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Abstract 
 

Reconfiguration of a wavelength routed optical network with the use of 
priority scheduling algorithm to priotoriza lightpath request with the aim to 
utilizing or exhausting the resources. Preference has given to heavily loaded in 
establishing lightpaths between node pairs having large traffic and low 
preference to lightly loaded lightpaths. Applications such as grid computing, 
e-science, three dimensional (3D) teleconferencing consume large bandwidth 
and require that the lightpaths are available for the entire session although 
there might be intermittent periods with less traffic between the nodes. Hence, 
the reconfiguration process must not tear down these lightpaths. We propose 
to use a priority scheduling algorithm in which lightpaths requests are 
prioritize according to the class of traffic, and the lightpaths of high priority 
applications are entertained first by the reconfiguration process. For low 
priority applications such as email, the lightpath requests will be processed 
latter or the data can be transmitted by multihopping. Designing of logical 
topology is basically a set of connection requests to be processed. In this 
paper, we have given a solution through a program (based on priority 
scheduling algorithm) in MATLAB7.9. This algorithm takes low and high 
priority lightpath requests, first occupy all the connections with high priority 
requests and if still there is a room for few connections let it be filled with low 
priority data. Further we have performed simulation and obtained the 
simulated output through MATPLAN WDM5.  
 
Keywords: Virtual topology, Reconfiguration, Prioritize data, Lightpaths, 
Optical Network and Logical topology.  

 
 
Introduction 
Phonetic networks are currently widely employed to support a variety of 
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telecommunications and other applications. In order to provide the increased 
bandwidth needed by the existing and emerging applications, these networks rely 
extensively on wavelength division multiplexing (WDM).  

 

 
 

Figure 1: Fiber Link in WDM. 
 
 
 It is clear that providing complete flexibility assurance to each and every types of 
traffic supported by the network would be ideally desirable but this may be 
unnecessary and wasteful in terms of resource utilization resulting in cost 
inefficiencies. In this context priority scheduling network can assists a network 
supporting a variety of applications, would be a scheme that provides different traffic 
types in accordance with the respective priority for maximizing the network 
utilization. Therefore, in a network environment such as the new global and business 
oriented internet an important requirement will be to provide different types of traffic 
enabling higher priority demands to exploit higher network availability.  
 The developments in optical networking enable switching and routing in the 
optical domain. Hence lightpaths, which are all-optical paths, can be established 
between nodes that are physically far apart and do not have a direct physical 
connection. The establishment of a lightpath between two nodes ensures that traffic 
between the nodes is carried without any opto-electro-optical (O-E-O) conversion at 
the intermediate nodes. Optical switching takes place at these intermediate nodes. The 
set of all the lightpaths constitutes the virtual topology. Due to resource constraints, 
i.e. limited number of transmitters, receivers and wavelengths, it is not possible to 
establish a lightpath between every node pair. It insists us to go for ring or bus 
topology instead of mesh topology. When a direct lightpath does not exist between 
two nodes, data must be converted from optical to electrical and back to optical 
domain at the intermediate nodes. This is called multihopping. In order to maximize 
the network performance, the nodes between which lightpaths are to be established 
must be carefully chosen. The set of lightpaths to be established for a given physical 
topology is determined based on the traffic matrix. In communication networks, 
routing generally performs the identification of a path (route), per connection request, 
between a source and a destination node, across the network. In optical networks, the 
particular wavelength(s) along the path should also be determined. The resulting 
problem is often designated as routing and wavelength assignment (RWA) problem in 
literature [4]. The virtual topology design requires virtual topology selection, lightpath 
route selection, lightpath wavelength selection and traffic routing over the virtual 
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topology. If wavelength converters are available at the nodes, wavelength continuity 
constraint can be relaxed. It is therefore not necessary that the same wavelength must 
be available on all the links required to establish a lightpath. The set of lightpaths to 
be established for a given physical topology is determined based on considering 
optimization of one or more of the objective functions, can be the extension of the 
work. Reconfiguration requires setting up new lightpaths or tearing down existing 
lightpaths. Today’s data convergent network carries data belonging to different 
applications such as e-science, e-medicine, 3D teleconferencing that require high 
priority compared to applications such as email, file transfer protocol for which best 
effort service is sufficient. Reconfiguration techniques can be categorized according 
to the nature of the algorithms used. The sub problems of selecting a new 
configuration and migrating to that configuration can be solved jointly or separately 
[6]. A key feature of optical networks based on WDM technology is the ability to 
optimize the configuration of optical resources, i.e. wavelengths, with respect to a 
particular traffic demand. Reconfiguration of virtual topology is necessitated due to 
dynamic traffic or component failure. The traffic in the upper layers of the network is 
dynamic, i.e. the traffic pattern changes over time. The virtual topology designed for a 
particular traffic demand might not be optimal for a different traffic demand. Hence, 
to make optimal use of the available resources, the virtual topology must be 
reconfigured. Similarly, reconfiguration for fault restoration is necessary when 
network components such as network links and nodes fail. The set of lightpaths along 
with the nodes forms the virtual topology. The objective of design of a virtual 
topology, given the network resources, is to maximize the number of connections that 
can be routed. Throughput, which is the fraction of successfully routed connections, 
measures the network resource utilization in the design of a virtual topology. As the 
connection requests are dynamic in nature, the demand set changes with time. The 
virtual topology designed to maximize the throughput for a given demand set may not 
maximize the throughput for the new demand set. With the existing network 
resources, a new virtual topology, that maximizes throughput for the new demand set, 
can be designed and this can be achieved by deleting certain lightpaths from the 
current virtual topology and adding new lightpaths. This process of addition and 
deletion of lightpaths to migrate from one virtual topology to another is called Virtual 
Topology Reconfiguration (VTR). Thus, VTR allows the WDM network to efficiently 
utilize the existing network resources and dynamically adapt to the changes in the 
demand set. The drawback of this process is that the deletion of lightpaths disrupts the 
traffic flow in the network. The nodes at the source of the removed lightpaths need to 
either buffer or reroute the packets temporarily till a route to the destination is found 
on the new virtual topology. Since lightpaths carry traffic of the order of Gbps, 
disrupting them even for a small duration will require huge buffer capacities or 
immediate re-routing capabilities at each node [5]. 
 In this work, we consider reconfiguration for dynamic traffic. The design of a 
virtual topology for the given physical topology and reconfiguration of the virtual 
topology for dynamic traffic can be carried out using heuristic method. Instead of 
providing express highway for the valuable client (e.g. commercially, security wise, 
politically, influentially, nationally etc.), they can be facilitated by prioritizing them 



52  Manish Shrivastava and Aditya Goel 
 

 

with the rest of the clients. It is a matter of research; I have initiated it with the little 
work in that direction. 
 
Example 
In road network, on square with the traffic signal, traffic is controlled, with the 
assignment of time, we can see this analogy with monitoring the traffic and adding the 
lightpath or tear down the lightpath accordingly. If we make changes in that system, I 
have proposed there are three signals Red, Green and Yellow, if we put these signals 
in vehicles also according to priority. So, square and vehicle both will have signals 
and with the comparison of signals the system will be operational. Instead of giving 
priority to path we prioritize vehicles. If we compare this analogy with our work paths 
will become lightpaths.  
 The rest of the paper is organized as follows: Section (2) focuses on the related 
work. The priority scheduling and reconfiguration algorithm is presented in Section 
(3). The simulation results are discussed in Section (4) and Section (5) concludes the 
paper. 
 
 
Motivation and related work 
Previous literature has seen and found that when priority is a matter in most of the 
work lightpath has taken into consideration. But, we have considered traffic and first 
we have classified the data and then worked with lightpaths. In any network, there is 
several kinds of data, such as real time data, network survivable data, commercially 
concern data, highly secured data, data required fast access, usual data, data which we 
get well in time etc. So, a priority could be made accordingly. Further, the work 
presented in this paper solves the problem of utilization of resources by the prioritize 
data, i.e. traffic requests arrive and get served according to priority without 
knowledge of future incoming requests. This makes this contribution valid for usage 
both in the network design and – most importantly – the traffic engineering field. In 
[2], we seen, techno-economic network planning, which address a more profound 
evaluation of the networks, which takes into account a concrete time period, where 
the capital expenditures, operational expenditures, demand assessment, and price 
policies, are analyzed. Techno-economic planning involves very heterogeneous 
processes that strongly depend on the particular network scenario. It has motivated us 
and we worked with techno-economic approach. We have used heuristic algorithm, 
but with different objective, we have considered prioritize data and tried to maximize 
the use of wavelength, because number of wavelength is fixed for a particular network 
design. Now a day, to increase the number of wavelength per fiber is a matter of 
research. An efficient heuristic algorithm based on greedy approach has given to 
construct multicast tree for a given multicast request. While in [3] shows that 
mechanism requires least number of wavelengths per fiber and total wavelength 
channels for a given session with respect to existing multicast tree generation 
algorithms. In [7], propose a scheduling algorithm in which the transmission of 
multicast packets with more destination addresses overlap are postponed in order to 
improve average packet delay and throughput, in a WDM singlehop network. By 
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prioritizing the transmission of multicast packets with less destination address 
overlap, our algorithm can decrease the number of data packets prevented from 
transmission by the other multicast packets with more destination address overlap and 
can reduce average packet delay. Our work on prioritize data can be fruitful for the 
developing country like Tanzania, where Internet access needs to be given a priority 
so that it can be accessible by the majority of the population [1]. In [1], an optical 
WDM network have proposed, which mitigates the effects of system impairments, 
and provide simulation results to show that the data is successfully transmitted over a 
longer distance using a WDM network. 
 
Algorithm specification 
Mainly priority scheduling algorithm has used, but to watch the effectiveness of 
prioritize data, Heuristic Logical Design Algorithm (HLDA) has been used, it 
attempts to maximize single (virtual)-hop traffic flow. It aims at minimizing 
congestion in a given network. In the program it has called as below: 

  [netState] = HLDA(traff_trafficMatrix, phys, parameters) 
 
 
Arguments: traff_trafficMatrix(NxN): Average traffic flow offered between node 
pairs. The Traffic Matrix is a two-dimensional matrix with N (N:number of nodes) 
rows and N columns. An entry(s,d) means the average traffic flow from node 's' to 
node 'd', expressed in Gbps. The main diagonal is full of 0s.phys: Phys Structure 
(Topology with Fiber Link information). parameters: algorithm parameters (Flow 
Routing Method), the flow routing method is the Shortest Path First (SPF). This 
program solves the four classic subproblems[9] into which the Virtual Topology 
Design Problem is possible to decompose:  

1. Virtual Topology Subproblem 
2. Lightpath Routing Subproblem 
3. Wavelength Assignment Subproblem 
4. Traffic Routing (over the Virtual Topology) Subproblem. 

 
 This program uses the algorithm HLDA to solve jointly the first three 
subproblems, and uses a traffic flow routing method to solve the fourth one. The flow 
routing method is selected by means of the input parameter.  
 
 
Performance Study  
Simulations of prioritize data on ring topology have been performed. The results 
presented here are generated based on Heuristic algorithm, network defined that 
comprises 4 nodes and 8 links. Links are considered bidirectional and if a link failure 
occurs the traffic flow in both directions will be disrupted. Lightpaths comply with the 
wavelength continuity constraint and connections requests are equally likely to have 
any of the network nodes as its source or destination. We study the performance of 
lightpaths separately for prioritize data, merely higher priority data and merely lower 
priority data with the simulated output obtained.  
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Table 1: Physical Information. 
 

Node ID Position No. of available 
X Y TXs RXs WL Converter : 

Not used 1 0.5 1.5 10 10 
2 1.5 1.5 10 10 Lightpath Capacity : 

40 Gbps 3 0.5 0.5 10 10 
4 1.5 0.5 10 10 

 
 

Table 2: Fiber Link Information. 
 

Fiber Link ID S D Link Length  No. of av. WLs 
1 1 2  

 
 
1 km 
 Each 

 
 
 
40 
On each link 

2 2 1 
3 2 4 
4 4 2 
5 4 3 
6 3 4 
7 3 1 
8 1 3 

 
 
 Table 1 shows information about ring topology corresponding to Fig 2. We have 
used 10 transmitters and receivers at each node and we have used no wavelength 
converters, so wavelength continuity constraint is there.  

 

  
 

Figure 2: Ring topology made with the information in Table 1 & 2. 

1 2 

3 4
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Lightpath requests 
Table 3: Prioritize Lightpath request. 

 
0.000  9.340  7.431  67.970  
0.357  0.000  5.853  7.060  
27.603  6.787  0.000  0.318  
8.491  70.936 6.555  0.000  

 
Table 4: High priority Lightpath request. 

 
0.000 9.340  7.431  0.000  
0.357 0.000  0.000  7.060  
0.000 6.787  0.000  0.318  
8.491 0.000  6.555  0.000  

 
Table 4: Low priority Lightpath request. 

 
0.000  1.190  0.000  67.970  
0.000  0.000  5.853  2.551  
27.603  9.597  0.000  0.000  
0.000  70.936 7.513  0.000  

 
 

 Lightpath requests produced by the processing of suggested program (based on 
priority scheduling algorithm) in MATLAB R7.9. It continuously takes lower and 
higher priority data and produces prioritize data one by one in the form of lightpath 
request. One of them has shown in Table 3. Similarly, there are several higher and 
lower priority lightpath requests which we supply as input, one by one to the priority 
scheduling algorithm. Few of such matrices have shown in Table 4 & 5.  

 
Table 5: Lightpath observations for the prioritize data. 

 
LP ID S D Sequence  
1 4 2 4 2 
2 1 4 1 2 4 
3 4 2 4 2 
4 1 4 1 2 4 
5 3 1 3 1 
6 4 1 4 2 1 
7 1 3 1 3 
8 2 4 2 4 
9 3 2 3 1 2 
Avg. Virtual Hops 1.1293 
Average Distance 1.4444 
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Table 6: Lightpath observations for the merely higher priority data. 
 

LP ID S D Sequence  
1 1 2 1 2 
2 4 1 4 2 1 
3 1 3 1 3 
4 2 4 2 4 
5 3 2 3 1 2 
Avg. Virtual Hops 1.156 
Average Distance 1.4 

 
Table 7: Lightpath observations for the merely lower priority data. 

 
LP ID S D Sequence  
1 4 2 4 2 
2 1 4 1 2 4 
3 4 2 4 2 
4 1 4 1 2 4 
5 3 1 3 1 
6 4 3 4 3 
7 2 3 1 3 
8 3 2 1 2 

 
Summary information: 
Average Virtual Hops: 1.1141 
Average Distance(km): 1.5 
 
 
 In per lightpath observations (Table 5), we have reduced average virtual hopes in 
the case of prioritize data as compared to Table 6, which is for merely higher priority. 
Reduced virtual hope means reduction in processing time between particular source 
and destination, while transferring data. As compared to Table 7, observation shows, 
average distance has reduced. In the subsequently produced matrices for prioritize 
lightpath requests, trend shows that, consistency in the reduction has maintained as 
compared to merely lower and merely higher priority. 

 
Table 8: Observation for per link WL utilization. 

 
Link ID S D Prioritize data High priority data Low priority data
1 1 2 3 2 3 
2 2 1 1 1 1 
3 2 4 3 1 2 
4 4 2 3 0 2 
5 4 3 0 0 1 
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6 3 4 0 0 0 
7 3 1 2 1 2 
8 1 3 1 1 1 
Avg. used WL/ link:  1.625 0.875 1.5 

 
Table 9: Routed traffic/ Link for the prioritize data. 

 
Link ID S D Prioritize data High priority data Low priority data
1 1 2 84.4 16.4 81.3 
2 2 1 21.3 15.4 8.4 
3 2 4 90.6 7.7 79.6 
4 4 2 101.3 15.4 80.0 
5 4 3 0.0 0.0 7.5 
6 3 4 0.0 0.0 0.0 
7 3 1 35.0 7.1 39.8 
8 1 3 20.1 14.0 8.4 
Average routed traffic per link: 44.081 9.5096 38.1206 

 
 
 We are working on prioritizing the data and as shown in Table 8, we have 
increased the utilization of wavelength/ link in that case, as compared to merely 
higher priority or merely lower priority. Improvement in per link wavelength 
utilization increase means we have eight links and collectively we have enhanced the 
utilization of the entire network. In Table 9, in the case of prioritize data per link 
routed traffic is more as compared to the rest of the cases. If we increase routed traffic 
while entertaining the higher priority data is an achievement. It is per link 
information, if we see it for all the link, it is like we have injected the huge data in the 
network and the network has entertained it. 

 
Table 10: Observation of each node for ingress, egress and grooming traffic. 

 
 Prioritize data High priority data Low priority data 
Node 
ID 

Ingress 
traffic 

Egress 
traffic 

Grooming 
traffic 

Ingress 
traffic 

Egress 
traffic 

Grooming 
traffic 

Ingress 
traffic 

Egress 
traffic 

Grooming 
traffic 

1 84.7 36.5 12.7 16.8 8.8 6.6 69.2 27.6 10.4 
2 13.3 87.1 0.0 7.4 16.1 0.3 8.4 81.7 0.0 
3 34.7 19.8 0.3 7.1 14.0 0.0 37.2 13.4 2.6 
4 86.0 75.3 15.3 15.0 7.4 0.4 78.4 70.5 9.1 
Average 54.6752 54.6753 7.069 11.5848 11.5848 1.8075 48.3033 48.3032 5.51 
 
 
 As seen in Table 9, we have increased the routed traffic per link, by that way we 
have worked on grooming also, It can be seen in Table 10. So it is the byproduct of 
our work. Increase in routed traffic means, Lightpath is multihope, in multihoping 
optical to electrical and electrical to optical conversion has involved and there is 
always a gap between optical to electrical and vice versa. So, the traffic has groomed. 
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Conclusion and future scope 
It has been shown that after the classification of the traffic according to the 
application it has prioritized with priority scheduling algorithm followed by 
processing of lightpath requests by the heuristic algorithm. By the performance study, 
it has shown that better results have achieved by the prioritize data as compared to 
either merely high priority data or lower priority data. In future, along with addition of 
the priority scheduling algorithm for uplifting of the system heuristic algorithm can be 
modified. 
 
 
References 
 

[1] S. Pazi, C. Chatwin, R. Young, and P. Birch, 2009, “An Optical WDM 
Network Concept for Tanzania”, World Academy of Science, Engineering and 
Technology. 

[2] S. Rumley and et al, 2009, “Software Tools and Methods for Research and 
Education in Optical Networks” Digital Optical Networks, LNCS 5412, pp. 
331 – 364. 

[3] Tanmay Del and Subhadeep Sen, 2006, “Multicast Routing and Wavelength 
Assignment in Sparse Splitting All Optical Networks”, IEEE. 

[4] A. Teixeira, L. Costa, G. Franzl, S. Azodolmolky, I. Tomkos, K. Vlachos, S. 
Zsigmond, T. Cinkler G. Tosi-Beleffi, P. Gravey, T. Loukina, J. A. Lázaro, C. 
Vazquez, J. Montalvo, E. Le Rouzic, Feb-2009, “An integrated view on 
monitoring and compensation for dynamic optical networks: from management 
to physical layer”, Photon Netw Commun, 18:191–210, Springer 
Science+Business Media. 

[5] Sushant Sinha, N. Rammohan, and C. Siva Ram Murthy, 2005, “Dynamic 
Virtual Topology Reconfiguration Algorithms for Groomed WDM Networks”, 
Photonic Network Communications, 9:2, 181–195, Springer Science+Business 
Media, Inc. 

[6] Wojciech Golab and Raouf Boutaba, 2003, “WDM Optical Network 
Reconfiguration Using Automated Regression-Based Parameter Value 
Selection”, IEEE. 

[7] Tsutomu Kitamura, Masanori Iizuka, Makoto Sakuta, Yoshiyuki Nishino and 
Iwao Sasase, 2001, “A new partition scheduling algorithm by prioritizing the 
transmission of multicast packets with less destination address overlap in 
WDM single-hop networks”, IEEE. 

 
 
 
 
 
 
 
 



Reconfiguration with Prioritize Lightpath Requests 59 
 

 

About the Author 
Dr. Aditya Goel did his B.E.(Hons) in Electronics & Communication and M.Tech in 
Communication Engineering from I.I.T. Bombay. Subsequently he was awarded with 
the Ph.D. degree in Electronics and Communication Engineering in the year 2000. He 
has teaching and research experience of more than 16 years. Presently he is working 
as Senior faculty member in the department of Electronics & Communication 
Engineering at Maulana Azad National Institute of Technology(Deemed University), 
Bhopal, India. He has published more than 60 Research paper in reputed International 
Journals & Conferences including IEEE. His area of interest are Optical 
Communication, Digital Signal Processing, Computer Communication. He has guided 
several M.Tech. thesis on these area. He had been principal Investigator of the 
research project titled “Broadband Lightwave communication systems”, sanctioned 
by Government of India, New Delhi. He worked as Principal Investigator of the R&D 
Project “High speed optical components for WDM systems” sanctioned by M.H.R.D. 
Govt. of India, New Delhi. He has reviewed many research papers of International 
conferences and journals including SPIE. He is a Life Fellow member of Institution of 
Electronics & Telecommunication Engineers and Life Senior member of Computer 
Society of India. 
 
Prof. Manish Shrivastava had started his carrier with Software companies like SIS 
(P) Ltd. and TCS, after finishing his BE in Computer Technology from UIT (Earlier 
GEC), RGPV(Technical University), Bhopal, India in 1993. He left software field in 
1999 & switched to academic and worked with reputed private engineering colleges 
for more than ten years. He did M.Tech. in Digital Communication from Maulana 
Azad National Institute of Technology (Deemed University), Bhopal, India and 
presently here he is a Research Scholar and perusing his Ph.D. in Electronics and 
Communications. In all he has more than seventeen years industrial, teaching and 
research experience.  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


