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ABSTRACT 
In the Hierarchical Path Computation Element (H-PCE) architecture, an optimum end-to-end path is computed 
using a hierarchical relationship among PCEs. An H-PCE-based path computation procedure provides low 
network blocking probability meanwhile it results on a great amount of control overhead messages. In this paper 
we propose a hybrid path computation procedure based on the H-PCE architecture and the Backward Recursive 
PCE-Based Computation (BRPC). Extensive simulation results show that the proposed approach performs better 
than H-PCE in terms of network control overhead. 
Keywords:  Multi-domain, path computation element, hierarchical path computation. 

1. INTRODUCTION 
Lately research efforts related to optical transport network infrastructures have been mainly focused on single-
domain scenarios, where scalability and confidentiality do not represent a problem. Nonetheless, the next 
generation Wavelength Switched Optical Networks (WSONs) will comprise several domains, each one managed 
by a different service provider. From the routing point of view, a domain is a collection of network elements 
within a common address management or path computational responsibility. Compute a path between nodes 
within a single domain is reasonably simple. However, computing an end-to-end path where the source and 
destination nodes belong to different domains requires cooperation between the computational entities, being 
each one responsible for its correspondent domain. 

The PCE has been proposed as a network entity able to calculate end-to-end routes with computational 
constraints in both single and multi-domain networks [1]. In a single domain scenario, the PCE computes 
optimal paths using its Traffic Engineering Database (TED), which is generally constructed by means of the 
network routing protocol (i.e., OSPF-TE [2] in GMPLS [3]). Nonetheless, in multi-domain network scenarios, 
the information exchange between PCEs is normally reduced, only including the shared links and border nodes 
information. Moreover, the lack of knowledge of the general domain mesh connectivity bounds the PCE 
capabilities in order to calculate efficient inter-domain end-to-end paths. The IETF has proposed two general 
approaches for the inter-domain path computation (i.e., per-domain [4] and Backward Recursive PCE-based 
Computation (BRPC) [5]). In the former, the entry border node of each domain requests to its responsible PCE 
the computation of the correspondent piece of Label Switched Path (LSP) and the final end-to-end LSP is a 
concatenation of local intra-domain route segments. In the latter, the PCEs collaborate to compute the end-to-end 
LSPs through a domain sequence previously predetermined. Both procedures drive the route computation to be 
sub-optimal mainly because only one sequence of domains is used to collect routing information to compute the 
end-to-end LSP. Notice that when it is possible to reach a destination node using different domain sequences 
from a source node, the assumption of a predetermined domain path drastically hinders the network performance 
of the end-to-end inter-domain computation procedure.  

The IETF has also introduced the concept of the Hierarchical PCE (H-PCE) architecture [6], showing how to 
coordinate several PCEs in order to collect information from the whole set of domains in a network and then 
derives an optimal end-to-end path without assuming a predetermined domain sequence. The idea of hierarchy is 
defined to control and manage a group of network entities called child PCEs interconnected to a higher 
hierarchically level PCE, called the Parent PCE. Specifically, this architecture defines the interfaces, 
functionalities and the end-to-end path procedures at each hierarchical level using a client-server architecture. 
This hierarchical coordination is based on the Path Computation Element Protocol (PCEP) [7] which basically 
uses two different types of control messages, namely, Path Computation Request (PCReq) and Path Computation 
Reply (PCRep). H-PCE provides low connection blocking probability at expenses of a huge amount of control 
overhead messages. However, in H-PCE, for each end-to-end LSP computation, updated route information to the 
complete set of PCEs (domains) is requested, thus arising scalability problems when increasing the number of 
domains.   

In this paper, a hybrid path computation procedure is proposed. The aim is to maintain the low blocking 
probability provided by the H-PCE approach but drastically reducing the generated network overhead (control 
messages required for the LSPs establishment). Additionally, a trade-off between shared routing information, 
scalability and security across domains is also obtained. 
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The rest of this paper is organized as follows. Section 2 describes the H-PCE architecture and its limitations. Our 
proposed mechanism; the hybrid path computation procedure is described in Section 3. The performance studies 
are highlighted in Section 4. Finally, some conclusions are discussed in Section 5. 

2. HIERARCHICAL PCE PATH COMPUTATION  
The selection of the domain sequence is essential to determine the optimal end-to-end path in multi-domain 
networks. Authors in [8] have proposed an enhancement of the BRPC procedure based on using different end-to-
end domain-disjoint sequences. They concluded that it becomes essential to gather routing information from 
different domain sequences in order to compute more accurate end-to-end inter-domain LSPs, resulting in 
reduced overall blocking probability. The Hierarchical PCE (H-PCE) architecture [6] assumes that the selection 
of a sequence of domains for an end-to-end path is basically a hierarchical path computation problem. Namely, 
one mechanism is used to determine a path across a domain (an intra-domain path computation), and a separate 
mechanism is used to determine the sequence of domains to be traversed by the end-to-end connections.  
In H-PCE, a Parent PCE maintains a domain topology map that contains the child domains (seen as vertexes in 
the topology) and their interconnections (edges in the topology). Each domain has at least one PCE (child PCE) 
capable of computing paths across the domain, and at the same time, it is managed by the Parent PCE. Fig. 1 
(left) shows the physical topology of a multi-domain network and Fig. 1 (right) shows the domain topology map 
which contains the inter-domain links and the border nodes from each domain. In such architecture, the Parent 
PCE knows the identity and location of the child PCEs responsible for the child domains. To maintain domain 
confidentiality, the Parent PCE is aware of the topology and connections between domains, but is not aware of 
the topology of the child domains. On the other hand, each child PCE does not know the topology of the other 
domains. 

  
Figure 1. An example of a physical transport topology (left); the domain map managed by the Parent PCE 

used to calculate the domain sequences (right). 

2.1 Scalability and path computation accuracy limitations  
H-PCE assumes that if no restricting policies are applied, upon a LSP request, the Parent PCE requests route 
information to its entire group of child PCEs in order to compute an optimal path for the end-to-end LSP. Note 
that, for example, when a child PCE is requested for a path where the destination node is allocated in its adjacent 
domain, it seems unnecessary to request the domain sequence to its Parent PCE or gather routing information 
from the most geographically separated child PCEs in the network. Additionally, as a multi-domain network 
increases in size and complexity, it becomes necessary to introduce more accurate policies to reduce the amount 
of network control overhead messages. Several approaches in order to enhance the H-PCE architecture have 
been carried out. An experimental H-PCE test-bed using only one domain sequence selection policy is analyzed 
in [9]. The authors conclude that its solution is sub-optimal due to not having complex TE aggregation schemes. 
Another approach aiming to compute optimal routes in H-PCE architecture is presented in [10]. This work 
describes two lightweight path computation schemes based on H-PCE [6]. In the first scheme, the Parent PCE 
only provides a unique sequence of domains. In the second scheme, the Parent PCE provides a sequence of the 
domains and the list of border nodes that should be traversed by the inter-domain LSPs. As expected, the authors 
in [10] conclude that the second scheme, the one with more multi-domain routing information to compute the 
path provides better connection blocking probability. However, both proposals only collect network state 
information from the child domains of a single domain sequence. This assumption drives the proposed 
approaches to discard valuable routing information in order to calculate an accurate end-to-end path.  
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3. PROPOSED MECHANISM 
This section describes the Hybrid Path Computation (HPC), a proposal focused on the reduction of the number 
of control overhead messages for each computed end-to-end inter-domain LSP while maintaining low 
connection blocking probability. Our proposed procedure assumes that a child PCE executes BRPC as the 
default path computation procedure; the pre-determined domain sequence is statically provided by the Border 
Gateway Protocol (BGP) [11]. Nonetheless, once a child PCE is not able to provide a proper end-to-end inter-
domain path using BRPC or the number of domains to be crossed surpasses a pre-defined threshold k, the child 
PCE delegates to the Parent PCE the path computation, and the standard H-PCE procedure is thus applied. 
In standard H-PCE, a child PCE is requested to compute two different intra-domain computations, namely, 
a node-to-edge or an edge-to-edge path segment computation. In the former, a child PCE provides a set of path 
segments from the requested node to each border node in the domain. In the latter, a child PCE builds a complete 
graph of virtual links between all its border nodes (i.e., a full-mesh abstraction). Both routing information sets 
are forwarded to the Parent PCE. It is assumed here that each child PCE is managed by a Parent PCE with the 
capacity to compute an inter-domain end-to-end LSP concatenating the collected routing information from its 
child domains and the global domain topology map. Note that HPC supposes that a shortest domain path in the 
topology map is more probable to be the optimal one to allocate the requested end-to-end path. Furthermore, it is 
also assumed that a longer domain sequence provides a sub-optimal end-to-end route essentially given that it is 
more likely to dismiss appropriate routing information. As the number of domain hops increases, it becomes 
more difficult to select the most appropriate sequence to allocate an end-to-end path and for this reason it is more 
suitable to execute H-PCE. Our hybrid path computation approach enhances the child PCEs with the capacity to 
choose the computation procedure between BRPC and H-PCE depending on a formerly established number of 
domains in the sequence to be traversed by an end-to-end path. 

4. PERFORMANCE EVALUATION 
This section evaluates the performance of the hybrid path computation scheme by running OMNeT++ discrete 
event simulations in a 9-domain optical network. Figure 1(left) depicts the network topology which is composed 
of 61 nodes and 95 links (19 inter-domain) carrying each one 8 wavelengths per link. Figure 1 (right) shows the 
domain topology map managed by the Parent PCE. This abstracted topology map is composed by 19 inter-
domain links and 36 border nodes. In all simulations, 105 LSP/connection requests are generated following 
70/30% intra/inter-domain ratio. For inter-domain connections, source and destination domains are uniformly 
selected and source/destination nodes are uniformly chosen in their respective domains. Source and destination 
nodes are randomly selected for intra-domain connections. All generated requests demand a whole wavelength 
capacity and mean holding time (HT) is set to 600 seconds following an exponential distribution. Request inter-
arrival time is also exponentially distributed and varies with the network offered load.   

Figure 2 depicts the overall network connection blocking probability (Bp) achieved by the H-PCE, the HPC 
(with k = 2, 3) and BRPC respectively, as a function of the global offered load. For the sake of clarity, by using 
the HPC procedure with k = 2, BRPC is applied when the destination node is allocated in an adjacent domain 
while the HPC procedure with k = 3 uses BRPC whether the domains sequence includes 2 transit domains. 
BRPC presents the worst Bp because only collects routing information a pre-configured domain sequence 
meanwhile H-PCE presents the best Bp because it computes an end-to-end path using all the gathered routing 
information from the child PCEs. For low offered loads, HPC generates a similar Bp in comparison to H-PCE. 
HPC uses the enhanced child PCE capacity to switch between BRPC and H-PCE, providing a not significant 
increase of the Bp for higher offered loads. In particular, for 200 Erlang, HPC with k = 2 performs a Bp around 
1%, being slightly higher than H-PCE.  

 
Figure 2.  Connection blocking probability in 

a BRPC, HPC (k = 2, 3) and HPCE. 

Table 1. Relative overhead reduction in comparison 
to H-PCE (%). 

Table 2. Parent PCE utilization (%).  

HPC (k=2) 72 % 
HPC (k=3) 39 % 

BRPC 20 % 

 Parent PCE utilization (%) 
HPC (k=2) 72 % 
HPC (k=3) 31 % 
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Figure 2 also depicts that in some cases, executing BRPC using the domain sequence provided by the Parent 
PCE is enough to perfectly allocate an end-to-end inter-domain path. For the least loaded network scenarios, it 
seems the most suitable path computation method because the generated network overhead is lower and the 
performed Bp is acceptable. Table 1 analyzes the overhead reduction deploying the hybrid approach. The HPC 
procedure with k = 2 generates a reduction of the network control overhead around the 72%. Moreover, HPC 
with k = 3 improves around the 75% the Bp performance in comparison to BRPC only increasing by the 20% the 
network control overhead messages.  Table 2 depicts the utilization of the Parent PCE by applying the HPC. 
Specifically, running the HPC procedure with k = 3 one third of the end-to-end inter-domain path computations 
requires the utilization of the Parent PCE. If HPC with k = 2 is run, the Parent PCE does not intervene in one 
fourth of the end-to-end path computations. Therefore, our proposed method reduces the Parent PCE 
computational load increasing the cooperation between the child PCEs.    

5. CONCLUSIONS AND FUTURE WORK 
In this paper, we proposed a hybrid path computation procedure based on the length of the domain sequence to 
be traversed by the end-to-end LSPs. To compute optimal paths in a multi-domain network, the exchange of 
some routing information of each domain is required, at expenses to increase the network control overhead 
among the PCEs. The proposed inter-domain path computation approach allows a drastically reduction of these 
control messages while keeping the connection blocking probability at the same level of H-PCE. From the 
simulation results, it can be concluded that HPC is the best solution to reach a trade-off between network control 
overhead (and thus routing scalability) and connection blocking probability. Simultaneously, it allows an 
efficient way to fulfill the confidentiality concerns among independent domains. Future efforts will be focused 
on the design of more advanced hybrid path computation policies, able to provide even more suitable solutions 
in terms of blocking probability and network scalability. 

ACKNOWLEDGEMENTS 
The work reported in this paper has been partially supported by the UPC through a FPI-UPC research 
scholarship grant and the Spanish Science Ministry through Project "Engineering Next Generation Optical 
Transport Networks (ENGINE)", (TEC2008-02634). 

REFERENCES 
[1] A. Farrel, JP. Vasseur, J. Ash, "A path computation element (PCE)-based architecture", RFC 4655, 

Aug. 2006. 
[2] Katz, D., Kompella, K., and D. Yeung, "Traffic engineering (TE) extensions to OSPF version 2", RFC 

3630, Sept. 2003. 
[3] E. Mannie, "Generalized multi-protocol label switching (GMPLS) architecture", RFC 3945, Oct. 2004. 
[4] JP. Vasseur, A. Ayyangar, R. Zhang,"A per-domain path computation method for establishing inter-

domain traffic engineering (TE) label switched paths (LSPs)", RFC 5152, Feb. 2008. 
[5] JP. Vasseur, R. Zhang, V. Bitar, JL. Le Roux, "A backward-recursive PCE-based computation (BRPC) 

procedure to compute shortest constrained inter-domain traffic engineering label switched paths", RFC 
5441, Apr. 2009. 

[6] D. King, A. Farrel, "The application of the PCE architecture to the determination of a sequence of domains 
in MPLS & GMPLS", IETF draft draft-king-pce-hierarchy-fwk-05.txt, Sept. 2010. Work in progress. 

[7] JP. Vasseur, JL. Le Roux, "Path computation element (PCE) communication protocol (PCEP)", RFC 5440, 
Mar. 2009. 

[8] G. Hernández-Sola, J. Perelló, F. Agraz, L. Velasco, S. Spadaro, G. Junyent, "Enhanced domain disjoint 
backward recursive TE path computation for PCE-based multi-domain networks", Photonic Network 
Communications, vol. 21, no. 2, 141-151, DOI: 10.1007/s11107-010-0288-5. 

[9] R. Casellas, R. Muñoz, R. Martinez, "Lab trial of multi-domain path computation in GMPLS controlled 
WSON using a hierarchical PCE," in Proc. OFC and NFOEC, Mar. 6-10, 2011, Los Angeles, California, 
USA. 

[10] A. Giorgetti, F. Paolucci, F. Cugini, and P. Castoldi, "Hierarchical PCE in GMPLS-based Multi-Domain 
Wavelength Switched Optical Networks," in Proc. OFC and NFOEC, Mar. 6-10, 2011, Los Angeles, 
California, USA. 

[11] Rekhter, Y., Li, T.: A border gateway protocol 4 (BGP-4), RFC 4271 (2006) 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


