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Abstract

Indian literature exhibits symmetry in abundance. The sabdalankaras (figure of sound) such as Yamaka present examples
of symmetry in literature. The first classification of Yamaka is given by Bharata in his treatise Natyasastra. It is interesting
to note that all the patterns of Yamaka mentioned by Bharata are not only simple but also exhibit symmetry under the opera-
tions of reflection and rotation. In this paper, we show the simplicity of the classification of Yamaka by Bharata by proving
that the patterns corresponding to each type of Yamaka form a group isomorphic to either the Klein four-group K, or the

groups Z, or Z,.
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1 Introduction

The word symmetry (originated from the Greek word
symmetria) refers to the arrangement in dimensions or the
due proportion. It refers to certain compositions of structural
objects that preserve the structure. It acts as a measure of
the beauty of the form or structure. Therefore it has always
been considered as an important factor in visual aesthetics
(Molnar & Molnar, 1986). Symmetry is abundant in nature.
Several studies discuss various kinds of symmetry in living
and non-living objects such as plants, living organisms, the
structure of chemical molecules and organic compounds,
etc. (Lederman & Hill, 2005; Bunker & Jensen, 2004). The
symmetry in arts, architecture, music, and literature are also
studied in great detail (Pavlovic & Triajstic, 1986).

Indian civilisation is no exception. According to Sihna
(1989), ‘Indian ethos has shaped through the centuries in
evolving the facets of symmetry. Various shapes of Vedic
altars constructed using the Sulbasiitr as are all symmetric.’
Some of the finest examples of symmetry are the fractal
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symmetry found in the temples and wells across India.
Indian literature also exhibits symmetry in abundance. The
sabdalankaras such as Yamaka, and various citrabandha
kavyas (poetries composed in the form of drawings) present
examples of symmetry in literature.

Yamaka is used to enrich the beauty of the poetry. Yamaka
is a figure of sound where a group of syllabic patterns is
repeated typically with a different meaning at different loca-
tions in the same verse. The first classification of Yamaka is
given by Bharata in his treatise Natyasastra. Later Dandi,
Rudrata, and many other scholars gave various classifica-
tions covering different patterns of repetitions. There is an
elegance and simplicity in Bharata’s classification.! It is
interesting to note that all the types of Yamaka mentioned
by Bharata are not only simple but also exhibit symmetry
under the operations of reflection and rotation. In this paper,
we show the simplicity of the classification of Yamaka by
Bharata by proving that each type forms a group isomorphic
to either the Klein four-group K, or the groups Z,, or Z,.

2 Yamaka

The embellishment in the poetry makes it different from
the language which is used for regular communication. It
enhances the beauty of the poetry. The systematic study of
this ornamentation is known as the theory of alankara. It
is one of the important disciplines in the Kavyasastra tra-
dition. Scholars of the Alankara school regard the poetic

! Bharata does not insist on different meanings.
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ornaments (alankaras) as essential to poetry. Jayadeva, a
twelfth-century poet ridicules those who do not consider
ornamentation as an essential characteristic of poetry as
admitting fire without heat.> Thus, alankaras are deemed a
mandatory element in poetry.

Alankaras are of two types viz. sabdalankara and
arthalankara. The ornamentation of the sound such
as wordplay, phonemic repetition, and special syn-
tactic arrangements are called sabdalankara. The
arthalankaras are the ones where the involvement of
the semantic beauty is traced. It consists of delightful
comparisons, various kinds of arguments or cause-effect
relations, or even expressions with multiple meanings
employed in the poetic style.

Yamaka is the first sabdalankara in the literary tradition
which was first propounded by Bharata with its systematic
definition and classification. According to Bharata, Yamaka
is the repetition of sound.? It is essentially employed in the
metrical verses. It can occur at different positions in a verse.
Based on the position of repetition either within or across
the quarter of a verse Bharata classified them in 10 classes,
providing the definition and examples for each class.

2.1 Bharata’s classification

1. Padanta - 1t is a formation of Yamaka when the same
sequence occurs at the end (anta) of each quarter, or a
foot (pada).* For example,’

IESGRIGKEONER L
e & du-aHvEey |
ey amet fafe Ewoes
TYT TS TATHRHISHY ||
(16.65, AITe=zIe) (Ghosh, 1951)

dinaksayat samhrtarasmimandalam

diviva lagnam tapaniyamandalam |

vibhati tamram divi siryamandalam

yatha tarunyah stanabharamandalam ||
(16.65, Natyasastra)

2. Kaijict - In Karci-yamaka, the repetition of the
sequence occurs at the end as well as at the beginning
of the same foot. The pattern repeated at the beginning
and at the end or across different padas need not be the
same. See the following example.

2 angikaroti yah kavyam Sabdarthavanalamkyti | asau na manyate

kasmadanusnamanalam krti ||1.8, Candraloka (Sharma, 1960).

3 Sabdabhyasastu yamakam ||16.60, Natyasastra.

4 The description for this and the following types does not insist on
the repetition in all four feet. But the examples provided have the rep-
etition in all four feet.

5 We have not provided the English translations of the verses, since
the main focus here is the repetition of sound patterns.
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HBISATH] AT TSI |
T Tg) TR AT AT
T T e o 9 ||
(16.68, ATSTZITH)

vamam yamam candravatinam dravatinam
vvaktavyakta sarajaninam rajaninam |
phulle phulle sambhramare vabhramare va
rama ramd vismayate ca smayate ca ||
(16.68, Natyasastra)

3. Samudgaka - In Samudgaka yamaka, the first half of
a verse is repeated in the second half.

For example,

ARG IHATIGI G

hAhIhIHIUEIEd:

N JaZhAeT ||

(16.70, ATST3IT)

ketaktkusumapanduradantah
Sobhate pravarakananahastt |
ketakikusumapanduradantah
Sobhate pravarakananahasti ||
(16.70, Natyasastra)

4. Vikranta - Vikranta is the formation in which the alter-
nate feet (that is, either the first and the third or the
second and fourth) are the same. For example,

T g qROT T
ATEATHAT.

g T

(16.72, ATHZTH)
sa purvam varano bhiitva
dvisrunga iva parvatah |
abhavaddantavaikalya-
dvisrunga iva parvatah ||
(16.72, Natyasastra)

5. Cakravala - The pattern at the end of the preceding
foot is repeated at the beginning of the next foot. This
kind of repetition is called as Cakravala. For example,

Saila yatha Satrubhirahata hata
hatasca bhiiyastvanupunkhapunkhagaih |
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khagaisca sarvairyudhi saicitascita-
scitadhiridha nihitastalaistalaih ||
(16.75, Natyasastra)

6. Sandastaka - In Sandastaka, the repetition of the
sequence is at the beginning of the foot. For example,

T3 I3 IR H I[OT
T AT TIOTE =TT A1 |
I 3 gl oz
AT AT T2 R A |
(16.77, AITeT2ITH)

pasya pasya ramanasya me gunan
yena yena vasagam karoti mam |
yena yena hi sameti darsanam
tena tena vasagam karoti mam ||
(16.77, Natyasastra)

7. Padadi - The sequence is repeated once at the begin-
ning of each foot in Padadi-yamaka. For example,

(16.79, TATST3TH)

visnuh srjati bhiitani
visnuh samharate prajah |
visnuh prasiite trailokyam
visnurlokadhidaivatam ||
(16.79, Natyasastra)

8. Padantamredita - The repetition of the sequence is at
the end of each foot in Padantamredita. For example,

farspfeaTd e g
F9 9 aRvT R U |
T T T AFHE T -
T o TSt foT o ||
(16.81, AITe=TZITH)

vijrmbhitam nihsSvasitam muhurmuhuh
katham vidheyam smaranam pade pade |
yathd ca te dhyanamidam punah puna-
rdhruvamgatd te rajani vind vind ||

(16.81, Natyasastra)

9. Caturvyavasita - In Caturvyavasita, all four feet of a
stanza are the same. For example,

varapanamayameva kalo
varapanamayameva kalah |
varapanamayameva kalo
varapanamayameva kalah ||

(16.83, Natyasastra)

10. Mala - In Mala-yamaka instead of an ordered
sequence, the repetition of syllables like a garland is
considered.

The repetition can occur at any position in the verse.
For example,

37T g < *fatesrefar
TE AT THOT HARTA |
A e T wRorar F
geATEeT: TR |

(16.86, ATST3T)

asau hi ramd rativigrahapriya
rahahpragalbha ramanam manogatam |
ratena ratrim ramayet parena va
na cedudesyattarunah paro ripuh ||

(16.86, Natyasastra)

The kind of syllabic repetition considered in Mala-
yamaka developed into a completely new alankara named
‘Anuprasa’. Out of these ten classes, the last one being more
an Anuprasa, we ignore it. Hence we study only the first nine.

We describe each of the nine types by providing the
abstract pattern associated with it. Let ‘a’ be the common
or the repeated sequence of syllables in the pattern and
x,y,Z,t be the remaining part of the sequence of syllables
in the four lines in order. Then the Padadi and Padanta
Yamakas may be represented as,

ax xa
a a .

Y and | respectively.
az za
at ta

In Table 1 we have expressed the pattern corresponding
to each of the above types replacing the common pattern
with the same letter, and the remaining by different letters.
This representation abstracts the pattern of repetition, and
thus it is easy to work with various symmetries on these
patterns rather than the words. We have also deviated from
the Bharata’s order of the alanikaras in Table 1 by grouping
similar patterns.

The questions we ask are: While there can be other pat-
terns of repetition possible, why Bharata consider only these
nine? What is special about them? Among these nine pat-
terns, are some of them more symmetric compared to others?

To seek answers to these questions, we look at the sym-
metries each of these classes exhibits and the properties
associated with such a set of symmetries. Further, to find
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Table 1 Symmetry patterns in Bharata’s classification

Name Repetitionin ~ Pattern
padas

Padadi Across ax

ay

az

at
Padanta Across xa

ya

za

ta
Sandastaka Within XX a

yy b

7z C

ttd
Padantamredita Within a xx

byy

czz

dtt
Karnict Within Xxayy

zz b tt

ppcqq

rrdss
Vikranta (i) Across X

y

z

y
Vikranta (ii) Across y

X

y

z
Samudgaka Across X

y

X

y
Cakravila Cyclic ax

Xy

yz

zb
Caturvyavasita Across a

a

a

a

out whether the symmetries involved in these nine different
patterns are of the same order, or are some of them ‘more’
symmetric than the others, we use group theory which pro-
vides rigorous tools to describe symmetries of shapes. We
also study other patterns with repetition of words that are not
considered by Bharata to find out why Bharata did not find
those patterns interesting.

To the best of our knowledge, we are not aware of any
such work where the Yamakas in Sanskrit are studied from
the mathematical, especially the group theoretic, perspec-
tive. In the next section, for the sake of completeness, we
define a group. In section 4 we look at the symmetries
associated with various Yamakas. In Sect. 5 we discuss the
symmetries that are not considered by Bharata, and finally,
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we conclude that what Bharata has considered are the sym-
metries found in the literature, and they correspond to sym-
metry groups of type Z, or Z, or Z, X Z,, specifically the
Klein four-group Kj.

3 Group

A group (G, %) is a set G, closed under a binary operation
#, such that the following axioms are satisfied (Dummit &
Foote, 2004).

e (G is associative under the binary operation‘s’.
That is, for all @, b, c € G, we have
(a*b)yxc=a=(bx*c).

e G has an identity element corresponding to “#’.
There is an element / in G such that for all x € G,
Ixx=xx*xI=x

e (G is closed under inverse with respect to “x’.
That is, corresponding to each a € G there is an element
d'inGsuchthata«ad =d xa=1.

In addition to the above axioms, if G is commutative under
%, thatis,axb=b*a, V a,b € G, then G is called an
Abelian group.

4 Symmetry analysis of various types
of Yamaka

For each type of Yamaka, now we consider the transforma-
tions that result in a structure that is isomorphic to the origi-
nal structure and explore whether these transformations form
a group.

1. Padadi - Padanta

We consider both Padadi and Padanta together
since they are the reflections of each other along the
vertical axis. In these types of Yamakas, the pattern
repeats either at the beginning or at the end of each
pada. So, let ‘a’ be that common or the repeated
sequence of syllables and x,y,z, and ¢ be the remain-
ing part of the sequence of syllables in the four lines
in order. The Padadi and Padanta Yamakas may be
represented as,

ax xa
a a .

Y and | respectively.
az za
at ta

(a) Reflection along the horizontal axis, H, divides the
verse into two halves resulting in a pattern that is
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isomorphic to the original one retaining the class
of the Yamaka. Thus we have,°

ax at xa ta
a a a a
H Y | % , H: Y i s
az ay za ya
at ax ta xa
at ax ta xa
a a a a
H o= Y , H: s Y .
ay az ya za
ax at xa ta

(b) Vertical reflection V, maps a Padadi into Padanta
and vice versa as shown below :

ax xa xa ax
a a a a
V. ol N B , Vo Y - v R
az za za az
at ta ta at
at ta ta at
az za za az
Vo - , Vo — .
ay ya ya ay
ax xa xa ax

(¢) Let R represent rotation by an angle of 180°. That
1S,

ax ta xa at
Zi z
R ay R a R: ya R a ’
az ya za ay
at xa ta ax
ta ax at xa
za a az a
R : S| , R: N B¢ .
ya az ay za
xa at ax ta

Note that, R also maps a padadi pattern to
pdadanta and vice versa.
(d) Finally, let / be an identity mapping that maps an
element into itself. Thus,

¢ One may wonder about the necessity of the latter two mappings out
of the four for H, since patternwise the first two are exactly the same
as the latter two. However as an element of a set, the two elements

ax xa at ta

a a . . az za
Y and |~ being different from and s

az za ay ya
at ta ax xa

the mappings of each of these are specified separately.

ax ax xa xa
a a a a
I : o N v , 1 Yars 1 s
az az za za
at at ta ta
at at ta ta
az az za za
I: - , 1 -
ay ay ya ya
ax ax xa xa

Now, let S = {1,2,3,4} where

xa ax ta at

a a za az
1=["]2=|?|.3="].and 4=

za az ya ay

ta at xa ax

Let S, denote a symmetric group with all permutations
of S. We notice that S with the above operations, viz.
horizontal reflection, vertical reflection, rotation through
180°, and the identity relation forms a subgroup of S,
termed as permutation group represented compactly as
G = {1,(12)(34),(13)(24), (14)(23)} where (12)(34),
(13)(24), (14)(23) are the cycle decompositions of S,
representing vertical symmetry(o, ), horizontal symme-
try(c;,) and rotational symmetry(o, ) respectively, which
are defined as below.

o,(1)=2,0,2)=1,0,3)=4, and c,(4) =3. €))
0,(1)=3,0,(3) =1,0,2) =4, and c,(4) =2. (2)

o.()=4,0,(4)=1,0,2)=3, and 0,(3) =2. 3)

Let  be the binary composition operation defined as
(a % b)(X) = a(b(X)), where X is any verse of the type
Padadi or Padanta-yamaka and a,b € G.

The composition table for the set G is shown in
Table 2. From this composition matrix, we can check
that G satisfies all the axioms of the group given in
Sect. 3. Further, we can also check that G ~ Z, x Z,
and specifically G is a Klein four-group K.

Table 2 Composition matrix : Padadi - Padanta Yamaka

* 1 o, oy, o,
1 1 o, oy o,
o, o, 1 o, oy
oy, o), o, 1 o,
o, o, oy, o, !
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Sandastaka and Padantamredita

Now we consider the two types viz. Sandastaka
and Padantamredita, where the same sequence of let-
ters repeats twice at the beginning or the end of each
line of a verse. As in the above case, these patterns
are vertical reflections of each other, we consider them
together. So let xx, yy, zz, and #¢ be that common or the
repeated sequence of syllables in each line in order. Let
a,b,c,and d be the remaining part of the sequence of
syllables in the four lines in order. Then the patterns for
Sandastaka and Padantamredita-Yamaka would cor-
respond to

xxa axx
b and byy respectively.
zzc CczzZ
td dtt

As in the previous case, here also we consider four
transformations viz. Vertical reflection, Horizontal
reflection, rotation through 180°, and identity mapping
defined as below.

(1) Let H represent the horizontal reflection defined

as follows:
xxa td td xxa

H - yyb NG CH zze | | yyb ’
zze yyb yyb zze
ttd xxa xxa td
axx dtt dtt axx

- byy SlezE| gl byy .
czz by |’ byy czz
dtt axx axx dtt

This transformation retains the type of Yamaka.
(2) The vertical reflection (V) is defined as

xxa axx axx xxa
A Rl I el B ol B el
zZZC CczzZ CczZzZ zZZC
ttd dtt dit ttd
ttd dtt dtt ttd
zZzZC CczzZ CzZzZ zZZC
V. - Vo - .
b byy byy yyb
xxa axx axx xxa

Here the Sandastaka Yamaka gets transformed to
Padantamredita and vice versa.

(3) Let R represent the rotation by an angle
of 180°.

@ Springer

xxa dtt axx ttd
R yyb ez R: byy N Bz ’
zze byy czz yyb
ttd axx dit xxa
dtt xxa ttd axx
I K B yyb R ze| byy .
byy zze yyb czz
axx ttd xxa dit

Here also we see that R transforms a Sandastaka
to Padantamredita and vice versa.

(4) Let7be an identity element that maps an element
to itself.

Now, let S = {1,2,3,4} where

xxa axx ttd dtt
e Rl I L O Loy e el §

zzc czz yyb byy

td dtt xxa axx

Then, as in the previous case, here also the per-
mutation group G of S, represented compactly as
G = {1,(12)(34), (13)(24), (14)(23)}, where (12)(34),
(13)(24), and (14)(23) are the cycle decompositions of
S, representing vertical symmetry(o, ), horizontal sym-
metry(o;,) and rotational symmetry(c, ) respectively,
which are defined as in Egs. (1)—(3) with the same com-
position matrix defined in Table 2.

Thus these two types of Yamakas also confirm that
G ~ Z,x Z, and specifically G is a Klein four-group K.
Kaiict

In the Karici type of Yamaka, the same sequence of
letters repeats twice at the beginning as well as at the
end of each line of a verse. So let xx, zz, pp, and rr be
that common or the repeated sequence of syllables at
the beginning of each line in order. Let yy, #, gq, and
ss be the common or the repeated sequence of syllables
at the end of each line in order. Let a,b,c, and d be the
remaining part of the sequence of syllables in the middle
of four lines in order. So the verse can be represented as

xxayy
zzbtt

ppeqq |
rrdss

This being a combination of both Sandastaka as well as
Padantamredita, the same transformations /7, H, V and
R as described previously produce a K. For the sake of
completeness, we describe below the transformations.
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(a) Let H be the horizontal reflection which is defined

as
xxayy rrdss rrdss xxayy
btt btt
| # _, |Ppead H: ppeqq| | = ’
ppcqq zzbit zzbit ppcqq
rrdss xxayy xxayy rrdss
yyaxx ssdrr ssdrr yyaxx
i tthzz _ |qacpr H: qaqepp| tthzz .
qqcpp tthzz tthzz qqcpp
ssdrr yyaxx yyaxx ssdrr

(b) The vertical reflection V'is defined as

xxayy yyaxx yyaxx xxayy
bt tth. 1th bt

v 2Z . 22 v S N ’
ppcqq qq9cpp qqcpp ppcqq
rrdss ssdrr ssdrr rrdss
rrdss ssdrr ssdrr rrdss
V- ppcqq qqcpp .| a49¢crp ppcqq

: — Ve — .
zzbtt tthzz tthzz zzbtt
xxayy yyaxx yyaxx xxayy

(c) Let R represent the rotation of by an angle of 180°

defined as

xxayy ssdrr ssdrr xxayy
tt . . b

R | #01|  [agepp g 9acep| | b |
ppeqq 1thzz tthzz ppeqq
rrdss yyaxx yyaxx rrdss
yyaxx rrdss rrdss yyaxx
1tbzz ppcqq ppeqq 1thzz

R: — ,R: - .
qqcpp zzbit zzbtt qqcpp
ssdrr xxayy xxayy ssdrr

(d) Let be the identity mapping.

Now, let S = {1,2,3,4} where

xxayy yyaxx rrdss
| = zzbtt = 1thzz 3 = |PPeaq
ppeqq |’ qqcpp |’ zzbit
rrdss ssdrr xxayy
ssdrr
and 4 = |99PP
1thzz
yyaxx

Then, as in the previous case, here also G ~ Z, x Z, or
Klein four-group Kj.
4. Vikranta
In Vikranta, any one pair of alternative lines of a
verse is the same. That is either the first and third lines

are identical (type 1) or the second and fourth lines are
identical (type 2). We represent the type 1 and type 2 of
Vikranta respectively as

= N X
= < N <

Now, let us consider the following transformations.

(a) Let H represent the horizontal reflection defined

as follows.
X y y x
H : Y17 JH . i .
z y y z
Y X X Y

(b) Let I be the identity operation, that maps an ele-
ment into itself. That is

, and [ :

N e o=
=< N <
=< N <

x

]:y—>
z
Y Y

Thus, we notice that the horizontal reflection changes

the type of the yamaka from type 1 to type 2 and type 2

to type 1 while retaining the main class - Vikranta.
Now, let S = {1,2} where

X
1=|"], and 2 =

z

y

=< N <

Let S, denote a symmetric group with all permutations
of S. We notice that S with the above operations, viz.
horizontal reflection and identity forms a subgroup of
S,, termed as permutation group represented compactly
as G = {I,(12)} where (12) is a cycle decomposition
of §, representing horizontal symmetry(c;) defined as
below.

o,(D=2,0,2) =1. 4)

It is trivial to check that the group axioms are satisfied.
This confirms that G ~ Z,.

Samudgaka

Here the alternative lines of a verse are the same.
That is first and third lines are the same and the second
and fourth lines are the same. Thus this is a combination
of Vikranta type 1 and type 2. So the verse may be rep-
resented as,
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= =R o=

Now, let us consider the following operations on this.

(a) Let H represent the horizontal reflection which is
defined as follows :

, and H :

T

=< =
1
s
s
OB

J

(b) Let 7 be the identity mapping.

Now, let S = {1,2} where

1= , and 2 =

=< R <

X
y
by
Y

It is trivial to check, as in the previous case, that
G ~7,
6. Cakravala
In the Cakravala type of Yamaka, the end sequence of
letters of the first line is the beginning sequence of the
second line, the end sequence of letters of the second
line is the beginning sequence of the third line and the
end sequence of letters of the third line is the beginning
sequence of the fourth line. So the verse may be repre-
sented as

ax
xy
vz’
zb

Now, let us consider the following transformations.

(a) Let R represent the rotational reflection, which

ax
Xy o .
rotates yz by an angle of 180°. That is,
zb
ax bz bz ax
R:xyﬁzy,andR:zy_)xy'
yz yx yx yz
zb xa xa zb

(b) Let 7 be the identity mapping.

@ Springer

Table 3 Repetition in the same foot

aax axa xaa aa
bby byb ybb bb
cez czce zce cc
ddt dtd tdd dd

M @ 3) 4)

Let S, denote a symmetric group with all permutations
of S. We notice that S with the above operations, viz.
rotational reflection and identity forms a subgroup of
S,, termed as permutation group represented compactly
as G = {I,(12)} where (12) is a cycle decomposition
of S, representing rotational symmetry(o, ) defined as
below.

o.(1)=2,0,(2)=1. &)

Thus we notice that Cakravala type of Yamaka also is
a symmetry group isomorphic to Z,.
7. Caturvyavasita

In the Caturvyavasita type of Yamaka, all the lines are
identical. This is not a very interesting pattern. The only
distinct operation is the identity operation 7, as any other
operation yields the same element, all the lines being the
same. So, in this type G = {/} and hence, G ~ Z,.

We observe that all 9 types of Yamaka with one or more
symmetry operations like reflection about the vertical
axis, reflection in the horizontal axis, and rotation through
180° form abelian groups that are either isomorphic to
the Klein four-group K, or Z, or Z,. To be specific, the
Padadi-yamaka, Padanta-yamaka, Sandastaka-yamaka,
Padantamredita-yamaka and Karici-yamaka are all iso-
morphic to the Klein four group K,, Vikranta-yamaka,
Samudgaka-yamaka and Cakravala-yamaka are all isomor-
phic to Z,, and the last one viz. Caturvyavastita-yamaka is
isomorphic to Z,.

5 Discussion on missing symmetries
Are these the only symmetries with 4 quarters(feet) of a

verse? To answer this question, let us look at the possible
repetitions in 4 feet. The repetitions can be

Table 4 One foot repeated

a a a X X X
a X X a a Y
X a Y a Y a
Y Y a Y a a
M @) 3) “ (%) (6)
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Table 5 Two feet repeated

a a a
a b b
b a b
b b a
(1 @ 3)

(a) within the same foot resulting in a symmetry due to
reflection across the vertical axis, or

(b) across the feet resulting in a symmetry due to reflec-
tion across the horizontal axis.

5.1 Repetition within the same foot

There are 4 possible patterns of repetition within the same
foot as shown in Table 3.

Among these, the first and the third correspond to the
Sandastaka and Padantamredita of Bharata. The fourth is a
special case since it results from the previous three patterns
when ‘x’ is empty. The second one forms an abelian group
Z, with G defined as G = {/,(12)} where

axa dtd
_|\byb| , _|czc
I= cze 2= byb
did axa

The horizontal symmetry o, is defined as 6,(1) = 2, 6,(2) = 1
and / is the identity mapping. As discussed under Vikranta,
the set G, thus, is a group isomorphic to Z,.

5.2 Repetition across the feet

Now, let us consider the repetition across the feet. This rep-
etition may involve 2 or 3 or all the 4 feet. Further, a com-
plete foot may be repeated as another foot, or only a part of
a foot is repeated as some other foot in a verse.

1. Repetition of complete foot:

(a) With a complete foot repeated twice, there are Cg
(= 6) possible combinations as shown in Table 4.
Out of these, Bharata has considered (2) and (5)
which correspond to Vikranta. Patterns (1) and (6)
are horizontal reflections of each other, and they
together result in a symmetry group isomorphic
to Z,. Similarly, the patterns (3) and (4) where
one repeated pattern is in the beginning of one
hemistitch and the other one at the end of the other
are horizontal reflections of each other. These two

together also result in a symmetry group isomor-
phic to Z,. The patterns (1), (3), (4) and (6) do not
seem to be appealing cases of symmetry from a
literature point of view.

There are 4 ways in which a pattern can repeat
in 3 feet. All of them are isomorphic to Z,.
Finally, there is only one pattern in which the pat-
tern gets repeated in all four feet which is classi-
fied by Bharata under Caturvyayasita.

(b) If there are two different repetitions we can have
3 patterns as shown in Table 5. Of these, the
second one corresponds to Samudgaka. Patterns
1 and 3 would result in a symmetry group iso-
morphic to Z, and Z, respectively. But they are
not of much interest from a literature point of
view.

2. Repetition of partial foot

The texts on Alankarasastra provide examples of
partial repetition across the feet where the repetition is
found in all the feet. Hence we discussed only them.
However, the definition of the Yamaka does not imply
that the repetition should be across all the feet. Thus
one may have partial repetition in 2 or 3 feet as well.
However since examples of such patterns are not found,
we do not study them here.

6 Conclusion

We observe that Bharata has considered only those patterns
that are symmetric under the horizontal and vertical reflec-
tion and rotation through 180°. These symmetry operations
of reflection and rotation form either a Klein four-group K,
or Z, group. Caturvyavasita is an exception, where the only
possible operation is that of identity. A few patterns that
are isomorphic to Z, are not considered by Bharata, and
these might have been ignored by him maybe because of the
absence of any evidence of such patterns in earlier literature.
We also notice that from the literature point of view, such
patterns are not very interesting.
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