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Abstract

:

We investigated the time evolution of the symmetry of symbols constituting alphabets rooted in the Phoenician script. A diversity of quantitative measures of symmetry of graphemes appearing in Phoenician, Western Greek, Etruscan from Marsiliana, Archaic Etruscan, Neo-Etruscan, Euclidian Greek, Archaic and Classical Latin and Proto-Hebrew scripts, constituting the Phoenician script family, were calculated. The same measures were established for the Hebrew/Ashurit and English scripts. The Shannon-like measures of symmetry were computed. The Shannon diversity index was calculated. Our findings indicate that the Shannon diversity index increased with time in a monotonic way for the studied scripts. The diversity of symmetry groups inherent for addressed alphabets grows with time. We also introduced the symmetry factor of the alphabet. The symmetry factor quantifies the averaged level of symmetrization of the alphabet and the possible parsimony of graphical information necessary for the drawing of the entire set of graphemes constituting the alphabet. We found that the symmetry factor is decreased with time for the alphabets rooted in the Phoenician script. This means that the average level of symmetrization of the studied alphabet increases with time. The parsimony of graphical information necessary for writing graphemes is consequently increased with time. The values of the symmetry factor calculated for the addressed scripts are close to one another, with the pronounced exception of the Hebrew/Ashurit script. Our study supplies the arguments for the point of view, according to which the modern Hebrew/Ashurit script did not emerge from the Phoenician one.
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1. Introduction


Depending on how you count, there are 6000–8000 distinct languages on earth. The number of known scripts is much smaller; again, depending on how we count, we recognize approximately one hundred scripts. The term “script” denotes for a set of written marks together with conventions for using them to record a particular language; thus, e.g., English and Finnish use the same alphabet, but their “scripts” are rather different—English spelling being highly irregular and Finnish extremely regular [1]. Language has physical forms to be studied. We listen to speech, see writing and signing and feel Braille dots read by the fingers [2]. The forms can be decomposed into structured components: sentences, phrases, words, letters and sounds [2]. In our manuscript, we propose the physical/mathematical approach to the time evolution of symbols constituting alphabets, emerging from the Phoenician alphabet [3,4,5]. Namely, we addressed the time evolution of symmetry of the symbols, constituting the scripts, rooted in the Phoenician alphabet. For the purpose of comparison, the modern English script was analyzed. The relation of the Hebrew/Ashurit script to the Phoenician group is disputable, and it is addressed in the manuscript.



As alphabets cannot develop without the evolution of a language, our research is partially related to evolutionary linguistics. “Nothing in biology makes sense except in the light of evolution” is a famous dictum of the biologist Theodosius Dobzhansky. This means that the explanation of the phenomenon necessarily implies its analysis in the dimension of time, i.e., understanding of its time evolution [6]. This statement is definitely true also for linguistics; hence, our research, devoted to the evolution of alphabets, is at least partially related to evolutionary linguistics. And, in equal measure, our research is related to the mathematical theory of symmetry [7].



Over the past decade, researchers have shown an increased interest in the time evolution of scripts. A little is known about the origin of scripts. Some argue that symbolic graphical representations evolved from earlier iconic representations. For example, the Assyrian symbolic writing system evolved from the iconic pictographic system of early Cuneiform via early Babylonian [8]. A similar observation can be made about the evolution of Chinese characters [8]. Time evolution of symbols constituting West African languages was reported [9]. The crucial question is do we recognize some distinct tendency in the time evolution of scripts? In other words, what are the laws, governing time evolution of scripts, constituting alphabets? It was already suggested in the 19th century that letters, symbols of alphabets, evolve to their simplification, i.e., with time, the symbols of alphabets converge to more simple graphical forms [10,11]. This hypothesis was generalized and developed as follows: “through repeated interactions, a system of signs will become compressed so that the same amount of information is expressed with less descriptive effort” [10]. In other words, a more accurate wording, which is adequate for describing the time evolution of alphabets, is “compression” and not “simplification” [10]. This idea was exemplified recently by analysis of Chinese characters spanning more than 3000 years of recorded history [12]. No consistent evidence of simplification through time was revealed [11]. Moreover, it was found that modern Chinese characters are higher in visual complexity than their earliest known counterparts [12].



The reasonable question is how may the “simplicity” or “information compression” be mathematically quantified? We demonstrate in our research that this challenging task may be accomplished with the analysis of the Shannon measures of symmetry of the symbols constituting the alphabets, as applied to the alphabets emerging from the Phoenician alphabet [13]. We also demonstrate that the Shannon measure of symmetry and the Shannon diversity index are adequate mathematical tools, enabling a quantitative description of the symbols [13]. We also introduce the symmetry factor of the alphabet, which quantifies the average symmetry of its symbols. Our research further develops the approach suggested by Revesz, who highlighted the importance of symmetry for the analysis of the time evolution of alphabets [14,15]. Our investigation was motivated by the search for the adequate, quantitative, mathematical concept, describing the time evolution of alphabets. We demonstrate that the symmetry of graphemes may serve as the Ariadne thread, which unify and quantify such an evolution.




2. Methods


Scripts Addressed in the Investigation


In this study, scripts constituting the Phoenician script family were analyzed. Phoenician, Etruscan from Marsiliana, Archaic Etruscan, Neo-Etruscan [16], Archaic Western Greek, Euclidian Greek, Archaic, Classical Latin [17,18], and Proto-Hebrew scripts were addressed. The Hebrew/Ashurit script, whose relation to the Phoenician group is disputable, was also analyzed [19]. Scripts and shapes of the symbols are summarized in Appendix A and Supplementary Materials. Analysis of the symmetry of the Phoenician script family exploited the procedure, introduced originally by Revesz [14]. This procedure considered the vertical symmetry of symbols [14]. Consider the Etruscan from Marsiliana symbol [image: Symmetry 16 00465 i001]. Revesz assumed that this symbol has the vertical axis of symmetry in the letter; thus, we adopted this approach and related to this symbol the vertical axis of symmetry, denoted     S   1     in Appendix A and Supplementary Materials. We used the Schoenflies notation for labeling the elements of symmetry of the symbols [15]. Unlike Revesz, we took into account all the symmetry elements (see Appendix A and Supplementary Materials). Sometimes, the decision about the presence or absence of an element of symmetry carries an inevitable element of subjectivity; for example, consider the letters [image: Symmetry 16 00465 i002] and [image: Symmetry 16 00465 i003] (Etruscan from Marsiliana, see Appendix A and Supplementary Materials). For the first symbol, we determine that there is horizontal symmetry; however, there is no horizontal symmetry for the second symbol.



The addressed alphabets investigated in this study are presented in Table 1.



For each of the studied alphabets, a table was compiled (see the Appendix A and Supplementary Materials), where for each character a row was filled in indicating the presence (labeled “1”) or absence (labeled “0”) of a given symmetry element, classified within the Schoenflies scheme [15]. The exact shape of letters was taken as supplied in refs. [14,16,17,18,19].





3. Results


3.1. Quantitative Characterization of the Symmetry of Alphabets: Shannon Measures of Symmetry of the Alphabets


The genetic tree of the alphabets rooted in the Phoenician script is supplied in Figure 1 [20]. The supplied genetic tree is disputable, and we will address, at least partially, the problems related to its structure and origin.



The North Semitic alphabet is the earliest fully developed alphabetic writing system. It was used in Syria as early as the 11th century BC and is probably an ancestor, either directly or indirectly, of all subsequent alphabetic scripts, with the possible exception of those scripts classified as South Semitic (e.g., Ethiopic, Sabaean).



As previously mentioned, the symmetries of the symbols were analyzed and characterized with the Schoenflies notation, shown in Table A1 and Supplementary Materials. Let us illustrate the entire procedure with the Phoenician alphabet (for the symbols inscribed into a square) taken as an example. The symbols with only identity transformation (C1) symmetry are [image: Symmetry 16 00465 i005]



The symbol with identity transformation (C1) and horizontal mirror axis (S1) only is [image: Symmetry 16 00465 i006]. The symbols with identity transformation (C1) and vertical mirror axis (S2) only are [image: Symmetry 16 00465 i007], [image: Symmetry 16 00465 i008], [image: Symmetry 16 00465 i009]. The symbols with identity transformation (C1), horizontal and vertical mirror axes (S1, S2) and rotation on 180° (C2) only are [image: Symmetry 16 00465 i010], [image: Symmetry 16 00465 i011], [image: Symmetry 16 00465 i012], [image: Symmetry 16 00465 i013]. The symbols with identity transformation (C1), horizontal, vertical and diagonal mirror axes (S1, S2, S3, S4) and 4-fold rotational symmetry (C4, C2, C43) only are [image: Symmetry 16 00465 i014], [image: Symmetry 16 00465 i015].



Following the introduced classification of symmetry elements, two different Shannon measures were calculated for the addressed alphabets. The first is the Shannon/informational measure of symmetry of the alphabet     H   S Y M     G     (abbreviated as IMS) defined in a Shannon-like form as follows:


    H   S Y M     G   = −   ∑  i = 1   k      P   i       G   i       l n P   i       G   i     ,    



(1)






    P   i       G   i     =   m     G   i         N   G     ,  



(2)




where     P   i       G   i       is the probability of the appearance of the symmetry operation     G   i     within the alphabet,    N   G   =   ∑  i = 1   k    m (   G   i   )     is the total number of symmetry elements (operations) appearing in the alphabet and   m     G   i       is the number of same symmetry elements/operations     G   i    , calculated for a given set of symbols/alphabet. The normalization condition given by Equation (3) takes place by:


    ∑  i = 1   k      P   i       G   i     = 1    



(3)







Table 2 summarizes   m     G   i       as established for the Phoenician script; the total number of elements of symmetry established for the Phoenician script     N   g   = 52  .



Substitution of the data appearing in Table 2 and calculation with Equation (1) yields     H   S Y M     P h o e n i c i a n   = 1.688  . This procedure was repeated for Western Greek, Euclidian Greek, Etruscan from Marsiliana, Archaic Etruscan, Neo-Etruscan, Proto-Hebrew, Hebrew, Archaic and Classic Latin and modern English scripts. The calculation was carried out for the symbols inscribed in a square (s-scripts) and also for the symbols inscribed into a rectangle (r-scripts). The symbol [image: Symmetry 16 00465 i016] was always classified with rectangle symmetry.




3.2. Shannon Diversity Index of the Alphabets


The second Shannon-like measure calculated for the addressed alphabets is known as the Shannon diversity index (abbreviated SDI) [21], which we denote as     D   s y m    . For this calculation, we divide the total set of symbols/letters constituting the alphabet into subsets of symbols characterized by the same symmetry group (the same set of the symmetry operations). The Shannon diversity index     D   S Y M         G  ~      is calculated as follows:


    D   S Y M       G  ~    = −   ∑  i = 1   k      P   i         G  ~    i     l n   P   i         G  ~    i        



(4)






    P   i         G  ~    i     =     m  ~        G  ~    i           N  ~      G  ~      ,  



(5)




where     P   i         G  ~    i       is the probability of finding a subset of symbols with the same set of symmetry operations/symmetry group       G  ~    i    ,     m  ~        G  ~    i       is the number of letters possessing the same symmetry group       G  ~    i     and       N  ~      G  ~      is total number of subsets, which coincides with the number of letters in a given alphabet. Again, the normalization condition given by Equation (6) takes place:


    ∑  i = 1   k      P   i         G  ~    i     = 1    



(6)







To calculate the Shannon diversity index, it is necessary to consider all subsets of symbols appearing in the alphabet characterized by the same set of symmetry elements. Table 3 shows these subsets with the probability of their appearance in the Phoenician alphabet (letters are inscribed in a square,       N  ~      G  ~    = 22  ). Substitution of these data into Equation (4) yields     D   S Y M       G  ~    = 1.271  .



Let us address the graphs depicted in Figure 2 representing     H   S Y M     calculated for the studied scripts and the plotted vs. the date at which the scripts were first registered [16,17,18,19,20]. For example, the first Etruscan text is approximately ascribed to 700 BCE [16]. The archaic Latin is ascribed to ca. 750 BCE [17,18]. Classical Latin is formed approximately in approximately the 1st century BCE [17,18]. The graphs established for the scripts inscribed into the square (represented with gray circles and abbreviated s-scripts) and the graphs established for the letters/graphemes inscribed into rectangles (abbreviated r-scripts) are depicted. It is recognized from the graphs presented in Figure 2 that     H   S Y M     calculated for the s-scripts is decreased with time, whereas     H   S Y M     is only slightly time-sensitive for r-scripts. Let us explain this result: the average uncertainty to find an element of symmetry within the symbols of the given alphabet (averaged over the entire alphabet) decreases with time for s-scripts, and it is constant for the r-scripts. The interpretation of this conclusion needs some care; indeed,     H   S Y M     G   = −   ∑  i = 1   k      P   i       G   i       l n P   i       G   i         is not a monotonic function of     P   i    , and indeed     H   S Y M     G   = 0   when     P   i   = 0   and also     H   S Y M     G   = 0   when     P   i   = 1     [22]. A low value of     H   S Y M     G     may illustrate the absence of symmetry in the letters of the alphabet, and this the case with the Hebrew alphabet, for which     H   S Y M     calculated for both s- and r-Hebrew scripts is very low and it is out of the trend lines, shown in Figure 2.     H   S Y M     calculated for modern English letters and supplied for the comparison in Figure 2 is not far from those established for the Phoenician-rooted scripts, and it is very close to     H   S Y M     calculated for the Latin script.



Least squares linear regressions emerging from the data plotted in Figure 2 are supplied by Equations (7) and (8)


    H   s y m   s q u a r e     t   = − 0.0249 × t + 1.437 ;     R   2   = 0.3695 ,  



(7)






    H   s y m   r e c t     t   = 0.0047 × t + 1.2991 ;     R   2   = 0.3593 ,  



(8)




where     R   2     is the squared correlation coefficient, which is calculated for all the represented scripts excluding English and Hebrew/Ashurit, which are obviously far from the regression trend line. The low values of the correlation coefficient evidence the fact that the straight lines are supplied for visual guidance only. The straight regression lines span the time period from 12 BC to 1 BC, when the time evolution of the addressed scripts stopped.



It is recognized from Equations (7) and (8) that the modulus of the slope of the     H   s y m   r e c t     t     regression line for r-scripts is much lower than that established for the s-scripts.



It is noteworthy that both     H   s y m   s q u a r e   a n d       H   s y m   r e c t     t     are restricted within a very narrow range of values, namely,   1.291 <   H   s y m   s q u a r e   < 1.757   and     1.226 < H   s y m   r e c t     t   < 1.314  . The only exception is Hebrew     H   s y m   s q u a r e   ≅       H   s y m   r e c t     t   ≅ 1  . This observation will be discussed later.



Now, we address the Shannon diversity index (SDI), denoted     D   S Y M       G  ~    ,   calculated for the studied alphabets with Equation (4) and illustrated with Figure 3. Somewhat surprisingly, SDI is increased with time in a monotonic way for both of the s- and r-scripts. This means that the diversity of symmetry groups inherent for alphabets emerging from the Phoenician script grows with time. And again, the Hebrew script, demonstrating a markedly low value of     D   S Y M    , is an exception (see Figure 3).



It should be mentioned that     D   S Y M     calculated for the modern English alphabet and supplied for the comparison in Figure 3 is not far from those established for ancient Phoenician-rooted scripts, and it very close to that calculated for the Latin script. Thus, we conclude that the time evolution of the Phoenician-rooted scripts stopped with the appearance of the Latin script. Thus, the modern English script is excluded from the straight regression lines, describing the time evolution of the aforementioned scripts.



Straight least squares regression lines (    D   s y m   s q u a r e     t   = α t + β  ), emerging from the data plotted in Figure 3, are supplied by Equations (9) and (10):


    D   s y m   s q u a r e     t   = 0.0221 × t + 1.6615 ;     R   2   = 0.2233 ,  



(9)






    D   s y m   r e c t     t   = 0.0337 × t + 1.6066 ;     R   2   = 0.4384 ,  



(10)







The squared correlation coefficient       R   2     is calculated for all the represented scripts excluding English and Hebrew/Ashurit, which are far from the trend line. It is recognized from Equations (7) and (8) that the modulus of the slope of the     H   s y m   r e c t     t     regression line for r-scripts is much lower than that established for the s-scripts. Again, low values of the correlation coefficient point to the fact that the linear regressions are supplied for visual guidance only.




3.3. Shannon Diversity Index of Alphabets and the Vinča Symbols


Let us take a close look at Equations (9) and (10). As we already mentioned, both of the dependencies     D   s y m   s q u a r e     t     and     D   s y m   r e c t     t     grow with time; moreover, the slopes of the both of dependencies are of the same order of magnitude:     α   s y m   s q u a r e   ≅ 0.021 ;     α   s y m   r e c t   ≅ 0.037  . Let us calculate the points of intersection of the regression lines with the time axis:      D   s y m   s q u a r e     t   = 0.0221 ×   τ   s y m   * s q   + 1.6615 = 0   and     D   s y m   r e c t     t   = 0.0337 ×   τ   s y m   * r e c t   + 1.6066 = 0  . We calculate:     τ   s y m   * s q   = − 75.2   c e n t u r y ;     τ   s y m   * r e c t   = − 47.7   c e n t u r y  . The value     τ   s y m   * r e c t   = − 47.7   c e n t u r y   catches the eye, due to the fact that it falls within the Vinča culture period, or Vinča–Turdaș culture, which is a Neolithic archaeological culture of Southeast Europe dated to the period 5400–4500 BC [23,24,25]. The Vinča culture is a later Neolithic/early Chalcolithic phenomenon which lasted for 700 years in the largest part of the Northern and Central Balkans, spreading across an area which includes present-day Serbia, the Romanian Banat, parts of Romanian Oltenia, Western Bulgaria, Northern Macedonia and eastern parts of Slavonia and Bosnia [23,24,25].



The famous Vinča symbols (also called the Vinča script) are attributed to this period [26]. The Vinča symbols, shown in Figure 4, are a set of untranslated symbols found on Neolithic era artifacts from the Vinča culture [26]. Whether this is one of the earliest writing systems or simply symbols of some sort is disputed [26]. Scholars have tried to answer two main questions about the nature of the signs: first, do they form a system, and (if so) could such a system be interpreted as an original prehistoric script? The scientists demonstrated that the signs and sign groups of the Vinča script are uniform, just as in organized writing [26]. And it is reasonable to suggest that such a complex notation system could have been a form of written communication throughout the Vinča society. We plan to study the symmetry of Vinča symbols in our future investigations.



Thus, if we speculate that the diversity of alphabets, constituting scripts, quantified by     D   s y m   r e c t     and calculated with Equation (4), evolved in time in a continuous wave, as shown in Figure 3, the regression line is expected to cross the axis of time in a point, to which the origin of the scripts is related. And to the best of our knowledge, archeology studies identify this point in time as coinciding with the Vinča culture [23,24,25,26]. We are well aware that at this stage of investigation that this is a bold hypothesis which calls for further investigations. The low value of the correlation coefficient of the linear regression appearing in Equation (4) can lead to the aforementioned reasoning being considered cum grano salis.



One more observation is noteworthy: the values of SDI are restricted in a narrow range of values for both s- and r-scripts   1.024 < S D I < 1.686  , with the only exception of the Hebrew script, namely,   S D I ≅ 0.752  .




3.4. Symmetry Factor: Its Definition and Calculation for Alphabets


Now, we introduce one more notion, enabling quantification of the symmetry of the symbols constituting the scripts. We adopt the plausible hypothesis that the amount of graphical information necessary for storing/displaying the symbol is proportional to the area of a rectangle in which the symbol may be inscribed. Mirror axes of symmetry separate the rectangle into sub-areas, as shown in Figure 5. Consider symbol [image: Symmetry 16 00465 i017]—qoph of the Phoenician script. This symbol has the vertical mirror axis of symmetry denoted     S   2     as depicted in Figure 5A. Thus, the entire symbol may be obtained by projection of half a symbol over the axis     S   2    , as shown in Figure 5B. If we have the full list of instructions describing the building/drawing of half a symbol, the symmetrical projection will enable the entire symbol to be inscribed. Thus, symmetry enables parsimony of information, necessary for drawing/inscribing of the symbols. Now, consider the Phoenician letter [image: Symmetry 16 00465 i018]—teth, depicted in Figure 5C. This symbol has four mirror symmetry axes, namely,       S   1   ,   S   2   ,   S   3   ,     S   4      , shown in Figure 5C. These axes separate the symbol into eight sub-segments, depicted in Figure 5C. Following the aforementioned reasoning, axes       S   1   ,   S   2   ,   S   3   ,     S   4       provide the eight-fold parsimony of graphical information necessary for drawing/inscribing the symbol.



This eightfold parsimony of information may also be demonstrated with the Cayley table of symmetry of symbols [27,28]. It should be mentioned that for the [image: Symmetry 16 00465 i021] (theth) symbol, we recognize four additional elements of symmetry, which are rotations about the geometrical center of the symbol to the angles     φ   i     i = 1 … 4   =   0 ;   π   2   ; π ;   3 π   2      . Thus, the group of the symmetry of the symbol contains eight elements, namely, four mirror axes and four distinguishable rotations [27,28]. Assume that the letters are created with the software. Eight elements of symmetry provide an eightfold decrease in graphical information, necessary for drawing/inscribing the symbol. The same reasoning works for the Phoenician symbol [image: Symmetry 16 00465 i022]—qoph, depicted in Figure 5A. The total symmetry group of this symbol contains the mirror axis     S   2     and the identity element which is the rotation to   φ = 0 ;   thus, the total number of symmetry operations is two. Hence, the symmetry provides the twofold parsimony in the amount of the graphical information necessary for drawing the symbol. It should be emphasized that the aforementioned reasoning does not depend on the specific method of drawing of the symbol. Now, let us quantify the aforementioned parsimony. We denote     m   i     G     as the total number of elements of symmetry related to the i-th letter of the given alphabet, known in the group theory at the order of the group G [29]. Now, we introduce the symmetry factor of the alphabet denoted   μ   and defined with Equation (11):


  μ =   1   n     ∑  i = 1   n      1     m   i     G       ,  



(11)




where n is the number of symbols in the alphabet. The symmetry factor   μ   quantifies the averaged level of symmetrization of the alphabet on one hand and the possible parsimony of graphical information necessary for the drawing of the entire set of letters, constituting the alphabet. Figure 6 depicts the dependence of the symmetry factor   μ   claculated for various alphabets of the Phoenician group. The value of the symmetry factor   μ   calculated from the modern English coincides with that established for the Latin script. This finding supports the hypothesis that the time evolution of the Phoenician-rooted scripts stopped with the appearance of the Latin script and justifies the exclusion of the modern English script from the straight regression line, presented in Figure 6. The straight regression line, shown in Figure 6, spans the time period from 12 BC to 1 BC (which is close to one thousand years), when the time evolution of the Phoenician-rooted scripts stopped.



The regression line describing the time evolution of the symmetry factor   μ   t     is given by Equation (12):


  μ   t   = − 0.0142 × t + 0.5195 ;   R   2   = 0.4188  



(12)







The regression line crosses the time axis at the point     τ   *   = 36.6   c e n t u r y  . Let us take a close look at the plot, presented in Figure 6. We come to the following conclusions: (i) points representing rectangular and square scripts are located very close to each other for all of the studied scripts emerging from the Phoenician alphabet; (ii) symmetry factor   μ   decreases with time. This means that the averaged level of symmetrization of the studied alphabet increases with time, and the parsimony of graphical information necessary for writing consequently increases with time. And, again, the high value of the symmetry factor established for Hebrew presents the obvious exception.





4. Discussion


Language is a system that we rely on for both interpersonal and intrapersonal communication [30]. It is also one of the core elements of any culture or human civilization [30]. Language is a hallmark that distinguishes human beings from other species [30]. An African tradition has a keen insight into this aspect of language when people in a certain region of Africa call a newborn child a kintu, a “thing”, until the child acquires a language. Once the child acquires the mother tongue, they can become a muntu, a “person” [30]. The fundamental question is does the language we speak and write shape the way we think about the world? The problem is extremely perplexing; however, it was hypothesized that the alphabet promotes linear thinking and hierarchical reasoning, such as Aristotelian syllogism [31].



Our investigation quantifies the time evolution of alphabets, rooted in the Phoenician script. More rigorously speaking, we tried to quantify the time evolution of symmetry of the symbols, constituting the scripts emerging from the Phoenician alphabet. Of course, the study of symmetry is not the only way to investigate of the evolution of alphabets, but it is one of the possible pathways. The word “alphabet” was originally derived from the Semitic “alphabet” whose first and second letters were “aleph” (meaning ox) and “bayit” (meaning house), respectively. Based on these two graphemes, the first two letters of the Greek alphabet, “alpha” and “beta”, were created, which in turn became the word alphabet. The Phoenician alphabet served as the source for two Semitic alphabets: the early Hebrew alphabet and the Aramaic alphabet. These two alphabets used the Phoenician alphabet at first, but the people developed their own national characters, beginning in 850 BC for Hebrew and 750 BC for Aramaic, and kept 22 letters of the Phoenician alphabet [30,31].



The reported research presents a kind of phylogenetic approach to computational/quantitative paleography [32]. Phylogenetics aims to uncover the evolutionary relationships between taxa to obtain an understanding of their evolution. Phylogenetics in a wider sense has three areas: phenetics (numerical taxonomy), cladistics and phylogenetics (in a narrow sense) [32]. Our research presents the narrowest possible approach in the linguistic phylogenetics; namely, we focus exclusively on the time evolution of symmetry of the symbols of alphabets, emerging from the Phoenician one. We neglect the technological and historical context of alphabet evolution (scripts are dependent of the writing materials (stone, wall, wood, ink and paper/papyrus/parchment, etc.)). All of these aspects of the script evolution are neglected in our research, being focused on the evolution of symmetry of symbols only [32].



Why is the symmetry of letters important? It is important for two reasons: (i) symmetry impacts the perception of letters [33,34,35,36]; (ii) symmetry is important from the point of view of effort necessary for creation/drawing of letters. It was demonstrated that there exists the relation between our perception of symbols and their symmetry. Findings indicate that while visual complexity is an obstacle to be overcome for early learners, the expert viewer is able to exploit complexity for improved performance [33]. Visual complexity is not synonymous to symmetry, but it is closely related to it [33,34,35,36].



Our investigation addresses the role of symmetry (seen as simplicity) in the emergence of alphabets. It seems intuitively clear that symmetrical letters are easier to draw. How may the effort necessary for their drawing be quantified? We suggest such a measure labeled in our paper the “symmetry factor”, which is defined with Equation (11). We demonstrate that symmetrical letters enable the parsimony of information necessary for drawing of graphemes/letters, which are the smallest functional units of a script.



We also investigated the time evolution of the quantitative measures of symmetry, calculated for the letters, constituting the alphabets related to Phoenician group of scripts. The symmetry of the symbols of Phoenician scripts was investigated by Revesz [14]. It was shown that many scripts in the Phoenician script family contain a high percentage of signs that have mirror symmetry [14]. Moreover, the scripts within the Phoenician script family show a tendency of increased percentage of mirror-symmetric signs over time [14]. For example, while the Phoenician Alphabet contains 40.9 percent mirror-symmetric signs, one of its descendants, the Euclidean Greek Alphabet, contains 59.3 percent mirror-symmetric signs [14]. Revesz identified the boustrophedonic way of writing and religious writings with a deliberate mirroring as an afterlife symbolism as possible causes of the increased use of mirror symmetric signs [14]. In our study, we considered all kinds of symmetry groups, appearing in the Phoenician scripts.



We demonstrate that the Shannon diversity index of symmetry is increased with time in a monotonic way for the studied scripts. This means that the diversity of symmetry groups inherent for alphabets emerging from the Phoenician one grows with time.



It should be mentioned that the Modern Hebrew script, also called “Ashurit” or square script, presents an obvious exception from the entire set of Phoenician scripts: quantitative measures of symmetry calculated for these scripts are very different from those established for other Phoenician-rooted scripts. It remains unclear whether the Ashurit script is rooted in Phoenician script [36]. Our findings support the arguments for the point of view, according to which the modern Hebrew/Ashurit script did not emerge from the Phoenician one [36].




5. Conclusions


The study of the time evolution of symmetry of letters constituting alphabets emerging from the Phoenician script is reported. A diversity of quantitative measures of symmetry of graphemes appearing in Phoenician, Etruscan from Marsiliana, Archaic Etruscan, Neo-Etruscan, Archaic Western Greek, Euclidian Greek, Archaic and Classical Latin, Proto-Hebrew and Hebrew/Ashurit scripts, constituting the Phoenician script family, were calculated. The Shannon-like measures of symmetry were calculated. The Shannon measure of symmetry, denoted     H   S Y M    , was computed for the scripts inscribed into a square (abbreviated s-scripts) and also for the scripts inscribed into rectangles (abbreviated r-scripts) [37]. Actually,     H   S Y M     quantifies the average uncertainty to find an element of symmetry within the symbols of the given alphabet (averaged over the entire alphabet).     H   S Y M    , calculated for the s-scripts, is decreased with time, whereas     H   S Y M     is only slightly time-sensitive for the r-scripts. We also calculated the Shannon diversity index (SDI), denoted     D   S Y M       G  ~    ,   for the s- and r-scripts. SDI quantifies the diversity of symmetry groups inherent for the addressed alphabet. We established that SDI increases with time in a monotonic way for both s- and r-scripts. This means that the diversity of symmetry groups inherent for alphabets emerging from the Phoenician one grows with time. And this is a very important conclusion. We also introduced the symmetry factor of the alphabet denoted   μ   and defined it as follows:   μ =   1   n     ∑  i = 1   n      1     m   i     G        , where     m   i     G     is the total number of elements of symmetry related to i-th letter of the given alphabet and n is the number of graphemes in the alphabet. The symmetry factor   μ   quantifies the averaged level of symmetrization of the alphabet on one hand. This factor also quantifies the possible parsimony of graphical information necessary for the drawing of the entire set of graphemes constituting the alphabet on the other hand. The symmetry factor is decreased with time for the alphabets rooted in the Phoenician one. This means that the averaged level of symmetrization of the studied alphabet is increased with time, thus resulting in the simplification of writing. In other words, the parsimony of graphical information necessary for writing graphemes is increased with time. We conclude that quantification of symmetry of the alphabets could hardly be performed with a single parameter, and a number of quantitative characteristics should be introduced for this purpose, namely, the Shannon measure of symmetry, the Shannon diversity index and the symmetry factor.



We also concluded that the values of the symmetry factor calculated for rectangular and square scripts are close to one another for all of the studied scripts emerging from the Phoenician alphabet, with the pronounced exception of the Hebrew/Ashurit script. Our calculation demonstrated that the time evolution of the Phoenician-rooted scripts stopped with the emergence of the Latin script; indeed, the quantitative parameters of symmetry established for the modern English script are very close to those calculated for the Latin script.



Thus, our study supplies the arguments for the point of view, according to which the modern Hebrew/Ashurit script did not emerge from the Phoenician script [38]. Why is the symmetry of graphemes important?



It is important for a number of reasons: (i) symmetry impacts the perception of letters; (ii) symmetry is important from the point of view of effort necessary for creation/drawing of letters; (iii) symmetry provides parsimony of graphical information necessary for the drawing of the entire set of letters and (iv) symmetry to a great extent quantifies the “orderliness” of the pattern built of the graphemes [39,40]. Orderliness of the pattern built of the graphemes/text has a fine structure, and it cannot be quantified by a single numerical value; the symmetry factor   μ   is one of the parameters describing the “order” in a given pattern [39,40]. It should be emphasized that the Shannon symmetry measure and the Shannon diversity factor are the probabilistic measures of symmetry in their nature, whereas the symmetry factor   μ   is not.



We conclude that the study of time evolution of symmetry of scripts supplies valuable information about their functioning as graphical systems and origin. Study of the symmetry of the different patterns (physical or biological) may serve as the Ariadne Thread enabling understanding of their time evolution [41]. And this is also true for the graphical patterns/scripts.
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Table A1. Symmetry elements for each letter of the Phoenician alphabet classified within the Schoenflies scheme. The presence of the symmetry element is labeled as “1” and absence as “0”. “1/0” means that the symmetry element is present in the square configuration but not in the rectangular one.
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Phoenician Alphabet




	
Script

	
C1

	
S1

	
S2

	
S3

	
S4

	
C4

	
C2

	
C43






	
[image: Symmetry 16 00465 i023]

	
1

	
1

	
0

	
0

	
0

	
0

	
0

	
0




	
[image: Symmetry 16 00465 i024]

	
1

	
0

	
0

	
0

	
0

	
0

	
0

	
0




	
[image: Symmetry 16 00465 i025]

	
1

	
0

	
0

	
0

	
0

	
0

	
0

	
0




	
[image: Symmetry 16 00465 i026]

	
1

	
0

	
0

	
0

	
0

	
0

	
0

	
0




	
[image: Symmetry 16 00465 i027]

	
1

	
0

	
0

	
0

	
0

	
0

	
0

	
0




	
[image: Symmetry 16 00465 i028]

	
1

	
0

	
1

	
0

	
0

	
0

	
0

	
0




	
[image: Symmetry 16 00465 i029]

	
1

	
1

	
1

	
0

	
0

	
0

	
1

	
0
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1

	
1

	
1

	
0

	
0

	
0

	
1

	
0
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1

	
1

	
1

	
1/0

	
1/0

	
1/0

	
1

	
1/0
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1

	
0

	
0

	
0

	
0

	
0

	
0

	
0
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1

	
0

	
0

	
0

	
0

	
0

	
0

	
0
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1

	
0

	
0

	
0

	
0

	
0

	
0

	
0
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1

	
0

	
0

	
0

	
0

	
0

	
0

	
0
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1

	
0

	
0

	
0

	
0

	
0

	
0

	
0
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1

	
1

	
1

	
0

	
0

	
0

	
1

	
0
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1

	
1

	
1

	
0

	
0

	
0

	
1

	
0
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1

	
0

	
0

	
0

	
0

	
0

	
0

	
0
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1

	
0

	
0

	
0

	
0

	
0

	
0

	
0
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1

	
0

	
1

	
0

	
0

	
0

	
0

	
0
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1

	
0

	
0

	
0

	
0

	
0

	
0

	
0




	
[image: Symmetry 16 00465 i043]

	
1

	
0

	
1

	
0

	
0

	
0

	
0

	
0
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1

	
1

	
1

	
1/0

	
1/0

	
1/0

	
1

	
1/0
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Figure 1. The genetic tree of alphabets rooted in the Phoenician script, as summarized in [16,17,19]. 
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Figure 2. Time evolution of the informational measure of symmetry (IMS) calculated for various scripts: gray circles correspond to the letters inscribed into a square (s-scripts); red circles correspond to letters inscribed into the rectangle (r-scripts). Two dash lines corresponds to square and rectangle scripts respectively. 
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Figure 3. Shannon diversity index (SDI), denoted     D   S Y M       G  ~    ,   calculated for the studied alphabets, rooted in the Phoenician one. Black circles correspond to the letters inscribed into a square (s-scripts); red circles correspond to letters inscribed into rectangles (r-scripts). 
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Figure 4. Vinča symbols appearing one of the Tărtăria tablets unearthed near Tărtăria, Romania, and dated to ca. 5300 BCE. The scale bar is 3 cm. 
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Figure 5. Analysis of symmetry of the symbols of Phoenician alphabet. (A) Symbol [image: Symmetry 16 00465 i019] (qoph) is depicted; mirror axis of symmetry     S   2     is shown. (B) The entire symbol may be obtained by projection of half a symbol relative to the axis     S   2    ; thus, the two-fold parsimony of information is provided. (C) Symbol [image: Symmetry 16 00465 i020] (theth) is shown. The symbol has four mirror symmetry axes, namely,       S   1   ,   S   2   ,   S   3   ,     S   4      , shown in the inset. (D) The entire symbol may be restored by the projection of the sub-segment, depicted in the inset; thus, the eight-fold parsimony of information is provided. 
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Figure 6. Symmetry factor   μ   calculated for the Phoenician branch alphabets; solid circles correspond to the letters inscribed into square (s-scripts); red circles correspond to the letters inscribed into rectangles (r-scripts). 
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Table 1. The alphabets of the Canaanite group.
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Table 2. Elements of symmetries inherent for the Phoenician alphabet and their frequencies and probabilities (s-script).
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Elements of Symmetry the Phoenician Alphabet




	
    Symmetry   Element ,     G   i      

	
C1

	
S1

	
S2

	
S3

	
S4

	
C4

	
C2

	
C43






	
   m     G   i       

	
22

	
7

	
9

	
2

	
2

	
2

	
6

	
2




	
P(Gi)

	
0.423

	
0.135

	
0.173

	
0.038

	
0.038

	
0.038

	
0.115

	
0.038











 





Table 3. Dividing the total set of symbols constituting the Phoenician alphabet into the subsets characterized by the same symmetry group.
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	    Subsets   of   Symmetry   Elements ,       G  ~    i      
	C1
	C1 S1
	C1 S2
	C1 S1 S2 C2
	C1 S1 S2 S3 S4 C4 C2 C43





	Number of letters,

    m    ~        G  ~    i      
	12
	1
	3
	4
	2



	Probability,     P   i         G  ~    i      
	0.545
	0.045
	0.136
	0.182
	0.091
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