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with Ratinal Number Arithmetic

HIKARU SAMUKAWA )

Abstract: Numerical methods have been developed based on floating-point arithmetic. As a
result, the algorithms have grown with adopting capabilities to control rounding errors. In con-
trast, though rational number arithmetic has been a theme of computer science from early period
of computer, there are a few implimentations for numerical methods as products. The reason
is it requires huge computational resouce. The firstest computer today bocomes more than one
hundred million times faster than the first supercomputer CRAY-1. If the advancement of the
computer power continues for decades, numerical methods with floating-point arithmetic may
gradually be replaced with rational number arithmetic. Since rational number arithmetic pro-
vides exact computation, a portion to control rounding errors becomes no use. The algorithms
based on orthogonalization should handle large number of digits in rational number arithmetic,
it is inferior compared to direct solving algorithms. The menu of numerical algorithms with
rational number arithmetic becomes quite different to that of floating-point arithmetic. In this
paper, a programming environment for numerical linear algebra by rational number arithmetic is
reported. We propose a rational BLAS layer heaped up on the multi-digit integer layer and the
rational number arithmetic layer, which attains easier conversion from floating-point arithmetic
to rational number arithmetic.

Keywords: rational number arithmetic, rational BLAS, common factor extraction, numerical
linear algebra, conjugate gradient method
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enddo
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#include "rblas.h"

rational rblas::rdot(int n, const
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rational_vector& x, int ix, const
rational_vector& y, int iy){
rational s;
s = rational::ZERO;
for (int i=0; i < n; ++i) {
s = s + x[ixix]*y[i*iy];
}

return s;
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void LDL(rational_matrix& a, int n){
rational s,t;
int 1i,j,k;
for (j=1; j < n; ++j) {

for (i=1; i < j; ++i) {

s=0; //
for (k=0; k < i; ++k) { //
s = s + alkl[i] * alk][jl; //
} //
alil[j]1 = alil[j] - s; //
¥
s=0;

for (k=0; k <= j-1; ++k) {
t = alk][j1/alk] [k];
s =s+t * alkl[jl;
alk][j]l = t;

¥
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}

0000000000000 000000
OO0 LDLOODODODODODOODOOO0O0 [9)0
O0D0D0O00O00 BLAS-1 OO0 OO Fortran
OoO00DO0O0OD0O¢Y/”7 000000 500
“a(i,j)=a(i,j)-ddot(i-1,a(1,i),1,a(1,3),1)”
000000000000 00000000SAOD
00D000D0000000000000det 000

2014 Information Processing Society of Japan

HPCS2014
2014/1/8

01 00000000n=1000

oooo ooooo
oooooo 0.7
ooooooo 3.8

0000000000 92.6

lai;] <0.5000 989.3

goooooooobooooog
0000000000000 0000 rational O
goooooooobboobooooooooooa
al matrix A0020000 sO t 0O rational 00
000 “alil[jl=alil[jl-s” ODO0OOOOOOO
godooobooooboooooooobooooon
gobodooooobooooobuoooooooaa
gooooad aij:n—max(i,j)—i-lEIDDD[l[l[l
mDDDDDDDDDDDDDDD

O000la, <0500000000000040
goboooobrn=100000000 100000
000 Intel O Core i502.67GHzO0 0000000
gooooooiooooocoOoooooooood
0000000 O»*) 00 O(®) 00000000
O0oO0oU0oOoooooooo 2o

0000000000 ()oooouooooog
ooooob 1000000000000 LbLod
000000000 pOOOOODO LT 00000
000000 22 000000000000000
goooocooo

O CLi]':

o
oo
[0}
oo

12 12 12 11 12 12 11 11

18 18 18 18 18 18
22 22 22 22 22
26 26 26 26

28 28 29

32 32

36

1000 a; 0 ¢, 0000 wy; 000000000
o000 400000002000 Iy 0 uwy; OO
o400000000000000O0C0O00O00 800
obos3boobobo4000000 8000000000
01200000000000L; 00000000
i0000D0D00000®000000000000

* 0000000000000000 2000000000
goboo0o0o 10000 3000o0oo0ooooo 200

61



2014

High Performance Computing Symposium 2014

coooboocooooboo 20000000000
cobooboOoocoooboooocoOooooooDo
cooooooooooooon

3.2 00000000000
0000000000000 000000nOon
0000000000000 0000000000
0000000000000000CcGooooon
0000000000000 0000000000
0000000000000 0000000000
0000000000000 0000000000
0000000000000 0000000000
00000000000000000000000
00000000000 GCDOOOO0OO0OO0000
000000000000000rblas 000000
0000000000 000CcGoo00noonoon
0000000000000 00000oOoooo
ooooo
3.2.1 CGO
00000000000000000000000
ccOooOooOoDooOoooooo*oooono
000000000 000000000000o0n
00000000000oooooon
000000000 2000000 200n
000000 »000000000CGO
00000000000 00000000n
000000000000000r0O0OO
0000,00000000000
oo00o0o0o0oo0o0ooooo0oo00ooooooo
000000000000000000000000
000000000000000000000CGO
0o0ooooooooo
p/Ap; =00000p, 0 p; 0 ADDDOODODO
0000@MO00000000000000CG O
00000000 pfdp,_, =000000000
rfr,_,=00000020020000000000
0000000 pOO0O0O0O0OO0OOODO »O0000
r0000 pO0D0O0D0D0OO0O0O00 p; 0 Ap, ; O

d0000000000000000000oo0ooooon
00000000 2,4,10,13,16,19,21,23,25,25 00 0O
oo

*10. GO0 1952 00 Hestenes O Stiefel 00000000
0000000000000 00000000000onO
00000000000000000000 1970000
00000000000 000DD00000DoDooon
o00000000000000O0O0oooooooo
do00000000o0o00oooooooooooooo
0000000000 0000000onD

2014 Information Processing Society of Japan

HPCS2014
2014/1/8

ooooooobooooboooooocecGgoOooooo
00000 90O ODooooooooooooooo
oood r,#400000

k:O; .’IJQZO; ’I"O:b
while(ry, # 0)

k=k+1

if(k=1)

by =T7To

else

B, = r%;lrk,l
’ Th oTh—2

P =Th-1+ BePr_1

end
rkrl-“—lrk—l
©AD,,
T = Tk—1 + Py
TR =Tr—1 — QL Apy
end

Qe —

r = T

000000000000o00oooooooo
00000-00000000000000O000
000000000D00000o0ooooooon
0000000000000 0000000oooon
00000000000000o0oo0ooooooon
00000000000000o0ooo0oooooon
000000000D0000o0oooooooon
000000000000000000000*Hg
CGOO0 LDLOODODOO0DOO0ODO0O0DO0OO
0oocGO0OOO0O0oOoOooOonoOoooooon
000000000000000LDLOOOO0OO
000000000000000 k0000000
00000000 A00000000000000
000000000000o00oooooooon
000000000000000000000MmM O
00000000000000ooooooooon
0000000000a,; 000000000000
00000000000 000000ooooon
oooooo

cGOO0ooOoO00ooOoOooooooooonn
000000 pO00O0 ApOO00O0DODOOOODO
00000000000000000000000
0000000 LDLOO0O0OD0O0O000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000

11 00000000000000000000000000
100000ooooooooo cGgoo BicGOOO
goooooooOoOoOoOoO0oOoOoOooooooOoOoOoooo
goboboooobooooboooobooboooobooooa
goooooooooo

62



2014

High Performance Computing Symposium 2014

oooobOooooobocouo LbLoogooooon
cobooooooooooooooboooboon
coboooOobooOooooocoboobocoooDo
0o 03, 00000000000000000O
ooooboooooooooOboo0oouobDD0b00ogO
/. 000000000020

goboboooooooooobr, O p, 0000
coboooOoooobooocoboobOoboobooon
ooooD0O0000000000 s, 000000
O0000*so

by d
ai C1
ba da
as Cc2
p = = sp = Spps
b dn
QAn, Cn
_ GCD(b17b27”' 7b’rL)

S = GCD(UJ,@Q,"' 7an) (8)

O0000000Ap=s,Ap, 0000000000

gooobbbooooooobbboooooo
goobooobogn
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gn = a[0].numerator();
for (i=1; i < n; ++i) {
sd = a[i] .denominator();
sn = ali] .numerator();
if (gd!=longint: :ZERO) gd=longint: :1gcd2(gd,sd)|;
if (gn!=longint::ZERO) gn=longint::1gcd2(gn,sn)|;
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s = RRset(gn, gd);
if(s != rational::ZER0){
if (update == 1){
for (i=0; i < n; ++i) { b[il = alil / s; }

}
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