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Abstract

The purpose of this paper is by using the shrinking projection method to study the split equality fixed
point problem for a class of quasi-pseudo-contractive mappings in the setting of Hilbert spaces. Under
suitable conditions, some strong convergence theorems are obtained. As applications, we utilize the results
presented in the paper to study the existence problem of solutions to the split equality variational inequality
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1. Introduction

Let C' and @ be nonempty closed and convex subsets of real Hilbert spaces H; and Ho, respectively, and
A: H; — Hs be a bounded linear operator. Recall that the split feasibility problem (SFP) is formulated as
to find a point ¢ € Hy such that:

g€ C and Ag € Q. (1.1)
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It is easy to see that ¢ € C' solves equation (|1.1]) if and only if it solves the following fixed point equation

q=Pc(I —vA*(I - Pg)A)q, z€C,

where P (resp. Pg) is the (orthogonal) projection from Hp (resp. Hz) onto C' (resp. @), v > 0, and A* is
the adjoint of A.

In 1994, Censor and Elfving [4] first introduced the (SFP) in finite-dimensional Hilbert spaces for mod-
eling inverse problems which arise from phase retrievals and in medical image reconstruction [2]. It has been
found that the (SFP) can also be used in various disciplines such as image restoration, computer tomograph,
and radiation therapy treatment planning [3, Bl [6]. The (SFP) in an infinite dimensional real Hilbert space
can be found in [7], 9, [15] 16, 18].

Recently, Moudafi and Al-Shemas [12-14] introduced the following split equality feasibility problem
(SEFP):

tofind ze€C, ye€@Q suchthat Az = By, (1.2)

where A : Hy — Hjz and B : Hy — Hjs are two bounded linear operators. Obviously, if B = I (identity

mapping on Hs) and Hs = Ho, then (1.2)) reduces to (1.1)).
In order to solve split equality feasibility problem ((1.2)), Moudafi [13] proposed the following simultaneous
iterative algorithm:

T = Po(xp — vA™(Azy, — Byg)),
Yr+1 = Po(yx + BB (Azi41 — Byg)),

and under suitable conditions he proved the weak convergence of the sequence {(x,,y,)} to a solution of

(1.2) in Hilbert spaces.

In order to avoid using the projection, recently, Moudafi [I4] introduced and studied the following
problem: let T': Hy — H; and S : Hy — Hj be nonlinear operators such that F(T') # 0 and F(S) # 0. If
C = F(T) and Q = F(S), then the split feasibility problem (1.1)) reduces to:

find ¢ € F(T') such that Aq € F(95), (1.3)

which is called split common fixed point problem (in short, (SCFPP)). If C' = F(T) and @Q = F(S), then
the split equality feasibility problem ([1.2)) reduces

to find z € F(T) and y € F(S) such that Ax = By, (1.4)

which is called split equality fixed point problem (in short, (SEFPP)).
Recently Moudafi [12] proposed the following iterative algorithm for finding a solution of (SEFPP) ([1.4]):

{ Tp+1 = T<xn - P)/nA*(Axn - Byn))?

. (1.5)
Yn+1 = S(yn + BnB (Axn+1 - Byn))

He studied the weak convergence of the sequences generated by scheme ([1.5) under the condition that T
and S are firmly quasi-nonexpansive mappings.
In 2015, Che and Li [I0] proposed the following iterative algorithm for finding a solution of (SEFPP)

[T3):
Up = Ty — Y A*(Azy, — Byy),

Tnt1 = nZp + (1 — ap)Tuy,
Up = Yn + 'YHB*(ASUTL - Byn)a
Yn+1 = QplYn + (1 - O‘n)svn,

and proved the weak convergence of the scheme ((1.6)) under the condition that the operators T' and S are
quasi-nonexpansive mappings.

(1.6)
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Very recently, Chang et al. [8] proposed the following iterative algorithm for finding a solution of
(SEFPP) (|1.4):
Up = Tp, — A" (Az,, — Byy),
Tpt1 = AnTn + (1 — o) (1 = &) + ET((1 — )L + 00 T))tn,
Un = Yn + WB*(Azy, — Byy),
Ynt1 = Y + (1 — o) (1 = )T + ES((1 = mn) I + 1nS) ) vn.

They established the weak convergence of the scheme under the condition that the operators T and
S are quasi-pseudo-contractive mappings which is more general than the classes of quasi-nonexpansive
mappings, directed mappings, and demi-contractive mappings.

In 2014, He and Du [II] proposed the following iterative algorithm by shrinking projection method for

finding a solution of (SCFPP) (L.3):

(1.7)

yn = (1 — o)z, + oTxy,
Zn = Bx, + (1 - 5)Tyna
Crt1 = {v € Cy : [Jwy, — 0| < |[2n — 0[] < ||zn — v},

Tny1 = Po, 71, VneN

They established the strong convergence of the scheme under the condition that the operator 7' is a
Lipschitzian pseudocontractive mapping and S is demi-contractive mapping.

Motived by above results, the purpose of this paper is by using the shrinking projection method to study
the split equality fixed point problem for a class of quasi-pseudo-contractive mappings in the setting of
Hilbert spaces. Under suitable conditions, some strong convergence theorems are obtained. As applications,
we utilize the results presented in the paper to study the existence problem of solutions to the split equality
variational inequality problem and the split equality convex minimization problem. The results presented
in our paper extend and improve some recent results.

2. Preliminaries

In this section, we collect some definitions, notations and conclusions, which will be needed in proving
our main results.

Let H be a real Hilbert space with inner product (-,-) and norm || - ||. Let C' be a nonempty closed
convex subset of H and T : C' — C be a nonlinear mapping. As well-known, the following inequalities hold.

(@) [lz +yll* < llyl* + 2{z, = + y) for all @,y € H;
(i) [l —yl* = [l2]]> + [lyl]* — 2{x, y) for all 2,y € H;
(iii) ||az + (1 — a)y|]? = af|z|]> + (1 — a)||y||? — a(1 — a)||]z — y||? for all 2,y € H and « € [0, 1].

For each point x € H, there exists a unique nearest point in C', denoted by Pgx, such that
e = Poall < [|le —yll, Vy e C.
The mapping P is called the metric projection from H onto C. It is well-known that Pz has the
following properties:

(i) (x —y, Pcx — Pcy) > ||Pox — Peyl|? for every x,y € H.
(ii) Forz € H and z € C, z = Poz if and only if (x — 2,2z —y) > 0 for all y € C.
(iii) For x € H and y € C,
ly — Pox|[® + ||z — Pex|* < [lx - yl*. (2.1)

Definition 2.1. An operator T': C — C' is said to be
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(i) Nonexpansive if ||Tx — Ty|| < ||z —y||, Vz,y € C.
(ii) Lipschitzian if there exists L > 0 such that

[Tz = Tyl| < Lilz —yll, Va,y € H.
(iii) Quasi-nonexpansive if F(T) # () and
||Tx —x*|| < ||z —z¥||, Vx € C and ™ € F(T).
(iv) Firmly nonexpansive if
T2 = Tyl|? < ll — gl — I( - Ty — (I - T)yl2, ¥o,yeC.

(v) Firmly quasi-nonexpansive if F(T') # () and

T2z — 2*|)? < ||z — 2*||* = ||(I = T)z||*, Vz € C and 2* € F(T).
(vi) Demi-contractive if F(T') # () and there exists k € [0,1) such that

[Tz —z*||* < ||z — z*||* + k||Tz — ||?, Ve C andz* € F(T).

Definition 2.2. An operator T': C — C' is said to be

(1) Pseudo-contractive if
<T‘T _Ty7 T — y> < H$ - yH27 any eC.

It is well-known that T is pseudo-contractive if and only if
T2 = Tyl < o -yl +1[(T - T)a — (I — Tyl 2, ¥a,y € C.
(2) Quasi-pseudo-contractive if F(T) # () and
[Tz —z*||? < ||z — «*||> + ||Tz — z||?, Vz e C andz* e F(T).
It is obvious that the class of quasi-pseudo-contractive mappings includes the class of demi-contractive
mappings as its special case.
(3) Demiclosed at 0 if for any sequence {z,} C C which converges weakly to z and ||z, — T'(x,)|| — 0,
then T'(x) = x.

Lemma 2.3 ([17]). Let H be a real Hilbert space and T : H — H be a L-Lipschitzian mapping with L > 1.
Denote by

K=1-I+&T((1 —n)I +nT).
Ifo<éE<n< ﬁ, then the following conclusions hold.
(1) F(T) = Fiz(T((1 —n)I +nT)) = F(K);
(2) if T is demiclosed at 0, then K is also demiclosed at 0;
(3) in addition, if T : H — H is quasi-pseudo-contractive, then the mapping K is quasi-nonerpansive,
that 1is,
| Kz —u*|| < ||z —u*||, Yx € H andu* € F(T) = F(K).

3. Main results

Throughout this section, we assume that

(1) Hy, Ha, and Hj are three real Hilbert spaces and C, @ are bounded, closed and convex subsets of
H,, Hs, respectively. A: Hi — Hs and B : Hy — Hj are two bounded linear operators with adjoints
A* and B*, respectively.

(2) T:C— CandS:Q — Q are two L-Lipschitzian and quasi-pseudo-contractive mappings with L > 1.
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Our object is to solve the following split equality fixed point problem:

to find 2* € F(T), y* € F(S) such that Az* = By™. (3.1)
In the sequel we use I' to denote the set of solutions of , that is,

I'={(z",y*) € F(T) x F(S) such that Az* = By*},

and assume that I" # (.
Now, we present our algorithm for finding (z*,y*) € I.

Algorithm 3.1 (Initialization). Choose {a,} C (0,1). Take arbitrary 21 € C' = C1, y1 € Q = Q1.
Iterative steps:

((a) Up = Tp — A (Azy, — Byy),
(0) Wy, = an@p + (1= an)((1 = I+ ET((1 =) I +nT))un,
(c) Vp = Yn + B (Azn — Byn),
(d) zn = anYp + (L — an)((1 = I +ES((1 —n)I +n0S))vn, (3:2)
(€) Crni1 X Qni1 ={(p,q) € Cn X Qn : |Jwn — pl1> + |20 — ql* < [lzn — pII> + [lyn — all*},
(f) Tni1 = P, 21,
(9) Ynt1 = P, 1

Theorem 3.2. Let Hy, Hy, Hs, C, Q, A, B, S, T, T, {z,}, {an}, and {y,} be the same as above. If T
and S are demiclosed at 0 and the following conditions are satisfied:

(i) v € (0, min(w, W)), Yn > 1;

.o 1 .

(11) O<§<n<m, an].,

(iii) limsup,,_,o @n(l — ay) > 0.
Then there exists (z*,y*) € I such that the sequence {(xn, yn)} generated by (3.2) converges strongly to
(x*,y%).
Proof. From the constructions of C),, x Q,, we know that C,, and @, are closed and convex for all n > 1.
Now we split the proof into four steps.

Step 1. We prove that I' € C), x Q,, for all n > 1.
In fact, it is obvious that I' C C7 x Q1. Suppose that I' C C), x Q,, for some n > 1, we prove that

' C Chy1 X Qpy1-
For any given (p, q¢) € I' C C), X Qn, then p € F(T), q € F(S) and Ap = Bq. From equation (a),
we have
|un _pHQ =[|zn — WmA*(Arn — Byn) — sz

=llzn — pl* + 12| A*(Azs — Byn)II* = 2yn{zn — p, A*(Azn — Byn)) (3-3)
<[len = pl* + 72 l|Al*[[ A2y — Byn||* — 2vn(Azn — Ap, Azy — Bys).
Similarly, from (3.2)) (c), we have

llon = dalI* < lyn — al* + 72| BIP|| A2y — Bynl[* + 2yn(Byn — Bq, Azn — By). (3.4)

Put
K:=1-I+&T((1—n)! +nT),
G:=1-I+&S(1 =) +nS).
By the assumptions of Theorem condition (ii), and Lemma we know that the mappings K and G
have the following properties:
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(1) both K and G are quasi-nonexpansive;
(2) F(K)=F(T) and F(G) = F(95);
(3) K and G demiclosed at 0.
Hence from (3.2) (b) we have that
lwn = plI* = l|an@n + (1 — an) (1 = I + ET((1 = n)I + nT))un — p)||°
= llanen =) + (1 = a0) (Ko = )P s
= apl|zy, _pHQ + (1 — an)||Kunp _pH2 — (1 — ap)|[Ku, — wnHQ
< apl|zn _pHQ + (1 = an)l|un _sz —an(1 — ap)|[Ku, — anz
Similarly, from (3.2)) (c¢) we have
||2n — qHQ < apllyn — QHZ + (1 — an)||vn — QHZ —an(l = ay)||Go, — ynHQ' (3.6)
Adding up (3.5)) and (3.6) and by virtue of (3.3)) and (3.4)), we have that
[lwn = pII* + (|20 — ql|?
< apl|zn _pH2 + anllyn — qH2 + (1 = an)||un _pH2 + (1 = an)||vn — qH2
—an(l —ap)|[Kuy, — xn||2 —an(l — ay)||Go, — yn||2
< aonn —PH2 + OlnHyn - QH2
+ (1 = an){||zn — sz + ')’ZHAHQHAxn - Byn‘|2 — 2yn(Azy — Ap, Azn — Byn)}
+ (1= an){llyn — pII> + 721 |B|1*| Az, — Bynl|* + 270 (Byn — Bg, Azn — Byn)}
—an(l —ap)|[Kuy, — $n||2 —an(l = ap)||Gu, — yn||2 (3.7)
= |z = 2P + [lyn — al” + 72 (1 — an){IIA[I* + || B||*}|| Az, — Byn||?
- (1 - an)27n{<A$n - Apa Az, — Byn> - <Byn — Bg, Axp — Byn>}
— an(1 = an){|[Kun — 2> + ||Gon — yal*}
= [|zn = plI* + llyn — all* + 92 (1 — an){I|A[1> + || B||*}| Az, — Byn||?
— (1 — an)2yn||Azy — BynHQ — (1 — an){[| Kup — xn||2 +||Gop — ynHQ}
= |zn — pII* + llyn — all* = (1 — @)1 (2 = W ([|1A1* + || BI*))|| Az, — Bynl|?
— an(1 — ap){[|Kupn — $n||2 + [|Gun — yn||2}
Since v, € (O,min(HAlHQ, ||BI||2))’ YallA][? < 1, and v,||B||? < 1, we have
0 < v(llAl]* +IB]]*) < 2.
This implies that v, (2 — v, (||A]|? + || B||?)) > 0. Therefore, (3.7) can be written as
[[wn = pII* + (120 — qll* <llzn — pII* + |lyn — gl
— (1= an)m(2 = W(IA]]? + | BI[*)|Azn, — Bya||® (3.8)

—ap(l— an){HKun - xn||2 + [|Gop — ynHZ}
<|lzn — Pl + llyn — gl *-

This implies that (p, ¢) € Cpt1 X Qp+1. Thus we have I' C C,, x @, for all n € N.
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Step 2. Next we prove that {z,} and {y,} both are Cauchy sequences in C and @, respectively, and
(Tn, yn) — (x*,y*) as n — oo for some (z*,y*) € C' x Q.
In fact, since I' C C), X @y, from (3.2) (f), (g) we have
|zns1 —21l] < lp =21l [lyn+1 — w1l < llg — | for all (p.q) €T (3.9)

and
l|zn — z1]] < |Tns1r — @1y ||y — y1ll < [|Yns1 — w1|| for alln € N. (3.10)

It follows from (3.9) and (3.10|) that {zy}, {yn} both are bounded and {||z, — z1||}, {||yn — v1]|} are nonde-
creasing in [0, 00). Therefore the limits

lim ||z, —21]] and lim [[yn, — y1]|
n—oo n—oo
exist. For any m,n € N with m > n, it follows from

Tm = PCmajl € Cy, Ym = Pmel € Qny

and (2.1) that

[2m = 2all? + 21 = 2l = [[2m — Po, a2 + 21 — Po,arl? < [am — a1 2
and
[19m = ynll* + lly2 = ynll* = [lym — Po,y1l* + Il — Po,uull® < lym — 1l
These imply that
m}%r_r)loo ||z — xzm|| =0, m,lrlLrEoo [y — yml|| = 0.

These show that {z,} and {y,} are Cauchy sequences in C' and Q, respectively. By the completeness of C
and @, there exist z* € C' and y* € @) such that

Ty — 2% and y, — y* asn — oo. (3.11)
Step 3. Now we prove that
lim ||Kuy, — uy|| = lim |[|Gv, — v,|| = 0.
n—oo n— oo

In fact, it follows from (3.2)) that

Tny1 = Po, 171 € Cry1 CCp and ypy1 = P, 141 € Qni1 C Qpn, V> 1

Therefore by virtue of (3.2)) (e) for any n € N, we have

lwn = a4t l? + 20 = goar [P < o — 2l P + g = ynsall*.
This together with (3.11)) shows that

e = 2all? + 120 — 9all® <l — Zaerll +Znss = 2al)? + (1zn = sl + o1 — vall)’
=[|wn — Tns1|* + 120 = Yot |* + ||Zns1 — al® + [Ynt1r — |
+2lfwn — 2nga |l llzn1 = 2nll + 220 = Yniall - N1 — ynll
<2||nt1 = Tnl|? + 2|yt — Yall® + 2llwn — 21| ||Tnt1 — 4]
+ 2[|zn = yn41ll - [[yns1 — ynll = 0 (as n — o0).

Therefore we have

lim ||w, — z,|| =0, l|zn — yn|| = 0. (3.12)

lim
n—oo n—oo
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On the other hand, from we obtain
(1 = an)mm (2 = vl AP +1|BI*) | Azn — Bynl|?
+an(1 = an){[[Kun — ][> + [|Gun = ynl[*}
< l@n = plI* = llwn = pIP + llyn — all* = ll20 — gl
= ([lzn = pll + [lwn = pl]) - (|2n = pl| = [lwn = pl])
+ (lyn = all + llzn — @ll) - (lyn — all = llzn — dll)
< (fen = pll + llwn = plI) - llzn — wall + (lyn = all + [lzn = all) - lyn — znll.

Letting n — oo and taking the limit in (3.13), from (3.12)) we get

||Azy, — Byn|| = 0; ||Kup — zpn|| = 0; ||Gvn, — ynl|| — 0. (3.14)

It follows from ([3.14]) and (3.2) that

(3.13)

lim ||up — 2| = 0 and lim ||Jv, — yn|| — 0. (3.15)

This together with (3.14]) shows that

[[Kun — un|| < [|[Kup — 2| + [[zn — unl| = 0; (3.16)
|Gvn = vn|| < [|Gvn = ynll + [lyn — vnl] = 0. '
Step 4. We prove that (z*,y*) € T.
In fact, it follows from (3.11]) and (3.15)) that
up, — ¥ and v, — y*. (3.17)

By (3.16)), (3.17), and the demiclosed property of K and G, we have Kz* = z* and Gy* = y*. These imply
that z* € F(T') and y* € F(S).
Finally, we prove that Ax* = By*. In fact, since Az, — By, — Ax* — By*, by (3.14), we have

||Az* — By*|| = lim ||Ax, — By,|| = 0.
n—oo

Thus Axz* = By*. This completes the proof of Theorem O

4. Applications

4.1. Application to the split equality variational inequality problem

Throughout this section, we assume that Hy, Ho, and Hjs are three real Hilbert spaces. C and @ both
are nonempty and closed convex subsets of Hy and Hs, respectively and assume that A : H; — Hs and
B : Hy — Hj are two bounded linear operator and A* and B* are the adjoints of A and B, respectively.

Let M : C — H; be a mapping. The variational inequality problem for mapping M is to find a point
z* € C such that

(Mz*, z—2%) >0, VzeC. (4.1)

We will denote the solution set of by VI(M,C).
A mapping M : C — H; is said to be a-inverse-strongly monotone if there exists a constant o > 0 such
that
(Mxz — My, x —y) > a||[Mx — My||*, Va,y e C.

It is easy to see that if M is a-inverse-strongly monotone, then M is é—Lipschitzian.
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Setting h(z,y) = (Mz, y —z) : C x C — R, it is easy to show that h is an equilibrium function, i.e., it
satisfies the following conditions (A1)-(A4):

(A1) h(z,z) =0 for all x € C;

(A2) h is monotone, i.e., h(z,y) + h(y,x) <0 for all z,y € C,
(A3) limsupy g h(tz + (1 —t)z,y) < h(z,y) for all z,y,z € C;
(A4)

A4) for each z € C, y — h(z,y) is convex and lower semi-continuous.

For given A > 0 and 2 € H, the resolvent of the equilibrium function h is the operator Ry : H — C defined
by

1
Ryp(x):={2€C:h(z,y)+ X(y —z, z—x) >0, YyeC}
Proposition 4.1 ([1]). The resolvent operator Ry p, of the equilibrium function h has the following properties:

(1) Ry is single-valued;

(2) F(Ryp) = VI(M,C), where VI(M,C) is the solution set of variational inequality which is a
nonempty closed and convex subset of C;

(3) Rxp is a firmly nonexpansive mapping. Therefore Ry j, is demi-closed at 0.

Let T:C — Hy and S : Q — Hy be two a-inverse-strongly monotone mappings. The “so-called” split
equality variational inequality problem with respect to 1" and S is to find z* € C and y* € Q such that

() (Tz*, u—2a*) >0, YueC,
() (Sy",v—y") =20, VWweQ, (4.2)
(c) Az* = By*.

In the sequel we use © to denote the solution set of split equality variational inequality problem (4.2)), i.e.,
©={(z%y") e VI(T,C) x VI(S,Q) : Az* = By"},

where VI(T,C) (resp. VI(S,Q)) is the solution set of variational inequality (a) (resp. (b)).

Denote by f(z,y) = Tz, y—=z): C x C = R and g(u,v) = (Su, v—u) : @ x Q — R. For given X > 0,
x € Hy and u € Hy, let Ry s(x) and R) 4(u) be the resolvent operator of the equilibrium function f and g,
respectively which are defined by

Ry¢(zx):={z€C: f(z,y)—i—%(y—z, z—x)>0, YyeC}

and
1
Ry4(u) ={z€Q:9(z,v)+ X(v —z, z—u) >0, YveQ}
It follows from Proposition [4.1] that
F(Ryy) =VI(T,C) #0; F(Ryg) =VI(S,Q)#0,

and so Ry s and R), both are quasi-pseudocontractive and 1-Lipschitzian. Therefore the split equality
variational inequality problem with respect to 7" and S (4.2)) is equivalent to the following split equality
fixed point problem:

to find 2™ € F(Ry ), y* € F(Ryg) such that Az* = By*.

Since Ry r and R} 4 are firmly nonexpansive with F(Ry f) # () and F(R) 4) # 0, the following theorem
can be obtained from Theorem [3.2] immediately.
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Theorem 4.2. Let Hy, Hy, H3, C, Q, A, B, T, S, Ry, Ryg4, © be the same as above and assume that
© #£ (. For given x1 € C =C4, y1 € Q = Q1, let {(xn,yn)} be the sequence generated by

p

Up = Tp — A" (Azy, — Byyp),

wy = Ry p(un),
Up = Yn + ’YnB*(Axn - By’ﬂ)a
Zn = Ry g(vn), (4.3)

Crs1 X Qnar ={(p,q) € Cn X Qu : [[wn — pII” + |20 — q|I* < llzn = plI* + [lyn — al*},
Tn4+1 = PCn+1.CU1,
Ynt+1 = PQ, 1 Y1-

If v, € (0, min(w, ﬁ)) for all n > 1, then the sequence {(xy, yn)} generated by (4.3) converges
strongly to a solution of split equality variational inequality problem (4.2)).

4.2. Application to the split equality convexr minimization problem

Let C be a nonempty closed convex subset of H; and ) be a nonempty closed convex subset of Hy. Let
¢:C — Rand vy : Q — R be two proper and convex and lower semi-continuous functions and A : H; — Hg
and B : Hy — Hj be two bounded linear operator with its adjoint A* and B*, respectively.

The “so-called” split equality convex minimization problem for ¢ and % is to find 2* € C, y* € @ such
that

¢(27) = ming(z), P(y*) = rrneigwy), and Az" = By". (4.4)

In the sequel, we denote by € the solution set of the split equality convex minimization problem (4.4), i.e.,

Q={("y") €O xQ:¢(z") =ming(z), ¥(y’)= gggw(y), and Az" = By*}.

Let j(z,y) == ¢(y) —¢¥(x) : C x C — R and k(u,v) := ¢(v) —(u) : Q@ x Q — R. It is easy to know that j
and k both are equilibrium functions satisfying the conditions (A1)-(A4).
For given A > 0, x € H; and u € Hs, we define the resolvent operators of j and k as follows:

1
Ryj(x):={z€Cjlzy) + {y—z z-2) 20, VyeC}

and )
Ryi(u) ={z€Q:k(z,v)+ X(v —z, z—u)y >0, YveQ}.

By the same argument as given in Subsection we know that

F(Ryg) ={z" € C: ¢(a") = ming(z)}, F(Rax)={y" € Q:9(y)= ggénb(y)}-

Therefore the split equality convex minimization problem for ¢ and ¢ is equivalent to the following split
equality fixed point problem:

to find 2 € F(Ry;), y* € F(Ry)) such that Az* = By™.

Since Ry ; and Ry both are firmly nonexpansive with F'(Ry ) # 0 and F(Ry,) # 0, the following
theorem can be obtained from Theorem [3.2] immediately.
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Theorem 4.3. Let Hy, Ho, H3, C, Q, A, B, ¢, ¥, Ry, Ry, Q be the same as above and assume that
Q#£0. For givenzy € C =Ch, y1 € Q = Q1, let {(xn,yn)} be the sequence generated by

p

If v € (0,

Up = Tp — A (Azy, — Byy),

Wn = RAJ(Un)a

U = Yn + WB*(Azy, — Byy),

Zn = R 1 (vn), (4.5)

Crt1 X Qa1 = {(p,@) € Cn X Qu : |lwn — p* + |20 — all* < [lzn — pl* + [lyn — al*},

Tn4+1 = PCn+1$1,
Ynt+1 = PQ, 1 Y1-

min(w, W)) for all n > 1, then the sequence {(xy, yn)} generated by (4.5)) converges

strongly to a solution of split equality convex minimization problem problem (4.4)).
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