
Telfor Journal, Vol. 2, No. 1, 2010. 43

  
Abstract — This paper researches the routing and 

wavelength assignment (RWA) problem in wavelength routed 
optical WDM networks with the wavelength conversion 
capability at different network nodes. We studied the static 
case in which all connection requests are known in advance, 
thus a routing decision can be made based on the complete 
knowledge of the traffic to be served by the network. The Bee 
Colony Optimization (BCO) metaheuristic is applied to solve 
the RWA problem. We carried out a comprehensive 
simulation study of the performance of the proposed BCO-
RWA algorithm for different network topologies and traffic 
scenarios. The obtained simulation results are analyzed and 
compared.   

Keywords — lightpath, optical WDM network, routing and 
wavelength assignment (RWA), wavelength conversion. 

I. INTRODUCTION 
HE emerging demand for advanced broadband 
Internet  applications requires excessive network 

capacities which can be effectively achieved by 
Wavelength Division Multiplexing (WDM) technique. 
WDM brings out new problems in coordination of 
wavelengths usage in optical network [1]. Each 
wavelength represents the independent communication 
channel, called a lightpath, carrying the information with 
data rates up to 40 Gb/s. When it is necessary to establish 
a lightpath between two network nodes, a route has to be 
chosen and the particular wavelength has to be assigned. 
This problem is known as the routing and wavelength 
assignment (RWA). If the wavelength conversion is not 
available in network nodes, a lightpath has to be set up by 
assigning the same wavelength over each physical link 
along the route. This is known as the wavelength 
continuity constraint. Wavelength conversion in a node 
allows the lightpaths to be established by using different 
wavelengths along the route sections between end nodes.  

The RWA problem takes two forms: static and dynamic 
[1]. In the static case, all connection requests are known in 
advance, thus a routing decision can be made based on the 
complete knowledge of the traffic to be served by the 
network. The static RWA problem is found to be NP-
complete that cannot be solved exactly in a polynomial 

 
This paper resulted from the research supported by the Serbian 

Ministry of science and technological development (project TR-11013). 
 
Goran Z. Marković is with the Faculty of Traffic and Transport  

Engineering, University of Belgrade, Serbia, Vojvode Stepe 305, 11000 
Belgrade, Serbia; (e-mail:g.markovic@sf.bg.ac.rs). 

Vladanka S. Aćimović-Raspopović is with the Faculty of Traffic and 
Transport  Engineering, University of Belgrade, Serbia, Vojvode Stepe 
305, 11000 Beograd, Serbia; (e-mail:v.acimovic@sf.bg.ac.rs). 

time. In the dynamic case, a connection request has to be 
routed and wavelengths assigned independently of other 
connections, which either have already been assigned or 
will be assigned [1]-[3].  

We concentrate here on the static version of the RWA 
problem in which the objective is to maximize the number 
of established lightpaths, also known as the Max-RWA 
problem. The Max-RWA problem could be formulated as 
an integer linear program (ILP). The optimal solution is 
difficult to reach, especially in the cases of large network 
dimensions [4], [5]. A number of papers devoted to the 
RWA problem proposed various both exact and heuristic 
approaches. A detailed survey of different RWA methods 
can be found in [6].  

In this paper, we used heuristic RWA algorithm, based 
on the Bee Colony Optimization (BCO) meta-heuristic, 
recently proposed in [7]. The BCORWA heuristic 
algorithm is tailored for the Max-RWA problem in all-
optical WDM mesh networks. The proposed algorithm has 
been able to produce high quality solutions in a reasonable 
computation time.  

The paper is organized as follows. In section II, we state 
the problem. Section III gives a concise description of 
proposed BCO-RWA algorithm. Section IV is devoted to 
the numerical experiments and the obtained simulation 
results. Finally, the conclusion is given in Section V. 

II. PROBLEM STATEMENT 
The Max-RWA problem that we solved in [8] can be 

defined in the following way: for a given traffic demand 
matrix (the number of requested lightpaths between 
network node pairs) and a given number of available 
wavelengths, maximize the number of established 
lightpaths in a given physical optical WDM network. We 
assumed that the wavelength conversion is allowed at one 
network node. It means that a lightpath can operate on the 
same wavelength across all fiber links along the route (a 
lightpath satisfies the wavelength continuity constraint) or 
on different wavelengths before and after the node 
equipped with the wavelength converter (if the wavelength 
conversion is performed).  

We assume that a given optical WDM network is a 
single fiber which means that each physical link has one 
separate fiber for each direction of transmission. Each 
fiber supports the same number of wavelengths W. An 
optical WDM network composed of N nodes and L 
physical links can be represented by a corresponding 
graph with N nodes and L undirected edges. No two 
lightpaths traversing through the same physical link (i, j) 
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will have the identical wavelength assigned to them. The 
goal of this research is to study the impact that converter 
placement at one node has on the number of established 
lightpaths in a given optical network topology.  

We solve the defined problem using the heuristic RWA 
algorithm based on BCO (bee colony optimization) 
metaheuristic, which is concisely described in Section III. 
The artificial bee colony behaves partially alike, and 
partially differently from bee colonies in nature and 
represents the new metaheuristic capable of solving 
difficult combinatorial optimization problems. For a more 
detailed explanation about the BCO metaheuristic see [9]. 

III. THE BCO-RWA ALGORITHM 
In this section, we describe the BCO metaheuristic RWA 

algorithm, tailored for the Max-RWA problem [8]. We call 
the proposed algorithm the BCO-RWA. The agents that we 
call- artificial bees collaborate in order to solve the Max-
RWA problem. Let us represent every requested lightpath 
by a node in artificial network, as shown in Figure 1. We 
have grouped all the requested lightpaths in stages. The 
first lightpath to be established represents the first stage, 
the second lightpath to be established represents the 
second stage, etc. We determine in advance the number of 
bees B and the number of iterations I. All artificial bees 
are located in the hive (square shown in Figure 1) at the 
beginning of the search process. When flying through the 
space (by visiting artificial nodes in the network shown in 
Figure 1) our bees perform a forward pass or a backward 
pass. During one forward pass every bee visits s unvisited 
nodes (bee tries to establish s new lightpaths) and create 
its partial solution. After that, bees perform a backward 
pass, i.e. they return to the hive. The number of nodes s to 
be visited during one forward pass is prescribed by the 
analyst at the beginning of the search process. 
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Fig. 1. Bee’s flying through the artificial network. 

 
In the hive, all bees participate in a decision-making 

process. Bees exchange information about quality of the 
partial solutions created and compare all generated partial 
solutions. Based on the quality of the partial solutions 
generated, every bee decides whether to abandon the 
created partial solution (bees B2, B3, and B4 in the example 
illustrated in Figure 1), and become again an uncommitted 
follower, or dance (bees B1 and B5) and thus recruit the 

nestmates before returning to the created partial solution. 
Depending on the quality of the partial solutions 
generated, every bee possesses a certain level of loyalty to 
the path leading to the previously discovered partial 
solution.   Figure 1 illustrates the situation in which bee B3 

joined bee B1, and bees B2, and B4 joined bee B5. During 
the second forward pass bees B3, and B1 fly together along 
the path generated by the bee B1, while bees B2, and B4 fly 
together along the path generated by the bee B5. When 
followers reach the end of the previously generated path, 
they are free to make individual decisions about the next 
node to be visited. During the second forward pass, bees 
expand previously created partial solutions (establish 
additional lightpaths), and after that perform again the 
backward pass and return to the hive. In the hive bees 
again participate in a decision-making process, perform 
the third forward pass, etc.  

The iteration ends when one or more feasible solutions 
of the Max-RWA problem are created. The best discovered 
solution during the first iteration is saved, and then the 
second iteration begins. Within the second iteration, bees 
again incrementally construct solutions of the problem, 
etc. There are one or more created partial solutions at the 
end of each iteration. Parameter s reflects the granularity 
of the search process.  

A. Bees node and route choice mechanisms 
Bees choose some of the artificial nodes (not previously 

visited) in a random manner. Probability p that a specific 
unvisited artificial node will be chosen by the bee equals 
1/ntot, where ntot is the total number of unvisited artificial 
nodes. By visiting a specific artificial node in the network 
shown in Figure 1 bees attempt to establish the requested 
lightpath between one real source-destination node pair in 
optical network. Let us assume that the specific bee 
decided to consider the lightpath request between the node 
s and the node d. In the next step, it is necessary to choose 
the route and to assign an available wavelength along the 
route between these two real nodes. In this paper, we 
defined for every node pair (s,d), the subset Rsd of allowed 
routes that could be used when establishing the lightpath. 
We defined these subsets by using the k shortest path 
algorithm. We calculated for every of the k alternative 
routes the bee’s utility when choosing the considered 
route. The shorter the chosen route and the higher the 
number of available wavelengths along the route, the 
higher is the bee’s utilities. We define the bee’s utilities 

sd
rV  when choosing the route r between the node pair (s,d) 

in the following way: 

 ,

min max

1 (1 )
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s d r
r

r r
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where: 
r – the route ordinary number for the node pair (s,d), 
r=1,2,...k, { }sdr R∈ , 

hr – the route length expressed in the number of physical 
hops (or links), 
hrmin – the length of the shortest route r, 
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Wr – the number of available wavelengths along the route 
r, 

{ }max max
sd r

r R
W W

∈
=  – the maximum number of the available 

wavelengths among all the routes r∈Rsd, 
a – weight (importance of the criteria), 0 1a≤ ≤ . 

Bees decide to choose a physical route in optical 
network in a random manner. Inspired by the well-known 
Logit model (one of the most successful and widely 
accepted discrete choice models), we have assumed that 
the probability sd

rp of choosing route r in the case of 
origin-destination pair (s,d) equals: 
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where sdR is the total number of available routes between 

pair of nodes (s,d). The route r is available if there is at 
least one available wavelength on all links that belong to 
the route r. The random number is generated from the 
interval [0, 1] for every route of the node pair (s,d). Using 
these random numbers and the equation (2), bee is 
assigned to one of the considered routes. In the next step, 
the available wavelength is assigned to the lightpath along 
the route chosen by the bee, using the random strategy. If 
the lightpath cannot be established using the same 
wavelength along the route, after that the wavelength 
conversion is tried at one network node in order to 
establish it. 

B. Bee’s partial solutions comparison mechanism 
In the hive every bee makes the decision about 

abandoning the created partial solution or expanding it in 
the next forward pass. The probability that the bee b will 
at the beginning of the u + 1 forward pass use the same 
partial tour that is defined in forward pass u equals: 

 u
CC

u
b

b

ep
−

−+ =
max

1  (3) 
where: 
Cb – the total number of established lightpaths from the 
beginning of the search process by the b-th bee, 
Cmax – the maximal number of established lightpaths from 
the beginning of the search process by any bee, 
u – ordinary number of forward pass, u=1,2,...,U. 

The smaller the number of the established lightpaths by 
the bee, the smaller is the probability that the bee will fly 
again along the same path. The smaller the ordinary 
number of the forward pass u (beginning of the search 
process) the higher the bees “freedom of flight”.  

The random number z is generated from the interval 
[0, 1]. When z ≤ pb bee will fly along the same partial tour. 
In the opposite case, when z > bp bee will abandon the 
created partial solution and become an uncommitted 
follower.  

C. Recruiting process 
After making the decision to continue flight along the 

previously generated path, the bee flies to the dance floor 

area in the hive and starts dancing. Within the dance area, 
the bee dancers “advertise” different partial solutions. In 
the case when at the beginning of stage u + 1, bee does not 
want to fly along the same path, the bee will go to the 
dancing area and will follow another dancing bee. In this 
way, two groups of bees are formed in the dancing area – 
uncommitted followers ready to join some of the dancing 
bees, and dancing bees ready to recruit uncommitted 
followers. The probability pP that the P-th advertised 
partial solution will be chosen by any of the uncommitted 
follower equals: 

 

1

PC

P P

p
p

ep
C

=

=

∑
, (4) 

where: 
CP – the total number of the established lightpaths in the 
case of the P-th advertised partial solution, 

 The random number is generated from the interval 
[0, 1] for every uncommitted follower. Using these 
random numbers and the equation (4) every uncommitted 
follower is «assigned» to one of the dancing bees. In this 
way, the number of bees flying along a specific path is 
changed before the beginning of the new forward pass. 
Using collective knowledge and sharing information 
among themselves, bees concentrate on more promising 
search paths, and slowly abandon less promising paths. 

IV. NUMERICAL EXPERIMENTS AND RESULTS COMPARISON 
The proposed BCO-RWA algorithm is used to solve the 

Max-RWA problem in WDM optical network in a case of 
static traffic demands with the wavelength conversion 
capability at one network node. Since the reasonable goal 
is to minimize the total number of conversions at a 
network node, the wavelength conversion is allowed only 
for the lightpaths, otherwise cannot be established with the 
wavelength continuity constraint satisfied. For this 
purpose, a particular program code was developed in 
MATLAB software package.  

The BCO-RWA algorithm was tested for various optical 
network physical topologies and traffic demand scenarios. 
In this section, we present some computational and 
comparative results for 2 different network topologies. For 
both networks, we assumed that each edge (link) 
represents a pair of directed fiber, one for each direction. 
We assumed also that the maximal number of available 
wavelengths W is the same for each fiber link. We run the 
BCO-RWA program code in both cases by assuming that 
the total number of engaged bees is B=10 and the number 
of independent algorithm iterations is I=10. The best 
results obtained throughout these iterations are used. 

A. Case study #1 
The first considered optical WDM network topology is a 

mesh network shown in Fig. 2. 
Traffic demands between node pairs are randomly 

generated numbers chosen between the boundaries values 
[1, 10] with the uniform probability. A randomly 
generated traffic scenario used in this numerical 
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Fig. 2. The optical network topology with 8 routing nodes. 
 
experiment, with the total number of requested lightpaths 
equal to 300 is given by the following matrix D1: 

 

1

1 2 3 4 5 6 7 8
1 0 2 6 6 1 10 7 4
2 4 0 9 5 1 2 8 6
3 5 5 0 1 9 10 4 6
4 5 6 5 0 8 4 7 8
5 5 4 6 5 0 3 3 7
6 8 9 3 3 9 0 2 10
7 3 2 3 7 2 7 0 6
8 5 1 6 9 4 8 6 0

i j

D =

 

 

We assumed that the number of alternative routes 
between each node pair is limited to sdR =5. The 

alternative routes for each node pair are specified in 
advance by using the shortest path algorithm. The routes 
are sorted in an increasing order according to the number 
of hopes (links).  

The optimization results for the considered network 
topology are given by Fig. 3 to Fig. 8. Fig 3 illustrates the 
total number of established lightpaths in a given network 
for various numbers of available wavelengths W and 
different numbers of alternative routes R, if the 
wavelength conversion is not allowed at network nodes. 

It can be seen that the total number of established 
lightpaths depends to a great extent on the number of 
available wavelengths as well as on the number of 
alternative routes between a node pair. The smaller the 
number of alternative routes, the greater is the number of 
established lightpaths. The reason is the lightpaths are 
allowed to use shorter routes (with a smaller number of 
links) if the number of alternative routes is smaller. 
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Fig. 3. The number of established lightpaths without 

wavelength conversion. 
 

In addition, a similar conclusion can be found when the 
wavelength conversion is performed at a network node. 

Fig. 4 illustrates such results in a case of wavelength 
conversion at node 5. 
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Fig. 4. The number of established lightpaths with 

wavelength conversion at node 5. 
 

The comparison of the total number of established 
lightpaths in the considered network, with and without the 
wavelength conversion at node 5 for different values of 
available wavelengths can be obtained from Fig 5. 
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Fig 5. Total number of established lightpaths with and 

without wavelength conversion at node 5. 
 

Fig. 6 illustrates more evidently the variation between 
the number of established lightpaths (or conversion gain) 
when the conversion is performed at node 5. 
Furthermore, the location of the converter in a given 
network also has the influence on the number of 
established lightpaths. Therefore, one of the crucial 
problems is to find the best node(s) location for the 
converter placement. This is an optimization problem that 
has to be solved additionally. For simplicity, we restricted 
here to the instance of only one node equipped with a 
converter in order to investigate the potential effects of the 
wavelength conversion practice in an optical WDM 
network. 

Fig. 7 shows the comparative results for the established 
number of lightpaths when the converter is placed at 
different routing nodes in the considered network. It can 
be seen that significant upgrading could be obtained by 
locating a wavelength converter at every network node. 
The best results (the maximum number of established 
lightpaths) for the assumed traffic scenario could be 
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obtained in the case of node 3. The differences between 
the cases without wavelength conversions (for different 
considered nodes) are the result of independent individual 
simulations. More precisely, each simulation for a 
considered node (integrating the cases with and without 
the converter) is performed fully separately, one by one. 
The percentage conversion gain obtained throughout these 
simulations is given by Fig. 8. 
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Fig. 6. The conversion gain with converter placement 

at node 5. 
 

B. Case study #2 
The second considered WDM network topology, 

illustrated by Fig. 9, could reflect on a part of national 
backbone telecommunication infrastructure. We try also to 
solve the Max-RWA problem for this network topology by 
using the BCO-RWA algorithm and to investigate the 
wavelength conversion effects on the number of 
established lightpaths in a given network. We predefined 
at most 2 possible shortest routes for each node pair. 

The traffic demands between node pairs are assumed to 
be as given by the following matrix D2. 

2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 0 5 1 1 1 3 1 1 1 1 1 1 1 1 3 1 1 1
2 5 0 1 1 1 1 1 1 1 1 1 1 1 1 3 1 1 1
3 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1
6 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1
7 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
8 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1
9 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1

i j

D = 1 1 1
10 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1
11 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1
12 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1
13 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1
14 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1
15 3 3 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1
16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1
17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1
18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0

 
 

The optimization results for this network example are 
illustrated by Fig. 10. to Fig. 13. 

It can be seen from the obtained results that the 
conversion gain of a few percent could be achieved by 
placing a converter in only one network node. In all 
performed numerical experiments, the number of 
conversions is to be minimized. Therefore, the obtained 
results represent only the minimal possible conversion 
gain that could be achieved. The improvements could be 
still enhanced if the conversion would be allowed in more 

than one node, which will be the topic of our future 
research. 
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Fig. 7. The number of established lightpaths with and 

without wavelength conversion at various network nodes. 
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Fig. 8. Conversion gain obtained with a converter 

placement at different network nodes. 
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Fig. 9. A mesh WDM optical network with 18 nodes. 

V. CONCLUSION 
RWA problem belongs to a class of difficult 

combinatorial optimization problems. The proposed BCO-
RWA algorithm has been able to produce optimal or near-
optimal solutions in a reasonable computation time. The 
results obtained by applying this algorithm show that the 
number of established lightpaths could be improved 
significantly compared to other previously proposed 
algorithms.  
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Fig. 10. The total number of established lightpaths 

with and without the conversion at node 1. 
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Fig. 11. The total number of established lightpaths 

with and without the conversion at node 2. 
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Fig. 12. The total number of established lightpaths 

with and without the conversion at node 6. 
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Fig. 13. Conversion gain for various numbers of 

available wavelengths.

Moreover, this paper researches the effects of 
wavelength conversion procedure at different node 
locations. Many simulations are performed and the 
obtained results are compared in the case of two network 
examples. The simulation results show that wavelength 
conversion at one network routing node could improve 
slightly the network traffic performances. Our further 
investigations would be focused on solving the 
optimization problem concerned with the determination of 
the best node locations for placing more than one 
converter, which also stands for challenge one. 

REFERENCES 
[1] C. S. Ram Murthy, M.Gurusamy, WDM Optical Networks -

Concepts, Design and Algorithms, Prentice Hall, 2002. 
[2] A. E. Ozdaglar and D. P. Bersekas. “Routing and wavelength 

assignment in optical networks,” IEEE/ACM Trans on Netw, vol. 
11, no. 2, pp.259–272, Apr. 2003. 

[3] V. Aćimović-Raspopović, G. Marković “Routing in Optical WDM 
Networks,” Invited paper, Proceedings of X TELFOR Conference 
(CD), Belgrade, Nov 2003. 

[4] B. Jaumard, C. Meyer, B. Thiongane, Y. Xiao, “ILP formulations 
and optimal solutions for the RWA problem,” Proc. IEEE 
GLOBECOM’04 Conf., vol.3, pp. 1918-1924, Dec. 2004. 

[5] G. Marković, V. Aćimović-Raspopović, D. Teodorović, “Optimal 
routing and wavelengt assignment in optical networks,” Proc. of the 
50-th ETRAN Conf., pp. 120-123, Belgrade 2006.  

[6] H. Zang, J. P. Jue, and B. Mukherjee, “A review of routing and 
wavelength assignment approaches for wavelength-routed optical 

WDM networks,” SPIE Opt. Netw. Mag., vol.1, pp.47–60, Jan. 
2000. 

[7] G. Marković, D.  Teodorović, V. Aćimović, “Routing and 
Wavelength Assignment in All-Optical Networks Based on the Bee 
Colony  Optimization,” AI  Communications – Special Issue: 
Network Analysis in Natural Sciences and Engineering, Vol.20, 
No.4, pp. 273-285, Nov. 2007. 

[8] G. Marković, V. Aćimović-Raspopović „Solving the RWA problem 
in WDM networks using the BCO metaheuristic,“ XVII TELFOR 
Conferene, CD Proceedings, pp.720-723, nov 2009, Belgrade. 

[9] D. Teodorović, P. Lučić, G. Marković, Mauro Dell’ Orco, “Bee 
Colony Optimization: Principles and Applications,” Proc. on 8th 
NEUREL Conference 2006, pp.151-156. Belgrade, Sept. 2006. 

[10] R. Ramamurthy and B. Mukherjee, “Fixed-alternate routing and 
wavelength conversion in wavelength-routed optical networks,” 
IEEE/ACM Trans. Netw, vol. 10, no. 3, pp. 351–367, Jun. 2002. 

[11] X. Chu, B. Li, and I. Chlamtac, “Wavelength converter placement 
under different RWA algorithms in wavelength-routed all-optical 
networks,” IEEE Trans. Commun., vol. 5, no. 4, pp. 607–617, Apr. 
2003. 

[12] E. Karasan and E. Ayanoglu, “Effects of wavelength routing and 
selection algorithms on wavelength conversion gain in WDM 
optical networks,” IEEE/ACM Trans. Netw., vol. 6, no. 2, pp. 186–
196, Apr. 1998. 

[13] V. Aćimović-Raspopović, “A procedure of wavelength rerouting in 
optical WDM networks,” Proc. of  IEEE TELSIKS Conference, Vol. 
1, pp. 303-306, Nis, 2005. 

[14] G. Marković “Optimization of the resource usage in optical 
wavelength routing networks,” PhD thesis, University of Belgrade – 
Faculty of Trafic and Transport Engineering, Belgrade 2007. 

[15] M. Pioro, D. Medhi, Routing, Flow, and Capacity Design in 
Communication and Computer Networks, Elsevier, 2004. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


