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Abstract. In this paper, a self-adaptive algorithm involving inertial technique will be introduced
to solve bilevel pseudo-monotone variational inequality problems in Hilbert spaces. The main ad-
vantages of our algorithm is that the strong convergence theorem of the stated iterative method is
proved without Lipschitz continuity condition of the associated mapping. Finally, the effectiveness
and superiority of the proposed algorithm are proposed by numerical experiments.
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1. INTRODUCTION

Let H be a Hilbert space with inner product (-,-) and induced norm || - ||, and
let C be a closed convex and nonempty subset of H. Suppose that A : H — H
and F : H — H are two single-valued mappings. In this paper, we investigate the
following bilevel inequality variational problem (BVIP) in space H:

find p € VI(C, A) such that (Fp,y —p) >0, Vy € VI(C,A), (BVIP)

where VI(C, A) denotes the solution set of the following variational inequality problem
(VIP):
find z* € C such that (Az*,z —z*) >0, Vze C. (VIP)

It is known that the (VIP) is a hot spot in various research fields by its particular
advantage in analysis and applications, see [3, 6, 9, 10, 16, 26, 27, 28, 29]. There are
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many methods have been proposed to solve the (VIP), and one of the most common
ways is the gradient projection method:

Tnt1 = Po(z, — Max,),

where A € (0, i—%) and L is the Lipschitz constant of the operator A. One knows
that the sequence generated by the gradient projection method converges to some
solution of the (VIP) when A is L-Lipschitz continuous and a-strongly monotone. In
order to weaken the constraint of the operator A, Korpelevich [15] introduced the
extragradient method which bases on calculating two projections onto the feasible
set:

Yn = PC(zn - /\Al‘n),
Tn4+1 = PC(xn - >\Ayn)>

where A € (0, %) and A is L-Lipschitz continuous and monotone. Thereafter, this
method has been studied and extended in many ways, see [4, 7, 8] and the references
therein. Since each iteration needs to compute two projections onto the feasible set,
it may seriously affect the efficiency of the extragradient method if the projection
onto C'is hard to evaluate. To overcome this barrier, Tseng [25] proposed the Tseng’s
extragradient method, and Censor, Gibali and Reich [5] proposed the subgradient
extragradient method. In their algorithms, each iteration only needs to compute one
projection on the feasible set. But there is a faultiness in these methods: when the
associated mapping in the (VIP) is not Lipschitz continuous or the Lipschitz constant
is very difficult to compute, the methods mentioned above are not applicable to im-
plement because the step size cannot be determined. For avoiding the use of Lipschitz
continuous condition, Thong, Shehu and Iyiola [22] proposed a strong convergence al-
gorithm for solving the (VIP) with non-Lipschitz continuous of associated mappings.
The iterative scheme of their algorithm is devised as follows:

Initialization: Given v > 0, € (0,1), p € (0,1). Let x; € H be arbitrary.

Step 1. Compute y,, = Po(x, — A\ Axy,), where A\, = vI™" with m,, is the smallest
nonnegative integer m satisfying

V" (AT — AYn, Tn — Yn) < pllzn — yn||2
Step 2. Compute Ty,+1 = an f(zn) + (1 — an)Pe, (z,), where
Cpn = {JU €EH: Sn(x) < O} and Sn(m) = <xn — Yn — /\n(Axn - Ayn),l‘ - yn>

Set n < n + 1 and go to Step 1.

As a modeling tool, bilevel variational inequality problem plays an important role
in many fields, such as economy, signal processing, engineering mechanics, convex pro-
gramming models and so on, see [21, 24]. Therefore, it is necessary to study some fast
and effective iterative methods to solve the (BVIP). In recent years, many iterative
methods for solving the (BVIP) and related applications have been constructed, see
[1, 12, 17, 20, 23]. In 2020, Thong et al. [23] proposed an extragradient method for
solving the (BVIP) in real Hilbert spaces. They declared that their iterative method
converges strongly under certain assumptions on parameters. Base on this method,
Tan, Liu and Qin [20] introduced an inertial extragradient algorithm for solving the
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(BVIP) in real Hilbert spaces. For any two initial values, the iterative scheme of their
algorithm is devised as follows:

Wp = Ty + en(gjn - xn—i—l)a
Yn = PC(wn - )\nAwn)a
Zn = Yn — )\n(Ayn - Awn)7

Tn+l = 2n — an’YFZna

where 6,, and \,, are updated as

. . .

min{ —=2—— if _

0, — (e o Tn F Tn-1,
0, otherwise,

and
Mgl = mm{%”\"} if Awy — Ay, #0,
" An, otherwise,

respectively. The sequence {x,,} generated by their algorithm also converges strongly.
However, we find that all the algorithms mentioned above have a constraint: the
operator A is Lipschitz-continuous whether the Lipschitz constant needs to be known
or not. Therefore, a natural question is arisen:

How to design a algorithm to solve the (BVIP) without the Lipschitz
continuity of A?

The purposes of this paper is to answer this question in the affirmative. In order
to answer the question, we give a new self adaptive inertial algorithm for solving the
(BVIP) without Lipschitz continuity of pseudo-monotone mapping A. More precisely,
the contributions of this paper are stated as follows.

(1) We construct a new algorithm for solving the (BVIP) that converges strongly
under a weaker condition in infinite-dimensional Hilbert spaces. Moreover,
our proposed algorithm uses the inertial technique and a self adaptive Armijo-
type linesearch to accelerate the convergence speed.

(2) The associated mapping A in our algorithm is not a monotone and Lips-
chitz continuous mapping, but a pseudo-monotone and uniformly continuous
mapping.

(3) We give several numerical experiments to illustrate the convergence of our
proposed algorithm. By comparing our algorithm with the related algorithm
in the literature, we find that our algorithm outperforms the comparison
algorithm according to the numerical results.

The structure of the paper is stated as follows. In the next section, we give some
conclusions and definitions, which will be used in our analysis. Section 3 deals with
the convergence analysis of our proposed algorithm. In Section 4, we illustrate the
effectiveness of the proposed algorithm and compare our algorithm with previously
known algorithm. In the last section, Section 5, a concluding remark is given.
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2. PRELIMINARIES

Throughout this paper, we suppose that H is a Hilbert space and C' is a nonempty
closed convex subset of H. The inner product and norm of H are denoted by (-, -) and
I - ||, respectively. The sequence {x, } converges weakly to z* is denoted by x,, — z*,
and {z,} converges strongly to z* is denoted by x,, — x*. The following are some
definitions and lemmas that will be used in our paper.

Definition 2.1. Let A: H — H be a mapping. For all z,y € H, A is said to be

1) strongly monotone if there exists > 0 such that
Ui
(Az — Ay, x —y) > 1|z —y|*.
(2) monotone if
(Az — Ay,z —y) > 0.

(3) maximal monotone if A is monotone and there exists no monotone mapping B
such that gra(B) properly contains gra(A), where gra(A) and gra(B) denote
the graph of A and B, respectively.

(4) pseudomonotone if

(Az,y —x) > 0= (Ay,z —y) < 0.
(5) L-Lipshhitz continuous if there exists L > 0 such that
|4z — Ay| < Lilw — yll, Yo,y €C.

Lemma 2.2. [22] Let 7 be a number in (0,1] and A\ > 0. Let F : H — H be a
L-Lipschitz and a-strongly monotone mapping with 0 < a < L and let S : H — H be
a nonexpansive mapping. Define a mapping S : H — H by

Sz := (I — 7AF)(Sz),Vz € H.
2
Then S* is a contraction provided A < L—O;, that is,

1S%e — $*y|| < (1 = 70)|lz — yl|, Yz, y € H,
where 0 =1 — /1 — A\(2a— AL2) € (0,1).

Lemma 2.3. [2] Given z,u € H and u# 0. Let S ={y € H,(u,y — x) < 0}. Then,
for all z € H, the projection Pg(z) is defined by

Ps(z) = z — max {O, W} u.
[l

If z ¢ S, then we have

(u, z — x)

Ps(z) =z — ———u.
[[ul]?

Lemma 2.4. [11] Let f be a real-valued function on H. Let C := {x € H : f(z) < 0}.
If C' is nonempty and f is Lipschitz continuous on H with modulus L. Then
Dist(x,C) > L~ max{f(x),0}, Vx € H, where Dist(x,C) denotes the distance func-
tion from x to C.
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Lemma 2.5. [18] Let {s,} be a sequence of nonnegative real numbers and let {c,}
be a sequence of real numbers. Let {6,} be a sequence in (0,1) with Y > | &, = oco.
Assume that

Snt+1 < (L= 08,)8n + 0nCp, Vo > 1.

If limsup,_,oocn, < 0 for every subsequence {sn.} of {sn} satisfying

liminfg o0 (Sny4+1 — Sny,) = 0, then lim, o0 85, = 0.

3. MAIN RESULTS

In this section, we introduce a new self adaptive inertial algorithm for solving the
(BVIP) without Lipschitz continuity of associated mappings. In order to obtain our
main results, we assume that the following conditions hold.

Condition 3.1.

(1) The feasible set C' is a nonempty closed convex subset of H and the solution
set of (VIP) is nonempty, that is, VI(C, A) # .

(2) A: H — H is pseudo-monotone, uniformly continuous on H and sequentially
weakly continuous on C. In finite dimensional spaces, it is sufficient to assume
that A: H — H is continuous pseudo-monotone on H.

(3) F: H — H is n-strongly monotone and L-Lipschitz continuous on H such
that L > . In addition, we denote z* the unique solution of the (BVIP).

(4) Let {0,} be a positive sequence such that lim, Z—Z = 0, where {a,,} C
(0,1) satisfying > o2 | a, = o0 and lim,, e iy, = 0.

Based on this formulation, our algorithm is constructed as follows.

Algorithm 1

Initialization: Choose 6 > 0,~v > 0,1 € (0,1), p € (0,1) and 0 < 7 < % . Let
xg,x1 € H be arbitrary.
Iterative Steps: Calculate x,1 as follows:
Step 1. Compute w,, = z,, + 0n(x, — Tpn—1), where
On
mingd, —————— >, Xy — Ty 0,
Op = { |20 — Tn_1l| } " -1 7 (3.1)

d, otherwise.

Step 2. Compute y,, = Po(w, — A\pAwy,), where A\, = 4" and r,, is the smallest
nonnegative integer such that

>\n<Awn — Ay, wn — yn> < ,LLHwn - yn||2 (32)
Step 3. Compute z, = Pg, (wy), where Q,, := {z € H : s,(z) < 0} and
Sn(m) = <wn —Yn — )\n(Awn - Ayn)7$ - yn> (33)

Step 4. Compute
Tpt1l = Zn — anTF 2z,
Set n <—n + 1 and go to Step 1.
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Remark 3.2. Since limnqu—" = 0, from (3.1), it is easy to verify that

limy, 00 On||Zn — Tn—1]] = 0 and lim,, i— Ty — Tp—1]| < limy, 00 g" =0.

n

Now we give some lemmas, which are essential to show the convergence analysis of
our algorithm.

Lemma 3.3. [22, Lemma 3.1] Suppose that Condition 3.1 holds. Then Armijo-line
search rule (3.2) is well defined.

Lemma 3.4. [22, Lemma 3.2] Suppose that Condition 3.1 holds and p € VI(C, A).
Let sp(2) = (wn — Yn — M (Awy, — Ayy), wn — yn). Then

sn(p) <0 and s, (wn) > (1 — p)llwn — yn||2
In particular, if wy, # yn, then s,(wy,) > 0.

Remark 3.5. We get from Lemma 3.4 that w, ¢ @,. Hence, by Lemma 2.3, we

have

(W — Y — A (Awn — Ayn), wn — Yn)
wn = yn — An(Aw, — Ayy)||?

Lemma 3.6. [22, Lemma 3.3] Let {x,,} be a sequence generated by Algorithm 1. Sup-

pose that Condition 3.1 holds. If there exists a subsequence {wy;} of {wy} such that
{wn, } converges weakly to p € H and lim;_, ||wn; — yn,|| =0, then p € VI(C, A).

(wn —Yn — )\W(Awn - Ayn))

Zn = Wn —

The following theorem states the convergence of the sequence generated by Algo-
rithm 1.

Theorem 3.7. Suppose that Condition 3.1 holds. Then the sequence {x,} generated
by Algorithm 1 converges strongly to the unique solution of (BVIP).

Proof. The proof is split into three steps.
Step 1. We show that {z,} is bounded. For any z* € VI(C, A), we have

20 — 2*||* = [|Pg, wn — z*|?
< Jlwn = 2*|* = || P, wn — wa® (34)
= [|wn — 2| — d*(wn, Qn),
which implies that
2n — 2| < llwn — 2. (3.5)
By the construction of w,,, we obtain
[wn — 2| < [lzn — 2| + Onllzn — 2nl- (3.6)
Substituting (3.6) back into (3.5) gives
[zn — 27| < [lzn — 2| + Onllzn — zn—all. (3.7)
According to Remark 3.2, we see that lim,, . i—:”xn — zp—1]| = 0. Hence, there

exists an My > 0 such that i—"”xn — Zp_1| < My, Yn > 1. So, by (3.7) we get

1z = 27| < flwn — 2™ < [len — 27| + anMo. (3.8)
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By Lemma 2.2 and (3.7), we have

|Xnt1 —2*|| = | — anTF)zp — (I — ap7F)2* — oy 7Fx
<|(I —apmF)zn — (I — ap7F)a®|| + || T Fx™|]

Il

.
< (1= anf)fzn — 27| + anb - 5| Fa7|

M,
< (1= and)[an = 2|+ @nl - =0 + @nl - Z||Fa”|
* M0—|—T Fz*
< max{ |, — o[, T,
M, Fx*
< -+ < max{|zo — 27, W}’

where § =1— /1 — 7(2n — 7L2) € (0,1). This implies that {x,} is bounded. Hence,
{wn}, {Aw,} and {z,} are also bounded. Since y,, = Po(w, — ApAw,,), we deduce
that {y,} and {Ay,} are also bounded.

Step 2. We show that

2|z, — x*|| OnllTn — THe
||1‘n+1—5€*||2 S (1—(1n0)”1‘n—1'*”2+0ln9[ ” n ” nH n n 1“

0 o,

5 Ol —zn_1ll? 27 . s
O OnllEn = Tnal® | 27 g e

*y o 7

Since {wy, }, {Awn}, {yn} and {Ay, } are bounded and A is uniformly continuous, by
the choice of {A,}, we see that there exists M7 > 0 such that

lwn = yn — An(Awp, — Ayy)|| < My, Vn > 1,
from which we deduce that

[5n(2) = 50 (W)l = [{wn — yn — An(Awn — Ayn), 2 — y)||
< lwn = Yn — An(Awn — Ay, |||z — y|
< Mle - yH,Vz,y € H.

Thus s,(+) is M;-Lipschitz continuous on H, which together with Lemma 2.4 gives

d(wn, Qn) > Milsnwn).

Therefore, one yields from (3.4) that
1
d(wn, Qn) = 77 (1= ) Jwn — . (3.9)
1
Combining (3.5) and (3.9), we get
1 2

len = 27117 < lJuwn =22 = | = (1= @)lfwn — | - (3.10)
1
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By the boundedness of {x,}, we see that
[Zn41 — x*||2 = |lzn — anFzn — x*H2
=|(1—-an7)Fz, — (1 — ap7)F2* — a,, 7F2*|?
<A = anT)Fzy — (1 — anm)F2*||? + 20, 7(Fx*, 2" — 2,41) (3.11)
< lzn — 2% + 20,7 (F2*, 2" — 2py1)
<z — x*||2 + o Ms,
for some M3 > 0. Substituting (3.10) into (3.11) gives
1 2
ﬁl(l —Wllwn = yall?| < Nl — 2P = [z — 2| + anMe. (3.12)
On the other hand, by (3.8), one yields the inequality
|Zni1 — 2> < /(1 = anT)Fz, — (1 — an7)F2*||? + 20,7 (Fz*, 2% — 2,41)
< (1= and)?|zn — 2*|)* + 20, T{(Fa*, 2" — 2, 11)

20zn — 2| Onllwn —anall  (3.13)

< (1= and)lzn — 2° P + anf] = -

5 Spllwn —xna|* 27 . x

7 Snllen = Znma” nan Sl +7<Fﬂ? ;" — Tpg)).
Step 3. Now, we show that {|lz, — z*||} converges to zero. By Lemma 2.5 and
Condition 3.1, we only need to show that limsup,,_, . (Fa*, z* — x,, 11) < 0 for every

subsequence {||z,, — x*||} of {||z,, — x*||} satisfying

lim inf([|lzp, 11 — 2" = [[2n, —27]) = 0.
k—o0
To this end, we assume that {||z,, — z*||} is a subsequence of ||z, — z*|| such that
liminfy oo (|| Tn,+1 — 2*|] — ||Zn, — 2*]|) > 0. Then, we can estimate that
lim inf([lap, 41 = 2*[* = [lzn, — ")
koo ) ) ) ) (3.14)
= liminf [([|@n, 11 = 2" + [lzn, —2"[) X (|20, 11 = 27 = [Jen, —27[)] = 0.
k— o0
By the inequality (3.12), we obtain
1
lims —(1 - — 2
imsup | (1= w)llwn = Yol
<lim sup [||acmc - l‘*||2 — |Tnpt1 — a:*||2 + OlnkMg] <0.
k—o0
Thus,
lm ||wp, — Yn, | = 0. (3.15)
k—o0

On the other hand, we see that
lzn — 27| = | Pq,, (wn) — 2|1 < [lwn — 2*[|* = [lzn — wal®. (3.16)
Substituting (3.11) into (3.16), it is easy to get

Tptl — T <||lw, —x — ||zn — wy, o Ms.
[ 12 <l 11—l I + a M.



BILEVEL PSEUDOMONOTONE VARIATIONAL INEQUALITY PROBLEMS 221
That is,
2 = wall* < llwn — 2" = |zps1 = 2*|° + n M. (3.17)

Hence it follows from (3.6) and Remark 3.2 that

lim ||zp, — wp, || =0. (3.18)
k—o0
Since
lim ||w, —z,|| = lim d,|z, — zn-1]] =0,
n—oo n—oo
from (3.18) we have
i [|zn, =z [l < Hm (20, = w4+ lwn, =20, ]) = 0. (3.19)
—00 k—o0
In addition, we see that
Hm ||Zp, 11 — 2, || < lim oy, 7| Fzn, || = 0. (3.20)
k—o0 ) k—o0 ) )

From (3.19) and (3.20), we get

lim ||z"k+1 - x”k” < lim (”xﬂ%-i-l - anH + ||z"k - znk”) =0.
k— o0 k—»o0

Since {,} is bounded, there exists a subsequence {z,, } of {xy, }, which converges
weakly to some p € H, such that

limsup(Fz*, 2" — zp, ) = limsup(Fz*, 2" — xp, ) = (Fz*, 2" — p). (3.21)

k— o0 i—00

According to (3.6), we have that {wy,, } also converges weakly to p. According to
(3.15) and the fact of Lemma 3.6, we get that p € VI(C, A). Since z* is the unique
solution of the (BVIP), we obtain

limsup(Fa*, z* — x,, ) = (Fz*, 2" —p) <0. (3.22)

k— o0
Due to (3.21) and (3.22), one gets
limsup(Fa*, 2" — &y, 1) = limsup(Fz*, 2" — 2, )
= (Fz*,z* —p) <0.
Then Lemma 2.5 together with (3.13) and (3.23) gives lim,, oo ||z, — 2| =0. O

Let F(x) = x — &, where £ € H. Then we see that F' is 1-Lipschitz continuous and
1-strongly monotone on H. Take 7 = 1. We get the following algorithm.



222 YINGLIN LUO, JINGJING FAN AND SONGXIAO LI

Algorithm 2

Initialization: Choose § >0, v > 0,1 € (0,1) and p € (0,1). Let zg,21 € H be
arbitrary.
Iterative Steps: Calculate z,; as follows:

Wy, = Ty + O (Tn — Tn—1),
Yn = Po(wn — ApAwy),
zn = Pg, (wn),
Tl = @nZ + (1 — o) 2n,
where the calculation of {d,}, {A\»} and {a;} is the same as Algorithm 1.

In this situation, we get the following result.

Corollary 3.8. Suppose that Condition 3.1 holds. Then the sequence {x,} generated
by Algorithm 2 converges strongly to x* € VI(C, A), where * = Py y(c,a) © &.

Remark 3.9. Let § = 0 in Corollary 3.8. Then we get the Corollary 3.7 in [22].

Let F(z) = — f(z), where f : H — H is a contraction with constant k € [0,1).
Then we see that F is (14 k)-Lipschitz continuous and (1 — k)-strongly monotone on
H. Take 7 = 1, we get the following algorithm.

Algorithm 3

Initialization: Choose § > 0, v > 0,1 € (0,1) and p € (0,1). Let zg,21 € H be
arbitrary.
Iterative Steps: Calculate z,; as follows:

Wp = Ty, + 611(3371 - xn—l)z
Yn = PC(wn - /\nAwn)a
Tnt1 = anf(zn) + (1 — an)zn,

where the calculation of {d,}, {A\»} and {a;,} is the same as Algorithm 1.

Corollary 3.10. Suppose that Condition 3.1 holds. Then the sequence {x,} generated
by Algorithm 3 converges strongly to x* € VI(C, A), where x* = Py (¢, ) © f(z*).

Remark 3.11. Let 6 = 0 in Algorithm 3. Then we get the Algorithm 3 in [22].

4. NUMERICAL EXAMPLES

In this section, we provide some numerical examples to show the numerical behavior
of our proposed algorithms and compare with Algorithm 3.2 in [20]. All the programs
were implemented in MATLAB 2018a on a Intel(R) Core(TM) i5-8250U CPU @
1.60GHz computer with RAM 8.00GB.
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Example 4.1. In this example, the convergence of our algorithms is illustrated by
numerical experiments. Set F(z) = 0.5z. Then F is 0.5-strongly monotone and
0.5-Lipschitz continuous. The choice of the operator A is as follows:
1 7
_ 55(}1.%‘2 — 2$2 —10
A(CU) —dx, + Tl()mg —107| "

and the feasible set C is defined by
C={xcR*: (1 22+ (z2—-2)*<1}.

It is known that A is pseudo-monotone on C' but not monotone, for details, see [13]. In
the numerical experiment, the choice of initial values are random and the parameters

of the algorithm are as follows. We set 7 = 1‘L52", 6=0.1, a, = (ni}u)’ and
theta,, = ﬁ, 1 =0.2 and v = 0.1. The numerical results are showed in Fig. 1.

0 50 100 150 200 0 50 100 150 200
Number of iterations Number of iterations

(a) Case I u=0.1 (b) Case Il p=0.2

—h— Alg.1

0 50 100 150 200 0 50 100 150 200
Number of iterations Number of iterations

(c) Case IIT u=0.6 (d) Case IV u=0.8

F1GURE 1. The behavior of Algorithm 1 under different p

According to Fig. 1, we find that Algorithm 1 is efficient and easy to implement.
In this example, the choice of initial values are random. Hence, we see that the choice
of initial value has no significant effect on the convergence of the proposed algorithm.
It is worth noting that Algorithm 1 do not need the Lipshchitz continuous condition
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of the associated mapping. So it is not necessary to know the Lipshchitz constant of
the associated mappings in the implementation of numerical experiments.

Example 4.2. In this example, we compare the convergence behavior of our algo-
rithm with the related algorithm in [20]. We consider the following classical fractional
programming problem, which has been considered by many authors, see [20, 23].

TNz +aTz + ag

min f(z) =

bTa + by ’
subject to z € C := {z € R* : bTx + by > 0},
where
5 —1 2 0 1 2
N= |0 S e a= b=y a= 2 m=a
0 3 0 5 1 0

It can be easily verify that N is symmetric and positive define and f is pseudo-convex
on C = {x € R*:bTx + by > 0}. Set
(T2 +bo)(2Nz +a) — b(xT Nx + a¥x + ag)
0Tz + by)?
It is known that A is pseudo-monotone, for details, see [14, 19]. The operator F' :
R™ — R™ (m = 4) is defined as F(z) = Mx + qo, where M = BBT + D + H, B is
an m X m matrix with their entries in (0,1), D is a m x m skew-symmetric matrix
with their entries in (—1,1), H is a m x m diagonal matrix, whose diagonal entries
are positive in (0,1) and go € R™ is a vector with entries in (0, 1). It is easy to verify
that M is positive semidefinite and F' is a-monotone and L-Lipschitz continuous with
a = min{eig(M)}, L = max{eig(M)}, where eig(M) represents all eigenvalues of M.
We compare our Algorithm 1 with Algorithm 3.2 in [20], which proposed by Tan,
Liu and Qin. Here, we denote their algorithm by Tan Alg.3.2. In the numerical
experiment, the choice of initial values are random and the parameters of the two
algorithms are as follows. We take a,, = m and 0, = # in the numerical
example, and other parameters are the same as example 4.1. In Tan Alg.3.2, we set
A1 = 0.3. Weuse E, = ||z,, — 7,,_1]|? to denote the error of the n-th iteration of
the two algorithms, and the maximal iteration is 200, as the stopping criterion. The
numerical results are showed in Fig. 2 and Table 1.

Az =V f(x) =

TABLE 1. Compare the behavior of Algorithm 1 and Tan
Alg.3.2 under different p

Algorithm Algorithm 1 Tan Alg.3.2
CPU(time) TIter. FE, CPU(time) Iter. E,

2.5666 74 1075 5.0532 200 2.912 x 1073
2.0581 65 10°° 5.0660 200 5.227 x 1073
1.5218 53 1075 5.1411 200 3.9497 x 102
3.0745 68 10°° 5.7479 200 1.6384 x 1072
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—de— Alg.1 —de— Alg.1
~—©— Tan Alg.3.2 —©—Tan Alg.3.2

10 . . . 10° . . .

0 50 100 150 200 0 50 100 150 200
Number of iterations Number of iterations
(a) Case I u=0.1 (b) Case Il p=0.2

10" T 10° T T T
—h— Alg.1 —he— Alg.1
—6— Tan Alg3.2 —6—Tan Alg3.2

0 50 100 150 200 0 50 100 150 200
Number of iterations Number of iterations

(c) Case III p=0.6 (d) Case IV u=0.8

FIGURE 2. Compare the behavior of Algorithm 1 and Tan Alg. 3.2
under different

According to Fig. 2 and Table 1, we find that Algorithm 1 performs better than
Tan Alg.3.2 both in the number of iterations and CPU time. It is worth noting
that Algorithm 1 do not need the Lipshchitz continuous condition of the associated
mapping, while Tan Alg.3.2 needs this condition.

5. CONCLUSIONS

In this paper, we proposed a new self-adaptive inertial algorithm for finding the
solution of the bilevel pseudo-monotone variational inequality problem in real Hilbert
spaces. Our approaches can solve the (BVIP) without Lipschitz continuity condition
on the associated mappings. The strong convergence theorem of the new algorithm is
proved under some suitable conditions. Numerical results were present to demonstrate
the performance of our proposed algorithm.
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