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A portéble solution for an algebraic equation of free-form shape
Hideaki Itoh

Software Research Associates, Inc. ,k
1-1-1, Hirakawa-cho, Chiyada-ku, Tokyo, 102, Japan

In geometric operation of free-form shape, non-linear problems, such as interference, are usually solved by the
iteration, based on Newton-Raphson method. However, it is generally dlfﬁcult to find appropriate initial values,
and the presence of irregularity ledds the iteration process to the dead-end.

If the non-linear problem is expressed by an algebraxc equation, Durand-Kerner’s method is applicable to get all the
complex roots. This paper discribes the relation between real and imaginary parts of these roots, and the reasonable
condition for selecting real roots with tolerance out of them.

By applying the obtained knowledge, a portable solution is realized for a class of non-linear free-form shape
geometry problems, that eliminates case-by-case consideration about the mmal value setting and irregularity han-
dling.
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WuE | Newton-Raphson Durand-Kerner
i (3*n"+n)tJ (6*n"+2*n)*J
P (@*n+n)es (5*n’+4%n)*T +n+1
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_— PR E TOREEEK FRENSR) ($)
Newton-Raphson Durand-Kerner | Newton- Raphson | Durand-Kerner

3 7.1111 5.3333 0.0233333 0.016666
4 9.25 7.3333 0.0433333 0.033333
5 13.8 9 0.0966667 0.086666
6 16.3889 10.6667 0.146667 0.133333
7 12.2857 8.6666 0.166667 0.163333
8 18.0833 11,3333 0.376667 0.243333
9 23,7778 14.6667 0.536667 0.35

10 22,5333 13.3333 0.62 0.45

11 28.9091 16.6667 0.936667 0.693333

12 30.9167 18 1.21 0.966667

13 31.2307 19.6667 1.49667 1.13

14 23.2381 15 1.37 0.956667

15 31.4445 18 2.15333 1.44667
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F(x)

B3—A
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j=0
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2%,
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F(x +iy) = Fp(x,y) + iF (x,y)
P

Fo (%,5)= 3 ((-1f =y
k=0

) (3-3)
(2k)!

4




q 2-1)
F
Fu(xy)m S (pttey2te 00
o (2%-1)!

(pﬁn%2?ﬂokﬁ QUpiznt 2TH-LRNERLELO.
FOu F o | mam)

ELTEM x, ¥ 2 X, ¥, #RATZE (3-3), 3-4)i3 3-2) XV

S ()frr¥r——)=0 (3-9)
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(2%k-1)!

k=1

sblezhen F (X)), FO (X )icaBELT

» . F®(x)
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CORBETHBOGRREREIDS.

(-2,19).....(2,10)

A
%% B
i A = (1.995,10), (5.005,-10)
#ig B = (-10,5.005), (10,5.005)
(-5,-10) (5,-10)

4 —B ( 3k Bezier ihif L HiR A, B)
4 -BOBEMKA, BIZKBHCIZ Bezier L NRAEFHL L WHIBIEERDH S BEHIZVWATHS.
FPEHRA L Bezier L DZATHBH, ZORBHBERIKEY 6 XKTEXP LML TORMER>.
3.91141, 23.5858, —34.9671, —173.492, 435.869, —352.79, 97.883

ZhizHI 2 ERBE,
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(0.998787 0.0203545), (0.998787 0.0203553), (—5.01257 —9.25098e —13),
(—5.01257 8.42098e —12), (0.998787 —0.0203545), (0.998787 —0.0203552)

E%B. SORTREN Beier 2,17 4~ KA (07 1) LA T30k (0.998787 *0.020355) T, = Wiz
weo F,FO =12 8100 (3-7), 3-8) 0BU0RADES R4 —CTH 5.

F = 2.426383919¢ —
F = 8.079802754¢ —06
F@ = 0.234251043

(3-7) (3-8

k=1 | 4.85293422536974e-05 | 1.61529237919092e-05
£l k=2 | -2,42657812692218e-05 | -8.0731207667013e-06
k=3 [ 2.78221996536436e-10
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CHIZH L TERB L DX EDRBEEADEXK 2 DORDRBA 0 (2B DTREAN 4 KL VEKPSM
CUToRKE#H-. .

3600, —7200, 5400.6, —1800.6, 225.15
ELTHEERS,
(0.5 0.00912871), (0.5 0.00912376)’. (0.5.—0.00912871), (0.5 —0.00912874)
THY. coMionTo F,FO[1=12]1 BX¢ (3-7), (3-8) pEAOEEORIIRA D E%B.
= 2.500000024¢ 05

F“’ = 3,593575224¢ —07
F® = 1.200000004

G (3-8)
k=1 5.00003873379141e-05 | 3.59359463399466e-07
k=2 | -2.50003871779068e-05
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