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Abstract: A new method for determining the greatest common di-
visor in polynomials has been developed. We reduced the amount
of iterations in our algorithm, which now accounts for half of all
Euclidean GCDP and EEAGCDP implementations. We can deduce
that our proposed strategy is faster than the existing way since we
eliminate some processing effort.
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1. Introduction

The problem considered in this paper is computation of
the greatest common divisor of nonzero polynomials M (z)
and P(x), where deg M (z) < deg P(x) in the Galois field
F(z) = GF(2™), n > 2, which appears in many situations
in cryptography. The process of computing the greatest com-
mon divisor is inseparable from computing the multiplicative
inverse. In general, the extended Euclidean algorithm can be
used to compute them.

To compute a greatest common divisor, we will use the
more elegant theorem (presented in the paper [1]), which
computes the multiplicative inverse in simple and straight-
forward steps.

2. Basic Definitions

2.1 Greatest Common Divisor (GCD)

Let M(z) and P(z) in F'(z), then the greatest common di-
visor of M (x) and P(x), denoted ged(M (z), P(z)) is the
polynomial of greatest degree in F'(x) which divides both
M (x) and P(x) [2].

2.2 Irreducible polynomial

A polynomial P(x) € F(z), irreducible in F'(x) if P(z) can-
not be expressed as a product A(z)B(x) of two polynomials
A(z) and B(z) in F'(x) both of lower degree than the degree
of P(x) [3, 4].

2.3 Multiplicative inverse (MI)

The multiplicative inverse of M () modulo P(x)is M~ (x)
such that

M (z)M~(z) =1 (mod P(x)). (1)
We will denote it by T'[M (z)] [2].

3. Relationship between gcd and MI

Bezout identity can be stated as follows:

If d(x) = ged(M (z), P(z)) for given polynomials M (z)
and P(z) in F(z), then there are two polynomials A(x) and
B(x), (are not unique), such that

d(z) = A(x)M (x) + B(x)P(x). (2)

If d(z) =1, and since

B(z)P(x) =0 (mod P(z)) 3)
We get,
A(z)M(z) =1 (mod P(x)) “4)

Hence A(z) is a multiplicative inverse of M (z) modulo
P(z), this means a multiplicative inverse only exists when
the ged is 1.

Algorithm 01: Euclidean algorithm for polynomials is
well known ([4-6])

Algorithm 02: Extended Euclidean algorithms for poly-
nomials ([6, 7]) is:

Proposed Algorithm 03: We suggest the following algo-
rithms. Here, two polynomials a(z) and b(z). (Figure 3)

Proposed Algorithm 04: Figure 4

Code for Algorithm 1:

\#include< bits/stdc++.h>
using namespace std;

int algorithml (int ax, int bx)
{
int r;
while (bx!=0)
{
r=ax%$bx;
ax=bx;
bx=r;
}
return ax;

}

int main ()

{
int a[100],b[100];
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Figure 1. Graphical Repres

int i, o_ax, o_bx,ral;
float x,x_bx, ax,bx;
printf ("Enter the value of x for a(x)
& b(x)\n");
scanf ("%$f", &x);
printf ("Enter the order of the polynomial
a(x)\n");
scanf ("%d", &o_ax);
printf ("Enter %d coefficients \n",
o_ax + 1);
for (i 0; i<= o_ax;
scanf ("%d", &alil);
printf ("Enter the order of the polynomial
b(x)\n");
scanf ("%d",

it++)

&o_bx);

printf ("Enter %d coefficients \n",
o_bx + 1);
for (i = 0; i<= o_bx; i++)
scanf ("%d", &b[i]);
ax = al[0];
for (i = 1; i<= o_ax; 1i++)
{
ax = ax * x+ al[i];

}

printf ("The polynomial a(x) = %.0f \n", ax);

entation of Algorithm 1
bx =
for
{

bx
}

printf ("The polynomial b (x) %$.0f \n",

printf ("\nOutput of algorithm 1:\nThe

greatest common divisor of ax & bx=%d\n",
algorithml (ax,bx));
return O;

b[0]
(i

7
1; i<= o_bx; i++)

bx » x + bl[i];

bx) ;

}
output:

Figure 5

Code for Algorithm 2:
\#include<bits/stdc++.h>
using namespace std;

void algorithm2 (int ax,int bx)
{

int slx,s2x,t2x,tlx,gx,rx,sx,tx,a,b,dx;
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INPUT Polynomials
a(x)and b(x)

l

s2(x)=1, s1(x)=0

t2(x)=0, t1(x)=1
|

v

a(x)=a(x) div b(x), r(x)=a(x)-b(x)a(x)

s(x)=s2(x)-q(x)s1(x), t(x)=t2(x)-q(x)t1(x),
a(x)=b(x), b(x)=r(x)
s2(x)=s1(x), s1(x)=s(x)
t2(x)=t1(x), t1(x)=t(x)

d(x)=a(x), s(x)=s2(x), t(x)=t2(x)

)

OUTPUT d(x), s(x), t(x)

Figure 2. Graphical Representation of Algorithm 2

tlx=1; %d, $d which satisfy
while (bx!=0) (%d) * (%d) + (%d) * (3d) =%d\n", dx, a, b, sx, tx,
{ sx,a,tx,b,dx);
gx=ax/bx; }
rx=ax-bxxgx; int main ()
SX=s2X—Qgx*slx; {
tx=t2x—-gx*tlx; int a[100],b[1007];
ax=bx; int i, o_ax, o_bx,ral;
bx=rx; float x,x_bx, ax,bx;
s2x=s1x; printf ("Enter the value of x for a(x)
slx=sx; & b(x)\n");
t2x=tlx; scanf ("$f", &x);
tlx=tx; printf ("Enter the order of the
} polynomial a(x)\n");
dx=ax; scanf ("%d", &o_ax);
SX=82X; printf ("Enter %d coefficients \n",
tx=t2x; o_ax + 1);
printf ("\nOutput of algorithm 2: for (i = 0; i<= o_ax; i++)
\nd (x)=gcd(a(x),b(x)) and polynomials {
s (x),t(x) which satisfy s (x)a(x)+t (x)b(x) scanf ("%d", &alil);
=d(x)\n"); }

printf ("$d=gcd(%d, $d) and polynomials printf ("Enter the order of the
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INPUT Polynomials a(x)
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c!=0 as the leading coefficient of
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d(x)=cM-1}gcd(x)

OUTPUT
d(x)

Figure 3. Graphical Representation of Algorithm 3

polynomial b (x)\n"); bx = bx * x + b[i];
scanf ("%d", &o_bx), }
printf ("Enter %d coefficients \n", printf ("The polynomial b(x) = %.0f
o_bx + 1); \n", bx);
for (i = 0; i<= o_bx; i++) algorithm?2 (ax, bx) ;
{ return 0;
scanf ("$d", &b[i]); }
} Output: Figure 6
= 01; .
ax ° (o] . . Code for Algorithm 3:
for (i = 1; 1i<= o_ax; 1i++)
{ \#include<bits/stdc++.h>
ax = ax x x+ al[i]; .
} using namespace std;
printf ("The polynomial a(x) = %.0f void algorithm3 (int ax, intbx, intoax, intobx)
\n", ax); {
bx = b[0]; int rx,gcdx, rlx;
for (i = 1; i<= o_bx; i++) while (oax>obx)

{ {
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INPUT Polynomials a(x)
and b(x)

l

| a0(x)=a(x), b0(x)=b(x) ‘
Ie

Yes

Degree of a(x) > Degree of b(x)

s2(x)=1, s1(x)=0
alx)=a(x) div b(x), r(x)=a(x)-b(x)q(x)
s(x)=s2(x)-q(x)s1(x), s2(x)=s1(x), s1(x)=s(x)

s2(x)=0, s1(x)=1
qa(x)=b(x) div a(x), r(x)=b(x)-a(x)a(x)
s(x)=s2(x)-q(x)s1(x), s2(x)=s1(x), s1(x)=s(x)

d(x)=b(x), d(x)=a(x),s(x)=s2(x)

Yes s(x)=s2(x), t(x):l(a(x)'
@ t{x)=(b(x)- 5(x)a0(x))b0A{-1}(x)
No

b(x)==0?

$(x)a0(x))b0A-1}(x)

q(x)=a(x) div r(x),rl(x)‘=a(x)-r(x)q(x)
s(x)=s2(x)-a(x)s1(x), s2(x)=s1(x),

q(x)=b(x) div r(x),r1(x)=b(x)-r(x)a(x)
s(x)=s2(x)-q(x)s1(x), s2(x)=s1(x),

s1(x)=s(x) s1(x)=s(x)
d(x)=a(x), d(x)=b(x),
Yes s(x)=s2(x), s(x)=s2(x), Yes
t(x)=(a(x)- t(x)=(b(x)-
- s(x)a0(x))b0M-1}(x) s(x)a0(x))b0{-1}(x) No

| b(x)= r(x),a(x)=r1(x) ‘
[

| a(x)= r(x),b(x)=r1(x) |

c!=0 as the leading coefficient of d(x)
(d(x), s(x), t(x))=(cM-1}d(x), cM{-1}s(x), cM{-1}t(x))

}

OUTPUT
(d(x), s(x), t(x))

!

Figure 4. Graphical Representation of Algorithm 4

w1 o [ algorithm 1.exe”
Plue of x for a(x) & b(x)

nter the order of the polynomial a(x)

nter 3 coefficients

nter the order of the polynomial b(x)

nter 4 coefficients

he polynomial a(x) = 22
he polynomial b(x) = 60

putput of algorithm 1:
he greatest common divisor of ax & bx =2

Figure 6. Output of Algorithm 2

Figure 5. Output of Algorithm 1
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rx=axsbx;
if (rx==0)
{
gcdx=bx;
break;
}
rlx=bx%rx;
if (rl1x==0)
{
gcdx=rx;
break;
}
ax=rx;
bx=rlx;
}
while (ocax<=o0bx) {
rx=bx\%ax;
if (rx==0)
{
gcdx=ax;
break;
}
rlx=ax\%rx;
if (rl1x==0)
{
gcdx=rx;
break;
}
bx=rx;
ax=rlx;
}
printf ("Output of algorithm 3:\n
%d\n", gcdx) ;

int main ()

{

int a[100],b[1007];
int i, o_ax, o_bx,ral;
float x,x_bx, ax,bx;

printf ("Enter the value of x for a(x)

& b(x)\n");
scanf ("$f", &x);

printf ("Enter the order of the polynomial
(x)\n");

a

scanf ("%d", &o_ax);
printf ("Enter %d coefficients \n",

o_ax + 1);

for (i 0; i<= o_ax; 1i++)

{
scanf ("\%d", &alil);

}

printf ("Enter the order of the

polynomial b (x)\n");

scanf ("%d", &o_bx);
printf ("Enter %d coefficients \n",

o_bx + 1);

for (i 0; i<= o_bx; 1i++)

scanf ("sd", &b[i]);

ax = al[07];
for (i = 1; i<= o_ax; 1i++)
{
ax = ax x x+ al[i];
}
printf ("The polynomial a(x) = %.0f
\n", ax);
bx = b[0];
for (i = 1; i<= o_bx; i++)

{
bx = bx * x + b[i];
}

printf ("The polynomial b(x) = %.0f

\n", bx);

algorithm3 (ax,bx, o_ax,o_bx);
return O;

}

Output: Figure 7

Enter the value of x for a(x) & b(x)

2

Enter the order of the polynomial a(x)

>
Enter 4 coefficients

2
E
2
4

Enter the order of the polynomial b(x)
2

Enter 3 coefficients

E

1
he polynomial a(x)
he polynomial b(x)

Output of algorithm
1

Figure 7. Output of Algorithm 3
Code for Algorithm 4:

\#include<bits/stdc++.h>

using namespace std;

void algorithmé (int ax, intbx, intoax, intobx)

{

int aox,box,s2x,slx,rx,gx, sx;

aox=ax;

box=bx;

if (oax>obx)

{
s2x=1;
s1lx=0;
gx=ax/bx;
rx=ax-bx*gx;
SX=52xX—-gx*slx;
s2x=slx;
slx=sx;
if (rx==0)

{
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dx=bx;
SX=82X;
tx=bx

}

int main ()

{

int a[100],b[100];

int i, o_ax, o_bx,ral;

float x,x_bx, ax,bx;

printf ("Enter the wvalue of x for a(x)
& b(x)\n");

scanf ("%f", &x);

printf ("Enter the order of the
polynomial a(x)\n");

scanf ("%d", &o_ax);

printf ("Enter %d coefficients \n",
o_ax + 1);

for (i = 0;

{

i<= o_ax; 1i++)

scanf ("%d", &alil);

}

printf ("Enter the order of the
polynomial b (x)\n");

scanf ("%d", &o_bx);

printf ("Enter %d coefficients \n",
o_bx + 1);

for (i = 0; i<= o_bx; i++)
{
scanf ("%d", &b[il);
}
ax = al[0];
for (i = 1; i<= o_ax; i++)
{
ax = ax * x+ alil;
}
printf ("The polynomial a(x) = %.0f
\n", ax);
bx = b[0];
for (i = 1; i<= o_bx; i++)
{
bx = bx *x x + b[i];
}
printf ("The polynomial b(x) = %$.0f

\n", bx);
// algorithmd (ax,bx,o\_ax,o\_bx);

}

Output:

13

Enter the value of x for a(x) & b(x)

2

Enter the order of the polynomial a(x)
2

Enter 3 coefficients

4
2

Enter the order of the polynomial b(x)
3

Enter 4 coefficients

The polynomial a(x) = 22
The polynomial b(x) = 6@

Figure 8. Output of Algorithm 4
return 0;

Figure 8

4. Conclusion

This paper shows how easy and efficient we can calculate the
gcd of a(z) and b(z) using algorithm 3 and algorithm 4.
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