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Abstract. This work proposes a multi-start global optimization algorithm that
uses dimensional reduction techniques based upon approximations of space-filling
curves and simulated annealing, aiming to find global minima of real-valued (pos-
sibly multimodal) functions that are not necessarily well behaved, that is, are
not required to be differentiable or continuous. Given a real-valued function with
a multidimensional and compact domain, the method builds an equivalent, one-
dimensional problem by composing it with a space-filling curve (SFC), searches
for a small group of candidates and returns to the original higher-dimensional do-
main, this time with a small set of “promising” starting points. Finally, these points
serve as seeds to the algorithm known as Fuzzy Adaptive Simulated Annealing,
aiming to find the global optima of the original cost functions. New SFCs are built
with basis on the well-known Sierpiński SFC, a subtle modification of a theorem by
Hugo Steinhaus and several results of ergodic theory.

1 Introduction

A significant number of techniques for global optimization of numerical functions
based on space-filling curves or its approximations have been proposed [2, 6]. One
common characteristic shared by these contributions is that the functions under
study have certain regularity properties, such as being of Lipschitz type or differ-
entiable. If those properties are not satisfied, or we cannot prove whenever they are,
the problem is outside the scope of the corresponding method. It is thus of interest
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to devise a way of handling such difficulties, as well. Another situation that occurs
frequently is related to the poor precision attained by some methods whenever the
domain dimension gets higher - such a fact is related to the difficulty in minimiz-
ing the resulting one-dimensional auxiliary functions that exhibit a large number of
local minima and very noisy graphs, fractal-like indeed. Considering that the great
majority, if not all, of global minimization methods fail in such extreme situations,
such an approach is in some cases considered to be ineffective. The reasons for this
are related to the way the multidimensional domain is filled up and to the qual-
ity of the one-dimensional minimization process applied to the resulting auxiliary
function.

To be successful in practice, the global optimization approach must devise a good
approximation of a space-filling curve (SFC) whose image is, or contains, the com-
pact domain of the function under study, and to use a one-dimensional global min-
imization algorithm that can find precise approximations to optimizing points of
the composed map, whose domain is a closed interval, say [0,1], and that assumes
real values, possessing the same extremes as the original function, among which the
desired global optimum is included. Unfortunately, such conditions are not easily
satisfied and past efforts were only partially successful in finding good results. In
[2], for example, an interesting and promising paradigm is presented, but the results
focus on low dimensional spaces. Another issue is related to the adequacy of the
chosen way for filling up the original multidimensional domain - by projecting the
image of an approximation of a particular SFC onto the space generated by vectors
corresponding to directions that have larger variance (by means of principal compo-
nent analysis), we can show whether there are poorly visited regions, inside which
extreme points could be located.

To find SFCs capable of overcoming such obstacles, measure-preserving trans-
formations, key theorems of general topology and ergodic theory were taken as
inestimable tools [1, 3, 4]. In this paper, we assume, without loss of generality, that
all optimization problems are related to unconstrained global minimization of real
functions and all SFCs have the unitary interval [0,1] as their domain.

It’s worth to highlight that an important qualitative property of SFCs is their abil-
ity to ”sweep” deterministically high-dimensional domains, so as to improve the
likelihood of finding good ”seeds” for complementary, posterior global optimiza-
tion stages, taking into account the existence of several methods whose final results
depend strongly upon their starting points [7]. In this fashion, it is of interest to
investigate new ways of finding adequate starters, particularly those located in at-
traction basins of global optima.

Despite of the existence of many good global optimization methods that could
be used in such a posterior stage, we have chosen the fuzzy adaptive simulated
annealing algorithm, taking into account its excellent performance in difficult opti-
mizations tasks [9] and the maturity of the adaptive simulated annealing paradigm
itself [7, 10]. Nevertheless, it’s possible to replace it by any other method, especially
those ones depending on good starting points.
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2 Auxiliary Theoretical Results

In this work, we define a SFC as a surjective and continuous function from a real in-
terval, say [0,1], to a compact subset of a finite-dimensional vector space, which can
be identified to R

n, the n-dimensional Euclidean space. The SFCs were well studied
in the past and there are many theoretical results stating necessary conditions for their
existence [11]. Besides, long before the invention of digital computers, a number of
great mathematicians have proposed constructive examples and established several
interesting properties [11] of SFCs. More recently, researchers have found ways to
apply previous knowledge about SFCs to various relevant areas, including global op-
timization of numerical functions. In this paper, the fundamental idea is to compose
a given objective function with a SFC corresponding to a compact superset of the
respective domain. In such a way we can always reduce a multivariate problem to a
univariate one. Hence, at least in theory, it would be possible, by solving the auxiliary
one-dimensional problem, to go back to the n-dimensional domain and find the desired
optimum point. Unfortunately, when such ideas are brought to the digital computer
realm, some complications arise, particularly in high-dimensional domains.

The main drawback concerning implementation issues is that virtually all curves
idealized in the far past did not take into account the finite word length of digital
computers (one good reason for that is that digital computers were invented long
after their synthesis). Typically, the first proposed SFCs were based on infinite ex-
pansions and used, for instance, the property that elements in [0,1] can be repre-
sented as 0.t1t2t3t4t5... in a given basis B, where each ti is an integer between 0 and
B−1 (extremes included). It is thus necessary to find adequate approximations of
SFCs if we want to pursue this kind of approach. Initially, a reasonable alternative
seems to be the use of (approximations of) Sierpiński SFCs, taking into account the
availability of their precise defining formulas, as follows [11]:

x(t) = f(t), y(t) = f(t −1/4), t ∈ [0,1] (1)

where f is a bounded, even and continuous real function whose expression is given
by

f (t) =
Θ(t)

2
− Θ(t)Θ(τ1(t))

4
+

Θ(t)Θ(τ1(t))Θ(τ2(t))
8

− ... (2)

The 1-periodic functions Θ(t) and τk(t) are defined in [11], so that the resulting
curve (x(t),y(t)) is a 2-dimensional SFC and shows to be well-suited to numerical
calculations. To build higher-dimensional SFCs starting from this one, some results
were crucial, as stated by the following theorems, whose proofs can be found in
[11]. First, however, we need to present some definitions.

Definition 1. A function ϕ : [0,1] → R is uniformly distributed with respect to the
Lebesgue measure if, for any (Lebesgue) measurable set A ⊂ R, we have

Λ1(ϕ−1(A)) = Λ1(A) (3)

where Λ1 is the Lebesgue measure in the real line.
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Definition 2. n measurable functions ϕ1,ϕ2, ...,ϕn : [0,1]→ R are stochastically in-
dependent with respect to Lebesgue measure if, for any n measurable sets
A1,A2, ...,An ⊂ R ,

Λ1(
n⋂

j=1

ϕ−1
j (A j)) =

n

∏
j=1

Λ1(ϕ−1
j (A j)) (4)

Theorem 1. (H. Steinhaus) If ϕ1,ϕ2, ...,ϕn : [0,1]→R are continuous, non-constant
and stochastically independent with respect to the Lebesgue measure, then

f = (ϕ1,ϕ2, ...,ϕn) : [0,1]→ ϕ1([0,1])×ϕ2([0,1])× ...×ϕn([0,1]) (5)

is a SFC.

Theorem 2. If f = (ϕ ,ψ) : [0,1]→ [0,1]× [0,1] is (Lebesgue) measure-preserving
and onto, then its coordinate functions ϕ ,ψ are uniformly distributed and stochas-
tically independent.

Taking into account that the Sierpiński SFC is measure-preserving ( [11], page 111),
we conclude that its coordinate functions are uniformly distributed and stochas-
tically independent, and can be used to synthesize higher-dimensional SFCs with
coordinates

x1(t) = ϕ(t)
x2(t) = ϕ ◦ψ(t)

............... (6)

xn(t) = ϕ ◦ψ ◦ψ ◦ . . .◦ψ(t)
t ∈ [0,1]

that are non-constant, continuous and stochastically independent. Unfortunately,
after a few experiments it was clear that for higher-dimensional domains (around
8 dimensions), approximations of such “pure” Sierpiński based SFCs failed to fill
up adequately the compact domains of interest, as will be shown in the sequel
(Fig. 1(a)). This fact is due to distortions caused by numerical approximations, de-
spite the theoretical curve being really a SFC one. Aiming to find a better curve, we
composed the original Sierpiński function with an invertible (Lebesgue) measure-
preserving transformation that is a natural extension of a particular Generalized
Lüroth Series transformation [4], mapping [0,1)x[0,1) onto itself. That new map-
ping was found through a new partition, that we called the bisection partition, as
defined in (7). To generate a new SFC mapping [0,1] onto [-1,1]x[-1,1], it was neces-
sary to use linear homeomorphisms from [-1,1]x[-1,1] to [0,1]x[0,1] and vice-versa.
Let us denote such a transformation as τ, and derive its expression as shown below

D = {1,2,3, ...}= N, Ik = [lk,rk) = [
1
2k ,

1
2k−1 ), k ∈ D
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s(x) =
1

rk − lk
=

1
1

2(k−1) − 1
2k

= 2k, x ∈ Ik

h(x) =
lk

rk − lk
=

1
2k

2k = 1, x ∈ Ik (7)
{

s1(x) = s(x) = 2k

h1(x) = h(x) = 1 , x ∈ Ik

}

T (x) = x.s(x)−h(x) = 2kx−1, x ∈ Ik

τ(x,y) = (T (x),
h1(x)+ y

s1(x)
) =

(2kx−1,
1
2k +

y
2k ) = (2kx−1,2−k(1 + y)), x ∈ Ik

Here, the {Ik : k ∈ N} form the bisection partition.

The proposed SFC is given by the following sequence of operations:

[0,1] → [−1,1]× [−1,1]→ [0,1]× [0,1]→ [0,1]× [0,1]→ [−1,1]× [−1,1] (8)

Sierpiński Homeomorphism τ Homeomorphism

It should also be observed that although τ was initially defined only in [0,1)x[0,1),
we extended it to [0,1]x[0,1] in an obvious way, so that the composite path can reach
all regions of the desired domain. To assess the filling degree of the curves relatively
to the compact set [−1,1]n, we present in Figs. 1(a) and 1(b) the plots produced
by PCA projections of the corresponding multidimensional curves onto the 2 maxi-
mum variance directions. Qualitatively, it can be stated that the more filled the graph
area is, the more adequate the filling curve will be. The generated paths consisted
of 20,000 8-dimensional points of each kind of curve, and conventional PCA was
carried out through a customized computer program. The parameterizing domain
was chosen as the closed interval [0,1] in all cases. As can be seen from the plot in
Fig. 1(a), the projected points of “pure” Sierpiński curves did not fill adequately the
maximum variance region. The composed transformation, in Fig. 1(b), presented
substantially better performance, showing denser and more uniform covering. Let

(a) PCA (Sierpiński) (b) PCA (proposed) (c) Reduced function

Fig. 1 Domain projections and example of dimensional reduction (2 → 1)
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us thus analyze what happens to the graph of the very well behaved bi-dimensional
function f (x1,x2) = (x1 −0.3)2 +(x2 −0.3)2, restricted to the square [-1,1]x[-1,1],
when it is composed with the proposed SFC, yielding a univariate, real-valued func-
tion with compact domain [0,1]. The result of uniformly sampling the interval [0,1]
by 10000 points is displayed in Fig. 1(c), from which we conclude that a simple
dimensional reduction from 2 to 1 transforms a smooth surface into the very rough
line g(t) = f (ϕ1(t),ϕ2(t)). This phenomenon worsens as the original number of di-
mensions increases. On the other side, by carefully observing Fig. 1(c), we notice
that there are regions where the maximum (3.38) and minimum (0) values of f in
[-1,1]x[-1,1] are visibly approximated, and could serve as hints to start more effec-
tively preexisting and efficient global optimization algorithms, be them stochastic
or deterministic.

Returning to the above example function we find that for t = 0.2908 the one-
dimensional function attains the value 0.000119, which is the minimum of the 10000
points used in the illustrative discretization and an approximation for the actual 0
value, corresponding to (0.3, 0.3). Going back to the two-dimensional domain, we
find (0.299, 0.289) as the associated bi-dimensional point, which is reasonably close
to the actual minimizer. It is worth noting that although Steinhaus theorem is stated
only for continuous functions, it is also true for surjective (over [0,1]), piecewise
continuous coordinate functions, as well, as is the case for the components of the
proposed SFC. In fact, we could state the following theorem, whose proof follows
from the corresponding one of Steinhaus theorem in [11].

Theorem 3. (modified Steinhaus) If ϕ1,ϕ2, . . . ,ϕn : [0,1]→ [0,1] are piecewise con-
tinuous, surjective, non-constant and stochastically independent with respect to the
Lebesgue measure, then f (defined below) is a SFC.

f ≡ (ϕ1,ϕ2, ...,ϕn) : [0,1] → ϕ1([0,1])×ϕ2([0,1])× . . .×ϕn([0,1]) (9)

3 Fuzzy Adaptive Simulated Annealing

Adaptive simulated annealing (ASA) [7] is a sophisticated and rather effective global
optimization method. The ASA technique is particularly well suited to applications
involving neuro-fuzzy systems and neural network training [10], thanks to its supe-
rior performance and simplicity. Unfortunately, stochastic global optimization algo-
rithms typically present certain periods of poor improvement in their way to a global
optimum. In simulated annealing implementations, that behavior is mainly due to the
cooling schedule, whose speed is limited by the characteristics of probability density
functions, which are employed with the purpose of generating new candidate points.
In this fashion, if we choose to employ the so-called Boltzmann annealing, the tem-
perature has to be lowered at a maximum rate of T (k) = T (0)/ln(k) . In the case of
fast annealing, the schedule becomes T (k) = T (0)/k , if assurance of convergence
with probability 1 is to be maintained, resulting in a faster schedule. The approach
based on ASA has an even better default scheme, given by
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Ti(k) = Ti(0)exp(−Cik
1/D) (10)

because of its improved generating distribution. The constant Ci is a user-defined
parameter, and D is the number of independent variables of the function under min-
imization (dimension of the domain). Notice that subscripts indicate independent
evolution of temperatures for each parameter dimension. In addition, it is possible
to take advantage of simulated quenching, that is,

Ti(k) = Ti(0)exp(−Cik
Qi/D) (11)

where Qi is termed the quenching parameter. By attributing to Qi values greater
than 1 we obtain a gain in speed, but the convergence to a global optimum is no
longer assured [7]. Such a procedure could be used for higher-dimensional param-
eter spaces, whenever computational resources are scarce. The internal structure of
a successful approach to accelerate the ASA algorithm, using a simple fuzzy con-
troller that dynamically adjusts certain user’s parameters related to quenching, is
described in [9] - the so-called fuzzy ASA algorithm. As in any other method aim-
ing at global optimization of arbitrary numerical functions, ASA and fuzzy ASA
techniques could benefit from the choice of good starting points. Accordingly, the
main point of the present work is to find a small set of good seeds able to avoid
convergence to suboptimal regions.

4 Proposed Algorithm

We propose the following algorithm to find a global minimum of a given function
f : C →R , where C is a compact subset of some n-dimensional Euclidean space R

n.
No condition of regularity, such as differentiability or even continuity, is imposed
on f, and C is usually a hyper-rectangle. If it is not, we can always find one hyper-
rectangle that contains it, taking into account its compactness. So, from this point
on we assume that C = [a1,b1]× [a2,b2]× . . .× [an,bn]. The algorithm is:

(i) Using (6) and the sequence of operations shown in (8), find an SFC
ϕ = (ϕ1,ϕ2, ...,ϕn) : [0,1]→ [−1,1]× [−1,1]× ...× [−1,1];
(ii) Transform the original, multidimensional minimization problem
into a unidimensional one by composing ϕ and a linear isomorphism
Ψ : [−1,1] × [−1,1] × . . . × [−1,1] → [a1,b1] × [a2,b2] × ... × [an,bn],
defining g as the composition of ϕ , Ψ and f , from [0,1] onto
[a1,b1] × [a2,b2] × . . . × [an,bn], sharing with f the same extreme val-
ues;
(iii) Submit g to a one-dimensional global minimization process and find a
finite subset of best candidates to global minimizers of f , say {t1,t2,t3, ...,tN},
contained in [0,1]. In this work, this set has N=3 elements, but such a number
could be easily reconfigured, if necessary;
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(iv) Compute the set φ = {Ψ(ϕ(t1)),Ψ (ϕ(t2)), . . . ,Ψ(ϕ(tN))}, jumping back
to the original domain;
(v) Use the elements of φ as starting points for the fuzzy ASA algorithm;
(vi) Choose the best point (corresponding to the minimum value of f ) as the
final output of the algorithm.

The unidimensional minimization process in (iii) is to be chosen by the imple-
menter. In this work we used intentionally a simple scheme in our experiments (uni-
form sequential search), aiming to highlight the filling ability of the proposed SFC.

5 Experiments

As noticed in [8], it is usual in the literature to employ certain sets of test functions
for evaluation of optimization methods. However, the chosen problems may not be
the best ones for testing global optimization algorithms, as the functions belong-
ing to them are relatively simple and regions of attraction of the global minimizers
could be easily caught, despite their complicated appearances. Consequently, it is
argued that they do not present sufficient difficulty to stress the minimization ability
of new optimization approaches. Hence, it is necessary to idealize more sophisti-
cated and systematic tests to verify their performances. To assess the effectiveness
of the proposed method, a scheme similar to the one used in [8] was adopted, by
employing a certain class of test functions, specified in Table 1, produced by the
GKLS generator [5], which allows us to evaluate algorithms in a more complete
way. It generates classes of 100 test functions having the same number of local min-
ima plus one global minimum, supplying complete parametric information about
each of the functions, such as their dimensions, the values of local minimizers and
respective coordinates, placement and sizes of attraction regions of the global min-
imizer, which are described by parameters rg (radius of the approximate attraction
region of the global minimizer) and d (distance from the global minimizer to the
paraboloid vertex). We refer the reader to [5] for more details. In what follows, we
consider a global minimum found when candidate points reach a ball Bi of radius
ρ = 0.01

√
N, where N is the Euclidean dimension of the function domain, that is,

Bi = {y ∈ R
N :

∥∥y− yG
i

∥∥ ≤ ρ} (12)

where yG
i is the global minimizer of the i-th function in a given test class and

i ∈ {1, ...,100}. Unlike in the original tests, just one function class (shown in Ta-
ble 1) was used in the experiments. It should also be noted that all functions are
non-differentiable, for (expected) greater difficulty. The present method was tested
against the best one presented in [8], therein termed ALI. The authors proposed
4 new global optimization methods denoted as AG, AGI, AL and ALI. Figure 2
displays the number of function evaluations and respective global minima found by
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the proposed technique, in a similar manner as those reported in [8] to compare AG
and ALI for functions of class 5. As indicated in Table 2, the proposed algorithm
produced better performance.

Table 1 Parameters pertaining to the function class used in the experiments

Function
class

Domain
dimension

No. of local
minima

Global min-
imum value

d rg Function
type

5 4 10 -1 0.66 0.33 ND

Table 2 ALI and the proposed method minimizing 100 ND-type class 5 functions

Method Average number of func-
tion evaluations

Maximum number of function evaluations
in individual minimization operations

ALI 14910 48210
Proposed 10716.5 17350

Fig. 2 Results for 100 class 5 functions - average 10716.5 and maximum 17350 evaluations

6 Conclusions

This work presented a multi-start approach for global minimization of multidimen-
sional functions using dimensional reduction and a nonlinear stochastic method.
When compared to previously published techniques, the method showed superior
performance and adequacy for use in difficult cost functions. This is mainly due
to the ability of space-filling curves in serializing the space, thereby allowing us
to reduce the search domain to real line intervals. As an important and desirable
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byproduct, the method is able to find points located in the attraction basins of global
minimum points that will be used as seeds when jumping back to the original, mul-
tidimensional domain. That ability is invaluable in functions presenting large planar
regions, where the great majority of methods get trapped, due mainly to the lack of
differential indications. Although the reduced function typically presents a fractal-
like graph even whenever the original one is smooth or “well-behaved”, existing
one-dimensional optimization techniques can obtain good estimates of near optimal
points.

Finally, it should be said that although the method could be tested against many
other classes of multimodal functions, in this work we have focused on (which we
consider) the hardest test used in [8] (cited in section 4.5 and shown in Figure
12 of that reference), for the sake of exact comparison of our findings to the best
performing method therein shown, namely ALI (in truth, all benchmarks presented
in [8] were privately done and our method performed well, but, for lack of space,
we are not presenting them here).
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8. Lera, D., Sergeyev, Y.D.: Lipschitz and Hölder global optimization using space-filling
curves. Applied Numerical Mathematics 60, 115–129 (2010)

9. Oliveira Jr., H.A.: Fuzzy control of stochastic global optimization algorithms and VFSR.
Naval Research Magazine 16, 103–113 (2003)

10. Rosen, B.: Function optimization based on advanced simulated annealing,
http://www.inger.com

11. Sagan, H.: Space-Filling Curves. Springer, New York (1994)

http://www.inger.com

	Global Optimization Using Space-Filling Curves and Measure-Preserving Transformations
	Introduction
	Auxiliary Theoretical Results
	Fuzzy Adaptive Simulated Annealing
	Proposed Algorithm
	Experiments
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




