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MG dau

1. Tinh cip thiét cta dé tai

Bai to4dn can bang la bai toan
Tim z* € K sao cho f(z*,y) >0, Yy € K, (EP)

trong d6 K la tap cho trude va f : K x K — R 13 mot ham cho trude sao cho f(z,z) = 0.

Béat ding thic trén duge H. Nikaido va K. Isoda dua ra lan dau tien nam 1955 khi tong quat hoéa
bai toan can bang Nash trong tro choi khong hgp tac. Nam 1972, Ky Fan goi bat ding thitc nay la
bat déng thiic minimax. Tuy nhién n6 c6 tén goi 1a bai toan can bing (equilibrium problem) theo
cach goi clia céc tac gia L. D. Muu va W. Oettli nam 1992, E. Blum va W. Oettli nam 1994.

Bai toan can bing bao ham nhiéu 16p bai toan quen thudc nhu: bai toan tbi wu, bai toan diém
yén ngita, bai toan can bing Nash trong tro choi khong hgp téc, bai toan diém bat dong, bai toan bat
déng thiic bién phan, bai toan bil.

Trong nhitng nam gan day, cac phuong phap giai bai toan can bang rat dugc quan tam nghién ctu.
Chéang han phuong phap diém gan ké, phuong phap nguyeén 1y bai toan phu, phuong phap bin,...Mot
phuong phap khéc ciing dude stt dung dé gidi bai toan can bang la phuong phap chiéu.

Nam 2011, Santos va Scheimberg gi6i thiéu thuat toan chiéu duéi dao ham xap xf cho bai toan
can bang tién don diéu (paramonotone). Thuat toan nay hay & chd chi dung mot lan chiéu tai mdi
bude 1ap ma van ddm bao sy hoi tu.

Nam 2016, L.H. Yen, L.D. Muu, vd N.T.T. Huyen trong (1) dé xuat thuat todn méi gidi bai toan
Tim 2* € K : f(z*,y) > 0Vy € K va g(Az™) < g(u) Yu € Hy, (SEO)

trong d6 g 1a ham 16i nita lién tuc dudi chinh thudng trong khong gian Hs.

Hon nita, trong mot bai bao (2) vita giii ding gan day, ching to6i da dé xuat mot thuat todn méi

cho bai toan chap nhan tach trong truong hop toan tit A 1a phi tuyén. Cu thé, ching toi gidi quyét
cho truong hop A 13 toan t1t tya tuyén tinh trong khong gian hitu han chiéu.
Nhu da trinh bay & trén, bai toan bat ding thitc bién phan 1a mot trudng hgp rieng ciia bai toan can
bing. Do d6, dé giai bai toan can bing, ngudi ta tim cach gidi bai toan bat ding thic bién phan.
Trong phan tiép theo, ching toi trinh bay mot cach tiép can thong qua diém can bing ciia mang no
ron dé tim nghiém ciia bat ding thitc bién phan.

Trong nhitng nam gan day, viéc st dung mang no ron véi dao ham bac nguyén cé tré va khong c6
tré giai cac bai toan bat ddng thic bién phan tuyén tinh va céc bai toan téi wu c6 rang budc da nhan
duge su quan tam nghién citu ciia nhiéu nha khoa hoc Cheng, Liu, Yang, Hou,... Chang han, trong
bai bao clia Cheng va cic cong si, cac tac gia dé xuit diing mang no ron chiéu cé tré dé gidi mot
16p cac bai toan bat déng thiic bién phan phi tuyén. Ngoai ra, cic tac gia da ching minh duge sy hoi

tu mi toan cuc ciia diém can bing clia mang no ron chiéu t6i nghiém ciia bat ding thic bién phan



phi tuyén. Nam 2008, trong mot nghién cttu ctia minh, A. Boroomand va M.B. Menhaj mo hinh héa
mang nd ron bdi hé dong lyc phan thi. So v6i mang no ron moé té bdi hé dong lyc v6i dao ham bac
nguyén, mang no ron mo ta bdi he dong huc véi dao ham phan thit c6 thé mo ta cac dic tinh va tinh
chét clia mang no ron mot cich chinh xac va day di hon. Gan day, mot s6 tac gia da sit dung mang
no ron phan tht dé giai cac bai toan bat déng thic bién phan tuyén tinh vi cac bai toan t6i wu c6
rang budc va nhan dudc mot vai két qua sau sic clia cac tac gid Wu, Zou, Huang, Li, Zhang... Vi vy
c6 thé néi viec nghien citu cac tinh chat dinh tinh clia diém can bing ciia mang nd ron phan tht c6
vai trd quan trong trong viéc giai bai toan bat ding thiic bién phan.

2. Muc tiéu ciia dé tai
- Dua ra mot s6 phuong phap méi dé gidi mot s6 16p bai toan can bang.
- Tinh toan thit nghiém céac vi du sd trén may tinh.

- Nghién cttu bai toan mot sd bai toan can bang khong nhat thiét 16i hosic don diéu va dua ra su

hoi tu cho nghiém.

- Hop tac nghién ctu véi cac cd sd nghién cttu ngoai Dai hoc Thai Nguyén nhu Vién Toan hoc

Viét Nam, Hoc vién Tai chinh.
- Hoc tap vA nang cao nang lyc nghién citu clia chii nhiém dé tai va cic thanh vién nghién ciu.
3. N6i dung nghién citu ctia dé tai

- Nghién cttu mé rong két qua clia tac gid Santos va Scheimberg [40] cho bai toan can bing gia
don diéu c6 rang budc va dua ra thuat toan cho bai toan dé, ching minh sy hoi tu caa thuat toan.

- Nghién citu md rong bai bao [41] giai bai toan chip nhan tach gitta bai toan can bing gid don
diéu v6i rang bude ma toan tit clia bai toan chap nhan tach 1a phi tuyén, ching minh sy hoi tu ctia

thuat toan va dua ra vi du s6 minh hoa.



Chuong 1

Kién thitc chuan bi

Chuong nay trinh bay mot s6 khai niem va két qud co ban ciia giai tich 16i, tinh don diéu
ctia song ham, gidi thieu bai toan can bing va mot sé6 Bé dé nhiim phuc vu cho viéc nghién citu céc

chuong sau. Céc kién thitc chuong nay duge tham khéo trong cac tai ligu [1,4,5,6,23,25,29,43].

1.1 Phép chiéu metric

Dinh nghia 1.1. Cho H la khéng gian Hilbert vd K 13 tap con 1di déng, khac rdng cltia H. Phép
chiéu metric tit H len K, ki hieu 1a Pk, dugc dinh nghia 1a v6i mdi z € H, ton tai duy nhat diém
Pg(x) € K théa man

Pr(z) = in|jz — x||.
rc(w) = argmin 12 — x|

1.2 Tap 16i, ham 16i, ham tya 106i
Dinh nghia 1.2. Cho H la khong gian Hilbert. Mot tap con K ctia H duge goi 1a 16i néu
ar+ (1—a)ye K, Vz,ye K,Va€|[0,1].

Dinh nghia 1.3. Cho K 1a mot tap khéc réng, f : K — [—00, +00]. Mién hitu higu ctia f duge dinh
nghia 1a
domf ={x € K : f(z) < +o0}.

Trén do thi ctia ham f 1a

epif = {(z,8) e K xR : f(z) < &}
Sau day la dinh nghia ham 16i.

Dinh nghia 1.4. Cho f : H — [—00,+oc|. Ham f dugc goi la 16i néu trén do thi ctia f 1a tap 1oi

trong H x R. Hon nita, f 13 ham 16m néu — f 13 ham 16i.

Ham tya 16i duge De Finetti gidi thieu lan dau tién vio nam 1949. Day 13 16p ham dudc tng dung

rong rai trong tbi wu, 1y thuyét tro choi, kinh té,. ..

Dinh nghia 1.5. Cho X C R" 1a mot tap 16i va ¢ : X — R.

i) ¢ dugc goi 1a ham tya 16i tren X néu tap mic dudi

Spa ={z e X :p(x)<a}l



1 tap 16i v6i mdi o € R.
ii)  dugc goi la ham tya 16m trén X néu —¢p 1a ham tya 16i trén X.

iii) ¢ duge goi 1a ham tya tuyén tinh trén X néu né vita tiya 16i, vira tya 16m.

1.3 Song ham don diéu

Dinh nghia 1.6. Cho K 13 mot tap 16i va S € K. Mot song ham f : K x K — R dudc goi 1

a) don diéu manh trén K vdi hiing s6 7 > 0 néu
f@.y) + fly,2) < =7l —y|?, Yo,y € K;
b) don diéu chit trén K néu
fl,y) + fy,2) <OVz,y € K,z # y;
¢) don digu tréen K ddi v6i tap S néu
f(@,y)+ fly,z) <0, Vo € S,y € K;
d) gia don di¢u trén K déi véi tap S néu
flz,y) > 0= f(y,x) <0, Vx € S,y € K;
e) tién don diéu tren K d6i véi S néu

xeSyeK: flx,y) = fly,x) =0=y € S.

1.4 Bai toan can bang

Cho K la tap con 16i déng khéc réng ciia R™ va f : R™ x R™ — (—o0, +00] 1& mot song ham sao cho
f(z,z) = 0v6i x € K vi K x K chita trong mién gia tri ctia f. Bai toan can bing dugc phat biéu
nhu sau:

Tim x* € K sao cho f(z*,y) >0, Vy € K .
Bai toan can bang ki higu 1a EP(K, f) hay ngan goi 1a (EP).
Tap nghiém clia bai toan can bing ki hiéu 1a S(K, f). Song ham théa man diéu kien f(z,z) = 0 véi

moi z € K dugc goi 14 song ham can bang.

1.5 Mot sd bo dé

Sau day 1a mot s6 bo dé bo trg ding dé chitng minh sy hoi tu clia thuat toan trong cac chuong tiép

theo.

Bb6 dé 1.1. Gid st H la khong gian Hilbert. Cho z,y,z € H va 0 < a < 1, ta 6

laz + (1 = a)y — 2|* < allz — 2> + (1 = a) |y — 2||*.



Bo6 dé 1.2. Cho {vy} va {6} la cac day sé thuc khong am théa man vei1 < vg+0k vdi > pe | S < +00.
Khi dé day {vi} hoi tu.

B6 dé 1.3. Cho H la khong gian Hilbert, {ax} la mot day cdc s6 thuc théa man 0 < a < ap < b <1

vdi moi k =1,2,..., va cho {vi}, {wg} la hai day trong H sao cho

lim sup ||vg|| < ¢, limsup |lwg|| < ¢,
k—+o00 k—+o00

lim |lagv + (1 — ap)wg| =¢, v6ic>0.
k—+oo

Khi dé, limk*}J’»oo ||’Uk - U)k” =0.



Chuong 2

Thuat toan chiéu két hop phép lap

Mann-Krasnoselskii

Chuong ndy, ching toi trinh bay thuat toan chiéu két hop phép lip Mann-Krasnoselskii gidi bai toan
chép nhan tach giita bai toan can bing va bai toan t6i uu. Y tudng ciia thuat toan nay la su két hop
phép chiéu mot 1an clia Santos va Scheimberg cho bai todn can bing gid don dieu va ki thuat lip
Mann-Krasnoselskii cho toan tit gan ké xac dinh bdi bai toan t6i vu 16i.

Két qua clia chuong nay dude viét dya trén noi dung bai béo (1) ding trén tap chi Mathematical

Methods of Operations Research.

~ ? N o pd
2.1 Mo ta bai toan
Gia st Hy v H, 1a hai khong gian Hilbert v K 13 tap con 16i déng, khac réng trong khong gian Hj.
Chiing t6i xét bai toan
Tim 2* € K : f(z*,y) > 0Vy € K va g(Az™) < g(u) Yu € Hy, (SEO)

trong d6 g 1a ham 16i nita lien tuc duéi chinh thudng trong khong gian Ho.

2.2 Thuat toan va su hoi tu
Xét bai toan (SEO) sau day
Tim z* € K : f(z*,y) > 0Vy € K va g(Az*) < g(u) Yu € Hy,

trong d6 K la tap con 16i déng trong khéng gian Hilbert H va g 13 ham 18i nita lién tyc dudi chinh
thuong trong khong gian Hs.

Chiing ta can céc gia thiét sau cho thuat todn vi sy hoi tu clia noé:
(A1) Véi méi z € K, f(z,xz) =0 va f(x,.) 1a 10i, nita lién tuc dudi trén K.

(A2) 05f(z,x) khac rong v6i mdi € > 0 va z € K va bi chin trén mdi tap con bi chin bat ki cta C,

trong d6 95 f(x, z) ki hieu e-dudi vi phan ctia ham 16i f(z,.) tai x, titc 1a

d5f(x,x) = {p € H|(p,y — =) + f(z,x) < f(x,y) + € Vy}.



(A3) f 1a gid don digu tréen K dbi v6i mdi nghiem ctia (EP), tiic 1a f(x,2*) < 0 v6i mdi z € K,

x* € Sol(EP), va théa méan diéu kién sau, goi la tinh chat tién don dieu

2" € Sol(EP),y € K, f(a",y) = f(y.a*) = 0 =y € Sol(EP).

(A4) V6i méi x € K, f(.,z) 1a nita lien tuc trén yéu tren K.

Thuét toan chiéu két hgp phép lap Mann-Krasnoselskii dugc mé ta nhu sau.

Thuat toan 2.1
Lay céc tham s6 duong 4§, £ va cac day s6 thuc {ax}, {0k}, {Br}, {ex}, {pr} thoa man cac diéu kién:

0<a<ap<b<l;0<&<pp<4-¢, VkeN; (2.1)
0p >0>0,8r, >0,¢, >0, VkeN; (2.2)
1
li = .
k—y—ir-looak 2’ (2 3)
i B = +00 iﬁi < +o0; (2.4)
(Sk. ) b

k=1 k=1

3 Bren 4o, (2.5)
= O

Budc 0: Chon 21 € K va cho k:= 1.
Buéc k: C6 x, € K,

lay gi € 05* f(x, zx) va dinh nghia
_ B 6 —
= trong d6 v, = max{dx, [|gxl}-
Tinh yr = P (zp — argr), tic la

(Y — T + angr, . —yr) 20 Vo e K.

Lay
e 0 nel;(zf;(yk)i 0, (2.6)
PR TTR(yJTE e Vh(yg) # 0
va tinh
2z = P (yr — e A" (I — prozg)(Ayk)).
Tinh

Try1 = apTg + (1 — ak)zk.

Dinh 1y hoi tu cho thuat toan 2.1 dugc trinh bay nhu sau.

Dinh 1y 2.1. Gid si bai todn (SEO) c6 nghiem. Khi dé dudi cdc gia thiét (A1)-(A4) day (xy) sinh
bdi thudt todn 2.1 hoi tu yéu tdi nghiém cia bai todn (SEO).



Chuong 3

Thuat toan dudi dao ham giai bai
toan chap nhan tach phi tuyén va
tng dung cho mé hinh can bang

Nash c6 rang budc

Chuong nay chiing t6i trinh bay mot thuat toan méi giai bai toan chap nhan tach phi tuyén, tng dung
cho mo hinh can bang Nash c¢6 rang bugc: Tim z € K sao cho f(z,y) > 0, Vy € K théa man bao ham
thitc F(z) € Q, trong d6 F la toan tit phi tuyén. Y tudng ctia phuong phap nay 1a két hop phuong
phap dudi dao ham gidi bai toan can bing v6i phuong phap chiéu gidi bao ham thic rang buoc. Cai
tién clia ching toi so v6i céc bai toan trudc 1a ching toi xét toan tid F 1 phi tuyén, cu thé 1a toan ti
tya tuyén tinh, trong khi cac bai bao trudc xét todn toan ti F 1a tuyén tinh lién tuc. Cac vi du sb

dude dua ra § cudi chuong nhiam minh hoa cho thuit toan clia ching toi.

-~ ? N o pd
3.1 Mo ta bai toan
Bai toan chip nhan tach 13 bai toan c6 dang:
Tim = € C sao cho Az € Q,

trong d6 C, Q 1a cac tap con 15i trong khong gian R™, R™ tuong tng, A : R® — R™ l3 toan ti tuyén
tinh lién tuc trong khong gian R"™.

Xét bai toan chap nhan tach nhu sau:
Tim z € K sao cho f(z,u) >0, Yu € K va F(z) € Q, (NSEP)

trong d6 ) # K CR™ latap 1oi, f: K - R, 0 # Q C R™ va F 1a mot anh xa tit R” dén R™.

3.2 Thuat toan va sy hoi tu

Gia sit bai toan (NSEP) c6 nghiém v thda man cic gid thiét sau:



(A1) Q=Q1 x Q2 X -+ X Qp, trong d6 @Q; 1& mot tap con 16i cia R v6i mdi i = 1,2,...,m;

(A2) F = (F\, Fy,...,Fy) trong d6 F; : R® — R la tya tuyén tinh, tic 1a, F vira tua 16i vira tua 16m

va kha vi trén mot tap md chia K.
Ki higu Sol(EP) 1a tap nghiém ctia bai toan can bang:
Tim z € K sao cho f(z,u) >0 Vu € K. (EP)
Khi do, dudi gia thiét (A1), (A2), bai todn (NSEP) c6 thé dua vé dang

min _max (I = Pg,)(Fi(x))]%, (OP)

zeC i=1,2,..., m

v6i C' la tap nghiem cta (EP). Hon nita, ham p;(z) = ||[(I — Pg,)(F;(z))||* 1a tua 15, suy ra p(z) =
max;—12, .. m Pi(z) cing la mot ham tua 16i. C6 nhiéu thuat toan dé tim nghiém cuc tiéu dia phuong
hodc toan cuc cho ham tya 16i trén mot tap 16i. Tuy nhién trong bai toan (OP), tap C chua tudng
minh, ma hon nita né lai 13 tap nghiém ciia bai todn can bing.

Tiép theo, cac gia thiét sau dugc dit lén song ham f ctia bai toan can bing.

(A3) V6i mdi x € K, song ham f(z,.) 1a ham 15i, kha dudi vi phan, f(.,x) nita lién tuc trén tren
mot tap 16i mé chita K va f(z,z) = 0 véi méi x € K.

(A4) Song ham f gi4d don diéu trén K doi véi tap nghiem Sol(EP) clia bai toan (EP), tic la

flr,y) >0 = f(y,z) <0Vz e Sol(EP),y € K.

Thuat toan dugc mo té nhu sau:

Thuat toan 2.2

Lay s6 duong § va céc day s6 thuc {0k}, {Bk}, {€x} théa man cic diéu kién

O0p >0>0,0,>0,¢, >0, Vk €N; (3.1)
- — Brék )
Zek < 400, Z 5 < 4005 (3.2)
k=1 k=1
[ee) Bk B [ee] ) .
D5 =400, ) B < +oo; (3.3)
i Ok k=1

Buéc 0: Liy z; € K va dat k := 1.
Budc k: C6 z, € K. Lay gi € 95" f(zk, xx) va dinh nghia
_ B A
e = 25 tromg 6 3 = mx(i )
Tinh y = Pk (zr — argk)-
Néu Vp;(ys) =0 Vi € I(yg) thi lay hy = 0;
Ngugce lai, 14y 0 # hy € co{Vp;(yr), i€ I(yx)} va dit
- hy,
hy = ——.
([ 7|
Tinh

Trr1 = Pr(yr — Oékﬁk%
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tang k bdi 1 va quay lai bude k.

Ki hieu S 1a tap nghiém clia bai toan (NSEP), khi d6 ta ¢6 Dinh 1y hoi tu sau day.
Dinh 1y 3.1. Dudi cic gid thiét (A1) - (A4) va gid st thém rang f la tien don diéu doi vdi tap nghiém
cta bai toan (EP), day {gr} bi chan. Khi dé, day {xx} hoi tu tdi mot nghiém cia bai todn (NSEP)
hodc tdi mot nghiém ciia bai todn can bing (EP) ma cing la diém ditng ctia bai todn min{p(z) : x € C}.
Ro rang hon, dat
J= {k| o # o} , (3.4)

thi
(i) Néu Y, o, ar = +oo thi day {xx} hoi tu tdi mot nghiém cia bai toin (NSEP).

(i) Néu Y, o, ou < +oo tht day {xx} hoi tu tdi mot nghieém x* cia bai todn can bing (EP), ma

ciing la diém ding ciia bai todn min{p(x) : z € K}.

3.3 Két luan

Trong chuong nay, ching toi thu dude mot thust toan mdéi giai bai toan chap nhan tach phi tuyén:
ng dung cho m6 hinh can bing Nash c6 rang budc. Tinh hitu hi¢u va wu viét ciia thudt toin duge

dua ra trong 3 vi du s6 minh hoa.
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Chuong 4

Nghién cttu tinh chat dinh tinh cua

mang no ron

Trong chuong nay, chiing to6i nghién cttu mot s6 tinh chit dinh tinh ctia mang no ron. Cu thé, ching
toi nghién citu bai toan dam béo chi phi diéu khién trong thsi gian hitu han ctia mang no ron phan

thit v& nghién citu tinh thu dong trong thdi gian hitu han ciia hé no ron phan thit khong chic chan.

4.1 Bai toan dam bao chi phi diéu khién trong thai
gian httu han cila mang no ron phan thw
Xét hé no ron phan thi Caputo

DYx(t) = —[A+ ANA@)]|z(t) + [D + AD®)] f(x(t))
+ [W + AW (t)|w(t) + [B + AB(t)]u(t), t>0, (4.1)
z(0) = zo € R,

trong d6 a € (0,1), z(¢) € R™ 1a vec to trang théi cia mang no ron, u(t) € R™ la vectd didu khién dau
vao, w(t) € RP 1a vecto nhiéu, A = diag{ay,aqg,...,a,} € R"*™ la ma tran dudng chéo chinh, xac dinh
duong; D, W, B la cac ma tran hang s6 da biét v6i so chiéu thich hop; AA(t) = G, Fu(t)H,, AD(t) =
GaFy(t)Hy, AW (1) = GuFy(t)Hy, AB(t) = GyFy(t)Hy, trong d6 Gu, Ga, Gu, Gy, Ha, Ha, Hu, H,
13 cdc ma tran thyc, hing s6, da biét véi sé chiéu thich hop;
Fo(t), Fy(t), Fy(t) va Fy(t) 1a cdc ma tran thoi gian thyc théa méan
FI)F,(t) < ILFF(t)Fy(t) < I, FY(t)F,(t) < I, FL(t)Fy(t) < I, Vt > 0;
fz®) = [filz1(t),. .., fa(za(?))]T € R™ la cdc ham kich hoat clia cac no ron; zg 1a didu kién ban
dau.

D@ nghién cttu tinh 6n dinh cia mang no ron phan thi (4.1), ta can cac gia thiét sau:
H1. C4ac ham kich hoat f;(.) (i=1,...,n) lién tuc, théa man diéu kién Lipschitz v6i hing sb Lipschitz
I, >0, fi(0)=0(i=1,...,n), tic la

I fi(&1) — fi(&)]l < Lill& — &2l

véi moi &1, & € R. Didu kién trén tuwong duong véi ton tai mot ma tran dudng chéo chinh, xic dinh
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duong L = diag{ly,...,l,} théa man

1f(y) = F@)I] < Ly = 2)],

voi moi x = (z1,...,%n),y = (Y1,--.,Yn) € R™.
H2. Nhiéu w(t) € RP théa man diéu kien:

3d>0: wl (Hw(t) < d, Vt €[0,Ty]. (4.2)

Cho truéc mot s6 duong T'y. Ham chi phi bac hai lien két v6i he phuong trinh no ron phan thit (4.1)

c6 dang

Ty
J(u) = ﬁ / (Ty — ) (7 ()Qua(s) + u” () Qou(s))ds, (4.3)
0

trong d6 Q1 € R™ " Q5 € R™*™ ]a céc ma tran d6i xing x4c dinh duong cho trudc.
Xét hé phuong trinh
Dix(t) = —[A+ AA(t)]x(t) + [D + AD(@)] f(x(t))
+ [W 4+ AW (8)]w(t), t >0, (4.4)
1’(0) =9 € R",
Dinh nghia 4.1. Néu ton tai mot diéu khién ngugc u*(t) = Kz(t) va mot s6 dwong J* sao cho hé
phuong trinh vi phan
Dix(t) = [—A+ BK — AA(t) + AB(t) K]x(¢)
+[D+ AD(t)] f(x(t))
+ [W + AW (8)|w(t), t>0,

(4.5)

z(0) = 2o € R,

on dinh hitu han thoi gian déi véi (c1,ce, Ty, R, d) v ham chi phi (4.3) théa man J(u) < J* thi
gia tri J* goi 1a gid tri ddm béo chi phi diéu khién, u*(t) goi 1a luat diéu khién ddm béo chi phi diéu
khién. Dinh Iy sau dua ra mot diéu kién di méi cho he phuong trinh vi phan phan thi no ron (4.5).
Dinh 1y 4.1. Gid st cic diéu kien H1 va H2 théa man. Cho trude cic so6 duong ci,co,Tf va ma

tran doi xing zdc dinh duong R. Néu ton tai ma tran doi zing zdc dinh duong P va ma tran'Y, cdc

50 duong €1, €z théa man dieu kién sau

My PHY YTHT PLT PQ, YTQ, D
*  —erl 0 0 0 0 0
* * —exl O 0 0 0
* * *2 -1 0 0 0 < 0, (463)
* * * *  —Q1 0 0
* * * * * —Q2 0
* * * * * * Mr
d(1+ A3
AoC1 + gT}l < Aico, (46b)

INa+1)
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trong do

My, = —AP — PAT + BY +Y'B” 4+ ¢,G,GT
+ eGyGE + GaGY + ww? + G,GE,

My = I+ HYHy,

P=R P 'R %, A = Auin(P), A2 = Amax(P),

A3 = Amax(HL Hy,), L = diag{ly,...,1,}.

Khi dé, hé (4.5) on dinh hitu han thoi gian déi vdi (c1,c2, Ty, R,d). Hon nita,
u(t) =Y P ta(t), Vt>0,

la luat diéu khién ddm bdo chi phi diéu khién cho hé (4.1) vdi gid tri ddm bdo chi phi diéu khién la

d(1+ X3)
c = ST e e
J F(Oé—f— 1) f —+ AaCq

4.2 Bai toan thu dong thoi gian hitu han cho mang

no ron phan thi bat dinh

Xét hé no ron phan tht véi tham s6 bat dinh

§Dew(t) = —[A+ AA®)]x(t) + [D + AD®)] f(z(t) + Ww(t),t > 0,
y(t) = M f(x(t)) + Nw(?), (4.7)
z(0) =z € R™,

trong d6 0 < o < 1, x(t) = (z1(t),...,2,(t))T € R™ la vécto trang thai, y(t) € RP 1a vécto dau vio,
w(t) € R™ la nhidu dau vao, n 1a sé cac no ron, f(x(t)) = (fi(z1(t)), fo(z2(t)), ..., folz,(t)))T € R?
l& cdc ham kich hoat, A = diag{ay, as,...,a,} € R"*" la ma tran dudng chéo chinh, xac dinh duong,
D € R™ " la ma tran trong s6, W € R™*™, M c RPX" N € RPX™ ]a cac ma tran thuc da biét,
AA() = G (1) H,,

AD(t) = GqF4(t)Ha, Ga, G, Ha, Hg 1a cic ma tran thuc da biét v6i s6 chiéu thich hop; F,(t), Fu(t)
la cdc ma tran thoi gian thue, chua biét, théa man F! (¢)F,(t) < I, FI(t)Fa(t) < I,vVt > 0.

Dinh 1y 4.2. Gid st cdc gid thiét H1, H2 théa man. Cho cdc s6 duong cy,c2, Ty va ma tran doi
ziing xdc dinh dwong R. He (4.7) véi dau vao y(t) = 0 la on dinh trong thoi gian hitu han déi véi
(c1,¢2, T, R, d) néu ton tai mot ma trgn doi ming zdc dinh duong P € R™ "™ v cdc hdng s6 duong
0, €1, €, €5 théa man cic dieu kién sau

fn

 PD PG, PG4 PW
S22 0 0 0

i * —el O 0 < 0, (483’)
* * x —exl O
* * * * —ezl
d
Aacs + BT < Ao, (4.8)

Ia+1)
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trong do

= Ri%PRi%a )\1 - Amin(?)7 >\2 - )\max(ﬁ)7 L= diag{lla127 e aln}7
En=-PA-AT"P4+ e HI'H, +0L"L,

ol

522 = EQHng —01.



Két luan

Dé tai da thu dugce cic két qui sau:

1) Dé xuat duge mot thuat toan chiéu két hgp phép lap Mann-Krasnoselskii gidi bai toan can
bang. Thuat toan nay la sy md rong thuat todn chiéu ctia Santos va Scheimberg (2011) cho bai toén
can bang. Chung toi thu dugc sy hoi tu manh cho thuat toan. Ngoai ra, mot vi du mo hinh san xuét
dién dudc tinh toan thit nghiém bang chuong trinh Matlab minh hoa cho thuét todn ma chiing toi dé

xuét.

2) Dé xuat mot thuat toan dudi dao ham gidi bai todn chap nhan téch phi tuyén: tng dung cho
mod hinh can bing Nash c6 rang budc. Déng gép clia ching t6i 1 xét toan ti clia bai toan chap nhan
tach 1a phi tuyén, cu thé la ching t6i mé rong cho trudng hop toan tit tuwa tuyén tinh. Ching toi 4p
dung thuat toan nay giai bai toan can bing Nash c6 rang budc va so sanh thuat toan clia chiing to6i
v6i thuat toan trong Santos vi Scheimberg (2017), két qua tinh toan cho thay thuat toan ciia ching

toi hoi tu t6i nghiém nhanh hon.

3) Thu duge mot s6 tinh chat dinh tinh ctia mang no ron phan thi.

Dé phat trién tiép nghien citu clia dé tai nay, ching toi hy vong sé nghién citu duge thuat toan méi
giadi bai toan chip nhan tach phi tuyén: 4p dung cho mé hinh can bing c6é rang budc, trong trudng
hop todn ti clia bai toan chdp nhan tach 1a phi tuyén tong quat. Dong thoi ching t6i mong mudbn

chiing minh duge sy hoi tu cta no.



