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THE KATAPAYADI SYSTEM OF NUMERICAL NOTATION
AND ITS SPREAD OUTSIDE KERALA

SREERAMULA RAJESWARA SARMA

ABSTRACT. — While the study of the transmission of scientific ideas from and
to India has its own importance, it is also necessary to examine the transmission
ofideas within India, from one region to another, from Sanskrit to regional lan-
guages and vice versa. This paper attempts to map the spread of the Katapaydadi
system of numerical notation, widely popular in Kerala, to other parts of In-
dia, and shows that this very useful tool of mathematical notation, though well
known in northern India, was rarely employed there.

The paper further refutes the contention of Bibhutibhusan Datta and Avad-
hesh Narayan Singh that there existed four distinct variants of the Katapayadi
system and shows that there were only two genuine variants of the system, one
of these being limited to just one single text of unknown provenance.

RisuME (Le systéme de notation numérique Katapayadi et sa diffusion en de-
hors du Kérala)

Alors que I’étude de la transmission des idées scientifiques entre I'Inde et
le reste du monde a sa propre importance, il est également nécessaire d’exa-
miner la transmission de celles-ci a ’'intérieur du pays, entre les régions, de la
langue sanskrite vers les langues régionales et vice-versa. Cet article se propose
de cartographier la diffusion du systéme Katapayadi de notation numérique,
largement répandu au Kérala, aux others parties de I’Inde, et montre que ce
trés important outil de notation mathématique, alors que bien connu en Inde
du Nord, y a été rarement employé.

D’autre part, cet article refute I'affirmation de Bibhutibhusan Datta et
d’Avadhesh Narayan Singh sur I’existence de quatre variantes distinctes du
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systéme Katapayadi et montre qu’en réalité il n’y en avait que deux, 'une
d’entre elles étant limitée a un seul texte, d’origine inconnue.

INTRODUCTION

Indian astronomers/mathematicians developed two major strategies1
for expressing large numbers consisting of several digits in the metrical pat-
tern of Sanskrit verses with which they composed their works. In the first
method, commonly known as Bhutasamkhya or word numerals, the digits
1 to 9 and zero were expressed by certain significant words. 2 Thus, for ex-
ample, “moon” stands for 1 as there is only one moon; words like “eye” or
“hand” represent 2, because “eyes” or “hands” occur always in pairs. In the
second system called Katapayadi, the digits are represented by the conso-
nants of the Sanskrit alphabet. For example, 1 is denoted by &, ¢, p, or y.
Both the methods operate in the decimal place value system, and in both
cases, the enumeration commences with the units’ place and proceeds to
the next higher powers of ten.

This may be illustrated as follows. In the Bhutasamkhya system, the year
2010 can be expressed as akasa-vasudha-nabhas-kara. Here akasa = sky = 0,
vasudha = earth = 1, nabhas = sky = 0, kara = hand = 2. Since the enumera-
tion begins with the units’ place, the order of the digits has to be reversed,
and the numerical equivalent of akasa-vasudha-nabhas-kara is 2010. With
its great wealth of synonyms, Sanskrit is capable of expressing numbers in
many ways according to the exigencies of the verse meter; thus 2010 can
also be expressed as ananta-soma-kha-hasta or viyac-candra-gagana-nayana
and so on.

In the Katapayadi system, 2010 can be denoted by natanara (na=0, ta =
1, na = 0, ra = 2; reading backwards 2010). Here the consonants are cho-
sen in such a way that their combination has some meaning and is not a
mere jumble of sounds; natanara means “actor-man” or “a man who is an
actor”. Since three or four consonants are available for each digit (there
are, however, only two consonants for the zero), and since any vowel can
be added to a consonant, a number can be expressed in a variety of ways.

1 In his Aryabhatiya, Aryabhata I employs an alphabetical notation, which is distinct
from the Bhitasamkhya and Katapayadi; cf. [Aryabhata 11976, 1.1, p. 3-5].

2 This system provides symbolic words for a few two-digit numbers as well, such as
dik (10), rudra (11), tithi (15), and so on; cf. [Sarma 2003, p. 61-62].
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Of these two systems, the Bhutasamkhya is older ® and was used through-
out India and also in South-East Asia, while the latter is essentially a feature
of Kerala. In this paper I propose to survey the current state of research
on the Katapayadi system and discuss some hitherto unknown cases of its
spread outside Kerala.

1. THE KATAPAYADI SYSTEM IN KERALA

The Katapayadi system is an alphabetical notation where each conso-
nant of the Sanskrit alphabet is given a numerical value. * The system is
described in an anonymous line thus: kadi nava, tadi nava, padi parica, yady
astau, “the nine [consonants] starting with ka, the nine starting with ta, the
five starting with pa and the eight starting with ya [respectively denote the
numbers 1 to 9].” Butit does not say how the zero is to be represented. The
Sadratnamala (“Garland of Pure Gems”) by Sankaravarman, composed in
1819 ap, gives a comprehensive definition by stating that “nq, 7a and the
vowels [standing alone denote] zeros; [the consonants] beginning with ka,
ta, pa and ya, [denote severally] the numbers [1 to 9]; in a conjunct [conso-
nant, only] the consonant in the penultimate [place, which is followed by a
vowel, denotes a] number; and a consonant not attached to a vowel should
not be considered [as a number].”® This may be graphically shown in the
following table:

1 2 3 4 5 6 7 8 9 0
ka kha ga gha 1na ca cha ja jha na
la tha da dha mna ta tha da dha na
pa pha ba bha ma
ya ra la wva Sa sa sa ha unattached vowels

3 Symbolic words representing numbers are used sporadically in the Srauta-sitras
and Vedarnga-jyotisa. Pingala’s Chandahsitra, which is generally placed in the second
century BC, is the earliest text where these are employed rather extensively, with about
a hundred occurrences; cf. [Sarma 2009b].

4 The important literature on the Katapayadi system is the following, arranged in
chronological order: [Warren 1825, p. 335], [Whish 18271, [Jacquet 1835, p. 122—
130], [Ojha 1971, p. 123], [Fleet 1911], [Fleet 1912], [Datta & Singh 1962, Part 1,
p- 69-721, [Raja 1963], [Sarma 1972, p. 6-8], [Subbarayappa & Sarma 1985, p. 47—
48], [Sarma 2003], [Yano 2006, p. 150-153], [Plofker 2009, p. 75-77].

5 [Sankaravarman 2001, 3.3, p- 221:

nafiav acas ca Sunyani samkhyah katapayadayah |

misre tupantahal samkhya na ca cintyo hal asvarah ||
Though the Katapayadi system was followed extensively for a very long time in Ker-
ala, it is strange that there are no definitions earlier than this one in the Sadratnamala
of the nineteenth century! Perhaps it was thought unnecessary to define it as it was
universally known.



