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Propose of statistical error estimation in numerical process
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Abstract: In real numerical computations using finite-length floating-point numbers, the effects of rounding errors during

the execution process are unavoidable and can lead to inaccurate final results for ill-conditioned or large problems. While

it is possible to estimate the effect before execution by using forward or backward error analysis, the amount of effect tends

to be larger than real one. We have already presented a method to estimate rounding errors by changing the rounding

mode, but some computing environments, such as GPUs and TensorFlow, do not allow changing rounding mode via

running programs. In this paper, we alternatively propose a statistical estimation method of round-off error. It aims to

investigate how the difference in the final result statistically varies through its mean and distribution by inserting a random

error larger than the rounding error for the floating-point arithmetic used. We finally demonstrate the effectiveness of the

statistical estimation through concrete numerical examples.
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Table 1 Réssler & 7 v DA 2

57 Order 10~

tend n Rel.Err.(y;) | Rel.Erm.(y2) | Rel.Err.(y3)
10 2.6e-05 2.8e-04 4.5e-05

50 50 2.4e-05 2.5e-04 4.0e-05
100 2.0e-05 2.1e-04 3.4e-05
10 1.7e-04 3.2e-03 1.6e-03

100 50 9.0e-04 4.8e-03 2.6e-03
100 1.1e-03 6.7¢-03 3.2e-03
10 1.1e-01 6.0e-01 2.0e-01

200 50 7.2e-02 4.0e-01 1.5e-01
100 8.0e-02 4.2e-01 1.9e-01
10 1.8e-01 2.5e-01 1.4e-01

500 50 1.5e-01 3.3e-01 9.4e-02
100 8.6e-02 2.3e-01 5.4e-02

Table 2 Réssler & 7 L DI 2

57 Order 10710
tend n Rel.Err.(y1) | Rel.Er.(y2) | Rel.Err.(y3)
10 1.4e-10 1.5e-09 2.5e-10
50 50 2.0e-10 2.2e-09 3.7e-10
100 2.0e-10 2.1e-09 3.6e-10
10 5.9e-09 4.4e-08 4.3e-09
100 50 7.6e-09 5.7¢-08 5.5e-09
100 6.2e-09 4.7e-08 4.5e-09
10 7.0e-02 4.0e-01 1.5e-01
200 50 4.9¢-02 2.6e-01 1.1e-01
100 4.4e-02 2.4e-01 7.9¢-02
10 7.3e-02 2.5e-01 5.5e-02
500 50 1.0e-01 1.7e-01 7.9¢e-02
100 7.8e-02 2.0e-01 6.4e-02
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