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MG DAU

Lich st van dé va Iy do chon dé tai

Trai qua hon nita thé ki hinh thanh va phét trién, 1y thuyét bai
toan can bang da dan khang dinh dugc vai trd cling nhu su phét trién
ctia minh trong Ly thuyét tdi wu, Toan hoc ting dung va cac mo hinh
thuc té.

Bai toan EP(C, f) da dugc cac tac gia Nikaido H. va Isoda K. gidi
thieu lan dau tién nam 1955 khi tong quat héa mé hinh can bang Nash
trong 1y thuyét tro choi khong hop tac. Sau d6, Ky Fan (1972) xét bai
toan nay dudi dang mot bat dang thitc minimax va su ton tai nghiem
clia bai toan dugc chi ra véi diéu kien 1a tap 161, compact ctia tap C' va
song ham f 1 tya 161 tréen C. Két qua nay ctia Ky Fan duge md rong bdi
Brezis H. va dong nghiép trong (1987). Nam 1992, cac tac gia Muu L.D.
va Oettli W. goi bai toan nay 1 bai toan can bang va dé xuat thuat toan
ham phat tim nghiém ctia bai toan can bang khi song ham f don diéu.
Sau d6, nam 1994, cic tac gid Blum E. va Oettli W. tiép tuc nghién
cttu vé bai toan can bang. Sau khi nghién citu ctia Blum E. va Oettli W.
ducc cong bd, bai toan can bang da thu hiat sy chd ¥ ciia rat nhiéu cac
nha nghién ctu.

Vé mit hinh thitc, bai toan EP(C, f) ¢6 dang kha don gidn nhung noé

chita dung dude nhiéu 16p bai toan quan trong thudc nhiéu linh vic khac
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nhau nhu: bai toan téi wu, bai toan diém yén ngua, bai toan bat dang
thic bién phan, bai toan diém bat dong, bai toan can bang Nash. Tit
két qua clia cac bai toan riéng 1é néi trén, v6i nhitng diéu chinh phu hgp
ta c6 thé mé rong cho bai todn can bing tong quat. Dicu nay giai thich
vi sao bai toan can bang mic dit méi dude chu ¥ gan day nhung da co
rat nhiéu cac cong trinh clia cac nha khoa hoc quan tam nghién citu.

Bén canh cac nghién ctiu lien quan dén bai toan can bang, mot 16p
bai toan khac dudce dé cap trong luan 4n nay la bai toan diém bat dong.
Ly thuyét diém bat dong da ra doi khodng mot thé ky va phét trién
manh mé trong nhitng thap ky gan day. Su ra doi ctia nguyeén ly diém
bat dong Brouwer (1912) va anh xa co Banach (1922) da hinh thanh 2
huéng chinh ctia 1y thuyét diéem bat dong: Su ton tai diém bat dong cia
anh xa lién tuc va su ton tai diém bat dong ctia 4nh xa co. Nguyen Iy
diem bat dong Brouwer va nguyeén 1y anh xa co Banach 1a két qua khéi
dau cho 1y thuyét diém bat dong. Nhitng nam 60 ctia thé ky 20, nguyéen
Iy diem bat dong dang co dugc phét trién manh mé. Ly thuyét nay cho
phép ta xay dung thuat toan tim nghiém cta bai toan.

Trong nhitng nam gan day, nhiéu nha nghién citu da quan tam dén
bai toan tim nghiém ctia bai toan can bang trén tap nghiém clia bai toan
can bing khac ho#ic tim nghiém clia bai toan can bing trén tap diém
bat dong chung clia cac anh xa. Lép bai toan nay dugde goi 1a bai toan
can biang hai cap. Cling cac huéng nghién cttu dinh tinh, huéng nghién
cttu vé phuong phap gidi va ting dung bai toan nay vao trong cic mo
hinh thuc té déng mot vai tro rat quan trong.

Nhan ra tam quan trong va su can thiét ctia viéc nghién citu cac thuat

giai httu hiéu trén may tinh, c6 ing dung trong cadc mo hinh thuc tién,
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luan an "Mot s6 phuong phap giai bai toan can bing trén tap diém bat
dong" dé xuat cac thuat toan mdi, ting dung tinh toan trén phan mém
Matlab v6i cac s6 lieu cu thé.

Ngoai phan mé dau, két luan, danh muc cac cong trinh khoa hoc ctia
tac gid lien quan dén luan an va danh muc tai lieu tham khéo, luan an
gom 3 chuong. Céac két qua chinh ciia luan an dudc viét & cac chuong 2
va chuong 3.

Cac két qua chinh ciia luan an duge viét dua trén 04 bai bdo, trong
d6 03 bai xuat ban trén tap chi SCIE, 01 bai bao da gii dang trén tap
chi SCIE.



Chuong 1

Mot s6 kién thitc cd ban vé bai toan

can bang va bai toan diém bat dong

Trong chuong nay, ching toi trinh bay mot sd khai niém co ban
ciing nhu cac két qua bo trg can thiét duge sit dung & cac chuong sau.
Noi dung chuong dudge trinh bay thanh ba phan chinh. Phan dau tien
nhéc lai nhing khai niém can thiét ve Giai tich ham, Giai tich 16i c6
lien quan dén luan an. Phan thi hai gi6i thiéu vé bai toan can bang, cac
truong hop riéng ciia né cing mot s6 dieu kién vé sy ton tai nghiém cla
bai toan can bang. Phan cubi ciia chuong trinh bay vé bai toan diém bat
dong va mot s6 phuong phap lap co ban dude diing dé giai bai toan nay.
Noi dung chuong duge viét dya trén cac tai lieu Cegielski, A. (2013),
Konnov, I.V. (2001), Muu, L.D. (2016), Facchinei, F. (2003), Fan, K.
(1972), Giannessi, F. (2004).
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1.2 Bai toan can bang

1.2.1 Bai toan can biang va mot sd bai toan lién quan
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1.3 Bai toan can bang trén tap diém bat dong

1.3.1 Phat biéu bai toan

1.3.2 Mot s6 thuat toan théng dung



Chuong 2
Cac phuong phap chiéu mé rong

Trong chuong nay, ching toi trinh bay mot sé phuong phap chiéu
dé gidi bai toan can bang (2.1) trén tap diém bat dong trong khong gian
Hilbert thuc H vé6i gid thiét song ham f 1a don diéu manh va c6 tap
duéi vi phan xap xi 1a lién tuc Lipschitz theo kiéu Hausdorff trén tap C.
Thuat toan dau 1a sy két hgp ki thuat duéi dao ham xap xi clia Santos
P. (2011) va lugc do hudng giam lai ghép ctia Yamada I. (2013). O Thuat
toan thit hai, ching toi két hop ki thuat lap diem bat dong ciia Mann
W.R. (2003) va phuong phap dusi dao ham song song dé giai bai toan
(2.1) khi ¢ = H.

Xuat phat ti ¥ tudng ctia phuong phap dao ham ting cudng gidi bai
toan can bang va phép lap Mann giai bai toan diém bat dong (Anh, P.N.,
2013), v6i ky thuat chiéu song song ctia tac gia Anh P.N. (2020) va clia
Strodiot J.J., Hai T.N. (2022, 2012), trong muc 2.4, chung toi dé xuat
mot thuat todn chiéu méi giai bai toan (2.7). Cac tinh todn minh hoa
clia thuat toan va két qud so sanh vé6i cac thuat toan khac ciing dudc
trinh bay chi tiét ¢ cac muc 2.3 va 2.4.3. Noi dung ctia chuong nay duoc
viét dya trén hai bai bao [CT1., CT4.] trong Danh muc cong trinh khoa

hoc da dugc cong bo.



7

Bai toan can bang trén tap diém bat dong (2.1) duge phét bicu dudi
dang:

Cho S;: C —C (1€ I:={1,2,...,p}) la anh xa g;—ntta co.

Tim z* € Q sao cho f(z*,y) >0, Vy € Q, (2.1)

G day Q = NierFix(S;) va Fix(S;) :={x € C : S;(z) = x}.
2.1 Phuong phap chiéu song song xap xi

Thuat toan 2.1. Khdi tao: Lay diém bat kj 2° € C.
Budc lap: k=1,2,---

Budc 1. Chon cdc tham so théa man diéu kién sau:

’

T E (076)70<Tk Sf)/k <min{26 2(B—1) l})

L2y [2—72> 1

O<a§ozk7i<min{1_Tﬁ":i€I},
¢ (2.2)

€r < Vi, ZZO:O 6% < +00,

| 2ok M = 00,2 0 Vo < 400,30t VhTh < +00.

Bude 2. Tinh
(

yf =(1— ak,i)azk + ak,iSi(xk), Viel,

g yF = yr | wdi iy € argmax{||lyf — || : i € I}, (2.3)

2"t e Pri(yh — yuf), uF € 93t f(yF, yF).

\

Budc 3. Dat k :=k + 1 va quay lai Budc 1.

Dé chiing minh sy hoi tu ctia day lap xac dinh bdi thuat toan 2.1,

trude tien, ching toi ching minh duge bd dé 2.1.

Bo6 dé 2.1. Cho C la mét tap con loi dong khdc rong trong khong gian

thuc H, g : C x C — R la moét song ham can bang, g(x,z) = 0 vdi moi
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x € C. Vo méix € C, g(a,y) nia lién tuc dudi, 101, khd dudi vi phan
theo y trén C. Cho € > 0, g la S-don diéu manh trén C va 05g(x,x) la
compact, lién tuc Lipschitz vdi hang s6 L > 0 trén C sao cho B < L. Khi

do, anh xa da tri

S(z) = {x —yw, : w, € 059(x,x),z € C}, VxeCl,

la 2\/7eé—co véi hing s6 & = \/1—~(28 —~L?) dudi dieu kien v €
(0.2).

Ngoai ra, ching toi ciing ding dén mot s6 bo dé co ban dudc phat
biéu lai dudi day.
Bo6 dé 2.2. Cho {a;} va {6} la cdc day s6 khong am théa man

apy1 < ap + 0, Vk >0,

o0
vdi {0} vdi > 6 < oo. Khi d6, ton tai gidi han klim ap < 00.
k=0 —00
B6 dé 2.3. Cho {a;} la day s6 khong am. Gid st rang vdi moi s6 nguyén

m, ton tai mot s6 nguyén p sao cho p > m va ap < ap1. Cho ko la mot

s0 nguyén sao cho ay, < ag,4+1 va xdc dinh, vdi moi s6 nguyén k > ko,
(k) =max{i e N : ko <i < k,a; < a1}

Khi dé, 0 < a, < a1 v0i moi k > ko. Hon nia, day {7(k)}i=k, la

khong gidm va dan tdi +oo khi k — oo.

Bo dé 2.4. Gid st rang S : H — H la mot dnh za m—nia co sao cho
Fixz(S) # 0 va « € [0,1 —m]. Khi do, dnh za S, = (1 — a)l + &S la tua

khong gian trén H. Hon nia,

S0 (2)—2*||* < |z—2*||*—a(l—-m—a)||S(z)—2||?, VzecH, z*<c Fiz(9).
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B6 dé 2.5. Cho {a;} C Ry la day so théa man bat dding thic

ap+1 < (1 — ag)ar + aidy

vdi {ay} C [0,1] va {6} C R. Néu Y 1oy o = 400 va limsupy,_,o 0 < 0,

thi limkﬁoo ap = 0.

St dung bo dé 2.1 va cac bo dé dude nhic lai & trén, ching toi chiing

minh duge sy hoi tu ctia phuong phap chiéu song song qua dinh 1y 2.1.

Dinh 1y 2.1. Cho f : C x C — R la B don diéu manh, lién tuc yéu,
e>0,2 € C, d5f(x,x) compact, lién tuc Lipschitz vdi hing s6 L > 0
tréen H sao cho B < L. Vdi moii € I, dnh za S; : H — H la 3;—nita co
sao cho tap Q # 0. Khi dé, day {2}, {y*} sinh ra bdi thudt todn hoi tu

manh téi nghiem duy nhat x* cia bai todn (2.1).

2.2 Phuong phap duéi dao ham song song

Trong phan nay, chung toi gi6i thiéu phuong phap chiéu dudi dao ham
song song giai bai toan can bang trén tap diem bat dong va chiing minh
su hoi tu ctia thuat toan véi gia thiét f 1a song ham S—don diéu manh,
lien tuc yéu v6i moi € > 0, x € H. bé chitng minh sy hoi tu cua day lap
{2*}, {y*} ta can tinh phép chiéu khodng cach lén tap C' & mdi budce lap.

Ta c6 thuat toan sau:
Thuat toan 2.2. Khdi tao: Lay diém bat ky «° € H.

Cac budc lap: k=1,2,---

Buéc 1. Xay dung day cac day tham so duong
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(

7€ (0,0),0 < 1 < <min{i—€,2£zﬂ_;),%}70<a§ Qi <min{%@:i€[},
€ < Vhy D e €1 < +00,
S ok = 00, 3000 V2 < 400, S pe o YTk < 400, € (0,23)

\ﬁk S (0, 1— (1 —/1— 2uﬁ+u2L2)) .

(2.4)
Budc 2. Tinh
(
ylk = (1 — ock,i)xk + ak,iSi(xk), Viel,
{yF = yk | wdiig = argmax{||yF — 2¥|| - i € I}, (2.5)
|2 = Bt (1= Byt — et ut € O F(4F, ).

Budc 3. Dat k .=k + 1 va quay lar Budc 1.
Su hoi tu ctia thuat toan duge ching minh trong Dinh 1y 2.2.

Dinh 1y 2.2. Cho song ham f :H x H — R la B—don diéu manh, lién
tuc yéu. Vi moi e > 0, 05f(x,x) compact, lién tuc Lipschitz vdi hing
s6 L sao cho B < L. Voi moii € I, anh za S; : H — H la B;— bdn co,
Q#0. Khi dé, cic day {z*}, {y*} sinh bdi Thuat todan 2.2 hoi tu manh

tdi nghiém duy mhat x* cia bai todn (2.1).

2.3 Moét sé vi du minh hoa va két qua tinh toan

Trong muc nay, ching toi sé thiyc hién mot s6 tinh toan minh hoa sy
hoi tu manh ctia cac day lap dugce sinh ra tir thuat toan. Ching toi cling
so sanh thuat toan dé xuat vi phuong phap kiéu dudi dao ham ((STM))
ctia liduka va Yamada (2009) (Thuét toan 3.2), phuong phap duéi dao
ham tang cudng ctia Anh, P.N. va Kim, J.K., Muu, L.D. (2012).
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2.4 Phuong phap chiéu duéi dao ham ting cudng song song

Cho C' la tap con 16i déng khac rdng trong H, cic song ham can bang
f:CxC =R, g:CxC =R, f(r,z) = 0,g;(x,x) = 0 v6i moi
reCyjed, I={1,--,r}J={1---,m} Baitoan can bang cho

song ham f trén C dugc phéat biéu nhu sau: Tim Z € C sao cho
f(@,y) >0, VyeC. (2.6)

Ky hiéu tap nghiém cta bai todn nay la Sic ).
Trong chuong nay, chiing t6i xét mot truong hop dic biét ctia bai toan

can bang hai cap:
Tim z* € Q sao cho f(z*,y) >0, Vye€Q, (2.7)

v6i Fiz(S;) 1a tap cac diém bat dong clia cac anh xa nita co S; : C —
Cli € I) v Q = Mie Fi(S;) N S(cry, s J € .

Su hoi tu cua cac day lap sinh bdi thuat toan duge chitng minh trong
Dinh 1y 2.3 du6i cac gia thiét tuong ddi nhe. Cac két qua tinh toan trong
khong gian vo han ciing nhu hitu han chiéu duge dua ra dé minh hoa

cho cac budc tinh toan va su hoi tu cua cac day lap sinh béi thuat toan.

2.4.1 Thuat toan va dinh ly hoéi tu

Trong phan nay ching toi sé trinh bay cac budc tinh toan ctia thuat
toan véi ki thuat xap xi dusi dao ham va phép chiéu khoang cach xap

°

XI1.

Thuat toan 2.3. Khdi tao: Liy diém bat ky 2° € C.

Cac buoc lap: k=1,2,---
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Budc 1. Xay dung day cdc tham so

(

T€(0,0), 7 <y < mln{ig,QL(ﬁ_TQ),%},

O<a§ak’i§min{%&:i61},

7\

O<a<[)lm§b<m1n{1 ]EJ} (2.8)

2¢147 2023

€r < Yk, ZZOZO 6% < +00,

Zk 0 Ve = 100, Zk o’Y/g < 400, Zk 0 VkTk < +00.

Bude 2. Tinh
(
yF = (1 — apq)a® + o Si(a), Viel,

Yk = yw vdi iy = argmax{||yf — 2| : i € I},
) 2} = argmin {pigi(W"y) +5lly —y*IIP -y € C}, (2.9)

zj = argmin {pr;9; (=}, y) + 3lly = y*I* 1y € C},

2k = zZr, wdi jo = argmax{||Z] —y"|| : j € J},

\ZL’k—H € Prii(2F — ypub), uh € a3 f(2F, 2F).

Budc 3. Dat k :=k+ 1 va quay lai Budc 1.

Dé chiing minh dinh 1y vé st hoi tu ctia phuong phéap chiéu song song
c6 stt dung cac ki thuat dudi dao ham xap xi va phép chiéu khoang cach
xap xi, trude tién, ta nhic lai cac bd dé sau:

Boé dé 2.6. Cho C la mot tap con loi, dong, khdc rong ctia khong gian
Hilbert thuc H; g : C x C — R la song ham can bang, g(z,z) = 0, vdi
moit x € C. Voi moi v € C, g(x,.) la ham nia lien tuc dudi, 101, khd
dudi vi phan trén C doi vdi bién thd 2. Véi moi e > 0, néu g la don diéu
manh trén C va 95g(x, x) la lien tuc Lipschitz vdi hang s6 L > 0 trén C,

khi do, anh za da try

S(x) =A{r —yw, : w, € dg(x,x)}, Vel



13
la 2\/7€— co vdi hiing s6 6 = /1 —~(28 —vL?), v € (0, i—é)

Bé dé 2.7. Cho C la mot tap con 167 déng khdc rong trong khong gian
Hilbert thuc H. Song ham h : C x C — R U {+oo} théa man cdic dicu
kién:

o h(z,x) =0 vdi moix € C;

o Vdi méi x € C, h(x,-) l0i va khd dudi vi phan trén C;

e h gia don diéu trén C;

e h lien tuc kiéu Lipschitz vdi hang s6 ~1 > 0 va v, > 0.

Khi do, néu \ € (O,min{ L 1 }), thi anh za S xac dinh va vor x € C,

2717 272

1
Yy, = argmin {Ah(fc,y) + §Hy —z|*:y € C} :

. 1
S(a) = anguin { M(yz,) + gl ol sy € |

la tua khong gian trén C.

Dinh 1y 2.3. Cho f la song ham B— don diéu manh lién tuc yéu,
O5f(x,z) lien tuc L— Lipschitz tréen C. Vdi moi i € I, cho dnh za
Si : C — C la Bi— nia co sao cho tap Q # 0. Vdi g;(j € J) la gid
don diéu, lién tuc yéu, lien tuc kiéu Lipschitz vdi hang so cij va caj. Khi
dé cdac day {z*}, {y*} and {2*} sinh bdi thudt todn trén hoi tu manh tdi
nghiém duy nhdt z* cida bai toan (2.7).

Tiép theo, ta gid st rang f, S;(i € I) va g : C x C — RU {400} thoa

man cac gia thiét:
(A1) Song ham f 1a f—don diéu manh, lién tuc yéu va 95f(x, r) lién tuc

Lipschitz trén C v6i hing s6 L > 0 v6i moi € > 0;

(Ay) Céc anh xa {S;:i € I} la g;—nita co;
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(A3) Song ham g gid don dieu, lién tuc yéu, lién tuc kiéu Lipschitz véi

cac hang s6 ¢1 > 0, o > 0, g(x,x) = 0 v6i moi z € C.

Néu S;(: € I) 1a 4nh xa dong nhat va g; = g(j € J) thi ta ¢6 hé qua
cua Dinh 1y 2.3.

Hé qua 2.1. Cho cdc day sé duong {pr}, {ex}, {v}, {7} théa man cdc

diéu kién sau:

2

T € (075)70 < Tk S Yk < min{%_g72£2ﬁ__:27%}7

—o

O<a§pk§l_)<min{1 1},

2¢17 2¢

€ < Vi D p € < +00,

\ZZO:O Vi = 400, Y g 72 < 400, > o YTk < 400.

Khi dé, cac day {z*}, {y*} duoc zdc dinh theo luge do lip sau day:

i

20 e C,

k : k 1 k112
y" = argmin { prg(2®,y) + 5lly —2"|*:y € C},
{ ? } (2.10)

2 = argmin {prg(v*, y) + 3lly — 2*|* : y € C},

zhtl e Przi“(zk — yuf), uk € O3F f(2F, 2F),
\

hoi tu manh téi nghiém duy nhat cia bai todn can bang hai cap (2.7).
Khi g; = 0 (5 € J), bai toan (2.7) ¢6 dang bai toan can bang trén tap

diém bat dong ctia anh xa ntta co S; (i € I). Theo Dinh Iy 2.3, luge dd

lap ctia bai toan (2.7) va sy hoi tu ciia cac day lap sinh béi luge do dugc

thé hien qua khéng dinh sau
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Hé qua 2.2. Gid st ring cac day {2*}, {z*} duge zdc dinh nhu sau:
(

2’ e C,

yf =(1- ozm-)ack + ozk’iSi(ack), Viel,
< (2.11)

yF =yl vdiig = argmax{||lyf — 2| : i € I},

2 e Pref(yt =yt ut € 05 f(yFL ).

\

Cdc day tham so duong {ag;}(i € I),{ex},{w}, {7x} duoc chon thda

man cac dieu kién sau:

(

L? [2—72) 1

T E (075)a0<7'k§7k<min{25 2(5—7) l},
0<a§ak,i§min{%;@‘e]}’

€r < Yk, ZZOZO 6% < 400,

\ZZO:O Ve = 400, Y 1oV < 400, Y0t YTk < 0.
Khi do, cdac day {x*}, {y*} hoi tu manh tdi nghiém duy nhat x* clia Bai
todn (2.7).

2.4.2 Tinh toan thuc nghiém

Trong phan nay, ching to6i trinh bay mot s6 tinh toan s6 minh hoa cho
cac bude tinh toan ctia luge do (2.10), luge do (2.11). Cac chuong trinh
tinh toan dugc thuc hién trong moi truong MATLAB R2014a trén PC
Intel(R) Core(TM) i5-7360U CPU @ 2.30GHz 8.00GB Ram. Ching toi
cling so sanh sir hoi tu clia cac day 1ap sinh béi cac luge do tinh toan deé
xuat (2.11) v6i phuong phap kiéu dusi dao ham duge dua ra bdi liduka
H., Yamada I. (2009) (thuat toan 3.2), Scheme (2.3) va thuat toan xap xi
co trong cia Hai, T.N. (2017) (thuat toan 4.1), Scheme (2.10) va phuong
phap dudi dao ham xap xi ctia Anh P.N. (2017) (thuat toan 2).
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Chuong 3

Phuong phap duéi dao ham quan
tinh

Trong chuong nay, ching toi gidi thiéu thuat toan lap mdéi giai bai
toan can bang trén tap rang buoc la giao clia cac tap diém bat dong clia
anh xa nta co trong khong gian Hilbert.

Thuat toan thit nhat c¢6 st dung k§y thuat méi 14 phuong phap huéng
giam lai ghép, ky thuat dudi dao ham giai bai toan can bang EQ(L, f)
v6i gia thiét song ham f 14 don dieu manh va lién tuc kiéu Lipschitz trén
H. Thuat toan thit hai dya trén cac ki thuat ngoai suy quan tinh, chiéu
song song va nguyén 1y bai toan phu. Sy hoi tu manh cta day lap sinh
bdi thuat toan duge ching minh trong cac Dinh 1y 3.1, Dinh 1y 3.2 véi

cac dieu kien phit hop trén bo tham s6.

3.1 Phuong phap duéi dao ham quan tinh
3.1.1 Thuat toan va dinh ly hoi tu

Dé giai bai todn can bang trén tap diem bat dong EQ(Q, f), ta gia st
song ham f, cac anh xa Sy (k € I) va cdc tham s6 thoa man cac dicu

kién:
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(A1) Song ham f 1a 3—don diéu manh, kh& duéi vi phan theo bién thit 2
cua f Oy f (x,z) compact va lién tuc L—Lipschitz;

(Ag) V6i méi k € I, cac anh xa Sy, 14 &—ntta co va thda man diéu kien
(Z), 2= e, Fix(Sk) # 0;

(A3) V6i moi k > 0, cac tham s6 duong B, Vi, Tk, Ak, {4} thda man cac
diéu kiéen:

(0<01§/6k§02<17,uk§777

ag € (0,1 — &],infg ag > 0,

0 <Y < L lim Yk :0722021% = 00,
k—o00

| Jim 2 =00 € (2. 5) 0 € (0.1),/T-20F+ L2 <1 —a.
(3.1)
Thuat toan 3.1. (Phuong phap dudi dao ham lai ghép quan
tinh)
Khdi tao: Lay cic diem bat ky 2°, ' € H.
Cac budéc lap: k=1,2,---

Budc 1. Tinh tham so qudn tinh

Tk

min § g, T ¢ "€ 2" — 2" #0
O = { ot — 2t 1||} ’

Lk ngugc las.

(3.2)

Buadc 2. Tinh
4
wh = 2 + 0 (2% — 2 (lap qudn tinh),
Spw® = (1 — ag)w® + apSpwt,
k ko k
Yy S a?f(w , W ) )
S - (3.3)
2P = (1 — 3.)Spw® 4+ [wk — )\kyk} ,

Sp2t = (1 — o) 2" + . Sp2",

htl = (1 — 5k)5'ku)k + 6k»§kzk
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Budc 3. Dat k .=k + 1 va quay lar Budc 1.

Su hoi tu manh ctia cac day lap sinh bdi thuat toan duge chitng minh
trong Dinh 1y 3.1
Dinh ly 3.1. Gid st cdc gid thiét (Ay) — (A3) théa man. Khi dé, day
{2*} sinh bdi Thudt todn 3.1 hoi tu manh tdi nghiém duy nhdt z* clia

bai todn EQ(Q, f).

3.1.2 Mot sb tinh toan thuc nghiém

Trong muc nay, ching toi sé thiyc hién mot s6 tinh toan minh hoa su
hoi tu manh ctia cac day lap duge sinh ra tir thuat toan. Ching toi cling
so sanh thuat toan dé xuat véi phuong phap chiéu song song (PPA)
(Anh .P.N.; 2022), Thuat toan 3.1, Thuat toan 4.1.

3.2 Nguyén ly bai toan phu quan tinh song song
3.2.1 Thuat toan va dinh ly hoi tu
Gia st cac gia thiét sau duge théa man

(Ay) Anh xa f:HxH — R la §—don diéu manh va lién tuc Lipschitz

v6i cac hiang s6 duong ¢y, cp thda man 8 > .
(A2) V6i moi i@ € I, cac anh xa S; : H — H la g;—nita co va nia

dong tai khong (demicontractive and demiclosed at zero). Tap € :=

Nicr Fiz(S;) khéc rong.
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Bo tham sb diéu khién ctia duge chon thoa man céc dieu kién:

p

r€(0.8—c), {M} Claal € (0,1), A + gia=ha + S2n > 0,

q Gk € (0,%),Z(k:+oo,m>O,ka<+oo,
=1 =1

pr > 0,79k € (b,0) € (0,1 —max{p;:i e I}), Viel.
\

(3.4)
Khi d6, thuat toan nguyén 1y bai toan phu quan tinh song song (PTAPA)
gom cac buéc tinh toan:
Thuat toan 3.2. Chon cac diém khdi tao 2°, ' € H.
Buéc 1. Cho trude day lap «*1, ¥, tinh
wh = 2" + g2t — 2, (3.5)
Vo1
Jwin{ G} kit -2t 20,

. — (36)
b nguoc las.

Budc 2. Lay
= (1- %,z‘)wk + Vk,iSi(wk)-
Dat t* := u} ,vdi iy € argmax{|juf —w"|| : i € I}.
Step 3. Tinh
y" = argmin {)\kf(tk,x) + %Hx —th)|?x € C’} :
M= (1= G)tt + Gt
Cho k .=k + 1, quay tro lai Budc 1.
Chi ¥ rang, trong thuat toan trén, w* dudc tinh bang k§ thuat lip

quan tinh, t* duge tinh bang k§j thuat song song. Day diém lap z**!

dugc tinh toan dua trén phuong phap lap Mann va nguyén ly bai toan
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phu. Can nhéc lai rang mot diém z* sinh béi Thuat toan 3.2 14 mot
e—nghiém ctlia bai toan EQ(Q, f) néu ||z*! — 2| <e.
Dé chitng minh sy hoi tu ctia day lap sinh béi Thuat toan 3.2, ta nhic

lai bo dé sau:

Bo6 dé 3.1. Cho day s6 duong {ay} va day so thuc {py}. Goi {ax} la

6.¢)
day so thuc trong doan (0,1) théa man > oy = co. Gid si
k=1

ak+1§(1—ak)ak+bk, k:1727

k

o
Khi dé, néu lim Supg—’“ <0 hodc > by < +o00, thi lim a; = 0.
k—00 k=1 k—o0

Ta ¢6 Dinh ly 3.2

Dinh 1y 3.2. Gid st cdc gid thiét (Ay), (As) dugc théa man. Vi diéu
kien (3.4), day {«*} sinh bdi Thudt todn 3.2 hoi tu manh téi nghiem duy
nhat o* cia bai todn EQ(L, f).

3.2.2 Mot sb tinh toan

Trong phan nay, chung toi sé thiic hien mot sd tinh toan s6. Thuat
toan (PIAPA) dé xuat sé dugc so sanh véi Thuat toan chiéu song song
(PPA) (CT1., Lugce do 3.1) va Thuat toan kiéu dusi gradient (ST A) clia
liduka H. (2003) (Thuat toan 3.2).
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KET LUAN

1. Két qua dat dudc

Trong luan an nay, ching toi da dé xuat mot s6 phuong phap giai
bai toan can bang hai cap trén tap diem bat dong cia cac anh xa nta
co va da dat dugc mot s6 két qua chinh sau day:

(i) Dé xuét hai thuat toan mdi gidi bai todn can bang trén tap diem
bat dong trong khong gian Hilbert thuc H. Sy hoi tu manh clia cac
thuat toan dugc chiing minh trong cédc Dinh Iy 2.1 va 2.2. Két qua
nay dugce cong bd trong [CT1.], Danh muc cong trinh da duge cong
bb clia tac gia.

(i) Dé xuat mot phuong phap chiéu mdéi dé giai bai toan hai cap trén
giao clia tap dieém bat dong v nghiém clia bai toan can bang. Su
hoi tu cua cac day lap sinh béi thuat toan duge ching minh Dinh 1y
2.3. Két qua nay dugc cong bo trong [CT4.], Danh muc cong trinh

da dugc cong bd clia tac gi.

(iii) Dé xuat hai thuat todn gidi bai toan can bang trén tap rang buoc
14 giao clia cac tap diem bat dong clia anh xa nita co trong khong
gian Hilbert. Duéi gia thiét song ham f 1a don diéu manh va lién
tuc kiéu Lipschitz trén H, cac day lap sinh béi hai thuat toan déu
hoi tu manh t6i nghiém ciia bai toan dang xét. Két qua nay dugc

cong bo trong [CT2., CT3.], Danh muc cong trinh da dugc cong bd
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cua tac gia.

(iv) Cac tinh toan s6 trong khong gian vo han, httu han chiéu dugc thuc
hién dé minh hoa cho cac buéc tinh toan trong céc thuat toan va su
hoi tu clia cac day lap sinh bdi thuat toan. M6i thuat toan dé xuat
déu dugc so sanh véi mot s6 thuat toan clia cac tac gid khac da duge
cong bo.

2. Mot s6 huéng nghién citu tiép theo
Bén canh nhitng két qua da dat duge trong luan an, ching toi co the
nghién ctiu theo cidc huéng tiép theo nhu sau:
e Tiép tuc nghién ctiu thém cac thuat toan giai bai toan can bang hai
cAp noi rieng va bai toan can bang tong quat néi chung;
e Danh gia sai s6 va toc do hoi tu clia mot s6 thuat toan dugce dé xuat

trong luan an;

° Ap dung cac thuat toan da dugc nghién cttu cho cac moé hinh thuc

tién va tinh todn do phiic tap cua thuat toan.
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