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1 Introduction

The theory of variational inequalities (inclusions) is quite application oriented and thus
developed much in recent years in many different disciplines. This theory provides us with
a framework to understand and solve many problems arising in the field of economics,
optimization, transportation, elasticity and applied sciences. A lot of work considered with
the ordered variational inequalities and ordered equations was done by Li et al.; see [4, 6,
8,9].

The fundamental goal in the theory of variational inequality is to develop a streamline
algorithm for solving a variational inequality and its various forms. These methods include
the projection method and its novel forms, approximation techniques, Newton’s methods
and the methods derived from the auxiliary principle techniques.

It is widely known that the projection technique cannot be applied to solve variational
inclusion problems and thus one has to use resolvent operator techniques to solve them.
The beauty of the iterative methods involving the resolvent operator is that the resolvent
step involves the maximal monotone operator only, while other parts facilitate the prob-
lem’s decomposition. Most of the problems related to variational inclusions are solved
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by maximal monotone operators and their generalizations such as H-accretivity [10], H-
monotonicity [11] and many more; see e.g., [12—17] and the references therein.

Essentially, using the resolvent technique, one can show that the variational inclusions
are commensurate to the fixed point problems. This equivalent formation has played a
greatjob in designing some exotic techniques for solving variational inclusions and related
optimization problems.

We initiate a study of a system of generalized ordered variational inclusions in real or-
dered Banach space. We design an iterative algorithm based on the resolvent operator for
solving system of generalized ordered variational inclusions. We prove an existence as well
as a convergence result for our problem. For more details of related work, we refer to [2,
18] and the references therein.

2 Prelude
In the paper, assume that X be a real ordered Banach space endowed with norm || - ||, an
inner product (-, -), a zero element 6 and partial order < defined by the normal cone C with
a normal constant Ac. The greatest lower bound and least upper bound for the set {p, g}
with partial order relation < are denoted by glb{p, g} and lub{p, g}, respectively. Assume
that glb{p, g} and lub{p, g} both exist.

The following well-known definitions and results are essential to achieve the goal of this

paper.

Definition 2.1 Let C (# ¢) be a closed, convex subset of X. C is said to be a cone if
(i) forpe Cand 1 >0,Ap e C;
(ii) f pand —p € C, then p = 6.

Definition 2.2 ([19]) C is called a normal cone iff there exists a constant A¢ > 0 such that
0 < p < g implies ||p|| < Acllgll, where Ac is called the normal constant of C.

Definition 2.3 For arbitrary elements p,qg € X, p < qiff p— g € C, then the relation <isa
partial ordered relation in X. The real Banach space X endowed with the ordered relation

< defined by C is called an ordered real Banach space.

Definition 2.4 ([20]) For arbitrary elements p,q € X, if p < g (or ¢ < p) holds, then p and
q are called comparable to each other and this is denoted by p  g.

Definition 2.5 ([18]) A map A : X — X is called a 8-ordered comparison map, if it is a

comparison mapping and

Ap) Al <Bpdq), forO<pB<1.

Lemma 2.1 ([19]) Ifp and q are comparable to each other, then lub{p, q} and glb{p, q} exist,
p-qxq-pandd <(p-q)V(q-p).

Lemma 2.2 ([19]) Let C be a normal cone with normal constant ,c in X, then for each
P, q € X, we have the relations:

(i) lle®ol =0l =o;

i) llpAgqll <llpll Allgll < llpll + liqll;
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(iii) llp@4qll <lp-qll <icllp ®4ql;
(iv) if pocq, then |p @4l = llp —4ll.

Lemma 2.3 ([1,4-6]) Let < bea partial order relation defined by the cone C with a normal
constant A¢ in X in Definition 2.3. Then hereinafter relations survive:
1) p®g=q®p.p®p="0;
(2) 0<p®0;
(3) allow A to be real, then (\p) & (Aq) = |1|(p D q);
(4) if p, g and w can be comparative to each other, then (p ® q) < (p D w) + (W D q);
(5) presume (p +q) V (s +t) exists, and if p < s,t and q x s, t, then
P+ @G+)<P®s+qONNPOLt+qDs);
(6) if p, g, r, w can be compared with each other, then
PADBr AW <(pON)V(g@W)A(pOw) v (g@n);
(7) ifp<qands<t thenp+s<qg+t;
8) ifpxO,then -pdO<p<pd6b;
9) ifpxq,then p®O)®(gDO) <(pDg) DO =pSg;
10) p@O)-(q®0) <(p-q) S;
(11) if0 <pandp #06,and a >0, then 0 <ap and ap #0, forall p,q,r,s,t,w € X and
o, A €R.

Definition 2.6 ([4]) Allow A : X — X to be a single-valued map.
(1) Aiscalled a y-order non-extended mapping if there exists a constant y > 0 such

that
y(p®q) <Ap) ®A(g), foralp,qeX;

(2) Ais called a strongly comparison map if it is a comparison mapping and A(p) o< A(q)
iff pocg, forall p,qg € X.

Definition 2.7 ([7]) Allow A : X — X and M : X — 2% to be single-valued and set-valued
mappings, respectively.
(1) M is called a weak-comparison map, if for t, € M(p), p o t,, and if p o< g, then
3t, € M(p) and t, € M(q) such that £, oc £, for all p,q € X;
(2) M is called an «-weak-non-ordinary difference map associated with A, if it is weak
comparison and for each p,q € X, 3 > 0 and ¢, € M(A(p)) and t; € M(A(q)) such
that

0;

(t, ®ty) ®a(Ap) ®A)

(3) M is called a A-order different weak-comparison map associated with A if 3a 1 >0,
for all p,q € X and there exist t, € M(A(p)), t; € M(A(q)) such that

Mty —ty) xp—gq;

(4) M, a weak-comparison map, is called an ordered (o4, A)-weak-ANODM mayp, if it is
an «-weak-non-ordinary difference map and a A-order different weak-comparison
map associated with A, and (4 + AM)(X) = X, for o, A > 0.
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Definition 2.8 ([7]) Let A: X — X and M : X — 2X be a y-order non-extended map
and an «-non-ordinary difference mapping with respect to A, respectively. The resolvent
operator R}', : X — X associated with both A and M is defined by

R (p)=(A+ M) (p), forallpeX, )

where y,®, A > 0 are constants.

Definition 2.9 ([8]) A map A : X x X — X is called (o, @y)-restricted-accretive map, if it

is comparison and 3 constants 0 < o3,y <1 such that

(A(p, )+ I(p)) b (A(q, )+ I(q)) < al(A(p, ) @ Alg, )) +ay(p®q), forallp,qeX,
where [ is the identity map on X.

Lemma 2.4 ([7]) If M : X — 2X and A : X — X are an a-weak-non-ordinary difference
map associated with A and a y-order non-extended map, respectively, with a) #1, then
My ={0 ®p|pe M} is an a-weak-non-ordinary difference map associated with A and
the resolvent operator Rﬁdi = (A + AMy)™ of (A + AMy) is a single-valued for a, ) > 0, i.e.,
Ry : X — X of My holds.

Lemma 2.5 ([7]) Let M : X — 2X and A : X — X be a (aq, A)-weak-ANODD set-valued
map and a strongly comparison map associated with Rﬁ&, respectively. Then the resolvent

operator RXIA : X — X is a comparison map.

Lemma 2.6 ([7]) Let M : X — 2X be an ordered (a4, \)-weak-ANODD map and A : X — X
be a y-ordered non-extended map associated with Rﬁ{w foray > %, respectively. Then the

following relation holds:

RL ()@ R, (9) < , (p®q), forallp,qeX. (2)

1
3 Formulation of the problem and existence results
Allow X to be areal ordered Banach space and C a normal cone having the normal constant
Ac. Let M,N : X x X — 2% be set-valued mappings. Suppose f;,g; : X — X (i = 1,2) and
Fi,Fy: X x X — X are single-valued mappings. Now we look at the problem:
For some (wy,w,) € X x X and p > 0, find (p,q) € X x X such that

wi € Fi(fip), q) + pM(&1(p), 9)
wy € Fr(p,f2(q)) ® N(p,g2(q)).

3)

This problem is called a system of generalized implicit ordered variational inclusions (in
short SGIOVI). Here, we discuss some special cases of SGIOVI (3).
(1) If p =1, g1 =1 (the identity mapping on X), f = and M and N are single-valued
mappings and M(g1(p), q) = M(q, p), then problem (3) reduces to the problem as for
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wy, wy € X, find p,q € X such that

w1 < Fi(fi(p), q) + M(q,p),
wy < F(p,q) @ N(p,g(q)).

(4)

Problem (4) was initiated and studied by [1].
(2) fwy,wy=0,p=1,F,=f=N=g=0,g =1, M is a single-valued mapping, then
problem (3) is to find p, g € X such that

0 < Fi(fi(p).q) + M(q,p). (5)
Problem (5) was initiated and studied by [21].

(3) IfWZ = O, F2 :,fZ =N =% = 01g1 = 1) F](fl(P);Q) :fi(p) and M(gl(P);Q) = M(p), then
problem (3) became the problem to find p € X such that

w1 €f(p) + pM(p). (6)
Problem (6) was initiated and studied by [7].
(4) fp,m=0,F=fi=q1=M=0,f, =g =1, F(p,f2(q)) = F2(p) and

N, 2:(q)) = N(p), then problem (3) is converted to the problem of finding p € X
such that

wy € Fo(p) ® N(p). (7)
Problem (7) was initiated and studied by [5].

5) fFi=fi=F=f=N=g,=0,w,=0,g =1 and M(&1(p), q) = M(p), then the
problem (3) converted to the problem of finding p € X such that

Problem (8) was initiated and studied by [3].
Now, we mention the fixed point formulation of SGIOVI (3).

Lemma 3.1 The set of elements (p,q) € X x X become a solution of SGIOVI (3) iff (p,q) €
X x X fulfill the relations:

p=R [A(p) + %(wl - Fl(mp),q))],

q=R)"2V[Ag) + A(ws ® B2 (0. (@) ].
Proof The proof follows from the definition of the resolvent operator (1). O
4 Main results

In this section, we present an existence result for the system of generalized implicit ordered
variational inclusions (in short SGIOVI), under some apt conditions.
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Theorem 4.1 Let C be a normal cone having a normal constant ¢ in a real ordered Ba-
nach space X. Let A, f1,f>,81,8 : X — X be single-valued mappings such that A is a u-
compression mapping, f is a Ay -compression and f, is a As,-compression and g, g, are
comparison mappings, respectively. Let F1, F, : X x X — X be single-valued mappings such
that Fy is an (on, oy)-restricted-accretive mapping w.r.t. fi and F, is an (o], oy)-restricted-
accretive mapping w.r.t. f5, respectively. Suppose M,Ny : X x X — 2% are the set-valued
mappings such that M is a (a4, ))-weak-ANODD set-valued mapping and Ny is a (oar, 1)-
weak-ANODD set-valued mapping, respectively.

In addition, if p; o« qi, R, (p;) < R, (q:), RS (i) o< RS (q:) and for all by, s, 81,6, >
0, the following conditions are satisfied:

N (p1,82(- N (2,2 (-
RA,(;{?@())(%) @RA’(fZZgZ())(ql) < 51([01 @Pz),

)
Rﬁ’{)(il(')m)(pl) @Rg/f)(iz(%qz)(pl) < 52(q1 o qz),
and
Actidg A
Ac(hapa + Aoy iz +82) <1— <M),
0
(10)

Acir
AcOar itz + oy hpy hay +81) < 1= (T‘“>

Then the SGIOVI (3) grants a solution (p,q) € X x X.

Proof By Lemma 2.6, we know that the resolvent operator Ri‘{f/\(-) and RX‘}(J are ;-
Lipschitz continuous and w,-Lipschitz continuous, respectively.

_ 1 _ 1
Here p; = D and uy = D"

Now, defineamap G: X x X - X x X by
G = (T, SP.9), Y(p.q) € X xX, (11)
where 7: X x X — X and §: X x X — X are the mappings defined as
. A
T(p,q) = Ry & [A . (w1 - F(fi(), q))] ®), (12)
No(p.ga(-)
S@,q) = Ry "V [A+ 4 (w2 ® Ba(p.£5())](@)- (13)

For any p;,q; € X and p; « g; (i,j = 1,2). By using (12), Definition 2.5, Definition 2.9,
Lemma 2.6 and Lemma 2.3, we have

0 =< T(pi,q1) ® T(p2,q2)

_ R]X{igl(')vql)l:A + %(Wl —Fl(ﬁ(-),ql))](pl)
@Rg/f}(zgl(),qz) |:A n %(Wl —Fl(fl(')rﬂh))](pZ)

- sz(fm,qn[A s %(Wl —Fl(fl(-),ql))](pl)
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o R0 4, %(Wl “E((O.) @)

RO 4 4 %(wl ~F(fi() ) |@2)

R0 4, %(WI ~E((O,a)) |@2)

< [ AG) ® A + S (Blip.a) @ Fl(fl(lﬂz);fh)):|
® f;2(611 D q2)
< :)\A(pl O q2) + %(al(ﬁ(m) ® fo(p2)) + ca(qn @ 612))]
® 5(q1 @ q2)
<m :M(pl ®pa) + %(al)\ﬁ(pl O p2) + (g1 @ qz))]
® 52(q1 @ q2)
= :(AA + %)(ﬁl ®p2) + %(m 69612)}
® 82(q1 @ q2)
(Yo (5]
® 52(q1 @ q2)

= [Ml(%)@l Dpo) + <M12a1>(611 D 6]2)}

@ 82(q1 @ q2).

By Definition 2.2 and Lemma 2.2, we have

|71 ) @ T2 q0)|| = | T, 1) - T2, 02) |
[Ml(%)@l @ p2)

+ (Mlzal)(ﬂh @ LI2):| ®61(q1 D q2)
(22205 ) 0
+ (Mlzal)(fh @ qz)i| - 811 @ q2)

A Ao A
1T 1) @ T(p2q2)|| < Ac|| 240% AR (1 ® p2)
0

. (’“““’“)(ql ® q2>]
o

(AAp +Aalkﬁ)

<Aic

=Ac

’

+rcdi(llg @ g2 1)

llp1 = p2l

U1AQ + 810
+Ac — lg1 - g2l

<Aicmi

Page 7 of 13

(14)
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That is,

|T(pva1) - T(p2, q2) | < )»CM( o1 = pall

U1AQs + 810
+lc(f)||6h—q2||' (15)

Aap + dahg )
0

For any p;,q; € X, p; o< g; (i,j = 1,2), and by using (13), Definition 2.5, Definition 2.6,
Lemma 2.3 and Lemma 2.6, we have

0 < S(puq1) ® S, q2)
- (REPOA 7 © 10
&) RX(;(m’gz [A + X(Wz @®F (Pzr ))](612 )

2
< (Rﬁi‘i(p"gz [A +A(w2 @ B (p1,()))](q1)

& RO 1, F (pa,fo >))]<q2>)
& (R[4 + 3w © Fs () |0
@RNO(m’gz [A + (w2 @ Fa(p2.fo )))](42)

< 12[(Alqr) + 2 (w2 ® B> (p1.fo(q1))))
® (A(g2) + M(w2 @ Fa(p2,£2(q2)))) ] @ 1(p1 @ p2)
< 112[Alq1) ® Alq2) + A(Fa(pr.fo(q1) @ F2(p2,f2(42))) ]
@ 61(p1 ® p2)
< 22 a(q1 @ q2) + Ma) (o1 B p2) + s (1 D 42)) | ® 81(p1 @ o)

= o[ (ha + Aajhp ) (g1 @ g2) + Aty (p1 @ pa) | @ 81(1 @ po). (16)

By Definition 2.2 and Lemma 2.2, we have

I1S@1q1) @S2, @) | = |Spr, 1) - S22 |
< hc||[mara + rayhs (g1 @ g2) + parer; (pr @ po)]
® 8 (p1 & p))|
< Aef[maka + oy, (g1 @ 2) + adot; (1 & o) |
+Ach2llpr - pall
< Acma(ha + Aaghs, ) gy — g2l

+ Ac(parag +82)lp1 - 2.

That is,

181 @) = S2.42)|| < Acma(ra + rashg) = ol

+ Ac(maral +82)lp1 - pall. 17)
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From (15) and (17), we have

|Tpva1) - T2, q2) | + ||Sra1) = S(p2s 32) |

AAp + AOA
cren (2222

H1ran + 81
+Ac Ea— g1 — g2l

+hema (ha + Aayhp ) g1 — gz

llp1 - p2|l

+Ac(paray +82)llpr - pal

~ |:<AA,0 + Aalkﬁ)
o

+Ac(matag + 52)] llpr - p2 |l

[ (Ml)»<12+51/0>
i (222 TP
P

+ Ao (o + )»aé)»fz)} g1 — gl

= Qillp1 = p2l + Q2llp1 - p2l

< max{Qy, D} (lpr - pall + g1 - g211), (18)

where
Aap + Ao A
Ql = |:Ac<%> + )Lc(/,Lz)\.Oli + 82):|

and

Aoy + 6
Q) = [xc(%) +Actty (o + m;xfz)].

Now, we define ||(p, )|« on X x X by

l@a)|, =lpll+lql, Y@p.q) eX xX. (19)

One can easily show that (X x X, || - ||+) is a Banach space. Hence from (11), (18) and (19),
we have

|G@L @) - Gp2, @2) ||, < max{Qy, 2} (Ip1 - poll + 141 - 421). (20)

By (10), we know that max{€2;, Q2»} < 1. It follows from (20) that G is a contraction. Hence
J unique (p,q) € X x X such that

Gp.q) = @9

This leads to

p= Ri\;figl(‘)'q) [A + %(Wl —Fl(fl(')’q))](p)
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and

q= sz‘(i(pygz('))[A + M2 @ B (p.£2())) ] (@).
It is determined by Lemma 3.1 that (p, g) is a solution of SGIOVI (3). d

5 Convergence analysis and iterative algorithm

This part of the article is associated with the construction of an iterative scheme as well as
the strong convergence of the sequences achieved by the said scheme to the exact solution
of SGIOVI (3).

Allow C to be a normal cone with the normal constant A¢ in a real ordered Banach
space X. Let M : X x X — 2¥ and N : X x X — 2% be set-valued maps. Assume that
firfor,@1,82: X — X and Fi, Fp : X x X — X are single-valued maps.

For the initial guess (po,qo) € X x X, assume that py & p1, go < g1. We define an iterative
sequence {(p,,q,)} and let p,,1 X p,, gui1 X g, such that

. A
Pt = oupy + (1 -a,q)zeif%l”"“’[A(') + > (m —H(ﬁ(o,qn))](pn), (21)
G = @ + (1= )R CDV[AC) + 2 (w2 @ B (p () ] (@0)- (22)
Forn=0,1,2,3,..., where 0 < o, <1 with limsup, o, < 1.

Lemma 5.1 ([17]) Allow {9,} and ¢, to be sequences of nonnegative real numbers such that
they satisfy

(i) 0<6,<1,n=0,12,...and limsup, ¢, < 1;

(i) D1 <y 1=0,1,2,....
Then {9,,} approaches zero as n moves to co.

Theorem 5.2 Allow X, C, M, N, Ny, fi, f2, &1, &, F1 and F, to be as in Theorem 4.1 such
that all the assertions of Theorem 4.1 are valid. Then the sequence {(py, q,)} formulated by
Algorithm (21) and (22) converges strongly to the unique solution {(p,q)} of SGIOVI (3).

Proof By Theorem 4.1, the SGIOVI (3) admits a unique solution (p,q). It follows from
Lemma 3.1 that

p=ap+1-a)RyEPAC) + a(wi - F(A(),9))] @) (23)
and
q = anq + (1 - ) ROPEV[AC) + 2 (w2 @ B (p.22()) | (@)- (24)

By (21), (23) and Lemma 2.3, we get

0< Pni1 ®p
= dypn + (1- an)RfX{)(:gl(')’qn)[A(’) + )L(Wl -h (fl(')’qn))]Pn
@ ap + (- )Ry EP[AC) + a(wi - B (A(),9)) ] @)
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= oy(pn ®p) + (1 -ay) [Rx)(\gl(-)yqn)[A(pn) + )L(Wl -F (fl(pn)’ %))]
& Ry UAW) + 1w - B (()0)]]

By using the same argument as in Theorem 4.1, for (14), we have

lpni1 ® Pl = llpns1 - pI

I:)\C,le()\AP +Aaidg)

S an”pn —P|| + (1 —Ol,,) ”pn —P”

Ac(ire +810)
+ ————|qx 1l
(I—aprcur(rap + rahrys)
= |a,+ llpx - pll
P
(L —ay)(u1has + 810)
+ . lgn — qll.

Similarly, it follows from (22) and (24) that

0=<gu1®4qn
= (@ngn + (1 - )R [Alg,) + A (w2 ® o (pio2(0)))]
® auq + (1~ a,)RY PV [Ag) + 1(w2 & B (p.£2(9))])
< au(gn ® q) + (1 - o) (RSP 2V [A(g) + 1 (w2  Fa(pr2(an))) ]
® RSV [Al) + 1w @ B (p.2:(@))])-

Importing the same logic as in Theorem 4.1 for (16), we have

”qn+1 @ 6]|| = ||qn+1 - q”
< (otw + Acpa(har + Aahhp, ) gn — gl

+rc(1 = o) ((n2ray + 8))lpu — plI).

From (26) and (28) we have

(I —ap)rcpr(rap + dedg,)
|pne1 =Pl + g1 — qll < oy + P llpn - pll

el — o) (uiras + 610)
+ , llgn -4l

A

+ (an + parc(ar + 2asrp ) gn — gl
+ el — o) (n2ha, + 83) |pu — pll

= au(llpn - pll + llgn — ql)
Aemi(oap + Aagh
+(1_an)|:< ci1(Aap + darhg)

0

+Ac(pa + ka{k))] lpx - pll

Page 11 0of 13

(25)
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f- O[;1)[<)~C(M1)»062 +810)
o

+ Aoz (ha + Ml%ﬁ)) lgn - qll]

= au(llpn -2l + llgn — 4l
+ (1= ) (Qullps - pll + g, — qll). (29)

By (10), we know that max{€2;, 23} < 1. Then (29) becomes

Ins1 = Il + I gns1 — gll < n(llpn — 2l + g0 —qll)
+ (1= an)Q(llpn =2l + g0 — qll) (30)

where Q = max{€Qy, 2>} and Q; = [)\C(W) +Ac(adag +8)], Qo = [)\c(@) +
Aepa(har + Aayhsp)]. Let 9, = (Ipy = pll + 19, — qll) and g, = 2 + (1 - Q)ay, then (30) can

be rewritten as
ﬁnﬂfs'nﬁm n=0,1,2,....

Choosing ¢,, we know that limsup,, ¢, < 1. It follows from Lemma 5.1 that 0 < ¢, < 1.
Therefore, {(ps,g4)} converge strongly to the unique solution {(p,q)} of the SGIOVI (3).
O

6 Conclusion
System of generalized ordered variational inclusions can be viewed as natural and innova-
tive generalizations of the system of generalized ordered variational inequalities. Two of
the most difficult and important problems related to inclusions are the establishment of
generalized inclusions and the development of an iterative algorithm. In this article, a sys-
tem of generalized ordered variational inclusions is introduced and studied which is more
general than many existing systems of ordered variational inclusions in the literature. An
iterative algorithm is established with the @ operator to approximate the solution of our
system, and a convergence criterion is also discussed.

We remark that our results are new and useful for further research and one can extend
these results in higher dimensional spaces. Much more work is needed in all these areas
to develop a sound basis for applications of the system of general ordered variational in-

clusions in engineering and physical sciences.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
The authors contributed equally and significantly in writing this paper. All authors read and approved the final
manuscript.

Author details
'Department of Mathematics, Aligarh Muslim University, Aligarh, 202002, India. ?Department of Mathematics, University
Putra Malaysia (UPM), Serdang, Selangor 43400, Malaysia.

Acknowledgements

The authors are very grateful to the University Putra Malaysia, 43400 Serdang, Selangor, Malaysia for providing partial
support during the present study. The authors also express their sincere thanks to the referees for careful reading and
suggestions that helped to improve the paper.



Sarfaraz et al. Journal of Inequalities and Applications (2017) 2017:81 Page 13 0f 13

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Received: 30 January 2017 Accepted: 1 April 2017 Published online: 20 April 2017

References

1.

2.

19.
20.
21

Li, HG, Qiy, D, Jin, MM: GNM ordered variational inequality system with ordered Lipschitz continuous mappings in an
ordered Banach space. J. Inequal. Appl. 2013, 514 (2013)

Li, HG, Li, LP, Zheng, JM, Jin, MM: Sensitivity analysis for generalized set-valued parametric ordered variational
inclusion with (e, A)-nodsm mappings in ordered Banach spaces. Fixed Point Theory Appl. 2014, 122 (2014)

. Li, HG, Pan, XB, Deng, ZY, Wang, CY: Solving GNOVI frameworks involving (y,, A)-weak-GRD set-valued mappings in

positive Hilbert spaces. Fixed Point Theory Appl. 2014, 146 (2014)

. Li, HG: A nonlinear inclusion problem involving (&, A)-NODM set-valued mappings in ordered Hilbert space. Appl.

Math. Lett. 25, 1384-1388 (2012)

. Li,HG, Qui, D, Zou, Y: Characterization of weak-anodd set-valued mappings with applications to approximate

solution of gnmoqv inclusions involving @ operator in ordered Banach space. Fixed Point Theory Appl. 2013, 241
(2013). doi:10.1186/1687-1812-2013-241

. Li, HG: Nonlinear inclusion problems for ordered rme set-valued mappings in ordered Hilbert spaces. Eur. J. Oper. Res.

16(1), 1-8 (2011)
Li, HG, Li, LP, Jin, MM: A class of nonlinear mixed ordered inclusion problems for oredered (ct,, A)-ANODM set-valued
mappings with strong comparison mapping A. Fixed Point Theory Appl. 2014, 79 (2014)

. Li, HG: Approximation solution for general nonlinear ordered variational inequalities and ordered equations in

ordered Banach space. Nonlinear Anal. Forum 13(2), 205-214 (2008)

. Li, HG: Approximation solution for a new class general nonlinear ordered variational inequalities and ordered

equations in ordered Banach space. Nonlinear Anal. Forum 14, 89-97 (2009)

. Fang, YP, Huang, NJ: H-Accretive operator and resolvent operator technique for variational inclusions in Banach

spaces. Appl. Math. Lett. 17(6), 647-653 (2004)

. Fang, YP, Huang, NJ: H-Monotone operator and resolvent operator technique for variational inclusions. Appl. Math.

Comput. 145(2-3), 795-803 (2003)

. Ahmad, I, Mishra, VN, Ahmad, R, Rahaman, M: An iterative algorithm for a system of generalized implicit variational

inclusions. SpringerPlus 5, 1283 (2016). doi:10.1186/540064-016-2916-8

. Ahmad, |, Rahaman, M, Ahmad, R: Relaxed resolvent operator for solving a variational inclusion problem. Stat. Optim.

Inf. Comput. 4(2), 183-193 (2016)
Chang, S, Huang, N: Generalized strongly nonlinear quasi-complementarity problems in Hilbert spaces. J. Math. Anal.
Appl. 158, 194-202 (1991)

. Fang, YP, Huang, NJ: Approximate solutions for non-linear variational inclusions with (H, )-monotone operator.

Research report, Sichuan University (2003)

. Fang, YP, Chu, YJ, Kim, JK: (H, n)-Accretive operator and approximating solutions for systems of variational inclusions

in Banach spaces. Appl. Math. Lett. (to appear)

. Fang, YP, Huang, NJ, Thompson, HB: A new system of variational inclusions with (H, )-monotone operators in Hilbert

spaces. Comput. Math. Appl. 49(2-3), 365-374 (2005)

Ahmad, I, Ahmad, R, Igbal, J: A resolvent approach for solving a set-valued variational inclusion problem using
weak-RRD set-valued mapping. Korean J. Math. 24(2), 199-213 (2016)

Du, YH: Fixed points of increasing operators in ordered Banach spaces and applications. Appl. Anal. 38, 1-20 (1990)
Schaefer, HH: Banach Lattices and Positive Operators. Springer, Berlin (1994)

Verma, RU: Projection methods, algorithms, and a new system of nonlinear variational inequalities. Comput. Math.
Appl. 41(7-8), 1025-1031 (2001)

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://dx.doi.org/10.1186/1687-1812-2013-241
http://dx.doi.org/10.1186/s40064-016-2916-8

	Approximation solution for system of generalized ordered variational inclusions with  operator in ordered Banach space
	Abstract
	MSC
	Keywords

	Introduction
	Prelude
	Formulation of the problem and existence results
	Main results
	Convergence analysis and iterative algorithm
	Conclusion
	Competing interests
	Authors' contributions
	Author details
	Acknowledgements
	Publisher's Note
	References


