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TOM TAT

Trong bai bao ndy,cdc bai todn cdn bang da tri theo cau tric troi
trong khong gian 16po khong yéu cau dwoc trang bi cdu triic tuyen
tinh dwoe nghién civu. S ton tai nghiém ciia bdi toan ndy digc tiép
cdn triee tiép va khong sir dung dén cau triic 16i ciia tdp rang budc
va ham muc tiéu ciing nhu cac nguyén ly diém bat dong va nguyén
by bién phan Ekeland. Nhitng két qua trén dwoc dp dung vao bt
ddng thire bién phdn va bai todn can bang mang giao thong. Ngodi
ra, bai bdo ciing cung cdp nhitng thi du s dé minh hoa cho kha
nang van dung cua cac két qua dat duoc.

Tir khéa: Bai todn cdn bang, bat ding thire bién phdn, bdi todn
mang giao thong, s ton tai nghiém

ABSTRACT

In this paper, we investigate set-valued equilibrium problems
under domination structures in topological spaces without
assuming any linear structure. The existence of solutions is
established via a direct approach, without relying on the convexity
of the constraint sets and objective mappings, or on fixed point
principles and Ekeland’s variational principles. The obtained
results are further applied to variational inequalities and traffic
network equilibrium problems. Moreover, numerical examples are
provided to illustrate the applicability of the obtained results.

Keywords: Equilibrium problems, existence of solution, traffic
network problems, variational inequalities

1. GIOI THIEU

Cac khai niém bai toan cin bang lan ddu dwoc
Blum and Oettli (1994) gidi thi€u nhu mét sy téng
quat cia bai toan t6i wu va cc bai toan lién quan
dugc dé cap trong bai bao. Tir d6 dén nay, c6 rat
nhiéu tmg dung khac ciia bai toan can bang dugc dé
cap nhu: bai toan can bang Nash, bai toan minimax,
Van d& quan trong
hang dau trong 1y thuyét khi nghién ciru bai toan nay
chinh 1a sy ton tai nghiém, ta cé thé xem trong céc

bai toan mang giao thong,...

tai li€u (Fu, 2005; Bianchi et al., 2007; Hai &
Khanh, 2007a, 2007b; Gutierrez et al., 2017;
Gutierrez et al., 2018; Al-Homidal & Ansari, 2020;
Zhou et al., 2025). Cong cu dé chimg minh sy ton
tai nghiém rat phong phu, co thé liét ké nhu: cac
dang cta dinh Iy KKM, céc dinh ly diém bat dong,
nguyén 1y bién phan Ekeland,... Phin 16n cac két
qua khi str dung cong cu la cac dang cta dinh ly
KKM hay cac dinh Iy diém bit dong déu yéu ciu vé
tinh 16i trén cac dit liéu cua bai toan (Fu, 2005; Hai
& Khanh, 2007a). Cac két qua khi ap dung nguyén
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Iy bién phan Ekeland co6 thé can gia thiét khong 16i,
tuy nhién cac két qua nay phan 16n chi xét voi mo
hinh cta bai toan can bang dang tuong ddi don gian
(bai toan don trj chita hai bién) trong khong gian
metric, ching han xem trong tai liéu Al-Homidal
and Ansari (2020); Bianchi et al. (2007); Gutierrez
etal. (2017).

Trong bai bao nay, m6 hinh bai toan can bang da
trj gdm ba bién xét trong khong gian topo tong quat
dugc nghién ciru. Céc két qua dat duoc vé sy ton tai
nghiém cho bai toan nay vdi cac gia thiét khong 16i.
K§ thut ching minh khong cin dén cac cong cu
thuong dung nhu nguyén 1y bién phan Ekeland hay
cac nguyén ly diém bat dong dang KKM-Fan,... ma
chi can st dung cac phép toan trén tap va anh xa da
tri. Didu nay gitip cho viéc tiép can cia nguoi doc
dé dang hon, dic biét 1a cac sinh vién va hoc vién
cao hoc.

Sau khi dat dugc cac két qua chinh, bai bao ciing
gidi thi¢u cac ng dung cla Kkét qua dat dugc vao
cac mé hinh co ban trong t6i wu hoa. Cu thé, ng
dung cua két qua trén vao bat dang thirc bién phan
va bai toan mang giao thong. Pac biét vdi bai toan
mang giao thdng, chung t6i dua ra mot mo6 hinh méi
v6i rang budc tai niang téng quat, sau do thiét lap
duoc diéu kién ton tai cia cac loai dong can bé'mg
cua mo hinh bai toan nay.

2. KIEN THUC CHUAN BI

Sau déy 1a mot sb kién thirc lién quan dén giai
tich da tri s€ dung trong bai bao. Goi X, ¥ 1a cac
khong gian vector topo, P(Y) 1a tdp hop cac tap con
khéc rong cta Y.

Pinh nghia 2.1. Mot tap con A cua X dugc goi
14 101 néu v6i moi x,z € A va véi moi t € [0,1], ta
ludn c6 dugc quan hé dudi day:

tx + (1 —t)z € A.

Pinh nghia 2.2. Mot tap con € khac rong ctia Y
duoc goi la mdt noén néu, véi moi z € € va véi moi
sothucr > 0,taluéncoérz € C.

Non € c Y dugce goi 1a mdt nén dong néu C 1a
mot nén va la mot tap dong trong Y.

Non C c Y dugce goi la mét non 16i néu € 1a mot
nén va la mot tép 161 trong Y. Mot dang phat biéu
twong duong ctiia non 10i la: € 1a mdt ndén 161 néu €
lamotnénvaC +C =C.

Non € c Y duoc goi la mot non c6 dinh (hay con
goi 1a nén nhon) néu C 13 mot nén va

Cn(=C) = {0y}
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Vi du 2.1. Trong khong gian R, céc non 16i dong
c6 dinh bao goém:

Cl = {0}1
C, = R, =[0,+0),
C3 = IR_ — (—00’ 0].

Vi du 2.2. Trong khéng gian R™(n = 2), ching
ta s€ cd vO s0 cac non 161 dong va co6 dinh. Cac noén
thong dung dugc cac nha nghién clru quan tam nhu:

Non khong am:

R} = {(xy, -, x,) ER™x,, =0,k =1,---n}.

Non Lorent (n6n que kem):
1
C = {(xl,-'-.xn) € R™x, = (xf + -+ x%_l)f}-

Mot vi du vé nén c6 dinh khong dong va cling
khéng mé, nhung 1a mot nén 16i ¢6 dinh d6 1 nén
tir dién, non nay thudng duoc sir dung trong viée xép
hang cac doi tham gia cac ky thi dau thé thao:

Ciex = Ogn U {(xy,",x,):FkEN, 1 <k <n,
Xl = OVl Sk,xk > 0}

DPinh nghia 2.3. Xét anh xa da tri H: X - 2¥ va
X, € X. Khi d6, anh xa da tri H duoc goi 1a

(a) dong néu va chi néu tap dd thi
GraphH = (x,y) EX X Y:y € H(x)

cua H 1a mét tp dong trong X X Y

(b) ntra lién tuc trén tai x, néu, v6i moi lan cén
mé V cha H(x,), tic 13 H(x,) < V, ton tai mot 1an
can mé U cua x, sao cho

H(x) cV Vx € U;

(c) nira lién tuc dudi tai x, néu, vOi moi tdp con
mo V cuaY voi H(xy) NV # @, ton tai mot 1an can
md U cia x, sao cho

Hx)NV +0 vx € U;

(d) lién tuc tai x, néu H déng thoi 1a ntra lién
tuc trén va ntra li€n tuc dudi tai x,;

(e) ntra lién tyc trén/ntra lién tuc dudi/lién tuc
trén mot tdp con A C X, néu H 1a nura lién tuc
trén/nira lién tuc dudi/lién tuc tai moi diém trong A.
Trong trudng hop A = X, ta néi rang H 1a ntra lién
tuc trén/ntra lién tuc dudi/lién tuc va bo di cum tir
“trong X”.

Tur dinh nghia vé tinh nira lién tuc cua anh xa da
tri, ching ta dé dang kiém tra rang, trong trudng hop
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anh xa da tri H nhan gia tri don phén th, tic 1a tré
thanh mdt anh xa don tri, thi cac khai niém nura lién
tuc trén va ntra lién tuc dudi tring véi nhau. Do do,
dé giam nhe cac khai niém ntra lién tuc ¢ trén dé
chiing van 1a khac nhau ngay ca trong truong hop H
l1a anh xa don, cac khai niém ntra lién tuc theo nén
da duge dé xuét nhu dinh nghia bén dudi.

Pinh nghia 2.4. Xét anh xa da tri H: X - P(Y),
nén C C Y va x, € X. Khi do, anh xa da tri H dugc
goi la

(a) C-nura lién tyc trén tai x, néu, voi moi 1an can
mé V cia H(xy), ton tai mot 1an cdn m& U cia x,
sao cho

H(x)cV+C vxeU.

(b) C-ntra lién tuc dudi tai x, € X néu va chi néu
v6i moi tap mé V trong Y voi

VNnH(x,) + @,

thi tdn tai mot 1an can mo cua U cua x, sao cho
Hx)Nn{V =C) = 0,

voimoix € U N A.

(c) C-lién tyc tai x,, néu H dong thoi 1a C-nira
lién tyc trén va C-ntra lién tuc dudi tai x;

(d) C-ntra lién tuc trén/C- nua lién tuc dudi/C-
lién tyc trén mot tap con A © X, néu H 1a C-nira lién
tuc trén/C-ntra lién tuc dudi/C-lién tuc tai m01 diém
trong A. Trong truong hop A = X, ta n6i rang H 1a
ntra lién tuc trén/ntra lién tuc dudi/lién tuc va bo di
cum tir “trong X”.

Vidu23.XétX =Y = R,C = R,, Q latap hop
cac sO hiru ti, va 4nh xa da tri H: R - P(Y) duoc
xac dinh boi:
néux € Q,
néu x € R\Q.

{01},
{0,2},

Khi d6, H khong ntra lién tuc trén va khong nua
lién tuc dudi tai moi diém x € R. Tuy nhién, H déng
thoi 1a R, -ntra lién tuc trén va R, -ntra lién tuc dudi
tai moi diém x € R.

H(x) = {

Pé minh hoa cho su khéc biét ctia cac khai niém
ntra lién tuc theo nén ngay ca trong truong hop H 1a
anh xa don tri, chiing ta xem xét thi dy vé cac ham
nbi tiéng dudi day.

Vidu24.XétX =Y =R, C = R,,Qlatap hop
céc s6 hiru ti, va ham dudi dy:

Ham Dirichlet: D: R - R duoc xac dinh boi
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(1, néux € Q,
D(x)_{O, néux € R\ Q.
Ham ddu: sign: R —» R dugc xéac dinh boi
1, néux > 0,
sign(x) = { 0 néux =0,
-1, néu x < 0.

Khi @6, D 1a R, -nura lién tuc dudi tai moi diém
x € Q, vala R,-ntra li€n tuc trén tai moi diém x €
[ == R\ Q. Tuy nhién, D khong R,-ntra lién tuc
trén tai moi diém x € Q va ciing khéng R, -nira lién
tuc dudi tai moi diém x € I. Trong khi d6, ham sign
la R,-ntra lién tuc dudi tai moi diém x > 0, va
1a R, -ntra lién tuc trén tai moi diém x < 0. Nhung
ham sign khong 12 R,-nira lién tuc trén tai bat ky
diém nao trong (0, +0), va khong 1a R, -ntra lién
tuc dudi tai bt ky diém nao trong (—co, 0).

3. SU TON TAI NGHIEM CUA BAI TOAN
CAN BANG THEO CAU TRUC TROI

Ta xét bai toan can béng nhu sau: cho X, Y, Z1a
cac khong gian t6pd; A € X 1a tdp compact khac
rong va C € Y 1a mot tap con khong rdng trong Y.
Xét cac anh xa da tri

T:A - 2%,

F:T(A)XAXA-2Y
Ta xét cac bai toan can béng da tri theo céu truc troi
sau day:

(EP1): Tim x € A sao cho Vy € A, Vt € T(x),
F(t,y,%) c C.

(EP2): Tim X € A sao cho, Yy € 4, 3t € T(x),
F(t,y,%) c C.

Trong trudng hop € 1a mot noén trong Y, thi cac
bai toan (EP1) va (EP2) tré thanh céc bai toan can
bang da trj da dugc xem xét trong (Balaj, 2013). Tuy
nhién, dé viéc van dung cta bai toan can béng duoc
thuén lgi va dap ung da dang cac trudng hop thuc
té, nén trong nghién ctru ndy chung toi khong dua ra
nhiing cdu tric ddc biét nao cho tap tréi C. Hon nita,
trong nghién ctru nay, ching tdi cling han ché sir du
cau truc tuyen tinh cua cac khong gian, chi trur
truong hop can thao luan ciu tric lién tuc ma ching
ta da thao luan trong muyc trudc.

Béy gio chung ta bat dau thao luan vé chu dé
chinh cua nghién ctru nay, tirc la xem xét cac diu
kién dé cac bai toan (EP1) va (EP2) c6 nghiém.

Pinh Iy 3.1. Véi bai todn (EPI) gid sit cdc diéu
kién sau day thoa man:



Tap chi Khoa hoc Dai hoc Can Tho

(i) Véimoi x € Avat € T(x) ta cé
F(t,x,x) c C.
(ii) Véi méi y € A, tdp hop
{x e A:Vt € T(x),F(t,y,x) c C}
la dong.
(iii) Véi batky{xl,xz, .

Xps1 = Xy, ton tai i € {1,2,.
t € T(x;) thi

xn}cAvc’n'nZZVd
., N} sao cho véi moi

F(t,x;,x;.1) € C.
Khi do, bai toan (EP1) co nghiém.
Chirng minh
Dau tién ta s& chimg minh
Nyeafx € AVt ET(X),F(t,y,x) € C}# 0. (1)

Dé lam diéu nay ta dat 4nh xa da tri ®: A4 - 24
duoc xac dinh nhu sau:

O(y) ={x€e A&:VteT(x), F(t,y,x) c C},
véimoiy € A.
Viéc chiing minh dugc chia thanh hai budc sau.

Budc 1: V6imoi M = {y,,y;,...,yn} C A, tasé
chira rang ton tai y; € M dé bao ham thirc dudi day
x4y ra:

M c @(y;).

That vay, gia st nguoc lai raing M ¢ d>(yl) véi
moi i = 1,2,...,n. Khi do, M & ®(y,). Gid thiét (i)
din dény, € d>(y1) khong mét tinh tong quat ta c6
thé gia sir y, € ®(y,), tirc 1a ton tai t € T(y,) dé
cho

F(t,_'Vz;}ﬁ) ¢ C.

Tir gia thiét (iii), ta suy ra ring v6i moi t €
T(x,), ta ludn cé dugc bao ham thirc

F(t,y1,y2) € C,
nghia la y; € ®(y,) va vi viy
Y1, Y2 € (¥2).
Hon nita, vi M & ®(y,), ta c6 thé gia st
y3 € (yy).

St dung gia thiét (iii) twong ty nhu trén ta s&
duoc
Y2 € D(y3),

Va
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Y1 € ®(y3).
Nhu vay,
12, ¥3} € B(y3).
Tiép tuc qua trinh nay ta s& dugc
Ly i} € @),
voimoik € 1,2,...,n

Do vay, ta cé

1 y2, s W0} € P(),
Day 1a mot diéu khong thé xay ra.

Budre 2: Tiép theo ta s& ching to répg v6i bat ky
tdp hituhan M = {y;,y,,...,y,} C Atontaiy; € M
sao cho:

V€N gem®(x) @
Ta chimg minh khing dinh nay bang phwong
phap qui nap trén tap My, = {y1,¥2,..., Vi }-
Hién nhién 1a (2) ding véi M; = {y,}.

Gia st rang (2) dung v6i My = {y;, ..., V) € 4,

trong d6 k € N nao do.
Ta s€ chung minh (2) dtng v&i My, 4.
Khi @6, tir Budce 1, véi
Mk+1 =YV Yo Yk+1 © A:
ton tai y,,(1 < m < k + 1) sao cho
Mk+1 = CD(Ym)
Hon nira, theo gia thiét qui nap, tdn tai
Vi € My1 \ {ym}

sao cho y; €N YjEMk+1\{Ym}(D(yj)' Do vay ta
co

0,000~

YVj€Mpyq

<I>(y,-)> N )

n
Yj€Mg4+1{ym}
2 YiMyiq1 = yi.
Nhu vay (2) dung véi My, 4. N6i mot cach khac,

Nyemix € A:Vt € T(x),F(t,y,x) € C} # @,
v6oi moi tap hitu han M c A.

Tir gia thiét (ii),
{x e A:vt e T(x),F(t,y,x) c C}

1a tap compact, diéu nay dan dén khang dinh (1)
la dGng. Gia su rang
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X € Nyealx € A:Vt € T(x),F(t,y,x) © C}.
Diéu nay co nghia la
x€ {x e A:VteT(x),F(t,y,x) c C}
voimoiy € A.
Do @6,
vy € A,Vt e T(X), F(t,y,X) € C,

turc 1a bai toan (EP1) c6 nghiém. [

Nhén xét 3.1. Dbi voi hudng nghién clru vé diéu
kién ton tai nghiém cho cac mo hinh toi wu, trong d6
c6 bai toan can bang, thong thuong cac nghién ctru
s€ st dung céc dinh ly diém bat dong dang KKM-
Fan hodc nguyén ly bién phan Ekeland. O day,
chung toi da tlep can tryc tiép sy ton tai nghiém cua
bai toan can bang (EP1) ma khong sir dung dén céac
két qua bd trg vira néu. Diéu nay giup cho bai béo
d& doc va dé tlep can n(_)} dupg hon, dic biét 1a ddi
véi cac ban doc moi bat dau theo hudng nghién
cuu ndy.

) DPbi v6i bai toan (EP2), chung ta cting ¢6 dugc
ket qua ve dicu kién ton tai nghiém theo hudng ticp
can vua dé cdp trong nhan x‘ét trén. Céac lap luan
trong chimg minh la khong tam thuong, tuy nhién
cac k¥ thuat va cau trac sir dung 1a tuong tu nhu da
st dung trong chung minh cta Pinh 1y 3.1 voi sy
thay doi ¢ ham @ nhu sau:

d(y)={x€A:TteTkx), F(t,y,x) c C}.
Khi d6 ta thu dugc diéu kién ton tai nghiém cho bai
toan (EP2):

Pinh Iy 3.2. Véi bai todn (EP2) gid st cdc diéu
kién sau day théa man:

()Véi moi x € A, ton tai t € T(x) dé cho
F(t,x,x) cC.

(ii) Vi méi y € A, tdp hop
{x e A:3teTx),F(t,y,x) c C}
la dong.

(iii) Véi bat ky {x1, x,...,
Xp41 = Xq, tontaii € {1,2,...
sao cho F(t,x;,x;41) € C.

Khi do, bai toan (EP2) co nghiém.

Vi du 3.1. Pat C= R,,A=[01]U[23],
T:A - 2R F:T(A) x Ax A - 2R, véi

T(x) = [0,x],

X} ©Avéin = 2va
,n}, tontait € T(x;)
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[0,t(y® — x®)], khiy® > x3
[t(y® — x2),0], khiy3® < x3
Ta kiém tra cac didu kién trong Pinh 1y 3.1 la
thoa man. Di€u kién (i) 1a hién nhién. D€ kiém tra
dieu kién (ii), tap sau
{x e Aivt e T(x),F(t,y,x) cC}=
={x€A:x <y VteTx),F(tyx)cC}

Rty =

={x € A:x <y},
1a mot tap dong. Dé kiém tra diéu kién (iii), ta
thay luén ton tai i sao cho x? > x2,, , khi d6 v&i moi
t e T(xl'+1)5
F(t,x;, %i41) = [0, t(x} — x31)] © RY.

Nhu vay, dua vao Pinh 1y 3.1, bai toan (EP1)
trong trudng hop nay la c6 nghiém, mac du 4 khong
1a mot tap 16i. Bang cach kiém tra truc tiép ta ciing
thdy X = 0 1a mot nghiém ctia bai toan nay.

Nhan xét 3.2. Néu Y 1a mot khong gian vector
topo va € 1la mot nén 16i dong trong Y. Khi do,

(a) Gia thiét (i) trong Pinh 1y 3.1 s& théa man
néu: T 13 nira lién tuc dudi, va F (-, y,-) 13 C-ntra lién
tuc trén voi moi y € A.

(b) Gia thiét (ii) trong Dinh 1y 3.2 s€ thda man
neéu: T 1a nua lién tuc trén v&i gia tri compact, va
F(-,v,”) 1a C- ntra lién tuc trén v6i moi y € A.

4. CAC AP DUNG
4.1. Bit dang thirc bién phan da tri

Trong myc nay, ta nghién ctru diéu kién ton tai
nghiém cho bai toan bat dang thirc bien phan da tri.

Cho X'1a khong gian topd; A € X 1a tap compact
khac tréng, X* 1a khong gian dbi ngdu topo cua X,
va anh xa da tri T: A —» 2%, Ta xét cac bai toan bét
dang thirc bién phan da trj sau day:

(VI1): Timx € A sao cho Vy € A, Vt € T(X),
(f,y - 7) > 0.

(VI2): Tim x € A sao cho, Vy € A, 3t € T(X),
(ty—x)=0.

Ta c6 cac két qua sau.

Hé qua 4.1. Véi bai todn (V1) gid sir cac diéu
kién sau day théa man:

(i) Véimoi y € A, tdp hop
{x € A:Vt € T(x),{t,y — x) = 0}
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la dong.

(ii) Vi bat kp {x1,%5,...,%,} € Avéin > 2 va
Xpy1 = Xq, ton tai i € {1,2,...,n} sao cho v&i moi
t € T(x;) thi

(6, x; — x341) 2 0.

Khi dé, bai toan (VII1) co nghiém.

Chirng minh

Xét anh xa F duoc cho boi:

F(t,y,x) = (t,y_x)

Khi do, bai toan (VI1) tr¢ thanh mét truong hop
dic biét ctia bai toan (EP1). Hon nita, bang cac phép
bién ddi co ban, chiing ta s& kiém tra dwoc rang tir
cac gia thiét da dugc dwa ra trong hé qua trén sé dan
dén tat ca cac gia thiét ciia Pinh 1y 3.1 déu dugc thoa
man. Do d06, viéc bai toan (VI1) c6 nghiém 1a mot
khang dinh dung. ]

Béng cac 1ap luan nhu trong chig minh ctia Hé
qua 4.1, chung ta cling ¢6 duoc ket qua vé di€u kién
giai dugc (dieu kién ton tai nghiém) cua bai toan
(V12) thong qua Dinh 1y 3.2 nhu sau:

Hé qua 4.2. V&i bai toan (VI2) gia sir cac diéu
kién sau day thoa man:

(i) Véi mdi y € A, tap hop

{x € A:3t € T(x),{t,y — x) = 0}
la dong.

(i) Vi bat ky {x1,x5,...,
Xp+1:=X1, tON tai L € {1,2,...,
T(x;) dé cho

X} CAvoin=2va
n} sao cho ton tai t €

(6, x; — x341) = 0.
Khi d6, bai toan (VI2) c¢6 nghiém.
4.2. Bai toan mang giao thong

Mot trong nhiéu g dung cua bit ding thirc bién
phan 14 bai toan can bing mang giao thong. Phan 16n
céc nghién ctru vé bai toan mang giao thong (Cao et
al., 2018; Khanh & Luu, 2004; Maugeri, 1995) déu
c6 rang budc tai nang trén cac cung la tap khong am
hodc ngat hon 1a mot khoang dong cta R, tirc 1a mot
tap 16i. M6 hinh bai todn mang giao thong ching t6i
dé xuat dudi day voi rang budc tai ning trén cac
cung 1a mot tap tong quat hon (co thé khong 16i).

Giur sir V 1a tap cac nut, L 1a tap cac cung,

W= (W, ..., W)
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la tap cac cap dau cuoi. Gia str co
cap dau cudi
bat

7; dudng di néi
W;, ta dat tap cac duong di nay la P;.

m:=r +--+n,
tirc 1a c6 tong cong m dudng di trong mang giao
thong Goi d;; 1a nhu cau giao thong trén cip dau
cubi (i, j). Pat
f=U s f)
la vecto dong theo duong di. Goi x,, 1a dong trén
cunga € L va
X = (Xa)aeL

1a vecto dong trén cung. Gia str trén mdi cung ta
c6 rang budc tai nang x, € B, voi B, € R. Gia su
gia trén moi duong di R, s =1, ...,m, latép

Ts(f) € R.
Do d6 ta s& c6 mot ham da tri T: R™ — 2R™ vei
T(f) = (T (), . Tu)).
Xét ma tran A lién két duong di-cung nhur sau

A _{1, khia € p
ar — 10, khia & p

Khi do6 ta c6 x = A. f. Tap cac dong kha thi cua
mang giao thong la:

={f € RP: Sper, £y = di,
B,, Va € L}.

v(i,j) EW;x, €

Chung toi dé xuét cac khai niém vé dong can
bang cho bai toan nhu sau:
Dinh nghia 4.1.

(1) Mot vecto dong duong di f dugc goi 1a mot
dong can bang yéu néu YW, ew, Vq,s EP,3te
T(f), sao cho néu f, > 0 th1 t, <t;minx, + €€
B, véimoia € s va € du nhé.

(i1) Mot vecto dong duong di f dugce goi la mot
dong can béng manh néu YW, € W,Vq,s € P;,Vt €
T(f), sao chonéu f, > 0 thit, < t; miénx, + ¢ €
B, véi moi a € s va € du nho.

Heé qua 4.3. Véi bai toan mang giao thong, gia
s £) la tap compact va cac diéu kién sau ddy thoa
man:

(i) Véi méi f' € 0, tap hop
{(fe:vteT(")(t,f' —f)=0}
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la dong.
(ii) Vi batky{f1 f?,..

= f1 ton tazlE{lZ
t € T(x;) th

LfMYcvéin=2va
.,n} sao cho véi moi

(t,fi _fi+1> > 0.

_ Khi do, bai toan mang giao thong c6 dong cdn
bang manh.

Chirng minh
Xét bai toan bat dang thirc bién phan
(VD): Tim f € Q sao cho, Vf € Q, vt € T(f),

{tr-r)=o.

’Khi do, ta s€ kiém chung duoc rﬁng~ tr géc gia
tl}iét duoc d\ua ra trong H¢ qua 4.3 s dan def:n viéc
tat ca cac dieu kién dat ra trong H¢ qua 4.1 deu thoa
man. Vi vy ton tai nghiém f ciia bai toan (VI). Bay
gio ching ta s& chi ra ring f ciing 1a dong can bang
manh cua bai toan mang giao thong.

Gia sir ton tai mot duong di p ndi cap dau cudi
(i,)) sao cho f 0> 0, khi d6 néu ton tai mot dudng
di khac chwa bao hoa q ciing ndi cap dau cudi (i, j),
ta xay dung mot vecto dong duong di f nhu sau

j_fr —¢ khir=p
fr = ]_‘T+s, khir=q |,
j_fr, khi r #p,r #¢q

véi & > 0 da nho. Khi d6 véi moi t € T(f):

(tf—f)=tee—Te=(t;—Tp)e =0,

diéu nay dan dén

Do do, ]_‘ 1a dong can bing manh cua bai toan
mang giao thong. ]

Bing cac ky thuat tuong tu nhu trong ching
minh cua H¢ qua 4.3, chiing ta ciing c¢6 duoc két qua
dbi voi sy ton tai cia dong can bang yéu ciia bai toan
mang giao thong nhu sau:

H¢ qua 4.4. Voi bai toan mang giao thong, gia
sie Q2 la tdp compact va cdac diéu kién sau ddy thoa

man:
(i) Véi méi f' € 0, tap hop
{(fen:ateT(f)(tf —f)=0}
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la dong.

(ii) Vi batky{f1 f?,..
= f1 tontgii € {12
t € T(x;) vdi

LfMYcvéin=2va
.,n} sao cho ton tai

(t,fi _fi+1> > 0.
_ Khi do, bai toan mang giao thong c6 dong cdn
bang yeéu.
Vi du 4.4. Xét bai bai toan mang giao théng gdm
4 nat sau: A la nat nguén, B la nut dich va €, D la
cac nut trung gian. Gia st mang trén chi gom 2
duodng di:

A-C - B,
Va

A-D-B.
Tap rang budc tai ning trén moi cung déu la

U :=[0,10] v [20,30],
va nhu cu cua cip dau cudi (4, B) 1a 40.
Gia str vecto dong duong dila x = (x4, x,), ham
gia cua cac dong xac dinh nhu sau

T(x) = {((le +x,),2(2x, + xz)); (2(2x1
+x,),3(2x, + xz))}.

Bay gio, chiing ta kiém tra tinh ding dén cua cac
diéu kién trong H¢ qua 3.3 va 4.4 d6i voi dir liéu cu
the cta bai toan dugc xem xét trong thi du nay. Bau
tién, ta kiém tra dicu kién (i).

bat

=%, f1 = (Y1, 2)-
Véit = (2yr +¥2),2Q2y; + 7)) € T(f') thi

L ={f €Q|(t,f —f)=0}
={(xy,x)|x, €U, x, €U, x4
+ x,
=40, 2y, + ¥2)(y1 — x1)
+22y; + y2)(y2 — x3) = 0}
={(xy,x)|x; EU,x, €U, x; + x,

=40,(y; —x1) + 2(y, — x3)
> 0}

= {(x1, x2) |1, x5
€ [0,10] U [20,30], x; + x,
= 40, x1 + sz S yl + 2y2}

Tuong tu, voi
t= (2(23’1 +¥2),3Q2y; + YZ)) ET(f"),

Ta co
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L={f€ltf -f)=0}

= {(xl' xz)lxl;xz € [OP 10] u [201 30]lx1 + X2
=40,2x, + 3x, < 2y; + 3y,}.

RO rang, céc tap hop £;, 2, déu 1a cdc tip dong
nén diéu kién (i) trong H¢ qua 4.3 va 4.4 déu dugc
théa man.

Ké tiép, chung ta sé kiém tra diéu kién (ii).
biatv = (x1,%2), u = (y1,¥2). Chon

t = ((2x;, +x3),2(2%, + x3)) € T(V).
Ta co

(t,u—v) = (2x; +x)(y1 — x1)
+2(2x1 + x2)(y2 — x2)

= (2x; + x)[(y1 + 2y2) — (x1 + 2x,)].
Pit
g, v) = (y + 2y;) — (x1 + 2x3),

va dé y rang voéi moi {z1,2z2,...,2"} € Q véi

n>2vaz" = zthi

n
z g(zi,ZH'l) =0.
i=1

bicu ndy dan dén su ton tai cua i 4é
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g(Zi,ZH'l) > 0’

va do d6 d& thay gia thiét (ii) trong cac Hé qua
4.3 va 4.4 la thoa man. Vi vy, bai toan mang giao
thong nay ton tai dong can bang manh va dong can
bang yéu. Hon nira, bang cach kiém tra tryc tiép, ta
thiy rang (30,10) vira 1a dong can bang manh vira la
dong can bang yéu cta bai toan mang giao trong
truong hop nay.

5. KET LUAN

Diéu kién ton tai nghiém cua cac bai toan can
bang da tri trong khong gian top6 dua trén ciu tric
troi duoc xem xét. Cac két quaé chinh sau d6 da duoc
van dung vao vi¢c nghién cuu tinh gidi dugc cua bai
toan bét dang thirc bién phan da trj va bai toan mang
giao thong da tri. Cac k¥ thuat duoc trinh bay trong
nghién ctru nay c6 nhiéu kha nang duoc van dung dé
xem xeét tinh giai duoc cho cac m6 hinh t6i uu khong
co cau tric tuyén tinh va cac chu dé co lién quan nhur
tinh 6n dinh theo tham ) hodc sy hoi tu nghiém cho
cac mo hinh nay.
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