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EX11W % KCRY F: K — R, frifZEsA%E008 (VI(K, F)) 2 Kz e K,

(y — x)TF(x) >0, Yy € K

ROL. R EIRAZE S« BN VI(K, F) IR, fREI4RiE N SOL(K, F).
MK =RY N, VI(K, F) S0 T T IELYE T AMA L 3K 2 e R™, B2

>0, F(x)>0, 2"F(x)=0

ARG B AN BAEL TG IHE . XIS A0 o K MR T 2 Rl
HET ZmEZEZPNA U RGBS A REA RS, T BT

(1) TS AEXEM AT TR 1 Josephy - AR §iE %,

(2) FE T8 7 AN 2 8] B R ER A Ak BV

(3) BT KKT 24548 43 A2 30 A0 A BN i 8, 1) BRI ) 8 ) B9, A6 P BT
e AR DA R T A A g A (0L o 3 R Bk 2 M 1 AR RS 5 A — SRR R 1)
AREE. KT AN U S i LR SR 2 DL SCHR (1), 10 BN il 8 ) 5 o 2k vk ) T
Z DLSCHR [11].
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— G HOHES, K I A S TSR AR A PR 4 28 1 RN e R Al 2 R ) R YR A R )
S5 SCHER [7, 10100 STRR [5, 6]H e gt BN T ol K T BR B T F R AR 2 I
NEK ={zxecR"| Az = b,z > 0} I VI(K, F), B&MuE2FIH VI(K, F) 1 KKT 4445
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VI(K, F) FASEAr 09 FAN AL 2 10 e v 310 eR SGE SR, FLURRIX — &5 2R B H SR g AR
PRA IS Il foedlr, SCHR [8] SORE T 311 B K2 P T SRAFAT BR 48 B 43 1) il
ARSI SR 41 R 2SR AR 2 R

K={zeR"| Az =b,Czx < d} (1.1)

) VI(K,F), Hi A, C 302 1 x nym x n FISERRE. FCHIE VI(K, F) i1 K %
eftan (1.1) prE . %, FIH KKT 2R B AR A 5 22 AN GE U i gt 1 5
VI(K, F) S0 (AN 8] J, FFAE — 8 5600 T 20 B 17 3 6 I S0 e PR A £E IR AR E — 1 AR,
AR S5 BV A EL AN I LR R 0 2 PR 11 D7 AR 2E, IR A B B A R 4B e B T R T AR
LA A AE I DA S e — M i, R 1 T R Bk s, BT 5 R AL ) R U B T
VI(K, F) .

2 REFM B

A AN VI(K, F) B KKT 000 F 7R & AN ) 8L
mRE 2.1 3K (27, u?, 01T e R" x R! x R™, fiif5

F(z) - ATu—-CTv =0, Az=b, 0>v 1l Cx—d<0. (2.1)

EIE 2.1 2" € R & VI(K,F) M4 HAUCSAAE v € RLO > v* € R, ffifg
(I*T,U*T,U*T)T IEE[E‘IIEL;E 2.1 E{Jﬁﬁ
WE # 2 € SOL(K, F), W o* J& 2 MR vl & i) it

min 2’ F(z%),
s.t. Ax=0b, Cx<d.

MITAELE v € RL0 > v* € R™ 2 H KKT 444 (2.1) HIfE.
&2, (T w T o T 2 (2.1) NI, WA Az = Ax* = b,o*" (Cz* — d) = 0, ATl
Vre K, H

(r—2*) ' F(z*) = (z—2")T (ATu*+C"Tv*) = [Az—Az*)"u* ~[Cx—Cax*|"v* = [Cx—d]"v* > 0.

R ISR MO, RN Cr < d,v* <0, NITIER «* & VI(K, F) [

A0 VI(K, F) 5H KKT 448 (H8 2.1) 24, BIRME VI(K, F) S0 T R g i 8
2.1.

% Ky = {(aT,uT,v")T|(2T,uT,vT)T € R x R! x R™, v < 0}, HHRIUF K, & R" x
R x R™ Fig i, R K € S R AR5 AN S 2 i) L

mER 2.2 Kz = (27, uT, 01T € Ky, 18 Vw € K, #H

(w—2)"G(z) > 0, (2.2)
Hr
F(z) — ATu—C"v
G(z) = G(z,u,v) = Az —b
Cx—d
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T 2.1 Al 2.2, FAE W R 4L,

EE 2.2 W2z = (27, uT, 01T e R* x R x R™, | 2 J2& "] 2.1 [1IfiE, 2 HAY 2 2& )
2.2 iR

ZE B AR A AT LS E SCHR [6]. HBLATAN VI(K, F). 88 2.1 Al @ 2.2 = H %40

FE RS0, ATER | - ||, Fon R™ 2SR SR 1, 5 Realhh, || - || FoRBRJLES
E. X VI(K, F), o R R

Al W F(z) /£ R™ biggk, H ¢ - 5, BIfFAE € € (1,2) fla > 0, #1113

(x—y)"(F(x) — F(y) > allz—y|5 Vo,yeR™

A2 BRSO L AR (LICQ) Bor, RVAERE B = ( g > SEATIRRRIN, T A, C 3
AT FE, HA Rank(B) = Rank(A) + Rank(C) =1 +m < n.

FEARBESE AL T, tciik (1) g B 2.3.3 AT VI(K, F) A ME—f#, TN 2.

TR A2 T, BOUEWERIETRH Az = b, Cx = d HAIR. AT RIS
HRALBSE AL R A2 FFOT .

SI3E 2.1 XTFER 2 = (2F,ul,v])T e R* x RV x R™, 6 = 1,2, [Al@ 2.2 H13E LR L
G(z) i 2

(21— 2)"(G(21) = G(2)) = a| w1 — s 5,

He¢e (1,2, a>0.

iE B G(2) WEXEHE

(21 = 2)"(G(21) = G(22)) = (w1 — @2)" (F(21) — F(22)),
BT AL BOL, WUEAE € € (1,2], a > 0 {15
(@1 —22)" (F(21) = F(22)) > af| 21 — 5 |5,

NI
(21 — 22)(G(21) — G(22)) = af| @1 — 22 ||5.

EIE 2.3 [ 2.2 AHE—E.
W HER 2.1 AR 2.1 G, BN 2 = (2T, o7, 0T)T, fER 2.2 A1 2 ) 2.2
fofEe, BIA) R 2.2 HfE. BN

F(z)— ATu— CTv = F(z) — (AT,CT) ( Z ) = 0.

BF(z) — BB” ( “ ) = 0.
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tH Rank(B) = Rank(A) + Rank(C) =1 +m < n %1 BBT Wi, \ififg
( “ ) — (BBT)"'BF (). (2.3)
v

WO o (E— 1, WIS w0 WA IE— 1, RV 2.2 A5 HE— i
3 B ARENEMOGFEME M

FREW R AL AR TR
&R 3.1 R 2y = (2L, ul v])T € R* x R x R™, fif5

G(Z)\) + )\(I)(Z)\) =0, (31)

\Xi‘

0
Hr @(2y) = O(zr,ur,v0) = ( 0 ), N> 1 RUSHE k>0 ZRESH W, =

[Ua
max {u, 0}, X Ty = (y1,92,- - ,un)" €R"a >0, BUE y* = (y§,95,-- ,yp)"-
TR (3.1) SRR 2.1 R 7R, AT BN A NIRRT (3.1) AR AT
TEME, FEUEBIME . Ak, ok B A 2 0 R ER A SR 4518 (VE L SCHR [9]) AUR IR,
TELLRgsie, % E Cc R* N RITHE, E M OE #5lFoR E MAEFG ST,
G138 3.1 % W T:R" — R" REEME, %5y € B, W deg(I, E,y) = 1.
5138 3.2 OV (FMEANAEE) ¥ H : E x [0,1] ¢ R* — R™ & —E4E, #y € R i

y & {H (x,1) | (z,t) € OF x [0,1]},

M| deg(H (x,t), E,y) &5t €0, 1] TR —N 2L
5138 3.3 19 ¥ f: F — R RESWE, ¥y ¢ fOF), H deg(f, E,y) # 0, W74
f(z) =y £ E THE.
T A A B S5k B TR (3.1) MU RIAAAENE, SErid an R i [FAE B £k
H(z,t) =tV(2)+ (1 —1t)z, te€]0,1],
Hrp
z= (2", u" 0T, W(2) = G(2) + \®(2

),
W H(z,t) 76 E x [0,1] FR&ESN. R H(z,t) =0 ﬁﬁ&r W AR G0 PR
SIEE 3.4 XNTAHEERIN>1,t€(0,1], & H(z,t) =0 A 20 = (2%, ul,, v})T, WAFLE
ARBT At A 2y, BIIEEL M, 515

[ 2xe [[2< M.

W (a) Xt =00, H(2,0) = z, B} H(z,0) NEZEM, H(2,0) =0 HHE—fF 2 = 0.
(b) 4t e (0,1] i, %R

H(Z)\t, t) = t\II(Z)\t) + (1 — t)Z/\t =0
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Wikt T, 8

LU () = (0= D2
Bp
LG ) +AB(aar)] =
Wxg ETIEA Az = b,Ce = d BW—D2AIME, 12 20 = (2F,07,07)7, K G(z) M @(2)
€ AT 15

T
Z2tRAL:

251G (2n) — G(20)] = =MoL, [oa] V" — 2T, F () — %zftzm
N
(230 = 20) " [G(2xr) = G(20)] = =M [oae] ¥ — 2}, F o) — ?zftzn + x4 F(x0).
5 2.1, WLEE
all 2as = o0 [§ < (sai=0)" G230 ~Gla0)] = Ao ford]{* ~h, Fao) = honevaf Flao).

Novne = [vael+ — [vad] -, Hrp [v] - = max{—v,0}, UES) [U/\t]i[v)\t}— =0, Hkfy

—vh Y = —(lads — [oad ) Toad V" = —[vad Tloadd ¥ <0,

Hte (1] /A
1-1¢
———2120 < 0.

gh& LPi sl Cauchy-Schwarz A2 :0H

al| @ — o [I5 < —a3,F(20) + 23 F(xo) < || @xe = 20 || F(o) -

Ml
l2xe = 2o Iy < (@7 [ F(xo) [l
H—

l2xi lly < (@7 || Fzo) )V + [ o ll, = M

454 (a)« (b) PIFMEBLRIIE] 1 5] 3.
I 3.1 KTALEM N > 1, 25 U(2) = 0 (IR 3.1) 20 = (2T, ul, 00T, WTFEFE
AEIGT N A 2y WIEZL MY, fl1S

| zx o< M, |l ys [l2< M,
/H\:EP Y = (u§7vz)T-
JE fEG| B 3.4 HhEL ¢t = 1 BiA[EE — AL,
H (2.3) AT

U\

Yr = ( “ ) = (BB")"'BF(x,),
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Hrp B = (AT, CT)T, \NiiHH
lya ll2<I (BBT) ™ lz - | B ll2 - I F(zx) Iz -

2 AL EGE, F(o) ZIES, XH D FERE, S TERN N> 1, || oy || #BEHE R
[, T || F(zy) [|2 A2 S, atiEs 75 =47

T THE B A 3.1 A A ELME—

EIE 3.1 SFTAEEM A > 1, 88 3.1 .

WE W M 513 3.4 e UMIES, BLr > M, &

D={z=("u" o")" || & la<rl (" 0")" [2<r},
W D 5 R b il FOT .l EAE pEk
H(z,t) =tV(z)+ (1 -t)z, tel0,1]

52 CATH, H(2,t) 78 D x [0,1] IEZE.
HEIH 3.4, SHTATEM A > 1,t € [0,1], #F H(z,t) =0 IR 25, = (21, 0L, 0T, WH

H Tt HQS M <.
WA 2y ¢ 0D, BIJ5FE H(z,t) = 0 £ 0D x [0,1] L& FH#E, HIIH 32 FH
deg(H(z,1), D, 0) = deg(H(2,0), D,0),

M H(2,0) =z = I(z) AMEZMS, Ho0e D, HII# 3.1 Al deg(l,D,0) =1. X H(z,1) =
W(2), MIifiH

deg(¥(z),D,0) = deg(H(z,1),D,0) = deg(H(z,0),D,0) = deg(I,D,0) = 1.

FrEH5IHE 3.3 A5 52 W(2) = 0 /£ D A, BRI 3.1 BIRAFLE.
TR AR 3.1 MfREME— . W 2 = (2F, ul o])T (i =1,2) R 3.1 M.
BHUEM] ©(2) 2R (7275 308k [10]), #CH

(21— 2)"(B(21) — B(22)) = (01 — v2) " (] " =[] ") > 0.
NI}

0= (21 = 22)" (¥(21) = ¥(22)) = (21 — 22)" (G(21) — G(22)) + (21 — 22) " (B(21) — D(22))
> (21— 22)"(G(z1) — G(22)).

H 5B 2.1 SRR 2y = @y, MEE (2.3) A%

(%1 (%)

( “ ) = (BBT)"'BF(x)). ( “ ) = (BBT)"'BF (),
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4 B0 R BUERRIWES T AR

T E R BA AR 3.1 AR T I 2.2 AR
BHoE 3.1 RIS 3.1 W50, 25 2y = (of,ul,ol)T J& i 8 3.1 M, WAFE/ER S5
S C R, {3 VA > 1, 484G =y € S, FIFXMER, 8 FKIEW || [va]y [l2— 0 (A — 0).
SIEE 4.1 XTAEER N > 1, W2y = (af,u), v} )" J& (3.1) HIfE, WAEEAHIG T A A
2\ HIIEEL Mo, 1615
| Toalt la< MoA™".

uE - 7E (3.1) AR (07, [n]]), 19
(AL (Cz — d) + Ajua] T [oa] V¥ = 0.
Bp=141/k,q=1+k, i Holder IN5ERA

Aoa Tl = Ml[oal 4[5 = =[a)F (Con = d) < l[oal 1l - [|Cx = ],

RfJ
oAl 4l ™" < [Can = dllg - A7

BT p— 1 YA
oalily < G — dI/@=D - A71/@-D < oA, (4.1)
St Mg — sup || Coo — d [, S S0 1 s St Tt
FE I 752 5 5 0 b 1 T 5, A7
sl < 6llfoals I

it (4.1) Anry
oAl ll2 < OMsA™ = MoA~F,

Hr M, = 6Ms.
A EE 3B S e P
T 41 NTEEHN>1, &

z = (:cT,uT,vT)T,z,\ = (xf,uf,vf)T
3R AR 2.1 AR 3.1 . WIAFAEAMKE T N A 2\ BIIES L, 615

| =y |[2< LA/ ED),

iﬁ—‘iv ;éj/?"\ y= (U'Tva)Ta Y = (u§7v;)T7 )I_\“Jﬁ )\EIEOC Y =Y.
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W Kz — 2y SfRIE
0 —T)\ 0
Z2—2Z\N=Z2— 0 + —Uy =Tx— 0 )
[vA]+ [uA] - [vA]+

Herry =24+ (=21, —ul, [T, HEER 2 —ry = (21wl —[va]D)T € K1, 2z —ry Bt

(2.2) P w F1F

—riG(z) >0, (4.2)
£ (3.1) APl r] 15
3 G(22) + Ay @(2y) = 0. (4.3)
¥ (4.2) A1 (4.3) AT 13
1[G (2) — G(2)] + A\ri ®(2y) > 0. (4.4)

H [T sl = 0,0 < 0, [oa]Y* > 0 AT
rT®(21) = (v+ [a]-) Al " = o7 [0 V¥ < 0.

ghfy (4.4) RArsg
i [G(2) = G(za)] 0.

T fus]— = —vx + [oal4, B = 2 — 2 + (07,07, [ua]7)T, WL 7R 5028
(z — 2)7[G(2) — G(22)] < —[\]1C(z — ).
FRE g1 BE 2.1 A5 4.1, AR Bid AN, FFFIH Cauchy-Schwarz A58,
allz—ax 5 < [oals ll2- 1 Clla- & —ax o< MM [ Clla - || 2 — 2y |2 -

il
[ =@ o< (a7 Mo || € [lo) /ETHATHET = IATHIED,

HAP L= ("M || C )V ED, My 2513 4.1 FFTE XL IESL
TERER] 2, 2, 2B 2.1 A 3.1 AR, BRI 559 2

0=F(z)— A"u— CTv = F(x) — B'y, 0= F(z)) — ATuy — CTvy = F(x)) — B yy,
Hh B = (AT, 0T, M
F(x) = F(zy) = B"(y — y»)-
X B RATHHRIERE, W5

y—yx = (BB")"'B[F(z) - F(x)]. (4.5)



No. 3 Wi — R M LR o AN S ) ) T R 465

I e e BT AR 0 45 R DL KRR F () IVEESRTE, R 513 5] Jim (y —yx) =0, By
)\Er-il:loo =y

XAt se R 7 e B UER].
FITil F(x) /& Holder JELE[), RIGAFAEF R 3 > 0,7 € (0,1], 13

H F(xl) — F($2) ||2§ ﬁ || Tr1 — T2 ||’2Y, le,xg S R™. (46)

ME SCHTATHEN, 2 v = 1 B, Holder HE£25 2 Lipschitz 4L, %} T Holder #4210 Lipschitz
Lk BATA RIS,

i 4.1 MTEERAN>1, Wz = (z7, o007 2y = (21, ul,vD)T 535152
A 3.1 IR, 2y = (u”, ") yn = (uf, v})".

(1) #F F(x) /& Holder BEE1, WARTEAKIRT X F 2, IIES My, f£43

2.1

&

|y =y [l2< MA—F/ED),
(2) # F(z) /&3R5 H Lipschitz L), MAAEARKIT X Rl 2, BIESL M,, 575
Iy —ya [la< MoA ™.
IE (1) H (4.5) R0 Holder #4E1)5E X (4.6),
Iy =y lo=[l (BBT)™'B |l2]| F(z) — F(ax) [l2<]| (BBY) ' B [l 8 | 2 — 2 |3 -

FHEH 4.1 ATELE.
(2) BRHFIFED € = 2, Lipschitz B4R v = 1, 85& @ 4.1 & (1) MERTHE (2).
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POWER PENALTY METHOD FOR VARIATIONAL INEQUALITY
PROBLEMS WITH A CLASS OF LINEAR CONSTRAINTS

YANG Bo!?, HUANG Chong-chao?
(1. School of Mathematics and Statistics, Wuhan University, Wuhan 430072, China)

(2. College of Technology and Engineering, Yangtze University, Jingzhou 434020, C’hma)

Abstract: In this paper, we study the problem that adopts power penalty method to solve
a variational inequality (VI) problem with a class of linear constraints. Under certain conditions,
by using the KKT condition of the VI, we transform the VI problem into an equivalent mixed
complementarity problem and a new VI problem and analyze the existence and uniqueness of
the solutions. In addition, we prove the existence of solution of the power penalty equations by
degree theory and the uniqueness. At last, we prove the convergence of the power penalty method,
in other words, the solution of the power penalty equations converges to the solution of the VI
problem.

Keywords: variational inequality; linear constraint; complementarity problem; power
penalty method
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