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INVARIANT APPROXIMATIONS FOR NONCOMMUTING
GENERALIZED (Z,7)-NONEXPANSIVE MAPPINGS IN
qg-NORMED SPACES

HEMANT KUMAR NASHINE

ABSTRACT. We obtain common fixed points as invariant approxima-
tion for noncommuting generalized (Z, J )-nonexpansive mappings in g-
normed space which is not necessarily locally convex. Our results im-
prove, extend and generalize various existing known results in the liter-
ature.

1. Introduction and Preliminaries

Let X be a linear space. A g-norm on X is a real-valued function .||, on
X with 0 < g < 1, satisfying the following conditions:
(a) [lzllg = 0 and |[z]|q = 0 iff z = 0,
(b) IAzllg = [ A [*]llq;
(©) [l +yllg < llzllg + llyllg,
for all z,y € X and all scalars A\. The pair (X, ||.||4) is called a g-normed
space. It is a metric space with dy(z,y) = || —y||, for all z,y € X, defining
a translation invariant metric d, on X. If ¢ = 1, we obtain the concept of a
normed linear space. It is well-known that the topology of every Housdorff
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locally bounded topological linear space is given by some g-norm, 0 < g < 1.
The spaces [, and L4[0,1], 0 < ¢ < 1 are g-normed space. A g-normed space
is not necessarily a locally convex space. Recall that, if X is a topological
linear space, then its continuous dual space X* is said to separate the points
of X, if for each z # 0 in X, there exists an Z € X* such that Zx # 0.
In this case the weak topology on X is well-defined. We mention that, if
X is not locally convex, then X* need not separates the points of X. For
example, if X = L4[0,1], 0 < ¢ < 1, then X* = {0} ( [13], page 36 and 37).
However, there are some non-locally convex spaces (such as the g-normed
space Iy, 0 < ¢ < 1) whose dual separates the points [10].

Let X be a g-normed space and let C' be a nonempty subset of X. Let
x € X. An element y € C is called a best C-approximant to x € X if

|z —yllq = disty(x,C) = inf{|jx — z||, : z € C}.

The set of best C-approximants to x is denoted by Pr(zp) and is defined
as Po(zg) = {y € C : ||z — y|lq = disty(z,C)}. Let Z,J : C — C be two
mappings. A mapping 7 : C — C is called an (Z, J)-contraction if there
exists 0 < k < 1such that d(7z,7Ty) < kd(Zz, Jy) for any z,y € C. If k =1,
then 7 is called (Z, J)-nonexpansive. Also if Z = 7, we say that 7 is called
Z-nonexpansive. The set of fixed points of 7 (resp. Z) is denoted by F(7)
(resp. F(Z)) and closure of C by cl(C). A point z € C' is a common fixed
point of Z and 7 if x = Zx = Tx. The pair (Z,7) is called (1) commuting
if Z7Tx = TZx for all z € C; (2) R—weakly commuting if for all z € C' there
exists R > 0 such that d(7Zx,Z7x) < Rd(Tx,Zx). If R =1, then the maps
are called weakly commuting. The set C' is p—starshaped with p € F(Z) if
the segment [p,z] = {(1 — k)p + kz} joining p to z, is contained in C for all
x € C. Suppose C' is p—starshaped with p € F(Z) and is both 7— and Z—
invariant. Then 7 and Z are called R-subweakly commuting on C' [18] if there
exists R € (0,00) such that |7Zz — I7 x|, < R disty(Zx, [T x,p]) for all
x € C. It is well-known that commuting maps are R-subweakly commuting
maps and R-subweakly commuting maps are R-weakly commuting but not
conversely in general (see [17, 18]).

A Banach space X satisfies Opial’s condition if for every sequence {x,}
in X weakly convergent to x € X, the inequality limin f,—co|xn — x| <
limin fr,—oo||Tn — y|| holds for all y # x. Every Hilbert space and the space
l4(1 < ¢ < o0) satisfy Opial’s condition. The map 7 : C' — X is said to be
demiclosed at 0 if for every sequence {z,} in C such that {x,} converges
weakly to = and {7z, } converges strongly to 0 € X, then 0 = 7 x.

Existence of fixed point have been used at many places in the field of
approximation theory. One of them is to prove existence of invariant ap-
proximant with help of fixed point. In 1963, Meinardus [12] employed the
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Schauder fixed-point theorem to establish the existence of an invariant ap-
proximation. Further, Brosowski [2] obtained a celebrated result and gen-
eralized the Meinardus’s result. Afterwards, a number of results has been
proved in the direction of Brosowski [2] (see in [5, 14, 19, 22]). In a paper,
Jungck and Sessa [8] further weakened the hypothesis of Sahab, Khan and
Sessa [14] by replacing the weak and strong topology for relatively nonex-
pansive commutative maps in the setup of normed Space. Simultaneously,
Al-Thagafi [1] generalized the result of Sahab, Khan and Sessa [14] and
proved some results on invariant approximations for commuting mappings.
In another paper, Latif [11] extended the Theorem 6 and theorem 7 of Jungck
and Sessa [8] and obtained the result in g-normed space.

Recently, Shahzad [16] initiated the study of invariant approximations for
noncommutating mappings in normed space. More recently, Hussain and
Jungck [6] extended Shahzad’s results to generalized (Z,J)-nonexpansive
mappings in normed space.

The purpose of this paper is to present common fixed point theorem for
noncommuting generalized (Z, J)-nonexpansive mappings in g-normed space
which is not necessarily locally convex. As application, various invariant
approximation result are also obtained. Our results extend, improve and
generalize the results of Al-Thagafi [1], Dotson [3], Habiniak [4], Hussain
and Jungck [6], Jungck and Sessa [8], Khan and Khan [9], Latif [11], Sahab,
Khan and Sessa [14], Sahney, Singh and Whitfield [15], Shahzad [18] and
Singh [19, 20, 21].

The following common fixed point result is a consequence of Theorem 3.1
of [7] (Theorem 2.1, [6]), which will be needed in the sequel.

Theorem 1.1. [6, 7]. Let (X,d) be a complete metric space, and T, T, J
be self-maps of X. Suppose that T and J are continuous, the pairs {T,7}
and {T,J} are R-weakly commuting such that T(X) C Z(X) N J(X). If
there exists h € (0,1) such that for all z,y € X,

d(Tz, Ty) <
< hmax{d(Zz, Ty), d(Te, Ta), d(Ty, Ty), 5 [d(Te, Ty) + d(Te, Ty},

then there is a unique point z in X such that Tz=1z= Jz = z.

2. Main Results

We first prove common fixed theorem for noncommutative generalized
(Z, J)-nonexpansive mappings in g-normed spaces.
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Theorem 2.1. Let C' be a nonempty p-starshaped subset of a g-normed space
X and T, T, and J be self-maps of C. Suppose that Z and J are affine and
continuous with p € F(Z) N F(J), and T(C) C Z(C) N J(C). If the pairs
{T,Z} and {T,J} are R-subweakly commuting and satisfy, for all z,y € C,

(2.1)
1Tz — Tyllq < max{||Zz — Tyllq, distq(Zz, [Tx,p]), diste(Ty, [Ty,p),
%[dlStq(va [Tyap]) + dZStq(jyu [T.’E,p])]},

then CNE(T)NF(Z)NF(J) # ¢ provided one of the following conditions
holds:

(i) C is complete, cl(T(C)) is compact and T is continuous;

(ii) X is complete with separating dual X*, C' is weakly compact, and (Z —T)
s demiclosed at 0.

Proof. Choose a sequence ky, € (0,1) with {k,} — 1 as n — oo. Define for
each n > 1 and for all x € C, a mapping 7, by

Toa = (1 — kp)p + knTa.

Then, each 7,, is a self-mapping of C' and for each n > 1, 7,(C) C Z(C) N
J(C) since T and J are affine and 7(C) C Z(C)NJ(C). Now the affineness
of Z and the R-subweak commutativity of {7,Z} imply that

ITuZo — TTaly = (k)91 T T2 - ITal,
< (kn)iRdisty(Zx, [Tz, p])
< (kn)1R|Tnw — Tl

for all x € C. This implies that the pair {7,,Z} is (k,)?R-weakly commuting
for each n. Similarly, the pair {7,,, 7} is (k,)?R-weakly commuting for each
n > 1. Also by (2.1),

| 7oz — Toyllg = (k)| T2 — Tyllq

< (kn)? max{||Zz — Tyllq, disty(Zx, [Tz, p]), disty(Ty, [Ty,pl),
sldisty(Zx, [Ty, pl) + disty(Ty, [Tx,p])]}

< (kn)?max{||Zz — Tyll¢; |22 — Tnzllg, | Ty — Tnyllg,
STz — Toyllg + 1Ty — Tzlly]}

for each x,y € C' and 0 < k, < 1. Thus, Theorem 1.1 guarantees that, for
each n > 1, there exists z,, € C such that x,, = Zx, = Jx, = T, xp.

(i) As cl(7(C)) is compact and {7 z,} is a sequence in it, so {7z, } has
a subsequence {7 x,,} converging, e.g., to y € cl(7(C)) .

T =TT = (1 — km)p + kT
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converges to y. By the continuity of 7, {7 x,,} converges to Ty. But 7z,
tends to y by the assumption. So, we have 7y = y. Also from the continuity
of 7, we have

Ty = I(limxy,) = limZz,, = limx, =y, as m — oo

i.e., Ty = y. Similarly, from the continuity of 7, we have Jy = y. Hence
CNF(T)NFI)NF(J) # ¢.

(ii) Since C' is weakly compact, there is a subsequence {z,,} of {z,}
converging weakly to some y € C. But, Z and J being affine and continuous
are weakly continuous and the weak topology is Hausdorff, so we have Zy =
y = Jy. And M is bounded, so (Z — T )(zy,) = (1 — (k) 1) (2m —p) — 0 as
m — oo. Now the demiclosedness of Z — 7 at 0 guarantees that (Z — 7))y =
0 and hence CNEF(T)NF(Z)NF(J) # ¢. O

Theorem 2.2. Let C be a nonempty p-starshaped subset of a g-normed
space X and T, I, and J be self-maps of C. Suppose that T and J are
affine and continuous with p € F(Z)NF(J), and T(C) C Z(C)NJ(C). If
the pairs {T,Z} and {T,J} are R-subweakly commuting and T is (Z,J)-
nonexpansive, then CNF(T)NF(Z)NF(J) # ¢, provided one of the following
conditions holds:

(i) C is complete, and cl(T(C)) is compact;

(ii) X is complete with separating dual X*, C' is weakly compact, and (Z —T)
s demiclosed at 0;

(117) C is weakly compact, and X is complete with separating dual X* satis-
fying Opial’s condition.

Proof. (i) and (it) follow from Theorem 2.1. (iii) As in (i), Zy =y = Jy
and [|[Zz,, — T xmllq — 0 as m — oo. If Zy # Ty, then by Opial’s condition
of X and (Z, J)-nonexpansiveness of 7 we get,

limin fo—ool|Zxm — Jyllq = limin fn—col| Zam — Zyllq
< lzmlnfnﬁoonz_xm - Ty”q
< llmlnfnﬂoonzxm - TSUqu
Hlimin foeel T2 — Tl
< llmlnfnﬂoonzxm - ijq,

which is a contradiction. Thus Zy = 7y and hence CNF(T)NF(Z)NF(J) #
¢. O

If we take J =7 in Theorem 2.1 and Theorem 2.2, then we obtain fol-
lowing results:
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Corollary 2.3. Let C be a nonempty weakly compact p-starshaped subset
of a complete g-normed space X with separating dual X* and T and T be
self-maps of C. Suppose that T is affine and continuous with p € F(Z) and
T(C) CZ(C). IfT—T is demiclosed at 0, the pair {T,I} is R-subweakly

commuting and satisfies

(2.2)
|7z — Tyllg < max{||Zx — Tyllq, disty(Zx, [T x,p]), disty(Zy, [Ty, p]),
sldisty(Zx, [Ty, p]) + disty(Zy, [Tz, p))]},

forall x,y € C, then CNF(T)NF(I) # ¢.

Corollary 2.4. Let C' be a nonempty weakly compact p-starshaped subset
of a complete q-normed space X with separating dual X* and T and I be
self-maps of C. Suppose that T is affine and continuous with p € F(Z)
and T(C) C Z(C). If the pair {T,Z} is R-subweakly commuting and T is
Z-nonexpansive, then C N F(T) N F(Z) # ¢ provided one of the following
conditions holds:

(a) T —T is demiclosed at 0;

(b) X satisfies Opial’s condition.

As an application of Theorem 2.1, we have following results on invariant
approximations:

Theorem 2.5. Let C' be subset of a g-normed space X and let T, J, T :
X — X be mappings such that xog € F(T)NF(Z)NF(J) for some zy € X and
T(0CNC) C C. Suppose that T and J are affine and continuous on Pc(xg)
with p € F(Z)N F(J), Po(xo) is p-starshaped and IZ(Pc(zo)) = Po(xo) =
J(Pc(zo)). If the pairs {T,Z} and {T,J} are R-subweakly commuting and
satisfy for all x € Po(xo) U{zo},

(2.3)
Hl'x - ijan if Yy = xo,

1T —Tyllqg < max{||Zz — Tyllq, diste([Tz,p],Ix), diste([Ty,pl, Ty),
sldisty([Ty,p), Ix) + disty([Tx,pl, Ty)l}, if y € Po(xo),

then Po(zo) N F(Z)NF(J) N F(T) # ¢, provided one of the following con-
ditions holds:

(i) Po(xo) is complete, cl(T (Po(x0))) is compact and T is continuous;

(i) X is complete with separating dual X*, Po(xg) is weakly compact, and
Z —T is demiclosed at 0.
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Proof. We follow Shahzad [18]. Let € Pgo(xg). Then, z € Po(xp) and
hence ||z — xg||; = disty(xo, C). Note that for any k € (0,1),

|kxo + (1 — k)z — zollq = (1 — k)?||x — x0||q < distq(xo,C).

It follows that the line segment {kzo + (1 — k)z : 0 < k < 1} and the set
C are disjoint. Thus x is not in the interior of C' and so z € 9C N C. Since
7(0CNC) C C, Tz must be in C. Also since Zx € Po(xo), x0 = Txo = Jx0
and from (2.3), we have

172 = zollg = T2 = Tolly < 122 = Twollq = 22 = wolly = disty(xo, C).

Thus, Tz € Pco(zo). Consequently, 7 (Pc(xo)) C Po(zo) = Z(Po(xo)) =
J(Pc(zo)). Now Theorem 2.1 guarantees that Po(xo) N F(7) N F(Z) N
F(J) # ¢. This completes the proof.

O

Corollary 2.6. Let C be subset of a g-normed space X and let Z, J, T :
X — X be mappings such that xo € F(T)NF(Z)NF(J) for some xo € X and
T(0CNC) C C. Suppose that T and J are affine and continuous on Pc(xo)
with p € F(I)N F(J), Pc(xo) is p-starshaped and Z(Pc(zo)) = Po(xo) =
J(Pc(xo)). If the pairs {T,Z} and {T,J} are R-subweakly commuting and
T is (Z,J)-nonexpansive on Pc(xo) U {xo}, then Po(xo) N F(Z)NF(J)N
F(T) # ¢, provided one of the following conditions holds:

(i) Po(xg) is complete, cl(T (Po(xo))) is compact and T is continuous;

(ii) X is complete with separating dual X*, Po(xg) is weakly compact, X is
complete and T — T is demiclosed at 0;

(11i) Po(xo) is weakly compact and X is complete with separating dual X*
satisfying Opial’s condition.

Following Al-Thagafi [1], we define D = Po(mo)ﬂDg’J(xo), where DZ (z9) =
{z € C: Tz € Po(xp)} and DG (z0) = DE(x0) N DE (o).

Theorem 2.7. Let C be subset of a g-normed space X andZ, 7,7 : X — X
be mappings such that o € F(T)N F(Z)N F(J) for some xo € X and
T(OCNC) C C. Suppose that T and J are affine and continuous on D
with p € F(Z) N F(J), D is p-starshaped and Z(D) = D = J(D). If the
pairs {T,Z} and {T,J} are commuting and T is (Z,J)-nonexpansive on
D U{zo}, then Po(xo) NF(Z)NF(J)NF(T) # ¢, provided one of the fol-
lowing conditions holds:

(i) D is complete and cl(T (D)) is compact;

(ii) X is complete with separating dual X*, D is weakly compact, and T — T
s demiclosed at 0;

(iii) D is weakly compact and X is complete with separating dual X* satis-
fying Opial’s condition.
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Proof. Let z € D, then proceeding as in the proof of Theorem 2.2, we obtain
Tx € Po(xo). Moreover, since 7 commutes with Z on D and 7 is (Z,J)-
nonexpansive,

|22 —wolly = |TZe—Taolly < [P0~ Taolly = |72 —aolly = disty(wo, ),

and similarly, || J7z—xo||, < || T2 —z0|q = disty(wo, C), since 7 commutes
with J. Thus Z7x and J7 x are in Po(xg) and so Tz € Dg’j(xo). Hence
Tz € D. Consequently, T(D) C D = Z(D) = J(D). Now Theorem 2.1
guarantees that Po(xo) N F(Z)NF(J) N F(T). O

Let D5 (20) = Pe(0) N Ga (z0) N GE (), where GEF (z0) = {z €
C:||Zx — zollq < (2R + 1)disty(xo,C)}.

Theorem 2.8. Let C' be subset of a g-normed space X and T, J, T :
X — X be mappings such that xo € F(T)NF(Z)NF(J) for some xy €
X and T(0C N C) C C. Suppose that T and J are affine and continu-
ous on Dg’I’J(xo) with p € F(Z)N F(J), Dg’I’j(:co) is p-starshaped and
I(DE (x0)) = DE (x0) = T(DEFY (w0)). If the pairs {T,I} and
{T,J} are R-subweakly commuting and satisfy for all x € Dg’I’j(xo)U{xo},
(2.4)
|Zz — Txollq, if y = wo,
EﬂaX{HIfU — TYllg, disty([Tx,pl, Ix), disty([Ty, pl, Ty),
3ldisty([Ty, pl, Tw) + disty([T, p|, Ty)]}},

ify € Dg’I’j(xo),

then Po(zo) N F(Z)NF(J)NF(T) # ¢, provided one of the following con-
ditions holds:

(i) Dg’I’J(xg) is complete, cl(T(Dg’I’J(xo))) is compact and T is continu-
ous;

(ii) X is complete with separating dual X*, Dg’I’j(xo) 1s weakly compact,
and T — T is demiclosed at 0.

Proof. We follow Shahzad [18]. Let x € Dg’I’J(xo). Then, as in the proof
of Theorem 2.1, Tx € Pco(xp). From the R-subweak commutativity of the
pair {7,Z} and (2.4), it follows that

1Tz = Tylly <

\ZTx — xollg = 272 — TZx + TZx — Taolly < R|Tx — Lz,
+H| TPz — Tollq
= R||Tx — x9 + 0 — Za|¢ + || 7%z — xo 4
< R(||Tx — Twollq + [ Z2 — xollq) + [ T2 — ol
< R(||Zz — ollq + | Zx — @ollq) + | 722 — zollq
< (2R + 1)disty(zo, C).
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Similarly, |JTx — zolly < (2R + 1)disty(zo,C). Thus Tz € GE¥(zg) N
G& (xg). Consequently, T(DE" (x9)) € DEF (z9) = I(DR” (z0)) =
j(Dg’I’j(xo)). Now by Theorem 2.1 we obtain, Px(xo) N F(Z) N F(J) N
F(T) # ¢. O

Remark 2.9. Theorem 2.1 - Theorem 2.8 extend the Theorem 2.2 - Theorem
2.12 of Hussain and Jungck [6] in g-normed space.

Remark 2.10. Theorem 2.1 extend and generalize Theorem 2.2 of Shahzad [17,
18] using generalized (Z, J)-nonexpansive maps in g-normed space.

Remark 2.11. Theorem 2.1- Theorem 2.5 extend and generalize Theorem 2,
and Theorem 2.5 - Theorem 2.8 extend and generalize Theorem 4 of Khan

and Khan [9].

Remark 2.12. Theorem 2.1(ii), Theorem 2.2((ii) and (iii)), Corollary 2.3,
Corollary 2.4((a) and (b)) extend and generalize Theorem 2.1, and Theorem
2.5(ii), Corollary 2.6((ii) and (iii)), Theorem 2.7((ii) and (iii)) and Theorem
2.8(ii) extend and generalize Theorem 2.4 of Latif [11].

Remark 2.13. Theorem 2.1- Theorem 2.5 extend and generalize Theorem
3 and Theorem 6, and Theorem 2.5 - Theorem 2.8 extend and generalize
Theorem 7 of Jungck and Sessa [8] in g-normed space.

Remark 2.14. Theorem 2.5(ii), Corollary 2.6((ii) and (iii)), Theorem 2.7((ii)
and (iii)) and Theorem 2.8(ii) extend and generalize Theorem 3.6(i) of Sah-
ney, Singh and Whitfield [15] in g-normed space which is not necessarily
locally convex space.

Remark 2.15. Theorem 2.1- Theorem 2.5 extend and generalize Theorem 2.2
of Al-Thagafi [1] in the sense that the non-commuting generalized (Z,J)-
nonexpansive or generalized Z-nonexpansive maps defined in g-normed space
is used in place of relatively nonexpansive commuting maps.

Remark 2.16. Theorem 2.5 - Theorem 2.8 extend and generalize Theorem
3.2 of Al-Thagafi [1], Theorem 3 of Sahab, Khan and Sessa [14] and the-
orem of Singh [19, 20, 21] in the sense that noncommuting generalized
(Z, J)-nonexpansive or generalized Z-nonexpansive maps defined in a do-
main which is not necessarily locally convex space is used in place of linear
Z-nonexpansive maps.

Remark 2.17. Theorems 2.8 extend and generalize Theorems 2.5 of Shahzad
[18] for generalized (Z, J )-nonexpansive mappings defined in a domain which
is not necessarily locally convex space.
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