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INTRODUCTION

Various attempts have been made up till now to define
Mathematics but none seems to have been universally accepted.
So I think itis here needless for me to define it. I would
also like to refrain from dilating upon its origin, importance
and value.

It is a well-recognized fact that among the different
sciences Mathematics occupies a unique place, as it happens to
be the only exact science. The Greeks had an unflinching
faith in its educational value, and they considered it essential
for any individual to study this important subject before, he
or she was allowed to enter the field of philosophy.

In this connection it may be added that the Indiansin
general and the Jasnas in particular have not been behind any
nation in paying due attention to this subject. Thisis borne
out by Ganitasarasangraka* (v.9-15) of Mahaviricarya ( 850
A.D.) of the southern school of Mathematics. Therein he
points out the usefulness of Mathematics or ‘“the science of
calculation’ regarding the study of various subjects like music,
logic, drama, medicine, architecture, cookery, prosody, grammar,
poetics, economics, erotics etc.

PLACE OF MATHEMATICS IN ]AINISM

The sacred works of the Jaznas had been originally com-
posed with a view to provide for every agama four expositions,
technically known as (1) dharmakathanuyoga, (2) gandtanuyoga,
(3) dravyanuyoga and (4) caranakarananuyoga. It was
Aryarak@ita Sari, who, however, discontinued this line of inter-
preting the sacred works in the four ways above alluded to, as
this method required immense proficiency. He, thereupon,
specified for each of the agamas the anuyoga meant for it, and
classified them accordingly. In virtue of this new arrangement
Uttaradhyayanasiiira etc., come under dharmakathianuyoga,
Saryaprajiapti, Candraprajiiapti, Jambudvipaprajiapii etc.,
under ganitanuyoga, the fourteen Pirvas etc, under
dravyanuyoga, and Acarangasitra, Dasavaikalikasiitra, etc.,

1. This bas been edited in A. D. 1912 with an English translation by Mr,
Rangacharya.




under caranakarananuyoga, the last anuyoga, which 1s, how-
ever, by no means less important than the preceding ones.

Ganitanuyoga and £dla are synonymous terms. In order
that a religious ceremony of dzsa (renunciation 9f the
worldly attachments) may yield the desired fruit, it was
ordained that it should be performed at the right time, in
an auspicious moment. This required the correct knowledge
about the motion of the celestial bodies, and this, in its turn,
was dependent upon the knowledge of Mathematics. This is
how Mathematics and ganifanunyoga are inter-connected.

Under these circumstances, strictly speaking, to translate
gapitanuyoga by the word “Mathematics™ is hardly justifiable,
though some of the modern writers have done so. If the
sambandha and the sambandliin are however considered as
one, then, of course, it is admissible,

From the above remarks it will be evident that it is not
simply because of the fact that Mathematics plays an important
part in the cultivation of the habit of concentration and thus
indirectly helps the religious contemplation, that it had received
special attention at the hands of the Jaina saints; but it is
rather due to its forming a part and parcel of their religious
doctrines, as it is instrumental, primarily or subsidiarily, in
the attainment of the goal of final emancipation. This will also
account for the frequent Mathematical references in almost
every standard work of the Jaina school of thought.

The references given below will corroborate the important
place assigned to Mathematics in Jainism.

(1) Bhagavatisitra ( sitra 9o ), the fifth aiga and Utta.
radhyayanasiatra (ch. XXV, v. 7, 8, 38) inform us that know-
ledge of sankhyana (arithmetic) and jyolzsa (astronomy ) is
one of the main accomplishments of a_Jaina saint.

(2) Lord Rsabha, the first Tirthankara of the present
cycle of time Himself taught 72 arts' to His eldest son Bharata

L. There are several works wherein these are enumerated e. g. (1) Sama-
vaya, the 4th argo, T2nd chapter (samavaya), (2) dntakrddas’a ( English
translation by L. D. Barnett, 1907, p. 30), (3) Rajapras'niyasitra ( sitra
83), (4) Kalpasatra, (S. B. E. Vol. XXII, p. 282, sitra 211) and (5)
Prameyaratnamatijusg, 8'anticandra Gani’s commentary to Jambadvipaprajiapts
(pp. 36-H.) ete, °



—the arts wherein arithmetic occupies a place next? only to

writing.*  Moreover, with His left hand He taught arithmetic
to His daughter Sundari.

(3) The fact mentioned in Kalpasivra ( sutra 9, S. B, E.
vol. XXII, p. 221 ) that Lord Mahavira, the 24th Tirtharkara
was to be well-grounded in arithmetic as implied by one of the
fourteen dreams seen by Deviananda, the wife of Rsabhadatta
has led some scholars to infer that the Jainas hereby attribute

to their last Tirthankara, the sound knowledge of sciences like
Mathematics.

(4) Mahaviricirya offers his salutation to Lord Mahavira
by eulogizing Him as “sankhyajianapradipena’.

(5) Gania (Sk. Ganita) is referred to as mithyasr'uta in
Nandisatra (sitra 42) and as laukika dgama in Anuyogadvara-
sutra (sutra 144). All the same it should not be forgotten that
its proficiency is considered as one of the qualifications of an
acarya as could be seen from Acaranganiryukti (v. 50 )5

TrE Jaina WoRKks oN MATHEMATICS

It is not possible to give a complete list of all the Jaina
works dealing with Mathematics. Here an attempt is made to
point out those which are extant, and also to indicate those,
the existence of which is inferable from other sources.

Saryaprajiapti and Candraprajiiapti are the two astrono-
mical* works, which have survived till the present day. They
come under the class of the twelve wupangas, and are respecti-
vely associated with Bhagavari and Updsakadas'a (the
seventh arnga) respectively’.

1. In the Buddhistic canonical literature arithmetic is given the first place,
and is looked upon as one of the noblest arts. See Vinayapitaka, (ed. by
Oldenberg, vol. IV, p. 7), Majjhimanikdya (vol. I, p. 85) and Cullaniddessa,
(p. 199).

2. See Kalpasiitra, Sutra 211,

3. This runs as under:—

“arforet gl @R erfird w oot )
T TOAGANAT QUISTET X evedr | o I1?

4. Astronomical information can be gathered from other scriptures as well.

For instance the following siitras of Samavéye may be consulted:—
59-62, 67, 71,%78-80, 82, 88, 93, 98, 99 ete.
5. See”Prameyarainamadjisg (p. 1).



Bhadrabihusvimin, the last sakalas'rutajfidnin had written
a niryukti on Saryaprajitapti; but itis unfortunately extinct.
This niryukti has been referred to by Malayagiri Stri in his
commentary to Siryaprajiapti in the opening lines. Further-
more, a few lines from this work are quoted therein ( vide com.
to the 11th sitra ) by this well-known commentator, who has
composed in Sanskrit, a commentary on Candraprajnapti as
well. ‘

Bhadrabahusamhkita may be also mentioned in this connec-
tion, though this work of which the authorship is attributed to
Bhadrabahu, the celebrated niryuktikara, issaid to be more of an
astrological nature than astronomical. It isno more available.!

In Bhattopala’s commentary to Brhatsaz/uta, a standard
work of Varahamihira (505 A.D.), one Bhadrabahu is referred
to; but we cannot say for certain as to who he is.

Dr. G. Thibaut has written a paper® on Siaryaprajiapii.
There he says that this work must have been composed before
the Greeks came to India, as there is no trace ot Greek influence
in it.> In conclusion he points out the striking resemblances
which the cosmological conceptions of an old Chinese work
called Chau-pei* bear to the ideas on the same subject as
expounded in this S@ryaprajiiapti.

Prof. Aufrecht Weber points out that the doctrine propo-
unded in Saryaprajnapti shows in many points an unmistakable
resemblance with the contents of Jyolisavedanga. He adds
that not only do the astronomical works of the Jasnas furnish
information about the conceptions of a religious sect but may,
if rightly investigated, yield valuable material for the general
history of Indian ideas.’

1. There is a work of the same name available, It is published in the Punjab
Banskrit Book Series, but its genuineness is not beyond doubt.

2. Vide “Astronomie, Astrologie und Mathematik” published in “Grundriss
der Indo-Arishen Philologie und Altertumskunde” ( Encyclopedia of Inde-
Aryan Research ), vol. ITT, No. 9, p. 20. See also J. A. 8. B, 1880, No. 3.

3. The approximate date of its composition is suggested as 500 B. C.

4. A complete translation of this work has been published by E. Biot in
the Journal Asiatique, 1841, pp. 592-639,

5, See “Sacred literature of the Jainas” I, p. 872 apd II, p. 574 £, For
English translation by Dr. Herbert Weir Smith see Indian Antiquary ( vol,
XXI, p. 14 8,). -



Some references about Siryaprajnapti are met with in (1)
J.B. A, S. (vol. 49, 1880, pp. 181 and 187), (2) in the
Journal of the Mythic Society (vols. XV and X V1) where there
are articles by Dr. R. Shamshastry, (3) in “Geschichte der
Indischen’ Literature®” by Prof. M. Winternitz ( 1920,vol. 11,),
(4) in “Der Jainismus” by Prof. H. V. Glasenapp ( Berlin,
1925, ) and in (5-6) the articles of Dr. Sukumar Ranjan Das
entitled as ““a short chronology of Indian Astronomy®” and
published in the “Indian Historical Quarterly” (vol. VII,
No. 1, pp.137-149) and “The Jaina School of Astronomy*”
which is also published in this very Quarterly (vol. VIII,

No. 1, pp. 30-42 ) and wherein we find the detailed information
about this very work.

-

Jyotisakarandaka written by a ptirvadhara and codified
at the Valabhi council is another important work on astronomy.
It is also divided into pakudas ( prabhrtas) like the previous
works and is published by Rsabhadevaji Kesarimalji Samstha,
(Rutlam, A.D.1928). This important work seems to have
hardly attracted the necessary attention of scholars.

As observed by my friend Dr. Bibhutibhushan Datta, D.
Sc., in his article “The Jaina school of Mathematics”’, there is a
Jaina astronomer Siddhasena by name. He has been referred
to by Varahamihira in his standard work and that even some
passages from his work have been quoted by Bhattopala
(966 A. D.).

It will not be fruitless to add here that the Lavanadiikara
of Jivajivabhigamasiaira throws some light on tides and Uttara-
dhyayanasitya ( ch. 26 ) on paurusis.

Ksetrasamasa (_Jambudvipasamasaprakarana ) attributed
to Umasvati’, Brhatksetvasamasa of Jinabhadra® Gani (c.

1. See *Indische Stuvien” ( Indian Studies), 1867, X, 254 ff,

2. A reference about Candraprajfiapts, too, is found here. See vol II,
pp. 292 and 3186,

3-4, In these two articles, there is an erroneous statement regarding
the existence of Candraprajfiapti. This is pointed out by me in ““A note
on Candraprajiiapti” published in the same Quarterly (Vol. VIIL, No. 2, pp.
381-382). I may add that the Hindi translation of this work is also published.

5. His bbagya on Tattvarthdadhigamasiitra contains some geometrical
formule. .

6. He has been praised as a mathematician by Siddhasena Siiri, in his
clirne to Silakalpa, the actual verse being as under :—




550 A. D.) and works of the like nature may be mentioned ez
passant, though they do not deal exclusively with Mathematics.

The only treatise on ganila by a Jaina scholar which has
seen the light of the day is Ganitasirasangraka of Mahavira,
Dr. B. Datta has written a special article pertaining to it. It
is entitled as “On Mahavira’s solutions of Rational Triangles
and Quadrilaterals” and is published in the Bulletin of the
Calcutta Mathematical Society (vol. XX, 1928-29).

Angulasaplati by Municandra Sari, though small in size,
beautifully elucidates the use of the three types of the angulas,
etc. Itis composed in 70 verses in Prakrit and is published
in A.D. 1918 asthe 3rd work of Atma-Kamala-Jaina.library
by the secretaries of 3'ri Mahavira Jaina Sabha, Cambay.

Besides these works in Prakrit and Sanskrit there are some
works of Jaina authorship, written in Kanarese language.
For instance, Sridharicirya (1049 A. D.) has composed
in verses jalakatilaka, a work of an astrological nature.*
Rajaditya (1120 A. D.) is an author of six works®: (1).
Vyavaharaganita (in mixed prose and poetry ), (2) Ksetraga-
nita (in poetry), (3) Vyavakararaina, (4) Lilavati, (5)
Jamaganitasitrodakarana and (6) Citrahasiuge®

While ¢xplaining Mathematical topics the various Jaine
commentators have quoted from Karanabhavanas or Karana-
gathas, waich give in a nut-shell the Mathematical calculations.
Dr. B. Dutta considers them as independent works but a
Jaina saint informs me that they are mere rules forming a part
of the carni of Jambadvipaprajfiapti., Whatever may be the
correct notion, it is certain that they, too, point to the existe-
nce of some Mathematical work or works lying in an unpubli-
shed condition or destroyed.

It should be remembered that these are not the only

“gEErEETR R R T R |
gag W g s 7 sy wag SuEey sEreEy 1o 12
1. Bee “Karnataka Kavi Charitre” (vol. I, p. 7 5) by Narasinhacharya,
9. Thid p. 122.
8. T am indebted to Prof. T. K, Tukol, M. A., LL, B, for his having supplied

me with this information bhut it has not been possibfe for me to veorify its
genuineness,



Mathematical works of the /Jainas. For, we have reasons to
believe that some are still lying buried in the bhandaras and a
number of them seem to have perished. This is borne out by
Ganitasarasangrahe (ch. 1,* v. 17-19), where its author has
expressed his indebtedness to many previous Mathematicians.
Furthermore, the fact that the three verses pertaining to
‘ Permutations and Combinations’ and quoted by S'lanka Suri
(862 A.D.) in his commentary, to Acardiga are not traceable
to any available Mathematical work corroborates this inference®.
Moreover, the mention of six mensuration-formule by Umas.
vati in his dhasya to Zuativarthadhigamasiize (ch. 3, s. 11)
supports this view-point.

Tue TEN TYPES OF SANKHYANA

Sthana, the second anga of the Jainas mentions ten® kinds
of sankhyana* or calculation viz., (1) parikarma, (2) vyava-
hara, (3) rajju, (4) rasi, (5) kalasavarna (6) yavattavat,
(7) varga, (8) ghana, (9) vargavarga, and (10) kalpa,’ as
can be seen from the following couplet incorporated in its
747th sttra (—

‘qrfeE { ST R T 3 U 2 HSTEIN 4 T |
TR & T S T < F qF Ty & B weqy F o WV

1. In the concluding lines of the chapter this author has recommended the
jijiiasus ( Rrgrgs ) of further details on terminology to consult the dgamas.

9. Probably a similar remark holds good in the case of a verse or 60 ref.er.red
to by Abhayadeva Siri in his commentary to Sth@ndrngasitra, while explaining
the meaning of Yavattavat, a kind of caleulation,

3, In a ciiryi, these are mentioned as 16. Brahmagupta has indicated 20,
and Mahaviracarya 8.

4. Dr. B. Datta translates this as “Science of numbers”.

5. This is what is interpreted by Abhayadeva Siri.  Dr. Datta however
mentions as the tenth sankhyana ‘vikalpa’ ( permutations and combinations );
he reads vi and kappe together.

6. We come across the following verse which shightly differs from this and
which is quoted by S'1lanka Siri in his commentary to Satrakria, the second
anga (2nd s'rutaskandba, ch, 1, sitra 154 ):—

“qReper TS, T FAE A€ ForEay T |
qg(wT )7 SEaE a9 q g9 F70 T = (7)1

This will show that not only does the order of the ten typfas of. sankhydna
differ, but even there is a material difference. El‘or, the sec.:ond line, 1? construed
as suggeste?i by the editor of S@trakrta, caloulations mentioned therein refer to

l”



Abhayadeva Siri, the navasigivritikdra explains  this
verse while commenting upon this anga. According to his
interpretation these ten Mathematical topics respectively
represent calculations pertaining to (1) summation® etc.,
well-known to a Mathematician, (2) Srenivyavakara etc.,
treated in Patiganita or arithmetic, (3) plane geometry so far
as its calculations are carried on by means of a rope?
(4) aheap of corn etc,, usually called rasiwvyavakara, (5)
fractions, (6) multiplication or summation of natural numbers,
(7) square, (8) cube, (9) fourth power, and (10) splitting
wood by means of a saw styled as krdkacavyavahara.

There is a very wide gulf between this interpretation and
that of Dr. B. Datta, since the latter has translated these ten
topics® as (1) fundamental operations, (2) subjects of treat-
ment, (3) geometry (4) mensuration of solid bodies, (5)
fractions, (6) simple equations, (7 ) quadratic equations, (8)
cubic equations, (9) biquadratic equations, and ( 10) permuta-
tions and combinations.*

(1) pudgala, (2 ) yavat-tavat, ( 3 ) ghana (4 ) ghanamila (cuberoot), (5) varga
and (6) vargamiila ( square root ). Thus the number of types will be eleven
and not ten, a fact hardly admissible, when it contradicts a canonical statement.
Moreover it is not clear as to what is actually meant here by pudgala,

1. If this implies summation of series, a meaning assigned to it in
Ganitasdrasaigrahe, the 6th type must mean multiplication; and thus there
is no chance left for the alternative suggested by the commentator on p. 7.

2. The third type viz. Rajjusankhyana can be equated to §ulba siitra; for, in
Katyayana sitra, parisista (1, 1) we note the like “tsgga gagrw:” Further-
more that Ksetraganite signifies geometry is corrobovated by Ganitasarasari-
graha (ch. VI), Geometry is spoken of in Satrakria (11, 1, 154) as the lotus
in Mathematics, the rest being considered as inferior to it,

It may be mentioned in this connection that over the entrance to the
academy of Plato, one of the great philosophers of ancient Ionina, there was
the following inscription :—

“Let no one unacquainted with geometry enter here.”

3. In this connetion the Bulletin of Calecutta Mathematical Society ( Vol
XXI, No. 2, pp. 121-124 ) deserves to be carefully read,

4, See 7T16th siitra which runs as under:—
“TF FEAT IO, § STE—IEEH TNgEy w9 Roeggh whEagy vk 1

The commentator while explaining ganiyasuhuma makes the following
noteworthy observation i

‘ot — TEeNTR O qe gERaiivER, 2AR T T R



It is extremely difficult to reconcile these two views especi-
ally when we have at present neither any access to a comment-
ary prior to the one' mentioned above nor to any Mathematical
work of Jaina authorship which is earlier than Ganitasara.-
sangraha. So, under these circumstances, I shall be excused,
if I reserve this matter for future research.

PerMuTATIONS AND COMBINATIONS
Bhainga' is the name given to permutations and combina-
tions as can be seen from the 716th siatra of Stianarga
quoted on p. xii, While explaining bkangasu/uuune occurring
in this sttra, Abhayadeva Sari has observed :—

N

AR AF-TEH TEGEFR T - waag-
FTRT AT AT ANFT W T qEE: L ST qEAY 7 I
[T ATIAT FETA 2 ST T WIAAT A0 Zooa: @ Ihy gat g geaar
& WraaeT L FEAISer 7 qraa: R 7 gETAISTAr JAraar R eAr |
FEIAAT A AT 2 I aGTT WA AGYLH, QAN TG AT
LA TERTEAT YEATCETFTATL

This points out two types of dkangas. (1) sthanabhanga
and (2) kramabhanga.

Three verses pertaining to bianga are noted as under by
S'llanka Sari in his commentary to Sitrakria (Samayadhyayana,
Anuyogadvira, v. 28 ):—

“TFRTAT TSBTLET: TCEITHATZAT: |
TaEnE fed e weg i
gearogfe BEr FARAICT T S |
TIRATS TTAT A™AT gaa@:r"r m =R
N STFARRIY § T AT |
IMETEEA = T VAT AFeqarord warg il 3 17

1 In connection with this bhasiga, we find in Avas'yakasatra-niryukti (v.
1478) a hemistich as under :—
“frergd IO azT RfRe &
In Brhatkalpabhasya (v. 143) we note a line as below i—

This is explained by Malayagiri Siriin his commentary. There he takes the
word bhanga and ganiya separately and interprets the former and the latter as
caturbhangi ete. and s&nkalana ete. respectively.

2 Thieis styled as karana-gathd@, See p. xv.

8 Tfire



These three verses give three rules. The first enables
us to determine the total number of transpositions which
can be made when a specific number of things is given.
The remaining two rules are helpful in finding the actual spread
of representation. These are technically referred to as asso-
ciated with dkedasankhyaparijidna and prastaranayanopaya.

TypicaL PROBLEMS

Examples requiring the knowledge of permutations and
combinations are found in plenty, in the canonical works of the
Jainas. This subtle subject is very beautifully handled by them.
Here I shall draw attention to some standard problems. One
of them is known as Gangeyabhanga treated in the gth sataka
of Bhagavati. The diagrams etc. pertaining to it are given in
Abkidhanardjendra (Vol. V, pp. 888-896 ), while explaining the
word pavesanaya ( praves’anaka). Another is connected with
the vows of a S7avaka. 1t is discussed by Nemicandra Sdri in
his Pravacanasiroddhara (dvira 336) and has been explained
by Siddhasena in his commentary (pp. 390-398) to this work,

Pudgalabhange and its wvivrfi by Nayavijaya Gani, too
deals with bhazigas?

While measuring the size of an agama, it is usual with the
Jainas to mention the number of padas it consists of. There
are 64 root-letters of the alphabet or representations of sounds.
Of course, therein 33 are consonants, 27 vowels (7. e. 3 kinds—
slight, long and prolonged, of each of the g vowels vz, =1, %,
T, W, @, T, °,&dqr and 271 ) and mixed sounds, such as bk, hich,
hp, and hph which help in the formation of compound letters.
The total number of possible combinations of these 64 letters
taken singly and into compounds of 2, 3, 4, or more up
to 64 letters is 2™-1, 7. e. 1, 84, 46, 74, 40, 73, 70, 95, 51, 615,
These are the letters (simple and compound) of srufz in its
entirety. This number divided by 16, 34, 83, 07, 888, which is
the number of letters in a middle foot (madhyamapada) of para.
magama gives us the numbers of padas of the Angas, as 11, 28,

1 There is a MS. No. 215 of 1871-72 in the Government Manuseripts Library
at the Bhandarkar Oriental Research Institute. It is described by me along

with other Jaina MS8S,, and will be published in the D%scriptive Catalogue of
Jaina MSS. prepared by me.



35, 80, 005. The remainder 8, o1, 08, 175 gives us the letters
of that part of s'7u¢a which is not contained in the Arizgas.

While dealing with biangasamutkirtana of Savgraha naya,
the number of combinations pertaining to anupirvi and avak-
tvya, taken one, two etc. up to all at a time is mentioned as 7 in
Anuyogadvara (sttra g2).

These are not the only instances where knowledge of the
bhangas has been utilized by the Jainas; for, while discussing
the ananupirv?® of samayika, that of Namaskaramantra and
that of nava padas forming Siddhacakra they have done so.

Out of these three, I shall here deal with only the first.
Samayika is one of the six adhiyayanas of Avas'yaka. It ocsu-
pies the first place from the stand-point of parvanupiirvi, and
the sixth, from the stand-point of pas'canupiirei. Since the
number of permutations of one to six taken all at a time is 720,
the place of Samayika according to ananupurvi can be any one
out of 720 minus 2 7. e 718. This fact etc. is mentioned in
Vis'esavas'yakabhasya as under:—

“QIR T SHTSTTAT TUGTHTAT |
gieataagardion aRarormorrargasfier 1 @82 0
TENGRIRI TAARICT FIT FEHE
SIRAGE TCT AW Teamar FF I e I
The Jainas have utilized their mathematical knowledge in
tackling problems of various other kinds, too. Out of many

one may be pointed out here viz. the number of ways of
observing celibacy which is given as 18000.

The objects of the world can be grouped under two
heads: (1) animate and (2) inanimate. The former is
divided into two classes: (1) stkavaera and (2) frasa having
five and four sub-divisionsrespectively. Whenever an inani.
mate object is mistaken for an animate one, it, too, should
be looked upon as animate. In such a case the number of
the types of the animate objects comes to ten. Ksama etc.

1 Seo “the Sacred books of the Jainas” (Vol. IT, p. 29).
92 For further details about ananupirvi see dnuyogadvara (sitras 114-120).

3 For a discussic’s in German see «Ubersicht iiber die Avagyaka-Literatur”
(pp. 41-42).



are the ten kinds of dharma prescribed for a Jaina Sadlus.
Each of these is connected with the ten types of the animate
objects. Every action is again associated with ﬁve. organs of
sense. A living being does athing, under the impulse of
four safjiids. Anact is of three kinds: (1) mental, (2) vocal
and (3) physical. Again an act may be done by one self or
it may be got done or it may be approved of. Hence, in all a
saint can observe his discipline in 10X 10X 5 X 4 X 3 X 3 =18000
ways.!

Before I deal with notational places I may here record
three or four things connected with Stiananga and its com-
mentary. Firstly, this canonical work considers gasuta in-
cluding bhanga (permutations and combinations) to be very
siksma (subtle or difficult).® Secondly, as pointed out by
Dr. B. Datta, Abhayadeva Stri has at least once referred to
algebra as can be inferred from “‘wiftiasy =r sy, a part of the
commentary to the 673rd siitra. Thirdly, while considering the
747th sttra, Abhayadeva Stri has quoted the following verse :—

“TESY TEBRTEN AETIAT TETEGT: F: |
frauiisassey azfa agiamsEn 17
Fourthly, this Sari, the commentator remarks that examples

to illustrate parikarma etc., are not given as they can be hardly
followed by the dull-headed.*

NorarioNaL PLACES (ANKASTHANAS) IN JAINISM
In Ganitasarasangraha we come across the following

names of the twenty-four notational places commencing with
the unit, each of which is 10 times the preceding :—

(1) Eka (unit), (2) Dasan (ten), (3) Sala (hundred),
(4) Sakasra (thousand), (5) Dasasahasra (ten thousand), (6)
Laksa (lac), (7) Das'alaksa (ten lac, million), (8) Kot

1 For a diagram see G. O. Series No. LI, p. 24,
2 See the 4th nole on p. xii.

3 He has illustrated this couplet by taking gaccha and vatchd to denots

10 and 8 respectively. This, when expressed algebraically may be represented

as z_:_(’x%;::}‘) which will show the futility of introducing x.

. 4 Had they ‘been given, I think, they would have surely helped us in
arriving ab the correct interpretation of tho 747th sitra of Sthandnqs.



(crore), (9) Dasakoti (ten crore), (10) Satakotr (hundred
crore), (11) Arbuda (thousand crore), (12) Nyéiféua’a (ten
thousand crore), (13) Klarva (billion), (14) Mahatharva,
(15) Pafima, (16) Mahapadima, (17) Ksonz, (18) Mahaksoni,
(19) Saikla (million billion), (20) Majasaikha (trillion), (21)
Kty (22) Mahaksiti, (23) Ksobha and (24) Mahiksobha (10%).

If we however refer to Sthanarnga (11, 4, 95), Jambidvi-
paprajiiapty (sttra 18), Saryaprasnapli ( ), Anuyogadvara
(sitra 137), fivasamasa (v. 113-115) etc., we find names for some
of the notational places® up to the 194th as under:—

(1) Puvvanga (Purvanga), (2) Puvva (Pirva), (3) Tudéyanga
(Trutitanga), (4) Zudiya (Trutita), (5) Adadanga (Adadanga),
(6) Adada (Adada), (7) Advavaiga (Avavanga), (8) Avava
(Avava), (9) Hulwmaiga (Huhukanga), (10) Huhua (Huhuka),
(11) Uppalanga (Utpalanga), (12) Uppala (Utpala), (13)
Paumarga (Padmanga), (14) Pawna (Padma), (15) Nalinarga
(Nalinanga), (16) Na/Zina (Nalina), (17) Acchaniraigae (Arthani-
puranga), (18) Acchamiura (Arthanipura), (19) Ayranga
(Ayutanga), (20) Ayua (Ayuta), (21) Nayuarga (Nayutanga),
(22) Nayua (Nayuta), (23) Payutanga (Prayutanga), (24) Payuta
(Prayuta), (25) Calyange (Calikanga), (26) Culiya (Calika),
(27) Sisapaheliyanga (S'irsaprahelikanga) and (28) Sisapaheliya
(S'irsaprahelika).?

Here Pirva stands for %5600000000000 years. This is
indicated in the following verse quoted by Abhayadeva Siri
in his commentary (p. 87%) to Sthananga (s. 95) :— '

“gerem T it gl @y G RTSFREE |
TS T GEEAT AFEAT JrRIE T

1 Strictly speaking, these are names for different measures for a number
of years.
2 While commenting upon Samaviyae (sitra 84), Abhayadeva Stiri quotes
the following verses:—
“geagfearesEagET 9% oW F w7 |
ot 99T 93¢ g9T 7 ey I L
o7 ST AgT T I SHTHg |
srgrfe s wswed € FwEd 0 R 1
3 Sanskrit rendering :—
gde’y TRAT wEk: Ty wata A |
GZTEE GEE0 NG FewEe, |



The Pirva as well as each one of the succeeding notational
places up to Sirsaprahelika is 84 lacs times the immediately
preceeding one,® Sirsapralelikd being hence equal to (34
Jacs)® years. This is suggested in the following karanagatha
quoted in this very commentary on p. 87" :—
‘i PO UT UGS STTH QIO o |
TG FLAT gAMEW For & 1

This subject about notational places is treated by Umasviti,
too, in his swvopajha bhasya of Tattvarthadhigamasuira (1V,
15, p- 292). He mentions there the names as under:—

(1) dyuta, (2) Kamala, (3) Nalina, (4) Kumuda, (5) Tutya,
(6) Adada, (7) Avava, (8) Haha, and (9) Huki. It may be
noted that this enumeration of these notational places does not
tally with the one mentioned above.

This discordance is noted by Siddhasena Gani while com-
menting upon this d4asya. There he makes two observations
(on pp. 293-294) as under:—

(1) This is not the order as found in the Agamas like
Saryaprajnapis.

(2) It only refers to a few notational places, the complete
list being as under:—

(1) Tutyarga, (2) Tulika, (3) Adadarga, (4) Adada, (5) dva-
vanga, () Avava, (7) Hualvaiga, (8) Hukika, (9) Utpalarga,
(10) Utpala, (11) Padmarga, (12) Padma, (13) Nalnanga, (14)
Nalina, (15) Avthaniyiravga, (16) Arthaniyira, (17) Cialikaviga,
(18) Calika, (19) S'irsaprahelitanga and (20) Sirsaprahelika.
From this listit appears that either some names have been
left out in the Mss. utilized by me for the printed edition or
that Siddhasena Gani has dropped six names from Ayw/z to
Prayuta,

Jyotiskarandaka strikes altogether a different note in

1 This remark is made in Samavaya as under =
“geamem e Rt SEmzEE SR g go”
2 Banskrit rendering :—
PRI g e Tgchiahe =
T AR [AFTET SR g



this connection; for, according to it (v. 64~71) S'irsapraheliki
is the name of the 250th place and not of the 19'4th place.
Moreover, even the names of most of the notational places after
Frrva are different from those which are mentioned above and
which are recorded in works codified at the Mathura council.

In order that this remark may be substantiated, the names are
mentioned as below:—

(1) Puvva (Puarva), (2) Layanga (Latanga), (3) Laya (Lata),
(1) Malalayanga (Mahalatanga), (5) Mahialaya (Mahalats), (6) Nali-
nanga (Nalinanga), (7) Nalina (Nalina), (8) Mahanalinariga (Maha-
nalinanga), (9) Makanalina (Mahanalina), (10) Paumanga (Pad-
manga), (11) Pawme (Padma), (12) Makapaumaiga (Mahapad-
manga), (13) Mahdpawma (Mahapadma), (14) Kamalarga (Kan{a-
langa), (15) Kamala (Kamala), (16) Mahakamalange (Mahikama-
langa), (17) Makakamala (Mahakamala), (18) Kumuyariga (Ku-
mudanga), (19) Awnuye (Kumuda), (20) Mahakumuyanga
(Mahakumudanga), (21) Mahdkumuya (Mahakumuda), (22) -
diyaiiga (Trutitanga), (23) Zudiya (Trutita), (24) Makatudi-
yanga (Mahatrutitanga), (25) Mahatudiye (Mahatrutita), (26)
Adadanga (Adadanga), (27) Adada (Adada), (28) Makadadanga
(Mahadadanga), (29) Makadada (Mahadada), (30) Uhasiga (Uha-
nga), (31) Uka (Uha), (32) Mahdiheiga (Mahohanga), (33)
Mahzinha (Mahoha), (34) Sisapareliyanga (S'irsaprahelikinga)
and (35) Sisapakelya (S'irsaprahelika),

Each of these represents a number equal to 84 lacs times
the preceding; consequently Susaprakelika stands for (84
lacs)® years, and not for (84 lacs)® years. Expressed in
numbers it is equal to 187955179550112595419009699813.43077-
0797465494261977476572573467186816%x10™ years."

Tattvartharajavartika (p. 149), a lucid commentary of
Akalanka on Zuitvarthadhigamasiira (111, 38%) furnishes
us with the following names, each indicating a number equal to
84 lacs times the preceeding one:—

1 See Mahopadhyaya VinayavijayaGani's Lokaprokesa (pt. ILI, Kalaloka,
pp. 410), the encyclopedia of Jainism.

2 This is accordidy to the Digambara school; for, according to the §'vetdm-
baras the fumber of this siitra is 17th.



(1) Parvarga, (2) Pirva, (3) Nayutanga, (4) Nayuta, (5) Ku-
mudanga, (6) Kumuda, (7) Padindnga, (8) Padmna, (9) Nali-
nanga, (10) Nalina, (11) Kamalanga, (12) Kamnala, (13) Zutyanga,
(14) Twtya, (15) Atatarga, (16) Atata, (17) Amamarga, (18)
Amama, (19) Hahiarga, (20) Hali, (21) Latavga, (22) Laia
and (23) Makalaia. Some names seem to be omitted in this
printed edition. For, a Digambara work Zrailokyadipaka of
which there is"a MS. No. 603 of the Govt. Collection of 1875~
76 deposited at the Bhandarkar O. R. Institute, we have the
following names after Amama:—

TEIETAT, TEITE, Bggain, RAgga, I, $a1, AEEaiT,
qEIEAT, FTTTHRT, TRTLRRT and ATSTHF.

In Abkidkarmakos'a 111, 94 of Vasubandhu we have 3gd as
the first word of this verse. While explaining it Tripitakicarya
Rahula Sankrtyayana makes the following observation in his
commentary Nalandika by name:—

“FerEl wAGTITY @AgEYE (Tt ) 3EE e |
> * [y >
RETT-RE 7T gRraCgeEn W) aEg—

FTN-TA-TEH-THT ( 0,000 )-B-sRTH-FIT-TeA1-5T7-
HEITA-TIA-AEMT AT A- AT TR AR R (I AT Iw T~
SAFT-AHNT - RTE-Ho-SeT-To- Frga-To- R -Ho-Tg—1o-
FHo-Ho-TFE-Ho-ETTE (THIR) -Ho-{q-To-MTaTM-Ho-FgFT-Ho-
FS-Ho .@ar-::ro-ﬁ-{a—qa—aaravno—aTﬁ@% ey 37{@'5@1’ ECICHEY
g fegaty | |9 aig(fy) Reearstheas 7

Before another topic is taken up, I may say a few words
about the Jaina way of writing the numerals. At present they
are written as shown below:—

25 Q) a? H’ U\? a! g’ UJ Q'
As early as the 4th century or so before the Christian era
we find in several @gamas® a list of the names of 18 lipis
(written characters). Herein are mentioned ankalipi and
ganitalips.  Dr. B, Datta mentions that these two names
suggest that the forms of numerals used for different purposes

1 See (1) Samavaya (XVIII), (2) Projnapandsitra ( sitra 37) of
S'yamacarya (376 A, V.), (3) Avas'yakaniryukti (Upodytiataniryukii) and 4)
Maladharin Hemacandra’s commentary to Vis'esqvas’yakabhasya (v. £64).



were different, the former referring to those used in engraving
and the latter, to those used in ordinary writing.*

PrLAacE-VALUE sysTEM oF DeciMAaL NoOTATION

It appears that India has been the birth-place of various
numerical notations. Out of them, the one in which there are
used only ten symbols, is of considerable importance. In this
notation nine symbols represent numbers one to nine, and the
tenth, zero. The former nine symbols are designated as anka® and
the latter viz, the zero-symbol as s'@nya’ This notation with a
decimal scale goes by the name of “‘place-value system of decimal
notation” or “the decimal place-value system”, and is adopted
throughout the civilized world, since the application of the
principle of this place-value is both sufficient and efficient
to enable one not only to write any number whatsoever but to
write it in the simplest way possible.

That this place-value system of decimal notation* was
known in India several centuries before the dawn of Christianity
can be deduced from the following particulars:—

1 In this connection he has added that in the Jaina literaturs, as also
in the Vedic literature, we ordinarily find that a distinction is made between
forms of alphabets used in engravings and in Mss., which are respectively styled
by the Jainas as Rasthakarmae or wood-work and Pustaka-karma or book-work,
He has substantiated his statement by referring to the 10th and 146th sitras of
Anuyogadvira as well as Maladharin Hemacandra Siiri’s commentary on the
former. I may add that Hemacandra has inferpreted pottha as (1) pota,
(2) pustaka and (3) tadapatradi. Furthermore, the word pusta occurs also in
the bhdsya on Tattvarthadhigamasitra (L. 5), and is explained onp. 46 by
Siddhasena Gani as Wuﬁtﬁ@ It also occurs in the dkdsya on VI,
10 and is explained in the #1k@ on p. 21. On p. 78 of this very faka ( VIL 11),
the word pusta is used.

9-3 These literally mean “a mark” and “empty” respectively.

4 In Jinabhadra Gani’s Vis'esgvas'yakadbhagya (v, 704), a gathd of the

Avas'yakaniryukii of Bhadrabahu is quoted as under :—
“Rgr STeat 781 warawra Rl

What is the true radical significance of the word thibuga and in what sense
has it been employed in the above passage? The commentator Hemacandra
Siiri is of opinion that it signifies “bindu”. Dr. Datta asks me a question:
«Tg it then the “zero’ of the decimal numeral notation? If so, it will have
to be admitted that tie modern decimal place-value notation was known in
Indis in the 4th century before the Christian era,”

@



(1) In the 142nd siitra of Amuyogadvara there is a
reference to sthana (thanekim) or places of decimal notation.

(2) A denominational name like kofakofz (koddakods) is
mentioned in this stitra as indicating its connection with places
of numerations.

(3) A very big number extending to 29 placesi. e. to say
a number cornsisting of 29 digits is here referred to as we
shall shortly notice.

(4) Vyavaharasitra (uddes’aka 1) furnishes us with a term
gananasthana for place of calculation. So says Dr. Datta.

THE WORD-SYMBOL NOTATION

A notation in which any word conveying the idea
of a number is used is called a ‘word-symbol notation’. This
notation has not only been extremely well-known in India from
ancient times but has also been extra-ordinarily popular.t The
Jaina writers, too, have utilized it in their works,” the foremost,

1 In “Indian Mathematics” by G. R. Kaye, it is mentioned on p. 31
that this notation was introduced (into India) about the ninth century,
possibly from the east.

Mr, Rangacharya M. A. has stated in his preface to “The Ganitasira-
sangraha of Mahaviracirya” that “there is evidence in his (Aryabhatta’s)
writings to show that he was familiar with nominal numerical......Similarly in
Brahmagupta’s writings also there is evidence to show that he was acquainted
with the use of nominal numbers and the decimal system of notation.”

My friend Dr. Datta just informs me that he has written in Bengali
saveral articles connected with this topic, which have appeared in the
Bangiya Sahitya Parisad Patrikd. For instance, ‘Jaina-séhitye ndma-samkhya”
in B.S. P. P, 1337 B.S. pp. 28-39; “Nama-sarmkhya”, ibid, 1337 B. S, pp.
7-27 ; “S'abda-samkhys Pranali,” ibid 1335 B. 8. (=1928-29 A, C.), pp. 8-30;
““Akgara-sarakhya Pranali”, ibid., 1336 B. 8. pp. 22-60; and “Ankanam vamato
gatih”, ibid., 1837 B. 8. pp. 7-30.

2 Amongst the Digambara writers Nemicandra (cir. 10th century) well-
known as ¢Siddhantacakravartin” and author of Qommatasdra, Trilokasdra
and Labdhisdra, has employed both the right-ward and left-ward moves while.
employing various numerical notations. In Trilokasara (gath@ 21), the
number 197,912,092,999,680,000,000,000,000,000,000,000,000,000,000 is men-
tioned by the right~ward move as under :—

ﬁg—ﬁﬁm—m—r&m—ﬁrﬁrﬂmﬁﬁ-ﬁﬁm@uﬂ

In gath@ 313 of the same work he, however, mentions by the left-wards
move, the number 7905694150 as “quurerdTars BTG WEEES,



definitely known at present being Jinabhadra Gani Ksami-
sramapa.’ A list of words signifying different numbers is
given in the appendix.’

CLASSIFICATIONS OF NUMBERS

As was the case with early Greeks, the Jazna school, too,
‘does not consider one as a number. This will be evident from
the following line of the 146th siitra of Anuyogadvara:—

“Q T & sroroTerET ¢ WY wrorer 7 9, goutaz g

‘While explaining this portion Maladharin Hemacandra remarks
as under:—

When an object like a pot is seen, what one realises is only
a pot and not its number; or, he adds, it may be due to the fact
that in ordinary dealings only one thing, if given or taken, is
mostly not taken into account. Thus the /aznas begin with two
and end, of course, with the highest possible type of infinity.
All these numbers can be grouped under 21 heads. These
we shall deal with, a little bit later. For the present we shall
mention 4 types referred to in the 316th siitra of Stkananga.

THE FOUR TYPES -OF NUMBERS

Even, in the time of the Vedas, we find the distinction
made between odd and even numbers. These are styled as
ojas (sg) and yugma (gW) in Jainism.* Furthermore, it is
interesting to note that they are associated with &ria, dvapara,
tretd and kali, the well-known names for the four yugas of

That he uses contrary moves even while expressing numbers by resorting
to Katapayadi system in its second variant is borne out by Gommatasare (Jiva-
kanda, v. 158) and TrilokasGra ( gathé 98 ).

1 See Brhatksetrasamasa L. 69,

2 While representing various numerical quantities by certain things,
S'ripati has invariably followed the decimal system of notation. The words
used by him are marked with an asterisk.

3 Sanskrit rendering:— ,

a1 & &1 oA ? Ghy quai Aok, BaR ger |

4 In the following verse of Das'agitikd of Aryabbata I (499) varga means

“odd” and avarga means “even” i—

“aaigrior sisISATIERY S St 7 |
Gl & a9 st et av
In Jater works the words vigama and sama stand for “odd”. and %even”,



the Vaidika Hindus. To put it plainly, I shall quote from
Sthananga:—
“TRTR FEAT T, F FE-FSTH, TAT, JEATTH, Feag”?

Here jumma means a kind of 7as’, On a quaternity being

deducted from a 7as7, it may either end in 4, 3, 2, or 1. These

are respectively called /riayugma, tryojas, dvaparayugma, and

kalyojas? This seems to suggest that the numbers can be

classified as 4m+4, 4m+3, 4m+2, and 4m+I.

ODD AND EVEN POWERS

In Uttaradhyayanasutra (XXX; 10, 11) we find for
the 2nd, the 3rd, the 4th, the 6th, and the 12th powers,
distinct names viz., varga, ghana, varga-varga, ghana-varga and
ghana-varga-varga. 1 do not know, if any canonical work
mentions names for the 5th, 7th, 11th and other odd powers.
Anuyogadvira (sitra 142) deals with successive squares and
square-roots.  To put it explicitly, it means that the 1st
square of @ stands for (a)?% the 2nd, for (@%)*ie. a*; the 3rd,

n
for (a*)’ i. e. @°; and so on, the nth standing for 42

1
Similarly the 1st sq. root of @ means 4%, the 2nd sq.
1

root its sq. root or a* and thus the nth sq. root a*.*

In this stutra we find references to the 1st sq. root multi-
plied by the 2nd sq.root’, the cube of the 2nd sq. root®,
the 1st sq. root multiplied by the 3rd sq. root, the 2nd sq.
root multiplied by the 3rd sq. root® and the cube of the
third sq. root’. These can be symbolically represented as
a®xa*, (a*) ,a*xa® a*xa® and (a®) respectively. I think this

1 Sanskrit rendering :—

TR JTATH IR, TOUT—FAIAR, SATH, ST, FEANT

2 This is how it is explained on p. 238 by Abhayadeva Sari in his
commentary to Sthandnga.

8 a raised to 2x2%2x2... n times.

4 o raised to x4 x ...n times.

b e gsigerenaTi Arrmgerg” p. 2004,
6 “styefrsmmremrmoRTE p. 200,

T “siyeTeneiTs TR p. 206%,

8 “sigedierg T mpTgEm” p. 2092,

9 “sigTrrEmEEETETREE” b 209%



will suffice to convince a reader that two fundamental laws of
indices viz. @®x a"=z"* and (a™)"=a™, where m and # may
be integral or fractional were well-known to the_Jaina saints.

That Nemicandra, the author of Z¥ilokasara knew these
fundamental operations of indices can be.inferred from the
g£athas 105-108 of the same work., For, therein he mentions
the following rules respectively:—

(1) The addition of the ardhaccheda® of the multlpher and
that of the multiplicand is the ardhaccheda of the product, and
that it has no more cAeda.

(2) The subtraction of the ardhaccheda of the divisior from
that of the dividend is the ardiaccheda of the quotient.

(3) The product of the distributed number and the ardia-
ccheda of the substituted number equals the ardhaccheda of
the resulting number.

(4) The addition of the ardhaccheda of the distributed

number and that of the substituted number is the vargas'alaka
of the resulting number.

14 KINDS OF SERIES®

From Zvilokasara (gathas 53-66 and 77-88) we learn about
the following 14 kinds of series or dkaras’, each type dealing
with some special numbers:—

(1) Sarva. This is an A. P. with 1 as the 1st term and 1 as
the common difference. Thus this series consists of natural
numbers, say up to U.

(2) Sama. This series consists of even numbers. (No. of
terms 5* or 7).

(3) Visama. This series consists of odd numbers (No. of
terms 3 or ZF).

1 This is a technical term, and means a number of times a particular
number can be halved. Thus if x = 2% then n is called the ardhaccheda of .

This will remind one of the fact that if a*=mn, « is called the logarithm of n to
the base a.

2 For an exhanstive treatment Nemicandra asks his readers of Trilokasira

(gathe 91) to refer to Vrhaddhardparikarman, Isthis a work? If so, un-
fortunately this work seems to be extinct,

8 This subject is dealt with in Appendix Cin #The Jaina Gem Dictionary”
(pp. 149-152),



(4) Kri=1, 4, 9, 16 etc., up to the last square number.

(3) Akrti=2, 3, 5, 6, 7 etc. This series is got by subtracting
Krti from Sarva.

(6) Ghana=1, 8, 27, 64, etc. up to the last cubic number
say V before U.

(7) Aghana=2 to 7, 9 to 26, 28 to 63 etc. This series is
obtained by sybtracting G/ana from Sarva.

(8) Krtimatrka (or vargamatrka)=1, 2, 3, etc., No. of terms
being VT. This means a series having the sq.roots of K7/ terms.

(9) Akrtimatrka=(VU+1), (VU+2), (VU+3) up to U; the
No. of terms being U-VU. This series deals with terms of
which the sq. root is irrational.

(10) Glhanamatrka=1, 2, up to the cube root of the last
cubic number. This series is concerned with those numbers
in Sarva of which cube root is rational.

(11) Aghanamatrka. This series consists of terms in Sarva
of which the cube root is irrational.

(12) Duviriipa-varga=2°, (2%)°, its square, its square and so
on. The 4th, 5th and the 6th terms of this series are called
quuify, 1z and &g and stand for 2% or 65536, 2* or (65536)° or
4294967296 and 2% or (4294967296)” or 18446744073709551616.
This is due to the fact that guufg, s and TFg are abbreviations
of mwd=garetar, R 7 Iusy swely fewdIswei and a quota-
tion' given in Madhavacandra’s vrtti (p. 28) on the 66th gatka
of Trilokasara.

(13) Dviriipa-ghana=2°%, its square, its square etc. i. e. to say
a series” having for its first term 2° and for its successive terms
the squares of the immediately preceeding.

(14) Dviripa-ghandghana. This is a series® of which the
first term is the cube of 2° and each succeeding term is the
square of its predecessor.

The above treatment of series may be at least taken to be

a rough indicator of the knowlegge of indices possessed by
the Jainas in ancient times.

1 This runs as under i—

“ogz T e TR ¥ ¥ g |
, U O T 9 7 v SR T o 7 I
2-8 These are respectively styled as @hand Ghdne and Ghana Ghand-

in haong “The Jaina Gem Dictionary” on P 149,




Now afew words about their knowledge of the geometrical
progression.

In Zrilokasara (gatha 231), the rule for the summation of
this series is mentioned. For examples see the vrtti of its
gathas 796 and 797.

Gunalam® is a term of the geometrically decreasing series,
the sum of the number of terms of which is the number of
molecules of a unit of bondage, and each term in which is half of
the term immediately preceeding it. For example, if the maxi-
mum number of molecules which the soul draws in to bind itself
with, in one instant be 6300, and the duration of their bond-
age be 48 samayas and there be 6 gunalkanis or terms in the
geometric series, then the number of the molecules shed in the 6
gunahanis will be respectively 3200, 1600, 800, 400, 200, and 100.

. - 48 .
Here in each gunahani there are =8 samayas. This is

called gunahani ayama, i. e. the duration of the gunakiani.
The whole series of 6 gunahanis is called nanagunakansd.

The number 2 raised to the power of the number of
gunahani in the nanagunahani is called anyonyabhyasta ras's.
In the above example it is=2°=64.

One samaya-prabaddha or unit of bondage divided by

anyonyabhyasta ras's minus one, gives the number of molecules

. . o 6300_6300 .
shed inthe last or antima gunahani. Here =45 =100 is

the last gunahani.

The double of the number of gunakani ayama is nise-
kahara. Here it is=8x2=16.

Chaya is the regular arithmetical difference between any
two consecutive terms of the series which represents the
karmika molecules shed in each successive samaya of which
each gunalkani consists. In the above example in the gunakani
of 8 samayas, 3200 molecules are shed. In the first samaya
more are shed than in the second, in the second more than in
the third and so on. The number of molecules by which the

’ 1 This entire topic of gunahani ete., is practically here reproduced from
“The Jaina®Gem Dictionary” ( pp. 46-47 ).



shedding is less in every succeeding instant is called chaya.
In the above example it is found as follows :—

We find the first term of the series and divide it by #e-
kakara (here 16). ‘The first term is found as follows:—

3200x4 3200x4

Gunahini molecules x 4
SxCumahmaiapamasil- Lere the Ist term=gigm=o =512

. = Ist term 512 512
ve Cha‘y A=Gugahan: syama 2x 8- 16 =32.

That is, in the 1st 8 samayas of the 1st gunakdni, the
number of molecules shed will be respectively 512, 480, 448,

384, 352, 320, and 288.

The chaya for each succeeding gunakani will be half of the
one immediately preceeding it. As the number of molecules
in each gunakhani is half of that of its immediate predecessor,
its chaya is also half the ckaya of its predecessor.

As an example of an increasing series, the reader may be
referred to the quantity of ink required for writing the fourteen
purvas. The quantity of ink which can just immerse an elephant
is necessary for writing the 1st pizzoa. Double this quantity
is required to write the second and so on', so that the quantity
of ink necessary for writing the 14th pizrova is 2'° times what is
required for writing the 1st. Thus on the whole, the total
quantity of ink which will just suffice for writing all the parvas
is sufficient to immerse I+2+2*...up to 2* i.e. 16383 elephants.®

THE HUMAN POPULATION

I may now take up the question about the number of
human beings dealt with in dnuyogadvara (sitra 142), since it
is connected with the indices and classifications of numbers.

As stated therein the minimum number of garbiaja human
beings at any time is what can be calculated in terms of kotakots.
It consists of 29 digits and is more than &zyamalapada® and less
than caturyamalapada® i. e. to say it lies between #riyamalapada

1 Compare the dwiguna saskhyd occurring in the 25th Brakmapna of
Sama-Veda.

2 For details see my ‘Descriptive Catalogue of Jaina Manuscripts” vol,
XVII, pt. 1T; No. 523.

3 A triad of yamalapadas or their tertiary,

¢ A quarternian of yamalopadas or their quarternity.



and caturyamalapada. To be quite exact it is equal to the
sixth successive square (of two') multiplied by the fifth

successive square (of two) or a number which can be divided
(by two) 96 times.

Yamalapada is a technical term capable of signifying two
things: (1) a group of eight notational placesand (2) the second
successive square. According to the first interprefation it inclu-
des all numbers consisting of 8 digits. On this basis deiyamala-
pada, triyamalapada and caturyamalapada etc., signify groups of
numbers consisting of digits 16, 24, 32 etc.respectively. Hence
the numbers between {riyamalapada and caturyamalapada
consist of digits more than 24 and less than 32. The product
of 2 (the 6th successive square of 2) and 2% (the 5th succes-
sive square of 2) is 2®.* It consists of 29 digits and is divisible
(by two) 96 times.®

The second interpretation of yamalapada means the 2nd suc-
cessive square or 2*, Consequently #r7yamalapada means the 6th
successive square or 2™ and caturyamalapada, the 8th successive

square or 2°°, 2% is certainly between these two. So either

interpretation holds good.

21 KINDS OF NUMBERS

As noted on p. xxiii, unity is outside the sphere of calcula-
tion. Numbers fit for calculation (gananasarik/ya) begin with 2,
and go up to the highest possible infinity. They are classified
under three groups: (1) senkhyata (numerable®), (2) asanilyata
(innumerable’) and (3) anante (infinite®). The first group has
three subdivisions viz., jaghanya (lowest), madlkyama® (inter-
mediate) and wzkrsta (highest). The second group has three
main divisions viz., (1) paritta, (2) yukta and (3) asankhyata,
each of which is again of three types known as (1) jaghanya,
(2) madhyaina and (3) wtkrsta.. Thus in all, the second group

1 The reason of selecting two is given by Maladharin Hemacandra in
the vr#ti of Anuyogadvira (p. 207%) as under :—

WD

AAFAT T TH UF W, 7T TRy 4 o7 7 o’
2 It is equal to 79,228, 162, 514, 264, 387, 593, 543, 950, 336.
.8 Technically speaking, it means a number having 96 ardhabcheqlas, as the
latter signifies the number of times, a given number can be halved.
" 4-6 This is only a rough rendering.
7 This is also styled as ajoghanyothrsta.
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has ¢ divisions. The third group, too, hasthe same number
of divisions; for, firstly ananta hasthree divisons viz., (1) paritia,
(2) yukta and (3) anante, and secondly each of these three has
three subdivisions viz., (1) jaghanya, (2) madhyama and (3)
utkrsta. All these 3+9+9 i. e. 21 classes of numbers can be
hence represented as under :—

Gananasankhya
| |
|
Sankhyaita Asankhyita Ananta

| ! |

[ | .
(1) Jaghayna, (1) Paritta—J.m.u! (1) Paritta—j.m.U.
(2) Madhyama, (2) Yukta—j.Mm.U. (2) Yukta—j.M.U.
(3) Utkrsta (3) Asankhyita—j.m.u. (3) Ananta.—J.M.U.

The number 2 is the jaghanya-sanikliyata. The number 3
and the following up to one preceeding the uférsta-sankhvata
come under the class known as madhyama-sankhyita. Utkrsta-
sankhyata is explained by means of an example as under :—

Suppose we have four palyas each of the size of the
Jambadvipa whose diameter is 100,000 jyojanas, whose
circumference is 316, 227 yojanas, 3 gavyilis, 128 dhanusyas,
133 angulas and a little more, whose depth is 1000 yojanas,
which has a jagati 8 yojanas in height and a vedika, two yojanas
in height.

Out of these four palyas named as anavasthite, s'aidka,
pratisalaka and mahas'alika let us fill the first with white
mustard seeds, and then start throwing one seed out of
them in Jambadvipa, another in Lavapasamudra and so
on in the successive dvipas and samudras of the Jaina
cosmography. When all the seeds are exhausted, let us
construct another palya having its diameter equal to that of the
dvipa or samudyra where the last seed was thrown. This palya,
too, must be of the same depth and height as the anavasthita
palya. Let this newly constructed palya be also named as
anavasthita. Let us fill this with seeds as before and start
once more throwing a seed in dvipas and samudras till this
palya becomes empty. Let us throw one sced in s'alaka this

1 J;, M and U stand for jaghanya, madhyama and wthrste respectively.




time® with a view to note that anavasifita became empty. Once
more we should now construct a new palya having depth and
height as before but having its diameter equal to the dvipa or
samudra where the last seed was thrown. Let us fill this
palya again named as anavasthite and start throwing seeds as
before. When this gets emptied, a seed is to be thrown in
s'aldka. When this process is repeated for a number of times,
it will so happen that salaka will be completelyyfull. At this
stage we should again construct a new palya as before and fill
it up with seeds. Then we should commence throwing seeds
from s'alaka till it gets emptied. This time we should throw one
seed in pratis'aldka and start throwing seeds from anavastlita.
When this process is repeated several times, s'a/aka will become
full. Then this pa/ya should be emptied as before and to mark
that stage one seed must be thrown in prafis’alaka. In course
of time, this process when repeated, will fill up pratis'alaka.
We should then start throwing seeds from it till it becomes
empty and to note that stage, we should throw one seed in
mahdpratisalika. Let us then start emptying S'a/dka which
has been already filled up with seeds by this time. When it
becomes empty, a seed is to be thrown in pratis'aldka, and the
process of emptying enavasthita, throwing one seed in s'alaka,
constructing a new anavasthiia etc. is to be repeated till
all the four palyas including the anavasthita finally constructed
get filled up with seeds. On this stage being reached, we
should make a heap of seeds of these four palyas and add
to it all the seeds thrown in various dvipas and samudras.
When this work is over, let us count the number of the seeds.
When one is deducted from the number thus obtained, the
remaining number is spoken of as wutkrsta-sankhyata. This
utkrsta-sanklkyata number of the early Jainas may be compared
with what is called “Alef-zero” in modern Mathematics. This
number is explained in “The theory of functions of a real
variable and the theory of Fourier’s Series” by E. W. Hobson
Sc. D, F. R. S. (A. D. 1907, p. 154), as under:—

1 According to Hemacandra Siri’s commentary (p. 236) on dnuyogadira
one seed was thrown even earlier. What is stated here is, however, in accor-
dance with” Lokaprakas'a (I, 140).



«The cardinal number® of the aggregate of all the finite
integers I, 2, 3,eeceecre n, is called Alef.zero, and is denoted
by %% thus = {i}. The number x, is identical with the
number which has been previously denoted by a”.

By adding unity to the uskrsta-sankhyata (the highest
numerable ), jaghanya-pariita-asankhyata (the lowest -nearly
innumerable) is obtained. Then follow theintermediate numbers
which form the class known as madhyama-paritia-asankhyita
until wtkrsta-parvitta-asaikhyaia (the highest nearly innume-
rable) is reached. Which is this ‘highest nearly innumerable’?
The answer is as under:—

Jaghanya-paritta-asankiyata multiplied by itself not only
once but jaghanya-paritta-asankhyata times,® leads to a number
called jaghanya-yukta-asanklyaia*. This number diminished by
one goes by the name of utkrsia-paritia-asanklydta.

Numbers between jaghanya-yukta-asanikhyata and wutkrsta-
yukta-asankhyata form the class known as madhyama-yukia-
asankhyata.

Jaghanya-yukta-asankhyata multiplied by itself jaghanya-
yukta-asankhyaia times gives us a number styled as jaghanya-
asankhyata-asankhyita. This number diminished by one is
utky sta-yukta-asankhyata.

Jaghanya-asankhyata-asankhyata when multiplied by itself
jaghanya-asankhyata-asankhyata times gives rise to jaghanya-
paritia-ananta. This number diminished by oneis wtrsta-
asanklyyata-asanklyata.

Jaghanya-varitia-anania multiplied by itself jeghanya-
paritta-ananta times comes to jaghanya-yukta-ananta. This
number diminished by one is utkrsta-paritta-ananta.

Jaghanya-yukta-anania multiplied by itself jaghanya-yutkia.
ananta times leads to jaghanya-ananta-ananta. This number
dimished by one is utkrsta-yukta-ananta.

1. “A cardinal number is characteristic of a class of equivalent aggregates”.
It is so defined on p. 8 in ““The Theory of functions of a real variable and the
theory of Fourier’s series” (p. 8) above referred to.

2 “The cardinal number x is greater than all the finite cardinal numbers
and it is less than any other transfinite cardinal number” (Ibid., p. 155).

3 This is called abhyasa of jaghanya-paritta-asepikhydta; for, abhydsa
means a number raised to itself e. g. the abhydsa of xis =,

4 This is equal to the number of samayas in one Gvali.



All numbers beyond jaghanya-anania-ananta come under
the class known as madhyama-ananta-ananta ; for, according to
the canonical works there is nothing like u#tysta-ananta-ananta.

The Karma-granthas agree up to the definition of jaghanya.-
yukta-asankhyita. Thereafter they differ as under:—

Jaghanya-yukta-asankhyata multiplied by itself and then
diminished by unity gives wiérsta-yukta-asankhyaie. The addition
of one to this number gives jaghanya-asanklhyita-asankhyata.

Find out the square of this jaghanya-asankhya-asankhyata,
then its square and again its square.” Add to this number 10
particular® asankhyatas. This resulting number is to be squared
and then this process is to be repeated twice. The result thus
arrived at, is jaghanya-parvitia-anania. This number diminished
by unity is uzkrsta-asankhyata-asankhyata.

The abhyasa of jaghanya-paritta-ananta is equal to jaghanya-
yukta-ananta. This number which corresponds to the number
of the abhavyas, when diminished by unity equals wuzkrsia-
paritia-ananta.

The square of jaghanya-yukta-ananta comes to jaghanya-
ananta-ananta. This number diminished by one is uikrsta-
yukta-ananta.

Find out the square of the jaghanya-anania-ananta,
then find out its square and then find out the square of this
resulting number. Add to this number finally obtained, six
particular® anantas. The number thus got is to be squared. This
resulting number is also to be squared. Repeat this process
once more. Then the number arrived at, gives us uikrsta-
ananta-ananta, when the ananta paryayas of kevola-jilana and
those of kevala-dars'ana are added to it.

1 This is in short, the eighth power of jaghanya-asankhydata-asankhyaia.

2 They are: (i-iv) The prades'as of (a) lokakds'a, (b) of dharmastikaya,
(c) of adharmaistikaya, and (d) of a soul, (v-vi) adhyavasayasthanas of sthiti-
bandha and anubhdge, (vii) indivisible parts of mental, vocal and physica]
yogas, (viii) the samayas of kalacakra, (ix) pratyeka-jwas and (x) the bodies of
the anantakayas. Here, everywhere ‘number’ is understood.

3 They are:—(i) the number of the vanaspatikayas, (ii) the number of the
migodas, (iif) the numper of the liberated, (iv) the number of the paramanus,
(v) the number of the samayas of the time (past, present and future) and
(vi) the number of the prades'as of alokakas'a.



Dr. Datta has treated this subject in his article “The Jaina
School of Mathematics”® (pp. 141-142) as under:—

“Consider a certain trough which is of the size of the
Jambadvipa whose diameter is 100,000 yojanas, and whose cir-
cumference is 316, 227 yojanas, 3 gavyits, 128 dhanus, 13} angula
and a little more. Fill it up with white mustard seeds counting
them one after another. Continue in this wayto fill up with
mustard seeds other troughs of the sizes of the various lands
and seas of the Jain cosmography. Still it is difficult to
reach the highest number amongst the numerables. So the
highest numerable number of the early Jainas corresponds to
what is called Alef-zero in modern mathematics. For numbers
beyond that Anuyoga-dvara-sitra further proceeds:

By adding unity to the higest ‘numerable’, the lowest
‘nearly innumerable’is obtained. Afterthat are the intermediate
numbers until the highest ‘nearly innumerable’ is reached.
Which is the highest ‘nearly innumerable’?

The lowest ‘nearly innumerable’ number multiplied
by the lowest ‘nearly innumerable’ number and then
diminished by unity will give the highest ‘nearly innume.
rable’ number. Or the lowest ‘truly innumerable’ number
diminished by unity gives the highest ‘nearly innumera-
ble’ number. Which is the lowest ‘truly innumerable’?
The lowest ‘truly innumerable’ is obtained by multiplying
the lowest ‘nearly innumerable’ number by itself; or by
adding unity to the ‘highest nearly innumerable’ number.
This number is also equivalent to AwaZ. After that are the
intermediate numbers until the highest ‘truly innumerable’
number is reached. Which is this highest ‘truly innumerable’
number? Itis the lowest ‘truly innumerable’ number mul-
tiplied by the Ava/iand then diminished by unity ; or the lowest
‘innumerably innumerable’ number decreased by unity. Which
is the lowest ‘innumerably innumerable’ number? It is the
lowest ‘truly innumerable’ multiplied by 4vak or the highest
‘truly innumerable’ number increased by unity. After that,
are the intermediate numbers until the highest ‘innumerably

1 Seo “The Bulletin of the Calcutts Muthematioal Seciety” vol, XXT,
No. 2, 1929, :




innumerable’ 1s reached. Which is the highest ‘innumerably
innumerable’ number? It is the lowest ‘innumerably innu-
merable’ number multiplied by itself and then diminished by
unity, or the lowest ‘nearly infinite’ number diminished by
unity. Which is the lowest ‘nearly infinite’ number? The
lowest ‘innumerably innumerable’ number multiplied by itself
or the highest ‘innumerably innumerable’ increased by unity.
After that are the intermediate numbers until the highest ‘nearly
infinite’ is reached. Which is this highest ‘nearly infinite’
number? The lowest ‘nearly infinite’ number multiplied by
itself and the product decreased by unity; or the lowest ‘truly
infinite’ decreased by unity. Which is the lowest ‘truly
infinite’ nnmber? The lowest ‘nearly infinite number’ multiplied
by itself, or the highest ‘nearly infinite’ increased by unity. It
is also called the Abkavisiddhi. After that are the intermediates
until the highest ‘truly infinite’ is obtained. Which is the
highest ‘truly infinite’ number? The lowest ‘truly infinite’
number multiplied by the Abkavisiddhii and diminished by unity
or the lowest ‘infinitely infinite’ number diminished by unity.
Which is the lowest ‘infinitely infinite’ number? It is the
lowest ‘truly infinite’ number multiplied by the Abhavisiddhi
number, or the highest ‘truly infinite’ added by unity. After
that are intermediate numbers. Such are the numbers of
calculation.”

He further observes: ‘It will be easily recognised that the
above classification can be represented by the following series :
2 N U (N4 { (N+1)2-1 0 (N1 o (N1 3

(N+D S (N+P-1 3 (NP (N1 =1 )
(N4+1)*.{ (N+1)P=1 )0 (N+1)*...
where N denotes the highest numerable number as defined
before......The series contains as recorded in the work the
extreme numbers of each class and the different classes have
been separated by a vertical line.

It will be noticed that in the classification of numbers
stated above there is an attempt to define numbers beyond
Alef-zero....The fict that an attempt was made in India to
define such numbers as early as the first century before the



Christian era, speaks highly of the speculative faculties of the
ancient Jaina Mathematicians.”™

DIFFERENT TYPES OF INFINITY

Infinity can be looked upon as having three types, when
viewed from the stand-point of the conditions of human beings.
For instance, a liberated soul will remain in that condition for
ever; i. e. to sdy this state is sadi-ananta. ‘The mundane state of
this soul prior to the attainment of salvation is andadi-santa ; for,
it was only when the final emancipation was reached that this
soul bade good-bye to the mundane state binding it from the
beginningless time. In the case of one who is never to be
liberated, the mundane state is anddi-ananta.

From Sthananga (sutra 462) we learn about the five
varieties of ananta or infinity, viz. (1) ekato'nanta (infinite in
one direction), (2) dvidhdnanta (infinite in two directions),
(3) des'avistarananta (infinite in partial expanse), (4) sarva-
vistarananta (infinite in entire space) and (5) s'as'vatanania
(infinite in eternity).

USE oF FACTORS FOR MULTIPLICATION AND DIVISION

Over and above these contributions in the Mathematical
field, Umasvati, who was not only a metaphysician but who also
appears to have been a Mathematician of the Kusumapura?®
school®, has obliged us by indicating two methods of multipli-
cation and division.* One of them is the usual method, and
the other is the method whereby operations are carried on in
successive stages by factors’ and which is hence simpler and
shorter than the first. c ‘

1 For a treatment of numbers according to the Digambara sources, the
reader is referred to the ‘Jaina Gem Dictionary” (pp. 140-148).

2 Ancient Pataliputra near modern Patna.

3 The celebrated Bhadrabahu, toe, belongs to this school.

4 Bee the bhasys on Tativarthadhigamasiira (11, 52).

5 Brahmagupta (628 A, D.) has named the multiplication of factors as
‘bhedagunana (vide his Brakmasphutasiddhanta, XTI, 55), and otheérs as »ibhd-
gagunana. S'tidhara (. 750) has mentioned in. his 7'ris'atik@ as the 9th rule
the method of division by factors. These methods went through Arabia to

Ttaly, in modern ages and were called mode per repiego, as ‘we Jlearn from
“History of Matliematics” (vol. II, pp. 101 and 135) by D. E. Smith,



Four KINDS OF PRAMANA (MEASURE)

Anuyogadvara (sitra 131) mentions four types of prama-
na. These respectively refer to the four entities viz, (1)
dravya, (2) ksetra, (3) kdla and (4) bhava. Dravyapramana is
of two kinds: (1) prades'anispanna and (2) vibhaganispanna.
Out of these the former has infinite varieties, while the latter
has only five v7z., (1) mana (measure by bulk), (2) unmana
(measure by weight), (3) @vamana (linear measure), (4) ganima
(numerical measure) and (5) pratimana (measure by weight).
Ganima refers to calculation of numbers beginning with one
and going up to a crore.

Mana is divided into two classes viz. (i) dkanya-mana and
(i1) rasa-mana according as it deals with corn or a liquid sub-
stance like liquor. Each of these classes and unmana, avamana
and pratimana as well, provide us with tables of measurements
as under:—

I DHANYAMANAPRAMANA

2 asatis’ =1 prasrti (pasai)
y» prasrtis =, setika (sezyz)
4 setikas  =,, kulaka® (4ulad)

, kulakas =, prastha (pattia)
,, prasthas =, adhaka { ad/aga)
,, adhakas =,, drona® (dona)

60 I} =n jaghanya (]aﬁ?”,la) kumbha
8o =,, madhyama (majjhima) ,,
100 ” =,, utkrsta (ukkosa) »
800 " =,, vaha

IT RASAMANAPRAMANA
2 catuhsastikas* = 1 dvatrims'ikd (batfisiya)

1 The Prakrit word for ‘asati’ is asas,

2 This is also known as ‘kudava’.

3 Those persons like Bharata and Sagara whose body is 108 times their
own angula are said to be pramanayukia. They are also said to be manayukia ;
for, they will displace one drona of water, if they enter a droni, a vessel full
of water. Or if this vessel is wanting in water to the extent of one drona, it
will have its water up to the brim, when such persons enter it, This illustration
referred to in Anuyogadedrasutra (sitra 133) and explained by Jinadasa
Gani in his cirpi (p. 52) and by Yakinimahattaradharmasinu Haribhadra Siri
in his commentary (p.47) on this sitra, is likely to remind one about the
principle of Archimedes.

4 The Prakrit word for ‘catubsastika’ is cadisatthia.
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2 catuhsastikis= }, manika = 8 palas
,, dvatrimsikias= 1 sodas’ika (solas:)
1

= % manika = 16 palas
,, sodas’ikias = 1 astabhagika (alt/abhaia
= % manika = 32 palas
., astabhigikas = 1 caturbhagika (ca#bkaia)
. = 1 manika = 064 palas
,, caturbhagikas = 1 ardhamanika (eddhamania)
= 4 mamka = 128 palas
,, ardhamanikas = 1 manika (mana)
= 256 palas

IIT UNMANAPRAMANA
1 ardhakarsa’ = pala
2 ardhakarsas =1 karsa (Larisa)

=1 pala
,, karsas =1 ardhapala (addhapala)
,, ardhapalas =,, pala
500 palas =,, tula
10 tulds =,, ardhabhara (addliabhara)
20 =,, bhira
IV  AvAMANAPRAMANA
24 angulas =1 hasta (kattha)
4 hastas =,, danda
" ' =,, dhanuska (dZanukka)
" %) =, yuga (fugfl)
' ’ =, nalika (naka)
" . =,, aksa (akkha)
v " =,, (musala)
10 nalikas =,, rajju
V  PRATIMANAPRAMANA
11 gufijas =1 kakani (kagani)
14 kakanis =,, nispava (mpphava)
I% guﬁ]as = » b3
3 nisgz‘tvas =,, karmamasaka (‘kammamasad )
5 gufijas =, "
4 kakanis =, '

12 karmamasakas =,, mandalaka (mandaiai)
48 kakinis =, . ’
16 karmamasakas=,, svarna (swvanna)

e

64 kakinis =,

1 The Prékkrit wgrd}—c;rﬁ‘;x:_dhakarsaf is gddhakarisa,



We shall now turn to Zsetra-pramana. Like dravya-pra-
mana, this, too, is of two kinds: (1) pradesansspanna and
(2) vibhaganispanna. The former has asan./zya variet'es inas-
much as it deals with substances occupying prades’as from one
to asankhya. The latte: is, roughly speaking, divided into eight
types beginning with angu/z and going up to yyana. These
types are mutually connected as under:—

6 angulas’ =1 pada (paye)

2 padas =,, vitasti (vshatt/i)
,, Vvitastis =, ratni (vavani)
,y ratnis =,, kuksi (kucchi)

,» kuksis  =,, dhanusya (dhanukka)
2000 dhanusyas=,, gavyita (gaid)
4 gavyitas =,, yojana(jovana)®
Just as a’mvya -pramane and ksctra-pramina as we'l, are of
two kinds, so is Aalu-pramana, its two kinds being (1) pradesa-
nispanna and (2) vibhaganispanna. The former nas asankhya
varieties as it deals with substances lasting from one samaya to
asaniklyata samayas. ‘The latter has several subdivisions such
as (1) samaya, (2) avalika, (3) muhtrta, (4) ahoritra, (5) paksa,
(6) masa, (7) rtu, (8) ayana, (9) sarhvatsara (year), (I0) yuga,
(11) parvanga etc.® These are related as under:—
Asankhya samayas =1 avalika (avaliya)
Sankhyita avalikas =,, nisvasa (#isisa) or
1 ucchvasa (usasa)

I ucchvasa+§ ~,, prana (pana)

I nisvasa

7 pranas =,, stoka (#hoza)

7 stokas =,, lava
77 lavas = mubhiirta (muluita)

3773 ucchvasas =,

30 muhurtas =,, ahoritra (aloralia)
15 ahoratras  =,, paksa (pakklia)

2 paksas =,, masa

2 masas =,, rtu (ui)

1 ddgule is of three kinds: (a) @tmangula, (b) pramandngule and (c)
utsedhdangula. The last has several subdivisions. For information in this
connection the reader may refer to my Arkatadars'anadipika (pp. 78-80).

2 Cf. Anwyogadvirasatra (sitra 133).

3 For further subdivisious see supra (pp. xvii-xx oklhis indroduction).



3 rtus =1 ayana (ayana)

2 ayanas =, samvatsara (sarmvacchara)
5 samvatsaras =,, yuga (juga)

84 lacs of years =,, parvanga ( puvvanga)*

Bhave-pramana has various subdivisions but they have
very little to do with Mathematics. Moreover it is not possible
to treat this subject’ any more here, since the object of this
introduction is to take a rough survey of the Jaina field of
Mathematics.

GEOMETRICAL REFERENCES IN THE JAINA CANON

As already remarked®, when geometry is the lotus of
Mathematics according to the Jaina canon, it is not surprising,
if therein we come across several technical terms pertaining
to it.

Bhagavatisitra (XXV. 3; siitras 724-726), Anuyogadvara-
siitra (sutras 123 and 144) etc.t, supply us with the names of
five geometrical figures as under :—

(1) ¢ryasra ( triangle’), (2) caturasra ( quadrilateral® ),
(3) ayata (rectangle), (4) vrita (circle) and (5) parimandala
(ellipse). Each of these is of two kinds according as it is
pratara (plane) or ghana (solid). Consequently ghanatryasra,
Shanacaturasra, ghandyata, ghanavytta and ghanaparimandala
respectively mean a triangular pyramid, a cube, a rectagular
parallelopiped, a sphere and an elliptic cylinder.

We come across the circular, triangular and quadriangular
rings (annulii) which are called wvalayavrita, valayatryasra
and valayacaturasra respectively.

1 Cf. Anuyogadvdrasttra (sitra 137) and Arhotadars'anadipiké (pp.
587-588).

2 This subject is partly dealt with, in Zwitvartharajavartika (p. 146),
aDigambars commentary on Zettvartha (III, 38), and in Zhe Jaina Gem
Dictionary (pp. 153-154), too.

3 See p. 12, fn, 2.

4 See Jombudvipaprajnepti and JivdjwiEbhigamasitea.

5-6 In this conectien I may mention that Dy, Datta has written a
splendid article viz. *On Mahavira’s solution of Rational Triangles and
Quadrilaterals’. See “The Bulletin of the Caleutta Mathematical Society”

vol. xx (pp. 267-294), 1928-29. On p. x of this introduction this article is
already referred to. i



Anuyogadvarasiitra (sitras 100, 132 and 133) gives us
names of 3 units of measurement viz, (1) sicyangula (needle-
like finger), pratarangula (plane finger), and (3) ghana-
ngula (solid finger). These mean the units of linear, super-
ficial and solid measures respectively. For, it is stated there
that s@cyangule is linear and one dimensional, the product
of sucyargulz by itself gives pratararngula, and this when
multiplied by siicyangula gives rise to ghanangula.

In Saryaprajiiapts (sitras 11, 25 and 100) we come across
the names of the following terms:—

(1) Semacaturasra, (2) visamacaturasra, (3) samacatusa.
kona, (4) vis'amacatuskona, (5)samacakravala, (6) vis'amaca-
kravala, (7) cakrardhacakravala and (8) cakrakara. Weber
has explained them in Zndische Studien (vol. X, p. 274) as even
square, oblique squre, even parallelogram, oblique parallelo-
gram, circle, ellipse, semi-ellipse and segment of a sphere.

In the bkasya on ZTattvarthadhigamasatra (111, 11)
we find the terms (1) vrttaparitsepa’, (2) jya, (3) 2su, (4) viska-
mbha, (5) dhanuskastha® and (6) dahux®, and in the dhyasya on
IV. 14 we find wviskambhardha*. These names respectively
stand for a circumference, a chord, an arrow, a diameter, an arc
of a circle less than a semi-circle and a semi-diameter or a radius.

MensurAaTION FormuLs

The d4asya (p. 258 ) on Zattvarthadhigamasiutra (111, 11)
furnishes us with the following 6 formule:—

(1) C=V10a2°® (2) A=1Cd

1 See p. 258.

2 See pp. 256-258.

3 See p. 258.

4 See p. 288.

5 In Anuyogadvarasitra (sitra 146, p. 235) the circumferece of a palya of
1 lac yojenas in diameter is given as under:—

“F sy 93 fer o Sanggae aramigaan /ffo SavegageTd aiew
FEEIE QIR0 o gy sraume ffter of My wzEE = guEd a0 7 dgers 94 oge =
il AlEiRet @3 qwoR”

In thi commentargr (p. 236) on this work by Maladharin Hemacandra, the
follow’~ 3 verse in Prakrit has been quoted:—



(3) c=VIE@H (@) h=H-VE)

(5) a=Vérise® (6) d=("*"). [ R
Here C stands for the circumference of a circle of diameter
d and A for its area. The arc of a segment of a circle less
than a semicircle, its chord and its height or arrow are denoted
as a, c and / respectively.

Over and above these 6 formule mentioned above, the
bhasya (p. 258) gives us a rule as below:—

The portion of the circumference of a circle between
(bounded by) two parallel chords is equal to half the difference
between the corresponding arcs.

In Ksetrasamasa of which the authorship is attributed to
Umasvati, only the fourth formula is not to be found. Further-
more, the rule pertaining to finding oyt the arrow mentioned
there can be expressed as = V(a®-c?))§

This topic is dealt with by Ratnas’ekhara Stri in his
Laghuksetrasamasa in the following hemistiches of the gazhas
188~190 (=

“RERVIITTERTINEY T TR 2
“Rregligy Seymegine guhe s
“IgaRa P RaTHTEY 7% Ay wufg”’

Trilokasara, too, furnishes us with the formule here given

and some more. All of them can be mentioned as under:—

“aitgt it o7w drew weed 41 7 99 FodEcREr |
Frghr wgfd qoeT SgessRd 11”7
[qﬁ“ﬂxsﬁﬁm Sl FEeT & 7 T waiaeti |
RICEHAENS qgead gazger et 1 ]
1 Compare Ganitas@rasangraha VII 43, 734, and Mahasiddhanta (Benares
edn. XV, 90, 94, 95 of Aryabhaita.
According to the Greek Heron of Alexandria (c. 200) &= W—Q or
Virtse: + (V4h +¢3- c)h

The Chinese Hue who died in 1075 A. D, gives the formula as ¢ =¢ x 21‘

2 In Ksetrasamase (v. 7) as well as in the e@rpi on Jambudmpapmjnapti'
instead of # there is gyuf. ’

3-5 Sanskrit rendering: —
RemaaRgngy 3o oRinkhr )

AT IIS TTIRTIA Tl T )
’mwgﬁ‘-ﬁamaﬁq\a aafe agss )




(1) C(gross)=3d
(2) C (subtle or neat) = Viod
(3) A=;Cd
{4) 7= {5 s where 7 isthe radius of a circle equiva-
lent to a square of side s; thus == (1£)?
5) é= gh (d-B)
(6) &= 647+

¢® + 4A7
(7) d=27;

(8) A (gross)=V1io. c.
(9) A (neat) =% (cth) I
_ 24 (2h)2
(10) cl~__47_

(I I) b= Vai—¢
6

(12) h=1 (cl-—Vc‘l-"IEz)
(13) d=13 1 0—71)
(14) b= chz+ Ia™~d
(15) a’=4h (d+L)
(16) ¢ = @’—6h?

Out of these formule, the 1st three are given in gatha
311, the 4th in 18, the 5th and the 6th in 760, the 7th in 761,
the 8th and the gth in 762, the 1oth and the 11th in 763, the
12th in 764, the 13th and the 14th in 765, and the 15th and
the 16th in 766.

In Zwilokasara (gatha 309) we find the discussion about the
breadth of an annulus (va/ayavyasa) and the diameter of its edge
(sizcivyasa).

Gommatasara supplies us with formulee about volumes of
a prism etc. For instance, from ga/ka 17 we learn that the
volume of a prism=base x height. The gatta 19 furnishes us
with two formule as under:—

(i) Volume of a cone or a pyramid =%} base x height.

(ii) Volume of a sphere =% (radius)®

Gathas 22 and 23 lead us to the following conclusions:—

Volume of a conical shape = (Sizeumterence )7 5 hejoht, This is

on the suppositidn that the height equals (approximately) ¢;
circumférence. The gatha 114 deals with an isosceles trapezium,



If @, 5 and % represent the face, the base and the altitude
of an isosceles trapezium, we can have the following results:—

(1) The rate of decrease of b or increase of o=,

(2) Areca=% (atb)h. '

(3) At a height &/ above the base, the breadth of the figure
will be b’f%fl I/ and at a depth »" below the face, the breadth
will be a+72 1.

It may not be amiss to mention that some geometrical
figures are suggested in the following passage of Dasas'ruta.
skandha (VII):=—

cqrdyor Rrrgafed Tfiqumes SR SR MATTRAT TR, JeTEi-
¥er, wreder, Mghar, TEMRTREr, dg@EE’, dgrEREn

Before I finish this section about the geometrical know.
ledge of the' Jammas, I may mention two problems. One is
referred to in Bhagavali (sitras 726 and 727). It deals with
the minimum number of pradesas (shots, literally spots)
required to construct various geometrical forms. To give a
clear idea, I may give a tabular form:—

Geometrical form Mlnln‘;l;gl Sx}z;;r;:ber of Mlmg:;l;tl;l :f(:tx;lsber of
Circle ... 5. 12
Sphere 7 32
Triangle Fees . 6
Triangular pyramid ... 35 e . 4
Square Qeee . - 4
Cube ... 27 eee er 8
Line ... 3 . . 2
Rectangle ... I5... 6
Parallelopiped 45 e 12

The other problem deals with the different strata of Meru
mountain and it is treated in_Jambadvipaprajiiapts.

1 Vide Uttaradhyayanaiatre (XXX, 19).
2 See Sthandnga (VI ; sitra 514),

3 Sanskrit rendering:——

wifteh Rrgafmt afrerere w2 Ducet saw, @ gq—ier, s
MEr, TR, R, T | R ’



VALUES OF 7' ACCORDING TO THE JAINA WORKS

In the canonical works of the Jainas, three distinct values
of = are noted: (i) V10, (ii) a little more than 3 (rgw afdwg)
and (iii) 3.16.

In Blagavatisitra (sutra 91), Jivajivabhigamasitra (sitras 822
and 109%), Jambidvipaprajiiapti (sutra 3), Saryaprajiapis (sitra
20%), the bhasya (p. 258) on Tattvarthadhigamasiira (111, 11)
and several other works, the first value has been adopted. It
is strange to note that Ratnas'ekhara Siri (1440 A. D.) has
evaluated = as V10 in his work Lagluksetrasamasa, even when
a more accurate value was certainly known in his times.

1 For the “Hindu (non-Jaina) values of =, see Dr. Datta’s paper published
in the “Journal of the Asiatic Society of Bengal”, vol. XXII (pp. 25-42), 1926.

2 "ot 5 ¥ dewieds § of o Savegase sEmEEl fifk Seveaaeean
Hiod gEeals qifa 7 g Tauae &l 1 7 9zrEd 7 aued [WE 7 agen: geged
3 FrRRaarfre afeedd ”

[ o Nisat FERAafeqs @ o AwamaErERETARERERT A Haagaagat
fey geen & 7 guEat(id) A g2 Sty T uagwd 91w agerad-
god = fhfaAmiys k@i ]

8 “Rifsr Naqurgend srAARFERT w1y wFmEETEe RRRET aRaed”

(= ATagaEEARER 79 gRtararRa@r e daama (2¥2) fifbg
8o gRador

Malayagiri while commenting upon this portion observes:

“qRAmTtTaE - fAE TR YA Tl age  ReET 1 I wvam wF
FAGT, AT '

¢ “oif shamered wt NG SaEd wEmEREEl R S it 7 saey
StrorEq TR

[ o DNoqaeans st (safenzies) Soames (2233) amiienson fiy
ASTAEEA A = Fgagat g« (233 ) oRE%T ]

Yoot aUrEEd ol W W SEmed eramafEedel G SeveweE =R
e NameEd R

[ & Nerqagans 7 Fgfag @Egfmatam) disagar (R23Y) argmiysre N
NFTaa™ @i gwult Aagar ( 2¥or ) gkl ]

“oit SNAoERE o 7 Qe Straved sraRaedd ffr SEomgwn Tl 9
TR SoTES TREFG A0

[ s Asraagens =7 vatg (Gatrate) aeamey (223%) smamieRe i
NTTEEA Tk v Asamar ( 3o ) R ]

“ogrerSauEEENE TE W SEAvEy dRmEsEd ffn  SarmaeeeEs
JUUIE AV EEHTE SRS sauE R oRegg”

[ qgaafaisaggant® vz = FENCae areagar (33&Ye) s fiffy
TTTRATEHN T2ZT NATEEE0 TRTaaRasant (32o¢a) Bt faarfymia oRédo)

Here we find that the value of 7 accepted as 3 by three non-Jaina schools
is rejected, and that the diameter of the innermost orbit of the sun is mentioned
here as 99640 yojanas and its sircumference as 315089 yojangs plus a little more

7 aifore '



The second value of = is noticed in _Jambidvipaprajiiapts
(sitra 19) and in Uttaradhyayanasitra (XXX VI, 59).

The third value is hinted at in _Jwdjivabligamasiitra (sitra
112). There it is stated that for an increment of 100 in
diameter, the circumference increases by 316.

1€

In the Digambara works = is equated to 7, since,

according to these works == VI0=Vi+ g==3+ =123
Rajju

In most of the Jaina works, a rajju is defined as the
diameter of the Swvayambliiramana oceant Ratnasaficayapra-
karapa (v. 483°, p. 189°) defines rajju as follows:—

A god can go 100,000 yojaius in the winking of an eye.
The distance which he can go in 6 months is a rejju.

Rajju is also defined as under:—

If a powerful god were to throw down forcibly an iron ball
heated and weighing 1000 bZaras, the distance which it can
cover in 6 months, 6 days, 6 prakaras, and 6 ghatikas is equal
to a rajju. See Ratnasancaya (v. 19-20").

1 This leads us to infer that the Jwinas were aware of the fact that the
eircumference of a circle varies as its diameter.

2 COf. Lokaprakas'e (I, v. 72).

3 According to Z%he Jaina G'em Dictionary (pp. 154-155), the rule for
finding a sq. root is to write the sq. root of the nearest rational number and to

ot

add to it the remainder divided by twice its sq. root ¢. g. Vi=VT+ 2;& =1+

=5 Cfi VN=Vair=0a+ ;-a where » is small,

4 Cf. Lokaprakas'a (I, v. 65).
5 This verse is as under:—
“Srermreserare PFaRR Sz S 397 )
TRATA A AT T T qAT 1 ¥R |7

(Asra@gaam FRTEE iR 4t e |
SORTH & TAAHAE, T AT 1]

The 187th gatha of Brhat-sangrahani containing 485 gathas may be seen
in this connection.

6 This page-number refers to an edition published by 8'ri Jaina dharma
prasdraka Sabhd in Sarhvat 1985. This edition contains both the iext and its
Gujarati translation.

7 They are as under:=—

“faeez ggATE ArE GO A MeT A wIHSAY BEY |
WKEEEE &Y swd o RO i e’
T TeX B 9T SaHaE ST g
TS T4 TN QA &% AT 1 0 W



MAagic SQUARES

I have up till now tried to point out some of the features
of the Jaina Mathematics as depicted mostly in the canonical
literature. Now I shall refer to stotra-sakitya or hymnological
literature. I have come across three hymns which allude to
magic squares. One of them directly indicates the numbers
which make up magic squares. The remaining ones give
rise to five magic squares as suggested in its commentary,
These magic squares are of different orders: 3rd, 4th, 5th, 8th
and gth. A detailed account of them is given by me in my
“Note on Jaina hymns and magic squares’” published in “The
Indian Historical Quarterly’’ (vol. X, No. I, pp. 148-153 ).

APPLIED MATHEMATICS

I have collected materials throwing light on Applied Mathe-
matics, too; but I reserve their treatment for future. Only a few
particulars are being noted here. That light is matter is sug-
gested in Zattvarthadligamasiitra (V, 24). An idea akin to the
first law of Newton, is also expressed in this work (X, 6). The
Jaina notion about the principle of flotation can be inferred from
Kalyanamandirastotra (v. 10). Thetheory of sound is discussed
at great length in Vises'avas'yakabhasya (v. 351~372 ).}

(=it glEh)aati: wfa gty M =TrEmgaT: |
AEEERd @ qoary: wefaEE i

yzwet: ventEm e mrafy uf garEar
TSTET SATOT ETGRT WA 1]

1 This is only what could be here noted from my paper ‘“Some materials
for the study of Mathematics in Jaina literature” accepted by and read at
the Jubilee sessions of the Indian Mathematical Conference held in 1932.
This paper was based upon the notes prepared by me when I submitted to the
University of Bombay in 1924, the results pertaining to “Jaina Mathe-
maties” in connection with which a grant was given to me by this University in
1923. During the years that have since elapsed, my friend Dr. B. Daita
has contributed in this connection three important and interesting articles: two
to the Bulletin of the Calcutta Mathematical Sociely in 1928-29 and
one, to “Quellen und studien zur Geschicte der Mathematic”, a German journal
in 1933. Still much remains to be said regarding dJaina Mathematics
not only by way of multiplying the instances in support of the facts mentioned
here but also by presenting together several Mathematical problems lying
scattered in the various Ggamas and by bringing to light other Mathematical
factors which may haye escaped notice on account of the wa-n?: of thorough
investigation of the Jaina canonical works which is not still carried out by me
owing to the circumstances being not quite favourable for i,



With these words about_Jaina contributions in the Mathe.
matical field, I shall now say a few words about Ganitatilaka.

Outlines of Ganitatilaka

Ganitatilokais the name definitely mentioned for this work by
its commentator Sirhhatilaka Sari; S'ripati, its author styles it as
Fafiganita [ Ganitasya patim ). This work is entirely composed
in Sanskrit in ¥erses in various metres.* Inthe very first hemi-
stich® of the first verse, the author offers his salutation to the
nature of the soul, in a way which is practically acceptable to
several Indian systems of philosophy. Inthe second hemistich,
he indicates the subject and the purpose of composing the
work. The very first topic which he then introduces deals
with the following names* of 18 notational places:—

(1) Eka, (2) Dasan, (3) Sata, (4) Sakasra, (5) Ayuta, (6)
Laksa, (7) Prayuta, (8) Koz, (9) Arbuda, (10) Padma, (11)
Kharva, (12) Nikharva, (13) Mahasaroja, (14) S'anku, (15) Samu-
dra, (16) Antya, (17) Madlya and (18) Parardha.’

1 See verse I, In the colophon ( p. 3 ), the name Ganitatilake occurs,

2 See my Sanskrit introduction.

3 This is capable of many an interpretation. See p. 1.

4 These very names except padma and mahasaroja for which we have abja
and mahambuje, are found in Abhidhénacinigmani ( III, v, 537-538 )

5 Of—
“r{maﬁré T 7d aqg'a aagﬂ %m\a;a arga T 9gd ¥ 5gR g
algs = *ag% ¥ AygsA Wod Sieay qEAAt ¥ vm Feer’
—Asrrofiefar x-¢-22 (p. 118)
“g:rrﬁwzs'm?ma’r g=H g = qﬁa o d A aEd ™
grd 7yt T w fagd = frgd = agd g = a9 @ agEA A SR

'mt»m”
—awERArERar LR (p. 311)
“owt w ol dowd agd 9 (2) fgd v wgE 9dd @ g @ agga
A W T )
—atarEetan 8-9e-13-2 (p. 3032)
“qrary et gEEly wEsgal @t figar @wt sgatr @msizg
wE T Wt S W Ay @RS |t grd Sy s’
—afafiasifar v-2-10-¢ (p. 4445)

(All of these have been noticed by Dr. B. Datta and Dr. A. N Singh in
their work History of Hindu Mathematics, Pt. I, pp. 9-10),



Some of these decuple terms are, of course, those which
we find in Gendtasarasasgraha ( pp. 7-8'), too.

It may be mentioned en passant that Sirhhatilaka Sari,
while explaining the 18 notational places furnishes us with
synonyms for 12 of them as under:—

(1) das'asahasra for ayuta, (2) das'alaksa for prayuia,
(3) das'akoti for arduda (4) kotis'ata for padma, (35) kotisakasra
for kharva, (6) das'akotisahasra for nikharva, (7) kotilaksa for
mahasaroja, (8) das akotilaksa for s'anku, (9) kotikoti for samudra,
(10) das'akotikoti® for antya, (11) kotikofis'ata for madhya and
(12) kotkotisahasra for parardha.

A Buddhist work styled as Abkidhanappadipita (1, pp.
69-70 ) and published by Gujarat Puritattva Mandira in Samvat
1980, furnishes us with some useful information in this con-
nection. The pertinent verses are as under:—

‘TR

(wzregear SR GT TRiED Ry ) e
Teaw g T 9@y owy fraaray |
TAE TEAM T AT AT ) 0 93
TR 28
qd, GEEd, Agd, STE, I, TR, |
FITLCTRITE, agd, (Fur) femgd, (Ra) e
srFEfeelt, (Fud ) g, awegg, (7)) feegd, |
wzE, @aq, ( Yar-) =, ST, — WP, | ek
TH%, 39, (7)) ugd, Faw, (=) |
HEFAET, ~ G@rzar, — (FErag garfy = st
RZMRF QAT GITSF@IT FT)”

‘orgr gmirUREEREEAsY FEaar R 931 gafn: aredaysag-
Far Rremiiy 731 gmingaesasy ggaat faarat a5 gafin: sgaetaasy
frgaa frmwdifa agr gairgRsI s sagTar Aty g gnfngedidsy
frasSwar faardi a9 snfriiasisaadsy sgar fmarme ag1 gahny-
SeRrsuTiraat AT g enhriasiedsy sl g antagafmiai
FEiintaasy dacEe™ JEafaEi 0 2 0’

— IO 25-12-R (p. 395)

1 Herein the terms sahasrake, das' asGhasra, das'alaksa, das'akoti, arbuda,
nyarbuda, kharva, mahakharva, padma, mahipadma, ksont, meh aksoni, s'ankha,
mahas'ankha, ksits, mahdkgiti, ksobha and mahdksobha are used to denote the
4th, 5th, Tth and 9th to 24th sthanas respectively.

9 It seems that Simhatilaka uses both the words koti and kot7 as well; or
it may be tHat the seribe has not been quite consistent in transcribing the Ms.




From ZLalitavistara (p. 168, Rajendralal Mitra, Calcutta,
1877) we see that in olden days an attempt had been made to
record a set of numbers based on the centesimal scale as well.?

As the next topic, S'ripati introduces the terminology for
various units? of measurement. The corresponding tables® are
given in the Appendix. Some of the verses (e¢. g., verses 5 to
8) given in this connection in Gandtatilaka occur with or
without variants in S'ridharicirya’s Ganitasara® of which there
is a MS.* (No. 4660, dated Samvat 1449 and containing this
text and two anonymous commentaries, one in Sanskrit and
one in Gujarati) at the Oriental Institute, Baroda.

The 8 sorts of fundamental operations, viz. (1) sankaelita’
(addition), (2) vyutkalita (subtraction), (3) gunakara (multipli-
cation), (4) Ohagahdra (division), (5) warge (squaring), (6)
vargamilla (extraction of square-root), (7) ghana (cubing) and
(8) ghanamala (extraction of cube-root), follow this terminology.
In this connection it may be mentioned that 2 methods are
pointed out for addition, 1° for subtraction, 4* for multiplication,
one of which pertains to factors®, 1 for division, 3 for squaring,
1 for extracting square-root, 4 for cubing and 1 for extracting
cube-root.

In order that this remark may be properly grasped, I may
treat this subject i extenso as under:—

Krama and wutkrama are the two methods indicated for
addition. None of them is however explained by the author.

1 Cf. Datta and Singh, 7. ¢., p. 10.

2 TUnits of measurement pertaining to weight, length ete. have been
divided into smaller units by all civilized nations. For, thereby they could
easily avoid fractional quantities which were so to say a hindrance in rapidly
carrying on commercial activities.

3 In Lildvati, the tables are followed by the topic pertaining to notational
places ; thus the arrangment there is reverse of what it is here.

4 On a cursory examination, it does not appear to be the same as T'ris’atika
of S'ridharacérya, an author of the same name.

5 This should be distinguished from citi or sankaliie meaning a sum of
a series according to 7ris'as? (p. 2) and Ganitasarasargrahe (p. 17).

6-7 See p. LI,

8 This method was well-known in the days of Umasvati, See p. XXXVI
of this introduction.



It is rather Simhatilaka who throws light onit; but his ex-
planation that 4rama means adding from top to bottom and

utkrama viceversa, differs from that of Gangadhara recorded
in his commentary on Lilavati!

Simhatilaka mentions two methods for subtraction viz. of
placing subtrahend below the minuhend and ziceversa.

As regards multiplication there are four methods. So
says Simhatilaka. So let us examine the pertiment verses (15
and 15%) and their explanation given on p. 5.

At first sight it appears that there are four methods viz.
(1) kapatasandhi, (2) tatstha, (3) sthanavibhiga and ripavibhaga,
the last two collectively known as #zanda. Out of them the
first has two varieties according as the multiplier is moved
in the direct or the inverse order, while multiplying succe-
ssively the figures of the multiplicand after having placed
it below the multiplier as in the junction of two doors.

The second (Zatstha) method has no varieties. It differs
from the kapatasandli method inasmuch as the multiplier is
kept steady. This fatstha method which is said to be algebraic,
can be compared with #ryaggunana or wvajrabhyasa (cross-
multiplication).

Sthanavibhaga and ripavibhaga, the 3rd and the 4th methods
are each capable of being interpreted in two ways, and that
is what Simhatilaka has done. Vibhaga means splitting, and
sthana, multiplier.” Sthanavibhagatherefore means: (i) splitting

up of the multiplier into factors and (ii) separation of the
digits of the multiplier.® The first meaning holds good in the

case of ripavibhiaga, too, where ripa signifies multiplicand.

If rizpavibhiaga means that the multiplier is to be considered
as the difference or sum of two numbers (this seems to be the
meaning assigned to it on p. 5), we have two other methods for
multiplication, each of which can be compared with zs{agunana

of Brahmagupta? In that case it may be said that in all, we
have, 8 methods for multiplication.

Before proceeding further, it may be observed that S'ri-
dhara has mentioned four methods of multiplication: (1) £apata-

1 See my Sanskrit introduction cf. Datta and Singh, /. ¢., p. 131, fn. 1.

9 Simhatilaka’s interpretation of sthdna as multiplier and répae as multi-
plicand (p. 5) seems to be rather peculiar.

3 Cf. p. 5, 11. 17-Z1 of the commentary.

4 He was born in 598 A. D.



sandhi, (2) tatstha, (3) riapavibhaga and (4) sthanavibhiga.
Mahaviracarya, too, has mentioned the same four. Aryabhata II
records only the common method of Zapitasandli. Bhaskara II
has however noted five, four of which are the same as noted
by S'ridhara, and the fifth is the one known as zstagunana. All
these five methods given by Bhaskara IT occur in S'ripati’s
Stddhantas'ekharat

Now a word about the method of division. It was con.-
sidered by Indian mathematicians as too elementary to be
described, whereas it was looked upon as a tedious and difficult
operation by European scholars as late as the 16th century.’
S'ripati explains the method as follows:—

Remove the common factors, if any, from /ara (divisor)
and bAdjya (dividend) and then divide in the pratiloma
(inverse) order.

Further details of this process such as dividing the digits
of the dividend by the divisor are neither stated by him nor
by Sirhhatilaka.

As regards the three methods of squaring given by S'ripati,
the first is as under:—

After the last digit is squared, double this last digit should
be multiplied by the rest of the digits respectively.’ Then
the remainder left by removing this last digit should be moved,
and the procedure should be repeated.*

1 Cf. Datta and Singh, I. ¢, pp. 135-136.
2 Bee Datta and Singh, I, ¢, p. 150; and Smith, History, p. 132.
3 This is same as multiplying the rest of the digits by twice the last.

4 According to this rule, the following 11 steps are required to
square 163 :—

(i) (if) (iii) (iv) (v (vi) (vii)
163 163 163 63 63 63 63
1 12 126 126 126 126 1266
1 1 1 1 136 136
b b 3 F ) b 3
(viii) (ix) (x) (xi)
3 3 3 12669
1266 1266 12669 | and 136
136 136 136 3
3 |, 3, 3 | 26569

It appears that out of these 11 steps, the steps (vi) to (iz) have been
wrongly given in the original MS. by the scribe, and through oversight this
mistake has not been corrected by me on p- 9, and that the steps (v), (vi)
and (xi) have been omitted in the original MS, by the seribe.

For the explanation of the method in Eunglish see D :
l. ¢y pp. 157-160, othod in English see Datta and Singh,



As regards this 1st method for squaring given by S’ripati,
Simhatilaka observes on pp. 8-9 that S’npau has adopted a
wrong procedure in having used the phrase = ¥ on p. 7 with-
out explaining the term varga, while Bhaskaricarya, the author
of Lilavali has followed the right procedure, for, he has first
explained the term varga and then explained the method for it.

The second method is stated by Sripati as uader:—

The product of the difference and the sum of the number
to be squared and the assumed number, when combined with
the square of the assumed, gives the square.

This may be expressed algebraically as under:—

" X=(x=a)(x+a)tat
Here «x is the given number and « the assumed one.
The third method is to multiply the number by itself.

While explaining this method, Simhhatilaka has referred to
a well-known method given in Z7is'as.

The method for extracting square-root’ given in Ganzta-
Ytlaka is the same as given by S'ridhara, Mahaviricirya and
Aryabhata II, but it slightly differs from one given by
Bhaskara I1.

For cubing, four methods are given. Out of them, the
first is as under:—

The cube of the last (digit ), the square of this last (dlglt)
multiplied by three and the succeeding (digit), the square of
this succeeding (digit) multiplied by the last and three, and
the cube of the succeeding (digit), when added, after each is
placed one place before the other give us the cube (required)’.

1 Siddhasena Gani’s commentary (p. 258) on Zativ@rthadhigamasaira
(III, 11) may be consulted. See Datta and Singh, 2. c., pp. 171-172.

2 In accordance with this rule, the following 8 steps are necessary befors
we can get the cube of 317 :-m

® (i) (i) (iv) )
317 317 317 317 | - 317
l 27 l ‘ 277 2779 27791 27791
. 2 2 2
20181
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From this it will be seen that this is practically the same
method as given by Sridhara and Mahavircarya'.

The second method is so to say as under:—

Suppose we have an A.P. of which the first term is one,
the common difference is also one, and the last term, the
number of which the cube is required. This cube is obtained
by adding together (i) the last term multiplied by 3 as well
as by the preceding one (wmukha), and (ii) the cube of this
mukha, with one added toit. Roughly speaking, this means
that if # is ‘the number of which the cube is required, then it
is equal to 3(#~1)7+(7-1)%+1.

The third method is nothing else but multiplying the
given number by itself and then the result by the given
number. That is to say if @ is the given number, the required
cube is axaxa.

The fourth method can be stated as under:—

Thrice the 7as’s (given number) multiplied by its two
parts, when united with the cubes of each of these parts gives
the required cube.

This may be represented as below =

x®=3abx +a*+8° where a and b are the two parts of the
given number x.

As regards extracting cube-root,® S'ripati has given only

;;:) (vii) (viii)
317 97791
2;791 27791 J 2
2 20181
20181 20181 and 4557
4557 4557 243
343 31855013

In this case, the steps (i) and (v) have been misprinted on pp. 11 and 12
and the 8th (last) has been omitted in the original MS. by the scribe,

For the cube of 1234 see Datta and Singh, %, ¢., pp. 165166,
1 See Ganitasarasangrahn (v.47, p. 15)
2 Cf, Datta and Singh, Z c., pp. 167-169,

3 This operation is described in the Aryabhagiya. i i
. 3T tiye.  Up till now, no o
description than this is found. Cf Datta and Singb, 7, ¢, p 175, ' Frlfer

]



one method,* and that is practically the same as given by
Aryabhata II who has followed S'ridhara®

This finishes a rough survey of the methods used for the
8 fundamental operations. So I shall now take a note of the
various terms® used in connectionwith each of these operations
in different works on Mathematics in Sanskrit:—

(1) Abhyasat, ekikarana, misrana, milana (p. ), proksepana,
sammelana, sammilana (p.3), semyojana (p. 13), sankalona,
sankalita (p. 3), yoga (p. 3), yojana (p. 15), yojand (p. 8), yukli
and yutz (p. 3) stand for ‘addition’.

I have not come across any special term used in Sanskrit,
for ‘addend’ ( ‘summand’ ), though it can be coined.

(1) Patana (p. 4), sodhana, visodhana (p. 4), viyoga
viyojana (p. 4), vyavakalita (p. 4), vyutkalana and vyutkalita stand
for ‘subtraction’.

Patya (p. 4), sarvadhana and wviyoyya have been used for
‘minuend’, viyojaka for ‘subtrahend’, and enfara, avas'esa (p. 4),
avas'esaka (p. 4) and s'esa (p. 4) for ‘residue’ or ‘remainder’.

(III) Ablhati (p.9), abhyasa, akati (p.8), ghita (p.9),
gunakarae (p. 4), gunana (p. 5), hanana, ksaya, paraspavakria,
prahati (p. 11), samahati (p. 8), santadana (p. 5) and vadha stand
for ‘multiplication’.

Gunanzya (p. 5), gunya (p. 4) and zdpa (p. 5) have been
used for ‘multiplicand’ ( ‘multiplicator’), gunafka (p. 4), guna-
kara and sthana (p. 5) for ‘multiplier’, and gunanaphala and
pratyutpanna (p. 4) for ‘product’.

(IV) Bhagahara (p. 6), bhajana, chedana and harana stand
for ‘division’.

Bhajya (p. 6) and /4arya have been used for ‘dividend’,
bhagagrhanka (p. 6), Ohagahara, bhajaka, hara (p. 6) and

1 The first step is to mark the places as ghana and aghana, e. g. the units
place as ghana, the tens place as first aghana, the hundreds place as second
aghana, the thousands place as ghana, the ten thousands place as first aghana,
and so on.,

2 S'ridhara has given more details than Brahmagupta. Cf, Datta and
Singh, Z ¢, p. 177,

3 Most of these havg been noted by Datta and Singh, Z c.

4 This js used both for addition and multiplication in the S'ulba
works (800 B.C.).



karva (p.v) for - ‘divisor’, labdha and labdki for ‘quotient’, and
sfesa for ‘remainder’. . :

(V) Krii (p-9) and varga (p. 5) stand for ‘square’.

(V) Krti-pada® (p. 9), krti-mila (p.23), varga-mila’ (p.9)
and the like stand for ‘square-root’.

(VII) Glana (p. 11) stands for ‘cube’.

(VIII) Ghaena-pada (p. 26) and ghana-mila (p. 13) stand
for ‘cube-root’.

I shall now say a few words about fractions, the topic
which is dealt with by S'ripati, after he has explained the
§ operations.

We can trace the knowledge of fractions as far back as
the Vaidika period. For, in the Rg-Veda (X. go. 4) we have
the term ¢ri-pada®, and in the Mastrayani Samiita (111, 7.7),
the terms Zala, kustha®, pada® and s'epha’ Furthermore, in
the S'ulba siitras, fractions have not only been noted but they

have been utilized in solving problems.® .

J'ripati has used the words &&mna’® as well as wbkinna™
for ‘fraction’®. Simhatilaka has rightly looked upon them

as equivalents.

For numerator, S'ripatiuses the words ems'a (p.18), ams’aka
(p. 34) and Zava (p. 15), whereas for denominator, he uses the
words cheda (p. 18), chedaka (p. 15), chid (p. 23) hara (p. 15)
and Aara (p. 21). -

Furthermore, asin S'w/ba satras®, he has used the words

1-2 Out of pade and mala signifying ‘root’, the latter seems to be older.
It occurs in Anuyogadvirasiitra.

3 This seems to be the oldest vecord of a composite fraction.

4-T These respectively stand for {; 1%, } and I As regards kald, it
may be noted that later on, it has been used to denote ‘fraction’, the earliest
example for which is furnished by the §'ulba works. See Datta and Singh, J. €y
p. 185,

8 See Dr. Datta’s The science of the S'ulba, pp. 212 E.

9 See p. 24,

10 See p. 22.

11 This as well as other Buropean terms such as fractio, rocto, rotto,-roupt
ebc. which are derived from the Latin fractus ( frangere) or ruptus meaning
“broken’ correspond to bhinna or vibhinna. See Datta and Singh, I. ¢., p. 188.

12 In the Apastamba S'ulba (x) we haye paicadas abhdga (lit, 15 parts) '
for 1 and in the Katydyana S'ulba (v.8) the same. Moreoyer, in the
latter work (vi, 4), we have saptabhdga for 1.



ams'a, ams’aka, bhaga* and Java along with the cardinal number,
to denote unit fractions.” For instance, for 4, 1, 1 and & he has
used the words #ryams'a, sadars'aka, sadbhdga and trilava
respectively.’ He has also used an ordinal number* instead
of the cardinal one, e. g. saptamabhaga for +.°

Rules for all the 8 operations formerly noted in the case
of parnankas (parparapas) or whole numbers are stated by
S'ripati in the case of bhinna-ripas (apurpankas) or fractions.
So far as addition and subtraction are concerned, the reduction
to a common denominator is the first step to be attended to.
As regards division’, fulis'apavariana’ is to be undergone.
This is what S'ripati says.

Instead of taking up as the next topic, the treatment of
kaldasavarnd® or reduction to a simple fraction, S'ripati deals with
the operations of zero.® They may be represented as under:—

(I) a+o=a; (II) a~o=a; (IIl) axo=0; (IV)a+o=0;
(V)o+o=o0; (VI) (0)’=0; and (VII) (0)®=o.

-Simhatilaka interprets ca occurring in v. 45 given in this

1 At times, this is dropped probably for the sake of metrical convenience.
In the case of fractions having one as a numerator, only the denominators
are given. Lidvats (p. 7) furnishes us with such an example (sastha for }).

2 Fractions having one (unit) as the numerator are here denoted as
‘unit fractions’, and thus they are distinguished from composite fractions which
have any other number than one as the numerator,

3 See pp. 16, 25, 18 and 20 respectively.

4 Paficomabhdge (lit. fifth part) has been used as an equivalentof 1 in
the Apastamba S'wlba (ix, 7 and x, 2) and in the Katyayana S'ulba (v. 6 ‘))

5 See p: 30.

6 The operation of division of fractions is spoken -of as hara by S'ripati-
on p. 21, and it is explained as bhdgahdravidhi by Simhatilaka on the
same page.

7 This also known as vajrépavariane (cross—wise cancellation) is recom-
mended by Mahaviracarya for multiplication.

8 This literally means “making the fractions of the same class (varna)”
i, e. “reduetion to a common denominator”. Later on, it came to imply.
sreduction to a simple fraction”, Cf. the English translation (p. 38, fn.) of
Ganitasarasangraha. .

9 The two operations of .zero viz. addition and subtraction are found in
Padicasiddhantika, and several others, in Brahmasphutasiddh@nts. Later on,.
S'ridhara in his. Tris'ati (p. 4), Aryabhata II in his Mahdasiddhanta (in the
chapter on Pdjiganite, p. 146), Narayana in his Genitekeumudi (I. 30),
Mahavirdcarya in hise GanitasGrasangraha (p. 6) and Bhaskara IIL in his
Lilavati (p 8) and in his Bijaganita have dealt with the operations. of zero,

For further details see Datta and Singh, 7. ¢, p, 2381, .



connection, as implying two operations viz. the square-root
of zero and the cube.root of zero. He states that the result
is zero in each case.

KALASAVARNA

It seems that owing to the lack of proper symbols required

for indicating mathematical operations, the Indian Mathema.

ticians have divided £aldsavarna into various classes known as

jatis. For insfance, Skandasena, S'ripati and Bhaskara II have

given four 7atis, whereas Brahmagupta has given five, and
S’ridhara and Mahiviracirya each, six.

The four jatis above referred to arei=—

(1) Bhaga'i. e. the form (bid:i: +o)

(2) Prabdhagai. e. the form (E of 5, of ]‘ of ...)

(3) Bhaganubandha or amsanubandha®, This is of two
types i—

(i) theform (a+3)*;

and (ii) the form 2 + of + of (Z+;+'Z

(4) Bhagapavaha® or b/zaga_ﬁam/mna. This is also of
two types:—

(i) the form (a—~) ;

. [ a
ﬂnd (11) z—gz Of Z—]‘. Of (z-—(‘l of ‘Z—))'

1 This is translated asa ‘simple fraction’ by M. Rangacarya on p. 297
( Ganitasarasangraha). On this page we find dhigabhdga, bhaginubandha
and bhigdpavihe translated as ‘a complex fraction’, ‘fractions in association’
and fdissociated fractions’ respectively.

2 For a negative sign, a dob is usually placed to the right of the number
and slightly over it. Cf “qify sgoprarfy el —Bijaganita (p.2) of
Bhéiskara II. In a Bakhshala Ms. recently acquired by Dr. Datta, the simple
cross (+) is used for the same purpose. This is what he writes to me,

3 This is the term used by S'ripati, See p. 34.

4 This form represents an association (anubandha) of an integer (2dpa)
and a part i, e, tosay a fraction (bhdga). So it is styled as rapa-bhaganubandha
or bhaganubondhasahit@nka. See p. 35,

5 This form represents an association of bhdge of bhdga. So it goes by
the name of bhdga-bhaganubandha or bhiginubandhabhiga, See p. 35,

6 Practically there is no difference between this and bhig@nubandha
except that herein there is subtraction or deecresse, instead of a<dition or
inorease as is the case vgith bhiaganubandha,




Over and above these four jaiis', some enumerate two
more. They are:—

(1) Bhaga-bhaga i. e. the form (a+2)2 or (§+§).
(2) Bhaga-matr i.e. combinations of two or more of the
five jatis mentioned above.?
VALLISAVARNANA
As the next topic S'ripati introduces on p. 39, vallisa-
varnana, and on the same page gives usa rule whereby we
can reduce a chain of measures into a proper fraction.

MISCELLANEOUS PROBLEMS INVOLVING THE USE OF FRACTIONS

Just as Mahaviracirya has given ten varieties* of the mis-
cellaneous problems involving fractions viz., (1) dkiga, (2) s'esa,
(3) mila, (4) s'esamiila, (5) dviragras'esamiila, (6) ams'amila,
(7) bhagabhyasa, (8) ams'avarga,(9) miilanis’va and (10) blunna-
drs'ya, so has S'ripati given g varieties as under:—

(1) Drs'ya, (2) Sesa, (3) vis'lesa, (4) Sesamiila, (5) mala-
grabhaga, (6) ubhayagradrs'ya, (7) bhinnabhigadrs'ya, (8) bhaga-
mitla and (9) Zinavarga.

At a cursory glance one can see that the 2nd and the
4th varieties are completely identical. Furthermore, on com-
parison, it will be found that (i) the first variety in each case
is the same, though differently styled’, (ii) same is the case with

1 Cf. Datta and Singh, Z. ¢., p. 1904,

2 Since there seems to be no special symbol to indicate division, this is

o
b
¢

also written in the same way.

3 Mahaviracarya has noted that there can be 26 (=5C;+5C;+5C4+5Cs?)
combinations.

4 All these ten varieties are explained by M, Rangacarya in his translation
(pp. 70-71) of Ganitasarasangraha.

5 In order that this remark may be realized, I may reproduce the
pertinent portion from the English translation (p. 70) of Ganitasarasasigraha.
It runs as under:— )

“The Bhéga variety consists of problems wherein is given the numerical
valus of the portion remaining affer removing certain specified fractional
parts of the total quantity to be found out., The fractional parts removed
are each of them called a bhdgu, wnd the numerical value of the known
remainder is termed dzs'ya.”

From $his it follows that Mahavirdecarya whilé naming the first variety
considers bAGga as an impartant factor, whereas S'ripati, drs'yas

b
written as | & |, and it is hence likely that this may be confounded with a +3




bhagamitla and ats'amiila, and that (3) malagrabhige seems to
be included in mia." As this comparison can be easily carried
on, I need not dilate upon this topic. I shall therefore say a
few words about the next topic viz. viparitoddes'aka. Herein we
find that every operation is inverted that is to say we have to
begin from the end and make addition subtraction, subtraction
addition and so on. For this reason, this method of inversion
is called wilomagati®. 1t has been noted by Aryabhata I in
his Aryabhatiya ( Ganitapada, 28), by Brahmagupta in his
Brahmasphutasiddhanta ( p. 301 ), by Mahiviricarya in his Gani-
tasarasargraha (v. 286, p. 102) and Aryabhata 11 in his Maka-
siddhanta (p. 149).

PrororT1ION®

Under proportion we find that S'ripati has dealt with (1)
tradras'ika* or ‘rule of three’ and (2) paficaras'ika’® or ‘rule of five’
{pp. 75 and 80). He has noted two varieties of trairas'ika:
(i) sama and (ii) vyasta®, and he has furnished us with examples
pertaining to saptaras'ikd’, navaras'ika® and ekadas'aras'ika’.
Furthermore, he has treated problems on bhandapratibhinda
(commodity for commodity) known as ‘barter’ and those on
Jvavikyaya under paiicaras'tka, since these problemsare associated
with compound proportion. Thereafter he has taken up the

1 Cf. the following passage occurring on p. 70 of the English translation
of Ganitasdrasarigraha :—

“The Miila variety consists of problems wherein the numerical value is
given of the portion remaining after subtracting from the total quantity certain
fractional parts thereof asalso a multiple of the square-rcot of that total
‘quantity.”

2 Cf. the word wilomakriyd oceurring on p. 67,

3 Aryabhata I styles it as anupdta.

4 This literally means three rds'is (terms). The Prakrit word rdsi
oceuring in the 747th sitra of Sthane quoted on p. XI, may mean rules of
three, five, seven, nine, etc. The word ¢rairds'ika mentioned by S'ripati on
- 69 ocours in the Bakhsali Ms., in the Aryabhatiya and in several other works
on Patiganita. See Datta and Singh, 1. ¢., p. 204,

5 This may be translated as compound proportion. ‘

6 This is known as the “inverse rule of three”; for, herein, the proportion
is inverse, .

7-9 Al these three varieties may be styled as bahurds'ika, the word used
by Simhbatilaks ou p. 75, .



topic known as mus'ravyavahara, and has dealt with various
problems on interest. Before we refer to some features about
this topic, we may note that S'ripati has used three terms, viz.,
pramana (argument), abhipsa’ (requisition) and plhala (fruit).
Usually we find the word éccia@ used for abkipsa.? Even Arya-
bhata IT who has used® mana and vinimaya for pramana (the
first term ) and plale (the second or middle term ), has used
the word scha (the 3rd or the last term).

While dealing with the topic pertaining to interest S'ripati
has used the terms miale (p. 83) and miladsiana (p.75) for
‘principal’ and £aelantara (p. 75) for ‘interest’.

As regards problems on interest, it may be mentioned
that even in the time of Panini® interest seems to have been
charged on the money lent, and that different rates prevailed
amongst different classes of people is borne out by Kautilya’s
Arthas'astra (R. Shamsastri's edn. III, ii, p. 214)°%

It will be interesting to trace the origin of different prob-
lems® given by Sripati, but I have to reserve that subject for
future. I may however note that the problem given on p. 41
tallies with ex. 25 of Zvis’ati of which the origin may be
traced as far back as the Arthas'asira. Furthermore, the
problem given on p. 70 (v. 89) is same as that given in Z¥#ats,
except that there is a variant vada for dhanam, and that the
first problem given on p. 74 seems to have been adopted from
Tris'ati (ex. 38", p. 17)%

1 This word occurs on p.68 in v, 86, Herein we also find its equi-
valent samicchd.

2 See Aryabhaiiyas, Brahmasphutasiddhanta (p.178), Iris'ast (p. 15) and .
Ganitosarasangraha (p. 58). Cf. Datta and Singh, 7. ¢, p. 204,
3 See Mahasiddhanta (p. 149 ).
4 See Astadhydys (V. 1. 22, 47 and 49 ).
5 COf. Datta and Singh, 7. c., p. 218,
6 I have come across two articles in this connection:—
(i) “On the origin of certain typical problems” by Smith, published in
tAmerican Math. Monthly” vol. XX1IV, No. 2, February 1917, p. 65.
(ii) “Typical problems of Hindu Mathematics” by Gurugovinda Chakra-
barti M. A., B, Sc. published in “The Annals of the Bhandarkar Oriental
Research Institute” vol, XIV, pts. 1-2 (Oet.~Jan., 1931-33,) pp. 87-102,

7 For its translation into English see Datta and Singh, I c., p. 207.
8 Tor other details see pertinent foot-notes of Appendix I.
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I need not dilate upon the outlines of Ganitatilaka any-
more, since these will serve the required purpose. So I shall
now say a few words about the author and his other works.

S'RIPATI'S LIFE AND WORKS

Very little information about the life of S'ripati can be
had from Ganitatzlaka. From its verse given on p. 6, it may
be inferred that he is Mahes'vara or Saiva by religion; for,
herein he has referred to Mahes'vara. This inference 1s corro-
borated by the fact that in the 2nd verse of Siddkantasekhard’,
he calls himself “the best of the Dvgas (Brakmanas)’,in case it
can be safely assumed that it is the work of Gandtatilakakara.

Ganitatilaka is silent about his parentage and birth-place.
At least some information about his parentage can be, how-
ever, gathered from a verse occurring in Dhruvamanasa
composed in S'aka 978. There it is stated that he is son of
Nagadeva, son of Bhatta Kes'ava, and that he composed this
Jyotihs'astra in Rohinikhanda, perhaps his native-place. In the
beginning of Jyautisarainamald® alias S'vipatiratnamala, S'ripati
has mentioned the names of Garga, Varaha and Lalla. From
the introductory verse of Jatakapaddhati, we learn that
S'ripati composed this work at the request of his pupil or
pupils. This leads us to infer that he had at least one pupil,
if not more.

This Sripati is an author of astronomical works such as
Dlikots®, a karana—grantha, and Siddhantas’ekhara. Heis not only
a celebrated astronomer but also a famous astrologer as can
be seen from his astrological works Jyaufzsarainamala and
Daivajnavallabha. He seems to have flourished not earlier

1 This seems to be based upon Varahamihira’s Pancasiddh@niiks and
Brhatsamhiia, Brahmagupta's Brahmasphutasiddhania and Lalla’s S'isyadhs-
vrddhide.

2 This work has been published in A.D. 1934 with English translation
and short notes by Mr. Narendra Kumar Mazumdar M. A., in the “Caleutts
Oriental Journal” vol. I, pp.286-299. Several verses of this work oceur in
Siddhantas' ekhara.

3 Tt deals with solar and lunar eclipses and is ®lucidated in the com-
mentary styled as Udaharana. See “Descriptive Catalogue of S#mskyta and
Prakrta Mss, (B, B, R. A, 8.)” vol, I, p, 81,



than Mafijula®, the author of Laghumanasa®, a karana-grantha
(932 A.D.) The exact date of S'ripati is not yet known;
but it is certain that he isin no way posterior to Bhiskara.
cirya® and that he wrote his Siddhantasethara in about
1040 A.D. Herein he has criticized the unique doctrines
of the Jainas regarding their conception about two suns,
two moons, a double set of stars and planets and the pyramidal
shape of Meru.*

WoRES—
(1) Dlkotida-karana (S'aka g61).
(2) Jyautisarainamala alias S'vipativatnamala’.
(3) Siddhantas’ekiara.
(4) Darvajiiavallabha.
(5) °Jatakapaddhats

1 He has been referred to and even followed especially in his method
of finding the precessional rate, by the great astronomer and mathematician
Bhaskara.

2 Thibauf observes in his introduction (p. VIII) to Pascasiddhantika
that this is a compendious astronomical treatise which does not set forth the
theory of the subject at a comparative length as the siddhdGnias do, but only
supplies a set of concise and often only approximately correct rules which
sufice for the speedy performance of all the more important astronomical
caloulations.

3 About him Spottiswoode has observed that he is the most celebrated
Indian astronomer. His birth-date is 1114 A, D. At the age of 36, he
composed Siddhantas'iromani divided into two parts viz. Goladhyaya and
Grahaganitadhydya and having Patiganita and Bijaganita as its sppendices,
He composed at the age of 69, Karapakui@hala, a karana-grantha.  Bijo-
panaya which is a short treatise on the corrections of the maon’s place and
which is quoted in Vdsanabhdsya is also attributed to him by some but this
is doubted by Mr. Sukumara Ranjan Das, who is at best prepared to consider
it as an appendix to Siddhantas'iromant.

4 See Maxmiiller’s “History of Ancient Sanskrit Literature” and “Indian
Historical Quarterly” vol. VII, p. 140.

5 Madhava (S'aka 1185) has mentioned S'ridhara in his commentary on
S'ripati’s Ratnamald,

6 Jatakakarmapaddhati of S'ripati has been commented upon in Samvat
1673 by Sumatiharsa Gani, pupil of Harsaratna, pupil of Udayaraja Gani.

7 S'ripati is quoted by Rama (17th century) in his Kawutukacintimani,
See “Descrjptive Catalogue of Samskrta and Prakrta MSS”. ( B. B. R. A, 8.)
vol, I. Heisalso quoted by Kes'ava in his Jatakapaddhati. Thid,, p. 117,



(6) Ganitatilaka'.
(7) Bijaganita.
(8) Dlruvamanasa® (composed in S'aka 978 )°

SIMHATILAKA SURI

Sithhatilaka Stri, the commentator of S'ripati’s Gandlatilaka
has mentioned- in the introductory stanza of his commentary
that he is a pupil of Vibudhacandra Ganabhrt. In this work of
his, he has given no other hint about his spiritual descent. All
the same, from the colophon of Mantrarahasya which seems to
be composed by him we learn that his gwrz Vibudhacandra
Sturi is a pupil of Yas’'odeva Stri.

At the outset of his commentary on Ganitatiloka, he
has mentioned Kundalini Devi and another Devaia probably
named as Sahlada.

There is a work styled as Vardhamanakalpa whose author
is named as Sirhhatilaka Sari. There is another work viz.
Bhuvanadipikavrity of which the author bears the same name.
But it remains to be ascertained whether these Suris are
identical with Gandtatilakavritikara.

WORKS ETC. REFERRED TO IN Ganitatilokavrit
Lilavati—
Sirmhatilaka Stri has referred to Li/zvatz on pp. 9, 42and 92.
From this it is quite clear that he neither alludes to a work of
the same name composed by Nemicandra* (990 A. D.) nor to

a work viz. S'ridharacarya’s commentary on Nyayakandali, but
that he definitely refers to the Patiganita, a part of Sidhhanta-

1 The existence of this work is now no more a matter of mere inference
to be drawn from its being quoted by Munis'vara alias Vis'variipa in his work
styled as ZLulavativiorts. The reverse seems to be, however, the case with
Bijaganita referred to in LilGvatisivrii, For, the source of its Ms, if any,
remains unknown. See Dixit, p, 815,

2 Maiijula’s Laghumianasa or Brhanmdanasa seems to have been utilized
in composing this work.

3 There are two other works viz. §'ripatinibandha and S'ripatisamuccaya;
but, whether their author can be identified with our S'ripati or not remains
to be ascertained. °

4 See Guerinot's Hssai de Bibliogaphie Juina (p. 403),



s'iromans® of Bhiskaricirya who completed this work at the
age of 36° (i. e, in A. D. 1150 ). This Bhaskaricirya has com-
posed also a commentary called Vasenabliasya on Grahaganita-
dhyaya and Goladhyaya, the two sections of Siddhantas’iromani.
Besides these, he is an author of Karanakutuhala’®.

That many mathematicians have exerted themselves in
commenting upon Zi/dvasi* will be clear from the following list
of commentaries mentioned by Dixit on p. 252:—

(1) Ganitamriasagara by Gangadhara composed in
about 1420 A. D.

(2) Vriti by Mosadeva composed not later than
1473 A. D.°

(3) Udaharand® by Vires'vara.

(4) Amyrtakupikaby Suryabhatta composed inis41 A.D.

(5) Lilavatibhasana by Dhanes'varal

(6) Ganitamrialahari by Ramakrspa composed in
1688 A. D.

(7) Lilavativivyti by Munidvara alias Visvariipa.

Tris’ali AND ITS AUTHOR S'RIDHARA

This work well-known as Z7is'atikz and referred to by
Sirhhatilaka Stri as 77#s'a#Z in his commentary ( pp. 4,9 and 39)
on Gapitatilaka, is a Patiganite composed by S'ridhara in

1 This is published by M. Jha in Pandit, new series, vols. 30-33. For the
study of this work, Cangadeva, a descendent of Bhiskaracarya, founded a school
in A. D, 1206. Cf. Epigrephica Indica vol. I, p. 338 f.

2 Compare what he has said in Goladhydyw:—

“CAMYEAE " o R BT RIS AT 1?1
veguRaayn 731 fagreataract w1 a1

3 This work also known as GrahGgamakutuhale and Brahmatulye is an
astronomical treatise in ten chapters. It was composed in A. D. 1183. Cf, Duff’s
Chronology ( p. 139 ), Thibaut’s Astronomeie, Astrologic und Mathematik p. 60,
Dixit pp. 246-254, Winternitz, Geschichte III, p, 564,-Bhandarkar Report for
1882-83, pp. 26-27, I, O. No. 2925, Bodlin Catalogue No. 1530 etc.

4 This was translated into Persian in A. D. 1587 as ordered by the Mogal
Emperor Akbar.

5 There is a Ms, at B. B. R. A. 8, dated 1473, See its ¢“Descriptiva
Catalogue of Samskrta and Prakrta MSS.” vol. I, p. 91.

6 Herein are quoted Qanitakaumudi (1357 A, D.) and Laksmidasa-
mas'ra (1501 A. D.).

7 He has quoted Admrtakapika (Ganitamriakipika).



Sanskrit} According to Dvivedi, it contains 300 verses in
the Arya metre and hence it has this significant title.
This 7visati deals with ankaganite and fksetraganita as well.
Herein we come across several terms such as stambhoddes'a,
pratyutpanna® etc. not to be found in Lzavafi. The hemistich
beginning with @& wad@y: of S'ridhara® which is quoted
in Ganstasarasangraha (i, 52, p.6) cannot and does not form
a part of 7¥is'ati as can be easily seen from the difference in
metre. So it may be that this hemistich belongs to some other
bigger work of which 777s'af is an epitome. Or it may be that
this belongs to the Biaganita of Sridhara who is referred to
by Bhaskardcarya as dzaganitakara. There is a work named
Jatakapaddhate®, the author of which is also named as S'ridhara
and which is commented upon by Kes'ava in Saka 1418,
Nyayakandali composed in S'aka 913 is a work of some S'ridhara
born of Abboka, wife of Baladeva. Sudhakara Dvivedi opines
that he is the same as the author of 7%is’azka. Competent
scholars may ascertain if these S'ridharas can be identified as
Trisatikara.

Our author S'ripati seems to have closely followed 77is'af,
and it appears that he has borrowed many things from i,
Three examples® of S'ridhara have been expressed by S'ripati in
different words, and in some cases details have been somewhat
modified.*

1 This work has been edited by Sudhakara Dvivedi in A. D, 1899, Benares,
and has been printed at the Nirnaya Sagar Press, Bombay., Its rules have
been translated into English by N. Ramanujachariar with historical notes in
Bibliotheca Mathematica vol. 13, No. 8, p. 203 ff,, (1912-13), See Dutta and
Singh, 7. ¢., p. 250,

2 He makes up 300 by counting the solutions as 120 verses, Otherwise his
edition contains 180 verses.

3 We come across this term in works of Brahmagupta and in Ganita~
sarasangraha. For the Prakrit equivalent see p. XXIV, foot-notes 5, 7 and 8,
4 See “Descriptive Catalogue of Samskrta and Prakrta MSS.” ( B. B. R. A,

8.) vol. T, p. 78 and Colebrook’s miscellancous essays (vol. IL pp, 422, 469
and 500).

5 Cf. p. X, foot-note 1.

6 See p. LXI,

7 I am told that there is a MS, of 7%s'ati belonging to Sheth Kasturbhai
Lialbhai wherein are noted letter-numerals up to 10,000, Even if thisis true,
I cannot say definitely whether this is the same work as the oner described ,
unless I get & chance of handling the MS,




Sirmhaklaka has refered to some work on p. 85 1.6, but I
am not at present in a position to ascertain it.

Now I shall say afew words about the critical apparatus
used in the preparation of this edition of Gandatilaka along
with the commentary. It is based upon a single palmyra Ms.?
written in bold and legible Jazna Devanagari characters with
prsthamatras. It consists of 172+°1-2%-171 leaves. Of course
the last two leaves which are blank* are not counted here;
otherwise the total number of leaves comes to 173. The size
of these leaves varies from 13" by 1. 4" to 14.9" by 1.5".

Every leaf is numbered twice, once in the margin to the
right, in ordinary figures ¢, R etc., except that 9 is in the Jaina
style © and once in the margin to the left, in letter-numerals®
such as sﬁ}, %T';T}, W, 4, %, 91, 7, &, &, 9, &1, §, C, 9 for 2,3 etc.

2

Excepting the leaves 1® and 172" which are blank, the
rest are written in black ink on both sides with 4 lines, each
containing 52 to 57 letters. Leaves 60” and 61° are practically
illegible, owing to their being smutty.

This Ms. presents an appearance of the work having
been divided in two columns but it is not so; for, a line of the
1st column extendsto the second. Each of these columns is
bounded by three lines in black ink. A string runs through
the space between the two columaus.

This Ms. is placed between two wooden boards sufficiently
strong, durable and 15.4" by 1.8" in size.

1 T am led to believe that there is no other Ms. of this work available else-
where, for, I have received up till now no reply in connection with inquiry
made by me in my article “A note on 8'ripati and his Ganitatilaka” published
in “The Indian Historical Quarterly” ( Vol. VIII, No. 2, p. 351).

2 The Jeaf 103rd appears to be repeated, but really speaking the 104th leaf
is wrongly numbered as 103rd, the following hence numbered as 104, 105 ete.

8 Leaves 37th and 64th are lacking.

4 TIn spite of this I think, the present work is incomplete.

5 For full details of the method of expressing numbers by letters, the
reader is referred to Dr. F. Kielhorn’s Report on Sanskrit Mss. published ab
Bombay in A. D. 1881 and also to Pandit Bhagvanlal Indraji’s article published
in Indian Antiquary wol VI, p. 42. He may also refer to my Appendices
1TI-IV published in the Descriptive Catalogue of Jaina Manuscripts (Govt
collections vol, XVII, nt, II).



Leaving aside the fact that for saptavisns’ati we have thro-
ughout sapsavinsats® and some slight mistakes here and there,
this Ms. is fairly correct. At times we come across a few cor-
rections made by a scribe; so, on the whole this Ms. is reliable
and that is why with the help of this single Ms., I undertook to
edit this work. This Ms. contains both the text and the com-
mentaty, the former written in verses® and the latter in prose,
both of which are in Sanskrit. This Ms. begins with ¥ & way
Hracemra® and ends with 01 3 u s, and that the nydses are given
at times in vertical lines and at times in horizontal ones. It is
in a good state of preservation, though a portion of the first and
the last leaves are in a fragmentary condition.

The age of the Ms. is not mentioned, but looking to the
fact that palm-leaf Mss. were not mostly in vogue after the
15th century and that the commentator belongs to the 14th
century, the age of this Ms. may be looked upon as the 15th
century as the earliest limit and the 16th century as the latest.

PrLan—

As the entire work is not dividedin the Ms. into chapters
or any other sections which could have facilitated the reader
in comprehending its contents, I have given a table of contents
in Sanskrit. Whatever appeared to me to be superfluous has
been placed within rectangular brackets [ ], while what
was to be suggested as an alternative or as a supplement has
been indicated in parenthesis ( )

The portion cominencing with & 927 given in the Ms.
on leaf 122 and printed here on p. 62 ought to have preceded
the &adwmel etc. written on fol. 120 and it is hence so printed
on p. b62.

I have given three Appendices in the end: (i) Examples
and Answers, (ii) Tables of Measurements and (iii) Sanskrit
words and their numerical significations. Out of these so far
as Appendix IT is concerned, I may state that not only the

1 This word has been retained in v. 13, p,3; in other cases it has been
replaced by saptavims'ati.
2 These are not numbered in the Ms.

8 From this salutation it may be inferred that the Soribe is & Jgsna or that
he bhas transcribed this on the basis of a Jaina Ms,



tables recorded in Ganitatilaka are given but some more from
several other works.

In the end, I may mention that it affords me great pleasure
to record my indebtedness to my friend Dr, Bibhutibhusan Datta
for the matetial help I could derive from some of his excellent
contributions in the mathematical field, and for the valuable
suggestions he made while going through the proofs of this
introduction. I have also to offer my best thanks to Sheth
Mohanlal Hemacand Jhaveri for his having lent to me the
palm-leaf Ms." above referred to. Furthermore I am highly
obliged by Dr. B. Bhatticirrya M. A., Ph. D,, who most
willingly included this work in the Gaekwad’s Oriental Series,
and thus gave me a splendid opportunity of editing a work on
Mathematics, a favourite subject of mine.

Bombay. HirarLaL R, Karapia.

Bhagat Wadi, Bhuleshwar, }
5th Moy 19352

1 Tt is not now with me; for, it has been ere long returned to him,

2 Sincethen, some additions have been made while going through the

proof-sheets.
10 aifvre
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APPENDIX 1

EXAMPLES AND ANSWERS

Exs. 1-2, p. 3. Oh learned man! if you know (addition), say quickly
what 7, 8, 9, 16, 93, 60, 76 and 50 when added (together would come
to), and what number is arrived at when 27 and 21 are united with
32, 15 and 5 as well.

Ans. 319; and 100.

Exs. 3-4, p. 4. If you know subtraction, say soon the remainders ob-
tained by subtracting from 1000, the above-mentioned numbers
(4. 6., 319 and 100 separately).

Ans. 681 ; and 900,

Ezxs. 5-8, p. 6. Oh ganaka (calculator)! if you know multiplication, say
quickly what 21586 will be when multiplied by 96, 93685 by 32
and 98510 by 273, and the number got when 12987013 is multiplied
by 77 so that it may represent the number of clear, resplendent and
circular pearls forming an ornament for the neck of S'iva.

Ans. 2072256 3 2997920 ; 26893230 ; and 1000000001,

Egs. 9~12,p. 7. If the laksana (subject of division) is learnt by you, say
quickly what the numbers obtained (before) by multiplication will
become when divided by their own multipliers.

Ams. 21586 ; 93685 ; 98510; and 12987013,

Euxs. 13-25,p. 9. Tell (me)the squares of 1 to 9', 12, 72, 93 and 163.
Amns. 1; 4; 9; 165 25; 36; 49; 64; 81; 144; 5184; 8649; and 26569,
Ezs. 26-39, p. 10. If you know the square-roots of the squares’® formerly
obtained tell them along with that of 11819844.
Ans. 15 23 3; 45 55 65 75 8 95 125 725 93; 163; and 3438.
Exs. 40-51, p.13. Oh friend ! after reflecting tell (me ) the cubes of 1 to
9% 18, 73 and 317.
Ams. 13 85 27; 643 1255 2163 343; 5125 729; 58323
389017; and 31855013,
Exs. 5263, p. 15.  Oh proficient ( individual )! if your study in operations
is proper, tell the cube-roots of the cubes formerly got*
Ans. 1525 35 4; 55 6; 75 85 95 18; 73; and 317,
Ez. 64, p. 16. Quickly add (together) three and a half, six, nine less by
one-fourth (9-}), and seven plus one-third (7+3).
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Ezs. 65-66, p. 18. Oh learned man ! tell (me) the remainder (i) after having
subtracted one-sixth, one half and one-third from one dramma, and
(ii) after removing one and 2 half, one minu$ one-fourth (1-1), and
one plus one-eighth (1+}) from six plus one-third (6 +1) drammas.
Amns. 0 ; and 23% drammas,

Ezxs. 67-68, p. 20, Oh one with good intellect ! tell me the product of three
and a half (3%) by nine plus one-third (9+4%). If you know
ganita, (say) what one-fourth will really be when multiplied by
a half,

Ans. 323 ; and .

Exs. 69-%72,p. 21. Oh ganaka! If division is known (to you) methodi-
cally, tell quickly what becomes when ten plus one-fourth (10+44) is
divided by six plus one-third (6+4%), eighty and a half by five less
by one-third ( 5-13 ), @ half by one-sixth, and one-fourth by three.

Ans. 18%; 174 35 and {4

Ezs. 73-76, p. 23. Oh learned man! if you know pati (arithmetic), tell
(me) quickly the squares of five less by one fourth (5-1), eight and a
half, one-third and one half.

Ans. 229%; 724; §; and £,

Exs. 77-80, p. 24. Oh intelligent (one)! if fractional operations are
known to you, tell (me) quickly the square-roots of the squares pre-
viously obtained.!

Ans. 4%; 8%; § and 4.

Exs. 81-84, p. 25. Oh learned (one)! if you know pati, tell (me) the
cubes of (i) nine plus one-fourth (9+%), (ii) six lessened by one-third
(6-1), (iii) one-sixth, and (iv) one-third.

Ans. 791335 1813%; 55; and o
Euws. 85-88, p. 27. Oh friend ! if you have great intelligence in the ex-
traction of cube-root, tell me the cube-roots of the previous cubes.’
Ans. 93; 53; 5 and 3.

Ezs. 89-94, p. 30. If you have (acquired) proficiency in kaldsavarna,
express &, %, 4, 4+, 2 and % as having the same denominator.

Amns. 555 1385 188 5 756 5 45 and £
Ez. 95, p. 34. Oh friend ! if you have exerted yourself in ganita, tell
me the sum of ten plus one fourth (10+1), one and a half and two
plus one-third (z2+3%).
Ans, 1445,

1 Cf. Ganitasdrasangraha p. 27 (v. 17).
2 Ibid., p. 28 (v. 21).
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Ez, 96, p. 35. Tell me (the result) after reducing one and one-fourth plus
its half together with one-third of its sum and one-sixth of that (last
sum) when united with one-third, its one-sixth and one-fourth of its
(sum).

This means: Simplify:—
1343 of ix+dof (1344 of 11)
+hof { ti+dof i+l of (13+}of 13)}
+3+5 of f+F of (5+§ of §)
Ans. 323.

Eazs. 97-98, p. 37. Oh friend ! if you know bhdagapavahana tell me (the result
after reduction) when the numbers previously spoken (in exs. 95 and
96) are diminished by their (fractional) parts, 4. e. to say simplify;—

(1) (0= +(1-H+(2-1);
and (i) (1-%)-4 of (1-1)
-5 of {(1-1)-H(1-1)}
~tof [(1-1)-%of (1-3)-1 of {(1-1)~} of (1-})}]
Ans. 1135 and 3 (JF+ ).

Eg. 99, p. 39, Oh friend! if you know (vallisavarna) tell (me) soon the
sum of 2 drammas, 5 panas and one kakini less by one kapardika
together with one-fourth of itself 4. e. § kapardika.

Ans, 2838 drammas i. e. to say 2 drammas, 5 panas
and 18% kapardikas,

Ez. 100, p. 41, After reflecting, tell (me) the measure of that post of
which one half is immersed in water, one-twelfth in mud, one-sixth
in sand and of which one and a half hastas are seen.!

Amns. 6 hastas,

Ez. 101, p. 42, Out of (the total number) of elephants, one half together
with its one-third fled to a summit of a mountain, one-sixth ac-
companied with its one-seventh drinks water at the river, one-eighth
and its one-ninth play in a lotus-plant, and a lord of the elephants
followed by 3 female elephants plays in the multitude of lotuses;
(so) what must be the strength of the herd ( of elephants) ?

Amgs, 1008,

Ex. 102, p. 44. One half of the herd of intoxicated lordly elephants
has commenced to play somewhere. One-third of the remainder
has run away in caves making noise on account of the fear of a lion.
One-fourth of the (remaining) remainder removes the scratching
(sensation) of cheeks. One-fifth of the remainder has entered (a
tiver) to drink water, and sixty elephants are seen, Oh friend ! tell
(me their total number).

Ams, 300,

1 Cf. Gapitasirasarigraha p. 47 (v, 5),



Ez. 103, p. 45. One half (of swans), two-thirds of the remaining, threes
fourths of the (then) remaining and four-fifths of the (then)
remaining went away after flying somewhere, and another triad of
swans is seen keeping a company. Oh intellegent (individual)! tell
(me) as to how many swans were in that group.

Ams. 360,

Ez. 104, p. 46. One-fifth of the swarm of unsteady and large black bees
went to a mango-tree, one-eighth to a lotus, their difference (vivara)
% e, 1-1 (=4%) multiplied by two, plus its hall (<. e 7}) remained
on a kunds (flower), six times half of the dlfference between
those bees which stayed on the kunda (flower) and those on the
mango-tree, together with its one-third® multiplied by three® and
lessened by its one-third (4. ¢. by $x %) resorted toa jaiz creeper,
and a decuple of bees is seen seated on a blossom of a #ilake tree,
Oh clever (individual) ! if you know (wis'lesajaii ), tell me quickly
the number of the swarm of bees.*

Ans. 40,

. 105, p. 49. If the (number equal to the) square-root of the collection
of leaves of blue-petalled lotuses used asan ornament for ears by
a woman having beautiful eye-brows, fell ona bed on it being
struck during the sport with (her) lover, and if two-thirds of the
remaining as well as the square-root of the (then) remaining fell
on the ground, and if a pair of leaves were seen, say how many
leaves that blue lotus had.

Ans. 16,

Ez. 106, p. 50. Three times the square-root of the group of parrots
went to fields of rice, after having flown. One-tenth of the
remaining resorted to mango trees full of fruits. Three times the
square-root of what then remained fell (a victim) to the snare of a
hunter and thus became subject to adversity. Oh learned (man)!
if you know (s'esamiilajdii), then let the number of that group of
parrots be now told.

Amns. 25,
Ez. 107, p. 51. One-third of the herd of deer along with its one-third

fled owing to fear from a tiger. The square-root of the total
number longing for singing, bereft of mouthfuls and having the eyes

1 This difference is equal to ;-1 i. e. ;.
2 This comes to 24

.3 This comes to 12,
4 Cf. Ganitasarasangraha p. 49 (v. 23-27).
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closed, stayed. Two female deer having unsteady eyes and separated
from the herd were seen wandering ina forest. If you know the
process of ganita, tell (me) soon the strength of the herd.

Ans. g,
108, p. 52 Five-fifths of the herd of monkeys together with the
square-root (of their total number) have their minds attached to the
swinging of branches of a panasa tree, Ten monkeys desiring the
fruit are seen (engaged in) duel. Oh ganaka! tell (me) quickly
the strength of the herd.

Awns, 36.

109, p. 53. Oh good calculator (suganaka)! one-eighth of the herd of
hogs is sporting in mud in a small pool, Oh friend! one and a half
times the square-root (of the total number) 1eally dig musts (grass).
A female hog with seven young ones is seen as separated from her
herd and seeking it all around. If you really know pati, tell (me)
quickly as to how many hogs constitute that herd. 4

28, 16,

110, p. 55. One elephant remained at the post. One-sixth of the
remainder remained (engaged) in sport in a lake. One-fifth of
what remained (then) grazes sprouts of sallakz on the slope
of a mountain. One-fourth of the (then) remainder along with the
square-root of the total number is seen terrified by the roaring of a
lion. Another elephant follows six elephants. Tell (me) the
strength as to how many elephants (these) were.

Ans. 25.
111, p. 56. A pair of bees made tawny by pollen, is seen on a white
lotus. One half of the remainder along with one-seventh of it (4. e of
the swarm ) went to a temple of a lordly elephant. A square-root of
that swarm went humming to navamallikd, and a couple of bees is
seen. DBrother! tell (me) the (strength of the) swarm of bees.

Amns. 16.

112, p. 57. A certain wealthy man gave to a Dvija one-fourth (of
a dramma), then one-third of the remainder, (again) one-fourth
of what then remained, (again) the square-root of the sum-total
and (then) one-half and (thus) became penny-less. Sohow much
wealth had he?

Ans. 6% (drammas).

113, p. 58. The tenth part of a pillar multiplied by its seventh part
(ishidden). Half of that (pillar) is seen to-day. Tell (me) quickly,
oh friend ! the correct measure of the post.*

Amns. 35 (hastas).

1 Ot Gazait&ao!wasmigraha p- 56 (v. 69),



Ez. 114, p.59. A portion equal to what is obtained by multipling five-
twenty-fifths of a bamboo with three-fiftieths is seen by me. Having
reflected upon 32, oh @rya! tell me quickly the measure of the
bamboo®,

Ans. 40 (hastas),

Ee. 115, p. 60. (The number equal to) 18 times the square-root of one-
eighth of the herd of elephants resembling a cloud (surcharged)
with water and having their temples moist on account of the flow
of rut trickling (therefrom), wanders on the top of a mountain,
Other 18 (elephants) are seen as fear-stricken on hearing the
roaring of a young one of a lion. Oh ganitavid! if you have
taken pains in this connection, count as to what the number

of elephants is.
Ans, v2,

Ez. 116, p. 61. Nine times the square-root of two-thirds of the herd of
swans went to the sky. Six times the square-root of three-fifths
of the remainder perished. And oh friend! three times eight swans
are seen. (Tell me) how many they were (in) all,

Amns, 150,

Ezx, 117, p. 63. The square of the three-fifth part of peacocks lessened by
six is playing inside a mountain. But six are seen as having gone
inside a forest. Tell (me) quickly the strength of their herd.

Ans, 15,

Ezx, 118,p. 64. Thrice the eighth part of the herd (of viskas) is halved and
then diminished by 16 wiskas. (The number equal to that re-
mainder) multiplied by itself is playing in the interior of a moun-
tam, and four times (that sixteen) are wandering in a forest,

(Tell me the total number of the vigkas).
Ans. 128,

Ez. 119, p. 66. Oh friend ! if you know patz, tell me what that number
is, which when multiplied by 5, then increased by 9, then reduced
to square-root, then decreased by 2, then squared, and then
lessened by 1, and then divided by 8, oh gamaku! certainly
comes to 3.

Amns. 8.

Ez, 120,p. 67. Oh young woman with unsteady eyes ! if you indeed know
the correct wilomakriyg (operation of inversion) tell (me) that
number which when multiplied by 3, increased by three-fourths
of it, divided by 7, lessened by one-third of it, multiplied by itself,
lessened by 52, reduced to square-root, increased by 8 and divided
by 10 comes to 2,

Amns. 28,

. . . Be U3z 13
1 This means solving the equation: 35X 55+ ye =1,
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121, p. 68. If one and a half palas of musk can be obtained for twelve
and one-fourth drammas, then for what can we obtain seven and
one-third palas# -

Ans. 59 drammas, 14 panas and 175 kapardikds,

122, p. 69, Oh learned individual! if you know irairasika, let it be
said as to how nfany palas of camphor can be had for 100 dramnas
when 14 palas of camphor can be had for 16} drammas—the
camphor which vies with the beauty of the split of the tusksofa
lordly elephant and to which a swarm of bees is called (attracted )
by (its) odour.
Ans. 9 polas, 1 dhatake, and 1135 vallas,

123, p. 70. When the amount in futurity on 100 is 6, tell, oh
friend ! what is the amount in a total of 1000? [ This comes to
saying: Oh friend! tell (me) what 1000 will yield when 106
yield 67 ]

a2
Ans. 5633,

» 124, p. 70. Oh ganaka! if 1% dhatakas of kurilkuime are obtained

for 5% panas, how much will 1% palas cost?
Ans. 4 drammas, 10 panas, 2 kakinis and 133 kapardakas.
125, p. 71. Oh friend ! if 2% ma@nikds are obtained for 8 minus § (8 -1)
panas, say for what 100} manikds can be had.
Ans. 19 drammas, 12 panas, and 4 kapardakss.

. 126, p. 71. Oh learned man! if 2} mants of corn can be had for 6%

drammas, tell me quiCkly what canbe had for 8o} drammas,
in case your intellect in sankhyd-s'dsire (the science of numbers)
is developed.
Ans, 28 manikds and 23§ harikds,
127, p. 72. Oh one with good intelligence ! if a certain lord of ele-
phants having a series of bees roaming about his cheeks starts to go,
on remembering the sport with a female elephant of Vindhya and
goes one-third of one half (i, e. §) yojona in 1} days (lit. two less by
half), then within how many days can he go 70 yojanas ?
Amns, 1 year and 9 months,

128, p. 73. 1f a serpent having a body three and a half hands (in
length) goes in a hole one and a half angulas in one-third of a ghatt,
oh gapake ! say quickly in what time it will enter it.

Ans, 18 ghatikas and 40 palas,

Ez 129, p. 73. 1f one gadydnaka of gold along with one dharana of it

is really obtained for 14 drammas, oh friend! how much gold can
be had for ninety minus one-third (9o-%) drammas?
Angs. 9 gadyanakas, 4 nigpdvas and 25§ yavas.

2 %
1 Cf. Ganitasarasargraha p. 59 (v, 9)



Eg. 130, p. 74. What is the number of necklaces each containing 6
selikas that can be formed out of 16 necklaces each containing 8
setikds? Oh friend ! tell (me that) definitely.

Ams. 215,

Ex. 131, p. 74. How much gold of 11 varnikas can be obtained by giving
ninety gadyanakas of gold of 16 varnikas?
Ans. 13019 gadydnrakas.

Exs. 132-135, p. 75. What is the interest of 76 in a year at the rate of
5 per cent per month ? Oh learned man! if you know the operation
of pancarasska (the rule of five), tell me time, rate and principal
from two of them.

Ams. 45% ; 12 months; 57/ ; and 100 ;

Bz, 136, p. 76, If 2} is the interest of 100} in } month,say what the
interest of twenty minus one-fourth (20-1) in 8% months will be ?
Ans. 1290

Ez. 137, p. 77. Oh learned man! if 3 workers get 20 panas (by working )
for two days, tell me what 8 men will get (by working) for five days.
Ams. 1331 panas,

Eg. 138, p. 78. If 8 manikas of s'ali (rice) are carried to one yojana for
6 panas as wages, oh learned man! tell me the wages for (taking)
63 manaikds to 18 kros'as (literally six multiplied by three ).’

Ams. 2128 panas.

Ea. 139, p. 78. If a kambala having two fot its breadth and eight for its
length costs ten, let (me) be told what two others having three -
(for breadth) and nine for length will cost ?

Ans. 333

Bz, 140, p. 79. 1fa s'ild (stone) having 9, 5 and 1 hastikd (respectively)
for its length, breadth and thickness costs 8, say for what will be got
2 stones each of which has for its length, breadth and thickness 1o,
7 and 2 hasbikds.

Ans. 49%.

Bz, 141, p. 79. If 30 pattas, (each of which is) 12 angulas in thickness,
16 (lit. 4*) angulas in width and 14 hastas in length cost 100, oh
friend ! tell me what 14 paffas having their breadth, length and
thickness each lessened by 4 cost ?

Ams. 163 (drammas).

Ea. 142, p. 80. If 8 drammas ate to be paid as wages to cart-drivers fot
bringing back the paffas which have their measures as stated

1 Cf. Ganitusarasarigrahe p. 60 (v. 18).
2 Ibid., p. 63 (v. 36).
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before, when they have gone to one gavyati, tell (me) what wages
will have to be paid in the case of other paffas which are as stated
later and whose measures are less by four than those (of the former),
when they have gone to six gavyatis.

Ans. § drammas.

143, p. So. If 16'mangoes are indeed obtainable for one pana, and a
hundred pomegranates for 3 panas, oh ganaka! tell me how many
pomegranate-fruits can be had by exchanging them with 12 mangoes.

Ans. 25,

144, p. 81. Iftwo palas of agurw can be obtained for six, and one
pale of musk for nine, let it be said asto how much musk can be had
by (exchanging it) with seven palas of agurw.

Ams. 2% palas.

145, p. 81. If a woman 16 years old get seventy, let it be said what
another woman 20 years in age and having the same beauty and
colour will get, in case you have exerted yourself in ganita.!

Amns. 56.

146, p. 82. Oh friend ! if three camels ten years old are obtained for
108, tell (me) soon what eight camels nine years old and having the
same beauty and speed cost.’

Amns. 320.

147-148, . 83. Oh friend! at the rate of 5 per cent per month the
sum of interest and principal (i. e. amount) is found (in a year) to be
96 (lit. hundred less by four). What is the principal and what is the
interest ?°

Ams. 6o; and 36.

149-153, p. 83. The fruit of 100 in a month was, oh learned man! 5
(as interest), 1 for futurity (bhavyaka), } dramma for profession (vritti)
and likewise 1 for the scribe (lékhaka). In 12 months the mixed
amount was gos. Tell, oh friend! if you have proficiency in
mis'rakavyavhrti (the treatment of mixed quantities ), what were the
principal ete.?”
Ans. maladhana 500; kaldntara 3005 bhavyaka 60;
vrits 30; and lekhako 15.

154, p. 85. If hundred drammas become 5 (in interest) per month,
tell (me) what the interest will be in 12 months ?
Ama. 60.

1 Of. Ganpitasarasangraha p. 63 (v, 40).
2 Jbid., p. 63 (. 39).
3 Ibid., p. 63(v. 41).



Ez. 155, p. 85, If six drammas are the inerease in two hundred per
month, when will that sum be three times ?
Amns. 5 years, 6 monthsiand 20 days.

Eg. 156, p. 86. If five panas are the increase in twenty panas in a couple
of months, tell me in what time my wealth will be one and a hall
times as it is.

Ams. 4 months.

Egs. 157-158, pp. 86-87. Oh dhira! one increasing by one time 100 were
applied at the rate of 2, 3, 4 and 5 per cent per month respectively;
months elapsed were respectively 7,8, 6 and 12, If ekapatra (average)

be made of these 4 things tell me, oh friend! what that average
will be.

Ans. time=9,%; and rate 47/.

Egs. 159-160, p. 87. Oh friend! make ekapatra of these very pramdanas
(amounts) with their phalas (rates of interest) increased by one
fourth, and their months by one third.

Ans. time 987 months; and rate 417/,

Ewx. 161, p. 91. Two hundred less by 10 were invested in three parts, oh
ganitika ! at the rates of interest 3, 2 and 4 per cent (respectively)
per month. Interests obtained on these after 2, 3and 4 months
respectively were found to be the same. Tell quickly the values of
the different parts.

Ams. 80, 8o and 30.




APPENDIX 1

TaABLES OF MEASUREMENTS! AS RECORDED IN GANITATILAKA
I Kaparda-vyavahira®

20 vardtakas (kapardikas®) = 1 hakin®
4 kakinis =, pana
16 panas =, dramma’ ( purana®)
11 Suvama’-vyavahira
6 yavas = 1 nispava®
8 nispavas = ,, dharana
2 dharanas =, ‘gadyanaka
IIT Meya-vyavahara
14 nispavakas = 1 dhataka
10 dhatakas = ,, pala.
IV Kapamina.vyavahira
4 padikas = 1 manaka

1 Weights and measures used in ancient times in India have been discussed
by Durgashankar K. Shastri in his Gujarati article “Rewreet @t dre W@y A’
published in “The Report and essays of the sixth Gujarati Sahitya-parisad”
(pp. 53-70) in 1923,

Some of the tables pertaining to weights and coins are given in “The
coins and weights in ancient India” published in “The Indian Historical
Quarterly” vol. VII, No, 4, pp. 689-702, December 1931.

2 Compare Lildvati v, 2. There wo find as additional information the
fact that 16 drammas=1 nigka.

3 Seep. 39, On p. 71 we have the word kapardaka. The corresponding
word in Gujarati is Zoda.

4 The corresponding word in Gujardti is Ahankhont (gieeh). Itis alse
known as bod.

5 Compare the Greek word drachme and the Gujarati dama,

6 See p. 39.

7 In Prameyaratnama®jiasié ( p. 2264 ), the commentary on Jambidvipa-
prajiiapti (sitra 54) we find the following remark:—

“oeaTR TPTRSTAE: AEaT, e AT T TERTRS, § TS O
N, T A T FAER:, TOT FAAE: OF IO IR, COmaete ga: aReike
TRy

8 Simhatilaka explains this as “suvarpavalia”. Vide p. 2.

9 In Gujarati this is called gadiyano.

10.Compare Lilawati v. 3 where it is said: 2 yavas =1 gufija; and 3 gusjas



30 muhirtas = 1 dipasa.

In Lalitavisiara (p. 168)" linear measures are noted’ as
under ;—

7 paramanuraja = 1 renu

vy VENUS =, truts

vy Lrutes = ,, vatdyanaraja

)y VAtAYANarejas =, Sas'araja

y Sasarajas = ,, edakaraja

y edakarajas = ,, goraja

y gorajas = ,, hksaraja

v Lksarajas =, Sarsapa

» Sarsapas =, yava’

y yavas = ,, anguliparvan®

12 anguliparvans = ,, vitasti

2 vitastis = ,, hasta

4 hastas = ,, dhanusya
1000 dhanusyas = ,, krosa

4 krosas =, yyjana’.

Kautilya's Arthas'asira (11. 18. 17) furnishes us with
weights and measures as under :—

10 dhanyamasas = I Suvarnamasaka
5 guijas® = » ”

16 suvarnamasekas = ,, karsa or suvarna
4 karsas = ,, pala

80 gaurasarsapas = ,, ripyamasaka

16 ripyamasakas = ,, dharana

20 Saidlyas =, "

s tlandulas = ,, vgjradharana.

In Abkidhanappadipika, some of the weights and measures
are mentioned. The pertinent verses given on pp. 70-71 are
as under :—

1 Arhatadars anadipikd ( pp. 587-589 ) may be consulted.

2 This page refers to R. Mitra’s edition, Calcutta, 1877. Cf. Datta and
Singh, Z. ¢., p. 187.

3-4 These are translated as ‘breadth of barley’ and ‘breadth of finger’
respectively by Datta and Singh, I c., p. 187. ’

5 From this it can be seen that a paramanu =1.3 x 7= inches,

&6 In Gruja.rati‘, this is called capothi.
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One can easily proceed on these lines. So I shall simply
mention a few more works wherein the topic of weights and
measures is dealt with. They are: (1) Manusmrsi* (VIII, v.
131-138), (2) DBhavisyatpurana®, (3) Sus'vuta (cikitsasthana,
adhyaya XXXI), (4) Carata (kalpasthana, adhyaya XII),
(5) Amarakos’a (II; v. 938-943), (6-7) Sridharacarya’s
Paiganite and 7visasi, (8) Gandtasarasangraha (1, v. 25-45),
(9) Ablidhanacintamani (I11. v. 547-549)° and (10) Parnpa-
kalas'a’s commentary on Dvyas'rayat

1 Yajriavalkyasmrti and Naradasmréi, too, may be consulted,

2 Padmapurdne may be also referred to.

8 «Positive sciences of the ancient Hindus” ( pp. 80-84 and 148) by
Dr. Brajendranath Seal may be consulted.

4 See Bombay Sanskrit and Prakrit Series No, LXIX (p.328) and’
No. LXXVI (pp. 381-386 etc,), These numbers represent- Parts T and II
respectively.
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Sanskrit words and their numerical significations

1
”“Bﬁ‘z (T & 2.3e%)

arfa‘a (w &r%®)
STy (. . f, art)
o (. 5. R am)
151 (Tﬁs.; T, 9.
Sty (W . ®. an)
g (M T )
ag (M W oA &)
wgles (W o f.an)
T=re (M oA )
srfersralt (. o f. )
wfargiRr (. . f. )
amﬁsr (. = ®. @)
afsr (. o fe. )
et (M oA )
syeree (@, @ §.)
wag (. oar )
wefiw (oA R
FrgaT (ar. . . )
_GY (. o . an)
*oreafiey (T AL & TRZR) 0
et (. o . ) g
*arfeer (M T oAL ARG 96) 2
eroreg (. on. . AT <

mﬁmwsx,u,cm

%y

mﬁxmoéégﬁﬁéys’

gy (arn)
FqAT (M)
T (. A, 1)
@awt(a?r T, )
RIIY (T 4w &)
sy (. . @ e )
ST (. . .)
wF (W Irr)
qaq (Ao R, )
aﬁ(m . &, 4. )
o (M R 9L g)
&)
&)
dﬁ'(m or. f5. A )
wge (o . )
A (W . . an )
ws (. L oEn &)
wrfda (A.)
arfaa (W . )
wriEe (. oA &)
Aty ()
g (Wr. . f. an)
wiy ()

1
st (LA )
arfy (. . fe. an)

A
NI U T

<

SO
- YU U I U s U AV

AP
AT e ned R

o

2

1 In this Appendix referred to in the introduction on p. XXIII, are given
words collected from various sources, the names of all of which, I regret, I cannot
mention now, as they have not been so mnoted. I have, however, tried to find
out words which oceur in Qolddhydya and in GanitasGrasarigraha, and then
in order to find out the remaining words I have referred to Bhdratiya pracina
lipimala. Side by side I have taken note of words found for the first time
in Qanitatilake and have marked them with an asterisk,

2 1. fy. stands for Ganitatilake and g, for ‘page’.

3 This is the abbreviation here used for Ganitasdrasa rnyraha.

.4 This is the abbreviation here used for Bharatiye pracina lipimala (p.120)

5 This stands for Goladhyaya.



ey (wr o f. )
T (W, koA )
erraT (oo R, ar )
e (W T & oarn )

g
g (. A . )
geg (M oA )
TFERST

EC R
Thega (. @ €.)
gy (W.oan g, )

gt (W o &, an)

*rg (MW oAn €5 TR g0ve) 8

g
Fagor (. @r. €. )
gar (A oo R A )
Foarg (T, o1, . @)
Sl (I AR AR A
gewta (W o &, an)
gEfa (wan €.)
gueg (wan €. )
T (W . fe. )
SRE

e
g (T oA &)
SR (. o R )

' <t

g (W . . o)

ar
arvrsrar

F
I (. an fo.a )
HT (M @ oan g, )
FURET
FHIuhe (@ oan €. )
HRI (T 9 )
FO (.o . )
FEA, (T )

2
1844
184

N8

Re
]

P U SN S S U

A
[S)

e (A o . )
e (. o R A )
et (.. fe. ar )
T (. 4 €. )
=i

FIr (7. 4 €9.)
T (. an fe. A )
ITILOT

e (W o . | )
e (9 Tn @, 4r.)
e (W 9. ©. |1 )
T (M)

F=r (w.oan . an)
FoT (W oA &)
Fgwa (W on @)
FHEgsa (7.4 9. )
Fa ()

i (W oo @, arn)
FeAt (wr o ®.an)
T (W o f.oarn )
Feg (W oA )

S (T E.)

=g (. o . arn)

B IEoICT d
FHTRT (. 4 €. )

ferter (wrom. f. A )

gy (. | &)

gHEE

O
FYURE S SV R S s

%]

I U N VR R TU " I B

POt
cwwno

A o o 0 28 S

q
(AL oA, TR g) o

g (., oan ) ’
i) ?
g (W oang. ) %
T
*qare (W AL s TR RR) o
ﬂ!ﬁ'(‘ﬁ,ﬂmﬁ) <
oty (.oEn E. ) 3
sty (.o f. A ), 38
R (w & €.) 9
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ot (A WA €. ) 3| =T
Iqar (. = . AL ) % | aw (. . m)
quT W AT (4. v.)
e 3| g (W @A)
IR (. o R A ) R | FERw (W TR T W)
g% % | ag (oo foan)
QEIFA &lag(nand.)
Y (. B AL R G 90) R | e (W Lo )
() ¢ g% (nad)
o (. o B A ) Q| & (. . R )
g (@ @ €. ) Q| qredss (T €. )
ATH Q| fafyr ()

T diddew (@@ 9.)
ser (W, @ arn ) & | gar (W f. )

- *TE (Rg. )
TR g3 | g7 (wr. o fe. )
TgE (T d.) 3 | B (W R ar)
*aeg (M oA s TR 9L 90) | vy (wr . ®. e )
FeEAY (7. . 4. ) ¢ | B (wr. o @)
*aTor (7. R g e ) 3 | Prswrg (. . ®. 41 )

5 gz (. o f. A )
e (. o fean ) © | B (s R )
o= o | Brody
Bz (@) | 5=

s g
SRE 2| geg (o R )
Wl'cﬁ'(m.m.ﬁf.m.) t-14 g&a;{(qm.q)
gt (o . an) R gdm (o ®. AL
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SELECT OPINIONS

Sylvain Levi: The Gaekwad’s Series is standing

at the head of the many collections now pub-
lished in India.

Asiatic Review, London: It is one of the best
series issued in the East as regards the get up of
the individual volumes as well as the able
editorship of the series and separate works.

Presidential Address, Patna Session of the Oriental
Conference: Work of the same class is being

done in Mysore, Travancore, Kashmir, Benares,
and elsewhere, but the organisation at Baroda
appears to lead.

Indian Art and Letters, London: The scientific

publications known as the ¢ Oriental Series’’
of the Maharaja Gaekwar are known to and
highly valued by scholars in all parts of the
world.

Journal of the Royal Asiatic Society, London:
Thanks to enlightened patronage and vigor-
ous management the ¢ Gaekwad’s Oriental
Series”’ is going from strength to strength.

Sir Jadunath Sarkar, Kt.: The valuable Indian

histories included in the ¢ Gaekwad’s Ori-
ental Series’ will stand as an enduring
monument to the enlightened liberality of
the Ruler of Baroda and the wisdom of his
advisers.

The Times Literary Supplement, London: These

studies are a valuable addition to Western
learning and reflect great credit on the
editor and His Highness.



GAEKWAD’S ORIENTAL SERIES

s Qo e

Critical editions of unprinted and original works of Oriental
Literature, edited by competent scholars, and published
at the Oriental Institute, Baroda

1. BOOKS PUBLISHED.

Rs. a.
1. Kavyvamimarhsd: a work on poetics, by Rajadekhara

(880-920 A.D.): edited by C D. Dalal and R. Ananta-
krishna Sastry, 1916. Relssued 1924, Third edition
revised and enlarged by Pandit K. S Ramaswami
Shastri of the Oriental Institute, Baroda, 1934 . 20

T'his book has been set as o text-book by several Universities including

Benares, Bombay, and Patna.
2. Naranardyaniananda: a poem on the Pauranic story of
Arjuna and Krsna’s rambles on Mount Girnar, by Vas-
tupala, Minister of King Viradhavala of Dholka, com-
posed between Samvat 1277 and 1287, ie., A.D. 122
and 1231 : edited by C. D. Dalal and R. Anantakrlshna
Sastry, 1916 .. Out of print.

3. Tarkasangraha: a WorL on Philosophy (refutation of
Vaidesika theory of atomic creation) by Anandajfiana
or Anandaglrl, the famous commentators on Sankara-
carya’s Bhasyas, who flourished in the latter half of
the 13th century: edited by T.M. Tripathi, 1917. Out of print.

4. Parthaparakrama: a drama describing Arjuna’s re-
covery of the cows of King Virata, by Prahladanadeva,
the founder of Palanpur and the younger brother of
the Paraméara king of Chandravati (a state in Marwar),
and a feudatory of the kings of Guzerat, who was a
Yuvarija in Samvat 1220 or A.D. 1164: edited by
C. D. Dalal, 1917 .. . . Out of print.

5 Rastraudhavarn$a: an historical poem (Mahakivya)
describing the history of the Bagulas of Mayfiragiri,
from Rastraudha, king of Kanauj and the originator
of the dynasty, to Narayana Shah of Mayuragiri, by
Rudra Kavi, composed in Saka 1518 or A.D. 1596:
edited by Pandit Embar Krishnamacharya with Intro-
duction by C. D. Dalal, 1917 .. .. Out of prind.

6. Linganuédsana: on Grammar, by Vamana, who lived
between the last quarter of the 8th century and the
first quarter of the 9th century edited by C. D.
Dalal, 1918 .. 0-8

7. Vasantavilasa: an historical poem (Mahakavya) de-
seribing the life of Vastupala and the history of



10.

11.

13.

14.

15.

16.

17.

18.

19.

Gameial, TV Bilachandrastri (fromw Moédheraka or
Wodhers in Kadi Prani. Baroda State), contemporary
ol Vasturdia. ﬂohq,osed after his death for his son in
Samvai 1208 (A D. 1240) : edited by €. D. Dalal, 1817

Riipakasatkam : six dramas by Vatsardja, minister of
Pavamardideva of xmhnje*"a., who lLived between the
Jnd half of the 12th and the Ist quarter of 13th cen-

serv e edited by €. D. Dalal. 1818 .o Out of prini.

TiohapariZjaya: an allegorical drama describing the
overcoming of Xing Moha (Temptation), or the conver-
sion of KumArapala, the Chalukva King of Guzerat,
to Jainism, bv Yasahpala, an officer of IKing Ajaya-
deva, son of Kumirapila, who reigned from A.D. 1229
to 1232 : edited by Muni Chaturvijayaji with Introduc-
tion and Appendices by . D. Dalal, 1918

Hammiramadamardana : a drama glorifying the two
brothers, Vastupala and Tejahpala, and their King Vira-
dhavala of Dholka, by Javasimhastri, pupil of Vira-
siiri, and an Acirva of the temple of Munisuvrata
at Broach. composed belween Samvat 1276 and 1286
or A.D. 1220 and 1239 : edited by C. D Dalal, 1920 .

Udayasundarikathi : a romance (Campi, in prose and
poetry) by Soddhala, a contemporary of and patronised
by the three brothers, Chchittardja, Nagarjuna, and
Mummunirdja, successive rulers of Konkan, composed
between A.D. 1026 and 1050 : edited by C. D. Dalal
and Pandit Embar Krishnamacharya, 1920

Mahéavidyavidambana : a work on Nyaya Ph110sophy,
by Bhatta Vadindra who hved about A.D. 1210 to
1274 : edited by M. R. Telang, 1920 ..

Priacinagurjarakavysangraha: a collection of old
Guzerati poems dating from 12th to 15th centuries
A.D.: edited by C. D. Dalal, 1920

Kumairapilapratibodha: a biographical work in
Prakrta, by Somaprabhacharya, composed in Samvat
1241 or A.D. 1195 : edited by Muni Jiavijayaji, 1920

Ganakarika : a work on Philosophy (Pasupata School),
by Bhasarvajfia who lived in the 2nd half of the 10th
century : edited by C. D. Dalal, 1921

Sangitamakaranda: a work on Music, by Narada
edited by M. R. Telang, 1920 .

Kavindracarya List: list of Sansknt works in the
collection of Kavindracarya, a Benares Pandit (1656
AD)): edited by R. Anantakrishna Shastry, with a
foreword by Dr. Ganganatha Jha, 1921 ..

Varahagrhyasiitra: Vedic ritual (domestic) of the
Yajurveda: edited by Dr. R. Shamasastry, 1920

Lekhapaddhati : a collection of models of state and pri-
vate documents, dating from 8th to 15th centuries A.D.:

Lo

—0

0-12

0-10



20

1925

Bhavisaya_tt/akahﬁ or Paficamikaha : a romance in
Apabhramsa language, by Dhanapila (circa 12th cen-
tury) : edited by C. D. Dalal and Dr. P. D. Gune, 1923

A Descriptive Catalogue of the Palm-leaf and Im-~
portant Paper MSS. in the Bhandars at Jessal-
mere, compiled by C. D. Dalal and edited by Pandit

edited by C. D. Dalal and G. K. Shrigondekar,

L. B Gandh, 1923

Parasuramakalpasiitra : a work on Tantra, with com-

mentary by Ramesvara: edited by A. Mahadeva
Sastry, B.A., 1923 .. ‘e

Nityotsava : a supplement to the ParasurBmalkalpasitra
by Umanandanatha : edited by A. Mahadeva Sastry,
B.A, 1923. Second revised edition by Swami Tirvik-
rama Tirtha, 1930 .. . ..

Tantrarahasya: a work on the Prabhikara School
of Pirvamimamsa, by Ramanujacarya : edited by Dr.

6-0

34

Out of print.

5-0

R. Shamasastry, 1923 .. . Out of print.

25, 32. Samarangana: a work on architecture, town-

planning, and engineering, by king Bhoja of Dhara
(11th century): edited by Mahamahopadhyaya T.
Ganapati Shastri, Ph.D. Illustrated. 2vols., 1924-1925

26, 41. Sadhanamild : a Buddhist Tantric text of rituals,

217.

28.

29.

dated 1165 A.D., consisting of 312 small works, com-
posed by distinguished writers: edited by Benoytosh
Bhattacharyya, M.A., Ph.D. Tlustrated. 2vols., 1925—
1928 .. .. .

A Descriptive Catalogue of MSS. in the Central
Library, Baroda: compiled by G. K. Shrigondekar,
M.A., and K. S. Ramaswami Shastri, with a Preface
by B. Bhattacharyya, Ph D., in 12 vols., vol. I (Veda,
Vedalaksana, and Upanisads), 1925 ..

Manasolldsa or Abhilagitarthacintdmani: an ency-
clopzdic work treating of one hundred different topics
commected with the Royal household and the Royal
court, by Somesvaradeva, 2 Chalukya king of the 12th
century : edited by G. K. Shnigondekar, M.A., 3 vols.,
vol. I, 1925 .. .. .. ..

Nalavildsa: a drama by Ramachandrasiri, pupil of
Hemachandrasiiri, describing the Pauranika story of
Nala and Damayanti: edited by G. K. Shrigondekar,

M.A., and L. B. Gandhi, 1926

30, 31. Tattvasangraha: a Buddhist philosophical work

of the Sth century, by Santaraksita, a Professor at
Nilanda with Pafjika (commentary) by his disciple
Kamaladila, also a Professor at Nalanda : edited by
Pandit Embar Krishnamacharya with a Foreword
by B. Bhattacharyya, M.A., Ph.D., 2 vols., 1926 ..

10-0

14-0

6-0

24-0



38, 5d. Mirat-l-Ahmadi: by Al Mahammad- Khan, the
lant Moghul Dewan of Gujarat: edited m the ongmal
Persian bv Syed Nawab Ali, M A., Professor of Persian,
Baroda Coﬂeve,Q vols. 1Husmm$ed 1926-1928

35. MaEnavagrhyasiitra: a Work on Vedic ritual (domestic)
of the Yajurveda with the Bhasya of Astivakra:
ecited with an introduction in Sanskrit by Pandit
Piamakrishna Harshaji Sastri, with a Preface by Prof.
B C Lele. 1926

3G, 68, Naryasastra : of Bharata w1th the commentarv of
Abhinavagupta of Kashmir - edited by M. Ramakrishna
Kavi,M A., 4 vols., vol. I, illustrated, 1926, vol. IT, 1934
Vol. I (out of print)

37. Apabhrarh$akdvyatrayi: consisting of three works,
the Carcari, Upadesarasiyana, and Kalasvaripakulaka,
by Jinadatta Sari (12th century) with commentaries:
edited with an elaborate introduction in Sanskrit by
L. B. Gandhi, 1927 .. .. .

38. Nyayaprave$a, Part I (Sanskrit Text): on Buddhist
Logic of Dinnaga, with commentaries of Haribhadra
Striand Pardvadeva: edited by Principal A. B. Dhruva,
M.A, LL.B . Pro-Vice-Chancellor, Hindu University.
Benares, 1930 .. .. .. .

39. Nyayapravesa, Part II (Tibetan Text): edited with
introduetion, notes, appendices, etc , by Pandit Vidhu-
sekhara Bhattacharyya, Prinecipal, Vidvabhavana, Vis-
vabharati, 1927 . .. .. .

140. Advayavajrasangraha: consisting of twenty short
works on Buddhist philosophy by Advayavajra, a Bud-
dhist savant belonging to the 1lth centurv A.D.,
edited by Mah&mahopadhyaya Dr. Haraprasad Sastn
M.A., C.I.E., Hon. D.Litt., 1927

42, 60. Kalpadrukosa standard work on Sanskmt Lex1co-
graphy, by Kesava : edited with an elaborate introduc-
tion by the late Pandit Ramavatara Sharma,
Sahityacharya, M A., of Patna and index by Pandit
Shrikant Sharma, 2 vols., vol. I (text), vol. II (index),

1928-1932 .

43. Mirat-i-Ahmadi Supplement by Ah Muhammad
Khan. Translated into English from the original
Persian by Mr. C. N. Seddon, I C.S. (retwred), and Prof.
Syed Nawab Ali, M.A. IIlustrated Corrected reissue,
1928

44. Two Vajrayana Works : compnsmor Pra]nopavavuus-
cayasiddhi of Anangavajra and Jianasiddhi of Indra-
bhiti—two important works belonging to the little
known Tantra school of Buddhism (8th century
AD.)): edited by B. Bhattacharyya, Ph.D., 1929

45. Bhavaprakasana: of Saradatanaya, a comprehensive
work on Dramaturgy and Rasa, belonging to
AD. 1175-1250; edited by His Holiness Yadugiri
Yatiraja Swami, Melkot, and K. 8. Ramaswami Sastri,
Oriental Instltnte Baroda 1929

S, a.

19-8

Cr't
S

11-0

4-0

4-0

1-8

14-0



+65,

48

49.

Ramacarita’: of Abhmanda, Court poet of Haravarsa
probably the same as Devapala of the Pala Dynasty of
Bengal (cir. 9th century A.D.): edited by K. S Rama-
swami Sastri, 1929 .. c..

Nafijardjayasobhiisana ; by Nrsimhakavi alias Abhi-
nava Kalidasa, a work on Sanskrit Poetics and relates
to the glorification of Nafijardja, son of Virabhipa of
Mysore: edited by Pandit E. Krishnamacharya, 1930

Nﬁgyadgrpana: on dramaturgy, by Ramacandra Sir
with his own commentary: edited by Pandit L. B.
&;‘ra.ndhi and G. K. Shrigondekar, M.A. 2 vols.,, vol. I,
929 .. ..

Pre-Dinnaga Buddhist Texts on Logic from
Chinese Sources : contaming the English translation
of Satdsastrg of Aryadeva, Tibetan text and English
translation of Vigraha-vydvartani of Nagarjuna and the
re-translation mto Sanskrit from Chinese of Upayahy-
daya and Tarkasdstra : edited by Prof. Giuseppe Tucel,
1930 .. ..

50 Mirat-i-Ahmadi Supplement : Persian text giving

54.

<
(91

an account of (Guzerat, by Al Muhammad Khan:
edited by Syed Nawab Ali, M.A., Principal, Bahaud-
din College, Junagadh, 1930 .. ..

Trisastisalakapurusacaritra: of Hemacandra, trans-
lated into English with copious notes by Dr. Helen
M. Johnson of Osceola, Missouri, U.S A. 4 vols., vol. I
(Adisvaracantra), illustrated, 1931; vol. 1T, 1937 (shorily)

Dandaviveka: a comprehensive Penal Code of the
ancient Hindus by Vardhaméana of the 15th century
A.D.: edited by Mahamahopadhyaya Kamala Krsna
Smrtitirtha, 1931 .. .. .. ..

Tathagataguhyaka or Guhyasamaja : the earliest and
the most authoritative work of the Tantra School of
the Buddhists (3rd century A.D.): edited by B Bhatta-
charyya, Ph.D.,1931 .. .. ..

Jayakhyasarhhitd : an authoritative Paficaratra work
of the 5th century A.D., highly respected by the South
Indian Vaisnavas: edited by Pandit E. Krishnama-
charyya of Vadtal, with one illustration m nime colours
and a Foreword by B. Bhattacharyya, Ph.D., 1931

Kavyalankarasirasamgraha: of Udbhata with the
commentary, probably the same as Udbha@avivek’a of
Rajanaka Tilaka (11th century A.D.): edited by K. S.
Ramaswami Sastri, 1931 .. .. ..

Parananda Siitra: an ancient Tantric work of the
Hindus m Sitra form giving details of many practices
and rites of a new School of Tantra: edited by Swam
Trivikrama Tirtha with a Foreword by B. Bhatta-
charyya, Ph.D., 1931 .. ..
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61.

62.

63.

64.

65.

66,

67.

71.

, 20 Ahsauw-vo~Tawarikh s history of the Safdwi Period of

Persian Hissory, 15th and 16th centumes, by Hasan-
i-Rumln: edited by C N. Seddom, I.C.S. (refired).
Beader m Persian and Marabhai, Universiby of Oxford.
2 vols. {Persian %ext and translation in English},
1932-34 .

Padminanda Mahakdvya: giving the life history of
Rsabhadeva, the first Tirthankara of the Jamnas. by
Amarachandra Kavi of the 13th century : edited by
H. R Napadia, M A, 1932

Sabdamtnasamanvaya: an interesting lexicon of the
Nanirtha class in Sanskrit compiled by the Maratha
King Sahaji of Tanjore: edited by Pandit Vitthala
Sastr’n Sanskrit Pathadila, Baroda, with a Foreword by
B. Bhatbacharyya Ph.D.. 1932 .

Saktisangama Tantra : 2 voluminous compendmm of
the Hindu Tantra comprising four books on Kali, Tara,
Sundari and Chhinnamastd: edited by B. Bhatta-
charyya, M.A., Ph.D., £ vols., vol. I, Kalikhanda, 1932

Prajhiaparamitas: commentaries on the Prajfidpara-
mitd, a DBuddhist philosophical work. edited by
Giuseppe Tucci, Member, Italian Academy, 2 vols.,
vol. I, 1932

Tarikh-i-Mubarakhshahi: an authentic and contem-
porary account of the kings of the Saiyvid Dvnasty of
Delhi: translated into English from original Persian by
Kamal Krishna Basu, M.A., Professor, T.N.J. College,
Bhagalpur, with a Foreword by Sir Jadunath %armn
Kt., 1932 .

Siddhantabindu : on Vedanta phﬂosophy, bv Ma,dhusu-
dana Sarasvati with commentary of Purusottama -
edited by P. C. Divanji, M A., LL.M., 1933

Istasiddhi: on Vedanta philosophy, by Vimuktitma,
disciple of Avyayvatma, with the author’s own comment-
ary : edited by M. Hiriyanna, M A., Retired Professor
of Sanskrit, Maharaja’s College, Mysore, 1933

70, 73. Shabara-Bhasya: on the Mimims3 Sitras of
Jaimini: Translated into English by Mahdmahopadh-
yaya Dr. Ganganath Jha, M.A., D.Latt., ete., Vice-
Chancellor, Umversmy of Allahabad in 3 vols. . 1933~
1936 ..

Sanskrit Texts from Bali: comprising a large num-
ber of Hindu and Buddhist ritualistic, religious and
other texts recovered from the islands of Java and Bali
with comparisons: edited by Professor Sylvam Lev1,
1933

Nardyana Sataka: a devotmnal poem of high hterary
merit by Vidyakara with the commentary of Pitdmbara :
edited by Pandit Shrikant Sharma, 1935 .. .
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Re;_a@harmh-Kaustubha: an elaborate Smrt1 work on
Rajadharma, R&janiti and the requrements of kings
hy Anantadeva : edited by the late Mahamahopadhyay ,
Kamala Krishna Smrtitirtha, 1935

Portuguese Vocables in Asiatic Languages: trans-
lated mto English from Portuguese by Prof. A. X.
Soares, M.A., LL.B., Baroda College, Baroda, 1936

Nayakaratna: a commentary on the Nyayaratnamald
of Parthasdrathi Misra by Raméanuja of the Prabhakara
School: edited by K. S. Ramaswami Sastr1 of the
Orental Institute, Baroda. 1937 .. .

A Descriptive Catalogue of MSS. in the Jain Bhan-
dars at Pattan : edited from the notes of the late Mr
C. D. Dalal, M.A , by L. B. Gandhi, 2 vols., vol I, 1937

Ganitatilaka: of Sripati with the commentary of
Simhatilaka, a non-Jain work on Arithmetic with

?Qimn commentary : edited by H. R. Kapadia, M.A..

II. BOOKS IN THE PRESS.

Natyasdstra : edited by M. Ramakrishna Kavi, 4 vols.,
vol. I11.

Mainasolldsa or Abhilasitarthacintamani, edited by G. K.
Shrigondekar, M.A., 3 vols., vol II.

Alamkaramahodadhi: a famous work on Sanskrit
Poetics composed by Narendraprabha Siri at the
request of Minister Vastupala in 1226 A.D.: edited by
Lalchandra B. Gandhi of the Oriental Institute, Baroda.

Siiktimuktavali: a well-known Sansknt work on
Anthology, of Jalhana, a conterporary of King Krsna
of the Northern Yadava Dynasty (A D. 1247): ecited
by Pandit E. Krishnamacharya, Sanskrit Pathasala,
Vadtal.

Dvadasaranayacakra: an ancient polemical treatise
giving a résumé of the dufferent philosophical systems
with a refutation of the same from the Jain stand-
point by Mallavad: Sum with a commentary by
Simhasuri Gani. edited by Muni Caturvijayaji.

Harhsa-vilasa: of Harhsa Bhiksu: forms an elaborate
defence of the various mystic practices and worship :
edited by Swami Trivikrama Tirtha.

Tattvasangraha: of Santaraksita with the commen-
tary of Kamalasila : translated into Enghsh by Maha-
mahopadhyaya Dr. Ganganath Jha

Krtyakalpataru: of Laksmidhara, minister of King
Govindachandra of Kanauj : edited by Principal K. V.
Rangaswami Aiyangar, Hindu University, Benares.
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9. Brhaspati Smrti, being a reconstructed text of the

LS

10.

11.

12,

now lost work of Brhaspati: edited by Principal K. V.
Rangaswami Aiyangar, Hindu University, Benares.

II1. BOOKS UNDER PREPARATION,

A Descriptive Catalogue of MSS. in the Oriental
Institate, Baroda : compiled by the Library staff, 12
vols., vol. II (Srauta, Dharma, and CGrhya Satras).

Prajfifparamitas: commentaries on the Prajfiapira-
mitd, a Buddhist philosophical work: edited by Prof.
Giuseppe Tucei, 2 vols., vol. IL

Saktisangama Tantra : comprising four books on Kali,
Tard, Sundari, and Chhinnamasti: edited by B.
Bhattacharyya, Ph.D., 4 vols., vols. II-1V.

Nityadarpana: introduction in Sanskrit giving an
account of the antiquity and usefulness of the In-
dian drama, the different theories on Rasa, and an ex-
amination of the problems raised by the text, by
L. B. Gandhi, 2 vols., vol. II.

Gurjararasavali: a collection of several old Gujarati
Rasas : edited by Messrs. B. K. Thakore, M. D. Desali,
and M. C. Modi.

Parasurima-Kalpasiitra : an important work on Tantra
with the commentary of R@mesvara: second revised
edition by Swami Trivikrama Tirtha.

Tarkabhasa : a work on Buddhist Logic, by Moksakara
Cupta of the Jagaddala monastery: edited with a
Sanskrit commentary by Pandit Embar Krishnama-
charya of Vadtal.

Madhavanala-Kamakandala : aromance in old Western
Rajasthani by Ganapati, a Kayastha from Amod:
edited by M. R. Majumdar, M.A., LL.B.

A Descriptive Catalogue of MSS. in the Oriental
Institute, Baroda : compiled by the Library staff, 12
vols., vol. IIT (Smrti MSS.).

An Alphabetical List of MSS. in the Oriental Insti-
tute, Baroda : compiled from the existing card cata-
logue by the Superintendent, Printed Section.

Nitikalpataru : the famous Niti work of Ksemendra :
edited by Sardar K. M. Panikkar, M.A., of Patiala.

Chhakkammuvaeso : an Apabhramsa work of the Jains

containing didactic religious teachings: edited by
L. B. Gandhi, Jain Pandit.



14.

16.

17.

18.

Sarniat Siddhanta: the well-known work on Astro-
nomy of Jagannatha Pandit: critically edited with
namerous diagrams by Pandit Kedar Nath, Rajjyotisi,
Jaipur.

Vimalaprabha : the famous commentary on the Kala-
cakra Tantra and the most important work of the
Kalacakra School of the Buddhists: edited with com-

parisons of the Tibetan and Chinese versions by Giuseppe
Tucei of the Italian Academy.

Nispannayogambara Tantra: describing a large
number of mandalas or magic circles and numerous
deities : edited by B. Bhattacharyya.

Basatin-i-Salatin: a contemporary account of the
Sultans of Bijapur: translated mnto English by M. A
Kagzi of the Baroda College and B. Bhattacharyya.

Madana Mahirnava : a Smrt1 work principally dealing
with the doctrine of Karmavipaka composed during
the reign of Méndhatd son of Madanapéla: edited by
Embar Krishnamacharya.

TrisastiSalakapurusacaritra : of Hemacandra: trans-

lated into English by Dr. Helen Johnson, 4 vols,
vols. IIT-IV.

For further particulars please communicate
with—
TEE DIRECTOR,
Orental Institute, Baroda.
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4.

THE GAEBKWAD’S STUDIES IN RELIGION AND

Nue Comparative Study of Religions: {Contents:
the sources and nabure of 1enrlous truth. II, super-
na,tumi beings, good and bad. Ti[ the soul, its nature,
origin, and destiny. IV, sin and saﬁeung, salvation
and redemption. V, religious practices. VI, the emo-
tional attitude and religious ideals]: by “Alban C.
- Widgery, M.A., 1922
Goods and Bads: being the substance of a series of
talks and discussions with H.H. the Maharaja Gaekwad
of Baroda. [Contents: introduction. I, physical values.
II, intellectual values. III, wsthetic values. IV,
moral value. V,religious value. VI, the good life, its
unity and att ammﬂnt] by Alban G. Wld«rery, M.A,
1920. (Library edition Rs. 5)

Immeortality and other Essays: lConuent-s: I, philos-
ophy and life. II, nnmortwht_v ITI, morality and
religion. IV, Jesus and modern culture. V, the
psychology of Christian motive. VI, free Catholicism
and non-Christian Religions. VII, Nietzsche and
Tolstoi on Morality and Religion. VIII, Sir Oliver
Lodge on science and religion. IX, the value of con-
fessions of faith. X, the idea of resurrection. XI,
religion and beauty. XII, religion and history.
XTIII, principles of reform in religion]: by Alban G.
VVldgery, M.A., 1919. (Cloth Rs. 3)

Confutation of Athelsm a translation of the Hadm i-
Halila or the tradition of the Myrobalan Fruit: trans-
lated by Vali Mohammad Chhanganbhal Momin, 1918 .

Conduct of Royal Servants bemg a collection of verses
from the Viramitrodaya with their translations in
English, Gujarati, and Marathi: by B. Bhattacharyya,
M.A., Ph.D. .



