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ON A METHOD OF BL. SENDOV™

Nikolay Kyurkchiev

In this paper implementation of algorithm due to Bl. Sendov for approximate calcu-
lation of all positive roots of polynomial equations in MATHEMATICA package and
interesting numerical examples are presented.

A method, originally due to Bl. Sendov [1], for simultaneous approximate calculation
of all positive roots of the equation
(1) fl@)=ao+ax+---+apz™ =0
is based on the following theorem given by Poincare:

Let f be a polynomial with real coefficients. If k is a large enough natural number,

then the number of positive roots of (1) is equal to the number of changes in sign in the
sequence of the coefficients of the polynomial

g(x) = (1 + z)* f(x).
Let 0 <z <z <--- <zp, p<m be positive roots of (1) and
m-+k

(2) (L+a)ffx) = br(v)a”.
v=0

Let vg(1) denote the smallest integer for which by (vx(1)) > 0 and bg(ve(1) + 1) <
0, bx(0) = ag > 0. In general vk (s) is the smallest integer for which

(=1)° " bw(vi(s)) 2 0,

(71)5711)]9(1/;3(8) + 1) < 0.
Then we obtain the numbers
(3) (1), vk (2), ..., vk(S).
According to Poincare, there exists a number kg = ko(f), such that for every k > ko,

we have s, = p, where p is the number of positive roots of (1).
The numbers (3) satisfy (see Sendov [1]):

vi(s) ve(s) +1
) ) 51 S SR S
(5) lim i (s) = lim &(k,v, s) = s,

k—oo k — I/k(s) +1 k—o00
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flzs)=0,8=1,2,...,p.

For other results, see [2]:

v v -1 1 k
6 li — bl - = li —
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(kfqul)

flzs)=0,8=1,2,...,p.

Implementation of Sendov’s method in MATHEMATICA package ([3]).

Print["The Sendov algorithm:"]

k = Input["Input value of k:"];

Print[k];

v = CoefficientList[ (1 +x)* (x®-15. x* +85. x*-225. x* + 274. x - 120), x];

step = k;
n=1;
i=1;
key =1;

While[key = 1884 <Ky

If[v[[i]] <0&&v[i+1] >0,

Print["The change in sign in the sequence (3):"]

Print[" v", i-1, "=", y[i], " v", i, "=", v[i+1]];
Print["Root: \!\(\*FractionBox[\(v\), \(k - v + 1\)]\) (see (5))"]
i-1
Print H
I—|
i-1

Print[N[k_i]];

If[vl[i]] > 088 v[i+1] <O,

Print["The change in. sign in the sequence (3):"]

Print[" v',i-1, "=", VIIi]]I woyn, i, "=n, V[[i+1]]],'
Print["Root: \!\(\*FractionBox[\(v\), \(k - v + 1\)]\) (see (5))"]
i-1
Print ;
sne[ ]

Print[N[i:i”;

i

1++;

]

plot[x5-15. x* +85. x> -225. x> +274. x-120, {x, 0., 6.)]
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The Sendov algorithm:
100000
The change in sign in the sequence (3):

v49998=-1.008858415x 10°°°7 v49999=1.411385374 x 103997

Root: S (see (5))
k-v+1

16666

16667

0.99994

The change in sign in the sequence (3):

v66665=8.82008309 x 1027 %7 v66666=-2.19696288 x 1027637
v
Root: ———— (see (5))
k-v+1

66665

33334
1.99991

The change in sign in the sequence (3):

v75000=-1.12889828 x 10%441® v75001=1.24036907 x 1024415
v
Root: ————— (see (5))
k-v+1
25000
8333

3.00012

The change in sign in the sequence (3):

v80004=4.0287481 x 10?7?* v80005=-6.35755930 x 1021723
Vv
Root: ——— (see (5))
k-v+1
26668
6665

4.0012

The change in sign in the sequence (3):

v83344=-2.49624133x10°°%® v83345=3.66279672 x 10*°°%*

Root : A (see (5))
k-v+1

83344

16655

5.00414
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Sendov’s method can be applied to elegant study of financial and balance flows and
determination of relevant solutions when studying investment projects — see [4] and [5].
When this methodology is implemented in MATHEMATICA programming enviro-
ment the user did not receive the required information for the maximal polynomial degree

when he apply the operator CoefficientList|. . .].
This is evident from the comment’s message of our chosen parameter k = 120000:

The Sendov algorithm:

120000

No more memory available.
Mathematica kernel has shut down.
Try quitting other applications and then retry.
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BBbPXY EJAVNMH METO/I HA BJI. CEHI0OB

Hukounaiit Kropkuuen

B Tasu cratms ce pasriexjga UMIJIEMEHTUPAHETO B IpPOrpaMHaTa  Cpeja
MATHEMATICA na enuna meron Ha CeHI0B 38 HAMUPAHE Ha BCUYKHU IOJOXKHUTETHN
KODEHU Ha ajrebpudeH MmoJmHOM. MeTonbT HaMupa eJIEFaHTHO NPUJIOXKEHUE TIPU W3-
caenBane Ha (PUHAHCOBO-0AJIAHCOBU IIOTOIU U OINPEE/ISHE HA PEJIEBAHTHU PEIICHUsI
IIpU U3CJIeABaHe HA MHBECTUIMOHHU IIPOCKTH.
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