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Abstract: We report positive correlations between letter frequency and symmetry (more symmetric symbols
are more frequent) in English and Russian languages and in four types of numerals (Western, Roman, Arabic,
and Chinese) with the coefficients of determination of R? = 0.899 (English), R? = 0.693 (Russian) and R? =
0.740 (numerals). For comparison, we studied "symbol-like" 2D colloidal clusters and found negative
correlations between frequency and symmetry (R? = 0.814 and R? = 0.994). While in human-made systems
the frequency of using of a symbol is the driving force which leads to symbols simplification and symmetrizing,
in natural system, symmetry leads to lower frequency of occurrence because there are fewer ways of building
symmetric clusters than asymmetric ones. We interpret these results as a correlation between the symbol as a
type and as a token and we attribute this correlation to the inherent iconicity of symbols

Keywords: iconicity; symmetry; alphabets; colloidal clusters; Zipf law; Benford’s Law

1. Introduction

In this paper, we will consider a correlation between the symmetry of symbols used in various
symbolic systems, both natural and artificial, and their frequency. A symbol is a visual image or sign
representing an idea, object, or relationship. A symbolic system is an organized collection of symbols
and rules for their use that can carry certain meanings. Examples of artificial symbolic systems are
alphabets and numerals, while natural symbolic systems, such as the DNA code, are often found in
biological systems.

Alphabets are sets of letters that represent sounds or phonemes of a spoken language. From the
semiotic point of view, the type-token distinction of the alphabetic symbols is often made. The type
represents a particular letter as a symbol in general, while a foken is a particular instance of the letter
[1,2]. For example, the word “letter” uses only four types of letters: “1”, “e ,and “r”. At the same
time, it uses six tokens of letters, since the letters “e” and “t” are repeated twice.

Like every set of symbols used for information encoding, an alphabet can possess a certain

e
, 't

structure, because elements of alphabets, i.e., letters, have certain relations between themselves.
One kind of such relation is statistical relations such as the frequency distribution of symbols. It has
been shown by various experimental studies, that the frequency distribution of letters in most texts
written in a natural language tends to follow the power or Zipf distribution law [3,4]. Such an
observation applies to mentions of letters, i.e., to letters as tokens. Natural structures such as small
clusters also tend to be governed by Zipf-like statistical distributions.

Another characteristic of symbols is their graphical complexity. While it is difficult to quantify
such elusive quality as complexity, recently attention to the symmetry of alphabetic symbols has been
paid. There are various suggestions of what can be behind the symmetry of letters including the
mythological concepts behind the horizontal mirror symmetry (e.g., reflecting the symmetry between
the earthy and underground worlds) and the role of symmetry in the evolution of the writing system
[5-7]. The graphical symmetry considerations of symbols apply to letters as types.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Numerals also represent symbolic systems, such as the set of digits 0, 1, ... 9. For amazingly
many types of data, the statistical distribution of digits is governed by Benford’s law [8,9].
According to this law, which applies to digits from 1 to 9, the frequency of finding a digit decreases
with increasing its numeric value. Thus, the chance of finding the digit “1” in any random set of data
is about 30.1%, while the chance of finding the digit “9” is only about 4.6%.

We hypothesize that there is a correlation between the statistical frequency of a letter as a token
and its symmetry as a type. This is because more frequently used symbols would tend to be either
simple or more symmetric. In this paper, we will study symmetry-frequency correlations of two
alphabets (Russian and Latin), of several graphical systems of numerals and will compare the results
with similar correlations in artificial systems such as small colloidal clusters and ligands.

2. Materials and Methods

2.1. Latin and Russian Alphabets

The capital letters of the Latin alphabet and Cyrillic Russian alphabets were analyzed from the
viewpoint of the presence of symmetry groups including the horizontal and vertical mirror symmetry
and the central symmetry. The number of symmetry operations (also known is an order of the
symmetry group) for English (Latin) and Russian (Cyrillic) capital letters are shown in Table 1.

Table 1. Number of symmetry groups in letters of English and Russian (Cyrillic) alphabets.

Nsym Latin letters Cyrillic letters
0 F,GJ L P QR, B, T,E 1, P11, Y1, b, b, b, A
1 A B CDEKM,N,S,T,U VWY Z ABAE3UUK AMILCTY,III,3, IO
2 HILX X, H X &
3 @) O

The frequency data of Latin letters in modern English was obtained from the date available in
the literature and summarized in Table 2 for the 26 letters of Latin alphabet [10]. Note that the
frequency in texts, frequency in dictionaries, and frequency of the first letter can differ. We relied on
the frequency in texts as the most relevant for our study.

Table 2. Frequency of letter in English language texts.

Letter E T A O I N S H R D L C U
Frequency, % 127 91 82 75 70 67 63 61 60 43 40 28 28
Letter M W F G Y P B \Y% K J X Q Z

Frequency, %0 24 24 22 20 20 19 15 10 08 02 02 01 0.1

The frequency data was obtained from the Russian National Corpus (RNC) and from Wikipedia
(https://en.wikipedia.org/wiki/Letter_frequency) [11]. These frequencies are presented in Table 3 for
32 letters of modern Russian alphabet (excluding the letter E, which is not used consistently in
modern spelling).

Table 3. Frequency of letter in Russian language texts.

leter O E A M H T C P B A K M A4 II Vv 4
Frequency, % 11.97 8.45 8.01 7.35 6.70 6.26 547 4.73 454 440 3.49 321 298 2.81 2.62 2.01
Letter BH b I 3 B YU M X KX II 10 I] I ® & b
Frequency, % 1.9 174 17 165 1.59 1.44 121 0.97 0.94 0.73 0.64 0.48 0.36 0.32 0.26 0.04
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2.2. Numerals

We studied four types of numerals belonging to different cultures, namely: (i) modern western
numerical digits (often referred to as "Hindu-Arabic numerals") from "1" to "9" (digit "0" was excluded
since it is usually not included into Benford’s law), (ii) Roman numerals from "I" to "IX,", (iii) Eastern
Arabic numerals from V to 9, and (iv) Chinese numerals, which are also used by many Asian
cultures, such as Japanese. Note that for symmetry considerations, certain simplifications were made.
Thus, for the digit "1" the form as a vertical line "I" was used, so that the digit is invariant relative to
two symmetry operations: the mirror symmetry against the vertical and horizontal lines. The Arabic
sign "V" was treated in the same way. The frequency data was obtained from Benford's which states
that the leading digit d occurs with the probability

P(d) =log; (1+3) (1)

This data is summarized in Table 4.

Table 4. Number of symmetry operations of four types of numerals from 1 to 9.

Number Symmetry Number Symmetry Number Symmetry Number Symmetry  Average P

— 2 I 2 I 2 ) 2 2 30.1
- 2 2 0 II 2 Y 0 1 17.6
= 2 3 1 I 2 ¥ 0 1.25 12.5
U 1 4 0 v 0 ¢ 1 0.5 9.7
kil 0 5 0 \Y% 1 °© 1 0.5 7.9
VAN 1 6 0 VI 0 1 0 0.25 6.7
t 0 7 0 VII 0 v 1 0.25 5.8
VAN 1 8 2 VIII 0 A 1 1 5.1
j‘L 0 9 0 IX 0 4 0 0 4.6

3. Results and Discussion

The correlation of the number of symmetry operations ranging from Nsvm =0 to Nsvm =3 (Table
1) and frequencies of letters, P, in English (Table 2) and Russian (Table 3) languages was determined.
As one can observe from Figure 1, in both cases more symmetric letters tend to be more frequent.

12

P(Nsvv) = 2.70Nsws+ 0.76 .
ol R? = 0.693
8 _ .................--:”.‘
! ------:::.’.’iiﬁﬁﬁ ...................
o ' ........... ®P(Nsym) = 1.57Nsvm + 2.26
2 f ................................. : 15700
O y | | : 1 1 1 J

0 0.5 1 1.5 2 2.5 3 3.5

Figure 1. Frequency (%) vs. symmetry for English (red) and Russian (Blue) letters.

The linear trend line equation is given by

P(Ngyy) = 2.7Ngyy + 0.76 (Russian) 3)
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Note that while the slope of the trendline is higher for Russian (2.70 as opposed to 1.57 for
English), the coefficient of determination has an opposite trend, R* =0.899 (English) and R? =
0.693 (Russian).

In the case of the Russian alphabet, two relatively infrequent but symmetric letters, "X" and "X",
constitute outlier points. If these two points are removed, the coefficient of correlation becomes
significantly higher, R* = 0.976. However, both letters are present already in earliest versions of
Cyrillic alphabets in their symmetric forms with "X" originating from the Greek letter x and ")K" being
created for the Cyrillic alphabet to represent forms of the verb ">xuru" ("to live"). Therefore, there is
no ground for removing these two letters from the consideration.

A possible explanation of the observed trend is that frequently used letters tended to be
simplified, which resulted in more symmetric forms.

In a similar way, the numerals were studied. For the three types of numerals (Table 4), average
symmetry was calculated and correlated with Benford's Law frequency (Eq. 1) as summarized in Table 5.

Table 5. Average symmetry parameter (based on the of four types of numerals) and the first digit

frequency.
Numeral 1 2 3 4 5 6 7 8 9
Average symmetry, p 2.0 1.0 125 05 0.5 025 0.25 1 0

Frequency (Benford's Law), % 301 176 125 9.7 7.9 6.7 5.8 51 4.6

The correlation was found (Figure 2) with the trend line equation given by
P() = 11.34p + 2.60 (4)

And the coefficient of determination R* = 0.740. We can conclude that, similarly to alphabets,
more frequent numerals tend to be more symmetric.

35 -

- P(u) = 11.34u + 2.6031 .

25 R?=0.7404 .

20 | o

15 | ................,.

sl P

> T ....... 8- .

O I I I I )
0 05 1 15 2 25

Figure 2. First digit frequency (%) vs. average symmetry parameter u for numerals.

It is interesting to compare artificial symbolic systems — alphabets and numerals — with natural
systems such as small colloidal clusters and ligands [12-16]. An example of such system is
acoustically levitating small clusters of spherical colloidal particles. For a system of six particles, Perry
et al. [14] identified a number of seven-bond and eight-bond configurations. Frequency distributions
of these configurations tend to follow the Zipf law (Figure 3). Symmetry of such configurations can
be quantified in a similar way to alphabetic and numerical symbols

A B c D E F G H
e S8 L 4 A B % A D
erobatity 035201 O2F 011+ 010+ 007 0.08+ 0o7E oo
robabiily 0.59 % 0. 0.06 0.05 0.02 0.01 0.02 0.01 o0

Figure 3. Structures of eight-bond colloidal clusters and their magnitudes of probability distribution [12,14].
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We calculated the dependency of frequency distribution vs. symmetry for the seven-bond and
eight-bond colloidal clusters. The results are presented in Table 6. It is observed that the trend is
opposite to the one found with alphabets and numerals. Symmetric structures are less frequent than
asymmetric structures. Note that unlike cluster of rigid microparticles, whose interaction is
dominated by hardcore repulsion, levitating microdroplet clusters may possess new symmetries
absent from rigid clusters. For example, the applicability of the 40-fold, 5-fold, and 7-fold symmetries
and mathematical ADE-classification or the so-called simply laced Dynkin diagrams for small
levitating droplet clusters has been suggested [13].

Table 6. Frequency vs. Symmetry for 7-bond and 8-bond colloidal clusters (based on [12,14]).

Seven-bond colloidal cluster Eight-bond colloidal cluster
Symmetry Probability, %  Symmetry operations, Nsyu  Probability, %
0 90.6 0 65
1 9.6 1 31
2 2 2 4
P(Ngyy) = —44.3Ngyy, +78.3 R2=0814  P(Ngyy) = —30Ngyy + 63.7 R? = 0.994

An explanation of that is that while in equilibrium, every possible way to build a cluster (having
the same binding energy) occurs with the same probability, there are fewer ways of building
symmetric clusters. This is considered as an entropic effect, since free energy decreases with
increasing entropy according to AG = AH — TAS, so that at constant temperature (T=const) and
binding energy (AH = 0), less symmetric configurations are less favorable [17,18].

Another way of interpreting this effect is that symmetric systems have smaller volume of
configurational space and consequently smaller mobility. Shityakov et al. studied the ligand-
receptor interactions of 1144 ligands, which are candidates for anti-Covid drugs [19]. They
investigated the correlation between the Voronoi entropy, a measure of orderliness, of 2D ligand
molecules and their affinity to receptors. They showed that less ordered ligands have higher mobility
of molecular groups and therefore a higher probability of attaching to receptors.

800
?=094
p-value = 0.0003

600 ICsg = -274.9*S, + 613

400

ICs0 (M)

2004

0 T T T 1
0.4 08 12 16 20

Figure 4. Correlation between the VE and affinity to the SARS-CoV-2 main protease (Mpro)
represented by half-maximal inhibitory concentration (IC50), from [17].

From these results, we can observe that "symbol-like" natural structures, such as colloidal
clusters and ligands tend to behave differently than artificial symbols used by human language. For
natural systems, symmetric structures have fewer variants than corresponding non-symmetric
structures (or lower entropy), consequently, they are less frequent. In artificial systems of symbols, the
trend is opposite: more common symbols are more symmetric to minimize efforts needed to write them.

Every symbol combines two aspects: its form and its meaning. Iconicity is a similarity or analogy
between symbols form and meaning [20,21]. In the Chomskian generative linguistics, it was believed
that the iconicity is not a significant factor that affects functioning of human language, in particular,
that the rules of syntax are independent of semantics ("Autonomy of Syntax") [22]. Contrary to that,
Cognitive linguistics establishes that there is influence of semantics upon syntaxis of language. Our
study shows properties of a symbol as a type, such as symmetry of its form, and properties of a
symbol as a token, such as frequency of use, correlate with each other.
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4. Discussion

Distribution of symbols in the texts is not even. Distribution of numerals in the tables of random
data follows the Benford law [8,9,24-27], whereas, the frequency distribution of letters in most texts
written in a natural language tends to follow the power law, also called the Zipf distribution law
[3,4]. The roots and meaning of the Benford and Zipf law remain debatable; both of laws were
criticized recently [28-32]. Undoubtedly, however, that the distribution of numerals and letters in the
texts is uneven [33]. We hypothesized that the frequency of appearance of letters and numerals is
correlated with the symmetry of their graphic representation. We studied the Latin and Cyrillic
letters, modern western numerical digits (often referred to as "Hindu-Arabic numerals"), Roman
numerals from "I" to "IX,", Eastern Arabic numerals and Chinese numerals, which are also used by
many Asian cultures, such as Japanese. We revealed that the frequency of appearance of letters and
numerals in the texts correlates with the symmetry of their graphic forms; namely, symmetrical
symbols are more abundant in the texts. Obviously, our research leaves a space for some arbitrariness;
indeed the graphic representation of the symbols is variable. At the same time, the revealed tendency
is undoubted: more symmetrical symbols are more abundant in the addressed texts. In our future
investigations we plan to focus on the following fundamental problems: i) Symbol systems evolve
with time [6]; we plan to study the time evolution of the correlation between the symmetry of the
symbols and their abundance in the texts; ii) The reason of the revealed correlation remains obscure
and it should be investigated.

5. Conclusions

We investigated correlations between letter frequency and symmetry in English and Russian
languages. We found a positive correlation (i.e., more symmetric letters are more frequent) in both
languages with the coefficients of determination of R* = 0.899 (English) and R?* = 0.693 (Russian).
We also studied the correlation between the symmetry of digits and first digit frequency for four
different systems of numerals. Again, a positive correlation was observed with the coefficients of
determination of R* = 0.740. The explanation of these trends may lie in the fact that more frequent
symbols are simpler to optimize efforts needed to memorize them and to write them.

For comparison, we studied "symbol-like" 2D colloidal clusters. In such clusters, negative
correlations between frequency and symmetry were observed, i.e., more symmetric letters are less
frequent with the coefficients of determination of R* = 0.814 and R? = 0.994. This is explained by
the fact that in natural systems more symmetric forms have lower mobility and there are fewer ways
of building symmetric clusters than asymmetric ones.

The symmetry-frequency correlations in artificial systems reflect different causation. In human-
made systems the frequency of using of a symbol is the driving force which leads to symbols
simplification and symmetrizing. In natural system, symmetry leads to lower frequency of
occurrence due to the prevalence of non-symmetric configurations over symmetric once.

Our results also indicate that there is a correlation between the symbol as a type and as a token.
This is because symmetry is a property of a type, while frequency is a property of a token. We
attribute this correlation to the inherent iconicity of symbols.
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