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Abstract

An iterative method for finding a root of analytic function f(z), real valued on real axiis,

is described.

We combine the cubic interpolatory iteration and Newton method to modify the conver-

gence, as stated below.

Let 20 be an approximation of the root { of f(z) and g(z) be cubic Hermite interpolating

polynmial of f(2) on two points zo and its complex conjugate Zo.

If =zo is sufficiently close

to { such that zo satisfies convergence theorem of Newton iteration owing to Ostrowski?,’

then we have Newton iteration.

nearest to zo as the next approximation of {.

Otherwise we solve ¢(2)=0 and take a root z: of g(z)

Replacinp z1 by zo, we continue the same operation.

As an example we apply this algorithm to algebraic equations with real coefficients.
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#£1 (6d) O (Roots of (6d))
degree | read roots cmoplex roots

4 0. 50000 0. 50000+ 0. 50000

5 0.62273 0.68863+¢ 0.41002

6 0. 69586 0. 777074+ 0. 33867

7 0, 74494 0. 82753+ 0. 28683

8 0. 78029 0.85986+1 0.24826

9 0. 80698 0.88222x¢ 0. 21864

10 0. 82787 0.89856+: 0.19525

50 0. 96762 0.98494+4 0.36728

100 0. 98392 0. 99273+ 0,01822
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M2 OF—F—L13BE, BWEEK f(z) OFHEHE
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MO HHEE) KX AMEIRELL S,
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V) & f(z) BIREMND BV (L) &S,
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# 2 EEER (Time, msec)

degree (a) (b) (¢) (d)
10 22 13 22 14

20 Y4 44 59 53

30 143 88 122 84

40 218 143 225 131

50 337 209 303 203

60 289 358 304

70 382 481 433

80 183 601 530
100 over flow 841 904

NEAC-2200 model 700. Single precision.

% 3 FEHRHEOE (Average number of

iteration for one root)

degree | (a) | (b) (¢) (d)
10 5.4(3.1) 3.4(1.0) 4.9(2.3) 3.3(1.3)
20 5.8(3.7) 3.6(1.3) 5.1(1.7) 4.6(L.7)
30 5.9(3.6) | 3.9(1.5) | 6.0(2.4) | 4.2(L.1)
40 5.8(3.5) 3.9(1.5) 6.3(2.3) 3.9(1.2)
50 6.3(3.6) | 3.8(1.5) | 6.0(2.4) | 4.2(1.4)
60 3.9(1.5) 5.4(1.8) 4.7(1.8)
70 4.0(1.6) | 5.3(2.2) | 5.1(1.9)
80 4.0(1.6) | 5.4(20) | 5.1(1.9)
100 5.0(21) | 55(1.9)
Figure in ( ) shows the average number of solving the cubic
equations.
etiCima k=1,2, - n/2.
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3.

Tk a=%n iIcE -t
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T2, —REHBICE ->T 21, 22, 3, 74, % 1,

B, 02, B2, ICHIGEE D,
TNRBEICRED I VWRIETH 3.
(a),(b),(c), (d) itBF 2% f(z) DREIIE

RTEHEL, MEIZAWI, Ch5OMBEAER 7)

LHa7ul 7o tk-THROEERE T LD TR

ER
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. % 4 B ARERH (Maximum number of
iteration)

degree (a) (b) l (c) (d)

10 6 4 13 7

. 20 12 4 15 19

30 16 4 28 12

. 40 15 4 33 12

i 50 18 4 24 12

. 60 4 23 17

r 70 5 19 25

80 5 2% 24

100 17 24

FX

. % 5 BAKOZH¥ (Maximum condition number)
e — R — —

. degree | () | () | (o) l (d)
) 10 5.83%105 | 4.51x100 | 5.36%100 | 1.97x102
~ 20 L.31x10° | 1.76x102 | 7.55x102 | 2.23X10
20 1L91x1010 | 2,51x102 | 2.25x105 | 1.73x10¢
- 40 2, 63)(10‘0‘ 2.75%102 | 8.86x107 | 2.21x100
50 1.62X101; 2.87x102 | 8.16x10%, 1.83x10°
x 60 2.98x107 | 2.26Xx100| 1.96x107
70 3.08x102 | 2.27x101| 1.25x104
3 80 3,18X107 | 9.90%1010 | 9 73x10%

100 i 1.20x 101 *

* On some approximate roots, conditon number can not be
defined for original polynomial.
-~
CNOOYIEEBRD SR O T LRI S &
3.

¢ PN HHIERIIC LR FOHEIC B 5 S

FERANCIIREODLZVEETHR I TV 3,
SRS, 1343 n® AT 5.
RENDZFHE, —BYOOEYREEIKRE 3K

- Xoe i PHERIMA ZEMICH B, Lizhs- Tat
BRI FERSENERT (F2, £3).

»

3Rz~ P HEMEBECESSROHESE 259

—ED n B TRAFTERM & B/NTERHED L
i3, RECX LD LICEFELL 2487 L3,
Uh LEAREREIR, REOX LS LICE LSEE
Ahs (£4,%5) CDTER, TCTRNIHE
DORBIEBIC DO TREBE > TVWBEZ EERT

ENTERZ
Vs WD,

AHFO®RGD, REZKOEILFATERLTOE
%, FIEAREIOXR 4) 2HZ TOIIKENT
I EEBTHWBEZEANELTERDTZ E
Hiehz 5.

& E X ®

1) Hitotumatu, S.: A Method of Sucessive
Approximation Based on the Expansion of
Second Order, Mathematica Japonicae, 7
(1962), pp. 81-50.

2) Ostrowski. A. M.: Solution of Equations and
System of Equations, Academic Press, Inc.,
2nd edition, 1966, p. vii and pp. 59-66.

3) —ME : BUMRRYT, BERREEHIS:, W 46, pp-
140-143.

4) Adams, D.A.: A Stopping Criterion for
Polynomial Root Finding, Technical, Report,
CS 55, Stanford Univ. (1966).

5) Wilkinson, J. H.: Rounding Errors in Alge-

braic Processes, Her Majesty’s Stationary

Office, 1963, pp. 11-13.

WWTFHE—BB, Erraith : @RRETEXDORD

HERA DT, E8ROE, 7 (1966) pp.

197-201.

BE#E, #HH%T . 3 — MRHEC

O HEEREOTREAOME, HHRLA, 14

(1973) pp. 288~289.

(P47 48 B 3 AZAD)

6

~

7

-



