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1 Introduction
Let {8(n)}32_.. be a sequence of positive numbers satisfying f(0) = 1. If 1 < p <, then
the space L?(B3) consists of all formal Laurent series f(z) = ) f(n)z" such that the

n=—0o0

norm |[f||PF = ||f||g =y |f(n)|pﬂ(n)1’ is finite. When # just runs over N U {0}, the

0
space L”(B) only contains formal power series f(z) = Y f(n)z", and it is usually denoted
n=0

by H”(B). These spaces are also called as weighted Hardy spaces. If p = 2, such spaces
were introduced by Allen L. Shields to study weighted shift operators in his article [1]
which is one of basic studies in this area, and is a pretty large study that contains a num-
ber of interesting results, and indeed it is mainly of auxiliary nature. Actually, Shields
showed a close relation between injective weighted shifts and the multiplication operator
M, acting on L*(B) or H*(B) (see [[1], Proposition 7]). These are reflexive Banach spaces
with the norm |[-||g. Let f,(n) = §,(n). Hence, fi(z) = 7" and {fi}« - is a basis for L7(B)
such that ||fz|| = B(k). Clearly M,, the operator of multiplication by z on L?(B), shifts the
basis {fi}x. The operator M, is bounded, if and only if {#(k + 1)/B (k)}, is bounded, and in
this case |IM?|| = sup,[B(k+n)/B(k)] for all ne N U {0}.

We say that a complex number A is a bounded point evaluation on L”(f) if the func-
tional e(1) : L?(B) — C defined by e(A)(f) = fil) is bounded.

Let X be a Banach space. It is convenient and helpful to introduce the notation < x,
x* >to stand for x*(x), for x € X and x* € X*. Also, the set of bounded linear operators
on X is denoted by B(X). If A € B(X), then by 0(A) we mean the spectrum of A and by
r(A) we mean the spectral radius of A.
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. p 1 1 _
By the same method used in [2], we can see that L”(ﬂ)* = LI(B1) where 5 + q =1

p

Also, if f(®)= Xn:f(n)z" €’(B) and 2(2) = Xn:g(n)zn cLI(BIYy then clearly

<f §>= Zf(n)fg(n)ﬁ(n)p For some sources on these topics, we refer to [1-14].
n

If Q is a domain in the complex plane C, then by H(Q2) and H™(Q2) we mean the set
of analytic functions and the set of bounded analytic functions on €, respectively. By
||-||o, we denote the supremum norm on Q.

We denote the set of multipliers {¢ € L?(B) : ¢L”(B) S L”(B)} by L% (B8) and the lin-
ear transformation of multiplication by ¢ on L”(B8) by M,. The space L% (8) is a com-
mutative Banach algebra with the norm ||¢||. = ||My]].

By an analytic projection we mean the map which send each two-sided sequence
{an}2_ into the corresponding one-sided sequence {an}5o,[1].

It is known that the analytic projection for the unweighted shift is unbounded ([[15],
Prob. 9, Chapter 14]). In this paper, we want to investigate conditions under which the
analytic projection on L () to be bounded. Also, we investigate the fixed points of

some weighted composition operators acting on weighted Hardy spaces.

2 Main results

First we note that the multiplication operator M, on L?(f3) is unitarily equivalent to an
injective bilateral weighted shift and conversely, every injective bilateral weighted shift
is unitarily equivalent to M, acting on L”(f3) for a suitable choice of . Throughout this
article, M, is a bounded operator on L”(f3).

Let p(@) = 3 42" = ¢1() + ¢2(2) be in 1%, (B) where

k=—00

00 00
1(2) = D92, ¢a(2) =Y (—k)z.
k=0 k=1

Define the analytic projection J : L% (8) — LP(8) by J(#) = ¢1. Then, the projection ]
is clearly bounded since |[(¢)[|, = ||91]lp < ||@]lp < ||@||w. The problem of bounded-
ness raised when we consider the projection ] from L2 (8) into L%, (B). It is certainly
bounded if M, is not invertible on L?(f3), since in this case we will see that for
0(z) = Y p_ oo @(R)Z* in LB (B) it should be @(n) = 0 for all n <0. However, this pro-
jection is not necessarily a bounded operator on %, (). For example, as stated in [1],
it is not bounded when (1) = 1 for all n in Z (see also [[16], Chapter VII, equations
(2.2) and (2.3)]). We want to investigate those weighted Hardy spaces that admit the
analytic projection as a bounded linear operator on £ (8). This answers the following
question that has been considered by Shields in [[1], p. 91, Question 11]:

Question. For which bilateral shifts is the analytic projection a bounded operator on

L3, (B
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We will use the following notations:
-1

T =limB(—n) n , Qo ={z€C :|z| > ro1}

rn =limB(n)n , Qn={z€C :|z] <m}
T12 = T(Mz_l)_l , Q2= {Z eC : |Z| > T12}
Ty = T(MZ) , 922 = {Z eC : |Z| < T22}
rs = IMZITY Qa3 ={z€C ;2] > s3)
133 = |[Mc]| » Q33 ={z€C :|z| <133}
Ql=9010911 ={Z€CZT01<|Z|<T11}
92=9120922 ={ZEC 2T12<|Z|<T22}
93 =S2230S233 ={ZEC T3 < |Z| <T33}.

If ro; < r11, then by the same method used for the formal power series in [2], we can
see that each point of Q; is a bounded point evaluation on L7(f3).

Note that for the algebra B(X) of all the bounded operators on a Banach space X, the
weak operator topology is the one such that A, — A in the weak operator topology if
and only if A,x — Ax weakly, x € X.

For the proof of the main theorems, we need the following lemmas.

Lemma 1. If there exists a constant ¢ >0 such that |[IMj)l| < c|IMp]|| for all Laurent
polynomials p, then J e B(L%(B)).
o0
Proof. Let 9(z) = Y. @(k)z" be an arbitrary element in £ () and define

k=—00

. Bl .
Pu(p)= ) (1— Jo(k)z",  neN U{0}.
k:Z—n n+1

Indeed, the functions P,(¢) are the averages of the partial sums of ¢. Now, clearly J
(P,.(¢)) = P,(J(¢)) and we can also see that [|Mp,(o)l| < [IMyll. But P,(¢) is a Laurent
polynomial; thus by the assumption, we have

[IMp, (o)) |l = cliMp, ()l = clIMy,

for all » € N U {0}. Hence, {Mp,((¢))}i20 is a norm-bounded sequence in B(L?(B)).
Now, since the unit ball of B(L”(f})) is compact in the weak operator topology, we may
assume, by passing to a subsequence if necessary, that Mp,(j(y)) —> A for some operator
A in the weak operator topology. Put Q, = P,(J(¢)). Then, clearly we have

limn@(k) = ]T(p\) (k) Thus, we get

fr

llrrln < Mp,(o))fos B(k) ”

fr - 8
By 7 lim Qu (k) = J(¢) (k) =< J(#)fo,

where f; and f; are considered, respectively, as elements of L”(f) and Hence,

p
L1(g9y

we obtain

lirrln < Mp,g)fir fi ==<1(@)fys fu >

for all j and k (here f; € L”(B) and However, {Mp,(j(¢))}n is bounded,

p
fe e LI(BT))
and Mp,(j(p)) > A in the weak operator topology, and so A = My and indeed



Yousefi and Kashkooly Fixed Point Theory and Applications 2011, 2011:16
http://www.fixedpointtheoryandapplications.com/content/2011/1/16

J(¢) € L% (B) Now, by applying the closed graph theorem and the continuity of the
coefficient functionals on L2 (8), we conclude that J e B(L%,(8))- O

Lemma 2. Let /; = I - J and |IMj, (p)|| < clIMp]| for all Laurent polynomials p, then
J € B ()

Proof. By the same method used in the proof of Lemma 1, we can see that
J1 € B(L5,(B)) and this implies that / is also a bounded operator from L () into
L%, (B)- Hence, the proof is complete. 0

Theorem 3. Let M, be invertible on L?(f), ro5 < r33 and let for some d >0,
[Ipll, < d|IMpl| for all Laurent polynomials p. Then, J € B(Lgo(ﬁ)).

Proof. First, note that since M, is invertible, then o(M,) = Q,, and hence, the inequal-

ity ryp < r33 implies that |[M,|| ¢ o(M,). Thus, by the Cauchy integral formula we have
1
M, = p(M,) = / w)(w — M,) " dw
popM) =, M

for all polynomials p. Therefore,

1

M| < ||p||9/ 1w — M)~ idluwl.
P an ” Jiwl=1im ( <)

However, t — ||(¢”||M,|| - M,)™|| is continuous on [0, 277] and so it should be con-

stant, say ¢;. Thus, for all polynomials p we get
[IMpl] < cllplle,, (%)

where ¢ = ¢1||M,]||. Now, let ¢ be a Laurent polynomial. Then,

d(2) = Y 4()2" = q1(2) + 4a(2)

k=—n

where

01(2) = Y 4R, qa(2) = ) a(—k)e .

k=0 k=1

We have [|[Mg, || =< cllgille;;,. On the other hand, since ¢ € H™(Q3), by using the
1

Co=1+723(r35 —133)2

the assumption ||glle, < d|IMyl| thus ||q1lle,, < codl|Mg|l. Therefore, ||My,|| < cdcol|

Lemma in [[1], page 81], we get ||q1lle,; < ¢ollqllq, where By

M,|| for all Laurent polynomials g and so by Lemma 1 the proof is complete. U
Theorem 4. Let M, be invertible on L(f8), ry3 < 119, and let for some d >0, the rela-
tion ||q]le, < dlIMg|| holds for all Laurent polynomials g. Then, J € B(L% (8))-
Proof. It is sufficient to prove that /; = I - / is a bounded operator on Lgo (B)- Note
that since ry3 < rq, thus [[M7 1| € o(M;!). Now by using the relation (*) with repla-

cing z by L and M, by M; ! we get |[IMyl| < cl|gllq,, for all polynomials g in z'. Now,
z
let p be a Laurent polynomial. Then,

p(2) = D pk)E" = p1(2) + p2(2)

k=—n

Page 4 of 9
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where
pi(2) = Y p(), pa(z) = Y p(-k)z™".
k=0 k=1
Hence, [|Mp, || < cllp2lle,; Since p € H™(Q3), by using the Lemma in [[1], p. 81], we

get [Ip2lla,; < collpllq, where By the assumption we obtain

Co=1+123(r35 —133) 2
My, )l = [IMp, || < cdcolIMp]|
for all Laurent polynomials p. Now by Lemma 2, J € B(L%(8)) and so the proof is

complete. O

Proposition 5. If M, is not invertible on L(f), then J € B(L%(8))-

1
Proof. Let ¢ € L% (). Since M, is not invertible, inf ﬂ(ﬁnZn:) ) = 0. Now by the rela-
m
tion (**) in the proof of Theorem 6, we have
A ky—1 _ o B(m)
lo(R)| = [IMgll IMZII™" = IIMwlllgfﬂ(erk), kel

Hence, for k = -1 we get ¢(—1) = 0 for all ¢ € L% (8). Multiplying by z we have
@(—2) =2p(—1) = 0, etc. Thus, ¢(n) =0 for all n < -1 and so J is identity, i.e., J(¢)(z)
= ¢(z) for all ¢ e L (B) and so the proof is complete. O

Definition 6. Let X be a Banach space. A compact subset K of the plane is called a
spectral set of A € B(X), if it contains the spectrum of A, 6(A), and ||fl4)|| < max{|f(2)] :
z € K} for all rational functions fwith poles off K.

From now on suppose that M, is invertible on L?(8) and Q, is nonempty.

Theorem 7. If o(M,) is a spectral set for M,, then the analytic projection is a
bounded operator on L%, (B).

Proof. Suppose that J : [£ (8) — LP(B) denotes the analytic projection. Note that
o(M;) = Q. Since o(AM,) is a spectral set, we have |[Myl| < c||pl|g, for all polynomials

p- Also, since Q, is nonempty, we have 75 < ry;. Now, let g(z) = q1(z) + g2(z) be a

n n
Laurent polynomial such that ¢1(2) = Y G(k)2" and ¢2(z) = 3" G(—k)z™*. Thus, we
k=0 k=1

have [[J(9)lla,, = llg1lle,, < c1llgllq, where (see the Lemma in

1 = 1 +T17_(T§2 — T%2)2
[[1], p. 81]). Therefore,
[IMg, 1| < cllgille, < cllgille, < ccillqlle,.

But 1%, (8) c H(,) and each point of Q, is a bounded point evaluation on % (B).
Indeed, if ¢ =2 ¢(n)" € Lgo(ﬁ), then the relation < Myfy, fn >= @(n — m)B(n)?

implies that

19(n —m)IB(n) < |IMyllllfmllos)-lfall - »
Li(p9)

p
[IM [18(m)B(n)9.

Page 5 of 9
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p(m)
B(m +k)

By taking k = n - m, we get |p(k)| < |IMyl] for all m. Therefore,

19(k) < M| 1IMFI7E ()

|z|" z|"
and so |¢(2)| < [IMy| Z Mn where by the root test the series ) |n
— |IMZ]] n [IMZ2]]

on Q,. This implies that I2(8) c H(,) and each points of Q, is a bounded point

converges

evaluation on L% (B). Also, Q, is the largest open annulus such that £ (8) c H(£,)
(see [2] for the case of formal power series). Since [7, (B) is a commutative Banach
algebra and e; is multiplicative, it should be ||e;|| = 1 for all L € Q,, and this implies
that [[¥[le, < |IMy|| for all v in L%, (8). Therefore, ||M|| < cc1||M,]|| for all Laurent
polynomials g. So the proof is complete. O

Corollary 8. If |[IM,|| < c||pllq, for all polynomials p, then the analytic projection is a
bounded operator on %, (B).

Proof. In the proof of Theorem 7, we only used the inequality in the definition of
the spectral set for polynomials instead of rational functions. Hence, Theorem 7 is also
consistent if we substitute the statement “||M,|| < c||pllq, for all polynomials p in z*,
instead of the statement “o(M,) be a spectral set for M,“. This completes the proof. O

Corollary 9. If [[Mg]| < cllqllg, for all polynomials g in z*, then the analytic projec-
tion is a bounded operator on L2, (B).

Proof. Put J; = I - ] where J : I£ (8) — LP(B) denotes the analytic projection. So for

a Laurent polynomial

pz) = Y p(R)Z" = p1(2) + p2(2),

k=—n

n n

where p1(2) = Y. p(k)2" and pa2(2) = Y_ p(—k)z™", we have J,(p) = p,. Now by the
k=0 k=1

Lemma in [[1], p. 81], we have lIp2lle,, = [1(p)lle, < allplle, < c1llMyll where

1
. Thus, by this hypothesis, we get
c1=1+112(13, —13,)2 Y P 8

M)l = [IMp2ll < cllp2lle, = cllp2lla, < cerl|Mpll.

Now, the result follows from Lemma 2. O

Now we consider the special case when p = 2.

Theorem 10. Let M, be invertible on L*(B). If 0 < r15 = ry3 < rap = rs3, then
J € B ()

Proof. Note that for the Hilbert space L*(f), the Von Neumann’s inequality holds
and since 7,3 < 133, there exists a number ¢ >0 such that [[Mp|| < c||pllg, for all Laurent
polynomials p (see Proposition 23 in [[1], p. 82]). Also, note that Q, = Q.

Let

p(z) = D pk)E" = p1(2) + p2(2)

k=—n
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where

piR) =Y pR)E, pa(z) = Y b(=l),

k=0 k=1

Thus, [IMp, || < cllp1lles Since p € H™(Q3), we have |[p1lle; =< collplle, where

5 > 5 On the other hand, since ri5 < 1), as we saw earlier,
co=1+71y3(r35 —135)2

L2,(B) € H®(,) and |lglle, < [IMy]| for all ¢ in [%,(B). Therefore, we get

Myl = 1IMp, [I = cllprlle, < cllp1llas,
= coollplle, = ccollplle, =< ccollMpll.

Now by Lemma 1, the proof is complete. O

Studying the fixed points of weighted composition operators entails a study of the
iterate behavior of holomorphic self-maps. The holomorphic self maps of the open
unit disc U are divided into classes of elliptic and non-elliptic. The elliptic type is an
automorphism and has a fixed point in U. The maps that are not elliptic are called of
non-elliptic type. The iterate of a non-elliptic map can be characterized by the Denjoy-
Wolff Iteration Theorem [3]. By y,, we denote the nth iterate of y and by ¥ (w) we
denote the angular derivative of y at w € dU. Note that if w € U, then v’ (w) has the
natural meaning of derivative.

Denjoy-Wolff Iteration Theorem. Suppose i is a holomorphic self-map of U that is
not an elliptic automorphism.

(i) If w has a fixed point w € U, then y,, - w uniformly on compact subsets of U/,
and |y/(w)| <1.

(i) If w has no fixed point in U, then there is a point w € dU such that y,, - w uni-
formly on compact subsets of U/, and the angular derivative of y exists at w, with 0 < y’
w)<1.

We call the unique attracting point w, the Denjoy-Wolff point of .

Suppose that y is a holomorphic self-map of U such that the composition operator
C, acts boundedly on a Banach space of formal power series H”(f3), and ¢ belongs to

H’(B) the set of multipliers of H”(B). Then, the weighted composition operator C,,

acting on H’(P) is defined by C,,, = M,C,,. Note that if , then HP(8) € H

1
limg(n)n =1
(1), and each point of U is a bounded point evaluation on H?(j3).

Theorem 11. Suppose that y is a holomorphic self-map of U such that ||y||; <1,
and the composition operator C,, acts boundedly on a Banach space of formal power
series H”(f) with _ ! . Also suppose that ¢ is a multiplier of H”(B), and w is

limg(n)n =1
the Denjoy-Wolff point of y. If H% (8) = H*®(U) and ¢(w) = 0, then the operator Cq,,,

@
has a nonzero fixed point on H”() where ® = o(w)’

Proof. Note that w € U since ||y||y <1. Assume that ¢(w) # 0. Choose J with
|y’ (w)| < 0 <1. Without loss of generality, suppose that w = 0. Hence, |y(z)| < J|z]|
when z is sufficiency near to zero. If K is a compact subset of U, then by the Denjoy-

Wolff Theorem, y,, — 0 uniformly on K and |y,,,x(2)] < |w,.(2)| for sufficiently large n
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o
and every k € N, and z € K. This implies that ) [¥(z)| converges uniformly on com-
i=0

pact subsets of U. Since ¢ is bounded, an application of Schwarz’s lemma shows that
there exists a constant M >0 such that |¢(0) - ¢(z)| < M|z| for every z € U. However,
¢(0) = 0, thus

- @< M e
- v(z)| < zl (z .
¢(0) lo(0)]
By substituting w,(z) instead of z in the above inequality, we get
1 M
1 - e(¥i(z))l < [¥i(2)].
0(0) VTN = ) Vi)
x 1 © 1
This implies that > |1 — ¢(¥i(z))] and consequently [] ¢(¥i(z)) converges
i=0 ¢(0) i~0 #(0)
x 1
uniformly on compact subsets of U. Set g(z) =[] w(o)w(lﬁi(z)). Then g is a nonzero
i=0

holomorphic function on U. Also, note that ¢ - g ° y = ¢(0)g. Thus, generally there is
a function g € H(U) such that

(%) Cy,y g = p(w)g.

Hence
n—1
[Tego vm = p(w)"s,
j=0
so that
n—1
g=ow) " [[e(¥)go v
j=0
n—1
Because ||w,|| <1, the function gew, € H™(U ); moreover, each factor of [] ()
j=0

belongs to H™(U) since ¢ belongs to H™(U). Thus, g€ H™ (U) € H’(f), and thus (*¥)
shows that the operator Cq,,, has a nonzero fixed point on H’(f3) as desired. O
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on weighted Hardy spaces, to be reflexive (see [12]). This answers the eighteenth question raised by Allen Shields in
[1]. In this article, we have given conditions under which the analytic projection is bounded on . This answers the
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eleventh question of Allen Shields raised in [1]. Also, we characterized the fixed points of some weighted composition
operators acting on weighted Hardy spaces. At the end, we note that the weighted Hardy spaces (similar to (cone)
metric spaces) will be mentioned as potential materials for further studies on stability of some iteration procedures,
and we will continue the investigation on these topics such as [19-28] in our future studies.

Received: 28 March 2011 Accepted: 20 July 2011 Published: 20 July 2011

References

1. Shields, AL: Weighted shift operators and analytic function theory. Math Surv Am Math Soc. 13, 49-128 (1974)

2. Yousefi, B: Bounded analytic structure of the Banach space of formal power series. Rendiconti Del Circolo Matematico
Di Palermo. 51, 403-410 (2002). doi:10.1007/BF02871850

3. Cowen, CC, MacCluer, BD: Composition Operators on the Spaces of Analytic Functions. CRC Press (1995)

4. Seddighi, K Yousefi, B: On the reflexivity of operators on functions spaces. Proc Am Math Soc. 116, 45-52 (1992).
doi:10.1090/50002-9939-1992-1104402-5

5. Yousefi, B: On the space A’(B). Rendiconti Del Circolo Matematico Di Palermo, Serie Il, Tomo XLIX. 115-120 (2000)

6. Yousefi, B: Unicellularity of the multiplication operator on Banach spaces of formal power series. Studia Mathematica.
147(3), 201-209 (2001). doi:10.4064/sm147-3-1

7. Yousefi, B, Jahedi, S: Composition operators on Banach spaces of formal power series. Bollettino Della Unione
Matematica Italiana. 8(6-B), 481-487 (2003)

8. Yousefi, B: Strictly cyclic algebra of operators acting on Banach spaces H*(B). Czech Math J. 54(129), 261-266 (2004)

9. Yousefi, B, Soltani, R: On the Hilbert space of formal power series. Honam Math J. 26(3), 299-308 (204)

10. Yousefi, B: Composition operators on weighted Hardy spaces. Kyungpook Math J. 44, 319-324 (2004)

11. Yousefi, B, Dehghan, YN: Reflexivity on weighted Hardy spaces. Southeast Asian Bull Math. 28, 587-593 (2004)

12. Yousefi, B: On the eighteenth question of Allen Shields. Int J Math. 16(1), 37-42 (2005). doi:10.1142/50129167X05002758

13. Yousefi, B, Kashkuli, Al: Cyclicity and unicellularity of the differentiation operator on Banach spaces of formal power
series. Math Proc R Irish Acad. 105A(1), 1-7 (2005)

14, Yousefi, B, Farrokhinia, A: On the hereditarily hypercyclic operators. J Korean Math Soc. 43(6), 1219-1229 (2006)

15. Rudin, W: Real and Complex Analysis. McGraw-Hill, New York. (1974)

16. Zygmond, A: Trigonometric Series. Cambridge University Press, New York, Vol. |, 2nd edn. (1959)

17. Zorboska, N: Hyponormal composition operators on weighted Hardy spaces. Acta Sci Math (Szeged) 55, 399-402 (1991)

18.  Zorboska, N: Angular derivative and compactness of composition operators on large weighted Hardy spaces. Canad
Math Bull. 37, 428-432 (1994). doi:10.4153/CMB-1994-061-8

19.  Asadi, M, Soleimani, H, Vaezpour, SM, Rhoades, BE: On T-stability of picard iteration in cone metric spaces. Fixed Point
Theory Appl. 2009, Article ID 751090, 6 (2009)

20. Harder, AM, Hicks, TL: Stability results for fixed point iteration procedures. Mathematica Japanica. 33(5), 693-706 (1988)

21. Huang, LG, Zheng, X: Cone metric space and fixed point theorems of contractive mapping. J Math Anal Appl. 332(2),
1468-1476 (2007). doi:10.1016/jjmaa.2005.03.087

22. llic, D, Rakocevic, V: Quasi-contraction on a cone metric space. Appl Math Lett. 22(5), 728-731 (2008)

23. Qing, Y, Rhoades, BE: T-stability of picard iteration in metric spaces. Fixed Point Theory Appl. 2008, Article ID 418971, 4
(2008)

24. Rhoades, BE, Soltus, SM: The equivalence between the T-stabilities of Mann and Ishikawa iterations. J Math Anal Appl.
318, 472-475 (2006). doi:10.1016/jjmaa.2005.05.066

25. Sen, MDL: On the characterization of Hankel and Toeplitz operators describing switched linear dynamic systems with
point delays. Abst Appl Anal. 2009, Article ID 314581, 19 (2009)

26.  Sen, MDL: Stability and convergence results based on fixed point theory for a generalized viscosity iterative scheme.
Fixed Point Theory Appl. 2009, Article ID 670314, 34 (2009)

27. Yadegarnegad, A, Jahedi, S, Yousefi, B, Vaezpour, SM: Semistability of iterations in cone spaces (Submitted).

28.  Zamfirescu, T: Fixed point theorem in metric spaces. Arch Math (Basel). 23, 91-101 (1972)

doi:10.1186/1687-1812-2011-16
Cite this article as: Yousefi and Kashkooly: On the eleventh question of Allen Shields. Fixed Point Theory and
Applications 2011 2011:16.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



http://www.springeropen.com/
http://www.springeropen.com/

	Abstract
	1 Introduction
	2 Main results
	Acknowledgements
	Author details
	Authors' contributions
	References

