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1 Introduction

Let H be a real Hilbert space endowed with inner product < > and the induced norm HH . Let C be a nonempty, closed and convex subset of H and
assume fiHxH—R is a bifunction with f( X, x) 0 VreC The equilibrium problem ( EP) for f on - is stated as follows:
Find X*Ec,suchthat f(x*,y) 0 forallyec. (1.1)

We denoted the solution set of equilibrium problem (1.1) by EP( f) . Equilibrium problem is also regarded as the Ky Fan inequality ™ due to his

contribution to the field. Numerous known models such as optimization problems, variational inequalities, fixed point problems, Nash equilibrium problems
and others can be turned into finding a solution of the equilibrium problem (1.1). *® In recent decades, many methods have been constructed for
approximating solution of equilibrium problems. 7'*! One of the most popular methods is the proximal point method, "*! but the method cannot be applied

to peudomonotone equilibrium problems. %

Another method is the proximal-like method (the extragradient method). """ It is necessary to calculate two strongly convex programming problems
of the algorithm in each iteration. However, the evaluation of the subprograms involved in the algorithm may be expensive, in the case where the bifunction
and/or the feasible set have complicated structures. In order to improve this method, many authors have studied the subgradient extragradient method. >
In this new method, the second strongly convex programming problems is not performed over onto the closed convex set but on a half space and allows a
clear computation. On the other hand, iterative methods for finding a common element of the set of solutions of variational inequality and the set of fixed
points of nonlinear mappings have been extensively studied by many authors, where variational inequalities are a special case of equilibrium problems.
Therefore, it is very attractive to find a common element of the set of solutions of equilibrium problems and the set of fixed points of operators in a real

Hilbert space. ['* 2022

Motivated and inspired by the works, ['"-'% 23241 this paper proposes a new algorithm for finding a common element of the set of fixed points of a quasi-
nonexpansive mapping and the set of solutions of pseudomonotone equilibrium problems. The algorithm is constructed based on subgradient extragradient
method, inertial method and viscosity method. The main advantages of our method are: the self adaptive step-size which avoids the need to know apriori the
Lipschitz constant of the associated monotone operator, the strong convergence and the inertial technique employed which speeds up the rate of
convergence of the algorithm. Finally, the results of several numerical experiments show that the new algorithm has better convergence than the existing

algorithm.

The paper is organized as follows. In Section 2, we give the basic concepts and preliminary results for our analysis. Sections 3 study the strong

convergence of the proposed algorithm. Finally, in Section 4, several numerical experiments are reported to show the behavior of the new algorithm.
2 Preliminaries

In this section, we provide some basic concepts, definitions, and lemmas which will be used in later proofs. The strong converge and weak converge of the

sequence { xn} » to , are denoted by X, —>Xx and

n=1

X, = x> respectively. For each x,v,zEH and UEIR:We have
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et oA < o+ 200+ ), D

e+ (1= )y = welxl + (1= g2) | = (1= ) =3[ 22)
2x-y,x-z) ==y +|x-2 -[y-=[ . @3)
Lt is

For a closed and convex set CCH:> the (metric) projection P.:H—C is defined, for all xEH such that P. ( x) — argmin { ” y - x” 'y EC}

known that p has the following property.
C

Lemma 2.1 ® Let (' be a nonempty closed convex subset of a real Hilbert space f7 . For any x & [ , we have
z=Px< <x—z,y—z>50, VyecC.

Definition 2.1 A bifunction is said to be as follows:

f:CxC—R

* pseudomonotone on C,if f(x,y) 0:>f(y,x) <0’ Vx,yeEC”’

* Lipschitz-type condition on C, if there exist two positive constants B and ¢ such that
1 2

f(x,y) +f(y,2) f(?C,Z)—C1 Hx—yH—CZHy—z ,Vx,y,z€C.

Further, we recall that the subdifferential of a convex function is defined by

¢ C—>R™xec

ag(x) ={v€H:g(y) —g(x) <v,y—x>,Vy€C} ,

and the normal cone N to

c C

at a point . is defined by

eC

Nc(x) ={g€H:<g,y—x>sO,y€C}.

Lemma 2.2 26 Charier 71 ] et c be a nonempty convex subset of a real Hilbert space = a be a convex subdifferentiable and lower

Mo, c-R

semicontinuous function on C Then, e is a solution to the convex problem min{ g( x) : xEC} if and only if (= g( x*) AN, ( x*) , where

ag( ) denotes the subdifferential of g and N, ( x*) is the normal cone of C at s

Definition 2.2 Let U-H—H is a mapping with Fix( T) R Then

(1) U is called quasi-nonexpansive, if HU( X ,VxEH,yE Fix( U) , where Fl'x( U) is denoted the fixed point set of U-

)= sle-y
(i1) I-U is called demiclosed at zero, if { xn} CH- X, — X and HU( xn) _ x” —0> it follows that xEFix( U) .
We also recall the definition of the proximal operator which is the basic tool for the proposed algorithm. For a proper, convex and lower

semicontinuous function and 150’ the proximal mapping of g associated with A is defined by

g;C—>(_oo’+oo]

prox,, ( x) = argrnin{)».g( y) +%”x—y“2 :yEC} ,XEH.

The following lemma gives an important property of the proximal mapping.

Lemma 2.3 ?” For all , the following inequality holds:

d
x€H’ yeC ™ 150

A{g(y) —g(proxlg(x))} (x—proxlg(x) ,y—proxlg(x)>. (2.4)

Remark 2.1 From Lemma 2.3, we note that if ) , then

x=prox,\g(x



x=argmin{g(y) :yEC} . xEC:g(x) =r£16iglg(y) .

Lemma 2.4 (Peter-Paul inequality) For any . Then,

a,bElR’and e>0

2
2ab <y eb? 2.5)

&

Lemma 2.5 (Opial) Let { ¥ } be a sequence in H such that Y = x Then

liminf||x, - x| < liminf|}x, -

n—oo n—oo

|, Vy=x- (2.6)

Lemma 2.6 ¥ Let { a } be a sequence of nonnegative real numbers, {a } be a sequence in (0, 1) such that E‘” o = oo»and { b } be a sequence of
n n n=0 n n
real numbers. Suppose that a,, =< ( 1- an) a +ab ,Vn 1. If lim sup, ... bnk < (0 for every subsequence { ank} of { an} satisfying

limsup, ( a, . - ank) 0 then lim g =0-

3 The convergence of the Algorithm

In this section, we present our algorithm and discuss its convergence analysis. For ease of notation we denote O=EP ( f) n Fix( U) , which we will

replace it in the following proof. We establish the convergence of the algorithm under the following conditions:
Condition (A):

(A1) ! is pseudomonotone on C and f( x’x) ~0 for all cec’

(A2) f( X, ) is convex and subdifferentiable on C for every fixed e’

—

(A3) limsup f ( X, y) <f ( X, y) for every sequence { xn} C ¢ which converges weakly to y and foreach & (C';

(A4) , satisfies the Lipschitz-type condition on with constants and .
f H (& c,

Condition (B):
(B1) U : H — H is a quasi-nonexpansive mapping;

(B2) fH—H is a contraction mapping with contraction parameter K E[ 0, 1) .

Condition (C):

(€D {an},{ﬁn} and{yn} C(O,l) with a, +B,+y, =1

€ lima, =0 ™4 § g — oo’

n—o0

n=0

(C3) O<liminf B, slimsup B, <1;

n—o n—

(C4) £, =0(an)’i‘e' lim,_, (¢,/a,) =0

i

Now, we introduce the following algorithm:

Algorithm 3.1

(Step 0) Choose X, X, EC> HE( 0’1) .S E( 0,1) A >0 Choose a non-negative real sequence {p”} , such that E;:o p, <+

(Step 1) Given the current iterate Y o x choose 0, such that 0<0 <0, where

n-1°>"n



) e, n-1 )
mm{ }, if x, =x, _,,
=

9. - xn—xn4|’n+a—1
n-1 .
, otherwise.
n+oa-1
(Step 2) Set w =x +0, ( X, - xm) and compute
. 1 2
yn =argm1n A’nf(wn9y)+§|wn_y 7yec =pr0x)\.’,./‘(m1sﬂ,-:'(wn)’

If = _ W then stop (y is a solution to the problem (EP)). Otherwise, go to Step 3.

(Step 3) Choose v Eazf( Wn’yn) such that w —Av -y €N, ( yn) , compute

z, =argmin {élnf( V,,Z) + %”wﬂ T ,zETn} = prox, .. | w,),
where 77 ={x€H|<Wn -Av, —yn,x—yn> sO} :

(Step4) Compute oy ¢ (x,) +B,z,+7, Uz, and

- M\IHHL‘ _y}: i + },” _Z“H: IJ ;I. f f( ] f( ] f( ] 0
min . . ; Ayt Py s JAWLZ ) =AW Y, =T V2, =
T b FT YA TR T s B P T T

A+D,, otherwise.

Set n : = n + 1 _and return to step 1.

Remark 3.1 It is easy to see that, by the definition of g we obtain limg—” | -0 Indeed, we have 9 for all n which together

n oo an Xy =X w1 Xn ~ Xnot ‘ =%n
e o
with lim< =0 implies that
nee an
.0, . e

lim—|x, - x, | <lim—=0.

n—o0 an n—oo a”
Lemma 3.1 Algorithm 3.1 generates sequence { A } , which is monotonically decreasing and has a lower bound min{ ﬁ, ;"o} .

n max{ ¢, ,c,

Proof It is easy to see that { A } is a monotonically decreasing sequence. Since ’ satisfies the Lipschitz-type condition with constants c and . in the
n - 1 2

caseOff(WnaZn)_f(wnayn)_f(ynazn) >0,WehaVe

2 2 2 2
L s LA a{wy vl 417, -2, F
2(.f( W ?Zn)*f(_wn =yn]ﬁf(_yn’zn)) 2

u
Zmax{ € ,cz} :

2 2
€ ||W” —Vn ” +C) ”yn —Zy H )

Hence, the sequence { An} has a lower bound min{ - } .

Zmax{ ) ,cz} 270

Remark 3.2 It is deduced that the limit of { A } exists and we denote ) = lim A, Clearly

n—o

)L>O'If)\’()< u ,Then{)L

is a constant sequence.
2max{ ¢ ,cz} n

The following lemma plays a crucial role in the proof the convergence result.

w

¥

Lemma 3.2 Let { } , { y } , { - } be the sequences generated by Algorithm3.1. Then



2

2, = 2l < lbw, - I ~(1-8)

A
o1 bl el

n+1

w’l _Zn

2),VpEQ.

Proof From

. 1 . .
7, = arg min {6)%](( ¥, Z) N EHW,, P ,ZE];} and using Lemma 2.3, we derive

6)Ln(f(yn,z)—f(yn,zn)) <wﬂ—zn,z—zn>, VzET,.

Note that QC EP( f) CCCT. Let PEQ: substituting , _ p into (3.3), we deduce

A (f(p0)-fy0z)] (W -z.p-2,).

It follows from PEE P( f) and the pseudomonotonicity of f that f( <0 Then the inequality (3.4) implies

Y, D)

_6)"nf(yn’zn) <Wn_Zn’p_Zn>'

By using the definition of the subdifferential and v €9, f( , we obtain

Wn’yn)

fw.y)-flw,r,) (v.y-3,),VyEH

In particular, taking y=z in the last inequality, we have

n

fwez,) = F(woy,) vz, -,)

From the definition of T we have < <0 which implies that )\'n <

Wn _)\'nvn _yn’Zn _yn>
following

M f(woz) = flwuy)) w,=v.2,-5,),

which together with (3.5) and (2.3) give us

22,8( f(w,2,) = f(Wpo2,) = f(3,02.))

26 <wn—yn,zn —yn>+2<wn —zn,p—zn>

:6( w, -y, 2+Hzn—yn 2—‘wn—an2)
2 2 2
+|w, =z, +|z, - || =|w, - P[ -
Owing to the definition of 2 and (3.7), we obtain
n+1
|, - I
S”W”—p”z—a“W”—y” |2+|er_yrr |2)_(1_6) W”—ZH i

£22,8( f(w,2,) = f (W)= £ 3,2,

=, = 2l =8( Iw, =" +[2, = 3, | -(1-8) I, -z,
#2200, flwn) = Do) = /(2
<l = pff =8 [ =3+l =2, | - (1-6) |, ==,

+}i: oullw, -3, +l. -3,
=[w, = ol =(1-8) |, -z,
_5(1-;:; .u)“w”—y” [ +]z,- 2.

Lemma 3.3 Let sequences {x }, {W} and { y} be generated by Algorithm 3.1. Assume that [im

k—o0

ViZ, = ¥,) (W =¥z, =Y,

2

X, _WnkH=0’

(3.3)

(3.4)

(3.5)

>. Hence, we achieve the

(3.6)

(3.7)

(3.8)

lim =0,

k—

Wnk - ynk



lim

k—

Vo = Zn H =(0and Jim

n—o

W, =2, H =0, lim Uznk -2z, H =0.1f { xnk} converges weakly to some , — 7, then , —.

k—o

Proof It is clear that w, 2y, >z and LeC From the relation of (3.3), we deduce

o2, (f( Yook = [ 302, )) (w, -z,.x-z, ), VxET,. (3.9)

On the other hand, since . satisfies the Lipschitz-type condition on c’ we arrive at

f

i (vz) 2wz )= f w0 )]

(3.10)
2 2
_}\'nkcl ynk _wn,( _}Lnkc2 ynk _ZnA °
According to the relations (3.6) and (3.10), we obtain
}LnAf(ynA9ZnA) <WnA_ynA9ZnA_ynA> (311)
2 2
_)"nACI ‘ynA _MjnA ” _A'nAC2 ‘ynA - Zn,\ H .
Combining (3.9) an9d (3.11) and cCcr- we get that, for all eC
1
f(ynk9x) <Wnk_znk’x_znk>+ <Wnk_ynk9znk_yn,\,>
oA, e
2 2
_Cl ynk_wnk _CZ ynk_znk
Let . _, o, using the facts that ]jm w -y, |=lim|w -z H:]im y, -z, |=0: {x } is bounded, limA, =A>0, 66(() 1) and the
k—o k ny k—o0 e e k—o ny e n n—s0 2

assumption (A3), we obtain f (z, x) 0° VxeC That is e EP( f) . Moreover, since ; =z and I-U is demi-closed at zero, we get that

- EFix( U) . Then, -cO- This completes the proof.

Theorem 3.1 Let { X } be the sequence generated by Algorithm 3.1. Suppose conditions (A), (B), (C) are satisfied and Q=0 Then, { ¥ } converges

strongly to a point pEQ,Where pEPR, of( p) .

Proof Now we show the sufficiency of the theorem.

Step 1. We show that {x } is bounded. From the definition of { A } , we deduced 1- A u >0 Vp Using (3.8), we obtain

n+1

Vn. (3.12)

z,=p|s|w, - p

From the definition of o We get

wn _p” = xn +0n(xn _xn—l) _p"
<|x, - [ +6, [, -, (3.13)
=|x, —p||+an =~x, =x, |
. 0 . .
According to Remark 3.1, we have Y, —x _|[—=0: it follows that there exists a constant M, >0 such that
an
. xn—xn_leMl,Vn 1. (3.14)

(04

n

Combining (3.12), (3.13) and (3.14), we obtain



Hz}7 —pH < Hwn —pH < Hxn —p”+aan, Yn N. (.15

By means of the definition of X and (3.15), we get

n+l
%, - P =|a.fx,)+B,z,+7.0z, - p|

sa,(|£(x) =7 ()| +|7 () = £l) + B,z - I+ 7. ]2 - 2
=a,|k|x, - p|+|/(p)- 2| +(1-,] ]z - P

<a, [kl = pl+ |/ (2] = pl) +(1-0,)(|x, - P+ o.M
s(1-(1-x)a, )|, - p + e, (M, + 7 ( p) - ]

. f M] | )_
=(]_(1_K)an]”xn_pH-I-“_K)a” +H1/}FfJ pH
el
< max Hxn 4B 1—x
M, 4|7 o)~
< max Hx,.\.-—P , -k '

This implies {x } is bounded. We also get {w } s {y } s {Z } , {UZ } s {f(x )} are bounded.
Step 2 We prove that
1. Uz, -2, +(1-a,) (16w, -z,

+(1—an)[5(1-;‘"

n+l

u)(uwn—ynuz+uzn—yn||2)

Xps1 — p”2 +a,M,.

<lx, -l -

for some M. >0 Indeed, we get

4

% - Pl

=l (£(x,) = p) + B[z, - ) +7,(Uz, - p)|

sa,|f(x)-p| +B.1z - ol +v. |z - p - By, Uz, - 2|
sa, (£ (x) = s (p)|+| (o) -l +(1-e, ) o - 2 - By, Uz, - =
sa, (k- p|+|/(p)-p|) +(1-a,) |z - o - By, |Uz, -2 (3-16)
<a, (|, ~ pl+|/ ()=l +(1=a, )|z, - o[ -By,|Uz, ==,

=a,|x, - p +(1-a,) |z, - Pl - By, |Uz, -2,

v, 2], = pl[ |7 2) = 2]+ £ (p) - o[

=a,|x, - p”2 +(1-a,]|, —p”2 +a,M,-B,y,|Uz, -z, ||

for some M, >0 By injecting (3.8) into (3.16), we find

5= 2l s, = ol + (1=, ), - ol + e, M,

A
“f1-a o1l el a7

n+l

~(1-a,)(1-8]|w,~z,[ - By, |Uz,~ ="
Also, from (3.15) we have

I, = ol = ([}, = pl+x,01,]°
=|x, - [ +et, (20, |x, - ||+, 77 (3.18)

< Hxn —p”2 +a,M,,



for some M, >0° Combining (3.17) and (3.18), we obtain

ol sl ol + oM, oM,
A
—(1-a )86[1-22

( a”) ( }’n+l‘u)

~(1-a,)(1-8])Iw, -2, - B,r.[Uz, - 2,["

|xn+l

2
20 =Y

)

This implies that

A, 2 2
ﬁn},n +(]-—(1”)( - wn_ nl (] Cl' ){ (]_;L .Iu“)(l“;n wynl + yn” )
n+1
sz _|xn+l —pH2 +C€”M4.
where M, =M, +M,"
Step 3 We prove that
|xu+l _.p”2 S(l_(l_K) au) xn _p”z
2 M a,
+(1_K)an E(f(p)_p’xnﬂ _p> 1_ 13_ Pl
for some Af > (. Indeed, we have
2
[w, = I = [l - Pl +6,]x, = x,.[] (3.19)

s|fx, - Pl +6, 5, ~x,.[(2[}x, - P+ 6, x, ~x..])-
Combining (2.1) and (3.19), we have

. =2l
= Ha” j{ r\ +pB.z +y Uz, - le

= H(xﬁ I: flx,)-flp) | + B.\z,-p)+y, Uz, - p)+a, |r flp-p IHl

< H(xh_ | jf p )+ﬁ z,-pl+7, fU7 - p| H +2a, j f p|-p.x,, —p}‘r
=q, ij x, |- p ” 1 a, | H7 —pH' +2a, \j( pl=Dp.x,, —px}
=a KHr —pH 1 a, ”w —pH +2a, j f pl-p.x,, —p:}

sax|x, - pff +(1-a, ||k, - p[ +2a, (f(p)-p.x,, - p)
+0,x, - x| 2[}x, - p+6, Jx, -x, . |
=(1-(1-x)a,)|x, - Pl +2a, ([ p) - px,.. - P)
+0, [, ~ x| 2[}x, - 2+ 6, |, ~x,..|F|
s{1-(1-«]a,|[}v, - P

(1 (p) = Pt p) 30, —x, |

+[,1_K'.]“,.-'

< | 1 —( 1 —f() o, | Hr - pH2

+1-x)a,- L{f[p‘,l—p,x 1)5+— — Hr -X, ]H :
' ' I-x %

IM 0,
I-x «a,

where X -

n

X, } st0r50m6M>()-

,0

sup,ey { [, - p

n

Step 4 We show that {”xn _ pH} converges strongly to zero. Indeed, suppose that { X - pH} is a subsequence of {”xn_ pH} satisfying

lim inf |« |, - #|) 0. Then
k—o0
2 2
tim inf(|[x, ., - p| ~|x, - 7] )
k—x
- lim inf [( S = 2| =[x = 2[5 = 2]+ [ ‘P")] 0




By Step 2 we obtain

lir? sup[B,7, |Uz, - an2 +( l-a, ) (1-6])|w, -z, ”2

A, 2 2
+(l—an ) I-—"—u|{|w, -y, H +lz, =y, | |]
3 }L k” k 'k 'k L
. 2 2
<limsup| ||x, —p| - ’xwl —pH +a, M,
k—o0
. 2 2 .
=< limsup| ||x, —pH =%, 41 —pH +limsupa, M,
k—o0 k—>oo
. ) 2 2
= —lim inf ”xnA+1 —pH = 1%, —pH
k—
<0.
This implies that
lim|y, —w, [[=lim|z, -y, ” =lim|z, -w, ||=lim|\Uz, -z, | =0. (3.20)
F—sco i 3 - i 3 P 3 3 f—> oo i 3
It is clear that
a)’l’
X, =W, H =a, |, -x, ’ =B, —|x., —anH -0,k — o (3.21)
B,
and
|xu+l - an H = ank Hf( xnl ) - Zuk H + [D’n HZ"H _ZHA || + }/n HUZW _Zn,( H - 0! k — @, (322)
From (3.20), (3.21) and (3.22), we get
X, 0 =%, |= Hxnm -z, |+ Hznk -w, ||+ Hwnk -x, H — 0,k — oo, (3.23)

Since the sequence { X, } is bounded, it follows that there exists a subsequence { x, + of { X, } , which converges weakly to some » < /7 , such that
limsup(f(p| - p.x, = p)=lim(/(p| - px,, ~p)=(/(p)-pz-p). (3.24
Using (3.20), (3.21) and Lemma 3.3, we have LcO" Hence, from (3.24) and the definition of pEPR, f( p) , we get
limsup(f( p) - p.x, -p)={(f(p)-p.z-p)=0. (3.25)
k—o0

Combining (3.23) and (3.25), we have

limsup (£ p) - p.x, ., - P)

k—oo

=lim sup[<f(P) =PsXy —xnk>+<f(P] — P, —P>] (3.26)

k—o

stimsup|/( p) = pJx, .= x, [ +limsup(/ (] - p.x, - p)=0.

Hence, by (3.26), 1j,, %=

n—0 ﬁ
n

X, —x 0 - This completes the proof.

n-1

_pH=

-0 Step 3 and Lemma 2.6, we have lim Hxn

4 Numerical experiments
In this section, we present some numerical examples to illustrate the convergence and the efficiency of the proposed algorithm in comparison with other

existing algorithms. First, We compare Algorithm 3.1 with other Algorithms. '*'®! Next, we compare Algorithm 3.1 with the Algorithms. *** We take

o =200 and e =5/(t+1) » for our algorithms. We report the number of iterations (iter.) and computing time (time) measured in seconds for all the tests.

To terminate the algorithms, we use the condition v l<e

n+l1 n

and e =107 for all the algorithms. The followings are the examples in details.

Problem 1. We consider the equilibrium problem for the following bifunction which comes from the Nash-Cournot equilibrium model.!"

f:HxH—=R

f(x,y) =<Px+Qy+q,y—x>



where JER" is the zero vector, and the matrices P and 0 are two square matrices of order m such that 0 is symmetric positive semidefinite and

0-P is negative semidefinite. In this case, the bifunction f satisfies (A1) - (A4) with the Lipschitz-type constants HP - QH . [12, Lemma 6.2] 7
2

1
take hy = — and x0=x1=(1,...,

. . . [18]
y 1) for all Algorithm. For Algorithm 3.1 and Algorithm 3.1, we choose u=09" a =1/(n+l) and
G

: [14] .
ﬁn = (n+1)/3n" For Algorithm 3.1, "* we use 02" For Algorithm 3.1, we choose d

a, =0. Ux=05x " 8=02"

For numerical experiments: we suppose that the feasible set CCR" has the form of

C={xEIR’":Axsb},

is a vector with its

where 1s a matrix of the size .
A cR

) with its entries generated randomly in [-2, 0] and

kxm Cm =10, 100, 200 ™ & 100

elements generated randomly. I * The numerical results are showed in Table 1.

where every entry of the 1%

=Mx+q° M =NN"+S+D’ n

Problem 2 The second problem is HpHard problem, we consider a linear operator F( x)

matrix N and of the nxn skew-symmetric matrix § is uniformly generated from [-2, 2], every diagonal entry of the nxn diagonal J) is uniformly

generated from (0, 2) (so is positive definite), and  is equal to zero vector. The feasible set is

M q

C= R; _ For all tests, we take )‘o _ 1/8HMH and

X, =X = ( 1’“',1) . For Algorithm 3.1, we choose Ux=025x"1=03"8=08 a =1/(nt1) and B. = (2n-1)3(n+1)- For Algorithm 2, ! we

choose a = (n+2)/(n+3) and B =a /3 For Algorithm 3.1, ?* we take o =06 and B. =(n+2)" The results are presented in Table 2.

n

From the numerical results, we see that the proposed algorithms are effective.

5 Conclusions
In this paper, we consider an improved subgradient extragradient method, which combines the inertial method and the viscosity method, and uses a new step
calculation method. It is proved that the sequence generated by the algorithm strongly converges to a common solution of an equilibrium problem and a

fixed point problem in a real Hilbert space. Numerical experiments verify the effectiveness of the proposed algorithm.
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Table 1. Problem 1.




Algorithm 3.1

Algorithm 3.1 09

Algorithm 3.1 18

" Iter. Time Iter. Time Iter. Time
10 16 0.076 149 0.717 47 1.490
100 18 0.111 148 1.066 85 2.551
200 18 0.194 182 1.920 103 4.645
Table 2. Problem 2.
Algorithm 3.1 Algorithm 2 ] Algorithm 3.1 ¥
" Iter. Time Iter. Time Iter. Time
50 9 0.001 97 0.001 148 0.006
500 11 0.002 154 0.013 57 0.058
1000 11 0.004 173 0.073 885 0.606
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