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The purpose of this paper is to introduce an iterative algorithm for finding a common element of the set of fixed points of quasi-
nonexpansive mappings and the solution of split feasibility problems (SFP) and systems of equilibrium problems (SEP) in Hilbert
spaces. We prove that the sequences generated by the proposed algorithm converge weakly to a common element of the fixed points
set of quasi-nonexpansive mappings and the solution of split feasibility problems and systems of equilibrium problems under mild
conditions. Our main result improves and extends the recent ones announced by Ceng et al. (2012) and many others.

1. Introduction

Let C be a nonempty closed convex subset of a real Hilbert
space H. A mapping T : C — C is said to be nonexpansive
if [Tx — Tyl < |lx — yl for all x,y € C. Denote the set
of fixed points of T by F(T). On the other hand, a mapping
T : C — C is said to be quasi-nonexpansive it F(T)+ 0
and |[Tx —gll < |x — gl for all x € Cand g € F(T). If
T : C — Cisnonexpansive and the set F(T') of fixed points
of T is nonempty, then T' is quasi-nonexpansive. Fixed point
iterations process for nonexpansive mappings and quasi-
nonexpansive mappings in Banach spaces including Mann
and Ishikawa iterations process have been studied extensively
by many authors to solve the nonlinear operator equations
(see [1-4]).

Let F be a bifunction of Cx C into R, where R is the set of
real numbers. The equilibrium problem for F: CxC — R
is to find x € C such that

F(x,y)>0 VyeC. 1
The set of solutions of (1) is denoted by EP(F). Numerous

problems in physics, optimization, and economics reduce to
find a solution of (1) in Hilbert spaces; see, for instance,

Blum and Oettli [5], Flam and Antipin [6], and Moudafi
[7]. Moreover, Flam and Antipin [6] introduced an iterative
scheme of finding the best approximation to the solution of
equilibrium problem, when EP(F) is nonempty, and proved a
strong convergence theorem (see also in [8-11]). Let F, F, :
C x C — R be two-monotone bifunction and A > 0 is a
constant. Recently, Moudafi [12] considered the following of
a system of equilibrium problem, denoting the set of solution
of SEP by Q, for finding (x*, y*) € C x C such that

AF, (x",2)+ (y" =x",x"=2) 20, VzeC,
()

AE, (y",z) +(x" = y",y" -2) 20, VzeC.

He also proved the weak convergence theorem of this prob-
lem (some related work can be found in [13, 14]).

The split feasibility problem (SFP) in Hilbert spaces for
modeling inverse problems which arise from phase retrievals
and in medical image reconstruction was first introduced
by Censor and Elfving [15] (see, e.g., [16, 17]). It has been
found that the SFP can also be used to model the intensity-
modulated radiation therapy (see [18, 19]). In this work, the
SFP is formulated as finding a point x* with the property

x"eC,  Ax"€Q 3)



where C and Q are the nonempty closed convex subsets
of the infinite-dimensional real Hilbert spaces H, and H,,
respectively, and A € B(H,, H,) (i.e., A is a bounded linear
operator from H, to H,). Very recently, there are related
works which we can find in [16, 18, 20-26] and the references
therein.

A special case of the SFP is called the convex constrained
linear inverse problem (see [27]), that is, the problem to
finding an element x such that

xeC, Ax=beQ. (4)

In fact, it has been extensively investigated in the literature
using the projected Landweber iterative method [27, 28].
Throughout this paper, we assume that the solution set I of
the SFP is nonempty.

Motivated and inspired by the regularization method and
extragradient method due to Ceng et al. [29], we introduce
and analyze an extragradient method with regularization for
finding a common element of the fixed points set of quasi-
nonexpansive mappings and the solution of split feasibility
problems (SFP) and systems of equilibrium problems (SEP)
in Hilbert spaces. Our results represent the improvement,
extension, and development of the corresponding results in
(14, 29].

2. Preliminaries

Let H be a real Hilbert space with inner product {,-) and
norm || - ||, and let C be a closed convex subset of H. We write
x, — xtoindicate that the sequence {x,,} converges weakly to
x and x,, — x to indicate that the sequence {x,} converges
strongly to x. For every point x € H, there exists a unique
nearest point in C, denoted by P-x, such that

= Bex|| = inf =y < e = 5] ¥yeC. ()

P is called the metric projection of H onto C.
Some important properties of projections are gathered in
the following proposition.

Proposition 1 (see [29]). For given x € H and z € C:

(i) z = Pxifandonlyif (x — z,y — z) <
0, for all y € G

(ii) z = Pox if and only if |lx —z|* < |lx - yI> = lly -
z||2,for all y e C.

Definition 2 (see [30, 31]). Let T be a nonlinear operator with
domain D(T) ¢ H and range R(T) € H, and let # > 0 and
v > 0 be given constants. The operator T is called

(a) monotone if

(x=»Tx-Ty)>0, Vx,yeD(T); (6)

(b) B-strongly monotone if

(x-y,Tx - Ty) 2ﬁ||x—y||2, Vx,y e D(T); (7)
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(c) v-inverse strongly monotone (v-ism) if
(x =y, Tx-Ty) > 0|Tx - Ty|", Vx,y e D(T). (8)

We can easily see that if S is nonexpansive, then I — S is
monotone. It is also easy to see that a projection P, is a 1-ism.

Definition 3 (see [29]). A mapping T : H — H is said to be
an averaged mapping if it can be written as the average of the
identity I and a nonexpansive mapping, that is,

T=(1-a)I+as, )

where @« € (0,1) and S : H — H is nonexpansive. More
precisely, when (9) holds, we say that T is a-averaged. It
is easly to see that if T is an averaged mapping, then T is
nonexpansive.

Proposition 4 (see [20]). Let T :
mapping. Then consider the following.

H — H be a given

(i) T is nonexpansive if and only if the complement I — T
is (1/2)-ism.

(ii) T is averaged if and only if the complement I -T is v-ism
forsomev > 1/2. Indeed, for o« € (0, 1), T is x-averaged
ifand only if I — T is (1/2w)-ism.

(iil) The composite of finitely many averaged mappings is
averaged. That is, if each of the mappings {T;}j" is
averaged, then so is the composite T o Ty o -+ o Ty. In
particular, if T, is «,-averaged and T, is «,-averaged,
where oy, o, € (0, 1), then the composite T, o T, is a-
averaged, where & = o) + &, — o4 &,.

In this paper, we use an equilibrium bifunction F : C x
C — R for solving the equilibrium problems, let us assume
that F satisfies the following conditions:

(Al) F(x,x) =0 forall x € C;

(A2) F is monotone, that is, F(x,y) + F(y,x) < 0
forall x, y € C;

(A3) for each y ¢ C,x +— F(x,y) is weakly upper
semicontinuous;

(A4) for each x € C, y — F(x, y) is convex; semicontinu-
ous.

Lemma5 (see [6]). AssumethatF : CxC — Rsatisfies (Al)-
(A4). Forr > 0 and x € H, define a mapping T, : H — C as
follows:

T, (x) = {zeC:F(z,y)+l(y—z,z—x) >0, VyeC},
r
(10)
for all z € H. Then, the following hold:

(i) T, is single-valued;

(ii) T, is firmly nonexpansive, that is, for any x,y €
H | T,x - T,ylI> <(T,x - T,y,x - y);
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(iii) F(T,) = EP(F);
(iv) EP(F) is closed and convex.

Lemma 6 (see [32]). Let C be a closed convex subset of a
real Hilbert space H. Let F, and F, be two mappings from
C x C — Rsatisfying (A1)-(A4) and let T ) and T, , are
defined as in Lemma 5 associated to F, and F,, respectively.
For given x*, y* € C,(x", y") is a solution of problem (2) if
and only if x* is a fixed point of the mappingG : C — C
defined by

G(x) = Vx € C, (11)

Ty (Topx),

* *
where y* =T, x

Lemma 7 (see [33]). Let {a,}.;,{b,},o, and {5,},2, be
sequences of nonnegative real numbers satisfying the mequalzty

Ay <(1+6,)a,+b, VYnx1. (12)
Ify2, 68, <ocoand Y, b, < oo, thenlim,_, oa, exists. If,

in addition, {a,},° has a subsequence which converges to zero,

thenlim, _, . a, = 0.

3. Weak Convergence Theorem

In this section, we prove a weak convergence theorem by
an extragradient methods for finding a common element
of the fixed points set of quasi-nonexpansive mappings and
the solution of split feasibility problems and systems of
equilibrium problems in Hilbert spaces. The function f :
H — R is a continuous differentiable function with the
minimization problem given by

. 1 2
I)Ic‘lel(ljlf (x) = EHAx - PoAx|”. (13)

In 2010, Xu [17] considered the following Tikhonov regular-
ized problem:

. 1 1
minf, (x) = [ Ax - PoAx| + Soll’, a4

where & > 0 is the regularization parameter. The gradient
given by

Vg () =Vf (x) +al = A" (I-Py) A+al  (15)

is (o + ||A||2)—Lipschitz continuous and a-strongly monotone
(see [29] for the details).

Lemma 8 (see (17, 29]). The following hold:

(i) T = F(Po(I — AVf)) = VI(C, Vf) for any A > 0, where
F(P(I = AVf)) and VI(C, Vf) denote the set of fixed
points of Po(I — AVf) and the solution set of VIP;

(i) Po(I — AVf,) is E-averaged for each A € (0,2/(a +
IAI%)), where & = (2 + A + | AlI%)) /4.

Theorem 9. Let C be a nonempty closed convex subset in a
real Hilbert space H. Let u > 0, F, and F, be two bifunctions
from C x C — R satisfying (A1)-(A4). Let S be a quasi-
nonexpansive mapping of C into itself such that I — S be
demiclosed at zero, that is, if {w,} ¢ C,w, — w and (I -
Sw, — 0,thenw € F(S), with F(S)NTNQ # 0. Let {x,,}, {y,},
{z,}, and {w,} be the sequence in C generated by the following
extragradient algorithm:

xo=x€C,

w, €C;  Fy(w,2)+¢(2)-¢(w,)

1
+—(z-wyw,—x,) 20, VzeC,
u
z,€C; F (z,,2) +9(2) - 9(z,) (16)
1
+—{(z-2z,2,-w,) 20, VzeC,
y

Yn = PC (I - Anvfocn) Zp>

Xn+1 = ﬂnxn + (1 - ﬁn) SPC (xn - Anvfa,, (yn)) >

where Y 2, n < 00, {A,} C [a,b] for some a,b € (0, 1/1A11%)
and {B,} C [c,d] for some c,d € (0,1). Then, the sequences
{x,} and {y,} converge weakly to an element X € F(S)NT N Q.

Proof. By Lemma 8, we have that P-(I — AVf, ) is &-averaged

for each A € (0,2/(ax + | A|I*)), where & = (2 + A« + | A1%)) /4.
Hence, by Proposition 2.4 , Po(I — AVf,) is nonexpansive.
From {A,} < [a,b] and a,b ¢ (0,1/||All*), we have a <
inf, oA, < sup,.oh, < b < VIA|* = lim,, _, o, 1/(ex, + [ AI).
Without loss of generality, we assume that a < inf, (A, <
sup,.oA, <b < 1/(a, + [l A]|?), for all # > 0. Hence, for each
n >0, Po(I - A, Vf, ) is §,-averaged with

A (o, +1AIP) 1 A, (o, + 1AIP)

1
= — 4+ —_——
S 2 2 2 2

17)
244, (o, + 1AIP)

4

€(0,1).

This implies that P-(I - A,,Vf,, ) is nonexpansive foralln > 0.

Next, we show that the sequence{ .} is bounded. Indeed,
take a fixed p € F(S) N T N Q arbitrarily. Let T; , and
T,, be defined as in Lemma5 associated to F, and F,,
respectively. Thus, we get p = Sp = SPo(p), foralln >
0,p = P(I - AVf)p, forall A € (0,2/]|Al*) and p
Ty, (T,,p), for all y > 0. Put y* = T, ,p,z, = T ,w, and
w, = T, ,x,. From (29), we have

~Pc(I-1,9f) p|

Zp _PC (I _Anvfan)p“

Iy, = pll = |Pc (1 - 1,V1,) 22
< ||PC (I-1,91,)



# [P (1= A9, ) p = Be (1= 2,9) p]

< |z, = pl| + (1= A, f., ) p - (1= A, f) p
= llz, = pll + [Aup (Vf - V.,
= |z, = pll + |Aneip
= llzw = pll + Aex, 2] -
(18)

This implies that ||z, — pll = IITWw
IT,,x, — Toupl < lx, — pll. Thus, we obtain ||y, — pll <
"xn - P" + /\n‘xn"p” Put ln = PC(xn - Aanan(yn)) for each
n > 0. Then, by Proposition 1(ii), we have

n = Ty | < lw, =yl =

b= I < 0 = AV, ) - |
=[x = AV, O) =
=L+ 22, (i, O)s 2 = 1)
<l = pl* = s = 117

+ 24, [(Vfa, On) s ¥ = L) + (Va2 = )|

< ey = oI = s = 17

= Jeu = ol - I,

+ 24, [0 (P2 p = ) + (Vo ) ¥n = )]
g . I o

0= Y Yu = by = Iyn =Ll

(Y, ) = 1) ]

SP2 e PR

-2(x
+2/\n [“n <p’p_yn> +

= w2l - I,

+2 <xn - Anvfa,, (yn) - yn’ln - yn>
+ 2/\n‘xn <p’p - yn> :
19)
Hence, by Proposition 1(i), we have
<xn - )‘nvfa (yn) V> ln - yn>
- <X -A Vfa (X yn’ln _yn>
+ <Anvf[xn ('xn) - Anvfan (yn) ’ln - yn>
(20)
< <Anvf¢xn (xn) - Anvfoc,, (yn) > ln - yn>
<Ay |V, () = AV foe )| 1 = 2l
< A (6 + 1AI) 5 = gl 1, = 3l -
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So, we have

e A A e A

+ 20, (e + NAI) [ = 2all 11 = 3l
+ 20,0, ol 2 = 72l
< % = 217 = 10 = vull” = Iy = 1

+ 22, + A1) T = 2P + 18~ 3l
+ 22,0, [Pl P = 7l
= |lx. = plI” + 24,0, 2l 12 = ¥l
+ A2+ 1AP) = 1] e, - 2l
< [, = oI + 22,0, [l 1P -
< s = oI + 220 ]l [z = 2l + Aucts [2]]
< I = 27 + 20a0 2] [, = 21l + Aoty "P"(]z-l

Then, from the last inequality we conclude that

%1 - 2l
=B, + (1= B)S () - pI°
< Ballxu = ol + (1= B IS G) - £l
=B (1=B) %, =S @)

Sﬂn"xn_p" +(1_/3n)||ln_p||2
_:Bn ﬁn ”)C =S l)”Z
b ﬁn"xn_p"

(1= B) [l = oI + 20,0, ol 1 = 7
+ [ 2o + 1AI) = 1] s~ 7]
=B (1= B) s = S QI
< Il = 2I° + 200 2l 12 = 32
+ (1= B,) (W2 + 1AI) = 1) [, = 3
=B (1= B) s =S @I
< xu = 2l + e (Aol + 12 = 22l
+ (1= B,) (2 + 1AI) = 1) |, = 3
=B (1= B |xu = S @I
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< %, - I
o, (2]l + (I, - ol + A, )]
+(1=B,) (A2, + 1AP) = 1) [, - 3
=B (1= ) |, = S @)

< %, - I
o, [A2]pl + 2w, - ol + 200 ]
+ (1= B,) (e + 1AP) = 1) |, = 3
=B (1=B) %, =S @I

= (1+2a,) |, = I + i o] (1 + 2627)
+ (1= B,) (A2 + 1AP) = 1) |, = 3,
=B (1= B) Ixu = S G|

< (1+2a,) |, = pI + Ay o] (1 + 26)

= (1+8,) |xu = oI + b

(22)

where 8, = 2a, and b, = a, A2 ]| pll*(1 +2a2). Since Y2 o, <
oo and {A,} € [a,b] for some a,b € (0, 1/|All%), we conclude
that )72 8, < coand )2 b, < co. Therefore, by Lemma 7,
we note that lim,, _, . |lx,, — pll exists for each p € F(S)nT'N
Q and hence the sequences {x,},{,}, {y,}, {z,}, and {w,} are
bounded. From (22), we also obtain

(1= (10 (c + 14P)) [, = 2l
+c(-d)|x, -S|’
< (1= B.) (1= 22 (e + 1A ) |, — 3l
+Bu (1= B x-S @I

< (1+20,) %, = oI = %1 = I

+a Aol (1+207),

(23)

where {A,} ¢ [a,b] and {B,} C [¢,d]. Since lim,,_, lIx,, — pll
exists and «, — 0, it follows that

lim ”xn - yn“ = lim "xn - S(ln)“

n— o0 n—00

< lim [|lx, -p[+[p-SCI] (24

n— 00

< lim [”xn - P" + ”p - ln”] =0.

n— 00

5
Similarly, from inequality (22), we have
2
(1-d) (1 ~ b(a, + IAIP) ) 1%, - 2|
+c(l-d)|x,-S (ln)“2
<(1-B,)(1-22(a, + 1AIP)") |, - 2,
(1= B (1= o+ 0APY ) a2

+B,(1-B) x-S @I
< (1+a,) [, = pI* = Ixer - I

ra el

n

where {A,} ¢ [a,b] and {B,} C [¢,d]. Since lim,,_, ., [Ix,, — pll
exists and «,, — 0, we obtain

lim |x, - z,| = lim |x, -S(,)| = 0. (26)

n— 00 n— 00

Moreover, we note that
Iy =1l = [Pe (20 = AaVFi 20) = P (%0 = 2V, ()]

<[ (20 = 1512, (20)) = (30 = AuVFe, ()]

= |2 = %0 = (A, () = 1aVSi, O)]

< Nz = xall + |Aaf, (20) = XV, ()]

<z =2l + A [[V£s, (20) = Vi, ()]
+[9fa, () = Vi, O[]

< Jlz = xall + A [ (2 + 1AI) [, = 3,

+ “Vfan (Zn) - Vf(xn (xn)"] .
(27)

From (26) and «,, — 0, it is implied that

nILIIéO "yn - ln" =0. (28)
Note that |1}, = SUN < 1, = yll + 13, = %1l + I, = S
This together with (24) and (28) implies that lim, _, I, —
SU)I = 0. Also, from |x,, — LI < lIx, — ¥l + lly, — LI,
it follows that lim,,_, . llx,, — L, = 0. Since Vf = A*(I -
P.)A is a Lipschitz condition, where A™ is the adjoint of
A, we have lim, _, _[IVf(y,) — Vf(L)Il = 0. Since {x,} is a
bounded sequence, there exists a subsequence {xnj} of {x,}
that converges weakly to some X.
Next, we show that X € I'. Since ||x,, = | — Oand |y, -
LI — 0,itis known that], — Xandy, — x.LetT:H —

2H be a set value mappings defined by

To = {Vf(v)+NCv ifveC,

2
0 ifvécC, (29)

where Nov = {w € H, : (v-u,w) =2 0, forallu € C}.
Hence, by [34], T is maximal monotone and 0 € Tv if and



only if v € VI(C, Vf). Let (v,w) € G(T). Then we have w €
Tv = Vf(v) + Nov and hence w — Vf (v) € Ngv. So, we obtain
(v—u,w—-Vf(v)) =0, for all u € C. On the other hand, from

l, = Po(x, = A,Vf, (¥,)) and v € C, we have
< -A Vfa (yn) n’ Zn - U> >0, (30)
and hence
ln ~Xn
<v -1, Tt Vfe, (yn)> >0. (31)

Therefore, from w — Vf(v) € Ncvand [, € C, we get

<U - l”i’ w>
> (v-1,,f ()
> <v -1, Vf (v)>

l lni -x,
- U - n;> Ani

=(v-1,,Vf (v))

ot ()

(32)
O, <U - l"i’y”i>

= (v=1,,Vf ) - Vf (1,,))
+(v=1,,f (1) = Vf ()

l, -
—<v—lni,/\—x> &, <v n,yn>

n;

2 <v_l”i’vf(l"i)_vf(y”i)>
I, —x,
_<v_l”i’T> &, <v n,yn>

n;

By taking i — 00, we obtain (v — X,w) > 0. Since T
is maximal monotone, it follows that ¥ € T7'0 and hence
X € VI(C, Vf). Therefore, by Lemma 8, X € T.

Next, we show that X € F(S). Since ln,. — X and ||ln,. -
S(ln,,)" — 0, it follows by the demiclosed principle that X €
F(S). Hence, we have X € F(S) N T.

Next, we show that X € Q. Let G be a mapping which is
defined as in Lemma 6, thus we have

z, — Ty, Ts %, z,)
fcel- ol
=G (%) -Gzl < %, - 2l »

Abstract and Applied Analysis

and hence
"xn -G (xn)" = “xn - Zn" + "Zn -G (Zn)”
+]G (2,) = G (x,)]
(34)
£ “xn - Zn" + "xn - Zn” + ”Zn - xn“

=3|x, - z,| -

G(x,)| — 0. From
— X, we obtain x, — X.

By taking n — 00, we have |x, -
lim, , ,llx, — 2z, = 0 and z,

According to demiclosedness and Lemma 6, we have X e
Therefore, we have X € F(S) N T n Q. Let {x j} be another

subsequence of {x,,} such that x,, — X. We show that X = %,

suppose that X = X. Since lim,,_, llx, — X exists for all
X € F(S) nT n Q, it follows by the Opial’s condition that

lim ||x —x||

n—00

x"i - x"

i— 00

lim |x, - X||

< liminf "xn, - Tc"
i— 00 ! n— 00

(35)

X, —56"
j—ooo /

Xn, = x" = lim |x, - x" .

j—ooo

It is a contradiction. Thus, we have X = X and so x,, — X €
F(S) nT n Q. Further, from |lx,, — y,I — 0, it follows that
y, — X and hence z,,, w,,. This completes the proof. O

Theorem 9 extends the extragradient method according
to Nadezhkina and Takahashi [35].

Corollary 10. Let C be a nonempty closed convex subset in a
real Hilbert space H. Let F, and F, be two bifunctions from Cx
C — Rsatisfying (A)-(A4). Let y > 0 and let T, , and T, ,
be defined as in Lemma 5 associated to F, and F,, respectively.
Let S be a quasi-nonexpansive mapping of C into itself such that
FO)NTNQ#0. Let {x,}, {y,}, {z,}, and {w,} be the sequence
in C generated by the following extragradient algorithm:

xy=x €C,
1

w,€C; F(w,z)+-({z-w,w,—x,) >0, VYzeC,
U
1

z,€C; F(z,2)+—(z-2,2,-w,) 20, VzeC,
4

Yn = PC(I_Aan)Zn’
Xpt1 = ﬁnxn + (1 - :Bn) SPC (xn - /\nvf (yn)) >
(36)

where Zn Ooc < 00, {A,} C [a,b] for some a,b € (0, 1/IIA1%)
and {B,} C [c,d] for some c,d € (0,1). Then, the sequences
{x,} and {y,} converge weakly to an element X € F(S)NT N Q.

Corollary 11. Let C be a nonempty closed convex subset in a
real Hilbert space H. Let F, and F, be two bifunctions from Cx
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C — Rsatisfying (A)-(A4). Let y > 0 and let T, , and T, ,
be defined as in Lemma 5 associated to F, and F,, respectively.
Let S be a quasi-nonexpansive mapping of C into itself such that
FS)NTNQ#0. Let {x,}, {y,}, and {z,,} be the sequence in C
generated by the following extragradient algorithm:

x,=x€C,
z,€C F (2,,2) +9(2) - 9(z,)

1
+—(z-z,2,-x,) 20, VzeC,
u (37)

Yn = PC (I _Anvfan)zn’

Xn+1 = ﬁnxn + (1 - ﬁn) SpC (xn - /\nvf(xn (yn)) >

where Y 2, o, < 00, {A,,} C [a,b] for some a,b € (0, 1/1A11%)
and {B,} < [c,d] for some c,d € (0,1). Then, the sequences
{x,} and {y,} converge weakly to an element X € F(S)NI'N Q.

Proof. Setting F, = 0 in Theorem 9, we obtain the desired
result. O

Corollary 12. Let C be a nonempty closed convex subset in a
real Hilbert space H. Let S be a quasi-nonexpansive mapping
of C into itself such that F(S) N T#0. Let {x,}, {y,}, and {z,}
be the sequence in C generated by the following extragradient
algorithm:

X =x€C,
Yn = PC (I - /\nvfxx,,) Xn> (38)

Xn+1 = ﬁnxn + (1 - /-;n) SPC (xn - /\nvftxn (yn)) >

where Y02 a,, < 00, {A,)} C [a,b] for some a,b € (0, /1A%
and {B,} < [c,d] for some c,d € (0,1). Then, the sequences
{x,,} and {y,} converge weakly to an element X € F(S) N T.

Proof. Setting F;, = F, = 0 in Theorem 9, we obtain the
desired result. O
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