2013

High Performance Computing Symposium 2013

Joogooggod

oo

gooooooooooooooooooooooobooOooOoOoOobOoooOooOboboOooo
goooooooooooooooooobooooooOobooOooooOoOoboOoooooboooon
goooooooooooooooooooooooObooOoooobooOobooooooobooooon
goooooooooooooooooobooooooobooOoooobooOoboOoOooooboobooOooo
oooooobooooooooooooooooooonoooooogoo 3ooooooooo
gooooooocooooooobooooooooboboboOooooOoOoOobobOoOooOooOooOobo
000000000000 O0O000O0O0O0D BASICOODODOOODOOODOOODOO
goooooooooooooooooooooooOobOoOoOoOoOOoboboooobooOobOoooo
goooooooooooooooooooooooOobooOooOooboOoboOoooooOobooOooon
gooooooooooooooooooboooooobooooooboOoboOooooobOoboOooo
000o00oo0o0oo0oo0oo C++ 0000000000000 0000O0O0DBD0O0
Ooo0o0oU0o0o0oU0oUoU0o0o0oUoUOoOoUODUoUoOO 8 THop/s O
00000000 8TBUUOOUOLDOOUODOUODUOOO UobOoboOoDl1OobOOoDO
gooooooooooooooooooboooooOoOobOOO0OoOOOOOOoOoOObOoOooo
oooooooo

gooooooooooooooobooOoooooOoobooobooooboboooo

High precision symmetric eigenvalue computation through
exact tridiagonalization by using rational number arithmetic

HIKARU SAMUKAWA

Abstract: Since rational number arithmetic, which is different from floating-point arithmetic or
multiple-precision arithmetic, can provide exact computations, it is valuable from mathematical
point of view. However its application area is limited because of its lack of ability to compute
irrational numbers, such as eigenvalue analysis. A self-validation technique for eigenvalue analysis
is difficult because it requires deep mathematical and programming knowledge. In this paper,
we propose a method of exact reduction from symmetric matrix to tridiagonal matrix by using
implicit square root formulation.

A rational number arithmetic is possible in decimal BASIC for small problems. However for the
normal size problems, a huge memory and tuning including parallelization are required. We have
developed a C++ programming environment capable of using rational number variables mixed
with other types of variables upon multi-digit integers and rational number arithmetics layers.
Currently a general purpose server provides 8 Tflop/s computing power and 8 TB memory ca-
pacity[1]. Since the rational number arithmetic is sensitive to a bit error, it is suitable to be used
for benchmark programs.

Keywords: rational number arithmetic, self-varidation computation, symmetric eigenvalue
problem, implicit square root formulation
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void LDL(rational_matrix& a, int n){

rational s,t;
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int i,j,k;
for (j=1; j < n; ++j) {
for (i=1; i < j; ++i) {
s=0;
for (k=0; k < i; ++k) {
s =s + alk][i] * alk][j];
}
alil[j] = alil[jl - s;
}
s=0;
for (k=0; k <= j-1; ++k) {
t = alk][j1/alk] [k];
s = s + t * alkl[jl;
alkl[j] = t;
}
aljl03] = aljl1[j] - s;
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