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1 Introduction

I have investigated the language of Voynich Manuscript[1] from statistical point of view. Especially, I have researched
relationship between Voynichese ‘word’ and its context dependency. The first analysis[2] reveals that Voynichese
‘words’ are quite context-independent and their statistical behavior are very different from that of English. In the
next analysis[3], I found that hidden property of ‘words’ can be observed by stripping the prefix o and 40 away.
In that analysis, word stems (words with their prefixes stripped) can be devided into two groups using their left
entropy Hy. I named the group with smaller H; ‘red’, and the other one ‘green’. The red words are tend to appear
in folios written in language B, and the ratio of red words in a folio can be fairly good estimator of language the folio
is written in.

In this paper, I go further into the relationship between word groups and structure of words in a group. Especially,
word initial/final character are investigated.

2 The red and green words

The red words and green words are characterized by variation of their left context. If a word appears after very
limited words, that word belong to the red group. Otherwise, it belongs green group. See [3] for detailed discussion.
In this paper, I defined a red word as ‘a word whose left entropy is less than 4.0bit’. It means that a red word is
preceded by only eight kinds of words in average.

Table 1 shows the examples of red and green words. In this table, frequent (occur more than 100 times) words

are listed. From this list, it is obvious that red words tend to start with ‘ﬁ’ or H), while green words starts with cx,

& or &.

2.1 On frequency threshold

In the following analysis, property of red and green words are investigated for various frequency threshold. When
the threshold is set to 50, words that occur more than 50 times are investigated. Setting high threshold increases the
reliablity of the analysis, while only limited sample can be analysed. On the other hand, if we set lower threshold,
number of sample available for the analysis increases, while the reliability of the analysis decreases. Note that all
words are classified into eigher red or green group in this analysis. In principle, there can be more groups — ‘blue’
or ‘yellow’ or whatsoever.

Table 1: Examples of red and green words

red words green words
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Table 2: Word-initial character frequency

char red word green word
>50 [ >20] >10] >5 >50] >20] >10 | >5
o 0 0 57 | 144 || 1199 | 1264 | 1264 | 1264
c 0 0 11 11 0 0 0 0
< 0 23 | 372 | 705 || 2744 | 3387 | 3494 | 3494
& 0 0 0 6 0 0 0 0
55 54 54 94 | 124 68 97 97 97
X 0 15 44 0 0 19 19
J 0 103 | 145 | 244 | 291 | 291 | 291
& 0 0| 135 | 262 || 2319 | 2543 | 2600 | 2600
c 0 53 82 | 134 0 0 0 0
¥ 0 25 37 57 0 0 0 0
d 0 0 11 11 0 0 0 0
ww 0 0 15 15 0 0 0 0
w 0 30 30 30 0 0 0 0
W 0 0 0 6 0 0 0 0
Iif 4299 | 4774 | 5110 | 5328 0 0 0 0
Q 1245 | 1500 | 1752 | 1939 || 347 | 372 | 372 | 372
f 0 28 28 28 0 0 0 0
o 0 0 11 11 57 57 57 57
¥ 108 | 247 | 376 | 501 0 32 32 32
0 0 0 0 0 23 23 23
3 421 | 617 | 658 | 700 101 | 101 | 101 | 101
1Y 0 0 0 52 643 | 745 | 765 | 765
& 0 0] 208 | 396 | 1498 | 1911 | 1911 | 1911
Y |l 2469 | 2665 | 2876 | 3125 0 0 0 0
9 0 0| 273 | 454 || 211 | 549 | 586 | 586

2.2 Observation of initial character

I investigated word-initial character of words in each group. In this analysis, Currier-like character definition is
employed. Table 2 shows the frequency of word which begins with each character. From this result, it is found that
distributions of the initial character for both groups are very different. Table 3 shows the relationship between initial
character and a group the word belongs to. Relationship between red group and its initial character is very similar
to property of 4o-prefixed word discovered by Landini[4] and Sazonov[5].

2.3 Observation of final character

Next, word-final character frequencies are investigated. The result is shown in table 4. From this result, it is found
that word-final characters have almost nothing to do with the word’s group. This result is consistent with the fact
that the right entropies of words are independent to their group.

3 Reproductivity of red and green words

Next, reproductivity of words in both groups are investigated. Here, I call a Voynichese word is reproductive when
both prefixed and non-prefixed form of the word appears in VMS. I investigated the reproductivity of words by
following procedure:

1. Pick a word w. If frequency of the word is more than the threshold, continue processing.

2. if the word is prefixed by o or 40, remove the prefix. Let the prefix-removed (or original, if it doesnn’t have a
prefix) word be w /.



Table 3: Relationship between group and initial character

’ group \ characters

red +PSPCH)”J

probably red g ¢ uww
green oad &

probably green (q:ﬁ( o

9
not sure ccﬁcﬁi{ﬁc)’\O\fA].

3. Check if w’, ow’ and 4_ow' appears in the original text.

Table 5 shows the reproductivity of frequent words. It is obvious that red words have higher reproductivity,
which means that red words can be prefixed by o and 4o0. On the other hand, reproductivity of green words against
o and 40 is not very high, but most frequent words are still reproductive.
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Table 4: Word-final character frequency

char red word green word
>50 | >20|>10| >5 || >50| >20|>10| >5
o 0 0 0 10 0 0 0 0
& 0 0 79 | 177 0 67 67 67
c99 208 | 416 | 586 | 817 637 | T43 | 743 | 743
< 0 0 12 12 0 24 24 24
< 1003 | 1071 | 1180 | 1293 || 1064 | 1165 | 1165 | 1165
“52 704 | 735 | 749 | 787 137 192 192 | 192
cccd% 0 0 17 44 0 0 0 0
d 0 0 11 11 0 0 0 0
Y 0 0 35| 50 0 41 41 41
w 840 | 893 | 1004 | 1156 || 1699 | 1946 | 2021 | 2021
W 682 727 | 794 | 880 376 | 376 | 395 | 395
Y 0 0 26 | 39 0 0 20 | 20
\\\j’ 0 0 0 6 0 0 0 0
W 0 0| 11| 17 0 0 0 0
rj’ 110 160 | 225 | 344 169 169 187 | 187
114 0 0 15 29 0 24 24 | 24
W 0 84 84 | 116 154 176 176 | 176
4 1195 | 1458 | 1769 | 2011 || 1261 | 1542 | 1558 | 1558
H) 0 0 14 23 0 0 0 0
Q 1804 | 1968 | 2326 | 2554 || 1540 | 1788 | 1788 | 1788
o 0 113 | 258 | 342 301 368 | 368 | 368
l 0 25 108 | 210 256 | 381 381 | 381
& 0 0 11 11 0 0 0 0
CH) 0 0 26 26 0 0 0 0
9 2050 | 2366 | 2914 | 3263 || 1837 | 2370 | 2462 | 2462
Table 5: Reproductivity of words
prefix red word green word

>50 | >20|>10| >5 | >50| >20| >10 >5

frequency-weighted without prefix || 100.0 | 99.7 | 99.3 | 98.8 || 100.0 | 100.0 | 100.0 | 100.0

with o 93.0 | 94.0 | 87.4 | 82.2 87.8 | 79.2 | 784 | 784

with 40 92.3 | 90.6 | 83.2 | 76.8 75.2 | 66.1 | 65.5 | 65.5

not frequency-weighted | without prefix || 100.0 | 99.0 | 97.7 | 96.6 || 100.0 | 100.0 | 100.0 | 100.0

with o 94.2 | 96.9 | 70.5 | 59.2 79.0 | 58.1 | 56.2 | 56.2

with 40 92.3 | 84.5 | 60.5 | 47.1 64.5 | 41.1 | 409 | 409




