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Greatest Common Divisor computation in rational arithmetic

HIKARU SAMUKAWA )

Abstract: In our currently developing “rational arithmetic programming environment”, large
numerators and denominators of rational numbers are held in dynamically expandable array.
The rational numbers are divided by greatest common divisors (GCD) of their numerator and
denominator. In matrix computation algorithms which are popular in floating-point arithmetic,
the GCD calculation is needed after every four basic arithmetic operation, otherwise an explosion
of the number of digits prevents us to continue computation. On the contrast, however, there are
algorithms which do not need GCD calculation such as continued fraction expansion, in which all
fraction numbers are already reduced. For the GCD calculation, a binary algorithm is, in general,
faster than Euclidian algorithm implemented with division operation. An aim of our program-
ming environment is to analyze the problems occuerred in numerical simulation programs caused
by rounding errors of the floating-point arithmetic. A binary floating-point number is converted
exactly to rational number consisting of denominator with power of two. As far as the computa-
tions are performed with additions, subtractions, and multiplications, the denominators’ power
two is kept. The binary GCD algorithm is much faster than the GCD algorithm with division
operations. In this paper, we report the numerical and performance behavier related to GCD
calculations.

Keywords: rational arithmetic, greatest common divisor (GCD), Euclidian algorithm, denomi-
nators’ power two, LDL factorization, determinant, continued fraction, characteristic polynomial
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void LDL(rat::matrix<rational>& a, const int n){
rational s,t;
int i,j,k;
for (j=1; j < n; ++j) {
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s =s +t *x alkl[jl;
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