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Abstract. This paper presents the adaptation of a novel heuristic al-
gorithm to the Switch Location Problem (SLP), a NP-hard problem
where a set of distributed terminals, with distinct rate demands, is to
be assigned to a fixed number of concentrators subject to capacity con-
straints. Each terminal must be assigned to one and only one concen-
trator while keeping the overall rate demanded from such concentrator
below its maximum capacity. Related literature demonstrates that the
inclusion of the so-called grouping concept into the allocation algorithm
is essential when dealing with this specific kind of optimization scenar-
ios. As such, previous studies introducing Grouped Genetic Algorithms
(GGA) combined with local search and/or repair methods show that
their proposed allocation procedure alleviates significantly the computa-
tional complexity required by an exhaustive search strategy for the SLP
problem, while outperforming other hybrid heuristic algorithms. In this
manuscript, a novel Grouped Harmony Search (GHS) algorithm designed
for the SLP paradigm is hybridized with both a local search method and
a technique aimed at repairing the solutions iteratively supplied by the
heuristic process. Extensive Monte Carlo simulations assess that our pro-
posal provides faster convergence rate and better statistical performance
than the previously proposed GGA, specially when the size of the SLP
scenario increases.

Keywords: ANLP/SLP, Heuristic Algorithm, Genetic Algorithm,
Harmony Search.

1 Introduction

The last decade has witnessed an abrupt increase of the number of users simul-
taneously accessing and exploiting communication resources, which has risen
the importance of efficiently designing networks’ infrastructures and topologies

P. Chatzimisios et al. (Eds.): MobiLight 2010, LNICST 45, pp. 662–672, 2010.
c© Institute for Computer Sciences, Social Informatics and Telecommunications Engineering 2010



On the Application of a Novel Grouping Harmony Search Algorithm 663

to its maximum. This assertion is buttressed by the flurry of densely-deployed
communication technologies such as the ever-trendy Wireless Sensor Networks
(WSN) or the mobile telecommunication networks.

In this context, among the plethora of problems related to network planning it
is worth mentioning the design of fixed network topology [1], optimum base station
location [2], Access Node Location Problem (ANLP) [3] and the Terminal Assign-
ment (TA) problem [4], all of which constitute by themselves NP-hard problems.
NP-hardness implies that the search for an analytical optimum solution cannot
be guaranteed to be found in a polynomial time, the reason being that the solu-
tion space increases exponentially with the number of inputs. It was not until the
mid 80’s when the application of heuristic and/or evolutionary methods were ex-
tensively applied to NP-hard problems, mainly due to their near-optimum perfor-
mance and easy implementation and adaptation to different scenarios (e.g. Tabu
Search [5], [6], Simulated Annealing [7] or Genetic Algorithm [8]).

Let us concentrate on the so-called Switch Location Problem (SLP), which
gravitates on assigning a given set of terminal to a given set of concentrator by
minimizing the total average distance (and hence the cost) between terminals
and concentrators. Furthermore, only one concentrator can be assigned to one
terminal and the capacity of each concentrator must satisfy the overall rate
requirements demanded by its assigned terminals. These additionally imposed
constraints implies that a global search strategy must be replaced by a restricted
search procedure, capable of minimizing the average distance while accounting
for the capacity requirements of the scenario at hand. Notice that in the related
literature both SLP and ANLP are distinct albeit related version of the Terminal
Assignment problem, where a set of M concentrators is drawn from N > M
terminals, and the N−M remaining terminals are linked to the M concentrators
under a capacity constraint. SLP stands for the case when the value of M is fixed
and known beforehand, whereas ANLP generalizes the optimization problem by
considering a variable M . As a means to efficiently solve the aforementioned
SLP paradigm, hybrid algorithms mixing global search techniques with local
techniques were proposed in [4,9]. Within this line of research, the concept of
Grouping Genetic Algorithms (GGA) was first introduced by [10,11] and recently
applied to the ANLP problem in [3].

This paper advances over the state of the art by proposing the adaptation of
the recent Harmony Search (HS) heuristic algorithm to the SLP paradigm. First
coined by Zong et al. in [12], the HS algorithm mimics the behavior of a music
orchestra in the process of music composition. Several optimization problems
have benefited from the excellent performance of HS for scenarios of specially
high complexity, e.g. water network design [13], multicast routing [14] or mul-
tiuser detection [15,16]. To adapt the global search characteristic featured by
the HS algorithm to the restricted solution space of the SLP problem tackled
herein, it is necessary to include two additional concepts in the nominal HS pro-
cedure: 1) a local search method, and 2) a repair criterion of proposed solutions
not fulfilling the imposed capacity constraints. In addition, the grouping con-
cept is utilized to encode the iteratively obtained solutions, which gives birth to
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the Grouping Harmony Search (GHS) allocation strategy here proposed. Monte
Carlo simulation results show that the performance of GGA reported in [17] is
beaten by that of GHS for a broad range of SLP scenarios, in terms not only of
the optimality of the provided solution but also of its computational complexity.

The rest of the manuscript is structured as follows: the problem formula-
tion of the SLP problem is presented in Section 2, whereas Section 3 details
the main characteristics of the proposed Grouping Harmony Search (GHS) al-
gorithm. Next, Section 4 discusses a comparison study between the proposed
algorithm and the Grouping Genetic procedure for different network configura-
tions. Finally, concluding remarks are drawn in Section 5.

2 Problem Formulation

Let us mathematically define the SLP problem by assuming a set of N terminals
{l1, l2, . . . , lN} with associated rate requirements or weights {w1, w2, . . . , wN}.
Each such terminals should be assigned to any of M ≤ N concentrators
{r1, r2, . . . , rM} drawn out from the N terminals. We assume that such concen-
trators have maximum capacities {p1, p2, . . . , pM}, that wi < min(p1, p2, . . . , pM )
∀i ∈ {1, . . . , N}, and that concentrator nodes should be chosen from the com-
plete set of N nodes because terminal and concentrator share the same network
infrastructure. If we further consider that only one concentrator can be assigned
to a given terminal, the terminal-concentrator assignment policy should be done
by minimizing the total sum of distances between each terminal and its selected
concentrator while satisfying, at the same time, the capacity constraint. This op-
timization problem can be split in 1) connecting the set of terminals to a given
set of concentrators, and 2) selecting the nodes which act as concentrators.

All nodes are randomly spread over a K×K grid. We can then define a N×N
symmetric matrix D such that each entry di,j represents the euclidean distance
from node i to node j. Let us define matrix X with binary entries xi,j such
that xi,j = 1 if terminal i is assigned to concentrator j and xij = 0 otherwise.
By using this notation the SLP problem reduces to finding the matrix X which
satisfies, for a given N and M ,

min
( M∑

j=1

N∑
i=1

dij · xij

)
, (1)

subject to
N∑

i=1

wij · xij ≤ pj j = 1, . . . , M, (2)

M∑
j=1

xij = 1 i = 1, . . . , N (3)

Observe that expression (1) establishes the metric or fitness function that al-
lows quantifying the cost of each network configuration, while equations (2) and
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(3) represent the constraints imposed in the SLP scenario. The first expression
ensures that the requirements of the terminals associated to a certain concentra-
tor cannot exceed its maximum capacity, whereas the second constraint accounts
for the fact that each terminal can be connected only to one concentrator. Also
notice that for this constrained optimization problem a global search technique
to optimize the search over the

(
M
N

)
possible solutions is not as adequate as an

optimized restricted technique well-suited to meeting the constraints of expres-
sions (2) and (3). The next section details the adaptation of the novel heuristic
Harmony Search algorithm towards efficiently solving this optimization problem,
which requires a specific encoding of the possible solutions and the inclusion of
a local search and repair methods.

3 Grouping Harmony Search for the SLP Problem

The grouping encoding strategy finds its roots on partitioning a set of items
into several disjoint subsets or, equivalently, on grouping the members of a set
into several subsets by following certain criteria (possibly) based on constraints.
The first proposed Grouping Genetic Algorithm (GGA) was published by Falke-
naurer in [10,11], where it was applied to solve the “Bin Packing and Line Bal-
ancing” NP-problem. More than 15 years later, the concept of Grouping has
been proven to be essential in the resolution of SLP and/or ANLP problems
by Alonso-Garrido et al. in [3]. Following the notation and structure proposed
therein, in this contribution we transform the Harmony Search heuristic algo-
rithm into a Grouping Harmony Search (GHS) procedure. Each proposed solu-
tion vector s = (sx | sy) will be divided into the assignment part (sx) and the
grouping part (sy). The assignment part consists of N integer indices from the
set {1, . . . , M}, which denote to which concentrator (from the sy set) is assigned
each of the N terminals. On the other hand, the sy grouping part is built by
concatenating M integer indices from the set {1, . . . , N}, denoting which nodes
act as concentrators.

As introduced in Section 1, the Harmony Search (HS) algorithm is based on
mimicking the behavior of a music orchestra in their attempt to achieve the
best harmony. In this seeking process, Harmony Search works with a set of ϕ
possible solutions or harmonies commonly denoted as Harmony Memory (HM),
which are evaluated at each iteration under an aesthetic point of view. The
Harmony Memory is updated whenever any of the ϕ improvised harmonies at
a given iteration sounds better (under a certain fitness criterion) than any of
the ϕ harmonies kept from the previous iteration. This procedure is iteratively
repeated until the best harmony is reached or alternatively, until a fixed number
of attempts or iterations are completed. For the sake of conformity with the
notation in [12], we will hereafter refer to a possible candidate vector (i. e. sx)
as harmony, and note will stand for any of its compounding entries.

The harmony improvisation process of the seminal HS algorithm is controlled
by just two parameters: 1) Harmony Memory Considering Rate, HMCR; and
2) Pitch Adjusting Rate, PAR. Similar to [16], in this contribution the proposed
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improvisation procedure differs from the original HS implementation by intro-
ducing a third parameter (Random Selection Rate, RSR), which allows for an
improved control of the tradeoff between the explorative and the exploitative
behavior of the algorithm.

The flow diagram of the algorithm here proposed is schematically shown in
Figure 1, and consists of four steps:

A. The Initialization process is only executed at the first iteration. At this
point, since no a priori knowledge of the solution is assumed the harmony
notes (i.e. the entries of sx) are filled with values picked randomly from the
corresponding alphabet {1, . . . , M}.

B. The Improvisation process is sequentially applied to each note of the com-
plete set of harmonies. As opposed to the nominal HS scheme three arbitrary
parameters are used to control the proposed method:
– The Harmony Memory Considering Rate, HMCR ∈ [0, 1], which estab-

lishes the probability that the new value for a note is drawn from the
values of the same note taken in all the other ϕ − 1 harmonies included
in the Harmony Memory.

– The Random Selection Rate, RSR ∈ [0, 1], which stands for the proba-
bility that the proposed new value for a note is selected randomly from
the corresponding alphabet (in general it will be set different from the
complementary probability 1-HMCR used by the nominal HS algorithm).

– The Pitch Adjusting Rate, PAR ∈ [0, 1], which sets the probability that
the new note value is picked from its neighbor value in the alphabet.

C. The existence of capacity limits at the concentrators requires the transfor-
mation of the global search behavior of the algorithm into a constrained
search process. Heretofore the search is not limited to a certain set of valid
candidates; in other words, the procedure does not consider any of the con-
ditions imposed by expressions (2) and (3). Therefore, the iterative global
search process is not as efficient as an hybridized approach. To overcome this
issue, it is necessary to include two additional processes:
– The so-called GreedyExp algorithm is the local search method adopted

in this work, which was first proposed by Salcedo-Sanz et al. in [18,3] as
an optimized version of the original Greedy algorithm [19].

– The repair criterion in [18,3] is applied to the harmonies when capacity
constraints are not satisfied.

D. At each iteration the quality evaluation of the improvised harmony memory
is made based on the fitness function in expression (1). Once the local search
and repair criteria are applied, if any of the proposed melodies does not
satisfy the capacity constraints its metric are penalized to avoid its future
inclusion in the Harmony Memory. Then, based on these metric evaluations
and their comparison with the fitness of harmonies from previous iterations,
the ϕ best harmonies are kept and the Harmony Memory is hence updated.

D. A simple stop criterion is selected for the scenario at hand: the algorithm
finishes when a fixed number of iterations I is reached.
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i=1

Initialization of the first
candidate harmonies

Stop criterium
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i=i+1
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Considering Rate (HMCR & RSR)

Pitch Adjusting
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Filtering of the
best harmonies

Solution Yes

No

Fitness (metric) evaluation

Fitness (metric)
evaluation

Start

Repair+Local Search
methods

Repair+Local Search
methods

Fig. 1. Flow diagram of the proposed GHS algorithm (i denotes iteration)

Before proceeding to the simulation results, it should be emphasized that the
proposed method not only adapts the Harmony Search algorithm from [12] to
the SLP problem, but works rather differently than other previous GGA-related
works (e.g. [3]) where the selection, crossover and mutation processes are jointly
applied to the sx and sy vectors. In the present scheme, the algorithm improvises
the melodies included in the Harmony Memory by applying the improvisation
process only to the sx part of the solution (i.e. without considering the sy vector).
After the sx vector is modified, sy is built by selecting as concentrator such node
that minimizes the sum of distances from itself to all terminals grouped in the
corresponding sx assignment part.

4 Simulation Results

In order to assess the performance of the proposed hybrid GHS scheme when ap-
plied to the SLP problem, a comparison study between GHS and GGA has been
done based on extensive Monte Carlo simulations. In [18,17] it is shown that
the performance rendered by the application of GGA to the SLP paradigm con-
sidered herein is significantly better than that of previous related works where
alternate evolutionary algorithms are considered. Therefore, the present com-
parison study is based on the results and scenarios published in [17].

Fairness in this study is ensured by utilizing the same physical locations (x-
and y coordinates), rate demands and maximum capacities of the nodes for both
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Table 1. Parameters of the simulated scenarios

Instance N M Grid

1 20 3 500 × 500
2 40 4 500 × 500
3 50 4 500 × 500
4 60 5 500 × 500
5 80 8 500 × 500
6 90 9 500 × 500
7 100 10 500 × 500
8 110 10 500 × 500
9 150 15 500 × 500

GGA and GHS algorithms. Furthermore, the scalability of the proposed heuristic
allocation procedure is verified by considering 9 different network instances: from
the simplest N = 20 and M = 3 to the most complex N = 150 and M = 15.
Table 1 details the parameters for all problem dimensions handled in this paper.
In all these scenarios the nodes coordinates are randomly generated in a 500×500
grid, whereas terminal rate requirements are drawn from a normal distribution
with mean 10 and standard deviation 5. Besides, as a means to guarantee the
existence of a solution in the setup, i.e.

N∑
i=1

wi <
M∑

j=1

pj, (4)

the capacities of the concentrators {pj}M
j=1 are generated as a function of termi-

nal requirements by setting

pj =
1, 1 ·

(
N∑

i=1

wi

)

M
(5)

where wi is the rate requirement of the i-th terminal, and N and M are the
overall number of terminals and concentrators, respectively. On the other hand,
the selection of the parameters (HMCR, RSR, PAR) and the maximum number
of iterations I for the simulated GHS approach are based on a previous opti-
mization study made for the most complex scenario (N = 150, M = 15). A
range from 0.01 to 0.99 for the three aforementioned parameters was simulated
in more than 40 different sets of network realizations. The best performance was
obtained for (HMCR, RSR, PAR)=(0.1, 0.07, 0.03), values that will be hereafter
utilized for the comparison study.

Furthermore, the computational cost is set the same for the GGA and GHS
allocation techniques. In this study, both algorithms work without any previous
knowledge about the scenario and with the same memory size (i.e. the population
size of the GGA – 50 chromosomes – equals that of the Harmony Memory in
the GHS technique). However, the maximum number of iterations for GHS is
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Table 2. Statistical metric results (best/average/standard deviation) for GGA and
GHS in the different SLP instances detailed in Table 1

SLP instance GGA GHS Theoretical lower bound

1 1419/1419/0 1419/1419/0 1395
2 2455/2455/0 2455/2455/0 2403
3 3712/3712/0 3712/3712/0 3684
4 3800/3813/17 3800/3800/0 3706
5 3806/3819/18 3806/3807/1 3713
6 3792/3807/16 3792/3795/10 3684
7 4455/4498/26 4455/4464/13 4359
8 4724/4745/28 4724/4728/4 4563
9 5059/5127/47 5059/5080/19 4823

set to I = 100, as opposed to the GGA proposed in [3] which iterates until a
maximum number of 200 generations is reached. Consequently, the GHS results
later detailed are obtained with half the computational complexity of the GGA
approach for the same SLP scenario.

Table 2 summarizes the metric results obtained by both algorithms for the
SLP instances detailed in Table 1. Notice that the last column indicates the
theoretical lower bound when no capacity limits are assumed for the concentrator
nodes. Note that in most cases this theoretical lower bound is unattainable if
capacity requirements are imposed. For each case, the results are obtained by
averaging the metric – as defined in expression (1) – over 20 and 50 different
realizations of the network. Observe that the three simplest scenarios (1 to 3)
render the same statistical results for GGA and GHS. However, notice that at
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Fig. 2. (a) GGA and GHS average metric (over 50 network realizations) versus iteration
index for the most complex scenario (N , M)=(150, 15); (b) Example of obtained
optimum distribution for the same SLP scenario
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instance 4, the standard deviation of the GHS approach is still equal to zero
(i.e. the algorithm provides the same minimum metric for all all Monte Carlo
simulated network realizations), whereas that of the GGA technique is bounded
away from 0. As for instances 5 to 7, the same minimum metric is reached, but
GHS provides better average results and a lower standard deviation, difference
that gets even higher for the last two network instances. These results for GHS
are obtained at half the computational complexity of GGA, which enlightens the
benefits entailed by our proposal.

Let us elaborate further on the convergence behavior of GGA and GHS by
considering Figure 2, where the average metric of both algorithms is plotted
versus the iteration index for the most complex scenario (N = 150, M = 15).
Observe that GHS has a faster convergence rate than GGA, which motivates
reducing the maximum number of iterations I for GHS (in fact, in light of
these simulation results one could further decrease I below the selected value
of 100, since the average metric is kept constant beyond 50 iterations of the
GHS algorithm). Finally, Figure 2.b depicts an example of the optimum network
configuration (N , M)=(150, 15).

5 Conclusions

In this paper we have proposed a novel hybrid grouping heuristic algorithm
for solving the so-called Switch Location Problem. Our approach is based on
the Harmony Search global search algorithm in conjunction with a GreedyExp
Local Search criterion and a repair solution method. Based on the parameters
governing the behavior of the algorithm (selected as a result of an intensive
optimization study), simulation results show that GHS outperforms previous
GGA approaches in terms of convergence rate, computational complexity and
distance to the theoretical metric lower bound assuming no capacity constraints.
Consequently, the overall cost of the network design is reduced with respect to
other avantgarde techniques.

Further work on this topic will focus on extending the applicability of GHS to
the more general Access Node Location Problem (ANLP), where the number of
concentrators is not fixed. Research effort will also be conducted towards the in-
clusion of perturbing criteria or the dynamic adjustment of the GHS parameters
during the iterative process, as means to narrow the gap between the obtained
average metric results and the capacity-unconstrained theoretical lower bound.

Acknowledgments

This work was supported in part by the Spanish Ministry of Science and Innova-
tion through the CONSOLIDER-INGENIO 2010 (CSD200800010), the Torres-
Quevedo (PTQ-09-01-00740, PTQ-06-01-0159) funding programs, as well as by
the Basque Government through the ETORTEK Programme (Future Internet
EI08-227 project).



On the Application of a Novel Grouping Harmony Search Algorithm 671

References

1. Pierre, S., Elgibaoui, A.: Improving Communications Networks’ Topologies using
Tabu Search. In: 22nd Annual Conference on Local Computer Networks (LCN
1997), pp. 44–53 (1997)

2. Calegari, P., Guidec, F., Kuonen, P., Wagner, D.: Genetic Approach to Radio Net-
work Optimization for Mobile Systems. In: IEEE Vehicular Technology Conference,
vol. 2, pp. 755–759 (1997)

3. Alonso-Garrido, O., Salcedo-Sanz, S., Agustin-Blas, L.E., Ortiz-Garcia, E.G.,
Perez-Bellido, A.M., Portilla-Figueras, J.A.: A Hybrid Grouping Genetic Algo-
rithm for the Multiple-ype Access Node Location Problem. In: Corchado, E., Yin,
H. (eds.) IDEAL 2009. LNCS, vol. 5788, pp. 376–383. Springer, Heidelberg (2009)

4. Salcedo-Sanz, S., Yao, X.: A Hybrid Hopfield Network-Genetic Algorithm Ap-
proach for the Terminal Assignment Problem. IEEE Transactions on Systems,
Man, and Cybernetics, PartB: Cybernetics 34(6), 2343–2353 (2004)

5. Glober, F.: Tabu Search–Part I. ORSA Journal on Computing 1(3), 190–206 (1989)

6. Glober, F.: Tabu Search–Part II. ORSA Journal on Computing, 2(1), 4–32 (1989)

7. Kirkpatrick, S., Gelatt, C.D., Vecchi, M.P.: Optimization by Simulated Annealing.
Science, New Series 220(4598), 671–680 (1983)

8. Holland, J.H.: Adaptation in Natural and Artificial Systems. University of Michi-
gan Press (1975)

9. Khuri, S., Chiu, T.: Heuristic Algorithms for the Terminal Assignment Problem.
In: Computer and Operations Research, pp. 17–23 (1997)

10. Falkernauer, E.: The Grouping Genetic Algorithms-Widening the Scope of the
GAs. Belgian Journal of Operations Research, Statistics and Computer Science 33,
79–102 (1993)

11. Falkenauer, E.: A New Representation and Operators for Genetic Algorithms Ap-
plied to Grouping Problems. In: Evolutionary Computation, pp. 123–144. MIT
Press, Massachusetts (1994)

12. Geem, Z.W., Hoon Kim, J., Loganathan, G.V.: A New Heuristic Optimization
Algorithm: Harmony Search. Simulation 76(2), 60–68 (2001)

13. Geem, Z.W.: Optimal Cost Design of Water Distribution Networks using Harmony
Search. Engineering Optimization 38(3), 259–277 (2006)

14. Forsati, R., Haghighat, A.T., Mahdavi, M.: Harmony Search Based Algorithms for
Bandwidth-Delay-Constrained Least-Cost Multicast Routing. Computer Commu-
nications 31(10), 2505–2519 (2008)

15. Gil-Lopez, S., Del Ser, J., Olabarrieta, I.: A Novel Heuristic Algorithm for Mul-
tiuser Detection in Synchronous CDMA Wireless Sensor Networks. In: IEEE In-
ternational Conference on Ultra Modern Communications, pp. 1–6 (2009)

16. Gil-Lopez, S., Del Ser, J., Garcia-Padrones, L.: Harmony Search Heuristics for
Quasi-Asynchronous CDMA Detection with M-PAM Signalling. Submitted to
2nd International Conference on Mobile Lightweight Systems (MOBILIGHT),
Barcelona, Spain (2009)

17. Alonso-Garrido, O., Portilla-Figueras, J.A., Agustin-Blas, L.E., Salcedo-Sanz, S.:
Localizacion Optima de Nodos de Acceso en el Despliegue de Redes de Comunica-
cion: Aplicacion de un Algoritmo Evolutivo de Agrupaciones. In: XXIV National
Assembly of the International Union of Radio Science, URSI (2009)



672 S. Gil-Lopez et al.

18. Salcedo-Sanz, S., Portilla-Figueras, J., Ortiz-Garcia, E.G., Perez-Bellido, A.M.,
Thraves, C., Fernandez-Anta, A., Yao, X.: Optimal Switch Location in Mobile
Communication Networks using Hybrid Genetic Algorithms. Applied Soft Com-
puting 8, 1486–1497 (2008)

19. Abuali, F.N., Schoenefeld, D.A., Wainwrigght, R.L.: Terminal Assignment in a
Communications Network using Genetic Algorithm. In: 22nd Annual ACM Com-
puter Science Conference, pp. 74–81 (1994)


	On the Application of a Novel Grouping Harmony Search Algorithm to the Switch Location Problem
	Introduction
	Problem Formulation
	Grouping Harmony Search for the SLP Problem
	Simulation Results
	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




