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Benford’s Law is a strange manifestation of the law of large numbers (understood as the combined action of a large number

of random factors leading to a result that is almost independent of the case).

Benford’'s Law first significant digit numerals in texts

| 1. Introduction

Benford’s Law is sometimes rightfully called curious, surprising and mysterious 2. There is still no complete understanding
of why some data sets obey this law, while others do not. The famous Hill's theorem [, which gives sufficient conditions for

the appearance of Benford’s Law, does not give the necessary ones nor the insight into why and when Benford’s Law applies.

Incomplete understanding does not prevent the emergence of more and more proposals for the practical use of Benford's Law

in a wide area of sciences from geodesy 4! and geology ¥ through genomics ¢! and ecology I8! to scientometrics !,

The primary goal of these attempts is to detect various falsifications (in a broad sense) and anomalies in data sets 19I[L1][12]
The questions addressed extends from the possibility of finding the Dyson spheres (presumably built by advanced
civilizations) through anomalies in the star emission spectra to the prosaic falsifications of election results [18Il14] and financial
statements. In the USA, evidence based on Benford's Law 13 has been admitted in criminal cases of financial fraud at the
federal, state, and local levels. The Internal Revenue Service of the US federal government, which is responsible for collecting

taxes, has been using it for decades to ferret out fraudsters.

| 2. Benford’s Law and Texts

There have been few attempts to link Benford’s Law with text data analysis. The first belongs to Benford himself. In his classic

work 28! he analyzed

« Arabic numbers (not spelled out) of consecutive front-page news items of a newspaper. “Dates were barred as not being

variable, and the omission of spelled-out numbers restricted the counted digits to numbers 10 and over”;
« The first 342 street addresses given in an American Men of Science edition;
» Numeral usage (except for dates and page numbers) of an issue of the Readers’ Digest.

Benford stated that fully random data (the first and second items) had an excellent agreement with the “logarithmic law” (It

may be explained by Hill's theorem &), and the third item was also in agreement with it.

An excellent introduction to Benfordology in general and to the analysis of the use of numerals in texts is contained in the

paper by Hungerbiihler 2],

2.1. Distribution of the First Significant Digits of the Numerals in Compiled Texts
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The conditions of Hill's theorem ! are best fulfilled for compiled texts consisting of fragments by different authors. In this
case, the authors’ peculiarities of the texts are averaged, and the distribution is obtained that resembles Benford’s one, but
with a faster decrease in frequency; the occurrence of digit 1 is significantly higher than expected according to Benford’s Law.

Starting with digit 3, the actual frequency usually decreases faster than the theoretical one.

In Figure 1, the results of the analysis of the compiled text of three collections of Russian-language literary prose are

presented:
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Figure 1. The frequency distribution of the first significant digits of numerals in three collections of Russian-language literary

texts. Results are compared with those prescribed by Benford’s Law.
« “Russian Romantic Novel” 18];

« “Fascinated by the Book” [

o “Under Clear Stars” [20],

For each compilation, the frequency gradually decreases; patterns for different compilations are generally similar, the
differences may be related to the peculiarities of the texts in each collection (for example, genre and time of creation, but this

requires additional research).

In Figure 2, similar results for English-language compilations [211(221(23](24]25]126][271[28] are presented.
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Figure 2. The distribution of the first significant digits of numerals in eight collections of English-language literary texts.
2.2. Coherent Literary Texts: The Author’s Peculiarities
As arule, in texts written by one author, stable peculiarities in the statistics of the first significant digits are observed.

The results of the analysis of the most voluminous novels by L. Tolstoy (Figure 3), F. Dostoevsky (works Nos. 1-9 in Figure

4), and |. Goncharov (Figure 5) are presented.
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Figure 3. The distribution of the first significant digits of numerals in the works by L. Tolstoy.
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Figure 4. The distribution of the first significant digits of numerals in Dostoevsky’s texts. In addition to voluminous works (Nos.

1-9), a shorter one (No. 10) was analyzed for comparison.
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Figure 5. The distribution of the first significant digits of numerals in Goncharov’s texts.
2.3. First Significant Digits and Texts Authorship Attribution
The problem of “And Quiet Flows the Don”

A well-known problem of the text attribution is the question of the authorship of the novel And Quiet Flows the Don and, more
broadly, of the entire M. Sholokhov's literary heritage. There are strong arguments for and against plagiarism. The linguistic
and statistical study of the novel revealed an extremely heterogeneous text. Many different candidates were put forward for
the role of the true authors of its eight parts. There are also doubts about the authorship not only of And Quiet Flows the

Don but also of the subsequent novels Virgin Soil Upturned and They Fought for Their Country 2939,

| 3. Beyond the Benford’s Law
Nigrini 22 has elaborated an express technique of Benford’s Law-based accounting fraud detection and an enlarged one.
3.1. The Extension of the Numerals Analysis. Dobychin vs. Platonov

The literary texts of L.I. Dobychin and A.P. Platonov are distinguished by sharp stylistic originality; one finds common literary
sources in Russian fiction and analogues in foreign literature B, Figure 6 shows the frequency distribution of the first

significant digits of the numerals occurring in the most voluminous works by Dobychin and Platonov 32,
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Figure 6. Distribution of relative occurrence frequencies of the first significant digits of numerals in the texts by L. Dobychin
and A. Platonov.

3.2. Who Wrote “The Twelve Chairs”?

The literary work of popular Soviet authors of the 1920s and 1930s I. Iif and E. Petrov has repeatedly become the subject of
discussion. The novels The Twelve Chairs and The Little Golden Calf are full of literary allusions; thematically and stylistically,
they are related to the texts by V. Kataev, M. Bulgakov, Yu. Olesha, and others 33, There is nothing comparable to these two
works in the literary heritage of IIf and Petrov. According to the radical point of view 241, |If and Petrov are the fake authors
of The Twelve Chairs and The Little Golden Calf, and they were ghosted by Bulgakov.

The numerals extracted from the texts are displayed on frequency graphs (2, which made it possible to directly draw

conclusions about the author’s style. Information about numerals found in texts was also systematized using the hierarchical
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cluster analysis 28, The farthest neighbor clustering was used (which exaggerates differences yet provides clearly defined

clusters).
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