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lender & U1 £ ML gap PRELE

g(x)=r§13§{F(x),x—y}, (3)
BAR, g(x) TEHES S A, H g(x) =0,x e S 4 HALY x 2 VIP §9fi, N ifii VIP A] 4k
TR

min g(x) = max(F(x),x -y). (4)
R R, —EE LT, gap BREL g(x) A0TSR v BRI 55, —BE 0T 3 gap PRECHE R 1, U0
Fukushima $2 H 19 1IE 1L gap PREL Peng #2119 D-gap PRI , HAKT] 2 WLSCHR[9-11].

AFT LR CA B LT gap PREL, AR SCGHE I XT Auslender 2888 gap pRELN HH — 28 F 53

R & Ry e LA Bt — 2 L gap PRI T4 HH BTG gap PREXEA WAL 1)
A, B B ARIK; 1) 2 F EZA5 WZ R BN E ST i i) FIHIOEH gap pR%K
A VIP([Lu] F) AL SN nT & s i fb Inl @1, WA AT F1 H © A4 09 7T i 29 D040 53k ik
TR 1v) 4 VF R PHERE (UL 1) W OB gap PREUITTS 21 09 56 40 AT 3 A Ak In] 1)
EER AN VIP([Lu] F) BIf#.
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HE, 45 AN AR R SCROGS Fir o7 FH B R A 76 4 JRy B (TG 1 4 14 14 T B A 4.

EX 1 HFEM e R KA

1) P-dERE, # HBA F R

i) PR, 7 H A F N IE.

MAE SCRT LA P IE S H R P-4 R | TE 8 HE R P-H R,

EX2 HREF.S—R.,SCR FEH

1) HHE,AX S NIER x, y, A (x -y)(F(x) - F(y)) =0;

i) PR X S NI TR x, y Hx #y, ¥ (x —y)"(F(x) -F(y)) > 0;

i) #5h & BUsRBIE ), 5% S NAEE x, y, ¥ H (x, y)"(F(x) - F(y)) = ¢ x -
v 2T E > 0 AL

V) P-bREC X S NIMER x, y H x # y fFERD—A 6 i 115

x # oy, (v —y) (F(x) = F(y)) =0; (5)
V) P-lREL AR S WIER x, y H x # y fEEED— D8R | 115

x # ¥, (x —y) (F(x) = Fi(y)) > 05 (6)
Vi) Uniform P-pR%0 A FFEIE T B > O, fliXF S WHERE x, y A EED— o805 (75

(%, =y) (F(x) =F(y) =zplx-y]™ (7)
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max f(x) = lim - In] exp(pfCe) ) d (8)
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52 b R4 R e 4% PR T LA 2 Laplace XFFIR A0
J exp(prtx) ) dx
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Vg, (x")=F(x") + Y VF(x") x

igl(x™)
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’ exp( - pF(x")I;) —exp(-pF(x")u,)  pF(x")
* " u + 1)
Y, VF(x )(xi - )_0, (16)

iel(x™)
Ell]
F(x") +{(VF(x"),x" —y(x")) =0.
M VF(x) & P-JiFE, NITAELETS 5 @ (A5
(2, =y (x* ) [{VF(x") " —y(x*))], > 0. (17)
X (16) HEE i TR L 2,7 — y,(x" ), 133
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B (17) 52X(19) A, 155
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S (18) A JF. LA y(x™ ) =x " H5IE 1, x° AL 50 R 2 20 . 0
FEFE3 R 35 F SR 3 H oM uniform P-pR %, WIAEALTRET(13) AOMARISLE] VIP([Lu],
F) BME—ScAfi. D, vl R CAT B9 240 51 AT T A [n) K A 330 vk o 1) @ (13) 473K i, DA
BENVIP([Lu] ,F) WME—F U, TP BRI R, 2 F ™k S ek g5, 0w iAs
FPLALR (13 ) B9 R R 1), IR A A3 T R Bk b A 7oK A
EIE 4 B FESA, BT AR x e S H Jacob Ff VF (x) 1IEZE ,XHMEE x € S,
[RTR AT N S

lim<Vg]7(x) ,dp> <0, d, #0, (20)
;H\:Efj,dp:([dp:ll,I:d})]2,"',|:d111n>y‘j
l,exp( = pF.(x)l,) —u, exp( — pF.(x)u,) . 1 . D¢ I(x)
d] = exp( — pF(x)l;) —exp(-pF,(x)u;) pF.(x) P ’
re I, +u, )
5 T iel(x).
(21)

bl B F N S FEORERCE > 0 MM IATEREL MAHERE R x € S, £
lim( Ve, (x) d,) <€ [d]°, (22)

H, d=y" (x) -x :lij':dp, y(x) e Y (x).
R ma(13) 1 (14) 55(12) 155
}I]LHO:<VgP(x) ,dp> =11m{ z |:FL<X) + VFi(x)(xi _ ui;’lij :| [dpL +

po® Ciel(x)

L exp( = pF(x)l;) —u, exp( - pF(x)u,)
F' VF x. — i i i i i i _
l.e%)[ (x) + L<x>( ‘ exp(—pF,(x)l;) —exp(-pF,(x)u,)

Jce) 110 -
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[ 3 [F() - VR d1d, + X [F(x) - VF(x)d]1d, | =

iel(x) igl(x)

(F(x),d) - (VF(x)d,d) . (23)
HVF(x) £, 115
})Lrg<Vgp(x),d,,> < (F(x),d) =(F(x),y" (x) —x) =-g(x) <0, (24)
RIA52] 7oA % (20).

7 F 16 S Fomeaii, s =X (23) (24 ) i] 4%
le<Vgp(x) ,dp> < 1Lm(<F(x) ,dp> - <VF(x)dp,dp>) <
-(VF(x)d,d) <-¢ ||d]". (25)
EFIEEE, O

3 HOGHT gap pRBCIEEE 4% fih [ 5 A 1

R AL T AN A S EIT SR A RN, AR 53307 1T, m] AR SR 2 28 e L e 5
TESR IR AL I3 AR 3R, 7 BE A 5 T, T LR G LA AR S B ik 5| A B1AE 73 A 555X
AIBFE b, oA O P B IS

T LA B EE R ) AU 31, IR AR SCR AR G gap pRBAY L. ARIT SRR, AT
TIOR3 A AT LASE A e A S A e /N R AL, PRE 5% 12 o ) REAS A A O 14 2% i . T )
FIASCHT R gap eREC, BA 120 T —A>5 BEBRRL A o0 A 5 0 (9 B8 MUY, e, 5 — JBEAY
T/ N RE SRl e/ VA RE SR A ST B AR T T AN [R] B 2 | gap PR FR AL (LS 2 TG,
A TRV A fige, LS O, 0k A TR B 1R 25 2 A R Y.

B s B2 NEfuBRER
Fig.1 A spring model Fig.2 Forces and displacements

FIENE 1 A2 B P A R AR fh [ R Ak LR [y, uy ] AT F,F T,
TMETTLP,, Py ] o D A 08P 75 A

{FT= _ {PT} _ [Kn K12:| {uT} .
Fy Py Ky Kyl tuy

I JBE R A B A

[KU Klz}_1[2k1+k3 ks }
K, K,| 2 ks 2k, + ki)’



AL RE DA W— IO gap PREL 33

22 i o506 A2 AN H2Z fih S5 4 F1 Coulomb B FEE42 fink o 1y
P,=0,uy, =<0, Pyuy =0,
[stMPy, Fuy =0,
P, =pP,sgn(u,), Hu, #0,
BEEPRAGC ]y . R S8 AR 53 SR ) AT D3 Ry i 4otk B Al ( LCP) i TE
y=MA +q,v'A=0, A=0,v=0,

Horp
K, +uk, - (K, +ukK,) K, +upkK,
M = [ (K, -ukK,) K, - uk, -K, +,LLK22} ,
K, - K, K,,

(26)

F, +ufF, Ay v,
q=-F, +uFyr, A=3A,¢,v=10,,
Fy Ay G

FOt, A Ay A GRSl A TE D P 7 e O g k1 1 5

S FARSCIHIGHT gap BREL, BRZE L AN LCP) [T 4540 A O AL 1
min g (A) = (MA +q,A) +

1 ¥ ln(exp( -p[MA +q]1,) - exp(-p[MA + q]iui)j .

P g p[MA +q],

L Z 1n(ui - li)?

iel(A)
st A, =0,i=1,2,-n,
Hrp, M, A, q X (26) Ui SL,[MA + q], 3RF R & MA + q W5 i TR, =0,i=1,
2,y =+ 00,0 =12 o n FEEFRHRE T, B IERISH p — o, EAPH EF u TR S5
p BAR, PAITTAS B S B M ) R A 3 ARG o O Ak ) A
mingP(A) =(MA +q,A) +
1 1 —exp(-p [MA +q])) 1
pie%wln( I])J[Mi +‘IL j +?ie%)lnp’ (27)
st A, =0,i=12,,n,
o S0 p AL BRI RS VR .
Ko AR AL AT FH T IR (27 ) (KA , 0 MATLAB i e fb T HAR S, T
T, HA URR g S R 5 — W p = 10%, IR MATLAB AEAL T R A AP Y fmin-
con KA ITE LRI TH 1, Hdr, det(H) Fntls gap s Hessian B 1751 U (H.
W1 Ak =k, =1,k =0,0=0.3, F, =1, F, =1, 8l S TY MR, o, =
0.7, P, =0.3, Py =1, 5#f#—20 K5 B ARREY Hessian FERYTTHIME R T 0, &
fif i —.
W2 2k =k, =1,k=0,u=08,F,=1,F, =1 #filS4bTH3pRE, KA 1E ]
Wahu,=0.2, P, =0.8, Py =1, 5N K5k HA5 KL Hessian FERYTTHE KT
0, [7] /8 ) it ftE—,
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W3 Sk =ky=1,k=0,u=1.1, F, =1, F, =1, iS04 THERS P, =1,
Py = 1, Strii—20 K56 B AR RS Hessian MERYATHIZAE M 10, R A TR 5E
W4 Bk = ky=0,k=1,u=01,F,=0.1, F,= L ZflS0bTIEEEIRE,
P, = 0.1, Py = L S5fR—20 A5 BERREUY Hessian FEAYFTHIME N 0, 16BH B A
ME—.
A A R R R s

Table I  Numerical results for different cases of two degree-of-freedom frictional contact problem
case contact state displacement uy, uy contact force py, py gap function det (H)
1 slip up = 0.7, uy =0 Py =1,P;, =0.3 3.022 6E-7 2.306 6E+3
2 slip up = 0.2, uy =0 Py=1,P;, =0.8 -1.252 2E-7 1.327 4E+6
3 stick uy =0, uy =0 Py =1,P; =1 -5.370 1E-7 -9.68
4 slip wp = arbitrary value, uy =0 Py =1, P, =0.1 -3.210 5SE-7 0

4 FAE A W
i — 25 DIARHEAR 22 SR AR 43 AN S5 2075 BR300 AR S5 1k I A 80Pk, SR e B TR & T AR ) A
PR S MCPLIB!™ , ] f Ak 1) 8 (13 ) 8% (27 ) % ] MATLAB 114 fmincon 3K fift 255K i,
BrFrIR UL SN , 280 p 58— HUN10°.
1 1 Kojima-Shindo I‘E‘lﬂmﬁ( MCPLIB J&E 3 {4 kojshin. gms)
&lzlﬁ F:R4 —’R4:
3x7 + 2x,x, + 203 + x5 +3x, — 6
Fx) = 247 +x, + x5 + 10x, + 2%, — 2 .
3x] + x,x, + 245 + 20, +9x, = 9
X7+ 3x5 + 2w, + 3%, -3
HuATEN S ={x|-0.5<x <0.5,i=1,23,4}, WENHIx" = {1/2, - 1/2,1/2,
13} ,F" = {-15/4,206, - 4,0} ;401780 S={x e R, } , M8 MR R ILE X" =
{/6,2,0,0,12} ,F* = {0,2+/6/2,0,0};dFBfkf#x* = {1,0,3,0} ,F" = {0,31,0,4}.
TSRS T2 2, HA S50 p BUE 2 A RE00° i, nT A3 2 ARB AL fd. i 7e 43 0 Cad A v
SR p, BGEACTFH p* = 0.1 x 128 ik, Wnf LIS EE i x* = {/6/2,0,0,1/2} .
F 2 Kojima-Shindo [i) 8 )15 45 5

Table.2  Numerical results for Kojima-Shindo problem

domain initial x p computational solution x * g,(x")
[-0.5,0.5] (1,1,1,1) 1.0E+8 (0.500 0, -0.500 0, 0.500 0, 0.333 3) 2.338 9E-9
[0, +u ] (1,1,1,1) 1.0E+8 (1,0,3,0) 3.305 6E-7
[0,+5 ] (1,1,1,1) 0.1 x1.2* (1.2247,0,0,0.5) 2.427 1E-8

5] 2 Nash A7) ( MCPLIB J% Hp 3Cf4: nash. gms)
1 Nash P58 K548 Ry 40 R ARGk B AR
x,(VC(x;) = p(€) —x,Vp(&)) =0,
VC.(x;) —p(€) —x, Vp(€) =0, x, =0, Vi=1,2,---,10,

qu,P(f) =5 0001/75_1/7, Ci(xi) :cL‘(xi) + I?BL}/B%;&H)/B{’ ¢, Liy By y >1 ﬁ%’ﬁ(,
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B=[1.2,1,09,0.6,1.51,0.7,1.1,0.95,0.75], L =[10,10,10,10,10,10,10,10,10,107,
y=12,¢=[5,3,8,51,3,7,4,63].
X E—A~ 10 4k Nash “F-fiif[7]81, MCPLIB H45 H ik
x* =(7.44,4.09,2.59,0.93, 17.93, 4.09, 1.3, 5.59, 3.22, 1.67) .
AT REE RS T3 3.
F3  Nash VIR EITTILS

Table 3 Numerical results for Nash equilibrium problem

initial x computational solution x * g,(x")
(7.4415,4.097 8,2.590 6, 0.9354, 17.949 0, 4.097 8,

(1,1,-,1) 5.502 6E-5
1.3047,5.590 1,3.2222, 1.677 1)

3 223 -l ] F5 ( MCPLIB J& H SCH4: gafni. gms)
RE—A 5 2GR A o A U A, Hoh MCPLIB W45 A x™ = (0, 0, 0.014,
0. 144, 0.103 3) . ASCIHALERY) T3k 4.
T4 ZOEVHE A R

Table 4 Numerical results for a traffic assignment model

initial x computational solution x * g,(x")
(0,0,0,0,0) (0,0,0.0137,0.1451, 0.103 3) 1.822 5E-6

51 4 Colville [1] /81 ( MCPLIB JZEH {4 colvnlp. gms)

R 15 HEARZNE T AN AL, [n) 8RR G P R0 AR % B Colville [R] AR KKT 2544,
MCPLIB 45 Hif# >~ x* = (0.300, 0.333, 0.400, 0.428, 0.224, 0, 0, 5.174, 0, 3. 061,
11.840, 0, 0, 0.104, 0) . ASCHALER] T3 5.

F5 Colville [ 111525 R

Table 5 Numerical results for Colville problem

initial x computational solution x * g,,(X*)
(0.3000, 0.3334, 0.4000, 0.4284,0.2241,0, 0,
(0,0,--+,0) 1.898 2E-4
5.1742,0,3.061 1, 11.8410, 0, 0, 0.104 4, 0)

MITEELE R0 LUE A SO 7 2 rT A5 204625 R . BeAh, FRATT 0 7 31— A R i 2R
% MBRL p kR — [ E IR AN BESASHI 1 T Kojima-Shindo 1 1B Ak , (B 7E 2485
A AN TR p AOIBUE, 4% p* = 0.1 x 1. 2% P )k AR 4 B e S B AL A, i sk Fh s
F—Fh AT B R RS A p BB T A BV, 2R AR Pl e R p MU, BT AR
Tl AR B A B AR AT (D LR A SEF ML B 4 AR A | 75 Bk — A A T 5

5 % WG

FRJ5 X TR BOGTE gap BREVE P R BB LIS RO SC, 15 58, AR G THE T BB TR
PSR S BUEI TR DL F A, A SCHYRT S8 R T @ N A SR A o AN A5 ), 5
X B AR S AN AR BN RS, R T ] AR SOMIZE (LA BB A5 R FLUR, AR SO 4
TR B, 2 p ASOUE B e 04 R FEE A VR T 38 v RES B B8 A E # E HT , Tl LA
R S AL 1) 5 1 — 2 M AT
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New Smooth Gap Function for Box Constrained
Variational Inequalities

ZHANG Li-li', LI Xing-si’
(1. School of Mathematical Science, Dalian University of Technology,
Dalian, Liaoning 116023, P. R. China;
2. State Key Laboratory of Structural Analysis for Industrial Equipment,
Dalian University of Technology, Dalian, Liaoning 116023, P. R. China)

Abstract: A new smooth gap function for box constrained variational inequality problem was
proposed based on an integral global optimality condition. The smooth gap function was simple
and had some good differentiable properties. The box constrained variational inequality problem
could be reformulated as a differentiable optimization problem by using the proposed smooth
gap function. Conditions under which any stationary point of the optimization problem was the
solution to box constrained variational inequality problem were discussed. A simple frictional
contact problem was analyzed to illustrate the application of this smooth gap function. Finally,

numerical experiments confirmed the good theoretical properties of the method.

Key words: box constrained variational inequality problem; smooth gap function; integral

global optimality condition



