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Abstract.  Two-dimensional patterns with four-fold mirror symmetry are generated from
texts written with Chinese characters. The drawing is based on the spiral mapping
technique, with which one can visualize a statistical property of a text within a two-
dimensional region through spirally folding a string of the characters. After illustrating
the outline of the method, typical results of the pattern generation are shown and
subsequently analyzed by means of the diversity indices. Specifically, these patterns can
be obtained from a variety of texts such as sutras, poems, and strings of words, for
instance, titles of chapters in a literary work.

1.  Introduction

Generation, formation, and evaluation of patterns have been of major research topics
in science of form (TAKAKI, 2003). Traditionally important patterns include Arabesque,
spiral, lattice, flowing water, and foreign patterns. In addition to these, there are a quantity
of refined and sophisticated patterns in the world. One could see them, for instance, in
Oriental (Persian) carpets (BIER, 2000), rugs, crochet laces, chinawares, Japanese family
crests, Ainu embroideries, and textiles in a barbarous society. In religious contexts,
patterns have been realized as mandalas in the Esoteric Buddhism, rosettes in churches, and
decorative arts with Arabic characters. Of these, mandalas are highly symmetrical
arrangements of sacred symbols, which constellate around the center (TUCCI, 1969;
MATSUNAGA, 1991). Originally, they were used as means of the religious achievement in
the Hinduism as well as the Buddhism. On the basis of this initial meaning, recent progress
in the depth psychology has found relevance between the highly symmetrical drawings and
the traditional mandalas. JUNG (1968) had found through observations of his patients that
such singular figures with rigorous symmetries could be interpreted with a symbol of the
‘Self’ being a key concept in his psychology (JACOBI, 1939). In his point of view, it is the
mandala that appears as a symbol of ‘Self’ which attemps to integrate various conflicting
elements in the mind. In his works, he classified mandalas into the two categories: Type I)
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‘modern or personal mandalas’ as a natural symbol, and Type II) ‘traditional or historical
mandalas’ as a cultural symbol. According to this classification, the mandalas used in the
Esoteric Buddhism can be included in the latter. Based on the Jung’s understanding, more
recently TUCCI (1969) has defined mandalas as ‘figures symbolically representing the two
processes that consist of break-up and reintegration of the consciousness.’

In this paper two-dimensional patterns with four-fold mirror symmetry are generated
from texts written with Chinese characters. The drawing is based on the spiral mapping
technique (HAYATA, 2003), with which one can visualize a statistical property of a text in
a two-dimensional region through spirally folding a string of the characters. With the
Jung’s classification mentioned above, these symmetrical patterns can be categorized into
Type-I mandalas. Indeed, in his collected works concerning mandalas (JUNG, 1968), he
presented a variety of patterns with four-fold mirror symmetry. (See, e.g., Figs. 5–9 in the
literature.) After describing the outline of the method, typical results of the pattern
generation are shown and subsequently analyzed by means of the diversity indices.
Specifically, the author employs the Simpson’s index of diversity and the Shannon’s
information entropy (the average amount of information). Mandala patterns are obtainable
from a variety of texts such as the HANNYA SHINGYO, a figure in the KEGON
Scriptures, the RISHU Sutra, a Chinese poem, and strings of words, such as, for instance,
titles of chapters in a literary work. Here the HANNYA SHINGYO is an extremely
condensed form of a great scripture termed the HANNYA Sutra; the KEGON Scriptures,
which are regarded as being representative of the Mahayana Scriptures, have commonly
been used in the KEGON sect, while the RISHU Sutra has been used in the Shingon sect.
Words are cited from the Tale of Genji, Han Fei Tzu (KAMPISHI), SHOBOGENZO,
KIGOes in haiku, and eventually the 37 Sacred Symbols in the KONGO World. The
explanation of these texts is given in the caption of each pattern. Comparison is made
among features of the mandalas.

2.  Procedure for Mandala Generation

In this section, a method for generating mandala patterns is first described through
application to the Sexagenary Cycle (see, e.g., OKADA, 1999) shown in Fig. 1. Subsequently,
typical examples of mandala generation are presented.

2.1.  Mapping procedure
In the present method, we take notice of fluctuation in the number of kanas along the

sequence of words written with Chinese characters. Note that kanas are letters in the
Japanese syllabary, which are frequently added to a Chinese character in order to indicate
its pronounciation. For instance, for No. 31 on Fig. 1, the two Chinese characters
composing the 31st word are accompanied by two kanas [2] and another [1], respectively.
Here the numeral in the bracket represents the number of kanas per Chinese character,
which can be used as an indicator for the ‘length’ of each Chinese character. In Fig. 1, the
length data are defined clearly; for No. 31 those are 2·1.

To visualize the sequence of the character-length data, the author presents a method
that modifies the spiral mapping technique (HAYATA, 2003). In this method, from a point
on the outermost orbit to the center (0, 0), a spiral pattern with the clockwise rotation is
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drawn in accordance with the direction of a sequence. However, because of the uncertainty
in the location of the initial point, in actual drawings, instead of the forward propagation,
a spiral with the counterclockwise rotation is created backward (i.e., from No. 60 to No. 1).
The reverse trajectory is generated as the following algorithm:

1) Starting from the center (0, 0), move horizontally along the x-axis with the
increment ∆x. Here ∆x (>0) is the length of the last Chinese character of the sequence. For
the system of Fig. 1, ∆x = 2.

2) Subsequently, move upwards with the increment ∆y. Here ∆y (>0) is the length
of the second Chinese character from the terminal. For Fig. 1, ∆y = 1.

3) For the point being in the first section (x > 0, y > 0), move backward along the
horizontal direction (i.e., set ∆x < 0, being the decrement) and upwards along the vertical
direction (set ∆y > 0) until the point attains into the second section (x < 0, y > 0).

4) For the point being in the second section, move backward along the horizontal
direction (set ∆x < 0) and downward along the vertical direction (set ∆y < 0) until the point
attains into the third section (x < 0, y < 0).

Fig. 1.  The Sexagenary Cycle.
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5) For the point being in the third section, move forward along the horizontal
direction (set ∆x > 0) and downward along the vertical direction (set ∆y < 0) until the point
attains into the fourth section (x > 0, y < 0).

6) For the point being in the fourth section, move forward along the horizontal
direction (set ∆x > 0) and upwards along the vertical direction (set ∆y > 0) until the point
attains into the first section (x > 0, y > 0).

7) Go to Step 3 and repeat this procedure until the point attains the initial Chinese
character.

Applying this algorithm to the sequence of Fig. 1, one obtains the trajectory

(0, 0) → (2, 0) → (2, 1) → (–1, 1) → (–1, –1) → (1, –1) → (1, 1)
→ (–1, 1) → (–1, –1) → (0, –1) → (0, –2) → (1, –2) → (1, –1) → (2, –1)
→ (2, 1) → (0, 1) → (0, 3) → (–2, 3) → (–2, 1) → (–4, 1) → (–4, –1)
→ ···
→ (–4, 16) → (–4, 14) → (–7, 14) → (–7, 12) → (–8, 12) → (–8, 10). (1)

Here the adjacent points are joined with a segment line. The spiral pattern is thus obtained
as shown in Fig. 2, which becomes a basis for reproducing copies. Specifically, we consider
three derivatives arising from the original pattern shown in Fig. 2: 1) the map reversed
across the y-axis, 2) the map reversed across the x-axis, and 3) the map reversed across the
center (x, y) = (0, 0). Subsequently, in order to obtain a pattern with two-fold mirror

Fig. 2.  Spirally mapped orbits for the Sexagenary Cycle shown in Fig. 1.
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symmetry, these four maps are superimposed without offset. Finally, this pattern and its
90°-rotation are superimposed. Note that the final pattern maintains the four-fold mirror
symmetry being a typical feature of mandalas. The final result can be seen in Fig. 3. It
should be mentioned here that more complicate and/or dynamic patterns could be generated
by utilizing longer texts such as, e.g., sutras or dharanies in the Buddhism and Chinese
poems, which will be described in the subsequent section. In other words, the degree of
complexity would be controllable by selecting an appropriate text.

2.2.  Examples
In this section typical results of mandala patterns generated from texts are displayed.

The texts written with Chinese characters include sutras, a poem, and sequences of words.
As the most famous sutra in the Buddhism, first, consider the HANNYA SHINGYO (see,
e.g., HIRO, 1998) as shown in Fig. 4(a), from which the mandala pattern of Fig. 4(b) has
been obtained. The frequency ( f ) distribution of the elemental area S, i.e., {S} vs. { f }, is
given in the caption of Fig. 4(b). Note here that the pattern is composed of 556 polygonal
elements (i.e., N = 556).

Subsequently, we consider the ICHIJO-HOKKAI figure in the KEGON Scriptures
(KAMATA, 1988). As seen in Fig. 5(a), this figure can be featured by a meandering string
of 210 Chinese characters. To make mapping the original geometry has been rewritten as
shown in Fig. 5(b). The pattern created from Fig. 5(b) is seen in Fig. 5(c), where the

Fig. 3.  The mandala pattern generated from Fig. 2, where (S, f, f/N[%]) = (1, 196, 71.0), (2, 48, 17.4), (4, 16,
5.8), (12, 4, 1.4), (16, 4, 1.4), (31, 4, 1.4), and (35, 4, 1.4) with N = 276 (m = 7). Here N (m) stands for the
number of polygonal elements (the number of their category).



238 K. HAYATA

Fig. 4.  (a) The HANNYA-SHINGYO. This sutra composed of 262 Chinese characters is an extremely condensed
form of a great scripture termed the HANNYA Sutra and thus contains the quintessence of the original text.
(b) Mandala pattern generated from (a), where (S, f, f/N[%]) = (1, 416, 74.8), (2, 84, 15.1), (3, 24, 4.3),
(4, 8, 1.4), (6, 4, 0.7), (9, 8, 1.4), (20, 4, 0.7), (48, 4, 0.7), and (108, 4, 0.7) with N = 556 (m = 9).

(a)
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mandala is composed of 528 elements (i.e., N = 528). For an example of highly dense
pattern generation, the RISHU Sutra (see, e.g., MATSUNAGA, 1992) given in Fig. 6(a) is
chosen. As seen in Fig. 6(a), this sutra is composed of the most sentences among the three
sutras. The mandala pattern generated from Fig. 6(a) is shown in Fig. 6(b), where the
mandala is divided into 856 elements (N = 856).

The mandala pattern arising from the Chinese poem BAITAN’O (given in Fig. 7(a))
that was composed by Hakukyoi (TABEI, 1990) is exhibited in Fig. 7(b).

The Tale of Genji is a long fiction authored by Murasaki Shikibu (Lady Murasaki) in
the middle of the Heian period. Currently this work is regarded as being composed of the
54 volumes as seen in Fig. 8(a). The mandala pattern generated from Fig. 8(a) is shown in
Fig. 8(b). However, there once was a different arrangement for the volumes. The one
including KUMOGAKURE in Volume 41 (KANEKO, 1952) is given in Fig. 9(a). The
pattern obtained from Fig. 9(a) is displayed in Fig. 9(b). In comparison between the two
patterns (Figs. 8(b) and 9(b)) one finds that, though their aspects differ each other, there is
no substantial difference between them. Aside from the original text, to date the Tale of
Genji has reproduced several arranged digests. For an example of them, we herein consider
the one written by KAWAGUCHI (1962). The sequence of the volumes and the mandala

Fig. 4.  (continued).

(b)
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pattern are seen in Figs. 10(a) and (b), respectively.
The literary works composed of a quantity of volumes comparable to the Tale of Genji

can also be found in the Chinese classics. Here we notice Han Fei Tzu (Fig. 11(a); KANAYA,
1994), which includes 55 volumes being close to the number of the Tale of Genji. The
mandala pattern generated from Fig. 11(a) is shown in Fig. 11(b). In general, superposing
two sequences allows one to enhance the degree of complexities of the pattern. For
instance, a texture using the volume titles of Han Fei Tzu and those of the Tale of Genji is
displayed in Fig. 12. The two original sequences, {H1, H2, ..., H55} and {G1, G2, ..., G54},
are merged as

Fig. 5.  A mapped seal in the ICHIJO-HOKKAI Figure in the KEGON Scriptures. This map sketches the path
from the start, dharma, to the goal, Buddha, at which spiritual enlightenment will be attainable. (a) Original.
(b) Modification for reading. (c) Mandala pattern generated from (b), where (S, f, f/N[%]) = (1, 372, 70.4),
(2, 76, 14.4), (3, 20, 3.8), (4, 28, 5.3), (6, 12, 2.3), (7, 12, 2.3), (12, 4, 0.8), and (19, 4, 0.8) with N = 528 (m
= 8).
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{H1, G1, H2, G2, ..., G53, H54, G54, H55}, (2)

where Hi (i = 1, 2, ..., 55) represents the i-th chapter in Han Fei Tzu and Gi (i = 1, 2, ..., 54)
represents the i-th volume in the Tale of Genji.

The Japanese classic writing SHOBOGENZO (MIZUNO, 1990) authored by Master
Dogen is composed of 75 chapters, the number of which exceeds substantially those of the

Fig. 5.  (continued).
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two works above. Their titles are written in Fig. 13(a). The mandala pattern arising from
Fig. 13(a) is drawn in Fig. 13(b).

In haiku, which is the shortest Japanese poem of 17 syllables, a seasonable word
termed KIGO must be included in a sentence. Figure 14(a) shows the sequence of summery
KIGOes in the Buddhist SAIJIKI (IIDA, 1996). The mandala pattern generated from Fig.
14(a) is seen in Fig. 14(b). For the sequence of autumnal KIGOes one can see the results
in Figs. 15(a) and (b).

Finally, mandala generation from the names of the 37 Sacred Symbols of the KONGO
World (MATSUNAGA, 1991) is described. The sequence of the names is given in Fig. 16(a),
from which the pattern of Fig. 16(b) has been produced.

3.  Analysis

3.1.  Analytical method
To evaluate geometrical features of the mandala pattern, we firstly examine the

frequency distribution of areas of the polygonal elements in the pattern. For more detailed
characterization the Simpson’s diversity index 1 – λ (SIMPSON, 1949) would be useful,
where

λ = −( )[ ] −( ) ( )−

=
∑N N f fi i
i

m

1 1 3
1

1

.

Fig. 5.  (continued).
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Fig. 6.  (a) The RISHU Sutra. The text is known as a scripture being commonly used in the Shingon sect. Note
that the term RISHU stands for the reason of things and for that leading to a right thing. (b) Mandala pattern
generated from (a), where (S, f, f/N[%]) = (1, 800, 93.5), (2, 36, 4.2), (3, 8, 0.9), (4, 8, 0.9), and (13, 4, 0.5)
with N = 856 (m = 5).

 (a)
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Fig. 6.  (continued).
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Here fi (i = 1, 2, 3, ..., m) stands for the frequency of Si being the area data. This index, which
was proposed initially in the context of ecology, is based on probability theory. Suppose
that two elements were sampled randomly from the N elements with m categories. In
making such sampling a variety of combinations are possible. The index represents the
probability of finding the two samples in the same category. As the distribution, i.e., the
profile of {f} versus {S}, becomes uniform, the probability λ  decreases, which leads to the
increasing diversity 1 – λ . Here we note that the index is bounded within

0 ≤ 1 – λ  ≤ (N – 1)–1N(1 – m–1). (4)

In addition to the Simpson’s index, as another approach to analyzing the degree of
diversity, we use the Shannon’s information entropy H (nat) (SHANNON, 1948) defined in
the form

H p pi i
i

m

= − ( )
=
∑ ln ,

1

5

with pi = fi/N (i = 1, 2, 3, ..., m). The information entropy can be normalized in the form

Fig. 6.  (continued).
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Fig. 7.  (a) BAITAN’O by Hakukyoi. The title of this poem represents an old person who sells charcoal. The
composer is a famous Chinese poet in the middle of the Tang period (618-907). (b) Mandala pattern
generated from (a), with (S, f, f/N[%]) = (1, 300, 56.4), (2, 136, 25.6), (3, 24, 4.5), (4, 56, 10.5), (6, 8, 1.5),
(14, 4, 0.8), and (32, 4, 0.8) with N = 532 (m = 7).

(a)
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Fig. 10.  (a) The titles of chapters in an Arranged Digest of the Tale of Genji, which was written by Matsutaro
Kawaguchi (1899-1985), who is a Japanese novelist being known with, e.g., AIZENKATSURA. (b)
Mandala pattern generated from (a), where (S, f, f/N[%]) = (1, 120, 76.9), (2, 8, 5.1), (3, 4, 2.6), (4, 12, 7.7),
(5, 4, 2.6), (13, 4, 2.6), and (17, 4, 2.6) with N = 156 (m = 7).

(a)

h = H/lnm, (6)

which is termed the relative entropy in the context of information theory.
One finds that the patterns exhibited in Subsec. 2.2 contain two different joints: one

is shaped like ‘+’, the other is shaped like ‘T.’ As a measure of balance between the two
different joints we calculate the binary entropy (SHANNON, 1948)

h2 = (–p+lnp+ – pTlnpT)/ln2, (7)
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where 0 ≤ h2 ≤ 1 and p+ (pT) stands for the relative frequency of the cross (the T junction);
for p+ = pT = 1/2, h2 = 1. As will be found in the subsequent section, it is important to
evaluate the joint distribution in characterizing the ‘individuality’ of a mandala pattern.

Finally, a method is proposed for measuring a geometrical feature of the outermost
boundary of a mandala pattern. As an index dependent on the overall area of a pattern, Stot,
and the characteristic length, a, we derive

Γ  = K–1(Stot – 2a2) + 1 with K = (π – 2)a2, (8)

where π is the Ludolph’s number, and the meaning of a is indicated on Fig. 3. Note that Γ
→ 1 as the contour of a mandala approaches that of the square with side length 2 a and
area 2a2, whereas Γ → 2 as the contour approaches that of the circle with radius a and area
πa2. The Γ-value beyond the confines of 1 ≤ Γ  ≤ 2 is possible: for Γ < 1 the shape of a
mandala becomes starlike, while for Γ > 2 it exhibits a feature of the super-circle
characterized by the parameter Γ. Therefore, with this shape index being calculated, one
can quantify the topographic aspect of mandalas.

Fig. 12.  A superimposition between the titles of the Tale of Genji (Fig. 8(a)) and those of Han Fei Tzu (Fig.
11(a)), where (S, f, f/N[%]) = (1, 372, 61.6), (2, 168, 27.8), (3, 4, 0.7), (4, 36, 6.0), (5, 8, 1.3), (9, 4, 0.7),
(23, 8, 1.3), and (30, 4, 0.7) with N = 604 (m = 8).
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Fig. 13.  (a) The titles of chapters in Master Dogen’s SHOBOGENZO. With this writing, Dogen (1200–1253)
stated the spirit of the Buddhism. (b) Mandala pattern generated from (a), where (S, f, f/N[%]) = (1, 412,
79.2), (2, 64, 12.3), (3, 12, 2.3), (4, 12, 2.3), (7, 4, 0.8), (8, 4, 0.8), (16, 4, 0.8), (17, 4, 0.8), and (19, 4, 0.8)
with N = 520 (m = 9).

(a)
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3.2.  Results
First, numerical results are presented for the mandala pattern of the Sexagenary Cycle

(Fig. 3). The mode, Mo, and the range, R, of the area data {S} are derivable as Mo = 1 and
R = 34, respectively. Here Mo and R stand for, respectively, the most frequent value and
the difference between the maximum and the minimum of the data. The Simpson’s
diversity index, the Shannon’s information entropy, and the relative entropy, respectively,
become

1 – λ  = 0.463,  H = 0.958 nat,  h = 0.492. (9)

The binary joints distribute as

(p+, pT) = (50.7, 49.3) in %, (10)

from which we calculate
h2 = 1.00, (11)

indicating that in Fig. 3 the joints are balanced each other.
The shape parameters, a and Stot, are derived as

Fig. 13.  (continued).
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Fig. 14.  (a) A juxtaposed sequence of the summery KIGOes in the Buddhist SAIJIKI for haiku. (b) Mandala
pattern generated from (a), where (S, f, f/N[%]) = (1, 312, 65.0), (2, 120, 25.0), (3, 20, 4.2), (4, 8, 1.7), (6,
8, 1.7), (19, 4, 0.8), (22, 4, 0.8), and (58, 4, 0.8) with N = 480 (m = 8).

(a)

a = 18, Stot = 732. (12)

With N = 276 and Stot = 732, we obtain, as the average area of the elements, Stot/N = 2.65,
and, as the number density of the pattern, N/Stot = 0.377. On substitution of Eq. (12) into
Eq. (8) we evaluate

Γ  = 1.23. (13)

Note that the above results of the characteristic values could be a criterion for discussing
features and complexities of mandalas.
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In Subsec. 2.2 mandala patterns generated from the three sutras have been shown in
Figs. 4(b), 5(c), and 6(b). For comparison, numerical results for the characteristic indices
are listed in Table 1. First, one may notice that the pattern of Fig. 6(b) exhibits exceptionally
small indices of diversity, and thus, is sharply discriminated from the other ones. This can
also be seen in the joint distribution; the binary entropy h2 is pronouncedly smaller than
those of the other patterns. The pattern of Fig. 5(c) is noteworthy in its largest value of Γ ,
which indicates that among the three patterns the mandala of Fig. 5(c) is most close to that
of the circle with radius a. Lastly, a feature of Fig. 4(b) should be mentioned. In this pattern
the largest range of the area data is seen (R = 107). Indeed the magnitude of R is found to
be an order of magnitude larger than the other two. This property of Fig. 4(b) is consistent
with the fact that it possesses the largest Stot among the three.

Subsequently, numerical results for the pattern generated from the Chinese poem
BAITAN’O (Fig. 7(b)) are presented. Here, (Mo, R) = (1, 31) for {S}; with N = 532 and Stot
= 1100, one calculates (Stot/N, N/Stot) = (2.07, 0.484). The diversity indices are 1 – λ  = 0.604,
H = 1.19 nat, and h = 0.609; the joints distribute as (p+, pT) = (66.7, 33.3)%, which leads

Fig. 14.  (continued).
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(a)

Fig. 15.  (a) A juxtaposed sequence of the autumnal KIGOes in the Buddhist SAIJIKI for haiku. (b) Mandala
pattern generated from (a), where (S, f, f/N[%]) = (1, 544, 81.0), (2, 72, 10.7), (3, 16, 2.4), (4, 28, 4.2), (6,
4, 0.6), (8, 4, 0.6), and (14, 4, 0.6) with N = 672 (m = 7).
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Fig. 15.  (continued).

to h2 = 0.918. With a = 22 and Stot = 1100, Γ  = 1.24.
The results of the patterns generated from the original (Fig. 8(b)) and its variants (Figs.

9(b) and 10(b)) of the Tale of Genji are listed in Table 2. Through comparison among the
three the pattern of Fig. 10(b) shows a sharp contrast to the other two. For instance, because
of the shortest sequence (see Fig. 10(a)) the total area of Fig. 10(b) is much smaller than
those of Figs. 8(b) and 9(b). This property of Fig. 10(b) is responsible for reducing the
indices of diversity. There are features in common between Figs. 8(b) and 9(b). Among
them the distribution of the two joints is worth noting; one finds that p+ < pT, indicating that
in Figs. 8(b) and 9(b) the tee junctions dominate the crosses.

The results of the patterns shown in Figs. 11(b) and 12 are summarized in Table 3,
where the effect of the superimposition between the Tale of Genji (Fig. 8(a)) and Han Fei
Tzu (Fig. 11(a)) is analyzed. It is found that with merging the two sequences, in addition
to N, a, and Stot, all the diversity indices including h2 as well as the magnitude of Γ can be
enhanced. This finding is consistent with the fact that Fig. 12 appears highly dynamical and
is much more complicate than Fig. 11(b).

Next, numerical results for the pattern generated from the Master Dogen’s
SHOBOGENZO (Fig. 13(a)) are given. The diversity indices are 1 – λ  = 0.356, H = 0.803
nat, and h = 0.366. The binary joints distribute as (p+, pT) = (60.9, 39.1)%, which yields h2
= 0.965. In Fig. 13(b), a = 21 and Stot = 892, which lead to Γ = 1.02. Here we note that the
number of elements, N = 520, in Fig. 13(b) is comparable to those in Figs. 5(c) and 7(b) (N
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Fig. 16.  (a) The names of the 37 Sacred Symbols of the KONGO World in the Esoteric Buddhism. (b) Mandala
pattern generated from (a), where (S, f, f/N[%]) = (1, 316, 58.5), (2, 160, 29.6), (3, 8, 1.5), (4, 32, 5.9), (5,
12, 2.2), (11, 8, 1.5), and (17, 4, 0.7) with N = 540 (m = 7).

(a)

= 528 and 532, respectively). Comparison among the three patterns will be made in the
subsequent section.

The results of the patterns shown in Figs. 14(b) and 15(b) are compared in Table 4. It
can be seen that the two patterns exhibit a marked contrast both in the indices of diversity
and in the shape parameter. In particular, the exceptionally small value of Γ for Fig. 14(b)
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Fig. 16.  (continued).

(Γ = 0.773) would be of interest. As mentioned in the explanation of Eq. (8), the Γ-value
less than unity represents a starlike mandala as seen in Fig. 14(b). Also note that in Fig.
15(b) all the diversity indices including h2 become smaller than those calculated for Fig.
14(b).

Lastly, analyzed results for Fig. 16(b) are described: N = 540, m = 7; Mo = 1, R = 16;
H = 1.09 nat, h = 0.559, 1 – λ  = 0.566; h2 = 0.988; a = 22, Stot = 1004, and Γ = 1.07. Here
one notices the value of N being comparable to those seen in Figs. 5(c), 7(b), and 13(a).
Discussion will be made in the subsequent section.

4.  Discussion

To discuss the quality of the mandala patterns, firstly comparison will be made
between the pattern shown in Fig. 3 (N = 276) and that shown in Fig. 11(b) (N = 272); as
written in the bracket the numbers of elements composing the mandalas are in good
agreement. Visually, one may have an impression that Fig. 3 is dynamic, whereas Fig. 11(b)
is static. This can be explained through comparative analysis among the key parameters,
specifically, the number density of polygonal elements, the relative entropy (or the
Simpson’s index of diversity), and the Γ-value, which are reproduced by
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Table 1.  Comparison among characteristic indices of mandalas generated from sutras.

Table 2.  Comparison among characteristic indices of mandalas generated from three versions for the volume
titles of the Tale of Genji.

HANNYA HOKKAI RISHU
(Fig. 4(b)) (Fig. 5(c)) (Fig. 6(b))

m 9 8 5
N 556 528 856
Stot 1488 976 980
Stot/N 2.68 1.85 1.14
N/Stot 0.374 0.541 0.873

Mo of S 1 1 1
R of S 107 18 12

1 – λ 0.416 0.478 0.125
H (nat) 0.902 1.05 0.309
h 0.411 0.506 0.192

+ joint 57.7% 61.4% 80.0%
T joint 42.3% 38.6% 20.0%
h2 0.983 0.962 0.722

a 26 20 21
Γ 1.18 1.39 1.19

Modern Old Digest
(Fig. 8(b)) (Fig. 9(b)) (Fig. 10(b))

m 11 11 7
N 296 304 156
Stot 1492 1468 336
Stot/N 5.04 4.83 2.15
N/Stot 0.198 0.207 0.464

Mo of S 1 1 1
R of S 86 84 16

1 – λ 0.639 0.745 0.400

H (nat) 1.42 1.68 0.927
h 0.591 0.701 0.476

+ joint 43.4% 45.8% 54.2%
T joint 56.6% 54.2% 45.8%
h2 0.987 0.995 0.995

a 27 26 13
Γ 1.04 1.15 0.990
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Table 4.  Comparison between characteristic indices of mandalas generated from the string of the summery
KIGOes (Fig. 14(b)) and that of the autumnal KIGOes (Fig. 15(b)).

Table 3.  Comparison between characteristic indices of mandalas generated from the titles of chapters in Han
Fei Tzu (Fig. 11(b)) and those of the superimposition with the volume titles of the Tale of Genji (Fig. 12).

Han Fei Tzu Superimposition
(Fig. 11(b)) (Fig. 12)

m 8 8
N 272 604
Stot 980 1244
Stot/N 3.60 2.06
N/Stot 0.278 0.486

Mo of S 1 1
R of S 72 29

1 – λ 0.531 0.540

H (nat) 1.16 1.04
h 0.559 0.499

+ joint 61.2% 56.8%
T joint 38.8% 43.2%
h2 0.963 0.987

a 22 23
Γ 1.02 1.31

Summery Autumnal
(Fig. 14(b)) (Fig. 15(b))

m 8 7
N 480 672
Stot 1088 960
Stot/N 2.27 1.43
N/Stot 0.441 0.700

Mo of S 1 1
R of S 57 13

1 – λ 0.514 0.331

H (nat) 1.02 0.723
h 0.488 0.372

+ joint 55.6% 71.8%
T joint 44.4% 28.2%
h2 0.991 0.858

a 25 21
Γ 0.773 1.15
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N S h/ , ,
. ,  . ,  .

. ,  . ,  .
tot

 for Fig. 3, a

 for Fig. 11 b . b
Γ( ) =

( ) ( )
( ) ( ) ( )





0 377 0 492 1 23 14

0 278 0 559 1 02 14

As is found from Eq. (14), the largest difference can be seen in the value of Γ . The larger
Γ-value of Fig. 3 reflects the intricate topography of the contour, while the smaller value
of Fig. 11(b) arises from the smooth contour. It should be emphasized again that in the limit
of Γ → 1 the outline of mandalas approaches that of the square with side length 2 a. In
addition to the Γ-value, in order to enhance complexities of mandalas, the number density,
N/Stot, should be higher without significantly reducing the diversity indices. It can be
concluded that in spite of the relatively small N the pattern shown in Fig. 3 meets the
abovementioned requirements.

Subsequently, we take notice of Figs. 8(b) and 9(b); from Table 2 the key parameters
are selected:

N S h/ , ,
. ,  . ,  .

. ,  . ,  .
tot

 for Fig. 8 b , a

 for Fig. 9 b . b
Γ( ) =

( ) ( ) ( )
( ) ( ) ( )





0 198 0 591 1 04 15

0 207 0 701 1 15 15

It can be seen from Eq. (15) that there seems to be no significant difference between the
number densities; difference can be found in h as well as the Γ values. In comparison
between the two patterns one would judge that the latter (Fig. 9(b)) is more dynamical than
the former (Fig. 8(b)). It is concluded that this observation arises from the difference of h
and of the Γ-value.

In order to confirm the validity of the above discussion, we select five patterns with
the same order of magnitude for N (520 ≤ N ≤ 556): specifically, Figs. 4(b), 5(c), 7(b), 13(b),
and 16(b) are highlighted. To aid comparison the three parameters are specified:

N S h/ , ,

. ,  . ,  .

. ,  . ,  .

. ,  . ,  .

. ,  . ,  .

. ,  

tot

 for Fig. 4 b , a

 for Fig. 5 c , b

 for Fig. 7 b , c

 for Fig. 13 b , d

Γ( ) =

( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )

0 374 0 411 1 18 16

0 541 0 506 1 39 16

0 484 0 609 1 24 16

0 583 0 366 1 02 16

0 538 0.. ,  .559 1 07 16( ) ( ) ( )













  for Fig. 16 b . e

Visually one would have an impression that the patterns shown in Figs. 5(c) and 7(b) are
dynamical and/or complicate whereas that shown in Fig. 13(b) is statical; the remainder
(Figs. 4(b) and 16(b)) is intermediate. Here, it appears to the author that the pattern of Fig.
5(c) is of particular intricacy, being consistent with the fact that the Γ-value becomes
maximum. In addition, it should be mentioned that, although the Γ-value is close to unity,
the pattern shown in Fig. 16(b) could be regarded as much more intricate than that shown
in Fig. 13(b). This result is explainable with the higher entropy for Fig. 16(b). We thus
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conclude that to make mandala patterns complicate, the magnitude of entropy maintains a
certain level. Indeed, it is found from Eqs.(16) that the entropy becomes maximum for Fig.
7(b). The highest entropy observed for Fig. 7(b) will be responsible for the highly dynamic
nature mentioned above. To conclude, in performing detailed diagnosis of the mandalas,
the use of the diversity indices such as entropy is necessary in conjunction with the number
density and the Γ-value.

Finally, an analogy of the pattern formation of the mandalas will be mentioned to the
formation of a human face. As is well known, all the information about the size as well as
the configuration of facial parts such as eyes, eyebrows, ears, a nose, and lips is written on
a genetic sequence. This indicates that one-dimensional ‘letter’ sequences produce a
variety of the two-dimensional patterns; their aspects are determined uniquely by the type
of sequence being inherent in a person. The mandala generation proposed in this paper
might be regarded as nothing but a reproduction of the biological pattern formation.

5.  Conclusions

The two-dimensional patterns with four-fold mirror symmetry have been generated
from texts written with Chinese characters. The drawing is based on the spiral mapping
technique, with which one can visualize a statistical property of a text in a two-dimensional
region through spirally folding a string of the characters. According to the Jung’s
classification these symmetrical patterns can be categorized into Type-I mandalas. After
illustrating the outline of the method, typical results of the pattern generation have been
shown and subsequently analyzed by means of the diversity indices. Specifically, mandala
patterns have been generated from a variety of texts such as the HANNYA SHINGYO, the
ICHIJO-HOKKAI Figure in the KEGON Scriptures, the RISHU Sutra, a Chinese poem,
and strings of words, such as titles of chapters in a literary work. Words have been cited
from the Tale of Genji, Han Fei Tzu (KAMPISHI), Master Dogen’s SHOBOGENZO,
KIGOes in haiku, and eventually the 37 Sacred Symbols in the KONGO World. Comparison
has been made among features of the mandalas. Finally, it should be mentioned that the
process of the mandala generation presented in this paper might be useful for performing
art therapy using mandala (KELLOGG et al., 1977; TSUKASAKI, 1991; TSUKASAKI et al.,
1992).

This work was supported in part by the Sapporo Gakuin University (SGU) Research Support
Grant and a Scientific Research Project Grant-in-Aid from the Department of Socio-Informatics,
SGU.
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