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Abstract

In this paper, we use resolvent operator technology to construct a viscosity
approximate algorithm to approximate a common solution of split variational
inclusion problem and split fixed point problem for an averaged mapping in
real Hilbert spaces. Further, we prove that the sequences generated by the
proposed iterative method converge strongly to a common solution of split
variational inclusion problem and split fixed point problem for averaged
mappings which is also the unique solution of the variational inequality
problem. The results presented here improve and extend the corresponding
results in this area.
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1. Introduction

Throughout the paper, unless otherwise stated, let H, and H, be real Hilbert

spaces with their inner product (-,-) and norm

. Let Cand Qbe nonempty
closed convex subsets of H, and H,, respectively. Let A:H, —> H, be a
bounded linear operator and A" is the corresponding adjoint operator of A. A
mapping §:H, — H, is called contractive, if there exists a constant « €(0,1)
such that

||Sx—Sy||Sa"x—y",Vx,yeHl.

If a=1, then Sis called nonexpansive. In addition, let’s first review the split
feasibility problem (SFP): find x€C such that Axe Q. The split feasibility
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problem (SFP) originated from phase recovery and medical image reconstruc-
tion [1] [2] [3], and it has been widely studied, as shown in [4] [5] [6]. When C
and Q in the split feasibility problem (SFP) are fixed point sets of nonlinear op-
erators, the split feasibility problem (SFP) is called the split fixed point problem
(SFPP) [7] [8]. More precisely, find x € H, such that

xeFix(S) andAxeFix(U), (1.1)
where Fix(S) and Fix(U) denote the fixed point sets of two nonlinear

S:H, — H, and U:H, — H,. The solution set of the SFPP is denoted by F
that is,

F:{x* €H,:x" e Fix(S) and Ax’ eFix(U)}.
A mapping T:H, — H, issaid to be
1) monotone, if
(Tx—Ty,x—y)ZO,Vx,y eH;
2) « -strongly monotone, if there exists a constant « >0 such that
<Tx—Ty,x—y)Zo:”x—y"2 ,Vx,ye H;

3) p-inverse strong monotone (S -ism), if there exists a constant £ >0
such that

<Tx—Ty,x—y> Zﬂ"Tx—Ty"2 ,Vx,ye H;
4) firmly nonexpansive, if
<Tx—Ty,x—y> > ||Tx—Ty||2 ,Vx,ye H,.

A multivalued mapping M : H, — 2™ is called monotone if for all
x,yeH, , ueMx and ve My such that <x—y,u—v>20. And
M :H, — 2™ is maximal if the Graph (M ) is not properly contained in the
graph of any other monotone mapping. It is known that a monotone mapping M
is maximal if and only if for (x,u)e H, x H, ,(x—y,u —v> >0 for
V(y,v) e Graph(M ) implies that u € Mx . Then, the resolvent mapping
J)':H, — H, associated with M, is defined by

I (x)=(1-2aM) " (x),Vx e H,,
for VA >0, where Istands identity operator on H,. Noting that J)' is single
valued and firmly nonexpansive.

Recently, Moudafi [9] introduced the following split monotone variational in-
clusion problem (SMVIP): Find x" € H, such that

0 f(x")+B(x), (1.2)
and such that
y =Ax" € H, solves Oefz(g*)+B2 (y*), (1.3)

where B, :H, —2" and B,:H, —2"™ are multivalued maximal monotone

mappings.
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Moudafi [9] introduced an iterative algorithm for solving SMVIP (1.2)-(1.3),
which is an important extension of the iterative method for split variational in-
equality given by Censor et al [10] for split variational inequality problem. As
Moudafi pointed out in [9], SMVIP (1.2)-(1.3) includes as special, the split
common fixed point problem, splitting variational inclusion problem, splitting
zero point problem and splitting feasibility problem [1] [8]-[25]. These problems
have been widely studied and used in practice as a model for intensity mod-
ulated radiation planning (IMRT), see [1] [25]. This is the core of many inverse
modeling problems caused by phase retrieval and other real-world problems.
For example, computer tomography and data compression in sensor networks
are shown in [2] [26].

If f,=0 and f, =0, then SMVIP (1.2)-(1.3) can be reduced to the follow-
ing split variational inclusion problem (SVIP): Find x" € H, such that

0eB, (x*), (1.4)

and such that
y =Ax" e H, solves OeBz(y*). (1.5)

When looked separately (1.4) is the variational inclusion problem and we de-
noted its solution set by SOLVIP(B,) . The SVIP (1.4)-(1.5) constitutes a pair of
variational inclusion problems which have to be solved so that the image
y" = Ax" under a given bounded linear operator A4, of the solution x* of SVIP
(1.4) in H, is the solution of another SVIP (1.5) in another space H,, we de-
noted the solution set of SVIP (1.5) by SOLVIP(B,). And the solution set of
SVIP (1.4)-(1.5) is denoted by

['={x"eH,:x" eSOLVIP(B,)and Ax" e SOLVIP(B,)| .
In 2011, Byrne et al. [24] studied the weak and strong convergence of iterative

algorithms for SVIP (1.4)-(1.5): For given x, € H,, calculate the iterative se-
quence {x,| generated by the following method:

X, =J0 (xn +yA (sz —I)Axn).

On the other hand, Censor and Segal [7] studied iterative algorithms for solv-
ing split fixed point problems (SFPP): For given x, € H,, calculate the sequence
{x,} generated by the following method:

Xt :l//('xn -4 ([—(p)Axn),

where ¥ and ¢ are two directed operators.
Inspired by Moudafi [9] and Fyrne, Kazmi and Rizvi [27] proposed the fol-
lowing iterative algorithm for SVIP (1.4)-(1.5) and fixed point problems of non-

expansive mappings:
u, = I3 (x, +yd (I~ 1) ax, );

xa=a,f(x,)+(1-a,)Su,,

n+
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where 41>0, ye [0,%) , Lis the spectral radius of the operator 4"4.

Motivated and inspired by the above results and the ongoing research in this
direction, we suggest and analyze an iterative algorithm, which is proposed to
solve the split variational inclusion problem SVIP (1.4)-(1.5) and split fixed
point problem SFPP (1.1) under appropriate conditions. We also prove that the
iterative sequence generated by the iterative algorithm converges strongly to the
common solution of SVIP (1.4)-(1.5) and SFPP (1.1). The results presented here

improve and extend some known results.

2. Preliminaries

We denote the weak and the strong convergence of a sequence {x,} to a point
xby x, —x and x, - x, respectively. Let us recall some concepts and results
which are needed in sequel. For Vx e H,, there exists a unique closest point in
Cdenoted by P.x such that

||x - ch" < ||x - y",Vy eC,
P. is called the metric projection of H, onto C. As we all know, F. is
firmly nonexpansive mapping, that is,
<x—y,PCx—Pcy>Z||ch—PCy||2,Vx,yeHl. (2.1)
In addition, P.x is characterized by the fact P.xeC and
<x -FP.x,y- PCx> <0, (2.2)
and

||x—PC)c||2 -i—”y—PCx"2 < ||x—y * Vxe H,yeC. (2.3)

In a real Hilbert space, for Vx,ye H, and A€ R, the following holds:
(-2 = A +(0-2F -20-2)s—of . @4

Noting that every nonexpansive operator T : H, — H, satisfies the inequality

(=T ()= (r=T(1)-T(»)-T (x))

1 , (2.5)
SEH(T(x)—x)—(T(y)—y) ,Vx,ye H,.
As a result, we have,
(x=T(x),y-T(x)) S%"T(x)—x"z Y(xy)eHxFix(T),  (26)

for details, see e.g., ([28], Theorem 3.1) and ([29], Theorem 2.1).

A mapping T:H, — H, is called averaged if and only if it can be written as
the average of the identity mapping and a nonexpansive mapping, Ze.,
T:=(1-a)l+aS,where ae(0,1) and S:H — H, is nonexpansive and /is
the identity operator on H,.

It is easy to see that every averaged mapping is nonexpansive. In addition, the
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firmly nonexpansive mapping (especially the projection on the nonempty closed
convex set and the resolvent operators of the maximal monotone operators) is
averaged.

The following are some key properties of averaged operators, see for instance
(3] [9] [30].

Proposition 2.1. (i) If T=(1-a)S+aV , where S:H, — H, is averaged,

V:H, — H, isnonexpansiveand « €(0,1),then T'is averaged.

(ii) The composite of finitely many averaged mappings is averaged.
(iii) If the mapping {Z}ll is averaged and have a nonempty common fixed

point, then

N
(\Fix(T,) = Fix(T,,T,,-+, Ty ) -
i=1

(iv) If T'is 7 -inverse strong monotone ( 7 -ism), then for y >0, »T is L.

. [
inverse strong monotone (— -ism).
(v) Tis averaged if and only if its complement /-7 is 7 -inverse strong
. 1
monotone ( 7 -ism) for some 7 > 5

Lemma 2.1. [31] Assume that 7 is nonexpansive self-mapping of a closed
convex subset C of a Hilbert space H,. If T has a fixed point, then /-7 is
demiclosed, ie., whenever {x,} isa sequence in C converging weakly to some
x€C and the sequence {([ -T )xn} converges strongly to some y; it follows
that (/—T)x=y.Here [is the identity mapping on H,.

Lemma 2.2. [32] Let {a,} is a sequence of non-negative real numbers such
that

a,, <(1-8,)a,+6,,n=0,

n+l

where {f,} isasequencein (0,1) and {6,} isthe sequencein R such that

n

S,

<oo.Then lima, =0.

n—w

(i) iﬁn = o0} (ii) limsup%so or i
n=1 n=1

n—>x0 n

3. Main Results

In this section, we will prove a strong convergence theorem based on the pro-
posed iterative algorithm to calculate the common approximate solutions of

SVIP (1.4)-(1.5) and SFPP (1.1).
Theorem 3.1. Let H, and H, be two real Hilbert spaces, let 4:H, — H,

be a bounded linear operator with its adjoint operator A". Let f:H, — H, be
a contraction mapping with « € (0,1). Assume that B, : H, — 2",

B, :H, — 2™ are maximal monotone mappings, S:H, - H,, U:H, — H,
are two average mappings and '\ F = . For a given x, € H,, let the iterative

sequence {u,}, {y,} and {x,} be generated by
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u, =J (xn +yA" (sz —I)Axn);
v, =S(u, —c4"(I-U)Au,); (3.1)
X =a,f(x,)+(1-a,)y,

where 4>0, y,7e (O,%) , L is the spectral radius of the operator 4”4 and

0

{an} is a sequences in (0,1) such that lime, =0, Zan = and

no® n=0
i|an - an_1| <oo. Then the sequence {y,}, {u,} and {x,} all converge
n=1

strongly to ze F(\T", where z= P, .f(z).

Proof. We divide the proof into the following steps.

Step 1 Let pe'NF, then p:Jf‘p , Aszi32 (Ap), UAp=A4p, Sp=p.
By (3.1) we have

2

Jo (xn +yA" (sz —I)Axn)—p

2_
un _p” -

2

Jh (xn +y A (T2 1) Ax, ) ~Jhp

< ”x vy d (I ~1)Ax, - p”z (3.2)

X, —P"2 +7° 4 (sz —])Axn“2 +2;/<xn -p, A (sz —I)Axn>

< ||xn —p"2 + ;/ZL

(72 ~1) Ax, ”2 +2)/<xn A (T —I)Axn>.
Denoting A =2y(x, - p,4"(J} ~1) 4x,) and from (2.6), we can obtain
A= 2}/<xn —pd (T2 —1>Axn>
= 2;/<A(xn —p)+ (T2 1) dx, (I ~1) Ax, (T2 —I)Axn>

= 2y_<Axn —Ap+J > Ax, — Ax,,(J 7 _[)Axn>_‘

(/72— 1) ax,

]
2| (o, = (0 1) ) |02 1) s [ 2

2} n

<2y _%H(sz ~1)4x,

—H(sz ~1)4x,

2

<—p|(s - 1)ax,|

It follows from (3.2) and (3.3) that

2

(/72 1) ax, | .

(3.4)

o, ol <l ol 7 (171

Since y e [0,%} , we have ||un —p”2 < ||xn —p”2 . Next we prove

i T
By (3.1), we have again
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2

||yn —p”2 =HS(u" —TA*(I—U)Aun)—p

= s (1, + 24" (U = 1) A, ) -
2
< "un +74"(U-1)Au, —p" (3.5)
=, — o +2* 4" (U-1) A, [ +20 (i, ~ p. 4" (U 1) 4w, )
<u, - p| + LU 1) du, [ +22(u, — p, 4" (U 1) Au, ).

Denoting © =27 <u" -p, A (U—I)Aun> , since U is averaged mapping, it
follows from (2.6) that
© =2r(u, —p, 4’ (U~1)Au,)
:2T<Au - Ap, (U I)Au >

_2T<Au + U I Au, —(U I)Au —Ap, (U I)Au>
21<Au +UAu, — Au, — Ap,(U = 1) Au, )~ |(U - 1) 4u, | (3.6)
l||U I) Au,| | ~|(U-1) 4u, }
2

It follows from (3.5) and (3.6) that

Y —p”2 < ||un —p"2 +L7? "(U—I)Aun :

R (3.7)
< ||un —p"2 +T(TL—1)||(U—I)Aun " .
Noting 7 € [O,%J that ||yn —p"2 < ||un —p”2 , thus we have
vo=pf <|u, - ol <|x, - 2| - (3.8)
Since fis « -contractive, then from (3.1) and (3.8) that
[ = 2l =l s () = (1= ,)3, = £
=||a f(x,)-ap+(1-a,)y, +(1-a )p”
<a "f p||+(1—a Iy, - 2
<a,[[£(x)= 1 (2417 (p)= £ J+ (=), = £l
<aa,|x, - p|+a,|/(p)-p|+(1-a,)|y, - 7|
<aa,[x, = pl+a, |/ (p)=p|+(1=a,)|x, -
=[1-a,(1-2)]|x, - P+ [/ (p)- £
< max{ || u} (3.9)

Smax{”x || "f p p"}

Hence {x,} isboundedandsoare {u,} and {y,}.
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Step 2. Next, we show that {x,} isasymptotically regular, e,

X, —%,|| > 0(n—> ). forre (O,%j , since S'and U are both averaged map-

pings, and hence the mapping S(1+1A* (U—I)A) is nonexpansive (see [9]).

Hence, we obtain

y -y | < HS(u +74"(U~1)Au,)~S(u,, +74"(U~1) Au, , )H
:”S(1+TA*(U—I)A)un ~S(1+24"(U-1)A)u,,|  (3.10)
<, —u, ||

It follows from (3.1) and (3.10) that
Y =5 = s (x,)+ (1= @,) v, ~[ @ f (%) + (1=, )3, ]|
=l f (x,)=a, f (x,)+ e, f (x,0)=a,.f(x,)
+(1-a,)y,—(1=a,) v, +(1=a,) v, — (1=, )y, | (3.11)
<aa,|x, —x,_|+(1-a,)|y, = y.l|+2|a, -, |K
<aa,|x, —x,_|+(1-a,)|u, —u, ||+ 2|e, -, | K,

where K :=sup {"f(xn)

+

v, :neN}. Since, for }/G(O,%j, the mapping

Jf‘ (1+7A* (sz —I)A) is averaged and hence nonexpanding (see [27]), then

we obtain

<

un - unfl

TP (A (2~ 1) ) —Jh (x,H +yd (TP 1) Ax,, )”

n-1

Jh (1+yA* (/7 —I)A)x” i (I+;/A* (7 —I)A)x

<

X, —X

n n-1{*

It follows from (3.10) that

Vo= Vol <4, =t | <X, =2, |- (3.12)
Then, from (3.11) and (3.12), we have
x5 <(1-a, (1-a))|x, - x,.[|+ 2|a, —a, | K.
By applying Lemma 2.2 with B, :=¢,(1-a) and 6, =2|a, —a, |K, we
have
lim||x,,, —x,||=0. (3.13)
Next, since
(l_an)(yn _xn):xn-H _xn _an (f(xn)_xn)'
Then, we have
(1-6‘(,,) yn _‘xn S xn+| _‘xn +an f(xn)_xn °
It follows from (3.13) and @, — 0(n — =), we obtain
lim|y, —x,| =0. (3.14)
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Next, we show that ||xn —u, || — O(n - OO) . From (3.18) and (3.4), we have

v =2 =l () + (1= ) 3, =
a5 )=o)
<a, ||f (5)=r| +(-a, IIyn—P||2
£ 5)= 1= ), - oI e
|| ()=rl +(0- [uxn—puw( (72 1) s |
<a,|f(x)-p| +|x — o +y(L7—1)‘(JfZ—I)Axn“2.
Therefore,
r(=Lp)(2 = 1)ax, | <a 7 (x)=pf +lx. = pf =l = pf
<,/ (x)= P+l =2, = 2+ 0 = ).
Since (1-Ly)>0 and a, —»0(n—>) and (3.13), we obtain
im (/72 —I)Ax"H = 0. (3.16)

From (3.7) and (3.8), we have

an—PIIZ— (x,)+(1-a,)y, - pff
(&)= pl +(1-a,) |, -l
|| (5, )= o[ +(1=a,)[ e, = pff +(eL =DV ~1) ']
||f(x )| +(1-a, [||x,,_p|| vr(eL-1)|(U=1)au,| }
7(x) =+, — o +o(eL=1)|(U = 1) 4w, |-
Therefore

e(1-eDl(U 1w <l (5) ol +ls, ol b of
<a, | (x,) =P+l =5, = 2l + .. = l):
Since (I—TL) >0 and o, > O(n - oo) and (3.13), we obtain

lim (U 1) 4w, || =0. (3.17)

In addition, using (3.2), (3.8) and y € [0,%} , we observe that

0 (%, +pa (772 = 1) dx, )= p

o, = #I =
=[J2 (xn +yA" (sz —I)Axn)—Jf‘p i
S<un —p,(xn +7/A*(sz —I)Axn)—p>
1
1y,

u, — p) (x +yA" (JB2 I)Ax - )

p"2 + “(xn +yd4 (sz — I)Axn ) - p“z

l

—
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s%[ w, = p| +|x, — o (4, —p)—(xn +y A (TP 1) Ax, —p) 2}
s%[ w, = ol = ol [l

w24 (g - 1) ax, ’ —2}/<un x4 (2 —I)Axn>ﬂ

L R A i e

+ 27||A(un —xn)

‘(sz 1) 4x, ‘H

Therefore

2
x,—p| -

u, —p"2 <

un _x}’l

"2y ]A(u, -x, )||H(Jf2 ~1)4x, ” (3.18)

It follows from (3.8), (3.15) and (3.18) that

50— <a 1 f (x)- o +(=a)[ |, - oI -, -5,
+ 27/||A(un -X, )"H(sz —I)Axn ]
<a, f(xn)—p”2 +1x, —p"2 —||un -X, g
+27]A(u, ~x,) ‘(sz ~1)4x,].
Implying that
u, ~x, " <a,|£ (x)- ol +x, = =[x - 2
+27]a(u, -, )||(v2 - 1) 4,
<a, [ ()= + (5, =PI+ = D), =2,

+ 27||A(un —xn)

(77— 1)4x,

Since a, — 0(n — ) and from (3.13) and (3.16), we obtain

lim

H—>0

u, —x,[|=0. (3.19)

Next, we show that ||y, —u,||— 0(n — =) . Now, we can write
<

+

X, —Uu.f.

n n

yn_un - yn_xn+xn_un yn_xn

From (3.14) and (3.19), we get

lim|y, —u,| =0. (3.20)

Next, we show that lim ||Sun —un” =0. Note that from (3.13) and (3.19), we

have '
lim|u, —x, . ||=0. (3.21)
And from (3.13) and (3.14) that
lim|x,,, —»,|=0. (3.22)

Finally, it follows form (3.1) that
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I, = S, | = | (u, = 4" (1-U) 4w, ) = s, |
S"un —7A"(1-U)Au, —u,

<t|4||(v-1)au,)
From (3.17), we have
1i$n|| v, —Su,|=0. (3.23)
Then, from (3.21)-(3.23), we have
lim | Su, —u,||=0 (3.24)

n—»ow

Step 3. We show that we F(\T. Since {u,} is bounded, we consider weak
cluster point w of {u,}. Hence, there exists a subsequence {unk} of {u,},
which converges weakly to w. Since §and U both are both average mappings,
then $and U are also both nonexpansive mappings. According to (3.17) and
(3.24) and Lemma 2.1, we have we Fix(S) , Awe Fix(U) .Thus weF.

On the other hand, u, =J}? (xnk +yd (J e )Axnk ) can be written as

(xnk —u, )+7A*(sz —I)Aan
A

€ Bu, . (3.25)
By pass to limit when k — oo in (3.25) and by taking into (3.16) and (3.19)
and the fact that graphs of a maximal monotone operators is weakly-strongly
closed, we obtain 0e B (w), ie, weSOLVIP(B,). In addition, since {x,}
and {u,} have the same asymptotic behavior, {Axnk} weakly convergence to
Aw. Again, by (3.16) and the fact that the resolvent J. is nonexpansive and
Lemma 2.1, we obtain that Awe B, (Aw) ,Le, Awe SOL VIP( ) Thus
wel . Therefore we FNT.
Step 4. We show that x, — z(n — ). First, we claim that

1imsup<f(z)—z,xn —z) <0.
Since {x,} is bounded, there exist a subsequence {xn/_} of {x,} satisfy
<f( ) z,xnj—z>.

X, —un":O, we haveu, —w as j—oo. From step 3, we obtain
7

X, —was jow and limsup<f( )—2z,x, —z>—11m

n—w J®

we F(I .Indeed, we have

1imsu1030<f(z)—z,xn —z)z}ggc<f(z)—z,xnj —z>

= <f(z)—z,w—z> (3.26)
<0,
where z =P, f(z). Next, we show that x, - z(n— ®).
Xt Z” _<anf n)yn_z’xn+1_z>
=a, <f(xn)—z,xﬂ+1 —z>+(1—an)<yn -z,x,,, —z)
= o, (f(x,)= 1 (2). %0 = 2)+e, (£ (2) =23, ~2)
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+(1—an)<yn —Z,%,, —z>

<aa,|x, —Z| X, —Z||+aﬂ <f(z)—z,xn+l —Z>
+(1—an) X, —z|| X a1 —z||
< a;" [ X, —z"2 +(x,. —z||2}+ozn<f(z)—z,xn+1 —z>
l-x
B [ x, =2 +[x,.. _z||2]
l-a (1-
Sy[ X, —z"2 +x,., —Z||2:|+an <f(z)—z,xn+l —z>
l-a,(1- 1
S% X, —2"2 +E X, —Z"2 +05”<f(z)—z,xn+l —z>,
which implies that

"xnﬂ —z"2 < [l—an (l—a)J"xn —z"2 +2a, <f(z)—z,xn+, —z>.

Therefore, according to (3.26) and Lemma 2.2, we obtain x, — z(n — ).

Further it follows from ||un -x,||20, u, ~we FNF and x, >z(n—>®)

that z=w. This completes the proof.

Remark 3.1. Theorem 3.1 improves and extends the corresponding results in
(7] [24].

Remark 3.2. The algorithm is more general than the existing algorithm. The
disadvantage is that the spectral radius of the operator is calculated, but the
adaptive step size can be used to overcome the difficulties caused by calculating
the spectral radius.

Remark 3.3. Numerical experiments are the direstion of our future efforts.

At last, we give two examples to illustrate the validity of our considered com-
mon solution problem for SVIP (1.4)-(1.5) and SFPP (1.1) and our convergence
result of proposed algorithm (3.1).

Example 3.1.Let H=H,=H,=R and B:H —2" be defined by

{1} ,x>0;
B(x)=14[0,1],x=0;
{0} ,x<0.
Then, Bis a maximal monotone mapping. We define the mappings

A f,SSU:H—>H
1 1 2 1 21 1 2
By Ax=—x,fx=—x,Sx=—x=—x+—-—x,Ux=§x=—x+§~—x,VxeH,
2 3 33 32 4 4 43
respectively.
1
It is easy to cheek that A is a bounded linear operator, fis a 3 -contractive

mapping, Sand U are averaged mappings. Let B (x)=B,(x)=Bx. Then

B,,B,:H —2" are maximal mappings. Let J. (x) =J> (x)=§ be the re-

solvent operators. It is easy to see that x=0eT'(1F is the common solution to
SVIP (1.4)-(1.5) and SFPP (1.1).
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Example 3.2. Let H=H,=H,=R’ with the normal inner product and
norm. We define the operators B,B, : H - H by

l 0 0 l 0 0
X 4 | X X 3 | X
Bl|lx,||=|0 3 Ofx,| and B,||x,||=|0 5 0 x,
X3 X3 X3 1 |IL%
0 0 % 00

Clearly, B, and B, are maximal monotone operators and their resolvents

are given by

40 2 0
X, 4+ 2 X, X, 3+4 X,
5 2
Jfl x2 = 0 m 0 x2 and sz x2 = m Xz
X3 X3 X3 X3
0 6 0 1
6+4 1+4
For some A >0, we also defined the mappings 4, f,S,U:H —> H by
2 0 0
X, 1 2 3)x X, 3 5 x,
Al x, ||[=|4 5 6| x|, f||x]||=|0 3 01 x|,
X, 7 8 9)|x X, 5 L%
0o =
3
% 00 % 0 0
xl 1 ‘xl xl 3 xl
Si{x ||=]|0 3 Oflx,| and U||x,||=|0 2 01| x,
X3 X3 X3 3 |L%s
00 1 0 =
3 4

2
Clearly, A is a bounded linear mapping, fis a E-contractive mapping, $and
Uare two averaged mappings. It is easy to know that x=(0,0,0)e T F is the
common solution to SVIP (1.4)-(1.5) and SFPP (1.1).
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