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1. Introduction

A very fundamental and a centuries-old topic in the field of numerical analysis is to find the zeros
of a single variable polynomial equations. As Galois theorem states that for the polynomial
equation that have a general solution are those of degree less or equal to four. Thus, we turn to
iterative approaches to find zeros of a non-linear polynomial. In the literature of finding the
roots of a higher degree equations, Halley, Chebyshevand Super-Halley method are very effective
third order iterative methods. Osada [10]], Neta [8], Chun and Neta [2]], Ren and Argyros [13]],
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Ivanov [[7], Das and Kumar [3] and numerous other researchers have established iteration
procedure to solve a non-linear equation with multiple zeros.

For multiple zeros, Chebyshev method ([1,9,14]]) has the following form:

2 hs) (3=p , h(s) B (s) oy
e(s): 8_7}1,(8) ( + R'(s) h,(S)) lfh (S)'#O, (11)
S, otherwise.
For multiple zeros, Halley method ([5,9, 14]) has the following form:
-1
_(RHLA(s) _ 1R"(s) .
His)=4{"° ( 3 his) 2 h’(s)) , if h(s) #0, w2
S, otherwise.

For multiple zeros, Super-Halley method ([4]) has the following form:

- [ k] iR 20,
1=30e) W)
s, otherwise.

S(s) = (1.3)

In this article, we have merged the above three third order iterative techniques to form our
CHS Mean Method.

Convergence of the Picard iterative technique
spr1=Tsp, k=0,1,2,..., (1.4)
where T : D — M is the function of iteration, has been studied by Proinov [[11,12] and thereafter
Ivanov [6]. Also, they have used two kinds of initial conditions in establishing the convergence
theorem. Here in this article we observe convergence of our mean iterative approach with help
of same initial conditions.
This article is constructed as follows: In Section [2| we have structured our CHS Mean
iterative method. In Section |3 we have showed local convergence of our proposed CHS mean

iterative approach for a polynomial which has multiple type zeros using two different kinds of
initial conditions.

2. Construction of the Method

In this section, we have structured our method by using three third order methods Chebysheyv,
Halley method and Super-Halley method. We have structured our CHS Mean Methods in
the following form:

_p h(s) 3=p | h(s) h(s)) _1(p*1lh/s) _ 1A"(s) -1
$ &\ 2 TR R ) 3\ 2p Als) T 2 H(s)
TO= &% ( rwund b ) it h(s) and /() 20, 21

otherwise.

The set D is the domain of our mean iterative function 7' (2.1) and given by following:
h(s) h'(s) p+1h'(s) 1R"(s) 750}

#0 and

hi(s) B/(s) 2p h(s) 2 HR(s) 22)

D:{SEF:h(s);éO,h'(s);éO,l—
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3. Local Convergence

Let F be a field, which has the norm || and F[s] be the ring of polynomials. Let A(s) be
a non-linear polynomial of degree q. Let F' has all the zeros of A(s). Suppose ( is a zero of A(s)
having multiplicity p. We will use the function of initial conditions I to prove the convergence
of the CHS mean iterative approach and is defined as follows:
(s =)l

q
where d is the distance from { to the closest zero of A, if { is the sole zero of &, then we assign
I(s)=0.

I(s)=1Ip(s)= (3.1)

Lemma 3.1. Let F contains all zeros of h, where h € F[s] is a non-linear polynomial of degree
q (=2). Let the zeros of h(s) be (1,...,{s and p1,...,ps, respectively be the multiplicities of the
zeros. Then

(1) Forany i=1,...,s, we have the following:
h'(s) pi+a;

hs)  s—(i
where a; =(s={)) ¥ o, h(s)#0, s€F.
J#i
(i) Foranyi=1,...,s, we have

h'"(s) _ (it a;)? = (p; + ;)
h'(s) (s={i)p;+a;)
where Bi =(s— ;)2 Y —2L, h(s)#0and h'(s) #0, seF.
J#L

(s=¢;)%’

Proof. (i): From

h'(S)_ 5. pj
h(s) jzls—(j’
we have

h’(S): > _Pj _ Di £y pj
h(s) jzls—(j s—(; j;éis_(j

_bita;

s=(;’
where a; = (s—{;) ¥ 5.
7Y

This proves (i).

(i1)) We will use the following identities to prove (ii).
h'(s) h'(s) h(s) & Py S P pi+Pi
e he e 5e0F ™ LG T 6 0r
Using the above identities and the identity in (i), we get the following:
R'(s) _ (pi+ai)*—(pi+ )
P(s)  (s={)pit+a)
where ,Bi:(s—Ci)2 2 PJ O
J#1

(s—={;)?"

Commaunications in Mathematics and Applications, Vol. 16, No. 1, pp.|143 , 2025



146 Mean Iterative Approach for Multiple Polynomial Zeros and Convergence: R. S. Das and A. Kumar

Lemma 3.2. Let s, ( € F and (1,...,{s € F be the zeros of h which are other than (. Then
ls=C;1=(1-1(s)d, forany j=1,...,s, (3.2)
where I . F — R is given in (3.1).

Proof. Clearly d <|{—(,|,forall j=1,...,s.
Consequently, following can be obtained by employing the triangle and the aforementioned

inequality.
ls=Cil=10-Cj+s=CI=I0-C;l—Is=C1=(1-1(s))d. O

3.1 Local Convergence Theorem of First Kind

Let A be a non-linear polynomial of degree g in the ring of polynomial F(s). We use the previously
defined function of initial condition (3.1), I : D — R, to prove the first kind convergence of
the CHS Mean Iterative approach (2.1).

We now define two functions ¢, and ¢ and are defined as following:
2(g—p)l’u+plg-p)8q-2p)1-u) ,
2(p —qu)® v

q(g-p) 2
qBp-qu?-2p(p+qu+2p?
One can easily show that ¢, is a second degree quasi-homogeneous on [0, {;’). Clearly, ¢y, is a

2

q+p+ \/(q’ip)(m)'

Here, we will define two functions ¢, and ¢4 and they are define as following:

(3.4)

op(u) =

second degree quasi-homogeneous on the interval [0,

2 —
()bsn(u):(q_p)(%-i_q)uQ, (3.5)
20p — 2p —q)u?-2
Psq(u) = (P~ qu)( pl_qliu pu+p). (3.6)

Clearly, the function ¢, is positive on [0,1). One can easily show that ¢, second degree quasi-
homogeneous function on [0, 1). The function ¢4 is decreasing and positive on the interval [0, 1),
where 7 is defined below:

{%, if g =2p, .

T= . .
p+\/§(q—p)’ itq<2p.

With the help of (3.5), and (3.7), we have defined a function ¢ : [0,7) — R and which is
defined as follows:
bsn _ (g —p)g+(q—2p)u)u?
$sa 2(p—qu)(2p—q)u?-2pu+p)’
Using the properties of quasi-homogeneous functions mentioned in [12], we can say that ¢; is a
second degree quasi-homogeneous function on [0, 7).

Using (3.3), (3:4) and (3.8), we have defined a function ¢ : [0, —2——) — R, which is

Ps(u) = (3.8)

p+v/(g—p)p
basically the mean of the three functions ¢.(u),p,(v) and ¢s(v) and is defined by
_ (pc(u) (Ph(u) (,bs(u)
P(u) = 3 tTg tTg (3.9)
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As ¢ (u), ¢p(u) and ¢pg(u) all are quasi homogeneous functions of second degree, therefore ¢ is
1 dd i-h the int 1[0, —2—).

also second degree quasi-homogeneous on the interval | " \/m)

Lemma 3.3. Let F contains all zeros of the polynomial h(s) € F[s] and { be one such multiple

type zero, which has the multiplicity p. Let s € F satisfies the following

p

p+vpl@-p)

where I is given by equation (3.1) and the value of 11 is defined by the above equation (3.10).

Then, the following holds:

(i) s liesin D, where D is the domain set (2.2) of the method.
(1) |Ts—{] < pI(s))|s -, the function ¢ given by equation (3.9).

I(s)<t1= (3.10)

Proof. Let s € F such that the inequality holds. If s={ or p=q orboths=( and p=¢
holds, then T's = {. Therefore, both of the lemma’s claims are true. Now, we will consider
the remaining case, i.e., s # { and p # q. Let us suppose that (1,...,{;, is the collection of all
different zeros of the non-linear polynomial 4 and let p1,...,p,, be the respective multiplicity of
the roots. Let { =(;, p = p;, a =a; and B = B; for some i (1 <i<m), where a; and B; defined in
Lemma

In order to establish (i), we have to show that A(s) # 0 and //(s) # 0 implies 1 — 248 R 2

h'(s) h'(s)
1 ! "
and B8 - 355 # 0

Using Lemma [3.2]and (3.10), we get
ls={;1=(1-1(s)d >0, (3.11)

for all j # i. The above inequality (3.11) guarantees that h(s) # 0. Hence from Lemma (3.1}
we can have

h'(s) p+a
s _—s—(’ (3.12)
where a =(s—{) }_ Slj’é,.
J#i Y

Consequently, the following can be obtained by employing the triangle and the aforementioned

inequality (3.11),

B Pj s =l _(g=p)(s)
=l = Tt 5T 1)

With the help of triangle inequality and (3.13) and as I(s) <71 < g, we get the following:
_(g-pIGs) _ p—ql(s)

(3.13)

+alzp-lal= = 0. 3.14
lp+al=p-lalzp-—=—7"5 =1s) (3.14)
This shows that p + a # 0. Hence A/(s) # 0.
Therefore, Lemma [3.1] gives us
)X 2 _
(s) (p+a)—(p+p) (3.15)

R'(s)  (s-Op+a) ’
where ,B:(s—()2 y Py
J#i

(s=(;?"
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Using the equation (3.12) and equation (3.15), we get
_ h(s) h(s) _ 1_(S—C)(p+a)2—(p+,6) _ p+p
h'(s) h'(s) p+ta (s-Op+a) (p+a)?
Following estimate can be obtained with the help of triangle inequality, equation (3.11) and

I(s)< T1,
(g - p)(s)* Psa(s))
<—"""" and [p+Blzp-1Bl= >
= 2 PP IPl= o Tena -1
From above, we conclude that
_ h(s) h''(s) .
h'(s) h'(s)
Now it remains to prove that %}1% - %% #0,
p+1h’(s)_1h”(s) 21 p+a+p+,3 1
2p h(s) 2h'(s) 2\ p pta)s—(
_ (1 s a’+pp ) 1
2p(p+P))s-¢
_ 1+0p

s—(’

(3.16)

(3.17)

where
o = a’+pp
2p(p +p)
Now,
a®+pp | _laP+plpl _  qlg-p)Is)®
2p(p+P)| " 2plp+P) ~ 2p(1-1(s))(p—ql(s))

lopl =

Now,
1 qg-pIs)*  qBp-I(s)*—2p(p+q)(s)+2p®
2p(A-I(p—ql(s) 2p(1-1())(p — qI(s))
The above inequality assures that 1+ o # 0.
Consequently, s € D. This ensures the proof of the first portion of Lemma
To prove (ii), we use the recurrence relation of our method,
3 p2 h(s) (3—p h(s) h”(s)) 1(p+1h’(s) lh”(s))_1 h(s) (
Ts—({=s—(—— + - - = - p+
p  h'(s) h'(s) 2p h(s) 2 h/(s) 6h/(s) 1

6 h'(s)
P il 9 _p3(@+aP-p+P)] 1s-¢ (s=0
3 2 (p+a) 31+0, 6(p+a)
_s—{ o +(s—()2(p+a)3—3p(p+a)2+p2(p+/3)+(8—C)
3 1l+oy 3 2(p + a)? 3
_s=C on_ (5-0[2a°+3pa®+p?p| (s=()[2ap+pp-a’
3 1l+oy 3 2(p + a)? 3 [2p+a)p+P)

=o(s—0),

> 0.

[1+opl=1—|opl=1

3

— hls) h”(s))
R(s) 7'(s)

(p+a)?
p+p
B 2p2+pp+2pa+a?
20p+a)p+P)

1
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where
1( oy, '2cx3+3pa2+p2,6 2a,6+p,6—a2
o=— . (3.18)

3 [1+0 2(p +a)3 2(p+a)p+P)

To find the estimate of |o|, we use (3.13) and (3.14),
|U|<1 o +‘ 2a3+3pa2+p2,3” 2af+pp - a? )

“3\|[1+0p 2(p +a)? 20p+a)p+pP)

_1 [ o] 2Ial3+3p|a|2+p2|ﬁ|] 2|allpl +pl Bl +lal? )

3\ 1-onl 2|(p + @)|? 2|(p + a)ll(p + Pl

(g-p)I(s))> (@-pI))? | 2(g-pI(s)>
- l q(q —p)I(s)2 2( 1-1(s) ) +3p( 1-1(s) ) TP 1)
" 3qBp-I(s)?-2p(p+q)(s)+2p? 6 (p—ql(s))3
1-1(s)
(@-pIs) (q-p(sP | (q=pIs) _ ((g=p(s)\?
27TTe 17 TP I ( 1-1(s) )
62=als) __ 0q(s)
1-I(s) 2(p—qlI(s)(1-I(s))
1

= g[(l’h([(s)) + p(I(s)) + ps(I(s))]

= ¢p(1(s)),
which proves (ii). O

Theorem 3.1. Let F contains all zeros of the polynomial h(s) € F[s] and { be one such multiple
type zero, which has the multiplicity p. Let so € F satisfies the following initial condition

I(sg) <11 and ¢(I(sg)) <1. (3.19)

Equation (3.1) defines function I : D — R, and equation (3.9) defines function ¢. Then following
holds.

(1) The method is defined, has an order of convergence of three, and converges to (.

(i1) The error estimations are as follows:
Ism+1 = < ¥ s~ and 15, — {1 < @ V2|50~ ¢|, forallm=0, (3.20)
where 1= p(I(sg)).

(i1i) Following provides a posteriori error estimate,

lsm =12, forall m=0, (3.21)

1
sme1 =1 < s

here R is the unique solution of ¢(t)=1in (0,71).

Proof. Lemma [3.3|and [6, Theorem 1] gives the proof. O

3.2 Local Convergence Theorem of Second Kind
Let F be a field, which has the norm || and F[s] be the ring of polynomials. Let A(s) be
a non-linear polynomial of degree q. Let F' has all the zeros of A(s). Suppose ( is a zero of h(s)
having multiplicity p. We will use the function of initial conditions I to prove the convergence
of the CHS mean iterative approach and is defined as follows:

(s =)l

I(s)=1In(s) = o)

(3.22)
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where p(s) is the distance from s to the closest zero of 2 other than (, if { is the sole zero of 2
then we assign I(s) =0.
We have defined three real valued functions 9., 95 and 9. For ¢ > p = 1, the functions are
defined as follows:
2(q - p)°u® + p(q — p)Bq — 2p)u*

9e(u) = , 3.23
@ 2p —(g-pu) (523
O (u) = a(g —plu” (3.24)
2p?—2p(q — plu—q(q - p)u? '
and
_ _ 2
0.(u) = (g —p)g+2(q-pluu (3.95)

~ 2(p-(q-pu)p—(q-pu?)
Above defined three functions are quasi-homogeneous functions of second degree on [0,72),
where 79 is defined by
2p
Tgo = .
q+vq%+4(q - p)?

Therefore, a real valued function can be defined using the above three real valued functions.
Let 9:[0,72) — R be the function defined as follows:
9c(w) Ip(w) Is(u)

Nu) = 3 + 3 + 3 (3.27)

As all the functions 9.(u), 95(u) and 95(u) are quasi-homogeneous of second degree, hence 9 is

(3.26)

also a second degree quasi-homogeneous in [0, 79).

Lemma 3.4. Let F contains all zeros of the polynomial h(s) € F[s] and { be one such multiple
type zero, which has the multiplicity p. Let s € F' satisfies the following:

I(s)< 19, (3.28)
here I is given in (3.22). Then
(1) se€D. Here D is the domain set of the method.
(1) |Ts—{| <9 (s))|s—|, where the function 9 is defined in (3.27).

Proof. Let s € F such that the inequality hold. Now if s =( or p = q or both s =( and
p = q are true, then T's = (. Therefore, both of the lemma’s claims are true. Now, we will consider
the remaining case, i.e., s # { and p # q. Suppose (1,...,{ is the collection of all distinct zeros
of the non-linear polynomial 4 and let p1,..., p, be the respective multiplicity of the roots. Let
(={;,p=pi,a=a; and = f; for some i (1 <i<m), where a; and f; defined in Lemma [3.1}

In order to establish (i), we have to show that A(s) # 0 and #/(s) # 0 implies 1 — 248 W) 4

R (s) h'(s)
1 ! n
and sz; }}LL((;)) - %}}LL’((;)) #0.

For each j #i we have the following

Is—(;1 = p(s) >0, (3.29)
which shows that A(s) # 0. Hence, Lemma [3.1] gives
!/
h'(s) _p+ a’ (3.30)
h(s) s—(
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where a =(s—{) }_ s’i’(AA.
J7 TS

Applying the triangle inequality and (3.29), we get the following inequality,
pj s —{l
lal < Is = < pj=(q—p)(s).
jz;,gils—(jl p(s) ]Z# ¢
Applying the triangle inequality, inequality (3.31) and I(s) < 79, we get the following:

lp+alzp—lal=p-(q-p)(s)>0.
This guarantees p + a # 0. Hence A'(s) # 0.
Therefore, Lemma [3.1| gives us the following:

R'(s) (p+a)*—(p+p)

R(s)  (s=Op+a)

(e _ 72 pj
where f=(s—-{) Jéi (s_(fj)g.
Using (3.30) and (3.33), we deduce the following:

h(e) h'(s) | (s=O@+a)*~(p+p) _ p+p

T R(s)R(s)  pra G-Op+a) (p+a)?

(3.31)

(3.32)

(3.33)

(3.34)

Therefore, by triangle inequality, equation (3.29) and I(s) < 79, we arrive at the following:

181 <(q—p)I(s)* and |p + pl = p— |l = p— (g — p)I(s)* = 0.
Applying inequality (3.35) in equation (3.34), we get
h(s) h'(s)

- >
h'(s) h'(s)
Now it remains to prove that 2t 26 1276

2p h(s) 2 h'(s)
p+1h/(s) 1h"(s) 1 p+a+p+.3) 1

2p h(s) 2h'(s) 2\ p ptals—(
2
:(1+ « +pﬁ) 1
2p(p+p)) s—¢
_ 1+o0p
-,
where
o = a2+p,3
" 2p(p+p)
Now,
oy = | ZHPB | _lalP+pIBl _ alg-p(s)?
N epo+ P = 201+ B - 20016 (p - ql(5)
Now,
q(qg — p)I(s)? g(Bp —)I(s)? —2p(p + @)I(s) +2p?
1 >1- >1- =
ronl = t-lon == o —qle) 20(1—1()(p — q1(s))

Hence 1+ 0 #0.
Consequently, s € D. This conclude the proof of (i).
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To prove the second part we use the recurrence relation of our method,

Ts_(:s_(_pj h(s) (3—p RO h"(s))_l(p +1A/(s) _lh”(s))_l_ h(s) (p+ 1 )
6 h'(s)\ p A (s)h'(s)] 3\ 2p h(s) 2h'(s) 6h/(s) 1- el e
B Gl 9 _p3p+a)’-p@+P| 1s-¢ =0 [ (p+a)
3 2 (p+a) 31+0, 6(p+a) p+p
_s=( op (s—()2(p+a)3—3p(p+a)2+p2(p+/5)+(s—() _2p2+p,6+2pa+a2
3 1+o0y, 3 2(p +a)? 3 2(p+a)p+pP)
_s={ op +(s—c) 203 +3pa?+p2B] (s—{ [2aB+pp—a’
3 1l+oy 3 2(p + a)? 3 [2p+a)p+P)
=o0(s—{),
where o is given by
1 o [2a% +3pa’ + p? 2af+pp—a’
0:5( 1+os 2(pp+a)3p ﬁ] " 2(pﬁ+al;£)+ﬁ) ‘ (3.36)
To estimate |o| we use the estimates (3.31), and and is given below:
|a|<l(‘ on 2a3+3pa2+p2,3” 2af+pfh— a? )
“3\[1+0 2(p +a)? 2p+a)p+pP)
<1([ ohl 2Ial3+3p|a|2+p2|ﬂ|] 2lal|Bl +pIpl +al? )
- 3\[1-]op 2l(p+a)3 2|(p + a)l|(p + )|
_ 20g=p)I(s)°+3p((g—p)I(s))” + p*(g—p)I(s)* L1 q(g—p)I(s)?
- 6(p—(g—p)I(s))® 32p2-2p(q — p)I(s)—q(q — p)I(s)?
L Ag-p)(s)g - p)(s)? + plg — p)I(s)? +((q — p)I(s))?
6(p — (g — P)(s))(p — (g — p)I(s)?)
_ 2(q—p)*I(s)® + p(q — p)(Bq —2p)I(s)? L1 q(q — p)I(s)?
6(p — (g — pP)(s))3 32p2%—2p(q—p)I(s)—q(g - p)(s)?
(g — p)q +2(q — p)I(s)I(s)?
6(p — (g — P)(s)(p — (g — p)(s)?)
_ D6 | 9dE)  9UG) o
3 3 3
which proves (ii). O

Next, we will state the second convergence theorem.

Theorem 3.2. Let F contains all zeros of the polynomial h(s) € F[s] and { be one such multiple
type zero, which has the multiplicity p. Let sg € F' satisfies the following conditions

I(sg) <12 and 9((sp)) <w((syp)), (3.37)
where the function I is defined in equation (3.22) and v satisfies the following:
w(uw)=1-u(l+9(u)). (3.38)

Then, this CHS Mean Iterative Method is well-defined and converges to { and the error estimates
are the following:

ISm+1 =1 <O I8 — (| and s me1 — {1 < 0™ D250 -1, forall m 20, (3.39)
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where 0= tlso) and = B4
Proof. Proof the theorem can be established using Lemma [3.4] and [6, Theorem 2]. O

4. Conclusion

The work is done in two parts, firstly, we have constructed a third order iterative method
with the help of three efficient third order iterative approach namely Chebyshev, Halley and
Super-Halley. Secondly, we have established the convergence of the method.

Competing Interests

The authors declare that they have no competing interests.

Authors’ Contributions

All the authors contributed significantly in writing this article. The authors read and approved
the final manuscript.

References

[1]1 P. Chebychev, Collected Works, Academy of Sciences of the USSR, Moscow-Leningrad, (1944). (in
Russian)

[2] C. Chun and B. Neta, A third-order modification of Newton’s method for multiple roots, Applied
Mathematics and Computation 211(2) (2009), 474 — 479, DOI: 10.1016/j.amc.2009.01.087.

[38] R. S. Das and A. Kumar, Construction and convergence of h-s combined mean method for multiple
polynomial zeros, Communications in Mathematics and Applications 14(5) (2023), 1679 — 1692,
DOI:10.26713/cma.v14i5.2329.

[4] J. M. Gutiérrez and M. A. Hernandez, An acceleration of Newtons method: Super-Halley
method, Applied Mathematics and Computation 117(2-3) (2001), 223 — 239, DOI:10.1016/S0096-
3003(99)00175-7.

[5] E. Halley, Methodus nova accurata & facilis inveniendi radices seqnationum quarumcumque
generaliter, sine praviae reductione, Philosophical Transactions of the Royal Society of London
18(210) (1964), 136 — 148, DOI:10.1098/rstl.1694.0029.

[6] S.I. Ivanov, General local convergence theorems about the Picard iteration in arbitrary normed
fields with applications to Super-Halley method for multiple polynomial zeros, Mathematics 8(9)
(2020), 1599, DOI: 10.3390/math8091599.

[7] S.I. Ivanov, Unified convergence analysis of Chebyshev-Halley methods for multiple polynomial
zeros, Mathematics 10(1) (2022), 135, DOI:/10.3390/math10010135!

[8] B. Neta, New third order nonlinear solvers for multiple roots, Applied Mathematics and
Computation 202(1) (2008), 162 — 170, DOI:/10.1016/j.amc.2008.01.031.

[9] N. Obreshkov, Sur la solution numerique des equations, Annuaire de I’'Université de Sofia Faculté
de Physique i Matematika 56 (1963), 73 — 83. (in Bulgarian)

[10] N. Osada, Asymptotic error constants of cubically convergent zero finding methods, Journal of
Computational and Applied Mathematics 196(2) (2006), 347 — 357, DOI:10.1016/j.cam.2005.09.016.

Commaunications in Mathematics and Applications, Vol. 16, No. 1, pp.|143 , 2025


http://doi.org/10.1016/j.amc.2009.01.087
http://doi.org/10.26713/cma.v14i5.2329
http://doi.org/10.1016/S0096-3003(99)00175-7
http://doi.org/10.1016/S0096-3003(99)00175-7
http://doi.org/10.1098/rstl.1694.0029
http://doi.org/10.3390/math8091599
http://doi.org/10.3390/math10010135
http://doi.org/10.1016/j.amc.2008.01.031
http://doi.org/10.1016/j.cam.2005.09.016

154

Mean Iterative Approach for Multiple Polynomial Zeros and Convergence: R. S. Das and A. Kumar

[11]

[12]

[13]

[14]

P. D. Proinov, General convergence theorems for iterative processes and applications
to the Weierstrass root-finding method, Journal of Complexity 33 (2016), 118 — 144,
DOI:10.1016/j.jc0.2015.10.001.

P. D. Proinov, New general convergence theory for iterative processes and its applications
to Newtons-Kantorovich type theorems, Journal of Complexity 26(1) (2010), 3 — 42,
DOI: 10.1016/}.jc0.2009.05.001.

H. Ren and I. K. Argyros, Convergence radius of the modified Newton method for multiple zeros
under Holder continuous derivative, Applied Mathematics and Computation 217(2) (2010), 612 —
621, DOI: 10.1016/j.amc.2010.05.098.

dJ. F. Traub, Iterative Methods for the Solution of Equations, American Mathematical Society, USA,
310 pages (1982).

Commaunications in Mathematics and Applications, Vol. 16, No. 1, pp.|143 , 2025


http://doi.org/10.1016/j.jco.2015.10.001
http://doi.org/10.1016/j.jco.2009.05.001
http://doi.org/10.1016/j.amc.2010.05.098

	Introduction
	Construction of the Method
	Local Convergence
	Local Convergence Theorem of First Kind
	Local Convergence Theorem of Second Kind

	Conclusion
	References

