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Colums 1 through 12
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Colums 13 through 20
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Fig.1—1 A diagonal matrix A.
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»A(3, 3)=19,

»P=poly(A);
»XO=roots(P)

X0 =
2.000010533542072e+01
1.900020710635934e+01 + 2.254364619855954e-02i
1.900020710635934e+01 ~ 2.254364619855954e—-02i
1.699666111128294e+01
1.600892782173941e+01
1.498458467586702e+01
1.401903294759144e+01
1.298207451117433e+01
1.201311601995228e+01
1.0992777710796844e+01 »for i=1:%
1.000309251674159e+01 HETRYO=X0(1, 1)
8.999015130003038e+00 PHi==poly (A-eye(20 ) *HEIRYO),
8.000233560535481e+00 Xi=roots (PHi)+HEIRYC
6.999959988220620e+00 HEIRYO2=Xi(20, 1)
6.000004841132842+00 PHi2=poly (A-eye(20 ) *HEIRYOR)
4.999999593788566e+00 Xi2=roots (PHi2 )+HEIRYOZ
4.000000024046072e+00 enc
2.999999998959655e+00
2.000000000027119e+00 HEIRYO =
9.999999999998042e-01 '

2.000010533542072+01
H1-2 ZIRIf (X) ORX0 |

Fig.1—2 Computing roots of a polynomial
f(x)

Xi

9.999013776966486e-01
2.000854898592515e+0C
2.996651216971028e+0C
4.008021886553404e+0C
4.987273913033711e+0C
6.014611754047586e+0C
6.9875699986494 32e+0C
8.007916011270856e+0C
8.996053035017093e+0C
1.000150991102519e+01
1.099954903938499%+01
1.200010195272044e+01
1,299998329969355e+01
1.400000181346155e+01
1.499999988950425e+01
1. 600000000234255e+01
1.700000000003550e+01
1.899999986818776e+01
1.900000013181216e+01
2.000000000000000e+01

B2 —EREINERx0ZEARAVESTEEZTES 0O
IS LERR ‘
Fig.2 A recomputation programusing x0by
parallel translation and results.



HEIRYO2 =

2C

PHi2 =

Colums 1 through 3
1.000000000000000e+00
Columns 4 through 6
9.041110000000000e+05
Colums 7 through 9
1.978527493400000e+10
Colums 10 through 12
4.242441555337700e+13
Colums 13 through 15
1.105934961206136e+16

Colums 16 through 18

2.778166086034192e+17
Columns 19 through 21

2.461938485110272e+17

Xi2 =

2.000000000000000e+01
9.999742037662784e-01
2.000231213095038e+0C
2.999031823364181e+0C
4.002518723460726e+0C
4,995527937226120e+0(C
6.005766707976703e+0C
6.994516186094025e+0(
8.003873207349384e+0C
8.997948747819501e+0C
"1.000079891961485e+01
1.099977132788789%+01
1.200004740109502e+01
1.299999288143188e+01
1.400000077613111e+01
1.499999994128488e+01
1.600000000241327e+01
1. 699999999998925e+01
1.899999977560154e+01
1.900000022439822e+01

REBEWR £ 3 S

1..890000000000000e+02

3.402927400000000e+07

3.233748956620000e+11

3.433538721473510e+ 14

4.309584112833390e+16

4.258676158788814e+17

6.082255020441600e+16
3

1. 662700000000000e+04
9.408002980000000e+0€
4.160729477957000e+ 12
2.1990730666750439;15

1.274989576359639%e+17

4.269905143238822e+1"7

2 BIOFITRRENC XD ZIAER DR
Fig.3 Coefficients of a polynomial f(x) by two

times parallel translations.

& 4

for a root 20.

2 BIDOFEITRENC KD IR20MDETEHER
Fig.4 A result by two times parallel translation
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HEIRYO =

1.900020710635934e+01 + 2.

Xi

o b b e e o b S N OO U W W

.000007597957801e+00 +
.999930069040161e+00 -
.000295039682070e+00 +
.999247138548172e+00 -

.001298533976083e+00 +

.998409273345263e+00 -

.001424659689519e+00 +
.999055326720056e+00 -
.000462491263438e+00 +
.999833933469185e+00 -
. 100004271923355e+01 +
.000000000000000e+01 +
. 199999238684 385e+01 ~
. 300000089138082e+01 +
. 399999993638276e+01 ~
. 500000000251663e+01 +
. 5999999999901 7e+01 ~
. 700000000000037e+01 +
.899999999999766e+01 -
.900000000000234e+01 +

4,
3.
1
4.
7.

9.

9.
6.

3.
1.
3.
3
6
8.
7
3
6
1
2
2

254364619855954e-021

107262019589775e-071
828560327066854e-06i
643863612854971e-05i
284914565758427e-05i1
609757336289255e-051
645600613732500e-051
007812639789600e-05i
283432244060319e~05i1
258387922582331e-05i
252621429307862e-05i1
483112064897598e-06i1

. 122502256758253e~171
.792187362484359e-071

816537728703611e-08i

.055944630657285e-091
.110446136767031e-101
.286103582109348e-12i
.874869132835733e~141
. 732959067386354e-101
.732958859219536e-101

5 iR (19) [CXT D 1 EHDTHTBEICKLDIHER

Fig.5 A result for multiple roots x=19 by parallel translation.

e —1
Fig.6—1

Xi2 =

1

1
2
2
4
4
6
6
8
8.
1
2
1
1
1
1
1
1
1
1

.000000370661514e+00
.000008378102628e+00
. 9999231947264 78e+00
.000279962082855e+00
.999412980189598e+00
.000800229675971e+00
.999253569120278e+00
.000486117193374e+00
999778923786682e+00
.000006845292573e+01 ~
.000000000000000e+01 +
.099998635953692e+01 +
.200000151723843e+01 —
.299999995013791e+01 +
. 399999999427483e+01 -
. 500000000033086e+01 +
. 600000000001670e+01 +
. 699999999999925e+01 ~
.900000000000000e+01 ~
.900000000000000e+01 +

P+ 1 + 1 + | +

+

3.
3.
1.
3.
6.
8.
1.
5.
2.
1.
2.
3.
6.
9.
8.
3.

6.
3.
6.
6.

50166534 7528755e-091
335779659336736e-081
43685819434804 1e-07i
723428007389080e-071
48399299574 3192e-071
075338368395409e-071
423090316550840e-071
128113692940637e-071
690788975655656e-071
065879991812177e-071
261069754570508e—171
147787515288426e-081
712364003650370e-091
772161100103223e-1041
733498118061525e~-111
693818062936589e-12i
414064963191285e-15i
695169531461832e-151
5405868968209 74e-18i
540586741724609e-181
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A result for multiple roots x=19 by two times parallel

translations.



HEIRYO =

1.900020710635934e+01 - 2.254364619855954e-021

Xi=
1..000007597957801e+00 - 4.107262019589775e-071
+1.999930069040161e+00 + 3.828560327066854e~061
3.000295039682070e+00 ~ 1.643863612854971e-051
3.999247138548172e+00 + 4.284914565758427e-05i
5.001298533976083e+00 - 7.609757336289255e-051
5.998409273345263e+00 + 9.645600613732500e-051
7.001424659689519e+00 ~ 9.007812639789600e-051
7.999055326720056e+00 + 6.283432244060319e-051
9.000462491263438e+00 - 3.258387922582331e-051
9.999833933469185e+00 + 1.252621429307862e-05i
1.100004271923355e+01 ~ 3.483112064897598e-06i
2.000000000000000e+01 - 3.122502256758253e-17i
1.199999238684385%e+01 + 6.792187363484359e-071
1.300000089138082e+01 - 8.816537728703611e-081
1.399999993638276e+01 + 7.055944630657285e-091
1.500000000251663e+01 ~ 3.110446136767031e-101
1.599999999995017e+01 + 6.286103582109348e-121
1.700000000000037e+01 - 1.874889132835733e-141
1.899999999999766e+01 + 2.732959067386354e-10i
1.900000000000234e+01 - 2.732958859219536e-101
HEIRYO2 =
1.900000000000234e+01 ~ 2.732958859219536e-10i
Xiz2 =
1.000000370661514e+00 ~ 3.501665347528755e~-09i
2.000008378102628e+00 + 3.335779659336736e-081
2.999923194726478e+00 - 1.436858194348041e-071
4.000279962082855e+00 + 3.723428007389080e-071
4.999412980189598e+00 ~ 6.483992995743192e-071
6.000800229675971e+00 + 8.075338368395409e-071
6.999253569120278e+00 - 7.423090316550840e-071
8.000486117193374e+00 + 5.128113692940637e~071
8.999778923786682e+00 - 2.690788975655656e-071
1.000006845292573e+01 + 1.065879991812177e-07i
2.000000000000000e+01 - 2.261069754570508e-171
- 1.099998635953692e+01 - 3.147787515288426e-08i
1.200000151723843e+01 + 6.712364003650370e-09i
1.299999995013791e+01 ~ 9.772161100103223e-101
1.399999999427483e+01 + 8.733498118061525e-11i
1.500000000033086e+01 - 3.69381806293658%9e-121
1.600000000001670e+01 — 6.414064963191285e-15i1
1.699999999999925¢+01 + 3.695169531461832e-151
1.900000000000000e+01 + 6.540586896820974e—18i
1.900000000000000e+01 — 6.540586741724609e-18i

6—2 ERICHTSI1EOH. 2QBHOFTREICKLDEE
Fig.2—2 A result for another multiple roots x=19 by
parallel translation.
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RERFANZ LA U B AKX ORRE KUERIRZ RO DHMEH BC DI HREUEE

»A(2,2)=A(1,1);
»X0=roots (poly(A))

X0 =

9.999498212826085¢-01 + 2.000022746585358e+0 11

1.000050150050617e+00
9.999999997748182e+00
9.000000033018308e+00
7.999999810314311e+00
3.000000299237538e+00
7.000000589208924e+00
3.999999133820269%e+00
5.999998900657267e+00
5.000001264661974e+00

»for k=1:1C
HEIRYO=X0(k, 1)..
PHi=poly({A-eye(10)*HEIRYO),
Xi=roots(PHi }+HEIRYC

HETIRYO2=%1i(10, 1)
PHi2=poly(A-eye( 10 )*HEIRYOZ);
Xi2=roots(PHi2)+HEIRYCZ

enc

HEIRYO =

Xi

O, WWORU 3300

9.999498212826085e-01

.999999999980140e+00
.000000000099027e+00
.999999999804031e+00
.000000000199482e+00
.999999999887855e+00
.000000000034235e+00
.999999999994968e+00
.000000000000244e+00
.000000000003888e+00
.999999999961121e-01

HEIRYO2 =

Xi2 =

9.999999999961121e-01

.000000000002592e+01
.99999999988842%e+00
.00000000018714 1e+00
. 99999999984 5215e+00
.00000000006564 3e+00
. 9999999999864 78e+00
.000000000001225e+00
. 99999999999994 8e+00
.000000000000000e+00
.000000000000000e+00

N N N e PN Y- o

+ 1.
1.

+ + + + + +

+
+

+ 2.

+ + + o+ o+
Y e =l

+ 4+ + +F+

IS N N el ol el

999977248043963e+011
1000000004 76692e+0 11

1.199999996157251e+014
1.300000012569354e+011
1.800000028211130e+014
1.
1
1
1

399999981388673e+011

.699999952051131e+011
.500000003095681e+014
.600000031420765e+0 11

000022746585358e+011

.100000000004683e+0 14
. 199999999979332e+011
. 300000000037079e+0 11
. 399999999965367e+011
.500000000017887e+011
. 599999999995036e+0 14
. 70000000000064 6e+0 11
. 199999999999974e+011
.99999999999999 1e+0 11
.000000000000009e+0 11

.000000000000009e+011

. 160000000000595e+0 11
. 199999999997820e+011
. 300000000003855e+011
. 399999999995749e+01i
. 500000000002895e+011
. 599999999998907e+0 11
. 7100000000000189e+011
. 7199999999999990e+0 11
.000000000000000e+0 11
.000000000000000e+011
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7 FABEIDEVLE T ERR
Fig.7 A computed roots without
parallel translation.

8. 1

Fig.8—1

BIR (1+200) ICHTD
IERR

Results Xiand Xi2, for
multiple roots x=1+20i by
parallel translation.



HEIRYO =

Xi=

1.000050150050617e+00

.000000000001081e+01
.999999999955261e+00
.000000000071640e+00
.99999999994424 1e+00
. 00000000002 1296e+00
.999999999996727e+00
.999999999999981e+00
.000000000000027e+00
.00000000000064 5e+00
.999999999993551e-01

O WWA OO O @

HEIRYOZ2 =

Xi2 =

X8 .

9.999999999993551e-01

.999999999961295e+00
.000000000164176e+00
.999999999720657e+00
00000000024 3383e+00
. 9999999998854 14e+00
.000000000028099%e+00
. 99999999999 6886e+00
.000000000000101e+00
.000000000000000e+00
.000000000000000e+00

W WU a0 0

+ + + o+ o+ o+

DD = bt b s b pb b e

TR B T T T S SR

D DD b p f b p b b

REB®EMRA

. 999971724804 3963e+0 1i

. 100000000000752e+011
.199999999996620e+0 11
. 3000000000062 15e+0 11
. 399999999993898e+0 11
. 500000000003484e+0 11
. 59999999999884 1e+0 11
. 700000000000205e+011
. 7199999999999986e+0 11
.999999999999383e+0 11
.000000000000617e+0 11

.000000000000617e+011

.100000000001301e+014
. 1899999999944 34e+0 11
. 300000000009810e+0 11
. 39999999999079%e+011
. 500000000004855e+011
. 599999999998568e+0 11
. 700000000000216e+01i
. 799999999999988e+0 11
.000000000000000e+0 11
.000000000000000e+0 11

2 BR (1+201) [CXHTDHERR

Fig.8—2 A result for another multiple
root x=1+4+20i by
parallel translation

B 3 5
HEIRYO =
9.999999997748182e+00 + 1.100000000476692e+011
Xi =
9.999942617518052e-01 + 2.000000695670385e+011
1.000005738279759e+00 + 1.999999304324848e+011
2.999999999916064e+00 + 1.800000000013110e+011
4.000000000076984e+00 + 1.699999999987523e+011
4,999999999972487e+00 + 1.600000000004591e+011
6.000000000002473e+00 + 1.499999999999710e+01i
7.000000000000537e+00 + 1.399999999999792e+011
7.999999999999934e+00 + 1.30000000000003%e+011
9.000000000000000e+00 + 1.199999999999999%¢+011
1.000000000000000e+01 + 1.100000000000000e+011
HEIRYOZ2 =
1.000000000000000e+01 + 1.100000000000000e+011
Xi2 =
1.000000000000000e+01 + 1.100000000000000e+011
. 9.999945602126115¢-01 + 2.000000530872603e+011
1.000005439821475e+00 + 1.999999469124226e+011
2.999999999883081e+00 + 1.800000000010374e+011
4.000000000146187e+00 + 1.699999999987728e+011
4.999999999913916e+00 + 1.600000000006686e+011
6.000000000026491e+00 + 1.499999999998157e+011
6.999999999996021e+00 + 1.400000000000236e+011
8.000000000000195e+00 + 1.299999999999992e+011
9.000000000000005e+00 + 1.199999999999999e+011i
B9 10+MNCHTDHUELR

Fig.9 A result for x=10+11i by
parallel transiation. '
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ABSTRACT

A Method of Improvement of Errors in the Numerical
Computation of Polynomials with Real and Complex
Roots Using the Limit of Errors.

Isao Taguchi

Various errors occur in the numerical computation of roots of an integral equation f(z) =0
by computer-system, and roots change frequently from real to complex. In this paper, the
author discusses the improvement of individual roots and the case of real and complex roots,
and their multiple roots. Here, I use the notion of the limit of error and the iteration of para-
llel translation. Then the computation of individual roots is very improved. The results are

verified by simulation.
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