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Abstract: This paper shows some aspects of statistical analysis of well-known novels: Death and the Dervish by Mes$a Selimovi¢
(1966), Autobiography by Branislav Nusi¢ (1924) and In the Registrar’s Office by Ante Kovaci¢ (1888). The goal of the analysis is
to point to mutual similarities and differences of statistical data in those texts and to compare them with the up to date findings in
that field. A part of the analysis relates to comparison of languages of these writers with today’s language, used by column authors
in electronic media. These kinds of researches belong to linguistics, as a science on language, but the results may be used in the

contemporary development of artificial intelligence.
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INTRODUCTION

Linguistics deals with language (French linguis-
tique, after the Latin lingua: language) and it may be
divided into: phonetics, phonology, morphology, syn-
tax, semantics, stylistics and pragmatics. Linguistics
is also multidisciplinary, so its specialized branches
emerged in the 20th century, such as: mathematical
linguistics, computer linguistics, psycholinguistics,
sociolinguistics, neurolinguistics, etc.

A language may be described as a system of signs
that serve for understanding among men. Accord-
ing to Jahic, “It is a form of human expression as a
thinking being, disclosing its essence and its differ-
entiation from other living beings.” [18]. Different
sources also offer other definitions of a language.
Merriam Webster dictionary gives: “A language is
a systemic means of communicating ideas or feel-
ings through use of conventionalized signs, sounds,
movements or markings in order to comprehend a
meaning.” [14]

In everyday communication we utter language
automatically, without much thinking about the cor-
rectness of its use. Language is acquired and learned

from the birth throughout a lifetime, and we could
say it becomes an integral part of and a significant
characteristic of every individual. Nevertheless,
the world of science pays due attention to studying
speech and systems of writing. The research area is
practically endless as relevant sources confirm that
we live in a world in which over 7.7 billion people
[17] communicate, speak and write in over 7.100
languages. The number is not easy to ascertain due
to intertwining among languages and dialects. A lan-
guage can also die out, so in the 20th century alone
a total of 110 languages were proclaimed extinct.
In its reports, UNESCO assesses that, unless some-
thing is done about it, by the end of this century half
of languages spoken today might disappear. With
disappearance of uncodified and undocumented
languages, mankind would lose not only cultural
wealth, but also important knowledge about ances-
tors that is installed, in particular, into autochthonic
languages. [11]

In a contemporary world of large and swift
changes in all aspects of life, language is changing as
well. Some words vanish, some get new meanings,
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. Table 2. Order of the total number of letters in novels
and some completely new emerge. In such an ambi-

ent language survives, adjusts and remains the most Selimovic Nusic Kovacic

powerful means of human communication. Letter  Total Letter Total Letter Total
a+A 62,258 a+A 36,018 a+A 80,282

StatisticAL ANALYSIS OF TEXT IN SELecTED NoveLs 0+0 52725  0+0 28,568 i 63,222

Language is alive and is changing, but there are i+ 50,102 i+ 21193 o+0 60,699
foundations of which those changes stand. An an- e+E 47781  e+E 25942  e+E 55143
swer to the question: Are the foundations susceptible ntN 31335  neN 14681  ntN 33,407
to changes? may be given by modern information $+S 27,107 s+S 13,830 j+J 30,215
technology with its powerful tools and statistical m+M 24,555 T 13,643 s+§ 30,182
analyses. Results of one such analysis are presented u+lU 21939 4R 12618 u+U 30,161
in this paper. The analysis encloses the following T 21,012 j+J 12,434 T 29,903
novels: Death and the Dervish by Mesa Selimovic¢ i+ 20850  m+M 11,772 r+R 27,488

(1910 - 1982), Autobiography by Branislav Nusi¢ d+D 19,662 u+U 11,617 m+M 24,669
(1864 - 1938) and In the Registrar’s Office by Ante r+R 19536  d+D 11,161 d+D 24,125

Kovaci¢ (1854 - 1899). l+L 16,831 k+K 10,691 k+K 23,843
In quality electronic versions of these novels [6], v+V 16,619 v+V 9,786 v+V 22,891
[9], [4] text processor statistics was as follows: k+K 14,989 p+P 8,175 p+P 18,059
o p+P 11,319 [+L 7,858 I+L 17,780
Table 1. General statistics of a text processor 747 9,577 747 5,014 g+G 12,165
Selimovic Nusié Kovacic b+B 9,284 b+B 4,576 §+§ 10,654
Number of pages 248 126 210 g+G 9240  g+G 4471 z+Z 10,088
Number of words 119,045 63,808 147,323 S+5 8,061 46 3578  b+B 9542
Number of characters ¢+C 5,407 ¢+C 3,202 ¢+C 6,264
(no blanks) 541,162 297,749 685,059 (’:+E’) 4329 o€ 1,926 c+C 6,213
Nur_nber of characters 662,322 363,026 832,585 +7 3,900 C+C 1,795 h+H 5,496
(with blanks) h+H 3,740 i+l 1,666 ¢+C 4,962
Number of paragraphs 3,465 1,511 2,752 nj+NJ 3,580 h+H 1,578 3+7 4,072
Number of lines 9,435 4,924 10,521 lj+LJ 3,089 nj+NJ 1,542 lj+LJ 3,882
c+C 1,901 lj+LJ 1,430 nj+NJ 3,138
d+b 1,038 d+b 654 d+b 1,266
Considering that the analyzed texts are of differ- f+F 328 f+F 629 f+F 436
ent length, for some analyses we took percentage d3+D7 237 d3+D7 59 d3+D7 59

of participation of certain elements, while in some
other examples we were satisfied with absolute «-
number.

Linguistics is a science that studies internal order
among language units. Table 2 shows results of anal-
ysis of total number of particular letters (both capi-
tal and small) in the analyzed novels, with graphical "
interpretation of obtained results on Pictures 1-3. "
Below each graph, we have given an order of letters
in that language in a descending order, left to right. 5

Selimovic — Death and a Dervish

Picture 1. Number of particular letters: Selimovi¢ — Death and
the Dervish
a+A, 0+0, i+], e+E, n+N, s+S, m+M, u+U, t+T, j+], d+D, r+R, I+L,
v+V, k+K, p+P, z+Z, b+B, g+G, §+, ¢+C, é+C, 2+7Z, h+H, nj+NJ,
lj+L], c+C, d+D, f+F, dZ+DZ.

6 Journal of Information Technology and Applications  www.jita-au.com



Some PossiBILITIES oF ComPUTER LINGUISTICS ON AN ExamPLE OF ANALYSIS OF NOVELS

JITA 10(2020) 1:5-16

Music - Autobiography

Picture 2. Number of particular letters: Nusic - Autobiography
a+A, 0+0, i+], e+E, n+N, s+S, t+T, r+R, j+], m+M, u+U, d+D, k+K,
v+V, p+P, 1+L, z+Z, b+B, g+G, §+S, ¢+C, c+C, ¢+C, 2+Z, h+H, nj+N],
1j+L], d+D, f+F, dz+DZ.
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Picture 3. Number of particular letters: Kovacié¢ — In the
Registrar’s Office
a+A, i+l, 0+0, e+E, n+N, j+], s+S, u+U, t+T, r+R, m+M, d+D, k+K,
v+V, p+P, 1+L, g+G, §+5, z+Z, b+B, ¢+C, c+C, h+H, ¢+C, 2+Z, lj+L],
nj+NJ, d+D, f+F, dz+DZ.

In the paper [19], on sample of contemporary
texts [6], [13], [5], [16] this analysis gave very simi-
lar results. It was noticed that the order of letter
presence with particular authors was as in Table 3.

Table 3. Order of letter presence with particular authors

Author Letter order

Filipovi¢ aioenstrjudmkvlpgzbScchénjzljfddz
Jergovic¢ aioentsrjukvmdIpgzb¢schnjzéljfddz
Apostolovski aioenrsutkdvljmpgzbcEsénjhzljdfdz
Lekic aieonrstujkmvdlpgzbcénjshljzéfddz

Table 4 shows unified statistical data from this
research and paper [19]. Starting from the highest
to lowest frequency of letter appearance, the order
is as follows:
aioensrtujmkdvipgzbsSéchénjzljdfdz

The column Average shows average percentage
presence of particular letters in observed texts of
all authors altogether. In other columns we gave
absolute amounts of discrepancy for each author in
relation to the average (average of an author minus
summary average for all). Discrepancies are very
small. The biggest positive discrepancy is with Leki¢
and a letter R (the difference is 1.04%), while the
largest negative discrepancy is with Selimovi¢ and
letter R (difference is -0.84%).

Table 4. Percentage of presence of every letter in all the texts
altogether and individual discrepancies for each of the authors

Letter | Average | Filipovic govic | A lovsk Lekic Nusic Kovacic
aA 1194 | 017 H 016 |-051 |-002 [o056 | 040
b8 | 151 | o001 |-013 009 [027 |027 |o0s [-00
oC | 083 [-003 | 006 019 |o027 |-086 |-016 |o13
@ | 102 [-012 | 013 001 |-005 | 002 |010 [-005
@€ | 068 |-001 |-01 018|023 | 015 [-006 | oos
dD | 362 |02 |05 010 |03 |o015 |02 o0
di+DZ| 003 | 001 |-001 001 |00t |o002 [-001 [-002
ad | 023 | 003 |-0m 005 |00t |-003 |o000 [-004
esf | 885 |-046 | 0.09 001|027 |03 |01 [-037
f+F | 022 | 008 | 002 004|017 |-016 | o000 [-015
g6 | 174 [-003 [-003 003|007 |o003 [-019 |o13
hed | 068 | 004 | o012 012 |-010 |o003 [-014 |o16
il 1001 | o027 |09 009 |03 |-042 [057 |-029
i | 407 [o015 | o015 020 [-008 o024 [057
K| 363 |-007 | 025 036 | 010 H 008 | 004
WL | 294 |-019 [-006 032 |o007 |02 [-022 [-0m
0 | 051 |-008 | 0.06 010 |-000 |o008 [-002 | o008
meM | 381 |-005 |-024 | 065 |-022 028 |-001
nN | 567 |-001 | 035 001|045 | o033 [-058 |[-053
ni+N) | 063 | 003 | 0.09 004 012 |o00s [-010 [-015
010 | 967 | 039 |-008 013 |-057 |o043 [o025 |-033
p# | 262 |-018  |-018 026|017 |-045 |02 o1
~R_| 458 |-006 |-0.08 0.49 020 |-035
sts | 487 | 004 |-0.08 005 |00l | 032 [-007 [-02
88 | 117 |-017  |-009 018 |-043 | o038 |o007 |o47
T | 456|012 | 038 034|015 |05 [o018 |oo04
wU | 420 |-011  [-026 014 [-004 | 000 [-017 | 044
w | 347 | 003 | o015 023|009 |-029 [-007 |o0s
242 | 165 |-008 |-0.09 004 o004 |o018 [o009 [-010
22 | 060 | 004 | 003 007 |-014 |o015 [-002 | o003

Based on performed analysis and data presented
in the above table we can draw several conclusions,
and one of the most important one is that in the
overall text of 2.026.250 letters almost half931.227,
or 46.10%, are the five most frequently used: a i 0
en.
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Looking from another angle, 17 letters: vIpgz b § ¢ c h ¢ nj z lj d f dZ make just above one fifth of the

text, 20.54% ).

Picture 4 graphically presents previously described analysis results.
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Picture 4. Graphical presentation of percentual presence of particular letters in the analyzed texts

The significance of five most frequent letters can
be seen in the next example. If we take the first three
sentences of the novel Death and the Dervish:

“Pocinjem ovu svoju pricu, nizasto, bez koristi za
sebe i za druge, iz potrebe koja je jaca od koristi i ra-
zuma, da ostane zapis moj 0 meni, zapisana muka
razgovora sa sobom, s dalekom nadom da ce se naci
neko rjeSenje kad bude racun sveden, ako bude, kad
ostavim trag mastila na ovoj hartiji Sto ceka kao iza-
zov. Ne znam S§ta ce biti zabiljeZeno, ali ¢e u kukama
slova ostati nesto od onoga Sto je bivalo u meni, pa se
viSe nece gubiti u kovitlacima magle, kao da nije ni
bilo, ili da ne znam Sta je bilo. Tako ¢u moci da vidim
sebe kakav postajem, to ¢udo koje ne poznajem, a ¢ini
mi se da je ¢udo Sto uvijek nisam bio ono Sto sam sad.”

And then we delete and leave blanks in the spots
where letters ai 0 € n were:

“Péjmvusvjuprcu,zst,bzkrstzsbzdrug
,Zptrbkjjjédkrstrzum,dstzpsmjm,zps
mukrzgvrssbm,sdlkmdmd¢sckrjsjkd
budrcusvd,kbud,kdstvmtrgmstlvjhrtjst
CkkzzvzmsSt¢btzbljz,1¢ukukmslvsttstd
gstjibvlum,psvscé¢gubtukvtlcmmgl,kdjb

I, 1dzmstjbl.Tkéumcé¢dvdmsbkkvpstjm,t
cudkjpzjm,msdjcudstuvjksmbstsmsd”

The possibility of recognizing (comprehending)
the content after that is extremely lowered, yet we
are missing only five letters from the whole alpha-
bet.

FrReaquency oF LETTERS IN EUROPEAN LANGUAGES

Presented results relate to the languages used by
the authors in the area of former Yugoslavia. How-
ever, other languages have, in most cases, other pho-
nemes, and thus also different sets of letters used
to mark them. Each language has its own relative
frequency of particular letters. For some of the lan-
guages, the data is given in the following table.
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Table 5. Relative frequencies of letters in some European languages (descending order according to the English alphabet)

(=]
= = = 5 G E - ﬁ =
Ll ('™ (-] (7] L = = (2] o (=] o

e 12702% 14.715% 16.396% 12.181%  8.995%  11.792%  9.912%  10.149%  7.352%  15.453%  7.562%
t 9.056% 7.244% 6.154% 4.632% 5.276% 5.623% 3.314% 7.691% 2.475% 6.862% 5.727%
a 8.167% 7.636% 6.516%  11.525% 12117% 11.745% 12.920% 9.383%  10.503%  6.025% 8.421%
0 7.507% 5.796% 2.594% 8.683% 8.779% 9.832% 2.976% 4.482% 6.667% 4.636% 6.695%
i 6.966% 7.529% 6.550% 6.247%  10.012% 10.143% 9.600%*  5.817% 8.328% 6.000% 6.073%
n 6.749% 7.095%  9.776%  6.712%  7.955%  6.883%  7.987%  8.542%  6.237%  7.240%  6.468%
S 6.327% 7.948%  7.270%  7.977%  6.092%  4.981%  3.014%  6.590% 5.224%  5.805% 5.212%
h 6.094% 0.737% 4.577% 0.703% 0.384% 0.636% 1.212% 2.090% 1.015% 1.621% 1.356%
r 5.987% 6.693% 7.003% 6.871% 5.914% 6.367% 7.722% 8.431% 5.243% 8.956% 4.799%
d 4.253% 3.669% 5.076% 5.010% 3.044% 3.736% 5.206% 4.702% 3.725% 5.858% 3.475%
I 4.025% 5.456% 3.437% 4.967% 6.104% 6.510% 5.922% 5.275% 2.564% 5.229% 3.802%
c 2.782% 3.260% 2.732% 4.019% 0.776% 4.501% 1.463% 1.486% 3.895% 0.565% 0.740%
u 2.758% 6.311% 4.166% 2.927% 3.183% 3.011% 3.235% 1.919% 2.062% 1.979% 2.160%
m  2.406% 2.968% 2.534% 3.157% 2.994% 2.512% 3.752% 3.471% 2.515% 3.237% 2.446%
w o 2.360% 0.049% 1.921% 0.017% 0 0.033% 0 0.142% 5.813% 0.069% 0.016%
f 2.228% 1.066% 1.656% 0.692% 1.037% 1.153% 0.461% 2.027% 0.143% 2.406% 0.084%
g 2.015% 0.866% 3.009% 1.768% 1.171% 1.644% 1.253% 2.862% 1.731% 4.077% 0.092%
y 1.974% 0.128% 0.039% 1.008% 0 0.020% 3.336% 0.708% 3.206% 0.698% 1.043%
p 1.929% 2.521% 0.670% 2.510% 2.755% 3.056% 0.886% 1.839% 2.445% 1.756% 1.906%
b 1.492% 0.901% 1.886% 2.215% 0.980% 0.927% 2.844% 1.535% 1.740% 2.000% 0.822%
v 0.978% 1.838% 0.846% 1.138% 1.904% 2.097% 0.959% 2.415% 0.012% 2.332% 5.344%
k 0.772% 0.074% 1.417% 0.011% 4.163% 0.009% 5.683% 3.140% 2.753% 3.395% 2.894%
j 0.153% 0.613% 0.268% 0.493% 3.501% 0.011% 0.034% 0.614% 1.836% 0.730% 1.433%
X 0.150% 0.427%  0.034%  0.215% 0 0.003% 0 0.159%  0.004%  0.028%  0.027%
q 0.095% 1.362%  0.018%  0.877% 0 0.505% 0 0.020% 0 0.007%  0.001%
z 0.074% 0.326% 1.134% 0.467% 0.494% 1.181% 1.500% 0.070% 4.852% 0.034% 1.503%

The source table [8] contains also data on fre-
quency of other letters used in each of the listed 11

languages.

The observed languages have 84 letters in use,

and those are:

......
.......

\

0,0,06,0,6,8,p,9q 155,555 8,5 ttbutnuuyd,
U,0v,wW,x,V,Y,%, 7 7, Z

When we show the frequency of these letters for
each language in a descending order, we get the fol-
lowing table.
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Table 6. Eleven languages and sorted order of letters used in them

Letter| English |Letter| French |Letter| German |Letter| Spanish [Letter| Esperanto|Letter| Italian |Letter| Turkish [Letter| Swedish |Letter| Polish |Letter| Danish |Letter| Czech
e 12.70%| e 14.72%| e 16.40%| e 12.18%| a 12.12%| e 11.79%| a 11.92%| e 10.15% a 10.50%| e 15.45%| a 8.42%)
t 9.06%| s 7.95%| n 9.78%| a 11.53%| i 10.01%| a 11.75%| e 8.91%| a 9.38%| i 8.33%| r 8.96%| e 7.56%
a 8.17%| a 7.64%| s 7.27%| o 8.68%| e 9.00%| i 10.14%| i 8.60%| n 8.54%| e 7.35%| n 7.24%| o 6.70%
o 7.51%| i 7.53%| r 7.00%| s 7.98%| o 8.78%| o 9.83%| n 7.49%| r 8.43%| o 6.67%| t 6.86%| n 6.47%
i 6.97%| t 7.24%| i 6.55%| r 6.87%| n 7.96%| n 6.88%| r 6.72%| t 7.69%| n 6.24%| a 6.03%| i 6.07%
n 6.75%| n 7.10%| a 6.52%| n 6.71%[ | 6.10%| | 6.51%| | 5.92%| s 6.59%| w 5.81%| i 6.00%| t 5.73%
S 6.33%| r 6.69%| t 6.15%| i 6.25%| s 6.09%| r 6.37%| 1 5.11%| i 5.82%| r 5.24%| d 5.86%| v 5.34%
h 6.09%| u 6.31%| d 5.08%| d 5.01%| r 591%| t 5.62%| d 4.71%| | 5.28%| s 5.22%| s 5.81%| s 5.21%
r 5.99%| o 5.80%| h 4.58%| | 4.97%| t 5.28%| s 4.98%| k 4.68%| d 4.70%| z 4.85%| | 5.23%| r 4.80%)
d 4.25%| | 5.46%| u 4.17%| t 4.63%| k 4.16%| ¢ 4.50%| m 3.75%| o 4.48%| ¢ 3.90%| o 4.64%| | 3.80%
| 4.03%| d 3.67%| | 3.44%| ¢ 4.02%| j 3.50%| d 3.74%| y 3.34%| m 3.47%| d 3.73%| g 4.08%| d 3.48%
c 2.78%| ¢ 3.26%| g 3.01%| m 3.16%| u 3.18%| p 3.06%| t 3.31%| k 3.14%| vy 3.21%| k 3.40%| k 2.89%
u 2.76%| m 2.97%| ¢ 2.73%| u 2.93%| d 3.04%| u 3.01%| u 3.24%| g 2.86%| k 2.75%| m 3.24%| m 2.45%
m 241%| p 2.52%| o 2.59%| p 2.51%| m 2.99%| m 2.51%| s 3.01%| v 2.42%| | 2.56%| f 241%| u 2.16%
w 2.36% v 1.84%| m 2.53%| b 2.22%| p 2.76%| v 2.10%| b 2.84%| h 2.09%| m 2.52% v 2.33%| p 1.91%)
f 2.23%| é 1.50%| w 1.92%| g 1.77%| v 1.90%| g 1.64%| o 2.48%| f 2.03%[ t 2.48%| b 2.00%| i 1.64%)
g 2.02%| q 1.36%| b 1.89%| v 1.14%| g 1.17%| z 1.18%| U 1.85%| u 1.92%| p 2.45%| u 1.98%| z 1.50%)
y 1.97%| f 1.07%| f 1.66%| vy 1.01%[ f 1.04%| f 1.15%| s 1.78%| p 1.84%[ t 2.11%| p 1.76%| | 1.43%,
p 1.93%| b 0.90%| k 1.42%[ q 0.88%| b 0.98%| b 0.93%| z 1.50%| & 1.80%[ u 2.06%| h 1.62%| h 1.36%,
b 1.49%| g 0.87%| z 1.13%[ 6 0.83%| ¢ 0.78%| h 0.64%| g 1.25% b 1.54% j 1.84% 3 1.19%| & 1.22%
v 0.98%| h 0.74%| 1.00% i 0.73%| & 0.69%| a 0.64%| h 1.21%[ ¢ 1.49%| b 1.74%| ¢ 094%| y 1.04%
k 0.77%| i 0.61%| v 0.85%| h 0.70%| ¢& 0.66%| q 0.51%| ¢ 1.16%[ a 134%| g 1.73%| = 0.87%| ¥ 1.00%,
i 0.15%| a 0.49%| p 0.67%| f 0.69%| U 0.52%| & 0.26%| g 1.13%| 6 131%[ 6 1.14%| j 0.73%| a 0.87%)
X 0.15%| x 0.43%| & 0.58%| & 0.50%| z 0.49%| 0.17%| ¢ 0.96%| y 0.71%| e 1.04% vy 0.70%| b 0.82%)|
q 0.10%| z 0.33%| 6 0.44%| | 0.49%| § 0.39%| w 0.03%| v 0.96%| i 0.61%| h 1.02%[ ¢ 0.57%| ¢ 0.74%|
z 0.07%| e 0.27%| R 0.31%| z 0.47%| h 0.38%| i 0.03%| p 0.89%| x 0.16%| $ 0.81%| w 0.07%| 2 0.72%|

é 0.22%| j 0.27%| é 0.43%| 7 0.06%| y 0.02%| © 0.78%| w 0.14%| ¢ 0.74%| z 0.03%| $§ 0.69%
y 0.13%| y 0.04%| i 0.31%| h 0.02%| j 0.01%| f 0.46%| z 0.07%| 2 0.71%| x 0.03%| é 0.63%|
[ 0.09%| x 0.03%| x 0.22% k 0.01%| j 0.03%| q 0.02%| a 0.70%| «q 0.01%| ¢& 0.46%|
k 0.07%| q 0.02%| 0.17% X 0.00%| i} 0.36% 3 0.38%)
a 0.06%) w 0.02% f 0.14% i} 0.20%)
u 0.06%) i 0.01% i 0.08% g 0.09%|
a 0.05%) k 0.01% v 0.01% f 0.08%)
w 0.05%| 1] 0.05%
i 0.05% X 0.03%)
[ 0.02%) 6 0.02%)|
e 0.02% w 0.02%
é 0.01%| d 0.02%)|
i 0.01%| fi 0.01%|

t 0.01%|

For easier remembering of order of letter frequen-
cy, bibliography offers the first twelve, most frequent
letters, presented in the form of two (non-existing)
six-letter words. For the eleven languages of the
above table, where words are shown in Table 7.

Table 7. The most frequent letters in languages

Language Most frequent letters
English etaoin shrdic
French esaitn ruoldc
German ensria tdhulg
Spanish eaosrn idltcm

Esperanto aieonl srtkju

[talian eaionl rtscdp
Turkish aeinrl idkmyt
Swedish eanrts ildomk

Polish aieonw rszcdy
Danish erntai dslogk

Czech aeonit vsridk

For joined text of novels from this and mentioned
paper [19], which treats texts of columnists, the two
words would be:

aioens rtujmk

N-Gram WoRD ANALYSIS

In computer linguistics and statistics, there is a
term of n-gram. It is a continued line of n elements
in the observed sample. The elements may be con-
secutive letters, words or selected sets of marks to
be analyzed. N-grams are put in tables for the com-
paring of a number of repetitions of the same lin-
guistic elements in different languages. N-grams are
studied in several areas of informatics, computer
linguistics and applied mathematics.

Each author has its own style in writing and some
word patterns are more often found, some seldomly
or not at all.
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Tables 8-12 contain the most frequent bi-grams, three-grams, the most frequent words, nouns and verbs
in the analyzed novels by Selimovi¢, Nusi¢ and Kovacic.

The most frequent word three-gram with Selimovi¢ is kao da je (51 times), with Nusi¢ Tako na primer
(32 times), and with Kovaci¢ kano da je (68 times).

Table 8. Number of repeated three-grams of words Table 9. The most frequent words in text
Three-gram of SELIMOVIC Three-gram of NUSIC Three-gram of KOVACIC The most The most The most
words words words frequent [ SELIMOVIC | frequent NUSIC frequent | KOVACIC
kao da je 51 Tar:‘:qgra 32 | kanodaje | 68 word word e
B je 4,933 i 2,550 i 7,343
. . K
miseda 39 dajeto 25 ano da se 40 i 4505 e 1.969 co 3.829
da se ne 36 Razume se da 24 siganeka 34 da 4,452 da 1,886 u 2,935
sam da je 33 da bise 21 kano da si 33 se 3,067 se 1,559 je ALY
sam 2,753 u 1,334 da 2,697
ono $to je 33 Staje to 20 Vrag siga 32 u 2239 na 900 a 1931
kao da sam 31 da sam ja 19 damuje 28 ne 1,903 sam 808 na 1,854
S 1,439 629 1,462
dajeto 27 kao $to je 16 i kano da 26 Sto L ne
na 1,250 a 583 ja 866
mi je bilo 25 na taj nacin 14 kano da ¢e 22 a 1.218 ne 553 fi 844
Htio sam da 25 jasam se 14 | kanodamu 19 me 975 ja 540 to 823
nije 964 bi 488 za 820
zato $to je 25 ne bi li 13 da mije 19
kao 938 kao 431 te 810
docnije u
kao da se 24 Sivotu 12 Ha ha ha 18 su 9201 su 406 pa 804
Znao sam da 23 dasam se 12 | kanodaga 18 to 865 pa 356 Sto 790
mi 837 koji 351 mi 762
je umeni 23 Ja ne znam 12 dasene 17 ga 826 mi 350 tako 700
nisam mogao Ono se ) -
da 23 smejalo 11 dajeu 17 ali 728 tako 349 ga 649
ono §to sam 22 samseu 11 idase 17 bi gt e gy ce g
od 677 sa 336 sve 602
ne mogu da 22 s tim da 11 se kano da 17 ni 677 od 334 od 596
i ono 3to 21 nemozeda | 44 damu se 16 sve 668 kad 319 mu 579
nisam 577 li 308 li 573
Mislio sam da 21 sam se ja 10 dagaje 16 sa al !
za 569 te 244 on 566
sve §to je 21 ima ih koji 10 lijeto 15 kad 540 iz 240 kano 563
ajasam 20 utom pogledu| ¢ jesveto 14 mu 474 nije 232 kako 562
ili 465 veé 218 s 537
§to mije 20 ne mogu da 9 ne bi li 14
o] 433 smo 214 iz 534
li 430 sve 200 bi 523
5 418 ti 195 sam 509
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Table 10. Number of repeated bi-grams of words

Table 11. The most frequent nouns in the text

bi-gram of bi-gram of bi-gram of The most The most The most
words SELIMOVIC words NUSIC words KOvACIC frequent noun SELIMOvIC frequent noun NUSIC frequent noun KovAcic
. Covjek 201 primer 100 kumordinar 233
da se 512 daje 216 kano da 358 ljudi 190 Svotu %5 Nica 186
da je 424 da se 181 da je 349 Hasan 155 Covek 86 otac 176
rijeci 114 reci 82 kanonik 172
mi je 320 dasam 108 dase 325 misao 109 dana 82 Miha 170
Sto i 299 Sto i 108 . 141 Zivot 83 profesor 76 oci 167
stoje stoje mise odi 83 Fvot 65 jozica 154
sam se 277 bi se 104 da ¢e 121 wijeme 82 rec 63 ruke 148
Covjeka 79 ljubav 59 bog 139
sam da 247 na primer 103 sei 114 rijed 78 stvar 51 glaw 137
noé 7 godina 41 Laura 129
kao da 204 sam se 101 seu 114
daga 193 jeto 94 ine 113 .
9 ! Table 12. The most frequent verbs in the text
ono §to 176 koji je 91 mu se 112
The most SELIMOVIC The most NUSIC The most KOVACIC
.. X frequent verb frequent verb frequent verb
da sam 157 u Zivotu 84 jeto 112
bilo 411 bio 136 bijase 334
Stose 155 mije 81 damu 99 bio 379 ima 117 stade 144
to sam 152 da bi 78 $to je 96 rekao 300 bilo 114 biti 136
_ mogao 262 bila 108 vidis 123
mu je 149 jasam 77 mali 92 mao 233 moze 106 uhvati 94
kanonik Z — -
moze 195 biti 97 budi 91
dame 146 sam ja 7 mije 92 mislio 190 razume 76 mogao 76
se ne 141 seu 73 jei 90 treba 157 mogao 63 ima 76
bila 149 imao 60 Znam 70
jeto 137 to je 65 ida 90 mogu 144 mora 59 skoCi 60
biti 142 treba 59 moze 58
ida 135 ida 62 da mi 86 bude 140 znam 49 Znao 56
jeda 134 nam je 60 daga 84
jeu 129 kao $to 58 se ne 83
jei 128 dasu 55 ne bi 79
seda 128 kao da 55 te se 77
dane 127 iu 55 aonda 73
mise 117 ne bi 54 kako je 72
mogao da 116 jeu 53 mu je 72
ne bi 116 seda 53 kao da 71
suse 109 me je 49 ti je 71
je bilo 105 jei 48 dasi 70
to je 105 Sto sam 47 sena 69
damu 103 koja je 47 sve to 67
ine 100 Sto se 45 jeu 66
12 Journal of Information Technology and Applications www.jita-au.com
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Table 13. The most frequent words according to number of letters

Selimovic

1letter| Broj |2 letters| Broj |3 letters| Broj |4 letters Broj|5 letters|Broj| 6 letters|Broj| 7letters (Broj| 8letters [Broj| 9letters |Broj| 10letters |Broj
1 |i 4,505|je 4,933|sam 2,753|nije 964[nisam 577|Covjek | 201|sigurno 111|svejedno 99(zaboravio 51[neprestano 35
2 |u 2,239|da 4,452|5to 1,439|bilo 411|mozda | 318|mislio 190|govorio 109|razgovor 60|izgledalo 30[{mula-jusuf 31
3 |a 1,218|se 3,067|kao 938|samo 403|rekao 300|toliko 128|trebalo 104|druk¢ije 45|prijatelja 27|osluskivao 14
4 |o 433|ne 1,903|ali 728|zbog 399|nista 272]uvijek 126|poslije 85[pogledao 45|gledajudi 24{mogucnosti 13
5 |s 418[na 1,250(sve 668|kako 361|mogao | 262|rijeci 114{vrijeme 82(ocekivao 37|odgovorio 21(pogrijesio 12
6 |e 8|me 975|kad 540|vise 306|zasto 211|ucinio 98| covjeka 79|odjednom | 34|prijatelji 21(razgovaram 11
7 su 901ili 465[mene 293|nesto 174|njegova | 97|osjecao 75|prijatelj 33[uznemiren | 16|razgovarao 11
8 to 865|5ta 413|koji 290|treba 157|koliko 93|izgleda 67|trenutak 32(zadovoljan | 16|zaboravili 11
9 mi 837|bio 379|tako 288|hasan 155|desilo 92|siguran 51(potrebno 27|razgovora 15(zaustaviti 10
10 ga 826|bih 343|znam 278|vidio 127|gledao 88|svijetu 49|zatvoren 27|sigurnost 15[osjecajuci 10
11 bi 688|bez 341|njega 260|prema | 122|zaista 76| uciniti 46|vjerovao 27|pokusavao 15|uznemireno 10|
12 od 677|ako 336|znao 233|dobro 119|jednom | 73|ponekad 44|vjerujem 27|prijatelju 15|primijetio 10|
13 ni 677|jer 323|onda 214|mnogo | 115|svijet 70|razloga 44|slucajno 25(Sinanudin 15|neprijatelj 10|
14 za 569|sad 270|meni 208|nikad 111]suvise 69[vremena 40|nasmijao 25|nesiguran 14(sigurnosti 9
15 mu 474|smo 233|moze 195|svoju 109]uzalud 65[osjetio 40|rije¢ima 22|zaustavio 14|zaboraviti 8
16 li 430]jos 229|pred 193|misao 109|njegovo| 65|svijeta 39|govoriti 21|mogucnost | 13|zatvorenih 8|
17 ja 395|ono 217|ljudi 190|tesko 105|otiSao 63|sjecanje 38|potrebna 20[opasnosti 13|ravnodusan 8
18 ée 329|veé 189|zato 185|svoje 99|ljudima | 60|govorim 38[nemoguce | 19[izmijenio 13|pokazujuci 8
19 on 329|nas 150|sebe 177|jedan 99[sasvim 57|Muhamed | 34|narocito 19|unaprijed 13|vrijednost 7
20 ti 309|dok 120|htio 157|kazem 95lizmedu | 57|postoji 33|dvadeset 18|razgovoru 12|odusevljenje 7

The longest word with Selimovi¢: neprikosnoveno$éu — 17 letters.

Nusic

1letter| Broj |2 letters| Broj |3 letters| Broj |4 letters |Broj|5 letters|Broj| 6 letters|Broj| 7letters |Broj| 8letters [Broj| 9letters |Broj| 10letters |Broj
1 |i 2,550|je 1,969[sam 808| koji 351|jedan 129|primer | 100|jednoga 59|profesor 76[profesora 29[matematika 19
2 |u 1,334|da 1,886|5to 501|tako 349|nisam 112|Zivotu 95[docnije 42|neobicno 49|verovatno 27|roditeljima 7
3 |a 583|se 1,559(kao 431[nije 232|covek 86|razume | 76|izgleda 33|prilikom 40[gimnazije 25[upotrebiti 7
4 o 192|na 900|kad 319|koje 186|posle 85|odista 71| misliti 33[nekoliko 36[gospodine 24|geografije 6
5 |s 66|to 629|ali 308|samo 179|svoje 84|koliko 67|dovoljno 28|ministar 32|otprilike 23|[pozdraviti 6|
6 |e 33|ne 553|veé 218|kako 171|Zivot 65|toliko 55[predmet 24|narocito 31|pantalone 23| biografiju 5
7 ja 540|smo 214|koja 142|mogao 63|jednom | 51]lekciju 22[uostalom 29|profesori 22|francuskog 5
8 bi 488|sve 200|onda 141|prema 63|najzad 51|misljenje 21|dvadeset 25[zamislite 19|neprestano 5
9 su 406|jer 166|vrlo 138|jedna 61|nekako | 42|medutim 18|jedanput 24|zaboravio 15|podjednako 5
10 pa 356/ili 151|bilo 114|zatim 60|godina 41{potpuno 18|odgovara 22|latinskog 15|odgovaramo 5
11 mi 350(jos 151|bila 108|treba 59|stvari 41|razumem 18|razgovor 18|pantalona 12|policijski 5
12 za 339|ona 143|moze 106|ljubav 59| ljubavi 4l)izvesno 17|direktor 17[nepoznate 12[generacije 5
13 od 334|ako 131|biti 97|mnogo 54{cetiri 37|razreda 17|istorije 16{finansija 7|koli¢inama 5
14 te 244taj 131|toga 95|dobro 54]|sasvim 36|slucaju 17|pogdekad 15|pokusavao 7|zajednicki 5
15 iz 240|5ta 122|mene 93|jedno 53|razred 36|zajedno 16| ministra 15|odgovorio 7|latinskoga 5
16 ti 195|ima 117|vise 92(jednu 53|Zivota 34|trebalo 16|latinski 14|¢inovnika 6|praktikant 5
17 mu 183|nam 107|reci 82[mozda 53|oveka 32|odgovor 16|koli¢ina 14|stihovima 6/knjizevnika 4
18 po 172|kod 95[dana 82|nista 51lizmedu 32|smejalo 15|drukdije 13|zoologije 6/biografija 4
19 on 170/vam 94|tome 75|stvar 51|recimo 31|gospoda 15|mladosti 13|profesija 6[odgovorila 4
20 me 165/ono 87|pred 72|nesto 48|kojima 29|misljenja 15|priznaje 13]izmislili 6|strahovito 4

The longest word with Nusi¢: Sezdesetogodisnjicu and devetnaestogodisnji — 18 letters.

Kovacic

1letter| Broj |2 letters| Broj |3 letters| Broj |4 letters |Broj|5 letters|Broj| 6 letters|Broj| 7 letters [Broj| 8letters [Broj| 9letters |Broj| 10letters |Broj
1 |i 7,343|se 3,829|3to 790|tako 700|svoje 305|bijase 334|kanonik 172|gospodin | 114|gospodine 57|kumordinar | 233
2 |u 2,935|je 2,853(sve 602|kano 563|poput 254]|nikada | 172|muzikas 110|iznenada 64|gospodina 51|dobrotvora 16
3 |a 1,931|da 2,697[sam 509| kako 562|nesto 195{JoZica 154|nijesam 90|kanonika 59[milostivi 41|gospodstvo 15
4 |s 537[na 1,854 ali 497|nije 482ivica 186|svojim | 139|svijetu 87|nekoliko 54|zgubidane 32|rajhercera 15
5 |o 326|ne 1,462|vec 447|sada 382|svoga 180|svijet 103|ferkonja 87|djevojka 51(providnik 26[djevojcica 13
6 |k 204(ja 866[/moj 383|samo 312|svoju 177|uhvati 94{gospoda 64|muzikasa 46|dobrotvor 26[poniznosti 13
7 le 71|t 844[ona 370|kada 297|danas 157|lijepo 88[napokon 62[naprijed 40|razumijem 21|trepetljika 12
8 |nj 20[to 823|jos 331|opet 291|nista 155|rukama | 88|Medoni¢ 59[najprije 37[gospodara 21(strastveno 12
9 za 820(sta 294|onda 247|stade 144]|nasega 78|vrijeme 58|obrazima 37|ferkonjina 21(kaziprstom 11
10 te 810)ili 266|koji 236|glavu 137|daleko 73|poslije 54|najednom 33|Margarita 21|trepetljike 10
11 pa 804|joj 260|moja 235|Laura 129rijedi 69|starica 45|gospodar 32[gospodski 20(strastveno 12
12 mi 762|taj 216|neka 234|vidis 123|negoli 69|svijeta 44| medonica 30[zadovoljno | 19|kaZiprstom 11
13 ga 649|kao 204|mene 191|ovdje 123[njegova| 67|stadose 43|ramenima 29|uhvativsi 19|trepetljike 10|
14 ée 634|kad 202|vise 187|vrata 123|Jozice 67|odijelo 37|djevojce 29|drugadije 19|neprestano 9
15 od 596|bas 180|gdje 183|dobro 120|covjek 66[vremena 36[djecarac 26|gospodaru 19|Ki¢manovi¢ 9
16 mu 579|oko 176|otac 176|prije 111|jednom | 62|zajedno 36|polagano 24|Zorkovica 16(kojekakvih 9
17 li 573|dok 169|Miha 170|preko 109|veliki 60|svakoga 36/djevojke 24|Medonicev | 16[providnika 9
18 on 566|oci 167|svoj 168|pravo 101|njegove | 59|drugoga 35[zgubidan 21{porugljivo 14|pogledavsi 9
19 iz 534|tko 156|pred 163|drugi 97|nekuda | 59]osobito 33|desnicom 21[plemeniti 14|druZinskoj 9
20 bi 523|oni 155|mali 160]ivice 92[natrag 59|vratima 33|rodakinja 20[gospodske 14|djevojcicu 9

The longest word with Kovacié: pedagogickodidaktickih— 22 letters.
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Observing individual words, it is noticeable that
with all three authors there are no nouns, adjectives
and numbers among the most frequent words. The
dominant ones are conjunctions, auxiliary verbs,
prepositions (non-lexical, function words).

With Selimovi¢, the most frequent noun is covjek
(man), and it is found only at the 70™ place of used
words. With Nusi¢ itis a noun primer (example), at
the 64 place, and with Kovaci¢ kumordinar at 63™
place. It is similar with the use of verbs.

Considering that analyzed novels are of different
size in terms of number of paragraphs, sentences,
words and characters, the frequency of words per
number of characters in them is best compared in
percentages. The results are given in Table 14 and
Pictures 5 and 6.

Average peroenbudl presence of words aocordieg bo number of letiers in them

Fa ol

.00

& 1m0

Percentage

1000

123

4 5 6 7 B 9 101112131215 16 17 18 19 20 4 12

Humber of letters in the word

=o=Avarage...

Picture 5. Average percentual presence of words according to
number of letters in them

Percentual presence of words (per author) per number of
letters in them

Table 14. Absolute and percentual presence of words according 2500
to number of letters in them
Number 20.00
of Selimovic | Selimovic| Nusic Nusic | Kovacic | Kovacic | Prosjek
lettersin| total % total % total % %
the word % 15.00
z
1 8,712 8.04 4,732 8.30 13,198 10.41 8.92 §
2 22,184 2048 | 11,116 | 1949 | 23216 | 1831 | 19.43 & 1000
3 13,557 12.52 6,731 11.80 11,716 9.24 11.19
4 15,687 14.48 8,060 14.13 18,566 14.64 14.42 5.00
5 14,426 13.32 7,456 13.08 16,906 13.33 13.24 |
6 11,900 10.99 6,307 11.06 15,097 11.91 11.32 II II
0.00 Y
7 9,227 852 | 4629 812 | 11,253 8.87 8.50 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
8 5,759 5.32 3,584 6.29 7,625 6.01 5.87 MNumber of letters in the word
9 3,503 3.23 2,155 3.78 4,663 3.68 3.56 . . . .
10 1,715 158 | 1,150 202 | 2,557 2.02 1.87 1 Selimovic | Nusic ® Kovacic
% % %
11 912 0.84 590 1.03 1,186 0.94 0.94
12 483 0.45 254 0.45 458 0.36 0.42 Picture 6. Percentual presence of words (per author) per
13 167 0.15 138 0.24 225 0.18 0.19 number of letters in them
14 45 0.04 85 0.15 95 0.07 0.09
15 13 0.01 22 0.04 33 0.03 0.03
16 9 001 s | oo 9| ool oot Each author has its own style of writing, charac-
17 1 0.00 4| o001 0| o00| o0 terized with different features. One of them is the
18 0 0.00 2| 000 4] oo00] oo00| Jength of used words. On the presented charts, we
£ 0 0.00 0| 000 01 0001 001 can see the similarity of distribution of percent of
20 0 0.00 0 0.00 0 0.00 0.00 . .
single-letter words, words with two letters, three
21 0 0.00 1 0.00 1 0.00 0.00 l 3 h 11 th th
= o 000 oI oo 1 0w oo etters, etc., with all three authors.

In the analyzed novels, we could perform a sepa-
rate analysis of lexical density to measure how in-
formative the text is. Lexical density is defined as
number of lexical words (or content words) divided
by total number of words. Lexical words give mean-
ing to a text. Those are nouns, adjectives, verbs and
adverbs. Other types of (function) words, such as
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auxiliary verbs, prepositions, conjuncts, are more of
grammatical nature and give little or none informa-
tion about what is going on in a text.

CONCLUSION

Encyclopedia Britannica on language, inter alia,
gives the following: “The most important individual
characteristic of human language (i.e. each individ-
ual language) in relation to all other known ways of
communication among animals, is its infinite pro-
ductivity and creativity.” [12]

Noam Chomsky, an American linguist and politi-
cal author, believes that to know a language means
to be capable to produce an infinite number of sen-
tences that have never been uttered before and
understand sentences that have never been heard
before. Chomsky calls this feature a “creationist as-
pect” of language. [15]

Published expert linguistic works, printed and
electronic, have analyzed language and its charac-
teristics in many places. Naturally, analyses have
most often been done for dominant world languag-
es, Chinese, Spanish, English, Hindi, Arab, Bengali,
Portuguese, Russian, Japanese [3], but works like
this are rare, detailed and visually illustrated analy-
ses for languages in the area of former Yugoslavia.

In this paper, we statistically analyzed the lan-
guage of three famous writers, Mesa Selimovi¢,
Branislav NusSi¢ and Ante Kovaci¢, used in their
best-known novels. These authors originate from
different geographical areas (Bosnia and Herzegov-
ina, Croatia, Serbia). Novels differ in content (psy-
chological and philosophical novel, a comedy with
autobiographical content, a novel from the time of
realism). The time span between publishing of the
novels is almost eighty years. Nevertheless, com-
puter analysis showed great similarities in certain
elements of text.

Contemporary informatics and its branch, com-
puter linguistics, enable analyses that were unthink-
able until recently, and it will probably influence the
creation of new branches of linguistics and bring
about new insights of language. Considering large
endangerment of languages in present world and
the fact that many languages are dying out, every
contribution, even the smallest one, to the study of
language, particularly language of small nations, is
precious.
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