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Abstract

A generalized forward-backward method for solving split equality quasi inclusion problems of accretive operators in
Banach spaces is studied. Some strong convergence theorems for the sequences generalized by the algorithm to a solution
of quasi inclusion problems of accretive operators are proved under certain assumptions. The results presented in this paper
are new which extend and improve the corresponding results announced in the recent literatures. At the end of the paper
some applications to monotone variational inequalities, convex minimization problem, and convexly constrained linear inverse
problem are presented. (©2017 All rights reserved.
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1. Introduction

The quasi inclusion problem for monotone and the maximal monotone mappings in the setting of
Hilbert space has been considered by many authors (see, for example [3, 4, 6, 7, 10, 11, 17]). This problem
includes, as special cases, convex programming, variational inequalities, split feasibility problem, and
minimization problem. To be more precise, some concrete problems in machine learning, image process-
ing and linear inverse problem can be modeled mathematically as this form [1, 7, 8]. A classical method
for solving this problem is the forward-backward splitting method [3, 7, 10, 21]. In fact, this method includes,
in particular, the proximal point algorithm [3, 8, 12, 17] and the gradient method [10].

Attempt to introduce and consider the quasi inclusion problem, common null point problem and
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others relative problems in the setting of Banach spaces have recently been made. In 2012, Lépez et al.
[11], and Cholamjiak [4] introduced and studied the quasi inclusion problem for accretive and the m-
accretive mappings in Banach spaces. By using the Halpern-type forward-backward method and under
some appropriate conditions they proved that the sequence generated by the algorithm converges strongly
to a solution of the quasi inclusion problem. In 2015, Takahashi [19] introduced and studied the common
null point problem in Banach spaces. Also in 2016, Chang et al. [2] introduced and studied the split
equality variational inclusion problems in the setting of Banach spaces.

Motivated by the above works and related literatures, the purpose of this paper is to introduce and
study the so-called split equality quasi inclusion problems for accretive and the m-accretive mappings in Banach
spaces. For solving this split quasi inclusion problem, we introduce and study a generalized forward-
backward method in the framework of Banach spaces. The strong convergence theorems of the sequences
generalized by the algorithm to a solution of the quasi inclusion problem are proved under certain as-
sumptions. The results presented in this paper seem to be the first outside Hilbert space which extend
and improve the main results of Chen and Rockafellar [3], Cholamjiak [4], Lions and Mercier [10], Lépez
et al. [11], Moudafi [15] and Takahashi et al. [20]. At the end of the paper, some applications to monotone
variational inequalities, convex minimization problem and convexly constrained linear inverse problem
are presented also.

2. Preliminaries

In this section we shall recall some notions and results which will be needed in proving our main
results.

Let Eq, E; and F be three real Banach spaces, G; : E; — Ei, i = 1,2 be nonlinear mappings, K; : E; =
Ei,1 = 1,2 be set-valued mappings, and A : E; — Fand B : E; — F be two linear bounded operators. The
so-called split equality quasi inclusion problem in Banach spaces is to find x* € E4, y* € E; such that

{ 0 € Gyx* + Kyx*,

Ax* = By*. 2.1
0 € Goy* + Kay™, Y @1

Special cases:
() In (2.1), if F = E; and B = I (identity mapping on F), then the problem (2.1) is equivalent to the
following problem: find x* € E; such that

{ 0e G1X* + le*,

0 € Gy(Ax*) +Kyr(Ax™), 22)

which is called split quasi inclusion problem. This kind of problems has been considered by Chang et al.
[2] recently. And it was also considered by Moudafi [13-15] in Hilbert spaces. This problem can be used
in various disciplines such as game theory, image restoration, computer tomograph radiation therapy
treatment planning, and decomposition methods for PDEs.

() In (2.1),if F=E; = By, G = Gy, Ky =Ky and A = B = I (identity mapping on F), then the problem
(2.1) is equivalent to the following quasi inclusion problem: find x* € F such that

0 € Gx™ + Kx*. (2.3)

This problem has been considered by many authors (see, for example [3, 4, 6,7, 10, 11, 17]). Some concrete
problems in machine learning such as convex programming, variational inequalities, minimization prob-
lem, image processing, and linear inverse problem can be modeled mathematically as this form [1, 7, 8].
The following provides some examples of problem (2.3).

Example 2.1. A stationary solution to the initial value problem of the evolution equation
ou
ot
can be rewritten as (2.3) when the governing maximal monotone F is of the form F = G + K.

0e +Fu, u(0) =ug
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Example 2.2. In optimization, it often needs to solve a minimization problem of the form

min{f(x) + g(Tx)}, (2.4)
xEH
where H is a real Hilbert space, and f, g are proper lower semicontinuous and convex functions from H

to] — oo, 00] and T is a bounded linear operator on H.

Indeed, (2.4) is equivalent to (2.3) if f and go T have a common point of continuity with G := of
and K := T*o0dgoT. Here T* is the adjoint of T and 0f is the subdifferential operator of f. It is known
[1,7,12,17, 18] that the minimization problem (2.4) is widely used in image recovery, signal processing,
and machine learning.

Example 2.3. If K = 0¢ : H = H is a set-valued mapping, where ¢ : H — (—o0, 0] is a proper convex
and lower semicontinuous function, and d¢ is the subdifferential of ¢, then problem (2.3) is equivalent to
find x* € H such that

(GX*, v—x") +d(v) —d(x*) >0, ¥Yv € H, (2.5)

which is said to be the mixed quasi-variational inequality.

Example 2.4. In Example 2.3, if ¢ is the indicator function of C, i.e.,

0, if x € C,
b (x) _{ 400, ifx¢C,

then problem (2.5) is equivalent to the classical variational inequality problem, denoted by VI(C;G), i.e.,
to find x* € C such that
(Gx*, v—x*) >0, W e C. (2.6)

It is easy to see that the problem (2.6) is equivalent to find a point x* € C such that
0 € (G+K)x¥, (2.7)
where K is the subdifferential of the indicator of C.

In the sequel, we always denote by Fix(T) the set of fixed points of a mapping T and denote by x,, — x*
and xn, — x* the strong convergence and weak convergence of the sequence {xn,} to x*, respectively.

In what follows we always assume that X is a uniformly convex and g-uniformly smooth Banach space
for some q €]1, 2] (for definitions and properties, see, for example [5]) and X* is the dual space of X.

Recall that the generalized duality mapping Jq : X = X* is defined by

Ja(x) ={iq(x) € X*: (q(x),x) = Xl lig (I, [1iq Ol = IIxl19~"

Especially, if q = 2, then the generalized duality mapping J is called normalized duality mapping and
denoted by Jx.

Lemma 2.5. If X is a q-uniformly smooth Banach space, q €11, 2], then the following conclusions hold:
(1) for any x,y € X [3],

IIx 4yl < |Ix]|9 +q<yqu(x+y)>z jq(X+U) € ]q(X+U)P
(2) there exists a constant kq > 0 such that [22]
[ +yll* < IxI19+q{y, 1q(x)) + kqllyll9, x,y € X. (2.8)

The best constant k4 satisfying (2.8) will be called the g-uniform smoothness coefficient of X.
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Lemma 2.6 ([22]). Let X be a uniformly convex Banach space. For any given number v > 0, there exists a
continuous strictly increasing function g : [0, co[— [0, 00, g(0) = 0 such that

[tx + (1 — )yl < x|+ (1 — )yl — t(1 —t)g(Ix —yll)
forall x,y € X with [|x|| < 7 |lyll < v, and t € [0,1].

Proposition 2.7 ([5]). Let 1 < q < 2. Then the following conclusions hold:

(1) a Banach space X is smooth if and only if the duality mapping ]  is single-valued;
(2) a Banach space X is uniformly smooth if and only if the duality mapping ] q is single-valued and norm-to-norm
uniformly continuous on bounded sets of X.

Recall that a set-valued operator K : X = X with the domain D(K) and the range R(K) is said to be
accretive if, for each x,y € D(K), there exists j(x —y) € J(x —y) such that

(u—v, jlx—y)) 20, Yu e Kx and v € Ky.

An accretive operator K is said to be m-accretive if the range R(I 4+ AK) =X, for all A > 0.
For o > 0 and q €]1, 2], we say that an accretive operator G is a-inverse strongly accretive (shortly, o-isa)
of order g, if for each x,y € D(G), there exists jq(x —y) € J4(x —y) such that

(U—v, jq(x—y)) = «lu—v[|9, Yu € Gx and v € Gy.
It is easy to prove that the following conclusion holds.

Lemma 2.8. Forany r >0, if
Sy =JX(1—rG) = (I+rK)"}(I-7G),

then Fix(Sy) = (G +K)~1(0).

Lemma 2.9 ([11, Lemma 3.3]). Let X be a uniformly convex and q-uniformly smooth Banach space with q €]1,2].
Assume that G is a single-valued «-isa of order q on X. Then, for any v > 0, there exists a continuous, strictly
increasing, and convex function ¢4 : RT — R* with ¢ 4(0) = 0 such that for all x,y € By,

1S:x — Syylld < llx —yl|9 — (g — 197 kg )[IGx — Gy]|9
— dq(II =TI —rG)x — (I-J) (I —rG)yll),

where K is the q-uniform smoothness coefficient of X.

(2.9)

Remark 2.10. Tt follows from (2.9) that if 0 < r < (%‘?) ﬁ, then S, is a nonexpansive mapping.

3. Main results
We are now in a position to give the following main results.

Theorem 3.1. Let Eq, Ep be real uniformly convex and 2-uniformly smooth Banach spaces with the best smoothness
constant k €]0,1] and F be a real Banach space. Let Gi : By — Ei, 1 = 1,2 be o-isa of order 2 and K; : By =
Ei, 1 = 1,2 be set-valued m-accretive mappings, and A : €1 — Fand B : Ex — F be two linear bounded operators.
For any (xo,Yo) € E1 x Ey, the sequence {(xn,yn)} is generated by

Un = X (1=7G1) (xn —YJg, A*JE(Axn — Byn)),

v = JX2(1—=7G2) (yn +¥Jg, B*Je(Axn — Byn)),

Xnt1 = (1= Bn)un + Bnlxn _Y]EEA*JF(AXH —Byn)),

Yni1 = (1= Bn)vn + Bn(yn +YJg, B Tr(Axn — Byn)),

vn > 1. 3.1)
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where ]'fi = (I4+7K{)~1,i =1,2 is the resolvent operator of mapping K, Jg,, 1 = 1,2 and ] are the normalized
duality mapping of Ei,1 = 1,2 and F, respectively, and A* and B* are the adjoints of A and B, respectively. If

M:={(x,y) € Fix(J¥(I —rG1)) x Fix(J*?(I = rG,)), Ax = By} # 0

and the following conditions are satisfied:

1) 0<y< %, where L = max{||A*A|, [|B*Bl||};
(i) 0<r <3
(iii) {Bn} is the sequence in ]0, 1[ with liminf fn (1 —Bn) >0,

then the sequence {(xn,Yn)} converges strongly to a solution (x*,y*) of split equality quasi inclusion problem (2.1).
Proof. For the sake of convenience, put
S1=Jr1(1=7G1), Sy =J(I-7Ga),
tn = xn —YJE, A*JF(Axn — Byn),

Zn = Yn +VJg, B Jr(Axn — Byn),
L= maX{AA; )\B}/

n > 1.

WV

Then I := {(x,y) € Fix(S1) x Fix(S2), Ax = By} # ), and (3.1) can be written as

Un = JS(I—7G1)tn = Sitn,
v = J%2(1 —=1Gy)zn = Sazn,
Xnt1 = (1= PBn)un +Bntn = (1= PBn)S1tn + Pntn,
Ynt1 = (1 =PBn)vn + Bnzn = (1 —Bn)S2zn + Bnzn,

n > 1.

Observe that by condition (ii) and Lemma 2.9, S; : E; — E;, i = 1,2 are nonexpansive mappings.

1. First we prove that the sequences {xn}, {Un}, {un}, {vn}, {tn}, {zn} all are bounded.
Taking (x,y) € T, then x € Fix(S1), y € Fix(S;) and Ax = By. Hence we have

X1 =l =T —=Bn)(un —%) + Bntn =)l
< (1= Bn)llun = x[[+ Bnlltn — x|

= (1= Bn)lIS1tn — Sixll + Bnlltn — x|l (3.2)
< (1= Bn)litn = xI[+ Bnlltn — x|
= lltn —xI|.

Also it follows from Lemma 2.5 (2) that

It = x| = [vJg, A*Jr(Axn — Byn) + (x —xn)IP
< IVTE, A" TE(Axn —Byn)I? +2y(x —xn, Je,Jg A" JE(Axn —Byn)) +klx —xall*  (3.3)
< YPLIAXR = Bynl? + 2y (Ax — Axn, J¥(Axn —Byn)) + klx —xall*.

Substituting (3.3) into (3.2), we have
IXna1 —XIP? < Y2LIAXn — Bynll® + 2y (Ax — Axn, Jr(Axn —Byn)) + kijx — xn |/ (3.4)
Similarly we also have

Iyn+1 —Yl* < Y*LIIAxn — Bynll® +2y(Byn — By, Jr(Axn — Byn)) + klly —ynll* (3.5)
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Adding up (3.4) and (3.5) and noting that Ax = By, we have
xn1 =X+ 1yn1 —yl? < 2°LIAX — Bynl® —2y((Axn —Byn), Jr(Axn —Byn))
+k(x = xnl® + Iy —ynl?).
Letting Wi (x,y) = [Ix — xnll? + [y —ynlP, and noting y < % (by condition (i)) we have
Wit (x,y) < kWa(x,y) = 2y(1 = YL)|Axn — Bynl® < kWa(x,y) < Wa(x,y).
This implies that the limit limy,_,, Wn (x,y) exists. Without loss of generality we may assume that

lim Wi (x,y) =W(x,y), (x,y) eT.

n—oo

Hence the sequences {x } and {yn} are bounded, so are the sequences {un}, {vn}, {tn}, {zn}.

2. Next we prove that
1) Lim ||[Axnh —Bynll =0,
n—oo

2) lim ||tn _unH = lim ||tn _Slth = 0/
n—oo n—o0o

(
(
(3) lim ||Zn —VnH = lim ||Zn _SZZnH = 0/ (36)
n—00 n—oo
(4) lim [ty —xnll =0,

n—o00
(

5) lim ||z, —ynll =0.
n—oo
In fact, since {u,} and {t,} are bounded, it follows from Lemma 2.6 and (3.3) that

g1 — X[ = 11— Bn) (n — %) + B (tn —x)|
< (1= Bn)lun — x| + Brlltn —xI* = Bn(1— Bn)g(ltn — tnl)
= (1= Bn)lIS1tn — SxI* + Brlltn — x| — B (1 — Bn)g(ltn — tnl)
< (1= Br)lltn —xIP 4 Brlltn —x|* = Bn (1 — Br)g(lun — tnl) (3.7)
= [ltn —xI* = Bn(1 = Br)g(lun — tul)
< YL Axn — Bynl? +2y(Ax — Axn, JE(Axn —Byn)) +kllx — xn |
—Bn(1—PBn)gllltn —unll)

Similarly we also have

yns1 —yl? < Y*LIAxn — Bynl* +2y(Byn — By, Jr(Axn —Byn)) + klly —ynl
—Bn(1—=PBn)glllzn —vall).

Adding up (3.7) and (3.8) and noting that Ax = By, we have

(3.8)

Whi1(xy) < kWi (x,y) —2y(1 —yL)[[Axn — BynHz
— B~ Br)(g(ltn —nll) + glllzn —val),
where Wiy, (x,Yy) = lIx —xnl? + lly — ynl’>. Simplifying and noting that the limit limy o Wn (%, y) exists,
we have
2y(1—yL)[[Axn — Byl + Bn (1= Br)(g(lltn — unl) + g(llzn —val)
< kWn(x,y) = Whii(x,y) < Walx,y) = Wnia(x,y) = 0 (as n — oo).

By the conditions (i), (iii), and the property of g it follows that

lim [|[Axn —Bynl =0,
n—oo
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lim [[tn —unl|l= lim |[[tn —S1tnll=0,
n—00 n—o0

Iim ||zn —vall = lim ||zn — Soznll = 0.
n—oo n—oo

These imply that

[tn —xnll = [Je, (tn —xn)ll = [WATTF(Axn — Byn)ll < VIIAllIAXn —Bynll = 0 (as n — oo) (3.9)
and

lzn —ynll = lITe, (zn —yn)ll = B Jr(Axn — Byn)ll < YIB[llIAXn —Bynll = 0 (as n — oo). (3.10)

The conclusions in (3.6) are proved.

3. Now we prove that sequence {(xn,yn)} converges strongly to some point (x*,y*) € I'. Since E; and E;
are uniformly convex, they are reflexive. Again since {xn} and {yn} are bounded, we may assume that
(x*,y*) is a weak cluster point of {(xn,yn)}. It follows from (3.9) and (3.10) that (x*,y*) is also a weak
cluster point of {(tn, zn)}. Again by (3.6), [[tn — S1tnll = 0 and ||z, — S2zn || — 0. Due to the demi-closed
property at zero of S; and S, (since Sq, Sy both are nonexpansive), x* € Fix(S;) and y* € Fix(S;). Also
since A and B are bounded linear operators, we know that (Ax*,By*) is also a weak cluster point of
{(Axn, Byn)}. By the weakly lower semicontinuous property of the norm and (3.6), we get

IAX* — By”|| < liminf||Ax,, — Bynll = 0,
n—oo

ie., Ax* = By*. Therefore (x*,y*) € I'. This implies that the weak cluster point (x*,y*) of {(xn,yn)}is a
solution of split equality quasi inclusion problems (2.7).
Next we prove that (x*,y*) is the unique weak cluster point of {(xn, yn)}
Suppose to the contrary, let (p, q) be another weak cluster point of {(xn,yn)} with (p, q) # (x*,y*). By
the arguments above, we can also prove that (p,q) € T.
Since (x*,y*) and (p, q) both are weak cluster points of {(xn, yn )}, there exist subsequences {(xn,, yn,)}
and {(xn;, Yn;)} of {(xn,yn)} such that
(Xni,Yny) = (x5,y") (asni — oo) and (xn;,Yyn;) = (p,q) (asny — o0).
By Lemma 2.5 (2), we have
W, (x*,y*) = [xn, = X112 + llyn, —y*I
=[xn, —p+P =X+ llyn, — g+ q —y*I
<lp = x* 1P+ 2(xn; — P, Je, (P —x*)) + Klxn, — Pl
+ ||q _U*Hz + 2<Uni —q, ]Ez(q _y*» + kHUnl - q||2
Simplifying it we have
Wi (X", 4%) — kWi, (p, q) < lp —x*I* + [lg —y*I?
+20n; =P, Je (P = %)) +2(yn; — 4, Je, (9 —y")).
Letting ny — oo in (3.11) and noting (3.6), we have
W, y*) = kW(p, q) <Ilp —x 1P +1lg = y*IP + 20 —p, Je, (p —x*)) +2(u* — q, Je,(q —y*))-
=llp —x*I* + llg —y*I> —2(lp — x*I* + llg —y*I") (3.12)
=—(lp =x*I*+llq —y*I*)
Similarly we can also obtain the following inequality
Wa, (p, @) — kWa, (x*, %) < lIp —x*I> + [lg — y*|?
+2(xn; =%, Jg, (X" =p) +2(yn; =", Je,(y" —q))-

(3.11)

(3.13)
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Letting n; — oo in (3.13) we have
W(p, q) —kW(x*,y*) < —(Ilp —x*IP + llq —y*II*). (3.14)
Adding up (3.12) and (3.14), we have
0< (1=K)(W(p, q)+W(xy") < =2(llp —x*IP +1lg —y*I*) <0

This implies that
(Ip —x*IP+llg—y*|?) =0 and W(p,q) = W(x*,y*) =0.
Hence we have
=x*, q=y* and W(p,q) =W(x",y")=0.
,y*) is the unique weak cluster point of {(xn,yn)}, i€, (xn,yn) — (x*,y*) and
= W(x*,y*) = 0. Since the limit limy, o, Wn (x*,y*) exists, we have

These show that (x*
limuy, o0 Wi, (X", 9y%)
Jim Wi (x*,y") = nli%nr;o(llxn—><*||2+ lyn —y*I%) =

ie., limn 00 Xn = x* and limn oo yn = y*. This completes the proof of Theorem 3.1. O

The following theorems can be obtained from Theorem 3.1 immediately.

Theorem 3.2. Let 4, E; be real uniformly convex and 2-uniformly smooth Banach spaces with the best smoothness
constant k €]0,1]. Let Gi : By — Ei, 1 = 1,2 be a-isa of order 2 and K; : By = Ei,i = 1,2 be set-valued
m-accretive mappings, and A : E1 — Ey be a linear bounded operator. For any (xo,Yo) € E1 x Eo, the sequence
{(xn,yn)} is generated by

Un = J1(1=71G1) (xn —YJE, A*TE, (AxXn —yn)),

vn = J2(1—=7G2)(yn +¥(Axn —yn)), ——
Xnt1 = (1= Bn)un + Bn(xn —YJg, A" TE, (Axn —yn)),

Ynt1 = (1= Bn)vn + Bn(yn +v(Axn —yn)),

where ]'fi = (I+71K;)~L, 1 = 1,2 are the resolvent operators of mappings Ky, Je,, 1 = 1,2 are the normalized
duality mappings of Ei,1 = 1,2, and A* is the adjoint of A. If

M:={(x,y) € Fix(J¥(I =rG1)) x Fix(J*?(I = rG,)), Ax =y} # 0

and the following conditions are satisfied:

1) 0<vy< %, where L = max{||A*A]||,1};
(i) 0<r< 3
(iii) {Bn} is the sequence in ]0, 1[ with liminf B+ (1 —Bn) >0,

then the sequence {(xn,Yn)} converges strongly to a solution (x*, Ax*) of split equality quasi inclusion problem
(2.2).

Theorem 3.3. Let E be a real uniformly convex and 2-uniformly smooth Banach spaces with the best smoothness
constant k €]0,1]. Let G : E — E be «-isa of order 2 and K : £ =% E be m-accretive mappings. For any xo € E, the
sequence {xn } is generated by

n >1,

Un = J(1—76)(xn),
{ Xn41 = (1= Bn)un + Prnxn,
where J¥ = (1+ 1K)~ is the resolvent operator of mapping X. If
M:={x e Fix(J(I—rG))} #0

and the following conditions are satisfied:
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(i) 0<r<2
(i) {Bn} is the sequence in 0, 1[ with liminf 3,,(1 — Bn) >0,

then the sequence {xn} converges strongly to a solution x* of quasi inclusion problem (2.3).

Remark 3.4. Theorems 3.1 and 3.2 are improvements and generalizations of [3, 4, 9-11, 15, 20].

4. Applications

In this section we shall utilize the results presented in the paper to study the monotone variational
inequality problem, convex minimization problem, and convexly constrained linear inverse problem.

Throughout this section, let C be a nonempty closed and convex subset of a real Hilbert space H. Note
that in this case the concept of monotonicity coincides with the concept of accretivity.

4.1. Application to monotone variational inequality problems

A monotone variational inequality problem (VIP) is formulated as the problem of finding a point
x* € C such that:
(Gx*, y—x*) >0, Vyegc, 4.1)

where G : C — H is a nonlinear monotone operator. We shall denote by I" the solution set of (4.1) and
assume " # (). In Example 2.4, we have pointed out that VIP (4.1) is equivalent to find a point x* so that

0 € (G+K)x*,

where K : C — H is the subdifferential of the indicator of C, and it is a maximal monotone operator. By
[16, Theorem 3] in this case, the resolvent of K is nothing but the projection operator Pc. Therefore the
following result can be obtained from Theorem 3.3 immediately.

Theorem 4.1. Let G : C — H be an «-inverse strongly monotone operator of order 2. Let {xn} be the sequence
generated by xo € C and

n

V
—_

un =Pc(I—=71G)(xn),
Xnt1 = (1= Bn)un + Bnxn,
If
IN:={x € Fix(Pc(I—1G))} #0
and the following conditions are satisfied:
(1) 0<r<20
(i) {Bn} is the sequence in 10, 1[ with liminf fn (1 —Bn) >0,

then the sequence {xn} converges strongly to a solution x* of monotone variational inequality (4.1).

4.2. Application to the convex minimization problem

Let P : H — R be a convex smooth function and ¢ : H — R be a proper convex and lower semi-
continuous function. We consider the following convex minimization problem of finding x* € H such
that

V(T + ¢ (x7) = minf(x) + b (x)}- (4.2)
This problem (4.2) is equivalent, by Fermat’s rule, to the problem of finding x* € H such that
0 € V(x*) +3d(x7),

where V1 is a gradient of \ and 9¢ is a subdifferential of ¢. Set G = Vi and K = 9¢ in Theorem 3.3.
If Vi is (1/L)-Lipschitz continuous, then it is L-inverse strongly monotone. Moreover, 0¢ is maximal
monotone. Hence from Theorem 3.3 we have the following result.
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Theorem 4.2. Let \ : H — R be a convex and differentiable function with (1/L)-Lipschitz continuous gradient V1
and ¢ : H — R be a proper convex and lower semicontinuous function such that \p + ¢ attains a minimizer. Let
{xn} be the sequence generated by xo € H and

n >1,

{unzlfu—menxnx

Xn41 = (1-— Bn)un + BnXxn,

where G = V, K = 3¢, and JX := (14 vK)~L. If the following conditions are satisfied:

(i) 0<r<2
(ii) {Bn} is the sequence in |0, 1[ with liminf B (1 —Bn) >0,

then the sequence {xn} converges strongly to a solution x* of convex minimization problem (4.2).

4.3. Application to the convexly constrained linear inverse problem

Let A : H — C be a bounded linear operator and b € C. The constrained linear system
Ax=b, xeC (4.3)
is called convexly constrained linear inverse problem. Define {(x) : H — R™ by

1
b(x) = SlIAx ~ b, x € H.
We have Vi (x) = A*(Ax —b), and V1 is L-Lipschitzian, where L = IAI[%, i.e., VAP is 1/L-inverse strongly
monotone. It is easy to know that x* € C is a solution of (4.3) if and only if 0 € Vip(x*) = A*(Ax* —b).
Taking G = V) and K = 0 in Theorem 3.3 we have the following result.

Theorem 4.3. If problem (4.3) is consistent and the following conditions are satisfied:

(i) 0<r<2
(ii) {Bn} is the sequence in |0, 1[ with liminf B+ (1 —Bn) >0,

then the sequence {xn} generated by xo € H and

n >1,

Un = PC(I _TG)(XTL)/
Xn+1 = (1—=Bn)un+PBnxn,

converges strongly to a solution x* of problem (4.3).

5. Conclusions

The quasi inclusion problem for monotone and the maximal monotone mappings in Hilbert spaces
has been considered by many authors. How to generalize and extend this problem from Hilbert space to
Banach space is difficult. The purpose of this paper is to try to solve such a problem.

In our paper, we introduce and study the general split equality quasi inclusion problems of accretive
and m-accretive operators in Banach spaces which contain split quasi inclusion problem and the quasi
inclusion problem in Banach spaces as its special cases. For solving this problem, a new generalized
forward-backward algorithms are proposed. Under suitable conditions, some strong convergence theo-
rems for the sequences generated by the algorithm to a solution of the problem are proved (see Theorems
3.1, 3.2, and 3.3). At the end of the paper, some applications to monotone variational inequality prob-
lem, convex minimization problem, and convexly constrained linear inverse problem are presented. The
results presented in the paper are new.
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