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Naraya1.1a. In this paper I summarize the rules which Datta and 
Singh discussed, with examples given in the Ga'T}itasamsangraha, 
compare the corresponding rules in the Ga'T}itakaumudf, and dis­
cuss the implications. 

2 Mahavira 

Mahavira wrote the Ga'T}itasarasangraha (The Essence of Mathe­
matics, hereafter GSS) in about 850 A.D. and gave the rules and 
examples for fractions in its section dealing with the topic con­
sidered the second vyavaham (practical operation) in arithmetic, 
namely kalasavan;w.vyavahara (the operation of reduction of frac­
tions). The text includes some numerical examples, but not the 
solutions to them.3 

Mahavira gives the first of these rules in the bhagajati section, 
namely GSS kalasava1"T}a 55-98. This section includes the rules 
which Datta and Singh discussed; I summarize them as follows. 
(1) To express 1 as the sum of any number (n) of unit fractions. 

1 1 1 1 1 
1 = 2 + 3 + 32 + .. • + 3n-2 + 2 • 3n-2 • 

This rule is given in GSS kalasava1"T}a 75. Based on a literal 
translation of the versified rule, 4 the denominator of the first 
term is to be written as 1 · 2, and that of the last term as 3n- l · i. 
Following the rule GSS kalasava1"T}a 76 gives examples when n = 
5, 6, 7. 
(2) To express 1 as the sum of an odd number of unit fractions. 

1 1 1 1 
1= + + .. ·+ +---

2 · 3 · 1/2 3 · 4 · 1/2 (2n - 1) · 2n · 1/2 2n · 1/2 
Here t, t , and -/:i are expressed by ordinal numbers such as third, trtiya, 
fourth, catiirtha, and thirty-fourth, catu11trirp.8a, respectively. 

pramariarp. trtiyena vardhayet taccaturthenatmacatuatrirp.fonena aaviie~aJ:./ 
3 The Gai;iitaaarasangraha was commented on in Kannaga and in Sanskrit. 

However, none of the commentaries has been published. See Pingree [1981. 
60]. 

4 rii.pii.rp.8akaraiinarp. rii.pii.dyii.s trigui;iita haral_i kramaia/.i/ 
dvidvitryarp.iabhyaatav adimacaramau phale rupe/; 

Translation 
When the result is one, the denominators of the quantities having one as 
numerators are [the numbers] beginning with one and multiplied by three, in 
order. The first and the last are multiplied by two and two-thirds [respec­
tively]. 
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This rule is given in GSS kalasavart;ta 77. 
(3) To express a unit fraction 1/q as the sum of a number of other 
fractions, the numerators being given. 

1 al a2 
q q(q + ai) + (q + al)(q +al+ a2) + .. · + 

an-1 

(q +al+ a2 + · · · + an-2)(q +al+ a2 + · · · + lln-d + 
an 

an(q +al + a2 + · · · + lln-i}' 

where ai, a2, · · · , an and q are given. This is given in GSS kalasava-
111-a 78. GSS kalasavart;ta 79 provides examples where a1 = 7, a2 = 
9, as = 3, a4 = 13 for q = 1, 4, and 6. 
( 4) To express any fraction p/ q as the sum of unit fractions. 

Let the number i be so chosen that ~ is an integer r; then 

p 1 i - = -+-. 
q r r · q 

For the second term the same procedure is performed. This is 
given in GSS kalasava111-a 80. Gupta [1993] explains this rule 
with some examples. GSS 81 contains an example requiring the 
denominators of three unit fractions the sum of which is !, and 
those of four unit fractions whose sum is ~-
(5) To express a unit fraction as the sum of two other unit frac­
tions. 

1 1 1 - = -- + ----:n· 
n p · n :-l 

1 1 1 
-= + . a·b a(a+b) b(a+b) 

This is given in GSS kalasavarria 85. GSS kalasavart;ta 86 is an 
example thereof where n or a · b equals 6 or 10. 
(6) To express any fraction as the sum of two other fractions 
whose numerators are given. 

p a b 
q = ai±b , i + ai±b , ~ , i 

p i p i 



500 TAKANORIKUSUBA 

when p, q, a, b are given and i, such that ai + b is to be divided 
by p without remainder, is to be found. This is stated in GSS 
kaliisavan;ta 87. The example in GSS kaliisavan;ta 88 seeks the 
denominators of the two unit fractions whose sum is i, and also 
those of the two fractions whose numerators are 7 and 9 respec­
tively and whose sum is ~· 

Prthudaka (fl. 864), a contemporary of Mahavira, in his com­
mentary on 'the first jiiti', that is the bhiigajati, in the Briihma­
sphutasiddhiinta (12. 8) written by Brahmagupta in 628, offers an 
example5 requesting the sum of 

5 7 9 1 4 11 
22 + 66 + 38 + 39 + 13 + 114. 

When these quantities are rearranged in the order 

5 7 9 11 4 1 
22 + 66 + 38 + 114 + 13 + 39' 

there occur three consecutive pairs. The first pair (with 22 and 
66 as denominators) can be produced from GSS Rule 6 with p = 
1, q = 3, a = 5, b = 7 and i = 3. The second pair is also obtainable 
from the same rule when p = 1, q = 3, a = 9, b = 11 and i = 3. 
The third and last pair results when p = 1, q = 3, a = 4, b = 1, i = 
3. Prthudaka might have known this rule and used it to construct 
his sample problem. 
(7) Datta and Singh mention a particular case of Rule 6, described 
in GSS kaliisavan;ta 89: 

when p, q, a, bare given, provided that (aq + b) is divisible by p. 
Sample problems in GSS kalasavaT'f;ta 90-92 require the denomi­
nators of the two unit fractions whose sum is~; the denominators 
of fractions which have 6 and 8 respectively as numerators and 
whose sum is also ~; the two unit fractions that sum to A when 

5 dviyamii rasa~apkiis ca va.mlokii naviignayaly/ 
trfndavafi krtarudriis ca chedasthiine prakalpitiifi/ / 
panciigii nava rii.parp. ca vedii rudriis tadarp.fokafi/ 
militii yatra drsyante kas tatra dhanasancayafi// 

Quoted by DvivedI in his edition of the Briihmasphupasiddhiinta p. 176. This 
stanza is found in folio 48a. 
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1 = ~ + l + /0 + A is given; and the two fractions whose sum 
is lo and whose denominators are 7 and 11 respectively, when 
1 1 1 1 1 • . = 2 + 4 + 5 + 20 1s given. 

Toward the end of their discussion Datta and Singh mention 
a rule 'to express a given fraction as the sum of an even number 
of fractions whose numberators are previously assigned'. This 
is their translation:6 'After splitting up the sum into as many 
parts, having one for each of their numerators, as there are pairs 
(among the given numerators), these parts are taken as the sum 
of the pairs, and (then) the denominators are found according to 
the rule for finding two fractions equal to a given unit fraction.' 

We add two remarks not mentioned by Datta and Singh. 
1) The examples to find the sum of the given fractions in GSS 
kalasavan;ia 60-62 can be expressed as follows: 

a a a 
a(a + 1) + (a+ l)(a + 2) + (a+ 2)(a + 3) + .. · + 

a a 
{(a+(n-l)}(a+n) + a+n' 

2) The examples in GSS kalasavan;ia 83-84 require the denom­
inators of three unit fractions whose sum is ~~, and the three 
denominators whose numerators are given as 3, 7 and 9 when 
the sum of those three fractions is !~· As the solution for these 
problems GSS kalasavan;ia 82 gives the following rule: 

where ai, a2, · · · , an and p, q are given. One has to find ii, i2, · · · , in 
such that aii1 + a2i2 + · · · + anin = p, then bn = q/in. 

3 Narayaria Pa7J4ita 

Naraya.i;i.a Pa.i;i.<;lita wrote the Gariitakaumudi (Moonlight of Math­
ematics) in 1356.7 The Gariitakaumudi (hereafter GK) consists 
of the m ula (root or original), that is, versified rules ( sutra) 
and examples ( udahararia), and of a prose commentary ( vasana) 
thereon. The answers to the worked examples are given in the 

6 In the footnote they identify this stanza as GSS 89, but the correct stanza 
number is 93. 

7 For the author Nii.rii.y~a Pa1;upta, see Kusuba [1994. 1-5]. 
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vasana. Narayar,ta gave the four simple rules for reduction of frac­
tions (discussed above in the Introduction) in the parikarman. 
However, he devoted the twelfth chapter, named arrisavatiira­
vyavahara (the operation of the appearance of fractions) to ad­
ditional rules for fractions. The eight rules in the section called 
bhagajiiti in that chapter are of five sorts: 
1) to decompose 1 to a sum of unit fractions (Rules 1-2) 

to decompose a given fraction to the sum of unit fractions 
(Rule 3) 
2) to decompose 1 to a sum of arbitrary fractions (Rule 4) 
3) to decompose 1 to the sum of fractions whose numerators are 
given (Rules 5-6) 
4) to find denominators of fractions with given numerators, sum­
ming to a given result (Rule 7) 
5) to find numerators when denominators and the result (sum) 
are given (Rule 8) 

I give a critical edition of the rules with the English translation 
and explain the rules and some of examples thereof.8 

Rule 1 

ekiidyekacayii.nii:rµ, dvayor dvayor nikatayor vadhii.i chediilJ.I 
yo 'ntyal]. so 'ntyaharal]. syiid yoge riipa1Jl tad if!taphalagur,iitaml I 111 
The products of two successive [numbers] beginning with one and 
increasing by one are denominators. The one which is last is the 
last divisor (i.e., denominator). When [they are] added together, 
[the result is] one. That is multiplied by any result. 

Example thereof 
The number of terms is given as 6. This is set out thus in the 

vasanii. 

I ~ I ~ I ~ I ~ I ~ I ~ I phalam l/ 
8 I have used three manuscripts. For their sigla, see Bibliography. 
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Here the zero signs indicate unknown numbers which are re­
quired. The word phalam, which literally means fruit, indicates 
the result. The answer given is 

_1 1 1 1 1 19 
1 - 2 + 6 + 12 + 20 + 30 + 6" 

Naray~a's rule seems to be more general than GSS Rule 2, a 
similar rule for an odd number of terms. When in GSS Rule 3 
ai = a2 = · · · = an=l and q = 1, it reduces to GK Rule 1. 
P:rthudaka, whom we mentioned above, might have known GK 
Rule 1 or a similar application of GSS Rule 3, because in his 
commentary he includes an example requiring the sum of 

Rule 2 

ekaditrigm;iottaravrddhyiinkasthiinasammitas chedaY 
iidyantau ca dvigur;iiiv antyas trihato 'rp,sake rupam//2// 
2c ca] vada; 2d aiµsaka NRV 

When there is unity in numerator the denominators are measured 
by the [number of] places of the numbers beginning with one and 
increasing by [their] triples. The first and the last are multiplied 
by two. The last is multiplied by three. 

1 1 1 1 1 
1 = 2 + 3 + 32 + • • • + 3n-2 + 2 • 3n-2 • 

Rule 2 is an alternative rule for the decomposition of 1 to the 
sum of unit fractions. The word trihato (multiplied by three) 
should be emended to trihrto (divided by three); otherwise the 
denominator of the last term becomes 2 · 3n. 

9 The va.sana gives the answer to another problem whose solution is half 
that of the previous one: 

I ! I 112 I 214 I 4~ I 6~ I 112 I 
10 rupardharp. rupa~a<Jbhago rupiirp.80 dvada.faa tatha/ 

rupasya ca turiyiirp.8afi ko 'rthaQ aampi!l(lite bhavet// 
Quoted by Dvivedi p. 176. This stanza is found on folio 48a. 
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There is no example for Rule 2, hut the viisanii gives an answer 
to the case where the number of the terms is 6 as in the previous 
example. 

1-! ! ! _!_ _!_ _l_u 
- 2 + 3 + 9 + 27 + 81 + 162. 

Rule 3 

phalahii.ro 'bhr!Jtayutal;i phalii:rp,sabhakto yathii. bhavec chuddhil;i/ 
labdhis chedo bhii.garµ, phalatal;i sarµ,8odhayec ca tacche~am//3// 
tasmii.d utpii.dyii.nyarµ, se{Jam upii.ntyii.nkase~arri ca/ 
ekaike{JV arµ,se{JU kramo 'yam ii.ryodital;i spa~taJ:i//4// 
3b -bhaktau NV, 3c labdhi- N, chedo] keyepo NRV, 3d read yacchei?am, 
3] numbered 5 R, not numbered NV, 4ab om.V, 4a utpii.dyantya:ip. 
N, 4b upantyakasei?am N, upantyaka~ sei?am R, ca om.NR, 4d 
yam] cam NV, tvam R, ii.ryoditaspaey~a NRV, numbered 5 R, not 
numbered NV 

[One should suppose an arbitrary number] such that the divisor 
of the result added to an arbitrary number and [then] divided by 
the numerator of the result leaves no remainder. The quotient 
is the denominator. One should subtract the fraction from the 
result. Having produced from what remains another remainder 
and the remainder from the penultimate number, [one should 
operate in the same way] for each fraction. This procedure which 
was told by the noble man is evident. 

A fraction p/ q, which is the "result," is given, and one is to 
find denominators of unit fractions that sum to the "result." An 
"arbitrary number" i is to he determined so that the quotient (q+ 
i)/p is an integer; this quotient is the first desired denominator, 
and the numerator is always 1. Therefore the next "result" is 
~ - ~ , and the next denominator is found in the same way by 

p 

assuming a new i. 
An example is given in the viisanii for an alternative solution 

to the previous problem, in which the result is equal to 1, that is 
1/1, and the number of terms is six. In this case the viisanii gives 

11 Here also the viisanii gives a solution to another problem which halves 
the previous one: 

I ! I ! I 11s I 5~ I 1!2 3~4 
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the numbers 1, 1, 1, 1, 1 as the arbitrary numbers. The operation 
is as follows: 

1+1 - 2 1 1 - 1, 2+1 - 3 1 1 - 1, 
-1- - ' - 2 - °2' -1- - ' 2 - 3 - 6' 
li!. - 7 1 1 - 1 . 42±1 - 43 1 1 - 1 . 1 - ' 6 - 7 - 42' 1 - ' 42 - 43 - 1806' 
1806±1 - 1807· 1 1 - 1 1 - ' 1806 - 1807 - 3263442 . 
Therefore 

Two problems with multiple solutions are given. In both cases 
the number of terms is four. In the first case the given fraction 
is 5/6. 

~ = ~+ :l+ l~ + 1 ~6 (the arbitrary numbers are 4,1,lin order.) 
= I+ f + j + l(O (the ar?itrary numbers are 4,2,1. in order.)12 
= 3 + 5 + 4 + 20 (the arbitrary numbers are 9,3,2 m order.) 

In the second case, on the other hand, the given fraction is 7 /9. 
~ = ~ + t + 317 + 1i32 (the arbitrary numbers are 5,2,1 in order); 
= t + ! + is+ 6~4 (the arbitrary numbers are 19,2,2 in order.). 
According to the Egyptian-Greek method discussed by Knorr 
[1982], each of these fractions may be written in one and only 
One Way. 5 - ~ - 2 + 3 - 1 + 1, 7 - 1 + 1 + 1 + 1 . 6 - 6 - 6 6 - 3 °2' 9 - 3 4 9 12' 
On the other hand the GK does not yield unique solutions, but 
rather allows many answers according to the consistent use of a 
particular computational procedure. After stating the answers 
the vasana reads: evam i§tavasad bahudha (Thus there are many 
ways according to the [choice of] arbitrary [numbers].) 

The procedure in GK Rule 3 is equivalent to GSS Rule 4; after 
stating it, the GK comments 'kramo 'yam aryodital;t spa~talJ. (this 
procedure which was told by the noble man is evident).' It is not 
certain whether Naraya:r:ia is referring to Mahavira or someone 
else. 

Rule 4 

parikalpye#an arikan adya~ kandabhidho 'ntimo 'grakhyaJ:i! 
nijapurvaghno hi paro 'ntara1Ji harli1Jiiau kramat syataml 1511 

12 The last two numbers, 2,1, are missing in the edition and all the 
manuscripts. 
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antyiigracchedal;t syiid riipa1!2 cii1!2SO 'tha te '1!2sakii/;t sarve/ 
kandavinighniis telfii1!2 sa1!2yogo jiiyate rfJ.pam//6// 
5c ntara.ip. om. NRV, 5 numbered 6 NRV, 6a read antye 'gras 
cheda~, 6b caiµ.so 'tha] cii.iµ.satha NRV, 6d saiµ.yogo P, 6 num­
bered 7 NRV 
Supposing arbitrary numbers, [one] calls the first [number] kanda, 
and the last agra. [Each] one multiplied by its previous one, and 
the difference [between them], are the divisor and the numerator, 
in order. For the last [term] the denominator is the agra and the 
numerator is unity. All these numerators are multiplied by the 
kanda. Their sum is unity. 

The arbitrary numbers are kl, k2, k3, k4, ···,km where kl is called 
kanda (root), and kn agra (tip). 

l = (k2 - ki)k1 + (k3 - k2)k1 + ... + (kn - kn-1)k1 + 1 ·kl. 
k2 • kl k3 • k2 kn • kn-1 kn 

Example thereof 
The number of terms is equal to 6; the successive ki are 

1, 2, 3, 4, 5, 6 in order. 

1 1 1 1 1 1 
1 = 2 + 6 + 12 + 20 + 30 + 6. 

In this case the result is same as what was derived from Rule 1 
(see example above). Another example given in the vasanii is: 

1 1 1 1 1 2 
1=3+6+10 + 15 + 21 + 7 (ki = 2, 3,4, 5, 6, 7). 

The vasana enumerates the following results. 

2 2 2 2 2 1 13 
1 = 3 + 15 + 35 + 63 + 99 + 11 (ki = l, 3' 5' 7' 9' ll). 

2 5 3 3 5 1 14 
1 = 3 + 24 - 40 - 10 + 14 + 7 (ki = 1, 3, 8, 5, 2, 7). 

13 The published edition reads 2/11 for 1/11. 
14 The published edition and the manuscripts read 

2 5 3 3 51 
1 = 3 + 24 - 40 - 10 + 147· 

And the edition reads k; = 1, 3, 8, 5, 2, H· 
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Negative numbers are usually indicated by a dot placed above 
them. 

Rule 5 

parikalpyadau riiparp, sarp,sa1JI. paratafl, para1JI. tad eva syat/ 
nikatavadhas tacchedafl. prantyo yo 'rikafi. sa eva tacchedab-/ /7 / / 
sii.iµsa:J.t NRV, 7d tacchedii.J.t NRV, numbered 18 NRV. 

Assuming unity first [one should] add to the [given] numerators 
successively. The product of [two] successive [added numbers] 
(gives] their denominators. The number which is last is itself its 
denominator. 

This is a case where the numerators of fractions summing to 1 are 
given. If these numerators are indicated by °'i, and it is required 
to calculate ii, i2, ia, i4, · · · , in such that 

ii= ai + 1, 
i2 = a2 +ii, which is equal to a2 + (ai + 1), 
i3 = a3 + i2, 
i4 = a4 + ia 00

• 

This is equivalent to the following formula: 

l=~+~+~+ .. ·+. an. +.;_. 
1 • ti ti • t2 i2 • l3 tn- i • tn Zn 

The sutra does not explicitly state that the last numerator is 1. 
This rule can be derived from GSS Rule 3 when q = 1. Example 
thereof in the GK gives a problem in which the numerators are 
the integers beginning with 3 and increasing by 2 in four places. i 5 

The setting for this problem is as follows: 

I ~ I ~ I ~ I ~ I ~ I phalam l/ 

Answer 
1 - 3 5 7 9 i b . - 4 . - 9 . - 16 d - 4 + 36 + i44 + 400 + 25 ecause ti - ' i2 - ' ia - an 
i4 = 25. The viisanii gives five denominators in the answer to the 
problem although the number of places is given as four. 

15 arpiiia trikadidvicayal catur,u athane,u tacchedanakiii ca kaiicit/ 
aarpyojita yena lavena riiparp bhaved dhi tatratha hariin vadiiiu// 
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Rule 6 

utpiidayoi ca bhiigiin yugmamite tadyutau yathii riipam/ 
tacchedahatoddi~tarp,iakaJ:i, pariirp,siidhikas tu purvaharal)//8// 
so 'pi haraghnas tu paro hara evarp, nikhilayugme~u/ 
vi~amapade~u tathii priintyaharaghnoddi~tabhiigai ca//9// 
chedaJ:i, syiid antyastho nijayugmalavair hrtiis chediif:i/ 
Sa read utpadayec Sb yugmamites NRV, SJ numbered 9 NRV, 9b 
evarp.] eva NRV, 9d -bhagaghnaJ.i (ca om.) NRV, 9] numbered 10 
NRV, lOa antyascho R, lOb -lavo httau NRV. 

When [the numbers of the fractions] are taken in pairs, one should 
produce fractions in such a way that their sum is unity. The in­
dicated numerator multiplied by that denominator and increased 
by the other numerator is the first divisor. That multiplied by 
the divisor is the other divisor. [One should operate] thus for 
all the pairs. For an odd [number of] terms [one should operate] 
thus, [but] the indicated numerator multiplied by the last divisor 
is the denominator placed last. The denominators are divided by 
the numerators of [the fractions for] their own pairs. 

This is another case where the numerators a 1 , a 2, • • • , an of the 
fractions whose sum is equal to one are given and one has to find 
their denominators. 

When n is an even number, let n = 2m. First, from the 
previous rule one must find b1, b2, · · ·, bm such that 

1 1 1 1 1 
1 = - + - + - + - + ... + -. 

bi b2 bg b4 bm 

Then the GK gives the following formula for expressing each of 
the 1/bi in terms of two of the given numerators: 

au-1 au 
~~~~~-+~~~~~~-

a2i-l ·bi+ a2i bi( a2i-I ·bi + a2i) 

This rule can be deduced from GSS Rule 6 when p = 1, q = bi, a = 
a2i-I, b = a2i· 

When n is an odd number, on the other hand, let n = 2m - 1. 
Then 

1 1 1 1 1 1 
1 = -+-+-+ -+ ... +--+-. 

bi b2 bg b4 bm-1 bm 
For the first m - 1 terms one proceeds as above; the last term is 
rewritten as 
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If the numerator of any bi is not unity, one has to divide each of 
its denominators by that numerator. 
Example thereof 

Six numerators 3,5,7,9,11,13 and the result 1 are given. The 
vasana runs: 

Text 

nyasal) I ~ I ~ I ~ I ~ 1101 11031phalam1/ ~atsu pade~u yugatrayaiµ 

vartate/ yugamite rupotpannabhagal) I 1 I 1 I 1 I 
~ 

Translation 

The setting. I ~ I ~ I ~ I ~ 1101 11031 The result is 1. In six 

terms there occur three pairs. The fractions produced from one 
in [terms] taken in pairs are 11 11 11 I · 

~ 
This shows that 1 is divided into the sum of three fractions 

such as ~, ~, ~. Then for the first fraction, ~, one applies the rule 
with the numerators 3,5. 

In a similar way one finds: h 
Therefore 

7 9 d 1 
51 + 306 an 3 

3 5 7 9 11 13 
1 = 11 + 22 + 51 + 306 + 46 + 138. 

11 13 
46 + 138" 

Alternative solution: from the equation i + i + i = 1, the rule 
produces another answer as follows: 

3 5 7 9 11 13 16 
1 = 14 + 42 + 30 + 90 + 46 + 138. 

In the former case 3g6 can be reduced to l4 • In the latter case 
also /o can be reduced to lo. However, the vasanii says as follows 

16 The published edition reads 1/10 instead of 9/90. 
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at the end of the next solution: "When the reduction of the in­
dicated numerator and the denominator [obtained] is made there 
would occur change of the indicated numerators. Therefore the 
reduction is not to be made." 17 

The vasana gives another alternative solution illustrating the 
technique for dealing with non-unity numerators, by using Rule 
4 with the arbitrary numbers ki = 1, 3, and 5 to obtain the 
equation 1 = i + 125 + ~- Then Rule 6 is employed to produce 

1 3 5 1 7 9 1 11 13 
3 = 14 + 42' 15 = 114 + 1710' 5 = 68 + 340" 
Because the numerator for the denominator 3 is not unity we 

have to divide both its derived denominators, 14 and 42, by its 
numerator, 2. Therefore i ¥ + 251 • In the same way 125 
l7 + 8~5 is obtained. Hence 

1 - ~ ~ !_ __!._ 11 13 
- 7 + 21 + 57 + 855 + 68 + 340. 

The vasana gives the following answer. From the equation 
1 - 1. + _1._ + ! 18 - 5 45 9 

3 5 7 9 11 13 
1 = 5 + 25 + 81 + 3645 + 112 + 1008. 

When the number of numerators is odd, such as when the nu­
merators are 3, 5, 7, 9, 11, 13, 15, one has an expression consisting 
of four terms such as 1 = ~ + ~ + 1~ + :l-, which might be obtained 
by means of Rule 1. According to the procedure in Rule 6 for 
odd n, 

3 5 7 9 11 13 15 
1 = 11 + 22 + 51+306+145 + 1740 + 60° 

Other answers are given: 

1 - ~ ~ !_ __!._ 11 13 1519 
- 17 + 68 + 37 + 148 + 57 + 228 + 60 

is derived from 1 = t + t + t + ti 
1 - ~ ~ !_ __!._ ~ ___!!__ 15 

- 7 + 21 + 57 + 855 + 199 + 6965 + 105 -----
17 yady uddi~tiif!isachedayor apavartane krte taduddi~tiif!1siiniif!1 vikrtir bha-

vati yato 'pavartanaf!I na kartavyaf!I/ taduddi~~iilpSanaxp.J uddi~~anaxp.; yato] 
tada tayor in the published edition. 

18 ~ is omitted in both the printed edition and the manuscripts. 
19 The term 7 /37 is missing in both the printed edition and the manuscripts. 
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is derived from 1 = ~ + 125 + is + ~ obtained by Rule 4 with the 
arbitrary numbers 1, 3, 5, 7. 

Rule 7 

uddi~tarp,ie prathame phalahiiraghne pariirp,iasarp,yukte/ 
phalabhiigiipte vyagre hi.iral;i syiit phalaharaghno 'ntyal].//10// 
iuddhir na bhaved yadi viilpo 'rp,io bhiijyarp, tathetaraJ:i. k~epam/ 
hiiral;i phaliirp,ia iti vii kuttakena sak~epakii labdhil;i//11// 
chedaJ:i. syiit phalahiiriid alpo 'nalpal}. phalacchedam/ 
kramaio vibhajed gur;iayed yatra na iuddhis tad eva khilam//12// 
10numbered11 NRV, llciti vaom. NRV, 11numbered12 NRV, 

12c gu:r.iayed vibhajed NRV, 12 numbered 13 NRV. 
When the former numerator indicated is multiplied by the divisor 
of the result, and added to the other numerator, and divided by 
the numerator of the result without any remaninder, [the quo­
tient is] the divisor. [That quotient] multiplied by the divisor 
of the result is the latter [denominator]. When it is not divisi­
ble, the quotient with the addendum (i.e., the general solution) 
[is obtained] by means of the indeterminate equation such that 
the smaller numerator is the dividend, the other [numerator] is 
the addendum, and the numerator of the result is the divisor. 
According to whether the denominator [obtained] is smaller or 
greater than the divisor of the result, one should divide or multi­
ply the denominator of the result respectively. Ifit is not divisible 
it is insoluble. 

When two numerators ai and a2 and the result a/b are given, 
then the corresponding denominators z and y are to be found 
such that ~ + ~ = !!b, as follows: 

"' y 

z = ai b + a2 , y = bz. 
a 

This rule, which implies that z is to be an integer, is equal to 
GSS Rule 7. 

If a1 b + a2 is not divisible by a, Narayat).a uses an indetermi­
nate equation, which he discusses in chapter 10 of the GK. 
Example 

when~+~= i0 , z = 1x21°+i = 21,y = 20 x 21=420; 
when ! + ~ = ~' z = 3 x~t7 = 11, y = 11 X 5 = 55; 
when ! + ~ = ~~' z = 3x~~+5 = 2A5, which is not an inte­

ger. In this case one has to find z by means of an indeterminate 
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equation: According to the rule, the smaller numerator (3) is the 
dividend, the greater numerator (5) the addendum, and the nu­
merator of the result (71) is the divisor. Therefore in this case it 
is required to find some integers z and z satisfying 

,.,. _ 3zt5 
.,., - 71 • 

When z is equal to any positive integer t multiplied by 71 
and increased by 22, z will be an integer of the form 3t + 1; so 
for t = 0, 1, 2, 3, · · · we find z = 1, 4, 7, 10, · · ·. No such solution 
for z appears in the viisanii, but the value of z is chosen to be 
10. Again according to the rule, since this z is smaller than the 
"divisor of the result" b, then y = b/z or 70/10 = 7. Therefore 
3 5 - 71 

10 + 7 - 70" 

Rule 8 
The last rule of the bhiigajiiti is for a case where denominators 

are given and the numerators are to be found. 

ajniite~v arp,se~u prakalpya ruparp, prthak prthak ciirp,siin/ 
krtvii tulyacchedan phalahii.rer;ia cchido lopyay /13// 
te~u dvayoJ:i, kayoscid hiiras tv ekaJ:i, paras ca rr;iabhii.jyaJ:i,/ 
i~tii.rp,iahatiinyonitaphalarri bhavet k~epako 'tha dr¢.haku.ttat//14// 
gur;ialabdhr sak~epe vibhiijyaharayor lavau syiitiim/ 
harabhajyak~epii.i;iii.rri yathii.pavartas tathiirriiakii kalpyiiJ:i,//15// 
13 numbered 14 NRV, 14a dvayor dvayoscid NV, 14b p;1.abhajya};t] 
bhajyor :r.i.am NRV, 14c -hato nyonita- NRV, 14d kuHan V, 14 
numbered 15 NRV, 15a -labdhi V, 15c hara- V, 15 numbered 16 
NRV. 
When the numerators are unknown, assuming each numerator to 
be unity and making the denominators equal to divisors of the re­
sult, one should remove the denominators [newly obtained]. One 
of a certain pair among them is the divisor, and the other the 
negative dividend. The result decreased by the assumed numera­
tors multiplied by the other [numerators] is the addendum. Then 
the multiplier and the quotient accompanied by the addendum 
(i.e, general solutions) [obtained] from the fixed indeterminate 
equation will be numerators for [the two denominators chosen as] 
the dividend and the divisor. The numerators should be assumed 
in such a way that reduction of the divisor, the dividend, and the 
addendum is possible. 

I will explain this rule by means of an example given as Example 
9. The viisanii writes 
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I~ I~ I~ I 1°2 lph&am l1J 
One has to find the numerators of four fractions whose de­

nominators are 5, 8, 9, and 12 respectively. The sum of these 
fractions is 3 l0 • 20 

First one has to suppose all the numerators to be 1 and reduce 
them_ to the same denominator; ~ = ;;0 , ~ = 34J0 , ~ = 3~00 , 112 = 
;i0 • 3l0 is equal to 1~:~. Then one supposes two arbitrary num­
bers as the numerators for two of them. The vasana supposes 
2 as the numerator of the denominator 5, and 1 as the numer­
ator of the denominator 8. Then one has to find correspond­
ing numerators for the two remaining denominators 9, 12. The 
vasana first calculates the combined value of the remaining nu­
merators: 1089 - {72 x 2 + 45 x 1) = 900. 21 Suppose this to 
be the addendum, one of the numerators with the denominator 
360 to be the negative dividend, and the other numerator to be 
the positive divisor of the indeterminate equation that satisfies 
900/360 = 30y/360 + 40:e/360: 

- 40;ri900 = y, which is reduced to - 4:i;+9o = y. 

The general solution is y = -4t + 30, :e = 3t. The list of answers 
given is: 

20 Read khabdhy- for svabdhy- in udahararia 9b. 
21 In the footnote on this operation, the printed text reads: 

atra trutir asti pustakadvaye 'pi (p.272) 

(Here there occurs an omission in both the manuscripts.) 

In the preface to the printed text, Padmfilcara Dvivedi says that he dis­
covered a manuscript of the Gariitakaumudi in the collection of his father, 
Sudhakara, after the father's death. Padmfilcara published his edition based 
on this manuscript only. In the footnote at page 286, Padmfilcara says again, 
'atrobhayatra trutiJ.i./ (here there occurs an omission in both.)' In Part 
1 among the two volume published edition he refers to other readings 
(Pii.thiintara) at pages 25, 27, 32, 33, 44, 49, 53. At the Sanskrit intro­
duction and at footnote at page 165 of the second volume he mentions the 
Nepal manuscript ( nepiilapriiptapusta) and says that its reading is similar to 
(pratilipisamiina) that of the manuscript in his hand. 
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2 1 3 26 
2 1 6 22 
2 1 9 18 
2 1 12 14 
2 1 15 10 
2 1 18 6 
2 1 21 2 

This means: when one takes the case t = 1, the answer to 
the problem is ~ + ~ + ~ + ~g = 3 l0 • In the same way we 
can obtain equivalent solutions for successive values of t: 3 lS = 
2 1 6 22 2 1 9 18 2 1 12 14 2 1 15 I 5+g+9+12=5+g+9+12=5+g+9+12 = 5+g+9+12 = 
2 + 1 18 6 2 1 21 2 I th" th - - 1 5 8 + 9 + 12 = 5 + 8 + 9 + 12 · n is way e vasana mere y 
enumerates a great number of possible solutions, some of which 
are reproduced below: 

2 3 3 23 
2 3 6 19 
2 3 9 15 
2 3 12 11 
2 3 15 7 
2 3 18 3 
2 9 3 14 
2 9 6 10 
2 9 9 6 
2 9 12 2 

2 5 
2 5 
2 5 
2 5 
2 5 

2 11 
2 11 
2 11 

3 20 
6 16 
9 12 
12 8 
15 4 

3 11 
6 7 
9 3 

4 Conclusions 

2 7 
2 7 
2 7 
2 7 
2 7 

3 17 
6 13 
9 9 
12 5 
15 1 

This survey attests to a remarkable continuity of computational 
tradition from Mahavira to Naray~a despite the five centuries 
for which we know of no representatives of that tradition. Some 
of Narayai;i.a's rules are equivalent to or can be deduced from 
Mahavira's as the table below shows. The use of indeterminate 
equations seems to be characteristic of Narayai;i.a. 

GSS Rule 1 =GK Rule 2 
GSS Rule 3 => GK Rules 1 and 5 
GSS Rule 4 =GK Rule 3 
GSS Rule 6 => GK Rule 6 
GSS Rule 7 =GK Rule 7 
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