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1 Introduction

In this paper, we mainly consider solving the nonlinear optimization problem (NLP) with
the inequality constraints, where the objective function and the constrained functions are
Lipschitz continuously differentiable functions. We give the Lagrangian function associ-
ated with this problem, then the Karush—Kuhn—Tucker (KKT) optimality conditions for
our solved problem can be obtained.

It is well known that the KKT optimality conditions is a mixed nonlinear complemen-
tarity problem (NCP). And this NCP has attracted much attention due to its various ap-
plications [1-3] such as the economic equilibrium problem, the restructuring problems of
electricity and gas markets, and so on. Of course, there are many efficient methods for solv-
ing the NCP, which can be seen in [4—7]. One popular way to solve the NCP is to construct
a Newton method for solving the related nonlinear equations, which is a reformulation of
the KKT optimality condition. Another way is to use the filter method to directly solve the
NLP with the inequality constraints. Recently Pu, Li, and Xue [8] proposed a new quadratic
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programming (QP)-free infeasible method for minimizing a smooth function subject to
some inequality constraints. This method is based on the solution of nonsmooth equa-
tions which are obtained by the multiplier and the Fischer—Burmeister NCP function for
the KKT conditions. They proved that the method had a superlinear convergence rate
under some mild conditions.

Fletcher and Leyfter [9] proposed a filter method for solving the NLP problem, which
was an alternative to the traditional merit functions approach. Provided that there is a
sufficient decrease in the objective function or the constraints violation function, it was
shown that the trial points generated from solving a sequence of trust region QP subprob-
lems are accepted. In addition, the computational results reported in [9, 10] are also very
encouraging. For more related methods, one can refer to [11-16].

Stimulated by the progress in these two aspects, in this paper, we propose a nonmono-
tone filter QP-free infeasible method for minimizing a smooth function subject to smooth
inequality constraints. This proposed iterative method is based on the solution of nons-
mooth equations, which are obtained by the multiplier and some NCP functions for the
KKT first order optimality conditions. And each iteration of this method can be viewed as
a perturbation of a Newton or quasi-Newton iteration on both the primal and dual vari-
ables for the solution of the KKT optimality conditions. Specifically, we use the filter on
the linear search with a nonmonotone acceptance mechanism [17, 18]. Moreover, we also
consider to use the NCP function in the filter. Thus our algorithm can avoid the incompat-
ibility, which may appear in the filter SQP algorithm. We also give the global convergence
and the superlinear convergence rate of the proposed method under some mild condi-
tions. Finally, we take some numerical tests to illustrate the effectiveness of the proposed
filter QP-free infeasible method.

The rest of this paper is organized as follows. In Sect. 2, we give some preliminaries
and the formulation of the solved problem. Then we propose an infeasible filter QP-free
method. In Sect. 3, we show that the proposed method is well defined and establish its
global convergence and superlinear convergence rate under some mild conditions. Some
numerical tests are given in Sect. 4. Finally, we give some brief conclusions in Sect. 5.

2 Preliminaries and algorithm
In this section, we firstly introduce the formulation of the solved problem. Then we give
some preliminaries for structuring a new filter QP-free method. Finally, we present the
structure of our proposed method in detail

In this paper, we mainly consider solving the nonlinear optimization problem (NLP)
with the inequality constraints, which can be formulated as

minf(x), st x€D={xeR"Gx) <0}, (1)

where f: R" — Rand G = (g1,8,...,gn)" : R" — R" are Lipschitz continuously differen-
tiable functions.
The Lagrangian function associated with problem (1) is

Lix ) = f(x) + 17 G(x),

where w = (1, 2, ..., itm)T € R™ is the multiplier vector. For simplicity, we use (x, i) to
denote the column vector (x7, u7)7.
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Then we can obtain the KKT point (¥, i) € R” x R for problem (1), which satisfies the
necessary optimality conditions :

ViL(x, 1) =0, Gx) <0, =0, pigi(x) =0, 2)

where 1 < i < m. We also say that X € D is a KKT point of problem (1) if there exists i1 € R”
such that (x, /1) satisfies (2). It is well known that the KKT optimality condition is a mixed
NCP. And the reformulation of (2) can be viewed as the following nonlinear equation:

®(x, ) =0.

2.1 Preliminaries
In this subsection, we give the definition of Fischer—Burmeister NCP function and some
related Jacobian functions in different cases. Both theoretical results and computational
experience have indicated that the nonsmooth methods based on the Fischer—Burmeister
NCP function are efficient. The Fischer—Burmeister function has a very simple structure,
which is defined as

Y(a,b)=~a?+b%—a—-b.

It is clear that this function ¥ is continuously differentiable everywhere except at the ori-
gin, but it is strongly semismooth at the origin, i.e., ifa # 0 or b # 0, then ¥ is continuously
differentiable at (a, b) € R?, and

b a b )
Viiab)= (x/oﬂ +b? b JVa? + b? - 1)’

if a = 0 and b = 0, then the generalized Jacobian of ¥ at (0,0) is (see [14])

9¥(0,0) = {(6 - Ln-1)Ig* +n* =1}.

Let ¢;(x, ) = ¥(=gi(x), u;), 1 < i < m. Given the above formulation of problem (1), we
can denote ®(x,u) = ((Vil(x, )", (®1(x,u))")", where @i(x,p) = (¢1(x,p0),...,
Om(x, H/))T

Clearly, the KKT optimality conditions (2) can be equivalently reformulated as the non-
smooth equations ®(x, ) = 0.

If (gi(x), ;) # (0,0), then ¢; is continuously differentiable at (x, ) € R"*". In this case,
we have

Vi = (L(x) + 1) Vgi(x); Vi = <# - 1)&':
(@) + e} (@i(x)? + u?

L 1

where e; = (0,...,0,1,0,...,0)T € R™ is the ith column of the unit matrix, its ith element is
1, and other elements are 0.

If gi(x) =0and p; =0, 1 <i < m, then ¢;(x, ) is strongly semismooth and directionally
differentiable at (x, ). We have

upi(, 1) = {(§ + DVgix)| -1 <& <1}
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and

i, ) = {(E 1) -1<& <1}.
We may reformulate the KKT at point (, i) conditions as a system of equations:

(D(.?_C, /1) = (VxL(\’_C’ ,EL), d)l(;c’ /7«)) = O;

where 1 = (1, 2,...,um)" € R™ is the multiplier vector, oi(x, 1) = V¥(=gi(x), ),
D1 (%, 1) = (1%, 1), @2(%, 12); - . . » (%, i) . To replace the violation constrained func-
tion p(G(x)) in the filter F of Fletcher and Leyffer method [9], we use the violation con-

strained function p(G(x), i) = ||y (x, )|

2.2 Algorithm
In this subsection, we give the process and the framework of the filter QP-free method for
solving problem (1). We firstly give some closed forms for preparing the method.
K
5
(€)2+(uf )
otherwise we denote S/k = E,'(xk,uk) =1++/2/2 n}‘ = r;,»(xk,pck) = —1++/2/2. Then let

If (g(x%), 11¥) # (0,0), let £F = &(wk, uk) = ——L— + 1; 5% = mj(ak, pib) =
(g(x)ﬂ)#( ), le E/ E](x ") \/W+ n; U;(x u")

vk = Vii Vi _ H* \el )
vV diag(E)(VGH)T  diagn* - X))’
where H* is a positive matrix, which may be modified by BFGS update. The diag(£*) or

diag(n* — ¢*) denotes the diagonal matrix whose jth diagonal element is éjk or n]’f - c}lf re-

spectively, and

k _ : k|V
¢ = cmm{l, d ” },
where ¢ >0 and v > 1 are given parameters.
Secondly, we give the nonmonotone sequence for structuring our method. We may as-
sume that the elements ®* and F¥ are sorted in the decreasing order, that is, FRL > FR2 >
ﬁk?’zmzﬁk’, Pkl Zcﬁkzzﬁ)k?’zmzékl.Let

o (DK, DF2, PR3, DMY if | DK < DX and || DKl > 0, @
@R, R, 88, K, if k> BRL or ok = 0

and

7 (Fk FR2 pR3) PRy if PR < PR ;
| Bk R B BKYifFR > BRI ®

We denote the maximal elements in ®%, F¥ by pk  FX_ respectively.

Based on the above given information, we now give the framework of the nonmonotone
filter QP-free infeasible method (NFQPIM) for minimizing a smooth function subject to
smooth inequality constraints as follows in Algorithm 1.

Page 4 of 14
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Algorithm 1 NFQPIM
Step 0. Initialization. Given an initial guess x° € R”, T € (0,1), 1 >0,0<61<6; <1, and
a positive definite matrix H°. Given initial (f(x°), i) € F®. Let p%,. = {K,, K, - K,,}, FS,, =

ax

{Kr, Ky - Kr} and k = 0, where K}, > 0 and Ky > 0 are sufficiently large constant numbers.
Step 1. Computation of the search direction.
If ®* 0, then compute 2%° and 1*° by solving the following linear system in (d, A):

%)

If n}’f #0, then let )L;‘O = n}‘):]]fo/(—nll.‘ + c]]f), otherwise let )L]’.‘O = Xllfo. Compute d*! and A*! by
solving the following linear system in (d, A):

«(d\ _ (-VL
“6)-()

If 77/].( #0, then let Ajl.d = }‘)_»]’fl/(—n]]f + cllf), otherwise let A]’fl = )_»jkl.
Step 2. Line search with filter.

1) If

| @ (& +d, b+ 25 |* < 6y ¥,

8)

and (9) or (10), at least one holds, then let x**1 = x* + @*! and = u**! + A¥1, go to Step 3.
2) Line research:

Find x**! and 4%*! to be acceptable for the filter test: let x**1 = x* + 0, d*?, 1**1 = % + o AKX,
1 = ok ¢ g d®, and 151 = pk + 0 Ak, where a; = T/ and j is the smallest nonnegative

integer satisfying either
[ @2 (# A5)| < 6 max{ | @1 (o, 1) [P} ©)

or
FE) - max{f5 L) < -y |04 (10)

for all (f(¥)), || ¥, ||2) € FX. If (9) holds, then &**1 = 2k*1, ;*+1 = [1k+1 and call it d-step; if
(10) holds, then x*! = gk+1, ; *+1 = gk+1 and call it f-step.

k+1 k+1

If there are no such x**! and p*** or ok too small, we use the backtracking technology or

k+l k+1 g0 that it is an acceptable filter

use the feasibility restoration phase to find #*** and
and the QP(x**1) subproblem is compatible. Go to Step 1.

Step 3. Update.

If x*1 is a KKT point, then stop, otherwise if ,uf” < [, then uf” = ,uf»‘” ; otherwise let
k= i, give H**! by BFGS update, f<*1 = 1/2(fk + fk+1), F*1 = FRU(f(xk*1), | @X]|) and
delete all pairs (f(x"), | ®!||) which are dominated by (F(x**1), u**1) in F**1, obtain F**!,
Let k = k + 1 and go to Step 1.
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Remark1 Let ®(x, 1) = (VL, H(x)), (®1(x, 1))T)7, the above proposed NFQPIM can also
be used to solve the following constrained NLP:

min f(x)
s.t. Gx) <0, Hx)=0, x€R"

where f : R* — R and G(x) = (g1(x), ©2(%),...,gm®))T : R — R™ and H(x) = (I, (x), hy(x),
e hp(x))T : R? — R™ are Lipschitz continuously differentiable functions.

2.3 Implementation
In this subsection, we give the implementation of the proposed NFQPIM. Firstly, we sup-
pose that the following assumptions A1-A3 hold.
Al. The level set {x|f(x) < f(x°)} is bounded, and for sufficiently large k,
ek + 2K 4+ 29| < .
A2. f and g; are Lipschitz continuously differentiable, and for all y, z € R**",

|VLO) = VL@)| < molly~zll,  |®0) - ()| < molly -z,
where m > 0 is the Lipschitz constant.
A3. H* is positive definite and there exist positive numbers m; and m; such that
my||d|* < d"H*d < my|\d|)? for all d € R" and all k.

Lemma 1 If & #0, then V* is nonsingular.

Proof Assume ®F 0. If V*(u,v) = 0 for some (u,v) € R™", where u = (uy,...,u,)", v =

(v1,...,v) T, then

H'u+vGv=0 (11)
and

diag(&*)(VG") Tu+ diag(n* - *)v=0. (12)

From the definitions of Sjk and n/’f, we know that Ejk >0and n}( —ck 0 forallj. So diag(n* —

c]’F) is nonsingular. We have

v = —(diag(n* - &))" diag(£")(VGY) u. (13)
Taking (13) into (11), we have

ul (Hu + VG'v) = u" H u — u" v G diag (€% (diag(n* - &) (VG Tu =0.

The fact that —V G diag(£¥)(diag(n* — ¢*))"1(VG*)T is positive semidefinite implies u = 0,
and then v = 0 by (13). V* is nonsingular. This lemma holds. O
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Lemma 2 d*° =0 if and only if Vf* = 0, and d*° = 0 implies }** = 0 and A\*° = 0.
If (x*, w*) is an accumulation point of {(x*, %)}, then d*° = 0, and (d*°, A*°)7 is the solu-
tion of the following equations:

~(6)-(7)
and VL(x*, u*) = 0.
It is clear that the following lemma holds, with reference to [8].
Lemma 3 Ifd*° #0, then
(dkO) TdekO < _(dkO) vak'

Proof (14) implies

H*d® + VGFAKO = vk, (15)
and

diag(£X)(VGY) " d** + diag(n* - )30 = 0. (16)
We have

30— _(diag(n* - &))" diag(%)(VG¥) T a*. (17)

Taking (17) into (15), we have

(dkO) T(deko n VGkkkO)
_ (dkO)TdekO _ (dkO)TVGk diag(%‘k) (diag(nk _ Ck))*l (VGk)TdkO
- (@) Tvf (18)

(d©)TV G(x~) diag(&X)(diag(n* — )1 (VG)Td*® < 0 implies

(dkO) TdekO < _(dkO)vak. (19)
The lemma holds. O
Lemma 4 There exists ms > 0 such that, forany 0<t <1,

| @1 (% + 2, 1 + 2RO | = 11Dy |1 < mst®.
Proof 1f &K = 0, then there exists m, > 0 such that, for any0<¢<1,

[ (6 + 6, 1+ £280) | = [ (2 + 0, ¥ + £31) — K[> < a2 | (a0, 140) 2

The lemma holds for &% = 0. O
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We define that if (glk, ,uf) #(0,0), then (EX° ﬁfo) = (Sik, nf‘), otherwise éiko(ng)TdkO +

ROAKO = (K, k), (dR0, AK0)), where (%, u¥), (%0, A7) is the direction derivative of
¢i(x, 1) at (x5, u¥) in the direction (d*°, A¥0).

Let diag(£%) or diag(i7*°) denote the diagonal matrix whose jth diagonal element is §jk0
or ﬁ]/fo, respectively. Then ¢;(0,0) = 0 implies

(@f)" (diag(§°) (vGH)", diag(7*)) = (1) (diag(5*)(VE") " diag(n')).
Then

|| ok 4 t(diag(éko) (VGk) Tako 4 diag(ﬁko))\ko) ”2

= | @4|* + 21l diag () (VG*) " a* + diag (7)) 1. (20)

It is clear that

1 (& + 2, i+ 2240) | = @4 + O(2).
This lemma holds.
Lemma 5 If &% #0, then given any e > 0 there is t > 0 such that, for any 0 < t <,

[ = s (e + 1", i+ 2 | = 2 - e @]
Proof If ®% #0, (7) implies

diag(£¥)(VGH) d" + diag(n* — &AM = —ok, (21)

We define that if (gf, u¥) # (0,0) then (€1,7) = (&5, n%), otherwise (§X'Vgk, k) (d*!,

Ay = @l((k, w1b), (dX, 2K1)), where ¢/ ((x, 1), (@*1, K1) is the direction derivative of
¢i(x, ) at (x5, u¥) in the direction (4%, A1), Let diag(€X') or diag(7*') denote the diag-
onal matrix whose ith diagonal element is /' or 7%}, respectively. Clearly, for all i,

Gi(x + 1dt! pf + 1) = g < 1(5F (Vel) "d + (i) @2

Since cf # 0, it follows by the definitions of cff and nf.( that nf =0, gf =0, ,uf >0, and
d)f‘ =0. We have

% + t(diag(‘i;kl)(VG")Tcilk1 + diag(77*")A*) ||2

= (1-20)| | + ¢ ] diag(E") (VGK) @ + diag(71)24 ). (23)
It follows from (22) and (23) that, given any € > 0, there is > 0 such that, forany 0 < ¢ < f,
I d>’{||2 — | @1 (x* + 2d, puF 4+ 2K H2 > (2 - e)t| @k ||2

Hence this lemma holds. g
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Lemma 6 d° =0 ifand only if Vf* = 0, and d*° = 0 implies }** = 0 and A\*° = 0.
Proof If V¥ =0, then (x*, X0) = V*¥(0,0) = (0,0). If 4*° = 0, then (14) implies
diag(&*) (VGk)TdkO + diag(n* — ) Ak0 = diag(n* — ) Ak = 0. (24)
Clearly, 2% = 0, A¥0 = 0, and (Vf*,0) = (V¥)71(0,0) = (0,0). O

From Lemmas 3—-6, we know that, if CI)]{ #0, then (dX, A¥) is the decreasing direction of
[|®X|; if %° # 0, then d* is the decreasing direction of f*. If ¥ = 0 and d*° = 0, then (¥, 11¥)
is a KKT point. We consider four cases for linear searches.

Case 1. k-1 iteration hasa ®-step and ®X = 0. In this case, p¥ . = k-1 and min{p*jmalj €
F¥ > 0}. Clearly, we can find oy such that Z5*! satisfies (9).

Case 2. k — 1 iteration has a ®-step and ®* #0. In this case, it follows from Lemma 5
that, given any ¢ > 0, there is # > 0 such that, for any 0 < <7,

[ @51 @1 (o + e, + ) |* = @ - e)ef @

pk .. >0 is monotonically nonincreasing. So, we can find oy such that 2**! satisfies (9).
Case 3. k — 1 iteration has an f-step and 4*° # 0. In this case, it follows from Lemma 5
that, if 2%° # 0, then

(dkO) TdekO < _(dkO)vak’
where f !
(10).

Case 4. The (k — 1) iteration has an f-step and d° = 0. In this case, if ®¥ = 0, then (xX, 1¥)

is a KKT point, otherwise X may be an infeasible stationary point.
k+1 k+1

is monotonically nonincreasing. We can find oy such that ¥*! satisfies

If there are no such *** and p*** or o too small, we use the backtracking technology
or use the feasibility restoration phase to find x**! and u**! so that it is acceptable that the

filter and the QP(x**!) subproblem are compatible.

3 Convergence
In this section, we discuss the global and superlinear convergence rate of the proposed
method. We give the following A4 and suppose that the assumptions A1-A4 hold in this
section.

A4. For all k and some ot > 0, A > Ain > 0.

It implies from (3) and (4) that p%, > 0 is monotonically nonincreasing and, if
@1 (X)) — 0, then pX . — 0.

Lemma 7 Counsider the sequence {||®,(x")||?} and {f*} such that {||®1(x*)||*> > 0} and {f*}

is monotonically decreasing and bounded below. Let a constant 6 satisfy, for all k and [ € F¥,
that

@2 (B 25 | < 6 max{ | @1 (< 1) [P (25)
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or
f(o_ck”) - max{fk,l_:&ax} < —oyb; || QDII‘” H, (26)
where o > amin > 0 is the step length, 0 is a given positive number. Then pf;ax — 0.

Proof Suppose that the theorem is not true, then ®;(x%) A 0, and there exist & > 0 and
infinitely many members of index set K such that ||®;(x**1, k)| > & >0, pk > >0,
and || ®; (x**L, k)| > 0| D1 (x5, wh)|| for any k € K. We have

S~ 6) 2 a0 @147 15) > e @)

Because {f¥} is monotonically decreasing, (27) implies f(xX) — —oc as k — +00, which is

contravention of {f*} being bounded below. This lemma holds. O

Lemma 8 Counsider an infinite sequence iterations on which {fk, | P1(x¥)|12} entered into
the filter, where || ®1(x¥)|| > 0 and {f*} is bounded below. It follows that ®,(xX) — 0.

Theorem 1 If (x*, 11*) is an accumulation point of {(x*, u1¥)}, then x* is a KKT point of
problem (1).

Proof It is obvious that Lemmas 8 and 2 imply that Theorem 1 holds. d

Next we consider the superlinear convergence of the method and firstly give the follow-

ing assumptions we need.

A5. The Mangasarian—Fromovitz (M-F) qualification condition is satisfied at x*, i.e.,
{Vgi(x*)} are linear independent for all i € I = {i|g;(x*) = 0}, and there exists a direc-
tion such that d” Vg;(x*) < 0, i € I = {i|g;(x*) = 0}, where i € I = {i|g;(x*) = 0}, where
x* is an accumulation point of {x*} and a KKT point of problem (1).

A6. The sequence of {H*} satisfies

[ (H* = V2L(xK, 6))ak|
|||

A7. The strict complementarity condition holds at each KKT point (x*, u*).
It follows that ¢* is differentiable at each KKT point (x*, u*).
Assumption A7 implies that @ is continuously differentiable at each KKT point (x*, 1*).

As Lemma 1, we have that the following lemmas hold.

Lemma 9 Assume A1-A7 hold, then {||(VK)1||} and {|(V*)1||} are bounded. Further-

more, if V* is an accumulation matrix of {V*}, then V* is nonsingular.

Proof By Theorem 1, ®* = 0 and ¢ — 0. Without loss of generality, we may assume that
(K, 1y — (¥, u*), H* — H*, diag(&¥) — diag(&*), and diag(n*) — diag(n*). By the defi-
nitions of Sl-k and nf, we know that (£/)? + (nf)? # 0. H* — H* implies that H* is positive
definite.
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If V*(u,v) = 0, where (1,v) € R™*" and u = {(u1,...,u,)T}, v={(v1,...,vn)T}, then we

have
H'u+VG'v=0 (28)
and
diag(£*)(VG*) u + diag(n*)v = 0. (29)

From (29) and the definitions of &' and n;, we know that if &' =0 thenn; #0. If & #0
then

WIVg =y, (30)

Putting (29) and (30) into (28), we have
uT(H*u + VG*V)

Hu + Z —S—]*vl (31)

i 0

nj/Er <0 implies u = 0, and if n; #0 then v; =0. Let I = {jlg’ =0}, because g #0 implies
n; #0and v; = 0, we have

Y Vgivi=0, (32)

jel

and v; =0 (j € I) by A4, i.e., (4,v) = 0 and V* is nonsingular.

On the other hand, suppose to the contrary that there exists a subsequence {(x*@, Ak®))}
such that [|[(V¥?)1|| - oo as k(}) — oo and (x*® )\ki) (x*,1*). We can choose k(i)
properly such that V¥ — V* including £¥® — £* and n*® — n*. Clearly, & )2+ (nf )2 >
3-242>0and V* € 3®*. But V* is nonsingular by the above proof, which contra-
dicts the assumption [|(V*®)~1|| = oco. Hence, {||[(V¥?)~1||} is bounded. ®* — 0 implies
limis oo VX = limg_, o0 V¥, we can also obtain that {|[(V*)"}||} is bounded. This lemma
holds. a

Assumption A5 shows that (x*, 1¥) is a Newton direction with a high order perturbation.

We obtain the following lemma.
Lemma 10 For sufficiently large k, x**! = x* + d*' and p**! = pu* + )KL
Furthermore, Lemma 10 implies that the following theorem holds.

Theorem 2 Assume A1-A7 hold. Let Algorithm 1 (NFQPIM) be implemented to generate
a sequence {(x*, 1¥)}, (x*, u*) be an accumulation point of {(x*, AX)}. Then (x*, u*) is a KKT
point of problem (1), and (x*, 1¥) converges to (x*, 1*) superlinearly.



Shang et al. Journal of Inequalities and Applications (2018) 2018:278 Page 12 of 14

4 Numerical tests

We use Algorithm 1 (NFQPIM) for the constrained optimization problems (see [19]): H*
is updated by the BEGS method. The termination criterion is ||¢|| < 10~°. The parameters
are chosen as follows: ¢ = 0.1, v =2, 7 =0.7,0; = 0.8, 6 = 0.6, it = 10,000. In the “NIT/NG”
entry of the table below, NIT is the number of iterations, NF represents the number of
function evaluations, NG denotes the number of gradient evaluations. The numerical re-
sults can be seen in the Table 1. We test the proposed NFQPIM for solving almost 100
optimization problems. And the numerical results illustrate that the proposed method is
efficient and promising.

Table 1 Numerical results on the NFQPIM for some constrained optimization problems

Problem n m NIT NG NF
hs001 2 1 65 43 40
hs002 2 1 15 19 18
hs003 2 1 3 5

hs004 2 2 4 6 5
hs005 2 4 9 11 9
hs006 2 1 5 9 8
hs007 2 1 16 25 21
hs008 2 2 3 6 5
hs009 2 1 10 13 12
hs010 2 1 27 43 33
hs011 2 1 13 23 15
hs012 2 1 13 19 16
hs013 2 1 3 6 4
hs014 2 2 4 7 4
hs015 2 2 7 11 7
hs016 2 5 5 8 7
hs017 2 5 14 19 16
hs018 2 6 20 24 23
hs019 2 6 4 7 6
hs020 2 5 5 8 6
hs021 2 5 4 7 5
hs022 2 2 5 8 5
hs023 2 9 3 4 4
hs024 2 5 7 13 10
hs025 3 6 4 6 6
hs026 3 1 24 33 27
hs027 3 1 28 34 31
hs028 3 1 6 12 9
hs029 3 1 21 37 31
hs030 3 7 9 11 10
hs031 3 7 12 17 14
hs032 3 5 8 14 12
hs033 3 6 11 16 24
hs034 3 8 8 12 10
hs035 3 4 7 11 10
hs036 3 7 10 13 11
hs037 3 8 13 18 15
hs038 4 8 83 1M 98
hs039 4 2 21 35 32
hs040 4 3 11 16 14
hs041 4 9 13 17 15
hs042 4 2 11 14 12
hs043 4 3 15 23 20
hs044 4 10 16 23 21
hs045 5 10 5 7 7
hs046 5 10 29 37 33
hs047 5 3 26 33 30
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Table 1 (Continued)

Problem n m NIT NG NF
hs048 5 2 10 15 13
hs049 5 2 36 46 40
hs050 5 3 35 43 39
hs051 5 3 9 13 11
hs052 5 3 7 14 12
hs053 5 3 5 7 7
hs054 6 13 9 13 10
hs055 6 14 8 14 11
hs056 7 4 12 14 12
hs057 2 3 6 9 8
hs059 2 7 28 33 30
hs060 3 7 13 23 21
hs061 3 2 59 68 58
hs062 3 7 24 33 28
hs063 3 5 15 23 20
hs064 3 4 36 43 37
hs065 3 7 21 29 27
hs066 3 8 13 23 19
hs067 3 41 65 53 47
hs099 7 16 65 43 40
hs100 7 4 65 43 40
hs101 7 20 65 43 40
hs102 7 20 65 43 40
hs103 7 20 65 43 40
hs104 8 22 65 43 40
hs105 8 17 65 43 40
hs106 8 22 65 43 40
hs107 9 14 65 43 40
hs108 9 14 33 30

hs110 10 20 25 43 40
hs111 10 23 61 73 68
hs112 10 13 51 73 67
hs113 10 8 55 65 61
hs114 10 31 56 73 68
hs116 13 41 123 143 140
hs117 15 20 511 63 60
hs118 15 59 67 81 77
hs119 16 40 68 83 78

5 Conclusions

Page 13 of 14

In this paper, we developed a nonmonotone filter QP-free infeasible method for minimiz-

ing a smooth optimization problem with inequality constraints. This proposed method is

based on the solution of nonsmooth equations which are obtained by the multiplier and

some NCP functions for the KKT first-order optimality conditions. At each iteration of the

proposed method, it was a perturbation of a Newton or quasi-Newton iteration on both

the primal and dual variables for the solution of the KKT optimality conditions. More-

over, we used the filter on linear searches with a nonmonotone acceptance mechanism.

We also showed that the proposed method had a global convergence and a superlinear

convergence rate. Finally, the numerical results illustrated that the proposed method was

efficient. However, how to apply this method to the real optimal problem will be studied

in the near future.
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