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Abstract

The Pancavimsatika is a small arithmetical work written in twenty-five Sanskrit verses
before CE 1429. It is available in three manuscripts, one with Sambhunatha’s commen-
tary (between CE 1562 and 1730) and two with Sambhudasa’s (CE 1428,/29), both in Old
Gujarati. I edited here the Pancavimsatika with Sambhudasa’s commentary, Balabodha-
nkavrtti, based on those manuscripts. This is the first critical edition of a mathematical
work written in Old Gujaratt. The commentary is important for two reasons, among
others. First, since it contains far more numbers in Old-Gujarati numerals than can be
expected of literary works, it will contribute to the study of the Old-Gujarat1 language
with respect to the numerals. Second, it offers us important information on the multi-
plication methods in medieval India, about which we so far have only scanty knowledge.
The Paficavimsatika refers to nine methods of multiplication, two of which occur for
the first time in this work. The commentary briefly explains the working processes of
the nine methods by using illustrative examples. Based on those explanations, I have
reconstructed the details of each of the nine methods and, by comparing them with
the multiplication methods mentioned in other mathematical texts, clarified part of the

tangled history of multiplication methods in India.
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I Introduction

The anonymous Sanskrit arithmetical work of unknown date, Pancavimsatika
(“(Book) of Twenty-Five (Verses),” abbr. PV), is available in three manuscripts,
one each from Ahmedabad, Baroda, and Jaipur (see “Manuscripts” below). The
Ahmedabad manuscript contains a commentary written in Old Gujarati by a cer-
tain Sambhunatha some time between CE 1562 and 1730, while the Baroda and
Jaipur manuscripts contain another Old Gujarati commentary written by a certain
Sambhudasa in CE 1428/29 (see Hayashi 1991, 399).

The PV commented on by Sambhunatha is different in many points from the one
commented on by Sambhudasa. I have already studied the difference and tried to
reconstruct a common ancestor of the two versions by means of the Ahmedabad and
Baroda manuscripts (Hayashi 1991); the Jaipur manuscript was not available to me
at that time. I included in that study some information from the two commentaries
also but there remained obscure passages. Later, thanks to the late Professor David
Pingree, the Jaipur manuscript became available to me and it helped me to under-
stand those obscure passages. This made it possible for me to edit Sambhudasa’s
commentary here. For my understanding of the Old Gujarati, [ am indebted to the
pioneering studies of Baumann (1975), Bender (1951, 1992), and Dave (1935).

Sambhudasa’s commentary on the PV is called Balabodharikavrtti (abbr. BBA)
in the colophonic verse. The word anke used in mathematics usually means “a
digit” (numerical figure) and by extension “the number” designated by the digit.
Presumably, the word in the present title means the science (or art) of number,
i.e. arithmetic—cf. the compounds arnka-tantra in Sanskrit and amka-ganite in Hindi.
The title may therefore be translated as “A Commentary on the Arithmetic (entitled
PV) Awakening the Youth” or “An Introductory Commentary on the Arithmetic
(entitled PV).”

The PV is a small textbook of arithmetic and mensuration (patz) for begin-
ners. Written in the traditional style of patz books like Sridhara’s Trisatika (alias
Ganitasara, ca. CE 800), it deals with the “fundamental operations” (parikarmani)
and “procedures” (vyavaharah) for practical (or applied) mathematics, although it
omits some of the ordinary topics of pati books such as the cube root, the opera-
tions on fractions besides multiplication, and the procedures of mathematical series
(except the sum of the natural series which is treated as the first topic) and of
sawing.!

It is inferred from the wide circulation of the manuscripts that the Trisatika (in
about 180 verses) was used as a textbook of arithmetic and mensuration by beginners
all over the Indian subcontinent until, at least, the appearance of Bhaskara II’s

! For more information about the genre of Indian mathematics called pati, see Hayashi (2002,

2014).



SCIAMVS 18 The Balabodhankavrtti 3

Lilavatr (in about 270 verses) in CE 1150. After that it was gradually replaced by
the Lilavati, but that notwithstanding the Trisatika seems to have continued to be
used owing to its conciseness, as is suggested by the fact that more than one dozen
of its manuscripts have survived to this day. This signifies that concise textbooks
of mathematics for beginners were in demand even in the presence of the Lilavati.
The PV seems to have been one such book.

An anonymous Sanskrit arithmetical work without a title, whose contents are
closely connected with the BBA, is found in three manuscripts: Nos. 4660 (= O1) and
3211 (= O2) of the Oriental Institute, Baroda, and No. 9550 (= H1) of Hemacandra-
carya Jaina Jhana Mandira, Pattan. I have edited the latter with the provisional title
Parikarmacatustaya (“Quartet of Fundamental Operations,” abbr. PC) as it deals
with only the first four fundamental operations (Hayashi 2006a). It is remarkable
that Sambhudasa’s examples for the first four operations show a complete numerical
agreement with those of the PC, although his examples are given in Old-Gujaratt
prose while the examples of the PC in Sanskrit verse, and the things treated and the
weights and measures employed in the former are different from those of the latter.
See Tables 1 and 2 for the examples of multiplication and division, respectively. In
each table, column 1 shows the numerical content of each problem with citations of
their appearances in earlier texts, if any; columns 2 and 3 show the verse number and
the paragraph number, respectively, in which the problem appears in the relevant
text, along with the material context and the units of measure employed for it in
that problem.!

In all three manuscripts, the PC is immediately followed by the Natvasivam
(also called Natva-ganitasaram, Ganitasara-natvasivam, etc.), which is an anony-
mous Old-Gujarati commentary on the paribhasa section (weights and measures) of
the Trisatika. The manuscript O2 has no date but the manuscripts O1 and H1 are
dated respectively 30 April 1391 and 23 October 1600. This means that the PC
antedates the BBA by more than 37 years. It is therefore likely that Sambhudasa
borrowed the examples of the PC and adapted them to his environment.

In the first verse of the PV in Sambhudasa’s version the anonymous author de-
clares that he divides all the rules into five groups called sutra (“thread”). The
grouping is extremely unbalanced because the first four groups (verses 2-9) treat
the first four arithmetical operations and the fifth group (verses 10-26) the remaining
topics from the square to the noon-shadow lengths. See the Contents of the Bala-
bodhankavrtti below. As Sambhunatha’s version has no such grouping, the original
PV also seems not to have had such a grouping.

The PV prescribes four methods of multiplication in verses 4-8. Each method has
two or three varieties and eventually we have nine methods in total. It is noteworthy
that two of them, namely, the methods called go-matrika and tatstha-kostha-bheda

! For more details see Hayashi (2006a).
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Table 1: Examples for multiplication in the PC and the BBA.

Examples*! PC BBA

1. 1195-18 = 21528 22: gold pieces 8.5: silver
(dinaras) (gadiyana-dramma)

2. 865-32 = 27680 23: gold pieces 8.9: gold
(dinaras) (tola-tanka)

3. 196 - 35 = 6860 24: gold pieces 8.10: madder
(dinaras) (mana-tarnka)

4. 4865 -36 = 175140 25: gold pieces 8.11: ivory
(dinaras) (mana-tarnka)

5. 38327 - 81 = 3104487 26-27: cows 8.12: sugar

6. 152207-73 =11111111
(GSS 2.15)
7. 176764 = 113088

8. 3707 - 188 = 696164

9. 1859308 = 572572

10. 33333366666 - 33 =
11000011000011

(GSS 2.11)
11. 142857143 -7 =

1000000001 (GSS 2.13)

28: numerical

29: anuduha
(num.-purana)
30-31: beans
(vaha-purana)
32-33: flax
(vaha-purana)
34: numerical

35: numerical

(mana-dramma)
8.16: numerical

8.13: sandal wood
(mana-tanka)
8.14: achi
(mana-dramma)
8.15: threads
(mana-tanka)
8.17: numerical

8.18: numerical

*1 This order of examples is according to the MS O1 of the PC. In the MSS
02 and H1, No. 6 is placed between Nos. 9 and 10 as in the BBA.

occur for the first time in this work.

Sambhudasa supplies eleven examples for multiplication, presumably from the PC
(see Table 1), together with his own answers. For the first example, he also shows
how to work with each of the nine methods (BBA 8.5-8). His explanation is very
brief but he has left with us the arrangements of numerical figures at several crucial
steps of each working process. From them we can reconstruct the whole procedure
of each method. See the Notes for BBA 8.5-8 in the Annotated Translation. For
the correspondence between the names given to the various multiplication methods
in mathematical works and for my brief remarks on their history, see the Note for
PV 4.

The BBA contains a number of Old-Gujarati numerals. See Index 3. This is quite
natural as a mathematical text but is exceptional in the Old-Gujarati literature. This
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Table 2: Examples for division in the PC and the BBA.

Examples*! PC BBA
1. 488 +4 =122 39: dinaras/servant 9.3: drammas/part
2. 327+3=109 40: dinaras/servant 9.4: drammas/part
3. 4096 + 16 = 256 41: dinaras/man 9.5: drammas/part
4. 30276 < 87 = 348 42: dinaras/man 9.7: drammas/part
5. 11664 + 108 = 108  43: dinaras/servant 9.6: drammas/part
6. 156025 =395 =395 44: dinaras/man 9.8: drammas/part
7. 1466521 + 1211 45: dinaras/man 9.9: drammas/part
= 1211
8. 193454600 = 1808 46: puranas/man 9.10: drammas/part
= 10700
9. 10000003 = 13 51*2: panas/man 9.11: drammas/part
= 769231

10. 100001 + 11 = 9091  54*2: oil/brahmana 9.12: drammas/part
(masa per brahmana)

*! This order of examples is according to the MS O1 of the PC. In the MSS

02 and H1, No. 4 is placed between Nos. 5 and 6 as in the BBA.

*2 These two examples are preserved only in the MS O2. The MS O1 has eight

exs. (39-46), H1 two more exs. (49-50), and O2 eight further exs. (51-58).

commentary will no doubt contribute to the study of the Old-Gujaratt numerals.
The Language of the Commentary

Sambhudasa writes his commentary on the first verse (PV 1) both in Sanskrit (BBA
1.1) and in Old Gujarat1i (BBA 1.2): they are almost parallel. Most of the other parts
of the commentary are written in Old Gujarati. But the language is characterized
by a number of Sanskrit loan words for mathematical terms.

The language of the first (introductory) and the last (concluding) paragraphs
of the commentary on each verse is grammatically close to Sanskrit but, from the
viewpoint of regular Sanskrit, they contain irregular sandhis, grammatical anomalies
(such as disagreement of gender), and even Old Gujarati words. The language of
these paragraphs is therefore Sanskrit blended with Old Gujarati.

Manuscripts
Manuscript A

LD Institute, Ahmedabad, No. 5325. Title: Ganitasara. Author: unknown. Lan-
guage: Sanskrit. Script: Devanagari. Extent: complete. Fols. 1-5. 17 lines to a
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page. About 55 to 60 aksaras to a line. Material: paper. With a commentary. Title:
Ganitasara. Author: Sambhunatha. Language: Old Gujarati.

Manuscript B

Oriental Institute, Baroda, No. 5283. Title: Pancavimsatika. Author: unknown.
Date: unknown. Language: Sanskrit. Script: Devanagari (with prstha-matra e).
Extent: Complete. Fols. 1b-5a (8 pages). 17 lines to a page. About 55 to 60
aksaras to a line. Material: paper. With a commentary. Title: Balabodharnkavrtti.
Author: Sambhudasa. Language: Old Gujarati, which is slightly different from
that of Sambhunatha. Date: Sam 1485 (= CE 1428/29). Place of composition:
Ahmedabad.

Manuscript J

Rajasthan Oriental Research Institute, Jaipur, No. 8039. Title: Pancavimsatika.
Author: unknown. Date: unknown. Language: Sanskrit. Script: Devanagar’.
Extent: Incomplete. Extant fols.: la—1b and 3a—6b. Several lines of the last part
of the work must have been on the lost fol. 7. 15 lines to a page. About 52 to
58 aksaras to a line. Material: paper. With the commentary of Sambhudasa. No
information about the commentary or the scribe is preserved.

Editorial Principles

The present edition is primarily based on the manuscript B, which is complete, and
is collated with the manuscript J, which is incomplete. The verses of the PV are
also collated with the manuscript A. The PV verses in these manuscripts contain a
number of irregularities, from the viewpoint of the regular classical Sanskrit, with
respect to the phonetics and orthography but I refrained from normalizing them in
this edition unless they have affected the grammar, the meter, or the meaning as 1
am not familiar with the state of the Sanskrit language in the time of the anonymous
author of the PV.

Editorial Conventions

The verse numbers are those given in the manuscripts B and J. When the first and
the second lines (i.e., halves) of verse n are separately commented on by Sambhudésa,
I supply the line numbers as n_1 and n_2. When I divide the commentary on verse n
(designated PV n) into paragraphs, I assign them sequential numbers, BBA n.0 (for
introductory phrase), BBA n.1, BBA n.2, etc. In the edited text, I put them at the
end of each paragraph, in roman script with a pair of angular brackets: (n.0), (n.1),
(n.2), etc. T also assign sequential numbers to the five quoted supplementary rules
(S1, S2, etc.) and to the thirty-two figures (Figure 1, Figure 2, etc.), both within a
pair of angular brackets in the text. I add a pair of quotes to indicate the passages
quoted by the commentator from the PV verses.
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Notation
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In the apparatus:

x Mj ] y Ma: x in My, which is accepted in this edition, reads y in M.

x M; | @ Ma: x in My is omitted in Ms.

x My | y Ma(cor.): For x in My, My first writes down y but corrects it to x.
x ] y1 M1 y2 Ma: My and My read y; and ys resp. but I propose to read x.

In the Translation:

Sambhudasa sometimes explains or paraphrases the word(s) (a) in the verse by
using other word(s) (b). In my translation, I express this by a pair of long hyphens
as “A’-B-” where A and B are translations respectively of a and b. If b is simply

a synonym of a, I express it as ““A’ (a: b).”

A pair of angular brackets, ( ), indicates the word(s) added to the translation
to complete the syntax of the sentence; a pair of parentheses, (), encloses either the
original Sanskrit word(s) or my explanation of the immediately preceding word(s).

Abbreviations of Titles

GK
GT
GM
GL
GSK
GSS
Tr
PG
PC
PV
BG
BBA
BSS
L
SGT

Ganita-kaumudi of Narayana

Ganita-tilaka of Sripati

Ganita-manjary of Ganesa

Ganesa’s commentary on the L

Ganita-sara-kaumudr of Thakkura Pheru (GS in Hayashi 1991)
Ganita-sara-samgraha of Mahavira

Trisatika of Sridhara

Pati-ganita of Sridhara

Parikarma-catustaya, anonymous

Pancavimsatika, anonymous

Bija-ganita of Bhaskara

Bala-bodha-arnka-vrtti, Sambhudasa’s commentary on the PV
Brahma-sphuta-siddhanta of Brahmagupta

Lilavaty of Bhaskara

Simhatilaka’s commentary on the GT

See bibliographical works, such as Hayashi (2000), for editions of these texts
except GM, GSK, PC, and BG, for which see respectively Hayashi (2013a), SaKHYa
(2009), Hayashi (2006a), and Hayashi (2009) in the References of this paper.
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Contents of the Balabodhankavrtti

Benediction

Sutra 1: Addition
Supplementary rule for the number of terms

Sttra 2: Subtraction

Sutra 3: Multiplication
Kapatasandhi
Gomautrika
Tatstha
Khanda
Supplementary rule for zero and unity

Sutra 4: Division
Supplementary rule for no-division case

Sutra 5: Various topics
Square
Cube
Square root
Multiplication of fractions
Three-quantity operation
Inverse three-quantity operation
Investment
Measurement of gold
Measurement of fields and clothes (rectangle etc.)
Supplementary rule for the circumference of a circle
Measurement of excavations, timbers, stones, storehouses, and
stacks (of bricks)
Supplementary rule for the mean length
Measurement of circular timbers, stones, pillars, and wells
Measurement of spheres
Measurement of the heaped-up grains
Measurement of shadows
Measurement of daylight
Measurement of the noon (shadow lengths in) feet

Colophon of the commentary

SCIAMVS 18

PV verses
1

2
S1 (in 2.10)

10-1
102
11-12
13
141
142
15

16
17-20

S4 (in 18.2.2)

21
S5 (in 21.4)
22

231

232

24

25

26

(27)



SCIAMVS 18 The Balabodhankavrtti 9

II Text of the Balabodhankavrtt: with Pancavimsatika

VVeIr T | sureTE aHERTe: 2 (1.0) B1b

Jla

HETST JUHETRET aTATT ITgd8d 1
TSR Fed gatqertaaTtaET i g It

S3E ATET 9 HETST FTEas YT FTATT Jreged TagA AT gafqorfas
TET10 (1.1) § =fe qhae] AgTed a9 YUHT THehil T8 a7ef AF A1 ghg
r gfg 95 o g &9 afudgare =9 =T e’ (1.2)

TH HataagT 18 (2.0)

FRTTISHTATG, AT TR0 T 1

TEAUTI @G ARTaTaas et |l 2 110

T g&faa fag 9f il syt dwrerdeETaTs PV 22 112 C&E | qEEE
THATET Farg |1° ATIIEETd’ | T58F O oATe Iiedr ug f4e g 11 cerg 119

ST A B0 J.
e B A .
Sgga A | gFF B(cor.), IHgT J(cor.).
i B | e A
50 B ] =ATEATI J.
Sgafeat | g =T BJ; fawfast B | fawrat J.
& wrfe afge B | § AR 9fgd J; THERT 9% B | THERES T8 J; AT (Ist) B 0 J; wi=giy
B | =9 J; T94ET a7 B | T94H A J.
ST B | W J; Ehfeid B | Eafed J.
9TUT TR T BJ | WaRdor dq A(better).
1973F B | @7 J(hereafter also); Ta@T BJ | AT A(better); T BJ | @&: A;2 BJ ]9 A.
e | fag B, g U
12] repeats THIT; & B § J.
Bygys B | v J; g@fga J | afg B.
Y“q=g3 B | 785 J(hereafter also); 43 B | § J; Uit B | uiras J(hereafter also).
Porg J ] gl B.
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T=gE O 9% gl &iwe | gHfaa g’ (2.1)

Sfgeraaf |t CTUT TR TPV 2b] | ‘TUT’ FAT AT T TR T 000 forst
faTare #4% 15 dafera g2 (2.2)

ST |7 TEEUTIgETE [PV 2 11 TEEd | THIT T I #0510 AT -
& 10 7T ATITEg® AeE 1 g | TNEE 9% AG AhIorg | G gL
(2.3)

Rgqyafe |13 Farargas e (PV 2d) | HF 1M wEIT usdlgd #org |
AT\ ISR AT HE A [N 110 csrge 1\ =g F W fag oAy
9T 9T F g w18 HeRfa g=atd (2.4)

3T 120 g AT gdidd T91ET g0 | YWY 12 T | TEUL 90 HF URATRT
ST 99 122 ‘ATITE’ 90 CHTA I[UIT 990 | ‘TG’ ¥ Il (2.5)

lq=gz | 79T B(cor.); 34T B | 315 J.

2§_{ B ] 9% J(hereafter also).

3p B err ).

‘qfr B | w=e J.

Sﬂ'B]WJ;W}WB,WJ(mostIy hereafter also);WB]WJ;WB]WJ;W
B | #49% J(hereafter also).

SpB =T

vfr B ] & J.

‘EBIEJ.

9% B | W J(hereafter also); T B | T J.

1951mer J | 31&T B(cor.).

Usreg B | 319 J.

20 B]errJ.

3qft B | y&t¥ J.

Ug® B | 8 J.

15yTer B | 3ITeT 319, J.

oeqrer B | =mer J; ferdis B | f¥i=s J(hereafter also).

gy | 39T B, a9 J.

18;3'\- B] :\l- J;

YET B E9T J.

203gTe B | TEETEO J.

79 B | aW J; afdd B | G&ATR{AT J(cor.); IT B | T+ J.

2qg J | T B; |@fgad B | dfgd J; Ita B | A1 J.
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fgerr 1! w=raT 90 | ‘TR 12 U fyer g oor favar #V S 8 A
vy 1t (2.6)

JHT1° TEI 90 | T FA ATT 900 15 ATTIT 90 T FATT 990 17 g v 118
(2.7)

TEIIT 10 TR g0 | HF AT 99 110 ATIIT 90 3G ¥ IJOT F0aq 2¥ W (2.8)

e I gafad T 95 T/ET 20 1290 |12 & AT G6fdq ATC 95 TS 30 |
¢y |13 FTA AT Hadfdd ATe 5 4T ¢o | oo |1 99719 AT H&fdq a1¢ 9%
TEENIC Yo | 920y 115 HTfe AT GRfd (@TT & ATET g0 | 9530 |16 fafafc T
HaloTd gard g5 T=ATElr 9o | ¢cy |17 €T AT g&feiq 919 95 HTAET co |
33¢0 |8 I AT Hafdd SATAT G5 T4 ¥ 20| vooy |19 § I q&fora I=TE
TETET goo | Yo¥o 120 (2.9)

Hahfeaq |

g B | =y v J.

T B(kta after eko canceled) | 0 J.

P&l B | w&r J; 89 B | &9 J; ST0r B | €19 J; AT B | aTAS J.
45t B | ST J.

STATT B | 3T IS J.

SStTa B | 5ar J.

"SITe B | ST J.

Syy By gfa J.

@ J | 9% B(cor.); 7T B | w&TT J.

10571 B | ST J.

Varg B o1g J; T B | &9 J.

Legge B sReT J.

13 Two illegible aksaras between pam and sathi, J.

Y About 10 aksaras after samkalita canceled, J; 5 B ] % 5 J.
"9 B | ®% J; T¥gAY B | v=AT .

bgrfe B |ATe J; 95 B9 J; TET B |9 J; 8 B 0 J.
fafafr B | wafy J; 999 B | 939w J; 95 B | 95 J.

18=TetiaT B | =R J.

Yz B A9 J; AT B AT J; 9= B | 9= J.
g B ®EI J; 99T =9rEAT B 0 J.

B2a

J1b
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qaRfAd g adr =g It (S1)

Hehferd FeT 9% (A7 FET qUH &ATSi1g 12 g 997 €7 g5 | J U T &rs °
g ATIE | (2.10)
gfa gefaa qaTT N (2.11)

[N ~

fgciar saaa@fctags 1° (3.0)

HRfAATCTALHATC AT Teh g7 wa |0
aq 9 SFIHfAd wtgd A Tz’

Hhidd I I §4 dg g d& IST aral ders 1?99 7giF =T
FaatAad #as? (3.1)
3are |10 sqHaia PraT & a9 1 =T 9919 i 99i7 39 93 g

AT HRfed a¥g FET AT O fhA 5=t e )12

YoYo Fl‘ goo YoYo Fl' goo YoYo Fl' goo Yoo Fl' goo YoYo Fl‘ goo
WY ST 90 || 390 T o | ¥EY T 30 || Ge T o | 994 T Yo
€eRY FTHT || ¢Teo I | ¢dcY FTHRT || ¢330 FTHT || 390y qTHT

'gefaa B | @&fad J; G@dHT | 9 87 B(4a of lum canceled), FAEH J; T=g: | T=g BJ. The
same content is found also in verse 3cd of A but its verbal expression is different.

72 B 0 J; fawr B | faw J; #97 B | #rerg J; oS B | &g J.

‘gBaI .

et J | HHFT B,

fgda B | ey g J; sHgsfea J | sAatead B.

Sqreasr B | @rera A; AT J | IETT B, §FAE A; =0T B | &7 J, Fe@mT A; 49q BA | 83 J.

T 99 B | TG JA; g0 BA | gA0T: J;3 BJ R AL

ST BT J; 3% B a3 J; @ex B | @eras J(hereafter also).

TET B | HYEY J; FT&Ad B | A&RTAT J; 85 J | #fes B.

103gTe B 3° J.

Yy BlEa J;&rB|yar ;a9 Blaw ;a9 B Me ;g ar B |9 AT J.

12B places this table, which consists of 5 cells x 2, at the top of fol.2b; J places it between tatha

and khamda in the 4th pada of verse 4. & B(all) | T J; & 30 J(in the 3rd cell) | T 30 B.
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YoYo Fl' 900
930 F Go
3230 ATEHT

Yoo Fl' 900
RETY o \90
RUEY TTHT

YoYo Fl' 900
3R¢o0 & ro
9T90 ATET

Yoo Fl' 900
oY A o
R4y TR

YoYo Fl‘ 900
qo4 o 3T 900
0000 Q‘lﬂ'ﬁ'

Tadl T &I9e quT av99e |1 395 oo Afq e aar @es i’ (3.2)
gfq saafaa aTaI® (3.3)

e T geT=a= 14 (4.0)

e waTeafas qur e fgur e
TEIT fgeT I AreheayT TSteyr & | ¢ )1°

FATY 2T 07 (5.0)

B2b

TR T ol [T 18
HATATHATTATHRAT FITEred fgem waa i v n®

Freaty fag afv 110 que srgerEia: |1 AgEETa ye@ee 9T f9Te-
qfa=fa gfv goor 7EE 112 7=gx goF A9 S y=9Iw ot #6015 118w SA1as
(5.1)

'TaAT B AT ;T B0 J; a9 B 0 J.

3<% B | o19% J; UOr B | g9 J; 9978 B | 9IS J.

‘eadfad B | SHTHfAd J.

g B ] 3y g J.

SfgaT (1st) BA | f&ar J; uda® after tatha canceled, B.

SqEAT (for tatstho) A | @It BJ; YSfemdT B | @efafy J, @sferar A; &a: BJ | Ad: A; ¢ BJ |
g A.

Tgfe: J ]| B.

Sy BJ | SHIIT A; g0 ge4= J | §of g B, Jof JtedT A.

% BJ]% (2nd) A.

ey B | fafr J; fag B ] fag 0.

Yirya after prathamam canceled, B.

Yrfa B wfa J; w=r B | w=r J; |19 J | @09 B; ®wfHF B | 8% J; gfv | =1fq B, =1fq J; 41815 B |
ATEMET J. For the emendation of amti see dhuri in 6.1.

393 B 19 J; %" B | A% J; Als B | Aerigs J.
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e T faemmerfa 12 fadrfa seas St @qreatasnas afa 909
q7S1% 1° T=9% Io0 43 wfF g=99e it #0151 e AmEs 1 (5.2)

I WS (6.0)

THTEHT FE=od [Udea?d #: P
HATATHGATHARAT AT 59T waa il & 1

22 VTt fag 9t s srgemefa | sgenta yeme 7Y fe s gft
PR e AT | TegE A TTUE oS AT S aeT St T o Se | e
AT (6.1)
T fgerar faeerfa: 18 faamta yew &fe swq sifa goor arsis | v=ag
TYE FAIT IO AeATS | A ATI5 1 (6.2)

I eI 1l (7.0)

THFUIATETI: Srar frere 1
wETHE: I Treaerst fgfaa: sga:invnlf

aey fag af T | e siafe y=aT S9f7 o q1vE 718 | A9 970 U
TH 3Td o5 T@Ig Tuis 11 3T Jefis | /e Aras 02 (7.1)
TIT g ®ET: | FEMHTE &er A 0% | 7998 q79E qrsiE | 998

'Before tathd B has a canceled passage: @9T fgaar faetafa | 799= F9T | 30 Tﬁ"ﬂ\ﬁﬂl
Irfa B | wfa: J.

S&qTe B | #19TE J; A% B | F\E J; ifd g ATSs B 0 J.

‘=gz goor fa9 JfE B | 0 J; #efg B | I3 (sic) J.

Ao JA | o B; Y J | 1 H T B, @& A; e B | ad: A.

Seame BA | g5 J(cor.); & BJ ]9 A.

"Fol. 2 of J is missing.

Sirfer: | fa: B(with ga in margin).

93T A | ST B(cor.); frarar A | frare: B.

FTeTIE: | LT B, T80T A; a=aTsiT | a=itsfr B, a=nfT A; fa: | faer: B(cor.), faum A;

a: BJ I A;9 Bt Al
llaé-} ﬁg—B
®e | & B(cor.).
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ToIT8 AN (@915 |1 3795 o9 & U& A o T&@9= ([G3 U &ler Aty
fsis | o17g J1 | e ATas 0 (7.2)

I TSI (8.0)

Haq TN BTN HfTgad |2
Hfaq gETraar v vt 7 f&Hfaw: sgaac e’

veue fag afv | sue T | w9t gerve fmr ST squiT &4
g9 a3 Uit oEe s 1 e w{Tas | A goudE 9T & g9ae 693
TiE | T a8 S & ATEs (8.1)

fgdter: 2Tt | =TT T99T UF S ud qedie ®T6 J949T7 S
T 99 o 0T SIS | © A1Es | a9 geads smEtannT &4 g1ue 49
TS 1 a7 T wer AEs1® (8.2)

T &rtasr wmr: | gerfafs Vo wrhit seree fgamT squnT s 1® A B3
qeaqe [A g9 I 00 | fi A195 | G goaae qnT &4 99 A9 s |7
T a8 [F & M1as | Uaer g gedw A9 97l (8.3)

TG |

= Tfora g sy e 18

T R W oA (S2)

T 7 (63 e = i g9 99T go99 A7 9 TE@9E AN SdqAT 5%

1319 | *17s B(cor.); 95 | &< B(cor.).

*HET €T B | HfEgT A;

*ofaq 19T B | ST=EHT A; YT | ¥&ST B(cor.), @st A; B | fg Aje B2 A
fqafir | FnaTfiT B; g9 | 979eT B(cor.).

g i | agefar B(cor.).

ogrrtafe | £rfef= B.

"famy ger | e A B,

Sipfore B ] 70 A(cor.); SFAHI B | AT AL

YqTdHT | TeddT B, T5saT A; Waed B | Wa=T A; 9 A | 99 B(cor.). In A, this verse

is numbered as 10.
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aaer favie | oE uF F e qae 571 57 qurRTE g (8.4)
TIHTET II(EAW L FAT TEATOT TR FEE TH § B | Ad FHAT 9o

e | f& &t wafa| = & et |26 2
9 2 % &
T €T PR R ROR S ger g 9Y3c | TUT &Tery faedmfa:
2 % %
9 ¢
ooty er |1 Y R RS ey g | seyse [0
2% % % R
T R
(8.5)
I MHEART ATATHI A I N A - 1 o B U e
? T
2 2 9 ©v g T FHEAT: | 39¥zc 0 d@uT  MHfAwr  faereTd
9 9 ¢
'3TTEOr | ITTO B(with ha in margin).
2
3 B.
4
2 2 R & T
5 T 9 ¥ B, which places this box between tatha gomutri and ka two lines below.

S

5B places this box between gomatrika and anulomagati in the next sentence.

N N
9 X

B, which places this box between tatha gomutri and ka in the next line.

® | 2evzv |B.
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2 % R |l g oA U T OET (229 ¢ T2 Hey gEAT:

7

? T A\ T =
9uze It (8.6)
R ML ICEE S 5 Tha[or TG 6
22 &
PN R R et T | qevze | | AT dRr e
T Tt R
9 ¥
? ? ? %
?
<
(Figure 1)8
T €9 |
? ? 2 %
9 ¥
< < R <
(Figure 2)°
oo R
X 3

30 B.

sgrireT | ST B,

°B puts “18” above “119” and places this box between dramma and the box for 21528 in the
next line.

Srporr | 7 B(with pa in margin); 1T | €7 =79 B.

12 2 % &%

B.
T T\

80f this diagram, B has only the upper digits “1196” here and places the rest, together with

“1” and “8,” between la and bdham after niyojane following the next diagram.

9B repeats the same diagram in a slightly larger size in the bottom margin.
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ST & 9T | 394c | I (8.7)

I VT EwIfaWTT fguT | FATeHfaaT I U end: wmYL | 2°09R¢ |2

9095 ¢
Bda @oF FHEAT |39uzc [0 fgdr goenmm) wws o VO w7 | 200RY 4
90\95 ¢

e TEAT | 2943C |° 6 quT Y= BT |

22%%
22°%%
22%%
22°%%
22°%%
22°%%
22°%%
22°%
22°%%

?
?
?
?
?
?
?
?
?

2225
22°%
22°%
22°%
22°%
22°%
29°%
29°%
22%%

?
?
?
?
?
?
?
?
?

THEIITEEAT S | &T

7 FATeHIaq 99T 0

o
o [+}
o o [+]
[ U S - 2 RV
N N N N
TC 3 0§ 5§ WP ST FHAT | 3943c | TUT V€ BN MTT: | A
o
s

1T | 79T B(with ne in margin); 3T | 37T B(ne canceled).
*0 B.

%) B.

4B places this box between mma and tatha.

5B places this box between dra and mma.

6 o . s . «
S w w w w w « w w | B, which places this two-column table in the “ka-
o o o o o o o o o
N N N N N N N N N
N N N N N N N N N
w w w’ w w w w w’
o o o o o o o’ o’
N N N N N N N N
o N N N N N N N N
N N N N N N N [~ % N

patasamdhivat” immediately after the next table, that is, the left (lower) column between pa and
ta and the right (upper) column between sam and dhi. (Here and hereafter, I rotated the tall boxes

through 90 degrees for saving space.)

7 B, which puts this box below kapa of kapatasamdhivat
w

gooo

1S

o

that follows.

goo

o
& £ o &
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I Fqredfaad W= TeHT ®e e §HT | 94e |2 18

LRI
3R

w
n o

wor Tfq FamT IquiT & uits | § 98§ v ATET 1 I g9 ITE I AT
Tdr FaAT It (8.8)

fgda=Te | 87 qIET ATe |3 IT9ie | Ifq €& T | =qT9: | o&Y 0 33 1°
o & %50 |l (8.9)

AT | A6 AT U&h g J7 | Tfq &1 qEE: | =0 | 92§ T 3y |6
eI T &ugell (8.10)

Fqutere | T JqU AT GY §F ATe g% THie |7 qfd T 3% sz 18
TH: | ¢ngY TUT 3% |0 oo &l T Qw4 el (8.11)

TaHrETe 110 wTE A e agw i /g "qardre (U wfa g e 12

ITH: | 3639 0T &9 |13 o FHAT 3909 ¢n9 It (8.12)

8
° > B.
o o 0
o o Nt
I I w o
N N N N

B places this box between e and nam in the next line.
2B places this box below the preceding dramma.
Sqfuaa | dfaaa B(cor.); T&AT | T&THE B(cor.).
‘oo | 99 B; 3T | 3210 B(ha in margin and nara cor. by 17 and “2” placed respectively
over ra and na).
cey | ©g B.
SquIT 3w 1 ] TOITN 3w B.
"grafe B | wrEfg J.
S=gAte B | g9 J.
“TUIT B | O .
10T B | T J.
Ufxfor | f&f=for B(cor.), forvg J; garde B | a=mata J.
V22 1T B | W J; TETET B | U J.
13370rT B ] IUIT: J.
YgEaT B | AT J; 3200 ¥nys J ] 330 ¢Tys B

J3a



B4b
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YEraTe |1 g&fs AU UTH dEd qd 95 qq4qie 2 wiq & g49fe ¥ =t
9\9&\9 T[UIT &¢ |5 To T 993005 16 (8.13)

TaHETe |7 AT A0 o qEe qra @5 e @ ufd g6 uF g oA |
T | 31903 T[T 9o 110 o FHAT: §2898¢ 1111 (8.14)

HEAET 12 989 AT UF G5 A6 75 JnwAts |\ gfq ¥ ar & a5
FEITL |4 =T | 9oy, T[T 30g | ST THT Y9W9R 1l (8.15)

TaHmETe |1 U AT qra gud 7 g qure qur g 10 =me 1 9uzes
TUIT \93 | AT THTATAET 22999292 117 (8.16)

gyrmETe |1 &5for v a3 ord a0 &t S A S9ie 989 <%
fr gadafe um T&E 1Y =TE: | 33333368868\ TUT 33| Ao HETMIUET
99000099000099 1120 (8.17)

THTEIHETETe 21 FiE IS AeEE ATY 99799 985 TH g JIATATe 0T

'y¥reTe BT J.

*g@fs B g#s J; 9% B | 9% J; 9a«9fe B | @adig J.

*ggfe B | I39fg J.

‘= B | =T .

IO &¢ B ] IUIT: &Y J.

SFeT B | o= J.

THEHIRT® B | GEHIETEY J.

8fFfor B | ffog J; @89 B | @8 J(hereafter also); =T B | fasme J.

‘g T B & J; g B AL

103903 B ] 3003 J.

VEEAT: B ] §EAT J; €295 ¢ | §289¢ B, §2%¢ .

23rsHTETe B | AEATRTELW J.

YoegT B | 729T J; 9% B | 9% J; IUHS B | I0rafyg J.

Usfor B | favg J; 95 B | 9% J; sgrae J | :1g B.

LqquTeTe B | TaHTETEY0 J.

'Sggd B | 8WIY J; @ B | & J; qUT B | 7 J.

""gwrate J | waEfe B.

18g9rATeTe B | SWHIRTEY J.

Yfor B | favg J; @09 o9 J | 0 B; a9 &Ifs B | ae &€ J; S| @17 J | a9 @17 B;
e A8 | =ga -89 B, grafe q8% J; =g M B | g A% J; a9 J | a9 B.

20F ST B | EHhTHIT J,

YluwTewHIETe B | UTHRISIHTGTE L §o J.
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A | T 1 9¢36Y\99¢3 TUT \9 | ST ETTLET 9ooooooooy 12 (8.18)
Tq Fegoae: FHE: 0P (8.19)

T MTTETE It (9.0)

THTEUT 57 T U =gt gxor T0°

TS BT AT HIarerarer: & i e 1

gee gfe vnr fafe? eoag wifr foe weaw =|gdie i eee R owmr
gag Y T Ay vymmerefafs &k=10 (9.1)
T |

T ATfeT @o =it (S3)

I (9.2)
wyHTETe 112 gwEr =i gg osEmer e o= =gre i
¢ © oo | Y unr qifad fe g 9k 110 quT Seafe |1 gt aur
€ 9T

'StT #Ifs B | 99 &S J; @Y B | ATY J; 9979 B | qa1a=T J; § B | 99 J.

Zgoooooooog B ] 900000009 J.

‘g | U B, UF J; Ygoq+: B | I g+ J; AT B ) ®ATA J.

T B | T 9y .

SyHETRET JA | WETET B; W B | w= JA; =g B | gt JA.

ST JA | 9T B; fafer: BA | fafr J; 2 B 90 J, 99 A.

"&fe B #ex J; forfis B | fordtas J.

8fa< J | 99 B; =94IE B | I59% J.

%t B AT J; 80T B g J.

fafy B | g J; 8 B | #8195 J.

Uarfer B | meas J. A does not have this quarter verse.
2gorATeTe B | THTETEY J.

Vg T B | 19 J; AT B | =TT J(twice); % B | @ J; S&IT9T B | 31armar J.
Y=g B | =mE: J; IO B ] qUOT .

157 puts this table, without the frame, between pati and te of patite after the next box.
oqmT gTfae B | MTIT 9Tasd J; 99T B ] §HAT .

'Y B | wHIA J.
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WIS ofg == ! | R¢% | 2 y&g g 9T org |2 9T 9Tfdd &ed g&T: 933 |4

29T
afor Fer ST =quiT & 9T 9 ° 98 5§ s ATEga (9.3)
fgdtarare 16 et fofor &g g=rae vnr &fwr " = | 3R | & T
3HT
902 1l (9.4)
gararere 18 FHT =T G589 F1 9RT AT 17 FTH: | ¢oRf HTT 9% | AT
FEAT QY5 1l (9.5)
Fauiare |10 FHT AT HEF g, 9% gH(6 NI U& g Agraee 11 =T |12
9985 ¢ WTIT 90r | @& 7 VT HAT 905 1113 (9.6)
geHTEre 11 T iy mgw VT g sgEalie wnT qedme b ST | 30300,
T ©\9 | o {TT F#T 3¢5 116 (9.7)
vEreTe |17 §FT U oY AT qed g=ard 9T o g5 9= 118 =g
9¥ §o3Y WTIT 3°Y | o VT FHAT 3°¥ 1l (9.8)

Yyefar B | WET TEE J; MR B | YWTTETES J; =9 B | =T J.

AT J]0B.

MmT erg J ) 0 B.

‘qrfae | 9T@d B(with i added later); @& | & B(with la added later); F8T: B | 0 J.

ufur | wur B(with i added later), 0T J; Tt B | Tfq J; 9mor B | 0 J; €reig J | €% B(cor.).

Sfgetr=reTe B | fgdrare J.

"for B(1st) | g J; g=rare B | @rare J; 5o B(2nd) | # .

SgergraTe B | garare J.

=1 B | =917 J; B B | g J; 90T B | 9T J; @l B | |iew J.

Vggiare B | 9qe J.

Vg A T B | §T8 J; 3791T | AT B(cor.) E7ATT J; §9fe B | 999@(z J; T 9 B | 3ot T& A3 J;
FgraY J | TFAT B(cor.).

L2 B | =1 .

13%er B | = J; T B | W J; %797 J | §ET: B.

YggHTETe B 9= J.

57eT B | 559 J; sggate B | fegg=iv J; geumeir B | geardT J.

1oz T 3¥c B | §AT 36v¢ J.

1ygeTe B | Y9I J.

'Sgu qE e B | geww @we J; (o B | v J; @€ B | @9 J; 9900 B | 9S00 .
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qIATETe |1 g9 91 ATY Si9ie 985 99 95 URIET T 17 95 3077 |2
ST | 9CEEY 39 MTIT 9399 | & T FHAT 9399 I (9.9)

HATHATET® 1P GHAT T &S FTY ATY AT Tad =g 3 ¥ AeT q%
;ST |4 =T 1° 92304 %oe VT 950G | Ao T FHAT 901900 116 (9.10)

TaHTeTe 7 §F7 Ud &ife A% A 90T 998 18 TH: | 9occccez W 93 1
ST T §FAT 982239 110 (9.11)

TumHATaTe |1 FHT U@ @TY Ualae HIT 31T |12 T | 900009 HTIT 99 | AT
T FHAT 2009 11 (9.12)

Tq qTITETE: JAT: 18 (9.13)

I THH ATREET |1 IR @ AT JUHA AT eT A ted faed-

ERIRIENR PR Ea @qUiHl"l FFTEAHTT NTaRTE AT TR TS T T Gl\:iMQIIE-

TEETHRTATT TMARATT HUCIHATT SZIATH (@A A IEA §caT1a

FAETL T Fwaan'® (10-26.0)

I TaTg N (10-1.0)

lgqHTETe B HEATe J.

THy B | T J; 91T B | 99 J; g9fe B | grafg J; 9% B | 9% J; THAET | THRAET B(cor.),
SR J; qTC B | 92 1Y J; G B | AT J; 3041 B | 34T J.

SereHI=Te B | 3wel.

‘qfearee B | I9are® J; eray J | seraT: B.

e J | =TET: B.

SqTIT | 0 BJ.

"TgHIETe B | A9HT J.

Sger B | 9T J; &ifs J | &S B; 319 B | 319 J; ¥TT J | 90T B; a¥g J | 4 B.

9TT J | 9T B.

OyTT B | 0 J; 37T B | g4T J.

UggreTe B | &9&Te J.

37T B | 57417 .

IR B | YRR J.

YMgpr 997 J | 9947 B.

Vet B | ST J; @ 99 aUHA B(rvargra for the 2nd varga) | aHe =+ @i J; faeq J |
fae B; gt B | gaveme J; fofa B | e J; #9819 B | 9919 J; @& B | et J; worerter J |
FUTISr B(cor.); T B | F% J; FEITT B | Fareas J.
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Fea Tiogarerd Ut vafd &aet |l 909 11!

o avT o wrfer auite 12 & 0 g (10.1.1)

gare |t us T fafor sarfc 9o =7 994 feogg qEe qr au e gg s
ST (9 R3 ¢ | % |94 (W | WY | O Fer FUT: 91 ¢ 121951 | I3
T RIS R

SR 1YY 7 (10-1.2)
Bsb ¥ gfa Fu:n® (10.1.3)

T AT (10-2.0)

TEIITUT JoATAT ao T g7 qaqll 902 1°

g T ffor g aqeite |10 = gt (10.2.1)

gere 1?2 uw fo ffor =ifc o= 99T 9=de At ouw fae g =
R3O L R Mg gqT I 91wl 9 &¢ 1 939 | 339 |
923 |¢ | 9w |2y

923 |¢ | 9w |2y

Yrfargzea | TrfergE et B, TISEEATSIT A; %031 ] NN B, 33 J 0 A
rowr B (g4 J; fe B | g 0.

°gT | g% =19 B, g4 J.

‘3aTe B ] IR J.

Sud B | -d J(1st letter illegible); f=for B | fr J; 9=dr=r B | v=dre J; T | &I B(cor.), T J.
6J puts this table, with a top line but without the medial line, at the end of 10_1.3.
AT 1] AN B, 90

Ssfa B 5@ J.

Szrmorr JA | S B; 902 ] 90 B, 07, 93 A.

gt B | /94T J.

HeT gT ] 0 B, 9 54T J.

123gT° B | I=TR IO J.

Bffor B | fror J; =1 B | =417 J; 9T B | 99T J; AT B AT J; E¥ B g9 J.

147 puts this table, with a top line, at the bottom right corner of fol. 3b between dvigunend and

param in verse 11b.

Y5gqr B | w=T: J.
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9w g2 It (10.2.2)
gfa g 12 (10.2.3)

FIEA N3 (11-12.0)

Tt "o favare fgaporer ov et 1
oo faeraeT T agar ahwraae 99 1°

TEaq (T agoard 9% i |6

g T 7 #wer g@aq feaquiaa i e 17

fav a1 favw | favaas far @ o ® 9V EE F Te AR #7999 J4a
AT ot &fe fofis ¥ Vsas fagr qeq Sg 9mr asis |l 9= O &
gT i dfwm T fafe 1?2 ewe a7 7 au SR P ggE afged r 9f v e oA
femor w47 fagT g SarEr 9v srfirer s+ &fe fas 1M oor Ofq smrfer st
i e 115 g=gE fawur & § 9w T oo Sree 10 auee g2 (11-12.1)

94834 J | 93453 B.

g B wAT J.

ST B | o1 & J.

‘Tt BJ | & A; §eooT A | 9T B, g J; favar fgpoe 97 | favere faapome B,
favTe fgpumTae J, favarfgmore 97 AL

Sfaaraq BJ | fafqawraa A; @&t JA | 95T B; Thwmade BJ | Tvaedeid A; 92 BJ | 93 A.

Sqgaq fEaquir BJ | qaafg)or A; gcamd A | agcmy B, gcumd J; Wi BJ | ¥ad A.

9T A | T9T BJ; a9 g BJ | a9ATg A; 92 BJ | 93¢ A.

SRrT B | u&r J; 9TSIE B | 9TSAT J(hereafter also).

Sqrger | a7 BJ; fawy B | fawp J; fordis B | foredas O

107 omits the passage up to the next liszi.

uGﬁ?{]Gﬁ?B(cor.).

7| 3f B.

Bag B s ;I B T

Yagg B | o@s J; T B | 79 J; fawr B | fawor J; fag B | ot J; F9TET B | FUTEas J; faTie B
| fet=s J.

Yuur Hifq B | wor dfq J; sfr 9 B | 597 & J; Smdis B | Smdas U

YFraTs g B | FMT 59 ;BT
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JaTe |1 THHTREURATAT AT 1 91 ¢ 1 2 1 95 1 % | Y | &K | 1YY |2
TSI FATIT 9 113 1¢ 1Y 199 1% 13% 11 (11-12.2)
gfa auger i (11-12.3)

PrersregeT=r: 13 (13.0)

®F € ®F 0T FEAET a7 |

TYEIT EUT T eTeTa e @il 93 11°

frevegeafs =7 =7 fq9 quis 6 voE @ 9w =Y A9 Ui 7 T=eE BT
AW FATTE U 18 FeT ATERN (13.1)
AT |7 2 SR TorET |10 TS et g4 g2 1t e st 9 &St
B6a &9 IW[A AT faeqaarer U& o[ e 112 =y | | ge Il A |13 gur ey
9 1R fa=ae

13T° | F=T B(cor.), IITEIW J.

29 1] 231 B(cor.); Y4334 1 J ] 4304 | B.

SrawcgeTe: B | freaegerasegerag T J.
‘Zerematy | FegETemafy B, @&T9m: a7 J; & &9 | & 99 B, a9 ? J.

SYTEIY | 9TEIT BJ; qe9T B ] @ J; Rrarersr J | frsed=s B. In A, the corresponding verse

(15) gives a different rule. See the Note for PV 13 in the Annotated Translation.
Syegeafsr B | ¥egeq J; €T (1st) B | €7 J.
ST AW | BT BJ.
S9=g% B | T9% J; 919 % B | 3= J.
O9HTET | WHHETIET B(cor.), TIHTETEW J.
g B AT J.
Ut B | T J; ST J | 0 B; 949 B | 9949 J.
L2t | 31T BJ; a1 B | 92 J; fasaarer J | fasa@snT B(cor.); U& | T B(with ka in margin), 9

J; e Bo J

137 puts only “10 dirgha” here and the entire table after gaja arddha in the 2nd line below
in place of “0||.” The number of the aksaras between the table and “0||” is 46, which must be
approximately the length of the line of writing of the parent manuscript. This number is less than

another estimation (49) obtained from a similar situation in 16.2 by only 3. 1 J] 1B;: B0 J;

faeae J ) fo= B.
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Tah ST s | ST TS g0 12 @UT AT AW T T s 13 ST e 9 14
YT ST T T ol 1° TUT S AW I a0 [iE 16 T 3 26T o |7
AT ST Tt F&5fr =Tt SATe 131 1218 qUT I AT ATS AW g 10 FTaT
FATA B °& 110 AT S1a [T AT o | ¢ | Uas oS &= war: 9 112
(13.2)

feerrarare 113 e faer sromem 11wt faar § 20 g1 e e drsrst
Tod faar =t 116 qur fasarer g faE|r a7 =me | ¢ ae e |18

9g || faev

T TS GTT I IS | ST AT goo |19 qYT ST fad | o it 120
ot faar f§ 85 999 23¢ 12 a9y ST ST 99 | ¢ 122 duT 9=Ed eT &9

'Zor B | &9 J; T J | T B.
33T B | ST J.

3qTT AN | AT AN B, N[ a0 ? J; Td J | T& B(cor.).
ST B | 5 J.

ST B | ST J. J replaces “0|]” with the above table.

bs1e B | o8 J; AT J | :00r B(cor.).

TSI B | STE J; 3 J | ST B(cor. to amgule); FET B 0 J.

57Te 1312 B & 3 2 J. After this B inserts: @T aTT AN TS | 311,
9T ST B ] Aty J.

Vst B W J; @9 B fee g

VST ST B | @97 ST J; 3T J | 300 B; AT o 1 ¢ 1B ¢ J.

L2&@q WST: B | @ T J. After fFTEITSTT | J has the table

20

L3fgd==Te B | fgdare J.

Yfqgr | 9T B, f=T J(hereafter also).

Yf B0 J;§B|ETE L.

g B ] 97 J.

T B 9% J; T B g0 J.

B¢ B0 J.

19T WIT B | ST T J.

NFtg B | 9% J; faa B | famr J; e B | = UL
1S B | 919 J; 9% B | 9% J; 999 B | 99919 J.
2299T I ST 99 1 ¢ | O B, AT TS AT 995¢ J.
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fa|T i 1! ST faEr f§ 95 99T qwe 12 qT ST T 9201 1% quT 9t A
Zor fqaT oits ¢ STa fadmET uw g =T 9¢o 1P aNT o 99T 0 12 16 TR
TSt @& o1 ¢:¢ 1917 U Tfq e auT &7 "qarE 0 (13.3)

gfa Rrsraeger=r: 19 (13.4)

rfora qarg 10 (14.1.0)

AT TaHT o |l 9¢ 9 1t

Jab - FeTtwfE oTfe o Ter f89 aeie 12 ees oo e Y umT & wer
ATEZ N (14.1.1)
TUHETe (Y dE I 7 Tsdre OfE a1 faET |t " AT g ddar
110 =T 41T 9 139 1 %0 | ST FHAT | 3w9g | Il (14.1.2)
fgarameTe |18 77 safte afF =g qo a1 f9er e | AT aaar

T L. TTUiE | 0 B, 9T 999 W T &9 faE it .

T ... We | O B, AT fET 296 .

S{ETB]0J;STa ] 0 B.

‘He BT J;faa B|faw J; 5w B & J.

SSTer B | ST J; fa|mET (for this word see BBA 17.1.3) | faar B, fa=r J; g B | 93 J.

SANT B | &T a¥T J; ST B | ATq J; 0 IR B &1 ¢ @XT1H? 013 J.

ST B ITST J; wk¢ 19 ] ¥R¢9 B, ¥¢ny J.

SHdTE B | "9 J.

R B | W J; ST B | g geae J.

103vrfara | Swrford B(cor.), 30 I¥7fora J; 7914 B | T9Tg J.

IIWB]WJ;WB]‘I&'WJ;WIWafterWB(canceled),@J; 9¢ 9 |
93 BJ, ) A. A (verse 16ab) reads: FATHITET: TAHTIHTITI ST oI |

Ps#: B | o1& J; faw I A9 B.

Berag B ] g J; fag | fas B, 9T J; S9rs B ] &fwr .

YyTeTe B were J.

Yyrf | orfer B, T1fY J; &g B | ATRT J.

s A ;g @ B e I

V= B | = .

I8fgeraeTe B | fgedre J.

YT B | g J; 3@ B3 J; T B | W J; = B | g J; @T9E B AR J.
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BT THTE:IIR3 18169 | o7 AT 9 HC ¥ W0TF2 | W |3 (14.1.3)

23
gfa Serforan (14.1.4)

faeraafory & st (14.2.0) B6b

TATIIGHET AT ATGHNT: el ada Il ¢ 2 11°

feerafafe s oi@ 77 59 oite © ws errfe fae st 97 &
AT N (14.2.1)

TIHIETE YO |8 T a9 7 FHTLT HTATT 2 o2 |0 fa8T arer av A7 &aan
ATET 110 =T | o | w0 | 9% | T TISIENT THT Hod &1 =ee Il (14.2.2)

fgdtarare |12 At § 9sq ard 99419 aiH aws 1B fagr qrfe g @+
FEAT AT 1M =T | 900 | Y | §o |1° T FHAT 9 TIA 216 (14.2.3)

g faesrafaranl? (14.2.4)

1§3‘J]3§‘B(cor.).

239 J ] 92 B(cor.); ¥ J | &Y B.

3J has o above Y.

Sorfere B | 3vfors J; srag B 0 J.

5] omits this hemistich. ZI&T | & B; ¥TT: | ¥TT B; 372 | 3¢ B. A (verse 16cd) reads:
TATEATYT AT FTeqT i Bl Ha | 95 |

Sfaeqarfafe B 0 J; fa9 B | & J; ity | quits B, TUiEs J.

"fa3 ] f93 B, § J. J has 4 illegible letters before ¥TT.

STRTE LW | TS0 B, 4T J.

9379 B | €T J; 2% B | €7 J; @18 B | &T9E J.

7fes B &g J.

HardT J | T B; 9o J ] 9 B.

L2fger=TaTe B | fgam: J.

e B | "ifw T J;, G B |99 J; 99 B | 9243 J; €@ B | & J; T B | THE J; AT B |
ATHT J.

Ygrfe J | arfa B; 959 B | Isar J; #93 @55 B | fe &mag J.

%o J ] & B.

153rrer B | sreer J.

VfqeT B | =meT J.
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TETHLIU (15.0)

ATATTRTEITOTHTA T a9 /AT |
FITTTEAT ot el SATAcTIF I I 9% 12

~ -

AT AARITT THT VAT €T T5 IoTA §oF (@3 T [UTHRTE s P 345

- [aN

yerqeT |7 gfa Feg 1t g aw 43 wEg I S0 SeET o Aras il
(15.1)

T fgd ofv | FETeTET |47 gfa s’ 9=s v M9 I 3o A%
VT &g 1 THRMVTT T 6 A9 10 TE8F WE AT Sdel [@unT §¥ 97 T8
T UT Hisrg |10 udferg SoEr we Attt (15.2)

srEEre 112 Fwte fag dr @ fa o st o aeEr fe g g s s
freT FaeT 8T 14 T | AT T 2131 ¢ | 9 |1F WWMW‘TF{‘I
fe w5 7= favpur sra =2fy |5 9T v20 1V 5 @5 g9 o sta g /9 fE\r

T AT BJ | ®AT T AL
PHTITE AT =T | MTTTEAT AT B, WITEAT Afed J; TIFqud | T9& T9% B, 79 2 J. A (verse

17cd) reads: JUAT: SANNHIET @S & TIFTIF | 99 |

3fqer B | fafr J; ward B | wefiT J; €7 B | ®9T J; 7% B | 95 J; (99 B | 93 J; a9 [UT&TE Hiwg
]10J.

‘g ... &rws B 0 J; gfa | gfa B(cor.).

Serrg aor fAS B ] 0 J; 9T B | wFAS J.

AT | EFAT B, TIAT J.

T B g J.

8qor f99 ] 0 BJ; 5 ) f99 BJ; &% B | &ifw J.

9T B| g J; ¥mag B ¥17as J.

r=gE B | 99 J; TE B | 9% J.

Huqfes B | T J; ofAT B | S{AT J; AT B | ATET J.

L2oyrrere | wyETe B, T .

Yfag B | fug J; ==tfe J | =91 B.

YESHT B | 59T J.

g B AT J.

Y3eqer B | Ia+ fa @5 7 &9 J.

Y'StTer B | StTe J; gET B | @19 J.
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g3 | fT 95 T FAUT FTq ATe 95 ATHET tee 2 [T 5 @ T=IqOT AT
T AT T9TET gode 11 ¥ UgE drr AT gfa HF FiT 90 1t qur A AmT° umr
i o TIFTIFRA 30 | ¥ | fo 1 0¥ 16 (15.3)

g of ) it = gfa & 1w 9¢ 17 oo 8 7 9 a9 390 18 9T FeT
TR e & 9y 19 FaIqurT 30 FO70T ¢y IO G =0T 9y 110 (15.4)
fgerarere (1! gifast 73 2= @t |@5112 fasere f&for 95§ =Eg g
qEe T8 Faar fo g @M &g T daqer g2 =m0 fasmare
Y 0o Vw\ﬂlgmwﬁn%z@wmaﬁvmw
20000 |2 fF HE QIEEIUT ST ATY go0000 12 f HE @E[UT S0 fT ATY:

goo gooo

'S B | ST J.

g B ¥ J; T B 99 J; 91 B | I1q J; 36 @ HTAMET cee J | oo B(in margin).

g 9% T AT A9 J | § § T =T B(in margin); @ 9% | ¥9% B, 9 A% J; T9MET |
99TEr B, I=9TET J.

WEB AT ;S B0,

Sgur fas B | faum g J.

SV & | 9T B, M J; TU&9& | T9&R BJ; e B | & J.

'St B | 939 J, which has ¥%8% above these letters.

Sg¥BlET J;T@ J] 0 B.

MTT B | 9TIT J; @& B | & J; U& J | 98 B; Sl B | 0 J.

YgB]E3 .

UfgerareTe B | fgdre J.

Pygrfasr B | uEw J; A5 B 7 J; @5 B | 9% J.

Bfgsare B | fasers J; fafor B | o J; 95 B | @97 J; 7 (3rd) J | g B.

MzqaT B | ST J.

Yafg B & J.

Y B | =19 J.

fasgee B | fawsars J.

18|

900 Y oo B, 900 | Y00 | 9000 | I

Yoo 9000 9000

]‘ 900 IqA ‘ Q00

3?‘1_'{‘ Q00

Q00 | J.
Y95 B | 95 J; G539 B | ®I99T J; @ J | faw B; @8 | F8TH B(cor.), R J.
20Without a bottom for the box, J.

2lqr=ge B | TEES J.

B7a

Jba
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300000 |1 fASIEETY AT T AT i ST E&T GTT AT 9800 12 d7 WTT 1> HTT il
TIF Ao e \ 221 \ w21 \ 234 \5 I (15.5)

fga ofv 16 fasgere a1 anr JF gfq @& 9500 |7 ITTT AT 200 1B FET
SHEIAT 2 %eo |7 NS WNT | e THT Tfd STa9 & 110 faauqfora Z&r 910
1 qefgapfora €&t &2 112 gEEia ST v 1t (15.6)

sfa waraseor i (15.7)

FauerT& 1I1° (16.0)

AATGAUEUIATHE &0 {116

TSITRT FTOrRT AT I aforehrEd Il 9% 117

STSET AU 9T a1 Ude & gaur (a9 I &g 118 g arr ofras 1 arEr

'St B | STq J; @Y B | ATY J.

fasrere B | fawere J; fiq &1 S a5 B | 0 J.

‘AR B dE J.

FTB]FA .

"With a top horizontal line for the box, J. 921 J ] 32 Wl B.

Sqft B0 J.

"fastgare B | faser™ J; 9T B ] 0 J; 9800 B ] 9%0 J.

83eqT B | Ic9+ J.

79T B | awT J.

07es B | &= J.

e B | o J. After €& B repeats: W S&aer & fAanpfora g

2qg J|v= B;faa B J; &1 B ] &= J.

aforer J ] pfore B; ST B | ST J.

YT B | & .

oAU B | ¥ GO J; T B | AVE J.

15guriaTH B | oA J(reduplication of p after r hereafter also); Ui | =ug B(cor. ), EqUUT
J. A (verse 18ab) reads: GaUaUHTeAT TTUIRIT ITI |

VSedTar | edTa B, @odia J; af0rat J(rpni) | SI0RTT B(ra canceled); 3T J | 4T B; afUiared
| afvuraTgsa B, afviatigd J. A (verse 18cd) reads: T JUTT JAT qUTgd & a0 | 95 |

'$Y7AT B | ST J; A9 (1st) B | GGV J; UwT &7 | UHRO B, & J; M B | g U

197 aT=T ST ] 0 B
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fae v 9 g gan amws il (16.1)

JaTe |® WEIITUT ATS aT=T qTET 91T =BT 14 a7 TErFmoT <=1 e ar=r =i
AT BT 15 F0: | TEr & AT 93 T °% | 6 fqgrY st wEET 93 a™T B7b

TEr ¢ ATAr 99 FTAT Y§
942 |7 FUTAT Fauia ATT: 18 AST qTr 92 W | 2 | 10 q9T 9= qur a7 931!
3
T MTT: |12 o gaur ware 99 I B | % | 0 (16.2)
23

i gauersaw 1 (16.3)
GATUT AT | @& T 9911 Ig @rg e (17.1.0)

T AH EH Adfead: Bt ll 99907

arr fg9 v &1 ] 0 BJ.

‘FB a3 .

33eTe B ] 3RO J.

TSI | TEETETT B, TEAT0T J; 377S B | 31 J; aTeaT J | agir B; =gAr B B J.

ST B | &0 J; =4t J | 9T B; 91Er B | 9%&s J; 99 | 999 B(cor.), §IT J.

%] places the first row here and the second row between T8 and a9 in the next line (both
without a frame). It means that the passage from T © (for T&T © ) to W& (for T=h or TF ),
consisting of 49 aksaras, constituted a line of writing in the parent manuscript of J. For another
similar estimation see 13.2 above. I&T B | T J(twice); aT=T (1st) B | =T J; aMT (2nd) B | aT=T J.

"farer B | faer J; T B ) WSRO J; 91T J | a1 B; 9wl B ] 994 J.

STT: B | W J.

e B | 8T J; M B | M J.

Y3B10J.

Vo | 99 BJ; AT 93 ] AR93 B, 703 .

12T B ] ¥mT J.

e B ] wEreATOT J.

ligsgs B | v J.

537 B | 9 J(error?).

19qv3r B | 9979 J; 7974 B(in margin), 79T J.

9q7 J ] 0 B(added in margin), IG7F A; 9939 | 9§ BJ, 0 A.
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qHgLE @ag & faeae {9 ite ! o smEs (17.1.1)
TIHIETEYON 12 897 e et =A[1Y faeqe wer =iy @ s =

k'S

¥

4(Figure 3)°

=T g 9ref |6 &o 797 95 17 (17.1.2)

farer: | S TIT "rer ==ty faeT = "9t =1 18 w e 9

|
1| ¥
|
(Figure 4) 10

Rrersegersad | fa|T womT == g 9% 1L aur & fa|r g s faEr
o |12 9T ST T 2 113 Mayr g fq|T gaum ST fqET e 115 Nt S =

'g7fa | g B, 9979 J.
*grEYor J | E10r B(with ha in margin).

37T (twice) B ¢ J.

“Here and hereafter, B puts every figure in an open box ( u ); J puts Figs. 3-8 and Figs. 10-12

in closed boxes ( D ) and the rest in open boxes. See Appendix.

5] places this figure between f& and g of FFIE‘ (for ﬁ:lg‘) in the next example.

S=TfY g% Arer | B | = fAE g0 0.

IS 9% J ] TS 9¢ B.

ST B | T J; == (1st) B | =ATT ¢ J; faeae ot |@rer =1t B 0 J.

=T B | =TE I e 0 .

107 places this figure between d¥T ¥ || and ST TS R in the next line of writing.

Vgt 9% | =TT 94 B, == ﬁ:@' J(with an irregular letter like ma without a matra line

after hu).

12qT J | o7 B(with ta between lines); @ B | a9 J; fa@r B | =T J; IOT | 10T B(cor.),
IIUT J; AT B | S J; ¢o J | ¢ B(with “0” between lines).

1339T ST B | 9T | ¢ 1| ST

14B omits the next two sentences, T9T ... 1 ... 79T 2 |

77 J ] 0 B; 7 fa|r | 0 B, &= fa=r J; o | 0 B, I35 J; ST 49T ¢ | 0 BJ.
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2 7w faEr gwr fagr B9 i 1?2 SiTa fGEmET 900 12 AT ST faE@T 9T v 1!
AT ST IT7 J9T7 a9 201 1° (17.1.3)

fearaaTe 16 &9 s == e T 2 V7 s e

¥

R ?
¥

(Figure 5)

=T g #1818 o ST o (17_1.4)

farer: 110 &g ST "rer =1ty fawe = grer fToa 1M s g

Ml
R Rl
il
(Figure 6)

QAT U o TST qEEAT: | 99 1 (112 (17_1.5)

farya=ga sTarg e (17.2.0)

TEITHEINTE A9g (G et 1l 919 2 011

fawfr gfe gfw o g a1 T g & Ag Ao 1P T=gE 9 |9 43

{YT ] 0B, O B, AT J; TSI 0B; 2] 0B, J.

Ty fgar e B0 J.

Ssra B | St J; fa=mEr B | faEmg .
B{YTBlAVT ), A B ST J; = B ] 0 J.

ST B | STar J; @4aT J | |4T B(cor.); R0 1J | R0 B.
SfgerrareTe B | fadraramer J.

=t B =T ) B fA

S=Tfe B | =317 J.

9I=T B | T J.

1OfRy=r: ] 0 BJ.

YgrenTst J | €renT B; =31 B | =477 J; |rer fT 7 0 B.

127197 B | T J;WIB]C|W?J;M]MB(COI‘.), nesuld.
Ufgyr J | f9YH B(cor.); IG7E | I9F B(with ra in margin), I J.
Mg JA ] B; 2w 99 BJ, 9% Al

Ufawfa B | fawr J; 93f7 B | I97|s I



36 Hayashi SCIAMVS 18

J5b TS |l W Y oemas i (17.2.1)
IaT° 12 ST U& T a7 1P @ T a7 1P g s =i 0 i e 9 6 &=
NI R S e I

¥
23 73
7
(Figure 7)
ST AT 9o 119 (17.2.2)
Bsa [TV Or qaTg Il (18.1.0)
TGS Bed &7 T Il 959 110

Frarfor afsr agaT wois i\ a8 7 org @9 11?2 o[ &9 g s 1B &
AN (18.1.1)
JaTe 1M S U@ TS a7 I T a7 i T &9 @9 T e | ' e

v=gg B|TEs J;@9 J | @9 B; I | e B, g J.

*3qTe B | I=THIT J.

ST B Al

FY B J;ar B At .

HE BT J;=a1fe B 1 ¢ 1J.

S Blyw J; e B 193¢ 1]

T B] 1321,

&7 B | €7 J.

& B | @& B; TNT B | T J.

OggaTgeaeTa: BJ | a9uTE Aafag A; & JA | & B; 953 | 99 BJ, 0 A.
Vrfor B | faror J; arfsr B | 5 J; wofs gf B | wofis 1 y#\ s J.
BT

B BT ;B H .

13gTe B ] IR J.

NS B | g J; a7 (twice) B] 1931 J; i B | do8 LK, A B |99 J; 8@ B 1901 J;aT B |

RJ
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43 3
?
g0
(Figure 8)

e ST gelll (18.1.2)

Frarr TITE N2 (18.2.0)

HATHET AT T9T 0T agor: I 9o 18

qreey &t afvfy o a1 7% g9 9aThr |9 e ! gaeer ArEag®
(182.1)
TIT I |

e o afefr: yeammasf=aTi® (s4)

AT T A6 [ 37 =ge T 90T ATy "9rarg (7 9w smagid (18.2.2)
OFare | ol T I T T =g | ®UATE

NTST B ) T .

g BT .

ST A ] 9T B, M J; 39 JA | 9% B; agol: | age: B(cor.), ager JA; 9% R | 95 BJ,
20 A.

‘g Bl e J; BT J; 95 B 5 J; 9T B | F99T J; WTRT B | 91T J; 99 B | 959 J; quitE
B ] 7ot J.

g ATas B(with pha between lines) | €5 =Ta: X J(symbol “X” seems to indicate that

this phrase should be placed after paridhiphala avai at the end of 18 2.2, where the same symbol

occurs).

Sqefegar J | gHf=daT B(cor.). A (verse 21ab) reads: STATGIUEAT JrAATHISHITEILAT |

IB]F ), FE B A& J; T B | UT J: =g B | IS I J; G115 B | GTra% J(hereafter
also except in 25.1).

8 B | @3 J. After 3T9% J puts a symbol like “X” and Fig.9.

9J omits the passage up to TI=IT:
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(D

(Figure 9)
L ST | 3u | Wb (18.2.3)
&« faar fae Igeer? (19.0)
I HTE 9q&r 7 e T agurg ©°

T el Va9 faer artT Iga 0 9 1t

gt fafe afy o 7 o &7 g #iee 1 T=-E o fag oy fafe 7

ASN
~ o

HAS d7 ATg I &9 &iwg 1 I=g8 O Ted AR KA U dreg 0 7413
T=535 a0 «ias |10 Taas 9q99 F&mr 7 & smag it (19.1)
3aTe |12 qaihageaeT=gra: |13

ST BT J; | 3z | B]ze .

*fqe B | = J(hereafter also); IGv& B | g7 J(hereafter also).

ST J | orHTE B; Iq€r B | 9&T J; T agdTq | 99T B, duTEf J.

“faer atfe B | fa=ramfT J; 99 B ] §9: J; A does not have this verse.

*Immediately after the verse number “19,” J puts IFXfer a7 7@ & ST 92, WT° HATH @AVE
which seems to be a corrupt version of the example in 18_2.3.

bgefa B | =qv:f J; fafa B | fafx J; &fr B ] & J; <0 T B | ¥ J(with an illegible letter
before and after bhuja); TH B | U J.

"v=g= B | vaE J; fag | fag B, fag J; o1 B | ewiE J; ferde B | fAwit g

3% B | g J; a7 B | fug J; nfe B ] =17 J.

‘=g B | T893 J; 7fed B | 8 J; ®fA B | FHAT J; IO B | OIT J.

Yyags B0 J; =33 B T35 J.

HIgTE B wgHw ;BT

?3eTe B ] IR J.

tqata® J | g4t B.
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(Figure 10)*

2ST ITSAT 9on | TAAIAHETHTE:

(Figure 11)3
o ST gellt (19.2)

SFTTE TaTE Il (20.1.0)

ST S g HITETE 9 T |l 0.9 117

I ST 39T I¥ UHRT §37 o7 SI9s ® o8 O oid w7 a9 quvs 1 Bsh
T=3% d8  AeTH M ATfE =9rars 110 wer stragal! (20.1.1)

1J places this figure between labdham and gaja (for gaja) at the end of this paragraph.
2J omits these two sentences.

37 places this figure between ghati and yai (for i) in 20_1.1.

LTS B ] T .

5J omits this sentence.

5J omits this hemistich.

TN HTAYE A | ATV AT ST B; HRITETEE | WIS : 97 B, AWITEIE A; 209 | () BJA.
Sgrfsr B | &= J; STaT B | ST J(the letter after j7 is illegible).

d3rg B | o J; quiE B | [vitEE J.

Yq=gg B | 983 J; I B | T J; e B | 3@y J; ATlg | 0 B, A1f% J.

Hymas J | =1mas B.
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Fare |1 ST W St 9T T =417 12 s e 3
X't

N

9%
(Figure 12)4

ST ITAT: 35 11° (20.1.2)

TETERTT T IC (20.2.0)
TR T AT AT S ) 0207

TR e 9% &les favwafs sama & 43 uis ¥ &t 1951 (20.2.1)
3are 0 & = 9 faeae e i 10 s

(Figure 13) 2

T TTST: ¥ 11 (20.2.2)

TIT HISTAATRTa A TR A GA g TSR0 JTe: (4 gasrars=mom  §7e: |

qoeTET

2

'3gre B ] ITTRIO J.

FE B|ye J; =B ¢ I

TT B ®TJ.

“¢ J]3 B(cor.).

I=T: B = J.

STETRTY B | THATHRYY J; I B | U, J.

"HTHAT J | SATET B, FATAET A; 203 |20 B, 0 J, 3% A,
ST | FETRITE B(cor.), TFATRIIE J; &t B | &fsr J; &=m9 J | =47% B.
93T B | IITELW J.

&g B |y &= J; 919 B | v J; f&for B | ffoor 3 7.
Heqeme: B | &9 =19 J.

127 places this figure between muraja and yavakara, after Fig.14, at the beginning of 20_2.3.
1337 B | WTwr J.
UgeTaTT J | TITRIT B; 9Tgg B | o€ 98 J; IT9: B | =T J.

157 omits this sentence.
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(Figure 14) !

T TG UF a9V 12 w5 J6a
70 7o
g0
2 2
70 E 3

(Figure 15)4

S TTRITeTT [PV 17h] SHTIVEIEA ' [PV 20a] FCATIEAT oo ITAT: §95¢ 116

(20.2.3)
TaTRTEE ’
'
20
't

(Figure 16)8

1J places this figure between muraja and yavakara, before Fig.13, at the beginning of this
paragraph (20-2.3). J rotates the figure clockwise through 90 degrees and puts “2” on the left arc

(opposite to “3”). See Appendix.

*JMa B 9 J; & B | & J; 99T J | 99T B.

S¥7 B | =7 feardrsaqmom =me: e 2 J.

1J places these figures between muraja and yavakara, after Fig.13, at the beginning of this
paragraph (20-2.3).

5J omits this sentence.

S&T& | @I B(ja canceled and bdham in margin).

"FaTRTT B | 0 J.

87 places a corrupt figure for Fig.16 and its revision respectively immediately before and after
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ST 9y !

go g0

(Figure 17)2

‘THTI IR’ [PV 20a] SEATIEAT @& AT 42 52 ¢ 1 (20.2.4)
TATRTLET

k'S

L;\

(Figure 18)4

ST Fqew 915 ==

4 %
k4 k4
3 3

(Figure 19)°

FEHUTEIRTE, ' [PV 17¢] SCATIEAT A TIFTIFRA ITAT 9% T9T 9% |7 g

32| 1(2025)

Fig.19. See “16j(canceled)+19j+16j” in the Appendix.
'S B ] ST J.

2J places these figures between muraja and yavakara, after Fig.15, at the beginning of 202.3.
ST B | T .

4B places this figure between ityading and labdham in the next line. J omits this figure.
ST B | T J.

5B places this figure between phalam and gaja of the same line.

"TUFTYE B | T9F 2 J; Kl B | ®eT J; TST B ] ST J; 9T 9% B0 J.
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AgagarT: !
R

E

(Figure 20) 2

st ffongs fa

2 B

(Figure 21)4

‘TUTGATHT: * [PV 18a] FTCATIGAT oo AT 92 9T 93 1° gAEAfT | 2¢ | 1l

(20.2.6)

TgTar: 0
?
Y| Y3
)
(Figure 22) 7
‘& B ] & J.

2J places this figure between gaja and 12 at the end of this paragraph.

S5 B | e J; ffor B | ffoor J.

B places this figure between la and bdham in the next sentence. J places this figure between
vasudharddham (for -rddha) and lamba in the next sentence.

STYUTEATITT: | THGTEAITTH B(with ba in margin), THETE ATITTH J; AT EAT | ST |
T B, ¥RATiEAY J; 9% (2nd) J ] \Q—Q‘ B(cor. in margin).

Sgr: B | & J.

"J omits this figure.
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ST FGOX T Ao o | =

R

% xx%a

R

(Figure 23)2

STV RTEET: [PV 17h] THHTEATHTA: [PV 18a] SEATIEAT @ T \g_x[ 3
(20.2.7)

Ior Ofq fawers s97 ¥ &30 9fgdr & a9 9 JaEt (20.2.8)

g arsggaTT: 15 (20.2.9)

TaRTEITI TR TSN = aAT=T 16 (21.0)

ST &S IINT0r Frenmy fat aur (7
HTaeraaeay qs9rd: a7 we Il 2918

NTHE &lfe I &®iS1¥ 98 TS &1 =09 <+ (a9 s ¥ ggs fus fae
Ui 110 Fer ATES I (21.1)

'S B | AT J; & J(with a medial o for k@ in addition to the medial @) | f& B; T& (2nd)
J]0B.

2B places this figure between ke (for ko) and i at the beginning of fol. 9a.

ST B | ot J; ®ife J | #fe B; 999TE | 999TE B, 39414 J; @9 B | @9 J; 914 | 9199 BJ;
ST TSAT: B | TS o J.

‘gor B | guit J; faww B | ofge J; ¥= J | ¥= B; 9¥ | 9f¥: B, 9T¢ J; q41g B | 7995 J(hereafter
also).

g J | & B.

Sy1er B | @1 J; &rEnme J | &enTe B; fufa B | A J; A1 B | A1 .

"NTer B | @Ta JA; 1 BA | &% J; T JA | 0 B; :IEWML J(with an illegible letter like na between
sta and ga)A | FTSTY B.

Suea A | auTea BJ; fusera: @7 | fuswra 99 BJ, fasemaad: A; 39 BJ ] 3% A.

9J has three letters erased before samai’; ®fe B | ®Tex J; ITYTOr B | ITYT0T J; ®ISTE B | ®#leT7s
J; IS B A9E J; UH B | UF J.

Wg J ) A9 B.
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FeTe | D o wiw faeae ==ty fus e &2 g ' 5
L\

3 ¥

(Figure 24)3

ST AT gellt (21.2)
fgeirar fismare ¥ o fa|T momE 6 9 oo o faEr 7 g fawe =
=1y faa|r = w o= & fa=r sme (7 ararere®
Uil

313 ¥

(Figure 25)°

Rrersegeraad &= ST | we 1w |10 1 (21.3)

YT = |11

favw afs s 9= favmgfamrs: 12 (S5)

13eTe B | T¥eTEOr J.

T By J, = B ¢ J;fas J | 9% B; fxfor B ] f&for 3 7.

37 places this figure between sadharnnam (for -rana) and rapam in the next paragraph (21.3).

LTS B ] T .

Sfgeer frsteTe | fgd=r Rr=r 38T° B(u canceled), fgdaemg=or J.

=T ] 0 BJ.

o= (1st) By J;faar B | fa==r J; 89| 0 J; =21 B | ¢ J; 1= (2nd) B ] 0 J; f&for B | f&for
3J;9ME B o J.

SETLTYOr B | GTHTO0C .

97 places this figure after “79|4” (for “79|4||”) at the end of this paragraph (21.3).

VRrayegeTsad J | frawegedsad B; e 19 1l ] ¢° 1 1l B, 92, I¢ J(without a frame).
Hgm J ]9 1% B.
Py . vamre: | Ay a3 99 favrgfa S99 B; favw afe 99 favgfa aaa: s

J. A does not have this hemistich.
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T fagas Fsvln faeats &9 favagfa fies 1! SO 98T 7491 9aq
AT &1 12 Uads o aTaE o151} afy fawarte & ue Ofq fayegfa waqm==er

TSRO ST (21.4)
3are 1° fg & 3qrsr aw gwr &fe v et fager 6 =g

g0

3 ¥R

(Figure 26) 7

a9 fayeEgfa o=t ° 1¥ W garaemr T 3 a0 faee o o
90 110 g & ST | 9zo | WL (21.5)

~

T AR IR I A faeasTe: 112 (21.6)

Bob 3T FUARTEITITUETHRT AT 113 (22.0)

FEATIOET: &R T F qg9 Fier |1
J6b FAETRA aF 7 aT frEa: w0

'arws B | ames J; faaws J | fams B; F=vfor B | gew fufor J; faearfy B | faeaes J; f9g T ]
&3 B.
Jder B | a9 J; 918 B | 9TEY J; @99 B | afqw J; &g B | drg J.

ST B0 J; 9TIE B ] qTHES J.

fgearfy B | famares J; &9 B | &9 J; fawer B | ¥ J; S99 | A=A B, SATHAT J;
TSRO B | TSRIUT J; ¥ | ¥ B, @1 J.

3aTe B | TTETEL J.

ST B | 9qTer J; 39 J | a9 By gwr B | &9 J; Sf9 B | & J.

"J places this figure, in a corrupt form, between ta and i of citai (for citi) in 21.6; 90 B ] 90 &

8favw B | faaw J.

93T B ] 3T J.

19ZTer T 90 1] 0 BJ.

9ce B9t J.

2q1q B | @1 J; &0 B | &renme J; fofa B | f=as 0.

gt J | 9 B.

VaTYTOrET: | 9TYTOrET BJA; T JA | @ B; 939 JA | 9597 B.

g BA | T J; & B | & JA; 9 BA | @d: J; a9 | @ B, a0 J, g5 A; 33 BJ | 29 A.
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FHTE IIVIT W FF AT & 7 Fed w0 (92 {3 7uig | et a0 (22.1)
3aT° 12 AT FERA TorAT 1P & e g faeae & oy = |rer
EE N s

Ro (Rl

(Figure 27)°

gty T o AT AR TG 9T quig |7 gEher 218 & T | w3
Tgs (TS a3 it 110 &= =T | 9w | 1t (22.2)

gfq gaegasT 2 (22.3)

TeHRATT TaTg 1'% (23.1.0)

TAATTIATE, T IRITETEIE g 1| 239 1M

'FT B | F9% J; qeaAr J | Fear B; T B T J; A9 J | AT B.

23aTe B | THTETELO J.

STENTS B | S0 J.

“dre B | @1 =0 | J; fawae J | fa=T B(with ra between lines); f5for B ] 31 J; w2 B | ofvsr
J; |1@T J | AT€ B(r canceled); 7@ B ] &1l 2 Il J.

®T B | &7 J.

53B]3s famv J;2e B=e & J;2 0BT 2.

I B 9% J; A8 B | A% J; 9107 B | 91T J.

*gT B | ¥ (7)F §F% J.

953 B ] 952 J(placed before the next labdham).

g J ) A9 B.

HarST: 9¢3 1l | B ]IS (here is part of Figure 27) | 5 9¢2 1l J(“ja 142 ||” circled).

YgaeaagTe B | aawasr: J.

YyaTg B | 7@K J.
Ter BA | Tret J; 99T JA | T B(only matra line for gha); 9 BA | &9 J; I 3331 |

20| B, 17J,0A.
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Trer  =re = g qoits | Zerg s )| SaeE A7 TRy W Al
gTes 14 e ATATN (23.1.1)
3are 1° &= e = |6 s e 7

0
(Figure 28)

e TTSIT 9% 1 18 (23.1.2)
gfa Med: 1239310

FOTIIETT 2rTg 10 (23.2.0)

FATSIIUEAgEdT 5 oA Il 333 110

I AT =For 9T T U F=90r fa3 o 1 &t sAragnt? (23.2.1)
3are |18 ey e ferT 397 W fa M =T

o

(Figure 29)

ST B wWe J; BT J; f&for B ) = .

2J omits this sentence.

3J omits this sentence.

“31eT7 | 3@ B(with ra between lines).

53aTe B | TATETEL J.

Sfefor B | ffor 3 0.

=T B | €7 J.

89¢ | B | 9¢ J(“14” circled).

7T B | AT J.

Vg B g J, g A; TSUaUEIgea | TSUaU | |ged+ B, TSWae | a4 J, WS ureqgit
324 A; &a: JA ] 89 B; 333 |23 BJ, 3T A,

Y'=gar | ==34T B(cor. in margin), ATET J; 99T B | W17 J; T B | T J; 33 B | &7 J; 907 B | & J;
fas B =9 J.

2®wer J | & B(with la between lines).

13387 B | FTETEIW J.

Ygrfy B ot J;eee B e J; @B 121J.
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e T 9n Nt (23.2.2)

I & TS U ST TS O g9 TS O JTIE IYE AT HIer 98§ 12
ATETIT AT 9w HTIS 1P Y OTHdT AAAGRN L Sriorar i (23.2.3)

wuit Fife firars org w5310 @urg 5o v wex 6 afgawrfor s @ vew ) frarr

g7
?Da

(Figure 30)

anmeww

?<>Y|l

(Figure 31)

WWME‘&{:W =7
82%

(Figure 32) 10

oo AT M | 9301 | N (23.2.4)
gfa TforemasTon’? (23.2.5)

T 9u BT 195 1 .
TS U (Ist) BT 9 J; & (2nd) B 191 J; 39 T T& B | AT J; T J | T B(go

between lines); &er B | () J.
Samfv=Tir B | e J; 9195 | AT B, 0 J.
YoTeRaT B | IT&RAT J; AGETY B | SHE|T J; Srforar B | Srfurar J.
Swuft B | wutr J; Tfa B | fife J; frarrs ] 0 BJ.
bzurg | gurs B, gfor J; ffor wmr B 0 J.
e B | fyear .
8TSIT B ] T J.
9J has TITd®e between ripam and the next figure.

For this figure, J draws a circle with “2” at the end of line 8 of fol. 6b and writes “13 ||” at

the beginning of the next line. See Appendix.
YIS B eI J.
L2zagTe B | sHaETed J.
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=ZETAETL (24.0)

=ZAT I FAT A= AT daecdaid |2
B10a fematerainTuaTe wwrrETY = v AT e e

~ 4 o 5 fa <
ST H |3 qrd " 7drs I A8 HedUT é|'_‘| SISl 17 AR TSATg T
o [

FI FrATITE [G3 90T 590516 feT ATaS | =T S0 T FST AT 17 315
AT, TfEad a9t a8 (24.1)

femT 1 (25.0)

SqmeTfafear: frar: vhrv=wegar: 11
YISTT: AT dAfe: Fshgr=eadq & w1t

qRCERIa &l 3 Sor fo T &4 FBapor s 112 9=gE 997 |98 A0
aifs =T 113 21T grfe se vTT dhwrs M feqwT @y s Ofa sFEshia

=g B | 3y =g .

=TT B | BT J; =347 BJ | =24T A; da&gSq JA | daFaSq B(in margin).

Sfeamate | feAm B(in margin)JA; FHT JA | T80T B(in margin); 99T J | T B(gunya in
margin), U A; IRITATSIT TaT: ferar: B | wmmmersr war ferar: J, aare afesres A; :¢ BJ |
33 A

T B 9T J.

59T B | 91T J; Fifer B | #i9g J.

b3rrg B | 3% J; fe=rg | feemdr B, fesamer J; a1or B | quir J; &40 J | I B; 0% B | g0 J.

TSTOr | S{Tor BJ; WS B | & =€ J.

Serqrfes B | :(T7T&s J; 91 B | ®E€T .

9This verse does not occur in A.

Ofger: & J | fe=m: 1 & B; ¥ B | = J; §gar: J | /94t B.

VT | ST B, YR J; dfe: B | @feT J; wrgrae B | &@@Ee J; fE B &

J records a variant (pathantara) of this verse after verse 26. A does not have this verse.
VgevEehifa J | F&Esiia B(with ra between lines); fr@r B | o1 J; 7T J | ST=T B; fa7or B |
for .
Yo=gE B | T9E J; Aifg J | AT B.
Meo B0 J.
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frar of @mEat (25.1)

TAITEHTT 12 (26.0)

S rgraEg TGy Yeu T gam: |4
N

FHUTHNTIEHEhTar TEg9TeT: ThITadr: | 2 1°

6 [qraTax

FTATERATTCHRAT TN AR dT |7
yiefmeaasasar aaafe foa saife [Aamn 25208

94305%0 WTIY (26.1)]

e AT 3110 Y 9101911319 1L 1§14 | ¢ | 7T K 5511 J7a
(26.2)

gaTe | I AT VGG ST w99 TegaTe 3 fedrseer o | fE we
gt | =T | (lacuna) @& fEma=er v 1l (26.3)

T =graTHasTT I (26.4)

TT T9H ARG TATA U (26.5)

gor B ] 3T J; &= B | & J; faEr | e B, oF J; @nig B | ATRT J.

Weq B | Ay 7T .

3This verse corresponds to verse A1° of Sambhunata’s version (Hayashi 1991), which however
gives different values.

N3 B ®g J; IY J | FT= B; AT | AT B

SqTaT: J | 9TEshtH B(kramim canceled).

5This paragraph occurs only in J, and not in B and A. Here occurs a verse numbered again as 26
and introduced as “another (variant) reading.” In fact, however, this is another verbal expression
of the rule of verse 25.

TqTr | &Tr J.

ST | ®TAT J(cor.); AT | H&ATITE J(cor.); :&* | & J. The meter of this verse is irregular:
the 1st and 2nd padas in Totaka, the 3rd in Citragati, and the 4th unknown to me.

e ] % T

107 is available up to here.

Ufyer B | &7 1 79T | J.
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FUMTEaeagTse sgrarareya I
FTAGTITRG AT IETET AT 9 12

i A=wEEa=ar qofaufaaaraararaga: qamEris (27.1)

3T | T B.
‘gfaw | 9feaw B; I | I B. Of course, this verse belongs to the commentary (BBA) and

not to the PV but I leave the verse number 27 as it is in the manuscript (B).

Sfaefwar | fafxfear B; gamaT | 991+ B.
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IIT Annotated Translation of the Balabodhankavrtt:
with Pancavimsatika

Om, Salute! Salutation to the auspicious Ganesa!/BBA 1.0/

Having first bowed down to Mahadeva (Great Lord, i.e., Siva), I shall
tell this Parnicavimsatika by means of five sutras in order to enhance the
intelligence of the beginners./PV 1/

PV 1. The word sutra originally means “a thread” and by extension “a short aphorism” and then
“a rule.” In mathematics it is often used in the sense of “a versified rule.” But none of these
meanings seems to fit in the present context. Probably it is used here in the sense of “a group of
sutras or versified rules,” although the grouping is extremely unbalanced. See the Contents of the
Balabodhankavrtti at the end of the Introduction. It is noteworthy that Sambhunatha’s version of
the PV reads sviya (“my own”) instead of pamca (“five”). In that case, the ordinary meaning, “a

versified rule,” would fit in the context.’

Having first (adau: purvam) bowed down to Mahadeva, the Omniscient, in order
to enhance the intelligence of the beginners, by means of five sutras, I shall tell this
Paricavimsatika. /BBA 1.1/

Having first (adi: pahilu) bowed down (pranami: namaskarl nai) to Mahadeva,
the Omniscient, in order to enhance the intelligence of the beginners (bala: ajnana),
by means of five sutras, I shall tell Pamcavisi, the essence of mathematics. /BBA
1.2/

The first sutra for samkalita./BBA 2.0/

Half the product of the first term (and the same) plus one, or also (that
which is obtained) by increasing one-by-one, or half the square of the term
increased by the first, or (that which is obtained) in the product of half
the first (and the same) plus one, is the fruit. /PV 2/

PV 2. samkalita or the sum of the natural series. Four methods are prescribed here. Let S = S(n)
be defined as the sum of the first n terms of the natural numbers beginning with 1. Then, 1.

S=1lmD 95— (142)4+3)+-+(n—1)+n. 3. §="4" 4 §=2.(n+1). The

! In this Annotated Translation I do not mention the correspondence between the rules of the
PV and those of other Sanskrit works, for which see the Translation with Mathematical Commentary
of Hayashi (1991).
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last one also implies: 4. S =n - "T“ to be used when n is odd. Note that the words “first term”
(adya-pada) or simply “first” (adya) denote “the first one among the given numbers.” Also note
that the word “fruit” (phala) in this verse as well as in many other verses in this work means “the

result to be obtained by the calculation.”

Thus, four methods for the samkalita (sum of the natural series) (is taught here).
First method: “Half the product of the first term (and the same) plus one” [PV 2a].
“Plus one”: The term in question is increased by one. “The product of the first
term”: Then, (the result is) multiplied by that first (adya: pahila) term. “Half”:
Then, that term (in the last form) is made half. It (the term in question) becomes
the samkalita (by this procedure). /BBA 2.1/

Second method: “Also (that which is obtained) by increasing one-by-one” [PV
2b]. “Also” (tatha: vali): Having written down the increasing digits up to the
(number in) question, mental work (? siravalu) (of successive addition) is made. It
becomes the samkalita. /BBA 2.2/

BBA 2.2. T cannot identify the term siravalu but presumably it is a compound of sira (Skt. Siras,
head) and valau (from the verb valai, “turns” or “manipulates”) and means “manipulation by head”

or mental work. The same word occurs also in BBA 2.6.

Third method: “Half the square of the term increased by the first” [PV 2¢|. “The
square of the term”: The square of the term in question is made. “Increased by the
first”: Then, (the result is) increased by the first term. “Half”: Then, that term (in
the last form) is made half. It becomes the samkalita. /BBA 2.3/

Fourth method: “(that which is obtained) in the product of half the first (and
the same) plus one, is the fruit” [PV 2d]. “Plus one”: The term in question is made
increased by one. “The first”: Then, the first digit is written down together. Then,
having made half the full (i.e., even) term between these two digits, (the result is)
multiplied (by the other). It becomes the samkalita. /BBA 2.4/

BBA 2.4. Tt is noteworthy that the word puraum (full) is used to denote an “even” number. I have

not seen its Skt. counterpart purpa used in that sense.

Ex. The samkalita of ten is fifty-five: 10, 55. First (method). The term in
question is 10. “Plus one”: Increased by one, it becomes 11. “The first term” is 10.
“The product”: multiplied, 110. “Half” is 55. /BBA 2.5/

BBA 2.5. Ex. 1 for samkalita: n = 10. By the 1st method, 10+ 1 =11, 11 -10 = 110, 110/2 = 55.
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Second (method). The term in question is 10. “One-by-one”: From one to ten,
mental work (of successive addition) is made. Produced is 55. /BBA 2.6/

BBA 2.6. By the 2nd method, 1+2=3,3+3=6, ---, 45+ 10 = 55.

Third (method). The term in question is 10. When square is made, it becomes
100. Increased by the first term, 10, it becomes 110. “Half” is 55. /BBA 2.7/

BBA 2.7. By the 3rd method, 10% = 100, 100 + 10 = 110, 110/2 = 55.

Fourth method. The term in question is 10. Increased by one, it becomes 11.
Multiplied by half, 5, of the first term, 10, it becomes 55. /BBA 2.8/

BBA 2.8. By the 4th method, 10+ 1 =11, 10/2 =5, 11 -5 = 55.

The samkalita of twenty is two hundred and ten: 20, 210. The samkalita of thirty
is four hundred and sixty-five: 30, 465. The samkalita of forty is eight hundred and
twenty: 40, 820. The samkalita of fifty is twelve hundred and seventy-five: 50, 1275.
The samkalita of sixty is eighteen hundred and thirty: 60, 1830. The samkalita of
seventy is twenty-four hundred and eighty-five: 70, 2485. The samkalita of eighty
is thirty-two hundred and forty: 80, 3240. The samkalita of ninety is forty hundred
and ninety-five: 90, 4095. The samkalita of one hundred is fifty (hundred and) fifty:
100, 5050. /BBA 2.9/

BBA 2.9. Exs. 2-10 for samkalita. Ex. 2: n =20, S = 210. Ex. 3: n =30, § = 465. Ex. 4: n = 40,
S = 820. Ex. 5: n =50, S = 1275. Ex. 6: n = 60, S = 1830. Ex. 7: n = 70, S = 2485. Ex.
8: n =80, S =3240. Ex. 9: n = 90, S = 4095. Ex. 10: n = 100, S = 5050. Note that the last

number, 5050, is expressed as “fifty fifty” (pamcasa pamcasam) without “hundred” (sa#).
The root (mula) of the samkalita.

The step (gaccha, the number of terms) is equal to (the integer part of)
the (square) root of twice the samkalita. /S1/

Having doubled the value (pada) of the root (mula) of the samkalita, the square
root (varga-mula) (of the result) is taken. There will be an integer equal to it. One
step (i.e., the number of terms) is made of it. The root (mala) is obtained. /BBA
2.10/
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BBA 2.10. From the third method of PV 2,
V2S = 1/n? +n = n + fractional part.

Therefore, the integer part of v/2S is equal to the number of terms of the natural series summed
up.

The word gaccha (step) used in mathematical contexts means the number of terms of a mathematical
series. The word pada (foot), too, usually means the number of terms as well as the square root but
here and elsewhere in this work it seems to denote the given term or value. Most confusing in this
paragraph is the word mala (root). In the cited verse (S1), it obviously means the square root and
the commentator employs the explicit term varga-maula for it. But it cannot be the square root in
the other three instances. Two of them, in the first and the last sentences, suggest that the “root”
of the samkalita is the aim of this paragraph, which must be the number of terms of the samkalita,
but this interpretation is not applicable to the remaining instance, which seems to suggest that “the

root of the samkalita” means S itself.

Thus, the samkalita is completed. /BBA 2.11/

The second sutra for vyavakalita./BBA 3.0/

When one has subtracted the expenses from the property produced as a
samkalita (sum), there will be a property. This property has been called
the difference (vyavakalita) by ancient sages. /PV 3/

and calculated by the same formula.

Having made an expenditure (varau) drop from that which is the property pro-
duced by the term (pada) of the samkalita, the remainder (bak7) is taken out. The
sages (muni: rasisvara) call this property vyavakalita (difference). /BBA 3.1/

Ex. When one has made an expenditure of the samkalita of ten, twenty, thirty,
forty, fifty, sixty, seventy, eighty, ninety, or one hundred, from the samkalita of one
hundred, what will be the remaining property? Setting-down:
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5050 sum 100 | 5050 sum 100 | 5050 sum 100 | 5050 sum 100 | 5050 sum 100
55 exp. 10 | 210 exp. 20 | 465 exp. 30 | 820 exp.40 | 1275 exp. 50
4995 rem. 4840 rem. 4585 rem. 4230 rem. 3775 rem.

5050 sum 100 | 5050 sum 100 | 5050 sum 100 | 5050 sum 100 | 5050 sum 100
1830 exp. 60 | 2485 exp. 70 | 3240 exp. 80 | 4095 exp. 90 | 5050 exp. 100
3220 rem. 2565 rem. 1810 rem. 955 rem. 0000 rem.

These much are the values of expenditures (subtrahends) and the values of the
remaining properties. In this manner, the remainder is taken out of the income and
expenses. /BBA 3.2/

BBA 3.2. Examples 1-10 for vyavakalita. Ex. 1: Vigo,10 = S(100)—S(10) = 5050—55 = 4995. Ex. 2:
Vioo.20 = S(100) — S(20) = 5050—210 = 4840. Ex. 3: Vioo.30 = S(100)—S(30) = 5050 — 465 = 4585.
Ex. 4 Viooo = S(100) — S(40) = 5050 — 820 = 4230. Ex. 5: Vicoso = S(100) — S(50)
5050 — 1275 = 3775. Ex. 6: Vioo.go = S(100) — S(60) = 5050 — 1830 = 3220. Ex. 7: Vioo.7o
$(100) — S(70) = 5050 — 2485 = 2565. Ex. 8: Vioo.s0 = S(100) — S(80) = 5050 — 3240 = 1810. Ex. 9:
Vioo.eo = S(100) — S(90) = 5050 — 4095 = 955. Ex. 10: Vigo.100 = S(100) — S(100) = 5050 — 5050 =
0000.

Thus, the vyavakalita is completed. /BBA 3.3/

The third sutra for the multiplication./BBA 4.0/

There are two kinds of Kapatasandhi. Likewise, there are two kinds of
Gomutrika. Tatstha has also been declared to be of two kinds, and Khanda
has been laid down as of three kinds. /PV 4/

PV 4. Multiplication. Four methods are mentioned here. Each method has two or three varieties,
and therefore there are nine methods in total. They are explained in PV 5-8 and illustrated by an
example (1196 x 18) in BBA 8.5-8.
1. Kapatasandhi (door junction) — PV 5.
— BBA 8.5.
— BBA 8.5.
2. Gomiitrika (cow’s urine)
— BBA 8.6.
— BBA 8.6.
3. Tatstha (being there) — PV 7.

— BBA 8.7.

— BBA 8.7.
— PV 8.

Direct order
Inverse order
— PV 6.
Direct order

Inverse order

Strsa (head) variety
Kostha (cell) variety
4. Khanda (part)
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Riipa-vibhaga (integer division) — BBA 8.8.
Sthana-bhaga (place division) — BBA 8.8.
Hinadhika-bhaga (lesser-greater division) — BBA 8.8.

Tables N1-1 and N1-2 show the correspondence between the names given to the various multipli-
cation methods in mathematical works. For the abbreviations in the names see under Table N1-2.

The references given under the names are to the verse numbers in the respective works.

Table N1-1
Texts BSS Tr/PG GSS GT L
Dates 628 ca. 800 ca. 850 ca. 1040 1150
1 — kavata-sa. kavata-sa.  kapata-sa. nn
5-6ab/18-19ab  2.1ab 17abc 14ab
2 - - - - -
3 — tatstha tatstha tatstha —
6¢d/19cd 2.1cd 17d
4 - - - - -
5 gosatrika*'  ra.vi.kha. khanda ra.vi.kha. ra.vi.kha.
12.55d Tab/20ab 2.1cd 18 14cd
6 gosutrika stha.vi.kha. khanda stha.vi.kha.  stha.vi.kha.
12.55abc 7ab/20ab 2.1cd 18 15d
7 (ra.vi.kha.)*?  — — ra.vi.kha.
Tab/— 15ab
8 nn*? — — — nn
12.56 16

*! The reading gosatrika (cows’ rope) is based on Prthiidaka’s commentary (ca. CE 864; I used
the three MSS mentioned in the References, which include a copy of the manuscript used by S.
Dvivedin). The editions of S. Dvivedin and of R. S. Sarma both read gomatrika (cow’s urine) for it.
The term gostutrika most probably meant the multiplication by parts after dividing the multiplier
into either integers or notational places. See the Note for BBA 8.6 below. Prthudaka (op.cit.) also

mentions the tatstha and the kapata-sandhi.

of the Tr (MS: LD Institute, 6967, fol. 5b, lines 11-14), the rapavibhaga of the Tr includes this case
also. Prthiidaka (op.cit.) ascribes this method to Skandasena.

*2 This is of the type: nm = 2 - (ma) or nm = (na) -

m
a

. According to an anonymous commentator

*3 This is of the type: nm = n(m % a) F na.
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Table N1-2
SGT GSK GK PV/BBA GL GM
ca. 1269 ca. 1315 1356 —/1428 1545 ca. 1570
kapata-sa. kavada-sa.  kapata-sa. kapata-sa. 8. gul. akh.gu2.
17-18.2 1.27 1.13 5 onL 14 16a
— — — gomautrika tatsthana-gu2. —
6 on L 17
tatstha — — tatstha-$7. — —
17-18.3 7
— — — tatstha-ko. kapata-sa. kapata-sa.
7 onL 17 17-18
ra.vi.kha. khamda ra.vi.kha. ra.vi.kha. 0. Vi.gu2. nn
17-18.4-5 1.29(7) 1.14ab 8 onL 14 16b
stha.vi.kha. khamda stha.vi.kha.  stha.vi.kha. stha.gu2. nn
17-18.6-7 1.29(7) 1.14cd 8 on L 15-16 16¢cd
— — nn hi.a.kha. 0. Vi. gu2. —
1.15ab 8 on L 15-16

8 gul.a/li.kha. — — — nn —

17-18.8-9 on L 15-16

Abbreviations of terms: a. = adhika, a/li. = adhikakari/linatakari, akh. = akhanda, ko. = kostha,
kha. = khandagunana, gul. = gunaka, gu2. = gunana, r4. = rupa, vi. = vibhaga, $i. = $irsa, sa.

= sandhi, hi. = hina; nn = no-name.

These tables reveal several points of the history of multiplication methods in India.

1) The two kinds of the “multiplication with parts” (khanda-gunana), i.e., “by division (of the
multiplier) into integers” (rapa-vibhaga) and “by division (of the multiplier) into notational places”
(sthana-vibhaga), are mentioned or explained in all these arithmetical works but in their first oc-
currence in the BSS they were called the “cows’ rope” (go-sutrika). See the Note for BBA 8.6.

2) The method called “door junction” (kapata-sandhi or kavata- or kavada-) is not mentioned in
the BSS but I agree with Datta and Singh (2001, 1.135) who maintain that the common and well-
known method of kapata-sandhi has been omitted by him (i.e., Brahmagupta). Since the Tr/PG it
is treated at the beginning of the section for multiplication in all the works surveyed here, although
its name was replaced with “integer multiplication” (rapa-gunana or akhanda-) in the sixteenth
century by the two Ganesa’s (i.e., the authors of the GL and of the GM), and the old name, “door
junction,” was given by them to the lattice method, which was previously (in the PV) called the
“cell variety of being there” (tat-stha-kostha-bheda). Sambhunatha (between CE 1562 and 1730),
another commentator of the PV, too calls the lattice multiplication kapata-sandhi but, unlike the
two Ganesa’s, he gives the name tatstha to the previous kapata-sandhi. The reason of these name
changes is not known.

3) As far as is known, the PV is the first book in India that treats the lattice multiplication, while
in the Arabic world and in England it occurs earlier (see Chabert 1999, 21-26).
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4) The method called “cow’s urine” (go-mautrika), too, appeared for the first time in the PV. But it
seems to have originally been invented in astronomy for the multiplication of numbers with sexa-
gesimal fractions. See the Note for BBA 8.6. That is probably the reason why the first appearance

of the method in arithmetical works is as late as in the fifteenth century.
Kapatasandhi (door junction)./BBA 5.0/

One should place the price above the (term in) question and multiply (each
place of the term in question) one-by-one by the price. With the direct
and the inverse (order), the (multiplication) called Kapata shall be of two
kinds. /PV 5/

Kapatasandhi has two methods. The first is the direct-order (method). In
the direct-order (method), the price is arranged above the term in question, at
the beginning (the highest notational place) in the manner of the door junction
(kapatasandhi). Then, having multiplied (each place of) the term in question one-
by-one by the price, (the results of all steps) are added up. The fruit (product) is
obtained. /BBA 5.1/

BBA 5.1. Kapatasandhi—Direct order. For an example see BBA 8.5 below. Note that
Sambhudasa’s terminology for the order of the notational places such as “direct,” “inverse,” “the
beginning,” and “the end” is contrary to the ordinary one. The same terminology is used by

Thakkura Pher@ in his GSK (see SaKHYa 2009, 49, fn. 12).

Likewise, the second is the inverse-order (method). In the inverse-order (method),
the price is arranged above the term in question, at the end (the units’ place) in the
manner of the door junction (kapatasandhi). Then, having multiplied (each place
of) the term in question one-by-one by the price, (the results of all steps) are added
up. The fruit (product) is obtained. /BBA 5.2/

BBA 5.2. Kapatasandhi—Inverse order. For an example see BBA 8.5 below.

Now, Gomutrika (cow’s urine)./BBA 6.0/

One should place the price below the (term in) question and multiply (each
place of both numbers) straightly and alternately. With the direct and the
inverse (order), the (multiplication) called Gomutrika (cow’s urine) shall
be of two kinds. /PV 6/
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Gomutrika has two methods. The first is the direct-order (method). In the
direct-order (method), the price is arranged together with, and below, the term in
question, at the beginning (the highest notational place). Then, having multiplied
them (each place of both numbers) straightly and alternately and further straightly
at the end, (all the results) are added up. The fruit (product) is obtained. /BBA
6.1/

BBA 6.1. Gomiutrika—Direct order. For an example see BBA 8.6 below.

Likewise, the second is the inverse-order (method). In the inverse-order (method),
the price is arranged together with, and below, the term in question, at the end (the
units’ place). Then, having multiplied (each place of both numbers) straightly and
alternately, (the results at each step) are added up. The fruit (product) is obtained.
/BBA 6.2/

BBA 6.2. Gomiutrika—Inverse order. For an example see BBA 8.6 below.

Now, the Tatstha (being there) variety./BBA 7.0/

Since the multiplication is made by each (digit) of the quantity (placed
on the top of the other quantity, it is) called the Sirsa (head or top) vari-
ety. Further, the Kostha (cell) variety has been declared (in the Tatstha
variety). Tatstha too, (therefore,) has been laid down as of two kinds. /PV

7/

Tatstha has two methods. First, in the Sirsa (head) variety, the price is arranged
above the term in question at the head. Then, taking each digit of the price, the
term in question is multiplied (by it). (Then the results are) separately (i.e., at each
notational place) added up. The fruit (product) is obtained. /BBA 7.1/

BBA 7.1. Tatstha—Sirsa variety. For an example see BBA 8.7 below.

The second is the Kostha (cell) variety. In the Kostha variety, having drawn cells,
(they are) split (diagonally). The term in question is arranged on the top, and the
term of the price is written in front. Then, having taken each digit of the price and
multiplied (it) by the term in question, (the results) are written into the cells and
then added up. The fruit (product) is obtained. /BBA 7.2/

BBA 7.2. Tatstha—Kostha variety. For an example see BBA 8.7 below.
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Now, the Khanda (part) variety./BBA 8.0/

There may be the integer division in one case, the place division in another
case, and the lesser-greater division still in another case. Khanda too,
(therefore,) has been laid down as of three kinds. /PV 8/

Khanda has three methods. The first is the integer division. In the integer-
division, having divided the term of the question into two, three, or four parts and
multiplied (each part) by the term of the price, (the results are) added together at
one place. The fruit (product) is obtained. Likewise, having divided the term of the
price into parts, (each part may) be multiplied by the term of the question. From
that, in the same way, the fruits (products) are obtained. /BBA 8.1/

BBA 8.1. Khanda—TInteger division. For an example see BBA 8.8 below.

The second is the place division. In the place-division, having divided the term of
the question into the places of one, ten, hundred, thousand, etc. and multiplied (each
place) by the price, (the results) are added up at one place. The fruit (product) is
obtained. Likewise, having divided the places of the term of the price, (each place
may) be multiplied by the term of the question. From that, in the same way, the
fruit (product) is obtained. /BBA 8.2/

BBA 8.2. Khanda—Place division. For an example see BBA 8.8 below.

The third is the lesser-greater division. In the lesser-greater division, the term
of the question is made into one half, one fourth, (etc.). Likewise, having made
the term of the price twice, four times, (etc., it) is multiplied (by the former). The
fruit (product) is obtained. Likewise, having divided the term of the price, (it) is
multiplied by the (term of) question. From that, in the same way, the fruit (product)
is obtained. That is, the multiplication has nine methods. /BBA 8.3/

BBA 8.3. Khanda—Lesser-greater division. For an example see BBA 8.8 below.
Others’ stutra:
(A quantity) multiplied by zero is zero. One should employ zero in front.

(A quantity) multiplied by unity remains the same. Thus is indeed (the
multiplication by zero and by unity) everywhere./S2/
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Zero is multiplied by zero; there will be only zero. Then, zero for the term of the
price (to be multiplied by each place of the term of the question) is written so many
times as there are (notational places) in front in the term of the question. Then, (a
quantity) multiplied by one is just the same. (The operation) in multiplication is
(made) in this way. /BBA 8.4/

BBA 8.4. The commentator regards S2 as “others’ stitra” and does not give a verse number. But,
as it occurs also in Sambhunatha’s version and is given the verse number 10 by him, it is likely to
have belonged to the original PV. The rule is concerned with the treatment of zero and unity in
multiplication. Note that the Tr and the PG too place a verse for zero (Tr 8 and PG 21) immediately
after the verses for multiplication. 1) a -0 = 0. (The statement, 0-0 = 0, at the beginning of BBA
8.4 seems to be a written error either by the author himself or by the scribe.) 2) Put so many zero’s
in front of the term of the price, when multiplied by each digit of the term of the question, as many
notational places there are in front of that digit. 3) a-1 = a. For the second rule see BBA 8.8

below.

First example. Silver, one thousand one hundred and ninety-six gadiyanas,
for (unit price) eighteen 18 drammas. What is the fruit (price)? Setting-down.

Kapatasandhi in the direct order: | 1 8 After multiplying, the form
1 1 9 6
(of the penultimate stepis) | I 8 8 2 8| Obtained is| 21528 | drammas. In
1 9 6
7 4

the same way, Kapatasandhi in the inverse order:

1 8| After multi-
1 1 9 6

plying, the form (of the penultimate step is)

L 19 6 8 |Obtained is | 21528 | drammas. /BBA 8.5/
8 7 4

8 2

BBA 8.5. Ex. 1 for multiplication: What is the price of 1196 gadiyanas of silver when the unit price
is 18 drammas?

Solution by Kapatasandhi (door junction) method Both the direct-order and the inverse-order meth-
ods can be reconstructed as follows. At each step, the newly written digits are printed in bold face.
Note that the three tables given for each variety in BBA 8.5 represent steps 1), 12) without the
multiplier, and 13).

1. Direct order (cf. BBA 5.1):
1) Write down the multiplier (18) above the multiplicand (1196) in such a way that the first place
of the former is just above the highest place of the latter:
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1 8
1 9 6
1 8
2)1-1=1
1 1 1 9 6
1
3)1-8=8
1 8 1 9 6
. 8
4) Move “18” to the right by one place:
1 8 9 6
1 8
5)1-1=1: 1 1 9 6
1
1
6)1-8=8 1 8 8 9 6
1
1 8
7) Move “18” to the right by one place: 1 8 8 9 6
1
1
8)9-1=0: 1 8 6
1 9
1
1 8 8 2 6
9)9-8="T2:
1 9
7
1 8
1 8 8
10) Move “18” to the right by one place: )
7
1
1 8 8 6
11)6-1=6
1 9 6
1
1 8 2 8
12) 6-8 =48:
1 6
7 4

13) Add up the numbers except the multiplier (18): 2 1 5 2 8
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2. Inverse order (cf. BBA 5.2):
1) Write down the multiplier (18) above the multiplicand (1196) in such a way that the highest

place of the former is just above the first place of the latter:

8
1 1 9 6
1
2) 68 =48: 1 1 9 6 8
4
3)6-1=6: 1 1 9 6
1 8
4) Move “18” to the left by one place: 1 1 9 6 8
1 8
1 1 9 6 8
5 9.8 =72
7 4
2
1 8
1 1 6 8
6)9-1=9
4
2
1 8
1 1 8
7) Move “18” to the left by one place: ;
1 8
1 1 9 8
8)1.-8=8
7
8
1 8
1 1 9 8
9)1-1=1:
7
8
1 8
1 9 8
10) Move “18” to the left by one place:
8
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1 8
1 1 9 8
11)1-8=8
8 7 4
8
1 8
1 1 9 8
12)1-1=1:
8
8
13) Add up the numbers except the multiplier (18): 2 1 5 2 8

As has been pointed out by Datta and Singh (2001, 1.137), the name of this method, kapata-sandhi
(“door junction”), seems to originate from “the relative positions of the multiplicand and the mul-
tiplier.”! At every step, the multiplier and the multiplicand, representing the two doors seen from

above, make a junction at one notational place. In the case of the direct order it may be illustrated

Step 1 —  Step 4
P 1 8 P 1 8
1 1 9 6 1 9 6
— Step 7 —  Step 10
P 1 8 P 1 8
9 6 6

Figure N1: The relative positions of the multiplicand and the multiplier

as follows.

in the direct order of Kapata-sandhi.

Sambhunatha calls the inverse-order method of Kapata-sandhi with the multiplier above the multi-
plicand $irsa (“head”) variety of Tatstha and the direct-order method of the same with the multiplier

below the multiplicand prstha (“back”) variety of Tatstha (cf. Hayashi 1991, 420).

Now, Gomutrika in the direct order: 1 1 9 6| After multiplying
1 8

—= O

7
7

straightly and alternately, the form (of the penultimate step is) | 1 8 8
4

Obtained is | 21528 | drammas. In the same way, Gomutrika in the inverse order:

1 1 9 6| After multiplying straightly and alternately, the form (of the penul-
1 8

timate step is) | 1 8 | Obtained is| 21528 | drammas. /BBA 8.6/

1 7 4
9 7 8

1 T am indebted to Professor S. R. Sarma for my understanding of Datta and Singh’s intention.
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BBA 8.6. Solution of Ex. 1 by Gomiutrika (cow’s urine) method. Both the direct-order and the
inverse-order methods can be reconstructed as follows. Note that the three tables given for each

variety in BBA 8.6 represent steps 1), 8) without the multiplicand and the multiplier, and 9).

1. Direct order (cf. BBA 6.1):
1) Write down the multiplier (18) below the multiplicand (1196) in such a way that the highest
place of the former is just below the highest place of the latter:

1 1 9 6
1 8
1 1 9 6
2) 1-1 =1 (straightly): 1 8
1
1 1 9 6
3)1-8+1-1=9 (alternately): 1
1 9
1 1 6
4) Move ‘18’ to the right by one place: 1 8
1 9
1 1 6
1
5)1-849-1=17 (alternately):
1 9 7
1
1 1 9
. 8
6) Move ‘18 to the right by one place:
1 9 7
1
1 1 9 6
1
7)9-8+46-1 =78 (alternately):
19 7 8
17
1 1 9 6
1 8
8) 6 -8 = 48 (straightly):
1 9 7 8 8
1 7 4
9) Add up the digits obtained: 2 1 5 2 8

2. Inverse order (cf. BBA 6.2):
1) Write down the multiplier (18) below the multiplicand (1196) in such a way that the units’ place

of the former is just below the units’ place of the latter:
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1 1 9
1 1 9 6
2) 6 - 8 = 48 (straightly): 1
4 8
1 1 9
3)6-1+9-8 =78 (alternately) !
. -8 = alternately):
7 4 8
8
1 1 9 6
1 8
4) Move ‘18’ to the left by one place:
7T 4 8
8
1 1 9 6
5)9-1+1-8 = 17 (alternately) bos
. -8 = alternately):
Y 1 7 4 8
7T 8
1 1 9 6
1 8
6) Move ‘18’ to the left by one place:
1 7 4 8
7 8
1 1 9 6
7)1-1+41-8=9 (alternately) bos
. -8 =9 (alternately):
Y 17 4 8
9 7
1 1 9 6
8) 1-1=1 (straightly) bos
-1 =1 (straig :
Y 1 1 7 4 8
9 7
9) Add up the digits obtained: 2 1 5 2 8

The name of this method, gomatrika (cow’s urine), seems to originate from its procedure expressed
as “straightly and alternately” (saralam mithah in PV 6b, padharam anai anyonyi in BBA 6.1,
padhara anyonyi in BBA 6.2, and sarala anyonya in BBA 8.6). For brevity, let two integers be
(a2,a1) = 10a2 + a1 and (b2, b1) = 10b2 4+ b1. Then the basic pattern of the procedure of Gomitrika

for their product may be expressed algebraically as follows.

az ai = (a2b2,a1b2 + agbl,albl),
by by
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where a2b2 and a1b1 are obtained by “straight” or vertical multiplications and aib2 + a2b1 by
“alternate” or cross multiplications.

Datta and Singh (2001, 147, fn. 4) say, “The method of multiplication of astronomical quantities
is called gomdtrika even upto the present day by the pandits.” Presumably, those “astronomical
quantities” were partly expressed in sexagesimal notation. In Sumatiharsa’s commentary (CE 1621)
on the Karanakutuhala of Bhaskara II, multiplications of numbers with sexagesimal fractions are
said to be carried out “by means of Gomiitrika” (gomatrikaya), which most probably refers to the
above method with base 60 in place of 10 (see Sumatiharsa 1991, 31 & 116). It is called catuspadi-
nyaya (“quadruped principle”) in an anonymous commentary on Maifijula’s Laghumanasa, which
was written after Sripati in Karnataka (Shukla 1990, 40-44). According to Shukla (1990, 49), it puts

a
the sexagesimal fractions below the integral parts. Let the two numbers be = a1 + az/60
az

b
and ( ! ) = b1 + b2/60. Then, their product is obtained by

b2
a1b1
al bl
- aibs +az2b1 |,
az b2

a2b2

where the denominator of asbs is 60%. Cf. the multiplication of fractions in PV 13 below. It is likely
that the Gomutrika method of multiplication was originally designed for numbers with sexagesimal
fractions.

Ganesa’s version of this method, which he calls “that-place multiplication” (tat-sthana-gunana),
does not move the multiplier but does use the “alternate” or cross multiplication, which is the
main characteristic of the Gomutrika. He refers to it as “like the thunderbolt multiplication”

(vagrabhyasavat). At the end of his commentary on L 17, he describes this method as follows.

The multiplication of those digits having that place, which are located at that same
place, is “that-place multiplication.” It is as follows. Having placed the multiplier
below the multiplicand and multiplied the units’ place by the units’ place, (the result)
should be placed below. Then, having multiplied the units’ places by the tens’ places
like the thunderbolt multiplication and summed (the products), (the result) should be
placed in the row (parikti) (of the product) previously placed. Then, having multiplied
the units’ place by the hundreds’ place, the hundreds’ place by the units’ place, and
the tens’ place by the tens’ place, and summed (the products), (the result) should be
placed like before. The other places too {should be treated) in the same manner. This
having been done, the row will be the fruit of the multiplication. This (method) is of the
nature of great curiosity (mahad-ascarya-rapa) and cannot be understood by dull persons
without traditional teaching (paramparya-upadesa). In like manner, other methods of

multiplication too should be considered by intelligent ones. (Ganesa on L 17)
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The difficulty mentioned here may have been caused by the traditional teaching’s omission of the
move of the multiplier. By the phrase “like the thunderbolt multiplication” Ganesa was probably
referring to the cross multiplication of the same name that occurs in the wvarga-prakrti (square
nature), that is, a solution of the quadratic indeterminate equations of the type, pr? +t=y?. See
BSS 18.65 (where occurs vajra-vadha) and BG 42 and 43 (vajra-abhyasa). In his commentary on

the latter verses, Krsna (before CE 1601) explains the compound as follows.
Thunderbolt multiplication (vajra-abhyasa) is the name of oblique multiplication (tiryag-
gunana), for thunderbolt (vajra) has the nature of striking obliquely (tiryak-prahara).

(Krsna on BG 41-43)

Sambhunatha’s version of Gomiitrika does not even use the cross multiplication. His initial

a a2
. U |1 . .
arrangement of the given digits is He does not show the rest of the calculation but it can
b2 | b1
ba
al as ai ‘ a2
. al b1 albl .
be easily reconstructed as follows. — — (cf. Hayashi 1991, 419).
a1ba|a2b1 a1ba + a2b1
a2b2 agbg

The use of the word gomautrika in mathematics is in conformity with that in Sanskrit rhetoric, where
it is the name of a type of verses in which every alternate syllable of the first hemistich is identical
with those of the second. Therefore, if one reads the syllables of the first and the second hemistichs
zigzag, i.e. alternately, one obtains exactly the same verse as the original. An example occurs in

Bharavi’s Kiratarjuniya (6th century).

nasuro 'yam na va nago dharasamstho na raksasah/

na sukho ’yam navabhogo dharanistho hi rajasah//15.12//

In this verse, the even syllables of the first hemistich are exactly the same as those of the second.
Figure N2 shows two zigzag lines, one commencing from the frist syllable na of the first hemistich
and the other from the first syllable na of the second. Reading the syllables along the first or second

zigzag line will bring us the first or second hemistich, respectively.

na su ro yam na va na go dha ra samsthona ra ksa sah |

DO OO

na su khoyam na va bho go dha ra ni stho hi ra ja sah]

Figure N2: An example of gomutrika in Sanskrit rhetoric

The name of the multiplication method, gomatrika, should not be confused with gosutrika of BSS

12.55, which reads:
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gunakarakhandatulyo gunyo gosttrikakrto gunitah/
sahitah pratyutpanno gunakarakabhedatulyo va//12.55//

Colebrooke translated this verse as follows.

The multiplicand is repeated like a string for cattle, as often as there are integrant
portions in the multiplier; and is severally multiplied by them, and the products are
added together: it is multiplication. Or the multiplicand is repeated as many times as
there are component parts in the multiplier. (BSS 12.55, trans. by Colebrooke 2005,
319)

Datta and Singh (2001) disagreed with Colebrooke’s reading gosutrika and adopted gomatrika of
S. Dvivedin’s edition. But Colebrooke based his reading on the commentary of Prthtidakasvamin
(fl. CE 864; MS: India Office Library, Eggeling 2769, fol. 93) and in a footnote explains the compound

as follows.

Gosutrika;, a rope piqueted (picketed) at both ends; with separate halters made fast to

it for each ox or cow.

Sanskrit dictionaries also record similar meanings. The arrangement of the cows and the rope

intended here may be illustrated as follows.

rope

kil

Figure N3: Illustration of gosutrika seen from above

The expression gosutrika then is indeed appropriate for visualizing the two kinds of multiplication
with parts later called sthana-vibhaga-khanda-gunana (“multiplication with parts by division into
notational places”) and rapa-vibhaga-khanda-gunana (“multiplication with parts by division into
integers”). Cf. L 17. In this simile, the “rope” is the sequence of the parts into which the multiplier
is divided and the “cow” is the multiplicand. See Figure N4. The following translation of BSS

12.55, which is more literal than Colebrooke’s, will more clearly describe the intended procedure.

The multiplicand, equal (in number) to the parts (khanda, notational places) in the
multiplier, (when) arranged in the form of cows’ rope, multiplied (by each part severally),
and added together, (becomes) the product. Or, otherwise, (the multiplicand), equal (in
number) to the splits (bheda, component integers) in the multiplier, (is treated likewise).

(BSS 12.55, trans. by myself)
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1196 1 — 1196
1196 2 — 2392
14352

Sthana-vibhaga
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1196 2 — 2392
1196 4 — 4784
1196 6 — 7176
14352

Rupa-vibhaga

Figure N4: Illustration of two kinds of khanda-gunana (by 1196 x 12 = 14352)

The commentator Prthudaka in the three manuscripts that I used does not strictly follow this rule.

While illustrating the Gostitrika with the example 235 x 288, he arranges the multiplicand (235)
and the partial products (470[00]/1880[0]/1880) vertically and the “parts” of the multiplier (2/8/8)
horizontally in the Sthanavibhaga; in the Rupavibhaga, he puts both the “splits” of the multiplier
(9/8/151/120) and the partial products (2115/1880/35485/28200) horizontally. This has probably

resulted either from Prthudaka’s loose application of the BSS rule or from scribal errors, or from

both.

Now, the Sirsa variety (of Tatstha): 1 8 After multiplying one-by-
1 1 9 6

one, the setting-down of the form (of the penultimate step is) 1

8

oo =
~N 00 ©
IS U

Obtained is | 21528 | drammas. Likewise, the Kostha variety of Tatstha:

(Figure 1)

After multiplying one-by-one, the form (of the penultimate step is)

1 1 9 6
8 8 2 8
(Figure 2)

Obtained in adding up (the results) is | 21528 | drammas. /BBA 8.7/
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BBA 8.7. Solution of Ex. 1 by Tatstha. The two varieties of Tatstha may be reconstructed as
follows.

1. Sirsa variety of Tatstha (cf. BBA 7.1).
1) Write down the multiplier (18) on top of the multiplicand (1196):

1 8
1 1 9 6
1 8
2)1-1=1: 11 6
1
1 8
3)1-1=1: 11 6
11
1 8
4)9-1=09: 11 6
1 1 9
1
5)6-1=6: 1 1 9
11 6
1
6)1-8=8 b
1 1 9 6
8
1 8
7)1-8=8 b9
1 1 9 6
8 8
1 8
1 1 9 6
8) 9.8 =72 1 1 9
8 8 2
7
1 8
1 1 9 6
9) 68 = 48: 1 1 9 6 8
8 8 2
7 4

10) Add up the digits obtained: 2 1 5 2 8
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BBA 7.1 specifies the position of “18” as “at the head” (mathai) in addition to “on top of the term
of the question” (prasnapada @pari) but probably both have the same meaning because it does not
matter if “18” is placed at the units’ place or at the highest place of “1196.” The first three tables
in BBA 8.7 represent steps 1), 9) without the multiplier and the multiplicand, and 10).

Sambhunatha does not treat this method and gives the name tatstha-sirsa-bheda to the inverse-order

method of Kapata-sandhi.

2. Kostha variety of Tatstha (cf. BBA 7.2).
1) Draw as many cells as the number of places of the multiplicand times that of the multiplier;
draw a diagonal line in each cell; and write down the multiplicand on the top of the box and the

multiplier to the right side:

Figure N5-1: Kostha variety—drawing cells with the multiplicand and multiplier

2) Fill each cell with the product of the corresponding digits of the multiplicand and the multiplier:
1 1 9 6

Figure N5-2: Kostha variety—writing the partial products

This diagram in the manuscript B omits the multiplicand (1196) and the multiplier (18).
3) Add up the digits along the diagonal lines: ’ 2 1 5 2 8 ‘

Sambhunatha, like the authors of the GL and of the GM, calls this method kapata-sandhi.

Now, the integer-division of Khanda is (made) in two ways. (The first is the
division of the term of the question into, for example, two halves, 598 and 598.)
After multiplying both (by the price 18) like Kapatasandhi, the form of (each) half
is: | 10764 | Obtained is | 21528 | drammas. The second is the division of the

10764

price, (for example into two halves, 9 and 9). After multiplying each (by the term
of the question), the form is | 10764 | Obtained is | 21528 | drammas. (When the
10764
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1 1196 || 1 1196
price is divided into eighteen unities,) | { 1196 || 1 1196 | (Obtained is| 21528
1 1196 || 1 1196
1 1196 || 1 1196
1 1196 || 1 1196
1 1196 || 1 1196
1 1196 || 1 1196
1 1196 || 1 1196
1 1196 || 1 1196
drammas.)
Likewise, the place-division of Khanda. One, ten, hundred, thousand, etc. The
18
form (of the first step of each division is) 1000 After multiplying all (parts)
18
100
18
90
18
6

like Kapatasandhi, the form (of the results is) Obtained is| 21528 | dram-

36
998

9

2392

mas. Likewise, the lesser-greater division. (The form of) half (and double):

After multiplying both like Kapatasandhi, only one fruit obtained is| 21528 | dram-

mas. In the same way, having made one third or one fourth (of one of the two
numbers and three times or four times of the other, both are) multiplied. From
that in the same way the fruit (product) is obtained. Now, the methods for the
first example (shown above are to be employed) everywhere (in the examples that
follow). /BBA 8.8/

BBA 8.8. Solution of Ex. 1 by Khanda.

1. Integer-division. By dividing the multiplicand into two halves, 1196 - 18 = (598 + 598) - 18 =
10764 + 10764 = 21528. Or, otherwise, by dividing the multiplier into two haves, 1196 - 18 =
1196 - (9 + 9) = 10764 + 10764 = 21528. Or, otherwise, by dividing the multiplier into eighteen
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unities, 1196-18 = 1196- (1+1+---+1) = 1196 + 1196 + - - - + 1196 = 21528. This is, so to speak,
an ultimate integer division.

2. Place-division. By dividing the multiplicand into the decimal places, 1196 - 18 = 1000 - 18 + 100 -
18490-18+6-18 = 18000 + 1800 + 1620 + 108 = 21528. An application of the second rule of verse
S2 cited in BBA 8.4 can be seen here in 18000, 1800, and 1620.

3. Lesser-greater division. 1196 - 18 = % - (18 -2) = 598 - 36 = 21528. Or, otherwise, 1196 - 18 =
(1196 - 2) - % = 2329 -9 = 21528.

Presumably, the multiplications of parts in all these cases were made either by Kapatasandhi or by

Gomitrika or by Tatstha.

Second example. Gold, eight hundred and sixty-five tolas, for (unit price) thirty-
two tankas. Setting-down: 865 multiplier 32. Obtained is 27680 tarikas. /BBA
8.9/

BBA 8.9. Ex. 2 for multiplication: What is the price of 865 tolas of gold when the unit price is 32

tankas? Answer: 27680 tankas.

Third example. Madder, one hundred and ninety-six manas, for (unit price)
thirty-five tankas. Setting-down: 196 multiplier 35. Obtained is 6860 tarikas. /BBA
8.10/

BBA 8.10. Ex. 3 for multiplication: What is the price of 196 manas of madder when the unit price
is 35 tankas? Answer: 6860 tarikas.

Fourth example. Ivory, four thousand eight hundred and sixty-five manas, for
(unit price) thirty-six 36 farikas. Setting-down: 4865 multiplier 36. Obtained is
175140 royal tankas. /BBA 8.11/

BBA 8.11. Ex. 4 for multiplication: What is the price of 4865 manas of ivory when the unit price
is 36 tarikas? Answer: 175140 royal tankas.

Fifth example. Sugar, thirty-eight thousand three hundred and twenty-seven
manas, for (unit price) eighty-one drammas. Setting-down: 38327 multiplier 81.
Obtained is 3104487 drammas. /BBA 8.12/

BBA 8.12. Ex. 5 for multiplication: What is the price of 38327 manas of sugar when the unit price

is 81 drammas? Answer: 3104487 drammas. 38327 is a prime number.
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Sixth example. Sandal wood, one thousand seven hundred and sixty-seven manas,
for (unit price) sixty-four tarnkas. Setting-down: 1767 multiplier 64. Obtained is
113088 tarkas. /BBA 8.13/

BBA 8.13. Ex. 6 for multiplication: What is the price of 1767 manas of sandal wood when the unit
price is 64 tankas? Answer: 113088 tarnkas.

Seventh example. Achi, three thousand seven hundred and three manas, for (unit
price) one hundred and eighty-eight drammas. Setting-down: 3703 multiplier 188.
Obtained is 696164 drammas. /BBA 8.14/

BBA 8.14. Ex. 7 for multiplication: What is the price of 3703 manas of achi when the unit price is

188 drammas? Answer: 696164 drammas. The achi has not been identified.

Eighth example. Threads for cloth, one thousand eight hundred and fifty-nine
manas, for (unit price) three hundred and eight tarnkas. Setting-down: 1859 multi-
plier 308. Obtained is 572572 tarnkas. /BBA 8.15/

BBA 8.15. Ex. 8 for multiplication: What is the price of 1859 manas of threads for cloth when the
unit price is 308 tankas? Answer: 572572 tankas.

Ninth example. One laksa fifty-two thousand two hundred and seven, multiplier
seventy-three. Setting-down: 152207 multiplier 73. What is obtained has the form
of a sequence of one’s (ekavali): 11111111. /BBA 8.16/

BBA 8.16. Ex. 9 for multiplication: 152207 - 73 = 11111111. This example is numerically the same
as GSS 2.15, which calls the product “a necklace” (kanthabharana).!

Tenth example. Three sarva thirty-three arva thirty-three kot: thirty-six laksa
sixty-six thousand six hundred and sixty-seven, multiplier thirty-three. Setting-
down: 333333666667 multiplier 33. What is obtained has the form of a necklace
(kanthabharana): 11000011000011. /BBA 8.17/

BBA 8.17. Ex. 10 for multiplication: 333333666667 - 33 = 11000011000011. This example is
numerically the same as GSS 2.11. Both GSS 2.11 and PC 34 call the product “a necklace”
(kanthabharana).

! For other such amusing examples of multiplication in the Pavuliriganitamu, see Sarma (1987,
170-71).
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Here in BBA 8.17 the numerals, sarva and arva, are used to denote respectively 10'* and 10°. The
corresponding Sanskrit terms, kharva and arbuda, mean respectively 10'° and 108 in the standard
Hindu list of decimal notation, and 10'? and 10'° in the Jaina list of GSS 1.65-66. It is noteworthy
that Thakkura Pherii (ca. CE 1315) uses the corresponding Apabhramsa words, khavva and avva,

in exactly the same senses as BBA 8.17.

Eleventh example. Fourteen koti twenty-eight laksa fifty-seven thousand one hun-
dred and forty-three, multiplier seven. Setting-down: 142857143 multiplier 7. What
is obtained has the form of a necklace (hara): 1000000001. /BBA 8.18/

BBA 8.18. Ex. 11 for multiplication: 142857143 -7 = 1000000001. This example is numerically the
same as GSS 2.13, which calls the product “a royal necklace” (raja-kanthikabharana), while PC 35

calls it “Siva’s necklace” (harassa kamthalliya = Skt. harasya kanthalika).

Thus, the multiplication is completed. /BBA 8.19/

Now, the fourth sutra for division./BBA 9.0/

Having put down the divisor below the (term in) question and divided
the (term in) question by the divisor, (the greatest multiple of) the part
(divisor) should be taken away in order (from each place of the dividend).
The operation of division has been surely laid down (in this way). /PV 9/

PV 9. Division. The verse does not specify the place where the quotient at each step is written
down. It is usually put on top of the dividend but any place on the calculating board could also be

used. For the actual procedure see Ex. 1 below.
The (number of) parts is written down below the term in question. Then, by the

(number of) parts, the term in question is divided. Then, in order, the part is taken
away. This is surely called the operation of division. /BBA 9.1/

Others’ sutra:

(When) there is not the part (in the term in question), the (partial) quo-
tient is zero./S3/

/BBA 9.2/

BBA 9.2. A supplementary rule (S3) is cited here. It is to be used when the number at a place of
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the dividend is too small to be divided by the divisor during the division procedure. This occurs in

Exs. 2, 4, 8, and 10.

First example. Four hundred and eighty-eight drammas into four parts. Setting-

down in full condition: | 4 8 8 |The part being dropped (from the question,
4 parts

i.e., the dividend), obtained is 122 drammas. Likewise, in partial condition, i.e.,
setting-down of halves of both the quantity in question and the quantity of parts:

244 | (These are) half of the question and half of the (number of) parts. The
2 parts

part being dropped (from the question), obtained is 122 drammas. In this manner,
having reduced (both the question and the number of parts) into one third, one
fourth, (etc.), the (number of) parts is given, and in the same way (as above) one
obtains the fruit (quotient). /BBA 9.3/

BBA 9.3. Ex. 1 for division: 488 drammas =+ 4 = 122 drammas. This calculation may be recon-

structed as follows.
4 8 8

1) Write down the divisor below the highest place of the dividend:
4

2) Divide the upper 4 by the lower 4, that is, take away the greatest multiple of the divisor from
the corresponding place of the dividend (4 — 4 -1 = 0), and write down the quotient (1) above the
divisor (4):

1
8 8
4
1
3) Move the divisor to the right by one place: 8 8
4

4) Divide the upper 8 by the divisor (8 — 4 -2 = 0), and write down the quotient (2) above the
divisor (4):

1 2
8

4

1 2
5) Move the divisor to the right by one place: 8
4
1 2 2

6) Do the same as in step 4:

4
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Hence the quotient is 122.

The division may be made after the dividend and the divisor are reduced by a common factor.
Second example. Three hundred and twenty-seven drammas into three parts.

Setting-down: 327 | Obtained is 109 drammas. /BBA 9.4/

BBA 9.4. Ex. 2: 327 drammas <+ 3 = 109 drammas.

Third example. Four thousand and ninety-six drammas into sixteen parts.
Setting-down: 4096 into 16 parts. Obtained is 256 drammas. /BBA 9.5/

BBA 9.5. Ex. 3: 4096 drammas + 16 = 256 drammas.
Fourth example. Eleven thousand six hundred and sixty-four drammas into one

hundred and eight parts. Setting-down: 11664 into 108 parts. Obtained is 108
drammas per part. /BBA 9.6/

BBA 9.6. Ex. 4: 11664 drammas = 108 = 108 drammas.
Fifth example. Thirty thousand two hundred and seventy-six drammas into

eighty-seven parts. Setting-down: 30276 into 87 parts. Obtained is 348 drammas
per part. /BBA 9.7/

BBA 9.7. Ex. 5: 30276 drammas + 87 = 348 drammas.
Sixth example. One laksa fifty-six thousand twenty-five drammas into three hun-

dred and ninety-five parts. Setting-down: 156025 into 395 parts. Obtained is 395
drammas per part. /BBA 9.8/

BBA 9.8. Ex. 6: 156025 drammas +~ 395 = 395 drammas.
Seventh example. Fourteen laksa sixty-six thousand five hundred and twenty-one

drammas into twelve hundred and eleven parts. Setting-down: 1466521 into 1211
parts. Obtained is 1211 drammas per part. /BBA 9.9/

BBA 9.9. Ex. 7: 1466521 drammas +~ 1211 = 1211 drammas.
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Eighth example. One koti ninety-three laksa forty-five thousand and six hundred
drammas into eighteen hundred and eight parts. Setting-down: 19345600 into 1808
parts. Obtained is 10700 drammas per part. /BBA 9.10/

BBA 9.10. Ex. 8: 19345600 drammas +— 1808 = 10700 drammas.

Ninth example. One koti and three drammas into thirteen parts. Setting-down:
10000003 into 13 parts. Obtained is 769231 drammas per part. /BBA 9.11/

BBA 9.11. Ex. 9: 10000003 drammas +~ 13 = 769231 drammas. This is a prime number.

Tenth example. One laksa and one drammas into eleven parts. Setting-down:
100001 into 11 parts. Obtained is 9091 drammas per part. /BBA 9.12/

BBA 9.12. Ex. 10: 100001 drammas +~ 11 = 9091 drammas. This is a prime number.

Thus, the division is completed. /BBA 9.13/

Now, the fifth sutra for various purposes. The procedures for various purposes,
such as square, cube, square root, multiplication of fractions, three-quantity oper-
ation, inverse three-quantity operation, investment, measurement of gold, measure-
ment of fields and clothes, measurement of excavations, timbers, stones, storehouses,
and piling (of bricks), measurement of circular timbers, stones, pillars, and wells,
measurement of spheres, measurement of the heaped-up grains, measurement of
shadows, measurement of daylight, measurement of the noon (shadow lengths in)
feet, etc., will (hereafter) be told in order. /BBA 10-26.0/

The former half (of verse 10) on the square./BBA 10.1.0/

In the product of two like quantities, only the square will be produced.
/PV 10-1/

PV 10_1. Square. n? =n X n.

Two like (tulya: Sarisi) quantities are multiplied (with each other). It becomes
the square. /BBA 10_1.1/

Ex. What are the squares of one, two, three, four, five, fifteen, twenty-five,
and two hundred and thirty-five? Setting-down: | 1 [ 2|3 |4 |5 | 15|25 | 235
11213145 ]15]| 25235

Obtained is the squares, 1, 4, 9, 16, 25, 225, 625, and 55225. /BBA 10_1.2/
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BBA 10.1.2. Examples for square. 1. 12 =1. 2. 22 =4. 3. 32 =9. 4. 42 =16. 5. 52 = 25. 6.
152 = 225. 7. 25% = 625. 8. 2352 = 55225.

Thus the square. /BBA 10.1.3/
The latter half (of verse 10) on the cube./BBA 10-2.0/

In the product of three like terms the cube will surely be produced. /PV
102/

PV 10.2. Cube. n® =n xn x n.

Three like (tulya: Sarisam) terms are multiplied (with each other). It becomes
the cube. /BBA 10.2.1/

Ex. What are the cubes of one, two, three, four, five, fifteen, and twenty-five?

Setting-down: 11213 14]5]15]25| Obtained are the cubes, 1, 8, 27, 64,
112(3|4|5|15]|25

1123451525
125, 3375, and 15625. /BBA 10.2.2/

BBA 10.2.2. Examples for cube. 1. 1> =1. 2. 28 =8. 3. 32 = 27. 4. 4> =64. 5. 5° = 125. 6.
15% = 3375. 7. 25% = 15625.

Thus the cube. /BBA 10-2.3/
Now, the square root./BBA 11-12.0/

Having abandoned a square from the (highest) odd (place), one should
divide the next (place) by twice (the square root), put the quotient into
the line (of the roots), and subtract its square (from the next). /PV
11/ Having doubled (the square root) as before, and slid that (line of the
quotients to the next place), one should divide the next. This (procedure)
should be done at the succeeding (places) also. (Finally), one should halve
what has been doubled. /PV 12/

PV 11-12. Square root. For the actual procedure see the Note for the next paragraph (BBA 11—
12.1) below.
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Odd, even, odd. From the (highest) odd term a square is dropped. Then, having
doubled the square root, (the result is) written down below the next (para: agila)
digit. And after seeing (the operation) reached there part is dropped (i.e., the upper
digits are divided by the lower). Then, it is the quotient. It is written down in
the line (of the quotients). And its square is dropped (from the next place). Then,
having doubled the digit obtained (as a quotient) through the previous procedure,
(the result) is written down below the digit next (para: agila) starting from there.
This procedure is further carried out in exactly the same way. Then, half of those
which have been doubled is made. It becomes the square root. /BBA 11-12.1/

BBA 11-12.1. This procedure may be illustrated by Ex. 8 of the next paragraph (BBA 11-12.2) as
follows.

1) Write down the number whose square root is required: ’ 5 5 2 2 5 ‘

2) Subtract a square number (4) from the highest square place (5), and write down its root below

it:

3) Double the root (2) and move the result (4) to the right by one place:

4
4) Divide the upper digits (15) by the lower (4), and write down the quotient (3) below the next
3 2 2 5
place (2):
4 3
3 2 5
5) Subtract the square of the quotient (3) from the upper (32):
. . . 2 5
6) Double the quotient (3) just obtained: L6
2 3 2 5
7) Move the lower digits (46) to the right by one place:
4 6

8) Divide the upper digits (232) by the lower (46), and write down the quotient (5) in the next

place:
2
4 6 5
0
9) Subtract the square of the quotient (5) just obtained from the upper digits (25): L6
. : . 0
10) Halve the digits obtained by doubling: 5 3

Hence follows /55225 = 235.
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Exs. Setting-down of the results of the square told first: 1, 4, 9, 16, 25, 225, 625,
55225. The roots obtained are 1, 2, 3, 4, 5, 15, 25, 235. /BBA 11-12.2/

BBA 11-12.2. Examples for the square roots. 1. Vi=1. 2 vV4=2 3. +19=3. 4. /16 = 4. 5.
V25 =5. 6. v/225 = 15. 7. v/625 = 25. 8. /55225 = 235. Cf. the examples for square in BBA
10_1.2.

Thus the square root. /BBA 11-12.3/
Multiplication of fractions./BBA 13.0/

The integer should be multiplied by the (other) integer. Both fractional
parts for the denominator too (should be multiplied) by them (i.e., by the
integers). And those fractional parts are mutually (multiplied with each
other). (In this way,) one can obtain the fruit (product) produced from
fractions. /PV 13/

PV 13. Multiplication of numbers with fractional parts. Let a; and b; (i = 1, 2) be the integral and
fractional parts of two numbers for a certain common denominator d. That is, (a1;a2) = a1 + a2/d
and (b1;b2) = b1 +b2/d. Then, (a1;a2) X (b1;b2) = a1bi + (a1b2 +a261)/d+a2b2/d2 = (a1b1;a1b2 +
a2b1, az2b2). This is basically the same as the Gomiitrika method of multiplication. See the Note
for BBA 8.6. Sambhunatha’s version (verse 15) prescribes the ordinary multiplication and division
of fractions, that is, g X % = % and §+ % = g X o= %.

In the multiplication of fractions, the integer is multiplied by the (other) integer.
Then, the fractional parts for the denominator are multiplied by the (opposite)
integer. Then, the fractional parts for the denominator are mutually multiplied.
The fruit (product) is obtained. /BBA 13.1/

BBA 13.1. The second sentence, as it occurs in both MSS, reads, “Then, the denominator is
multiplied by the integer,” but this does not make sense. I supplied the word amsa (fractional part)

after the cheda (denominator) according to PV 13.

First example. Here, the standard for gaja is the greater angula. There are

twenty-four arngulas in one gaja. Bought is 1 banner. Length ten gajas and twelve
10 || length One
1|2 width

gaja is multiplied by ten gajas; produced is ten gajas. Likewise, one gaja is multi-

angulas. Width one gaja and eight angulas. Setting-down:

plied by twelve angulas; produced is 12 angulas. Of these (arigulas), a half gaja is
produced: 0]|. Likewise, ten gajas is multiplied by eight arigulas; produced is eighty
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angulas. Of these (angulas), three gajas and eight angulas are produced: 3|2. Like-
wise, eight angulas is multiplied by twelve arngulas; produced is ninety-six vyangulas.
Of these (vyangulas), four angulas is produced: 0,4. Obtained in the summation (of
these results) in one place is 14 gajas. /BBA 13.2/

BBA 13.2. Ex. 1 for the multiplication of fractions: Area of a rectangular banner, whose length
and width are respectively 10 gajas 12 angulas and 1 gaja 8 angulas, where 1 gaja = 24 angulas.
According to the commentator, the arigula employed here is the “greater” (jestha, Skt. jyestha) one.
In the calculation, another, smaller unit vyangula is also used. It is obviously one twenty-fourth of
the angula, although no definition is given here. The naming with the prefix vi- for the smaller unit
with the same denominator (d in the Note for PV 13 above) was popular in India: 602 vighatikas
= 60 ghatikas = 1 day and night, 60? vikalds = 60 kalas = 1 degree of arc, etc.

Solution: 1 gaja x10 gajas = 10 gajas, 1 gaja xX12 arngulas = 12 angulas, 10 gajas X8 angulas = 80
angulas = 3 gajas 8 angulas, 8 angulas x12 angulas = 96 vyarngulas = 4 angulas; 10 + 0; 12 + 3; 8 +
0;4 = 14 gajas.

A short vertical stroke used in the table indicates a quater of the unit. Since the gaja of this example
is defined as 24 angulas, one stroke represents 6 angulas.

Between the words, niyojane (“in the summation”) and labdha (“obtained”), J has the table,

10
ofl
3|2
S4
14

The first four rows of this table list the four products obtained by partial multiplication and the last
row the sum of them. It is noteworthy that the two symbols, sanya (a small circle) in the second
row and avagraha (an S-like symbol) in the fourth row, are used for the same purpose, that is, for
indicating that the integer part of gaja does not exist. Originally, the avagraha is a symbol used in
Devanagar script for indicating the omission of the initial a of words after words ending in -e or -0

(including -o from -as).

Second example. Here, the standard for gaja is the visa. There are twenty, 20,
visas in one gaja. Bought is a piece of land. Length twenty-five gajas and fourteen
visas. Width sixteen gajas and ten wvisas. Setting-down:

25 ||4 length
16 ||  width
Sixteen gajas is multiplied by twenty-five gajas; produced is 400 gajas. Likewise,

sixteen gajas is multiplied by fourteen wvisas; produced is two hundred and twenty-
four wvisas, 224. Of these (visas), 11,4 gajas is produced. Likewise, ten wvisas is
multiplied by twenty-five gajas; produced is two hundred and fifty wvisas, 250. Of
these (visas), 12|| gajas is produced. Likewise, ten wisas is multiplied by fourteen
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visas; produced is one hundred and forty visamsas. Of these (visamsas), 0| 2 visas is
produced. Obtained in the summation (of these results) in one place is 424,1 gajas.
In this way, cloth and land are measured. /BBA 13.3/

BBA 13.3. Ex. 2 for the multiplication of fractions: Area of a piece of land, whose length and width
are respectively 25 gajas 14 visas and 16 gajas 10 visas, where 1 gaja = 20 wvisas. In the solution,
another, smaller unit visamsa is used in the sense of one twentieth of the wvisa. Although the unit
name visamsa is corrupted in this paragraph in both manuscripts, B and J, it can be confirmed by
another occurrence in BBA 17_1.3.

Solution: 25 gaja x16 gajas = 400 gajas, 16 gaja x14 visas = 224 visas = 11 gajas 4 visas, 25 gajas
x10 visas = 250 visas = 12 gajas 10 wvisas, 10 visas x14 visas = 140 visamsas = 0 gaja 7 visas;
400 + 11;4 + 12;10 4+ 0; 7 = 424; 1 gajas.

Here also, a short vertical stroke indicates a quater of the unit. Since the gaja of this example is
defined as 20 wisas, one stroke represents 5 visas. Cf. the previous Note (BBA 13.2).

J uses the avagraha twice in this paragraph but it is not for indicating non-existence as in the table
that J adds in the previous paragraph but simply for separating the two notational places, gaja and

ViSa.

Thus the multiplication of fractions. /BBA 13.4/
Now, the former half (of verse 14) for the three-quantity operation. /BBA 14.1.0/

The product of the middle and the first (digits is) first (made, and then)
divided by the last in the three-quantity operation. /PV 14_1/

PV 14_1. Three-quantity operation. If @ : b = ¢ : z, then & = (bc)/a. The rule of this hemistich
is applied to the three numbers, a, b, and ¢ arranged in a horizontal row: a/ b/ ¢/. In the verse,
these are called respectively “the last,” “the middle,” and “the first.” The same nomenclature is
used also for the rule of the inverse three-quantity operation (PV 14_2), but it is most unusual.
Most other works on pati use the same terms in the reverse order. Sambhunatha’s version (verse

16) follows the latter.

In the three-quantity operation, the first digit is multiplied by the middle and
then part is given (i.e., the product is divided) by the last. The fruit is obtained.
/BBA 14.1.1/

First example. Rice: Five manas are obtained for twenty-one drammas. Then,
how many drammas are (necessary) for ninety manas? Setting-down: 5, 21, 90.
Obtained is 378 drammas. /BBA 14.1.2/
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BBA 14.1.2. Ex. 1 for the three-quantity operation: rice (quantity-price). 5 manas : 21 drammas

= 90 manas : x. Answer: 378 drammas.

Second example. Kidney-beans: Six manas are obtained for twenty-three dram-
mas. Then, how much is (obtained) for eighty-one drammas? Setting-down: 23, 6,
81. Obtained is 21 manas 5 seras and part (of sera), . /BBA 14.1.3/

BBA 14.1.2. Ex. 2 for the three-quantity operation: Kidney-beans (price-quantity). 23 drammas :

6 manas = 81 drammas : x. Answer: 21 manas 525—3 seras.

Thus the three-quantity operation. /BBA 14.1.4/
The latter half (of verse 14) on the inverse three-quantity operation./BBA 14 2.0/

In the inverse (three-quantity operation), the product of the middle and
the last (digits) is divided by the first. One shall obtain the fruit. /PV
142/

PV14_2. Inverse three-quantity operation. If the fruit (z) decreases when the requisite (¢) increases,

then the rule of this hemistich is applied to: a/ b/ ¢/. That is, z = (ab)/c.

In the inverse three-quantity operation, the last digit is multiplied by the middle
and part is given (i.e. divided) by the first. The fruit is obtained. /BBA 14.2.1/

First example. A woman eighty years old is obtained for forty tarnkas. Then, how
much is (a woman) of sixteen years old? Setting-down: 80, 40, 16. Obtained is the
price of a female servant of sixteen years old, 200 tankas. /BBA 14.2.2/

BBA 14.2.2. Ex. 1 for the inverse three-quantity operation: women (age-price). 80 years/ 40
tankas/ 16 years/. Answer: 200 tarkas.

Second example. A pearl is obtained for twenty-five drammas of one hundred
cadatu tankas. Then, for how many (drammas of) sixty cadatu tankas is (the same)
obtained? Setting-down: 100, 25, 60. Obtained is 41 drammas 2 jathalas. /BBA
14.2.3/

BBA 14.2.3. Ex. 2 for the inverse three-quantity operation: coins (quality-number). 100 cadatu

tankas/ 25 drammas/ 60 cadatu tankas/. Answer: 41 drammas 2 jathalas. As this answer must be
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100-25
equal to ~¢5

= 41% drammas, the monetary unit jathala is equivalent to 1/3 dramma.

Thus the inverse three-quantity operation. /BBA 14.2.4/
Investment./BBA 15.0/

Multiplication in order, of the (number of) units of (each of) the various
investments by the produce (in partnership is made). From the division
(either of each product or of the produce) by the sum (of the investments),
two quotients (are obtained. In the latter case, the quotient is multiplied
by each investment.) It (the result) shall be severally the fruit (share).
/PV 15/

PV 15. Investment. Let a; be the investment of the i-th person and M the total profit (or

production) obtained from the investments. Then, the share of each person is,

a:M M
= p,LfA

- ai,

where A = a1 + a2 + - + an. Not only the words “two quotients” (dvayi labdh) in verse 15 but
also the commentary (BBA 15.1-2) suggest that verse 15 prescribes the above two formulas. But
the verse does not mention the multiplication by a; in the latter formula. Sambhunatha’s version

(verse 17) prescribes the former only.

“Multiplication” (vadha: gunakara) of “various”—many kinds of—“investments”—
parts—by the “produced” thing is made. And “the sum of the units of the invest-
ments” is made. And a part is given (i.e., a division is made), in order, (of each
product) by it. The fruit (share) is obtained severally. /BBA 15.1/

Likewise, the second method. “The sum of the units of the various investments”
is made. And by it is given a part (i.e., is made a division) of “the produced” thing.
The fruit for one division (i.e., for one unit of investment) is obtained. Then, a
multiplication (of the result) is made by so much part as one has (in the investment).
In this manner, the fruits (shares) are obtained severally. /BBA 15.2/

First example. Having sowed seeds two, three, four and five seis severally on
four seed-plots, two hundred and ten (sezs of seeds) were produced (in total). How
much was produced where (on each seed-plot)? Setting-down: Seeds, 2, 3, 4, 5
seis. Produce is 210. First method. Two hundred and ten are multiplied by two.
Four hundred and twenty are produced: 420. Two hundred and ten are multiplied
by three. Six hundred and thirty are produced: 630. Two hundred and ten are
multiplied by four. Eight hundred and forty are produced: 840. Two hundred and
ten are multiplied by five. Ten hundred and fifty are produced: 1050. And the sum
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of the seeds is fourteen sets, 14. Division by this: When the divisions are made, the
quotients are severally the fruits (shares), 30, 45, 60, and 75. /BBA 15.3/

BBA 15.3. Ex. 1 for the investment: seeds. Given: a; = (i 4+ 1) seis (i = 1,2,3,4), M = 210 seis.
Solution by the 1st method: a1 M = 2210 = 420, ae M = 2 - 210 = 630, azM = 2 - 210 = 840,
asM =2-210 = 1050. A = ay + az + as + as = 14 seis. a1 M/A = 30, azM/A = 45, asM/A = 60,
asM/A = 75. The unit is sei.

Second method. The sum of the seeds is fourteen seis, 14. The produce is two
hundred and ten seis, 210. The quotient, 15 seis, of the division is the fruit (share)
for one part. Multiplied by two, 30. Multiplied by three, 45. Multiplied by four, 60.
Multiplied by five, 75. /BBA 15.4/

BBA 15.3. Ex. 1 for the investment solved by the 2nd method. M/A = 210/14 = 15 seis/set.
Therefore, (M/A) - a1 = 30, (M/A) - az =45, (M/A) - az = 60, (M/A) - as = 75. The unit is sei.

Second example. There are sixteen hundred tarikas in (the hand of) a village-
born man. (His) investments in three (parts) are one hundred, five hundred, and one
thousand. The (total) produce (i.e., profit) is two hundred tarikas. How much is (the
share) for which (part)? Setting-down: Investments 100, 500, 1000. Produce 200.
First method. Two hundred multiplied by one hundred become twenty thousand,
20000. Two hundred multiplied by five hundred become one laksa, 100000. Two
hundred multiplied by one thousand become two laksas, 200000. The sum of the
(three) parts of the investment is sixteen hundred tarkas, 1600. Division by this:
When the division is made, the quotients are severally 12||,62|, and 125 tarnkas.
/BBA 15.5/

BBA 15.5. Ex. 2 for the investment: money. Given: a1 = 100, a2 = 500, as = 1000. M = 200. The
unit is tarika. Solution by the 1st method: aqM = 100 - 200 = 20000, axM = 500 - 200 = 100000,
asM = 1000-200 = 200000. A = a1+az+as = 1600. a1 M/A =121, a;M/A = 623, asM /A = 125.

Second method. The sum of the (three) parts of the investment is 1600 tarkas.
The produce is 200 tarkas. The (number of) jayasthalas for these is 9600. Division
by sixteen hundred (is made); Obtained is 6 jayathalas per tanka. (This,) when
multiplied by one hundred, is 12|| tarikas; when multiplied by five hundred, is 62|
tankas; and when multiplied by one thousand, is 125 (farnikas). /BBA 15.6/

BBA 15.6. Ex. 2 for the investment solved by the 2nd method. M = 200 tankas = 9600 jayasthalas.
M/A = 9600/1600 = 6 jayasthalas/tarika. Therefore, (M/A) - a1 = 600 jayasthalas = 123 tarikas,
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(M/A) - az = 3000 jayasthalas = 623 tarikas, (M/A) - as = 6000 jayasthalas = 125 tarikas.

Thus the investment. /BBA 15.7/
Now, the calculation of gold./BBA 16.0/

The sum of (the products of) the various gold pieces and their colors is
divided by (the sum of) the gold pieces. The digit obtained should be
known as the color (of the mixture). (The same sum,) divided by the
color, is the gold (mixture). /PV 16/

PV 16. The word “gold” (suvarna/svarna) here means the weight of a gold piece, and “color”

(varna/varnika) its purity. The highest purity is 16. This verse in its present form lacks words for

“product” and “sum,” which are indispensable for the rule. When v; and w; denote respectively

the purity and the weight of the i-th gold piece (i = 1,2,...,n) and V and W those of the mixture,
V1wl + Vw2 + ¢+ VpWey

V= W ,

v1w1 + Vw2 + - -+ Vp Wy

W = %

The latter formula is meaningful only when the gold pieces lose their weights in the process of

purification, because otherwise W is simply the sum of w;.*

Having made the vanas of individual gold pieces into one, (the sum is) divided
by the gold. Then, the color (vani) is obtained. (The same sum) is divided by the
color. Then, the gold is obtained. /BBA 16.1/

BBA 16.1. The word wvani (Skt. wvarnpika, lit. “color”) means purity, whereas the word vana

(Skt. varnaka, lit. “color”) here means the product of the weight and the purity of a gold piece.

Example. (First gold piece: Weight is) eight gadiyanas, color is twelve, and
vana is ninety-six. Likewise, (another gold piece: Weight is) four gadiyanas, color
is fourteen, and vana is fifty-six. Setting-down: | gadi 8 color 12 vana 96 | When

gadi 4 color 14 vana 56

added together, (the weight is) 12 gadiyanas and vana 152. Division of the colors
(here in the sense of vana) by the gold (is made). Obtained is color 12 and 2 part.
Likewise, (let) the color of the cooked (i.e., refined) (alloy) be thirteen, 13. Division
(of the same vana) by it (is made). Obtained is gold 11 gadiyanas and 1%) part.
/BBA 16.2/

! For the Indian systems of expressing the purity of gold, see Sarma (1983).
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BBA 16.2. Ex. for the calculation of gold: purity and weight of the mixture. Given: v; = 12 wvarnas,
ve = 14 varpas, w1 = 8 gadiyanas, we = 4 gadiyanas. Solution: viwi = 96 vanas, vews = 56 vanas.
If the two gold pieces are simply smelted into one alloy, then W = w1 + wa = 12 gadiyanas, and
V = (viw1 + vawa)/W = 152/12 = 12% varpas. If they are smelted with refinement into one alloy
having the purity V = 13, then W = (viwi + vow2)/V = 152/13 = 11% gadiyanas. When I was
writing my paper of 1991, I could not understand the two syllables padyu in the manuscript and
gave an inaccurate comment on this calculation (Hayashi 1991, 431), but now I think that the padyu
is a misspeling of pakka or pakva (“cooked”), which means “refined” in the calculation of gold. See

PG 53, E63, E64; GSS 6.182-91; GSK 3.18 (pakkha for pakva) (cf. SaKHYa 2009, 138).

Thus the calculation of gold. /BBA 16.3/

Measurement of fields. There are nine forms of fields. The former half (of verse
17) on quadrilaterals. /BBA 17.1.0/

BBA 17_1.0. Verses 1720 treat the following plane figures.

17_1: sama- and dirgha-caturasra (square and oblong, i.e., rectangle).

17.2: visama-caturasra (irregular quadrilateral) with lamba (perpendicular).

18_1: t¢rikona (triangle) with lamba (perpendicular).

18-2 (4 S4): wvrtta (circle).

19: tryasra and caturasra (tri- and quadri-lateral) without lamba (perpendicular).

20-1: capa (bow, i.e. circle segment).

20_2: nemi (rim, i.e. annular figure) and visama (irregular figures). The latter include muraja
(drum), yava (barleycorn), vajra (thunderbolt), ardhacandra (half moon), and paricabhuja (five-
armed).

The “nine forms” mentioned in 17_1.0 seem to be the following. 1. Rectangle (17_1). 2. Quadri-
lateral with a perpendicular (17_2). 3. Trilateral with a perpendicular (18_1). 4. Circle (18_2). 5.
Trilateral without a perpendicular (19). 6. Quadrilateral without a perpendicular (19). 7. Circle
segment (20_1). 8. Rim (20-2). 9. Irregular figures (20.2).

In the case of equal and long quadrilaterals, the product of the arm and
the upright is the fruit (area). /PV 17_1/

PV 17_1. Equal and long quadrilaterals (square and oblong). Let a and b be the two orthogonal

sides (a = b for a square). Then, the area is: A = ab.

In an equi-quadrilateral (i.e., a square) and an oblong, the length is multiplied
by the width. The fruit (area) is obtained. /BBA 17_1.1/
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First example. Equal. Length in gajas four. Width in gajas four. Setting-down
of the form:

4
4 4
4
(Figure 3)

Four by four make sixteen. Obtained is 16 gajas. /BBA 17_1.2/

BBA 17_1.2. Ex. 1 for squares. 1.1. Given integers: a = b = 4 gajas. Solution: A =4-4 = 16 gajas.

Fractions. Length in gajas four and a half. Width in gajas four and a half.
Setting-down of the form:

41
411 4 1
40
(Figure 4)

Like multiplication of fractions. The standard for gaja is the wvisas. Four by
four make 16. Likewise, ten wisas, multiplied by four, become 40 wvisas. Of these,
2 gajas are produced. Likewise, ten wvisas, multiplied by four, become 40 visas. Of
these, 2 gajas are produced. Ten wvisas are multiplied by ten wisas. 100 wvisamsas
are produced. Of these, five visas are produced, 5. In the summation, twenty and a
quarter gajas are produced, 20|. /BBA 17.1.3/

BBA 17.1.3. Ex. 1 for squares (cont.). 1.2. Given fractions: a = b = 45 gajas. Solution (as
in the multiplication of fractions, PV 13): A = 41 - 41 = (4;10) - (4;10) = (16;40 + 40, 100) =
(16 +2 + 2;5) = (20;5) = 20| gajas.

Second ex. Length in gajas four. Width in gajas two. Setting-down of the form:

4
2 2
4
(Figure 5)

Four by two make eight. Obtained is 8 gajas. /BBA 17.1.4/
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BBA 17_1.4. Ex. 2 for oblongs. 2.1. Given integers: a = 4 gajas and b = 2 gajas. Solution:
A =4-2=8 gajas.

Fractions. Length in gajas four and a half. Width in gajas two and a half.
Setting-down of the form:

41
211 211
41
(Figure 6)

Obtained by the multiplication, as in the previous “Fractions” (17-1.3), is eleven
and a quater gajas, 11|. /BBA 17_1.5/

BBA 17_1.5. Ex. 2 for oblongs (cont.). 2.2. Given fractions: a = 4% gajas, b = 2% gajas. Solution
(as in BBA 17_1.3): A =41-21 = (4;10) - (2;10) = (8;40 +20,100) = (8 +2+1;5) = (11;5) = 11|

gajas.
The latter half (of verse 17) on inequi-(lateral) quadrilaterals./BBA 17_2.0/

In inequi(-lateral quadrilaterals), half the sum of the earth (base) and the
face, multiplied by the perpendicular, is the fruit (area). /PV 172/

PV 17_2. Area of an inequilateral quadrilateral. Let a, b, ¢, and d be the four sides (earth, arm,

face, arm) of an inequilateral quadrilateral, and h its perpendicular (height). Then, its area is:

If the quadrilateral is a trapezium, the area obtained is exact; otherwise the result is only approxi-

mate.

In inequi-(lateral) quadrilaterals, having made the sum of the gajas of the earth
and the face, half (of the result) is made. Then, (the half) is multiplied by the
perpendicular. The fruit (area) is obtained. /BBA 17.2.1/

Ex. One arm in gajas thirteen. The second (arm) in gajas thirteen. Face in gajas
four. Earth in gajas fourteen. Perpendicular in gajas twelve. Setting-down of the
form:
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13 13

14
(Figure 7)

Obtained is 108 gajas. /BBA 17.2.2/

BBA 17.2.2. Ex. for inequilateral quadrilaterals. Given: a =14, b =13, c=4,d =13, and h = 12
gajas. Solution: A = % -12 = 108 gajas. The figure intended here is a traditional trapezium (see

Hayashi 2013b, 319).
The former half (of verse 18) on a triangle./BBA 18_1.0/

The product of half the vasudha (earth, i.e. base) and the perpendicular is
the fruit (area) in a field having three corners. /PV 181/

PB 18_1. Area of a triangle. Let a, b, and ¢, be the three sides (earth, arm, arm) of a triangle, and

h its perpendicular (height). Then, its area is:

In a field having three corners, the vasudha is called bhumi (earth, i.e. base). Its
half is made. And (the result) is multiplied by the perpendicular. The fruit (area)
is obtained. /BBA 18.1.1/

Ex. One arm in gajas thirteen. The second (arm) in gajas thirteen. Earth in
gajas ten. Perpendicular in gajas twelve. Setting-down of the form:

13 13
2
10
(Figure 8)

Obtained is 60 gajas. /BBA 18.1.2/



SCIAMVS 18 The Balabodhankavrtti 95

BBA 18.1.2. Ex. for triangles. Given: a = 10, b = 13, ¢ = 13, and h = 12 gajas. Solution:
A= % 12 = 60 gajas. This is also a traditional example (see Hayashi 2013b, 319).

The latter half (of verse 18) on a circular field./BBA 182.0/

The product of the circumference by one fourth of the diameter is (the
area of) the circle. /PV 182/

PV 18_2. Area of a circle. Let d and C be the diameter and the circumference of a circle. Then,

its area is:

In a circular field, the digit of the circumference is multiplied by a fourth part of
the diameter. The fruit (area) of the circle is obtained. /BBA 18.2.1/

Likewise, the measurement of the circumference.

Three times the diameter, increased by its sixth part, is the circumference.

/S4/

Having made three times the digit of the diameter, (the result is) added into one sixth
part (of the diameter). Then, the fruit (length) of the circumference is obtained.
/BBA 18.2.2/

BBA 18.2.2. A formula for the circumference of a circle is cited here (S4).
d

C=3d+ —.

+ 6

It has been conjectured that this value, 3% or 16—9

value of 7, v/10, that is, v10 = v/32 + 1~ 3 + 713.1

, originates from an approximation to the Jaina

Ex. Circumference in gajas nineteen. Diameter in gajas six. Setting-down of the

@19

(Figure 9)

form:

! See, for example, Gupta (1975, 43).



96 Hayashi SCIAMVS 18

Obtained is 28|| gajas. /BBA 18.2.3/

BBA 18.2.3. Ex. for circles. Given: C' =19, d = 6 gajas. Solution: A =19 - % = 28% = 28|| gajas.

(The areas of) tri- and quadri-laterals without a perpendicular./BBA 19.0/

Half the sum of the arms, (placed) fourfold, is (severally) decreased by
(one of ) the arms. The square root of the product of them shall indeed
be the fruit (area) in a trilateral and also in a four-faced (figure) (i.e., a
quadrilateral). /PV 19/

PV 19. Areas of tri- and quadri-laterals without a perpendicular. Let a, b, ¢, and d be the four
sides of a quadrilateral or of a trilateral (in which case one of the sides, say d, is zero). Then, its

area is:

A= \/(s —a)(s—=0b)(s—c)(s—d), where s= W.

This is the so-called Brahmagupta’s formula, which gives the exact area when the quadrilateral is
cyclic; otherwise the result is only approximate. Sridhara prescribes the same formula for “inequi-
perpendicular” (asamalamba) quadrilaterals, which are also called “non-straight-face” (anrjumukha)
quadrilaterals (see Hayashi 2013b, 316-18).

This rule is not found in Sambhunatha’s version.

In quadri- and tri-lateral figures, having made the sum of the arms, half (of the
result) is made. Then, it is written down in four places. And from them (severally),
subtraction of the arms is made. Then, those remaining digits are multiplied (with
each other) in order. And then, one should take the square root (of the product).
In this way, the fruit (area) of the four-faced (figure) or of the triangle is obtained.
/BBA 19.1/

BBA 19.1. The word rahita in regular Sanskrit means “deprived of” and, in mathematics, “decreased
by” but in this and another (24.1) paragraphs it is used in the sense of “remaining.” The same
usage is found in a Sanskrit arithmetical work, Istankapancavimsatika, of Tejasimha (d. CE 1686),

a Jaina scholar who wrote in Gujaratt as well as in Sanskrit (see Hayashi 2006b, 136).

Ex. Setting-down of the form of the quadrilateral told above (17_2.2 with Fig.
7).
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13 13

14

(Figure 10)

Obtained is 108 gajas. Setting-down of the form of the trilateral told above
(18_1.2 with Fig. 8).

(Figure 11)

Obtained is 60 gajas. /BBA 19.2/

BBA 19.2. Exs. for the formula without a perpendicular. 1. The “inequilateral quadrilateral”
treated in BBA 17.2.2. Given: a = 14, b = 13, ¢ = 4, d = 13, and h = 12 gajas. Solution:
s=(a+b+c+d)/2=22. A= /(22— 14)(22 - 13)(22 - 4)(22 — 13) = /8- 9- 18 - 9 = /11664 =
108 gajas. This “inequilateral quadrilateral” is an isosceles trapezium and therefore cyclic. 2.
The trilateral treated in 18.1.2. Given: a = 10, b = 13, ¢ = 13, and h = 12 gajas. Solution:
s=(a+b+¢)/2=18. A= \/(18—10)(18—13)(18—13)(18—0) =+/8.5.5-18 = /3600 = 60

gajas.

The former half (of verse 20) on the bow field./BBA 20_1.0/

The product of the arrow and half the sum of the chord and the arrow,
increased by one eighteenth part (of itself, is the fruit (area) of a bow field.)
JPV 20.1/

PV 20_1. Area of a bow field (i.e., a circle segment). Let a and h be respectively the chord and the

arrow (height) of a bow field. Then, its area is:

a+h 1 a+h
A=——ht+gg: ( 2 h)
This formula can be rewritten as:
19 (a+h)h
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and therefore it is surmised that, like the formula of S4 cited in BBA 18_2.2 above, this formula
uses 19/6 for 7 (see Hayashi (1990, 1-2).!

In a bow field, having brought together the chord and the arrow in one place, half
(of the result) is made. And one multiplies this digit by the arrow. Then, (the result
is) added to its one eighteenth part. The fruit (area) is obtained. /BBA 20_1.1/

Ex. Chord in gajas fourteen. Arrow in gajas four. Setting-down of the form:

4

I

14

(Figure 12)

Obtained is 38 gajas. /BBA 20_1.2/

BBA 20.1.2. Ex. for bow figures. Given: a = 14 gajas, h = 4 gajas. Solution: " .h = 36,
A =36+ 36/18 = 38 gajas.

The latter half (of verse 20) on the rim figure./BBA 20.2.0/

In a rim shape and in (any) irregular (figure), the product of the width
and the length? is the fruit (area). /PV 202/

PV 20_2. Area of a rim figure. Consider a “rim figure” bordered by two concentric circles with
radii, 7 and 72 (0 < r1 < r2). Let w and L be respectively the width of the rim figure and the

circumference of another concentric circle with radius (r1 + r2)/2. That is,
w=ry—r1 and L=mx(r1+72).
Then, the area Ay, of the rim figure is:
A = wr% — m"% =7(rea+71)(r2 — 1) = Lw.

Let [ be such a portion of L that is cut by the sector OAB. Then, the area A; of the partial rim

figure ABCD is:
l
Al = Z . AL = lw.

Therefore, the rule of verse 20_2 can be applied for both the whole and the partial rim figures.

! For an insightful discussion on the origin of this and related formulas, see Gupta (2011).

2 lamba. Sambhunatha’s version reads dirgha instead of lamba.
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B
)
\
R
Figure N6: Rim figure

For other irregular figures the present rule only mentions the basic principle of calculation, “the
product of the width and the length” (cf. Keller 2006, 1.42—49, 11.40-45).

In a rim shape, in a surrounding wall of a castle, and in (any) irregular figure,
the width is multiplied by the length. The fruit (area) is obtained. /BBA 20.2.1/

Ex. Length in gajas five. Width in gajas three. Setting-down of the form:

W
N~ 7

(Figure 13)

Obtained is 15 gajas. /BBA 20.2.2/

BBA 20-2.2. Ex. of a rim figure. Given: [ = 5 gajas and w = 3 gajas. Solution: A; =5-3 =15
gajas.

Note that, when [ = 5 and w = 3, we have r1 = %O . % - %7 where 0 is the central angle of the sector
OAB in Figure N6 above. Since 1 > 0, we have 6 < @ ~ 191; and when 6 = 180, r1 ~ 0.09, when
0 =90, r1 =~ 1.68, when 6 = 60, 1 ~ 3.27, when 0 = 45, r1 ~ 4.87, and when 0 = 30, 1 ~ 8.05. As
r1 for § = 180 is too small, the 0 intended by the author was most probably smaller enough than

that, say 6 = 90, which is the case shown in Fig.13.

Likewise, investigation of (irregular) figures such as a drum, a barleycorn shape,
a thunderbolt shape, a half moon, and a five-armed. (First of all), investigation of
a drum figure. (Setting-down of the form of) a drum figure:

3

(Figure 14)

Produced are one quadrilateral and two bows. Form:



100 Hayashi SCIAMVS 18

10 10

10

10 3 3

(Figure 15)

Obtained by means of (the rules) “the product of the arm and the upright ...”
[PV 17_1] and “half the sum of the chord and the arrow ...” [PV 20_1] is 61;4 gajas.
/BBA 20.2.3/

BBA 20.2.3. Exs. for irregular figures. Irregular figures are reduced to one or more regular figures
for which formulas have already been given.

1. Drum (muraja). Reduced to one rectangle and two equal circle segments. Given: a = 10, b = 2,
and h = 3 gajas. Solution: The area (A1) of the rectangle by 17_1: A1 = 20 gajas. The area (As)
of each circle segment by 20_1: A2 = 20; 14 gajas. Hence follows: A = A1 4+ 2A2 = 61;4 gajas.

(Setting-down of the form of) a barleycorn shaped figure:

4

4

(Figure 16)

Produced are two bows.

10 10

(Figure 17)

Obtained by means of (the rule), “half the sum of the chord and the arrow ...”
[PV 20_1] is 59;2||,4 gajas. /BBA 20.2.4/

BBA 20.2.4. Exs. for irregular figures (cont.).
2. Barleycorn (yava). Reduced to two equal circle segments. Given: a = 10 and h = 4 gajas.

Solution: The area (A1) of each circle segment by 20_1: A; =292 gajas. Hence follows: A = 2A; =
59% =59;2,16 = 59;2||,4 gajas.

(Setting-down of the form of) a thunderbolt shaped figure:
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5

5

(Figure 18)

Produced are two quadrilaterals. Setting-down of the form:

5 5
4 4
3 3

(Figure 19)

Obtained by means of (the rule), “half the sum of the earth and the face ...” [PV
17_2] is 16 and 16 gajas. The sum of the two is 32 (gajas). /BBA 20.2.5/

BBA 20.2.5. Exs. for irregular figures (cont.).
3. Thunderbolt (vajra). Reduced to two equal isosceles trapezia. Given: a =5, ¢ =3, and h =4

gajas. Solution: The area (A1) of each isosceles trapezium by 17_2: A; = 16 gajas. Hence follows:

A =2A; = 32 gajas.
E E E 16 E z E
3

(Figure 20)

\

(Figure 21)

Half moon figure.

Produced are two trilaterals.

3
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Obtained by means of (the rule), “the product of half the earth and the perpen-
dicular ...” [PV 18_1] is 12 and 12 gajas. The sum of the two is 24 (gajas). /BBA
20-2.6/

BBA 20.2.6. Exs. for irregular figures (cont.).

4. Half moon (ardha-candra). Reduced to two equal isosceles triangles. Given: a = 3 and h = 8
gagas. Solution: The area (A1) of each isosceles trapezium by 18_1: A1 = 12 gajas. Hence follows:
A = 241 = 24 gajas. The nomenclature, “half moon,” sounds rather strange. For such figures, a

more appropriate name, “young moon” (bala-indu), occurs in GSS 7.18.

Five-armed figure.

2

(Figure 22)

Produced are one quadrilateral and one triangle. Setting-down:

2

(Figure 23)

Obtained by means of (the rules), “the product of the arm and the upright ...”
[PV 17_1] and “the product of half the earth and the perpendicular” [PV 18_1] is 14
gajas. /BBA 20.2.7/

BBA 20.2.7. Exs. for irregular figures (cont.).

5. Five-armed (pancabhuja) or a pentagon. Reduced to one quadrilateral (rectangle in this example)
and one triangle. Given: a = 4, b = 2, and h = 3 gajas. Solution: The area (A1) of the rectangle
by 17-1: Ay = 8 gajas. The area (A2) of the triangle by 18_.1: Ay = 6 gajas. Hence follows:
A=A, + Ay = 14 gajas.

In this manner, having divided irregular figures into parts like these, (each part)
is measured by the methods for the first (component) figures. /BBA 20.2.8/

Thus the procedure for (plane) figures. /BBA 20.2.9/

Measurement of the excavation, timber, stone, storehouse, and (brick-)piling.
/BBA 21.0/
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In excavation, timber, stone, storehouse, and piling (of bricks), when the
product of the width and the length is multiplied by the thickness, the
fruit (volume) for the uniform (space or solid is obtained). /PV 21/

PV 21. Volumes of constructions having the form of a rectangular parallelepiped. Let a, b, and ¢

be the length, the width, and the thickness of a construction. Then, its volume is:
V = (ab)c.

This is said to be the formula for the “uniform” (sama) figure that has a “uniform” length in all

the three directions.

In excavation, timber, stone, storehouse, and piling (of bricks), having made one
(that is, in all of them), the width is multiplied by the length, and then multiplied
by the thickness. The fruit (volume) is obtained. /BBA 21.1/

Ex. Length in gajas five. Width in gajas four. Thickness in gajas three. The
common form:

(Figure 24)

Obtained is 60 gajas. /BBA 21.2/

20 - 3 = 60 gajas.

Second ex. for fractions. Here, the standard for gaja is the visa. Length five gajas
and ten wvisas, 10. Width four gajas and five wvisas, 5. Thickness three gajas and
eight visas. The common form:

(Figure 25)

Obtained, as in the multiplication of fractions, is 79|4|| gajas. /BBA 21.3/
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BBA 21.3. Ex. 2 for a uniform excavation with the three dimensions accompanied by fractions.
Given: a = 5 gajas 10 visas, b = 4 gajas 5 visas, ¢ = 3 gajas 8 visas. 20 visas = 1 gaja. Solution:

(5;10) - (4;5) = (23;7,10). (23;7,10) - (3;8) = (79;9,10) = 791 gajas + 42 visas = 79;4|| gajas.
Likewise, nonuniform (figures).

If (the measurements in a direction are) nonuniform, one should divide the
sum of the nonuniform (measurements) by that (i.e., the number of the
measured places). (The result is the mean length in that direction.)/S5/

In the case of nonuniform (figures) (vamkau: visamau) with regard to the depth
or width or length, the sum of the nonuniform (measurements) is made. As many
places there are where it is measured, so many parts (of the sum) are taken. By
this, it becomes straight. When one calculates the fruit (volume) from the sum of
the nonuniform (measurements) by means of the same method with regard to the
depth, width or length, the pool or excavation (is known). /BBA 21.4/

BBA 21.4. A rule (S5) for calculating the mean length is cited here. When the rectangular paral-
lelepiped is not uniform (visama) in a direction, say in the length, then the length is measured at

several places. Let a; be the measurements at n places. Then, the mean length is:

a1 ta+-+an
- :

a =

For the other directions also, if nonuniform, the mean values are obtained in the same way and the

volume is calculated with them: V = (ab)e.

Ex. Two, three, and four gajas for the depth, ten (gajas) for the length, and six
gajas for the width. Setting-down:

10

(Figure 26)

The sum of the nonuniform (measurements) with regard to the depth is 9 gajas.
One third part of this is 3 gajas, which is the (mean) depth. The width is 6 gajas.
The length is 10 gajas. Obtained as before is 180 gajas. /BBA 21.5/

BBA 21.5. Ex. of a nonuniform construction. Given: a = 10 gajas, b = 6 gajas, and ¢1 = 2, co = 3,

cs = 4 gajas. Solution: ¢ = (2+ 3+ 4)/3 = 3 gajas. Hence follows: V = (ab)¢ = 180 gajas.



SCIAMVS 18 The Balabodhankavrtti 105

Thus the procedure for the excavation, timber, stone, storehouse, and (brick-)
piling. /BBA 21.6/

Now, measurement of the circular timber, stone, pillar, and well./BBA 22.0/

In the (circular) timber, stone, pillar, and well, the fruit (volume) is
(obtained) in the same way. In that case, the fruit (area) of the circu-
lar figure (is first obtained). The product of the depth by that is the fruit
(volume). /PV 22/

PV 22. Volume of a cylindrical construction. Let A and h be the area of a cross section and the

depth (or height) of the cylinder. Then, its volume is:
V = Ah.

As the cross section is a circle, A is calculated by the formula of 18_2.

In the case of (circular) timber, stone, pillar, and well, having made the fruit
(area) of the circular figure (of the cross section), (the result is) multiplied by the
depth. The fruit (volume) is obtained. /BBA 22.1/

Ex. Here, the standard for gaja is the greater angula. Length in gajas twenty.
Width in gajas three. Circumference in gajas nine and a half. Setting-down of the
form:

200 9

(Figure 27)

The digit of the circumference is multiplied by one fourth part of the width. It
become the fruit (area) of the circle. Obtained is 7;3 gajas. Then, it is multiplied
by the depth. Obtained is 142|| gajas. /BBA 22.2/

BBA 22.2. Ex. of a cylindrical construction. Given: h = 20 gajas, d = 3 gajas, C = 9% gajas. 24
angulas = 1 gaja. Solution: A = C - % = 9% . % = 7% =7,3. V=Ah=T7;3-20 = 142;12 = 142||.
The values of C' and d given in this example follow the formula of S4 cited in 18.2.2.
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Thus the procedure for the circular (constructions). /BBA 22.3/
The former half (of verse 23) on the measurement of a sphere./BBA 23_1.0/

Half the cube of the diameter of a sphere increased by one eighteenth part
(of it is the volume of the sphere). /PV 23_1/

IO + « « v v v e e et et et e e e e e e e e e e e e e
PV 23_1. Volume of a sphere.
3 1 d3
V=9 "Tw o
This formula can be rewritten as:
p_1
6 6’

and therefore it is conjectured that here also %9 is used for w. See PV 20_1 above.

The diameter of a sphere is multiplied (by itself) three times (in fact, twice). Half
(of the result) is made. Then, (the result) is added into one eighteenth part of it.
The fruit (volume) is obtained. /BBA 23_1.1/

Ex. Diameter in gajas three. Setting-down of the form:

&)

(Figure 28)

Obtained is 14| gajas. /BBA 23.1.2/

INOBE - « -« v = e e e e et e e e e e e e e e e e e

iven: d — : s 379 2T 1,20 12T _ 441 _
BBA 23_1.2. Ex. of a sphere. Given: d = 3 gajas. Solution: d°/2 = 5. V = ' +15-% = 143 = 14]
gajas.

Thus the sphere. /BBA 23.1.3/

The latter half (of verse 23) on the measurement of the heaped-up grains./BBA
23.2.0/

The square of one sixth part of the circle (i.e., the circumference), multi-

plied by its height, is the fruit (volume). /PV 232/

PV 23_2. Volume of the heaped-up grain. Let C and h be respectively the circumference and the

height of grain heaped up in the shape of a cone on a level surface. Then,

()
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Most of other par works provide the relationship, h = C'/8, where 8 is 9 or 10 or 11 according to

the fineness etc. of grain.

The square of one sixth part of the circle is multiplied by the height. The fruit
(volume) is obtained. /BBA 23.2.1/

Ex. Circumference in gajas eighteen. Height in gajas two. Form:

(Figure 29)

Obtained is 18 gajas. /BBA 23.2.2/

BBA 23.2.2. Ex. for heaped-up grain. Given: C' = 18, h = 2. The unit is gaja. Solution:
V = ()*.2 = 18 gajas. Note that, in this example, § = C/h = 9.

(When) one measures one gaja for length, one gaja for width, and one gaja for
depth, the (weight in) manas of wheat (godhuma) (of that volume) is sixteen, 16.
Aricar1 (of that volume) measures 15 manas. The remaining (values for the) rest
should be known in (the books on) the procedure for foods. /BBA 23.2.3/

BBA 23_2.3. Specific gravities of grains.

Grains Specific gravities

godhama (wheat) 16 manas/ gaja®

aricari (unidentified) 15 manas/gaja®

In this manner, half is dropped (subtracted) at (the flat side of) a wall; three
parts (quarters) are dropped at (the inside of) a (rectangular) corner; and a fourth
(quarter) is dropped at the outside of a (rectangular) corner. The form of (the flat

D

(Figure 30)

side of) a wall:

Obtained is 9 gajas. The form of (the inside of) a corner:

2 an

(Figure 31)

Obtained is 4[| gajas. The form of the outside of a corner:
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LT

(Figure 32)

Obtained is 13|| gajas. /BBA 23.2.4/

BBA 23_2.4. Ex. of partial cones. When the heaped-up grain in the shape of a cone is reduced into
a half, or a quarter, or three quarters because it is piled up against a side of a wall, or against the
inside of a corner, or against the outside of a corner, then respectively a half, or three quarters, or

a quarter is subtracted from the complete cone.

14 14
V1:V— Z

L V=V _-3-
2 7

S

In the above example (23-2.2), V = 18 gajas has been obtained. Therefore, Vi = 9 gajas, Vo =
41 = 4| gajas, Vs = 131 = 13|| gajas.

Thus the procedure for the heaped-up (grain). /BBA 23.2.5/
Measurement of shadows./BBA 24.0/

The shadow is increased by seven. From it one should subtract the noon
shadow. From the division of half the daylight multiplied by seven (by that
remainder), the nadis passed (from sunrise) or remaining (until sunset are
obtained). /PV 24/

PV 24. Time from shadow. Let ¢ be the time from sunrise before noon or the time remaining
until sunset afternoon, d the length of daylight, s the shadow length, and s,, the length of the noon

shadow on that day. Then,
7(d/2)

t= ————
S+7_3n

nadis.

The values of d and s,, are given in the next verses, 25 and 26, respectively. The unit for the shadow

lengths is pada (foot) according to the commentator (BBA 24.1)."

Seven is added into the padas of the shadow. And subtraction of the padas of the
noon (shadow from the result) is made. And, having multiplied half the daylight by
seven, part is taken away (from the result) by the padas of the shadow. The fruit
(time) is obtained. Up to the midday, the past ghadis are obtained. And in the
afternoon, the remaining ghadis are obtained. /BBA 24.1/

! For the linear unit pada (foot) for shadow, see GSS 9.20 and Stone (1985). For similar
formulas for time from shadow, see SaKHYa (2009, 160-62).
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BBA 24.1. The word form ghad? in the sense of ghati (= nadi) is rare but it occurs also in the
Natvasivam (see Hayashi 2017, 23).

Measurement of daylight./BBA 25.0/

The (number of) days from (the beginning of ) Makara (Capricorn) is
multiplied by three, increased by sky-three-five-one (i.e., 1530), and divided
by sixty. The quotient is the kalas (of daylight). From (the beginning of)
Karka (Cancer), (the kalas of) night (are obtained) in the same way. /PV

25/
INOBE -« « - v« v v e vt et e et e e e e e e e e e e e e e e
PV 25. The length of daylight.
1
d= % kalas.

When n is the number of days from the beginning of Makara or Capricorn (winter solstice), d is
the length of daylight of that day. When n is the number of days from the beginning of Karka(ta)

or Cancer (summer solstice), d is the length of night of that day. The variable range of n seems to

be [0, 180] and
dmini = 3:0+1530 251 kalas (at winter solstice),
60 2
max = 3180+ 1530 _ 341 kalas (at summer solstice).
60 2
One year
. Night 2530 kalas
< L
S 9 kalas
S B
o
Day 25;30 kalas
90 days 5% 180 days WS90 days
ss = summer solstice ws = winter solstice

Figure N7: Annual change of the lengths of the day and the night

It is noteworthy that the word kala is here used as a time unit in place of the ordinary ghatika
(or ghat?) or nadika (or nadi), that is, 1 kala = 1 ghatika = 1 nadika = 1/60 day (i.e., day
and night). In the traditional time measuring systems of India, the kala is variously defined as
1/10800, or 1/2400, or 1/1800, or 1/900, or 1/600 of one day and night (see Hayashi 2017). But
the nomenclature of the author of the PV seems to be based on the analogy of the divisions of arc.

In the ancient Indian astronomical works, the following parallelism between time and arc is often

mentioned (see Hayashi 2017, sec.30).
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Table N2
Time day Arc degree
vighatika 0;0,1  wvikala 0;0,1
ghatika 0;1 kala 0;1
divasa 1 amsa 1
masa 30 Tas: 30
varsa 360 bha-gana 360

The above formula is a variation of the formula of the Vedangajyotisa (Sarma 1985, 66; Ohashi
1993, 205-06)."

Having summed up the days from Makara-samkranti (the sun’s entrance into
Capricorn) to the (day in) question, (the result is) multiplied by three. Then, (the
result) is added into fifteen hundred and thirty. And (the sum) is divided by sixty, 60.
The measurement of daylight is obtained. In the same way, from Karka-samkranti
(the sun’s entrance into Cancer), the (length of) night is obtained. /BBA 25.1/

Measurement of the noon(-shadow in) padas./BBA 26.0/

Three, two, one, sky (0), moon (1), wings (2), fires (3), yugas (4), arrows
(5), six, arrows (5), and yugas (4) have been declared to be the noon padas
(i.e., the noon shadows measured in padas) at the (sun’s) entrance (into
each zodiacal sign), in order, beginning with Mesa (Aries). /PV 26/

PV 26. madhya-padas: noon-(shadow)-padas. The lengths of the noon shadows measured in padas
are given here for the days of the sun’s entry (samkranti) into each zodiacal sign beginning with

Mesa or Aries.

Table N3
Entry into: Mesa  Vrsa Mithuna Karkata Simha Kanya
Sn 3 2 1 0 1 2
Entry into:  Tula Vrécika Dhanus Makara Kumbha Mina
Sn 3 4 5 6 5 4

It is surmised that the same value of s,, was used in the formula of PV 24 for one month covering

the preceding and the succeeding fifteen days of each entry (samkranti).

! For the so-called word numerals (bhata-samkhya in Sanskrit) such as “sky” for 0, “moon” for
1, etc. used in this and the next three verses see, for example, Sarma (2002) and Hayashi (2012,
178-87).
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Sn

Mes Vrs Mith Kar Sim Kan Tul Vr§ Dha Mak Kum Min

Figure N8: The lengths of the noon shadows in padas

Sambhunatha’s corresponding verse (A1° in Hayashi 1991) gives different values.
[Another reading (of verse 25).

The (number of) days from the beginning of the (sun’s northern or
southern) course are multiplied by Rama (3), increased by sky-fires-arrows-
moon (1530), and divided by sixty. The quotient is the kalas of daylight if
(the course) begins with Makara (Capricorn), and of night if (the course)
begins with Karka (Cancer). /PV 26%/

(Multiplier 3, additive) 1530 and div. 60. /BBA 26.1/]

BBA 26.1. This paragraph occurs only in J. Moreover, it seems to have been misplaced because

this second 26th verse prescribes the same rule as verse 25 (not 26) in a different wording.

From the Mesasamkranti (the sun’s entrance into Aries, i.e., spring equinox), 3,
2,1,0,1,2, 3,4, 5,6, 5, and 4 are in order the noon-(shadow)-feet. /BBA 26.2/

Ex. In the month of Caitra, on (the day of) Mesasamkranti, the shadow feet 11,
noon feet 3, half the length of daylight 15 ghatits. What is the fruit? Setting-down:
(lacuna). Obtained is the passed (time in) ghati of the daylight, 7. /BBA 26.3/

BBA 26.3. Example of calculation of time from shadow length. Given: On the day of
Mesasamkranti, s = 11 padas. Solution: According to verse 26, s, = 3 padas, which is already
given in the statement of the problem. Since n = 90 days, we have d = 30 kalas according to verse
25. Hence follows d/2 = 15 kalas, which is also given in the statement of the problem. Hence,

according to verse 24,
_7-(30/2)
C1147-3

Note that the time unit kala used for d in verse 25 is replaced by ghat? in this example.

=7 nadis.

Thus the procedure for shadow. /BBA 26.4/
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Thus the fifth sutra for various purposes is completed. /BBA 26.5/

In the year of arrows-serpents-Vedas-moon (1485), in the town of Aham-
madavada, the commentary Balabodharika was composed by Sambhudasa.
/PV 27/

Thus the commentary Balabodharka on the Pancavimsatika, composed by the
wise man Sambhudasa, is completed. /BBA 27.1/

BBA 27.1. The modifier mamtra of the author’s name “Sambhudésa” seems to be used in the sense
of mantrin, that is, “a wise man” or “a minister,” although I can not so far attest these meanings

of the word mantra elsewhere.
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Indexes

The references in Index 1 are to the verse numbers and those in Indexes 2 and 3 to
the paragraph numbers. “B” and “J” attached to the paragraph numbers indicate
the manuscripts. The numbers without them refer to both. Paragraphs 6.1 to 8.10
are missing in J and therefore accompanied by “B.” In Index 1, I use parentheses
for indicating the numbers intended by word numerals (bhuta-samkhya) and the
irregular word forms that occur in the edited text. In Indexes 2 and 3, I use the
following abbreviations.

() = omitted, canc.= canceled, cor. = corrected, corr. = corrupted,

fn. = footnote, intp. = interpolation, P. = Persian, w. = with.

Index 1: Sanskrit mathematical terms utsr-, 12

in the Pancavimsatika

amsa, 13, 232

agni (3), 26

agra (argra), S2

anka (amka), 16

adhas, 6, 9

adhika, 8

anala (3), 26*

anuloma, 5, 6

antya (amtya), 14_1, 142
abda, 27

ayana, 26

ardha (arddha), 2, 17.2, 18_1, 19, 23_1, 24
astadasa, 20_1, 23_1

ahi (8), 27

adi, 142, 25, 26, 26°
adika, 26°
adya, 2, 14_1

indu (imdu) (1), 26
isu, 20_1
isu (5), 26

uttara, 2

utpanna, 13, 15

udaya, 232

upari, 5
eka, 2, 7, S2, 25, 26
aikya, 16, 19, 20_1

kapata, 5
kapata-samdhi, 4

karka (karkva), 25, 26°
kala, 25, 26°

kastha (kasta), 21, 22
kiipa, 22

koti, 17.1

kostha-agara (kosta-), 21
kostha-bheda (kosta-), 7
krama, 9, 15, 26

ksetra, 18_1, 22

kha (sa) (0), 25, 26
khanda (samda), 4, 8
khata (sata), 21

gagana (0), 26°
gaccha, S1

gata, 24

gun-, 5, 6

guna, S1, 11, 12, S4
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gunana, 7
gunita, S2
gunya, 13, 24
gomitra, 6
gomutrika, 4

gola, 23_1

ghana, 23_1
ghata, 2, 10_1, 181, 21
ghna, 172, 20_1, 25

caturasra, 17_1
caturdha, 19
caturmukha, 19
candra (camdra), 27

citi, 21

chaya, 24
chid-, 9
cheda, 13

jya, 20_1

tatstha (tastha), 4, 7
tisra. See tryasra.
turya, 18_2

tulya, 10_1, 102
tyaj-, 3, 24

traya, 10_2

tri, S4, 25, 26
tridha, 4

trikonaka, 18_1
trividha, 8
trairasika (tri-), 14_1
tryasra (tisra), 19

dal-, 12

dala, 20_1

dina, 24, 25, 26°
dirgha, 171, 21
dyumna, 3

dvaya, 15

dvi, S1, 10_1, 11, 12, 26

Hayashi

dvidha, 4, 5, 6
dvividha, 7

dhana, 3

nadi, 24

niyuj-, S2
nivis-, 11

nisa, 26¢
nemyakrti, 202
nyas-, 5, 6, 9

paksa (2), 26
pankti (pamkti), 11
panca (pamca), 25
pada, 2, 10_2

para, 11, 12
paridhi, S4
parisudh-, 11

pada, 26

pasana, 21, 22
pinda (pimda), 21, 22
praksepa, 15

prasna (prasna), 5, 6, 9

SCIAMVS 18

phala, 2, 13, 14.2, 15, 17.1, 17.2, 18.1, 19,

20.2, 21, 22, 23.2

bana (5), 267, 27

bhaj-, 11, 12, 16

bhaga, 8, 9, S3, 14_1, 14.2, 15, 18.2, S4, 20_1,

231, 24, 25
bhagaka, S5
bhagahara, 9
bhinna, 13
bhuja, 17_1, 19

makara, 25, 26

madhya, 14_1, 14.2, 24, 26

mithas, 6
mukha, 172
mula, S1, 19
milya, 5, 6
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mesa, 26

yukta, 2
yuga (4), 26
yuta, 24, 26°
yuti, 15, S5
yoga, 172

ratri, 25

rama (3), 26°
rasi, 7, 10_1
rupa, 8, 13, 15

labdha, S3, 11, 15, 16, 26*
labdhi, 25
lamba (lamba), 172, 18_1, 202

vadha, 2, 102, 14_1, 14.2, 15, 17_1, 18.2, 19,
20.2, 21, 22

varga (vargra), 2, 10_1, 11, 232

varna, 16

varnika, 16

vartula, 182

vasudha, 172, 18_1

vasara, 26°

vidhi, 9

vibhaga, 8

vibhajita, 26*

viloma, 5, 6

visama, 11, 172, 20_2, S5

vrtta, 22, 232

vrtti, 182

veda (4), 27

vyaya, 3,

vyavakalita, 3

vyasta, 142

vyasa, 182, S4, 202, 21, 23_1

Sara, 20_1

sara (5), 26

sasanka (Sasamka) (1), 26°
§irsa-bheda, 7

$unya, S2, S3
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sa. See kha above.

samda. See khanda above.
sad, S4, 232, 26

sasti, 25, 26*

sata. See khata above.

sa-, 2

samkalita, S1, 3
samkranti (samkramti), 26
samtyaj-, 11

samyuta, 20_1, 23_1, 25
sadréa, 22

sapta, 24

sama, S1, 13, 17_1, 21
samanvita, S4

sarala, 6

suvarna, 16

stambha, 22

sthana, 8

sthita, 24

svarna, 16

hata, 23_2, 26°
hara, 9

harya, 9

hina, 8, 19
hrta, 16

Index 2: Old Gujarati words in the Bala-
bodhankavrtti

amka, = amka “digit”: 14_1.1B, 18_2.2B

amgula (-a, -e¢), = amgula, a linear measure
equal to 1/24 of the gaja: 13.2, 22.2

amti, “at the end”: 5.1B (fn.), 5.2B, 6.1B,
6.2B

ajiana, “ignorant”: 1.2

adhika (-a, -i), “more, increased”: 8.3B (corr.),
8.8B

anuloma. See under gati.

anna-vyavahara, “procedure for foods”:

23.2.3
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anyonya (-a, -al, -i), “alternate”: 6.1B, 6.2B
(corr.), 8.6B, 13.1
arddhacamdra, “half moon”: 20.2.3 (corr. J)
-ksetra, 20-2.6
alaga, “apart, separately”: 7.1B
ahna (-a, -1), “daytime”: 24.1

amka, = amka: 2.2, 7.1B, 7.2B, 11-12.1,
14.1.1J, 182.1, 18_2.2J, 19.1,
20-1.1, 22.2

amgula (-a, -e), = amgula: 13.2

agali, “in front”: 7.2B, 8.4B, 11-12.1

agila, “next”: 11-12.1

achi, unidentified commodity that costs 188
drammas per mana: 8.14

anayana (-e), “fetching,” “calculation”: 21.4
(anayena J)

aya, “income”: 3.2

aricar1, unidentified cereals, one cubic gaja of
which weighs 15 manas: 23.2.3

av-, “come, be obtained”:

avai, 2.10, 5.1, 5.2, 6.1B, 6.2B, 7.1B,
7.2B, 8.1B-3B, 8.8B, 9.3, 13.1,
14.1.1, 14.2.1, 15.1, 15.2B (araval
J), 16.1 (0 BJ), 171.1, 17.2.1,
181.1, 18 2.1B, 18.2.2, 19.1,
20.1.1J, 20.2.1, 21.1, 22.1, 22.2J7,
23_1.1, 23.2.1, 24.1,
avaim, 8.1B, 15.2 (avai J), 20-1.1B,

utpanna, “produced”: 3.1, 15.1, 15.2, 15.3
(utpamnna B), 15.4, 15.5 (utpana
B), 15.6 (utpana B). See Gipanaii.

udaya, “height”: 23_2.2

uda, = udaharana “example”: 2.5B, 8.14B—
18B, 9.3B, 10_1.2B, 10.2.2B, 11-
12.2B, 13.2B, 14.2.2]J (see pramo),
16.2B, 17.1.4B, 17.2.2B, 18_1.2B,
19.2B, 20.1.2B, 20.2.2B, 21.2B,
21.3B, 21.5B, 22.2B, 23_1.2B,
23.2.2B

Hayashi
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udaharana (-a, -am), “example”:  2.5],
8.5B, 8.8B, 8.14J-18J, 9.3J, 10_1.2J,
10.2.27, 11-12.2J, 13.2J, 14.2.2B
(corr.), 16.2J, 17.1.2, 17_1.4J,
17.2.2J, 18.1.2J, 19.2J, 20.1.2J,
20.2.2J, 21.2J, 21.3J, 21.5J, 22.2],
23.1.2J, 23.2.2]

timca-pana, “height”: 23_2.1 (-phana J)
amda-pana (-i), “depth”: 21.4 (-pini J)
tpanaii (-a, -am, -1), = utpanna “produced”:
15.2, 15.5

upari, “above, on”: 5.1, 5.2, 7.1B
tpad-, “arise”:

Gipadi, 11-12.1B

fipadiyai, 11-12.1J

ekatra, “in one place”:
~kart, 16.1 (corr. BJ), 17.2.1, 20_1.1, 25.1
- jodii, 8.1B, 8.2B
- niyojane, 13.2, 13.3,
ekya, “sum”: 19.1B (aikya J). Cf. bhujekya-
for bhujaikya- in 19B.
etalail (-a, -a, -al, -am, -ii), “this, this much”:

3.2 (corr. J), 8.3B, 15.2, 19.1, 21.4

kana, “grain”: 10-26.0, 23_2.0
kamari, “woman”: 14_2.2
kar-, “make”:
kai, 21.4B (corr.? kijal J)
kari, 1.2, 2.4, 2.10B, 3.2, 8.1B, 8.2B, 8.3B,
8.8B, 9.3, 11-12.1, 16.1B, 17.2.1,
18.2.2, 19.1, 20_1.1,
20.2.8, 21.1, 22.1, 24.1, 25.1
karti (-iyai J), 2.2, 2.3
Kijai, 2.1, 2.3, 2.4, 2.10, 8.3B, 11-12.1,
15.1B, 15.2, 16.1J, 17.2.1, 18_1.1,
19.1, 21.4J, 23.1.1, 24.1J, 25.1
kiji, 24.1B (corr.? kijai J)
kidhai (kidha J), 11-12.1
karkva (karka J), “Cancer”:

-samkramti, 25.1
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kah-, “tell”:
kahaim, 3.1J
kahii, 3.1B
kahii (-Tyai J), 9.1
kahisim (kahisyaim J), 10-26.0
kadh-, “take out”:
kadhii (-1yai J), 3.1, 3.2
kasta/kastha, “timber”: 10-26.0, 21.0, 21.6,
22.0, 22.1
kidhai. See under kar-.
ku, = kuna “corner”: 20-2.7. See trikuna.
ki, = guna? (see under 4 in Index 3):
cu-, 17.1.2B (cihum J), 17_1.3 (vuki B,
sihu J)
kiina (-al, -i), = kona “corner”: 20-2.7 (ki B),
23_2.4 (pumnai B, ptni J)
kiipa, “well”: 10-26.0, 22.0
kua/kiiya (-i/al), “well”: 22.1
ketalau (-a), “how many”: 14.1.2, 14.1.3,
14.2.2, 15.3, 15.5
kotha (-al, -i), “timber”: 21.1. See kasta/ka-

stha.
kothaii (-ai, -a), “cell,” “surrounding wall”:
7.2B, 20_2.1

kothara (-af, -i), “storehouse”: 21.1
kona (-a, -i), “corner”: 23.2.4

tri-, 18_1.1, 19.1,

bahih-, 23.2.4

See also kuna.
kostagara/kostha-, “storehouse”:

21.0, 21.6

kostabheda (-ah, -i), “cell variety”: 7.2B, 8.7B

10-26.0,

krama (-al, -aim, -i, -im), “order, turn,” “suc-

cession”: 5.1, 5.2, 9.1, 10-26.0, 19.1,
26B (canc.), 26.2B
-tu, 15.1 (krama nati J)
krtta, “bought”: 13.2, 13.3
ksetra (-a, -am, -h, -i, -im, -e), “field,” “plane
figure”: 10-26.0, 13.3, 17_1.0,
18.2.1, 19.1, 20_1.1, 20.2.3-9, 22.1
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ga, = gadiyana, 16.2J
gaja (-a, -a, ah, -i, -e), a linear mea-
sure equated to 24 jestamgulas (jye-
stha-angulas): 13.2, 13.3, 17.1.2—
5, 17.2.1, 17.2.2, 18.1.2, 18.2.3,
19.1, 19.2, 20.1.2, 20.2.2, 20.2.3,
20.2.4, 20.2.5-7, 21.2, 21.3, 21.5,
22.2,23.1.2, 23.2.2-4,
gamjara, 13.2J (fn.)
gada, 13.2B (fn.)
gadha, “castle”: 20.2.1
gani, = guni, 18 2.1 (gunii B)
gana (-u, -U), = guna “multiple”: 18.2.2
(gunaii J), 24.1 (guno J)
gata, “passed”: 24.1, 26.3

” “condition”:

gati (i, -im, -ih), “progress,
anuloma-, 5.1, 5.2, 6.1B, 8.5B, 8.6B
purna-, 9.3
viloma-, 6.2B, 8.5B, 8.6B
samda-, 9.3
gadi, = gadiyana, 16.2B
gadiyana (-a, -a), a weight unit: 8.5B, 16.2
(gadiana J)
gu, = guna, 8.16J
gun-, “multiply”:
gunai, 20_1.1B (-iyai J)
guniu, 8.4
guni, 5.1, 5.2, 6.1B, 6.2B, 7.2B, 8.1B,
8.2B, 8.6B (- ne),
gunii (-Iyal J), 2.1, 2.4, 7.1B, 8.1B—4B,
8.8B, 10_1.1, 10.2.1, 13.1-3, 17_1.1,
17.1.3, 17.2.1, 18.1.1, 18.2.1 (gant
1), 2021, 21.1, 22.1, 22.3, 23_1.1,
23.2.1
guntim, 14 2.1B (-iyai J)
guna (-a, -a, -1), “multiple, multiplication,
multiplier, product”: 2.5, 2.8,
8.9B, 8.10B, 8.11-14, 8.16B, 8.17,
8.18, 15.2-5, 17_1.3, 18.2.2, 19.1 (-
1B,-alJ), 25.1
gunana, “multiplication”: 8.5B-8B, 17_1.5
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gunakara (-aI), 8.4B

gunakara (-u), 15.1B (0 J)

godhiima, “wheat”: 23_2.3 (godhu B)

gola (-a, -a), “sphere”: 23_1.1

golaka, “sphere”: 10-26.0 (gola J), 23_1.0,
23.1.3, 23.2.4J)

gramija (gramalja J), “village-born”: 15.5

ghat1, time equal to 1/60 of the dina (day and
night): 24.1J, 26.3B
ghadi, = ghatt: 24.1B
ghat-, “add”:
ghatti (-Tyai J), 18.2.2, 20_1.1, 23_1.1B (0
J), 24.1, 25.1 (-t1i BJ)

caiirasa (-a, -al), “quadrilateral”: See also
catur-asra/asra, curasa.
sama-, “square,” 17_1.1J (-ramsa),
17.2.1J, 19.1J (caturahsim)
cadatu, ‘“raised”?: 14.2.3B (cadataii and
cadato J)
catur, “four”:
-adra/asra (-am, -e), “quadrilateral”:
17_1.0, 17.2.0, 19.0, 19.2, 20.2.3,
20.2.7
-bhuja, “quadrilateral”: 20_2.5
-mukha, “quadrilateral”: 19.1J (catu- B)
See also caiirasa, curasa.
cal-, “go, move”:
calavii (caus. pass., -Tyai J), 11-12.1
capa, “bow”:
-ksetra, 20-1.0, 20_1.1
citi (cita J), “stack” of bricks: 10-26.0, 21.0,
21.6 (citai J)
cir-, “split’:
cirlim, 7.2B
curasa (-1), “quadrilateral”: See also caiirasa,
catur-asra/asra.
sama-, “square,” 17_1.1B, 17_2.1B, 19.1B
ceja, = citi “stack”?: 21.1 (cejai B, trejal J)

chaya, “shadow”: 10-26.0, 24.0, 24.1, 26.3,
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26.4
ched-, “cut, divide”:
chedti (-iyai J), 9.1

caitra, name of a month: 26.3

jathala, = jayasthala, 14_2.3B
jamalu (-u, -1), “together”: 2.4, 6.1B, 6.2B
jayathala, = jayasthala, 14.2.3J, 15.6
jayasthala (-a), a monetary unit equivalent to
1/48 tamka or 1/3 dramma, presum-
ably another name of jital (Sircar
1968, 20): 15.6. See also jathala,
jayathala.
jamna, “up to, until”: 2.2, 2.6 (sima J), 24.1
(jana BJ), 25.1 (jamja B)
jan-, “know”:
janivam, 23.2.3 (jamniva J)
jiva, “chord”: 20.1.1, 20_1.2
jujuya (jujua J) (-a, -am), “each, separate,
individual”: 8.2B, 15.1 (hiji- B,
corr.?), 15.2, 16.1
jetalati (-a, -am, -e), “as many, as much”:
8.4B, 15.2, 21.4 (tetale J)
jestamgula, “large amgula”: 13.2, 22.2 (jyesta-
)
jo-/jov-, “see”:
joi (conjunct participle), 11-12.1
jod-, “join, put together”:
(ekatra) jodi, 8.1B, 8.2B

jhasa (-ah), “investigation”: 20-2.3

tamka (-a, -a, €), a monetary unit equivalent
to 16 drammas: 8.9B, 8.10B, 8.11,
8.13, 8.15, 14.2.2, 14.2.3 (tamka B),
15.5

thama (-i, -im), “place”: 19.1

tastha, “being there”: 7.0B, 7.1B, 8.7B

tisra (tisra J) (-a, -am, -i), “trilateral”: 19.0,
19, 19.1, 19.2

tetamaii (-a, -u), ordinal of tetalaii: 21.4

(tetima J)
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tetalaii (-a, -am, -4, -e), “so many, so much”:
8.4B, 15.2J

tola, a weight unit: 8.9B

trikiina, “triangle”: 20-2.7 (trika B)

trinibhuja, “three-armed” or a trilateral:
20.2.6

trairasika (-si- also; -a, -am, -i, -e), “three-
quantity operation”: 10-26.0,
14.1.0, 14.1.1, 14.1.4. See under

vista also.

tha-, “become”:
thai, 21.4
thakataii (-am), “remaining”: 23.2.3
thahara (-e), “place”: 21.4 (pahare J,
corr.?). Cf. thama.
thikt (thakt J), “from”: 2.6, 3.2, 11-12.1, 25.1
(th1 J), 26.2 (0 J)
thiku, 11-12.1B (thakt J)

damta, “ivory”: 8.11B
dina, “day”: 20.2.3J, 25.1
dina, “daytime”: 10-26.0, 24.1, 25.0, 25.1,
26.3. Cf. ahna.
dirgha (-a, -i, -e), “length”: 13.2, 13.3,
17_1.1-5, 21.1-5, 22.2, 23.2.3
de-, “give”:
dijai, 9.3, 14_1.1 (diji J), 14.2.1, 15.1, 15.2
(diji J), 16.1 (0 BJ), 21.4 (Iii B)
dramma (-a, -a, -ah), a monetary unit equiva-
lent to 1/16 tamka: 8.5B-8B, 8.12B,
8.14, 9.3-12, 14.1.2, 14.2.3
Also spelled:
damma, 8.12J, 8.14J
drama (-a, -ah), 8.12J, 9.6B, 9.7J, 9.11J
dramma, 9.3J
drama, 9.6J, 14_1.2B (ima J),
rama (-a, -i, -im), 14_1.2 (rasi B, rasi J),

14.1.3, 14.2.3B (ramai J)

dhana, “property, value”: 3.1, 3.2
dhanusa, “bow”: 20-2.3 (dhanasa B), 20-2.4
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dhuri, “at the beginning”: 5.1 (amti B, ati J),
6.1B
dhvaja, 13.2 (gaja BJ)

namaskar-, “bow down”:
namaskar1, 1.2
niyojana (-ne), “summation”: 8.7B, 13.2, 13.3,
16.2 (niyone J)
nidcim, “surely”: 9.1 (nidral J)
nemyakara (-al, -i, -e), “rim figure”: 20-2.0,

20.2.1

pamkti, “line, row”: 11-12.1
pamcabhuja, “five-armed”:
-ksetra, “five-sided figure”: 20_2.3,
20.2.7
pakka or pakva, “refined” (gold): 16.2 (padyu
BJ)
pad-, “fall, drop”:
padai, 23_2.4
padi, 3.1
padi (-1yai J), 11-12.1
padasttra (pata- J), “thread for cloth”: 8.15
pada (-a, -i), “term”: 2.1, 2.3-8, 5.1, 5.2,
6.1B, 6.2B, 7.1B, 7.2B, 8.1B-4B,
9.1, 10.2.1, 11-12.1
pada, “value”: 2.10, 3.2
paradhi. See paridhi.
pari, “manner, method”: 2.1, 2.2%-2.4* 2.8*
5.1, 6.1B, 7.1B, 8.1B, 8.3B, 11-12.1,
15.2-5, 15.6B (*prakara J)
pare, 20-2.8 (parih B, para J)
paridhi, “circumference”: 18_2.1-3, 22.2
(paradhi B, paridha J), 23.2.2
(paradhi B)
pahilatim (-a, -a, -1, -um, -), “first”: 1.2, 2.1,
11-12.1, 20_2.8
pathamtara (-e), “another reading”: 26.1
padharatim (-aii, -T, -Um), “straight,”
“straightly”: 6.1B, 6.2B, 21.4
pada, “foot” a linear measure for shadow: 10—
26.0, 24.1, 26.0, 26.2, 26.3,
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pasana (-a, -i), “stone”: 10-26.0, 21.0, 21.1,
21.6, 22.0, 22.1
pimda, “thickness”: 21.1, 21.2 (pamda B),
21.3, 22.1, 22.2
puskarant (-ri- J), “pool”: 21.4
puhataii (-u), “reached”: 11-12.1
pura, “even”: 2.4,
purna. See under gati.
praksepa, “investment”: 15.1, 15.2
-karana, “investment,” 10-26.0, 15.0,
15.7
pranam-, “bow down”:
pranami, 1.2
prati, “for” (unit price): 8.5B, 8.9B, 8.10B,
8.11-15, 15.6,
pratyutpanna (-a, -ah, -i), “multiplication”:
4.0, 8.3, 8.19 (pratyunna J)
bhinna-, 10-26.0, 13.0, 13.1, 13.4,
17.1.3, 21.3 (-pamnna B)
prathaka, “severally”: 8.8B. Cf. PV 15dB.
pramo, = prathamodaharana “first example”:
14.2.2]
prasna (mostly prasna J), “question”: 2.2,
8.3B, 9.3, 25.1
-pada, 2.2B, 2.3-5, 2.7, 2.8, 5.1, 5.2, 6.1B,
6.2B, 7.1B, 7.2B, 8.1B,
8.2B, 8.3B (prasna-), 8.4B, 9.1

-rasi, 9.3

phala (-a, -am), “fruit” or “result” of calcu-
lation: 5.1, 5.2, 6.1B, 6.2B, 7.1B,
7.2B, 8.1B-3B, 8.5B, 8.8B, 9.3, 13.1,
14.1.1, 14.2.1, 15.1-3, 15.4 (0 J),
17.1.1,17.2.1, 18_1.1, 18 2.1, 18 2.2,
19.1, 20_1.1,
20.2.1, 20.2.5, 21.1, 21.4, 22.1, 22.2,
23.1.1, 23.2.1, 23.2.4J
(intp.), 24.1, 26.3

bahihkona (-a, -i), “outside of a (rectangular)

corner: 23_2.4

” L

baki, “remaining,” “remainder”: 3.1, 3.2
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bimanaii (-a, -u, -um, -tum), “two fold”: 2.10,
8.38, 11-12.1
bija, “seed”: 15.3, 15.4
bjjatim (-aii, -u), “second”: 17.2.2 (biu J),
18.1.2
bol-, “speak”:
bolum, 1.2J
boltm, 1.2B

bhan-, “tell, call”:
bhant, 18_1.1
bha, = bhaga “divisor”: 9.3, 9.4, 26.1J (intp.)
bhaga (-a, -ah, -i, -u), “part, division, divi-
sor’: 8.1B, 8.3B, 8.8B, 9.1, 9.3-12,
11-12.1,14.1.1,14.1.3, 14.2.1, 15.1—
6, 16.1, 16.2, 18_2.1, 18 2.2, 20_1.1,
21.4,23.1.1,23.2.4 (0 J), 24.1,
ni1*-, 8.1B, 8.3B, 8.8B, 25.1 (*cardinal
number)
no**-) 21.5, 22.2, 23_2.1 (**ordinal num-
ber)
sthana-, 8.2B
bhithya (-a, -aim), “wall”: 23_2.4 (bhitya J)
bhinna (-a, -ah), “fraction”: 17_1.3, 17_1.5,
21.3B. See also under pratyutpanna.
bhuja, “arm” or a side of geometrical figures:
17.2.2, 18_1.2 (suna J), 19.1, 20.2.3,
catur-, 20_2.5
trini-, 20_2.6
pamca-, 20_2.3, 20_2.7
bhumi, “land,” the “base” of a plane figure:
13.3, 17.2.1, 172.2 (-ma J), 18_1.1
(-mai J), 18_1.2 (-ma J)
bheda (-ah, -i), “variety”:
kosta-, 7.2B, 8.7B
tastha-, 7.0B
§rsa-, 7.1B, 8.7B
samda-, 8.0B, 8.1B

mamjitha, “madder”: 8.10B

«

mamtra, “a wise man” (or “a minister”?):

27.1B
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makara, “Capricorn”:
-samkramti, 25.1
mana, a weight unit: 8.10B, 8.11B, 8.12-15,
14.1.2, 14.1.3, 23.2.3
madhya, “mid, middle”: 10-26.0, 14_1.1,
14.2.1, 24.1, 26.0, 26.2, 26.3
mav-, “measure”:
mavii, 13.3], 20_2.8 (-iyai J), 21.4
(-Tyal J)
maviim, 13.3B
mamd-, “arrange”:
mamdii (-Tyai J), 5.1, 5.2 (0 J), 6.1B,
6.2B, 7.1B
mamdiim, 7.2B
mathatim (-al, aim), “head”: 7.1B, 7.2B
mana (-a, -am), “measurement,” “standard”:
10-26.0, 13.2, 13.3, 17_1.0, 17_1.3,
18.2.2, 21.0, 21.3, 22.0, 22.2,
23.2.0, 24.0, 25.0, 25.1, 26.0
map-, “measure”:
mapal, 23_2.3
masa (-1), “month”: 26.3
mahi, “in, into, among”: 2.4, 7.2B, 18.2.2,
18.1B, 20_1.1B, 23_1.1, 24.1
mamhi, 18.1J, 20_1.1J, 25.1 (ma B)
mukha, “face, mouth” or the top side of a
plane figure: 17_2.1, 17_.2.2B (musa
J). See under catur.
muga (miumga J), a kind of kidney bean:
14.1.3
muraja, a kind of drum: 20.2.3
-ksetra, 20_2.3 (also maraja- J)
mila (-a, -am, -ani), “root,” “square root”:
2.10, 10-26.0, 11-12.0-3, 19.1, See
under varga/vargra.
milya (-a, -am), “price”: 5.1, 5.2B, 6.1B,
6.2B, 7.1B, 7.2B, 8.1B-4B, 8.8B,
14.2.2 (mila B)
mel-, “bring together, add”:
melti (-iyal J), 5.1, 5.2 (-yai J), 6.1B,
6.2B, 7.1B
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meliim, 7.2B
mesa, “Aries”:

-samkramti, 26.2, 26.3
moktika (maukti J), “pearl”: 14.2.3

yavakara, “barleycorn shape”: 20.2.3
-ksetra, 20_2.4B (J omits yavakara)
yuti, “sum”: 15.1 (@ J), 15.2 (yukti J), 15.3,
15.4, 15.5, 15.6, 20_2.5,

20-2.6, 21.4, 21.5

rasiSvara (rsi$vara J), “sage” (equated to
Skt. muni): 3.1

rahita, “remaining”: 19.1 (raha J), 24.1

rama (-a, -1, -im). See under dramma.

rasi (-si also), “quantity,” “heap”: 9.3
(-sai J), 10-26.0, 10_1.1, 23.2.0,
23.2.5

riti (-im, -1), “manner, method”: 3.2, 8.8B,
9.3, 11-12.1, 13.3, 20.2.8, 21.4,
23.2.4, 25.1

ripa (-a, -am), “form”: 8.5B-8B, 8.16-18,
20.2.3, 21.2, 21.3, 23.2.2, 23.2.4

-nyasa (-a, -ah), 8.7B, 17_1.2-5,
17.2.2% 18.1.2, 18.2.1*, 18 2.3 (0 J),
19.2, 20_1.2%, 20.2.2*,
20.2.5, 22.2%, 23.1.2*
(Fripam- 1)
ksetra-, 17_.1.0

riipa (-a), “silver”: 8.5

ripa (-a, -am, -a), “unity,” “integer” (number
of unities): 2.10, 8.1B, 8.8B, 13.1,
15.1, 15.2

lamba, “perpendicular”: 17.2.1 (laba B),
17.2.2, 18_1.1, 18.1.2, 19.0
lamba, “length” (cf. lambaii): 20.2.1, 20.2.2
(labdham J)
lambaii (-aI), “oblong”: 17_1.1
labh-, “be obtained”:
lahai, 14.2.3B
lahii, 14.2.2B
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lai, 14.2.2B
labhai, 14.1.2B, 14.1.3B, 14.2.2J,
14.2.3, 16.1, 19.1J (intp.), 24.1,
25.1
labhi, 14_1.2J, 14.1.3J, 14.2.3J, 25.1J
lis-, “write”:
lis1, 2.2B (-iyai J), 7.2B
listi (-iyal or likhiyal J), 2.4, 7.2B, 8.4B,
9.1, 11-12.1, 19.1 (-yai J)
le-, “take”:
Ii, 21.4 (dijai J)
Iijai, 2.10J, 19.1
I, 2.10B
let, 7.1B, 7.2B
lesyaka (lesaka J), “calculation”: 16.0, 16.3

vakra (-am), “nonuniform”: 21.4 (corr. B)
vajrakara, “thunderbolt shape”: 20.2.3 (va-
jryakara B)
-ksetra, 20_2.5
vatalail (-a), “circular”: 22.1 (va- J)
varaii (-al, -ail, -ai, -ai, -u), “expenditure”:
3.1, 3.2
varasa, “year”: 14.2.2
varga/vargra (-a, -am, -ah), “square”: 2.3,
2.10, 10-26.0, 10_1.1-3, 11-12.1, 11—
12.2, 23.2.1
-mila, “square root”: 10-26.0, 11-12.0,
11-12.1, 11-12.3
vartula/varttula, “circular”: 10-26.0, 22.0
(varttala B). Cf. varttu for vrtta in
22J.
valt, “also”: 2.2, 6.1B
vastra, “cloth”: 10-26.0, 13.3

vamkali (-ai), = vakra “nonuniform”: 21.4
(vakai J)

vatalaii (-al. -a), “circle”: 18.2.1, 22.1 (vatala
B)

vadh-, “increase”:
vadhataii, 2.2J
vadhanum, 2.2B
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vana (Skt. varnaka), “color” or the product of
the weight and the purity of a gold
piece: 16.1, 16.2
vant (Skt. varnika), “color” or the purity of a
gold piece: 16.1(¢) BJ), 16.2
vara, “times”: 23_1.1
vav-, “sow”:
vavi, 15.3
vijehadara, “investment”: 15.5B, 15.6B
vijaidara (-a, -u), 15.5J
vijedara, 15.5B, 15.6J
vipula (-e), “width”: 21.5
vibhaga (-a, -ah, -1), “division, partition”: 15.2
eka-, 15.2, 15.4
ripa-, 8.1B, 8.8B
sthana-, 8.2B, 8.8B
viloma. See under gati.
visama (-a, -i), “unequal,” “odd,” “nonuni-
form”:  11-12.1, 17.2.0, 17.2.1,
20-2.1, 20_2.8 (pahila J), 21.4 (also
visa J), 21.5 (corr. J)

visamaii (-al), = visama “nonuniform”: 21.4
(visal B)

visd, a linear measure equal to 1/20 gaja: 13.3,
17.1.3, 21.3

visamsa, a linear measure equal to 1/20
visa: 13.3 (visa B, visva J), 17.1.3
(vi$vasum J)

vista, “inverse”:

-trairasika (-a, -am, -i, -e), 10-26.0,
14.2.0, 14.2.1 (-si-, 0 J), 14.2.4 (vy-
asta- J)

vistara (-a, -ai, -i), “breadth”: 13.2, 13.3,
1711, 17.1.2, 17.1.3 (0 J), 17-1.4,
17_1.5, 20_2.2, 21.2, 21.3, 21.4 (vi-
stara B), 21.5, 22.2, 23.2.3

vrtta, “circle”: 18.2.0, 18_2.1, 22.2, 22.3 (vatta
J), 2322.1

vedha (-a, -ah, -i, -e), “depth”: 21.4, 21.5,
23.2.3 (0 J)

vyamgula, a linea measure equal to 1/24
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amgula: 13.2

vyaya, “expenditure”: 3.2

vyavakalita (-a, -am), “difference”: 3.0
(corr. B), 3.1 (corr. J), 3.2

vyavahara (-a, -am, -ah, -im), “procedure”:
20.2.9, 21.6, 22.3 (corr. J), 23.2.3,
23.2.5 (corr. J), 26.4

vyasa, “breadth, diameter”: 18.2.1-3, 20_2.1
(cyaru B), 21.2, 22.2, 23_1.1, 23_1.2

vriha, “rice”: 14_.1.2

Sara, “arrow” or the height of a circle segment:
20.1.1, 20.1.2
Sartsall (sarisaii J) (I, -am), “like, similar”:

10.1.1, 10_2.1

samda, “part”: 8.8B, 20-2.8 (sada B)
-gati, 9.3 (khamda- J)
-bheda (-a, -ah), 8.0B, 8.1B
samda, “sugar”: 8.12
sata, “excavation”: 10-26.0, 21.0%, 21.4* (sata
B), 21.6* (*khata J)

sama (-al), “excavation”: 21.1

samkalita (-a, -am, -¢), “sum” of a finite nat-
ural series: 2.0-5, 2.9-11, 3.1, 3.2

samkramti, “transition”: 25.1, 26.2, 26.3

samyojana (-e), “summation”: 17_1.3

? “uniform”:

sama (-a, -am), “equal,” “even,
2.10, 11-12.1, 17.1.1, 17.1.2. See
also under caiirasa, curasa.

sarala, “straightly”: 8.6B

sahita, “accompanied”:

eka-, 2.1 (sahi B), 2.4, 2.5

sadharana (-a, -am), “common”: 21.2, 21.3

siravalu (-laii J), “mental work”?: 2.2, 2.6

sima, “up to, until”: 2.2 (jamna B)

suvarna (also suvarnna J), “gold”: 10-26.0,
16.0, 16.1, 16.2, 16.3

stikadi (-a J), “sandal wood”: 8.13

sutra, “thread”: 8.15
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sitra (-a, -am, -i, -ai), “versified rule”: 1.1,
1.2, 2.0, 3.0, 4.0, 8.4B, 9.0, 9.2, 10—
26.0, 13.0 (0 B), 26.5

sel (-1, -im, -1), a weight unit: 15.3, 15.4

sera, a weight unit: 14.1.3

stambha (-a, -i), “pillar”: 10-26.0, 22.0, 22.1

har-, “take away”:
hardi, 9.1 (hui J), 24.1 (-Tyal J),
hina, “deficient, decreased”: 8.3B, 8.8B, 19.1,
24.1
hujuyam (corr.?), = jujuyam, 15.1 (jujua J)
hethi, “below”: 6.2B, 9.1 (hetai J), 11-12.1,
hema, “gold”: 8.9B
ho-, “be, become”:
haua, 15.3B
hu, 11-12.1B, 13.3B, 23.2.3
hui, 2.2, 2.4B, 3.2, 8.4B, 9.2 (harli B),
10.1.1B, 10_1.2, 11-12.1, 13.2,
14.1.2, 14.1.3, 15.2, 15.5, 22.2B,
26.2
huim, 10-2.2B
huyai, 2.4J, 10.1.1J, 102.1J (0§ B),
10-2.2J, 11-12.1J, 13.3J 22.2J
hiua, 15.3J

Index 3: Old Gujaratl numerals in the

Balabodhankavrtti

0:
$tnya, 8.4B
1/18:
adharamu (-u, -um) (w.bhaga), 20_1.1,
23.1.1 (0 J)
1/6:
chatha (-a, -a) (w.bhaga), 18.2.2, 23.2.1
(corr. J)
1/4:

caiitha (w.bhaga), obl. 18.2.1J
caturtha, 22.2 (w.bhaga), 23.2.4
cuthai (w.bhaga), inst. 18_2.1B
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1/3:

1/2:

Hayashi

+1/4: sava, 17.1.3, 17_1.5 (corr. J)

trtiya (w.bhaga), 21.5

arddha, 11-12.1, 13.2, 17.2.1, 18.1.1,
19.1, 20_1.1, 23.1.1B, 23.2.4,
26.3B

+1/2: sadha, 17.1.3, 17_1.5, 22.2 (sada 5:

B, corr.?)

eka, 2.6, 2.10, 8.5B, 8.8B, 8.13, 8.14,
8.18, 9.8, 9.10, 9.11, 9.12, 10_1.2,
102.2, 13.2, 13.3, 15.2, 15.4 (paka 6:
B), 17.2.2, 18.1.2, 20.2.3, 202.7,
21.1 (ekva B), 23.2.3 (“17 J)

7
dii, 17.1.4
dvi, 21.5
dvayor, 20-2.5, 20_2.6 8:
bi, 2.9, 8.16, 9.7, 10_1.1, 10_1.2, 10.2.2,
13.3, 15.3-5, 17.1.4 (“2” B), 17_1.5
(0 B), 20.2.3-6, 23.2.2 (“2” J)
bihu, 2.4, 5.1 (-um J), 6.1, 7.1
See bimanaii in Index 2.
9:
tri, 10_1.2J, 15.4, 18.2.2, 21.5, 25.1
trini, 8.12B, 8.14B, 8.15B, 8.17B, 9.4B, 10:
9.8B, 9.11, 10_1.2B, 10_2.1, 10-2.2
(trina J), 13.2, 15.3, 15.5 (trinal J),
20.2.2B, 21.2, 21.3, 22.2B, 23.1.1
(tritri J), 23.1.2, 23.2.4B
trinni (-ni, -nha, -nham, -nhi), 8.12J,
8.14J, 8.15J, 8.17J, 9.4J, 9.8J,
20.2.2J)
trihu, 8.1B 11:
“437:
tridottara, 8.14 (ti- J) 12:

catur, 21.5 (catura J)
caii (cf. 24, 64), 15.3 (cu B), 15.4 (cu B),

17_1.3 (vu B, sihu J, both corr.) 13:
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cihu (-u, -um), 2.1 (vihu B), 15.3, 17_1.2
(cu B), 19.1 (vihu B)

cyara (-a, -ai, -i), 2.9, 8.11, 9.3, 9.5,
10.1.2, 10.2.2 (cari B), 13.2B, 15.3,
16.2 (cari B), 17.1.2, 17_1.3 (vyari
B), 17_1.4, 17.1.5, 17.2.2%, 20_1.2*,
21.2% 21.3% (* 47 J)

pamca, 15.6 (-am B)

pamca, 9.9, 10_1.2, 10.2.2, 14.1.2, 15.3,
15.4, 15.5, 17_1.3B, 20.2.2B, 21.2B,
21.3B

cha, 8.17, 9.6, 9.10, 14_1.2, 15.3, 18_2.2
sat, 21.5

sata, 8.13, 8.14, 24.1
“+77: sattottara, 8.16

atha, 13.2B, 16.2J

atha, 2.9, 8.9, 8.11, 8.15, 13.2 (also atha
B), 15.3 (“8” B), 16.2 (atha B),
1714, 21.3 (“8” J)

“+8”: atthottara, 8.15, 9.6, 9.10

nava, 8.3, 17_.1.0 (netha J, corr.?), 22.2

daga, 2.5J, 2.6J, 3.2J, 13.2, 13.3, 17_1.3
(0 J), 21.5B
dasa, 2.5B, 2.6B, 3.2B, 13.2, 13.3, 15.3,
15.4 (0 B), 17.1.3, 18_1.2 (“10” J),
21.3 (0 J), 21.5]
“4+107:
dahottara, 2.9 (da- J)

agyara (igyara J), 9.6, 9.9, 9.12, 17_1.5
bara, 2.9, 9,9 (-ai J), 13.2, 17.2.2 (¥12”

J), 18.1.2(“12” J)
baraht, 16.2 (bahart B, corr.?)
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14:

15:

16:

18:

19:

20:

21:

23:

24:

25:

27:

28:

30:

tera, 9.11B, 17_2.2 (tere J), 18.1.2 (“13”
J)
teraha, 9.11J

cauda (cauda J), 8.18, 9.9, 13.3, 15.3 (0
J), 15.4 (corr. J), 17.2.2 (“14” J),
20.1.2 (414 J)

caudI (catdat J), 16.2

panara, 10_1.2, 10_2.2 (pam- B), 25.1

sodasa, 15.6

sola, 9.5 (solhe J), 13.3, 14.2.2, 15.5,
17.1.2 (167 J), 23.2.3 (0 J)

adhara, 2.9, 8.5, 9.10, 23_2.2 (-am J)

uganisa, 18_2.3

visa, 2.9, 3.2, 13.3 (0 J), 15.5, 17.1.3, 22.2
visam, 2.9, 15.3 (bisa J)

ikavisa, 9.9J
ekavisa, 14_1.2
ekavisam, 9.9B

trevisa, 14.1.3 (“23” J)

cuvisa (cativisa J), 2.9, 13.2, 13.3

pamcavisa, 9.8, 10.1.2 (pacavisa J),
10.2.2, 13.3, 14.2.3 (-si), 10.2.2,
13.3, 14.2.3

pamcavisi, 1.2 (pacavise J)

sattavisa, 8.12 (sata- B), 9.4 (-am J)

athavisa, 8.18

tisa, 2.9
trisa, 2.9J, 3.2, 9.7

32:

33:

35:

36:

38:

40:

43:

45:

50:

52:

56:

57:

59:

60:

64:

65:

66:

67:
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trisam, 2.9B, 15.3, 25.1

batrisa, 2.9, 8.9

tetrisa, 8.17 (also tettisa J)

pamtrisa, 8.10, 10_-1.2

chatrisa, 8.11, 8.17

athatrisa, 8.12

cyalisa, 2.9, 3.2, 13.3, 14.2.2
cyalisam, 2.9B, 15.3 (“40” B)

trayatalisa, 8.18

pamcitalisa, 9.10 (pacata- J)

pamcasa, 2.9, 3.2,

pamcasam, 2.9B, 15.3 (pamcasom B,
pacasam J)

bavana, 8.16

chapana, 9.8 (chappanna J), 16.2 (sapana
)

sattavana, 8.18 (sata- J)

uganasathi, 8.15 (-satthi J)

sathi, 2.9 (satha J), 3.2, 14.2.3, 25.1

cusathi (caiisatthi J), 8.13, 9.6

pamsathi (-satthi J), 8.9, 8.11

chasathi (-satthi J), 8.17 (corr. B), 9.9

satasatthi, 8.13J
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70:

73:

75:

76:

80:

81:

85:

87:

88:

90:

93:

95:

96:

100:

satasathi, 8.13B, 8.17

sattari, 2.9J, 3.2
sittiri, 2.9B

trihuttari, 8.16

pamcahuttari, 2.9 (pacyottari J)
chahuttari, 9.7 (chi- J)

ast, 2.9, 3.2, 13.2 (0 J), 14.2.2 (adt B)

ekasrt, 14.1.2
ekyast, 8.12 (-§1 B)

pamcyast, 2.9

satyasi, 9.7 (-1 B)

athyast, 8.14, 9.3 (-1 B)

nau (niu/nia J), 2.9, 3.2, 14_1.2
trand, 9.10

pamcamni, 2.9J (corr.?)

pamcani, 2.9B, 9.8 (-um B)

chant (-, -um, -0), 8.5B, 8.10B, 13.2B,
16.2B

channt, 16.2J

chinnt, 13.2J

‘sata, 3.2B, 8.8B, 15.6

sai, 2.9, 8.9B, 8.11, 8.13, 8.14, 8.15J,
8.17 (si B), 9.3J, 9.4J, 9.8], 9.9,
9.10, 10.1.2, 13.3J, 15.3, 15.4 (saT
B), 15.5, 25.1

saim, 8.15B, 9.3B, 9.4B, 9.8B, 9.9B, 13.3,
15.3B, 15.5B

Hayashi

140:

196:

200:

210:

224:

250:

327:

395:

420:

465:

488:

500:
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sail, 2.9J, 3.2J, 8.14J, 9.6J, 8.18J,
13.3J, 14.2.3J, 15.5]

sata, 3.2J

sita, 15.6

su, 2.9B, 3.2B, 8.5B, 8.10B, 8.14B, 8.18B,
9.6B, 13.3B, 14.2.3B

so, 9.9J

eka su cyalisa, 13.3 (sail for su J)
eka su chantm, 8.10B

bi sai, 15.5 (also saim B)

bi sai dasa, 15.3 (also saim B), 15.4J
bi sai dahottara, 2.9B

bi sal dahottara, 2.9J

bi sa1, 15.4B (omits dasa)

bi sal caiivisa, 13.3J

bi saim cuvisa, 13.3B

(bi saim pamcasa), 13.3

trini sal sattavisa, 9.4B

trinham sai sattavisam, 9.4J

trini salm pamcantim, 9.8B

trinha sai pamcani, 9.8J

cyari sal visam, 15.3 (bisa J)

cyari sal pamsathi, 2.9

cyara sal athyasi, 9.3J

cyari saim athyast, 9.3B

pamca Sata, 15.6J
pamcam sita, 15.6B
pamca sai, 15.5B

pamca saii, 15.5J
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630:
cha sai trisam, 15.3
820:
atha sai visam, 2.9
840:
atha sal cyalisam, 15.3 (“840” B)
865:
atha sai pamsathi, 8.9
1000:
sahasra, 8.12, 8.14J, 8.15J, 9.5J, 9.6J,
9.7], 15.5
sahasra, 8.5, 8.8, 8.11, 8.13, 8.14B, 8.15B,
8.16B, 9.5B, 9.6B, 9.7B, 9.8, 15.5,
15.6
hajara (< P. hazar), 8.16J
1050:
dasa sal pacasam, 15.3J
dasalm pamcamsom, 15.3B
1196:
eka sahasra eka su chant, 8.5B
1211:
bara sai agyara, 9.9B
barai so igyara, 9.9J
1275:
bara sail pacyottari, 2.9J
bara saim pamcahuttari, 2.9B
1530:
panara sail trisam, 25.1
1600:
sodasasata, 15.6
sola sai, 15.5 (also saim B)
1767:
eka sahasra sata saim satasathi, 8.13
(... sai satasatthi J)
1808:
adhara sai athottara, 9.10 (... athottarah
B)
1830:
adhara sal trisa, 2.9J
adhara saim trisam, 2.9B

1859:
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eka sahasra atha sal uganasatthi,
8.15J
eka sahasra atha saim uganasathi,
8.15B
2485:
caiivisa sai pamcyasi, 2.9J
cuvisa salm pamcyasl, 2.9B
3240:
batrisa sal cyalisa, 2.9 (... cyalisam B)
3703:
trini sahasra sata sai tridottara, 8.14B
trinhi sahasra sata sal tidottara, 8.14J
4095:
cyalisa sal pamcand, 2.9 (... pamcamni
J)
4096:
cyari sahasra chanum, 9.5B
cyara sahasra chinnum, 9.5J
4865:
cyari sahasra atha sai pamsathi, 8.11
(... pamsatthi J)
5050:
pamcasa pamcasam, 2.9 () J)
11664:
agyara sahasra cha sal cusathi, 9.6B
igyara sahasra cha sai caiisatthi, 9.6J
30276:
trisa sahasra bi sal chihuttari, 9.7J
trisa sahasra bi sai cchahuttari, 9.7B
38327:
athatrisa sahasra trini sal satavisa, 8.12
(trinha and sattavisa J)
100000 (= 10°):
lasa, 8.16-18 (-sam in 18J), 9.8-10, 9.12,
15.5
100001:
eka lasa ekottara, 9.12
152207:
eka lasa bavana sahasra bi saim sattot-
tara, 8.16B

eka lasa bavana hajara bi sal sattottara,
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8.16J
156025:
eka lasa chapana sahasra pamcavisa, 9.8
(chappanna J)
200000:
bi lasah, 15.5 (lasa J)
1466521:
cauda lasa chasathi sahasra pamca saim
ekavisam, 9.9B
cauda lasa chasatthi sahasra pamca sal
ikavisa, 9.9J
10000000 (= 107):
koda, 8.17J, 8.18J
kodi, 8.17B, 8.18B, 9.10, 9.11
10000003:
eka kedi anafi trini, 9.11B
eka kodi anaim trini, 9.11J
19345600:
eka kodi trani lasa pamcitalisa sahasra
ccha sal, 9.10 (pacatalisa J)
142857143:
cauda kodi athavisa lasa sattavana
sahasra eka su trayatalisa, 8.18B
cauda koda athavisa lasam satavana
sahadra eka saii trayatalisa, 8.18J
1000000000 (= 10%):
arva, 8.17J (# B). Skt. arbuda. Cf. avva
in GSK 1.12.
100000000000 (= 10'*):
sarva, 8.17. Skt. kharva. Cf. khavva in
GSK 1.13.
333333666667:
trini sarva tetrisa kodi tetrisa lasa ccha-
ttisag-hasra ccha si satasathi (sic),
8.17B
trinha sarva tetrisa arva tettisa koda
chatrisa lasa chasathi sahasra cha

sal satasathi, 8.17J
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Appendix: Figures in the manuscripts

The letters “b” and “j” attached to the figure numbers denote respectively the
manuscripts B and J, and ‘m” of “2b_m” margin.

1j-2j missing
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