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Calculation Method of Neighboring Roots by Homotopy Method
with a Linear Fractional Transformation

HipEo Suzukit and HIDETSUNE KOBAYASHIH

We suppose that a system of algebraic equations have the roots located very close to each
other. It is difficult to calculate with high accuracy and separate those roots. The authors
have already suggested a method to apply the linear fractional transformation to coordinate
space of a system of algebraic equations. In this paper, we present a method to apply the
linear fractional transformation to a parameter of homotopy method. The homotopy with
linear fractional transformation is formally defined as a new homotopy. And the parameter
of this new homotopy is more close to terminal value (i.e. our method can improve precision
of path tracing). As a result, we describe that neighboring roots are separated.
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Fig.1 Transformation of homotopy parameter.
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Table 1 The results of the calculation of the homotopy method (Above: Casel, Below: Case3).

No. ooo At, As
1 (10.9901105452243354¢e-02, 0.3602038871632662¢-06) 0.12e-13
(10.9900990100170386e-02, 0.3495237769460635¢e-11) 0.12e-13

2 (10.9997641536548656e-02, -0.9802040798317101e-02) | 0.29e-13
(10.9998039596064615e-02, -0.9801999608345817¢-02) | 0.29e-13

3 (10.1970200808417726e-01, 0.9610680999219587¢-02) 0.10e-13
(10.1970206631368536¢-01, 0.9610764054879114e-02) 0.10e-13

4 (10.9998183014334596¢-02, 0.9801867608778251e-02) 0.14e-13
(10.9998039601523191e-02, 0.9801999606593496¢e-02) 0.14e-13

5 (10.1970204520013679e-01, -0.9611369947187651e-02) | 0.60e-13
(10.1970206631404729¢-01, -0.9610764061797965¢-02) | 0.60e-13
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Table 2 The approximate values of §.

No. Ada A& 8’
0.37822e-06 | 0.36829e-11 | 0.0000097375
0.40019e-06 | 0.40363e-11 | 0.000010086
0.10143e-06 | 0.10438e-11 0.000010291
0.19491e-06 | 0.19614e-11 | 0.000010063
0.60626e-06 | 0.60597e-11 | 0.0000099952
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Table 3 The results of the calculation of the homotopy method (Case2).

No. ooo At, As
1 (10.1000000002145254¢e-06, 0.2864254661591077e-15) 0.22e-15
2 (10.9999999885722997e-07, -0.1000000002587992e-06) | 0.88e-15

3 (10.1999999997811629¢-06, 0.9999999940376587¢-07)

0.33e-15




3120

goooooooo

04 0000000000O00O000O CaselO

Dec. 2003

Table 4 A part of the result of the calculation by the homotopy method (Casel).

No.

oo

ooo

At

1

0.2501365202998926e-05,-0.1443786266216703e-05)
0.2496440769299693e-05,-0.1443284623538097¢-05)
0.2499472187146005¢e-05, 0.1441183519795859¢-05)

0.144e-13

0.3336184182361535¢-05,-0.8991336668068385¢-10)
0.3332400452178496e-05, 0.2558438422167405¢-08)

(
(
(
(
(
(0.1665423361967430e-05, 0.2887283217104756¢-05)

0.157e-13

05 000000000000000 Case3O

Table 5 A part of the result of the calculation by the homotopy method (Case3).
No. oo ooo As
1 Uy (0.2499995846880142¢-05,-0.1443368460263711e-05) 0.144e-13

(0.2499995797733301e-05,-0.1443368455370725¢-05)
(0.2499991661464651e-05, 0.1443375650891860e-05)

(0.3333322250943274e-05,-0.1101863445828534e-14)
(0.3333322213131680e-05, 0.2580461346966993e-13)
(0.1666661098824608e-05, 0.2886741729095690e-05)

0.157e-13
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Table 6 The evaluation of § by proposition 4.3.
No. §

1 0.00001004
2 0.00001007
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Table 7 A part of the numerical solutions of the original problem.

Table 8 A part of the result of the calculation by the homotopy method (Case2).

No. oo gooo
1 T (10.2499999999999514e-11 , -0.1443375672974666e-11 )
Ta (10.2499999999999098e-11 , -0.1443375672973945e-11 )
T3 (1 0.2499999999999862¢-11 , 0.1443375672973583¢-11 )
2 T (10.3333333333334259¢-11 , 0.3208012382867999¢-24 )
T2 (10.3333333333333148e-11 , 0.3209741780895422¢-24 )
T3 (1 0.1666666666666296e-11 , 0.2886751345948771e-11 )

08 000000000000000 Case20

No.

oo

ooo

At

1

(10.2500000190217096e-11, -0.1443375696501511e-11 )
(10.2499999806129783e-11, -0.1443375671178702¢-11 )

(1 0.2500000000843050e-11, 0.1443375568544976e-11

0.10E-14

(10.3333333374659391e-11, 0.2801017621554906e-20
(10.3333333298048479¢-11, 0.4214700494651179¢-19
(10.1666666632975379¢-11, 0.2886751336747900e-11

)
)
)
)

0.22E-15
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