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VECTOR MODEL FOR THE TEXT STYLE ANALYSIS

The application of physical approaches to the analysis of the authorial styles of Ukrainian writ-
ers has been considered. A model, where the literary styles are described in a multidimensional
space with the help of unit vectors, is proposed. The numerical characteristic of the style is the
scalar product of the corresponding vector and a vector that determines the general style for a
group of authors. This parameter is shown to depend linearly on author’s rank. This behavior
confirms the hypothesis of joining the majority, according to which an author, when selecting
his/her literary style, takes the style of his/her successful colleagues into account.
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The literature of every nation is the most perfect
mirror of its life.

Ivan FRANKO

1. Introduction

Physics is permanently expanding the scope of its ap-
plication. A striking example is a direction called the
physics of complex systems (see, e.g., works [1–5] and
the references therein). In the framework of this ap-
proach, systems of different nature are analyzed from
the same position. The list of problems that have
been successfully solved and are being solved using
the methods of the physics of complex systems con-
tains the analysis of transport systems [6–8], socio-
economic links [9–16], text structures and character-
istics [17–27], and much more other things.

There are several important circumstances. First,
as was mentioned above, the researched systems are
completely different in their nature. Sometimes, it is
rather difficult to determine which field of knowledge
the relevant scope of problems belongs to. Second,
such systems are studied making use of the meth-
ods that are inherent in physics (mainly, statistical
physics), because those methods are characterized by
the application of the appropriate mathematical ap-
paratus. Furthermore, physical approaches also pos-
sess a powerful methodological arsenal which enables
one to develop new models. The latter circumstance
is extremely important, because it is the methodolog-
ical aspects that come to the force, when the matter
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concerns interdisciplinary studies. The advantage of
this approach consists in that original models allow
not only the behavior and characteristics of the ex-
amined system to be analyzed, but also those param-
eters to be identified that should be determined on
the basis of statistical data.

In this work, the physical methods are applied to
analyze the authorial styles of Ukrainian writers. In
quantitative linguistics [28–30], the problems of this
kind have the highest priority (see, e.g., works [31–
36] and the references therein). One of the ways to
tackle them is based on the application of physical
methods together with the corresponding categorical
terminology.

2. Formalization of the Problem

First of all, let us formalize the problem. Let a cer-
tain number of words (the basic set) be used in a
literary language. Any literary work can be consid-
ered as a sequence of words (with the corresponding
grammatical changes) taken from the basic set. Eve-
ry author is characterized by a set of texts. The lat-
ter can serve as a basis on which one can calcu-
late the parameters that characterize the style in-
herent in this author. In particular, if the words
from the basic set are arranged, e.g., alphabetically,
then the works of the examined author could be de-
scribed by a vector, the components of which de-
termine the number of applications of every word
in author’s texts. However, the dimension of such a
vector would be rather substantial, which disables
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the usage of this approach in practice. More produc-
tive seems to be the approach where the basic set
of words is significantly confined. For example, the
set can only contain words that belong to a definite
category or concept. Just this approach was used in
this work.

Several points that are important for understand-
ing the features of the proposed approach should be
pointed out. First, it concerns the definition of au-
thorial style. Generally speaking, the concept of style
is quite broad and includes a set of attributes that
characterize the manner of the writer and distin-
guish his/her works among the works of other authors
[37]. Therefore, the authorial style undoubtedly can-
not be described completely by means of a definite
vector. Such a vector should only be considered as one
of the characteristics of the authorial style. Second, as
was also mentioned above, a limited group of words
is used when constructing a vector that characterizes
the authorial style. This group of words is a subset of
the basic set. Therefore, the vector constructed on its
basis can be interpreted as a projection of the vector
constructed on the basis of the basic set onto the cor-
responding subset. In effect, this fact means that, by
choosing different subsets of the basic set, we obtain
different characteristics of the authorial style which
are related to that or another particular topic in au-
thor’s works.

Let us assume that the basic set consists of 𝑁
words, and the number of authors equals 𝑀 . Let 𝑎(𝑚)

𝑛

denote how many times the 𝑛-th word (𝑛 =
= 1, 2, ..., 𝑁) was used by the 𝑚-th author (𝑚 =
= 1, 2, ...,𝑀). Vectors e𝑚 are defined to have the
components

𝑒(𝑚)
𝑛 =

𝑎
(𝑚)
𝑛√︁∑︀𝑁

𝑛=1(𝑎
(𝑚)
𝑛 )2

. (1)

The scalar product of two arbitrary vectors e𝑚 and
e𝑘 is determined by the formula

e𝑚 · e𝑘 =

𝑁∑︁
𝑛=1

𝑒(𝑚)
𝑛 𝑒(𝑘)𝑛 , (2)

so that the introduced vectors have a unit length,

|e𝑚|2 ≡ e𝑚 · e𝑚 = 1. (3)

The vector e𝑚 (𝑚 = 1, 2, ...,𝑀) determined in such a
way will be interpreted as one describing the literary
style of the 𝑚-th author.

Let us also define the vector a with the components
𝑎𝑛 (𝑛 = 1, 2, ..., 𝑁) that are calculated as follows:

𝑎𝑛 =
𝐴𝑛√︁∑︀𝑁
𝑛=1 𝐴

2
𝑛

. (4)

where the parameters 𝐴𝑚 are defined by the formula

𝐴𝑛 =

𝑀∑︁
𝑚=1

𝑎(𝑚)
𝑛 . (5)

Hence, the vector a describes the general style, which
is calculated on the basis of all the texts taken
together.

It should be noted that the scalar product of two
vectors (in our case, this is a value within the inter-
val from 0 to 1) can be interpreted as a parameter
characterizing the similarity of the authorial styles
(an analog of the spin “interaction energy” in a model
similar to the Ising model [38,39]). In effect, the mat-
ter concerns the adaptation of a technique that is
widely used in linguistic researches and is based on
the calculation of the similarity coefficient (see, e.g.,
work [40]). In particular, if the scalar product equals
unity, then the styles coincide with each other. If the
product is zero, then the non-zero components of the
first vector correspond to the zero components of the
second vector and vice versa. This means that the
authors whose styles are described by such vectors
use completely different sets of words (from the basic
set), with no “common” ones among them. In par-
ticular, the scalar product of the vectors a and e𝑚
determines how much the style of the 𝑚-th author
differs from the general style. The quantity

𝜀𝑚 = a · e𝑚 (6)

can be interpreted as a numerical characteristic that
evaluates the style of the 𝑚-th author with respect to
the general style. The distribution of the 𝜀𝑚-values
within a group of writers may seem to be impor-
tant. However, in order to solve this issue, it is nec-
essary to be able to describe the behavior of agents
(writers), when they select their own styles. Here, an
analogy can be traced with how the elements of a
statistical system become distributed over the energy
levels in an external field, with the role of the latter
being played by the vector a. Accordingly, the behav-
ior of agents is analogous to additional restrictions im-
posed on the system (like the Pauli principle [41,42]).
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3. Effect of Joining the Majority

An important question is: “Are there any laws or prin-
ciples that govern the distribution of the authorial
style characteristics?” We proceed from the hypothe-
sis that the society demonstrates demands for certain
literary styles or topics, and the popularity of an au-
thor depends on how his/her style meets the expecta-
tions of the society. Therefore, it is reasonable to as-
sume that some (not all) authors choose, consciously
or subconsciously, their own styles on the basis of the
styles inherent in other popular authors. On the other
hand, the desire of every author to have his/her own
unique style seems natural. If the authors are consid-
ered as social agents, then every of them must make a
certain choice with respect to his/her own style. Dif-
ferent authors may follow different principles or ap-
proaches when choosing the style, and this fact does
not allow us to talk about universal laws for the be-
havior of social agents. At the same time, the problem
may concern the identification of the groups or com-
munities of authors demonstrating common mecha-
nisms to realize their own social choice.

There are several theories and approaches describ-
ing how agents in socio-economic systems make their
choices. One of the behavioral algorithms is called
the “effect of joining the majority” [43]. Its essence
consists in that the agent behaves similarly to the
majority of other agents. In the context of the re-
searched model, such a behavior can be interpreted
as an attempt of the 𝑚-th writer (𝑚 = 1, 2, ...,𝑀)
to maximize the value of the parameter 𝜀𝑚. Actual-
ly, this means that the vectors e𝑚 and a must be
co-directed. However, the absolute coincidence of the
styles will make the authors indistinguishable for
the perception of their readers. Therefore, the differ-
ence between the authorial styles has to be appre-
ciable. Just because the styles must be different, this
effect cannot be reduced to the principle of dominant
joining in the well-known Simon model [44]. Hence,
we may expect to obtain new results.

Let Δ𝜀 denote the minimal difference between the
values of the parameters 𝜀𝑚, when the readers still
can catch the difference between the styles of different
authors. With the help of the physical terminology,
the situation can be interpreted as follows. There is a
set of “energy” levels 𝜀𝑚, and the difference between
those levels equals Δ𝜀. Different particles playing the
role of agents (writers) must be located at different

levels. In fact, we deal here with something like the
Pauli principle in physics.

Without any loss of generality, we may assume
that the authors are so enumerated that 𝜀1 ≥ 𝜀2 ≥
≥ ... ≥ 𝜀𝑀 . Then, taking all the aforesaid into ac-
count, we have

𝜀𝑚 = 𝜀0 −𝑚Δ𝜀 (7)

for all 𝑚 = 1, 2, ...,𝑀 , where 𝜀0 is the model param-
eter. Equation (7) takes into account that the vector
e1, which corresponds to the highest “energy” level
𝜀1, and the vector a can be not co-directed, because
the latter does not describe a real style, being only a
result of the averaging.

Therefore, if the “joining effect” does exist, and if
we range the writers according to the values of the
parameters 𝜀𝑚, we must obtain a linear dependence
of 𝜀𝑚 on author’s rank 𝑚.

4. Empirical Results

Let us test the validity of the model proposed above
on the basis of the available “experimental” results. In
particular, let us analyze the information concern-
ing the application of words belonging to the “human
being/person” category by a group of Ukrainian po-
ets/poetesses (V. Stus, I. Drach, S. Yovenko, L. Kos-
tenko, M. Vingranovs’kyi, M. Vorobyov, I. Zhylenko,
O. Zabuzhko, V. Kolomiets’, T. Kolomiets’, B. Olii-
nyk, D. Pavlychko, and L. Skyrda) with the param-
eter values 𝑀 = 13 and 𝑁 = 115. The analysis
was performed on the basis of their poetic works
written in the 1960s, 1970s, and 1990s. The volume
of the text sample for each poet/poetess amounted
to 20000 different words. Table contains the infor-
mation on the number of lexemes from the “human
being/person”category used by various authors, the
number of lexico-semantic uses (LSU), and the to-
tal number of lexico-semantic forms in the texts (the
dictionary) [45–47].

Our choice of the indicated group of poets and po-
etesses was made due to several reasons. In particu-
lar, it was necessary to identify authors belonging to
a definite compact group, the behavior of which could
be described in terms of the proposed model of join-
ing the majority. The group members did not have to
belong to a definite short time interval. On the con-
trary, if the process of joining the group is considered
as the occupation of a certain vacancy in the “energy
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Dependence of the parameter 𝜀𝑚 on author’s rank 𝑚. The
correspondence between the author and his/her rank is shown
in Table

spectrum” and taking into account that the vacancies
can be occupied in an arbitrary order, then the time
required to fill the whole “spectrum” should last for a
rather long period, which may include several genera-
tions of authors. Finally, the availability of the group
and whether a particular author belongs to it are de-
termined by a direct verification. In other words, our
aim is not to prove the existence of a certain regularity
in the distribution of the authorial style characteris-
tics for any group of authors. Instead, the aim is to
find a group of authors who satisfy a certain regular-
ity. It was found empirically that the indicated poets
and poetesses belong to the same group, which can

Data about the writers

Rank Writer LSU Lexemes Dictionary

1 V. Kolomiets’ 341 31 4188
2 T. Kolomiets’ 181 16 3536
3 L. Skyrda 252 19 3338
4 I. Drach 286 25 3818
5 B. Oliinyk 466 42 3463
6 M. Vingranovs’kyi 197 24 3252
7 S. Yovenko 272 25 3186
8 L. Kostenko 281 26 4040
9 M. Vorobyov 196 15 3193

10 D. Pavlychko 194 19 3830
11 O. Zabuzhko 128 13 4181
12 I. Zhylenko 317 29 3802
13 V. Stus 210 21 3664

be described in the framework of the model of joining
the majority.

The following two important circumstances should
be pointed out. First, the choice of the “human be-
ing/person” group determines the analyzed subset for
the style vector. From this viewpoint, it is quite ac-
ceptable to choose another group and analyze the cor-
responding subset. However, the new group should be
rather general and common for lots of authors. Se-
cond, after the group for determining the subset has
been selected, the authors are chosen according to
the criterion of how the relevant topic is dealt with in
their works. For instance, the number of applications
of lexemes from the selected word group can be taken
as a selection criterion.

On the basis of the available empirical data [45–
47], the vectors describing authorial styles were con-
structed in the 115-dimensional space (𝑁 = 115) for
all authors, and the vector a describing the general-
ized style was also calculated. Based on the obtained
set of vectors, the parameters 𝜀𝑚 (𝑚 = 1, 2, ..., 13)
were calculated, and the authors were ranged accord-
ing to their 𝜀𝑚-values. The results of calculations are
shown in Figure.

Using the linear regression model, the following de-
pendence was obtained:

𝜀𝑚 ≈ 0.849− 0.015 𝑚, (8)

i.e. 𝜀0 ≈ 0.849 and Δ𝜀 ≈ 0.015, with the coefficient
of determination 𝑅2 ≈ 0.972. Therefore, the results
of our calculations allow us to assert that the param-
eter 𝜀𝑚 depends linearly on the rank 𝑚. However, an
important remark should be made here: the linear
dependence on the rank was obtained for the selected
group of writers. In other words, this empirical law is
not universal and cannot be extended onto arbitrary
groups of writers. This means that the result is not
stable with respect to changes in the group composi-
tion. The exclusion of an author from the group (or
the inclusion of a new author into the group) may
result in a violation of dependence (7). Moreover, the
very affiliation or non-affiliation of an author to the
group could be characterized by analyzing whether
relationship (7) is satisfied.

Another remark concerns the principle of joining
the majority per se. When formulating it, we consid-
ered the vector a to be constant, which is actually not
the case. In effect, we proceeded from the assumption
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that each of the vectors e𝑚 does not affect the vec-
tor a. It is possible provided that there exists a cer-
tain “core” of writers who form the vector of general
style, whereas all others join this group. In the lim-
iting case, the “core” can be regarded as consisting
of a single, but the most successful, writer. Here, we
have an analogy with the mean-field theory that is
used in the physics of critical phenomena and phase
transitions [48, 49]. It is clear that this case is an ap-
proximation, but it does not seem to have a principal
value (although it imposes restrictions on the appli-
cability of the results obtained).

5. Conclusions

The model proposed in this work formalizes the pro-
cess of identifying the authorial style. In particular,
the model makes it possible to check the similarity of
literary styles of various authors by analyzing various
groups or categories of used lexemes. The model al-
lows a quantitative evaluation of the relevant charac-
teristics and not only their qualitative, but also quan-
titative comparison to be made. The approach used
in this work can be useful for the general classification
of text stylistics, including the automatic mode.
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ВЕКТОРНА МОДЕЛЬ
АНАЛIЗУ СТИЛIСТИКИ ТЕКСТIВ

Стаття присвячена застосуванню фiзичних пiдходiв до ана-
лiзу авторських стилiв українських письменникiв. Пропо-
нується модель, у якiй лiтературнi стилi описуються ве-
кторами одиничної довжини в багатовимiрному просторi.
Числовою характеристикою стилю є результат скалярно-
го добутку вiдповiдного вектора на вектор, який визначає
загальний стиль для групи авторiв. Показано, що цей па-
раметр лiнiйним чином залежить вiд рангу автора. Така
залежнiсть пiдтверджує гiпотезу приєднання до бiльшостi,
вiдповiдно до якої автори, вибираючи стиль, орiєнтуються
на стиль своїх успiшних колег.

Ключ о в i с л о в а: фiзика складних систем, квантитатив-
на лiнгвiстика, вектор, енергiя, розподiл.
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