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1. Introduction

The development of computer technology, the growth of digitized texts, and the expansion of
Internet media (blogs, online forum pages, email messages, etc.) daily increase the need for work in
the field of text authorship analysis. Text authorship analysis can be used to establish the anonymity
or contested authorship of a work of fiction (especially in copyright lawsuits), authenticate suicide
notes, determine whether an anonymous message or statement was written by a known terrorist,
identify the authorship of malicious computer programs (e.g., computer viruses, malware), and
recognize the authorship of texts obtained from the Internet [1, 2].

One of the topical areas of text authorship analysis is text authorship identification. Studies
performed in text authorship identification differ in terms of types of text features (stylistic indicators
of authors in texts), indicators of text genre and volume, language, the approach used to determine
authorship, etc. Among the scientific studies in text author identification, one can find a number of
works dealing with the recognition of authors of physical or online newspapers and some other short
texts [3-8] and the recognition of authors of works of fiction [9-15].

The article considers the problem of text authorship identification on the example of works of
fiction by Azerbaijani writers. In the article on the basis of results of computer experiments an
analysis of the approach of dividing large works and combining observations is carried out, the
efficiency of recognition of several types of text features is compared.

2. Text features used in text authorship identification

In the considered authorship identification problem, it is assumed that the author of a given text
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is one of a certain limited number of author candidates and that some other texts written by these
author candidates are known in advance.

The following describes the rules of feature extraction of different types used in solving the
author recognition problem considered in this study.

Sentence length frequency. Sentence length in the j-th text Tji of the i-th author in the set of
texts T — the frequency of sentences with v number of words in the sentence [16] is calculated as
follows:
fl = bil

1jv — N-Si'
. ] . .
where bj j,, is the number of sentences with length v in the text T}, N;** is the number of sentences in
thetext T/, vel={12..}, j=12..,1; i=12,..,L.

Word length frequency. Word length in the j-th text Tji of the i-th author in the set of texts T

— the frequency of words with v number of letters in the sentence [17] is calculated as follows:
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where bl jv 1s the number of words with length v in the text Tji, N;’ = Z:’: ) N]",gl the total number of
words in the text T/, Njyy is the number of words in the k-th sentence in the text T/, v € I.
Character n-gram frequency. In the literature, character n-gram is any given combination of
n (n = 1,2,..) given symbols [18].
The frequency of an arbitrary character n-gram a;» € a™ in any text Tji is calculated as follows:
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bl jin, 18 the number of a;n in the text Tji, N]‘ is the number of character n-grams that can be extracted

from the text Tji, a?l is a symbol alphabet, that is, a set of symbol 1-grams, |-| here and further is the
number of the elements of the set, iy, = (iy, ..., I,) is a multi-index, 1 < i, <m, v=1,2,...,n.

Character n-gram frequency variance. Statistical indicators (e.g. variances) of character n-
gram frequencies in separate parts of an arbitrary given text can be used as features of that text.

In order to calculate the values of the statistical indicators of any character n-gram in a given
text for an arbitrary n, the text must first be divided into certain parts, the frequency of that character
n-gram in each of these parts of the text must be found, and the variance values of these frequencies
must be calculated.

The variance of the frequencies <p;ki¢n, k=12, ...,J\G-i of an arbitrary a;» € a™ character n-

gram in the part T}, of the text T} is calculated as follows:

L
Nj
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1
‘N}'i
vqlue of the frquencies (p]i-ki%, k=1,2,.., ]\G-i of an arbitrary a;» € a™ character n-gram in the part

ik Of the text T}

Word frequency. Word frequency w, € W in a text Tji is calculated as follows [3]:

where V' T} is the number of parts into which the text is divided, ,u}% =—=X.. <p]l-ki;11 is the mean
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i
Flyp =2
jv N2
N;

where W is the set of all words in the training dataset, b jv 18 the number of v-th word in the text Tji,
ve{l,.. |W|}

In addition to the frequencies of the given word in the single texts of the author candidates, the
frequencies of the given words in the texts obtained as a result of combining the texts in the training
dataset were also used among the text features. The frequency of an arbitrary word w, € W in the

text obtained from combining the texts of any author candidate in the training dataset A* is as follows:
l, .

Xt obii, ..
Sl =L R where T € T,
I 2=t _
where T' = T'* N T, T! is the set of texts in the i-th dataset, T is the set of texts in the training dataset.
The frequency of an arbitrary word w,, € W in the text obtained from combining the texts in

the training dataset is as follows:
Sk S bl o
52 = T where T € T.
2:iL=1ZjL=1 le'

3. Analysis of the dataset used
3.1. Splitting the dataset into training and testing datasets

The dataset used in the considered authorship identification problem was prepared by the
authors by collecting large and small works by 11 Azerbaijani writers. This dataset (dataset-0)
consists of 28 large, 123 small of those 11 authors, totaling 151. The number of large works per author
varies between 1-5, and the number of small works varies between 0-46. In order to increase the
number of observations (texts with known authorship) for parametric identifications of mathematical
models, selection of features (using one of the feature selection procedures), and evaluation of the
used authorship methods, each of the large works in dataset-O was divided into 10 almost equal
separate parts, creating another dataset, dataset-1, which consists of those text parts of large works
and small works. In dataset-1, the number of texts per author varies between 25-56. Since there are
123 small works in dataset-0 and 28 large works in dataset-0 are divided into 10 parts each, the total
number of observations in dataset-1 is 403 (Table 1). By splitting dataset-1 approximately 80-20, the
training and test datasets of 325 and 78 texts, respectively, were created (Table 2).

3.2. Effectiveness analysis of the proposed approach for the combined use of large and small
works of fiction in author recognition

Two analyzes were conducted on the texts of one of the eleven authors whose works were used
in the study, Yusif Samadoglu's 1 large ("The Day of Murder") and 15 small works ("Khazri*, "The
Clock Works", "Astana™, etc.).

In one of them, the preservation of author's stylistic indicators in the texts resulting from the
division of a large work into separate texts was analyzed in the form of features of character n-gram
frequencies in the texts. For this, the text of one large work is divided into 10 texts (with the same
number of characters). The frequencies of 2-grams in each of these texts and the variance of these
frequency values were calculated. The presence of 2-grams with small variance values indicates that
the authorship characteristics of that large text are also preserved in the texts resulting from the
division of this text. In other words, when a large work is divided, the characteristics of the author in
that large work are preserved in the texts obtained (Table 3).
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Table 1
Datasets used in the study
Dataset-0
Large works Small works Dataset-1
Author Work Total Work Total Total Text
count word count word count
count count
1 | Mehdi Huseyn 2 63421 13 22923 15 33
2 | Elchin 4 72253 0 0 4 40
3 | Yusif Samadoglu 1 52332 15 32565 16 25
4 Magsud Ibrahimbeyov
(translated by: Intigam 5 114951 0 0 5 50
Gasimzade)
5 | Jalil Mammadguluzade 1 23403 46 69610 47 56
6 | Suleyman Sani Akhundov 2 19418 23 34743 25 43
7 | Mir Jalal 1 49702 19 38061 20 29
8 | Anar 3 112603 0 0 3 30
9 | Suleyman Rahimov 3 148647 0 0 3 30
10 | Ismayil Shikhli 3 207219 0 0 3 30
11 | Anvar Mammadkhanli 3 26901 7 18295 10 37
Total 28 890850 123 216197 151 403
Table 2
Training and test sets used in the study
number Total
set set
1 27 6 33
2 32 8 40
3 20 5 25
4 40 10 50
5 45 11 56
6 35 8 43
7 24 5 29
8 24 6 30
9 24 6 30
10 24 6 30
11 30 7 37
Total 325 78 | 403

The other analysis is based on the comparison of the stylistic indicators in the texts obtained
when a large work is divided into parts with the indicators in small works, again in the example of
character n-gram frequencies. In this proposed analysis, the texts of 1 large work and more than one
small work are used.

Let us denote the set of numbers of texts of given A! by J =7Uf, where J =
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respectively. The average degree of difference of frequencies ‘P-lun' @’ i (p]_ii i n of the
19V itm

given a;n character n-gram in the texts T_‘ o T}
J1

e , T%: . obtained when dividing the ji-th large
TN

work of certain author A! is as follows:

Py = — abs (95, = Pl )

J1ixim J1iYim

abs(+) is here and further the absolute value of the number.

i i :
The average degree of difference of frequencies f ln,f3]£ln,---.f3]-§% of the given a;n

T" of certain author At is as follows:

character n-gram in the j&, ji, ..., ji-th small texts T]ﬁ 7}.‘1-, T,
- - = J1  J2 _5
3
£ %,
abs ( 3] o 3]zlm)
v=1z=
The average degree ofdlfference ofthe parts T. _11, T_ﬁz, T_l Nl of the large text and the small

texts Y}ii,Tjii, . T]ﬁ of certain author A’ for the given a;» character n- gram is as follows:
J1 J2 _i

1,2 _ i
=233 e )

" ‘Nllfx 1v=1

Due to the small values in column 6 in Table 4, it can be seen that such text features can be
found that when dividing a large work, the resulting texts are neither close to that large work, nor to
small works from the point of view of the author's style.

Table 3
Results of the comparison of individual parts of a large work
N i Piun, Pioin Piromm, fajim, o
1 an 0.0140 0.0127 0.0128 0.0125 0.0020
2 da 0.0129 0.0128 0.0126 0.0122 0.0018
3 in 0.0092 0.0118 0.0113 0.0121 0.0017
4 ar 0.0131 0.0126 0.0121 0.0119 0.0015
5 la 0.0125 0.0122 0.0105 0.0110 0.0015
6 lo 0.0108 0.0096 0.0097 0.0109 0.0014
7 an 0.0122 0.0087 0.0094 0.0108 0.0014
8 do 0.0106 0.0095 0.0085 0.0101 0.0014
9 di 0.0088 0.0100 0.0112 0.0098 0.0012
10 or 0.0094 0.0073 0.0090 0.0097 0.0983
775 76 0 0 0.000003 0 0.000008
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Table 4

Results of the comparison of individual parts of a large work with small texts

1 2 3 4 5 6
1,1 2,2

N i Fl Fii? Fai’ abs (grg#lz _ T erf i )
1 mx 1.33798E-05/1.33785E-05|1.33785E-05 6.44E-10
2 pt 1.60547E-05/1.59715E-051.59715E-05 4.16172E-08
3 gs 2.19387E-05 2.18326E-05 2.18326E-05 5.30525E-08
4 je 1.33753E-05/1.32585E-05|1.32585E-05 5.83959E-08
5 bk 4.81567E-064.62714E-06 4.62714E-06 9.4265E-08
6 a0 4.81721E-06 4.62788E-06 4.62788E-06 9.46659E-08
7 i1 1.76568E-05/1.78479E-05|1.78479E-05 9.55283E-08
8 mp 7.81248E-05/7.79139E-05 7.79139E-05 1.05477E-07
9 sh 2.14027E-05 2.11324E-052.11324E-05 1.35125E-07
10 cl 0.000174984/0.000174631/0.000174631 1.76438E-07
11 q¢ 4.81541E-06, 5.1805E-06 | 5.1805E-06 1.82544E-07

4. Analysis of characteristics and results of computer experiments

Support vector machine, random forest methods and multilayer feedforward artificial neural
network models of machine learning were used in the considered problem of author recognition [19].
Keras and Scikit-Learn libraries in Python were used for computer experiments [20, 21].

Fig. 1 shows the maximum recognition accuracies obtained in groups of features for the types
of text features used in the study: from left to right, the set of texts whose recognition accuracy is
calculated in column 1 (training set, test set, test set and dataset-0 when the recognition accuracy is
calculated with 75% confidence), column 2 lists the types of features, and the third column lists
recognition accuracies. It can be seen from Fig. 1 that the features belonging to the character n-gram
frequencies type and the features belonging to the word frequencies type were more effective in
recognition than the features belonging to other feature types. Mixed groups of features, in which
features belonging to the types of character n-gram frequencies and character n-gram frequencies
variances, are used together, did not increase the recognition accuracy obtained with feature groups
consisting of features belonging to only one of these feature types. Mixed feature groups consisting
of features belonging to the types of sentence length frequencies and word length frequencies resulted
in higher recognition accuracy than feature groups consisting of features belonging to only one of
these types, that is, the combined use of sentence length frequencies and word length frequencies in
the group of text features led to an increase in recognition accuracy.
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4. Conclusion
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Fig. 1. Maximum recognition accuracies obtained for different types of text features

Based on the results of computer experiments conducted on the example of works of literature
in the Azerbaijani language, the article compares the effectiveness of different types of text features

in text authorship identification. The values of features of large and small works are analyzed.

The analysis of the results obtained in the study shows that authorship identification in a reliable
computer author recognition system should be carried out on the basis of collective decision-making

by recognition subsystems consisting of different groups of features and recognition models.
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