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1. INTRODUCTION
Mathematical programming problem with equilibrium constraints is a con-

strained optimization problem in which constraints include some complementar-
ity conditions. We consider the following semi-infinite mathematical program-
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ming problem with equilibrium constraints:

(SIMPEC) min f(z)
subject to g(z,t) <0, VteT,
h(z) =0,
G(z) 20,
H(z) >0,

G(z)TH(z) = 0,

where the index set T is an infinite compact subset of R". f: R" - R, G: R" —
R"H:R"—-> R", h:R" - R7and g : R" XT — R are continuously differentiable
functions on R".

Mathematical programming problems with equilibrium constraints belong to
a difficult class of nonlinear optimization problems. Since the feasible region of
these problems are not necessarily convex, many constraint qualifications like
Abadie constraint qualification, Mangasarian-Fromovitz constraint qualification,
Slater constraint qualification do not hold (see [28]). Mathematical programming
problems with equilibrium constraints are applicable in many fields as hydro-
economic river-basin model [1], chemical engineering process [18], traffic and
telecommunications networks [19], etc. For more details on mathematical pro-
gramming problems with equilibrium constraints we refer to [2, 3, 4, 5, 6, 8, 12, 15].
Pandey and Mishra [16] formulated Wolfe and Mond-Weir type dual models and
established duality results for mathematical programming problems with equilib-
rium constraints. Singhetal. [21] discussed the Lagrange duality for mathematical
programming problems with equilibrium constraints for saddle point criteria.

A semi-infinite programming problem (SIP) is a mathematical programming
problem with finitely many variables and infinitely many constraints. SIP has
been widely applied in many fields, such as transportation problem [10], robot
trajectory design problem [13], engineering design problem [17], disjunctive pro-
gramming [22], robust optimization and design centering problem [23] , optimal
power flow problems in power systems with transient stability constraints [24],
air pollution control problem [25], lapidary cutting problems [27]. Shapiro [20]
gave many results on Lagrangian duality for convex semi-infinite programming
problem. Mishra and Jaiswal [14] obtained necessary and sufficient optimality
conditions for the (SIMPEC), also formulated Wolfe and Mond-Weir type dual
models and established weak, strong and converse duality results. For more
details on SIP, we refer to [7, 9, 11, 26] and references therein.

Motivated by Mishra and Jaiswal [14] and Singh et al. [21], we construct
Lagrange type dual model for (SIMPEC) in smooth case and present weak and
strong duality along with the concepts of saddle point. Although in this paper,
we apply the idea of [21] to the semi-infinite programming, the duality model and
the technique of proof is differ from those in [21]. In particular, we present the
relationships between saddle point of (SIMPEC), optimal solutions of (SIMPEC),
and its dual, and M-stationary point for (SIMPEC), which are not given in [21].
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The organization of the paper is as follows: in Section 2, we give some def-
initions and preliminary results to be used in the rest of the paper. In Section
3, we propose Lagrange type dual model and establish weak and strong duality
results. In Section 4, we derive saddle point optimality criteria for semi-infinite
mathematical programming problems with equilibrium constraints. We illustrate
our results by suitable examples.

2. PRELIMINARIES

In this section, we present some basic definitions and results, which will be
used in this article. Let P be defined as the feasible region of the (SIMPEC). Let
Z € P be any feasible solution of (SIMPEC). The following index sets will be used
in the sequel.

T,=T,(5) ={teT: g1 =0},

a=wa)=1{i:Gi2) =0, Hi(z) >0},
B =Pz =1{i:Gi(z) =0, Hi(z) =0},
Yy =vE)=1{i:Gi2) >0, Hi(z) =0}

In the standard nonlinear programming problem, there is only one stationary
point condition that is KKT- type condition; but the mathematical programming
problem with equilibrium constraints has many stationary point conditions like
S-stationary point, M-stationary point, A-stationary point, C-stationary point,
W-stationary point(see, [28]). The following concept of M-stationary point was
introduced by Mishra and Jaiswal [14] for semi-infinite programming.

Definition 1. A feasible point z € P of the (SIMPEC) is called the Mordukhovich
stationary point (M-stationary point) if there exists A = (A9, A", AG, A\H) € R*1+2" and
indices t1,tp, ..., t; € Ty(2), | < n +1, such that the following conditions hold:

1 q m
V) + Z AVg(z, b) + Z A'hy(z) - Z[AfVG,-(Z) +ABVH@)]=0, (1)
i=1 j=1 i=1

G _ H _
/\?ﬁ >0,A7=0,A7 =0, (2
Vi € Beither AT >0, A >00r APAH =0.  (3)

The following No Nonzero Abnormal Multiplier Constraint Qualification for
(SIMPEC) is given by Mishra and Jaiswal [14].

Definition 2. Let Z € P be a feasible point of the (SIMPEC). We say that the No Nonzero
Abnormal Multiplier Constraint Qualification (NNAMCQ) is satisfied at Z if there is no
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nonzero vector A = (A9, A", A6, A"y € R*2" and indices t,tp, ..., t € Ty(2), <n+1,
such that the following conditions hold:

1 q m
Z AIVg(z, b) + Z A'hj(z) - Z[AiGVG,-(Z) + AHVH,(2)] = 0, (4)
i=1 j=1 i=1
Af 20, A7 =0, A =0, (5)
g
Vi € Beither A >0, A > 00r AZAH = 0. (6)

The following necessary optimality condition given by Mishra and Jaiswal
[14] presents the relationship between a local optimal solution and M-stationary
point for the (SIMPEC).

Theorem 3. Let z € P be a local optimal solution for the (SIMPEC) where all functions
are continuously differentiable at Z. Suppose that NNAMCQ is satisfied at Z then Z is an
M-stationary point.

Definition 4. A differentiable function f defined on a nonempty open convex subset
X c R" is convex on X if and only if for all z, Z € X, we have

f2) - f(2) 2(Vf(2),z-2). )
3. SIMPEC LAGRANGE DUALITY

In this section, we present the Lagrange type dual model and find out weak
and strong duality relationship between the primal and their dual models.
Let
p(A) = Izrellgnl Lsimpec(z, A),

where
/ q m
Lsiaec(z, A) = f@) + Y Alg(z,t) + Y Alhj@) = Y [ASGi(z) + AlTHi(2)],
i=1 j=1 i=1

is the SIMPEC Lagrangian, A = (A9, A", AG, Ay € R™*4*2" and indices t1, 1, ...,
teTy2), [<n+1.

We present the following Lagrange type dual model which depends on a
feasible point z € P for the (SIMPEC):

SIMPEC-LD(z) max ¢(A)
subject to /\ig >0,t ¢ Ty Af >0, )\f >0,

Vi € B either /\l.G >0, /\? >0 or /\l.G/\f{ =0.

Let Pp(Z) be the feasible region of the SIMPEC-LD corresponding to a point
Z € P. The dual model SIMPEC-LD(z) depends on a feasible point zZ € P of the
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(SIMPEC). Now, we present the Lagrange type dual model which is independent
of the (SIMPEC):

SIMPEC-LD max @(A)
subject to A € Pp = NyepPp(2),

where Pp = N.epPp(z) # 0 is feasible region of the SIMPEC-LD.

Remark 5. The feasible solution of the SIMPEC-LD is also a feasible solution of the
SIMPEC-LD(z) for all z € P, since the feasible region of the SIMPEC-LD is the inter-
section of the feasible regions of the SIMPEC-LD(z) for all z € P. Also, SIMPEC-LD is
independent of the primal problem, therefore SIMPEC-LD will perform better dual model
than SIMPEC-LD(z).

Theorem 6. (Weak Duality) Let z be feasible point for the (SIMPEC) and A be the feasible
point for the SIMPEC-LD(z), where A = (A9, A", A¢, A\H) € R*9*2" and indices t, t, ...,
t1 € Ty(2), | <n+1,then

W) < f(2).
Proof. Since z € P and A € Pp(z) are feasible points for the (SIMPEC) and the
SIMPEC-LD(z) respectively, then we get

pA) = m%nLSIMPEC(Z/A)

< fl2)+ Z Mg(z, ) + Z Ahj(z) - Z [AGi() + Al'Hi(2)].

i=1

Using the feasibilty conditions of the (SIMPEC) g(z,t;) < 0, hj(z) = 0, =Gi(z) < 0,
—H;(z) < 0, we have

m

1
Z Mgz ) + Zq" Alhy(z) Z /\GG (2) + AMH; (z)] <0. 8)
i=1 j=1

i=1
From (8), we have

P(A) < f(2).
The following results are direct consequences of the Theorem 6.

Corollary 7. Ifzisafeasible solution for the (SIMPEC) and A is a feasible solution for the
SIMPEC-LD, where A = (A9, A", A®, AH) € R*7*2" and indices th, t, ..., 1 € Ty(2), 1 <
n+1, then

pA) < f(2).

Corollary 8. Ifzand A are the optimal solutions for the (SIMPEC) and the SIMPEC-LD,
respectively, where A = (A9, A", A6, AH) € R*7*2" and indices ty, ts, ..., t; € Ty(2), I <
n+1, then

P(A) < f(2).
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Corollary 9. If z and A are feasible solutions for the (SIMPEC) and the SIMPEC-LD,
respectively, and f(Z) = @(A), then zZ and A are optimal solutions for the (SIMPEC) and
the SIMPEC-LD, respectively where A = (A9, A", A6, A € R*7+2" and indices t1,t, ...,
teTy2), [<n+1.

The following example illustrates the result of Theorem 6.

Example 10. Consider the following (SIMPEC):

min  f(z) = z% + z%
subjectto g(z,t) = -z1—zp+1-1t<0, Vt€][0,1],

Gi(z) = z120,

Hi(z) = z >0,

Gi(z).H1(z) = z1.z2=0.
The feasible region of the above problem is given by
S={z,z)eR?:21>1, 20> 1, z1.2, = 0).
The Lagrange function for the (SIMPEC) is given by
Lsimpec(z, A9, A%, AM) = f(z) + A9g(z,0) — A°Gi(2) — A" H(2).
Therefore, we have

(A7, A%, AH) = m]ilan Lsivpec(z, A7, A%, AH),
z€IR2

C (M AR (A7 4 A

4 4
Let P = Uj_q 2 P! where,
Pl = {(ZIIZZ) Y4 = 1122 = O}/
Pz = {(Zl,Zz) 1 Z1 = O,Zz > 1}

Now, we get the following two Lagrange type dual problems for any feasible z € P?,

C(ATHAGR (A4 AP

SIMPECLDy(z)  max (A7, A%, A™) = 1 ya—

subject to A9 > 0,A¢ = 0,AH € R.
For any z € P2,

LT ASR (AT 4 AH)
4 T

SIMPECLD,(z)  max (A7, A%, ATy =

subject to A9 > 0,A¢ € R,AH = 0.
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Let P}, and P be the feasible region of SIMPECLD: (z) and SIMPECLD;(z) respec-
tively. Then, we have

(A7 +A6)2 (A9 + AH)?
I
subject to (A9, A%, AH) € Pp, where Pp = Mzep, i=12 P(z) = {(A9,AC, AH) : 19 > 0,A€ =
0, A1 = 0}, is feasible region for SIMPECLD. So, it is easy to show that
2 Hy2
fe)=21+252> @ ZAG) _ W +4A )
which implies the weak duality theorem holds.

SIMPECLD  max (A7, A%, ATy =

= (A9, AC, A,

Before going to next result, we define some index sets as follow:

J'o= A7 >0, =1L <o),

at = {iea:AiG>O}, a’z{iea:/\f<0},

yt o= {iey:/\lH>0}, y‘={i€7/:)\?<0},

Bt = {iep:A°>0A">0,

Br = fiep:AY=0,A">0), Bo=(icp:AY=04"<0},
B, = liep:A'=0,AY>0}, py=licp:A¥=0,AY <0}.

The following theorem establishes strong duality relationship between the
(SIMPEC) and the SIMPEC-LD(Z) at a local optimal solution z of the (SIMPEC).

Theorem 11. (Strong Duality) Let Z be a local optimal solution of the (SIMPEC) such
that the SIMPEC-NNAMCQ holds at z. Suppose that f, g(.,t) (t € T,), hj (j € J7),
—hi G €J) -G (i €atUBTUBL), —H; (i € y* U BT UBL) are convex functions
at zon P. If &= Uy~ UBZ U By = O then, there exists A € R™*2™ and indices
ti,ta, ..., t1 € Ty(2), | < n+1, such that A is an optimal solution of SIMPEC-LD(Z) and
the respective objective values are equal.

Proof. Since Zis a local optimal solution of (SIMPEC) and the NNAMCQ is satisfied
at z. From Theorem 3, M-stationary conditions for (SIMPEC) are satisfied, that is,
there exist A = (19, A", 19, AH) € R*4%2" and indices 1, t5, ... t; € Ty(2), [ < n+1,
such that the following conditions hold:

1 q m
V) + Z Vg, b) + Z Ahy(z) - Z[vaci(z) + HVH@)] =0,  (9)
i=1 =1 i=1

Z?ﬂ >0, A7 =0, AT =0, (10)
Vi € Beither AT >0, A > 00r APAM = 0. (11)

Therefore, A is a feasible solution for SIMPEC-LD(Z).
By the convexity of f at Z on P, we obtain the following inequality for any z € P

f@@) = f(@) 2(Vf(2),z-2). (12)
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Similarly, we have

9z, t) — gz, ) 2 (Vg(z,ti),z— 2), VYt € Ty2), (13)
hi(z) = hjz) = (Vhi(2),z - 2), Vje]*, (14)
~hi(2) + hj(2) = ~(Vhj(2),z~2), Vje], (15)
-Gi(z) + Gi(2) > ~(VGi(2),z—2), Viea® UBTUB], (16)
—Hi(z) + Hi(2) > —(VH;(2),z - 2), Viea®UB" UBL. (17)

If &~ Uy~ UBZUBy = 0, multiplying (13)-(17), by AY > 0 (t; € T,(2)), )_\;’ >0 (jejb),
~A1>0 (jej), A7 >0 (iea UBTUBH), AT >0
(i €y UBTUBL), respectively and adding (12)-(17), we get

f(2) f(z)+ZA9 @, t)—Z/\gg,(z t)+z/\hh (z) - ZAhh )
- Z A5Gi(z) + Z 15Gi(2) - Z AP H,(z) + Z AHH,(z)
i=1 i=1 i=1 i=1

> <Vf(2)+iZng(Z,ti) + i i[it VGi(2) +
i=1 j=1 =1
AIVH(2)], 2 - z> (18)

From (9) and (18), for all z € P, we get

) f(z)+ZA?g(z t)—Z/\ gi(z, t)+Z)\hh (2) - ZA’;hj(z)

i=1

i ASGi(z) + 2 16Gi(z) - 2 AP H,(z) + Z AFH(z) > 0.
i=1

i=1 i=1 i=1
That is,

Lsimpec(z, A) = Loimpec(z,A), Yz €P. (19)

Using the index sets and M-stationary condition (10) and (11) the following equal-
ity holds:

q m
Y Mgty + ) Ahiz) - Y [ACGi(2) + AHi(2)] = 0.
j=1 i=1

i=1
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Then, we get

f@ = Lsimpec(z, 4) = p(A), (20)
by weak duality theorem, we get

¢(\) < f(2), YA €Pp). (21)
From (20) and (21), we get

P(A) < @A), YA €Pp(z). (22)

Thus, A € Pp(z) is a global optimal solution of SIMPEC-LD (z). Optimal values of
(SIMPEC) and the SIMPEC-LD(Z) are equal. O
The following example illustrates the result of Theorem 11.

Example 12. Consider the following (SIMPEC):

min  f(z) = z% + z%
subject to  g(z,t) = -z1—z2+t<0, Vte[-1,0],
Gi(z) = z1=0,
Hi(z) = z220,
Gi1(z).Hi(z) = z1.z2=0.

The feasible region of the above problem is given by
P= {(21,22) e R?: z212>20,2,2>20, z1.z, = 0}.

It is clear that z = (0, 0) is local optimal solution of the above problem. Since there are no
nonnegative (A9, AG, AH, different from zero such that

AIVg(z,0) — ASVGy(z) — ATH;(z) = AY [iﬂ - AS [(1)] - AH [(1)] = [8] )
That is, NNAMCQ is satisfied at Z = (0,0). We define the Lagrangian as follows
Lsimpec(z) = f(z) + A79(2,0) = A°Ga(2) — A" Hi(2).

Therefore, we have

P\, A AR = mingegeLopec(z, A7, AC, AT)
(A9 +A6)? (A9 + AH)?
4 4 ’
Let P = Uizl/zrgpi,
where P = {(z1,22) : 21 > 0,2, = 0},

P> = {(z1,22):z1=0,20 =0},
P3 = {(Zl,Zz) 1Z1 = O,Zz > 0}
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We get the following three Lagrange type problems:
Forany z € P!,

SIMPECLD; (%) maxp(A?, AC,AH)
subject to A>0,A°=0, A\H eR.
Forany z € P?,
SIMPECLD»(Z) maxp(A9, A%, AT
subject to A >0, either A° >0, AH >0 or A°AH = 0.
Forany z € P3,
SIMPECLDs(Z) maxp(A7, A, AT
subject to A >0, A°eR, AH=0.

Let PL, P2 and P3 be the feasible regions of the SIMPECLD:(z), SIMPECLD;(z) and
SIMPECLD3(z), respectively. Also, we have

LM HASR (9 Ay
4 4
subject to (A9,AC, Ay e Pp,

SIMPECLD  maxp(A9,AC, AT) =

where PD = mZEPi,i:1,2,3P§)(Z) = {(/\g/ AG/ /\H) € IRS | A > 0/ /\G = 0/ AH = 0}/ is the
feasible region of the above SIMPECLD. It is easy to see that for any (z1,z2) € P, and
(A7, A%, AT) € Pp,

LA ASR (AT 4 AT
1 T

73+ 23 (23)
is only possible for z; = 0,z = 0 and A9 = 0,A% = 0, A" = 0. Since z = (0,0) is a
local (global) solution for (SIMPEC) and all assumptions of Theorem 3 hold at Z therefore
by Theorem 3, there exists (A9, A°, AP with A9 = 0,A¢ = 0, AH = 0, such that strong

duality hold.
4. SADDLE POINT OPTIMALITY CONDITIONS FOR SIMPEC

In this section, we define saddle point condition for (SIMPEC) and establish
the relationships between strong duality and saddle point conditions.

Definition 13. A point (z,A) withz € P and A € Pp(2) is said to be saddle point for the
Lagrange function Lspvypec, if

Lsimpec(Z, A) < Lsimpec(Z, A) < Lsivpec(z, A),

holds for all z € P and A € Pp(2).
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Theorem 14. Let Z be a local optimal solution of the (SIMPEC) and the condi-
tions of strong duality theorem hold, then there exists A € R™T*2" gnd indices
ti, ta, ..., t1 € Ty(2), | < n+1,such that (Z, A) is a saddle point of Lsimpec(z, A). Moreover,
if (Z,A) € P x Pp(2) is (SIMPEC) Lagrange saddle point, then @(A) = f(2), where zZ and
A are optimal solutions to the primal (SIMPEC) and dual SIMPEC-LD (Z), respectively.

Proof. From (19), we have forall z € P,

Lsimpec(Z, A) < Lsivpec(z, A). (24)

From (20) the following inequality holds:
Lsivpec(z,A) = f(2)

1 q m
f@+ Y Mgz t)+ ) Alhiz) - ) [AGi(2) + AITH(2)],
i=1 j=1 i=1

\%

that is, for all A € Pp(z), we have

Lsimpec(z,A) < Lsivpec (2, A). (25)
From (24) and (25), (2, A) is a saddle point of Lsjypec(z, A).
Let (Z, A) € P x Pp(2) is (SIMPEC) saddle point, hence

Lsimpec(Z, A) < Lsimpec(z,A), YA € Pp(2),
1 q m
f@+ Y Algt)+ Y Ahiz) - Y IACGi(z) + AlH,(2)]
i=1 j=1 i=1

! 9 m
<f@)+ ) Mo t)+ ) Ahiz) - Y A°Gi(2) + AH@)L.  (26)
i=1 =1

i=1
Setting A = 0 in (26), we get

) m

Z 99z, 1) + Z Athy(z) - Z [ASGi(z) + APH (2)] = 0. (27)

i=1

Since (z,A) € P X Pp(z), hence

1 q m

Z Mgz, b) + Z Athi(z) - Z[/\GG () + AHy(2)] < 0. (28)
i=1 j=1 i=1
From (27) and (28), we get

!

q m
Z Mgz, b) + Z Nihy(2) - Z[/\GG @) + AMHy(2)] = 0. (29)

i=1 j=1 i=1
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Also, we have Lsiypec(Z, A) < Lsimpec(z, A), therefore

pA) = szlelll)ﬂ Lsivpec(z, A)
= Lsmpec(z, A)
= f@.
By Corollary 9 of Theorem 6, z and A are, respectively, optimal solutions to the
primal (SIMPEC) and dual SIMPECLD(Z). 0

The following theorem shows the relationship between Lagrange saddle point
for (SIMPEC) and M-stationary point for (SIMPEC).

Theorem 15. Let Z be a feasible point of the (SIMPEC) and the M-stationary condition
holds at z. Suppose that f, g(., t;) (ti € Ty), hj (j € J*), Gi (i € a” UBR), Hi (i € y~UBL),
—hj (j €J7), =Gi (i € a* UBTUB), —H; (i € y* U BT UBL) are convex at Z on
P. Ifa= Uy~ UB- U B, =0, then there exists A € R** 2" gnd indices 4, ty, ..., 1 €
Ty(2), I < n+1,such that (z, A) such that (£, A) is a saddle point of Lsjypec(Z). Further,
let (z, A) € P X Pp(Z) and if (2, A) is saddle point of Lsivpec(z, A), then Z is M-stationary
point.

Proof. We have

! q
Lsivmpec(z, A) — Lsivmpec(Z, A) = f(2) + Z Mgz, t) + Z Z’;hj(z)
P =1

i=1

m ! 9
= Y IATGi) + A HI@)] - f&) - ) Mlg(e,t) = ) Ajhy(@)
i=1 j=1

+ Z[/_\ZGG,(Z) + /_\IHHZ(Z)]

i=1

Since f, g(.,i’,') (t; € Ty), h] (] eJf), G (ea U ﬁl_i)’ Hi(iey U ‘36), —hj (] S
J7), =Gi (i€ a® UB* UB), —H; (i € y* UB+ U BL) are convex functions at z on P
and a” Uy~ U B- U B = 0. Then, we get

I q
Lsimpec(z, A) — Lsimpec(z, A) = <Vf () + Z AIVyg(z, t) + Z /_\?th(z)
i=1 =1

- Y ASVG(@) + NIVH,@) 2 - z>.
i=1

1

Since, M-stationary condition holds at z, then from (1), we get

Lsimpec(z, A) > Lsivpec(Z, A). (30)
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Lsvpec(zZ,A) = f(2) + zl" Mgz t) + Zq" A;?h,-(z) - iMfGGi(z) + AMH;(2)]
< f@ B a B
= f@+ i Mg(z, ) + Zq" Alhj(2) ~ Zm"[)‘\fci(z) + A'H;(2)]
= LSIMPE;;, . : B
Then,

Lsivpec(Z, A) = Lsivpec(2, A), YA € Pp(2).
Hence, (2, A) is a saddle point of Lsiypec(z, A).
Since (z, A) € P X Pp(2) is (SIMPEC) saddle point, hence
Lsivpec(Z, A) < Lsivpec(z,A), YA € Pp(2).
Therefore, from (27), we get

1 q m
Y Mgz t)+ Y A2 - Y [19Gi(2) + AHi@)] = 0.
i=1 =1 i=1
From (33) and feasibility of A € Pp(Z), we get
Z?zo,je:rg, A =0, A =0,
Vi € Beither AY >0, A% > 00r A°AH = 0.

Also, we have Lgjypec(Z, Z) < Lsimpec(z, 7\), Vz € P.
Then,

p(A) = T?EII? Lsimpec(z, A) = Lsivpec(2, A).
Therefore, we get
V.Lsimpec(z, A) =0,

that is,

1 q m
V) + Z Vg, b) + 2 Ahy(z) - Z[;‘\fvci(z) + AHVH,(2)] = 0.
i=1 =1 i=1

Therefore, from (34), (35) and (36), Z is M-stationary point. [
The following example illustrates the result of Theorem 15.

(31)

(32)

(33)

(34)
(35)

(36)
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Example 16. Consider the (SIMPEC) problem

min  f(z) = z1+2
subject to g(z,t) = z1—2z,-1-t<0, Vt€[0,1],
Gi(z) = z120,
Hi(z) = -z2}-z3+120,

G1(2)-Hi(z)

The feasible region is given as:

zl.(—z% - z% +1)=0.

P={(z1,z2) e R*:21 -2z, <1,z >0, —z% —z§+1 >0, zl.(—zf —z% +1) =0}

Since z = (0,—3) is feasible (global optimal) point and for A = (A9,AS, A1) = (1,3,0)
M-stationary condition holds and satisfies the assumption of Theorem 5 at Z. In addition,

for
Lsimpec(z, A) = f(z) + A9(z,0) — A°Gi(z) — A"Hy(2),

the following inequality holds
Lsivpec(Z,A) < Lsivpec(Z, A) < Lsivpec(2, A),

for any (A, z). Hence, Theorem 15 is verified.
5. CONCLUSIONS

We proposed a Lagrange type dual model for the semi-infinite mathematical
programming problems with equilibrium constraints. We established weak and
strong duality results under convexity assumptions. Further, we discussed the
saddle point optimality conditions for the (SIMPEC). We illustrated the obtained
results with the help of suitable examples. The Lagrange type dual model for
(SIMPEC) is easier to deal than the Wolfe and Mond-Weir type dual models for
(SIMPEC) since the weak duality results in Lagrange type model for (SIMPEC)
do not require any convexity assumptions and the constraints set do not involve
nonlinear stationarity conditions.
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