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Databases & Semantic Web: Edutella

Specify and implement a RDF-
based meta-data infra-
structure for P2P networks

Developed as part of the open
source peer-to-peer project
JXTA, at edutella.jxta.org

60+ contributors from various
institutions

Building block for EU/IST FP5 
ELENA Smart Learning Space
(personalized, distributed
queries)
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3 New EU/IST FP6 Networks of Excellence @ L3S

Starting in 2004: 3 New EU/IST FP6 Networks of Excellence in 

the areas of

Technology Enhanced Learning

� NoE PROLEARN (coordinated by L3S)

Knowledge Technologies and Semantic Web

� NoE KnowledgeWeb (L3S as Core Partner)

� NoE REWERSE (L3S as Core Partner)

Duration of Networks: 4 years

Number of Partners: 20 (30 for REWERSE)

Budget per Network: 6-7 Mill. Euro
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«It’s distributed

information, stupid»

Scalability, Heterogeneity and Dynamics: KnowledgeWeb

Languages

Heterogeneity

Dynamics

Scalability

Knowledge Web

knowledgeweb.semanticweb.org
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Edutella and Schema-Based Peer-to-Peer Networks

User-definable schemas

Structured schemas

Query language

Decentralized control

Node autonomy

Transient peers

Self organization
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RDF / RDF Schema for Describing Distributed Resources

Basic Formalisms for the Semantic Web
� URIs to identify resources

� Combine resources and annotate resources with attributes, using
<Subject, Property, Value> Tuples

� Graph as basic model, easy to translate to logic facts

� RDFS allows us to define the RDF vocabulary used (classes and 
attributes), and thus to represent simple semantic models

� Possible extensions towards more expressive schema languages, e.g. 
description logic (DAML+OIL / OWL)

Using RDF / RDFS in the P2P context
� Distributed annotations for distributed resources

� Flexible schema definitions, which can be uniquely identified and 
combined, as well as extended by additional properties
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Edutella Architecture: Wrapping with RDF-QEL

Datalog-based Query Exchange Language (RDF-QEL)

� RDF QEL1: conjunctive query up to

� RDF QEL5: RDF QEL4 (SQL3) + general recursion

see Nejdl et al: „EDUTELLA: A P2P Networking

Infrastructure Based on RDF“, WWW 2002

Datalog-based ECDM

RDF QEL 1-5

Edutella consumer

Local query

RDF query 

result

repository

Edutella Provider

Edutella query data flow

� Datalog is used as the internal data model (ECDM: 

Edutella Common Data Model) and provided as a set 

of Java classes

� RDF is used to represent the queries transmitted 

between the peers

� Wrappers for other RDF query languages (RQL, 

TRIPLE, etc.) and XML query languages (like Xpath)
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Edutella Architecture

JXTA is build on three layers : 

Core, Services, Applications

Edutella follows this scheme, 

extending the JXTA layers 

with modular Edutella

components

“Edutella Bootloader” to

assemble peers

Good prototyping environment 

for experimenting with schema-

based peer-to-peer algorithms
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P2P and Efficient Routing

How do peer-to-peer networks scale?

Requirements: 

� Symmetric topology (every node is a root)

� Low network diameter (small worlds property, should be

O(log n))

� Limited node degrees (number of peer-connections from a node, 

should be O(log n) at most (or even constant))

� Load balancing of traffic

� Efficient broadcast (receive broadcast messages only once)

� Adaptable to dynamic number of peers
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HyperCuP Peer-to-Peer Topology

Details: see e.g. Schlosser, Sintek, Decker, Nejdl: „HyperCuP – Shaping Up 

Peer-to-Peer Networks“, 2nd Intl. WS on Agents and P2P Computing, 2002
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Hypercube Topology

Broadcast Algorithm
� Annotate messages with the “dimension” of the peer-to-peer 

connection, and only forward it along “higher” dimensions

Properties
� Network diameter, characteristic path length and number of nodes are  

O(log
b
N)

� Fault tolerant, vertex-symmetric

Extensions

� Dynamic hypercube

� Base=N hypercube

� Cayley graphs
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P2/DHTs and Static P2P/DHT Topologies

� Non-constant degree DHTs: HyperCup (hypercubes), Chord (ring graphs), 
Pastry/Tapestry (Plaxton trees)

� Constant degree DHTs: Viceroy (butterfly), Cycloid (cube connected 
cycles), Koorde/D2B/Distance Halving (de Bruijn), CAN (d-dimensional 
torus).
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Cayley DHTs: A Group-Theoretic Model for Analysing DHTs 

based on Cayley Graphs 

� Cayley graphs: Given a set of generators for a finite group G, we can 
draw a graph, called Cayley graph, in which the vertices correspond to 
the element of the group G and the edges correspond to the action of the 
generators. That is, there is an edge from an element a to an element b 
if there is an generator g such that ag=b. The set of generators is 
required to be closed under inverses so that the resulting graph can be 
viewed as being undirected.

� Features of Cayley graphs:

Universality: Cayley graphs embody almost all symmetric interconnection 
networks, and every  symmetric interconnection network can be 
represented as the quotient of two Cayley graphs. 

High performance: Cayley graphs represent a class of interconnection 
networks with small degree and diameter, good connectivity, and simple 
routing algorithms. 
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Non-constant degree Cayley DHTs 

� HyperCup: a Cayley DHT with the degree of O(log N)

� Chord: a Cayley DHT with the degree of O(log N)

3-dimensional binary hypercube

(generators: 213456,124356,123465) 

A Chord ring graph with 3-bit key space
(generators: 213456,124356,123465, 

214356, 214365 ) 
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Constant degree Cayley DHTs 

� Cycloid: a Cayley DHT with the degree of O(1)

� Viceroy: a Cayley DHT with the degree of O(1)

� CAN: a Cayley DHT with the (adjustable) degree of O(d)

The cube connected cycle of a 3-

dimensional hypercube  
The wrapped butterfly B4
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Cayley Graph Properties and DHTs

� Every Cayley graph is vertex transitive. 

Significance for Analysing DHTs: explicitly enable an algebraic design 
approach for the routing algorithm of Cayley DHTs in that the routing 
between two arbitrary vertices can be reduced to the routing from an 
arbitrary vertex to a special vertex. 

provide a unified method to evaluate the communication load on each 
nodes of DHTs. All Cayley DHTs can achieve communication load 
balancing on each nodes, whereas non-Cayley DHTs cannot.



平成16年11月16日Wolfgang Nejdl 20

Cayley Graph Properties and DHTs

� Some Cayley graphs are hierarchical thus can be decomposed into smaller 
sub-graphs using elementary group theory (recursive decomposition). 

Significance for Analysing DHTs: provide a method to evaluate two 
important features of DHTs: fault tolerance (network resistance) and 
proximity (network latency). All hierarchical Cayley DHTs (i.e. HyperCup, 
Chord) are optimally fault tolerant, and might support easy solutions to 
ensure proximity of DHTs, whereas non-Cayley DHTs and non-hierarchical 
Cayley DHTs (i.e. Viceroy, Cycloid, CAN) might not.

� Most of Cayley graphs are optimally fault tolerant except for a very 
particular family.

Significance for Analysing DHTs: Almost all Cayley DHTs (i.e. HyperCup, 
Chord, Cycloid, Viceroy) are “naturally” optimally fault tolerant from 
pure static DHT topology perspective. It is thus much easier for such 
DHTs to technically ensure optimal fault tolerance in the dynamic DHT 
algorithm design for sparsely populated DHT identifier space, or frequent 
leaving/failing nodes. For “non-naturally” optimally fault tolerant DHTs, 
it is usually not the case.  
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Benefits 

� Cayley DHTs have some clear advantages over non-Cayley DHTs.

Static DHT topologies of Cayley DHTs can naturally ensure most of 
desirable DHT features thus require less overhead and complexity on 
dynamic DHT algorithms in comparison to non-Cayley DHTs.

� It is safe and advisable to start any DHT design from choosing Cayley
graphs as static DHT topologies

Cayley DHTs can cover both constant degree and non-constant degree 
DHT design. Most of “good” non-Cayley graphs (i.e. de Bruijn) applied in 
DHTs are closely related to Cayley graphs, and can also be “Cayley-lized” 
to transit into “better” Cayley graphs (i.e. Hyper de Bruijn)

see Qu, C., W. Nejdl, M. Kriesell: Cayley DHTs: A Group-Theoretic Frame-
work for Analysing DHTs Based on Cayley Graphs, TR-Apr-04, L3S, and 
ISPA’04
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From Peer-to-Peer to Super-Peer Networks

Observation: Peers vary significantly in availability, bandwidth, 
processing power, etc.

Create network backbone from highly available and powerful peers to 
distribute load better.

see also Yang, Garcia-Molina: Improving Search in P2P Systems, Intl. 
Conf. on Distributed Computing Systems, Vienna, 2002, or file 
sharing networks like KaZaa

�
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Super-Peers and Routing Indices

see Nejdl et al. Super-Peer-Based Routing and Clustering

Strategies for RDF-Based Peer-To-Peer Networks. WWW 2003
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Top-k Optimization

� Querying often results in too many answers

� Goal: Use (meta)data and ranking methods in the context of P2P-

networks to retrieve only the k ‚best‘ resources

� Scenario: To prepare an exam, John searches appropriate exercises in 

Prolog. Annotated resources can be queried in RDQL (simple 

attribute/constraint queries):

SELECT ?X, ?S, ?T 

WHERE (?X, rdf:type, lom-edu:Exercise)

AND (?X, dc:subject, ?S)

AND (?X, dc:description, ?T)

AND (?S == acm_ccs:LogicProgramming)

AND (?T =~ ".*prolog.*")



平成16年11月16日Wolfgang Nejdl 26

Top-k Query Extensions

SELECT ?X, ?S, ?T 

WHERE (?X, rdf:type, lom-edu:Exercise)

AND (?X, dc:subject, ?S)

AND (?X, dc:description, ?T)

AND (?S NEARBY acm_ccs:LogicProgramming)

AND (?T CONTAINS "prolog")

ORDER BY (0.7*?S+0.3*?T)

STOP AFTER 12

1. Introduce ‚weak‘ operators

2. Weight the used ranking methods

3. Limit to top-k results

AND (?S NEARBY acm_ccs:LogicProgramming)

AND (?T CONTAINS "prolog")

ORDER BY (0.7*?S+0.3*?T)

STOP AFTER 12
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Ranking, Merging and Routing

Assume a super-peer network where queries are routed using the

HyperCuP-protocol:

Ranking

� Each peer does local ranking of its resources with respect to 

the query and return the local top-k to its super-peer

Merging

� At the super-peers all results from the assigned peers are

ranked again and merged into one top-k list. This is returned

through the super-peer backbone to the querying peers, with

merges at all super-peers involved
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Ranking, Merging and Routing

Routing

� Super-peer indices store information from which directions the

top-k answers were sent for each query. When a ‚known‘

query comes to a super-peer it passes it to the most promising

(super-)peer only with x% probability (e.g. 90%), and with 100-

x% probability to other peers

more details in Nejdl, Siberski, Thaden, Balke: Top-k Query 

Evaluation for Schema-Based Peer-to-Peer Networks, ISWC’04, 

Thursday, 11:30
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Taking the next step: Google2Google

Potentially better coverage of the Web

� Provision of „Hidden Web“ Content

� Community-driven Search Engines

� Fast Updates of Pages (local knowledge allows for more efficient

incremental crawls)

More „democratic“ search infrastructures

� Each web server can crawl and provide its own content or

� Decentralized crawlers can provide a specific view on the Web

To see how far the P2P paradigm can be pushed beyond

supporting focussed communities

� „General purpose“ peer-to-peer search on distributed data
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Distributed Search Engine Peers

Peers have to provide functionality for

� Crawling, indexing, ranking, query answering

� Grub for example just does distributed crawling (grub.org)

Problem: partition the web graph, possibly with some overlaps

to achieve redundancy, without centralized schedulers

� „Parallel Crawlers“, by Cho, Garcia-Molina, WWW 2002

� "Exploiting the block structure of the web for computing 

PageRank", by Kamvar, Haveliwala, Manning, 2003.
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Distributed Ranking Algorithms

Compute ranks in decentralized peer-to-peer network

IR measures: are usually collection dependent (IDF in TF/IDF for

example)

� "On the Update of Term Weights in Dynamic Information 

Retrieval Systems", by Viles and French, CIKM 1995

Computing PageRank like measures:

� "The EigenTrust Algorithm for Reputation Management in P2P 

Networks", by Kamvar, Schlosser, Garcia-Molina", WWW 2003

� "Knowing Where to Search: Personalized Search Strategies for 

Peers in P2P Networks", by Chirita, Nejdl, Scurtu, SIGIR-P2P 2004
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Distributed Ranking Algorithms II

Computing PageRank variants more suited to decentralized 

computation:

� "Using SiteRank for Decentralized Computation of Web 

Document Ranking", by Wu/Aberer, AH 2004

� "Computing PageRank in a Distributed Internet Search System", 

by Wang/DeWitt, VLDB 2004

� Potential problem: web sites at mass hosters (“the Geocities 

effect”)
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Top-k Retrieval and Optimization

Described in

� „Top-k Query Evaluation for Schema-Based Peer-to-Peer

Networks“, by Nejdl, Siberski, Thaden, Balke, ISWC 2004

� "Progressive Distributed Top-k Retrieval in Peer-to-Peer 

Networks", by Balke, Nejdl, Siberski, Thaden, ICDE 2005



平成16年11月16日Wolfgang Nejdl 35

Taking Trust and Malicious Peers into Account

Spamming is easier in a decentralized infrastructure

� Bias towards trusted peers: "Combating Web Spam with 

TrustRank", by Gyöngyi, Garcia-Molina, Pedersen. VLDB 2004

� How susceptible are distributed algorithms to malicious peers / 

analyze attack scenarios and counter measures

� "The EigenTrust Algorithm for Reputation Management in P2P 

Networks", by Kamvar, Schlosser, Garcia-Molina, WWW 2003

� "Knowing Where to Search: Personalized Search Strategies for 

Peers in P2P Networks", by Chirita, Nejdl, Scurtu, SIGIR-P2P 2004
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Plus some more …

Query driven caching and replication are more appropriate for P2P 

networks

How do I cope with disappearing / reconnecting search peers? (both for

search and rank computations)

Simple things get surprisingly difficult, e.g. what changes when I have

to work with distributed query statistics? (relevant for optimization

but also for basic functionalities like „Did you mean?“)
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Summary and Conclusions

Distributed and decentralized information infrastructures are a core
ingredient of the Semantic Web

Peer-to-peer data management extends traditional P2P networks and 
distributed / heterogeneous database research, with a lot of new
challenges as well as additional functionalities

Building blocks are query and reasoning languages (for information
systems, information retrieval, publish/subscribe), query
optimization and caching, distributed ranking and search
algorithms, efficient network topologies and routing algorithms, and 
decentralized access control and trust negotiation infrastructures

There is much to build upon, but even more to work on (and become
famous for ☺), so see you at the next Google2Google related session
at ISWC’05 or any other conference!



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /@JustEditMark
    /ANGELA-Normal
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /Atlanta-Book
    /Atlanta-BookOblique
    /Atlanta-Demi
    /Atlanta-DemiOblique
    /AvenidaLetPlain
    /Balloon
    /BalmoralLetPlain
    /Batang
    /BatangChe
    /Belgium
    /BermudaScript
    /Bodoni-Bold-DTC
    /Bodoni-BoldItalic-DTC
    /Bodoni-Roman-DTC
    /Bodoni-RomanItalic-DTC
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BRAVE-Normal
    /BRENT-Normal
    /Broadway
    /CARI-Normal
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldstyle-Bold
    /CenturyOldstyle-Italic
    /CenturyOldstyle-Roman
    /ClarendonBT-Black
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialScriptBT-Regular
    /Connecticut
    /Cooper-Black
    /CooperBT-BlackItalic
    /Copperplate-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /DfDiversionsLetPlain
    /DFGothic-EB-WINP-RKSJ-H
    /DFGothic-EB-WIN-RKSJ-H
    /DFGyoSho-Lt-WINP-RKSJ-H
    /DFGyoSho-Lt-WIN-RKSJ-H
    /DFHSGothic-W5-WIN-RKSJ-H
    /DFHSMincho-W3-WIN-RKSJ-H
    /DFHSMincho-W7-WIN-RKSJ-H
    /DFPOP1-SB-WINP-RKSJ-H
    /DFPOP1-SB-WIN-RKSJ-H
    /DHGyoSho-Lt-WINP-RKSJ-H
    /DHHSGothic-W5-WINP-RKSJ-H
    /DHHSMincho-W3-WINP-RKSJ-H
    /DHHSMincho-W7-WINP-RKSJ-H
    /DHPGothic-EB-WIN-RKSJ-H
    /DomCasual
    /Dotum
    /DotumChe
    /EstrangeloEdessa
    /EurostileExtended-Black
    /EurostileExtended-Roman
    /FetteEngschrift
    /FlareLightGothic
    /FranklinCondGothic
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FrugalSans-Bold
    /FrugalSans-BoldItalic
    /FrugalSans-Light
    /FrugalSans-LightItalic
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-MediumCondensed
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Garamond-Medium
    /Garamond-MediumItalic
    /Garamond-Roman
    /Garamond-RomanItalic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Germany
    /Gothic720-BoldB
    /Gothic720-ItalicB
    /Gothic720-RomanB
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /HARDEHEADED-Normal
    /Helsinki-Narrow
    /Helsinki-Narrow-Bold
    /Helsinki-Narrow-BoldOblique
    /Helsinki-Narrow-Oblique
    /Heritage-ExtraBold
    /HGGothicE
    /HGGothicM
    /HGGyoshotai
    /HGMaruGothicMPRO
    /HGPGothicE
    /HGPGothicM
    /HGPGyoshotai
    /HGPSeikaishotai
    /HGPSoeiKakugothicUB
    /HGPSoeiKakupoptai
    /HGSeikaishotai
    /HGSeikaishotaiPRO
    /HGSGothicE
    /HGSGothicM
    /HGSGyoshotai
    /HGSoeiKakugothicUB
    /HGSoeiKakupoptai
    /HGSSeikaishotai
    /HGSSoeiKakugothicUB
    /HGSSoeiKakupoptai
    /HOPE-Normal
    /Impact
    /IMPOSING-Normal
    /Istanbul
    /ItaTaiEG-Bold-SJIS
    /ItaTaiEGP-Bold-SJIS
    /JACKSON-Normal
    /JokermanLetPlain
    /JSGothic-Md
    /JSHSMinchoU-W3-WIN-RKSJ-H
    /JSMincho-Lt
    /JSPGothic-Md
    /JSPMincho-Lt
    /JSSGothic-Md
    /JSSMincho-Lt
    /JustEditMark
    /JustHalfMark
    /JustHalfMarkG
    /JustKanaMark
    /JustKanaMarkG
    /JustOubunMark
    /JustOubunMarkG
    /JustUnitMark
    /JustUnitMarkG
    /JustWabunMark
    /JustWabunMarkG
    /Kartika
    /KRETA-Normal
    /KyokashotaiEG-Medium-SJIS
    /KyokashotaiEGP-Medium-SJIS
    /Latha
    /LatinWide
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /Marriage
    /MICHAEL-Normal
    /MicrosoftSansSerif
    /MingLiU
    /Monospace821BT-Roman
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MS-UIGothic
    /MuralScript
    /MVBoli
    /NSimSun
    /OCRAbyBT-Regular
    /OCRB
    /Optimum-Bold
    /Optimum-BoldItalic
    /Optimum-Roman
    /Optimum-RomanItalic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PASTTIME-Normal
    /PensinkaiEG-Light-SJIS
    /PensinkaiEGP-Light-SJIS
    /PMingLiU
    /Pop4EG-Bold-SJIS
    /Pop4EGP-Bold-SJIS
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /PtDingbats1
    /PtDingbats2
    /PtUtahCondensed
    /PtUtahCondensed-Bold
    /PtUtahCondensed-BoldOblique
    /PtUtahCondensed-Oblique
    /Raavi
    /SanDiego
    /SchadowBT-BlackCondensed
    /Serpentine-Bold
    /SHEER-Normal
    /Shruti
    /SimHei
    /SimSun
    /SingeitaiEGP-Ultra-SJIS
    /SingeitaiEG-Ultra-SJIS
    /Staccato222BT-Regular
    /Staccato555BT-RegularA
    /Stencil
    /Stop
    /Swiss921BT-RegularA
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TankuinEG-Bold-SJIS
    /TankuinEGP-Bold-SJIS
    /TeraSpecial
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /US-Roman
    /Utah
    /Utah-Bold
    /Utah-BoldOblique
    /Utah-Oblique
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VOCAB-Normal
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YentiEG-Medium-SJIS
    /YentiEGP-Medium-SJIS
    /ZaragozaLetPlain
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


