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1
(P) minf(x), s.t.x €8,
S=4x €X:g(x) <(} (P) . F:R"T R' g:R" T R"
X R . S R S
(P) L(P)  G(P)
1={12 o me x €R" 1(x) = {i € I:gi(x) =
(}' I(x) x .
(P)  Lagrange L:R"x R"~ R'
Lix, M) =f(x)+ Ng(x),
A= (N, Xy e M)
(P)  Karush Kuhn_Tudker ( KKT ) R"x R" (x,
N:
x €S, “L(x,M)=0 XNg(x)= 0 20 (1)
(x, \) KKT (1); x (P) KKT , A x
m °
(x, M) (P) KKT (x, M)
i €1(x), A> O
(x, M) (P) KKT I (x),1%x) c
r (x)—{ €I(x): N> 0} l(x)_{ CI(x): N\= @
C=1d Z0: “gi(x)'d=0, i €EI' (x), “gi(x)'d <0,i € 1°(x)}
x (P) (x, \)
d €c,
3 .-iL(x )\)d> 0,
AL(x M= Sf(x)+ Dieyo N Calx) (P)  Lagrange (x, )
Hessian .
Vi + %tz, ¢ > ?Y
Po(t, ) = (2)
c> 0 ,t € R, Yy ER"
(P) Lagrange F.(x, N
Fe(x. M= f(x)+ 2Pd gi(x), M. (3)
x ER . A= (M X s M) ER >0 .
; 3
(P

Lagrange Fe(x, M)
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4 ) (P) Lagrange
Fo(x, N, X .
2
21 (x, )\ (P) KKT (x,\)
c> 0, &> 0 x € Ne(x)
gi(x) > %, i €1(x);
gi(x) \é% 0, i €1\ I(x),
Ne(x) x & , x € Ne(x)
Fr: 5 }\ = v&i < % *
(5 =70+ 3| hatx)+ §ei(x)]
KKT  (x, M) Fo(x, N (3).,
2.2 (i) t€ER,YER" ¢>0 Pe(t, ¥) 2 Y/(2¢)
(i) t <O, YER'" ¢>0 Po(t, ¥) <O
P.(t,Y) (2), i - (i) -y
€ER ¢> 0 t 2=— Y/e, Y+ ¢t 20, t <O LYt /2 2 X+ et 2
09
P, ¥)= Vi+ %tzz t[Y+ % <o
t & Ve, Po(t, ¥) == Y/(2¢) <O
(P) Lagrange F(x, M)
31 (x. N (P) KKT
(1) (x, )
(i) x (P)
c> 0 c€[c,+ ), x Lagrange Fe(s, M)
Hessian SF(x, )
2.1 e> 0, £> 0
- Y < 2 )
Fo(x, M) = f(x)+ ié%[)»gt(xﬂ zgl(x)}, x € Ne(x)
x € Ne(x)
AN = e SN, (4)
BF(x, M) = AL(x, A+ Cie% Fai(x) Sgi(x) (5)
(x, N (P) KKT

(4) SF(x, M) =0, c> 0,
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x Fe(*, N .
(i) (ii) . d' SLe(x, Md > 0 d €C-= {d:to.-
gi(x)'d=0,i € I(x)} . : > 0, “3F(x, N
, c>0 c €[c, + ), .-'%ch(x, A) ,
3 a 2k dp €R,  ldyll = 1,
di3F. (x, Ndp = di SL(x, Vdi+ a0 D[ gi(x) di]? SO (6)
i€1(x)
polach=1 {a
d, lldll=1 , k7 + 0o, (6)
d" AL(x, Md, , (6) koo, Sgi(x)'d=0 i €1(x)
d€c (6) di AL(x, i <O Eooo d' L(x,
Nd <0, (x, \) , c> 0
c >c, ."ti(x, N , , c Zc x Fe(*, \)
3.2 «x €8, A= (M, - M) 20 i €I(x) N> 0
i €I\NI(x) XN=0 A= A Lagrange Fe(*, A), c> 0
(i) x F.(*, N . (x, N (P) KKT
(i) x  Fo(*, )\ , Hessian F(x, N
. (P) : .
2.1 s c> 0, &> 0
Fe(x, N = f(x)+ ig%[}\igi(x)+ %g%(x)], x € Ne(x)*
49 (9 . (4 (i) -
(ii) . , x Fo(*, N ,
(i) ,(x,MN (P) KKT - SF(x, N , (5) ,

d€cC= {d Z0: gi(x)'d= 0, i€ I(x)},
d" (x, Nd= d AFe(x, Nd- ¢ ;[.--'gi(xﬂdﬁ _
i€T(x)
d' “F(x, N)d> 0

) X (P) )
4
4.1 G(P) , X (P) A x
KKT \ 3.1 (i) (ii) . , ¢ >0
c€f[c,+ ),x Lagrange Fo(, ) X
3.1, c> 0 c€le,+ o), x F.(* N\

. €> 0
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Fo(x, M) > F.(x, N

(7)
x €ENe(x) N X, x Zx
E 2e¢ o 2k xp
€X,x. Zx,
Fo(xi, A) SF.(x, M* (8)
2.1 ¢ €[c, + ) k>c,
Fo(x, )= f(x)= F (x, M*
. (8)
f(x)+ ZP [gi(x), N <f(x), (9)
(7) {xk},,% C X\ Ne(x)* X\ Ne(x) ,{xl}k%
X\ Ng(x) . XEL k> x € X\ Ne(x)e
x €EX\[SUNe(x)], i0€1 gi(x )> 0  gi(x) x
xi o xT . kT4 o L gi(xi) gi(x ) , K 2c
k 2K, gi(x1)> 0 2= N/ Pe(t, Y) 2.2 (i)
Flx)+ 2Pelgitxn). N = f(x)+ > Pefai(x), M+ Pofgi(x). N] 2
2
eor EZ[— 2%]+ e+ Sieg] T kT
(9) E7+ o+ 00 <f(x),
x € S\ Ne(x), (9) 2.2(1i)
2
Fx) > f(x)+ 2Pefgi(x), N 2 (w) + Z{— 2%]
T+ e f(x) 2f(x7), x (P)
4,2 G(P) , x €int S (P) A x
KKT . , c> 0 ¢ €[co,+ ), F.(, ) X
(P) Se
x €t S (P) , A x KKT
gi(x)< 0 XN=0 i €1 , f(x)< f(x) x €85 x #Zx
. k, e 2k Fo( N X
X,
x, €X\S <X\ int S
X\intS R : {x} X\t S . x,  x
€ X/int S* k,  xe, Fe(. N X
Fe(xe, ) > Fe(x, \)
x €X . gi(x) < 0== N €1

2
Fo(e. M) = f(x)+ SPofailx). N = f(x)+ ﬁ] f(x).

C;
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5 X=X
fleg)+ 2Polgi(xe). N <f(x)° (10)
(i) x' €EX\S, o €1 gi(x )> 0 b+ o x,
x", K gi(x) > 0=- N/c k2K . P.(t, Y)
2.2(1)
Flxo)+ 2Polai(x ). N = f(xg)+ 2 Pelai(x). M+ Poley (). N] 2
2
Sflxc)+ i@;i([— %J+ [}yogio(xck)+ %kg%()(xck)] T4 oo, E T+ oo
(10) k4 o 4+ o <f(x), .
(i) x" €08, (10) 2.2(1)
2
S(x) 2f(xq)+ g{- %J = f(xe).
E7+ oo f(x) 2f(x"), x €t S (P) .
4.3 x €S NimtX F (.M X , ¢> 0, A=
(N, = M)" 20 i €I(x) N> 0 i€I\I(x) N= 0 X
(P) ; (x. \) (P) KKT -
, x €intX  F*,N) X X Feo(*, M)
, x  F(*, )N , 3.2(i) L (x. )
(P) KKT -«
x (P) . , x € S, x #Z
x, f(x )< f(x)> x" €S gi(x" ) <0 i €1 . 2.2(ii),

Fe(x, M) = f(x),
Fo(x", M= f(x" )+ ;:Pck[gi(x* ). N SF(x7 )< f(x)= Fo(x, M,
x F(,N X . .

[ ]

[1]  Bertsekas D P. Constrained Optimization and Lagrange Multipliers Methods [ M]. New York Aca
demic Press, 1982.

[2] Burke J. An exad penalization viewpoint of constrained optimization[J]. SIAM J Control Optim ,
1991, 29(4): 968—998.

[3] Di Pillo G. Exact penalty methods[ A] . In: Spedicato E Ed. Algorithms for Continuous Optimiza—
tion : the State of the Art [C]. Boston: Kluwer Academic Press, 1994, 209—253.

[4] Di Pillo G, Grippo L. Exad penalty functions in constrained optimization[J] . SIAM J Control Optim ,
1989, 27(6) : 1333—1360.

[5] Yevtushenko Y G, Zhadan V G. Exact auxiliary functions in optimization problems| J] . USSR Comput
Maths and Math Phys, 1990, 30( 1): 31—42.

[6] Contaldi G, Di Pillo G, Lucidi S. A continuously differentiable exact penaty function for nonlinear



Lagrange 1499

(7]

(8]

[10]

(1]

[12]

[13]

[14]

progranmming problems with unbounded feasible set[ J] . Oper Res Lett, 1993, 14( 3): 153—161.

Di Pillo G, Grippo L. A continuously differentiable exact penalty function for nonlinear programming
problems with inequality constraints[J] . SIAM J Control Optim , 1985, 23(1): 72—84.

Di Pillo G, Grippo L. On the exactness of a class of nondifferentiable penalty functions[ J] . J Optim

Theory Appl, 1988, 57(3): 399—410.

Lucidi S. New results on a continuously differentiable exact penalty function[ J]. SIAM J Optim ,

1992, 2(4): 558—574.

Di Pillo G, Grippo L. A new augmented Lagrangian function for inequality constraints in nonlinear
programming problems[ J]. J Optim Theory Appl, 1982, 36(4) : 495 —519.

Di Pillo G, Grippo L. A new class of augmented Lagrangians in nonlinear programming| J] . SIAM ]

Control Optim , 1979, 17(5) : 618 —628.

Di Pillo G, Lucidi S. An augmented Lagrangian function with improved exadness properties[ J]. SIAM
J Optim , 2001, 12(2): 376 —406.

Di Hllo G, Luddi S. On exact augmented Lagrangian functions in nonlinear programming[ A]. In: Di
Pillo G, Giannessi F Eds. Nonlinear Optimization and Applications [C]. New York: Plenum Press,

1996, 85—100.

Lucidi S. New results on a class of exact augmented Lagrangians[ J] . ] Optim Theory Appl , 1988, 58

(2): 259—282.

Exact Augmented Lagrangian Function for Nonlinear
Programming Problems With Inequality Constraints

DU Xue wu"’, ZHANG Lian sheng', SHANG Youlin', LI Ming ming
(1. Department of Mathem atics, Shanghai University,
Shanghai 200444, P.R . China ;
2. School of Mathematics and Informatics,

Henan Polytechnic University, Jiaozuo , Henan 454010, P. R. China)

Abstract: An exact augmented Lagrangian function for the nonlinear nonconvex programming prob-
lems with inequality constraints was discussed. Under suitable hypotheses, the relaionship was estab-
lished between the local unconstrained minimizers of the augmented Lagrangian function on the space
of problem variables and the local minimizers of the original constrained problem Furthermore, under
some assumptions, the relationship was also established between the global solutions of the augment-
ed Lagrangian function on some compact subset of the space of problem variables and the global solu-
tions of the constrained problem. Therefore, from the theoretical point of view, a solution of the in-
equality constrained problem and the corresponding values of the Lagrange multipliers can be found by
the well known method of multipliers which resort to the unconstraine d minimization of the augmented
Lagrangian function presented.

Key words: local minimizer; global minimizer; nonlinear programming; exact pendty function; aug-
mented Lagrangian function



