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ABSTRACT: In our research [7]–[30] which is dedicated to regular and extended

algorithms for finding greatest common divisor we developed new approaches for op-

timizing the ways of finding solutions of these problems. Here we present a new

extended algorithm, which is based on ”remainder” and ”difference” operations. For

long numbers the computational cost of ”remainder” operation is high and this mo-

tivate us to construct such computational process. The algorithm presented here is

next step of research in our previous papers [7]–[30] and does not depend on both

the hardware computer system and the software environment as all others that we

already have developed.

AMS Subject Classification: 11A05, 68W01

Key Words: extended algorithm, greatest common divisor, reduced number of

operations

Received: May 22, 2020 ; Accepted: October 15, 2020 ;
Published: October 17, 2020. doi: 10.12732/npsc.v28i1.10

Dynamic Publishers, Inc., Acad. Publishers, Ltd. https://acadsol.eu/npsc

1. INTRODUCTION

For two natural numbers a and b we look for integer numbers x and y such that

x ∗ a+ y ∗ b = gcd where gcd is the greatest common divisor. Our way of organizing

computational process is near to optimal because in every presented by us algorithm

we try to minimize the computational operations which are used. This is typical for

all other algorithms [7]–[30] which we are reorganized. Also these new algorithms

[7]–[30] are highly symmetrized. This is different to approaches given in [1]–[6] and
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[31]–[38], etc. which are using not so well organized in computational point of view

Knuth’s implementation [31].

For testing purposes we will use the following computer: processor – Intel(R) Core(TM)

i7-6700HQ CPU 2.60GHz, 2592 Mhz, 4 Core(s), 8 Logical Processor(s), RAM 16 GB,

Microsoft Windows 10 Enterprise x64, Microsoft Visual C# 2017 x64.

2. Main Results.

We propose the following:

Algorithm 1.

a0 = a; b0 = b;

x1 = 1; x2 = 0;

do

if (a > b)

{ q = a / b; a %= b; t = x2; x2 = x1 - q * x2; x1 = t;

if (a < 1) { gcd = b; x = x1; y = (b - x * a0) / b0; break; }

else

{ b -= a; t = x2; x2 = x1 - x2; x1 = t;

if (a == b) { gcd = a; x = x1; y = (b - x * a0) / b0; break; }

} }

else

{ q = b / a; b %= a; t = x1; x1 = x2 - q * x1; x2 = t;

if (b < 1) { gcd = a; x = x2; y = (a - x * a0) / b0; break; }

else

{ a -= b; t = x1; x1 = x2 - x1; x2 = t;

if (a == b) { gcd = b; x = x2; y = (a - x * a0) / b0; break; }

} }

while (true);

and its recursive implementation as

Algorithm 2.

static long Euclid(long a, long b, ref long x, ref long y)

{
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long r = a % b; long q1 = a / b;

if (r < 1) { x = 1; y = 0; return b; }

long u = b - r;

if (u == r) { x = -q1; y = 1; return r; }

long d;

if (r > u) d = Euclid(r, u, ref x, ref y);

else d = Euclid(u, r, ref y, ref x);

y -= x; x -= q1 * y;

return d;

}

Numerical Example.

We will compare the new algorithms 1. and 2. with extended Knuth’s iterative and

recursive [31], [8] implementations respectively.

long a, b, x1, x2, x = 0, y = 0, q, r, t, ao, bo, eegcd, gcd, d = 0, a0, b0;

for (int i = 1; i < 100000001; i++) { a = i; b = 200000002 - i;

//here is the source code of every one of algorithms 1 and extended Knuth’s

//iterative, and calling of algorithms 2 and extended Knuth’s recursive

d += gcd; // For extended Knuth’s it will be d += eegcd; [8]

}

Console.WriteLine(d);

Both (Algorithm 2 and Knuth’s) recursive implementations can be called respectively

by:

if (a > b) gcd = Euclid(a, b, ref y, ref x); else gcd = Euclid(b, a, ref x, ref y);

and

if (a > b) eegcd = Euclid(a, b, ref x, ref y); else eegcd = Euclid(b, a, ref y, ref x);

CPU time of Algorithm 1 is: 33.465 seconds.

CPU time of Knuth’s iterative is: 35.065 seconds.

CPU time of Algorithm 2 is: 51.153 seconds.

CPU time of Knuth’s recursive is: 59.604 seconds.

3. Conclusion

The proposed algorithms are in style of Strassen [35] because they decrease the number

of ”remainder” operations but increase the number of ”difference” operations.
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