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Abstract

In this paper, we first give a smoothing approximation function of nonsmooth system
based on box constrained variational inequalities and then present a new smoothing ap-
proximation algorithm. Under suitable conditions,we show that the method is globally and
superlinearly convergent. A few numerical results are also reported in the paper.
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1. Introduction

Consider the following box constrained variational inequalities of finding an z € X, such
that

f@)(y—=2) =20, VyeX (1.1)
where f is a smooth mapping from R"™ into itself, set X has the following box form:
X={zeR"a<z<b} (1.2)

with a = (017027"'7an)T7 b= (b17b27"'7bn)T and —oo S a; < bz S -|—OO,Z = ]-7"'777“
It is easily shown that problem (1.1) is equivalent to

H(z)=0 (1.3)
where H(z) = (Hy(x), -, Hu(z))?, Hi(z)(i =1,---,n) defined by

T —a;, v — fi(r) <ay,
Hi(z) =< filz), a; <wzi— fi(z) < by, (1.4)
zi — by, w;— fi(x) > by,

Generally, mapping H is nonsmooth. Qi and Chan(see[6]) established a so-called successive
approximation method, which changes (1.3) into an equivalent nonsmooth equations of the
following form:

H(x) = fr(x) + gr(x) =0 (1.5)

where fj, and g are mappings from R™ into itself with fj being F-differentiable and g4, not, but
its norm relatively small. Global convergence of this method is obtained and numerical examples
are given to illustrate its usefulness.

Another approach for solving problem (1.3) is the smoothing methods(see[7, 8, 9]). The
feature of smoothing methods is to construct a smoothing approximation function H(-,-) : R"™ X
Ry — R"™ of H such that for any € > 0, H(-,¢) is continuously differentiable and

|H(x) — H(z,€)|| = 0 as e = 0" forall z € R"
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and then to find a solution of (1.3) by solving the following problem for a given sequence
{ek}7k:0717"'7
H(z,e) = 0. (1.6)

In [7], Chen and Mangasarian introduced a class of smoothing approximation functions for
nonlinear complementarity problems. And Gabriel and Moré extended Chen-Mangasarian’s
smoothing approximation functions to box constrained variational inequalities(see[9]).

In this paper, we will present a new smoothing approximation method for solving problem
(1.1). Under mild conditions, we prove that the sequence {x;} generated by this method is
bounded and each accumulation point is a solution of problem (1.3).

This paper is organized as follows. In the next section, we define the Jacobian consistency
property and construct a new smoothing approximation function of H. And then we describe
the algorithm in detail. In section 3, we show that the algorithm is globally and superlinearly
convergent. Finally, some numerical examples are given in section 4.

We let || - || denote the Euclidean norm of R™ and let

Ry ={ele>0, e€ R}, Ry ={ele>0, e € R},
we denote the set of all nonnegative integers by N={0, 1, 2,---}.

2. The Algorithm

Let F': R™ — R™ be locally Lipschitz continuous. According to Rademacher’s theorem, H is
differentiable almost everywhere. Let Dp be the set where F' is differentiable. The B-derivative
of F'is defined by (see[3])

OpF(z)={ lim  F'(xy)}.
zix(EDp)—x
The generalized Jacobian of F' at x in the sense of Clarke(see[1]) is
OF = convOpF(x).

In this paper, for the function F', we use a kind of generalized Jacobian, denote by OcF' and
defined as(see[10])
OF = 0F(z) x 0F,(x) x ---0F,(x).

Next we give the definition of the Jacobian consistency property.

Definition 2.1. Let H(-) be a Lipschitz function in R". We call H(-,¢) : R* x Ryy — R"
a smoothing approximation function of H(-) if H (-, €) is continuously differentiable with respect
to variable z and there exists a constant ¢ > 0 such that for any « € R™ and € € R4,

1 H (z,€) — H(z)|| < ce (2.1)
Further, if for any z € R"™,
liﬁ)l dist(H.(z,€),0cH(x)) =0 (2.2)

then we say H(-,¢) satisfies the Jacobian consistency property.
We now construct a new smoothing approxiomation function H (z,€) = (H;(x,¢€)) of H(x)
defined by (1.4) as follows

_ (@i—fi(x)—aite)?®

xT; —a; ic , 1€ a(z),
2
Hi(z,€) =q z; — b; + W7 i€ B(x), (2.3)
Hi(z), otherwise

where a(z) = {i : |z; — fi(z) —a;| < €}, B(x) = {i : |z;— fi(z) —b;| < €}. Tt isn’t difficult to find
that H(z,€) is continuously differential while e < 1I<m£1 {3(b; —a;)}. And Jacobian H(z,€) is
<i<n
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of following form

e — SR o, — fi(2), i€ ala),
[Hy(z, 0 = § e+ 2o bive (oo pi0)) i e Ba), (2.4)
Hi(z), otherwise
Now we show that H(x, ¢) has the Jacobian consistency property. Indeed, fori =1, 2,---,n,
it is easy to get
{ei}, if xi— fi(z) & [ai, bil,
OpH;i(z) = ¢ {fi(@)}, if vi — fi(z) € (az, bi), (2.5)
{ei, fi()}, if xi— fi(w) = a; or x; — fi(w) =b;
- o= £i(@) = il |y — £5(2) = by
. T; i(x) —a;|, |x; — fi(x) —0b;|:
RN s W i 4 20)
and )
€= 1I§niiéln{§(bz —ai)} (2.7)
By (2.4), for any € € [0, €(z)], we have
{ei}v lf L — fl(x) g [a“ i]:
gLl = § ), i ) € o b (2.8)
s(ei+ fi(x), if i~ fi(x) = a; or x; — fi(z) = b;

where €(z) = min{e, v(z)}. By (2.5), we obtain
li&)l dist(H.(z,€), OcH(z)) =0

i.e., function H (z, €) satisfies the Jacobian consistency property. We next describe the algorithm
in detail and denote

(w) = S IH @

and )
O(z,€) = §IIH($,6)II2

Algorithm 2.1.
step 0. Given p, a, n € (0, 1), v € (0, +00) and 29 € R". Choose o € (0, 3(1 — a))
and ¢ > 0 satisfying (2.1). Let fo = ||H (w0)|| and € = 3-00. Set k := 0.
step 1. Solve linear equations of d:
H(ay) + H. (wy, e)d = 0. 2.9)
Let dj, be the solution of (2.9).
step 2. Let my be the smallest nonnegative integer m such that
O(xy + p"dy, €r) — O(xg, ) < —20p™0(xy). (2.10)

Set tr, = p™* and xp41 = x + trdy.
step 3. If ||H(zk41)]| = 0, stop; otherwise, go to step 4.
step 4. If ||H(zg41)]| > 0 and

1H (1) || < max{nfe, o« | H(@rs1) — H(@rs1, )]} (2.11)

we let
Brt1 = [[H (zp+1)l
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and choose an €41 satisfying
.« €
0 < exer < min{o-fi, 3’“} (2.12)

and
dist(Hy (Tp41, €x1), OcH (wr41)) < vVBrs1- (2.13)

If ||H(xk+1)]] > 0, but (2.11) does not hold, we let Bixt+1 := B and €41 = €.

step 5. Set k: =k + 1, go to step 1.

Remark. The constant ¢ in step 0 of Algorithm 2.1 can be chosen properly on interval
[0.5, 1]. Indeed,by (1.4) and (2.3),it is not difficult to get

|Hi(z,€) — Hi()|

(zi — fi(z) —a; +¢€)? (zi — fi(w) — b —€)?

a‘X{( de )iEa(z): ( de )zeﬁ(m)}

m
(e+e€)?
4e

IN

<

= €.

3. Convergence Analysis

In this section, we prove that Algorithm 2.1 is globally and superlinearly convergent. With-
out loss of generality, we assume that ||H(zy)|| > O for all k£ in the following convergence
analysis.

Lemma 3.1. Suppose that H.,(xy, €r) is nonsingular. Then there exists a finite nonnegative
integer my, such that (2.10) holds.

Proof. From the construction of Algorithm 2.1, we have

|H () — H(x, ex)|| < of | H (z)]]. (3.1)

The continuous differentiability of H (-, ¢;) implies that (-, €x) is continuously differentiable and
0 (zk,er) = H.(zp, 1) H(zg, €). By (2.9), H.(zk, ex)dx = —H (x). Then, from (3.1), we get
O(xr, + tdi, ex) — 0(xk, €x)
=t0 (xp, e )dy + o(t) = —tH (x1)T H(xp, ex) + o(t)
— 2t0(xy,) + tH ()" [H () — H(zk, ex)] + o(t)
< —2t0(zy) + 2talb(zr) + oft)
= —2t(1 — a)f(z) + oft).

Since o < %(1 —a) < 1 — q, there is a finite nonnegative integer my, such that (2.10) holds.
Condition A. (1) The level set

Q={r € R"0(z) < (1+a)’0(zo)}

is bounded;

(2) For any € € Ry and x € Q, H.(x,€) is nonsingular.

Theorem 3.1. Suppose that Condition A holds. And the sequence {x} is generated by
Algorithm 2.1. Then

(i) Algorithm 2.1 is well defined and

{zr} C Q. (3.2)
(1)
lim H(xzy) =0. (3.3)

k—o0
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Proof. Denote
K = {0} U {k: ||H(zy)|| < max{nfy—1, a ‘||H(zx) — H(zx,ex1)ll}, k € N}, (3.4)

and
Ky ={k € K|nBr-1 > o "||H(zx) — H(zg, ex—1)||},

Ky ={k € Knpr_1 < a'||H(zp) — H(zg,ex—1)|}.

Clearly, K=K UKyU {0} Assume that K = {ko, ki ko, -- } with 0 = kg < k1 < ko < -+ -.
Let k be an arbitrary nonnegative integer and k; be the largest number in K such that k; < k.
Then

€k = €k; and By = B;-
By (2.10), notice that H(z,¢€) is a smoothing approximation function,
1 H (eIl < 1H (e8]
Then by (2.1), for any j > 0,

|H (ze)l| < |H 2k, ex)|| + | H (zr) — H(zk, )]
= ||H (wk, ex,) || + | H (zx) — H (z, ex;) ]

3.5
< {1 (e, )+ cex, < 1B (o, )| + e, + ce, (3:5)
= /Bk]‘ + 266kj.
If.] = 07 ﬁk]‘ = ﬁO: €k; = €0 and
|H (zk)|] < Bo + 2ce0 < (14 @)[|H (20)]]-
If j > 1, by step 4 of Algorithm 2.1,
1 1
ij > iek]‘fl iek_j,17
and
Br; < nPrs—1 =nPr; 1, if kj € K.
or
B, < a M |H (zk,;,en;—1) — H(wr,—1)|| < ca™ er,—1 = ca™ ey, if kj € K>
Let 1
r= max{i, n}.
Then for 7 > 1, by the definition of ¢y and Sy,
1 1 «
€r; < 27160 = 55 ;HH(%)H; (3.6)
and ' .
Br; <777 6o = 7| H (o) |- (3.7)
Therefore by (3.5), for j > 1,
s (6 s
1H (@)l < (771 + 5= 1H (zo)ll <+ H1+ @)l H (o). (3.8)

Hence in two cases,
1H ()] < (14 )| H (x0)]]-

This implies that (3.2) holds.
Now we prove that the second part of the theorem. If K is infinite, by (3.8),

lim ||H(zp)|| < lim #7711 + a)||H (zo)|| = 0.
k—o0 j—oo
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This proves (3.3). Therefore, to prove (3.3), it suffices to prove that set K is infinite. Suppose
that K is finite, t}lis means that both K; and K, are finite. Let k£ be the largest number in K.
Then for all k& > k,

€ =€, Ok =B = [[H(zy)|- (3.9)
Thus, we have
| H (xx)|| > B = nl|H ()| >0, (3.10)
and
a|lH(ze)|| > [[H(zk, €;) — H(z)]]- (3.11)
By (3.10), for all k& > k,
Oar) > 1%0(y). (3.12)
Let .
é:6]}7 H(ZE):H(ZL“,C),
and

o) = @),

Notice that for all & > lAc,
H(zy,ex) = H(wy) and 0(zk, ) = 0(xy)

By Condition A, there exists an M > 0 such that for all z € Q, ||H.(x,€)"t|| < M. Then for
all k > k,

|l = 1 Hy (zx, " - H(ap) || < MIIH ()] < M(1+ @)||H (2o)|] =: L
It iI,%f p™ = t* > 0, then from (3.12) and (2.10), for all & > 0,

O(wpy1) — O(ar) < —20p™0(ay) < —20t*n*f(z;) < 0.

This, together with the monotonicity of {f(xy) : k > k}, implies that 6(zy) — —oo as k — oo.
This contradicts the fact that §(x) > 0 for all k& > 0. Therefore K can not be finite. Thus
(3.3) holds.

We now consider the case t* = 0. Let Ky be a subsequence of N such that {t; : k € Ko}
converges to zero. Since {xy} is bounded, we assume that {z} : k € Ko} converges to z*. By
(2.10), for all k > k,

O(zp + p™ dy) — (zk) > —20p™ 10(xy). (3.13)

That is,

O(zr + p™ Ldy) — O(xs)
pmkfl

—200(xy) <

=0'(z)di +0(1) = —H(zy) " H(zr) + o(1)
= — 20(ay) + H(wy)[H (wy) — H(wp)] + o(1)
< —20(xy) + 2a8(xy) + o(1)
=—2(1—-a)f(zr) + o(1)
By taking the limit in the above inequality on the subsequence k € Ky, we get
—206(z") < —2(1 — a)f(z™).

This implies 0 > 1 —«, which contradicts the fact that o < %(1 —a). Hence K cannot be finite.
Thus (3.3) holds.
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Next we discuss convergence rate of Alorithm 2.1. From the construction of the algorithm,
forke K, k>1,
dist(H, (zk,ex), OcH (zr)) < I H ()], (3.14)

where K is defined in (3.4). To verify that superlinear convergence ratre, we first give the
following lemma.
Lemma 3.2. If there is a scalar

1 1l-a-20)? 1

S [5 — W, 5], 3.15)
such that for some k € K,
O(x) — 0(xr) < —2X0(xy), (3.16)
then the following relation holds
O(x,er) — O(xp, ) < —200(xy). (3.17)
Proof. By (3.4), we have
0<er < lH@l, keK.
Therefore, from (2.1), for any © € R", k € K,
«
1H (z, eo)ll < [[H @)l + 5 1 H ()],
and o
1 (2, ex)ll 2 1 H (@)l = SI1H ()]l
Using (4.3) and the above two inequalities, we get
1 1
0(x, k) = O(wx, ex) = 5l1H (2, )" = S| H(wx, )"
1 «@ 1 a
<=(|H —||H 2 _(1-2)?H 2
<SUH@I + SNH@ ~ 50— 2?1
1 a? a?
=0(z) + gallH(@)l| - [|H (@)l + - 0(zx) — (1~ a+ —-)8(zk) (3.18)

<B(a) + oV TN H (o) [1H ()| - (1~ a)6(a)

<1 —2M)0(zg) + aV1 —2X0(xy) — (1 — a)b(zy)
=(a+ av1l—2X —2)\)0(xy).
Denote

p(A) =a+avl—2\ -2\

and
5\_1_ (1-a-20)?
2 212+ a)?

It is not difficult to find that ¢()) is monotone decreasing in [\, £]. Therefore, for any A € [A, 1],
< 1 (1-a-20) 1 (1-a-20)
A) <) = 19— — Py 9o = /7
P(N) < () a+°‘\/ 3 22 + a)? =205 22 + a)? ]
l—a—20 (1 —a—20)* l-a-20 l—a—20

= —— 14+ — =< —— 142
a+a T a + 2+a)? Sa+a T a + S

= —20.
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Thus, it follows from (3.17) and the above inequality that (3.18).

Theorem 3.2. Suppose that Condition A holds. If for an accumulation z* of the sequence
{z1} generated by Algorithm 2.1, all V € OcH(z*) are nonsingular, then x* is a solution of
H(z) =0 and {z1} converges to x* superlinearly.

Proof. By Theorem 3.1, * is a solution of H(z) = 0 and the set K defined by (3.4) is
infinite. Hence, there exists a subsequence {z : k € Ky C K} converges to z*.

It is not difficult to verify that the H(x) defined by (1.4) is semismooth at z* from the
definition of semismooth function(see[4]). Notice that for any = € R", 0cH(z) is a compact
set. Let Vi € Oc H () be such that

dist(H,(wy, €x), OcH (xr)) = ||Hy (zk, €x) — Vill-

By Algorithm 2.1,
| Hy (zr, ex) — Viell < Bk, k € Ko.

By Theorerp 3.1, Br. = 0(k — o0). This implies that there exist M > 0 and k > 0 such that
for all k > k and k € Ko, ||H.(xk,€x)" || < M. Thus, we have
llek + dy, — 2| = llo — 2" — Hy(zr, ex) ™ H () |
<|IH (wr, er) ™ I Hy (wn, ex) (@ — o) — H(zy) + H(z")|| (3.19)
<||H (ze, ) T N (N(H (2, €) = Vi) (@ — @) + (Vi (2 — &%) = H(ze) + H(z")|)
<M (yBrllwe — 2™ + [[H (zx) — H(z") = Vi(zr — 27)[])
Since H is semismooth at z* if and only if each H; is semismooth at z*(see[4]), we have

[H (z) — H(z™) — Vi (zr — 27|

S\lZHHi(xk) — Hi(z*) = Vii(wr — 27)|| (3.20)

=o(||lzx — z*|)), (k— oo, k € Ky),

where V}! denotes the ith row of V. Hence, by (3.19),

l|lzg + di, — =*|| = o(J|zx, — x*]]), (kK — o0, k € Kp). (3.21)
Furthermore, we have(see[3]),
|H (zr, + di)|| = o(||H (zx)]]), (k — o0, k € Ky). (3.22)
bet 1-7° 1 (1-a-20)?2
A= max{T, 3~ W}
Then (3.22) implies that there exist k > k such that k € K, and for any k > k and k € Ko,
O(zy, + di) — 0(zr) < —2M0(zy,). (3.23)

By Lemma 3.2, for any k > k and k € K,
O(zy, + di, ex) — O(zp, ex) < —206(zs),
that is, for all k > k and k € Ko, t;, = 1 and 21 = o + dg. From (3.23), we get
1 (el < VT ZRH el < nllH )| = ns,
which implies k 4+ 1 € Ky. Repeating the above process, we may prove that for all k > k,
ke Ky and zpy1 = v + di.

Then by using (3.21), we have proved that {z;} converges to z* superlinearly.
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4. Numerical Results

In this section, we give some numerical results. Throughout the computational experiments,
the parameters used in Algorithm 2.1 were a = 0.4, 0 = 0.25, p=0.98, n =0.5, ¢=0.9, v =
0.6, n = 0.8. The stopping criterion is: ||H (z)|| < 1076.

Example 11U, Test function is as follows:
f(z) =Mz +q
where
Ml =4(i—1)+1,i=1,2, - n,

[M]ZJ = [M]ii+17 izlv"'7n_17 j:i+17"'7n7
[M]lj = [M]JJ+17 ]:17777’_]-7 Z:]_'_]-;an
and ¢ = (-1, —1,--,-1)T, X ={x € R0 < x; < 50, i = 1,---,n}. The solution is
= (1, 0,---,0)7 and the starting point 2o = (1, 1,---,1)7. Table 1 lists the numerical
results for different dimensions n.

Table 1
Dimensions | Num. of iter. | Final #_value
5 3 3.10136e — 15
10 3 9.65366e — 16
15 3 2.32960e — 15
20 3 7.16800e — 16
25 2 3.20000e — 13
30 3 3.08229¢ — 13
35 3 3.04883e — 13
40 3 2.80314e — 13
45 3 2.82765e — 13
Example 2['2, This example was tested by Kanzow with five variables defined by

filz) =2(z; —i+2) exp{z i—i+2)?%}, 1<i<5,

where constraint set X = {z € R%|0 < z; <10, i = 1,---,5}. This example has one degenerate
solution z* = (0, 0, 1, 2, 3)¥. The numerical results are given in Table 2 using different staring
points.

Table 2

Starting points Num. of iter. | Final _value

(0, 0 0 0, 0) 8 8.34940e — 16

(1, 1, 1) 10 3.97507e — 15
(—1,—1,—1,—1,—1) 13 4.07091e — 14

(10, 10, 10, 10, 10) 9 1.05879e — 15

(3, 2, 1, 2, 3) 2 1.66400e — 13

(1, 0, 1, 3, 5) 5 6.48225¢ — 15

Example 3!'3l, Consider that optimization problem with simple bonded constraint,
minimize f(z) = 100(z2 — 2%)? + (1 — 21)? + 90(z4 — 23)* + (1 — z3)?
s.t. —10 < z; < 10, +10.1[(zg — 1)% + (x4 — 1)?] + 19.8(25 — 1) (24 — 1)

i=1,2,3,4.
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This example has one solution z* = (1, 1, 1, 1)¥". Using the KKT condition, it can be converted
into a box constrained variational inequeality problem. The numerical results are listed in Table
3 using different staring points.

Table 3

Starting points Num. of iter. | Final €_value
(0, 0, 0, 0) 7 3.39176e — 13

(1, 0, 1, 0) 9 2.55705e — 13
(-3,-1,-3,-1) 9 9.66910e — 13
0, 2, 0, 2) 8 5.11048¢ — 14
(—=5,—5,—5,—5) 18 5.41301e — 15
(—10,—10,—10, —10) 34 7.71102¢ — 14

References

[1] F.H. Clarke, Optimization and Nonsmooth Analysis, Wiley, New York, 1983.

[2] P.T. Harker and J.S. Pang, Finite_dimensional variational inequality and nonliner complementarity
problems, a survey review of theory, algorithms and applications, Math. Prog. 48 (1990), 161-220.

[3] L. Qi, Convergence analysis of some algorithms for solving nonsmooth equations, Math. Oper. Res.,
18 (1993), 227-244.

[4] L. Qi and J. Sun, A nonsmooth version of Newton’s method, Math. Prog. 58 (1993), 353-367.

[6] J.S. Pang, Complementarity problems, in:R. Horst and P. Pardalos, eds., “Handbook of Global
Optimization” , Kluwer Academic Publishers, Boston. pp271-338, 1995.

[6] L. Qi and X. Chen, A globally convergent successive approximation method for severely nonsmooth
equtions, SIAM J. Control & Optim., 33 (1995), 420-418.

[7] C. Chen and O.L. Mangasarian, A class of smoothing functions for nonlinear and mixed comple-
mentarity problems, Comp. Optim. Appl., 5 (1996), 97-138.

[8] B. Chen and P.T. Harker, Smooth approximation to nonliear complementarity problems, SIAM J.
Optim., 7 (1997), 403-420.

[9] S.A. Gabriel and J.J. Moré, Smoothing of mixed complementarity problems, in: M.C. Ferris and J.S.
Pang, eds., “Complementarity and variational problems: State of the Art”, STAM, Philadelphia,
Pennsylvania, 1997, 105-116.

[10] X. Chen, L. Qi and D. Sun, Global and superlinear convergence of the smoothing Newton method
and its application to general box constrained variational inequalities, Math. of Computation, 67
(1998), 519-540.

[11] A. Friedlander, J.M. Martinez and S.A. Stantos, A new strategy for solving variational inequalities
in bounded polytopes, Numer. Funct. Anal. And Optimiz., 16 (5&6)653-668(1995).

[12] C. Kanzow, Some equation_based methods for the nonlinear complementarity problems, Optim.
Methods Software, 3 (1994), 327-340.

[13] B. Xiao and P.T. Harker, A nonsmooth Newton method for the variational inequalities, II: nu-
merical results, Math. Prog. 65 (1994), 195-216.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


