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Mdé& dau

Thuat ngit “bai toan can bang” (EP-Equilibrium problems), ky hieu EP(f, C),
dugce biét dén trong cac cong trinh ctia L.D. Muu va W. Oettli (1992), E. Blum
va W. Oettli (1994), va dugc phat bieu nhu dusi day.

Bai toan 0.1 (EP - Equilibrium problems) Cho C' 1a mot tap con 161, déong,
khéc rong trong khong gian Hilbert thuc H va f : C x C' — R la mdt song ham
théa man f(z,x) = 0 v6i moi € C (song ham f con duge goi 1a song ham can
bang). Bai toan EP(f, C) dugc phéat bidu nhu sau:

Tim z* € C sao cho f(z*,y) >0 Vy e C. (1)

Trong truong hop f(z,y) := (Fx,y — x), véi F : C' — H 14 mot anh xa, bai
toan can bing tré thanh bai toan bat dang thiic bién phan (VIP- Variational
inequality problems), ky hieu VIP(F, C'), dugc phat biéu nhu sau:

Bai toan 0.2 (VIP- Variational inequality problems)
Tim z* € C sao cho (Fz*,y —x") >0 Vy € C, (2)

trong d6 C la tap con 16i, dong, khac rong ciia khong gian Hilbert thuc H va
F: C — H 1a anh xa da cho.

Phuong phap diém gan ké xay dyng mot day nghiem bing cach giai tai
mdi vong lap mot bai todn can bang hiéu chinh. Tai buéc lap k, gia st da biét z*,
xap xi tiép theo dugc x4c dinh béi 2F*! = J/j\r (z%) , voi

J(z) = {ze?—[:f@,y)—l—%(y—z,z—x) EO,VyGC’}, x € H, (3)

trong do6 J;\f 14 gids thic cla song ham [ ng v6i tham s6 A > 0. Mot huéng tiép
can khac 1 st dung phép chiéu tong qudt. Tai budc lip thit k, gia st biét z*, ta
tinh xap xi tiép theo ¥ = U{ (z¥), trong do, U/{ 1a dnh za nghiém cla song

ham f v6i tham s6 A > 0, dugc cho béi

0 = i { A1 o) + 3l = oI} (W

yeC
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Theo huéng tiép can ndy, cac tac gia A.S. Antipin (1995) va L.D. Muu va T.D.
Quoc (2008)) da de xuat phuong phap dao ham ting cudng. Gan day, nhim
cai thién toc do hoi tu clia cAc phuong phap lap, kj thudt qudn tinh da duge dua
vao stt dung. Mot trong nhitng két qua dang cht y nhat 1a phuwong phap lap
Mann quan tinh do P.E. Maingé (2007) dé xuét cho bai toan tim diém bat dong
clia cac anh xa tuya khong gian. Tiép néi huéng tiép can nay, mot s6 tac gid nhu
D.V. Hieu (2019), H.u. Rehman va cong sy (2020), N.T. Vinh va L.D. Muu (2019)
da dé xuit cac phuong phap dao ham tang cudng quan tinh cho bai toan
can bang. Tuy nhién, cdc thuat todn nay thuong yéu cau cd budc phai phu thuoc
vao hang so Lipschitz hodc gidm dan vé 0 theo thoi gian lap, diéu nay c6 thé lam
giam dang ké tdc do hoi tu. Ngoai ra, dé dat dudc sy hoi tu manh, ngudi ta can
mot s6 ki thuat bo sung, ching han nhu kg thudt hiéu chinh, ki thudt zdp =i gin
két (viscosity), ki thuat gdn két-lai ghép, kij thudt thu hep. Mot huéng tiép can
khic 1a st dung dudi vi phan, dudi vi phan zap xi ctia song ham f. Theo huéng
nay, 16p cac phuong phap dudi dao ham da dugc dé xuat béi cac tac gid nhu
P.S.M. Santos (2011), P.N. Anh (2013), vv.

Mot trong nhitng ¥ tuéng dé giam chi phi tinh toan cho céc bai toan phu la
phdn rd song ham f ban dau thanh tong cta hai hodc nhiéu song ham thanh
phan. Nam 2009, dé giai bai toan can bing EP(f,C) v6i f = fi + fo, Moudafi
(2009) da dé xuat thuat toan diém gan ké phan ra giai bai toAn can bing.
Sau d6, mot s6 tac gid da két hop phuwong phdp phan ra v6i phuong phdp dao ham
tang cuong, tit d6 xay dung cac thuat toan kiéu dao ham ting cuong phan
ra nham giai cac bai todn can bang gia don diéu va gia don diéu manh. Theo
hudéng tiép can st dung phuong phap duéi dao ham, nhém tac gid Dic va Thanh
(2021) da dé xuat phuong phap duéi dao ham phan ra. Nam 2017, D.V.
Hieu va cong su da dé xuit phuong phap phan ra kiéu chiéu song song gii
bai toan (). Tuy nhién, cac tac gid van chua thiét lap dugc dang tuan ty cla
phuong phap va dé lai dusi dang bai toan md. Chiing toi thay ring, cho dén nay
cac phuong phap phan ra gidi bai toan can bang ciing chua cé thuat toan nao két
hop yéu t6 quan tinh nham tang téc thuat toan. Thyc té d6 da nay sinh van deé
sau:

Van dé th@ nhat la dé zudt, nghién ciu va cdi tién cdc phuong phdp phan
T@ gidi bai todn can bang, vdi muc tiéu khong chi dat duoc su hoi tu manh ma con
nang cao hiéu qud tinh todn. Ddc biét, viéc két hop yéu to qudn tinh vao phuong
phdp phan ré dudc zem nhuw mot hudng tiép can mdi, cho phép vita khai thdc hiéu
qud cdau tric ddc biét cia song ham thanh phan, via gia tdng hiéu qud tinh todn
thong qua viéc tan dung thong tin ti cdc budc lip trude dé, dong thoi cé thé két
hop véi cdc kj thudt hiéu chinh, xap i gin két va mot phép chiéu.

Ngoai ra, cd budc cia cdc thuat toan lip cling 13 mot trong nhitng yéu t6 anh
huéng dén toéc do va hieu qua clia thuat toan. Dé khong phai st dung hing s6
Lipschitz ctia song ham, Yang va Liu (2020) da dé xuit thuat toan kiéu duéi
dao ham tang cudng véi cd budc tu thich nghi véi day c¢d budc {A\;} don
diéu gidm dan vé 0. Tuy nhién, diéu niy cing anh huéng dén téc do hoi tu cla
thuat toan. Vi vay, chiing t6i dat ra mot van dé mdi can gidi quyét nhu sau:

Van dé th hai hudng tdi viéc zay dung cdc phuong phdp dao ham ting cuong



vdi chién luge diéu chinh cd bude tu thich nghi, trong dé cd bude cé thé dugc gia
tang mot cach co kiém sodt sau maot sé lan lap nham cdi thién hiéu qud tinh todn
va giup thudat todn thodt khoi cac vung hoi tu cham. Viéc gia tang cd budc nay
khong cé nghia tang vo han gay phan ky, ma dudc thiét ké dua trén cdc dieu kién
thich hop dé van dim bdo tinh on dinh va hoi tu cia phuong phdp.

Phuong phap chiéu dugc biét dén nhu 13 mot trong nhitng phuong phap
don gian va hieu qua nhét dé giai bai toan bat ding thic bién phan. Y tudng chinh
ctia phuong phap ndy xudt phéat tit moi lien hé sau: 2* 13 nghiém ctia bai toan
VI(F, C) khi va chi khi n6 1a diém bat dong ctia 4nh xa ®(x) := Po(x — A\Fz) véi
A > 0. Do dé6, ta c6 the st dung phuong phap lip dé giai bai toan ([2). Trong mot
két qua gan day, Malitsky (2015) da két hgp phuong phdap mét lan chiéu véi phép
phdn za dé thu dugc phuwong phap chiéu phan xa. Dé giam nhe gia thiét vé
tinh don diéu manh, Korpelevich (1976) dé xuat phuong phap dao ham tang
cudng, trong d6 tai mdi budc lap thuat todn doi hoéi thém mot phép chiéu len
tap rang budc. Popov, Censor, vv. da dua ra cac phién ban cai bién nham giam
s6 lan chiéu ho#c s6 1an tinh gia tri clia toan ti. O Viet Nam, bai toan bét dang
thitc bién phan da dudc nghién citu manh trong vai nam gan day. Tuy nhién, cac
két qua nghién citu trong nudc vé van dé nay chua nhiéu va cac két qua thu dugc
con mot s6 han ché nhu tinh nhiéu phép chiéu trén méi buéce lip, c¢d budc phu
thudc vao hing s6 Lipschitz, cac dieu kién dit lén toan ti con kha chat, vv. Thuc
té d6 da dat ra van dé can cai tién hon nita cdc phuong phap da c6 vé cd mat
tinh toan 1an cac diéu kién hoi tu ctia thuat toan. Mot cach tu nhién, ching toi
quan tam dén nhitng van dé tiép theo can nghién citu nhu sau:

Trén co s6 cung hudng t6i muc tiéu tdng hiéu qua tinh toan thong qua viéc
giam chi phi méi buéc lip va dong thoi cai thien téc do hoi tu, vin dé thit ba
tap trung vao viéc nghién citu va dé zudat thudt todn chiéu dudi dao ham dang ndi
l6ng nham gidi bai todn bat dang thic bién phdn, véi muc tiéu tiép tuc giam ganh
ning tinh toan tai méi buéc lip nhung vin dam bao tinh on dinh va hoi tu cla
thuat todn. Cac thuat toan dugc dé xuat khong chi c6 ¥ nghia 1y thuyét ma con
dugc dng dung vao bai toan khot phuc anh, qua d6 minh hoa r6é rang hiéu qua
tinh todn va tinh kha thi cia phuong phap trong cac bai toan thuc tién c¢6 quy
mo 16n.

Ngoai phan md dau, két luan, danh muc cac cong trinh da cong bo cua tac gia
c6 lién quan dén luan an va danh muc tai lieu tham khéo, luan 4n gom 3 chuong.
Cac két qua chinh dugc tap trung trong cac Chuong 2 va Chuong 3.

Chuong 1 Kién thic chuan bi.

Chuong 2 Mot s6 phuong phap phan ra giai bai toan can bang.

Chuong 3 Phuong phap chiéu dao ham cho bat ding thic bién phan va
phuong phap dudi dao ham tang cudng giai bai toan can bang.

Trong luan an nay, cic thi nghiém s6 dugc thyc hién trén phan mém MATLAB
R2022b chay trén may tinh dé ban v6i bo xi 1y Intel(R) Core(TM) i5-1035G1
CPU @ 1.00GHz 1.19GHz, RAM 4.00 GB.

Cac két qua ctia luan an nay da dudgc cong bd trong 04 bai bao trong danh
muc cong trinh khoa hoc va cling dudc béo cdo tai mot s6 hoi thdo va hoi nghi
vé toan tng dung va toi vu hoa.



Chuong 1

Kién thitc chuan bi

1.1. Mot sé cong cu cuia giai tich 16i va ly thuyét toan tit trong khong

gian Hilbert

Mot khong gian vecto thyc H duge trang bi tich vo hudng (., .) va day du ddi
v6i chuan
]| :=/{z,z)

duoc goi 1a khong gian Hilbert thue. Tl nay vé sau, ta luon ky hiéu H 14 khong
gian Hilbert thuc. Ky hiéu w,, (") 1a tap tat ca cac diém tu yéu cta {z"}, tic la

wy (2%) == {z € H : 2% — x v6i mot day con {k;} clia {k}}.

1.1.1. Toan t& chiéu va cac tinh chat hinh hoc
Dinh nghia 1.1 Cho C C H 1a tap 16i, dong, khac réng. Khi d6, 4nh xa

PC H—C
x +— argmin{||y — z|| : y € C}

dugc goi 1a phép chiéu tit H len C. Phan tt Po(xz) € C dugce goi 1a hinh chiéu
cua x len C' va ||z — Po(x)|| chinh 14 khoang cach tut = t6i C.

Meénh dé 1.1. Cho C C H la tap loi, dong, khdc rong. Khi do,

(1) Véi moi x € H, Po(x) luon ton tai duy nhat, dong thoi x° = Po(z) khi va
chi khi
<a:—x0,y—:z:0> <0 Vyed,

(2) Anh za Po ¢6 tinh chét khong gian ving (hodc 1-don diéu manh nguoc), tic
la,

|Pe(z) — Po(y)||? < (x —y, Po(z) — Pe(y)) Yo,y € H;
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(8) Po la dnh xa khong gian, tic la

[1Po(x) = Po(y)ll < llz —yll Vo,y € H;

(4) | Pe(x) = ylI” < llx = yl* = [l = Pe(2)|* Vo eH,yeC.

1.1.2. Dué6i dao ham, nén phap tuyén va bai toan tdi wu 16i
Dinh nghia 1.3 Cho g : H — R U {oo}, 2" € H. Néu tap
dg (xo) ={weH: (wy-— :130> <gly)—g (:1:0) Vy € H}

khac réng thi g dudc goi 1a kha dudi vi phan tai 2°, g (xo) dugc goi la dudi vi
phan, moi vecto w thudc dg (xo) dugce goi 1a dudi dao ham cia g tai 2°. Ham g
duoc goi 1a kha duéi vi phan trén mot tap néu né kha dudi vi phan tai moi diém
thudc tap do.

Dinh nghia 1.4 Cho song ham f : H x H — R théa man f(z,z) = 0 v6i moi
x € H. Duéi vi phan dudng chéo O, f : H = H ctia song ham f tai x € ‘H dugc
xac dinh bdi

Oof(w,2): = {ue M f(r,y) > (wy— )+ f(e,2) VyeH}

={ueH: f(z,y) 2 (u,y —x) VyeH} (1.1)

Bb dé 1.1. Cho C la tap loi, déng va khdc rong trong khong gian Hilbert H va

g:H — RU{oco} la ham loi, nia lién tuc dudi, chinh thuong. Gid si g lién

tuc tai mot diém nao dé cia C hodc ton tai mot diém trong cia C ma g la hiu

han. Khi dé, x* la nghiém cia bai todn toi wu 01 min {g(x) : x € C} khi va chi
khi 0 € 0g(x*) + Ne(x*).

Tiép theo, luan an liet ké mot s6 bo dé vé day s6, can thiét cho viec ching

minh két qua 6 cic chuong tiép theo.

1.1.3. Toan ti&¥ don diéu, gid don diéu va cac tinh chat co ban
Pinh nghia 1.7 Anh xa F : C — H dugc goi 1a
1. y-don diéu manh trén C' néu ton tai hing s6 v > 0 sao cho véi moi z,y € C,
(Fa — Fy,z —y) > 1llz —yl*
2. don diéu trén C néu véi moi z,y € C,
(Fo— Fy,x —y) > 0;
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3. v-gid don diéu manh trén C néu ton tai hang s6 v > 0 sao cho v6i moi
xz,y € C,

4. gida don diéu tréen C néu véi moi z,y € C,

(Fy,x —y) > 0= (Fz,v —y) > 0;

5. L-lién tuc Lipschitz trén C néu v6i moi x,y € C, ton tai L > 0 sao cho
[Fz— Fyl| < Ljjz —yl|.

Trong trudng hop L = 1, anh xa F' dugc goi 1a khong gian vanéu L € [0,1), F
duge goi la anh za co.

Bo6 dé 1.8. Gid sit F la todn ti théa man tinh chat L-lién tuc Lipschtz va n-don
diéu manh va p la hing s6 sao cho p € (0, %) Lay TF' = Po(I — pkF) (hodc
I — uF), trong dé I la todan ti don vi trén H. Khi dé, T" la dnh za co vdi hé s6
1 — 7, trong d6 T = $p(2n — pL?).

1.2. Bai toan can bang va bai toan bat ding thitc bién phan

1.2.1. Bai toan bat dang thic bién phan

Cho anh xa F' : H — H, C la tap con, 16i, déng, khac rong trong khong
gian Hilbert thyc . Bai todn bat dang thitc bién phan, ky hieu VIP(F, C), dugc
phat biéu nhu sau:

Tim z* € C sao cho (Fz*,y —2") >0 Vy € C. (1.7)
Ky hiéu Sol(F,C) la tap nghiém cua VIP(F, C).

1.2.2. Bai toan can bing va cac bai toan lién quan
Bai toan can bing, ky hieu EP(f, C), dugc phat biéu nhu sau
Tim z* € C sao cho f(z*,y) >0 Vy € C, (1.8)

trong d6 C' 1a tap con, 16i, déng, khac réng trong khong gian Hilbert thyc H va
f:H xH — Rlasong ham théa man f(z,x) = 0 véi moi x € C. Tap nghiém
cua bai toan ((1.8)) dugce ky hiéu béi Sol(f, C), tic la

Sol(f,C) :={z* € C: f(z*,y) >0 VyeC}. (1.9)

Dé thay bai toan bat dang thiic bién phan chinh 13 trudng hop rieng ctia EP(f, C)
v6i f(z,y) := (Fx,y—2z). Cht y ring ban than bai toan bat dang thitc bién phan
ciing da bao ham moét loat cac bai toan khac nhu:
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e Bai toan tbi wu
Xét bai toan tbi wu tong quat sau:
min{g(x) : z € C}, (1.10)
trong d6 g : H — R 1a mot ham kha vi. Dat F(z) := Vg(x) v6i moi x.

¢ Bai toan b1 phi tuyén

Bai toan bit phi tuyén ctia F trén C, ky hieu NCP(F, C'), dugc phat biéu nhu
sau:
Tim z* € C sao cho Fz* € C* va (Fz*,2") =0, (1.11)

trong d6 C' C H 13 mot noén 161, déng va
C*={zxeH:(r,y) >0 Vyel}
14 nén déi nglu cia C.
e Bai toan diém bat dong

Cho 4nh xa T : C' — C. Bai toan diém bat dong ctia anh xa T trén C, ky
higu FP(T, C), dugc phat biéu nhu sau:

Tim z* € C sao cho Tx" = z”. (1.12)

Dinh 1y 1.7. Cho C C H la mot tap 1o, dong, F': C'— H, A > 0. Khi do, z*
la nghiem cia (1.7) khi va chi khi né la diém bat dong cia dnh xa

o:C—C
x> Po(rx — A\Fx).

T Dinh ly suy ra ® dong vai tro 1a anh xa nghiém ctia bai toan bat ding
thitc bién phan, theo nghia, bat ct diém bat dong nio ctia ® ciing sé 1a nghiém
ctia bai todn VIP(F,C). Tuong tu, ta c6 thé xay dung mot anh xa nghiém cho
bai toan can bang.

Dinh 1y 1.8. Cho C C H la tap 163, déng, cé mién trong khdc rong, f: C xC —
R la song ham can bang trén C' théa man dieu kién: vdi moi x € C, ham s6 f(x,.)
101, kha dudi vi phan trén C. Gid si X > 0. Khi dé, x* la nghiém cia bai todn
EP(f,C) khi va chi khi né la diém bat dong cia dnh za

UAZC—>C

1
T — argmin {)\f(a:,y) + §|\y —z|?:y € C’} :



1.2.3. Sy ton tai duy nhat nghiém
Dinh nghia 1.8 Song ham f : C' x C' — R dudgc goi la

1. y-don diéu manh trén C néu ton tai hing s6 v > 0 sao cho véi moi z,y € C,
ta co
fla,y) + fy,2) < —rlla —yl%

2. don diéu tréen C néu véi moi x,y € C, ta c6
fl@,y) + fly,z) <0;

3. v-gid don diéu manh trén C néu ton tai hang s6 v > 0 sao cho v6i moi
xz,y € C, ,
fl@,y) 2 0= fly.x) < —vllw =yl

4. gia don diéu tréen C néu véi moi z,y € C, ta ¢
fla,y) 2 0= fly,z) <0;

5. para-don diév néu f don diéu va diéu kién sau dugc thoa man

r e Sol(f,C), ye O, f(x,y) = f(y,z) =0=y € Sol(f,C);

6. thoa man dieu kién Lipschitz theo Mastroens, néu ton tai hai hing s6 ¢1,co > 0
sao cho véi moi z,y, z € C, ta c6

fl@y)+ fy,2) = f(2,2) — alle = ylI* = eolly — 2|

Dinh 1y 1.9. Cho C la mot tap con loi, compact, khdc rong trong khong gian
Hilbert thuc H va song ham can bang f : C x C — R ¢6 cdc tinh chat

(1) f(.,y) nia lién tuc trén vdi moiy € C.

(it) f(x,.) loi vdi moi x € C.

Khi dé, bai toan EP(f,C') c6 nghiém.

Dinh 1y 1.11. Cho C la tap loi, déng, khdc rong va f : C x C — R la song ham
can bang.

(1) Néu [ don dieu chat trén C, thi bai todn can bang EP(f,C) cé nhiéu nhat
mot nghiém.

(ii) Néu f(.,y) nia lién tuc trén vdéi moiy € C, f(x,.) 163, nita lién tuc dudi vdi
moi x € C va [ don dieu manh trén C, thi bai todn EP(f,C) ¢6 duy nhat
mot nghiém.



1.3. Mot s6 md hinh toan hoc lién quan dén bai toan can bang

1.3.1. Bai toan can bang Nash trong tro choi khong hop tac

Dau nhitng nam 1950, Nash dua ra khai niem “diém can bing Nash” trong
trd choi khong hop tac. Can bang Nash dat dugc khi khong mot ngudi choi nao
c6 thé ting dugc 1gi ich bang cach thay doi chién luge ctia minh trong khi cac déi
thti khac van gitt nguyéen chién luge ctia ho. Mot cach tong quét, gid st 6 n ngusi
tham gia mot tro choi khong hgp tac. Ngudi choi thit ¢ ¢6 tap chién luge 1a C; va
coham lgiich la f; : C — R v6i C = (4 x ...C,. Muc tiéu cua moi ngusi choi
I3 tim kiém mot chién lugc cho riéng minh dé to6i da héa lgi ich f;. Diém z* € C
dugc goi 1 diém can bang Nash néu véi moi y = (yi,...,yn) € C,

fi(zl,. o xn) > fial,.o oo,y 2y, .., x),) Yi=1,...,n.

1.3.2. Bai toan diém yén ngua

Cho ACH,BC HvaL:Ax B — R. Bai toan diém yén ngua, ky hiéu
SP(L, A, B), 1a bai toan tim (z*,y*) € A X B sao cho

L(z",y) < L(2"y") < L(z,y") V(z,y) € AXB.



Chuong 2

Mot s6 phuong phap phan ra giai bai

toan can bang

2.1. Phuong phap chiéu phan ra kiéu Tseng
2.1.1. M6 hinh bai toan va cac gia thiét
Ta xét bai toan EP(f, C) v6i f := fi+ fo, trong d6 f, fi : HXH — R, i =1,2
I3 cic song ham can bang. Dé nghién citu céc thuat toan lap cho bai toan EP(f, C)
trong kl}éng gian vo han chiéu, cic diéu kién sau day sé dudc st dung trong cac
phan tiep theo:
(A1) f don diéu trén C
(A1) f gid don diéu trén C
(A1”) f gia don diéu manh trén C;
(A2) f(.,y) ntta lién tuc trén yéu.
(A3) fi(x,.) 106i va nta lien tuc dudi (i = 1, 2);
(A4) f théa man dieu kién para-don diéu;
(A5) Du6i vi phan dudng chéo 0, f; bi chian trén tap bi chin (i = 1, 2);
(A6) Sol(f,C) # 0.

2.1.2. Xay dung thuat toan va phan tich hoi tu

Trong phan nay, ching téi trinh bay ba thuat toan chiéu phan ra kiéu Tseng
dé gidi bai toan can bang (1.8). Thuat todn dau tién duge mé t4 nhu dudi day.
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Thuat toan 2.1 (Thuat toan chiéu phan ra kiéu Tseng tuan tu [iTSM])
Khdéi tao: Chon hai diy s6 duong {5} va {e} sao cho

o0 o0 o0
ng < 00, Zﬁk:oo, Zﬂg < 0. (2.1)
k=0 k=0 k=0

Chon cac diém z°, z* € C tuy § va tham s6 0 € [0,1). Dat k = 1.
Buéc lap: Véi k > 1, tit 21 va 2%, chon oy, sao cho 0 < oy, < ay, trong doé

. €k €k £k k—1
Gy — min . o= ] ) e A e (2.2)
7 néu z¥ = xF1.
Tinh v* = 2% + ap (2% — 2871) va wk = Po(v%).
Chon u;(w¥) € af1(w*, w), usg(w) € dfo(w”, w"), va tinh
_ k k Bk
e = max{1, [Jur (W), [lua (W)}, Ae = g (2:3)
y’f = Po (wk — 2/\ku1(wk)) , (2.4)
2" =y — A (ua(w®) — ug (wh)) . (2.5)

Dieu kién dirng: Néu zF! = oF va ¢ = wF¥, thi thuat toan dirng. Ngudc lai,
dat k := k + 1 va quay lai Buéc lap.

Su hoi tu yéu. Dinh Iy sau day khing dinh tinh hoi tu yéu ctia Thuat
toan 2.1,

Dinh 1y 2.1. Cho {2} la day sinh bdi Thudt todn |2.1. Gid s rang cdc gid thiét
(A1’), (A2)-(A6) dugc théa man. Khi dé, day {x"} hoi tu yéu tdi mot phan ti
cia tap nghiém Sol(f,C).

Dinh ly 2.2. Gid si cdc gid thiét (A1), (A3), (A5) va (A6) dugc théa man.
Khi dé, day ergodic {z*} hoi tu yéu tdi mot phan ti cia Sol(f,C).

Sy hoi tu manh. Cac dinh 1y sau day khang dinh tinh hoi tu manh cia
Thuat toan .
Dinh 1y 2.3. Gid st cac gid thiét cia Dinh lj|2.1] théa man va intSol(f, C) # (.

Khi dé, day {z*} sinh bdi Thudt todn @ hoi tu manh tdi mot nghiém ciua bas
toan EP(f,C).

Dinh ly 2.4. Gid st rang cdc gid thiét (A1”), (A3) va (A5)-(A6) théa man.
Khi dé, hai day {x*} va {y*} sinh bdi Thuat todin hoi tu manh tdi nghiém
duy nhat cia EP(f,C).
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Tiép theo, ching toi trinh bay hai bién thé ctia Thuat toan [2.1]

Thuat toan 2.2 (Thuat toan phan ra kiéu dudi dao ham dao ham ting
cuong [SESM])

Khéi tao: Chon tity ¥ cac diém 2°, 2! € C, 6 € [0,1) va dat k = 1.

Buéc 1ap: Vi mbi k > 1, tit cac diem 2*~! va 2% (k > 1), chon a4, sao cho 0 < o < @y, trong
do

. €k €k 4 k k—1

min < 6 neu z" # x
ay = { ek = 2k |2k - I’HHQ} ’
0 néu ¥ = 2F1.

va tinh w* = Po(a* + ap (2 — 2871)). Lay wy (w”) € af1(wk, w*), ug(wk) € dfa(w”, w*) va tinh
_ k k B
e = max {1, fun (WO, [lua (w1} A=
y* = Po(w® — 2)\puy (wh)),
2" = Pr(y" — A(ua(w®) — ui(w?))),
trong d6 Ty := {z € H : (w* — Muy (w*) — y*, 2 — y*) <0},

Diéu kién dirng: Néu 2"+ = y* = w”, thi thuat toan ditng. Nguoc lai, diit k& := k+1 v quay
lai Buéc lap.

Thuat toan 2.3 (Thuit toan phan ra dao ham tang cudng kiéu Tseng
[TESM])

Khéi tao: Chon céac diém 2° 2! € C, 6 € [0,1) va dat k = 1.

Budc lap: T 21 va 2% (k > 1), chon «y, sao cho 0 < a; < @y, trong d6

Ek Ek
k=R aF =R TP

0 néu =¥ =z

min {9

} néu ¥ # 2+

Tinh w® = 2% 4+ ay(2F — 2%71). Lay wy(2%) € Of1(aF, %), ug(a¥) € 0 fa(x*, 2%) va tinh

B

ke = max{1, [Juy (z")]], [Juz ()|}, M = -
y* = Pc(wk — 2)\ku1(xk)),
" = Po(y® — Me(ua(2®) — ug(24))).

Diéu kién ditng: Néu [|z" 1 — ¢*|| + ||w* — 2*|| + ||y* — w*|| = 0 thi dimg thuat toan va z* 1a

nghiém. Ngugc lai, dat k := k£ + 1 va quay lai Buéc lap.
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2.1.3. Thi nghiém sb va ttng dung

Trong phan nay, ching t6i 4p dung cic Thuat toan [2.1] [2.2] va [2.3| dé giai
mot bai toan can bang phat sinh tit mé hinh can bang Nash—Cournot trong thi
truong dién. Ching toi st dung ham chi phi 1a mot ham 16i nhung khong tron.
Do d6, bai toan can bang thu dugc khong thé chuyén vé bai toan bat ding thiic
bién phan. Dong thoi, ching t6i tién hanh so sanh higu suat ctia cac thuat toan
dé xuat véi mot s6 cac thuat toan da c6. Ngoai ra, ching toi 4p dung cac Thuat
toan [2.1], [2.2] va [2.3| cho bdt ding thic bién phan hon hop.

2.2. Phuong phap phan rda mét phép chiéu

2.2.1. Pong luc xay dung phuong phap phan ra mot phép chiéu

Trong nhiéu tng dung thyc té, khi tap chap nhan dugc c6 ciu tric phiic tap
hoac khi bai toan con lién quan dén song ham c6 do phtc tap cao, chi phi tinh
toan ctia cic phuong phap phai thyc hién nhiéu budc chiéu hodc gidi nhiéu bai
toan con tai mdi vong lap thuong trd thanh nat that chinh. Xuat phat tir thyc té
d6, phuong phap mot phép chiéu duge dé xuat v6i muc tieu giam dang ké chi phi
trén moi vong lap bang cach xay dung mot cong thitc cap nhat chi sit dung mot
phép chiéu duy nhat, trong d6 két hop ki thuat quan tinh va hiéu chinh, qua dé6
van bao dam hai tu duéi cac gid thiét thich hop, dong thdi tao ra mot khuon kho
thuat toan gon nhe, linh hoat, phut hgp cho thuc nghiém tinh toén.

2.2.2. Xay dung thuat toan va phan tich hoi tu

Thuat toan phan rd mot phép chiéu ma ching toi dé xuat duge thiét ké nhu
sau:

Thuat toan 2.4 (Thuat toan phan ra mot phép chiéu giai bai toan can
béng [oPSM])
Khdi tao: Chon hai day s6 tham s6 {e;} vd {5} thdéa man

iﬁkzoo, iﬁ,f<oo, iak<oo. (2.54)
k=0 k=0 k=0

Chon tuy ¥ cac diem z', 4%, y' € C, 0 €[0,1) va dat k = 1.
Budc lap: T 2%, y*~! va y* (k > 1), chon ;. sao cho 0 < ay < ay, trong d6

. €k Ek 2
min < 6, : } néu y* #£ y*1,
ay = { Iy === ly™ =y
1

0 néu y¥ = yFL.

(2.55)
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Thuat toan 2.4 (Thuat toAn phan ra mot phép chiéu giai bai toan can
bang [oPSM])

Tinh w* = y* + ay(y* — y*). Lay wi(2*) € 9fi (2", 2"), us(a*) € dfa (2", 2%),
tinh

= maax{1, ), s}, =2 (2.56)
" = Po(w® — Mg (2)), (2.57)
yk;+1 _ :L,k;—i-l . )\ku2(xk) (2.58)

Dieu kién ditng: Néu ||z* — 2| + ||y"™ — w*|| = 0, thi ding thuat toan.
Ngugc lai, dit k := k + 1 va quay lai Buéc lap.

Dinh 1y 2.5. Gid st rang cic diéu kién (A1’), (A2)-(A6) dugc théa man. Khi
dé, day {x*} sinh bdi Thuat todn hoi tu yéu dén mot diém thuoc tap nghiém
Sol(f,C).

Tiép theo, chiing toi dua ra thuat toan chiéu phan ra hiéu chinh gidi bai toan
(1.8). Cau tric cia thuat toan dugc xay dyng nhu sau: Chon cac day sb6 duong
{Bk}, {’yk} va {Sk} thoa man

Zﬁk = 00, ZB,% < 00, Zsk < 00, (2.95)
k=0 k=0 k=0

. R W
kll_}I{)lo v = 0, kz:o’yk = 00, ]}1_{210 B 0. (2.96)

Ta tién hanh cac budc lip nhu sau:

Thuat toan 2.5 (Thuat toAn mot phép chiéu phan ra hiéu chinh giai
bai toan can bing [roPSM])

Khdi tao: Chon tiy ¥ cac diem zt,y%,y! € C, 0 € [0,1) va dat k = 1.

Budc lap: Tu 2%, ¢! va y* (k > 1), chon ;. sao cho 0 < ay < ayg, trong d6

. Ek €k P k—1
min < 6, , néeu y~* # y*
ay, = { ly* =y ly* - y’“‘l\lz}
1

0 néu y* = yFL

(2.97)
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Thuat toan 2.5 Thuat toaAn mot phép chiéu phan ra hiéu chinh giai
bai toan can bing [roPSM]

Tinh w* = (1 — v)y* + an(yf — ¢ 1), Lay wy(a®) € afi(a®, 2%), uy(a¥) €
Ofs(x®, 2%) va tinh

me = max{1, [lur (z")], Jua (")}, M = % (2.98)

va
" = Po(w® — Mpuy (2F)) (2.99)
Y = 2P N (2F). (2.100)

Diéu kién dimg: Néu ||z* — 2| + [|y* ™ — w”|| = 0, thi ding thuat toan.
Ngugc lai, dat k£ := k + 1 va quay lai Buéc 1ap.

Ta c6 két qua hoi tu manh sau day.

Dinh 1y 2.6. Cho day {z*} sinh bdi Thuat todn |2.5 va cdc dieu kién (A1’),
(A2)-(A6) dugc théa man. Khi do, diy {x*} hoi tu manh tdi nghiem cé chuan
nho nhét & = PSOl(f,C’)(O)-

2.2.3. Tht nghiém sé va so sanh

Trong phan nay, ching toi sé ap dung Thuat toan dé giai bai toan can
bang phét sinh tit mo hinh can bang Nash—Cournot trong thi truong dién. Ngoai
ra, chiing t6i cling ap dung Thuat toan cho mot vi du trong khong gian vo han
chiéu. Trong ca hai vi du, ching to6i déu tién hanh so sanh hiéu suat véi mot sb
thuat toan da cé.

Két luan

Trong chuong nay, ching t6i da dé xuat mot s6 thuat toan chiéu phan ra dé
giai bai toan can bing. Cac song ham dugc phan ra thanh tong hai song ham
don gian hon. Khi do, thay vi gidi cac bai toan quy hoach 16i téng quét véi cac
song ham thanh phan nhu da dugc 4p dung trong cic thuat toan phan ra da co,
thuat toan clia ching to6i chi sit dung cac phép chiéu, dong thoi ching t6i két hgp
st dung cac ki thuat quan tinh v hiéu chinh nhadm ting téc do hoi tu ciia thuat
toan va thu dugc sy hoi tu manh ciia cac thuat toan dé xuat. Ching toi da tién
hanh mot vai thi nghiém s6 va so sanh so bo v6i mot s6 thuat toan khac. Két
qua cho thay, trong mot s6 vi du cu thé, thuat toan méi té ra uwu viét hon so véi
cac thuat toan dudc dé xuat trude do.
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Chucong 3

Phuong phap duéi dao ham, duéi dao
ham ting cudng cho bat dang thiic bién

phan va bai toan can bang

3.1. Phuwong phap chiéu dao ham cho bat ding thic bién phan

3.1.1. Xay dung thuat toan chiéu dao ham néi long

Trong phan nay, chiing t6i xét bai toan bat dang thic bién phan (1.7), trong
d6 tap chap nhan C dugce biéu dién dudi dang tap miic dusi ctia mot ham 16i

C={zxeHt:c(xr) <0} (3.1)

v6i ¢ : H — R 1a ham 10i, ntta lién tuc dudi. Ching t6i can mot s6 cac gid thiét

co ban cho bai toan VIP(F, () sau:
(B1) Sol(F,C) # 0
(B2) Anh xa F don diéu manh va lien tuc Lipschitz véi hing s6 L;
(B3) Oc bi chan trén tap bi chin.

Thuat toan chiéu dao ham néi 16ng cho bat ding thic bién phan dugc thiét
ké nhu sau:
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Thuat toan 3.1 (Thuat toan chiéu dao ham néi long [IGPM])

Buéc 0 (Khdi tao): Chon céc diém bat dau 2%, 2! € C, # € [0,1) va hai day
s6 thuc duong {5}, {ex} thoa man

lim B =0, > B =400, £ =o0(B), (3.2)
k=0

trong d6 e = o(fg) 14 vO cling bé cap cao hon {f;}. Dit k := 1.
Budc 1: V6i 21 va 2F (k > 1), chon oy sao cho

min {0, %} néu ¥ #£ k1,
ay, = [ — k=]

0 néu ¥ =2

(3.3)

Tinh w* = 2% + ap (2% — 2F71) va 1ay €F € dc(w®). Xay dung nita khong gian
Cr={z € H:c(w) + (£, 2 —wh) <0}, (3.4)
va tinh
" = Po (wh — B Fuh). (3.5)

Buéc 2: Néu zFH = wF thi dung. Ngudc lai, dat k£ := k + 1 va quay lai Buéc
1.

3.1.2. Phan tich sy hoi tu
Dinh 1y 3.1. Gid st cic dieu kién (B1)-(B3) duoc théa man. Khi do, day {«*}
sinh boi Thudt todn hoi tu manh dén nghiém duy nhat cia bai todn bat ding
thate bién phan (1.7).
3.1.3. Thi nghiém s6 va tng dung

Trong phan nay, ching to6i dua ra thit nghiém s6 nham minh hoa hiéu qua

clia thuat toan dé xuit thong qua bai toan khoi phuc anh.

3.2. Phuong phap duéi dao ham tiang cudng giai bai toan can bing
Trong phan nay, ching tbi xét bai toan can bing dugc phat biéu nhu sau
Tim diém z* € C sao cho f(x*,y) >0 Vy € C, (3.35)
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trong d6 f : H x H — R 1a song ham can bing. Dé nghién ctu cic thuat toan va
két qua thit nghiém s6 clia bai todn can bang (3.35), ching toi st dung cac gia
thiét sau

(C1) f gia don diéu trén C}

(C2) V6i mdi y € C, anh xa f(-,y) 1a nita lién tuc trén yéu tren C;

(C3) V6i mdi x € C, anh xa f(x,-) 12 16i va ntta lién tuc dudi trén C;

(C4) Ton tai cAc hing s6 duong ¢; va ¢y sao cho diéu kién kiéu Lipschitz sau dugc
thdéa man

fl@y)+ fly.2) = flz,2) —alz —yl* —elly— 2> Vo,y,z€H;  (3.36)
(C5) Sol(f,C) # 0.

3.2.1. Thuat toan véi ¢ buéc tang

Chiing toi xay dyng mot thuat toan méi nham gidi quyét bai toan can
bang véi song ham gid don diéu.

Thuat toan 3.4 Thuat toan duéi dao ham tang cudng véi cé budc tang
[NISEM]
Khdi tao: Chon cic tham s6 A\ > 0,0 < 1 < pp < o < 1/2, 6 € [0,1). Chon

cac day tham s6 {ex},{&} C [0,00) théa man Y ep < 0o, Y. & < co. Chon
k=0 k=0
cac diém khéi tao 20, 2! € C va dit k = 1.
Buéc 1: Tit cac diém 2%~ ! va 2% (k > 1), chon ay sao cho 0 < oy, < ay, Vi
min {0 &

—2 % néu a® #£ k!
ay, = ot — k| } ’

0 ngugc lai.

Tinh

wh = 2% + ap(z¥ — 21,
k_ . k T
' = argmin{ A f(wh,g) + 5 ly = wh .
Néu y* = w¥ thi 2* 13 nghieém, ding thuat toan. Ngudc lai, chuyén Buéc 2.
Budéc 2: Liy ¢* € 9(f(w*,.))(y*) sao cho w* — N\ (¥ — y* € Ng(y¥). Tinh

. 1
21 = argmin{ M f (v, y) + S lly — v,
y€Ty
me = fwf, ™) = fwh, y*) = f(y M), 0 = lwb — PP gt — 2 TP
trong d6, nita khong gian 7T} c6 cau tric nhu sau

Ty = {x € H: (w — " —yF o —oF) <0}
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Thuéat toan 3.4 Thuat toan dudi dao ham tang cudng véi cd budc tang
[NISEM]
Cap nhat ¢6 buéc A\, theo cong thic

)
,ul—k, néu ny > 0(5k,
A1 = Mk (3.37)

(14 k) Ak, nguge lai.

bat k := k + 1, va quay lai Buéc 1.

X

B6 dé sau dua ra cic tinh chat ctia day c¢d buéc duge xac dinh trong Thuat

toan -

Bo dé 3.5. Gid stz {\} la day cd budc tao bdi Thuat toan|3.4. Khi dé, ta cé cic
khing dinh sau

(1) Vo mOZ k 2 2, ta co )\k Z )\mln ‘= min {m, )\1}

(ii) Day {\r} hoi tu;
(iii) Ton tai so nguyén duong ko sao cho N1 > N\, vdi moi k > ky.

Dinh 1y 3.2. Cho C la mot tap loi déng khdc rong trong khong gian Hilbert thuc
H, va f:HXH— R la song ham can bang théa man cdic dieu kién (C1)-(C5).
Khi dé, day {z*} sinh bdi Thudt todn hoi tu yéu dén mot nghiém cia bai todn
can bang EP(f,C).

3.2.2. Bién thé quan tinh va xip xi gin két

Chtng toi dé xuat mot cach lya chon khac cho tham s6 6 trong Thuat toan
nhu sau:

Thuat toan 3.5 (Thuat toan dudi dao ham tang cuwdng quan tinh vdéi
cd budc tang [SEMNS])
Khdi tao: Chon cic tham s6 A\ > 0, 0 < puy < pp < 0 < 1/2, 0 € [O, \%),

o
7> 1, a € (0,1). Chon cac day tham s6 {e;} théa man > &, < oo. Chon céc
k=0
diem khdi tao 2°, 2! € C va dat k = 1.
Buéc 1: T cac diém %! va 2% (k > 1), tinh
wh = 2% + O(aF — 2h71),

. 1
y :argmm{Akﬂw )+ 5lly - w2}
yelC

Néu y* = w¥ thi 2* 14 nghiém, ding thuat toan. Ngudc lai, chuyén Buéc 2.

19



Thuat toan 3.5 (Thuat toan dudi dao ham tang cuwdng quan tinh vdi
cd budc tang [SEMNS])

Buéc 2: Lay ¢* € 9(f(w",.))(y*) sao cho w* — \p¢*F — y* € No(y). Xét nita
khong gian c6 cau trac nhu sau

Tk:{xe’H:<wk—)\ka—ykax—yk>§0}‘

Tinh
k - k 1 k|2
& = argmin{ M f (5", ) + 5 ly — w1},
y€Ty
2H = (1 — a)w” + a2, (3.56)

me = f(wF, ") — fwk, y") — FyF 2. 6 = lwb — oF |12+ [yt — 2P

Cap nhat ¢6 budc A\; theo cong thic

O .
H1—, neu ng > 520y,
Aey1 = Tk

(1 4+ &)\, nguoce lai.

Dat k := k + 1, va quay lai Buéc 1.

Dinh 1y 3.3. Cho C' la mét tap loi déng khdc rong trong khong gian Hilbert thuc
H, va f:HXH— R la song ham can bang théa man cdc diéu kién (C1)-(C5).
Néu diéu kién sau duoc thod man

VTP — (1 + 10+ /T
@ (O’ﬁ02—(r+1)9+ﬁ+9(1+9)>’

thy day {x*} sinh bdi Thudt todn hoi tu yéu dén mot nghiém cia bai todn can
bang EP(f,C).

Thuat toan 3.6 (Thuat toan du6i dao ham ting cudng kiéu gin két
véi ¢d budc tang [VSEM])
Khdi tao: Chon mot anh xa co ¢ : H — H (tiic 1a, ton tai hing s6 a € (0,1)

sao cho ||p(x) —oW)|| < a|lz —yl|| v6i moi x,y € H). Chon cac tham s6 A\; > 0,
0<p <pg<o<1/2 6€c]|0,1). Chon cac day tham s6 {er}, {&}, {ax} C

[0, 00) théa man

&k

o o o

g g < 00, E & < 00, g ap =00, lim o =0, lim =— = 0.
k—o0 k—o0 v

k=0 k=0 k=0

Chon céc diém khéi tao 2%, 2! € C va dit k = 1.
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Thuat toan 3.6 (Thuat toan duéi dao ham ting cudng kiéu gin két
v6i ¢8 budc tang [VSEM])

Buéc 1: Tit cac diém 2*~! va 2% (k > 1), chon 6}, sao cho 0 < ), < 6, trong
dé

. gk P —
min {0, —} néu ¥ #£ 2k

[ — k=]

0 nguge lai.

O =

Tinh

wh = 2F + Oy (2% — 2F71),

1
¢ = argmin{ \ f(wh,y) + < ly — w2}
yelC 2

Néu y* = w¥ thi 2* 14 nghiém, ding thuat toan. Ngudc lai, chuyén Buéc 2.
Budc 2: Lay ¢* € o(f(w*,.))(y*) sao cho w* — \p¢(*F — y* € No(y¥). Tinh

) 1
ot = angmin{ M f(5%,0) + 1l — ot}

y€Ty
" = app(w) + (1 — ay)2¥,

me = fwh, 2%) = fw® y*) = F(y",28), 0 = [w® —y" | + [ly" = 2|7,
trong d6 nita khong gian T} ¢6 cau tric nhu sau
Tr ={zeH: (W — N\ —yF 2z —y") <0}

Cap nhat ¢6 budc A\; theo cong thic

O .
H1—, neu ng > f—gfsk,
Akg1 = Mk

(1 +ex)\g, nguge lai.

Dat k£ := k + 1, va quay lai Buéc 1.

Sy hoi ty manh cia Thuat toan [3.6) duge khing dinh trong dinh 1y sau.

Dinh 1y 3.4. Vdi cic gia thiét (C1)-(C5), day {z*} sinh bdi Thudt todn |3.6 hoi
tu manh téi mot phan ti cia tap nghiém Sol(f, C).

3.2.3. Ij’ng dung cho bat ding thic bién phan

0 phan cudi clia muc nay, ching to6i xét tng dung cta thuat toan trén cho bai
toan bat dang thic bién phan ((1.7). Dé dua bai toan (1.7) vé dang bai toan can
bang, v6i moi cip x,y € H, ta dinh nghia song hdm can bang f nhu sau:

flz,y) := (Ax,y — x). (3.83)
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Gia st rang cac diéu kién sau dugc thoéa man:
(D1) F gia don diéu C}

(D2) F'la anh xa F-hemi-lién tuc, nghia 1a v6i moi y € C, ham z — (F(z),x —y)
14 nita lién tuc dudi yéu trén C' (hoac tuong duong, x — (F(z),y — x) 1a nita
lien tuc trén yéu tren C);

(D3) F lién tuc Lipschitz tréen C' v6i hdng s6 Lipschitz L;
(D4) Sol(F,C) # 0.

Thuat toan 3.7 (Thuat toan dudi dao ham tang cudng véi cd budc

ting cho bai toan bit ding thitc bién phan)

Khdéi tao: Chon cac tham s6 \g > 0, 0 < p; < fo <0 < 1/2 6 € [0,1). Chon

cac day tham s6 {ex}, {&} C [0,00) théa man Z e < 00, Z &k < 00. Chon
k=0

cac diem khéi tao 20, 2! € C va dit k = 1.
Budc 1: Tit cac diém 2! va 2% (k > 1), chon oy, sao cho 0 < ay < ay, trong
doé

min {9, S

U S néu ¥ # k-1
ap = |k — 2h=1] } ’

0 nguge lai.

Tinh
wh = 2% + ap (2% — 21,
y* = Po(wh — N\ Fwh).

Néu y* = w¥, thi 2" 14 nghiém, dimg thuat toan. Ngugc lai, chuyén Buée 2.
Budc 2: Xét nita khong gian Tj ¢6 cau trac nhu sau

={zcH: (W — NFu* —y" z—y") <0}
Tinh

= PTk(wk - Fyk)v
— <ka . Fyk,xk+1 . yk>’ 5k — ||wk . kaQ + ||yk o karlHQ'

Cap nhat c6 buéc A\, theo cong thic

5k %
1 —, néu 7 > f\L—Zék,
Akl = Mk

(14 k) Ak, ngugce lai.

bat k := k + 1, va quay lai Buéc 1.
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Két qud sau day 1a hé qud tryc tiép ctia Dinh ly .

Hé qua 3.1. Cho C la mét tap con 163, déng va khdc rong ciia khong gian Hilbert
thuc H, va F : H — H la mot anh za thoa man cic dieu kien (D1)-(D4). Gid
st rang {x*}, {y*} 1o hai day sinh bdi Thuat todn [3.7. Khi d6, ci hai diy {z*}
va {y*} deu hoi tu yéu vé cing mot diém x* € Sol(F,C).

3.2.4. Th nghiém s6 va ing dung

Trong muc nay, chiing t6i ap dung cac Thuat toén (NISEM), |3.5[ (SEMNS)
va[3.6| (VSEM) giai gan ding bai toan can bang va tién hanh so sanh véi céc thuat
toan da co.

Két luan

Trong chuong nay, ching to6i dé xuat thuat toan chiéu dudi dao ham cho bai
toan bat dang thic bién phan véi tap chap nhan dude duge cho dudi dang 13 mot
tap mic dudi cia mot ham 16i nhung khong nhat thiét kha vi. Mot tng dung clia
thuat toan trong viec khit md anh ciing da duge tinh bay. O phan cudi, ching
toi trinh bay cac thuat toan duéi dao ham tang cuong v6i cd bude tang giai bai
toan can bang. Hon nita, mot Gng dung ctia thuat toan cho bai toan bat dang
thitc bién phan ciing da dugc trinh bay. Ching téi dua ra cac vi du s6 dé minh
hoa hiéu qua clia cac thuat toan dugc dé xuat va tién hanh so sanh hiéu suat ctia
ching v6i cac thuat toan trude do.
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KET LUAN

Luan 4n dé xuat mot s6 phuong phap gidi bai toan can bang, bai toan bat
dang thiic bién phan va tng dung trong khit md anh va mot s6 vi du thuc té.
Nhing két qua chinh da dat dudc trong ludn an bao gom:

1. Dé xuat mot s6 thuat toan phan ra kiéu Tseng dé giai cac bai toan can
bang ma song ham cé thé biéu dién duéi dang tong ctia hai song ham thanh
phan trong khong gian Hilbert thuc;

2. Dé xuat thuat toAn mot phép chiéu phan ra gidi bai toan can bing gia
don diéu cho bdi tong cua hai ham song ham trong khong gian Hilbert thuc;

3. Bang cach két hop ky thuat quan tinh vad phuong phap dudi dao ham tang
cudng voi mot chién luge méi vé Iga chon ¢ budc, ching toi dé xuat mot
phuong phap dao ham tiang cudng méi dé giai cac bai toan can bing
gia don diéu trong khong gian Hilbert thuc;

4. Dé xuat thuat toan chiéu duéi dao ham cho bai toan bat ding thic bién
phan véi tap chap nhan duge 13 tap mic duéi cia mot ham 16i khong nhat
thiét kha vi, vd ting dung thuat toan trong viéc khit md anh.

Mot sb6 huéng nghién citu tiép theo:
1. Nghién ctu phat trién cac thuat toan tdi wu giai bai toan can bang, bat dang
thitc bién phan trén khong gian khong cé cau tric tuyén tinh, nhu da tap

Hadamard va da tap Riemann,;

2. Nghién citu phat trién cac thuat toan gidi bai toan can bing ngiu nhién, bat
dang thitc bién phan ngau nhién.
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