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Development of a practical tracing system for significant digits of variables in
numerical calculations
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There is a risk which trusts a wrong result of numerical calculations due to a
precision decline at a floating-point operation. In this research, to improve the reliability of
numerical calculations, we plan to_trace the significant digits by detecting cancellation of significant
digits of variables at each operation, and to give the significant digits of final results.
Unfortunately, a strict algorithm to find the significant digits of the result of operation from those of
input operands, which is same as a forward error analysis, is too pessimistic. So, we propose more
realistic algorithm to find a significant digits of result; (1) neglect the rounding error; (2) introduce
“ the occurrence rate of cancellation of significant digits” , and if the input operand’ s significant
digits are already small and that rate is high, we decrease the influence of cancelation to the result.
We verified the validity of this algorithm, and also we studied feasibility of practical system
development.
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Algorithm 1 HESIBOHVED AR L 7L T ) XA
if big_exp > exp_result then
Hivg B et
if big.NC > TH then
W& s €y 8= (big_exp — exp_result)/2

else
&b €y P8 = big_exp — exp_result
end if
BRINTE = BUEDOHAINTE — ik b ey P
end if

Algorithm 2 HELIBOEI B EIC L7 LTY XA
if big_exp > exp_result then
Hivé S i
if big . TRACK > TH then
Kité b €y M = (big-exp — exp_result)/2
else
Hitb vy b= big_exp — exp_result
end if
GEIMTE = BUEDBEINTE — HivE b E Yy M
end if

Algorithm 3 Hi¥EbRICKEH L7 La) X4
if big_exp > exp_result then
IivE & i
if ((big-TRACK > TH)and((ncc/subc) > RATE)) then
&b ey M = (big_exp — expresult)/2

else
Kiv&H €y P = big_exp — exp_result
end if
AR = BIE OGN — HivE B E Y b
end if
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e =1+x+xX/21+ + X'/nl +
X

1
X Al A2 A3
-4 44 53 44 44 44 |12
-7 35 51 36 34 34 |21
-9 28 44 37 29 29 |25
-12 22 46 31 21 21 |38
-17 6 43 27 7 7 53
-19 0 44 27 3 3 59
=21 0 42 25 0 1 63

2 10 ex

X
-4 [1.83156388887344E-02|1.83156388887341E-02
-7 19.11881965566013E-04(9.11881965554516E-04
-9 [1.23409804015408E-041.23409804086679E-04
-12|6.14421272946162E-06|6 . 14421235332820E-06,
-17|4.18833681709330E-08|4.13993771878516E-08]
-19|3.25274838407556E=09 5.60279643753726E—09|
-21|9.25455304561266E-09|7.58256042791190E-10
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1/8 1/9 1/15 g 0

3 3 2

TH=16

X; 27 12 0 13
X, 26 15 2 12
X3 26 19 6 11
X, 26 22 9 10
X5 26 24 11 9
X, 26 25 13 8
X, 26 26 14 7
X5 26 26 14 7

X, X;
CG
CG
4 CG
TH=16
X3 25 29 10
Xz 24 29 10
X3 24 29 10
X4 24 29 10
X5 23 53 10
Xs 24 53 10
Xz 23 29 10
Xg 23 29 10
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