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Abstract

Indian texts of astronomy and mathematics use systems of numeration where words or sequences of syllables are used to
denote pure numbers or values of astronomical quantities such as the longitude etc. Three such systems, namely the bhiita-
sankhya system, the Aryabhatiya system and the katapayddi system, are well known and have been widely discussed in
the literature. In this article, we shall discuss a novel and ingenious vowel (uyiréluttu in Tamil, svara in Sanskrit) based
system of numeration which has been used in the late 12th or 13th century Tamil astronomy text, Ciidamani Ullamudaiyan,
of Tirukkottiylir Nambi. We show that using this numeration system, Ciidamani Ullamudaiyan presents what is perhaps
the earliest available account of the vakya system for computing the longitude of the moon. We also indicate how the same
system has been employed in later Tamil texts of astronomy and in the formulation of the 248 Candravakyas in Tamil, which

are referred to as the Paricangavakyas.

Keywords Uyiréluttu (Tamil Vowels) - Tamil astronomy - Systems of numeration - Tirukkottiylir Nambi - Tamil
candravakyas - Cidamani Ullamudaiyan - Katapayadi - Bhitta-sarkhya - Aryabhatiya

1 Introduction

India is famous for its pioneering contribution to the devel-
opment of the decimal place-value system of representation
of numbers, where each number is represented as a sequence
of the ten digits, 1, 2, ...9, and 0. The seminal works of
Aryabhata (c. 499 CE), Brahmagupta (c. 628) and Bhaskara
I (c. 629 CE) make use of the decimal place-value represen-
tation with zero to describe all the standard algorithms for
performing various arithmetical operations with numbers.
Apart from using this representation in texts and inscrip-
tions, Indians also developed systems of numeration where
words, phrases or sequences of syllables are used to denote
numbers. Three such systems, namely the bhita-sankhya
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system, the Aryabhatiya system, and the katapayadi sys-
tem are well known and have been widely discussed in the
literature.

These systems were used extensively in all the major
texts of astronomy and mathematics composed in the met-
rical verse form, which enabled these texts to be committed
to memory by all students and scholars. These numeration
schemes were also used in various prose commentaries of
these texts. Such representations were also used to develop
mnemonics for remembering tables of sine values, astro-
nomical parameters and many other mathematical and astro-
nomical quantities of interest. In particular, the katapayadi
system was employed for encoding various intermediate
sequences of values which were used in astronomical com-
putations in the so-called vakya (sentence or phrase) system
of astronomy. It was often the case that these vakyas were
also meaningful as sentences or linguistic phrases.

Before considering the novel and ingenious uyiréluttu or
svara-based system of numeration used in Tamil astronomi-
cal texts, we shall briefly describe the three well-known sys-
tems of numeration listed above. For more details, we refer
the readers to the detailed accounts found in Datta and Singh
(1935, pp. 53-75) and Sarma (2009, 2012), along with the
references cited therein. We shall employ the standard IAST
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system of transliteration of Sanskrit words and the translit-
eration scheme shown below (Table 1) for Tamil words and
passages.

1.1 Bhiita-Sankhya system of numeration

From the Vedic times, Indians developed a decimal system
of nomenclature of numbers, which was a precursor of the
decimal place-value system. The Vedic corpus and other
ancient texts assigned a name to each power of ten, apart
from the names of numbers from 1 to 100, and used them to
name every number in a systematic manner.

The idea of bhiita-sankhyd system was to employ word-
names for the digits from 1 to 9 and zero and sometimes
also for larger numbers such as 12, 25, etc. For this, use was
made of names of objects or concepts with a fixed number
associated with them either in nature or our tradition. For
instance, the words for eyes or hands do get naturally asso-
ciated with the number 2. In the same way, Vedas will be
associated with 4, rrus (seasons) will be associated with 6.
The list goes on, and one can easily gauge that there is a
huge wealth of words referring to objects that we can experi-
ence through our senses and those that refer to objects and
concepts in our civilisational memory, and both provide us
with a large corpus of bhiita-sarnkhya words.

The use of such words for denoting numbers can be seen
occasionally in the Vedic corpus but more often in the Sitra
and other post-Vedic literature. Srauta-sitras of Katyayana
and Latyayana use words like Gayatri (a Vedic metre with
24 syllables in all) to denote the number 24 and Jagati
(metre with 48 syllables in all) for 48. The Vedangajyotisa
of Lagadha uses words like ripa for 1, bhasamiiha (the col-
lection of naksatras) for 27 etc. Such word names for num-
bers are used extensively in the Chandah-siitra of Pingala,
which incidentally discusses many of the combinatorial

Table 1 Transliteration scheme for romanization of the Tamil letters

aspects of organising and counting metres of a given num-
ber of syllables.

The real emergence of a “bhita-sankhya system”
of numeration goes back at least to the famous text of
astronomy, Parficasiddhantikd, composed by Varahamihira
(c.550 CE) in the sixth century of the common era. Here,
the bhiuta-sankhya words are used in conjunction with the
place-value system to denote all possible numbers. The
convention adopted is that a sequence of bhita-sankhya
words corresponds to the number which is obtained by
writing the numbers associated with successive bhiita-
sankhya words in the sequence, in the same order, from
right to left. This convention is normally stated in the
form “ankanam vamato gatih” [the digits proceed (from
the right) to the left].

To illustrate this “bhita-sankhya system”, we cite the
verse 2.2 from the Paricasiddhantika which gives the first
step in the computation of the longitude of the moon in the
Vasisthasiddhanta (Sastri & Sarma, 1993, p. 27):

ESHUEEER I

E E -
g G 7T |

TATERIOT T

-sefor: 78 T |
rasagunanavenduyukte
Sasigunakhaguno-
-ddhrte ghana dyugane |
Sese navabhirgunite gatayo
‘stajinaih padam sesam ||

Add 1936 (rasagunanavendu) to the number of days
elapsed since the epoch (dyugana) and divide by 3031
(Sasigunakhaguna), and the result is called the ghana. The
remainder (in the above division) is multiplied by 9 (nava)
and divided by 248 (astajina). The quotient (in the above

S| QT |2

vowels

66T

Consonants | K/g |0 |c/s @i | t/d

ttdin |pb|im |y r
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division) is called gati, and the remainder is called the
pada.

In the above verse, rasa stands for 6 (the well-known
sadrasas or the six flavours), guna stands for 3 (the well-
known trigunas or the three qualities), nava is, of course,
9, and indu stands for 1 (the moon). Hence, the phrase
rasagunanavendu denotes number 1936. The phrase
Sasigunakhaguna denotes the number 3031, because sasi
stands for 1 (the moon) and guna stands for 3 and k#a for
0 (the sky or void). Finally, the phrase astajina denotes the
number 248, because asta is, of course, 8, and jina stands
for 24 (the 24 Jaina Tirthankaras).

Just to provide one more illustration for the bhiita-
sankhya system of numeration, we cite the following
famous verse due to Madhava (the illustrious founder of the
Kerala School of Astronomy), which Nilakantha cites in his
Aryabhatiyabhasya as a very good approximation for the
value of « (Sastri, 1930, p. 42):

RO aRUTATES: |

o oS o o
EEIEEIRGBIFIRIERSN
IRFAMRE SETgEE: ||
Vibudhanetragajahihutasana-
-trigunavedabhavaranabahavah |
navanikharvamite vrtivistare
paridhimanamidam jagadurbudhah ||

The experts have stated that for a circle of diameter 9 x 10'!
(navanikharva), the measure of the circumference would be
2,827,433,388,233 (vibudhanetragajahihutasanatrigunave
dabhavaranabahavah).

In the above verse, vibudha stands for 33 (the 33 deva-
tas), netra for 2 (the 2 eyes), gaja for 8 (the astadiggajas
eight elephants guarding the directions), ahi for 8 (the
astandagas the eight serpents), hutasana for 3 (the three
sacrificial fires), #ri is 3, guna stands for 3 (the three quali-
ties), veda stands for 4 (the four Vedas), bha stands for 27
(the twenty-seven naksatras), varana stands for 8 (the eight
elephants) and bahavah for 2 (the two arms). Following the
convention ‘ankanari vamato gatih’ meaning ‘numbers pro-
ceed (from the right) to left’ the phrase vibudhanetragajahih

utasanatrigunavedabhavaranabahavah actually denotes the
number 2827433388233. If we divide this circumference by
the diameter 9 x 10'! (navanikharva) we obtain a value of 7
accurate to 11 decimal places.

1.2 Aryabhatiya system of numeration

The Aryabhatiya system of numeration is a unique invention
of Aryabhata, one of the foremost astronomers of ancient
India. The Aryabhativa (c.499 CE) was written prior to
the works of Varahamihira, and it does not use the bhita-
sankhya system of numeration. Instead, it uses a syllable-
based numeration system introduced in the second verse of
the Dasagitika section. We refer the reader to Shukla and
Sarma (1976, pp. 3-5) for the verse, its translation and
explanation.

The main feature of the Aryabhatiya system of numera-
tion is that the vargiya-vyarijanas (the consonants % to H)
are assigned the values 1, 2, ..., 25; and the avargiya-
vyaiijanas (3 to §) are assigned the values 30, 40, ..., 80 as
listed in the Table 2 below. The svaras or the vowels
attached to these consonants in any syllable indicate that
these numbers have to be placed in different even place-
value positions (associated with even powers of 10) as indi-
cated in the Table 3 below (note that the long and short vow-
els indicate the same place value).

To illustrate the Aryabhatiya system of numeration, we
shall consider the initial portion of the very next verse 3 of
Dasagitika, where the revolution numbers of the sun and the
moon are stated (Shukla & Sarma, 1976, p. 6):

PIRITHITOT: :@g’qaﬁrwﬁ@@g

yugaravibhaganah khyughr sasi cayagiyinusuchly

The revolutions in a yuga of the sun are 4320000 (khyughr);
of the moon 57753336 (cayagiyinusuchlr).

In the above verse, khy stands for 2+30=32, and
khyu for 32x10% and gh stands for 4, and ghr for
4x10° Hence, the phrase khyughr denotes the number
32x10*+4x10°=4,320,000. In the same way, ca stands for
6x10°, ya for 30x 10°, gi for 3% 10, yi for 30x 10%, 7 for
5% 10%, su for 70 x 10*, chlr for (7+50)x 10°. Hence, the phrase

Table 2 33 Sanskrit consonants (Varga and Avarga) and the numbers associated with them as per Aryabhatiya system

F/k @/kh g /gh /i e
1 2 3 4 5 6
2 3/th 2 /dh T W
11 12 13 14 15 16
9p H/ph /b *3/bh H/m

21 2 23 24 25

T/y Ur F/ aw BRIk s
30 40 50 60 70 80

@/ch S =Wjh T/
7 8 9 10
/th Z/d 47/dh In
17 18 19 20
s gh

90 100
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Table 3 9 Sanskrit Vowels and the numbers associated with them as per Aryabhativa system

a1/3m Bl IF ETE @ T 3 T st
a/a i1 u/t r/f Ir e [ ai au
10° 10? 10 108 108 1010 10' 1M 106
Table 4 33 Sanskrit consonants and the numbers associated with them as per katapayadi system
1 2 3 4 5 6 7 8 9 0
EJ kE) T 9 g el B ST El =
ka kha ga gha na ca cha ja jha fia
) S S o7 T g ES T T
ta tha da dha na ta tha da dha na
T w T e T - - - - -
pa pha ba bha ma
T I @ T K v I g - 3,3,
ya ra la va $a sa sa ha a,a,...
(All vowels)

cayagiyinusuchly denotes the number 6 x 10°+30x 10°+3x 10
2+30x 10*+5x10%+70x 10*+57 x 10°=57,753,336.

Aryabhata used this scheme throughout the astro-
nomical treatise Aryabhatiya. It is noteworthy that even
though almost all the later astronomers have referred to the
Aryabhatiya, they have not used his numeration scheme,
perhaps because many of the linguistic phrases denoting
various numbers that appear in the Aryabhatiya are indeed
very difficult to pronounce. Further, most of these phrases
do not carry any linguistic value or meaning. So even though
metrical compositions are feasible, ascertaining any lingual
or literary meanings to the verse is not. Notwithstanding this
feature, Aryabhatiya appears to be the earliest text to have
used syllables for representing numbers. It is very likely that
this system would have inspired the later schemes using syl-
lables or linguistic phrases to represent numbers.

1.3 Katapayadi system of numeration

The katapaydadi system of numeration can be clearly
traced back to the 7th century Kerala astronomical works,
Grahacaranibandhana (c.683) of Haridatta and Karanaratna
(c.689) of Devacarya. There is also the view that Vararuci, the
author of the famous Candravakyas which are encoded in the
katapayadi system, perhaps lived in the 4th/5th century. The
katapayadi system of numeration is a syllabic system where
the consonants stand for the digits 1, 2, ...9, 0, as shown in
Table 4. When there is more than one consonant in a syllable,
the syllable stands for the digit associated with the consonant
immediately prior to the vowel. Stand-alone vowels stand for
0, and stand-alone consonants (not linked to a vowel) are to
be ignored. Finally, the number associated with a phrase is
obtained by arranging all the digits sequentially from right to

@ Springer

left, following the rule, “ankanam vamato gatih” (the digits
move from right to the left).

We cite the following definition of the katapayadi sys-
tem as it appears in the Kerala work Sadratnamala (1819
CE) by Sankaravarman (Madhavan, 2011, p. 10):

TATTY FAT F&AT: HSIITE: |

e QU 7 9 vt g |

nanavcasca Siunyani sankhyah katapayadayah |
misre tiupantyahalsankhya na ca cintyo halasvarah |l
The A (na) and 3 (7ia) and the vowels stand for zero.
The consonants beginning with < (ka), < (fa), 9 (pa)
and T (ya), stand for the corresponding digits (1, 2, 3,
...). In the case of conjunct consonants, the digit asso-
ciated with the penultimate one (preceding the vowel)
is to be taken. A (stand-alone) consonant without any
vowel is to be ignored.

An important feature of the katapayadi system of numera-
tion is that, most often, the syllabic phrases employed to
denote numbers also have a linguistic meaning. We shall
illustrate the use of katapayadi system in the renowned
work Grahacaranibandhana (c.683 CE) of Haridatta.
Haridatta was the originator of the parahita system, which
was essentially an improvement and simplification of the
Aryabhatiya and was adopted at the 12-year festival held
at Tirunavaya on the banks of the Bharatapula river in
Kerala. In the verses 2—6 of the first Chapter of
Grahacaranibandhana, while describing the method of
computing the ahargana, or the number of days elapsed
since the epoch, Haridatta uses the following linguistic
phrases to denote the corresponding numbers indicated in
the parenthesis (Sarma, 1954, pp. 1-2): 9=, yuddha (91);
A, aninajiianatunga (3600000); T3, kdla (31);
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20, $am (7); ST9HM, dadhikama (5198); 9, su (7); and
, nirayoddhrta (69120).

In the first phrase yuddha, the syllable yu stands for 1
and ddha for 9 and hence, yuddha denotes the number 91.
In the second phrase, aniinajiianatunga, the syllables a,
nii, na, jiia, and na, all stand for 0; the syllable fu stands
for 6 and 7nga for 3, so that the phrase aniinajiianatunga
stands for 3,600,000. We can similarly analyse the other
phrases and arrive at the numbers they stand for. Notice
that all the syllabic phrases used here are meaningful.

The katapayadi system of numeration has been exten-
sively used in the astronomical works from Kerala and
also in several works written in Tamil Nadu—such as the
works of Stiryadevayajvan (c. 1250), the canonical text
of the vakya system, Vakyakarana (c. 1282—-1316), and its
commentary by Sundararaja (c. 1500). This system indeed
became so popular in south India that it was used to name
the melakarta-ragas (standard scales) of Carnatic music
so that the first two letters of the name indicate the index
number associated with the rdga so that the notes that
occur in the melakarta-raga can be inferred straight away
from its name (Ramanathan & Pai, 2020, pp. 1135-1138).

The katapayadi system is specially employed in the
vakya system of astronomy, where most of the interme-
diate parameters and constants as well as the computed
tables of true longitudes for given periods, are expressed
in terms of vakyas or linguistic phrases, which often are so
constructed as to be meaningful. Given that these numera-
tion schemes can be subjected to automation, exploring the
vakya system can be rendered seamlessly (Anusha et al.,
2017, pp. 588—-591). We shall illustrate this with the case
of the famous Candravakyas of Vararuci, which give the
true longitudes of the moon over a period of 248 days,
which is roughly equal to 9 anomalistic periods or periods
of successive conjunctions of the moon and its apogee. If
A is the longitude of the moon when it is coincident with
its apogee on some day at some time, then the successive
vakyas give the increase in the true longitude of the moon
from A for the succeeding days at the same time. We give
here the first three Candravakyas along with the corre-
sponding increments in the longitude of the moon from its
initial value (Sastri & Sarma, 1962, p.125):

M ST girnah sreyah (0 12° 03')
99 AY: dhenavah $rih (0F 24° 09)
Do R rudrastu namyah (17 06° 22")

The three superscripts used above, in the case of num-
bers, denote the rasis (signs), amsas (degrees) and kalas
(minutes), respectively. Now, if the true longitudes of the
moon and its apogee happen to be the same and given by
/ on someday at some time, then according to the above
vakyas, the true longitude of the moon on the next three

days at the same time will be given by A+ 12° 03', 1+24°
09" and A+36° 22'.

As we can easily see, the above vakyas constitute mean-
ingful sentences, making memorising them easier. It can ver-
ily be said that the katapayadi system of numeration is at
the very heart of the vakya system of astronomy. For more
details on the development of vakya system, we refer the
reader to Pai et al., (2017, especially Appendices D, E) and
Sriram (2022).

2 Upyiréluttu or svara-based system
of numeration used in Ciadamani
Ullamudaiyan

While the Aryabhatiya system of numeration is not found in
any other known text of Indian astronomy or mathematics,
the bhita-sankhya system was widely employed after the sev-
enth century of the common era in the texts and even inscrip-
tions “through-out India and also in South-East Asia” (Sarma,
2012). The katapayadi system, which seems to have been first
used in texts from Kerala in the seventh century, became a
very popular system being used in the Sanskrit astronomical
texts written both in Kerala as well as Tamil Nadu. Sarma
(2012) has noted the use of this system in Sanskrit and regional
language texts written in other regions. In any case, it was
the main system in use in all the parahita texts and the vakya
astronomy systems.

The katapayadi system could be easily incorporated in texts
of all regional languages of India with occasional minor modi-
fications, except in Tamil. This is because the Tamil language,
from the very ancient period, does not use the aspirated or
mahaprana consonant sounds (such as kha, gha, etc.). Further,
the language’s written version does not use separate symbols
or letters for the voiced consonants (ga, ja, etc.) among the
vargiya-vyafijanas. When the parahita system of astronomy
became popular in Tamil Nadu, it seems to have led to the
invention of an entirely new numeration system exploiting
the Tamil language’s vowels. The use of vowels in numera-
tion does indeed go back to the Aryabhatiya, which used them
as place-value markers. The numeration system developed in
Tamil Nadu was a much simpler syllable-based system that
assigned numerical values exclusively to the vowels or svaras,
called uyiréluttu in Tamil. One of the early texts where one
gets to see this scheme in execution is in a late twelfth or
thirteenth-century jyotisa text called Cidamani Ullamudaiyan
by Tirukkottiytir Nambi. The novel uyiréluttu, or svara-based
system of numeration, is used in the penultimate or the eighth
chapter of the Text, called Parahita Ganitam, which the author
says has been written based on the texts written in Sanskrit.
The same numeration system is used in the ninth chapter titled
Sayantamalai, which deals with eclipse computations, which
are again said to be based on Sanskrit texts.
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We shall first describe the Tamil vowel-based system of
numeration and then illustrate its use in the Cidamani
Ullamudaiyan. Whereas the vowels have no numeric values
in the katapayadi system, in the vowel-based numeration sys-
tem, the vowels are of paramount importance, and the conso-
nants are not assigned any numeric value. Briefly, the vowel-
number mapping is done, as shown in Table 5. One important
feature to note in Table 5 is that Tamil (like the other south
Indian languages) has also the short vowels é (er) and 6 (),
apart from the long vowels e (¢) and o (). The latter two are

similar to the T and 3T used in Sanskrit and the north Indian
languages.

The rules of this vowel-based numeration system are as
follows:

(1) Each vowel, whether it appears independently or with
a consonant, will code for the number as given in
Table 5.

Independent consonants that are not associated with
any vowel are to be ignored.

The numbers associated with the successive individ-
ual syllables in a linguistic phrase are to be placed
from right to left in order to get the number denoted
by the phrase.

(ii)
(iii)

The working method of this scheme may be easily under-
stood with the help of a few examples. Consider the Tamil
word parahitam. The syllables in this word are ‘pa, ra, hi, ta
and m’ where all the syllables except the last are associated
with a vowel. The numbers they stand for are 1, 1, 3 and 1,
respectively. Thus, the number denoted by the phrase para-
hitam is 1311, adopting the convention of reading the num-
bers from right to left. Similarly, in the word ullamudaiyan,
we have the following syllables ‘u, /la, mu, dai, ya, and n’
which stand for 5, 1, 5, 9 and 2, respectively, where the last
syllable is not considered as it is a stand-alone consonant. So,
the number denoted by the phrase u/lamudaiyan is 29,515.

It is important to mention that readers must not confuse this
numeration scheme with the alpha-numeral system of repre-
senting numbers used in Tamil script, as shown in Table 6.
This way of writing numbers in the Tamil script has been in
vogue from ancient times, like the Roman system of numerals.
Currently, these numerals are mostly used as page numbers
and in paper currency notes from countries like Mauritius. This
alpha-numeral system has no connection with the vowel-based
numeration system used in Tamil astronomy texts.

Table 5 Number-vowel mapping in svara-based numeration system

Now we proceed to illustrate the use of the vowel-based
system of numeration in Chapter 8, titled Parahita Ganitam, of
the text Ciidamani Ullamudaiyan composed by Tirukkottiytir
Nambi. It has been reported that a large number of manu-
scripts of this text are in various repositories in Tamil Nadu.
There have been four published editions of the text along with
a traditional commentary of unknown authorship. The first
edition was by H. R. Hoisington of the Batticota Seminary in
Ceylon or Sri Lanka and was published from Jaffna in 1848.
This edition (Hoisington, 1848) presents the text of Chapters 8
and 9, along with an English paraphrase and detailed notes.
Hoisington’s edition also contains some of the later texts of
sixteenth—eighteenth centuries and several tables of vakyas in
Tamil. The entire text of Ciidamani Ullamudaiyan, comprising
around 450 verses, has been published by Subbaraya Mudali-
yar (1861), Gurulinga Desikar (1927) and more recently by
Satyabhama Kamesvaran (2007).

There are notable variations in the verses of the text
between the four editions. For instance, Chapter 8 in Hoising-
ton (1848) has verses numbered 1-52, as it does not include
the earlier seven Chapters. Chapter 8 comprises verses
371-421 in the edition of Mudaliyar (1861, pp. 127-145),
verses 371-414 in that of Desikar (1927, pp. 133—150) and
verses 371-422 in the edition of Kamesvaran (2007, pp.
168-194). Clearly, the edition of Desikar (1927) has missed
several verses. The order of verses in Hoisington (1848)
seems to be different from the other editions, especially in
the first half of the eighth chapter. As we shall see below,
there are also many serious editorial errors in all these edi-
tions as the editors do not seem to be fully conversant with
the parameters and processes used in the parahita and vakya
systems of astronomy. In what follows, we shall use mainly
the editions of Hoisington (1848) and Kamesvaran (2007).

We shall first briefly describe the vakya process of com-
puting the true longitude of the moon as discussed in Chap-
ter 8 of Cadamani Ullamudaiyan on Parahita Ganitam.
This is a very important part of the text as it seems to be the
earliest available description of the vakya method of com-
puting the longitude of moon, which is presented in much
greater detail in the celebrated Sanskrit text Vakyakarana
which is estimated to have been composed sometime during
1282-1316 CE (Sastri & Sarma, 1962, p. 9). In the first verse
of the 8th Chapter (verse 1 of Hoisington (1848, p. 21) and
verse 371 of Kamesvaran (2007, pp. 168—169)), the author
declares that he is presenting in Tamil the Parahita Ganitam
as discussed by great scholars in Sanskrit (Vadamoli). Verses
8-12 of Hoisington (1848, pp. 25-26) and verses 375-379 of

1 2 3 4 |5 6

7 8 9 0

A/ | 3/, | /@) | /IF | w/2_ | /2er

é/eT | e/eJ | ai/&3 | 0/6R, 06Q, au/66IT
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Table 6 Numerals used in ancient Tamil script

(3]
W
N
W

Numbers 1

(@)}
=

8 10 | 100 | 1000

o

In Tamil Script | &5 | o || | & | @

Gr|eT | Q| & | 0| MM | &

Kamesvaran (2007, pp. 170-171) give the parahita method
of computing the 248 Paricangavakyas (the name used for the
Candravakyas in this, and other Tamil texts), and the method
of checking them. The Mudaliar (1861), Desikar (1927) and
Kamesvaran (2007) editions of Ciadamani Ullamudaiyan,
however, do not present any list of these vakyas.

The verse 6 of Hoisington (1848, p. 23) and verse 380 of
Kamesvaran (2007, pp. 171-172) give the method of com-
puting the suddadina, which is the ahargana or the num-
ber of days elapsed since the beginning of Kaliyuga till the
beginning of the current (solar) year. The vakya process of
computing the true longitude of the moon for any given day
is described in verses 13—14 of Hoisington (1848, pp. 27-28)
and verses 382-383 of Kamesvaran (2007, pp. 172—173). As
we shall see below, the verse 382 of the Satyabhama Kames-
varan edition is defective. However, between them, we can
clearly recognise the following vakya method of computing
the longitude of the moon for any desired day (istadina).

For this, one starts with the suddadina or the number of
days elapsed from the beginning of Kaliyuga till the beginning
of the desired year, to which the number of days elapsed till
the given day is added. This gives the number of days elapsed
from the beginning of Kaliyuga till the given day. From this is
subtracted 15,65,411 (called the Sodhyadina or khanda in later
Sanskrit texts), which is a nearby day on which the longitudes
of the moon and its apogee coincide at the time of sunrise.
The residue (called Sodhyasesa or khandasesa in later Sanskrit
texts) is divided by 3,031. The remainder obtained in this divi-
sion is then divided by 248. The remainder obtained in this
last division gives the serial number of the vakya (among the
248 Paricangavakyas) which is to be used in the computation.
To obtain the longitude of the moon, we are then asked to do
the following: (i) Take the product of the quotient obtained in
the division by 248, with 27° 44'. (ii) From the above result,
subtract the product of the quotient obtained in the division
by 3,031, with 22° 29". Here, 22° 29" = 12" -117 07°31’, is the
negative of the dhruva associated with the divisor 3031 (iii)
From the result of the subtraction, further subtract 5* 00°17' =
12" - 06" 29°43’, where 06" 29°43', is the true longitude associ-
ated with the Kali day 15,65,411. The result obtained in this
step is called the vakkiyadduruvam (vakyadhruva). (iv) To this
vakkiyadduruvam is added the longitude given by the vakya
associated with the serial number found as the remainder in
the division by 248. This gives the true longitude of the moon
at sunrise on the desired day.

We may note that the above procedure is indeed a precur-
sor of the more sophisticated procedure given in the later

Sanskrit text, Vakyakarana in verses 1.9—13 (Sastri & Sarma,
1962, pp. 9%-R9). Vakyakarana uses a larger sodhyadina
16,00,984. It also instructs that the sodhyasesa should first
be divided by 12,372. This divisor is used because
12,372 days are very nearly equal to 449 anomalistic revolu-
tions of the moon. The rest of the procedure is the same as
described in Ciidamani Ullamudaiyan, namely divisions by
3031 and 248 and so on, with essentially the same constants
for multiplying the resultant quotients. Only the longitude
associated with Kali day 16,00,984 and the longitude that
should be used to multiply the quotient obtained in the divi-
sion by 12,372 are the new parameters that have been intro-
duced. Vakyakarana also presents a correction to take
account the fact that 248 days and 3031 days do not exactly
correspond to 9 and 110 anomalistic revolutions of the moon.
We have discussed the vakya procedure for computing the
longitude of the moon as presented in Chapter 8 of Ciidamani
Ullamudaiyan mainly to show the importance of this text, as
it seems to be the earliest available text which discusses this
procedure. We should, of course, keep in mind the fact that the
author of Cizdamani Ullamudaiyan declares at the outset that he
is describing the methods of computation outlined in the earlier
Sanskrit texts composed by great scholars. We are yet to come
across any of these Sanskrit texts on the vakya method, so far.
We now present the relevant verses and their commen-

tary from Cidamani Ullamudaiyan to illustrate how the
uyiréluttu or svara-based system of numeration has been
employed to denote the sodhyadina, the divisors and the cor-
responding longitudes, etc. We start with the following verse
13 and its commentary in Hoisington’s edition of Chapter 8
(Hoisington, 1848, p. 27):

er6uem LIl 6oT5 ) 60T LD 6BTETEOTEN () (G LD & TR LD (N S SI LI

U660 GWMen1 &8 K55 LIV (LS 6V TE EhCFLEh

QFLNCEGeTnST MG eueTM &5 5 a0 (h&H S EHCFL(6h

Q&MeLEI G VMENMIBITL. & &GS MEOTMILDEU TSGR WL G TELD

o 8. HE5HTEMFMUSS QT CLOFETDIOTSLAH

G5 W MEIGnL 1985 BLPemLng e @)5 Gev"L060Teor60T
QG LD GETLD" 6TETMI S6M6THSIBI60TN QFL &6 L6 Gl meof]”
et S M&FSSIL QUMMLIGLD (PSMHLIGDITLD. BledrmG&L LD
"giTn” etedrmiflS &I QUL 6dl([HESLIGDTLD.
BleTMCFLLD SIHMMEGF QF@TMaTSHGRWD. 6Ty

éllaiyirinattinmannanvidusilkulaméduttup
palliyonikkarittapalamudalagunisedari
sélvikelerirmavénrarittaduviruttarisedari
sollidilarrainatkuttonrumvakkiyamadame

é tu. suddadinattaivaittu idile sénramadamun
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tediyungiittik kilamaikandu idile “mannan
vidusilkulam” énru kalainduninra sedattai “palliyoni”
énradarkarittup pérrapalam mudarpalamam. ninra
sedam “‘erirma’” énrarittup pérrapalam virittapalamam.
ninrsedam arraikkuc cénra vakkiyam. éru.
Translation of the Urai or Commentary: Take the
whole number of days passed in Kaliyuga till the begin-
ning of the year (suddadina), and to this, add (the num-
ber of days) corresponding to the elapsed months and
the number of days elapsed in the month and check it for
the weekday. From this (ahargana elapsed till the given
day) subtract 1565411 (“mannanvidusilkulam”). Divide
the result by 3031 (“palliyoni”). The quotient obtained
is said to be the “first pala (phala)” (mudarpalamam).
The remainder (obtained in this division) is divided by
248 (“erirma’). The quotient obtained is said to be the
“viritta pala”. The remainder (obtained in this division)
is the number of the vakya (to be used) for that day.

As we can check from Table 5, the three numbers encoded
by the phrases “mannanvidusilkulam”, “palliyoni”, and
“ertrma”, are 1,565,411, 3031 and 248, respectively. It
is indeed surprising that neither the text of Cadamani
Ullamudaiyan, nor any of the four editions published so far
provide any explanation of the (uyiréluttu or svara-based)
numeration system employed in this text. However, the tra-
ditional commentary of this verse, as edited in Kamesvaran
(2007, p. 173) does state the explicit form of the numbers
denoted by the two phrases “mannanvidusilkulam” and
“palliyoni”. Hence, we shall cite the verse as also the com-
mentary as found in Kamesvaran (2007, pp. 172—173), even
though they contain serious editorial errors:

aTeemeLUl6L HeoTs Flev LoedTeoTedT e(h @LD ST S SILI
LevellGWIT aofl&:& NG5 Lieunwp ST GFLLD
QFLNCH6T! gLllel LMQeueT MMIBEES N BSSW0D CFLLD
Q&FmeLeIIq 6 MM BT (HS CHTETMIOTS BN FTGLD

@-6T: HNGFHHS HTHMS MG 3T GV QF6TM
IDTHSMS LD CHH WL Fnl 19, @ T Cev neoTeoTedr 65 (H)
GLDGETLD 61601 UG DT HSI VLSS QLGOS WTUNTE S
Brarh ol L Qe T OIS E! gley &iflg 818 &eofl
(LSS UMTLD &6uoT(h LI6LedlGmenfl spesTml epeUTuITE Sl
WULSS RETMISES FUIHSS efl(HSHSLIe6T GFaqLh
BTEME G 6UTSHGHUILD 6TedTm 3 nfleug.

éllaiyil dinattil mannan vidusil kulamé duttup
palliyo nikka ritta palamamu tagum sedam

sélvikel! elil maven rarindadu viruttam sedam
sollidil arrai nattut tonru vak kiyama dame

i- [ kalisudda dinattai vaittu adile sénra
madattaiyum tediyaiyum kiitti, idile mannan vidu
sitlkulam énru padinaindu latcattu arupattaiyayirattu
nanirrup padinonru eduttu elil kalittuc cani

@ Springer

mudalaga varam kandu palliyoni onru mivayirattu
muppattu onrukku tyndadu viruttapalan sesam
anraikku vakkiyam énru arivadu.

Translation of the Urai or Commentary: Take
the whole number of days passed in Kaliyuga (till
the beginning of the year) and to this add (the num-
bers of days) corresponding to the elapsed months
and the number of days elapsed in the month. From
this (ahargana elapsed till the given day) subtract
“mannanvidusilkulam ", that is, fifteen lakhs sixty-five
thousand four hundred and eleven. Divide the result
by 7 and find the weekday starting with Saturday. The
quotient obtained by dividing by “palliyoni”, that
is three thousand and thirty-one is viruttapala. The
remainder obtained is to be understood as the serial
number of the vakkiyam for the given day.

As we can see, the above commentary confirms the fact
that the phrases “mannanvidusilkulam” and “palliyoni”
denote the numbers 1565411 and 3031, respectively. It
should also be noted that both the verse and the commentary
as edited in Kamesvaran (2007, pp. 172—173) misread the
phrase “erirma”, denoting the crucial number 248, as “elil
ma” and talk of division by seven and other irrelevancies.

Further steps in the computation of the longitude of moon are
outlined in the verse 14 and its commentary in Hoisington’s edi-
tion of Chapter 8 (Hoisington 1848 p. 28), which we cite below :

QL(LNGEMEVWITHMITETMMET G LI[H &SR 1L edrenfeont 76 6 & w1 Mev
Pl (BS5565DBIIB TS D LIS SeUTRIE &
G&LDLDMEHB&F L6055 60760 (G & LLILLI Q) LIT60T Q) &5 ITET @B QLD 60T G (D

QUMD GLD G566V LI L6 ITTHI 8 61 M& G W & Sl ((HeU LD TGLO

6T &l (PSHMLIVGS "SUITMMITETMITET" 6T60TMI
FIUUMSTILIGMaISSI QUBSERL LIMTens
sHenev auflensFwmCeull® L6 eNBS SIS S
"B ool & Q& MG ML eTedTmI FTLILIMGTILONS
eSS QLSS @FeaTWD LTS & 606V
aflanewmCanl (b @bs N(BHHSLINSTHEC6
WHULL (DSHUVSMS SHnaThSl BlaTnEFL S M
"QFWIWGQILIMTETQ S ITETERLD" 6TeTMI &6M6TH S

1516070 B161 M S W &SI (HEULOITLD

amudalaiyarranral perukkipinninirccéngal emura
viruttaterriyitinmutarpalattaivangic cemama
sedantannirceyyaponkolluménre vamamegalaiyayvang
avakkiyatturuvamame

i- limudarpalattai “aiyarranrdal” enru
sarppakaramagavaittup perukkip bagai kalai
varisaiyalerittu pinbu viruttapalattai “ninirccéngal”
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enru sarppakaramdagavaittup perukki itanaiyum bagai
kalai varisaiyalerittu inta viruttabalattile murpatta
mutarbalattai kalaintu ninracedattir “‘ceyyaponkollum”
enru kalaintu ninratuvakkiyatturuvamam.

Translation of the Commentary: To obtain the longi-
tude of the moon take the product of the first quotient
(obtained in the division by 3031) and multiply that
by 22°29’ (‘aiyarranral’ which is written separating
the degree (bagai) and minute (kalai)). Also multiply
the quotient obtained in the second division (by 248)
by 27°44° (‘ninirccéngal’). The earlier product is sub-
tracted from this product. From the result thus obtained,
subtract 5'00°17 (‘ceyyaponkollum’) which gives the
vakkiyaduruvam.

The following are the steps to obtain the longitude of
the moon: (i) Take the product of 27° 44" and quo-
tient obtained in the division by 248. (ii) From the
above subtract the product of 22°29’ and the quo-
tient obtained in the division by 3,031. (iii) From the
result obtained above, subtract 500°17' (which is 12°

- 6729°43', where 629°43’ is the true longitude associ-

ated with the Kali day 15,65,411). (iv) Finally, to the

result obtained above, add the longitude given by the
vakya associated with the serial number found earlier

(namely, the remainder obtained in the division by

248). (v) The result is the true longitude of the moon

at sunrise on the desired day.

We shall not go into any further discussion of how the
uyiréluttu or svara-based system of numeration is extensively
used in the last two chapters of Ciadamani Ullamudaiyan. 1t
is, however, important to emphasise that neither the text nor
the commentary—except for a few instances where the com-
mentary gives the explicit form of the number denoted by a
linguistic phrase—offers any precise characterisation of the
system of numeration employed in the text. The editors of the
text have also not bothered to offer any such explanation. We
were, however very pleased to see a late nineteenth century text,
Jotisaganitasastiram, by the famous scholar Munampannai
Krishnajosyar which gives the following brief explanation of the
uyiréluttu or svara-based system of numeration used in Tamil
astronomical texts, except that he omits the value “0” assigned
to the vowel “eperr (au)” (Krishnajosyar, 1897, pp. 35-36):

(GMILL) @HS @I, LMens, He60, elldane @) 66U emeTLLmmiw
560075 & &6M60, FRIR MW 3|GTeUS @)6V88MHI&6T
NERAUQUTSETe[(HEHEGLOUTHLH 2i6M6Usemer

AUMER W epULMHSS L 1GUNBSRMSI. 21bS 6UTEHR W QUG S8 86T
EILE-T

9T IS O], &b, =2. @) =3.F=4.2 =5 261=6.6T=7.6 =8. £83=9. 6, @ = 0.
@QBSULINTETTD FWEH W TSR WBIGTTHEQ&HTETE. @LUILIL.

aUM& & Wi gerfley

sLTAWemag WSS uNeumalg eGSR M QUG WIS Si& 56T

@ 6oreol e &858
GFF&HSLIULIGLGBLUUSTTE 26MeUsH6T &F(WaHEH e FhISeanwulm G,

(kurippu) inda irdasi, pagai, kalai, vikalai
ivaigalaipparriya kanakkugalil, sankiyai adavadu
ilakkangal pisagippogamalirukkumporuttu avaigalai
vakkiya rapamagakkattiyirukkiratu. anda vakkiya
yeéluttukkal alladu aksarangalila=1.a=2.i=3.7=4.
u=5u4=6.¢6=7.¢=8.ai=9.6, 0=0. indappirakaram
samukkiyai vakkiyangalagakkolga. ippadi
vakkiyangalil kadasiyilavadu maddiyilavadu varugira
méyyeluttukkalai innisaikkaga serkkappattiruppadinale
avaigal samukkiyai cankiyaiyir cera.

Translation: In the calculations involving rasi, kala,
vikald etc., in order that no error creeps in the numbers or
calculations, they are exhibited as sentences (vakkiyas).
Among the letters or syllables (aksaras) which appear
in those sentences, a=1.a=2.i=3.71=4.u=5.u=
6.é6=7.e=8.ai=9.6, 0=0. In this way convert the
numbers into sentences (vakkiyargal). In these sentences
(vakkiyas) the consonants (with no vowel attached),
which appear either in the end or in the middle, have
been included for the sake of pleasant tonality of the
sound (while pronouncing the sentence) and hence they
are not part of the signs that denote numbers.

Finally, we shall make a few remarks on the date of
Ciadamani Ullamudaiyan, which happens to be the first
known Tamil text of astronomy where we see the use of
the novel uyiréluttu or svara-based system of numera-
tion. The final verse of the text mentions that the work
was written in the Vilambi year corresponding to Saka
1100 or 1178 CE. It also gives some details regarding the
author, Tirukkottiylir Nambi. We shall here just cite the
Commentary of verse 456 in the edition of Satyabhama
Kamesvaran (Kamesvaran, 2007, p. 207):

@)-6T: F&HMISLD 1100-5&G8F QF6Tm lamiDL] 2u,660T(h (L 63TEm6T G
L Qmhule QF LIS CFMTHLEMSS Qg ars0erme alliflg s
WTeIJ&HGLD 2_6THEIQ&TET 2 5SS M6 elaTLems ‘BTG LNFnesaFLd
GTEOTEMILD LITED0T L LOMIGHEVID TSR W LighFauaTomCs el &5 Caus

E&SSS ANFlweuer USHTT HBHE&TLIQWLF B eT6dTmeummi.

i-l: cakapdam 1100-kkuc cénra vilambi andu
munnaiyor vadaméliyal céyda sotidattait
téntamilinal virittu yavarkkum ulankéla

uraittan énpadai nattup piramadesam énnum
pandamangalamagiya paricavanmadevi caturveda
mangalattu ariyavan puttirar tirukkottiyir nambi
éenravaru

Translation of Commentary: The Jyotisa texts com-
posed earlier in Sanskrit language have been expounded
in the southern Tamil language in the Vilambi Saka year
1100, so that all can easily comprehend the content, by
Tirukkottiylir Nambi the son of Ariyavan belonging to
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Pafijavanmadevi Caturvedamangalam which is called
Brahmadesam nadu Pandamangala.

Though this verse mentions that the text was composed in
Saka 1100 (1178 CE), there are some indications in the text
that it might have been composed a few decades later than
1178 CE. First is the sodhyadina of “mannanvidusilkulam” or
15,65,411 mentioned in verse 13 of Hoisington which is also
verse 382 in Satyabhama Kamesvaran, which we cited above,
which deals with the computation of the longitude of the moon.
The verse states that this Sodhyadina is to be subtracted from
the number of days elapsed since the beginning of Kaliyuga
till the desired day for which the computations are to be made.
This would mean that the text is concerned with computations
for days whose suddadina or ahargana from the beginning of
the Kaliyuga is larger than 15,65,411-implying that the text
is composed sometime later than 1185 CE. There is another
verse (verse 16 of Chapter 9 in Hoisington (1848, pp. 30-31),
which is also the verse 388 in Kamesvaran (2007, p. 176)),
which gives a larger Sodhyadina, “sialppondortérkekulam” or
15,87,006, which is to be subtracted from the suddadina or
ahargana for computing the longitude of planets. This would
imply that the text is composed sometime later than 1244 CE.
In view of these different date-markers we are not in a posi-
tion to fix the time of composition of the text exactly. How-
ever, since this text does not use any of the vakya methods
for planets, which are discussed in the famous Sanskrit text
Vakyakarana, which uses a later sodhyadina (16,00,984) and
has been estimated to have been composed sometime during
1282—-1316 CE (Sastri and Sarma 1962 p. 9), we can conclude
that Ciidamani Ullamudaiyan was composed sometime in the
last quarter of the 12th or the first half of the thirteenth century.

3 Use of the Uyiréluttu or Svara-based system
of numeration in Tamil Candravakyas
or Paficangavakyas

While discussing the katapayadi system of numeration, we
referred to the crucial role they play in the formulation of
the famous Candravakyas of Vararuci, which present the
true longitude of the moon for a period of 248 days starting
from a day on which the longitude of the moon and its apo-
gee coincide at some time. While discussing the uyiréluttu
or svara-based system of numeration in Tamil, we also
cited the verses in Ciadamani Ullamudaiyan, which refer
to the method of computing these vakyas, and also describe
the process by which the relevant vakya for a given day is
to be identified. This would mean that the text is referring
to a set of vakyas in Tamil, which encode the longitude
values similar to those given by the Sanskrit Candravakyas
of Vararuci.
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It so happens that the editions of Cidamani
Ullamudaiyan of Mudaliar (1861), Desikar (1927) and
Kamesvaran (2007) do not give any such list of the 248
vakyas. Hoisington’s book does present a list of 248 Tamil
vakyas, referred to as Paficangavakyas (Hoisington, 1848,
pp. 88-91), which are encoded using the uyiréluttu or
svara-based system of numeration and denote the same
set of longitude values that are encoded in the Sanskrit
Candravakyas of Vararuci. Since Hoisington’s book
also deals with later texts, we do not know whether the
Paricangavakyas listed in his book were the ones in use at
the time of Cidamani Ullamudaiyan.

In fact, we have so far come across only two other pub-
lished lists of Tamil Candravakyas or Paricangavakyas, both
of which use the same uyiréluttu or svara-based system of
numeration. Margalinga Jotishar has published one such list
at the end of his edition of the Tamil Jyotisa work Vimesura
Ullamudaiyan (Jotishar, 1933, pp. 261-264). In this context,
it may be noted that Vimesura Ullamudaiyan is a Jyotisa
work which was composed much later than Ciadamani
Ullamudaiyan in the Kali year 4728 or 1627 CE (Verse 10,
Jotishar, 1933, p. 20). It also uses the uyiréluttu or svara-
based system of numeration while discussing the vakya
method of computation of the longitude of moon (Verses
11-18 in Jotishar., 1933, pp. 20-24). Another published
list of Candravakyas or Paficangavakyas is found in the
late nineteenth-century Tamil work Jotisaganitasastiram,
which we referred to earlier, by Munampannai Krishnajo-
syar (1897, pp. 126—135). We see that the lists given in
the editions of Krishnajosyar and Margalinga Jotishar are
mostly the same, except for a few minor variations. How-
ever, the Tamil Paricangavakyas given in Hoisington’s book
are indeed very different, though they also denote the same
longitude values.

In Table 7, we present the first five Candravakyas or
Paiicangavakyas as given in the Hoisington (1848, p. 88)
and Krishnajosyar (1897, p. 126) editions, along with the
lunar longitude value that they denote. This is only for the
purpose of illustrating how the uyiréluttu or svara-based
Tamil system of numeration is used for formulating these
vakyas. A critical edition of the 248 Tamil Paricangavakyas
will be presented in a subsequent publication.

4 Conclusion

In summary, we reiterate that this currently not well-known
Tamil uyiréluttu or svara-based numeration system was indig-
enously developed for use in the Tamil astronomical texts as
the katapayadi system is not suitable for Tamil. Our discus-
sion has shown that this numeration system is indeed as robust
and flexible as the katapayadi system. In fact, this uyiréluttu
or svara-based numeration system of Tamil may seamlessly
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Table 7 The first five Candravakyas or Paiicangavakyas as given in the editions of Hoisington and Krishnajosyar

No. Hoisington Krishnajosyar Longitude
1| &l6v0r G600 ITIT BT 60T & GG ITH TG 60T 0" 12°03°
vipnornadan vittonadan
2 | e UDLOUTETHEHTET | emeudbCHmhHehEmeor | 0724°09°
paimpénindan vaittonittan
3 | eumgmilu&Q&smuiuwl GUIT6OT T, BV LD 17 06° 22°
varaypukkoyya vanabiilokam
4 FLIeFCeumIsL LD aflSGHHM&H LD 1718° 44°
tittirvengadam vimidenarkam
5] eBESHLCMLTT | eheusHeleT@aminmeor | 2°01°19°
taikkadalodar vaittavankoman

be adopted in Sanskrit and other Indian languages too, with a
few modifications. In this article, we have also briefly high-
lighted the errors that have crept in the various editions of
Ciidamani Ullamudaiyan and the need for further work to
iron them out and prepare a cogent version of this pioneering
Tamil astronomical text of 12— 13 century.
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