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Stability of E-Henig Efficient Solutions for Set-valued Optimization Problem
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Abstract: The Henig efficient solution under the improved set unifies the Henig efficient solution and the approximate
Henig efficient solution, and its stability analysis is indispensable in the numerical calculation. Set-valued optimization
problem is a hot problem in the field of optimization. The study of the stability of E-Henig efficient solutions for set-valued
optimization problems based on improved sets is of great theoretical and practical importance. Firstly, the E-Henig effective
solution of the set-valued optimization problem was introduced based on the concept of improved set, and the approximate
Henig effective solution and Henig effective solution of the set-valued optimization problem were unified. Secondly, the
closed convexity, boundedness and related properties of the recovery cone of the level set of the set-valued mapping were
established by using Painlevé-Kuratowski convergence in the case where both the objective mapping and the constraints of
the set-valued optimization problem were perturbed. Then, with the obtained closed convexity, boundedness, and properties
of recovery cone of the level set of set-valued mapping, stability results for the E-weakly effective point set, the E-Henig
effective point set and the E-Henig effective solution for strictly proper quasi C-convex set-valued optimization problems

were established, respectively, under the perturbation of both the objective mapping and the constraints of the set-valued
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optimization problem. The results obtained for the first time focus on the stability results of the set-valued optimization

problem based on the weak effective point set, Henig effective point set and Henig effective solution set under the concept

of improved set. Compared with the previous literature, which mainly focused on the existence, optimality condition and

duality property of Henig effective solutions for set-valued optimization problems, this study has significantly improved the

theoretical results of Henig efficient solution for set-valued optimization problems and provided methods and techniques for

stability analysis of numerical computations.
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EWMin F(S) ,

WE W] AEHL y € lim,supEWMin F,(S,) , WAF7E
EWESf (S, ,F, ) FETEI (x, .y, ) 4%y, —y.

FRAES: - 1% y ¢ EWMin F(S), W fF1E x e S,y e

. ZH - ) e ) .
Fo) iR yoy e —int B, 2= y=y, WAy, 2y MUEE
fEk, e N (R b=k, Ay, ey_%rim Citf(x.3) e

epi .8, 58 FUF, "SR WL AR TE epi F, )
FCuy0,) b B8 (uyy0,) = (2, 5) 5 o, —y T FEAE
k. =k, XL =k, A o, e y+ %—int C= y_g_
int C3 AP AP (o, ) TP T IF A0, ), (75 3E
8 b=k, H v, e y—%—int CCy, —int C-int C; %54

int CC int ECE Fll E+int C=int £, 1] Al v, €Y, ~intkE,
X5 («x, ,y, ) € EWEM(S, ,F, ) AP, ATA A y e
EWMin F(S) .,
P2 B F.So2" FF .S 2" Ny bk iEs
e ELADL C- ) B A (B ST, Ll A 2 vh AR Y
ZAF 5 C R €\ 10} CintC, (IR M HE, epi F N
M4 int CCint E,E=C,\ {0} ,F £ S |} rotund {H Wt
S, W4 Tim supEHMin F,(S,) CEHMin F(S)
WE W] fEHL y € lim supEHMin F (S,), FiE y e
EHMin F(S), N
lim, supEHMinF (S,) Clim, supEWMinF (S,) C
EWMin F(S) CF(S)
R v eSS, 15 yeF(x), HRIERE: B ye
EHMinF(S) , WXHMEZG L C\ {0} Cint C, BYZRHA ™ HE
C, A (F(S)+E-{y})N(=-C\{0}) =, NIiFETE
ueS,yeF(u),ec E, i1 y+e-y e -C,\ {0} ;% z=
y=y, IR 240,458 E=C,\ |0} il C, HNTRIEZS By
P T
z=y—ye -C,\{0}-eC
-C,\{0}-C\|0} C
-C,\{0}-C,C
-C,\ 0] (15)
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th y € lim, supEHMinF, (S,) AT 1, /7 {F EHMin F, (S, )
TSy, } 4G y, -y My, € EHMinF, (S, )
AR A x, €S, flifGy, e F, (x,);fE sein C,
oy, —y TR kSRR, A y+e e F, (x, ) +C, 0
A x, €S, NF*, Hfr 2 A 3 A 4 ara,
ol {x, ) AR HEAWSET I, AR — R, B x,
i e S, K (u,5) € epi F,F, F, UL epiF,
FRFII (u, 0, ) B8R (a0, ) — (uyy)  ATITRS
f£% e cint C, {7 1E k, e N, f#i15

yteekF, (u, )+C, ¥ n, =k, (16)

1 1
MHEE 151, % 5= -, (1= ) -, 5, 00

k

Al s, €S, s h S, TS, Tl s,k € S, B4
Pl OLE  XHERR k% 2, =u, T
i=u H yeF(u)=F(x) (17)
#ix, Fu,  HF, B C-ERTHL A F, (x, ) C
F, (s,) +int C 8 F, (u, ) CF, (s,)+int C Z—3L,
Hhy, eF, (x,)Hy, eEHMin F, (S, ) 7L
(F,(S,)+E-{y, 1) N(-C\{0} )= (18)
MNHJy C\fo Cine €, BT N(I8) , ATRICE, (S, )+
E-{y, 1) N(=int €)= Dk A
v, &F, (S, )+E+int C (19)
A 1 H (1) AT%0, E+int € =intE, 254 int CCint E
M= (19) , AT
¥, €F, (S, )+int C (20)
Hlt, BIRA F, (x, ) CF, (s,) +int C; 50,45 F, (x, ) C
F,(s)+int C,IN Ay, eF, (x,),FLly, eF, (s,)+
int €, X5 (20) )&, HILALA F, (u, ) CF, (5,)+C
WAL, HEO6) TR X Y k=k, A y+s e F, (5,) +C
S, NI (s, y+e) eepi B, H (s, y+e)—(&,y+e);

B F, DR R LAk, p+e) e epi FLHI y+e CF (i) +C,
M e eint C LR epi F AR

yeF(z)+C (21)
W (17) Ml (21) , 15l y e F (&) +C Blar, BIAF
TEceC 15 y—ce F(x), TP LLT PR O E

frihie:

(1) #Fa=x, M yeF(x)=F(x),BR y#y-c; &
Wy =y—c, N
z=y-y=ce CCC, (22)
mat(1s) M (22) s, zeCc, N (-C,\{0}), XA N
C, B NTTA €, N (-C N0} =, XHHE z e
C,N(=C\N{O})FIT &, L y#y—c; HH F(&) B rotund
PEAHL ST y e F(2) M y—ce F(2) A, Jy,y—c[ N
(0F (%)) #OD, /]y, y=c[ N (intF(2)) =, HIAFTE
y e ly,y—c[ N (intF(x)) ,BIfFE7E a e (0,1) fliff y =
y+al (y=c)—y]; 0y eint F(&) , B LAAT DU I8 1Y
seint C 15 y —s e F(&) ,MH, A&

y —e=y+al (y=c)-y]-¢=
y+a(y-y)—ac-s e y—=C,\ {0} =C—int CC
y—E—int C

A 1 HR (1) Al E+int C=int E, NliA y —& € y-
int E; XMy -eeF(2)M %,y -eeF(x)N(y-intE),
X5 y e EWMinF (S) HF )&,

(2) #7 x#x, B F B4 B4 C-™MEmT L WHE AR
re(0,1) A TFRZ——EWor,

F(x) CF(Xx+(1-A)x)+int C
F(x) CF(Xx+(1-A)x)+int C

A yeF(x)Hye EWMin F(S), Ll yeg F(S)+
int E; XK int CCint E,JfTLA y ¢ F(S) +int C, 455
veS,xeSHS HMERH, Xx+(1-1)x e S, NITA
ygF(Xx+(1-A)x) +int C, HBLAHL XL A e
(0,1) 8 F(&) CF(Xx+(1-A)x)+int C; 54 (21)
A5y e F(Xx+(1-A)x)+int C; {1 epi F IR, BUL R
A—0, 15l y e F(x)+C, T LIfFHE ¢ eC,ffifg y-¢ e
F(x), 50010 2L, BARAE y#y—c ;i1 F(x) B rotund
PR, S E y e F(x) Ml y—ce F(x) A, ]y, y-
c[N(IF(x))" #OD, W]y, y=c[ N (intF(x)) =D, Kk
FETE y € Jy,y=c[ N (intF (x)) , BIfFLE a e (0,1) il
By =y+al (y=¢)—=y]; ANy eint F(x), Fr2AAT AL
HIEW e eint C,ffif8 y - e F(x) , MILE, A

y —e=y+al (y=¢)-y]l-e=
y+a(y—y)—ac—g e y—=C,\ {0} -C—int CC
y—E-int C

AT 1 A (1) AL E+int C=int E, AT y —& € y—
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int E;XH y-seF(x) WM, Hy-eeF(x)N(y-
int ), X5 y e EWMin F(S)MF &,

Zi b (1) f1(2) AT, y € EHMin F (S),
lim supEHMin F (S,) CEHMin F(S) .

ok, 2B A - AR (AR AL 1A B E-Henig
AREE IR BTSSR,

SEPR3 & C R C\ {0} Cint €, BYIR A4,
S,S,CR" JHIMEL, R S, TS 1 F.5—2¢ Al
F,:S,—2% 12 5T B C-1™ 1 S5 (P4 (s
BF ZEp Wit €C int E,E=C,\{0] ,epi F WM, F
7E.S 1224 rotund fHBLSS , A FTE a e R F # D, #1145 0
(F*)= {0} ,Wlim supEHEff (S, ,F, ) CEHEff (S,F),

WE W] ATHC x € lim, supEHESf (S, ,F,), WAFAE
EHEff (S, ,F, ) TS« (5 -, BARDA
x € EHEff(S,F) . HIBIEE fBi% x ¢ EHEff(S,F), N
RIFTE y e F(x) i y € EHMinF (x) , RURHE 250906 2
C\{0}| Cint C, FRIIMHE C, , # A (F(S)+E-{y]) N
(=C 0D #D N E ueS,ye F(u),eeckE, f#if3
yte—y € =C\ {0} ;10 e e E, M4

y=y e =C,\ {0} (23)

B, y-y#0;H y e F(u) M F, LN
epi F, PIFI | () b AEAS () — (uyy) s i
y,—y 13 LW e eint C, 24 k oy KREF, A

y+e ey, +C (24)
R (uw,,y,) €epi F, BiL
ek, (w)+C (25)
it (24) RIS (25) ATA5 Y & FE40 KR A
y+8€F,,k(uk)+C (26)

1 1
é\ykﬁuﬁ(l—f)x“mum S, BT, 0, < S, .

Ak S, %s,ﬁﬁu v,—x€ES, H F% B Tk B R G-y
PERI LA
F"k<xk> CFnk(vk)HntC (27)
F,,k( u,) CF,”((vk)+int C (28)
R 5, e EHERT (S, F, ) JTAREAE y e F, (x,) R

v, € EHMin F, (S, ); X&) EHMin F (S) C EWMin

F(S) LA y, e EWMin F(S), B (27) AT,
A (28) 3oz I, 3 K (27) WL, WA y, e F, (0,) +
int C, AN int CCint E, TP y, € F, (v,) +int E, X5
y, € EWMinF (8) 7 &, Hix(26) X (28) Al 1%, 4 k
TR A y+e e F, (v,)+int C, HILY k 5850 KT,

. P. K. B
H (v, y+e) eepi F, 856 F, ——F M (v, ,y+e) = (x,

y+e) WA, (x,y+e) eepi F, NI A y+e e F(x)+C;
H9 epi FNHISE BT y € F(x) +C, NTITEAE c e C, fif
B y—ceF(x), B8 y#y—c; B, y=y—c, M
y=y=ce CCC, (29)
BRI, it (23) A= (29) ATl y—y e €, N (-C,\ {0} ),
Bk €, BRME, FTLL C,N(-C\0}) =, X 555z
Y=y e C, N (=C O HIFIE, I y #5—c, B F(x)
() rotund PERT 1, FHMTE y e F(x) Ml y-ce F(x) , A
Iy, y=c[ N(aF(x)) =D, Bl ]y, y—c[ N (intF (x)) #
O HIAFE y € Jy,y—c[ N (intF (x)), IFFE a e
(0,1) ffifd y =y+al (y—c)-y]. WAy eint F(x),
FRLATT AR TG 1Y & e int C, 115 y' —& e F(x) ;T L
i €
y —e=y+al (y=c)-yl-e=
y+a(y-y) —ac—& € y=C,\ {0} =C=int CC
y=E-int C

a1 P (1) AT, E+int C=int E, N1 A y —& €
y=int E; Xy~ e F(x) TTH,H y —ee F(x) N (y-
int £), KA EHMin F(S) CEWMin F(S), Ll y €
EWMin F(S),i X5 y -ee F(x) N (y-int E) #HF )5,
FIt x e EHEff(S,F) .
4 5 ©

A OCEEERAL I R f B 5T — B e A B e
HINENIR G Z — R TEEMALRE E-Henig A
RA 1) 1 B R E ME BT D . AR SCRI T Painleve-
Kuratowski WS, 8 37 5 8 B S5 7K S i b 4 A
S S NSO 1 AR SR BT, K 5 A B BT 4R A5 1Y) 4R (L Ik
Uy e ST NRE e SR e YN IR Es HEL pieE Y =K
A Ta) 5 H b B 5 R 24 SR 2R AR Bl 1 L T, 43 i)
TR FLALL C-MARE A AR IR E-55 44 20 2 5 | E-Henig
AR E-Henig A R IERE PSSR . 5B K
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