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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 bhūta-
saṅkhyā system, the Āryabhaṭīya system and the kaṭapayādi system, are well known and have been widely discussed in 
the literature. In this article, we shall discuss a novel and ingenious vowel (uyirêḻuttu in Tamil, svara in Sanskrit) based 
system of numeration which has been used in the late 12th or 13th century Tamil astronomy text, Cūḍāmaṇi Uḷḷamuḍaiyān, 
of Tirukkoṭṭiyūr Nambi. We show that using this numeration system, Cūḍāmaṇi Uḷḷamuḍaiyān presents what is perhaps 
the earliest available account of the vākya 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 Candravākyas in Tamil, which 
are referred to as the Pañcāṅgavākyas.

Keywords  Uyirêḻuttu (Tamil Vowels) · Tamil astronomy · Systems of numeration · Tirukkoṭṭiyūr Nambi · Tamil 
candravākyās · Cūḍāmaṇi Uḷḷamuḍaiyān · Kaṭapayādi · Bhūta-saṅkhyā · Āryabhaṭīya

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 
Āryabhaṭa (c. 499 CE), Brahmagupta (c. 628) and Bhāskara 
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 bhūta-saṅkhyā 

system, the Āryabhaṭīya system, and the kaṭapayādi 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 kaṭapayādi 
system was employed for encoding various intermediate 
sequences of values which were used in astronomical com-
putations in the so-called vākya (sentence or phrase) system 
of astronomy. It was often the case that these vākyas were 
also meaningful as sentences or linguistic phrases.

Before considering the novel and ingenious uyirêḻuttu 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 

 *	 V. Ramanathan 
	 vraman.chy@iitbhu.ac.in

1	 Department of Chemistry and Center for Indian Knowledge 
Systems, IIT(BHU) Varanasi, Varanasi, UP 221005, India

2	 Department of Humanities and Social Sciences, IISER Pune, 
Pune, India

3	 Centre for Policy Studies, Kundratthur, Chennai 600069, 
India

http://crossmark.crossref.org/dialog/?doi=10.1007/s43539-025-00157-4&domain=pdf
http://orcid.org/0000-0001-6411-7150


2	 Indian Journal of History of Science (2025) 60:1–11

system of transliteration of Sanskrit words and the translit-
eration scheme shown below (Table 1) for Tamil words and 
passages.

1.1 � Bhūta‑Saṅkhyā 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 bhūta-saṅkhyā 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, ṛtus (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 bhūta-saṅkhyā words.

The use of such words for denoting numbers can be seen 
occasionally in the Vedic corpus but more often in the Sūtra 
and other post-Vedic literature. Śrauta-sūtras of Kātyāyana 
and Lāṭyāyana use words like Gāyatrī (a Vedic metre with 
24 syllables in all) to denote the number 24 and Jagatī 
(metre with 48 syllables in all) for 48. The Vedāṅgajyotiṣa 
of Lagadha uses words like rūpa for 1, bhasamūha (the col-
lection of nakṣatras) for 27 etc. Such word names for num-
bers are used extensively in the Chandaḥ-sūtra of Piṅgala, 
which incidentally discusses many of the combinatorial 

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

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

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

  रसगुुणनवेेन्दुयुुुके्ते﻿
﻿शशि�गुुणखगुुणोो-
 -द्धृतृेे घनाा द्युगुणे।﻿
﻿शेेषेे नवभि�र्गुु�णि�तेे गतयोो-
 -ऽष्टजि�नैःः� पदंं शेेषम्॥﻿
rasaguṇanavenduyukte
śaśiguṇakhaguṇo-
﻿-ddhṛte ghanā dyugaṇe ।﻿
śeṣe navabhirguṇite gatayo
﻿’ṣṭajinaiḥ padaṁ śeṣam॥  

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

Table 1   Transliteration scheme for romanization of the Tamil letters

vowels

அ ஆ இ ஈ உ ஊ எ ஏ ஐ ஒ ஓ ஔ

a ā i ī u ū ê e ai ô o au

Consonants

க் ங் ச் ஞ் ட் ண் த் ந் ப் ம் ய் ர்

k/g ṅ c/s ñ ṭ/ḍ ṇ t/d ṉ p/b m y r

ல் வ் ழ் ள் ற் ன் ஜ் ஷ் ஸ் ஹ்

l v ḻ ḷ ṟ n j ṣ s h kṣ
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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 
ṣaḍrasas or the six flavours), guṇa stands for 3 (the well-
known triguṇas or the three qualities), nava is, of course, 
9, and indu stands for 1 (the moon). Hence, the phrase 
rasaguṇanavendu denotes number 1936. The phrase 
śaśiguṇakhaguṇa denotes the number 3031, because śaśi 
stands for 1 (the moon) and guṇa stands for 3 and kha for 
0 (the sky or void). Finally, the phrase aṣṭajina denotes the 
number 248, because aṣṭa is, of course, 8, and jina stands 
for 24 (the 24 Jaina Tīrthaṅkaras).

Just to provide one more illustration for the bhūta-
saṅkhyā system of numeration, we cite the following 
famous verse due to Mādhava (the illustrious founder of the 
Kerala School of Astronomy), which Nīlakaṇṭha cites in his 
Āryabhaṭīyabhāṣya as a very good approximation for the 
value of π (Sastri, 1930, p. 42):

  वि�बुुधनेेत्रगजााहि�हुतााशन-
 -त्रि�गुुणवेेदभवाारणबााहवःः ।﻿
﻿नवनि�खर्ववमि�तेे वृृति�वि�स्तरेे﻿
﻿परि�धि�माानमि�दंं जगदुर्बुु�धाःः� ॥﻿
Vibudhanetragajāhihutāśana-
﻿-triguṇavedabhavāraṇabāhavaḥ ।﻿
navanikharvamite vṛtivistare
﻿paridhimānamidaṁ jagadurbudhāḥ ॥  

The experts have stated that for a circle of diameter 9 × 1011 
(navanikharva), the measure of the circumference would be 
2,827,433,388,233 (vibudhanetragajāhihutāśanatriguṇave
dabhavāraṇabāhavaḥ).

In the above verse, vibudha stands for 33 (the 33 deva-
tas), netra for 2 (the 2 eyes), gaja for 8 (the aṣṭadiggajas 
eight elephants guarding the directions), ahi for 8 (the 
aṣṭanāgas the eight serpents), hutāśana for 3 (the three 
sacrificial fires), tri is 3, guṇa stands for 3 (the three quali-
ties), veda stands for 4 (the four Vedas), bha stands for 27 
(the twenty-seven nakṣatras), vāraṇa stands for 8 (the eight 
elephants) and bāhavaḥ for 2 (the two arms). Following the 
convention ‘ankānāṁ vāmato gatiḥ’ meaning ‘numbers pro-
ceed (from the right) to left’ the phrase vibudhanetragajāhih

utāśanatriguṇavedabhavāraṇabāhavaḥ actually denotes the 
number 2827433388233. If we divide this circumference by 
the diameter 9 × 1011 (navanikharva) we obtain a value of π 
accurate to 11 decimal places.

1.2 � Āryabhaṭīya system of numeration

The Āryabhaṭīya system of numeration is a unique invention 
of Āryabhaṭa, one of the foremost astronomers of ancient 
India. The Āryabhaṭīya (c.499 CE) was written prior to 
the works of Varāhamihira, and it does not use the bhūta-
saṅkhyā system of numeration. Instead, it uses a syllable-
based numeration system introduced in the second verse of 
the Daśagītikā 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 Āryabhaṭīya system of numera-
tion is that the vargīya-vyañjanas (the consonants क् to म्) 
are assigned the values 1, 2, …, 25; and the avargīya-
vyañjanas (य् to ह्) 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 Āryabhaṭīya system of numeration, we 
shall consider the initial portion of the very next verse 3 of 
Daśagītikā, where the revolution numbers of the sun and the 
moon are stated (Shukla & Sarma, 1976, p. 6):

  युुगरवि�भगणाःः� ख्युुघृृ शशि� चयगि�यि�ङुुशुछृ्लृ﻿
yugaravibhagaṇāḥ khyughṛ śaśi cayagiyiṅuśuchlṛ

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

In the above verse, khy stands for 2 + 30 = 32, and 
khyu for 32 × 104; and gh stands for 4, and ghṛ for 
4 × 106. Hence, the phrase khyughṛ denotes the number 
32 × 104 + 4 × 106 = 4,320,000. In the same way, ca stands for 
6 × 100, ya for 30 × 100, gi for 3 × 102, yi for 30 × 102, ṅu for 
5 × 104, śu for 70 × 104, chlṛ for (7 + 50) × 106. Hence, the phrase 

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

﻿क्/k
1

﻿ख्/kh
2

﻿ग्/g
3

﻿घ्/gh
4

﻿ङ्/ṅ
5

﻿च्/c
6

﻿छ्/ch
7

﻿ज्/j
8

﻿झ्/jh
9

﻿ञ्/ñ
10

﻿ट्/ṭ
11

﻿ठ्/ṭh
12

﻿ड्/ḍ
13

﻿ढ्/ḍh
14

﻿ण्/ṇ
15

﻿त्/t
16

﻿थ्/th
17

﻿द्/d
18

﻿ध्/dh
19

﻿न्/n
20

﻿प्/p
21

﻿फ्/ph
22

﻿ब्/b
23

﻿भ्/bh
24

﻿म्/m
25

﻿य्/y
30

﻿र्/r
40

﻿ल्/l
50

﻿व्/v
60

﻿श्/ś
70

﻿ष्/ṣ
80

﻿स्/s
90

﻿ह्/h
100
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cayagiyiṅuśuchlṛ denotes the number 6 × 100 + 30 × 100 + 3 × 10
2 + 30 × 102 + 5 × 104 + 70 × 104 + 57 × 106 = 57,753,336.

Āryabhaṭa used this scheme throughout the astro-
nomical treatise Āryabhaṭīya. It is noteworthy that even 
though almost all the later astronomers have referred to the 
Āryabhaṭīya, they have not used his numeration scheme, 
perhaps because many of the linguistic phrases denoting 
various numbers that appear in the Āryabhaṭīya 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, Āryabhaṭīya 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 � Kaṭapayādi system of numeration

The kaṭapayādi system of numeration can be clearly 
traced back to the 7th century Kerala astronomical works, 
Grahacāranibandhana (c.683) of Haridatta and Karaṇaratna 
(c.689) of Devācārya. There is also the view that Vararuci, the 
author of the famous Candravākyas which are encoded in the 
kaṭapayādi system, perhaps lived in the 4th/5th century. The 
kaṭapayādi 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 

left, following the rule, “aṅkānāṁ vāmato gatiḥ” (the digits 
move from right to the left).

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

 

  नञाावचश्च शून्याानि� संंख्याःः� कटपयाादयःः ।﻿
﻿मि�श्रेे तूूपाान्त्यहल्संंख्याा न च चि�न्त्योो हलस्वरःः ॥﻿
﻿nañāvcaśca śūnyāni saṅkhyāḥ kaṭapayādayaḥ ।﻿
﻿miśre tūpāntyahalsaṅkhyā na ca cintyo halasvaraḥ ॥﻿
 The न (na) and ञ (ña) and the vowels stand for zero. 
The consonants beginning with क (ka), ट (ṭa), प (pa) 
and य (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 kaṭapayādi 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 kaṭapayādi system in the renowned 
work Grahacāranibandhana (c.683 CE) of Haridatta. 
Haridatta was the originator of the parahita system, which 
was essentially an improvement and simplification of the 
﻿Āryabhaṭīya and was adopted at the 12-year festival held 
at Tirunāvāya on the banks of the Bhāratapuḻa river in 
Kerala. In the verses 2–6 of the first Chapter of 
﻿Grahacāranibandhana, while describing the method of 
computing the ahargaṇa, 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): युुद्ध, yuddha (91); 
अनूूनज्ञाानतुुङ्ग, anūnajñānatuṅga (3600000); कााल, kāla (31); 

Table 3   9 Sanskrit Vowels and the numbers associated with them as per Āryabhaṭīya system

﻿अ/आ﻿
a/ā

﻿इ/ई﻿
i/ī

﻿उ/ऊ﻿
u/ū

﻿ऋ/ॠ﻿
ṛ/ṝ

﻿ऌ﻿
lṛ

﻿ए﻿
e

﻿ओ﻿
o

﻿ऐ﻿
ai

﻿औ﻿
au

100 102 104 106 108 1010 1012 1014 1016

Table 4   33 Sanskrit consonants and the numbers associated with them as per kaṭapayādi system

1 2 3 4 5 6 7 8 9 0

﻿क﻿
ka

﻿ख﻿
kha

﻿ग﻿
ga

﻿घ﻿
gha

﻿ङ﻿
ṅa

﻿च﻿
ca

﻿छ﻿
cha

﻿ज﻿
ja

﻿झ﻿
jha

﻿ञ﻿
ña

﻿ट﻿
ṭa

﻿ठ﻿
ṭha

﻿ड﻿
ḍa

﻿ढ﻿
ḍha

﻿ण﻿
ṇa

﻿त﻿
ta

﻿थ﻿
tha

﻿द﻿
da

﻿ध﻿
dha

﻿न﻿
na

﻿प﻿
pa

﻿फ﻿
pha

﻿ब﻿
ba

﻿भ﻿
bha

﻿म﻿
ma

– – – – –

﻿य﻿
ya

﻿र﻿
ra

﻿ल﻿
la

﻿व﻿
va

﻿श﻿
śa

﻿ष﻿
ṣa

﻿स﻿
sa

﻿ह﻿
ha

– ﻿अ,आ,.
a, ā, …
(All vowels)
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शंं, śaṁ (7); दधि�कााम, dadhikāma (5198); सुु, su (7); and 
नि�रयोोद्धृतृ, nirayoddhṛta (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, anūnajñānatuṅga, the syllables a, 
nū, na, jñā, and na, all stand for 0; the syllable tu stands 
for 6 and ṅga for 3, so that the phrase anūnajñānatuṅga 
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 kaṭapayādi 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 Sūryadevayajvan (c. 1250), the canonical text 
of the vākya system, Vākyakaraṇa (c. 1282–1316), and its 
commentary by Sundararāja (c. 1500). This system indeed 
became so popular in south India that it was used to name 
the melakarta-rāgas (standard scales) of Carnatic music 
so that the first two letters of the name indicate the index 
number associated with the rāga so that the notes that 
occur in the melakarta-rāga can be inferred straight away 
from its name (Ramanathan & Pai, 2020, pp. 1135–1138).

The kaṭapayādi system is specially employed in the 
vākya 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 vākyas 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 
vākya system can be rendered seamlessly (Anusha et al., 
2017, pp. 588–591). We shall illustrate this with the case 
of the famous Candravākyas 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 
λ is the longitude of the moon when it is coincident with 
its apogee on some day at some time, then the successive 
vākyas give the increase in the true longitude of the moon 
from λ for the succeeding days at the same time. We give 
here the first three Candravākyas along with the corre-
sponding increments in the longitude of the moon from its 
initial value (Sastri & Sarma, 1962, p.125):

  गीीर्नःः� श्रेेयःः gīrnaḥ śreyaḥ  (0r 12° 03')
﻿धेेनवःः श्रीःः� dhenavaḥ śrīḥ  (0r 24° 09')
﻿रुद्रस्तुुनम्यःः rudrastu namyaḥ  (1r 06° 22')  

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

days at the same time will be given by λ + 12° 03′, λ + 24° 
09′ and λ + 36° 22′.

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

2 � Uyirêḻuttu or svara‑based system 
of numeration used in Cūḍāmaṇi 
Uḷḷamuḍaiyān

While the Āryabhaṭīya system of numeration is not found in 
any other known text of Indian astronomy or mathematics, 
the bhūta-saṅkhyā 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 kaṭapayādi 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 vākya 
astronomy systems.

The kaṭapayādi 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 
mahāprāṇa 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 
vargīya-vyañjanas. 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 Āryabhaṭīya, 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 uyirêḻuttu in Tamil. One of the early texts where one 
gets to see this scheme in execution is in a late twelfth or 
thirteenth-century jyotiṣa text called Cūḍāmaṇi Uḷḷamuḍaiyān 
by Tirukkoṭṭiyūr Nambi. The novel uyirêḻuttu, or svara-based 
system of numeration, is used in the penultimate or the eighth 
chapter of the Text, called Parahita Gaṇitam, 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 
Sayantamālai, 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 Cūḍāmaṇi 
Uḷḷamuḍaiyān. Whereas the vowels have no numeric values 
in the kaṭapayādi 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 ê ( எ  ) and ô ( ஒ  ), 
apart from the long vowels e ( ஏ  ) and o ( ஓ  ). The latter two are 
similar to the ए and ओ used in Sanskrit and the north Indian 
languages.        

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

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

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

	 (iii)	 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.

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 uḷḷamuḍaiyān, 
we have the following syllables ‘u, ḷḷa, mu, ḍai, yā, 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 uḷḷamuḍaiyān 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.

Now we proceed to illustrate the use of the vowel-based 
system of numeration in Chapter 8, titled Parahita Gaṇitam, of 
the text Cūḍāmaṇi Uḷḷamuḍaiyān composed by Tirukkoṭṭiyūr 
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 vākyas in 
Tamil. The entire text of Cūḍāmaṇi Uḷḷamuḍaiyān, 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 vākya 
systems of astronomy. In what follows, we shall use mainly 
the editions of Hoisington (1848) and Kamesvaran (2007).

We shall first briefly describe the vākya process of com-
puting the true longitude of the moon as discussed in Chap-
ter 8 of Cūḍāmaṇi Uḷḷamuḍaiyān on Parahita Gaṇitam. 
This is a very important part of the text as it seems to be the 
earliest available description of the vākya method of com-
puting the longitude of moon, which is presented in much 
greater detail in the celebrated Sanskrit text Vākyakaraṇa 
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 Gaṇitam 
as discussed by great scholars in Sanskrit (Vaḍamoḻi). Verses 
8–12 of Hoisington (1848, pp. 25–26) and verses 375–379 of 

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

1 2 3 4 5 6 7 8 9 0
a/அ ā/ஆ i/இ ī/ஈ u/உ ū/ஊ ê/எ e/ஏ ai/ஐ ô/ஒ, oஓ, au/ஔ
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Kamesvaran (2007, pp. 170–171) give the parahita method 
of computing the 248 Pañcāṅgavākyas (the name used for the 
Candravākyas in this, and other Tamil texts), and the method 
of checking them. The Mudaliar (1861), Desikar (1927) and 
Kamesvaran (2007) editions of Cūḍāmaṇi Uḷḷamuḍaiyān, 
however, do not present any list of these vākyas.

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 ahargaṇa or the num-
ber of days elapsed since the beginning of Kaliyuga till the 
beginning of the current (solar) year. The vākya 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 vākya method of computing 
the longitude of the moon for any desired day (iṣṭadina).

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 śodhyadina or khaṇḍa 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 śodhyaśeṣa or khaṇḍaśeṣa 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 vākya (among the 
248 Pañcāṅgavākyas) 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′ = 12r -11r 07°31′, is the 
negative of the dhruva associated with the divisor 3031 (iii) 
From the result of the subtraction, further subtract 5r 00°17′ = 
12r - 06r 29°43′, where 06r 29°43′, is the true longitude associ-
ated with the Kali day 15,65,411. The result obtained in this 
step is called the vākkiyadduruvam (vākyadhruva). (iv) To this 
vākkiyadduruvam is added the longitude given by the vākya 
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, Vākyakaraṇa in verses I.9–13 (Sastri & Sarma, 
﻿1962 , pp. १९–२१). Vākyakaraṇa uses a larger śodhyadina 
16,00,984. It also instructs that the śodhyaśeṣa 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 Cūḍāmaṇi Uḷḷamuḍaiyān, 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. Vākyakaraṇa 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 vākya procedure for computing the 
longitude of the moon as presented in Chapter 8 of Cūḍāmaṇi 
Uḷḷamuḍaiyān 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 Cūḍāmaṇi Uḷḷamuḍaiyān 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 vākya method, so far.

We now present the relevant verses and their commen-
tary from Cūḍāmaṇi Uḷḷamuḍaiyān to illustrate how the 
uyirêḻuttu or svara-based system of numeration has been 
employed to denote the śodhyadina, 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):

எல்ைல
ஞ்

எ . 
”மன்னன்

” தை்தடசெ ” ”
என்றத ெபற்றபலம் ற்பலமாம். நின்றேசடம்
“ ” ெபற்றபலம் .
நின்றேசடம் .  

êllaiyiṟinattinmannanvīḍusūḻkuḷamêḍuttup
palliyonikkarittapalamudalāguñseḍañ
sêlvikeḷeṟīrmāvênṟarittaduviruttañseḍañ
sôlliḍilaṟṟaiṉāṭkuttonṟumvākkiyamadāme
ê tu. suddadinattaivaittu idile sênṟamādamuṉ

Table 6   Numerals used in ancient Tamil script

Numbers 1 2 3 4 5 6 7 8 9 10 100 1000 

In Tamil Script ௧ ௨ ௩ ௪ ௫ ௬ ௭ ௮ ௯ ௰ ௱ ௲ 
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tediyuṅgūṭṭik kiḻamaikaṇḍu idile “mannan
vīḍusūḻkuḷam” ênṟu kaḷaiṉduṉinṟa seḍattai “palliyoni” 
ênṟadaṟkarittup pêṟṟapalam mudaṟpalamām. ṉinṟa
seḍam “eṟīrmā” ênṟarittup pêṟṟapalam virittapalamām.
ṉinṟseḍam aṟṟaikkuc cênṟa vākkiyam. êṟu.
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 (ahargaṇa elapsed till the given 
day) subtract 1565411 (“mannanvīḍusūḻkuḷam”). Divide 
the result by 3031 (“palliyoni”). The quotient obtained 
is said to be the “first pala (phala)” (mudaṟpalamām). 
The remainder (obtained in this division) is divided by 
248 (“eṟīrmā”). The quotient obtained is said to be the 
“viritta pala”. The remainder (obtained in this division) 
is the number of the vākya (to be used) for that day.

As we can check from Table 5, the three numbers encoded 
by the phrases “mannanvīḍusūḻkuḷam”, “palliyoni”, and 
“eṟīrmā”, are 1,565,411, 3031 and 248, respectively. It 
is indeed surprising that neither the text of Cūḍāmaṇi 
Uḷḷamuḍaiyān, nor any of the four editions published so far 
provide any explanation of the (uyirêḻuttu 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 “mannanvīḍusūḻkuḷam” 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:

மன்னன்

ேயானிக்க ேசடம்

! மாெவன் ந்த ேசடம்

அற்ைற யமதாேம

இ-ள்:  ெசன்ற

ைய , மன்னன்

ஏ சனி

வாரம்

ஈய் ேசஷம்

.

êllaiyil dinattil mannan vīḍusūḻ kuḷamê ḍuttup
palliyo nikka ṟitta palamamu tāgum seḍam
sêlvikeḷ! eḻil māven ṟaṟiṉdadu viruttam seḍam
sôlliḍil aṟṟai ṉāṭṭut tonṟu vāk kiyama dāme
i- ḷ: kalisudda dinattai vaittu adile sênṟa
mādattaiyum tediyaiyum kūṭṭi, idile mannan vīḍu
sūḻkuḷam ênṟu padinaiṉdu laṭcattu aṟupattaiyāyirattu
ṉānūṟṟup padinônṟu eḍuttu eḻil kaḻittuc cani

mudalāga vāram kaṇḍu palliyoni ônṟu mūvāyirattu
muppattu ônṟukku īyṉdadu viruttapalan seṣam
anṟaikku vākkiyam ênṟu aṟivadu.
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 (ahargaṇa elapsed till the given day) subtract 
“mannanvīḍusūḻkuḷam”, 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 vākkiyam for the given day.

As we can see, the above commentary confirms the fact 
that the phrases “mannanvīḍusūḻkuḷam” 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 “eṟīrmā”, denoting the crucial number 248, as “eḻil 
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 :

 

āmudalaiyāṟṟānṟāḷ perukkipinnīṇīrccêṅgāl emuṟa 
viruttateṟṟiyitinmutaṟpalattaivāṅgic cemamā 
seḍantanniṟceyyaponkoḷḷumênṟe vāmamegalaiyāyvāṅg
avākkiyatturuvamāme
i -  ḷ :mudaṟpa la t ta i  “a iyāṟṟānṟā ḷ”  enṟu 
sarppākāramāgavaittup perukkip bāgai kalai 
varisaiyāleṟiṭṭu pinbu viruttapalattai “ṉīṇīṟccêṅgāl” 
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enṟu sarppākāramāgavaittup perukki itanaiyum bāgai 
kalai varisaiyāleṟiṭṭu inta viruttabalattile muṟpaṭṭa 
mutaṟbalattai kaḷaiṉtu ṉinṟaceḍattiṟ “ceyyaponkoḷḷum” 
enṟu kaḷaiṉtu ninṟatuvākkiyatturuvamām.
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’ (‘aiyāṟṟānṟāḷ’ which is written separating 
the degree (bāgai) and minute (kalai)). Also multiply 
the quotient obtained in the second division (by 248) 
by 27°44’ (‘ṉīṇīṟccêṅgāl’). The earlier product is sub-
tracted from this product. From the result thus obtained, 
subtract 5r00°17’ (‘ceyyaponkoḷḷum’) which gives the 
vākkiyaduruvam.  

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 5r00°17′ (which is 12r 
- 6r29°43′, where 6r29°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 
vākya 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 

uyirêḻuttu or svara-based system of numeration is extensively 
used in the last two chapters of Cūḍāmaṇi Uḷḷamuḍaiyān. It 
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, 
Jotiṣagaṇitasāstiram, by the famous scholar Munampannai 
Krishnajosyar which gives the following brief explanation of the 
uyirêḻuttu or svara-based system of numeration used in Tamil 
astronomical texts, except that he omits the value “0” assigned 
to the vowel “ஔ (au)” (Krishnajosyar, 1897, pp. 35–36):

( ) இந்த , பாைக, கைல, 

, இலக்கங்கள்

அைவகைள

க . அந்த

அ=1. ஆ =2. இ = 3. ஈ = 4. உ = 5. ஊ = 6. எ = 7. ஏ = 8.  ஐ =9. ஒ, ஓ = 0.

வாக் யங்களா கள்ாகெ்கக .  

கடா க்கைள

இன்னிைசக்காக

ேச ேலஅைவகள் ேசரா.

(kuṟippu) iṉda irāsi, pāgai, kalai, vikalai 
ivaigaḷaippaṟṟiya kaṇakkugaḷil, saṅkiyai adāvadu 
ilakkaṅgaḷ pisagippogāmalirukkumpôruṭṭu avaigaḷai 
vākkiya rūpamāgakkaṭṭiyirukkiṟatu. aṉda vākkiya 
yêḻuttukkaḷ alladu akṣaraṅgaḷil a = 1. ā = 2. i = 3. ī = 4. 
u = 5. ū = 6. ê = 7. e = 8. ai = 9. ô, o = 0. iṉdappirakāram 
samukkiyai  vākkiyaṅgaḷāgakkôḷga.  ippaḍi 
vākkiyaṅgaḷil kaḍāsiyilāvadu maddiyilāvadu varugiṟa 
mêyyeḻuttukkaḷai innisaikkāga serkkappaṭṭiruppadināle 
avaigaḷ samukkiyai caṅkiyaiyiṟ cerā.
Translation: In the calculations involving rāsi, kalā, 
vikalā etc., in order that no error creeps in the numbers or 
calculations, they are exhibited as sentences (vākkiyas). 
Among the letters or syllables (akṣaras) which appear 
in those sentences, a = 1. ā = 2. i = 3. ī = 4. u = 5. ū = 
6. ê = 7. e = 8. ai = 9. ô, o = 0. In this way convert the 
numbers into sentences (vākkiyaṅgaḷ). In these sentences 
(vākkiyas) 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 
Cūḍāmaṇi Uḷḷamuḍaiyān, which happens to be the first 
known Tamil text of astronomy where we see the use of 
the novel uyirêḻuttu or svara-based system of numera-
tion. The final verse of the text mentions that the work 
was written in the Viḷambi year corresponding to Śaka 
1100 or 1178 CE. It also gives some details regarding the 
author, Tirukkoṭṭiyūr Nambi. We shall here just cite the 
Commentary of verse 456 in the edition of Satyabhama 
Kamesvaran (Kamesvaran, 2007, p. 207):

i-ḷ: cakāpdam 1100-kkuc cênṟa viḷambi āṇḍu
munnaiyor vaḍamôḻiyāl cêyda sotiḍattait
têntamiḻināl virittu yāvarkkum uḷaṅkôḷa
uraittān ênpadai ṉāṭṭup piramadesam ênnum
pāṇḍamaṅgalamāgiya pañcavanmādevi caturveda
maṅgalattu ariyavan puttirar tirukkoṭṭiyūr ṉambi
ênṟavāṟu
Translation of Commentary: The Jyotiṣa texts com-
posed earlier in Sanskrit language have been expounded 
in the southern Tamil language in the Viḷambi Śaka year 
1100, so that all can easily comprehend the content, by 
Tirukkoṭṭiyūr Nambi the son of Ariyavan belonging to 
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It so happens that the editions of Cūḍāmaṇi 
Uḷḷamuḍaiyān of Mudaliar (1861), Desikar (1927) and 
Kamesvaran (2007) do not give any such list of the 248 
vākyas. Hoisington’s book does present a list of 248 Tamil 
vākyas, referred to as Pañcāṅgavākyas (Hoisington, 1848, 
pp. 88–91), which are encoded using the uyirêḻuttu or 
svara-based system of numeration and denote the same 
set of longitude values that are encoded in the Sanskrit 
Candravākyas of Vararuci. Since Hoisington’s book 
also deals with later texts, we do not know whether the 
Pañcāṅgavākyas listed in his book were the ones in use at 
the time of Cūḍāmaṇi Uḷḷamuḍaiyān.

In fact, we have so far come across only two other pub-
lished lists of Tamil Candravākyas or Pañcāṅgavākyas, both 
of which use the same uyirêḻuttu or svara-based system of 
numeration. Margalinga Jotishar has published one such list 
at the end of his edition of the Tamil Jyotiṣa work Vīmesura 
Uḷḷamuḍaiyān (Jotishar, 1933, pp. 261–264). In this context, 
it may be noted that Vīmesura Uḷḷamuḍaiyān is a Jyotiṣa 
work which was composed much later than Cūḍāmaṇi 
Uḷḷamuḍaiyān in the Kali year 4728 or 1627 CE (Verse 10, 
Jotishar, 1933, p. 20). It also uses the uyirêḻuttu or svara-
based system of numeration while discussing the vākya 
method of computation of the longitude of moon (Verses 
11–18 in Jotishar., 1933, pp. 20–24). Another published 
list of Candravākyas or Pañcāṅgavākyas is found in the 
late nineteenth-century Tamil work Jotiṣagaṇitaśāstiram, 
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 Pañcāṅgavākyas 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 Candravākyas or 
Pañcāṅgavākyas 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 uyirêḻuttu or svara-based 
Tamil system of numeration is used for formulating these 
vākyas. A critical edition of the 248 Tamil Pañcāṅgavākyas 
will be presented in a subsequent publication.

4 � Conclusion

In summary, we reiterate that this currently not well-known 
Tamil uyirêḻuttu or svara-based numeration system was indig-
enously developed for use in the Tamil astronomical texts as 
the kaṭapayādi system is not suitable for Tamil. Our discus-
sion has shown that this numeration system is indeed as robust 
and flexible as the kaṭapayādi system. In fact, this uyirêḻuttu 
or svara-based numeration system of Tamil may seamlessly 

Pañjavanmādevi Caturvedamaṅgalam which is called 
Brahmadesam ṉāḍu Pāṇḍamaṅgala.

Though this verse mentions that the text was composed in 
Śaka 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 śodhyadina of “mannanvīḍusūḻkuḷam” 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 śodhyadina 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 ahargaṇa 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 śodhyadina, “sūḷppondortêṟkekuḷam” or 
15,87,006, which is to be subtracted from the suddadina or 
ahargaṇa 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 vākya methods 
for planets, which are discussed in the famous Sanskrit text 
Vākyakaraṇa, which uses a later śodhyadina (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 Cūḍāmaṇi Uḷḷamuḍaiyān was composed sometime in the 
last quarter of the 12th or the first half of the thirteenth century.

3 � Use of the Uyirêḻuttu or Svara‑based system 
of numeration in Tamil Candravākyas 
or Pañcāṅgavākyas

While discussing the kaṭapayādi system of numeration, we 
referred to the crucial role they play in the formulation of 
the famous Candravākyas 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 uyirêḻuttu 
or svara-based system of numeration in Tamil, we also 
cited the verses in Cūḍāmaṇi Uḷḷamuḍaiyān, which refer 
to the method of computing these vākyas, and also describe 
the process by which the relevant vākya for a given day is 
to be identified. This would mean that the text is referring 
to a set of vākyas in Tamil, which encode the longitude 
values similar to those given by the Sanskrit Candravākyas 
of Vararuci.
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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 
Cūḍāmaṇi Uḷḷamuḍaiyān and the need for further work to 
iron them out and prepare a cogent version of this pioneering 
Tamil astronomical text of 12th– 13th century.

Acknowledgements  Authors acknowledge the internet for the relevant 
resources.

Author contributions  All three authors wrote and reviewed the initial 
draft.

Funding  None.

Declarations 

Conflict of interest  The authors declare absolutely no conflict of in-
terest whatsoever.

References

Anusha, R., Nithya, C., Venketeswara Pai, R., & Ramanathan, V. (2017). 
Coding the encoded: automatic decryption of kaTapayAdi and 
AryabhaTa’s systems of numeration. Current Science, 112(3), 588.

Datta, B. B., & Singh, A. N. (1935). History of Hindu Mathematics. 
Motilal Banarsidass, Varanasi.

Desikar, G. (1927). Cūḍāmaṇi Uḷḷamuḍaiyān Mūlamum Uraiyum. 
Maran Press, Chennai.

Hoisington, H. R. (1848). Jotisāttiram: The oriental astronomer. Amer-
ican Mission Press, Jaffna.

Jotishar, M. (1933). Vīmesura Uḷḷamuḍaiyān Mūlamum Uraiyum. Pum-
agalvilasa Press, Chennai.

Kamesvaran, S. (2007). Cūḍāmaṇi Uḷḷamuḍaiyān Uraiyuḍan. Sarasvati 
Mahal, Thanjavur.

Krishnajosyar, M. (1897). Jotiṣagaṇitaśāstiram Part I 
Pañcaṅgagaṇanam. Kantimativilasam Press, Tirunelveli.

Madhavan, S. (2011). Sadratnamālā of Śaṅkaravarman. KSR Institute, 
Chennai.

Mudaliyar, S. (1861). Cūḍāmaṇi Uḷḷamuḍaiyān Mūlamum Uraiyum. 
Kavilamaganvilasa Press, Chennai.

Pai, R. V., Ramasubramanian, K., Sriram, M. S., & Srinivas, M. D. 
(2017). Karaṇapaddhati of Putumana Somayājī. Hindustan Book 
Agency, New Delhi.

Ramanathan, V., & Pai, R. V. (2020). Decoding the miscoded rāga 
names in carnatic music. Proceedings of Indian National Science 
Academy, 86(3), 1.

Sarma, K. V. (1954). Grahacāranibandha of Haridatta. KSR Institute, 
Chennai.

Sarma, S. R. (2009). On the Rationale of the Maxim aṅkānāṁ vāmato 
gatiḥ. Gaṇitabhāratī, 31(2009), 65–86.

Sarma, S. R. (2012). The kaṭapayādi system of numerical notation and 
its spread outside Kerala. Revue D’histoire des Mathématiques, 
18(2012), 37–66.

Sastri, K. S. (1930). Āryabhaṭīyabhaṣya of Nīlakaṇṭha Somayājī. 
Gaṇitapāda, Trivandrum Government Press, Trivandrum.

Sastri, T. S. K., & Sarma, K. V. (1962). Vākyakaraṇa with Commentary 
of Sundararāja. KSR Institute, Chennai.

Sastri, T. S. K., & Sarma, K. V. (1993). Pañcasiddhāntikā of 
Varāhamihira. PPST Foundation, Chennai.

Shukla, K. S., & Sarma, K. V. (1976). Āryabhaṭīya of Āryabhaṭa. 
INSA, New Delhi.

Sriram, M. S. (2022). The Vākya system of astronomy. In K. Gopinath 
& S. D. Sharma (Eds.), The computer meme. IISc Press, Bengluru, 
pp.377–403.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

Table 7   The first five Candravākyas or Pañcāṅgavākyas as given in the editions of Hoisington and Krishnajosyar

No. Hoisington Krishnajosyar Longitude

1

viṇṇorṉādan vittoṉādan
0r 12° 03’

2 ைபம்ெபானீந்தான்

paimpônīṉdān
ன்ாத்தநீாதே்தவை

vaittoṉīttān
0r 24° 09’

3

vārāypūkkôyya vānābūlokam
1r 06° 22’

4

tīṭṭīrveṅgaḍam vīmīdeṉaṟkam
1r 18° 44’

5 ைதக்கடேலாடார்

taikkaḍaloḍār
ன்ாமாகேன்வத்தவை

vaittavankomān
2r 01° 19’
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