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The problems of estimating the similarity index of mathematical and other sci-
entific publications containing equations and formulas are discussed for the first
time. It is shown that the presence of equations and formulas (as well as figures,
drawings, and tables) is a complicating factor that significantly complicates the
study of such texts. It is shown that the method for determining the similarity in-
dex of publications, based on taking into account individual mathematical symbols
and parts of equations and formulas, is ineffective and can lead to erroneous and
even completely absurd conclusions. The possibilities of the most popular soft-
ware system iThenticate, currently used in scientific journals, are investigated for
detecting plagiarism and self-plagiarism. The results of processing by the iThen-
ticate system of specific examples and special test problems containing equations
and formulas are presented. It has been established that this software system when
analyzing inhomogeneous texts, is often unable to distinguish self-plagiarism from
pseudo-self-plagiarism (false self-plagiarism). A model complex situation is con-
sidered, in which the identification of self-plagiarism requires the involvement of
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highly qualified specialists of a narrow profile. Various ways to improve the work
of software systems for comparing inhomogeneous texts are proposed. This article
will be useful to researchers and university teachers in mathematics, physics, and
engineering sciences, programmers dealing with problems in image recognition and
research topics of digital image processing, as well as a wide range of readers who
are interested in issues of plagiarism and self-plagiarism.
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equations, exact solutions, mathematical and physical sciences, self-plagiarism,

1Thenticate system

1 Introduction

1.1 Preliminary remarks and some concepts

This article will focus on research papers and books in various areas of mathe-
matics and natural sciences, which contain a significant number of equations and
formulas. The presence of equations and formulas is a factor that significantly com-
plicates the estimation of the volume of borrowings and the similarity index in such
publications.

It 1s important to note that the estimation of the similarity index and the identifi-
cation of self-plagiarism of publications with equations and formulas is a relevant,
complex, and very delicate topic that is practically not covered in the literature and
has not been widely discussed by the scientific community.

Let us define some concepts that are often used below (some of them are intro-
duced for the first time).

Equation (in mathematics and physics) is an analytical expression consisting of
letters (usually Latin and Greek alphabets), numbers, mathematical symbols, and
operators, which contains an equal sign and connects known and unknown (sought)
quantities.

Formula is a symbolic-analytical expression describing the relationship between
various variables and/or constant values.

Remark 1. The terms equation and formula are close in meaning and the authors
often do not distinguish them. However, when formulating problems in which an

unknown quantity appears, it is preferable to talk about equations. In this article, we
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use the terms equations and formulas in a broad sense, by default adding to them
also inequalities, identities, solutions, transformations, differential and functional
constraints, boundary and initial conditions, and any other mathematical construc-
tions that are written in the symbolic-analytical form.

Homogeneous text is a text consisting only of separate letters, words, and sen-
tences (without equations, formulas, graphs, figures, and tables).

Inhomogeneous text is a text consisting of separate letters, words, sentences,
equations, and formulas (may also include figures, drawings, and/or tables).

Plagiarism 1s a direct borrowing of parts of the text of articles and books written
by other authors without the necessary references. Paraphrasing a significant frag-
ment of other authors’ works by changing individual words (as well as mathematical
symbols and letters in scientific texts with equations and formulas) and their order
while maintaining the logical structure of the argumentation is also plagiarism if
there are no references to the work that was used. The characteristic features, types,
and ways of identifying plagiarism, as well as related issues are discussed in [1-7].

Self-plagiarism 1is the reuse by the author of significant, identical, or nearly
identical parts of his own texts from earlier works without reference to the original
source. The reasons for the widespread self-plagiarism and ways to combat it, as
well as related issues, are discussed in [8—13].

Similarity index is a value defined as the number of words in the author’s text,
which coincides with the number of words in the sources taken for comparison,
referred to the total number of words in the author’s text and multiplied by 100%
(see [4,14]). This definition is valid only for homogeneous texts in which there are
no equations, formulas, and figures.

Pseudo-plagiarism 1s a seeming (false, imaginary) plagiarism. The author’s text
is characterized by original ideas and/or new content and a significant number of
coincidences of individual words, small verbal phrases, individual fragments of
equations, and parts of formulas found in works of other authors. The coincidences
are of a technical nature (play a secondary role) and do not affect the main content
of the publication.

Pseudo-self-plagiarism 1s a seeming (false, imaginary) self-plagiarism. The au-
thor’s text is characterized by original ideas and/or new content and a significant

number of coincidences of individual words, small verbal phrases, individual frag-



ments of equations, and parts of formulas found in other works of the same author.
The coincidences are of a secondary, purely technical nature.

1.2 iThenticate system

Various scientific journals employ different plagiarism checking systems, for exam-
ple, iThenticate, eTBLAST, SPlaT, CrossCheck, Turnitin, and WriteCheck [12,15]
(see also [4]).

1Thenticate is a commercial software system for detecting plagiarism and self-
plagiarism, which is sold to publishers, universities, research institutes, news agen-
cies, corporations, law firms, and others [16]. Currently, the iThenticate system (or
shortly iTh-system) is the most popular and the most powerful system for checking
English-language texts!, which is actively used in scientific journals to reject arti-
cles with a high similarity index” at the initial stage (before a reviewing process).
A brief description of the working of the 1Th-system and specific examples of its
application can be found in [19,20].

In general, the use of the iTh-system has shown its high efficiency in detecting
plagiarism and self-plagiarism of scientific publications consisting of homogeneous
texts in various fields of humanities and social sciences, including economic and
legal sciences, as well as in medicine and biology.

Note that the Th-system, after processing the article, gives out its text, in which
words and sentences coinciding with the words and sentences of other articles and
books by various authors selected from the corresponding databases, including many
electronic publications, are marked in color. In the case of self-plagiarism analysis,
the text of the article in question is compared with the texts of other publications of
the same authors.

Currently, the editors of many scientific journals, even before reviewing articles,
use the iTh-system to analyze their similarity index and immediately reject articles
with a high similarity index (and often the results of the work of the iTh-system are
not sent to authors, they are only told that the article has a high similarity index).

In mathematics and natural sciences, the use of the iTh-system and other exist-

!Although the iTh-system works in 30 languages, the system can only match texts in the same language [17]. In
general, the existing similarity detection software is still unable to detect cross-language plagiarism or self-plagiarism.

2For scientific journals published by Elsevier and Springer, the maximum allowable similarity index of an article is
usually 15% (excluding references) [18].



ing software systems to determine the similarity index of publications with inho-
mogeneous text can lead to erroneous and even completely ridiculous conclusions.
An exploratory analysis of different forms of plagiarism (explicit and disguised)
observable in mathematical publications is presented in [21], where the authors
investigated editorial notes from zbMATH and compared them to the results of cur-
rent plagiarism detection systems. The investigation of the selected cases indicates
that the application of the text-based iTh-system appears insufficient for analyzing
similarities in mathematical publications. Some critical comments of scientists re-
garding the use of the iTh-system for articles with equations and formulas were also
expressed in the ResearchGate scientific network.

We have tested the iThenticate system from different perspectives on a number
of mathematical and physical articles and special test problems containing equa-
tions, formulas, solutions, figures, drawings, and tables. The results of our analysis

and conclusions are summarized sequentially below.

2 What should be excluded when comparing any texts

2.1 It is necessary to exclude from the comparison everything that is not
related to the scientific content of the article

The names, surnames, working addresses of authors, email addresses, references to
grants and other financial support, acknowledgments, phrases about the contribution
of the authors and the absence of a conflict between them, as well as any other words
and sentences not related to the scientific content of the article should not be taken
into account when determining the similarity index of the article.

Despite the obviousness of these simple requirements, such information is now

often included when calculating the article similarity index using the 1Th-system.

2.2 It is necessary to exclude scientific terms and stable phrases from com-
parison

Scientific terms and stable phrases (a short combination of words) generally ac-
cepted in the scientific community (such as elementary function, continuous func-

tion, scalar product, ordinary differential equation, Laplace equation, Navier—



Stokes equations, Cauchy problem, first boundary value problem, collocation
method, method of matched asymptotic expansions, Fourier method, existence and
uniqueness theorem, diffusion boundary layer, self-similar solution, Reynolds num-
ber, Euclidean space, and many others) do not belong to self-plagiarism and should
not be taken into account when determining the similarity index of an article, since
they cannot be replaced with other words without significantly degrading the text.

Unfortunately, at present, scientific terms and stable phrases are not taken into
account by the 1Th-system, which often leads to a significant overestimation of the
similarity index of articles and authors can face the undeserved (false) accusation
of self-plagiarism (scientific terms can be removed when comparing texts, but this
is a very painstaking and tedious work that responsible and technical staff of the
journals try to avoid since it has to be done manually).

Moreover, there are no good reasons to consider simple and often used in math-
ematics short word expressions and phrases of the type: substituting expression (1)
into equation (2), we get; the solution to problem (3) has the form; consider the
nonlinear differential equation; that which was to be demonstrated; where A and B
are arbitrary constants; transformation of the independent variable; it is not diffi-
cult to prove that; the proof is by direct calculation; Figure 1 shows the dependency;
it is important to note that etc., as self-plagiarism.

It is important to note that the vast majority of actively published scientists are
gradually developing their own individual author’s style of writing texts, which
consists in their more frequent use of specific words, phrases, and short word ex-
pressions, as well as in the choice of methods for constructing sentences and logical
structures. When working on the texts of articles, these authors do not rewrite or
copy individual phrases from their previous publications (namely, this is unreason-
ably blamed on them by the developers of the 1Th-system), they just write using
their own style. Therefore, the current practice of using the iTh-system is usu-
ally not the identification of self-plagiarism, but an extremely ignorant and barbaric
struggle with the individual style of the authors, which is far from the same thing.
This approach leads to an artificial restriction of the possibility of individual scien-
tific self-expression and creativity and can be classified as an obvious violation of
elementary authors’ rights. At the same time, the scientific component of publica-
tions fades into the background, and the low-content purely technical design activity



imposed on the authors, unnecessary for readers and hindering the development of
science, becomes the main one.

Let us give a simple analogy that explains the absurdity of the current state of
affairs. Each printed scientific journal has its own individual cover. Let us now
require that the cover design for each issue (or volume) of the journal is at least
85% different from the design of the covers of previous issues. Such a requirement
for scientific journals looks wild, but it fully corresponds to the practice of the
1Th-system working with the authors’ texts.

Taking into account the above and following [20], when using the iTh-system,
it 1s necessary to exclude short sequences of words (less than eight to ten words
in length) and bibliography from the check. Such options are provided in the 1Th-
system, however, it is extremely rare in journals to exclude short sequences of
words from consideration due to the insufficient ability of technical staff to work
with this system. In [20], it is noted that the exclusion of short sequences of words
and bibliography can reduce the number of detected matches by one and a half to
two times, even for simple homogeneous texts without formulas.

It is useful to recall that scientists write articles for their colleagues and interested
specialists in related professions, but not for the developers of the iTh-system. It is
important for readers to understand what new results were obtained by the author
of the publication, while they do not care at all how much individual words and
phrases used in the article differ in form from words and phrases written by the
same author in his previous articles. The main task of the authors is to get new
results and write about them understandable and clear, and the main goal of the iTh
managers is to obtain maximum profit from collective and individual users of this

system (and business interests here clearly prevail over common sense).

3 The iThenticate system is unable to adequately compare for-

mulas and equations

3.1 Qualitative features of articles with equations and formulas. The problem
of determining the similarity index of such publications

1. In homogeneous publications that contain only words (but do not contain

equations, formulas, figures, drawings, and tables), the iTh-system determines their
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3. The total number of words in the text

similarity index in percentage as follows
of the article in question is calculated that coincide with words in other articles
selected from the databases linked to the iTh-system. Then the total number of such
matching words is divided by the total number of words in the text of this article
and the result is multiplied by 100%.

2. In articles on mathematics and theoretical physics, equations and formulas
usually play a major role and have a greater specific weight than the accompany-
ing verbal description, which is often secondary and much less important. There-
fore, when researching such publications for self-plagiarism, equations and formulas
should be analyzed first.

As a result, the following important question arises: how can a single equation
or formula be compared with ordinary text without formulas? For example, the

following options are possible:

(1) each formula can be considered equivalent to one word;
(11) each formula can be considered equivalent to several words;

(i11) each letter and each mathematical symbol included in the formula can be

considered equivalent to one word;

(iv) you can replace each formula with a verbal description, and then count the

number of words in the verbal description.

Each of these options has its own disadvantages. Option (i) is unsuccessful
because it completely depreciates formulas, which often contain extensive informa-
tion combining their constituent inhomogeneous parts. Option (i1) is quite suitable,
however, when using it, it is necessary to indicate how many words one formula
1s equivalent to (this issue is subject to discussion, see Section 5 below). Option
(111) is ambiguous because often the same formula can be written in different ways
(for example, e* and exp x) or represented as several formulas; other disadvantages
of the approach based on comparing individual letters and parts of equations and
formulas are discussed further in Section 3.2. The last option (iv) is ambiguous (the
verbal description may be different) and difficult for practical implementation, but

3Here, the simplest method for determining the similarity index is described (the iTh-system provides for some
modifications and complications in calculating the similarity index) [22].



it correctly reflects the important qualitative difference between the formula and the
word: namely, the formula contains compressed information equivalent to a set of
many words.

3. The most important characteristic qualitative feature of articles with formulas
and equations is that one-to-one replacement of all (or part of) letters in all formu-
las and equations for any others (for this purpose, letters of the Latin and Greek
alphabets, and sometimes the Gothic alphabet can be used) does not change the
content of the article. In other words, two articles that differ only in the notation of
letters in formulas and equations are considered identical. The 1Th-system considers
equivalent formulas and equations that differ only in letter swapping to be different*
(and this state of affairs is unlikely to be significantly changed for the better in the
foreseeable future).

This circumstance sharply limits the possibilities of an adequate application of
software systems of the iTh-type for the comparison of individual formulas in dif-
ferent texts. It is necessary to take the simplest option as the basis for the operation
of such systems with inhomogeneous texts: two formulas are considered the same
if all letters, mathematical symbols and numbers included in them are the same.
Further in Section 3.2, by using specific examples, it will be shown that even with
such a simple way of comparing equations and formulas in different texts, the 1Th-
system often makes gross errors, leading to a significant increase in the similarity

index of publications.

3.2 Examples of incorrect work of the iThenticate system

The 1Th-system is often unable to adequately compare different, but similar for-
mulas and equations. This circumstance is currently one, but far from the only, of
the major disadvantages of this system. Two simple illustrative examples of how
the 1Th-system misdiagnosed complete plagiarism (identical coincidence) of various
formulas and equations are given below.

Example 1. The iTh-system identifies two different formulas

g=1+[z|+|f["* and g=(1+ 2| +]|f)"%

For visual evidence of this, see line no. 3 of Test problem 2.

4Therefore, some authors sometimes use letter swapping in formulas and equations to decrease the similarity index
of articles.



Example 2. The 1Th-system also does not distinguish between formulas
y=a+bz ? e y=a-+br—1/2

For visual evidence of this, see line no. 4 of Test problem 2.

From the above examples, it can be seen that the iTh-system does not know how
to work with parentheses and indices at all (although even very mediocre school
children can do this). Now let us move on to a more complex example and special
test problems.

Example 3. The 1Th-system shows that the following two different nonlinear
partial differential equations:

up = [f(u)ue]e +g(u) and  uy = [f(u)ue]s + g(u) (D)

are almost the same because most of their terms are the same.

Here the first equation is a nonlinear reaction-diffusion equation (parabolic type
partial differential equation), and the second equation is a nonlinear Klein—-Gordon
type equation describing the propagation of waves (hyperbolic type partial differ-
ential equation); in other words, these equations are as different from each other
roughly like as a cow is from a horse.

We compared two large papers [23,24], containing many numbered equations
and formulas, in which exact solutions of more complicated than (1) related non-
linear partial differential equations differing only in terms of u; and u; were con-
structed (note that these equations do not have the same solutions). The iTh-system
concluded that the articles under consideration are very similar and have the sim-
ilarity index of 61% (the calculation is based on counting fragments of the in-
homogeneous text of the article [24] that coincide with the fragments of the text
of the article [23]). This ridiculous conclusion is primarily since the iTh-system
compares individual parts of different equations and formulas and considers them
partially identical if at least one term or one letter in them is the same (then all
such pseudo-matches are taken into account when calculating the similarity index).
It is obvious that making general conclusions by comparing the individual parts of
various formulas and equations is entirely absurd.

Test problem 1. In order to more clearly and in more detail demonstrate the in-
consistency of the procedure for determining the similarity index of inhomogeneous

texts using the 1Th-system, we now consider a combined test problem containing
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two variants of inhomogeneous text, in which many words are the same, but the
equations under consideration and the solutions obtained are entirely different. The
matching fragments of the compared texts detected by the iTh-system are high-
lighted in red (see below).

Test problem 1, variant 1.

!et us consider the pantograph-type parabolic equation with logarithmic
nonlinearity

Uy = AUzy + bulnu + cu, (i)

where @ = u(pz, gt) and 0 < p, g < 1. We will now prove that equation (i) admits
a multiplicative separable solution of the form

u(w,t) = f(x)g(t). (ii)

Indeed, substituting expression (ii) into equation (i) and separating the variables,
we get nonlinear pantograph-type ODEs describing the functions f = f(z) and
g=4g(t):

aff +bfInf+kf =0,
g, —bglng+ (k—ec)g =0,

where k is an arbitrary constant, and f = f(pz), g = g(qt).

Test problem 1, variant 2.

Eet us consider the hyperbolic equation with logarithmic nonlinearity
Uy = QUL +bulnu + cu. (i)

eVe will now prove that equation (i) admits a multiplicative separable solution of
the form

u(z, t) = f(x)g(t). (ii)

Indeed, substituting expression (ii) into equation (i) and separating the variables,
we get nonlinear ODEs describing the functions f = f(x) and g = g(t):

af’ +bfInf+kf=0,
gy —bglng + (k — ¢)g =0,

where k is an arbitrary constant.

The 1Th-system, comparing the text and equations in the above two variants of
Test problem 1, shows the following similarity indices:

69%, if the calculation is based on counting the fragments of the text of the 1st
variant, which coincide with the fragments of the text of the 2nd variant;
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93%, if the calculation is based on counting the fragments of the text of the 2nd
variant, which coincides with the fragments of the text of the 1st variant.

These colored pictures and high similarity indices will make a strong impression
on a non-expert and he will make an erroneous conclusion: the examined texts differ
very slightly, which is convincing evidence of the existence of self-plagiarism.

Our comments. The original equations (1) that are compared, belong to different
types and are entirely different: the equation from variant 1 is nonlinear functional
parabolic partial differential equation with two arbitrary pantograph type delays in
both independent variables (for the first time examples of exact solutions of such
equations were obtained only in 2021 [25]), and the equation from variant 2 is a
nonlinear hyperbolic partial differential equation. The functions f and g determin-
ing the exact solutions of these equations with multiplicative separation of variables
also satisfy equations of entirely different types: in variant 1, these are nonlinear
pantograph type functional ordinary differential equations of the second and first
orders, and in variant 2, these are second-order nonlinear ordinary differential equa-
tions. The matching formulas (i1) should be excluded from the comparison at all
since they are the definition of the term “multiplicative separable solution” [26]. In
short, the content of these texts is entirely different from each other. The considered
example clearly demonstrates all the wildness and absurdity of using the iTh-system
to determine the similarity index of scientific articles with equations and formulas.

It is important to note that the connecting words between equations and formulas
in Test problem 1 practically do not play a role. A scientist who has written several
articles on exact solutions of nonlinear differential equations will understand the
contents of both versions of this example if the English text is replaced by German,
French or Spanish, and even if all the words are thrown away. The same applies
to any other scientific articles containing many equations and formulas: a qualified
specialist on the topic of publication usually understands the content of the article,
even if you throw out the vast majority of words from it, but leave the equations
and formulas (just like many qualified chess players can play blindly without a
chessboard).

Remark 2. A more detailed study of the results of the analysis of Test problem 1
additionally revealed another important disadvantage of the iTh-system. Namely,
the obtained similarity indices significantly depend on the choice of the font of the

12



compared inhomogeneous texts (above were given the similarity indices for texts
in bold italics; if you use regular italics, the corresponding similarity indices will
change and will be equal to 77% and 94%, respectively).

Test problem 2. To further explore the capabilities of the 1Th-system, the authors
of this article came up with a multicomponent test problem consisting of two dif-
ferent sets of equations and formulas. Each set contains 30 equations and formulas,
and those that are located opposite each other, in some sense, look quite similar
in appearance. The results of the comparison of these two sets of equations and
formulas are presented below.

The parts of the formulas that the 1Th-system considers to be identical to the
corresponding parts of the formulas in the left column are colored in red in the
right column. The final result that the iTh-system gives is simply stunning: the
inhomogeneous text in the right column is 87% the same as the inhomogeneous
text in the left column (the calculation is based on counting the text fragments of
the right column that coincide with the text fragments of the left column). It can be
seen that the 1Th-system in fifteen cases was unable to distinguish between different
equations and formulas (which is 50% of the total tested set of formulas). Similarly,
it was found that the inhomogeneous text in the left column coincides by 71% with
the text in the right column.

Thus, the iTh-system recommends the user to make an erroneous conclusion
that the equations and formulas in both sets of the considered test problem differ
little. Since all formulas and equations in both sets are different, we once again
come to the obvious conclusion: the iTh-system cannot be used to compare texts

that contain many equations and formulas.

Remark 3. In Test problem 2, as in Test problem 1, the similarity indices
obtained by using the iTh-system significantly depend on the choice of the font of
the matched inhomogeneous texts (the similarity indices for equations typed in bold
italics were given above; if you use regular italics, then the corresponding indices
will be 78% and 75%).

While working on this part of the article, one of the authors had a bad dream.
Namely, the exam on the topic Equations of mathematical physics i1s coming to
an end. The student responds poorly, and the professor (an author of this article),
feeling sorry for the student and trying to give him a satisfactory grade, asks him

13



Test problem 2.

1 y=a+tz(b+ta) y=(a+a)(b+2)

2 y=(atz)(bt=x) y=(a+z)/(b+z)

3 g=1+42+[f"" g=(1+]2 + )/

4 y=a+ bz 1/? y=a-+bxr—1/2

5 y = a+ be” y =a + bex

6 z=asin(x) —2y z = asin(z — 2y)

7 Yz = a + bex yxr = a + bex

8 y =exp(ax) —by+c Y = exp (az — by + c)

9 oy =azxy+b=x)y’ Y = a(zx)y + b(z)y*
10 o' =a(x)y+ b(z)y’ Y =a(z)y+b(x)y® +1
11 ¢ = a(z)y + b(z)y* ¥ =a(z)y +b(z)y* + 1
12 y"=ay?+b y' =ay’*+b+z
13 y" = ay® + bz Y’ = ay® + b(x)
14 y' + ey + f(y) =0 y'+exy'+ f(y) =0
15 y"+ay +by=0 y'+ay' 4+ bly| =0
16 y"+azxy + fly) =0 y' + a(zy)' + fly) =0
17 = [f(@)ul. + 9(=) = [f (@) vz +g(x)
18  uy = f(u)ug, + g(u) we = [f(u)uz]- + g(u)
19wy = fu)uge + glug)u up = f(w)ues + g(uz)/u
20 ur = [f(u)uyle + au, u = [f(u)u.]. + auz
21 w, = [f(2)t]ee + gluy) u; = [f(z)u.]: + g(u.)
22wy = [f(x)uls + g(u) uw, = [f(z,u)]z + g(u)
23wy = [f(x)ul, + glus) ur = [f(z, u)]z + g(us)
24wy =[f(Wuzle + g(u) uy = [f(w)ue]e + g(uw)u.
25wy = [f(w)ug]s + aug uy = [f(w)ue], + aux
26 uy = [fw)uzle + g(u) g = [f(w) s + xg(uz)
27 up = [f(wugls + gluuy) uy = [f(u)t]e + g(u, us)
28wy = [f(utn)]s + glu,ug) W= [F(u,us)]a + glu, ug)
29wy = [fluty)]s + g(ujuy) et = [F(uts)]s + g (uus)
30 iUy = g, + fjul)u iUy = aug, + f(|u|)u.

to write the wave equation (i.e. u;y = au,,). The student, after some thought,
writes the heat equation u; = au,,. Naturally, the professor gives the student an
unsatisfactory grade. An hour later, the professor summoned to the dean’s office
to discuss the student’s complaint, in which he wrote: “I just missed one small
subscript ¢ in the equation. According to the iTh-system, the similarity index of the
equation I wrote is as much as 87.5%, which is a very good result” ...

Imagine now that the absolutely absurd ideology of comparing individual frag-
ments (as the iTh-system does with formulas) will be transferred to artists and their

paintings. Then, for example, the world-famous Russian marine artist Ivan K. Aiva-
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zovsky will be declared a great plagiarist and self-plagiarist; indeed, almost all of
his paintings depict water, waves, clouds, and, sometimes, ships (in a similar way,
the famous English romantic landscape artist Joseph M. W. Turner and the first Nor-
wegian great romantic landscape artist J. Christian C. Dahl can also be attributed
to self-plagiarists). And the poor portrait painters: after all, they all paint only the
forehead, cheeks, mouth, eyes, ears, and hair (sometimes clothes).

It is curious to note that the developers of the iTh-system compare formulas by
fragments, but words do not. The question is, why did such an unfair discrimination
of mathematical formulas take place?

Let us demonstrate what will happen if words to compared by fragments.

Example 4. Let us take two phrases that are completely different in meaning:

“The solute was in a container” and “The exact solution was obtained”.

There are 24 letters in the first phrase, 16 of them in fragments (they highlighted
in color) coincide with the letters of the second phrase. Therefore, the similarity
index of the first phrase (when compared with the second phrase) is more than 66%.

What kind of nonsense is this, you say? But this is precisely how the iTh-system

works with mathematical equations and formulas!

3.3 Difficult situations requiring the involvement of highly qualified special-
ists

In many cases, it is only a highly qualified specialist who is well versed in the topic
(which can be quite narrow) of the article in question to determine correctly whether
a given coefficient of the equation is insignificant or very important. Moreover,
adequate conclusions may differ depending on the field of research conducted. Let
us illustrate the above with a simple concrete example.

Example 5. Let us consider the Abel differential equation of the second kind
with quadratic nonlinearity

Yy, —y = ax + ba?, (2)

where a and b are free parameters. Two qualitatively different situations are possi-
ble.
1. If the Cauchy problem for equation (2) is numerically solved, then the spe-

cific values of the parameters a and b are insignificant. In this case, two equations
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of the form (2) for different values of the parameters a and b can be considered
similar.

2. If questions of the integrability of equation (2) are considered, then the values
of the parameter b are inessential, and the values of a are essential. Currently, only
two values a = i% are known, for which equation (2) admits a closed-form
solution [27]. Therefore, if in some paper the integrability of this equation for
other values of a is proved, this result will certainly be new. It is obvious that the
1Th-system will draw wrong conclusions in this case.

This example illustrates well the cardinal qualitative differences in publications
devoted to numerical and exact solutions of mathematical equations. Namely, the
specific values of the coefficients of the equations under consideration are usually
of little importance when using numerical methods, but, as a rule, they are very
important when using exact analytical methods.

Remark 4. Using handbooks [26,27], which contain many exact solutions of
ordinary and partial differential equations, it is not difficult to give other examples
of nonlinear equations that have qualitative features similar to Example 5.

The correct interpretation of the results of processing articles (on integrability
and exact solutions of ordinary differential equations or partial differential equa-
tions) by using the 1Th-system can only be given by a highly qualified specialist
specializing in this field (to analyze the correctness or incorrectness of the results
of processing such publications by the iTh-system, for example, should not involve
mathematicians who are specialists in numerical methods, differential geometry,
and number theory). And, of course, neither technical assistants of the editor, nor
administrative staff who do not have special knowledge, unable to do this.

4 The iThenticate system does not take into account plots, fig-

ures, and drawings

The 1Th-system does not take into account plots, figures, and drawings (they are
simply discarded), which is completely wrong. Plots, figures, and drawings are
often more important and descriptive than the verbal text of the article describing
them. The error of ignoring drawings is illustrated by a simple example.

Example 6. In the elementary education book for children, there are two draw-
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ings: the first depicts a cat, and the second a dog (see below). The text under both
drawings is the same: “The picture shows a pet that has four legs, two eyes, two
ears, nose, mouth, tail, 1s covered with wool and eats meat. Write the name of
this animal in your notebook.” Since the 1Th-system does not take drawings into
account, it will come to the ridiculous conclusion that there is 100% similarity in
these texts with different drawings (i.e. cat = dog). Obviously, in the considered

example, the images are much more important than the related text.

It is important to note that sometimes plots and drawings can form the main
content of an article or be an important integral part of it’. Therefore, they must be
taken into account when evaluating the similarity index of an article. Technically,
this 1s not difficult to do, proceeding, for example, from the area occupied by plots
and drawings and the area of the text of an article processed by the iTh-system
without plots and drawings.

Please note that since the iTh-system cannot compare drawings and images,
therefore it cannot also identify possible copyright violations.

When mathematical tables are processed by the 1Th-system, the equations and
formulas contained in them, are compared by individual fragments and letters, just
like equations and formulas are compared in the text of the article (the disadvantages

of such a comparison are described in detail in the previous section).

SThis is especially true for experimental work, as well as publications devoted to the numerical simulation of specific
structures and devices.
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S Possible methods to compare inhomogeneous texts with equa-

tions and formulas

For simplicity and clarity, we will restrict ourselves to considering inhomogeneous
texts with a large number of equations and formulas, but without figures, drawings,
and tables. We also assume that the software system used is capable of identifying
identical equations and formulas in different texts.

Two possible methods of comparing inhomogeneous texts with equations and
formulas by using software systems such as the iTh-system are described below.

Method 1. 1t 1s necessary to discard the entire verbal text from the article under
consideration and compare the remaining equations and formulas with equations
and formulas in other articles. In this case, it is necessary to use the basic principle
of comparison:

Two equations or formulas are considered the same if all letters, numbers, and
mathematical symbols included in them are the same. (Any equation or formula
is a single whole, and it cannot be compared by breaking them into constituent
fragments and letters.)

This simple method has one very important advantage over any others since
it allows one to compare inhomogeneous texts in different languages (since let-
ters, special mathematical symbols, and numbers in equations and formulas do not
change). It should be noted that, until now, such texts have not lent themselves to
comparison with the help of existing software systems.

Method 2. You must first specify how many words one formula is equivalent to
and then compare the inhomogeneous text using the principle of comparing equa-
tions and formulas formulated in Method 1. We believe that one formula should
cost at least 5-10 times more (and possibly even more) then one word.

It is best to provide for the possibility of using any of the two above-described
methods for comparing inhomogeneous texts by the software system at the request
of the user.

The implementation of the above-described possible methods for comparing in-
homogeneous texts will significantly improve the operation of software systems
such as the iTh-system with scientific publications containing many equations and
formulas.
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6 Final conclusions and some remarks

The logical reasoning and specific examples presented in this article, and the anal-
ysis of the results of processing our test problems by the iTh-system allow us to
conclude that this system is very ineffective for assessing the similarity index of in-
homogeneous scientific articles containing equations, formulas, figures, drawings,
and tables. In this regard, the following should be noted:

1. You cannot blindly trust the results of applying the iTh-system to scientific
articles with inhomogeneous text, since the color highlighting of equations and
formulas can be erroneous and must be checked. The extensive research carried
out in this article gives all the grounds to argue that this software system can
overestimate the similarity index of articles with the inhomogeneous text by several
times.

2. Any estimates of the similarity index of scientific articles containing a sig-
nificant number of equations, formulas, figures, and drawings, based on the use of
the iTh-system (and any similar software systems, both existing and those that will
appear in the future) should be very carefully checked by highly qualified specialists
on the topic of the articles under consideration.

3. Full results of processing an article with formulas by the iTh-system (in the
case of a high similarity index) must be sent to the authors without fail, so that they
have the opportunity to check these results for adequacy and reasonably challenge
them.

Remark 5. The iTh-system is effective only for detecting the obvious self-
plagiarism of inhomogeneous text, when the author includes in his article meaning-
ful in content and significant in volume pieces of text from his other publications
without the necessary reference to them.

In other words, the iTh-system in no way solves the problem of identifying self-
plagiarism of authors of scientific articles with an inhomogeneous text containing a
significant number of equations and formulas. Moreover, the use of this system in
practice has created an unnecessary time-consuming problem of scrupulous manual
check of the adequacy of its work.

A characteristic distinguishing feature of the development of modern science is
that often scientists cannot fully evaluate the results of colleagues working in seem-

ingly very close areas (for example, specialists in differential equations, as a rule,
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don’t understand too much in integral and functional equations, moreover, special-
ists in partial differential equations usually cannot be used as reviewers for ordinary
differential equations papers, and vice versa). Therefore, highly qualified review-
ers cannot be replaced by technical workers and administrative-scientific managers,
even if they are provided with a text comparison software, such as the iTh-system.

It 1s important to note that the unfair selective application of the iTh-system to
the texts of articles of some (but not all) authors can serve as a tool for discriminat-
ing authors on gender, racial, ethnic, and other grounds.
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