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TOM TAT

Trong bai bao nay, chiing t6i nghién clru vé tinh kha vi suy rong trong téi uu da tri, cu thé la nghién
ctu vé dao ham theo tia cap hai dang hgp ctia mét anh xa da tri cho trudc. Xudt phat ti y tudng
non ké va ma rong dinh nghia nén theo tia cdp cao trong nghién cliu clia nhém tac gia Anh NLH
va cong su (2011), chdng toi gidi thiéu dao ham theo tia dang hop cap hai. Tiép theo d6, mot s6
tinh chéat ctia khai niém nay dugc tim hiéu va maéi lién quan gitta dao ham theo tia cap hai dang
hop clia mét anh xa da tri cho trudc va anh xa da tri kéo dai ctia né dugc thiét lap. Sau do, ap dung
clia dao ham theo tia cdp hai dang hap trong phan tich do nhay dugc trinh bay. Cu thé, ching
tOi nghién cdu vé bai toan téi uu da tri tham sé hod. Dang nghiém dugc dé cap dén trong bai la
nghiém Pareto. Dua vao cac két qua bén trén, ching t6i tim hiéu vé phan tich do nhay cho anh xa
nghiém Pareto clia bai todn nay. Mot cach rd rang hon, chiing téi thiét lap dao ham theo tia cap hai
dang hop ctia 4nh xa nghiém Pareto nhiéu (4nh xa nhiéu dugc hiéu theo nghia la anh xa nghiém
Pareto va phu thudc vao tham sé nhiéu nao doé). Mot sé vi du dugc thiét lap dé minh hoa cho cac
két qua clia chiing t6i. Két qua dat dugc trong bai bao nay la mai va cai thién hon so véi mét s6
két qua da cé trong hudng nghién clu nay.
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GIGI THIEU

Phén tich sy 6n dinh va phan tich d6 nhay déng vai
tro quan trong trong ly thuyét t6i uu. Phan tich sy én
dinh nghia 13 nghién ctiu v€ tinh lién tuc ctia anh xa
nghiém/4dnh xa gid tri t6i uu cta bai todn t8i uu tham
s0. Trong khi d6, v6i phan tich d6 nhay, ching ta thiét
lap su x4p xi clia cac 4nh xa bén trén thong qua cac
dang dao ham.

Mot s6 két qua vé phan tich do nhay trong t6i uu
vecto 6 thé dugc tham khao tai cdc nghién ciiu ctia
Kuh H et al. (1996) [1, 2], Shi DS (1991) [3], Shi DS
(1993) [4], Tanino T (1988) [5, 6]. Trong nghién ctiu
ctia Tanino T (1998) [5], Tanino thiét lap két qua vé
phén tich d6 nhay trong t6i uu vécto dung dao ham
tiép xtc (xem Aubin JP va Frankowwka (1990) [7]).
V6i cac gia thiét nhe hon so v6i Tanino T (1998) [5],
Shi da gidi thiéu dao ham TP trong Shi DS (1991) [3]
va sau d6 xay dung tinh chit nhay dugc xem la su
mé rong cta Tanino. Nam 1996, Kuk va cidc dong
nghiép dé xudt hudng phat trién khdc tit két qua cua
Tanino [1, 2].

Khi nghién ctiu vé phén tich d6 nhay, khdi niém dao
ham déng vai tro quan trong. Mot s6 két qua vé dao
ham suy rong cdp hai va cdp cao dang dugc phét trién
gin day [8-15]. Wang va Li dat dugc két qua vé phan
tich d¢ nhay cdp cao trong t4i uu vécto khong 16i [16].

Sau d6, nhom tac gia nay ma rong két qua cho dnh
xa nhiéu proper diing dao ham tiép xtc cip hai [17].
Vao ndm 2017, Xu va Peng diing dao ham tiép xdc cdp
cao thiét 1ap két qua vé phén tich d6 nhay cho énh xa
nhiéu proper theo kiéu Henig [18].

Xudt phat tii y tudng ctia cdc két qua nghién ctiu trudc
day [9, 11, 13, 17, 18], trong bai bao nay chung toi
dung dao ham theo tia cip hai dang hgp trong phén
tich d6 nhay. Cu thé, dung dao ham nay, chung toi
thanh lap mdi quan hé gitia dao ham theo tia cdp hai
dang hop ctia 4nh xa F va ctia 4nh xa F+C. Sau do,
ching t6i trinh bay két qua vé phén tich d6 nhay cdp
hai cho bai todn t6i vu da tri tham so.

MG PAU

Trong bai bdo nay, chung t6i gia st X, Y 1a cac khong
gian dinh chudn, C 13 nén 16i déng c6 dinh trong
khong gian Y. Ky hiéu Ox 1a diém g6c ctia khong gian
X. Cho M la tip con khac réng cta Y, khi d6 cI(M)
la bao déng ctia tap M. N6n sinh béi tap M dugc xac
dinh béi

cone(M) := {ty|t >0, y € M}

Tap 16i khéc réng B dugc goi 1a ¢ s& cta nén C néu
Oy ¢ cl(B) va cone (B) =C.

Trich dan bai bao nay: Ngoc P L B, Tung N T, Nghia N H. Pao ham theo tia cap hai dang hgp cia anh
xa nhiéu trong téi uu da tri. Sci. Tech. Dev. J. - Nat. Sci.; 4(3):567-572.
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biém yy € M dugc goila diém hitu hiéu Pareto ctia M
néu (M —yp)N(—C) = {0y }. Tap cic diém hiiu hiéu
pareto ctia M dugc ky hiéu 13 Min M.

Nhén xét 2.1. V6i C 1a nén 16i déng trong Y, ta cd
Min.M=Min.(M + C).

Cho 4nh xa da tri F : X — 2Y, mién htu hiéu, mién
anh va do thi ctia dugc dinh nghia nhu sau:

dom(F) :={x € X|F(x) # &},
lm( ) ={eYlyeFX)},
(F):={(x,y) €X xY|y€ F(x)}.
Dinh nghia 2.1 ([7, 19]). Cho S C X, x € cl(S).

o Non tiép xdc cta S tai x dugc xac dinh béi

T(S,x):={ue€ X[ty = 0", Jup = u, x+1tyu, €S}.

o Non theo tia ctia S tai x dugc xac dinh boi

R(S,x) :={u€X|3, >0, Juy, — u, x+tyu, € S}.

Nhan xét 2.2. ([7, 20]) (i) T(S,x),
dong.

(i) T(S,x) CR(S,x).

(ii) R(S,x) = clcone(S —x).

(iii) Néu S 16i thi T'(S,x), R(S,x) 1a16i va

R(S,x) la cdc nén

T(S,x) = R(S,x) = clcone(S —x).

(iv) R(R(S,x),0) = R(S,x).
(v) V6iu € R(S,x), taco

R(R(S,x),0) = clcone(cone(S —x) — u).

Dua vao y tudng cia nén ké ([7]) va nén theo tia trong
([13]) chung t6i dé xuét dinh nghia sau.

Pinh nghia 2.2. (i) Cho S C X, x € cI(S). Nén theo
tia dudi ctia S tai x dugc xéac dinh bai

Ri(S,x) :={u € X|Vt, >0, Ju, = u, x+tyu, € S}.

(i) Cho S C X x Y, (x,y) € cl(S). Nén theo tia dudi
suy bién cua S tai x dugc xac dinh boi

Ri(S,x) :={(u,v) € X xY|3t,, >0, Ve, = u,
vy = v, (x+tyltn, y+1tavn) €S}
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PAO HAM THEO TIA CAP HAI DANG
HOP CUA ANH XA PA TRI

Trong phén nay, chung toi thiét 14p moi quan hé gitia
dao ham theo tia cip hai dang hgp ctia 4nh xa F va
ctia anh xa F+C, dugc dinh nghia béi (F +C)(x) :=
F(x)+C.

Pinh nghia 3.1. Cho F : X — 2V
(u,v) €X x7Y.

(i) Pao ham theo tia cip hai dang hgp cta F tai (x,y)
(ing v6i (u,v) 1a énh xa da tri D2, F (x,y,u,v) : X —2Y
dugc dinh nghia nhu sau

R(R(gr(F),(x.y)), (u,v)).

(ii) Dao ham theo tia dang hgp dudi suy bién cdp
) Gng v6i (u,v) la 4nh xa da tri
D%YF(x,y, u,v) : X — 2¥ dugc dinh nghia nhu sau

, (xy) € gr(F) va

gr(DLF (x,y,u,v,)) =

hai cta F tai (x,y

gr(Dlst(xayvuvvv)) = Rls(Rls(gr(F)v(xvy))v (Mvv))'

(iii) Anh xa F dugc goi 1a c6 ntia dao ham theo tia cap
hai dang hop tai (x,y) ting v6i (u,v) néu
D F(x,y,u,v)(x) = DISF(x,y,u,v)(x/).

Dinh nghia 3.2. ([11]) Tap con S C Y dugc goila thoa
tinh chat C-trdi néu § C MincS+C.

Ménh d€ 3.1. Cho F : X — 2, (x,y) € gr(F) va
(u,v) € X x Y.Khi dé,

D2,F(x,y,u,v)(x') +C C D%, (F +C)(x,y,u,v)(x').

Chitng minh. Liy w € D2.F(x,y,u,v)(x') va ¢ € C.
Khi do, t6n tait, > 0, (x,w,) — (x',w) sao cho

(t,v) + tn (X0, wn) € R(grF, (x,y)).

Theo dinh nghia ctia ndn theo tia, v6i méi n, ton tai
tf >0, (XX, wh) = (u,v) +1,(x, wy) sao cho
%) € gr(F).

ViceC, t, >0néntaco

(x,9) + 15 (dew

(x,y) + 5k, wE 1,¢) € er(F +-C).

Dé thdy (x5, wk 4 1,¢) —
k — oo, do do

(4, v) + 1y (X, Wy + ¢) khi

(t,v) + 14 (x4, wn+c) € R(gr(F +C), (x,y)). O

()C,, W+C) khin — o nén
), (u,v)), tdc la,

Hon nita vi (x,, wy,+c¢) —
(', w+c) € R(R(gr(F +C), (x,
w+c € D2.(F +C)(x,y,u,v)(x').
Ménh & 3.2. Cho F : X — 2Y, (x,y) € gr(F) va
(u,v) € X x Y.Gid sit C ¢6 co sé compact B. Khi dé,

MineD2, (F +C) (x,3,1,v) () € D2.F (x,y,u,7) ().
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Chiing minh. Liy w € MineD2, (F + C) (x,y,u,v) (x'),
suy ra w € D2,(F 4 C)(x,y,u,v)(x’). Khi d6, tén tai
tn >0, (x4,wy) — (x',w) sao cho

(u,v)thn(xn, WV!) ER(gl‘(F+C), (x,y))
Theo dinh nghia ctia nén theo tia, v6i mbéi n, ton tai
th >0, (X5, wh) = (u,v) + 1, (x, wp) sao cho
(x, ) + 1, (s, W) € gr(F +C).

Khi d6 ton tai day ¢, € C sao cho

1
y+ik (w’,‘,—t—kck> € F(x+1kxk). (1)
n

Vinoén C cé co sd compact B nén ton tai o > 0, by €
B (b — b € B) sao cho ¢ := oy by. Tt (1) taco

o
y+ik (w’fl - [—:bk) € F(x+1kxk). (2)
n

Ta chting minh réng % — 0khik — co. Gid sii ngugc
lai, ton tai € < 0 sao cho r% > g, Vk, tii (2) tasuy ra

Y5 (wy —etnby) =
k(yk _ % _ k
y+i, (Wn e bk) + (0by — Etuty by
=y+tk (w’,‘, - %kbk> +tytk by <t"‘—;k - e>
€ (F4C)(x+1tkxk).

Vi wk — v+ 1wy, by — b khi k — oo nén wk —

gtpby — v+ tyw, — t,b(k — o0). Mit khac, do xX —
u~+t,x, khi k — o nén

(u,v) + 1 (Xn, wn — £b) € gr((F +C), (x,))-

Ngoai ra, ta c6 (xn, wy —€b) — (X', w—€b) khin —
oo nén

(', w—eb) € R(R(gr(F +C), (x,y)), (u, v)),

tiic 1a, w— b € DZ.(F +C)(x,y,u,v)(x’'), mau thuin
v6i tinh chit w € MingD2,.(F 4 C)(x,y,u,v)(x'). Viy
z,,atk,f — 0 khi k — oo, suy ra % — 0 khi k — oo.
Vi (xX, wh) = (u,v) 41, (30, W) nén

Qi
(xfl, w],‘l - t—kbk) = (u,v) 4ty (xn, wn).

Tu (2), ta co
(u,v) + tu (X, wn) € R(grF, (x,))-

Hon nita vi (x,, wy) — (¥, w) khi n — o nén
(&, w) € RR(gtF, (x, ), (1, V), tic T,

w e D2 (F)(x,y,u,v)(x'). O

Ménh & 3.3. Cho F: X —2Y, (x, y) € gr(F) va
(u, v) € X x Y Gid st C ¢6 cd s6 compact B va D2, (F +

C)(x,y,u,v)(x') thod tinh chdt C-tréi véi moi x. Khi
dé,

Dsz(xvyvuvv)(x’) +C= D?r(F+C)(x7y7u7V)(x/)

Chiing minh. Theo Ménh dé 3.1, ta chi can chiing
minh

D%,F(x,y,u, v)(x')+CD Dgr(F +C) (x,y,u,v) ().

That vay, vi D2, (F +C)(x,y,u,v)(x) thod tinh chét C-
troi véi moi x nén

D, (F +C) (x,y,u,v)(x)

C MineDZ (F+C)(x,y,u,v)(x') +C

C DGF(x,y,u,v)(x') +C
(theo Ménh dé 3.2).
Vay ménh dé dugc ching minh.
Vidu3.1.ChoX =Y =R, C=R,, F: X — 2 dugc
xéc dinh boi F(x) := {y €Yly> x6/5}. Véi (x, y) =
(0, 0), (u, v) = (1, 0), tinh todn tryc ti€p ta dugc

Dgr(F +C)(x7yvuvv)(x/) = Dsz(x,y7u, v)(x')
={y eYly>0}.

Ta c6 thé kiém tra ring D2,.(F 4 C)(x,y,u,v)(x') thoa
tinh chét C-trdi va do d6 két ludn ctia Ménh dé 3.3
thoa, tic 1a,

DZ,F (x,y,u,v) (x') +C = D, (F +C) (x, y,u,v) (x').

Tuy nhién, dao ham tiép xdc cdp hai cta F tai (x, y)
theo (u, v) 6 gid tri 1a D*(F + C)(x,y,u,v)(x') =
@, do d6 gia thiét vé& tinh C-tréi cha D2 (F +
C)(x,y,u,v)(x’) khong thod. Viy Ménh dé 3.3
trong [17] khong thé st dung (tuong tu cho Pinh ly
3.1(i) trong [18]).

DPAO HAM THEO TIA CAP HAI DANG
HOP CUA ANH XA NHIEU

Trong phén nay, ching t6i xét bai todn t&i uu da tri
tham s6 (P) nhu sau:
MincF (z, x) s.t. z€G(x),

trong d6 F : Zx X —2Y, G: X — 2%, z1abién quyét
dinh, x 1a tham s6. Pinh nghia &nhxa H : X — 2Y
nhu sau

H(x):={y€eY|yeF(z, x),ze G(x)},

H dugc goi la anh xa tap gia tri chdp nhan dugc trong
khong gian muc tiéu. Tl bai todn (P), chung toi dinh
nghia anh xa §: X — 2¥ nhu sau

S(x) :=MincH (x),

dugc goi 1a 4nh xa nhiéu cta bai toan (P).
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Pinh nghia 4.1. ([11]) Anh xa H dugc goi 1a C-
minicomplete béi § néu véi moi x, ta cd

H(x) CS(x)+C.

B3 dé4.1. Cho (x, y) € gr(S), (u, v) € X xY. NéuH
la C-minicomplete bdi S thi

D%r(H+C)(x7y7uvv)(x/) = Dg,(S+C)(x,y,u,v)(x/).

Chiing minh. Vi S(x) C H(x) nén (S+C)(x) C (H +
C)(x). Mt khéc, theo gia thiét ta c6 H(x) C S(x)+C,
suy ra

(H+C)(x) € (S+C)(x).

Do dé (H+C)(x) = (S+C)(x) va

D%r(H"'C)(xvyvu?V)(xl) :D%,(S—O—C)(x,y,u,v)(x/). U

Pinh Iy 4.1.Cho (x, y) € gr(S), (v, v) € X X Y. Gid
st C ¢6 co sé compact B va cdc gid thiét sau day thod:
(i) H la C-minicomplete bdi S;

(ii) D2,(H +C)(x,y,u,v)(x') thod tinh C-tréi vi moi

x.
Khi dé,

MineDZ H (x,y,u,v) (') € Dg.S(x,y,u,v)(x').  (3)
Chiing minh. Theo B6 dé 4.1, ta c6:
D2, (H +C)(x,y,u,v) (') = D2, (S+C) (x,y,u,v) (x').

Tit gia thiét (i), D2,(H + C)(x,y,u,v)(x’) ciing thoa
tinh C-trdi. Theo Ménh dé 3.3, ta co:

D3 F (x,y,u,v)(¥') + € = Dg.(F +C) (x,y,u,v) (),
DZ,S(x,y,u,v)(x') +C = D2, (S +C) (x, y,u,v) ().

Suy ra

MinCD%,F (x,y,u,v) (x)

C MingD2, (F +C)(x,y,u,v)(X)
C MineD2,(S 4 C) (x,y,u,v) (')
- DgrS(x,y,u,v) (.0

Chiéu ngugc lai ctia (3) dugc suy ra tii két qua sau day.
Pinhly 4.2.Cho (x, y) € gr(S), (u, v) € X XY Gid st
cdc gid thiét sau day thod:

(i) H c6 nika dao ham theo tia cdp hai dang hop tai (x,y)
ting vdi (u, v);

(ii) H la C-minicomplete béi S;

(iii) S(x) chi chita mot diém.

Khi dé,

DZ.S(x,y,u,v)(x') € MincDZ, H (x,y,u,v)(x).
Chiing minh. Lay

w € D3, S(x,y,u,v)(x') € DZH (x,y,u,v) (x').
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Khi d6, ton tait,, > 0, (x, wy) — (¥, w) sao cho
(, v) +tn(xn, wn) € R(grS, (x, ¥)).

Theo dinh nghia ctia ndn theo tia, v6i méi n, ton tai
tf,‘ >0, (xﬁ, W’;) — (u,v) +1,(xn, wy) sao cho

(X, ¥) + 1, (x5, Wh) € grS,
hay
Y+ 1wk € S(x+1535) C H(x + rkxk). 4)

Gid stiw & MincDZ,H (x,y, u,v)(x'), khi d6 ton taiw €
D2.H (x,y,u,v)(x') sao cho

(w—w) € —C\ {0y} ©)

Theo gia thiét (i), v6i t,,, x, nhu trén ton tai w, — w
sao cho

(u, v) + 15 (X0, wn) € R(grH, (x, y)).

Hon nita, v6i mbi 1, v6i X, xk nhu trén tén tai wk —
v+ t,wy sao cho

(x, y) + (x5, wh) € grH,

hay

y+rfwk € H(x+155).
Tit gia thiét (ii), (iii) va (4), ta co wk —wk € C, Vk, n.

Vi C la nén déng nén suy ra t,(w, —wy) € C, ¥n, do

dé
(viv—w> eC,

mau thuin (5). Vay w ¢ MineD2,H (x,y,u,v)(x). O
Hé qua 4.3. Cho (x, y) € gr(S), (u, v) € X x Y. Gid
suf cdc gid thiét ciia Dinh Iy 4.1 va 4.2 déu thod. Khi dé,

D2,8(x,y,u,v)(x') € MincD?,H (x,y,u,v)(x).

KET LUAN

Trong bai bédo nay, ching t6i nhac lai khai niém dao
ham theo tia cdp hai dang hgp. Sau d6 chiing t6i thanh
lap mdi quan hé gitia dao ham cta dnh xa F va F+C.
Tu d6, chung t6i thu dugc cac két qua vé phén tich do
nhay cho bai toan t8i vu da tri tham s6. Cac két qua
dat dugc la méi va cai tién hon so véi nhiing bai bao
gin day.

XUNG POT LO1 iCH

Céc tac gid khing dinh khong c6 xung dot lgi ich d6i
v6i cac nghién ctiu, tac gia, va xudt ban bai bao.
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PONG GOP CUA CACTACGIA

Pham Lé Bach Ngoc: Tim mdi lién hé gitia cac dang
dao ham suy rong. Tim hiéu cic 4p dung cta nhiing
dao ham da c6 vao dang thich hgp. D€ xuit dao ham
theo tia dang hgp cép hai. Tim hiéu vé€ cach ép dung
ctia dao ham theo tia cdp hai dang hgp trong phén tich
do6 nhay. Viét ban thao bai bao.

Nguyén Thanh Tiing: Tim mdi lién hé gitia cic dang
dao ham suy rong. Tim hiéu cic 4p dung cta nhiing
dao ham da c6 vao dang thich hgp. D€ xuit dao ham
theo tia dang hgp cdp hai va tim hiéu cic tinh chit cta
nd. Viét ban thdo bai bdo.

Nguyén Huynh Nghia: Lugc khéo tai liéu vé cac dang
dao ham. Tim hiéu vé mdi lién hé gitia cic dang dao
ham suy rong. Tim hiéu céc 4p dung ctia nhiing dao
ham da c6 vao dang thich hgp. H6 trg tinh todn mot
s6 vi du minh hoa trong bai bao.
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The second-order composed radial derivatives of perturbation
mappings of parametric set-valued optimization problems

Pham Le Bach Ngoc’, Nguyen Thanh Tung, Nguyen Huynh Nghia

ABSTRACT
In the paper, we study the generalized differentiability in set-valued optimization, namely stydying
- the second-order composed radial derivative of a given set-valued mapping. Inspired by the adja-
Use your smartphone to scan this cent cone and the higher-order radial con in Anh NLH et al. (2011), we introduce the second-order
QR code and download this article composed radial derivative. Then, its basic properties are investigated and relationships between

the second-order compsoed radial derivative of a given set-valued mapping and that of its profile
are obtained. Finally, applications of this derivative to sensitivity analysis are studied. In detail, we
work on a parametrized set-valued optimization problem concerning Pareto solutions. Based on
the above-mentioned results, we find out sensitivity analysis for Pareto solution mapping of the
problem. More precisely, we establish the second-order composed radial derivative for the per-
turbation mapping (here, the perturbation means the Pareto solution mapping concerning some
parameter). Some examples are given to illustrate our results. The obtained results are new and
improve the existing ones in the literature.
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