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MG DAU

1. Ly do chon dé tai

Khi nghién cttu cac bai toan bién cho mot 16p phuong trinh dao ham
rieng vao nam 1966, lan dau tién Hartman, Ph. va Stampacchia, G. da
dé cap dén mo hinh bat ding thic bién phan. T d6, bai toan nay dude
biét dén vé6i nhitng tng dung tht vi nhu mé hinh diém can bang kinh
té Nash, mo hinh can bang mang giao thong, mo hinh dinh tuyén t6i wu
mang truyen thong, 1y thuyét tro choi bat hgp téac, moé hinh xi 1y anh
va nhiéu ting dung khac duge Kinderlehrer, D. va Stampacchia, G. mo ta
trong cudén sach “ An Introduction to Variational Inequalities and Their
Application” va trong mot sb tai lieu khac. Bai toan bat dang thic bién
phan chita dung nhiéu 16p bai toan quen thudc, chdng han nhu 16p bai
toan t6i wu 16i kha dudi vi phan, bai toan diém bat dong Kakutani, bai
toan bl phi tuyén va mot s6 mo hinh khac.

Cho C 1a mot tap cho 16i déng khac rong ctia mot khong gian Hilbert
thyc H va mot anh xa F' : H — H (thuong duge goi la anh xa gia), bai
toan bat dang thiic bién phan véi anh xa gia F va mién rang buoc C, ky

hieu VI(C, F), dugc phat biéu dusi dang:
Tim z* € C sao cho (F(z*),x —2*) >0, VzeC.

Bai toan bat dang thiic bién phan VI(C, F) 1a mot ddi tugng nghién citu
pho bién trong linh vuce Giai tich va Ly thuyét téi wu. Hién nay, ton tai
hai huéng nghién cttu chinh vé bai toan nay. Thi nhat la, nghién ctu dinh
tinh vé sur ton tai nghiém va tinh chat clia tap nghiém ctia bai toan. Cac

két qua noi bat vé huéng nghién citu nay phai duge nhic dén véi cac nhém
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nghién cttu trong, ngoai nuée cia Yen, N.D. va cong su, cia Khanh, P.Q.
va cong sit, cia Mordukhovich, B.S. va cong sit va ctia nhiéu tac gia khac.
Thit hai la, nghién citu dé xuat cac thuat toan giai va tng dung truc tiép
v6i cac mo hinh cu thé. Mot trong cac phuong phap thong dung giai bai
toan nay la phuong phap mot phép chiéu, véi so do lap c6 dang:

2’ e O,
" =Tlo[2? — AF(2F)], Vk > 0.

Dudi gid thiét rang, anh xa gia F' 1a S—don diéu manh vd L—lién tuc
Lipschitz, A € (0, i—@), day {z*} hoi tu manh t6i mot nghiém duy nhat x*
cia bai toan VI(C, F).

Cho C' 1a mot tap con 16i, déng va khac réng ctia khong gian Hilbert
thuc H, I = {1,2,---,}, cdc anh xa S; : H — H, (i € I). Trong luan an
nay, ching toi nghién citu dé xuat cdc thuat todn mdi gidi bai toan bat
dang thitc bién phan trén tap diém bat dong, ky hieu 1a VIF(Q, F), duge
phat bieéu nhu sau:

Tim z* € Q sao cho (F(z*),z —x%) >0, V&€ Q, (1)

G day Fiz(S;) =={z e H:z = S;(x)} va Q = NiesFix(S;). RO rang, khi
S; 1a anh xa dong nhat, bai toan VIF(Q, F) dugce viét dudi dang bai toan
bat dang thitc bién phan thong thuong VI(C, F).
Khi Q 1a tap diém bat dong clia mot anh xa khong gian S : H — H,

I. Yamada da dé xuat thuat toan duong doc gan két véi day lip kha don
gian sau:

20 € H,

oFHt = S(a%) — AF(S(2")), VEk>0.
Duéi gid thiét B—don diéu manh va L—lién tuc Lipschitz clia 4nh xa gia
F, va XA € (0, i—é), day lip {2*} hoi tu manh t6i mot nghiem duy nhat
clia bai toan VIF(Q, F). M6 rong két qua nay ctia Yamada, I., Xu, H.K.
dua ra thuat toan lip xoay vong v6i mién rang buoc clia bai toan thanh
tap diem bat dong ciia cac anh xa khong gian. Tiép sau do6, Iemoto, S.

va Takahashi, W. nghién cttu md rong thuat toan cho mién rang buoc 1a
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vo han cac anh xa khong gian. Mot s6 két qua nghién ctu tha vi véi 4nh
xa gia don dieu tong quat va mién rang budc  la giao clia cac anh xa
gi& co chit (hodc cac anh xa tua khong gian) duge dé xuat bdi nhicu tac
gia, chang han nhu phuong phap xap xi, phuong phap néi léng quan tinh,
phuong phap chiéu dudi dao ham, phuong phap co quan tinh va mot sé
phuong phap khac.

Nhu ta da biét, mot diem z* € C la nghiém clia bai toan bat dang thic
bién phan VI(C,G) (6 day G : H — H) khi va chi khi n6 13 mot diém bat

dong ctia anh xa nghiém S : H — C nhu sau:
S(z) = e[z — A\G(x)], VxeH,

§ day A > 0. Trong trusng hgp nay, bai todn bat dang thitc bién phan trén
tap diém bat dong VIF(Q, F) véi Q := Fiz(S), ky hieu 1a BVI(C, F,G),
duge phat biéu nhu sau:

Tim u € Q sao cho (F(u),z —u) >0, VzeQ,

dday Q={2" € C: (G(z*),y —z*) >0, Vye(l}.

Bai toan VIF(Q, F) 1a mot bai toan kho, vi mién rang bugc 2 1a giao
clia cac tap diém bat dong clia cac anh xa va khong dugce cho dudi dang
hién. Theo hiéu biét ctia ching t6i vé cac thuat toan hién nay cho viéc giai
bai toan bat dang thiic bién phan trén tap diém bat dong VIF(Q, F), c6

mot s6 diem noi bat sau:

- Sy hoi tu clia cac thuat toan doi héi cac gid thiét don diéu manh va
lien tuc Lipschitz ctia anh xa gia F' hoac mot s6 gid thiét don dieu

chinh quy (kha phiic tap);

- Cac thuat toan lip chua thuyc sy hiéu qua trén may tinh, khi mién
rang buodc C phic tap. Tai mdi buée lip trong mot so6 thuat toan, day
lip duge tinh la nghiém ctia mot bai toan bat ding thic bién phan
phu khac. Sy hoi tu ctia thuat toan doi héi tinh chinh xac cac nghiém
tai mdi budc lip, tuy nhién, tinh toan thyc té trén may tinh chi duogc

nghiém xap xi co sai so;
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- Thuat toan va tinh toin tng dung vao cac mo hinh thic té con nhiéu

han ché.

V6i cac 1y do trén, ching toi chon nghién ctu dé tai luan an "Mot
s6 phuong phdp gidi bai todn bat dang thic bién phan trén tap diém bat
dong”. V6i muc tieu chinh 1a dé xuat cac thuat toan mdi dé giai bai toan
VIF(Q, F), chung toi da nghién citu mé rong cac phuong phap trong toi
wu va cac ki thuat lip diém bat dong, chang han nhu ki thuat lai ghép,
k{ thuat quan tinh, k§ thuat lap, k¥ thuat chiéu ndéi 1éng, .... Sy hoi tu
manh va yéu ciia cidc thuat toan dé xuat duge chiing minh, cac vi du c6
tinh chat minh hoa v& so sanh véi cac két qua thong dung khac ducge lap
trinh tinh toan trén phan mém Matlab.

Noi dung ctia luan an dude viét dua trén két qua ciia 4 bai bao, trong
d6 3 bai bao dugc xuat ban trén tap chi SCIE xép hang Q2, 1 bai xuat
ban trén tap chi Scopus xép hang Q3.

Ngoai cac phan muc luc, danh muc cac ky hiéu va chit viét tat, mé
dau va tai lieu tham khao, noi dung chinh ciia luan an dugce chia thanh 3

chuong nhu sau:
e Chuong 1: Bai toan bat déng thiic bién phan trén tap diém bat dong.
e Chuong 2: Cac ky thuat quan tinh.

e Chuong 3: Phuong phap anh xa nghiém néi long.



Chuong 1

Bai toan bat dang thitc bién phan

trén tap diem bat dong

Trong chuong mé dau ciia luan an, ching toi nhic lai mot s6 khai niem
ciing nhu kién thiic co ban trong giai tich ham va giai tich 161, lam co sé dé
nghién citu ¢ cac chuong sau. Bén canh d6, cac khai niém veé bai toan bat
déng thitc bién phan trén tap diém bat dong, su ton tai nghiém, cac bo
dé bd trg, moé hinh xt Iy &nh va mot vai phuong phap thuong gap dé giai
bai toan bat dang thiic bién phan trén tap diém bat dong nhu: Phuong
phép lap, phuong phap lai ghép dudng doc, phuong phéap chiéu ciing duge
ching to6i trinh bay trong chuong nay. Noi dung ctia chuong 1 duge viét
duya trén mot sé két qua trong cac tai lieu tham khao Pham Ngoc Anh
(2015) Hoang Tuy (2003), Bauschke, H.H., Combettes, P.L. (2011), Carl,
S., Le, V.K. (2021), Ding, X.P., Lin, Y.C., Yao, J.C. (2007),...



1.1 Mot sb kién thic co ban

1.1.1 Phép chiéu va anh xa don diéu

1.1.2 Bai toan bat dang thic bién phan

1.1.3 Bai toan diém bit dong

1.1.4 Mot s6 bd dé co ban

1.2 Bai toan bat ding thic bién phan trén tap diém bat dong
1.2.1 Phat biéu bai toan va vi du

1.2.2 Mot sb6 trusng hop dac biét

1.2.3 M6 hinh x1¥ ly anh

1.2.4 Mot vai thuat toan thong dung giai bai toan VIF(Q, F)



Chuong 2
Cac ky thuat quan tinh

Khi nghién cttu mé rong bai toan bat dang thic bién phan VI(C, F),
Yamada, 1. da thay thé mién rang buoc C bang tap diém bat dong cia
mot anh xa, nghiém cta bai toan dugce tim thong qua thuat toan lai ghép
duong déc (HSDA). Tt phuong phéap nay, ching toi dé xuat thuat toan
(HICA) giai bai toan bat dang thiic bién phan trén tap diém bat dong
VIF(Q, F), thuat toan 1a sy két hgp gitta ky thuat quan tinh va phuong
phap lai ghép. Két qua hoi tu manh duge ching minh trong mot khong
gian Hilbert thyc H. Thuat toan (PIPA) la sy két hgp gitta ky thuat tinh
toan song song véi k¥ thuat quan tinh dé giai bai toan bat dang thic bién
phan trén tap diém bat dong VIF(Q, F), § day Q la giao cac tap diém
FixS;, J=1{1,2,...,m}. Phan

cudi chi ra cic tinh toin minh hoa, cac ting dung trong mo hinh xit Iy &nh

bat dong cta cac anh xa ntta co Q = (,.,

va cac so sanh v6i mot vai thuat toan thong dung.
Noi dung chuong nay duge viét dya trén hai bai bao [CT1] va [CT3]

(Danh muc cong trinh ¢6 lien quan dén luan an).

2.1 Ky thuat lai ghép co quan tinh
2.1.1 Thuat toan (HICA)

Cho F : H — H la anh xa gia va ho anh xa S; : H — H, Vi € I thoa

man cac gia thiet sau:

(A1) Anh xa F 13 [-don diéu manh va L-Lién tuc Lipschitz;
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(Ay) Véi mdi i € I, S; 1a &—nita co, thoa man diéu kién (Z) va
Q= ﬂFiX(SZ‘) # 0;
iel

(As) V6i moi k > 0, cac tham s6 duong Bk, Vi, Tk, Ak VA g thoa man
4

O0<c <Bp<eca<l, pu <m,

ap € (O, 1— &‘k], inf; a > 0,

lim % =0, € (£,%), a€(0,1),

V1I=2XN0+ N2 <1—a.
\

Thuat toan 2.1. Thudt todn lai ghép co qudn tinh (HICA)

Khdi dau: Cho 2, 2 € H bat ky. Tai budc lap thi k, k=1,2, .. ..

Budc 1. Tinh hé s6 quan tinh

min § i ¢ i at =2 £ 0,
[

Lk truong hop con lat,

0 =

Budc 2. Tinh

wh = zF + O (2% — 2F71),

Spw = (1 — ag)w” + apSpw*,

§ 2= (1= ) Skw + [ — N F(wh)] (2.3)
Sp2® = (1 — o) 2" + apSp2*,

\ oFH = (1 — B) Spw® + BpSi2.

Budc 3. Dat k =k + 1 va quay lar Budc 1.

2.1.2 Dinh ly hoi tu

Dinh 1y 2.1. Gid st rang cdc gid thiét (Ay), (A2) va (As) duge théa man.
Khi dé, day ldp {x*} cho bdi Thudt todn 2.1 hoi tu manh tdi nghiém duy
nhat x* cia bai toan VIF(Q, F).



2.1.3 Cac vi du tinh toan

Trong muc nay, ching t6i trinh bay mot s6 thi nghiém gidi s6 trén may
tinh dé minh hoa cho su hoi tu ctia thuat toan (HICA) va so sanh véi hai
thuat toan: Thuat toan chiéu song song (PPA) cia Anh, P.N. v6i dong
nghiép va thuat toan lai ghép duong déc (HSDA) ciia Yamada, 1.

2.2 Ky thuat xap xi song song quan tinh
2.2.1 Thuat toan (PIPA)

Cho 2°, 2! € H vi cac tham sé théa man diéu kién sau

(e (0,1),{\) Cla,d] C (O, i—i) ,

V1I=2XN0+ N2 <1—a,

k=1

OSTkSCkQMUk>O7

Vi € (b, l;) C (0,1 —max{pB; : i € J}).

Bué6e 1: Tinh :

wh = 2 + ap(2b — 2, (2.5)
VOl
min {%;Mk} néu ||a* — 2% #£ 0,
ay = [* — 2= (2.6)
I truong hop con lai.

Budc 2: Tinh uf = (1 — y3;) w* + v5.:S:wk.
i€ J}.

bat tF = uf, ¢ day o € argmaX{Hui»C — wh

10’

Bué6e 3: Tinh

2" = (1= g)t" +, [t" — MF (t7)] . Dat k =k + 1 v quay lai budc 1.

2.2.2 Dinh ly hoi tu

Dinh 1y 2.2. Cho F : H — H la dnh xa f—don diéu manh va L—1Ilién tuc
Lipschitz va ho S; : H — H la cac anh za B;—nia co va nia dong tai 0
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vdi moi i € J. Dudi diéu kien (2.4) va Q # 0, day {z"} hoi tu manh ve
nghiém duy nhat x* cia bai toan VIF(Q, F).

2.2.3 Ap dung vao mé hinh phuc héi anh

Trong phan nay, ching toi 4p dung thuat toan (PIPA) dé phuc hoi cac
biic anh trong khong gian Euclidean H = R*, thuat toan phuc hoi anh c6
dang sau:

Thuat toan 2.2. Chon diém khdi dav la 2°, ' bat ky trong R*.
Budc 1: Tinh

wk _ I‘k +&k(xk . Ikil),
Vo1
- Tk 4 k k-1
ming ——— . [ ¢ neéu |z¥ —x 0
e 10,
e truong hop con laa.

Budc 2: Tinh
uf = (1= i) w* + prozey, (I — &V f1) (w*) .

Dat th = ufo, trong do iy € argmax{Hui-C — wkH RS J},
Budc 3: Tinh

ZF 1 = (1 — §k:) tF 4 Sk [tk — N\ F (tk)] .

Dat k =k + 1 va quay lai budc 1.
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Chuong 3

Phuong phap anh xa nghiém néi

long

Khi nghién cttu anh xa nghiem cho bai toan bat déng thic bién phan,
ching toi phat trién dua trén mot so6 két qua ve tinh khong gidn ma
Yamada, I. dd chi ra, ching to6i dé xuat cac két qua mdi vé tinh chat tua
khong gian cua cac anh xa nghiém néi long. Anh xa nghiém la mot su
md rong ciia phép chiéu trén tap C thanh phép chiéu trén mot nita khong
gian. Khi d6, ching t6i xay dung dugc thuat toan chiéu néi long (RLPA)
dé giai cho bai toan bat ding thiic bién phan, é day, mién rang buoc la
giao clia tap diém bat dong va tap nghiém clia bai toan bat dang thic bién
phan khac. Két qua nay da duge cong bo trong [CT4] (Danh muc cac cong
trinh lien quan dén luan an). Hon nita, ching toi dé xuat thuat toan chiéu
co (PCA) dé gidi bai toan bat dang thtic bién phan trén tap diém bat
dong ctia anh xa nghiem BVI(C, F,G) trong R". Cac két qui nay duge
cong bd trong [CT2]. Ung dung cita thuat toan (RLPA) va (PCA) véi cac
tinh todn minh hoa va so sanh vdi cac thuat toan khac duge chi ra trén

phan mém Matlab.
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3.1 Phuong phap chiéu néi léng
3.1.1 Thuat toan (RLPA)

Bang su két hop gitta phép chiéu thong thuong va phép chiéu néi long
len nita khong gian, chiing t6i xay dyng thuat toan (RLPA) dé giai bai
toan bat dang thic bién phan hai cap, dudgc phéat biéu nhu sau:

Cho C' 1a mot tap con 16i, déng, khac réng trong khong gian Hilbert
thyc H va chocacanhxa F-H—H, G:H — H va = : H — H.

Tim u € Q sao cho (G(u),z —u) >0, VzeQ, (3.1)

& day, tap Q = Fiz(2) N Sol(C, F), trong d6 tap diem bat dong Fiz(Z) =
{r €e H: 2z ==z}, con tap Sol(C, F') la tap nghiém ctia bai toan VI(C, F).
Cac ham gia I, G va day cac tham s6 thod man mot s6 gid thiét sau:
(B1) Tap © khac rong;

(B2) Anh xa gia F 1a gia don dieu, Lp—lién tuc Lipschitz va lien tuc yéu
trén

(B3) Anh xa gia G la f—don diéu manh va Lg—lién tuc Lipschitz;

(By) Anh xa = 14 khong gian va théa man tinh chit I — S nita déng tai 0;
(Bs) V6i moi s6 tu nhién k > 0, cac tham s6 duong &, ve, Tk, g, T VA VU

théa man cac dieu kién sau:

(

v € (0, min{1, ﬁ ),a € (0,1 —vLp),

b>0, &€ (bmin{L, /£}), €= lim g,
— 00
§ V€ (O,min{l_g’%L%, 1_V§F_a}) :

7 € (e.d) € (0,1), 7€ (0, 22),
ar € (0,1), lim a; =0, > ap = occ.
k—o00 k=0

.
Thuat toan 3.1. (Thuat todn chiéu ndi long (RLPA))
Chon 2° € H, k =0, v > 0, chon cdc day so duong {&k}, {w}, {x} va

{au},

Bude 1. Tim hinh chiéu

y' = Telz" — &F ("),



13

Buée 2. Tinh w* = 2% — v&.F(y¥) va tF = 72 + (1 — 7,)22F, ¢ day

ko di
k_ )Y T G Rr

wk truong hop con laz,

)_kaQ(xk; - fk:F(xk) — yk) néu dy, > 0,

vdi dy, = (2% — G F(2%) — y*, wh — y*) — ylly* — *|?,
Budc 3. Tinh 2"+t =¥ — aprG(t*). Dat k := k + 1 va quay lai Budc 1.
3.1.2 Anh xa nghiém

V6i moi x € H va £ > 0, ta goi S : H — C' la anh xa nghiém cua bai
toan VI(C, F'), dugc cho nhu sau:

Sz = o[z — £F(x)]. (3.2)

Ta da biét x € C 1a nghiém ctia bai toan VI(C, F) néu va chi néu né la
diém bat dong clia anh xa nghiem S. Cho v > 0, ta goi ntta khong gian
H, nhu sau:

H,={weH: (x—{F(z) — Sz,w— Sz) < 4|z — Sz|*}. (3.3)

Goi K la tap nghiém cta bai toan VI(C, F'). Tu dinh nghia ctia phép
chiéu I va tur (3.2), ta co:
(x —€¢F(x) — Sx,y — Sx) <0, VyeC,
do doé:
(x — EF(z) — Sx,y — Sx) < v||lx — Sz||?, VyeC.

Khi d6, C C H, v6i moi z € H. Mit khac, v6i mdi z € H, thi hinh chiéu

cua z trén H, dugc cho dudi dang hién nhu sau:

(x—EF (2)—Sx,2—Sx) =y x-Sz .
T r—§F(z) — Sz neu z ¢ H,,
gy (z) = [2—EF (2)—Sz[]? ( (F () ) ¢

z truong hop con lai.
(3.4)
Tiép theo, ta dinh nghia 4nh xa nghiem 7' : H — H ctia bai toan VI(C, F),
nhu sau:
Tx =1y [v — vEF(ST)), (3.5)
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v6i tham s6 v > 0.

Bo dé sau chi ra mot s6 tinh chat quan trong ctia 4nh xa nghiem 7' va

S.
Bé dé 3.1. Gid s tap K khdc rong, la tap nghiém cia cia bai todn
VI(C,F). Ta c6 cic khang dinh sau:

(i) Néu F la tva don diéu trén K va L—lién tuc Lipschitz, € € (0, %), v E
(0, 1_§;L2) va v € (§2L,min{%, 1}), khi d6 T la tua khong gian
manh trén K. Hon nita, vdi moi x € H, 2* € K,

[Tz — 2*||* <[|z — 2*|* = v(1 — vL — 27) ||z — Sz|?
— (v — §2L)\|Tx = SxHQ —(1=v)||Tz - iL‘H2 (3.6)

(ii) Néu F la n—tva don diéu manh ngugc trén K, thi S la tua khong giin
manh trén K vdi diéu kien m € (%,1 —27),7 € (0,3) va0 < & <
2n(1 — 2v). Hon nia, vdi moi x € C,

I2 - o[ <llo — ' = 2€ (0= 5 ) 1F @) - P

—(1=m—27)||z — SxHQ.

(iii) Néu F la (— tya don diéu manh trén K va L— lién tuc Lipschitz trén
H, thi S la twa co vdi hing 56 6 == ———— € (0,1), vdi & € (0, ).

V1+260-€2L2 1L
3.1.3 Dinh Iy hoi tu

Cac bo dé sau dudc stt dung dé chiing minh sy hoi tu ctia day lap trong
thuat toan (RLPA).
B6 dé 3.2. Cho {z*} va {y*} la hai day so sinh ra bdi Thudt todn 3.1 va
goi v* € K. Khi dé, véi cic gid thiét (By), (Ba) va (By), ta ¢ khing dinh
sau:
12 = 2*|* < [la* — 2™ |* = v(1 = vLp — 2%)[l«* — y*|*

= (v = &GLp)lIZ" =y = (L = v) ||~ = "% (3.7)
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Bo dé 3.3. Gid sit day {2*} duoc sinh bdi thuat toan (RLPA) la bj chin
va {2%} C {2*} sao cho z% — %, thod man lim ||z% — % || = 0 vdi {y"}
— 00

la day con tuong dng. Khi do, T € Sol(C, F).

Dinh ly 3.1. Cho cdic dnh xa gia F va G théa man cic gid thiét (By),
(By), (B3), (By) va cdc tham sé thod man diéu kién (Bs), hai day s6 {x*}
va {y*} trong thudt toan (RLPA) hoi tu manh dén nghiem duy nhat u ciia
Bai toan 3.1.

3.1.4 Tinh toan minh hoa
3.2 Phuong phap chiéu co

3.2.1 Thuat toan (PCA)

Ta xét bai toan bat dang thiic bién phan hai cap BVI(C, F,G), nhu

sau:
Timz* € Sol(C, F), sao cho (G(z*),x —x*) > 0, Vz € Sol(C, F), (3.8)

g day, anh xa gia F': C' — R" sao cho F(x) = Qx 4 ¢, ma tran Q € R™"
1a ma tran phan déi xting, ¢ € R” 1a mot véc to, duge chon sao cho F 1a

gid don diéu vd mién rang budc C dugce cho nhu sau
C={xeR": Az > b},

trong d6, A € R™*" la mot ma tran va véc to b € R™. Anh xa giaG:C —

R"” thod man dieu kién
(C1) G don diéu manh vé6i he s6 8 > 0,

(G(z) = Gy),z —y) > Bllz — yl>, Yo,y € C;
(C3) G lien tuc Lipschitz v6i he s6 L > 0,

|G(z) — G(y)|| < Lljz —yl||, Ve,yeC.

Thuat toan 3.2. Thudt todn chiéu co (PCA)
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Bude 1. Cho 2° € C,n > 0 va

(m 1 V1 — (28 — pl?)

L||Q[(L++/12—32) —2r, 2,72
L max {6 (@), MU/ e} 59
JUBS (07 }?J_g) , O € (07 2#}522:2) ) Z A = 00, Z CY% < 0.
\ : k=0 k=0
Buée 2. (k =0,1,...) Tinh y*
1
Y = argmm{§<Qx,ZC> + {q,x) + ng — xk‘|2 Tx € C’} , (3.10)

xk—i—l — HC |:yk . MakG(yk‘)} .

Buoc 3. Dat k .=k + 1, quay lai Budc 2.

3.2.2 Dinh ly hoi tu
Dinh 1y sau chi ra sy hoi tu ciia Thuat toan 3.2.

Dinh 1y 3.2. Gid st ciac ham gid F, G thod man cac gid thiét (C1), (Cy),
cac day {x*} va {y*} trong Thudt todn 3.2 hoi tu manh tdi nghiém duy
nhat x* cia bai toan BVI(C, F,G).

3.2.3 Sai s6 tinh toan

Trong muc nay, ching toi trinh bay vé sai s6 tinh toan ctia Thuat toan
3.2, ap dung giai bai toan BVI(C, F,G). Tai buéc lap tha k£ > 0, tit thuat

toan ta tinh dudc cac phan ti y* va 21, gid si

|2 = Tle[y* — parG(yh)]| < e (3.12)

1
y* — argmin {§<Q$,I> + {(q,x) + ng — 2|z e C}H <€ (3.11)

sai s0 € thuong phu thuoc vao hé thong may tinh clia ching toi. Khi tinh
toan trén may tinh, cac day {z*} v& {y*} chua han da hoi tu vé nghiém
z* ctia bai toan BVI(C,F,G). V6i mdi v > 0, phan ti 2* tao ra bdi
Thuat toan 3.2 dugc goi la v—nghiém ciia bai toan BVI(C, F,G) néu
|2* — 2F|| < v. Vi thé, v6i mdi s6 x > 0, ta dinh nghia tap Sol, 1a tap
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tat ca cac y—nghiém cta bai toan BVI(C, F,G),
Sol, = {z € O : ||a" — 2¥|| < x}.
# = axgmin (5(Q0.2) + (¢, + §llo — P 2 € O},
M =Telg* — parGy")).
Gia st rdng ton tai 0 > 0 va § > 0 sao cho
C C B(z%,0),(G(C),C) := {{G(x),y) : v,y € C} € B(0,0).
Chon céac hé s6 thod man dieu kién (3.9) va

0<e<é€e®>Aduod + (1 +1)2,
pegd + (1 +7) (3.13)

) ne> 271 (Q)o
Fn ’ +271(Q) + +2(T )(Q) o 4M&k5 (1 + 7_)2 o 26(1 + T)U'

Chi ¥, lim, o Ty = € — 4payd — €*(1 + 7)* > 0, khi d6 ton tai cac he sb
thoa man (3.13).

Dinh 1y 3.3. Gid st rang
(1) Sol(C, F) # 0;

(ii) 2paud < €2, dieu kién (3.9) va (3.13), va cdc gid thiét C1 — Cy thod
man. Chon s6 duong K sao cho

K > 4%72;
(iii) day {x*} va {y*} thu duoc tu cdc cong thiic (3.2)-(3.12).
Khi dé, ton tai mot so6 tu nhién j € [0, K| sao cho

(a) 27 = || < 2€;

(b) |z% —y*|| > 26, Vk=0,1,...,5 —1;

(c) 7 € Sol., ¢ day e := 2€ + 3e.
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3.2.4 Cac vi du tinh toan

Trong phan nay, chiing toi trinh bay mot sd vi du tinh toan cho thuat
toan (PCA), cac thi nghiem dugce 1ap trinh trén phan méem MATLAB
R2014a v6i may tinh PC, Intel(R) Core(TM) i5-7360U CPU @ 2.30GHz
8.00GB Ram. Bén canh do, chtung t6i so sanh hiéu qua ctua thuat toan
(PCA) véi cac thuat toan dudi dao ham xap xi (PVSA) ctia Maingé va
thuat toan dao ham tang cuong (FxtrA) cua Anh, P.N. va cong sy, trong
truong hop anh xa gia F' la gia don diéu.
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Két luan

Luan an tap trung nghién citu cac phuong phap giai bai toan bat
déng thic bién phan trén tap diém bat dong, cac thuat toan giai méi duge
nghién cttu dua trén phuong phéap lip, phuong phap chiéu, ky thuat quan
tinh, nguyén 1y bai toan phu va cac ky thuat trong Ly thuyét t6i uu.

1. Két qua dat dudc ctia luan an

(i) Thuat toan lai ghép co quan tinh (HICA) dugc ching toi phat trién
tit k¥ thuat lap ctia Yamada, 1. két hop véi k§ thuat quan tinh dé giai
bai toan VIF(Q, F), & day mién rang buoc Q 1 tap diém bat dong
cia vo han cac anh xa nita co. Uu diém ctia thuat toan 1a chi sit dung
phuong phap tinh toan xap xi, khong st dung phép chiéu, gép phan
tang toc do gidi so6 trén may tinh. Két qua ciia thuat toan da duoc

cong bo trong cong trinh [CT1].

(il) Thuat toan xap xi song song quan tinh (PIPA) dugc xay dung tir ky
thuat quan tinh va tinh todn song song, dé gidi bai toan VIF(L, F),
v6i anh xa gia ' don diéu manh va lién tuc Lipschitz, mién rang buoc
Q) 1a tap diém bat dong clia m cac 4nh xa nita co. Chung t6i da ap
dung thuat toan (PIPA) vao mo hinh xtt 1y 4nh, dé phuc hdi cac biic
anh da bi lam md béi kieu Gaussian hosic kieu Motion. Khi dé, chiing
toi da chi ra vu diém ctia thuat toan nay khi tinh toén so sanh véi mot
sO thuat toan phuc hoi anh khic. Két qua ciia thuat toan nay dudc

cong bo trong [CT3].

(iii) Thuat toan néi long (RLPA) dugce xay dung dua trén sy két hop clia
phép chiéu tryc tiép lén mién rang buoc C va phép chiéu néi 16ng trén

mot nita khong gian. Trong thuat toan nay, chung toi da ap dung tim
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nghiém cho bai toan bat déng thic bién phan trén giao clia tap diem
bat dong clia mot anh xa va tap nghiém ciia bat dang thic bién phan

khac. Két qua nay duge cong bo trong [CT4].

(iv) Xét bai toan bat dang thic bién phan trén tap diém bat dong cia
dnh xa nghiem BV I(C, F,G), chung t6i xay dyng thuat toan chiéu co
(PCA) tit phép chiéu triyc tiép lén tap C' va mot bai toan phu st dung
k¥ thuat phan tich DC. Sy hoi tu clia cac day lip t6i mot nghiem toi
uu da duge chi ra. Tinh hitu hiéu ctia thuat toan duge tinh toan thong
qua cac vi du s6 va cac két qua so sanh véi cac thuat toan khac. Su
hoi tu va két qué tinh toan ctia thuat toan (PCA) duge cong bo trong
[CT2].

2. M6t s6 huéng nghién citu tiép theo
Bén canh nhitng két qua da dat dugc trong luan an, ching téi c6 thé

nghién ctu theo cac hudéng tiép theo nhu sau:

e Nghién citu cac thuat toan giai cho bai toan bat déng thic bién phan
trén tap diém bat dong, nhim cai thién téc do ciing nhu thoi gian tinh
toan bang cach két hgp cac phuong phap lap Mann, lap Halpern, k¥

thuat tinh toan song song,. ..

e Danh gia sai s6 va tdc do hoi tu clia mot s6 thuat toan duge dé xuat

trong luan an, cach chon bo tham s6 dé c6 dude su hoi tu tét hon.

e Nghién cttu cac thuat toan mdi nham gidm nhe cac diéu kien dat len
cac anh xa gia, dong thoi gidm bdt cac phép chiéu trong mdi bude lap
cua thuat toan.

e Md rong giai bai toan bat ding thiic bién phan hai cap thanh cac bai

toan nhiéu cap hon ho#ic mién rang buoc phic tap hon.
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