of
the systematic nature of the Russian grapheme system.

The question of an overall theoretical distribution model for graphemes has only rare-
Iy been asked explicitly (not only, as far as Russian graphemes are concerned); generally
speal.(ing, research along this line has been done, to name but the Jost important studies,
Py Sigurd [1968], Good [1969], Gusein [1988], or Martindale et al. [1996]. The overall
interest of works like these was not so much the frequency of individual graphemes,
but an answer to the question which relative frequency the mostlfrequent, the second
mast frequent, the third most frequent, etc. graphemes have. The focus of these studies
thL!S has been a so-called rank frequency distribution, the aim ofitheoretical modeling
ultimately being a mathematical formalization of the distance(s) between the individual
fre.quencies: Transforming given frequencies into a descending ordér, and graphically re-
lating the data points with each other, the result is not a linear decline; rather, one obtains
a specific, monotonously declining (usually hyperbolic) curve. Andi the idea is to model
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the exact form of this curve in order to see, if the frequencies of different samples (i.e.,
the specific kind of decline) has one and the same shape. '

However, all of the above-mentioned studies have a number of methodological flaws,
which need not be discussed here in detail, but still should be mentioned in toto:

1. More often than not, the graphem(at}ic and phone(majtic levels of language are not
consequently distinguished from each other, assuming that these two linguistic units
(or forms of representation) follow one and the same model. This assumption seems
to be reasonable, of course; still, it is more proper to clear keep apart these different
levels of description, at least in a first approximation to the question,

2. Usually, research has not paid due attention to differences in the quality of the data
material, provided on the basis of texts, parts of texts, text cumulations or mixtures
{(corpora), thus neglecting the important condition of data homogeneity. Again, it may
well be that this factor is not relevant for the analysis of graphemes; still, the factor
should carefully controlled, as in studies as well.

3. The elaboration of relevant frequency models has predominantly concentrated on
curves, not on probability functions. Although, in principle, both may be transformed
into each other, there is an important difference between both approaches: as opposed
to curves, the sum of the theoretical (relative} frequencies must be 1, in case of pro-
babilities. Furthermore, the calculation of particular characteristics, such as entropy,
repeat rate, etc. is possible only for a system of probabilities, not for curves.

4. The adequacy of a given theoretical model has been tested in different ways: Partly,
tests for the goodness of curve approximations (usually the so-called determination
R?) have been applied; partly, however, researchers simply presented tables and/or
graphical illustrations, with simple juxtapositions of observed and theoretical va-
lues.

In order to guarantee a methodologically consistent procedure, a number of decisions
have thus been made with regard to present study:

ad 1: The analysis has been confined to grapheme analyses, only; in how far the con-
clusions to be drawn are relevant for phoneme studies, as well, will have to be
the topic of a separate study. Since by tradition, not all Russian texts use the letter
‘8’ as a separate letter in its own right (i.e., identifying ‘€’ and ‘e’), some texts
are composed of 32, others of 33 graphemes; for the present study, therefore, all
calculations are based on an inventory size of n=32.

ad 2: Due attention has been paid to the factor of data homogeneity by systematically
comparing results obtained on the basis of texts, parts of texts, text cumulations,
and text mixtures.

ad 3: With regard to the theoretical model in question, not curves, but probability func-
tions have been applied. In doing so, all relevant models thus far discussed have
‘been tested for their adequacy; therefore, in some cases models containing curve
approximations have also been taken into consideration and therefore been trans-

formed into probability models.
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ad 4: The goodness of fit has been consequently tested by statistical methods. However,
the chi square goodness-of-fit test, which uses to be appl:ed in comparable stu-
dies, increases linearly with an increase of sample size. As a result, one is more
likely concerned with significant deviations, due to large sample size only (since

we are concerned with great sample sizes, in our case). Therefore, it is reasonabie.

to relativize the chi square value by dividing it through the sample size (V) and
use the discrepancy coefficient C = X¥N, instead; by convention, a value of C <
0.02, is interpreted to indicate a good, with C <0.01 a very-good fit.. - .

Under these conditions, and meeting the necessary requirements, it will be possible
now to test those models discussed in previous research, for the|adequacy for Russian
grapheme frequencies, Since grapheme systems have a limited number of different clas-
ses, however, it seems reasonable, to truncate those distributions the support of which is
not 1...n (but 1...0) on the right side.

2.1, Zeta Distribution

An early and frequently discussed model is based on cdnsad cration by G, K. prf .

Based on the assumption that the product of the rank () of a grapheme and its freque-

ney (f) is a constant (¢), the resulting equation takes the shape flx r = ¢, which can be
represented as

c
(1 £ ==, r=123,..
r
with regard to the theoretical calculation of the frequency. Since formula (1) does not
represent a distribution model, however — the theoretical relative frequencies do not
sum up to |, because the harmonic series does not converge, and ¢ is no normalizing con-
stant), 1t. has been enriched by a further parameter (). The resulting distribution model
usually is called Zipf distribution or zeta distribution® { Wimmer/Altmann 1999: 664f]:
a>l, ¢'= iﬂ
J=1
Truncating thlS distribution on the nght side, one obtains the nght-truncated zeta
distribution:

@ P=5 r=123..,
¥

-

P = X
r F(R):

R
3 r=123,.,R, ael, Red, FR)=Yi"

|

2.2, Zipf-Mandelbrot Distribution

The generalization of Zipf’s original ideas by Mandelbrot results in a more flexible
formula with an additional parameter. Based on the initial equati [ % r=c¢, this exp-
anded form may be represented as Jx (b +r)* = ¢, which, with regard to the calculation
of the theoretical frequencies, leads to
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The distribution model resulting from (5) usually is called Zipf-Mandelbrot distribu-
tion [Wimmer/Altmann 1999: 666]:

4) f= r=1,2,3,...

% WURPTS I SO R I
(b+r) =R (R)

As can be seen; the support of (5) is infinite; therefore truncating it on the right side,
one obtains:

(5) F=

c
(6) P=—xv-— r=123.,n aeR, b>-l, c'=
B+r)" ;(b+1)

2.3. Geometric distribution

Another model, which as repeatedly been discussed in context of grapheme frequen-
cies, is based on the so-called geometric series, which consists of the members

'l !
aq® aq'. ag® ag’, ..., ag™, ...

In analogy to Zipf’s considerations (see above) one can deviate the function
(7) ‘ f:_:a-qr, r=0,1,2,_"

from it, which, in the context of grapheme frequencies, has been discussed by
Sigurd [1968] or Martindale et al. {1996]. Since in case of ranked frequencies the
first rank uses to be denominated as ,,1* (and not as ,,0), and since the function co-
nsequently starts with » = 1, usually either its 1-displace form

(8) fi=aq™ r=123,..,

has been applied, which results in the distribution

€ P =pq”'] r=1,23,.,0<g<lp~lg

or the 1-displaced, right-truncated form:

(10) p_O-0g”

a r=12,...n 0<g<xl
1-g"

3
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2.4. Good.Distribution

Threg of the above-mentioned models — namely, (2), (8) u;nd {9) — may be inter-
preted to be special cases of another distribution which has also been discussed in the
context of grapheme frequencies: the so-called Good distribution. Since Good has deve-
loped various distribution models, this one has been termed Good1 distribution, in the
relevant literature (cf. [Wimmer/ Altmann 1999: 219f.]). The Good1 distribution has
bejen brougpt up by Martindale et al. [1996], who discussed it by reference to the follo-
wing equation; ‘
an  p=Z.

r b ?
r

r=12,..,n

In formula (11), a is a normalizing constant which is responsible for the sum of the -

relative frequencies to sum up to 1:

LA

a'=¥y<

As was pointed out before, there exists a super-ordinate madel which explains the

relation of distribution (10) to the distributions discussed above. It would lead too far, ho-

wever, to discuss these interrelations in detail, here (cf. [Grzybek/Kelih/Altmann 2004)).

Let it therefore suffice to say that this super-ordinate model is the so-called Lerch distri-

bution (cf. [Z6rnig/Altmann 1995]) of which the other models tur out to be special cases.
However, thus far this general mode] has never been applied to grapheme studies.

2. 5. Whitworth Distribution

Another distribution has been discussed by Martindale et al.[[1996], though only in
form of a curve approximation. In consequently transforming it into a probability density
function, Grzybek/Kelib/Altmann [2004] have integrated it into a broader theoretical
framework, which need not be presented, here.

It may be sufficient to say that usually, when dealing with distributions, one assumes
that the probability of a particular class x. or the rank r, develops proportionally to the
class below, i.e., tox — I or » — 1, (cf. [Altmann / K&hler 1996)). Based on this general
assumption, one obtains the difference equation

(12) P =g(x)P,

x|

the concrete solution of which depends on the particular function g(¥). Equation (12) —
which, in a way, shows the ,top-down* perspective — is rather lapt to describe entities
with large inventories. If, however, one is concerned with a rathér small inventory (i.e.,
with only a few number of classes), all frequencies have to be balanced in a particular
manner, in order to arrive at particular ,,prescribed* characteristics such as, e.g., entropy
or repeat rate). This balance can often be achieved by help of so-called partial sum dist-

ributions, which are obtained as follows: if {£*} is a given probability function (which
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may be termed ,,base* distribution, for the sake of convention), then one obtains a new
distribution: ‘

(13) P=CY f(P)
- JEx+k

Wimmer / Altmann (2000) have mathematically analyzed various schemes and subs-
equently discussed with regard to linguistic purposes Wimmer / Altmann [2001]. As far
as grapheme analyses are concernied, of the options shown there, only one case has been’
applied (though without reference to the schemes developed by these two authors), thus
far: the partial sum of the discrete rectangular distribution (cf. {Good 1969; Gusein-Zade
1988; Martindale et al. 1996]). The corresponding combinatoriai scheme — which has
been called *broken stick distribution’, ‘distribution of ordered random intervals’, or as
‘MacArthur distribution” — has been used as early as in the very beginning of the 20*
century, however, by Whitworth [1901: 207f], and shall therefore be called Whitworth
distribution, here. '

Deﬁning P;= l J=L42,.,n (i.e., the discrete rectangular distribution) and ap-
it _

plying it to the scheme
P
(18) P=CY-L, x=123.
Jjex J

we easily obtain

11 -
(19) ==y —, x=L23,...n
where C = 1. Explicitly writing P_and adding up, the sum-equals 1. It is quite obvious
that this distribution has a great advantage: since it has only one parameter (x) which
directly results from the inventory size, it can easily be interpreted.

2.6. Negative hypergeometric Distribution

A last distribution model which has to be discussed in the given context, is the so-
called negative hypergeometric distribution, which is also known by the name of beta
binomial distribution [Wimmer / Altmann 1999: 4651f.]. This model has repeatedly been
used for rank frequencies of different kinds: Thus, Kéhler / Martindkovi-Rendekova
[1998] have shown that this distribution is an adequate model for ranked frequencies
of pitch, intensity, and duration values of a Chopin Etude; and Wimmer/ Altmann
[2001] and Wimmer / Wimmerova [Ms.], respectively, have successfully modeled rank
frequencies of the occurrence of tones in musical works by Bach, Beethoven, Liszt und
Chopin. '

Thus far, the negative hypergeometric distribution has only rarely been used mode-
ling for linguistic phenomena. Ziegler [2001] has successfully modeled word class fre-

_quencies in Portuguese journalistic texts with it. With regard to grapheme frequencies, it
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has been used only in a study of A. S. Pugkin’s Lfape Carman [Grzybek 2001]. Since this
issue has been further pursued in detail, however, the present study be as well be seen as
a more broadly based test of the results obtained on the basis of one text only,

The negative hypergeometric mass function may theoretically derived in various
manners, a question which need not be dealt with here. May it suffice to say that its
ordinary form :

[M+x-IIK—M+n——x—1
20) P x n—X

]

has to be displaced one step for ranging purposes, what results injitsI-displaced variant

] ,x=0,1,2,...,n._Rl’> M>0;ne §1,2....}

M+x-2 K-M+n-x
21 P = x-1 n-x+l x=120.. ntl
[K+n—l) K:;M)O;ne 1,2,..}
n

If the negative hypergeometric distribution is truncated at zero, ohe obtains the posftive
negative hypergeometric mass function:

[M+x—IIK—M+n—x—I]
(22) p=L_2 nx x=12,

Y (K+n-1\ (K-M+n-1)"

n n
lntei:estingly enough, there is a relation between the negative hypergeometric and
the Whitworth distribution: In case K=2 and M= 1 in (22), one obtains the discrete
rectangular distribution, and if one then forms the partial sums a$ described above, the

Whitworth distribution turns out to be a special case of the partinlly summed negative
hypergeometric distribution.

woh

3. Empirical tests of the models
3.1 Text and Data Base

As was mentioned above, due attention shall be paid to the important factor of data
homogeneity in the present analysis of Russian graphemes. Althg ugh this factor is not
likely to play a crucial role, in the case of graphemes, a systemati¢ control of this factor
seemns to be in place, and be it for being “on the safe side” only.

Therefore, the following data material has been used:

a.. A first group of texts is represented by complete texts; in order not to follow some a
priori definition of ‘text’, complete chapters of novels have as|well been considered
to be ‘texts’ as complete novels. The majority of these texts|are literary (prosaic,
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poetic, and dramatic) texts, for the sake of comparison, technical texts have been

included as well. '

b. A second group of texts consists of text segments, cumulations, mixtures. Text seg-
ments are arbitrarily selected passages of texts, for example particular lines or verses.
Text cumulations are successively added chapters of a complete text, which, in the
last step, are identical with the complete text. Text mixtures are combinaticns of ar-
bitrarily texts (or text segments). ‘

c. All texts taken together represent a complete corpus (which, in our case, sums up to
ca. 3.3 million graphemes).

Table | represents an overview of all analyzed texts and text curnulations. Subsequent
to the text number, information about the author or the source of the text can be found,
followed by the text’s title, its abbreviation, and, finally, its size (in the number of gra-
phemes).

Tab. I: Text and data basis: complete texts and text cumulations

No Author Text ~ Chapter Abbr. N
1 A.S, Puskin Evgenij Onegin 1 ASP-EQ | 15830
2 2 ASP-EQ 2 11544
3 3 ASP-EOQ 3 13597
4 4 ASP-EO 4 12475
5 5 ASP-EO 5 12018
6 6 ASP-EO 6 12742
7 7 ASP-EQ 7 15180
8 8 ASP-EO 8 15864
9 1-2 ASP-EQ 1-2 27374
10 1-3 ASP-EO 1-3 40971
11 1-4 ASP-EQ 14 53446
12 | 1-5 ASP-EO 1-5 65464
13 1-6 ASP-EQ 1-6 78206
14 1-7 ASP-EQ 1-7 93386
15 complete text | ASP-EQ 1-8 109250
16 L. N. Tolstoj Anna Karenina complete text LNT-AK 1336483
17 Otrodestvo complete text LNT-0O 113954
18 | F. M. Dostojevski] | Prestuplenie i nakazanie | complete text FMD-PN 837885
19 Zapiski iz podpol ja complete text FMD-ZAP 138249
20 A. P Cechov Cajka complete texi* APC-C 145735
21 Djadja Vanja complete text* | APC-DV 60871
22 M. Gor’kij Mat’ complete text* MG-MA 433177
23 Na dne complete text MG-ND 76039
24 | hitp:/iwww.rusmetrw | Ural skif rvnok metaliov  |rechnischer Text UR 806t
25 | hutpi/Awww.phyton.su/ | Instrumental nye sredstva [...] |technischer Text IN 18711

* The dramatic texts signed by an asterisk contain all stage directions, speakers, etc.
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Table 2 contains the corresponding data for the text mixtures, lext segments, and the

complete corpus’,

Tab. 2: Text and data basis; text mixtures, segments, and corpus

No. Author Text Chapter Abbr. N
26 A. 8. Puskin Evgenij Onegin ch. 1& 8 ASP-EOI+8 | 31694
27 L. N. Tolstoj Anna Karenina pt.ptﬁ (lc:‘c.h] 8|))& LNT-AK8+1 7720
28 | F.M.Dostojevskij | Prestuplenie i nakazanie p:;tl tﬁ(?;hl;;& FMD-PNi+6| 29498
A. 8. Puskin Evgenij Onegin &
& L. N, Tolstoj Anna Karening complete texts ASP+LNT |1445733
A. S. Putkin Lvgenif Onegin &
30 \ .. . +F
& F. M. Dostojevskij [ Prestuplenie i nakazanie completc fexts | ASPATMD | 947135
A, 8. Pugkin Evgenii Onegin &
1 "
3 & text 24 Toxt 24 complete texts ASP+UR Il73i]
: L. N. Tolstoj Anna Karenina & ;
32 & text 24 Toxt 24 complete texts | LNT+UR [ 1344544
F. M. Dostojevskij |Prestuplenie i nakazanie &
33 & text 25 Text 25 complete texts FMD+IN 856596
34 | M. Gor'kij & text 25 Na dne & Text 25 complete texts MG+IN 95312
; h. 5, verse
3 B . ch. 5, .
S Puskin, A. S. Evgenij Onegin 1-5 per ch, ASPI1-5 4323
36 | F.M.Dostojevskij | Prestuplenie i nakazanie | SPI0BUC.€ach | o o 14464
alternate line
3| LN Tolstoj Anna Karenina pl.4(ch. 1—5), 1 )\ g 7141
every dth line
38. | Complete corpus CcC 3328454
3.2, Results
Let us now take a look at the results for the 51x models dlSCUbSed above, The basic
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Table 3 presents the absolute frequenc
1 to 32. Whereas parameter n = 32 corre
b are the result of theoretical estimation:
obtains ¢ = 1.5281 and 5 = 5.2679. Fillin
theoretical values NP(1):

i 1(i) NP(i)
1 982048 24160,
2 763584 19269,
3 701891 15823,
4 593949 13290,
5 563851 11363,
6 532783 9859,
7 456610 8638,
8 423657 7680,
9 403285 6873,
10 353818 6197,
11 295548 5625,
12 272216 5134,
13 262459 4711,
14 248196 4343,
15 222221 4019,
16 195629 3734
a=1.5281
b=35.2679
n=32
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As can be seen from the values in table 3 and their graphic representation in fig. 1,
the Zipf-Mandelbrot is no good model, in this case. This fact is corroborated by the poor
value of C = 0.0492. The very same tendency holds true for all other cases, as well; and,
since the Zipf-Mandelbrot distribution is a generalization of the zeta distribution, the lat-
ter also turns out to be no adequate model for Russian grapheme frequencies, Table da/b
represents the results of fitting the zeta and the Zipf-Mandelbrot distributions to all data
sets. :

[t can clearly be seen that both distribution which have repeatedly been applied for
grapheme frequencies, are not really adequate for modeling rank frequencies of Russian
graphemes. In case of the zeta distribution, the values of the discrepancy coefficient are
in the interval 0.1664 = C = 0.0995, for the complete corpus it is G = 0.1177 — not a sin-
gle sample arrives at a value of C < 0.02. The Zipf-Mandelbrot distribution, too, which
has one more parameter (a, b, n) as compared to the zeta distribution, does not seem to
be an appropriate model: Only three of the samples arrive at a dis¢repancy coefficient of
C <0.02. Interestingly enough, however, the value of the corpus is relatively satisfying,
as compared fo the results for the individual samples, which asks for further investiga-
tion. Fig. 2 illustrates the results, showing the discrepancy coefficients for all samples.

0,20

(-vrt. Zeta -y;-Zipf-Mandelbrot)

0,16

0,10

0,05

0,00

12345678 910111213141516171819202122232425262728293031 32333435363738
Fig. 2: Discrepancy coefficients of the zeta and Zipf-Mandelbrot distributions _
Both models therefore can be ruled out from further considerations which shall con-

centrate on the right truncated geometric and the right truncated Good distribution in the
next step. Table 5/a/b shows the results in detail.
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Tab. 4a/b: Right truncated zeta and Zipf-Mandelbrot distribution

right truncated zeta, R=32

Zipf-Mandelbrot (a,b) n=32

No Abbr. a Lecag C a b Loz C

1 | ASP-EO | 0,6659 2001,81) 0,1263 2,2784| 12,8065 721,25 | 00456
| 2| ASP-EO2 | 0,6828 1487,25] 0,1288 2,7371| 16,5558 456,80 | 0,0396
3] ASP-EO3 | 06725 1693.67] 0,1246 2,7403 | 17,1914 558,15 0,0405
4 | ASP-EQ4 | 06714 1530,24| 0,1227 1,4136 5,0791 794,37 0,0637
5| ASP-EOS | 0,6703 1580,15| 0,1315 1.7478 7,8099 681,15 0,0567
6 | ASP-EO6 | 0,6728 1632,08| 0,1281 13574 44606 842,83 | 0,0661
7 | ASP-EQO7 | 06722 1920,19] 0,1265 16214  6,6847 847,98 0,0559
8 | ASP-ECS | 0,6886 1951,23| 0,1230 3.0305| 194182 587,00 0,0370
9 | ASP-EO 12| 06726 348137} 0,1272 24360 14,0741 117747] 0,0430
10 | ASP-EQ 1-3 | 0,6725 5128,28| 0,1252 2,2610| 12,5103 -180041] 0,0439
11 | ASP-EQ 1-4 | 06721 6622,04| 0,1239 1,69661 74194 2859.07| 0,0535
12 | ASP-EO 15| 06710 £179,52| 0,1249 1,3976] 48765 412198 0,0630
13 | ASP-EO1-6 | 07172 8257,161 0,1056 1,7176]  7.5936| 4196,80| 0,0537
14 | ASP-EQ 1-7{ 0,6714] 11690,57| 0,1252 3,0800| 20,3454| 3515,08| 06,0376
15 | ASP-EQ 1-8 | 0.6737| 1364619 0,1249 1,7081 74547 382538| 0,0533
16 | LNT-AK 0,7238| 158702,58| 0,187 2,1424|  9.9287| 350451,88] 00377
17| LNT-OT 0,6991| 13438.62| 01179 6,5497 | 52,2365| 2852,85| 0,0250
18| FMD-PR 0,7813] 102121,20| 0.1219 L7772 7,0180| 40547,221 0,0484
19 | FMD-ZA 07119 2074541 0.1102 1,5282 52679| 926588 0,0492
20| APC-CA. 0,7073| 18228337 0,1251| 12,0000] 118,9459] 3s586,48| 0,0246
21 [ APC-DI. 071201 7226,2866{ 0,1187 2,6542| 14.8642] 1813,34]| 0,0298
22| MG-MA. 0,7046 | 50716,0098| 0,117 23162 11,9652 17278,67] 0,0399
23| MG-NA 0,6082 7563,71[ 0,0995 76666 650316} 202844| 0,0267
24 UR 0,7330 1325261 0,1644{ 12,0000| 102,3936[  155,05| 0,0192
25 IN 0,7098 2731,32| 0,1460| . 5.6544| 402040 478,15| 0,0256
26 | ASP-EO1+8 | 0,6766 3938,82| 0,1243 2,5939| 155644| 129849 0,0410
27 | LNT-AKS8+1 | 0,7232 924,121 0,1197 51200 36,4961 194,05| 0,0251
1 28 | FMD-PRI+6 | 0,6993 3147,01] 01067 10,8361{ 94,8234 504,90 0,0171
29 | ASPLLND § 0,7200] 17113522| 01184 12.0000| 144,0974| 83390,77| 0,0577
30 [ ASP+FMD | 0,7068| 11478289 01212 570901 43,1875| 2400024 00253
31 | ASP+UR 0,6370] 1379361 0,1176 1,8231 8,3280| 5941,93| 0,0507
32 | LNT+UR | 0,7239| 159407,53| 0,1186] 12,0000 167.6190|129723,30] 0,0965
33| FMD+IN 0,7108| 104658,16| 0,1222 2,0404|  52915] 36928,531 0,043
34| MGIN 06868 11190,42{ 0,1175] 12,0000] 117,0180] 1833,61| 00192
35| ASPL-5 0,6901 546,931 0,1265 44701 33,2901 147,36 0,0341
36| FMD-2 0,7336 1698,62| 0,1174 1,7018]  6,1837 691,26! 00478
37 LNT-4 0,7263 876,40 0,1227 29291 16,4118 202,65 0,0284
38 CcC 071331 391831,09| 0,1177] 12,0000 105,0550) 1387496 0,0190
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Tab. 5a/b: Right truncated geometric right truncated Good-1 distributions
right truml:iat:gzgeom etric, right truncated Good-1 (a, p)
No Text q Lo C a p’ Lrgenn C
1 ASP-EO | 0,9086| 443,91} 0,0280| 0.00000014} 0,89976 471,65| 0,0298
2 ASP-EO 2 09064 313,89( 0,0272| 0,00000036| 0,89811 328,77| 0,0285
3 ASP-EOQ 3 05083} 399,39| 0,0294| 0,00000008| 0,89966 422,38] 0,0311
4 ASP-EQ4 | 0,9087] 420,24| 0,0337] 0,74387629| 0,98000 1716,30(-0,1376
5 ASP-EO 5 09078 354,32] 00295 0,00000002| 0,89914 373,88{ 0,0311
6 ASP-EQ 6 0,9072( 337,20 0,0265] 0,0000000%| 0,89867 356,44| 0,0280
7 ASP-EQ 7 0,9076| 394,38 0,0260( 0,74717027|.0,98000] 2115,18| 0,1393
8 ASP-EO § 0,2064 463,37} 0,0292] 0,00003339] 0,898]9 483,07 0,0305
9 | ASP-EO1-2 | 09077{ 752,14| 0,0275] 0,00000025| 0,89931 795,07{ 0,0290
10 | ASP-EQ 1-3 | 0,9080} 1122,48] 0,0274| 0,00000000| 0,89936 1189,19[ 06,0290
11 | ASP-EO 1-4 | 0,9082] 151585{ 0,0284] 0,00000018( 0,89950 1606,65 [ 0,0301
12 | ASP-EO 1-5 | 0,9083| 1878,701 0,0287} ,00000001 | 0,899%6 1988,54 | 0,0304
13 | ASP-EQ 1-6 | 0,9081] 219571 00281 0,00000031( 0,89943 2324,36| 0,0297
14 | ASP-EQ1-7 | 0,9080] 2563,15] 0,0274| 0,00000016| 0,89931 2718,88 | 0,0291
15 | ASP-EOQ I-8 | 0,9078| 301562] 0,0276] 0,00000007| 0,89918 3188,81( 0,0292
16 LNT-AK 0900212873524} 0,0215| 0,80841128] 0,98000] 181444,61| 0,1358
17 LNT-OT 0,9038] 2734,34| 0,0240] 0,80619800| 0,98000| 16828,51| 0,1477
18 FMD-PR 0,9003117699,49| 0,0211]| 0,77618992| 098000 | 108400,8! | 0,1294
19 FMD-ZA 0,9025] 4464,71| 0,0237| 0,00000951 | 0,895Q! 4589,25| 0,0244
20 APC-CA. 0.9034) 3271,84| 0.,0225| 0,77321643| 098000 19431,64| 0,1333
21 APC-DI. 0,90271 1200,12] 0,0197| 0,00000001] 0,89528 1240,04 | 0,0204
22 MG-MA. 0.9028110826,33| 0,0250| 0,78065173| 0,98000| 5715547| 0,1319
13 MG-NA 0.9063 | 2036,73| 0.0268| 0,00000000| 0,89805 2134,88¢ 0,0281
24 UR 0.8940] 134,70] 0,0167] 0,80235312| 0,98040 1309,22] 0,1624
25 IN 0,8987] 358,76 0,0192] 0,78144672] 098040 2787.69| 0,1490
26 | ASP-EQ1+8 | 0.9076] 904,82| 0,0285| 0,00000007| 089137 1388,15| 0,0438
27 | LNT-AK8+1 | 0,8997] 173,62{ 0,0225] 0,78516143| 0,98000 972,70( 0,1260
28 | FMD-PRI+6 | 0,9043| 561.27[ 0,0190] 0,75336999| 0,98000| 329806| 0,1118
29 | ASP+LNT | 0,9008|30774,89| 0.0213| 0,78285514] 0,98000! 181446,72| 0,1255
30 | LNT+FMD | 0,9013{20958,83| 0,0221| 0,78699029[ 0,98000| 12887445 0,136
3 ASP+UR 0,9070| 3071,67| 0,0262| 0,00000002| 0,89833| 3240,76| 0,0276
32 LNT+UR 0,9002]|28774,37| 0,0214| 0,78783364| 0.98000| 169893,70] 0,1264
33 FMD+IN 0.5013]19026,55| 0,0222] 0,77609868 | 0.98000| 111138,41] 0,1297
34 MG+IN 0,9061 | 1923,35] 0,0202] 0,77619024| 098000| 13128,46| 0,1378
35 ASP1-5 05061 | 132,49( 0,0306] 0,75891235| 0.98000 596,99( 0,1381
36 FMD-2 0,8987) 357,04 0,0247| 0,00000015| 0,89200 359,32] 0,0248
37 LNT-4 0,89%01 123,35( 0,0173] 0,00000070| 0,89217 124,93 0,0173
38 CcC 09016 | 69203,68 | 0,0208| 0,777321050| 0,98000| 41751,32{ 0,254
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As the results presented in tabile 5a/b show, neither the geometric nor the Good dis-
tribution yield satisfying results. For the geometric distribution, the values of the discr-
epancy coefficient are in the interval 0.337 = C 2 0.0167 for the individual samples, of
which only five have a value of ¢ <0.02; as to the corpus, the value of C = 0.208 is better
than the one for most of the individual sample, but still fails the level of significance.

The results are even worse for the Good distribution; in only one case, ( underscores the

level of significance. Fig. 3 illustrates the results, showing the discrepancy coefficients
for all samples.
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Fig. 3: Discrepancy cocfficients of the peometric and Good distributions

As can be seen from fig. 3, the values of the Good distribution are far from being
stabile; still, there is no plausible explanation (sample size, data homogeneity, author-
-ship, text type, etc.) for this tendency. As compared to this, the geometric distribution is
rather stabile, but constantly above the level of significance. We can thus rule out those
four (of our six) models, which have predominantly been applied in previous research.
This fact makes it even more important to look for new ways, and to test the remaining
two models, in order to find out, if either the Whitworth or the negative hypergeometric
distribution yields better results.

As was mentioned above, the Whitworth distribution is particularly attractive due
to the fact that it has one parameter (»} which may easily be interpreted. Therefore, it
is of utmost importance to note that this distribution yields satisfying results, as far as
ranked frequencies of Russian graphemes are concerned. Table 8 represents the results
in detail:
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Tab. 6: Whitworth distribution Fig. 4a graphically presents the good fitting result for the whole corpus (C = 0.0068);

Whitworth, R=232 the overall stability of the discrepancy coefficient C for all 38 data sets, is illustrated in
No. Text - C No. Text ) C fig. 4b.
1 | ASP-EOI 27579 | 00174 | 20 APC-CA., 207578 | 0,0142 020
2 ASP-EQ 2 196,62 00170 | 21 APC-DJ. 631,01 0,0104 ' 2 Whitworth
3 ASP-EQ 3 252,01 00185 | 22 MG-MA. 3880,32 " 0,0090
4 | ASP-EO4 24582 | 00197 | 23 MG-NA 1230,06 | 0,0162 Rl B
5 ASP-EQ 5 227,89 0,0150 | 24 UR | 170,95 0,0212 ] ]
6 ASP-EO 6 201,05 0,0158 | 25 IN 351,32 0,0188 [ L i T PP
7 ASP-EO 7 246,78 0,0163 | 26 ASP-EO1+8 526,22 0,0166
8 | ASP-EO8 25572 | 00161 | 27 | LNT-AKS+ 5730 | 00074 P ]
9 ASP-EOQ 1-2 46581 0,0170 | 28 FMD-PR1+6 236,22 1,0080 :
10 | ASP-EO 1-3 692,18 00169 | 28 ASP+LNT 11508,38 0,0080 H“#”H“#“#M#"Hﬁ“#ux###M*H
1 ASP-EQ 1-4 908,01 00170 | 30 ASP+FMD 3461,09 0,0089 0.0 12346678 B1011121314151617181920212223242526272529303132333435383.?38
12 | ASP-EQ (-5 1142,42 0,0175 { 31 ASP+UR 1798.70 0,0153 b . . . . . .
13 [ ASPEOT6 | 131645 | 00168 | 32 | LINT+UR || 1053938 | 0,078 ; Flg. db: o 'E‘lfﬂfvyoﬁfltgEﬂﬂ;fgg:’}?;;opﬁ:f:lfpi;;m fiting
14 | ASP-EQ 1-7 1536,60 06,0165 [ 33 FMD+IN 7135,16 0,0083 ki
15 | ASP-EQ 1-8 1784,02 0,0163 | 34 MG+IN 1128,00 00118 ] Since the results for the negative hypergeometric distribution are even better, they
16 LNT-AK 10464,05 0,0078 | 35 ASP1-5 C 78,007 0,0180 " shall be presented here in detail, arriving at an end of our study. Table 6 / fig. 5 present
17 LNT-OT 109406 0,0006 | 36 FMD-2 113,15 0,0078 o the results for the complete corpus.
18 FMD-PR 6831,59 0.0082 | 37 LNT-4 34,30 0,0076 i Tab. 6: Negative hypergeometric distribution (corpus)
19 FMD-ZA 1243,79 0,0066 | 38 CcC 22763,51 0,0068 :
_ ‘ - i (i) NP(i) i (i) NP(i)
The results presented in table 6 clearly prove the Whitworth distribution to be an ade- 4 1- 377272 | 392798,11 17 69666 | 7439929
quate model for ranked grapheme frequencies in Russian: for theiindidual samples, the ' 2 293471 | 29911055 | 18 62778 | 6740645
discrepancy coefficient is in the interval 0.212 > C 2 0.0066; for 23 of the 37 samples, 3 260118 | 25681189 | 19 59872 | 60752.49
the discrepancy coefficient is C < 0.02, in 13 cases even C < 0.01 — only one of the texts 4 225800 | 22855695 { 20 58037 | 54418,89
(the technical text #28) slightly fails the defined level of significance, 5 215165 | 206814.32 21 55743 4839121
6 203776 | 188840,80 22 52166 | 42658,63
500000 Al 7 175642 | 173340,29 23 38918 37213.55
: 8 162044 | 159600,48 24 34719 32051,45
400000 9 153632 | 147188,88 | 25 30119 | 27170,98
10 133968 | 13582367 26 26924 2257413
300000 1 113077 | 12531127 | 27 21071 | 1826681
12 104465 | 115513,27 28 11913 14259,90
200000 13 100794 | 10632752 29 9558 10571,06
14 95430 97676,72 30 8442 722837
100000 15 84749 89501.25 3 3845 4277,90
16 75453 81754.42 32 779 1803,51
12345868748 9103112139415181718192021222324252627 28293031232 K=3’15|1 [‘.2:'3874,96
M =0,7948 FG=28
Fig. 4a: Fitting the Whitworth distribution (complete coripus) - . n=31 C=0,0042
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Fig. 5: Fitting the negative hypergeometric distribution (comp

A comparison with the results for all individual sample co

97 26 29 30 31 32
|ete corpus)

nfirms the impression

that the negative hypergeometric distribution is an excellent model for ranked graphe-
me frequencies in Russian: in all cases, the discrepancy coeffigient is in the interval

0.0169 = C =2 0.0043, and in not less but 32 of the 37 individual sa’mples the discrepancy

coefficient is not only C < 0.02, but even C < 0.01.
Tab. 7: Negative hypergeometric distribution
Neg. Hypergeometric, n=31
No. Text K M Lres C
1 ASP-EO | 3.1804 0,8472 85,94 0,0054
2 ASP-EQ 2 3.2120 0,8394 99 87 0,0087
3 ASP-EQ 3 3,1751 0,8405 114,06 0,0084
4 ASP-EQ 4 3,1388 0,8306 118,41 0,0095
5 ASP-EO 5 3,2388 0,8531 87,88 0,0073
6 ASP-EQ 6 3,2061 0,8450 67,3 0,00353
7 ASP-EQ 7 3,2001 0,8445 89,34 0,0059
8 ASP-EO 8 3,1666 0,8250 148,69 0,0094
9 ASP-EQ 1-2 3,1974 0,8439 178,68 0,0065
10 ASP-EO 1-3 3,1853 0,8422 269,22 0,0066
11 ASP-EOQ 1-4 3,1742 0,8397 356,24 0,0067
12 ASP-EO 1.5 3,1816 0,8418 44528 0,0068
13 ASP-EO 1-6 3,1868 0,8429 430,76 0,0061
14 ASP-EO 1-7 3,189%4 0,8434 541,67 0,0058
15 ASP-EO 1-8 3,1869 0,8411 679,85 0,0062
16 LNT-AK 3,1412 0,7893 8231,12 0,0062
17 LNT-OT 3,1084 0,8015 594,66 0,0052
18 FMD-PR 3,1567 (,8005 3839,72 0,0046
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FMD-ZA 3,0454 0,7818 805,17 0,0043

19

20 APC-CA. 3,1644 08137 | 169175 | 0,016
21 APC-DJ. 3,1245 0,8050 533,00 | 0,0088
2 MG-MA., 3,1065 0,7959 | 216586 0,0050
23 MG-NA 3,1563 0.8259 765,06 0,0101
24 UR 3,4201 0,8269 120,06 | 0,0149
25 N 3,1483 0,7927 31662 |  0,0169
26 | - ASP-EOI+8 3.1736 0,8356 229,95 0,0073
27 LNT-AK8+1 3,1401 0,7872 3847 | 0,0050
28 FMD-PR1+6 2,9490 | 0,7707 149,17 0,0051
29 ASP+LNT 3,1400 0,7905 | 883029 [ 00081
30 ASP+FMD 3,1465 08027 | 484149 | 0,0051
3 ASP+UR 32017 | 08410 686,02 0,0058
2 ASP+UR 3.1422 07804 | 828854 | 0,0062
33 FMD+IN 3,1542 0,8004 | 4079,82 0,0048
M MG+IN 3,1014 0,8161 580,80 |  0,0061
35 ASP1-5 3,1854 0,8282 49,02 0,0113
36 FMD-2 3,1524 0,7816 8749 | 00060
3 LNT-4 . 3,1651 0,7910 46,20 | 0,0065
a8 - CC 3,1441 0,7948 | 1387496 | 0,0042

As can be seen from the results presented in table 7, the discrepancy coefficient C
turns out to be convincingly stabile for all samples. Interestingly enough, the paramet-
ers, too, display a convincing degree of stability. This holds true not only for parameter
n (which is defined by the inventory size minus one and therefore is constantly n'=31),
also the values for X and M are extremely stabile: 3.42 2 K'22.95 und 0.85 > M= 0.77.
Figs. 6a/b iliustrate the constancy of the results.
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way for further research:
1.
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Fig. 6b: Constancy of the parameters K und

5. Summary, Conclusion, Perspectives

The resuits of the present study allow for a number of conclusions, which pave the

The Russian grapheme system seems to be an orderly organized system, as far as the
frequency of its elements are concerned.

The fact of the law-like organization of the Russian grapheme| system allows for the
extended hypothesis that the elements of the graphemes may be systematically orga-
nized, as well; with regard to this question, both theoretical and empirical work is
needed.

. The question of data homogeneity obviously plays only a mipor, if any role on the

level of grapheme analyses. Although in some cases, the results obtained were better
for the complete corpus than for individual cases, the results Are relatively constant,
as long as the theoretical model is adequate, irrespective of the fact, if texts, text seg-
ments, text mixtures, or text cumulations are analyzed.

It is an important finding that four distributions, which have been assumed to be ade-
quate models in previous research (zeta, Zipf-Mandelbrot, geametric, Good) are not
acceptable for Russian grapheme frequencies; most likely, a number of assumptions
about other languages will have to be modified.

[n case of Russian, a relative easy and plausible model, the Whitworth distribution,
yields satisfying results, although this model has rarely been used in previous re-
search. Future studies will have to show in how far grapheme frequencies of other
languages, too, can be covered by this model; preliminary data from other Slavic
languages show that the Whitworth distribution does not seem|to be of some general
validity (cf. [Grzybek/Kelih 2003b] for Slovene, and [Benko / Grzybek / Kelih /
Kusendova / Nemcova 2004] for Slovak).
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6. The negative hypergeometric distribution turns out to be an excellent model. A prob-
lem thus far unsolved is the fact that only one of its parameters (r) allows for an easy
interpretation. Yet, the constancy of the other two parameters (K and M) altow for
the hypothesis that there might me some qualitative explanation of the empirical find-
ings.

7. The extension of the studies to other Slavic languages may provide insights not only
as to their graphemic structure(s), in general, but also as 10 historical-diachronic asp-.
ects of this question.

8. In further pursuing this line of research, it will be of utmost importance to search for
cross-references with the corresponding phonemic systems. As a result, answers will
be obtained with regard to the question, in how far the models discussed here are
particularly (or exclusively?) adequate for Slavic languages, which display a relative
great (though diverging) proximity to the corresponding phoneme structures.

9. In addition to the extension of this research to other (Slavic) languages, a more deta-
iled theoretical treatment of the discussed models will be necessary; notwithstanding
the fact, that some transitions between the models discussed here and overall gene-
ralizations have already been described by Grzybek/KelilvAltmann [2004], it will be
necessary to elaborate specific characteristics such as, e.g., the theoretical entropies
and repeat rates of these models in order to arrive at solid conclusions.

Summarizing, one can say that the study of the Russian graphemic system (as of
other graphemic systems, too, of course) definitely goes beyond the mere counting of
letters, and that it is by no way a matter of the past — rather there are still many per-
spectives for future theoretical and empirical research, which in part, have been outlined
some decades ago.

NOTES

! Unfortunately, the text by Nikolaeva {1961a] was not available to the author of these lines; it
seems that history repeats itself, though with reversed premises, if one reads Nikolaeva's [1965; 130]
words, written some decades ago: “'1 regard it necessary to remark that some works on this question,
which are known from bibliographical resources {...), remained unstudied due to reasons of technical
character.”

2 In fact, Volockaja et al. [1964: 141F.] arrive at six differences, choosing a different representation
for the letters *a’ and ‘r’, namely the italic forms @ and 2.

? Interestingly enough, almost the same elements pointed out by Volockaja et at. (1964) have been
distinguished by W. A. Koch [1971: 74f.] in his attempt to describe the Latin alphabet (in its variant for
the English grapheme system). Additionally, however, Koch has given a number of additional “featu-
res” which, in fact, are rather considered to be either positional specifications (such as, ‘top’, ‘bottom’,
‘middie’), or particular rules for handling the basic elements (such as, e.g. ‘reduced’, ‘mirrored’, or
‘crossed’). — Meanwhile, there are quite 2 number of attempts to describe alphabetic systems, all of
them arriving at different solutions, and it would be worthwhile checking their relevance for the detai-
led description of Russian letters, too — cf. Althaus [1973: 108], Boudon [1981: 35f£.], Mounin [1970;
1356F.], Watt [1975; 1978; 198]; 1988; 2002].
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% The name zeta distribution goes back to the fact that in equation (2) k

!'={{a) is Riemann’s zeta

function; this distribution has a number of further names. however, such as discrete Pareto distribution,

Joos model, Riemann’s zeta distribution, Zipf-Estoup distribution, Zipf's
Altmann 1999: 664£.]).

Law, ete. {ef. [Wimmer/

3 As opposed to the text by Grzyhek/Kelih [2004], the term «corpus» refers to the totality of all com-

plete texts, only (thus not counting text segments, mixtures, and cumulations

more than once in data set

#38; therefore, the results are slightly different as compared to the mentioned study..
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