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Error Analysis of Ray-Tracing Computations:

Ellipsoids with Floating Point and Logarithmic
Arithmetics |

Tomio Kurokawa
Aichi Institute of Technology

1247 Yachigusa, Yagusa-cho, Toyota 470-03 Japan

It is supposed that high accuracy is required to do ray-tracing computation. This
paper is intended to make clear how much error exists for ray-tracing computation
and which one is more accurate, FP or LNS. Using FP and LNS, theoretical error
expressions were derived for the ray-tracing computation of an ellipsoid. They were
evaluated numerically and then examined by the experiments. Comparisons were
made between the theory and the experimennt for each word length of both FP and
LNS. They agreed very well. The comparisons between FP and LNS were also made
by evaluating the numerical error size and by checking the generated pictures visually.
It turned out that with same word length, LNS is a little more accurate though it is
less than a single bit.
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8 3.35¢-6 3.21e-6 1.07e-6 1.07¢-6
9 1.67e-6 1.64e-6 5.34¢-7 5.34e-7
10 8.35e-7 8.15e-7 2.67e-7 2.65e-7
11 4.17¢-7 4.12e7 1.33e-7 1.33¢-7
15 2.61e-8 2.57¢-8 8.35¢-9 8.30e-9
21| 4.07e-10 | 4.03e-10 1.30e-10 1.30e-10
22| 2.03e10| 2.00e-10 6.47e-11 6.48¢-11
23( 1.02e-10| 1.01e-10 3.24e-11 3.24e-11
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DREE, RUHBEBEREBE CH~_ZL 1y bbb 2
Yy MEER LW L3357, F PIZIEEE-754 DI 5
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n | FP¥R{# | FP E%{H | LNS #inl | LNS KBl
5 2.956-5 4.34e-5 9.11e-6 1.33e-5
6 1.52e-5 1.40e-5 4.78e-6 4.90e-6
7 7.97e-6 6.57e-6 2.43e-6 2.40e-6
8 4.13e-6 3.22e-6 1.23¢-6 1.11e-6
9 2.13¢-6 1.71e-6 6.15¢-7 5.72¢-7
10 1.11e-6 8.56e-7 3.10c-7 3.36e-7
i1 5.46e-7 4.22¢-7 1.55¢-7 2.31e-7
15 3.42¢8 | 27768 9.77e¢-9 9.19¢-9
21 | 5.34e-10 | 4.10e-10 1.51¢:10 1.72¢-10
22| 2.68e-10 | 2.24e-10 7.58e-11 6.81e-11
23| 1.36e-10| 1.05e-10 3.81e-11 6.50c-11
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12 33 4
13 32 5
14 10 2
15 1 0
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18 1 0
19 0 0
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