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ABSTRACT: We present new binary extended algorithms that work for every integer

numbers a and b for which a 6= 0 and b 6= 0. The approach given here generalizes and

optimizes the algorithm given in the monograph of A. Menezes, P. Oorschot and S. Van-

stone [39] as well our results from [28] and [20]. These computation ways demonstrate

high computational effectiveness especially for long numbers.
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1. MAIN RESULTS

For two integer numbers a and b such that a 6= 0, b 6= 0 we construct binary iteration

process which find integer numbers x and y so that x ∗ a + y ∗ b = greatest common

divisor (gcd). The new applications of the class of Euclidean algorithms can be found

in [33]–[38].
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Contradictorily to so-called traditional approach [1]–[6], [30]–[32], [39], which is

widely spread in numerous papers and books again we present the efficient compu-

tational way [7]–[29] specifically for the task presented in this article. Our iteration

processes [7]–[29] give better computational speed performance because in them some

unnecessary operations are economized uncovering the natural algorithmic way for re-

alization of such algorithms.

For illustrating our results we will use Microsoft Windows 10 Enterprise x64 and

Microsoft Visual C# 2017 x64. For that purpose we propose:

Algorithm 1.

1 g = 0; x2 = 0; y1 = 0;

2 if (a > 0) x1 = 1; else if (a < 0) x1 = -1;

3 if (b > 0) y2 = 1; else if (b < 0) y2 = -1;

4 sng = x1 * y2;

5 b = Math .Abs(b); a = Math .Abs(a);

6

7 if ((a & 1) == 0 && (b & 1) == 0)

8 do { a >>= 1; b >>= 1; g++; }

9 while ((a & 1) == 0 && (b & 1) == 0);

10

11 u = a; v = b;

12 while ((u & 1) == 0)

13 {

14 u >>= 1;

15 if ((x1 & 1) == 0 && (x2 & 1) == 0) { x1 >>= 1; x2 >>= 1; }

16 else if (sng > 0) { x1 = (x1 + b) >> 1; x2 = (x2 - a) >> 1; }

17 else { x1 = (x1 - b) >> 1; x2 = (x2 - a) >> 1; }

18 }

19 while ((v & 1) == 0)

20 {

21 v >>= 1;

22 if ((y1 & 1) == 0 && (y2 & 1) == 0) { y1 >>= 1; y2 >>= 1; }

23 else if (sng > 0) { y1 = (y1 + b) >> 1; y2 = (y2 - a) >> 1; }

24 else { y1 = (y1 - b) >> 1; y2 = (y2 - a) >> 1; }

25 }

26 while (u != v)

27 if (u > v)

28 {

29 u -= v; x1 -= y1; x2 -= y2;

30 do

31 {

32 u >>= 1;

33 if ((x1 & 1) == 0 && (x2 & 1) == 0) { x1 >>= 1; x2 >>= 1; }

34 else if (sng > 0) { x1 = (x1 + b) >> 1; x2 = (x2 - a) >> 1;
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}

35 else { x1 = (x1 - b) >> 1; x2 = (x2 - a) >> 1; }

36 } while ((u & 1) == 0);

37 }

38 else

39 {

40 v -= u; y1 -= x1; y2 -= x2;

41 do

42 {

43 v >>= 1;

44 if ((y1 & 1) == 0 && (y2 & 1) == 0) { y1 >>= 1; y2 >>= 1; }

45 else if (sng > 0) { y1 = (y1 + b) >> 1; y2 = (y2 - a) >> 1;

}

46 else { y1 = (y1 - b) >> 1; y2 = (y2 - a) >> 1; }

47 } while ((v & 1) == 0);

48 }

49 x = y1; y = y2; gcd = v << g;

and its recursive variant:

Algorithm 2.

1 static long Euclid(long a0 , long b0 , long a, long b,

2 long sng , long x1 , long x2 , ref long y1 , ref long y2)

3 {

4 if ((a & 1) == 0)

5 {

6 if ((b & 1) == 0)

7 return Euclid(a0 >> 1, b0 >> 1, a >> 1, b >> 1,

8 sng , x1 , x2 , ref y1 , ref y2) << 1;

9 else

10 {

11 if ((x1 & 1) == 0 && (x2 & 1) == 0)

12 { x1 >>= 1; x2 >>= 1; }

13 else if (sng > 0) { x1 = (x1 + b0) >> 1; x2 = (x2 - a0) >> 1; }

14 else { x1 = (x1 - b0) >> 1; x2 = (x2 - a0) >> 1; }

15 return Euclid(a0 , b0 , a >> 1, b, sng , x1 , x2 , ref y1 , ref y2);

16 }

17 }

18 else if ((b & 1) == 0)

19 {

20 if ((y1 & 1) == 0 && (y2 & 1) == 0)

21 { y1 >>= 1; y2 >>= 1; }

22 else if (sng > 0) { y1 = (y1 + b0) >> 1; y2 = (y2 - a0) >> 1; }

23 else { y1 = (y1 - b0) >> 1; y2 = (y2 - a0) >> 1; }

24 return Euclid(a0 , b0 , a, b >> 1, sng , x1 , x2 , ref y1 , ref y2);

25 }
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26 else

27 if (a == b) return a;

28 else

29 if (a > b)

30 return Euclid(a0 , b0 , a - b, b, sng , x1 - y1 , x2 - y2 , ref y1 , ref y2);

31

32 else

33 {

34 y1 -= x1; y2 -= x2;

35 return Euclid(a0 , b0 , a, b - a, sng , x1 , x2 , ref y1 , ref y2);

36 }

37 }

and its calling:

1 x2 = 0; y1 = 0;

2 if (a > 0) x1 = 1; else if (a < 0) x1 = -1;

3 if (b > 0) y2 = 1; else if (b < 0) y2 = -1;

4 sng = x1 * y2;

5 b = Math .Abs(b); a = Math .Abs(a);

6 a0 = a; b0 = b;

7 gcd = Euclid(a0 , b0 , a, b, sng , x1 , x2 , ref y1 , ref y2);

8 x = y1; y = y2;

2. NUMERICAL EXPERIMENT

For testing our approach we will use the following computer configuration: proces-

sor – Intel(R) Core(TM) i7-6700HQ CPU 2.60 GHz, 2592 Mhz, 4 Core(s), 8 Logical

Processor(s), RAM 16 GB.

1 long a, b, gcd , d = 0, x, y;

2 long a0 , b0 , x1 = 0, x2 , y1 , y2 = 0, u, v, sng;

3 int g;

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

5 {

6 a = i; b = 200000002 - i;

7 // here can be placed the algorithm 1

8 // and the calling of recursive algorithm 2

9 d += gcd;

10 }

11 Console.WriteLine (d);

CPU time of Algorithm 1 is 72.340 seconds.

CPU time of Algorithm 2 is 201.964 seconds.
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