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ABSTRACT

The paper is to investigate vector equilibrium problems with equilibrium
constraints in Hausdorff topological vector spaces ordered by cones. By
using relaxation of semicontinuity and generalized convexity properties
of vector-valued maps, sufficient conditions for upper semicontinuity of
solution maps to the reference problems are established, and many
counterexamples are also provided to illustrate the essentialness of these
conditions. The approaches and results obtained in this paper are new
even for the scalar problems.

TOM TAT

Bai bdo nghién cieu cac bai toan can bang véi cac rang bugc can bang
trong khéng gian véc to té6 pé Hausdorff dwoc sdp thir tw theo nén. Bang
cdch sir dung cdc tinh nira lién tuc giam nhe va cdc tinh 16 suy rong cia
ham gia tri véc to, cdc diéu kién i cho tinh nira lién tuc trén cia dnh xa
nghiém cdc bai todn dang xét dwoc thiét ldp, va dong thoi cdc phan thi du
dé minh hoa cho tinh thiét yéu cia cac diéu kién nay ciing dwoc duwa ra.
Cdch tiép cdn va két qua dat dege trong bai bdo nay la méi, ngay ca cho
trueong hop bai toan vé hudng.

Trich dan: Lam Qudc Anh, Tran Ngoc Tam, Tran Thi Thiy Dwong, Lam Vin Diy va Nguyén Ngoc Giang,
2020. Tinh nira lién tuc trén ciia 4nh xa nghiém bai toan cin bang véi rang budc can bang. Tap chi
Khoa hoc Truong Dai hoc Can Tho. 56(5A): 60-64.

1 GIOI THIEU

trong ctia bai toan nay ma trong hon hai thap ky qua,
16p bai toan nay da nhan dugc nhiéu sy quan tdm

Bai todn can bﬁng véc to la mét mo hinh hop
nhét caa rat nhiéu bai toan quan trong trong ti uu
hoa, nhu bai toan t6i wru véc to, bai toan bat diang
thirc bién phan véc to, bai toan diém bat dong, bai
toan bu... (Giannessi, 2000). Chinh vi vai tro quan
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nghién cru cta cac nha toan hoc trén thé gigi. Cho
dén nay, cha d& vé diéu kién ton tai nghiém cho 16p
céc bai toan nay da c6 nhiéu két qua hoan chinh va
da dang trong cach tiép can (Ansari, 2008; Chen et
al., 2011). Chu dé quan trong ké tiép chinh la tinh
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on dinh nghiém cua bai toan can bang, day la mot
chu de dugc quan tam trong nhimg nam gén day va
¢6 toc do phat trién rat nhanh. Tir cac cong trinh da
cong bd vé tinh on dinh nghiém cua bai toan cén
bang, cho thay rang ¢ hai huéng tiép can chinh cho
chu d& nay, d6 1a tinh 6n dinh dinh tinh, nhu  cac
dang nura lién tuc/ lién tuc theo nghia cta Berge hoac
Hausdorff, sy dat chinh (Lignola and Morgan, 2006;
Lam Qudc Anh va Nguyén Vian Hung, 2018; Lam
Quéc Anh et al., 2012), va tinh én dinh dinh lwong
nhu tinh lién tuc Lipschitz/Holder (Lam Qudc Anh
va Phan Qudc Khanh, 2009; Lam Qudc Anh et al.,
2012; Li and Li, 2011). Xuét phat tir viéc dap ung
cac tinh hudng thuc té trong cac linh vuc kinh té, ky
thuat, y hoc, xa hdi,... mo hinh bai toan can béng
hai muc da dugce dé xuat va nghién ctu trong thoi
gian gan day. Trong céc cong trinh Bao et al. (2007);
Mordukhovich (2009), bang cach st dung cac cong
cu cua dbi dao ham, cac tac gia da thiét lap cac diéu
kién toi wu cho céac bai toan tdi wu da muc tiéu voi
rang budc can bang. V& sy dit chinh cho cac bai toan
lién quan dén t6i wu voi rang bude can bang nhu bai
toan can bang Nash hai mirc, bai toan t6i wu hoa véi
cac rang budc bit ding thuc bién phan, bai toan can
biang véi rang budc can bang di dat dwoc nhiéu két
qua thi vi trong cac bai bao Lignola and Morgan
(2006); Lam Quéc Anh et al. (2012), Lam Quéc
Anh va Nguyén Vin Hung (2018),... Cho dén nay,
chua tim thay cong trinh nao danh cho viéc khao sat
tinh ntra lién tuc cua anh xa nghiém céc bai toan can
bang véi rang bugc cén bang phu thugc tham s6, véi
cac tham so nhiéu dugc cho trong cac khong gian
tham so.

Tu nhitng quan sat trén, trong bai bio nay,
chiing t61 dua ra myc tiéu khao sat cac bai toan can
bing véi rang budc can bang c6 dir liéu duoc nhidu
boi cac tham s6. Bang viéc xem xét cac tap nghiém
cua cac bai toan nay nhu 1a cac anh xa (da tri) duoc
cho trong cac khong gian chira tham sd, bai bao nay
khao sat cac diéu kién on dinh dinh tinh theo nghia
nira lién tuc va tinh dong d6i vai anh xa nghiém cac
bai toan da dugc dé cap. Tir viéc sir dung cac cong
cu hiru hiéu cua giai tich da tri va giai tich 15i, bao
gdm cac diéu kién lién tuc giam nhe va tinh 15i suy
rong, cac két qua dat dugc 1a méi va dap tng muc
tidu da dugc dé xuét.

2 KIEN THUC CHUAN BI

Cho X,Y,Z va W 1a cac khong gian véc to to pd
Hausdorff. Cho A c X 1a mét tap con compact 15i
khac rong, A € W 1a tap con khic réng, C € Y va
DcZ la cac non 10i, rin va c6 dinh va
frAXAXA->Y,g:AX AXA— Zlacac anh xa.
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Cac ki hiéu sau day sé dugc st dung cho quan hé
thir tu theo non K € {C, D} trong khong gian E €
{Y, Z} twong ing. VGi moi x, y € E, ching ta noi

xZ2yoex—yeEK,
x>y e x—y€Eintk,
xtEyex—yek,
x*ye x—y¢intk,

trong d6 intK 1a phan trong t6 pd ctia non K. Cac
quan hé¢ <, <, £, « cling dugc dinh nghia mot cach
tuong tu.

V6i mdi A € A, ching ta xét bai toan can bang
véc to vai rang budc can bang phu thugc tham so sau
day:

(EPEC) Tim x € S;(1) sao cho véi moi y €
S, (1), chiing ta luén c6 g(x,y,4) « 0, ¢ d6

S ={xeKW):f(x,y,1) «0,Vy € A}

Véi mdi A € A, chung ta ki hiéu tap nghiém cua
bai toan (EPEC) 1a S, (1), tic 1a:

5 () ={x €S D:9(x,y,4) «0,Vy €5, (D}

Dinh nghia 2.1 (Aubin and Frankowska, 1990,
Dinh nghia 1.4.1, 1.4.2, trang 38) Cho anh xa da tri
Q:X 3 Y. Khi dé:

(a)Q 1a ntra lién tuc trén ‘tai X, Néu véi mot lan
can bat ky U ctia Q(x,) thi ton tai lan can N cua x,
thoa Q(N) c U.

(b)Q 1a ntra lién tyc dudi tai x, néu moi ludi {x,}
hoi tu vé x, va moi y, € Q(x,) thi ton tai ludi {y,},
Véi y, € Q(x,), théa man y, — y,.

(c)Q 14 lién tyc tai x, néu Q ntra lién tuc trén va
nira lién tuc dudi tai x,.

B dé 2.1 (Hu and Papageorgiou, 1997, Ménh dé
2.6, trang 37) Cho anh xa da tri Q: X 3 Y. Khi do
Q 1a nira lién tuc dudi tai x, néu véi moi ludi {x,}
hoi tu V& x, thi Q(x,) < lim infQ(x,), trong d6

liminfQ (x) = {yo € Y:3y, € Q(xa), Yo = ¥o }-

Bo dé 2.2 (Hu and Papageorgiou, 1997, Ménh dé
2.19, trang 41) Néu Q(xo) la compact thi Q la ntra
lién tuc trén tai xo néu va chi néu cho bat ky luai
{x,} hoi tu V& x, va y, € Q(x,) ludn ton tai luGi
con {yg} hoi tu V€ ¥ € Q(xo).

Choham h: X » Y va véc to b € Y, chling ta st
dung cac ki hiéu sau dé biéu thi cac tap mac ciia ham
véc to h:
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leveph == {x € X: h(x) < b},
levsyh = {x € X: h(x) = b},
levyyh = {x € X: h(x) * b},
lev ph == {x € X:h(x) < b}.

Thi du 2.1 Cho X = R,Y = R?,C = R2, va xét
ham h: X - Y dugc xac dinh béi

h(x) =(x+1,2—x2),b = (1,1).

Khi do, levepyh = (—oo,—1],1ev,,h =
[0,1], levyph = (—,0] U [1,4+),lev ,h =
[-1, + o).

Pinh nghia 2.2 (Aubin and Frankowska, 1990,
Dinh nghia 2.1.1, trang 56) Anh xa da tri Q: X 3Y
duoc goi 1a dong néu Gph Q:= { (x,y) € X X Y |
Yy € Q(x)} la tap doéng.

Pinh nghia 2.3 Choanhxa h: X - Y ,b €Y va
Q 1a mot tap con 16i cua X. Khi do,

(a) h 14 lev,-1dm trén Q néu véi moi x4, x, € Q
vat € [0,1] théa h(x;) < b, h(x,) £ b thi h(tx; +
(1—-1t)x,) £b.

(b) h 12 levs,,-16m trén Q néu véi moi xy, x, € Q
va t€(0,1) thoa  h(x;) =b,h(x;) >b thi

Trong truong hop Y = C U (—C), thi hai khai
niém trén trung nhau.

3 TINH NUA LIEN TUC TREN CUA ANH
XA

Phan nay thiét lap cac didu kién du cho tinh nira
lién tuc trén cho anh xa nghiém trong bai ton
(EPEC). B6 dé sau day trinh bay két qua vé tinh nira
lién tuc trén va nira lién tuc dudi cia anh xa rang
buéc S;.

Bo dé 3.1 Néu voi mdi y € A,levof (- y,) la
tap dong trén A X A thi S; 1a nuira lién tuc trén va cé
gi4 trj compact trong A. Hon nira, néu véi mdi y €
AL EN, levyof (-, y,A) la tap 16 thi S; c6 gié tri
15i.

Chazng minh

Xét Ay € Atuy y, chung ta can ching minh S; 1a
nira lién tyc trén tai A,. Gia sir nguoc lai, S; khong
nura lién tuc trén tai A4, tic 1a ¢ mot lan can U cua
S1(4o), va mot ludi {A,} hoi tu vé 4, sao cho Vi
mdi «a, ton tai x, € S1(4¢) \ U. Do tinh compact
cia A nén ching ta c6 thé gia sir x, — x, V6i x, €
A. Néu x, ¢ S;(4,) thi ton tai y € A sao cho
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f(x0,¥,40) <0.Vi x, €S5;(4,) nén chung ta co
f(xq,¥,44) + 0. Tur tinh dong cua levof (-, y,)
ching ta suy ra rang f (xo,y, Ao) « 0. Diéu nay mau
thuan voi f(xy,y,10) <0 & trén. Do do, x, €
$1(A) € U, didu nay 1a khong thé xay ra vi x, & U
VvGi moi «a.

Bay gi¢ ching ta chitng minh S; (1) compact.
Vi A 1a tap compact nén chiing ta chi can chang
minh S, (4,) dong trong A. Lay bat ky x, € S;(1,)
Véi x, = xo. Khi d6, véi moi y € A, chiing ta cé
f(xq,y,2¢) « 0. St dung tinh dong cua lev o f (-
¥, Ao), taduoc f(xg, v, 1) < 0,tclax, € S;(4g).
Vay S;(4) la tap dong trong A, va do do no la tap
compact.

Cubi cuing, chung ta ching minh S; (A,) tap 15i.
Lay bat ky x1,x; € S1(40) va t € [0,1], ching ta
canchirarang x, = tx; + (1 — t)x, € S;(4,). V6i
moi y € A, ta ¢d f(x;,y,10) <0 (i =1,2), tic 1a
X1, X5 € levoof (-, ). Vilevoof (-, y, Ay) 16i nén
X €leveof(y,4y). Piéu nay c6 nghia Ia
f(xe, v, ) < 0, vavithé x, € S;(A,). Vay SV (4,)
1a tap 15i.

Céc thi dy sau ddy minh hoa cho tinh cét yéu
clia cac gia thiét trong B6 dé 3.1.

Thi du 3.1 (Tinh dong lev,f 1a cét yéu) Cho

X=Y= R,A = [0.1],A = [0,1],C = R+’Va
-y, néul=0,
ooy, ) —{ —x, nduze (0,1].

Chiing ta tinh dugc tap nghiém S;(0) = {1} va
S (1) = {0} v&i moi A € (0,1]. RS rang S; khong
nira lién tyc tai 0. Ly do 1a vilev o f (- ,1,-) khong la
taip dong. That vay, cho x, =0,4, =, ta co
F(n1,2,) =1 < 0 nhung £(0,1,0) = —1 < 0.

_ Thi du 3.2 (Tinh 10i ctia lev, (-, ¥, 4o) 1a cbt
yéu) Cho X =Y =R,A=[12],A=[-12],C =
RY, vaf(x,y,A) = Ay + 2)(x? — x).

Ching ta tinh dugc S; (1) = [—1,0] U [1,2 ] véi
moi A € A. Chung ta thdy riang S; 1a lién tuc va co
gia tri compact trén [1,2]. Tuy nhién, S; (1) khong
1a tap 10i. Ly do 1a lev,of (-, y, A) khong 1a tap 15i.
Thatvay, liyx; =0, x, =1, y=—-1,A=1,tacod

f(x,—1,1) = 0, f(x5,—1,1) = 0, nhung
1 1 1 1
f(§x1 +5x2,—1,1) = f(i'—l»l) =-3
b %f(xl,—l,l) +%f(x2,—1,1)
=0.
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B dé 3.2 V6i mdi A € A, gia sir ton tai x € A
sao cho f(x,y,1) £ 0 véi moi y € A. Gia sir thém
rang lev,f 1a tap dong trong A X A X A va véi moi
y € A, chiing ta c6 f(-,y,4) 1a lev¢,-10m trong A.
Khi do, ta ¢6 S; 1a nira lién tuc dudi trong A.

Chizng minh

Véi moi AEA, dit Sy(A)={x€A:
f(x,y,4) £ 0,Vy € A}. Trudc nhat ching ta chimng
minh rang S, 1a nira lién tuc dudi tai A, € A tuy y.
Gia sir rang c6 S, 1a khong nira lién tuc dudi tai A,.
Khi d6, ton tai ludi {A,} hoi tu vé A, va x, € Sp(4g)
sao cho v&i moi ludi {x,}, x, € Sy(A,) déu khong
hoi tu vé x,. LAy bit ky ¥ € A,t, € [0,1] va dat
Xy =teX + (1 —ty)xy, khido X, € Avax, — xg
khi t, — 0*. Theo gia thiét phan ching ¢ trén, ton
tai ludi con {£5} voi %5 & S (25) véi moi B. Piéu
nay c6 nghia 1a ton tai Yp € A, sao cho

(R yp.25) <0. (1)

Do A compact nén chung ta cé thé gia sir ton tai
mot ludi {yz} hoi tu Ve y, véi y, € A. Do tinh dong
cualevgyf cung voi (1), ta thu duoc £ (xo, Yo, 4o) <
0, diéu nay mau thuan véi x, € Sy(4).

By gio, ching ta kiém tra rang

S1(Ao) c clSe(Ag),  (2) .

o day ki hiéu “clD” 1a bao dong cua tdp D. Lay x; €
S1(Ao), xg € So(Ap), t € (0,1 vax, == (1 —t)x, +
txo. Khi t = 0 thi x, - x;. Voi mdi y € 4, ta ¢6
f(x0,y,40) £0 va f(x1,y,40) < 0. St dung tinh
levgy-10m cua f(,,y,4y), ching ta thu dugc
ey, 4) £0, the 1a x; € Sy(4p). Do do, (2)
dang. St dung tinh ntra lién tuc dudi cua S, tai 4,
chung ta duoc:

S1(Ap) € clSy(1y) < liminfS,(A,)
c lim inf S; (4,).

Diéu nay co nghia 1 S; 1a nira lién tuc dudi tai
Ao, va vi thé no6 nira lién tuc dudi trong A.

Tir B6 dé 3.1 va B dé 3.2, ching ta ¢6 cac két
qua sau.

Pinh 1i 3.1 Vi mdi y € 4,1 € A, gia sir rang
f( ¥, ) 1a levgy-16m trén A, lev<0f( v,-) 1a tap
16 dong trong A x A. Gia sir thém rang, leve,yf 1a
tap dong trong A X A X A, Khi do, S; c6 gia tri 15i
compact va lién tuc trong A.

Béy gid, chung ta phat biéu két qua vé tinh nira
lién tuc trén ctia anh xa nghiém bai toan cén bang
véc to véi rang budc can bang.
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Pinh li 3.2 Gia st cac gia thiét cua Pinh 1i 3.1
déu dugc thoa min va lev,,g la tdp dong trong
A X AXxA. Khidé S, 1a dong va nua lién tuc trén
trong A.

Chizng minh

Xét Ay € Atuy ¥, ching ta can chiing minh S, 1a
nira lién tuc trén tai A4. Gia st nguoc lai, S, khong
ntra lién tuc trén tai A,, tirc 1a ¢6 mot 1an can U cua
S,(Ao) sao cho ton tai mot ludi {A,} hoi tu vé A, va
mot lusi {x4}, x4 € S3(4) \ U v6i moi a. Theo
két qua cua Bo dé 3.1, S; 1a nira lién tyc trén tai A
va S;(4o) 1a tp compact. Vi vdy, chung ta c6 thé
gia st rang x, — x, Vi xy € S;(Ay). Néu x, &
S,(A) thi ton tai 1y, €S,(4,) sao cho
9(x0, Vo, A9) < 0. Tir két qua cua Bo dé 3.2, chung
ta suy ra S, 1a nia lién tuc dudi tai A, va do d6 ton
tai mot luéi {y,}, ¥, € S1(A,) thoéa man y, - y,.
Do x, € S,(A,) nén g(Xg, Y Ae) < 0. Két hop
didu nay vai tinh dong cua lev,,g, chung ta duoc
9(x0, V0, A9) £ 0, didu nay mau thudn Vi
9 (%0, Vo, A9) < 0.Do d6 x, € S,(A,) < U, diéu nay
1a khong thé xay ra vi x, & U véi moi a.

Vi k§ thuat chimg minh twong tu nhu trong
B d& 3.1, chiing ta ciing thu duoc tinh compact cia
S,(4p). Do S, 1a nira lién tuc trén trong A va S, (1)
c6 gia tri dong voi moi A € A, sir dung BS d& 2.2
chung ta d& dang ching minh duoc S, déng.

4 KET LUAN

Trong bai bao nay, bang cach sir dung céac gia
thiét lién quan dén tinh dong giam nhe va dang 15i
suy rong, tinh ntra lién tuc trén va tinh dong cua anh
xa nghiém bai toan cin bang véi rang budc can bang
phu thudc vao tham sé dd dugce nghién ctru thanh
cong. Do bai toan cén bang 1a dang téng quat cua
nhiéu bai toan quan trong trong t6i wu hoa nhu da
dé cap 6 Muc 1, nén cac két qua dat dugc cia bai
béo ¢ thé ap dung dé thiét 1ap didu kién 6n dinh cho
bai toan tdi wu hai mure, bai toan t6i uu c6 rang budc
can bang, bai toan bit dang thirc bién phan hai
muc,... Gan day, viéc nghién ctru cac mo hinh téng
quat ctia bai toan can bang nhu bai toan bao ham
bién phén, bai toan quan hé bién phéan da dwoc nhiéu
nha nghién ctru quan tam. Do d6, nhitng cong cu va
cach tiép can di dugc dé xuét trong bai bao nay van
¢6 thé ap dung trong viéc nghién ciru diéu kién 6n
dinh cho cac 16p bai toan tong quat vira néu.
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