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Sound correlations among six sites on the Japanese short poetry are analyzed in detail. For haiku composed of 5-7-5 syllables, the six sites are occupied by the head vowels on the three phrases as well as by the end sounds (in addition to five vowels, a syllabic nasal being included) on them. For tanka, first, one should divide the entire poem (5-7-5-7-7 syllables) into two parts, namely, the first (5-7-5) and the latter (5-7-7) part. For the six-dimensional array of sounds, there are 203 rhyme patterns possible. Specifically, for corpora of the haiku poetry, the complete works of three haiku poets, all of whom are distinguished in Japan, are selected. For those of the tanka, Collection of Ten Thousand Leaves and The Twenty-One Collections of Waka are chosen. Analyzed results through comparison between the surveyed and the expected frequencies show statistically the strong preference for the arrangements with a far-reaching antirhyming between sounds on the three ends, along with the correlation between those on the heads. In addition to the avoided rhyming, one finds a preference for specific arrangements exhibiting the nearest-neighbor correlations. Subsequently, to manifest the distinctive feature of each corpus, correlation analysis is carried out between frequency distributions of the arrangements. Moreover, in order to explore a statistical rule for the rank-ordered data, fitting is attempted to a long-tail distribution, followed by the Durbin-Watson testing. Quantitative analyses by using Gini's coefficient as well as Shannon's information entropy are also made. Finally, it is shown that the results of the complicated rhyming can be explained in part in comparison with the sound correlation between the first and the latter parts in the full names of Japanese.
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INTRODUCTION

Along with nearest-neighbor correlations between spins [1, 2], long-range correlations have been found to occur ubiquitously not only in physics but in diverse areas such as biophysics, physiology, economics, and informational science [3–5]. The long-range correlations appear in stochastic processes in which autocorrelation functions decay according to an inverse power law, as opposed to a short-range exponential decay; typical examples of the long-memory effect can be seen in self-similar fractal processes as well as generalized diffusion including fractional Brownian motion [6]. It is interesting to note that long-range correlations have been found in several unexpected areas. For instance, a binary sequence realized by a subscribed rule shows a long-range correlation, where in the limit of infinity the ratio between numbers of two binary symbols does approach exactly the golden ratio 1.6180339 … [7]. Another instance that has attracted our attention in more recent years is found for the possibility of observing long-range correlations in the complex networks modeling texts [8–11]. In comparison with the ubiquity of the long-range correlated systems, those exhibiting the long-range anticorrelations appear limited [12, 13], though the distinction does not belong in the same category with the extreme unbalance between matter and antimatter in the universe. (This fact seems to be also the case with the contrast between the nearest-neighbor correlations vs. the nearest-neighbor anticorrelations [14]). In this paper, instead of interacting spins we consider sound arrangements of poetry. While the well-cited proverb, “There is no rule without exceptions,” includes a logical contradiction due inevitably to its self-reference nature, its parody, “There is no language without poetry,” could not be judged by anyone to include any contradiction. Indeed, irrespective of languages, texts are categorized into prose and verses. Poems take the form of the latter. Conventional poetics has classified world's poetries into triplet (tercet), sestina, sonnet, villanelle, etc. [15]. One can find that in typical European poetry a sound on a line is correlated to that on the same site in other lines, where correlation among syllables on the feet of lines is termed end rhyme (or simply rhyme) whereas the one among consonants on the head syllables is termed alliteration. In the prominent triplet La Divina Commedia [16–18] consisting of 14,233 lines, which was composed by Dante (1265-1321), the rhyming scheme ABA is employed throughout the poem. In Japan, in addition to modern poetry composed of many lines, several forms of the short poetry have traditionally been enjoying general popularity. For example, one enumerates tanka (5-7-5-7-7), sedoka (5-7-7-5-7-7), bussokusekikataika (5-7-5-7-7-7), haiku (5-7-5), senryu (5-7-5), kyoka (5-7-5-7-7), and dodoitsu (7-7-7-5), where the numeral in the bracket indicates the number of syllables in the phrase of each verse; as is seen in the number string, these verses are segmented into phrases with a combination between five and seven syllables. Among these, the matchless twin stars are undoubtedly haiku and tanka [19, 20], which are composed of, respectively, the 17 and the 31 syllables. (Incidentally, both are prime numbers. In particular, the length of the former is pronounced; it could be that it is the shortest poetry in the world. One should compare the length with, for instance, that of the shortest form of Chinese poetry, namely a quatrain composed of 20 characters; according to the rule that a syllable is in principle allotted per character, the poetry consists of syllables with the same number as Chinese characters.) Actually, independently of nationwide and local newspapers, in the literary columns on their pages, there are plenty of two poetries (haiku and tanka) that are constantly submitted by their readers. Moreover, the more surprising fact is that without distinction of age and sex a large number of people including foreigners submit a tanka poem to the New Year's Poetry Party held at the Imperial Court.

In this paper, sound correlations among six sites on the short poetry are analyzed in details both for haiku and for tanka. For corpora of the haiku poetry, the complete works of the three haiku composers, Mantaro Kubota (1889-1963), Shuoshi Mizuhara (1892-1981), and Seishi Yamaguchi (1901-1994), are chosen, all of whom are most outstanding poets in Japan, and therefore, complete works that include several- to ten-thousand poems are readily available [21–23]. It must be emphasized here that in general the larger-scale statistical analysis provides the stronger impact on the quantitative study of languages. For those of the tanka, Collection of Ten Thousand Leaves (N = 4,183; Man'yoshu in Japanese) [24, 25] and The Twenty-One Collections of Waka (N = 33,692; Nijuichidaishu in Japanese) [26–41] are chosen, where N indicates the total number of poems included. The former is known as the oldest collection of poems in Japan, which is said to have been compiled in the eighth century, while the latter were compiled by imperial command between the early Heian period (the tenth century) and the early Muromachi period (the fifteenth century), which are often divided into two parts: The Eight Collections of Waka (N = 9,483) [26–32] and The Thirteen Collections of Waka (N = 24,209) [33–41]. Specifically, for haiku the six sites are occupied by the head vowels on the three phrases as well as by the end sounds (in addition to five vowels, a syllabic nasal being included) on them. However, for tanka, first, one should split the entire poem (5-7-5-7-7) into two parts, namely, the first (5-7-5) and the latter (5-7-7) part; note that the syllabic structure of the former is exactly identical to that of haiku. For the six-dimensional array of sounds, 203 rhyme schemes are possible; the value can be determined by the Bell number B(6) that is obtained sequentially through B(0) = 1, B(1) = 1, B(2) = 2, B(3) = 5, B(4) = 15, as well as B(5) = 52 [42]. It should be mentioned here that analysis on the sound correlation of haiku was reported previously, but has been restricted to the three-dimensional system, i.e., B(3) = 5, where correlations among either heads or feet of the phrases were considered [43], indicating that with this method the nearest-neighbor correlations cannot in principle be dealt with. Although far more computational efforts are required, for revealing the phonological secrets of the Japanese short poetry, the full six-dimensional treatment is indispensable. Analyzed results through comparison between the surveyed and the expected frequencies reveal strong preference for specific arrangements. To put it the other way around, the results indicate, at the same time, strong avoidance for other ones. Subsequently, to manifest the distinctive feature of each corpus, correlations between two distributions in the frequencies of the arrangements are compared through calculation by means of the Peason's coefficient. Moreover, in an effort to explore a statistical rule for the rank-ordered data, fitting is made to a generalized long-tail distribution, followed by the Durbin-Watson testing. Detailed analyses by using Gini's coefficient as well as Shannon's information entropy are also performed. The results are discussed in comparison with the sound correlation between the first and the latter parts in the personal names of Japanese, for which four-dimensional arrangements can be realized.

GENERATING 6D-ARRANGEMENTS

To explain how to obtain sound arrangements of haiku, from The Complete Haiku Works of Shuoshi Mizuhara [22], we select two poems

Poem 1: Risshun ya, mezame awaseshi, ake no kane.

Poem 2: Iso no ta wa, aze no yomogi no, haru hayaki.

Here a comma is put in on the boundary between neighboring phrases. Extracting a vowel sound in the first syllable of the head word and the last sound in the end word on each phrase, we obtain the six-dimensional strings

Poem 1: ia;ei;ae,

Poem 2: ia;ao;ai,

where commas in original poems are replaced by semicolons. Subsequently, to explain how to obtain sound arrangements of tanka, from A Collection of Japanese Poetry of a Thousand Years (published in 1188; including 1,282 poems) [31], which is listed as the seventh tanka collection in The Twenty-One Collections of Waka, we select two poems

Poem 3: Haru no kuru, ashita no hara o, miwataseba, kasumi mo kyo zo, tachi hajime keru.

Poem 4: Mimuroyama, tani ni ya haru no, tachi nu ran, yuki no shita mizu, iwa tataku nari.

With the same procedure as that adopted for haiku, we obtain the ten-dimensional strings

Poem 3: au;ao;ia;ao;au,

Poem 4: ia;ao;an;uu;ii.

Here we remark that the total number of the ten-dimensional arrangements can be determined by the Bell number B(10) = 115975 [42], the value of which, however, is found to be too large to deal with. For this reason, we shall split the entire arrangement into the first and the latter strings:

Poem 3: au;ao;ia, ia;ao;au,

Poem 4: ia;ao;an, an;uu;ii.

With this division we can generate twin six-dimensional arrangements per each tanka poem. Finally, we shall rewrite the above strings of haiku and tanka in more symbolic form:

Poem 1: #198 AB;CA;BC,

Poem 2: #152 AB;Bx;BA,

Poem 3: #023 Ax;Ay;zA, #028 xA;Ay;Az,

Poem 4: #028 xA;Ay;Az, #101 xy;AA;BB,

where the numeral on the front of the string indicates the sequential number in the 203 arrangements (#001-#203), which are categorized into 13 groups that follow:

(1) #001 xy;zw;vt,

(2) #002 AA;xy;zw, …, #016 xy;zw;AA,

(3) #017 AA;Ax;yz, …, #036 xy;zA;AA,

(4) #037 AA;AA;xy, …, #051 xy;AA;AA,

(5) #052 AA;AA;Ax, …, #057 xA;AA;AA,

(6) #058 AA;AA;AA,

(7) #059 AA;BB;xy, …, #103 xy;AB;BA,

(8) #104 AA;AB;Bx, …, #139 xA;BB;AA,

(9) #140 AA;BB;Bx, …, #163 xA;BB;BA,

(10) #164 AA;AA;BB, …, #173 AB;BA;AA,

(11) #174 AA;AB;BB, …, #183 AB;BB;AA,

(12) #184 AA;BB;BB, …, #188 AB;BB;BA,

(13) #189 AA;BB;CC, …, #203 AB;CC;BA.

For Poem 1 (haiku) and for Poem 3 (tanka) the procedures explained above are illustrated in Figure 1.
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FIGURE 1. Schematic illustration of generating six-dimensional sound arrangements. (A) Haiku (e.g., Poem 1 in the text). There are five steps that follow. Step 1: Segmenting the poem into three phrases according to 5-7-5 syllables; Step 2: Transliterating the original poem into the Roman alphabet; Step 3: Choosing the head and the end syllables from the three phrases; Step 4: Extracting a vowel from each individual syllable and arranging the six sounds like a string; Step 5: Rewriting the string with a generic form. (B) Tanka (e.g., Poem 3 in the text). There are six steps that follow. Step 1: Segmenting the poem into five phrases according to 5-7-5-7-7 syllables; Step 2: Same as haiku; Step 3: Choosing the head and the end syllables from the five phrases; Step 4: Extracting a vowel from each individual syllable and arranging the 10 sounds like a string; Step 5: Splitting the ten-dimensional arrangement into twin six-dimensional ones; Step 6: Rewriting both strings in more generic form.



DECIDING RANKING FOR HAIKU

Prior to presenting analytical results, we shall mention the terminology relevant to the arrangements. First, the term “nearest-neighbor correlation” is defined as those with an identical sound across the boundary between two phrases. For example, arrangements that include A;A, B;B, or C;C meet the requirement, but those including AA;, ;AA, ;BB, or ;CC do not, because all of the latter four represent correlations between two sounds within a single phrase. Next, the term “far-reaching correlation” is defined as the arrangements with identical sounds between the same sites across the phrases. With this definition, examples of the “shortest” far-reaching correlations are given by those including Ai;A, Bi;B, Ci;C, A;iA, B;iB, or C;iC, while those of the “longest” far-reaching correlations are written as Ai;jk;A and A;ij;kA. Here the symbols, i, j, and k, represent A, B, C, x, y, z, and w. Finally, the term “far-reaching anticorrelation” is defined as the arrangements with opposed sounds between the same sites over the three phrases. With this definition, examples of the far-reaching anticorrelations are given by those including, for instance, x;iy;jz, A;ix;jy, x;iA;jB, xi;yj;z, Ai;xj;y, or xi;Aj;B.

The top-twenty and the bottom-twenty rankings of the haiku works are given in Tables 1–6, where ranking is determined by evaluating the relative squared difference between the surveyed (f) and the expected (F) frequencies: (f − F)2/F, the total summation of which yields the chi-square value χ2. The expected values are obtainable analytically from the blending among six sounds (five vowels /u, o, a, e, i/ plus a syllabic nasal /n/); for instance, for Group (3) above-mentioned, computational details of the expected frequencies are given as follows:
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where nj (j = u, o, a, e, i, n) indicates the number of the sound /j/. In the tables that follow, the symbol “H” (“E”) denotes sound correlations between the head vowels (the end sounds) of phrases; in particular, those among the three phrases are highlighted by “H” (“E”). In other words, with this notation the single “H” (“E”) or “H” (“E”) without being accompanied by “E” (“H”) or “E” (“H”) signifies that the far-reaching anticorrelations occur between the ends (the heads) of the three phrases in a poem. In addition, the Gothic rank on the top-twenty ranking indicates that the nearest-neighbor correlation does arise on the boundary between adjoining phrases. From Tables 1–6 one can summarize the results as follows:

(1) In the top-twenty ranking of Mantaro Kubota (Table 1), almost all arrangements exhibit far-reaching correlations between head sites on the two or the three phrases (“H,” “H”). One can see an exception, specifically, Rank 18. Those between three phrases, “H,” are seen in Rank 1, 2, 15, and 17. For Rank 15 and 17, simultaneously, the correlations can be seen between the two feet (“E”); all the other arrangements show the far-reaching anticorrelations between the three sounds on the feet. In contrast with the far-reaching phenomena, there exist three arrangements [Rank 6 (#33), 11, and 12 (#17)] showing the nearest-neighbor correlations between adjacent phrases.

(2) In the bottom-twenty ranking of Mantaro (Table 2), all arrangements exhibit far-reaching correlations between end sites on the two or the three phrases (“E,” “E”). To be specific, those among three phrases, “E,” are seen in Rank 202, 200, 199, 193 (#53 & #57), 192, and 189. For Rank 200-198, 193 (#52, #53, & #57), 187, and 185 (#164 & #184), the correlations can also be seen between head sites (“H,” “H”).

(3) In the top-twenty ranking of Shuoshi Mizuhara (Table 3), all arrangements except Rank 15 (#94) show far-reaching correlations between head sites on the phrases (“H,” “H”). Those between three phrases, “H,” can be seen in Rank 1, 7, 8, and 10. At the same time, for Rank 8 and 12, the correlations are seen between feet (“E”); other arrangements show the far-reaching anticorrelations among the three ends. In sharp contrast with the long-range phenomena, there are six arrangements (Rank 2, 7, 10, 11, 17, and 19) that exhibit the nearest-neighbor correlations between the first and the second phrases (Rank 7, 11, 17, and 19) as well as between the second and the last phrases (Rank 2, 10, and 17). Of these, the arrangement of Rank 17 (#104: AA;AB;Bx) is most worth noting because of the dual components, A;A and B;B, being included simultaneously.

(4) In the bottom-twenty ranking of Shuoshi (Table 4), all arrangements except Rank 188 (#64) exhibit far-reaching correlations between end sites on the phrases (“E,” “E”). Specifically, those between three phrases, “E,” are seen in Rank 203, 202, and 193. For Rank 194 (#172 & #184), 190, 187, and 186, the correlations can be seen between head sites (“H,” “H”) as well.

(5) In the top-twenty ranking of Seishi Yamaguchi (Table 5), all arrangements except Rank 12 show far-reaching correlations between the head sites (“H,” “H”). Those between three phrases, “H,” are seen solely in Rank 1 and 2. For Rank 2, 8 (#73), 13, 14, 16, and 17 (#65), the correlations can be seen also between end sites (“E”); other 14 arrangements yield the far-reaching anticorrelations between the three ends. Besides the far-reaching phenomena, it is interesting to note that there exist five arrangements (Rank 10, 13, 15, 19, and 20) showing the nearest-neighbor correlations between the first and the second phrases (Rank 10 and 19) as well as between the second and the last phrases (Rank 13, 15, and 20).

(6) In the bottom-twenty ranking of Seishi (Table 6), all arrangements exhibit far-reaching correlations between the end sites (“E,” “E”). Of them, those among three phrases, “E,” are seen in Rank 201 (#48), 193 (#145), as well as 188-186. For Rank 201 (#46), 193 (#135 & #145), 188, and 185, the correlations can be seen as well between heads (“H”).


Table 1. The top-twenty arrangements in The Complete Haiku Works of Mantaro Kubota, wherein there are 6064 poems included.
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Table 2. The bottom-twenty arrangements in The Complete Haiku Works of Mantaro Kubota, wherein there are 6064 poems included.
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Table 3. The top-twenty arrangements in The Complete Haiku Works of Shuoshi Mizuhara, wherein there are 9362 poems included.
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Table 4. The bottom-twenty arrangements in The Complete Haiku Works of Shuoshi Mizuhara, wherein there are 9362 poems included.
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Table 5. The top-twenty arrangements in The Complete Haiku Works of Seishi Yamaguchi, wherein there are 8523 poems included.
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Table 6. The bottom-twenty arrangements in The Complete Haiku Works of Seishi Yamaguchi, wherein there are 8523 poems included.
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DECIDING RANKING FOR TANKA

The top-twenty and the bottom-five rankings of the tanka collections are shown in Tables 7–10. Note that to reduce redundancy, for the bottom of tanka, only five rankings are included; the bottom-twenty rankings are given in Supplementary Material as Tables 7'−10', respectively. From Tables 7–10 we conclude as follows:

(1) In the top-twenty ranking of the first three phrases (5-7-5) of poems in Collection of Ten Thousand Leaves (Table 7), all arrangements except Rank 19 (#61) give far-reaching correlations between head sites on the two or the three phrases (“H,” “H”). Of them, those between three phrases, “H,” are seen in Rank 1, 4, 6, 8, 16, and 18. At the same time, for Rank 3-6, 10, 11 (#65), 18, and 19 (#75), the correlations can be seen between feet as well (“E,” “E”); one can find other 12 arrangements to be far-reaching anticorrelated between sounds on the three ends. In contrast with the far-reaching phenomena, there are three arrangements [Rank 7, 8, and 13 (#69)] worthy to be noted, all of which show the nearest-neighbor correlations between the first and the second phrases. Contrary to this, in the bottom-five ranking (Table 7), all arrangements show far-reaching correlations between end sites on the two or the three phrases (“E,” “E”). To be specific, those between three phrases, “E,” are seen in Rank 199, 202, and 203. For Rank 200 and 201, correlations can also be seen between heads (“H,” “H”).

(2) In the top-twenty ranking of the latter three phrases (5-7-7) of poems in Collection of Ten Thousand Leaves (Table 8), most arrangements exhibit far-reaching correlations between head sites on the phrases (“H,” “H”). Exceptions are seen in Rank 4 (#30), 10, and 15. Those between three phrases, “H,” occur in Rank 1, 9, and 14. Simultaneously, for Rank 4 (#30), 7, 9, 14, and 19 (#65), the correlations arise between feet (“E,” “E”); one can see other 15 arrangements being far-reaching anticorrelated between sounds on the three ends. In contrast with the far-reaching phenomena, there are eight arrangements [Rank 4 (#28 & #30), 10, 11, 12 (#106), 15, 16 (#33), and 18] to be emphasized, which show the nearest-neighbor correlations between the first and the second phrases [Rank 4 (#28), 10, 11, 12 (#106), and 15] and between the second and the last phrases [Rank 4 (#30), 16 (#33), and 18]. On the other hand, in the bottom-five ranking (Table 8), all arrangements exhibit far-reaching correlations between end sites on the phrases (“E,” “E”). Specifically, those between three phrases, “E,” are seen in Rank 200. For Rank 199, correlations can also be seen between heads (“H”).

(3) In the top-twenty ranking of the first three phrases (5-7-5) of poems in The Twenty-One Collections of Waka (Table 9), all arrangements except Rank 18 show far-reaching correlations between the head sites (“H,” “H”). Those between three phrases, “H,” are seen in Rank 1, 11, 12, and 20. At the same time, solely for Rank 20 the correlations can also be seen between feet (“E”); one can see other 19 arrangements being far-reaching anticorrelated between sounds on the three ends. In addition to the far-reaching phenomena, there are five arrangements [Rank 2, 5, 12, 15 (#28), and 19] to be noticed, all of which but Rank 5 show the nearest-neighbor correlations between the first and the second phrases. In the bottom-five ranking (Table 9), however, all arrangements exhibit far-reaching correlations between the end sites (“E,” “E”). To be specific, those between the three phrases, “E,” are seen in Rank 200-203. For Rank 200, correlations can also be seen between head sites (“H”). To conclude, in careful comparison between results on Table 7 and those on Table 9 we can understand how the specific sound arrangements had been spontaneously selected through an extremely long-term symmetry-breaking process, and at the same time, how the phonological structure of the present poetry had been self-organized from the eighth to the fifteenth century.

(4) In the top-twenty ranking of the latter three phrases of poems in The Twenty-One Collections of Waka (Table 10), for all arrangements, far-reaching correlations arise between the head sites (“H,” “H”). Those between three phrases, “H,” are found in Rank 1, 5, 8, and 9. Simultaneously, for Rank 8, the correlation can be seen between feet (“E”); one can find other 19 arrangements to be far-reaching anticorrelated between sounds on the three ends. Besides the far-reaching phenomena, there are six arrangements (Rank 5, 7, 13, 14, 18, and 20) to be highlighted. Of these, for arrangements of Rank 5, 13, and 14 the nearest-neighbor correlations occur between the first and the second phrases, while for other three they do between the second and the last phrases. In the bottom-five ranking (Table 10), all arrangements exhibit the far-reaching correlations between the end sites (“E,” “E”). Explicitly those between the three phrases, “E,” are found in Rank 200, 202, and 203. Again, comparison between results in Table 8 and those in Table 10 reveals how the specific arrangements had been selected as well as how the poetry had been organized over a period of the 700 years.


Table 7. The top-twenty and the bottom-five arrangements in the first three phrases (5-7-5) of poems in Collection of Ten Thousand Leaves, wherein there are 4183 tanka poems included.
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Table 8. The top-twenty and the bottom-five arrangements in the latter three phrases (5-7-7) of poems in Collection of Ten Thousand Leaves, wherein there are 4183 tanka poems included.
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Table 9. The top-twenty and the bottom-five arrangements in the first three phrases (5-7-5) of poems in The Twenty-One Collections of Waka, wherein there are 33692 tanka poems included.
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Table 10. The top-twenty and the bottom-five arrangements in the latter three phrases (5-7-7) of poems in The Twenty-One Collections of Waka, wherein there are 33692 tanka poems included.
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COMPARING PATTERN DISTRIBUTIONS

Although above we focus our attention on the top-twenty as well as the bottom-twenty arrangements, in this section we shall make a quantitative comparison between the complete distributions (i.e., #001–#203) of the arrangements. The results are summarized in Table 11. While such methods employing information-theoretical tools as the Hellinger distance as well as the Kullback-Leibler divergence are available, for several reasons we shall adopt the standard theory of two-variable correlation, in which the correlation between two distributions is measured by means of the Peason's method [44]. Namely, the correlation r (−1 ≤ r ≤ 1) is quantified with the covariance divided by the product of the two standard deviations. It is found from Table 11 that for all combinations the correlation is positive (i.e., 0 < r ≤ 1) and is bounded within the range 0.589 ≤ r ≤ 0.933 for the off-diagonal elements in the correlative matrix (note that trivial autocorrelations on the diagonal sites, r = 1, are excluded). Here the strongest correlation, r = 0.933, is seen for the autocorrelation of The Twenty-One Collections of Waka (i.e., Tanka 2F vs. Tanka 2L), whereas the weakest, r = 0.589, is for the cross-correlation between the first three phrases of poems in Collection of Ten Thousand Leaves (Tanka 1F) and the latter three phrases of poems in The Twenty-One Collections of Waka (Tanka 2L). From Table 11 we conclude as follows:

(1) First we shall pay attention to comparison among three combinations of haiku:

For Mantaro (Haiku 1) vs. Shuoshi (Haiku 2), r = 0.758,

For Mantaro (Haiku 1) vs. Seishi (Haiku 3), r = 0.729,

For Shuoshi (Haiku 2) vs. Seishi (Haiku 3), r = 0.890.

Evidently, among the three the correlation is found to be distinguished in the third combination (Haiku 2 vs. Haiku 3). This result is consistent with the fact that the first composer (Mantaro) had belonged to a haiku sect different from that of the other two (Shuoshi and Seishi). The sect to which the latter had belonged originated from an authority on the haiku community, Kyoshi Takahama (1874-1959), and it has been called Little Cuckoo Sect; both Shuoshi and Seishi are the most outstanding poets in the sect. [With Suju Takano (1893-1976) and Seiho Awano (1899-1992) the four poets are referred to as “Four S of Little Cuckoo” or more simply “Four S,” due to the common initial in their pen names.] Finally, it should be mentioned that similarly to the artful fluctuation analysis of network topology and word intermittency [45] the present statistical method might be useful for discriminating composers' styles in the context of stylometry [46].

(2) Next, we shall concentrate on the correlation with the distribution of Collection of Ten Thousand Leaves [24, 25]. What is most interesting in Table 11 is that there are relatively smaller values being seen on the correlations with the distribution of its first three phrases of poems (Tanka 1F), specifically

For Mantaro (Haiku1), r = 0.647,

For Shuoshi (Haiku 2), r = 0.669,

For Seishi (Haiku 3), r = 0.616,

For the latter three phrases of the same poetry (Tanka 1L), r = 0.649,

For the first three phrases of another tanka poetry (Tanka 2F), r = 0.713,

For the latter three phrases of another tanka poetry (Tanka 2L), r = 0.589.

These can be explained by remarking the circumstances peculiar to Collection of Ten Thousand Leaves, the oldest collection of waka including not only tanka but also choka, renga, sedoka, and bussokusekikataika, which is said to have been created in the eighth century and is known as its poetic style typical of the collection, where set epithets termed “pillow words” were used frequently. In addition to poems composed by court poets, Emperors, Imperial Princes and Princesses, and nobles, it includes a number of poems by many amateurs such as local farmers, lower-echelon government clerks, and coast guards, who remained anonymous and were pure of becoming distinguished in a poetic community by means of a rhetorical device. In consequence, those composed by them did not get involved in excessive rhetoric, the feature of which presents a striking contrast to poems in The Twenty-One Collections of Waka [26–41]. They had been compiled from the first half of the tenth century to the middle of the fifteenth century, and are occupied with poems composed by many professional poets having a good command of highly skillful rhetoric.

(3) Finally, to make a comparison among the three haiku collections (Haiku 1, 2, and 3) and The Twenty-One Collections of Waka (Tanka 2F and 2L), from Table 11 we shall pick out relevant values:

For Mantaro (Haiku 1): r = 0.847 (for Tanka 2F) and r = 0.775 (for Tanka 2L),

For Shuoshi (Haiku 2): r = 0.899 (for Tanka 2F) and r = 0.883 (for Tanka 2L),

For Seishi (Haiku 3): r = 0.853 (for Tanka 2F) and r = 0.860 (for Tanka 2L).

Evidently it is found that the distribution of Shuoshi (Haiku 2) shows the strongest correlation with those of the tanka collections being considered.


Table 11. Peason's correlation coefficient between frequency distributions of two poetries.
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TESTING RANK-FREQUENCY RULES

Prior to exploring a statistical rule in the pattern distributions, in order to manifest the inequality and the diversity of each individual distribution, we take notice of the Gini coefficient G (0 ≤ G ≤ 1) and the Shannon's information entropy H (bit)

[image: image]
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where pi = f i/N (i = 1, 2, …, M) with N = f 1 + f 2 + … + fM; p(j) (j = 1, 2, …, M) signify the data put in ascending order. M represents the number of categories; for the six-dimensional system, M = B(6) = 203. Besides H, such quantities as the Reyni's generalized entropy and the Simpson's diversity index will be obtainable, but at least for solving the present problem, there seems to be little merit to investigate. With H (bit) and M the relative entropy h (0 ≤ h ≤ 1) is defined with

[image: image]

The results of G and h are given in Table 12. It is found that the values of G are confined within 0.245 ≤ G ≤ 0.375; for the first three phrases of poems in Collection of Ten Thousand Leaves (Tanka 1F), G gives the minimum (G = 0.245), whereas for the latter three phrases of poems in The Twenty-One Collections of Waka (Tanka 2L), it attains to the maximum (G = 0.375). Comparison between the two tanka collections indicates that in the distribution of arrangements the latter (Tanka 2F and 2L) includes the inequality larger than that in the former (Tanka 1F and 1L); the results of the haiku works lie between the two extremes. In regard of h, irrespective of the kinds of poetry, its magnitude appears relatively high and consequently the values are found to be confined within the noticeably narrow region (i.e., 0.958 ≤ h ≤ 0.982), forming a striking contrast with that of G. Here we can notice that G and h are complementary to each other.


Table 12. List of the Gini coefficient G, the relative entropy h, the number of regression points, n, the optimal exponent of rank-ordered frequency, q, the degree of fit, |r|, the Durbin-Watson ratio d, the lower critical value of the ratio, dL (the 1% point), and its upper counterpart dU.
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Subsequently, to generate rank-ordered statistics the frequency data fi (i = 1, 2, …, 203) of sound arrangements should be rearranged in descending order. For instance, for The Complete Haiku Works of Mantaro Kubota (Haiku 1) [21] they are given as

[image: image]

where X represents the rank. These rank-ordered data are used in the subsequent regression analysis. Below we concentrate on the regression of pq vs. log10 X [5, 47–49],
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where q, a, and b denote positive parameters. To highlight the link with the Zipf's law [50, 51] the expression will be modified as
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with
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where e is the Napier's constant. Employing the formula
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from Equation (7a) one obtains in the limit of q → 0

[image: image]

with a″ (b″) representing the limit of a′ (b′) as q → 0. Specifically, for b” = 1 the above relation, Equation (9), is reduced to the one that was found for the rank-frequency analysis of word statistics in English texts [50].

The validity of the present regression model can be checked by using the degree of fit, |r| (0 < |r| < 1), together with the Durbin-Watson ratio, d (0 < d < 4). Here the value of |r| is obtainable with the formula for calculating the Peason's correlation coefficient; the Durbin-Watson ratio can be written as [44]
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with

[image: image]

where n indicates the summation of regression points, and Y = pq; the hat on Y represents the point on the regression line. With level alpha test being done, it can be judged that if 0 < d < dL (dL is the lower critical value) there exists a positive correlation between adjacent points on the sequence of the residual data ei (i = 1, 2, …, n) and that if dU < d ≤ 2 (dU is the upper critical value) there is no correlation between them. Note that for dL ≤ d ≤ dU any judgment is impossible. Therefore, a null hypothesis that “there is a correlation between the neighboring residual data” is rejected solely for dU < d ≤ 2. (For d > 2, d must be replaced by 4 – d.) For typical levels the two critical values are obtainable from numerical tables available. It should be emphasized here that this test with the ratio d is necessary for discriminating the genuine solution from the spurious one. In what follows, the level 1% test, i.e., α = 0.01, will be adopted. Along with G and h the analyzed results of q, |r|, and d are given in Table 12. The conclusion is that of the seven cases the hypothesis is rejected solely for Tanka 1F and for Tanka 1L, confirming the genuine rank-frequency rule for Collection of Ten Thousand Leaves.

TAKING NOTICE OF GIVEN NAMES

Finally we shall discuss the reason why, as mentioned for the results in Tables 1–10, end sounds on their phrases are strongly anticorrelated both in haiku and in tanka. In summary, this feature can be explained by taking notice of the fact that, along with Finnish, Turkish, and Korean, Japanese belongs to the family of so-called agglutinative languages in which words are loosely agglutinated to a main word with a postpositional word functioning as an auxiliary to the former. According to the conventional Japanese classical literature, the auxiliary particles have been termed te-ni-o-ha by joining four particles (te, ni, o, ha) in sequence, where one should notice the end vowels, /e/, /i/, /o/, /a/, being free from duplication. This indicates that the probability of giving rise to the avoided rhyming could be enhanced if more than one particle are located simultaneously on the end sites of each phrase in a poem. Incidentally the above explanation is consistent with the so-called law of a linked form, which was presented initially by Norinaga Motoori (1730-1801), an authority on the Japanese classics in the middle of the Edo period. Indeed, through careful inspection into his works currently available it may be safely affirmed that the linkage is realized principally between particles with different sounds.

Lastly, we shall discuss why the nearest-neighbor correlations occur between sounds on the boundary of phrases on a poem. Honestly the qualitative explanation of the phenomena seems to be much difficult. As a clue to solve the hard problem, in what follows we shall focus our attention on the sound arrangement of Japanese full names. First, it should be noted that, as in Hungary as well as in other several East-Asian countries, in Japan the given name follows the family name, so that the end sound on the latter adjoins the head on the former. (Note that there is no middle name in the Japanese name.) Tables 13, 14, respectively, manifest the rank-ordered frequency distribution of the sound arrangements in the full names of Japanese men and women that have been registered in the database of Sapporo Gakuin University, Japan. Note that the four sounds on each individual arrangement correspond, in sequence, to (1) the vowel on the head syllable of the family name, (2) the last sound on the end syllable of the family one, (3) the vowel on the head syllable of the given name, and (4) the last sound on the end syllable of the given one, so that the semicolon in the vowel arrangement indicates the boundary between the family (first) and the given (latter) names. Application of this method to, for example, two samples yields

Suzuki Kazuhiko (masculine) → ui;ao → #1: xy;zw,

Koga Manami (feminine) → oa;ai → #5: xA;Ay.


Table 13. Rank-ordered frequency distribution of the sound arrangements in the full names of Japanese men registered in the database of Sapporo Gakuin University.
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Table 14. Same as Table 13 but the full names of Japanese women registered in the database of Sapporo Gakuin University.

[image: image]



For the four-dimensional analysis the number of the categories is determined by M = B(4) = 15. From the results in Table 13, for the masculine names, remarkable concentration is seen on #1: xy;zw, #2: AA;xy, #8: AA;Ax, #5: xA;Ay, and #3: Ax;Ay, in which there are two arrangements (specifically, #8 and #5) that include the key segment A;A corresponding to the nearest-neighbor correlation. Subsequently, from those in Table 14, for the feminine names, noticeable aggregation is found on #5: xA;Ay, #1: xy;zw; #2: AA;xy, and #8: AA;Ax. Here it should be stressed that again the two arrangements #5 and #8, both of which imply the nearest-neighbor correlation, are included; in particular, the former, #5, does gain the premier place in the score of (f – F)2/F. To conclude, with regard to the preference for the nearest-neighbor sound correlations, coherence is preserved between the sound arrangements of the Japanese short poetry and those of the Japanese names. As a complement, it is well-known that the Japanese Imperial Family has traditionally a preference for the archaic names of the women of Imperial blood, such as Kako, Kiko, and Mako.

CONCLUSION

Sound correlations among the six sites on the Japanese short poetry have been detailed quantitatively both for haiku and for tanka. For corpora of the haiku poetry, the complete works of the three distinguished haiku composers have been selected. For those of the tanka, Collection of Ten Thousand Leaves and The Twenty-One Collections of Waka have been chosen. Analyzed results through comparison between the surveyed and the expected frequencies have manifested remarkable preference for the arrangements with the far-reaching correlations between heads as well as with the far-reaching anticorrelations between ends. In sharp contrast with the avoided rhyming between the far sites, preference has been found for specific arrangements showing the nearest-neighbor correlations. Subsequently, to reveal the distinctive feature of each corpus, correlation analysis has been carried out between the complete frequency distributions of the arrangements. Moreover, in order to explore a statistical rule for the rank-ordered frequency data, fitting has been made to a long-tail distribution. It has been shown that the results can be explained in comparison with the sound correlation between the first and the latter parts in the names of Japanese.
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192 #1238 E 24 24 721
191 #030 E a8 6927 653
190 #112 EH 2 4124 640
188 #0684 a3 6306 638
188 #0908 E 43 6306 638
187 75 EH 7 1725 609
185 #046 EH 30 4620 573
183 #126 E 2 4124 568
183 #137 E 2 4124 568
183 #160 E 2% 26 563
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Rank No. Amangement Correlation  Surveyed Expected (f-FJ%/

0 (] F
1 #022 AxAyAz H 123 6447 5393
= #118 AB:AB;Ax HE 72 35.48 37.59
3 #080 AcBABy H 29 50.74 25.80
4 #003 Ax;Ay;zw H 94 67.53 2312
4 #012 H 9% 5753 2312
6 #084 H 90 59.74 16.33
7 #005 H 87 57.53 15.10
8 #060 H 88 59.74 1337
8 #073 HE 59.74 13.37
10 #069 H 87 59.74 1244
1" #079 H 86 59.74 11.54
12 #0011 83 567.53 11.28
13 #144 HE 55 35.48 10.74
14 #092 HE 85 59.74 1068
15 #033 H 88 6417 885
16 #107 HE 53 35.48 865
17 #0685 HE 82 59.74 829
17 #082 H 82 59.74 829
19 #017 H 86 6417 743
20 #077 H 80 5974 6.87

The distrbution of sounds for the 203 arrangements is Au/: 10464, /o/: 12127, /a/: 11282,
Je/- 4823, /i 12022, and /n/: 420.
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® ® F
208 #00  xAyBBA E 12 3748 17.32
202 H041 AAXAYA E 1" 3472 1621
201 #084  xyAAZA E 19 4366 13.98
200 #54  ABxBAB EH 9 2840 1325
199 #055 EH 3 17.87 1237
198 H047  XAANAY EH 16 372 1009
196 #1238 E 12 2840 947
196 #1386 E 12 2840 947
198 #052 EH 5 17.87 927
193 #053 EH 5 17.87 927
193 #0S7 EH 5 1787 921
192 #187 EH 3 1438 901
191 #010 E 13 2874 862
190 #139 E 14 2840 730
189 #050 E 20 372 624
188 #0%9 E 28 3748 559
187 #132 EH 16 2840 541
185 #164 EH B 1438 488
185 #184 EH 6 1438 488
184 #072 E 24 3748 485
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0 ©
1 #022 AxAyAz H 158 6927 11366
2 #077 AxAB:By H 13 6306 3955
3 #005 AcyzAw H 98 54.11 35.60
4 #012 H 95 54.11 30.90
5 #003 H 94 54.11 29.41
6 wom H 105 606 2789
7 #038 H 82 4629 2755
8 #120 HE 73 4124 24.46
9 #085 H 9% 63.08 17.21
10 #043 H 74 46.29 16.59
"o H o1 0027 1453
12 #073 HE € 63.08 1422
13 #019 H 100 69.27 1363
14 #084 H 91 63.06 12.38
15 #080 AxBABy H 88 63.06 9.86
15 #094 xABB;AY 88 63.06 9.86
17 #104 AAAB;Bx H 61 4124 9.47
18 #066 AB;Ax;By H 85 63.06 763
19 #069 AB;Br:Ay H 84 63.06 6.95
20 #1009 AABBAx H 58 4124 681

The distribution of sounds for the 203 arrangements is /u: 12021, /o/: 11188, /a/: 14241,
Je/: 4276, /it 14062, and /n/: 384,
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[l (2] F
1 #0022 AcAyAz H 6 2974 5183
2 #005 H a7 2508 1928
3 #066 H a7 2504 1926
4 #028 H 53 2074 1819
4 #030 E 53 2974 18149
6 #080 H 45 2504 1591
7 #109 H 3 1892 1367
7 #146 HE 3 1892 1367
9 #120 HE 3 1892 1202
10 #007 a2 2508 1151
M 017 H 48 2074 1121
12 #1068 H a3 1892 1048
12 #16 H 33 1892 1048
14 #79 HE 19 928 1018
15 4068 a 2504 1047
16 4019 H 46 2074 889
16 4033 H 46 2074 889
18 #024 H 5 2974 783
19 #060  AAI H 30 2504 778
19 #065  ABABxy HE % 2504 778
199 #102  xyABAB EH 10 2504 908
200 #031  xAyAZA E 13 2074 942
201 #150  ABBBxA E 5 1892 1024
202 #025  AcyAzA E 12 2074 1058
208 #034  xyAAZA E " 2074 1181

The distribution of sounds for the 203 arrangements is /u/: 3155, /of: 6780, /a/: 6842,
Je/: 1332, /it 6158, and /n/: 831.
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[l " F
1 #0022 AxAyAz H 59 2815 3381
2 H005  AxyzAw H 34 1525 2305
3 #154  ABxBIAB HE 43 2126 2228
4 #118 ABABAX HE a1 2126 1833
5 #067  ABiAxyB HE 43 2335 1654
6 #120  ABAXAB HE 40 2126 1652
7 #017 H 45 2845 1009
8 #038 H a2 2615 961
9 #019 H 4 2815 892
10 #202 HE 30 1801 798
1 H06s HE a7 2335 7.98
1 #08s H 37 233 798
13 4066 H 3% 2335 685
13 069 H 3% 2335 685
15 #012 H 2 1525 623
16 #045 H 38 26145 637
17 #003 H 2 1525 502
18 #79  ABABAB HE 19 151 487
19 #0681  AABxyB 3 2335 486
19 #075  ABxyAB HE 3 2335 486
199 #050 E 13 26145 661
200 056 EH 4 1455 765
201 #046 EH 12 2615 766
200 #04t E 11 2615 878
208 #031 E 8 2845 14.42

The distribution of sounds for the 203 arrangements s /u/: 3262, /of: 7024, /a/: 7431,
Je/- 1144, /it 6038, and /n/: 209.
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Rank No. Armangement Correlation Surveyed Expected  (f-F2/
F

0 ®
1 #045 AxAyAA H g 3472 51.49
2 #022 AxAy:Az H 81 4366 3193
3 #21 AB:AxBA H 58 28.40 30.85
4 #023 AxAyZA H 78 4368 27.01
5 #133 AxBBAA H 50 28.40 16.43
6 #026 AxyzAA H 70 4366 15.89
6 #033 H 70 4366 15.89
8 #1090 H 49 28.40 14.94
8 #42 H 49 28.40 14.94
10 #080 H 60 37.48 1353
"o #oe H a7 w40 1218
12 #017 H 65 4366 1043
12 #035 H 65 4366 1043
14 #003 H 45 2874 920
15 #118 AB:ABAx HE 44 28.40 857
16 #066 AB;Ax;By H 55 37.48 819
17 #172 ABABAA HE 25 14.38 7.84
18 #0684 54 37.48 728
19 #H1 AABxAB H 42 28.40 6.51
20 #080 AABx:By H 53 37.48 6.43

The distribution of sound for the 203 arrangements is /u/: 5680, /of: 8115, /a/: 10950,
Je/: 2389, /il 9046, and /n/: 204.
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