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Abstract. In this paper our aim is to receive extended Stein’ binary algorithm 

with better computational characteristics. In this connection we give other 

boundary condition and reorganize the classical extended Stein’ algorithm.  
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Introduction 

For two arbitrary natural numbers a and b, we search for natural number 

gcd and integer numbers x and y such that x*a+y*b=gcd, where gcd is the greatest 

common divisor. We will optimize extended Stein’ iterative algorithm, which is 

presented in the book by Menezes, Oorschot and Vanstone [37] (on page 608). 

This algorithm is specialized for dealing with long numbers. In our previously 

published papers and two books [7]–[29] we present various of tasks and different 

effective from computational point of view new implementations of this classical 

task. In many other sources the approach to these tasks (see, [1]–[6] and [30]–

[37]) is based on Knuth’ interpretations [30]. 

For testing purposes for new algorithm 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. 
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Main Results 

We propose the following extended: 

Algorithm 1. 

int g = 0; 

 

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

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

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

 

u = a; v = b; x1 = 1; x2 = 0; y1 = 0; y2 = 1; 

 

while ((u & 1) == 0) 

   { u >>= 1; 

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

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

 

while ((v & 1) == 0) 

   { v >>= 1; 

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

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

 

while (u != v) 

    if (u > v) 

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

      while ((u & 1) == 0) 

      { u >>= 1; 

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

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

      } 

    else 

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

       while ((v & 1) == 0) 

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

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

     } 

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

Numerical Example 

We will compare the proposed here algorithm with extended Stein’ 

iterative [37]. 

 

 long a, b, x, y, y1, y2, d = 0, u, v; 

 long x1, x2, gcd; 

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

 //here is the source code of every one of algorithm 1 and 

 //extended Stein’ iterative [37] 

 d += gcd; } 

Console.WriteLine(d); 

 

CPU time of Algorithm 1 is: 69.701 seconds. 

CPU time of Stein’ iterative is: 75.568 seconds. 

Conclusion 

We demonstrate how the extended Stein’ algorithm can be optimized. We 

believe that these results will be useful for the specialists in computer science and 

computational mathematics which want to make the computational processes to 

work faster. 
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