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A study on the distribution of cooccurrence weight 
patterns of classical Japanese poetic vocabulary 

Hilofumi Yamamoto1, Bor Hodoscek2 

 
Introduction 
The present study focuses on ongoing work exploring the threshold values dividing words 
in classical Japanese text into three groups: content, functional, and in-between. Content 
or semantic based analyses usually employ some techniques of data cleansing, such as 
eliminations of tags, punctuations, or symbols, as a preprocessing step. Stop words are 
also a type of token to be eliminated since they contain comparatively less meaning for 
content analysis. In general, it can be said that the most frequent words will be common 
words such as ‘the’ or ‘and,’ which help build ideas but do not carry any significance 
themselves (Rajaraman and Ullman, 2012: 8). Lists of stop words are commonly used, but 
have some problems: 1) it is necessary to compile them in advance; 2) they necessarily 
change depending on the domains of analyses; and 3) it is not clear which words should 
be included when analyzing classical texts. 
 Our previous study grouped modern Japanese words into low-, mid-, and high-
range groups according to their information content given by their term frequency-inverse 
document frequency (tf-idf) and found that low-range words corresponded to infrequent 
and highly topical words, and high-range words corresponded to functional words 
expressing the grammatical relations between words. The study did not find an automatic 
method capable of classifying tokens into low-, mid-, and high-range. Furthermore, we 
found that previous research almost exclusively ignored the properties of the mid-range 
(Hodoscek and Yamamoto, 2013). 
 One of the methods used in Hodoscek and Yamamoto (2013) exploited the 
occurrence not of individual words but of pairwise or cooccurrence patterns such as 
‘fragrance–flower’ relationships and revealed that the distribution of cooccurrence weights 
in modern Japanese texts approximately fitted a Gaussian curve. In this study, we will 
attempt to expand this analysis to classical texts by utilizing the characteristics of the 
Gaussian distribution to automatically group words into three clusters of cooccurrence 
patterns. 
 
Methods 
We use the Hachidaishu as the material of the present study, which comprises the eight 
anthologies compiled under order of the Emperors (ca. 905–1205) and contains about 
9,500 poems. We developed the corpus and a method of cooccurrence weighting similar 
to the tf-idf method, cw (Yamamoto, 2006), which calculates the weight of patterns of any 
two words occurring in a poem sentence (Spärck Jones, 1972; Robertson, 2004; Manning 
and Schutze, 1999; Rajaraman and Ullman, 2012). 

 
  
 Where w is a weight, t a token, and N the number of tokens. The function idf is 
called the “inverse document frequency” (Spärck Jones, 1972; Robertson 2004; Manning 
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and Schutze, 1999). The function cw is called the “cooccurrence weight,” which allows us 
to examine the patterns of poetic word constructions through mathematical modeling. 
 As in Figure 1, there is a concept (Losee, 2001: 1019) of terms located in each 
layer being effective query terms. Luhn (1968) cuts the top and bottom words of the 
frequency and uses the mid-range vocabulary for the development of an automatic outline 
generation system (Figure 1). Nagao (1983: 28) also mentioned mid-range vocabulary to 
be effective in generating automatic abstracts. Nagao’s viewpoint is slightly different from 
Luhn (1968) in that it allocates the distribution of word lengths around the Gaussian curve. 
The positions of both the upper cutoff and the lower cutoff are, however, assumed to be 
empirical; it is not discussed where to cut them off. 

Results 

 
  
The distribution of cw values is taken from the network model of both ume (plum) and 
sakura (cherry) and their curves belong to Gaussian curve as well as in classical texts 
(Figure 2). Therefore we will attempt to divide this shape into three layers by inflection 
points. 
 The cooccurrence patterns of sakura (cherry) under -0.9 (near -1) cw value are 
adjacent patterns comprising function words, and over 1 cw value are patterns with 
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content words as we expected (Table 1 and 2). As for the upper cutoff, we used an under 
-0.9 (near -1) σ value of cw, which could extract patterns of functional tokens: almost all 
patterns included functional words, while as lower cutoff, we used over 1 σ values, which 
could extract patterns of content tokens: almost all patterns included content words. Both 
under -1 and over 1 σ are regarded as inflection points which have mathematically 
interesting properties. 
 
Discussion 
Inflection points are defined as the points on the curve where the curvature changes its 
sign while a tangent exists (Bronshtein et al., 2004: 231). We consider the threshold values 
that separate upper cutoff, mid-range, and lower cutoff not as coincidental but as 
evidential points. It is, however, necessary to conduct further experiments and continue to 
discuss the mathematical traits behind the distributions of cooccurrence weights. 
 In terms of removing the low-range (upper cutoff) and extracting the high-range 
(lower cutoff) from poetic texts, we found that we do not need to use any filters to eliminate 
terms, since cw values returned semantically cooccurring patterns. Apart from low-range 
and high-range, the characteristics of the mid-range lexical layer are still unknown. 
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Conclusion 
Using the distribution characteristics of cooccurrence weights, we were able to classify 
cooccurrence patterns into three layers of cooccurrence patterns: high-, mid-, and low-
range patterns. 
 We found that 1) the distribution of classical texts fits a Gaussian curve as well 
as in modern texts; 2) the cw value can separate patterns into three layers (low-, mid-, and 
high-range) using inflection points (-1σ and 1σ); 3) of the three layers, the high-range could 
be extracted without a list of stop words; 4) the mid-range lexical layer might include 
mathematical traits not yet revealed in the present study. 
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