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Abstract

Mathematical program with complementarity constraints (MPCC) is a difficult class of optimization
problems, which plays an important role in many fields. Due to the special structure of the comple-
mentarity constraints, several methods have been suggested in order to deal with the MPCC. Re-
cently, the sequential optimality conditions for nonlinear optimization problems (NLP) have been
drawn concerns widely. Convergence analysis of these methods for NLP has been dramatically im-
proved by using the sequential optimality conditions. However, the established sequential optimality
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conditions for NLP are not suitable for MPCC. In this paper, based on the CAKKT condition for NLP,
we present a sequential optimality condition for MPCC, namely MPCC-CAKKT condition, which is
stronger than the MPCC-AKKT condition. Furthermore, we present a weaker constraint qualifica-
tion for M stationarity which is closely related to MPCC-CAKKT.
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1. 5]

AR FE BT E B AN R E - MR (Mathematical program with complementarity constraints, i FR
MPCC)n] @, HAL AL T

min f(x)
st g(x)<0,
h(x)=0 R

0<H(x)LG(x)>0.

y
F

f:R" >R, g:R" >R", h:R" 5>R% H,G:R" > R"ZIELA ), 0<ulv>0E/Rxu>0v=>0,

MPCC [a[#7E TAR B TE MLAR 5 )RR Il AL - SV 2 AU & T 12 MR, AR 58 MPCC il
BA HEE IS ME SR o T AN IRFERE5 4, NLP [3] B V2 20 OE A& A T MPCC
R, R KKT & HE R S R AN RO . JE4ER, O T B AF (A58 MPCC i), $2H 7 MPCC
f LR R E MEME S, o S RaEE, M RasEE, C AR W RS E

BT P SR 26 A 5 S i LB HE T & O ¢, I HonT DA SR I St 45 2R . DALk, R4tk
PR 1781 7 50 S e S AR 2 31 7 AT 2 000, W AKKT 44, AGP %1, DCAKKT Zff#1
WCAKKT 251455 . DCAKKT kA5 — N He AGP %A1 B 9 K 7 51 S A 1% 2% A1, WCAKKT 25151 AKKT
FA, XU AR A A2 B T OO B RS S R[] [2]. (HAE, AELRYEARAL A A
M 2 AR RE BLEE ] TWF 9T MPCC 3], Kk, Andreani [4]% AJET MPCC ) W-, C, M-Fatk,
PEH T MPCC M) AW-, AC, AM-FRGEME, FHEH T HZAMHXRMARHEE, vt T 5 LN
Z A )5RSSK & 2021 4F, Ramos [5]2E T NLP [0 @ 1) AKKT 2614, $#&H 7 MPCC-AKKT A HAHK )
ZIRHE MPCC-CCP, Jfiit 7 H15 MPCC W HMZ A TE 2 (M #5¢ &, W MPCC-RCPLD, MPCC-
quasinormality F1 MPCC-pseudonormality 4.

ACAE MPCC-AKKT 2544 ()30t |, 257 7 Eb MPCC-AKKT 414 5 5 (1) Fe 51 e L v 264, B MPCC-
CAKKT %fF. SRJa, I T 52 KMLHMIE, Bl MPCC-CAKKT IEN#:44E. 1EH T MPCC [a]
() JR i e LR AE MPCC-CAKKT 441 T2 M F20E i, IX U] 7 MPCC-CAKKT IEM 2 — M REE ARIE M
T T () 20 SRR
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ARSCEERITR: BN A T HEREARIN. H =T H T MPCC 108U 1 7 5 Bt 26 1F, BRI
MPCC-CAKKT %1, FiE# MPCC-CAKKT kA5 — /N & HLI P e itk 2t . Z5 U5 4EtH T MPCC
e /) — ST 29 RIE, B MPCC-CAKKT TENI:, FFUER] T MPCC-CAKKT IEMIE R RS LRIE M £
EPERIZ AT . 55 FAT4A A 4G

2. EAHHIR
A4 O E R B R B — LA
E 2.1 [6] (SMEIR) 1 S :R" = R™ & — SR MU, S 7E X" abAISMEIR )y
IimsupS(x):{u | 3x* — x*,Ju” eS(x“),uk —>u}.

TE X 2.2 [6] (AFFIELE)FREEMT SR = R™7E i X™ s b2 AR ST, Wi
IimsupS(x)cS(x*).

*
X—>X

JE X 2.3 [6] (RHEN THEE—NMELe RS, ERHRHEN K = {v eR°|{v,k) <0, W T{ER k e /c} .
JE X 2.4 [6] ((EHES IENEAE) R S < X, X A RYE Hilbert 2=[1], xeS,ve X FRA S 7E A x LM IE
N, R (vx - x)<o(|X' —x|), x' €S o I ENEEHESIEN N () FR A IE R4, B

NS(X)={V€X |(v,x’—x>sc>(||x’—x||),x’eS}.
kv e X FRN S 72 x Ak, WRAEAEFF X - x o FEAEV e Ny (X )RV > v, BT
A SRS ARONIEHE, 10 N (x), Bl
NS(X)Z{VE X 3% = x,v* e NAS(xk)s.t.vk —>v}.
“[/&
C::{(cl,cz)e RZ:OS—clL—CZZO}.
B8R, ((-Hy(x),=G1 (%)), (~Hp (%),-G,, (x))) € C" %4 F HAMAK 0< H (x) LG(x) 20 .
i 2.1 [4] (1) 2 (c,c,)eCr WFE (¢, c,) AhHITIHEN

d,=0,d,eR ifc =0,c, <0
TC((cl,cz)): d=(d,,d,):d, eR,d, =0 if ¢,<0,c,=0¢;
(d,d,)eC ifc,=0,,=0

(2) % (c,c,)eC, MAE (¢, c,) AbHIIENEHE S
d, eR,d,=0 ifc =0,c,<0
Nc((c,.¢c,))=1d =(d,.d,):d,=0,d, R if ¢, <0,c,=0¢;
d,>0,d, >0 ifc =0,c,=0
() % (c,c,)eC s MAE (e, c,) AMIRRIEHES
d, eR,d,=0 if c,=0,c,<0
d,=0,d,eR if ¢, <0,c, =0
eitherd, >0,d, >0 if ¢, =0,c,=0{"
ord,>0,d, >0

Ne ((Cl’CZ))z d=(d,.d,):
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MPCC [ AT LA T 7 A LAAT 2 R 21 ) it
min f (x) 21)
s.t. F(X)eA
ﬁl:':‘)

F(x)=(g(x),h(x),¥(x)), A=R’x{0}"xC",
¥ (%)= ((=H (%), =Gy (x))++,(=Ha (), =G (¥))).
EXQ={xeR"|F(x)eA} & MPCC [{(2.1)IFI1TH, HT FE&A, HIFHLpgmeN %

Betr A=R < {0) xC" o XEFHt A=R < {0f xC" LR 5 2:=(a,b,~(C10,Cp )7, (Cun Con )) » ML
TE X
I(z,A)::{ie{1,~~~,m}~:cli =0,c, >O},
J(z,A)={ie{l,m}:c; =0,c, =0},
K(z,A)={ie{l-,m}:c; >0,c, =0}.

HIT AESCE I E ZIRVE, BT 1(2),3 (2), K (2) KARE 1(2,A),3(2,A),K(z,A)
X X" e QE X fEbRER:

A =<5l (<) -0].

(x.Q)i=1(F(x).A) = fi e fLm} :H, () =0,6,(x') > 0],
3(x,Q)=3(F(x),A)={iefLm}:H, (x)=0,6/(x)=0},
K(x*,Q):: K(F(x*),A)z{i e{l,--',m}:Hi(x*)>0,Gi(x*):0}.

HF Q 76 1 RS IR A 5E S #ERATAT A(X ), 1(x), 3 ("), K(x) kA
A(X,Q)1(x,Q),3(x,Q).K(x",Q) .

5E X 2.5 [5] (M F25E k)R AT 43 X" /2 MPCC Rl R M AE5E i, A AF(E A
Mo, A=(2°2"2%,2" )eRP xR¥™", {43 X" jii i

A H

i 2.2 [5]4 X" & MPEC IR FIAT i, WA X" 9 M AssE i HA A
OeVf (x")+VF(x*)T NA(F(X*)).
BIFE 2.1 [5]4 A=R" x {0} xC", {EE—s z::(a,b,(cll,c;),---,(clm,cg*))eA . ot

m

Na (a))x [ TN (b, < T TNe (ch.ct))

P
j=1 j=1 i=1

NA(Z):

3. XF M BREMHNFFIIRAERMG

AT T T MPCC A58 M Fasg i CAKKT 41152 X, FIEB T MPCC-CAKKT 2kfthf&—
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NEILT T BRI 4R, BT MPCC-CAKKT %5 MPCC Rk is (b MIAH ¢, #oA T4

I EE S
7 X 3.1 (MPCC-CAKKT 1) MPCC il f{y 7 47 25 X' £ MPCC-CAKKT s, WIRAE(EF {X | ,
{2} Pk} 1erg

X X", zk—>F(x*), " eA.

Vf(xk)+VF(xk)T/1k—>0.
Hop 2 eN, (), ﬂﬁﬁ&limﬂﬁ*h( “)=0,i=1-q.
A= (ﬁgk ANk 8k ;L“k)eRpxR“xR'“me SRRk A

m

{w(%pﬁyﬁv%@ﬁ+éawwu%}g;FWqQﬁ—gawvm@ﬁ}»a
& e)fe

%g’kgi(xk)‘ ‘ Z‘leG ‘ z

o, 28920 20825 >0, 4™ >0, MFEAIed(2).

EF 3.2 R X" /& MPCC [r) i R fl e A, U x™ 5 /2 MPCC-CAKKT 2% 4F.

VET: BB X A& MPCC i) 1 AR AR, X6 >0, 45 f(X') < f(x) o X FHAxeB(X',6)nQ
RULEF (p ) <R, » (65 p o0 o WAFEAKeN , HiH

min f (x )+§“X X", z- F “ += pk"F z||2 (3.2)
t. (x,z)eU,
H, U::{(x,z)e R”xA:“ X,z —(X*,F(X*))

T U SO A B S SEE TR, BB ) AR BRAR A . 4 (X, 2°) N3 0) M4 I
fofife Tk {(x, »W%?@ F(x)). BT (x, q ")) fsE S BATAT LA B

F(x)+> ( - *,zk—F(x*)) "<t (x). (3.2)

FEHRLAR 50 S S I ok — e, 18 (%, 2) 8 (X!, 2% )} OB, REEE (%,2) = (X', F (X)) «

F(x)=2| >0 Bk, W F RNk BEIIG: F(R)=2. 55k HERED), 7%
ST FR IR, B T T LG5

“()?—X*,i—F(X*))

BT f(x) < F(R), Pk

g&}.

k

Y Pk “F -

2

<2(f(x)-1(%))
Os“(f(—x*,i—F(x*))ZsO.
ﬁﬂ%i:ﬁﬂFﬁkF@joﬂk,ﬁ?E%ﬁMk i
(xk,z) (x F “<6

(X, 2 sE S (3.2 T
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0=y  + VI (x)+VF (x) 25, 2 e N, (29). (3.3)
o,y :=—VF(x")T(F(x*)—z")+(x" -x), A :Zpk(F(Xk)—zk)-i-(F(X*)—Zk) .
HT y* >0, #MNEI)NATHHLE R, x L
VE(X)+VF(x) 2 >0, 2 eN, (2¥). (3.4)

N, Eiml,“*"hi(xk)=0,i=1,---,qo H1(3.2) =0 A 47

SalF(e)-2] o @9
X (3.5) R EHAH
Lo [Sla )] e B ) -2 o B(e ) B )2 o o
HH(3.4) =Rl %0
Sala ()2 50 i=tep, 2o (6(¢)-2) 0 1=t
So(R(e)-2t) >0, -1
&=

%p&h(ﬂ)—ﬂ*f—»&iangq 3.7)
(3.7) P RBIER: p ( (X)) =21 VA (X) >0, T=1-0.
E X,

A= p(h(xt)-2%), i=10 (3.8)

JUES)

2 (3.9

MT 2 e A, iz =0. XiHE8RM p, (h(x ) rk) —>0,i=1-,0, H4 kBRI, K(E9)
%%aaum@m¢&=QE1 JQfHiE. % LarfE4is, B x4 MPEC-CAKKT £i. O

4. BRiE M TR EMRFTR 2951 AL

AT SR T 5 MPCC-CAKKT A2 fIZ1 SR FENE , Bl MPCC-CAKKT IEI, 4R J5iE#] T MPCC-
CAKKT IE M BEARIE M Fa 8 ME R L) RIS
SEX AL WFPA xeR", zeAfireR,, ATELL((x2).r) N
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K((x,z),r)::{)t (4%,4",2%,4") Izi“p,,“h, )< AeN,(z )}

5E X 4.2 (MPCC-CAKKT IENH)FR MPCC [n) @U£E R AT 5 X™ 4bii 2 MPCC-CAKKT I1ENIM:, G4
W R" x AxR, a((x",z"),r"):;VF(xk )T K((xk,zk),rk)ﬁ?)ﬁ ((x F(x* ))0) AbAhpESE, B
limsup VF(xk)TIC (x",z"),rk cVF(x*)TIC x*,F(x*) ,0).
(02) £ o) | ) I )
EPE 4.3 R X" & MPCC |9/ ff]—4> MPCC-CAKKT A, #i MPCC-CAKKT IEMITELE x* 4R ST,
A X M FGE
VR W FAERESAT N EAR AL £, 47 X WAL MPCC-CAKKT JfF, AETEFFHI (X} - X",
A F(x*) , Ny, {/”Lk}elc((xk,zk),r") , ffifE

y* = Vi (xk)+VF(xk)Tﬁ,k —0.

% o =VF(x) 2%, muﬁwkeVF(xk)T/c((xk,zk),rk), o =y -Vi(x). HEX 21 Fl 0" > o',

o' e limsup VF(xk)TIC((xk,zk),rk).
((xk,zk),rk)a((x',F(x*)),O)
HIF v (x) 4, MPCC-CAKKT IEMPEA y* — 0 7] LAFF 5

Vi (x)=limef =w'c  limsup  VF(x*) K((x,24),r)
(62} 4 (<))o
cVF(x*)TIC(<x*,F(x*)),o)cVF(x*)T NA(F(X*)).

WX M ARE R, O

1R 4.4 R X" & MPCC [a] ) — AN s i B Ui, %7 MPCC-CAKKT IENPELE X™ ALz, T x°
M F25E s

HHEH 32 Mg 43 Al H1: 45 X* /& MPCC i@ —N Rl i i, H x" %2 MPCC-CAKKT 1EM
P, A X 2 MBE S . %48 R ERE MPCC-CAKKT IEN 25T M A2 M 2R e .

5. B4s
AL FEERFFR T MPCC @5 BARE S, A 4H 75 MPCC A/ M fr%%rﬁaa%mr“ﬂ%ﬁt‘r
%1 (MPCC-CAKKT 4644), 1FB] T MPCC-CAKKT 4442 MPCC i) 3 ft)— >4 B2 1) 2 31 e A 1k 44 4

[, $#/£H T MPCC-CAKKT 1ENIME, FFiER 778 MPCC-CAKKT IEN] ria@%&w, MPCC [1] 3t ] Jaj 8
SRR M A S, BEIE, MPCC-CAKKT IEN|E 2 MPCC [l B [ 41 9 FI TG

E&InE
LTIy K2 20m s S AR ERFIZRIH (W H %5 : CX202302012).
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