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Reparameterization-based Clipping Method for Root-finding Problem of Non-linear Equations

JIN Jia-pei CHEN Xiao-diao SHI Jia-er CHEN Li-geng

(School of Computer, Hangzhou Dianzi University, Hangzhou 310018, China)

Abstract The root-finding problem of non-linear equations has wide applications in computer aided geometric design,
computer graphics,robotics,etc. This paper presented a reparameterization-based cubic clipping method for finding the
roots of a non-linear equation. Firstly, it computes a cubic polynomial interpolating the given smooth function f(z) at
four points. Then,it searches two reparameterization functions so that the reparameterized functions have the same de-
rivatives, which leads to higher approximation order and convergence rate. Compared with the prevailing cubic clipping
methods,the new method can achieve the convergence rate 9 or higher for single root cases,and directly bound the root

without computing the bounding polynomials. Numerical examples show that it can converge to the proper solution even

in some cases that Newton’s methods fail.
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Fig. 1 The given curve f(¢),the approximation curve and the

line segment connecting two endpoints
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Table 1 Computation results of different methods for example 1
Method 1 2 3 4 5 CR T/ms
M 5.9¢e—2 4.5e—7 1.4e—27 1.6e—109 2.1e—437 4 18.5
M 8.7¢—5 8.5e—34 6.9e—237 1.7e¢—1658 / 7 15.6
M3 1.le—2 7.8e—14 7.9e—71 5.9e—357 1.0e—1788 5 4.8
M, 4.6e—5 1.0e—27 9.8e—251 2.4e—2352 / 9 1.6
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Table 2 Computation results of different methods for example 2
Exam Method 1 2 3 4 5 CR T/ms
M, 2.1le—2 2.7e—4 4.3e—8 1.1e—15 6.9e—31 2.0 24.3
r M: 3.4e—3 2.9e—9 1.6e—30 6.3e—105 2.5e—365 3.5 21.6
e M3 6.4e—3 1.6e—6 1.2e—17 9.1e—51 3.1e—150 3.0 6.3
M, 2.0e—38 4.3e—69 8. 0e—641 3.5e—6029 / 9.0 3.6
M 5.0e—1 8.9e—2 4.6e—3 6.6e—5 2.3e—17 1.6 26.4
; Ms 9.7e—2 3.3e—4 5.4e—10 1.8e—23 5.3e—55 2.4 22.6
78 M3 2.9e—1 2.9e—2 5.3e—4 4.2e—7 1.4e—12 1.7 6.1
My 1.4e—8 4.8e—80 3.2e—751 6.3e—7078 / 9.0 3.8
M 1.3e—3 3.1le—14 1.0e—56 1.1le—226 1.7¢—906 4.0 19.1
F M 6.9e—7 8.3e—48 3.2e—334 3.5e—2339 / 7.0 18.2
! M3 2.0e—4 3.1le—21 2.4e—105 6.3e—526 8.4e—2629 5.0 6.1
My 7.9e—4 1.6e—26 1.6e—237 1.4e—2133 / 9.0 2.0
M, 1.7e—3 5.9e—14 8.1le—56 2.8e—223 3.8e—893 4.0 18.8
r M: 1.3e—6 5.7e—46 1. 6e—321 2.6e—2250 / 7.0 18.5
Y M3 3.0e—4 1.5e—20 5.0e—102 2.0e—509 2.0e—2546 5.0 5.5
M, 1.2e—3 2.0e—25 4.5e—229 4.5e—2058 / 9.0 1.9
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