ATLANTIS . . .
PRESS Advances in Engineering Research, volume 170

7th International Conference on Energy and Environmental Protection (ICEEP 2018)

Multi-objective programming problems with equilibrium constraints

ZHAO Xue' 2, YANG Yueting*?P
'School of Mathematics,Beihua University,Jilin 132013,China
2School of Mathematics,Beihua University,Jilin 132013,China
2 zhaoxuejl@163.com, ® 741874023@qqg.com

Keywords: Multi-objective programming problems. Homotopy interior algorithm. Weak quasi-norm
cone condition. Equilibrium constraints.

Abstract. In this paper, we solve multi-objective programming problems with equilibrium
constr-aints by means of homotopy interior point algorithm. We a so prove the global convergence of
this homotopy interior point algorithm under assumptions. Moreover, the results of the numeric
example shows that this method is feasible and effective.

Introduction
Givenfunctionsf :R™"™® R”,g:R™® R’,G:R"™™® R,F:R"™® R".Inthis paper,we

are devoted to the study of the multiobjective optimization problems with equilibrium
constrains(MOPECYS):

min f (X, ),

stzi R™,

(MOPECS) A
yl S(x),

@
where Z :{(x, I R*™:g(x,y) £ O} isanonempty closed convex set.
vyl S(x)0U F(x,y) (v- y)3 0, C(x):{yT Rm:G(x,y)EO},X :{xT R":(x,y)T Z,yl Rm}.
For xI X, S(x) isthe solution set of a parametric variational inequality problem.
(PVI) yI S(x)U F(x,y)"(v- y)3 0," vi C(x). (2)
Where,for someyl R™, X :{XT R":(x,y)1 Z}.

(H,) "x1 X,i=12,L,l,G (x,%isaconvex function in the second argument;
|
(H,) " (xy)T WR F(x, Y)+f'c°1_l(N§yGi (x,y) +R,G (x, y)") is positive definewhere

Wz{(x, YT R™™:g(x,y) £0,G(x,y) £ 0} ;
(Hy)X 7t (0,2,9T W, (t).{Ng,@).iT 1(@).N,h(g,t)} isfull column rank,where
l@)={iT {£2L,¢:9@)=0}.

The KKT system of (2) asfollows:

i F(xy)+N,G(x,y)u=0,

| ~ (©)
Tu® 0,G(x,y) £0,UG(x,y) =0,
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where U =doag(u).
The problem(1) is equivalent to:

min f (X, ),
st.g(x,y) £0,

F(x,y)+N,G(x, y)u=0, (4)
us 0,G(x,y) £E0,UG(x,y) =0.

We construct the following homotopy equation

aF (x,y) +N,G(x, y)uo_ 0

h@.v :8 UG(x y)+te g

where q =(x,y,u)",e=(11L,1)"T R,tT (0.4].

Let f(g)=f(x y,u),g@)=g(x y,u),the problem(1) is given by'":

min f(q),
st.g(@) £0,

h(q) =0, ©

when t ® 0,the problem(5) is equal to (1). In the following, we solve the (5).

Preparation

Assumption:

(H,) Wis nonempty,bounded,connected;
(H,) h,(q) ispositive linear independent about Ng(q) ;
(H,) Wholds on weak quasi-normal cone condition,there is anonempty set WY I W and positive

linear independent mappingh, (@), i1 {1,2,L,m}

N

[x+ & uh@lu® ogcvvsﬂ," ql W.
)

i 1(x)

Main results

To solve the KKT system, we construct a homotopy equation as follows:
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&l1- t)(Nf () +Ng(x)u+N,h(@,t)v+th (g)u®) +t(q - q)06
(; -

¢ h(g,t) T
H(W,W(O),t):g Ug(q)' tU(O)g(q(o)) ::O
; @- 1)@- 5 | Je- t(l i (l (0))%) :
8 i=1 5
(6)

When t =1,
N,h@,t)b +(@-q) =0
h(@,) =0;
Ug(x)- U©g(x?)=0;
9 9
| 4- (1) =0,

If bt 0, contradicts to quasi-normal cone condition. So q =q© .

When t = 0,the homotopy equation turns to the KK T system. When w( is
given,Let Hw,w®,t) = H_, W,1).H_{, (0) ={(w,) W(t)" (0.1 : H, 1, (W, 1) =0} .

Theorem2.1 Supposethat H , (w,t) isdefined asin (6), f, g and hare two times continuously
differentiable functions, Assumptions ( H, )-( H; ) hold . Then,for amost all initial points
@1 Ou@ v W@ L™ RL{0},0is aregular value of H , ,and consists of some
smooth curves. In addition,there is a smooth curve noted by G , which is starting from (w®,1) .

Lemma2.2 Suppose that ( H, ) ( H, ), for al initid points (@,1 @,u® V)T
| W@ L™ RL" {0}, If Oisaregular valueof H_, then the projection of the smooth curve G,

on the component | isbounded.
Theorem2.3 Suppose thatH_, (w,t) be defined as (6), f,g and h be two times continuously

differentiable functions, and Assumptions ( H,)-( H;) hold. For amost al the initial point
@1 Qu@ vt W@ L™ R, {0} if O is a regular value of H_, then the curve
G, 1 Wt)" (0,1] isbounded.

Theorem2.4 Suppose that f, g, F are two times continuously differentiable functions,and G is
triply continuously differentiable, Assumption (H,)-(H,) hold. Then whent ® O, the solution of
the KKT system,and for almost all the initial point
@@,1 @ u@ yonr W@ L™ R {0} , HZ (0 contains a  curve
G, W®,1). Whent® 0,thelimit set G of G, is nonempty, and every point of Gis the solution

of the KKT system.

Proof:By theorem?2.1,for amost all the initial point
@1 Qu@ VT W@ L™ RL{0},0isaregular value of H , ,and H 7, (0) consists of
some smooth curves. Among them, there is a smooth curve noted by G ,, which starting from
w1 .

By the classification theorem of one dimensional smooth manifolds, G ,, is diffeomorphic to a

unit circle or unit interval .
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H oW1
Because A0 W1 W:")( )‘W:W(O)
W

+| “
o8 b2h@O D+, 0 0 CIRE
gI:l . -
=6 Nh@®,D)" 0 0 0o =
¢ AORg@®) 0 dagg@®y o I
¢ 9 5 N
0 -=(1 )4 0 0 =
& 4( ) 2

9(@) <0,itiseasy to know that TH_, (W,1)/fw isnon-singular. So,G,, isdiffeomorphictoa
unit interval .
Let thelimit point of G ,, be (W',t") the following three cases are possible:

D W, W) {3
2) (w,t)T wt) {0} :
3 w,tHT W) (0,1].
In the set WM1)" {3} ,H_,, (w,1) =0 has a unique possible case (w®,1) . By theorem2.3,case 3
will not happen. So,case 2) isthe unique possible case and w’ is the solution of the KKT system
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