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ABSTRACT

Let X and Y be real or complex Banach spaces. Suppose that f: X — Y is a Frechet differentiable
function and F: X =3 2¥ is a set-valued mapping with closed graph. In the present paper, we study
the Newton-type method for solving generalized equation 0 € f(x) + F(x). We prove the
existence of the sequence generated by the Newton-type method and establish local convergence of
the sequence generated by this method for generalized equation.
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1. Introduction

The famous mathematician Robinson [13, 14] was introduced the concept of generalized equation,
which was an extension of standard equations with no multi-valued part, as a general tool for
describing, analyzing, and solving different problems in a unified manner. These kinds of generalized
equation problems have been studied extensively; see for example [5, 13, 14]. Typical examples are
systems of inequalities, variational inequalities, linear and non linear complementary problems,
systems of nonlinear equations, equilibrium problems etc. Let X and Y be Banach spaces throughout
this work unless otherwise stated. Let f: X — Y be a single-valued function and F: X = 2¥ be a set-
valued mapping with closed graph. In this communication, we are concerned with the problem of
approximating a point x* which satisfies the following generalized equation problem
0€f(x")+F(x"). (1.1

When the single-valued function involved in (1.1) is differentiable, Newton-like method can be
considered to solve this generalized equation, such an approach has been used in many
contributions to this subject [2, 3, 9]. To find an approximate solution of (1,1) Dontchev [2]
introduced the following classical Newton-type method:

0 € f(xp) + VI(u) (per — xi) + F(Xpes1)s (1.2)

where Vf(x) denotes the Frechet derivative of f at x. It is well known that if F = {0}, then
(1.2) becomes the usual Newton method for solving the equation f(x) =0 . IfF = RT, the
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positive orthant in R™, then (1.1) describes a system of inequalities and (1.2) is a Newton-type
method for solving such systems. Finally, the generalized equation (1.1) reduces to the classical
variational inequalities:

find x € Qwith (f(x),u—x)=>0forall ueQ (1.3)

when F(x) = Nq(x) is the normal cone mapping generated by a convex and closed subset Q < X.
Then the method (1.2) is known version of the Newton method for solving such problems.

Pietrus [9] showed that the sequence generated by the Newton-type method (1.2)
converges superlinearly when Vf is Holder continuous on a neighborhood of i and he also
proved the stability of this method under mild conditions. Moreover, Geoffroy et al. [6] considered
the following method as second degree Taylor polynomial expansion of f for solving the smooth
generalized equation (1.1):

1
0 € f(xp) + VI(xp) (pqr — xp) + Evzf(xk)(xk+1 — %)% + F(Xg11),

where Vf(x) and V2f(x) denote respectively the first and the second Frechet derivative of f
at x, and showed the existence of a sequence cubically converging to the solution of (1.1).

Our purpose in this study is to analyze local convergence of the Newton-type method (1.2)
for solving generalized equation (1.1). The main tool is the Aubin continuous mapping for set-
valued mapping, which was introduced by Aubin in the context of non smooth analysis, and
studied by many mathematicians; see for examples [1, 8, 10, 15].

This paper is organized as follows: In Section 2, we recall some necessary notations, notions and
preliminary results that will be used in the subsequent sections. In Section 3, we consider the
Newton-type method (1.2) for solving the generalized equation (1.1), and establish existence and
convergence of the sequence generated by the Newton-type method (1.2). In the last section, we
give a summary of the major results of this study.

2. Notations and Preliminaries

Throughout, we assume that X and Y are real or complex Banach spaces. Let x € X and r > 0.
The closed ball centered at x with radius r denoted by B(r, x).

The following definition of domain, inverse and graph of a function, distance from a point to a set,
excess and pseudo-Lipschitz mapping are taken from [4, 11, 12].

Definition 2.1. Let F:X = 2¥ be a set-valued mapping. Then the domain of F is denoted by
dom F , and is defined by

dom F = {x € X: F(x) # ¢}.
The inverse of F, denoted by F~1, is defined as

Fly)={xeX:ye Fx)}.
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While the graph of F, denoted by gph F, is defined by
{(x,y)EXXY:y EF(x)}.

Definition 2.2. Let X be a Banach space and A be a subset of X . The distance from a point x to a
set A is defined by

dist (x,A) = inf{]lx — y|:y € A}.

Definition 2.3. Let X be a Banach space and A, B < X. The excess e from the set A to the set B
(also called the Hausdorff semidistance from B to A ) is given by

e(B,A) = sup{dist(x,A): x € B}.

Definition 2.4. Let F:X =3 2¥ be a set-valued mapping. Then F is said to be pseudo-Lipschitz
around (x,,y,) € gph F with constant M if there exist positive constants a, 8 > 0 such that

e(F(x) NB(B,Y0), F(x2)) S M Il x; — x, |

for every x,;,x, € B(a,xy). When F is single-valued, this corresponds to the usual concept of
Lipschitz continuity.

The definition of Lipschitz continuity is equivalent to the definition of Aubin continuity
which is given below:

A set-valued mapping I:Y = 2% is said to be Aubin continuous at (y,, x,) € gphI" with
constants a, b and M if for every  y;,y, € B(b,y,) and for every x; € I'(y;) N B(a, xy), there
exists an x, € I'(y,) with

Il X1 — Xy <Ml Yi— Y2 II.
The constant M is called the modulus of Aubin continuity.

The definition of continuous map, Lipschitz continuous map and Holder continuous map are
extracted from [11, 12].

Definition 2.5. Let X and Y be Banach spaces. Then the function f:Q € X — Y is said to be
0] Continuous at x € Q if for every & > 0, there exists a § > 0 such that
Il f(x) — f(x) lI< € for all points x € Q for which || x — x lI< 4.
(i) Lipschitz continuous on an open subset of X if there exists constant ¢ such that
lf)—f) I<cllx—yllforal x and y inthe domain of f.

(iii) Holder continuous on an open subset of X if there exists constant ¢ and p € (0, 1]
such that
Il fx)—f I<clix-ylP forall xand y inthe domain of f. The number p is
called the exponent of the Holder condition.
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The definition of linear convergence, quadratic convergence and super linear convergence are
taken from the book [7].

Definition 2.6. Let {x,} be a sequence which is converges to the number X. Then the sequence
{x,} is said to be

(i)  Converges linearly to x if there exists a number 0 < ¢ < 1 such that
lxper —xN<clx,—xI.
(i)  Converges quadratically to x if there exists a number 0 < ¢ < 1 such that
|l Xpyy — XN < cll x, — % 12
(iii)  Converges superlinearly to x if there exists a number 0 < ¢ < 1 such that
lxper —x<cllx,—xII”P, (O<p<1).

We end this section with the following lemma, known as fixed point lemma, which can be found in
[4].

Lemma 2.1. Let X be a Banach space and ®:X = 2% be a set-valued mapping. Let ¥ € X ; and
letrand A besuchthat, 0 <1<1,

(@) dist(x, ®(x)) <r(1-—21),
(b) e(®(x) NB@, %), d(x,)) <Allxy, —x, II, forall x;,x, € B(r, %).

Then @ has a fixed point in B(r,X) ; that is, there exists x € B(r, x) such that x € ®(x). If @ is
single-valued, then x is the unique fixed point of ® in B(r,x) .

3. Convergence Analysis

This section is devoted to study the existence and the convergence of the sequence generated by
the Newton-type method (1.2) for the generalized equation (1.1). Let x € X and define the

mapping Q, by
Qx() = f(x) + VF()( —x) + F().
Moreover, the following equivalence is clear forany z € X and y € Y:
z€Qy') © YEf)+Vf()(z—x)+F(2. (3.1)
In particular,
x* € Q7 (y*) foreach (x*,y*) € gph(f + F).

Let (x",y") €gph(f+F) and let « >0, f > 0. Throughout this section, we assume
that B(a, x*) € Q n dom F, where Q is the neighborhood of x*.

The following lemma is useful and it plays a vital role in the convergence analysis of the Newton-
type method (1.2) for solving the generalized equation (1.1).
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Lemma: 3.1. Let X and Y be Banach spaces and let f:X — Y be a function such that Vf is
Lipschitz continuous on an open subset of X with Lipschitz constant x > 0. Then the following
statements are equivalent:

(i) The mapping (f + F)~? is pseudo-Lipschitz around (y*, x*).
(ii) The mapping Q" (-) is pseudo-Lipschitz around (y*,x*).
Proof: Define a function g: X — Y by

gx) = —f) + f(x") + Vf(x")(x — x7).

To complete the proof of this lemma, according to [4, Corollary 2], we need to show that g is
Lipschitz continuous at x*. To do this, let € > 0, and take a positive number § such that § < i
Then, for every x;,x, € B(§,x"), we have

Il gCx) —gCx) |l
=1l (=fCe) + f () + VF () (2, = x7)

—(=fle) + fFD) + V() (x —x ) I
=l f(x2) = f(x1) = VF(x) (e — x1) |l

1
< f Il (Vf(x1 +tlx; — x1)) = V() +Vf(x) — Vf(x*)) (xz = xq) lldt
0
< [ W7o+ e = x20) = T/ Ga) Wx, = 1 e
0
1
+ [ UG~ w76 My =
0
< Kf ltCe, —x) Ndell (e — ) I+ lloxg —x* Nl xy —xq |l
0
2 1
=K[7 Il =y ||2] ol —x* Il xg—2xq |l
0

K
(G = el =" 1) I, =,

G

&
2Kl Xy =2 =€ Ml xg —xq I

IA

-26+K6) I 2, — x; 1= 266 1l %, — ;|

IA

Hence g is Lipschitz at x* and this completes the proof of the lemma.

For our convenience, we define a function Z,: X —» Y by

Zy()=fE) + V) —x) = fF() = V) —x) (3.2)
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and a set-valued map ®,:X =3 2% by
@, () = QT [Zx (] (3.3)
Then, for every x’,x" € X, we have
I Ze(x) = Ze () =1 (VF(x™) = VF () (' —x™) |l
SNV =V I x" —x" |l (3.4)
3.1 Linear convergence
If Vf is continuous, then the following theorem gives us the linear convergence result.

Theorem 3.1 Let x* be a solution of (1.1). Suppose that Q,-~* is pseudo-Lipschitz around

(0,x™) with Lipschitz constant M and Vf is continuous on a neighborhood Q of x* with
constant L > 0. Then for every ¢ > 2ML one can find & > 0 such that for every starting point
Xo € B(6,x™) there exists a sequence {x; } generated by ( 1.2), which satisfies

X —x" N<cllx—x"1. (3.5)

Proof: Fix ¢ > 2ML and since Q,- " is pseudo-Lipschitz with constant M, there exist positive
constants a and b such that

e (@' 0N NB@x), Qe ) S MUY —y" I forall y',y" € B(b,0). (3:6)
Choose § > 0 and B(§,x™) < Q so that
. a b 1
& < min (5, 1,5) and ML<:. 3.7)
Define
Ty =2ML |l x —x™ ||, forall x € X. (3.8)
Let x, € B(5,x"), xo # x*. Utilizing (3.7) in (3.8), we obtain that
Too < 2MLE < 2-2-5 < 6. (3.9)
Now we will apply Lemma 2.1 to the map @, , defined in (3.3), with the following specifications:
_ " 1 _
X =x" A—Eandr—er.
Let us remark that x* € Q,+~'(0) N B(8,x*). From (3.6) and (3.7), we obtain for
Xo € B(6,x"), that
dist (x", @, (x7)) < e (Qx*‘l(o) B(8,x7), @y, ("))
< e(Qe71(0) N B(a,x"), Q[ Zy, (x))]). (3.10)
Now, for all x € B(8,x*), we have that
I Zyey C) I=11 f (7)) + V() (o = x7) = fxo) — VS (x0) (x — xo) |l
<Nl f(x™) = f(x0) — Vf (x) (x™ — x0) Il +II (Vf(x*) - Vf(xo))(x —x") |l
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1
< f I Vf(xo +t(x* —xy) — Vf(xo))(x* —xg) I1dt+1 VF(x*) =V (xo) o — x* |l

SLfldt Tx*—xo I +L1Nx—x"1l
=1L IIOx* —xo I +L 1 x— x|l (3.11)
<LS+L6=2L5 <2L-7-=b.

This shows that Z,, (x) € B(b,0) forall x € B(8,x"). In particular, let x = x* in (3.11), we get

Il Zyy () IS LI X" — xo |l
<Ls<L-Z<b.
2L

Thus, we have that Z,, (x*) € B(b, 0) for x, € B(6,x").
Now, from the inequality (3.10), we have that
dist (x*, (DxO(x*)) < e(Qx*_l(O) N B(a,x*), Qx*_l[Zxo(x*)])
SN Zyy () I
SMIfx") = flxo) = Vf(xo) (x™ — x0) |l
=M fol I (Vf(xo +t(x" —xp)) — Vf(xo)) (x* —xo) Il dt
SMLfoldt Il x*—x Il =ML Il xo —x* |
- (1 - %) 2ML [ %o — x" Il = (1 = D1,
=1-Dr.

That is, the condition (a) of Lemma 2.1 is hold.

Next, we show that condition (b) of Lemma 2.1 is satisfied. Further, using (3.4) and (3.7), for any
x',x" € B(ry,, x") We obtain that

e(d,,(x) N B(rxo_ x*), @, (x"))
< e{Qu 7 [Zx, D] N B(8,x7), Qo ™[ 2, (x)]}

SM N Zyy (") = Zyy ") IS ML VF(x™) = VF(xo) I X" — x|
<ML |l x"—x" IIS&II x'=x"lI=20x"=x"1I.

This shows that the condition (b) of Lemma 2.1 is fulfilled. Hence, @, has a fixed point x; in
B(ry,, x™) such that

x € q)xo(xl) = Qx*_l[Zxo(xl)]
= Zy, (x1) € Qy+(x1)
= 0 € f(x0) + Vf(xo) (x1 — x0) + F(x1),
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which means that x; is obtained by the method (1.2) for initial point x,. Thus x; € B(7y,, x")
implies that

oy —x" IS7, =2ML I xg—x" IS c Il xg—x"|I.

. . . . . . s w4 1
Proceeding by induction, and applying the fixed point lemma 2.1 with ¥ = x*,1 = ST =T

to the map @,, in (3.3), we can deduce the existence of a fixed point x,, € B(6,x") such that
Xk+1 € cbxk(xk+1) = Qx*_l[Zxk(xk+1)]
= Zy (Xpe41) € Qxr (pei1)

= 0 € f(xg) + Vf(xp) (e — X)) + F(xpr1)

and hence |l x4q — x™ Il < ¢ Il x;, — x™ |I. This shows that (3.5) holds for k. This completes the
proof of the theorem.

3.2 Quadratic convergence

In this subsection, we will show in the following theorem that if Vf is Lipschitz continuous; the
sequence generated by method (1.2) converges quadratically.

Theorem 3.2 Let x* be a solution of (1.1). Suppose that Q,~' is pseudo-Lipschitz around

(0, x™) with Lipschitz constant M and Vf is Lipschitz continuous on a neighborhood Q of x* with
constant L > 0. Then for every ¢’ > %ML one can find & > 0 such that for every starting point
Xy € B(8,x") there exists a sequence {x;} on a neighborhood Q of x* generated by (1.2), which
satisfies

Il xpsr —x NS Nl —x* 12, (3.12)

Proof: Choose ¢’ > 0 such that ¢’ > iML. Since Q,+ '

there exist positive constants a and b such that

is pseudo-Lipschitz with constant M,

e (Qx*_l(y’) N B(a,x), Qx*_l(y")) <MI|y —y"|forall y',y" € B(b,0). (3.13)
Let § > 0and B(§,x") c Qso that

5 <mind® |22 |1 3.14
o> 13 JamL (0 (3.14)

=ML |l x—x*1|7? forallx € X. (3.15)
Let x, € B(6,x"), xo # x*. Using (3.14) in (3.15), we get

Define

)
Ty < MLE? = MLS - § < Z<8. (3.16)
Now we will apply Lemma 2.1 to the map &, in (3.3) with the following specifications

-, _ _
X =x7 /1—5, T = Ty,
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Let us remark that x* € Q,«~*(0) N B(§,x*).
From (3.13) and (3.14), we obtain, for x, € B(§,x"), that
dist (x*, @y, (x)) < € (71 (0) N B(8,x7), by, (1))
< e(Qx1(0) N B(a,x*), Q" Zy, (xM)]). (3.17)

Now, for all x € B(8,x*), we have that

I Zy, () Ml

=1 f(x™) + V) e —x7) = foxo) = Vf(x0) (x — %) |l

<l f(x*) = f(x0) = Vf (x)(x™ — x0) Il +1I (VF(x*) = Vf(x0))(x —x™) I

<l —xo P+ L —x Il x —x* | (3.18)

L 3
< — 2 L 2 =_1 2
< 26 + LS > )
3L 2b
<—._ =
— 2 3L
So, we have Z, (x) € B(b,0) forall x € B(5,x"). In particular, let x = x* in (3.18), we get
* L * 2 L 2
Il Zy, (x7) IISE I x™—xo I < 56

< L 2b <b
—2 3L
Thus, we have Z, (x*) € B(b,0).
Now, from the inequality (3.17), we get
dist (x*,d)xO(x*)) < e(Qx*_l(O) N B(a,x*), Qx*_l[Zxo(x*)])
I Zy, (x) I

< MILFG) = F0) = VF (o) (" = xo) |
<M [ 0(T (o + 0" = x0)) = VFGx0d) @ = 5 I de
0

ML || xo — x* |12

N|

<

1
= (1=5) ML %o =2 1P= (1 = D,
=1-Dr.
This means that condition (a) of Lemma 2.1 is hold.

Next, we show that condition (b) of Lemma 2.1 is also satisfied. To do this, let x',x"" € B(ry,, x")
. Then using (3.4) and (3.14), we obtain that
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e(P,,(x)N B(er, x*), o, (x")

< e{Q T [Zyy (D] N B(8, %), Q[ Zy ()]}
< Ml Zyey (x7) = Zyy (x")

SMIUNVF) =V ) Il x" —x" |l

<ML x*—x 12 x" —x" |

2 ’ n 1 ! "
<MLS“ I x" —x IISEIIx —x" |l
=Alx"=x"1;

that is, condition (b) of Lemma 2.1 is fulfilled. Hence, @, has a fixed point x; in B (7, x") such
that

x; € q)xo(xl) = Qx*_l[Zxo(xl)]
= Zyy (1) € Q= (1)
= 0 € f(xo) + Vf(x0) (%1 — x0) + F(x1),

which means that x, is obtained by the method (1.2) for initial point x,. Thus x; € B(7y,, x")
implies that

I —x" 1S 1 =ML Il xg —x* 1< c" | o — x* |I?

Proceeding by induction, and applying the fixed point lemma with ¥ = x*,1 = l,r =r,, tothe
2 k
map @, in (3.3), we can deduce the existence of a fixed point x,.,; € B(8, x™) such that

Xi+1 € Dy, (Xp41) = Qx*_l[Zxk(xkﬂ)]
= Zy, (Xks1) € Qpr (Xi41)
= 0 € f(x) + V() (Ker — x) + F (K1)

and hence Il x4 — x* IS ¢’ Il X, — x* |12, This shows that (3.12) holds for k. This completes
the proof of the theorem.

3.3 Super linear convergence

If Vf is Holder continuous, the following theorem gives us the super linear convergence of the
method (1.2).

Theorem 3.3 Let x* be a solution of (1.1). Let p € [0,1] and suppose that Q,~~" is pseudo-
Lipschitz around (0,x*) with Lipschitz constant M and Vf is Holder continuous on a
neighborhood Q of x* with constant L > 0. Then for every ¢ > ﬁ one can find 6 >0

such that for every starting point x, € B(8, x™) there exists a sequence {x,} on a neighborhood Q
of x* generated by (1.2), which satisfies

I Xps —x" 1< ¢ 1l xp — x° IPHL, (3.19)
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Proof: Fix ¢ > ;VITL;_ and since Q,+~" is pseudo-Lipschitz with constant M, there exist positive
constants a and b such that

e (0 ') NB(@,x), Q0 (")) S M Iy —y" Il forall y',y" € B(b,0). (3.20)
Choose § > 0 and B(§,x*) c Q so that

1 1
b(p + 1)\p+1 14 ]
6 < mi — <—> 3.21
i <L(p n 2)) ML(p + 1) (3:21)
Define
r, =ML || x —x* |P*1. (3.22)
Let x, € B(5,x%), xo # x*. Utilizing (3.21) in (3.22), we get
p
< MLSP*t = MLSP-§ < ——6 < 6. 2
Tyo < MLS 1) 6_p+16_6 (3.23)

Now we will apply Lemma 2.1 to the map &, in (3.3) with the following specifications:

_ p
=x, A=—,
X X p 1

Let us remark that x* € Q,+~(0) N B(8,x*). From (3.20) and (3.21), we obtain, for x, €
B(&,x"), that

dist (x*, @, (x)) < e (Qxr 7 (0) N B(8,x7), by, (x))
< e(Qe71(0) N B(a,x%), Q" Zy, (x9)]). (3.24)
Now, for all x € B(§,x*), we have that
Iz, () Ml
=l f(x) + V() (e —x7) = f(x0) = Vf (x0) (x — x0) |l
=N f(x™) = f(xo) = VF(xo)(x™ — x0) | +I (Vf(x*) - Vf(xo))(x —x") |
< [0 (TG0 + e = x00) = V) (7 = x0) W e
0
+IVF(™) = V(o) I x — x* |l

T =Ty,

1
< f I VF (o + t(x" = x0)) = Vf(xo) dt | x* =g | +L I x* — x0 IP Il x — x|l
0

1
SLI le(x™ —=x) 1P dtll x* —xg I +L Il x* =2 IIP Il x —x" |l
0

L * * *
= o =X P Ll X —xo Pl x —x" | (3.25)

so+t 4 oret = FOE D o
pt+1 pt+1
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Then for L(p +2)6P** < b(p + 1) in (3.21), we have
Il zy, (x) I < b.

So we have Z, (x) € B(b,0) forall x € B(5,x").

In particular, let x = x™ in (3.25), we get
* < L * p+1
Il zy, () I < ] hx™—xoll

< 5P+1SL.MS .
p+1 p+1 L(p+2)

Then by (3.21), we have that Z, (x*) € B(b,0).

Now, from the inequality (3.24), we have that

dist (x7, @, (x)) < €(Qu"1(0) N B(a,x"), Qye " [Z4, (x7)])
<I Zy, (X I
SMIf(x™) = f(xo) = VF(xo)(x™ —x0) |l

=M [ (9o + " = 30) = V£ Gx)) G = x0) I e
0
1

< Mf Il VF(x + t(x* —x0)) — VF(xo) ldt Il x* — x|l
0

1
< MLf I t(x* —x0) IP dt Il x* — x|l
0

p+1 71

=ML[p+1] ||x*—x0"p+1
0

— ¥ _ p+1
erlle xo Il
=<1—L)MLIIx*—xO 1771 = (1 — Dr,

p+1 0
={1-MDr;

This shows that the condition (a) of Lemma 2.1 is satisfied.

Next, we show that condition (b) of Lemma 2.1 also holds. To complete this, let x',x"" €
B(1y,,x"). Now, using (3.4) and (3.21), we obtain that

e(Py,(x") N B(1, x*), Py (x'))
s e{QX*_l[Zxo(x’)] n B(é,x*), Qx*_l[Zxo (x”)]}
SMI Zy (x") = Zyy X)) IS M N VF(x™) =V (xo) 1l x" —x" 1l

SML Il x* —x IIPll x" —x" IS MLSP || x" = x"" ||
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< lx"—x" I =Alx"—x"1;
p+1

This indicates that the condition (b) of Lemma 2.1 is fulfilled. Hence, @, has a fixed point x; in
B(r,, x™) such that

X € Cbe(xl) = Qx*_l[Zxo(x1)]
= Zyy(x1) € Qr (1)
= 0 € f(x0) + Vf(xo)(x1 — x0) + F(x1),
which means that x; is obtained by the method (1.2) for initial point x,. Thus x; € B(7y,, x")
implies that
I 2 —x" 1S 1, = ML Il xg — x* IIPFI< ¢ | o — 2™ IPHL.

Proceeding by induction, and applying the fixed point lemma with ¥ = x*,1 = *— r =1,

p+1’ k

to the map @, in (3.3), we can deduce the existence of a fixed point x,.,; € B(8,x") such that
Xis1 € Dy, (Xpep1) = Qx*_l[Zxk(xk+1)]
= Zxk(xk+1) € Qx*(xk+1)

= 0 € f(xg) + VI (xx) Qg — X)) + F(xps1)
and hence

I Xpsr —x* NS " 1l 2 — x* (IPHE

This shows that (3.19) holds for k. This completes the proof of the theorem.

4. Concluding Remarks

We have established the local convergence of the Newton-type method under the assumptions that
Q,~"*(") is pseudo-Lipschitz and Vf is continuous, Lipschitz-continuous and Holder continuous.
We have shown that if Vf is continuous, Lipschitz continuous and Holder continuous then the
Newton-type method is linearly convergent, quadratically convergent and super linearly
convergent respectively. This investigation improves and extends the results corresponding to [2].

REFERENCES
[1]  Aubin J. P. (1984), Lipschitz behavior of solutions to convex minimization problems, Math. Oper. Res.
9:87-111

[2] Dontchev A. L. (1996.), Local convergence of the Newton method for generalized equations, R. Acad.
Sc. Paris Ser | Math., 322 : 327-331.

[3] Dontchev A. L. (1996), Local analysis of a Newton-type method based on partial linearization,
Lectures in Applied Mathematics, 32 : 295-306.

[4] Dontchev A. L. and Hager W. W. (1994), An inverse function theorem for set-valued maps, Proc.
Amer. Math. Soc., 121: 481-489.

[5] Ferris M. C. and Pang J. S. (1997), Engineering and economic applications of complementary
problems, SIAM Rev., 39 : 669-713.



40

(6]

[7]
(8]

[9]
[10]
[11]
[12]
[13]
[14]

[19]

Rashid & Sarder

Geoffroy M. H., Hilout S. and Pietrus A. (2003), Acceleration of convenience in Dontchev’s iterative
methods for solving variational inclusions, Serdica Math. J., 45-54.

Kendell Atkinson A. (1988), An introduction to numerical analysis (2" edition), John Willey and Sons.

Mordukhovich B. S. (1992), Sensitivity analysis in nonsmooth optimization: Theoretical Aspects of
Industrial Design (D. A. Field and V. Komkov, eds.). SIAM Proc. Appl. Math. 58 : 32-46.

Pietrus A. (2000), Does Newtons method for set —valued maps converges uniformly in mild
differentiability context? Rev. Colomb. Mat., 34 : 49-56.

Qi L. (1993), Convergence analysis of some algorithms for solving non-smooth equations, Math. Oper.
Res., 18 : 227-244.

Rashid M. H., Yu S. H., Li C. and Wu S. Y. (2013), Convergence analysis of Gauss-Newton method
for Lipschitz-like mappings, J. Optim Theory Appl., 158(1) : 216-233.

Rashid M. H., Wang J. H. and Li C. (2012), Convergence analysis of a method for variational inclusions,
Applicable Analysis, 91(10) : 1943-1956.

Robinson S. M. (1979), Generalized equations and their solutions, part I: basic theory. Math. Program.
Stud., 10 : 128-141.

Robinson S. M. (1982), Generalized equations and their solutions, part Il: applications to nonlinear
programming, Math. Program. Stud., 19 : 200-221.

Rockfellar R. T. (1984), Lipschitzian properties of multifunctions, Nonlin. Anal., 9 : 867-885.



