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Abstract

Kuttaka Method, also known as the Kuttka-vieta Method, is a mathematical technique used to solve a certain type of
indeterminate equation. It involves expressing variables in terms of parameters and then finding values for the perimeter
that satisfy the condition of the equation. The method is particularly useful in Number theory problems and can yield integer
solutions to the equations that might otherwise seem unsolvable. it relies on systematic manipulation of equation to uncover
relationship between variation and parameters, ultimately leading to the solution.
indeterminate equation, Kuttka-vieta Method
Introduction
Indian writings from the period of Aryabhata (499 AD) contain systematic techniques for determining integer solutions of
Diophantine equations. In his work Aryabhatiya, he provides the first explicit description of the general integral solution of
the linear Diophantine problem ay - bx = c. In pure mathematics, this algorithm is regarded as Aryabhata's most significant
contribution. Aryabhata used the method to provide integral solutions for first-degree simultaneous Diophantine equations,
a subject with significant astronomical applications. Aryabhata did not call the algorithm Kuttaka, and his explanation of
the process was largely cryptic and difficult to understand. The algorithm was named Kuttaka by Bhaskara-I (c. 600—c.
680), who published a full description of it in his Aryabhatiyabhasya, along with various instances from astronomy. The
Kuttaka algorithm is also known by various other names in literature, including Kutta, Kuttakara, and Kuttikara.
In just two stanzas of Aryabhatiya (verses 32 and 33 of the section Ganita), Aryabhata explains the algorithm. Bhaskara I
(6th century AD) expounded upon his enigmatic verses in his commentary Aryabhatiyabhasya. Aryabhata's rule was
demonstrated by Bhaskara-I using a number of examples, including 24 real-world astronomical issues. It would not have
been easy to understand Aryabhata's lyrics without Bhaskara I's explanation (see [2] for details).
Appropriately, Bhaskara-I named the process 'kuttaka' (pulverisation); the algorithm would make the metaphorical meaning
evident. A number of Indian mathematicians, including Brahmagupta (628 AD), Mahavira (850), Aryabhata II (950), Sripati
(1039), Bhaskara II (1150), and Narayana (1350), subsequently discussed and refined the kuttaka. The concept of kuttaka
was so significant to the Indians that it was first used to refer to the entire field of algebra as kuttaka-ganita, or simply
kuttaka. Brahmagupta (628 AD) coined this name! It was long later that the modern Sanskrit term bijaganita arose.
Aryabhata's formulation of the problem

Aryabhata did not formulate the problem that can be solved by the Kuttaka method as a linear Diophantine equation
problem. Aryabhata took into consideration the subsequent issues, all of which are comparable to the linear Diophantine
equation problem:

Find an integer such that it leaves two given remainders when divided by two provided integers. There are two possible
formulations for this problem:

Let N be the integer that has to be found, a and b be its divisors, and R1 and R2 be its remainders. The next challenge
is to determine N such that Mod a, N=R1, and mod b, N = R2.
The task is to discover N such that there are numbers x and y such that
N =ax+ Rl and N =by + R2.
Using N as the integer to be discovered, a, b, and R1 and R2 as the divisors and remainders, the goal is to find N such that
x and y are integers such that
N =ax+ R1 and N = by + R2.
This can also be expressed as -
ax — by = ¢, where ¢ = R2 — RI.
Determine a number that, when multiplied by one given integer and either increased or lowered by another provided integer,
divides by a third integer without leaving a residual. The task is to discover x such that (ax + b)/c is an integer y, given the
three integers, a, b, and ¢, and the integer to be determined, x. Finding two integers, x and y, such that (ax £+ b)/c =y is the
same as doing this. Consequently, this is comparable to the issue of determining integer solutions for ax + by = =c.
In Aryabhata's verses 32-33 of Ganitapada of Aryabhatiya, the algorithm for solving the linear Diophantine problem is
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provided.[1] Bibhutibbhushan Datta has provided the translation of these verses, keeping in mind Bhaskara I's interpretation
as well.

AGFHTER (SATZATTRIZEINT |

Y IETRT ATAYAAA=aL B

AT RAaA-AGI =S AT A7 |

AFEE=ws Y ErosEaraw:mgad u
Kuttaka's description as provided by Aryabhata in Aryabhatiya

"Divide by the divisor that corresponds to the smaller residual to get the divisor for the greater remainder.The last quotient
should be multiplied by an optional integer and then added(if the number of quotients of the mutual division is even) or s

ubtracs

Gf the number of quotients is odd) by the difference of the remainders.
The residue and the divisor corresponding to the smaller remainder should be mutually divided until the remainder becom
es zero. (put the other mutual division quotients in a column, one below the other; place the Recently acquired result and
the optinal integer underneath it.) Any number below (the penultimate) is added by the number below it and multiplied by
the number immediately above it. After multiplying the residue by the divisor corresponding to the greater remaining and
adding the greater remainder, divide the last number (obtained by doing so repeatedly) by the divisor corresponding to the
smaller remainder. The number that corresponds to the two divisors will be the outcome."

A few remarks are necessary-

The algorithm finds the lowest positive integer that, when divided by the given values,

returns the desired remainder. By converting the procedure into contemporary mathematical notation, the validity of the
technique can be demonstrated.
Several iterations of this technique have been devised and discussed by later Indian mathematicians such as Brahmagupta
(628 AD), Mahavira (850), Aryabhata II (950), Sripati (1039), Bhaskara II (1150), and Narayana (1350).[1]

Elaboration of Aryabhatta's Kuttaka

Ab.2.32. adhikagrabhagaharam chindyad Gnagrabhagaharena|
Sesaparasparabhaktammatigunam agrantare ksiptam||

Ab.2.33ab. adhoparigunitam antyayugiinagracchedabhajite Sesam
astau kenabhyastah sadriipayuta hrtah trayodasabhih |
dadyuh §uddham bhaga ko gunakarah kimaptam ca
karanam — bhajyabhagahararasi ripenapavartitau

One should reduce a large number (adhikagrabhagahara) by a small number (Gnagrabhagahara) by division method. The
mutual division of the remainders having a clever for multiplier and added in the inside of a number (agrantara)

(the quotient apta, labdha ) 4@p}.l—l:own'ser, the multiplier)

_ax+c
\ y = -

“Ab.2.32. To simplify, divide a large number (adhikégrabhﬁgahﬁra) by a little number (inagrabhagahara). The remaining
is constantly divided mutually. The residue with a clear multiplier added inside a number (agrantara) is divided by the final
divisor.

Ab.2.33ab. The one above is multiplied by the one below, which is then increased by the last one. When the remaining
higher quantity is divided by the divisor, which is a little number, the pulverizer remains. The quotient is created when the
lowest remaining number is divided by the dividend.”
Here we will discuss two case of Diophantine equations ax+c=by
Case [ a>b
(A). if quotient is odd in number
(B). if quotient is odd in number
Case [Ta<b
(A). if quotient is odd in number
(B). if quotient is odd in number
Casela>b
If in given Diophantine equations ax+c=by coefficient of x is greater than coefficient of y i.e. a>b then

Table 1
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! !
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Vn) Xn-1(q20-1 Ti+1) 1i (Qis1
} l
Xn) ¥n(q2n Tiv2
IR 2=
Yn+1
Table 2
y = Qxtyi 1=Qb+r
K=qiy1 + X1 D=qi1I1t+12
Y1 = 2X1 TYy2 =2 +13
Ki = (3y2 T X2 n=qQ313+ 14
V2 = qaX2 TVY3 3 =(q4 T4 +1I5
K2 = Qs5y3 T X3 4 =(s5 5+ T¢
¥3 = (6X3 TY4 s = (6 Te T 17
K3 = CI7Y4+. .. Xn-1
Vn-2 =474 Xn-2 TYn-1 2 =(qi1Ti1 T 1
Kn-2 = (2n-3 Yn-1 T Xan-1 M1 = qiln T L+l
Vo-1 = Q2n-2 Xn-1 TYn [ = Qi+l Tirl T i
Kn-1 = (2n-1 Yn T Xn bay 1=2n
¥n = (2nXn TYn+1 2n-2 = (2n-2 I2n-2 + I2n
Kn = Q2n+1Yn+1 T Xn+1 2n-2 = (2n-1 T2n-1 T I2n
2n-1 = (2n T2n + T2n+
2n = (2nt1 D2n+1 T+ T2ne2

Now we will analyse this given table data and try to find out the value of unknown variable i.e x and y.

first we will go through analysation then we will synthesis this data.

ax +c = by is given equation. We have to find out value unknown variable x andy.

_ax+c
b

put value of y in equation y = QX + y1

ax+c
- Qx=y1

x(a—Qb)+c
( )?—c
x(ry .
b yi
x(ry)+c
_T b
—C
X = Y1
Iy
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put value of x equation in x = qiy1 + Xi

byimc_ qiy1 = xi
ry

y1(b—qqry)—c _
ry

ya(rz)—c _

ry

xy = r2)=c ODD
ry

_ X1 te

yi r

put value of y1 in Y1 = QoX1 + Y2

X1(ry) *¢ _ -
4r2 02X1 =Y2

X1

X1

X1 (r;—gpra)+c _
Iy
x1(r3)+c
Iy

Y2

V2

y, = Mlre EVEN
2

_ ya(rp)-c

=

put value of x; in X1 = Qay2 + X2

X1

y2(rz)—c

—(ay2 = X2
rs

y2(ra—qarz)—c _
r3

y2(ra—qarz)—c _
rz

y2(rg)—c _ Xp  —mmmmmmme- OoDD

r3

r,)—cC
Xo = y2(ry)
rs
_ Xp(r3z)+c
Yo =
4

put value of y2 in Y2 = QaXz2 + Y3

X, (rz)+c

—O4X2=Y3
Ty

Xp(r3—q4T4)—c

=VY3

Iy B y3

y3= Xy (25)+c EVEN
4

_ y3({ry)—c

= —1"5

Ty
X, (rg)+c

X3

put value of x2 in X2 = QsYy3 + X3

y3(rg)—c _
J3v4l - gsy3 = X3
I's
y3(ry—gsrs)—c = X3
I's
y3(re)—c = X3
I's
ya(rg)—c

X3 =
I's
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_ X3(rs)+c
q= 3577~
I'eg
In general,
_1(r9p—2)—c Xn-1(rg,_3)T¢
=yn 1\I'2n-2 and le-l —_n (an 3)

Xn-1
T2n-3 (rzn—2)

put value of Yn-1 in Yn-1 = Qon-2Xn-1 + Yn

Xn-1(rpp-3)*¢

(ton ) - Q2n-2Xn-1 = Yn

Xn-1(rzn-3)—Gzn—2T2n-2)+¢ _

I'n
Xn-1(Tan-1)+c _

Yn
n
I2n—2 y

yn= Za=1lfen_g*c EVEN

Tan—2
As we are noticing that number of quotients is in even number after leaving first quotient i.e g,,_,= even where
n= N~

Xpoq = Yn(ran—2)—c¢
Tan-1

put value of Xn--1 in Xn-1 = Q2n-1yn + Xn

¥Yn(Tan—2)—c

I2n-1

- Q2n-1Yn = Xn

¥n(rzn—2—d2n-1T2n-1)—C _

Xn
( )— i
r C

YnI'2n — Xn

2n-1

Xp = Ynlzn)=C ODD

I2n-1

As we are noticing that number of quotients is in odd number after leaving first quotient i.e. q,,_;= odd where
n=N*

Y= Xp-1(2n-1)+¢ EVEN
T2n-2
X, = Ynlan)=c ODD
T2n-1

As we reached on result means we have found out value of unknown variable with specific condition i.e. even or odd
concept.

Now we will synthesis this data. Actually, synthetic methods in mathematics are about leveraging foundational
principles and abstract reasoning to solve problems and prove theorems. They often involve a more direct approach to
understanding and proving mathematical truths, without breaking problems down into more specific or computationally
intensive parts. We can say that synthesis simply means -to place thing together or to join separate parts. It is the process of
relating known bits of data to a point where the unknown become true. Now we will go through given below table. First we
will see if quotient is odd. Then we will see if if quotient is even.

If quotient is odd (2n-3=5) a>b

Table 3
R Qx+y 1=y
H1 11 1y1+ X1= X
02 12 X1 ty2=yi1
13y2(yn-2)
i3 3 ... Xn2= X1 <l
3 Xn2 Vi
Don-4 12;31:“ 2 =y
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23 Yol T
O2n-3 1 _ M Xn-2
Kn-1= Xn-2
Yn-1 Vn-1
Kn-1

_1(rap—2)—c
Where Xnd:M & rzn_z o 1
T2n-3

As we have seen in table, we from last row and after calculation we reached on first row and find value of unknown variable.

if quotient is even (2n-2=6) a>b Table 4

R Qxt+y1=y
01 11 Hiy1 + Xi= X
2 12 12X1 TY2= Y1 4
3 13 BYnot. . Xpa=xp [
4 4 14Xn-2 +Yn-l: Yn-2  n2
2.3 on-3 N2n-3 Yn-1 TXn-1= Xa- o
on-2 202 Xn-1 7Yn= Yn- -
Kn-1 Kn-1
Where y, = n=azm*e g =
Tan-2
If ax+c=by where a<b Table 5
V) x (Q 1) b (Q
l !
x1) y(q r1)a(qi
l )
y1) xi (q2 ) 11(q2
l !
x2) y1 (g3 r3) 12 (qs
! |
y2) X2 (q4 I'4) 13 (q4
l !
X3) y2 (qs 15) 14 (qs
! !
y3) X3 (qs 16) 15 (g6
! !
X4) ¥3 (q7 17) 16 (q7
l !
Yn-l) Xn—](an—Z- -----
l 1i) 1i1 (qi
Xn) Yn—l(an—l l
! Tis1) Ti (Qit1
¥n) Xa(q2n |
l Ti+2
Xn+1
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Table 6
K = Qy+x1 b=Qa+r
y = qiX1+y1 A= q1 11+ 12
K1 = q2y1 tX2 [=qrntrn
1= qsx2ty2 n=q3r3trs
K2 = q4y2 TX3 3= (41415
¥2 = 5X3t y3 4 =qs51Is5* I6
K3 = q6y3 TX4 5= (6 I'e T 17
y3 = q7X4t...Yn-1
b 2= Qi1 i1 T I
Kn-2 %1-4 Yn-2 TXn-1 i1 = (ilnt+ I'irl
¥n-2 = 2n-3 Xn-1 T Yn-1 [i= qi+1 Ti+1 + T2
Kn-1 = Q2n-2 Yn-1 TXn pay =2n
¥n-1 = 2n-1Xn T Yn 2n-3 = q2n-2 1202 T 201
Kn = (2nYn tXnt1 2n-2 = q2n-1 I2n-1 T I2n
¥n= Q2nr1Yn+l T Yo+l [2n-1 = (2n I2n + 20t
n = qQ2ntl 20kl T 2042
ax +c = by
_ by-c
- a
put value of y in equation X = Qy + X1
by—c
-QX=x1

y(%—Qa)—c — Xy
a

x(ry)—c _—

rq{)—c
Xl:iX( 1)

a
_axp+c
rp

put value of X in equation y = qiXi + yi
ax, +c
- i1X1 = Y1

x1(@-gam)+c _
ry
x1(rp)+c

1

rq yl

y1= r
_ Yi(r1)—c
T2
put value of x; in equation X1 = qoy1 +x2
yi(ry)—-c
T2
y1(ri—qzry)—c _
I
r;)—C
Y1(r3) =X,

x4 (rp)+c

X1

X2 - quotient even

2
r,)—C
Xy = ya(rs) even
I
_ Xa(rp)+c
Yi=———
rs

put value of yi in equation y1 = qzx2+ y»2
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X, (ry)+c .
. J3xX2 =y2
3

X, (r,—qs r3)+C .
% =y quotient odd
3
Xp(rg)+c
r3
X, (ry)+c
= 2V4/ T odd
rs
_ y3(rz)-c
=233
Ty
in general
_ Xp—1(rap_p)+c
Yp.j = Sn=1lzn-2)C
I2n-3
_ Yn-1(T2n—3)—¢
Ian-2
put value of xn.1 in equation Xn-1 = q2n-2 Yn-1 TXn
Yn-1{Tzn-3)—c
Ion-2
Yn-1(C2n-3—G2n—2"2n-2)—C _

X

Xn-1

- (2n-2 Yn-1 = Xn

Xn ------- quotient even
( an—g
Yn-1{f2n-1)=¢C
Xp— Zn-1r2n-1’ - EVEN
T'2n-2
_ Xn(ran—p)+c
Y1 = ———
Tan—1

put value of yn.1 In equation yn.1 = q2n-1 Xnt+ ¥n

Xp (Fapn—2)+cC
— - (2n-1 Xn= Yn
I'2n

Xn(Fan-2=Gan—17T2n-1)+C _

¥n  --—quotient odd
T2n-1

*n(rzn) ¥ = ¥n ODD

on-1

if quotient is odd(2n-3=5) ax+c=by where a<b

Q Q Ry+xi=x
X1+ y1

H1 1 -y
02 12 2y1 tX2= X1

2)+...yn-
s " 13X2(Xn 2)+...¥n2

=y1
[[2n-4 J2n-4 12n-4 Yn-2 TXn-1 =Xn-2 [n-2 = X1
fl2n-3 12n-3 Xn-1 TYn-1= Yn-2 |/n-2
Kn-1
n-1
Xp (Fopn—z)+cC
Where yn_l = M & rzn_z :1
on-1
If quotient is odd(2n-2=6) a<b
0) Qy+xi1=x
i il nxityi=y
X =
I I H2Y1 2
K1
X2 + y2 =
13 I3 H3X2 y2 Vi
V1

2) X3 =

4 4 14Y2(Yn 2) X3 ks
K2
3 Xp-1 TVn1 =
H2n-3 12n-3 20-3 Xa-1 Y-t Vn-2 = Y2
Vn-2
g g1t X =
on2 J2n-2 Yn-1 n kol = X3
Kn-1

Vn-1
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Kn

Where X, =

Example

2n-2

—1U2n-1)—C
Yn-12n-1) & =1

Let us solve linear equation 137x+10=60y

Here it is in form of ax+c=by and a>b (a=137, b=60, c=10)

Divide a large number (adhikagrabhagahara) by a little number (tinagrabhagahara). Use division method to do following

recursive action-

137=2.60+17
60=3.17+9
17=1.9+8
9=1.8+1
Construct table (as Quotient is Odd so 2n-3=3 then n=3)
Q D D 297 =y
qQi 3 3 130 =x
qQ2 | I 37 37
03 I 19 19
yn-1=y2 I8 8
Kn-1=X2 |l
Xy = 2n=1 i;z:;z)—c Xy =2 (r:g)—lo Xy = yz(lg—lo

if x2=1 then y>=18

S0 as per table-

x=130 and y=297

Let us solve linear equation 129x+10=40y

Here it is in form of ax+c=by and a>b (a=129, b=40, c=10)

Divide a large number (adhikagrabhagahara) by a little number (inagrabhagahara). Use division method to do following

recursive action

129=3*40+9  40=4* 9+4 9=2%4+1
Construct table (as Quotient is even in number so 2n-2=2 then n=2)
0) 3 3 D7 =y
qi 4 4 30 =x
Q2 2 / i
Kn-1—X1 Y )
yn=y> B
Vo= Xp—1(ryp—1)+c , = xq1(r3)+c _ x,(1)+10
Ton—2 ’ T2 4

if y2 =3 then x1=2

so as per table-
x=30 and y=97

Conclusion

The knowledge of Mathematical Sciences, the finest mathematical facts, figures and theories have been achieved by the
continuous practices and researches of hundreds of mathematicians for the centuries. Many people had contributed to the
development of Mathematical sciences which mathematicians, scientists and social scientists benefit today. The contribution
of Indian mathematicians is immense and remarkable in this sense. It is the need of the today’s era to promote ahead the
heritage of mathematicians so as to encourage and cherish the magnificent traditional roots of the country in mathematics.

Aryabhata was a great Indian mathematician and Astronomer of the ancient world whose contribution in solving
indeterminate equations had enormous influence around the globe. kuttaka methodology is the great thinking of great Indian
mathematician The Aryabhata. The simplicity of kuttaka method lies in the fact that it divides the large time computing
operations into several modular arithmetic with smaller number in each of the iterations which may be utilized by the
computer scientists in developing crypto algorithm.
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