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ABSTRACT

In this paper, stability conditions of solutions to a parametric optimal
control problem with linear state equation are studied. Sufficient
conditions for Hélder calm continuity of solution map to this problem are
established. In addition, an application of obtained results to a particular
case of the underlying problems is also discussed.

TOM TAT

Bai bao nghién ciru sy éon dinh nghiém cua bai toan diéu khién t6i wu phu
thugc tham sé véi phicong trinh trang thdi tuyén tinh. Cdc diéu kién di
cho tinh lién tuc Holder calm cua anh xg nghiém cua bai toan dang xét
duge thiét ldp. Ngodi ra, viéc tmg dung cdc két qua dat diege vdo truong
hop dac biét cua bai toan 16i wu diéu khién ciing dwoc nghién ciu

Trich ddn: Lam Qudc Anh, Nguyén Phiic Dirc, V6 Thanh Tai va Tran Ngoc Tam, 2018. Tinh lién tuc Holder
cua éqh xa nghiém bai toan di€u khién t6i wu phu thudc tham so. Tap chi Khoa hoc Truong Dai
hoc Can Tho. 54(9A): 53-58.

1 GIOI THIEU

khién ddu vao sao cho diu ra co nhiing tinh chit ma
ta mong muon. Do d6 ndy sinh van dé thuong gap

Trong thyc tién cudc sdng, nhiéu bai toan dé cap
dén cac van dé k¥ thuat va diéu khién thuong lién
quan dén céac hé dong lyc dugc mo ta b.':fmg cac
phuong trinh  toan hoc dang x(¢t) =
f(tx(),u(t)),t =0, trong d6 x(t) 1a bién trang
thai mo ta ddi twong dau ra va u(t) 1a bién diéu
khién mo ta d6i twong dau vao, nhimg dir liéu dau
vao co tac dong quan trong c6 thé 1am anh hudng
dén sy van hanh dau ra ctia hé théng. Muc dich chinh
clia bai toan diéu khién hé thong 1a tim cach diéu
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trong cdc bai toan thuc té 1a lam thé nao dé chon ra
mdt phuwong phéap tdi uu. Chang han, v6i hé thong
mo ta qua trinh san Xudt san pham trong bai toan
kinh té, bang cach tim cac dir kién diéu khién (nhu
chi phi dau vao, toc do san xuat mot don vi san pham
trong mot don vi thoi gian,...) ta c6 thé dléu khién
qué trinh san xut sao cho san phidm san xuét ra dat
dugc chat lwong t6t nhéat hodc chi phi gia thanh
nho nhat,. ..
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Tu gitra thé ky hai muoi, ly thuyét diéu khién t6i
vu d3 xudt hién va phat trién manh me voi nhleu
cong trinh tidu biéu cua nha toan hoc ndi tiéng vé
nguyén 1y cuc dai dé tim cac didu kién can cho quéa
trinh t8i wu (Alekseev er al., 1987). Phat trién tir
nhitng bai toan tdi uu hoa c6 dién nhu bai toan bién
phan, bai toan qui hoach dong, ... bai toan diéu khién
t6i ru 14 bai toan tim cac qua trinh tdi wu cho cac hé
diéu khién mo ta boi cac phuong trinh toan hoc (Vii
Ngoc Phat, 2001).

Céac cha dé chinh nghién ciru vé bai toan diéu
khién t6i vu bao gom sy ton tai nghiém (Kien ef al.,
2012; Zhan et al., 2012; Santos and Silva, 2014),
tinh 6n dinh nghiém (Dontchev et al, 2000;
Malanowski, 2001, 2007, 2008; Kien et al., 2008,
2012) va cac tai liéu tham khao trong do.

Trong thdi gian gin ddy, mot trong nhing bai
toan diéu khién t6i wu dugc quan tam 14 bai toan didu
khién t6i wru phy thudc tham sd véi phuong trinh
trang thai tuyén tinh. Bai toan nay dugc nghién ctru
trong bai bao Kien et al. (2012), trong d6 cac tac gia
da thiét 1ap duoc cac diéu kién cho sy ton tai nghiém
va tinh 6n dinh nghiém theo nghia nira lién tuc dudi
cho 16p bai toan nay. Tuy nhién, trong nhiéu truong
hop thuc té, viéc kiém soat nghiém, tirc 1a sur 6n dinh
nghiém, can phai dugc lugng hoa. Noi mot cach
khac, khi dir li¢u bai toan thay d6i, thi do léch
nghiém cta bai toan can dugc danh gia cu the thong
qua sy thay ddi cta dit liéu dau vao. Dang 6n dinh
theo nghia nura lién tyc cua anh xa nghiém khong thé
dap ung dugce yéu cau nay. Do do, viéc nghién ctru
céc dang 6n dinh cép cao hon cho céc bai toan 1a can
thiét. Mot trong nhimng dang 6 on dinh cap cao, c6 val
tro quan trong trong Iy thuyét on dinh cua tbi uu hoa,
1a sy on dinh theo nghia lién tuc Holder cuia anh xa
nghiém cua cac 16p bai toan dang xét. Tur cac cong
trinh d4 cong bd cho thdy ring dén nay van chua co
cong trinh nao nghién ctru vé tinh lién tyc Holder
ctiia nghiém bai toan diéu khién t6i wu phu thudc
tham s0.

Nhiing quan sat trén di dan dén viéc dat ra muc
tiéu ctia bai bdo nay l1a nghién ciru tinh 6n dinh
nghiém cia bai toan diéu khién tdi uu phy thudc
tham s6 theo nghia lién tuc Holder calm ciia 4nh xa
nghiém. Sau do, 4p dung cac két qua dat dugc vao
tredng hop dic biét cia bai toan diéu khién t6i wu
da duoc xét trong Kien et al. (2012).

Phan con lai cta bai bao duoc cau tric nhu sau:
Muc 2 trinh bay mé hinh bai toan diéu khién ti wu
phu thudc tham s6. Bén canh do, muc nay con nhéc
lai cac khai niém vé tinh lién tuc va lién tuc Holder
cua 4nh xa don tri, da tri, tinh 10i (16m) va mot $6
két qua dugc sir dung cho cac phan tiép theo. Muc 3
nghién ctru cac diéu kién du cho tinh lién tuc Holder
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calm cuia anh xa nghiém bai toan diéu khién t6i wu
phu thudc tham $6. Ung dung cac Két qua dat duoc
trong Muc 3 vao truong hop dic biét dugc trinh bay
trong Muc 4. Muc 5 trinh bay cac két luan cua bai
bao.

2 KIEN THUC CHUAN BI

Trong bai bao nay, ky higu W**([0,1], R") la
khong gian Sobolev bao gom cac ham so lién tuc
x:[0,1] » R™sao cho x € L*([0,1], R™). Chuan ctia
n6 duogc cho baoi

Il lly = 1x O]+l % Il

Goi

X =w*([0,1], R"),U = LP([0,1,R™), Z =
X xU,M = L*([0,1], R¥),A = L"([0,1], R})

va E © Z 1a mét tap con khéc réng. Phuong trinh
trang thai

x =A)x(t) + B(Ou(t) + T(®)A(t), t €

[0,1] hau khip noi (h.k.n), (1)
Vv6i gié tri ban dau
x(0) = xo, 2
va diéu khién
u(t) e U,t € [0,1] h.k.n. 3)

G diy A€ A la tham sb, A(t) = (ay(®)
B@O) = (by(®) vaT®)=(c;®)

ma tran ham.

1a cac

Xét K: A 3 E 1a anh xa da tri dugc xac dinh boi
KA) ={z=(xu) €eXxU:(1),(2),(3) dugc

thoa man}

va fi E X M — R 1a ham gia tri thyc.

V6i (4, 1) € A X M, xét bai toan diéu khién tdi
uu tham s0 sau day

(OCP): Jmin, f(zw.

Ta ky hi€u tap nghiém cua (OCP) tai (4, u) la
S w.

Trude hét, nhic 121‘m6t s6 khai niém can thiét
duoc st dung trong phan sau ctia bai bao.

Dinh nghia 1.1 (Anh et al., 2015) Cho f: X —
R. Khi do,

(i) f duoc goi 1a I a-Holder tai ¥ € X néu tén
tai mot 1an can V cua i sao cho v&i moi xq,x, €V
thi

If (x1) = f(x)| < 1d¥(xy, x3);
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(i) f duoc goila l. a-Holder calm tai ¥ € X néu
ton tai mot 1an can V cua X sao cho véimoi x € V
thi

If (x) = f(x)] < 1d*(x, %).
Dinh nghia 1.2 (Anh ef al., 2012) Cho K: A 3
E 1a mot anh xa da tri. Khi do,
(i) K dwoc goi la L a-Holder tai 4 € A néu ton tai
lan can N cta A sao cho voi moi 44,4, € N thi

(K1), K(43)) < 1d%(Ay,2y), véi
p(A,B) = sup (a,b);
a€AbeB

(ii) K duoc goi 1a 1. a-Holder calm tai 1 € A néu
tdn tai 14n can N cta A sao cho v&i moi A € N thi

p (K, K(D)) < 1a%(2, 7).

binh nghia 1.3 (Anh er al, 2015) Ham gé
f:X = R duoc goi la h.B-10i manh trong tap 10i
A c X néu v&i moi xq,x, €E Avaf € [0,1],

fOx;+ (1 —0)x) <O0f(xy) + (1 -
0)f(xz) —ho(1 — H)dﬁ(xl,xz).

B6 dé 1.1 (Bét ding thirc Gronwall-Bellman)
(Cesari, 1983) Néu u(t)=0,v(t)=>0,te
[0, +00) 1a cac ham cho trudc, trong d6 u(t) lién
tuc, v(t) kha tich Lebesgue trén moi doan hitu han
va v6i hang s6 C khong am ta c6

u(t) <C+ fot u(a)v(a)da, t =0,
thi ta cling c6 u(t) < C. exp(fot v(a)da).

3 TINH LIEN TUC HOLDER CUA ANH
XA NGHIEM

Muc nay danh cho viée thiét 1ap cac diéu kién du
cho tinh lién tuc Holder cta anh xa nghiém tai diém
ban dau (i, ;I). Vi su ton tai nghiém da dugc nghién
ctru trong nhiéu bai bao trude day (Alekseev ef al.,
1987; Kien et al., 2012; Zhan et al., 2012; Santos
and Silva, 2014), nén trong bai bao nay tdp nghiém
ctia bai toan luén duoc gia str khac rdng trong 1an
can cua diém dang xét.

Pinh Iy 2.1 Gia sir rang,

(i) ton tai cac héng s6 duong Ty, T, va mot ham
khéng am ¢ € LP([0,1], R™) sao cho

A < Ty, T < To, IBO] < ¢p(0),t €
[0,1] h.k.n;

(ii) ton tai cac 1an can V cia [ yé N cua A sao
cho voi moi u €V, f(-, 1) 1a h. -161i manh va lién
tuc m. 6-Holder trén K (N);

55

Tap 54, S6 94 (2018): 53-58

(iii) voi mdi z € K(N), f(z) 1a n.y-Holder
calm tai 1.

Khi do, anh xa nghiém S lién tuc Holder calm tai
(4, fr).

Chiurng minh. Chung minh dugc chia thanh 4
budec.

Bucdc 1. Voi moi A € A, ta chiing minh K(1) la
16i, khac rdng va chi ra rang, véi moi A,, A, € A cho
trude va z; = (x5,u;) € K(1,), ludn ton tai z, =
(x5, uy) € K(A,) vasd I > 0 sao cho

lzy — 2z, IS LI Ay — Ay e

“)
Théat vay, theo dinh ly ton tai nghiém ChO bai
toan Cauchy cia phuong trinh vi phan tuyén tinh
(Alekseev et al., 1987) thi K(1) # @ véimoi A € A
Mit  khic, v&i moi  z,z, EK(A),z, =
(x1,u1),2; = (x2,u) va @ € [0,1], tacod
OB (t)u,(t) + OT(t)A(t)
+(1 - 0)A(t)x,(t) + (1 — 8)B(H)u,(t) +
(1 -6)T@®AL)
(1 - 0)uy) + T()A(L).
Suy ra, 6z, + (1-6)z, e K(1).Dodo K(1) 1a
tap 16i.
Béy gio ta chi ra ring véi moi A1, 43 € A cho
trude va z; = (x,uy) € K(11), ludn ton tai z, =
(x5,uy) € K(A;) val > 0 sao cho

lzy =z, IS TN Ay — 25 ;e
That vy, vdi moi (xq,u,) € K(4;) thi

%1 = At)x1(t) + B@®u () + T(t)A,(t), t €
[0,1] hk.n. (5)

Chon u, = u,. Theo dinh 1y ton tai nghiém cho
bai toan Cauchy cua phuong trinh vi phan tuyén
tinh, tOn tai x, € X sao cho

x; = A(D)x, () + B(Dup(8) + T(0)A,(0), t €
[0,1] h.k.n. (6)

Lay (5) trir (6) vé theo vé va dit x = x; — x,, ta
c6x(0) =0va

x = A)x(t) + T()(A,(0) — 2,(2)), ¢ € [0,1]
h.k.n.

Suy ra,
x| < Ty |x (O] + T, 12,(6) — 22(O), t € [0,1]
h.k.n. 7

Tu x(t) = fotfc(s)ds, ta dugc
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(O] < [5 (T 12| + T, 14,(s) —
2(s))ds

< [y Tlx(©)lds + [ oA, (8) — A,(6)|de

< fy Talx(S)lds + T, 1 Ay = A Iy

t
S f Tllx(S)ldS +T2 ” Al _12 "T'
0

Theo bét dang thire Gronwall-Bellman, ta dugc

X< T, 1 4
Ay =2z Il exp(Ty) .

— 2 Il exp(fy Tyds) < T, |

Két hop véi (7), ta co
N ST x i+ To ll A4y — 25 |,

STi(To 14 — 23 Iy exp(T)) + T 1 Ay — 45 |l
=1L 11 - Az "r'
trong dé l = T].TZ eXp(Tl) + Tz.
Do d6, ta co
Il zg — 2z, 1=l (x1: ul) - (xz; uz) 1=l x; — x, "1,1
=l x "1_1

= |x(O)+N % 1,< LI Ay — A5 I,
_ Budc 2. V6imoi zg € S(A4, 1) vaz € S(4, ), ta
can chirng minh

a0, 2) < (2 db(u ). ®)

D@ thay (8) dung néu z, = z. Gia sir rang z, #
z.Tuzy €S(A, @) vaz € S(A, ), taco

f(Wli ﬁ) - f(ZO' ﬁ) = 0: vwl € K(l)r (9)
fwa, ) — f(z,1) 2 0,Yw, € K(4). (10)

Do t1nh 16i cua K (l) nén ta co Z°+Z € K(1). Dat

W1:

f(z‘;+ 2,0) — £ (2o, @) 2 0. (11)

Mit khéc, do tinh 16i manh cua f nén ta co

(2 0) <3 f (2o, +5f (20 —
ihdﬁ(zo,z).

Suy ra,

-hdﬁ(zo,z)+f(z°” i) = fzo ) <

—;f(Zo,ll) + ;f(Z,#)- (12)
Két hop (11) vai (12), ta co
hdf (20,2) < f@@) = f(z0, @) (13)
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batw, =
(2 0) - fam 2o (14)
Do tinh 16i manh cta f,néntaco
(22, 0) < 2 f (2o, m) + 2 f(z0) -
ihdﬁ(zo,z).
Suy ra,
“hdF (z0,2) + f (222, 1) = f(z, ) <
§f(zo,u) - f@w. (15)
Két hop (15) voi (14), ta dugc
20’ (20,2) < fzo,1) = fz). (16)

Tu (13) va (16) suy ra,
th(ZO'Z) S (f(Z, .a) - f(Z) ,Ll)) +
(f(ZO' ,Ll) - f(ZOl ﬁ))

Str dung tinh Holder calm cua f tai i trong (iii),
ta duoc

hd®(zy,2z) < 2nd¥ (u, i).
Do 46, (8) dugc chiing minh.
_Burdc 3. By gio ta chimg minh rang véimoi Z €
S(A4 ) vazy € S(A, 1) thi
1
d(zo,7) < ( 6)E d%(A, ). (17)
DE thay (17) ding néu z, = Z. Gia st 7o # Z.
Theo (4) ton tai z; € K(4),z, € K(4) sao cho
d(z,z,) < 1d(2,2),
d(zo,2,) < 1d(2,2).

m23-9]

(18)
19)

Do Z va z, 1a cac nghi€ém cua (OCP), nén ta c6

[z ) — f(Z, 1) =20, (20)
va

f(z1,18) = f (20, 1) 2 0. @D
Mit khac, do tinh 16i cta K (1) nén Z+22 € K(1).

Khi d6, theo (20), tacod f (Z+Zz ') f (z @) = 0.

(22)
Ngodi ra, vi f 16i manh nén
Thdf(20,2) < S f (20, ) +5f(Z0) —
f(22,0). 23)

Cong (22) va (23), ta co
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- hdPa D) S S f (@)~ @D +
r(E2a) - £ (5 ).

Nhan (21) véi 2 va cong véi (24), ta duge

24

Jhdf (20,2) < f (2, — @0 +

Z+zy; _ ZotzZ _
f( 2 ’#)_f( 2 '#)'

Mat khac, do tinh lién tuc Holder ctia f trén
K(N) nén

ThdP (20,2) < md®(z,,2) +

Z+zy zZog+zZ
md‘s( 2, =2 )
2 2

< %md‘s(zl,z') + 2%md‘s(zz,zo).
Két hop véi (18) va (19), ta duoc
ihdﬁ(zo,z-) < m21-815d%(2, 7).

Suy ra,

1
3-86;6\% & = _

d(zo,2) < (22— )ﬁ e (2, 7).

Budc 4. Ta thay rang, véimoi Z € S(4, i) vaz €
S, w,

d(z,z) <d(Z,zy) +d(zy,2) <

1 1
m23-818\g S . 2n\g %, _

( 8 ) (2, 7) + (7) dF (u, ).

Do do,

1
- 3-818\g S _
p(S(L), S m) < (=) aB(2,7) +
1
z Y
() dFup.
Vay S lién tuc Holder calm tai (l_, /I).

4 APDUNG

Muc nay danh cho viéc ap dung cac két qua thu
dugc trong Muc 3 cho bai toan diéu khién tdi uu
tham s voi phuong trinh trang thai tuyén tinh duoc
x¢ét trong Kien et al. (2012).

Xac dinh  ham  didu  khién u€
LP([0,1],R™), 1 <p < o va ham X €
Wt1([0,1], R™) sao cho cuc tiéu gid tri

1
Jy g(x(@,u(®), u(®))dt, (25)
véi phuong trinh trang thai

x =A®)x(t) + B(H)u(t) + T(t)A(t), t €
[0,1] hk.n, (26)

gia tri ban dau

57

Tap 54, S6 94 (2018): 53-58

x(0) = x, (27
va diéu khién
u(t) € U, t € [0,1]. (28)

V&imoi (A, 1) € AX M, ta dat

fzw = [ g(x(®),u(®), u®)de =
J) g(z(®), u(®)adt.

Khi d6 bai toan trén trd thanh

(OCPy): Jmin, f(z,p).

Hé qua Gia sir rang,

(a) ton tai cac hang s6 duong Ty, T, va mot ham
khéng 4am ¢ € LP([0,1], R™) sao cho

A < Ty, IT(O] < To, IBO] < ¢p(0), t €
[0,1] h.k.n;

(b) ton tai cac 1an can Veua 2 va N cua A sao cho
véimoip € V,g(-, 1) la hy.B;-10i manh va m,. ;-
Holder trong K(N);

(c) véi mdi z € K(N),g(z,) 1a ny.y;-Holder
calm tai 1.

Khi d6, anh xa nghiém cua (OCP;) lién tuc
Holder calm tai (4, 7).

Ching minh. Ta chimg minh h¢ qua nay bing
cach kiém tra cac gia thiét ctia Pinh 1y 2.1.

Ta thay rang gia thiét (i) hién nhién dugc thoa
man.

_ Véi gia thiét (ii), theo gi thiét (b) vé tinh hy. B;-
16i manh cua ham g(-,p), voi moi zy,z, €
K(N),8 € [0,1],tacod

f(ezl + (1 - H)ZZﬁ ”)1
— [ 907+ - 0)z,0)de
0

<6 folg(zl,u)dt +(1-9) folg(zz,,u)dt -
h,6(1 — G)dﬁl (21,23)

< O0f(z, )+ (1 —0)f(z,1)
— h,60(1 = 0)dP1(z,, z,).

Do d6, tinh 16i manh ciia ham f (-, ) trén K (N)
trong (ii) dugc thoa man.

Mit khéac, véi moi z,,z, € K(N), ta ¢

If G 1) = F (2] = |f 9z, e -
fgl g(Zz, ,Ll.)dt|

= |f01(9(z1'.u) - g(zz,,u))dt|
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< [}19(z1, 1) — g(z5 )ldt
< fol myd®1(z,, z,)dt = m;d®(zy, z,).

Diédu nay dung do tinh lién tuc Holder cua g.
Nhu vay, tinh lién tuc Holder cta f trong (ii) dugc
thoa man.

Vi gia thiét (iii) d& dang dugc suy ra dya vao
gia thiet (c) ve tinh Holder calm cua ham g.

5 KET LUAN

Trong bai bao nay, bang cach sir dung cac gia
thiét lién quan dén tinh 16i manh ciing nhu tinh lién
tuc Holder calm ctia ham muc tiéu, tinh lién tuc
Holder calm cua anh xa nghiém bai toan diéu khién
t6i wu phu thudc tham s6 v6i phuong trinh trang thai
tuyén tinh da dugc nghién ciru thanh cong. Két qua
trong Muc 3 1a hoan toan méi. Ap dung két qua dat
duoc vao mo hinh dic biét dugc nghién ctu trong
bai béo Kien et al. (2012) ciing thu dugc két qua méi
v& tinh lién tuc Holder calm cua anh xa nghiém cua
bai toan nay.

Céc két qua dat dugc trong bai bao c6 thé dugc
tiép tuc nghién ciru cho tinh 6n dinh nghiém xap xi
ctia bai toan toi uvu phu thudc tham s6. Hon nita, cac
két qua nay c6 thé mé rong nghién ctru cho 16p cac
bai toan tong quat hon, ching han bai toan diéu
khién can bang.
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