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Abstract: In this article, we scrutinize the new extended algorithm being generalization of

”Algorithm 3a” from [1] and slightly enhanced in [2]. Also we optimize the results in our previous

paper [3]. This computational process can be used to replace the classical extended Euclidean

algorithm [36]. This routine is applicable for numbers of so-called usual length.
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1. Introduction

Let a and b be any natural numbers. We will present new extended algorithm for
finding such integer numbers x and y for which the following equality is correct
– x ∗ a + y ∗ b = Greatest Common Divisor (gcd) of a and b. The question of
finding greatest common divisor is discussed in many books and papers [4]–[40].
New approaches to these iteration processes can be seen in [41]–[57].

For testing purposes we will use the following PC configuration:

– Processor – Intel(R) Core(TM) i7-8565U CPU 1.80GHz, 1992 Mhz, 4 Core(s),
8 Logical Processor(s);

– Installed Physical Memory (RAM) – 8.00 GB;

– System Manufacturer – Acer;

– System Model – Swift SF314-55G;

– System Type – x64-based PC;

– OS Name – Microsoft Windows 11 Enterprise x64;

– Software Environment – Microsoft Visual Studio Community 2026 x64.
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In our previous research we developed [3] extended algorithm using as base
“Algorithm 3” from [1]. Now we will use as base “Algorithm 3a” from [1] in order
to try to develop faster extended algorithm. The reason of this act is because the
“Algorithm 3a” from [1] is enhanced version of the “Algorithm 3” from [1]. For
testing purposes here we will use also the extended Tembhurne-Sathe algorithm
[32].

2. Main Results

We introduce the next new Extended Algorithms 1. and 2.:

Algorithm 1.

if (a > b)

{

x1 = 1; x2 = 0;

y1 = 0; y2 = 1;

D = a - b;

while (D > 0)

{

if (D < b)

{

x3 = x1;

r = x2;

x1 = y1;

x2 = y2;

y1 = x3 - y1;

y2 = r - y2;

r = (b - 1) / D;

x1 -= r * y1;

x2 -= r * y2;

a = (b - 1) % D + 1;In
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r = (D - 1) / a;

b = (D - 1) % a + 1;

}

else

{

r = (a - 1) / b;

x1 -= r * y1;

x2 -= r * y2;

a = (a - 1) % b + 1;

r = (b - 1) / a;

b = (b - 1) % a + 1;

}

D = a - b;

y1 -= r * x1;

y2 -= r * x2;

}

gcd = a;

x = x1;

y = x2;

}

else

{

x1 = 0; x2 = 1;

y1 = 1; y2 = 0;

D = b - a;

while (D > 0)

{

if (D < a)
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{

x3 = x1;

r = x2;

x1 = y1;

x2 = y2;

y1 = x3 - y1;

y2 = r - y2;

r = (a - 1) / D;

x1 -= r * y1;

x2 -= r * y2;

b = (a - 1) % D + 1;

r = (D - 1) / b;

a = (D - 1) % b + 1;

}

else

{

r = (b - 1) / a;

x1 -= r * y1;

x2 -= r * y2;

b = (b - 1) % a + 1;

r = (a - 1) / b;

a = (a - 1) % b + 1;

}

D = b - a;

y1 -= r * x1;

y2 -= r * x2;

}

gcd = b;
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x = x1;

y = x2;

}

as well as its recursive implementation as

Algorithm 2.

static long Extended_Erho_Okrinya_Alg_3a_rec(long a, long b,

ref long x, ref long y, long x1, long x2, long y1, long y2)

{

long D, x3, r;

D = a - b;

if (D > 0)

{

if (D < b)

{

x3 = x1;

r = x2;

x1 = y1;

x2 = y2;

y1 = x3 - y1;

y2 = r - y2;

r = (b - 1) / D;

x1 -= r * y1;

x2 -= r * y2;

a = (b - 1) % D + 1;

r = (D - 1) / a;

b = (D - 1) % a + 1;

}

elseIn
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{

r = (a - 1) / b;

x1 -= r * y1;

x2 -= r * y2;

a = (a - 1) % b + 1;

r = (b - 1) / a;

b = (b - 1) % a + 1;

}

y1 -= r * x1;

y2 -= r * x2;

return

Extended_Erho_Okrinya_Alg_3a_rec(a, b, ref x,

ref y, x1, x2, y1, y2);

}

else { x = x1; y = x2; return a; }

}

The recursive Algorithm 2. can be evoked by:

x1 = 1; x2 = 0; y1 = 0; y2 = 1;

if (a > b)

gcd =

Extended_Erho_Okrinya_Alg_3a_rec(a, b, ref x,

ref y, x1, x2, y1, y2);

else

gcd =

Extended_Erho_Okrinya_Alg_3a_rec(b, a, ref x,

ref y, y1, y2, x1, x2);
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3. Numerical Example

We will examine the described above new Algorithms 1. and 2. as well as Algorithms

3. and 4. from [32] with the next example:

long a, b, d = 0, r, gcd = 0;

long x1 = 0, x2 = 0, x3, y1 = 0, y2 = 0;

long D, b2, a2, x = 0, y = 0, q, u, v;

for (int i = 1; i < 100000001; i++)

{

a = i; b = 200000002 - i;

//here are placed the source code of algorithms 1 and 3

//as well as summoning of recursive algorithms 2 and 4.

d += gcd;

}

Console.WriteLine(d);

CPU time of Algorithm 1 is: 26.686 seconds.

CPU time of Algorithm 2 is: 29.231 seconds.

CPU time of Algorithm 3 is: 32.586 seconds.

CPU time of Algorithm 4 is: 35.184 seconds.

4. Conclusion

The numerical experiment show that the new Algorithm 1. finished faster than
Algorithm 3. from [32] but also it is faster than Algorithms 1. and 3. from [3]
(which finish time was 1. – 31.809 seconds and 3. – 27.601 seconds). It also
can be seen that new Algorithm 2. finished faster than Algorithm 4. from [32] and
it is quicker than Algorithms 2. and 4. from [3] (which finish time was 2. – 41.416

seconds and 4. – 33.210 seconds).
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