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Executive Summary

In this document we present the works that have lbeeducted on harvesting and preprocessing
web data.

For the purpose of the Entity Centric Semantic &e&ngine (ECSSE), we have concentrated our
efforts on the collection and indexing of the WdbData: the RDF world and the world of web
pages annotated with Microformats or RDFa (also#é).

This sort of data collection is relatively unex@dr For this reason we have developed several
techniques to speed up both the collection of latgeasets and the later processing, e.g. the
reasoning processes which are fundamental to haweamingful precision and recall in the later
query process.

Furthermore, in this document we present the novmatay by which OKKAM identifiers should
be embedded in HTML pages.

OKKAM - 215032 Version 0.3 Pagof 49



D8.2: Web Wide Harvesting cluster

SEVENTH FRAMEWORIC
PROGRAMME

Table of Contents

1. INTRODUCTION: ADVANCED WEB DATA HARVESTING AND PROCESSING TECHNIQUES........ 6
2. OKKAM ENTITIESAND MICROFORMATSTO RDF ..ottt sttt et snes 7
2.1 CONVERTING MICROFORMATS TORDF INSIDE SINDICE AND ECSSE ..., 7
2.2. GENERAL HTML EXTRACTION. ... itteeitie ettt e e ete e et e e et e e et e e e etaeesat e e et e e e st e e eaa e s st aassanaeetnsassnnaeastnaaennnnns 7
A D =\ PP PUUUUORR 7
A £ [ OF- (o ISP UUPPPTPRINS 8
2 T €= o TR 9
A S N« | PO PP 9
A T 1 [OF- [T o To £ T OO URPPPPPRRSPRIN 10
2.2.8. NREVIBW ... .ottt ettt e et e e e e ettt e e e e e e e e e e e e ee et e aa b et bbb eeaeeeaeeeeeee et e aeaeeaaaas 10
A A (=1 107 =Y o =Y =TSP 11
A T o |11 (] o o TP 11
A S B £ | =4 YTU ] o 41T USIOP 12
2 TS 13
2.3 EMBEDDING OKKAM IDENTIFIERS INHTML ..ottt 31
2.4. A SIMPLE OKKAM ONTOLOGY ...euuiitieeiitee it e ettt ee e e e et e e et ee e et e e e et e e et e e et e e et e essanseetaaeestaaennnsesstnaaesnns
2.4.1. Class: Okkam Entity (okkam:OkkamEntity) ....
2.4.2. Property: Okkam ID (okkam:okkamiD)............
2.5. DESCRIPTION OF ANOKKAM ENTITY IN RDF .oiiiiiiiiiiiiii i eeeeeee s e e e e e e e e eaat bt s e e e e e e e e e eeeees
2.6. OKKAM ENTITIES IN HTML VIA RDFA ... .t e et s e e e e e e e aeeeeeeees
2.6.1. Example: FUll PAgE MarkUp: .....ccccuuieiiiiieeeeeiiiiieiieeree e e e e e ae e e e e e s s e s s ss s saansasseeeeeeeeaaaaeaeaeesessanansnnnnnns
2.6.2. Example: Multiple entities, invisible okkam markujsible manifestation: .................ccccociiiiiinns 16
2.6.3. Example: Multiple entities, visible manifestatiomdamarkup ...........ccccooiiiiiiiiiii e, 17
2.6.4. Example: USiNg OKKaM URIS .......ooiiiie oo e ettt et e e aaaaaaeasasaannnnbbsbeeseeeeeeeeeaeas 18
2.6.5. Example: Advanced Entity MarkUp .........ccocccocoeuiiiiee et 19
2.7. SUGGESTED PROPERTIES FOR VISIBLE MANIFESTATION GBKKAM ENTITIES.......cooiiiiiiiiiiiieeeieeeee e 20.
3. EFFICIENT HARVESTING AND PROCESSING OF LARGE DATASETSWITH SEMANTIC
SITEMAPS. ...ttt ettt ettt et e et e et e s beesbe e ebeebesaeesaeeebe e beeabeeabesasesbeesbeebeaaseaaeesaeeebeenbeenbeeabesasesbeesbeebeentesanesans 22
3.1. THE SITEMAP PROTOCOL ANDROBOTS TXT....eevvtttttuuieieseeeeeeseeeesrsssmtiesaaeseseeessesssssssmsmmmeieeeeeseseersrnnn 3.2
3.2. THE STATE OF RDFPUBLISHING ... .ctuiiii ettt et e et e ettt e et e e et e e e et e e e et e e et e eeanaeeannaeeen 23
3.2.1. AcCeSS MEthOdS 10 RDF ALA ......iiiiiiiccceeme ettt e et e e e e et e e e e e st e e e e eeba e e s eeranans 23
I O U | =1 o) A I [ V1 = 1 1o ] o PSRN 52
T T = =1 =Y (=10 AT Lo T4 SO RPP 25.
3.3. THE SEMANTIC SITEMAPS EXTENSION .....vtvtuuteiieieeeeeteeeeetsststatieieeeeseeeaesesesssessstaninaasesaeesessesssssssrmnnnnnns 26
TG T I I T 1 = 1= = = 26
3.3.2. Adding datasets descriptions to the Sitemap prataco...........ccccccviiiiiiiiieiiiie e e 27
R T TR @1 o [T =1 =T 4 = o1 T PUUUOPPOPPRR 28
3.3.4. Defining the DESCRIBE OPEIAOr ......cccccuiuiiiuiiiiiiiiieeeieeeeeeee e e e e e e s e e s sesssssaanaerereeeeaeaaaaeaeeseessnsanannns 28
IR T T Y1 (=1 g F= Vo L3R U Lo U 11 o ) ] /2O 29
3.4. EVALUATION ..ottt ettt e oo et e ettt ettt e e et e e e et e e st e e et e eeaaa s st eeataesansassnnaeesnaasnnanen 30
3.4.1. Processing of Large RDF DUMPS .....cooiiiii ettt ettt e e e e e e e e e e e e e e e e e e e annes 31
3.5. F AN nl0] = 1[0 ] N PSPPSR 23
3.6. SUMMARY . itee ittt ettt e et e ettt e e et e e e eaa e ee e e e et e eeat et etaaeeateeeaaeeetaeettaeaeetnettaeattaaeetnaeernaeantaaaranaaes 33
4, LARGE SCALE PREPROCESSING OF HARVESTED DATA: REASONING AT WEB SCALE............ 34
4.1. CONTEXTS ON THESEMANTIC WEB ....cevvtttttiiieiiiieeeeeteeeeettttitieaeseeeseseessesssessststannaaseeesesessssrssrannnnnnnnsns 34
4.2, IMPORTCLOSURE OFSEMANTIC DOCUMENTS ...ttttttieieieeeeeteeeeeesttstiianaeeseeeseaesesessssssstanaasaaseeesesesssssssrnne, 35
4.3, DEDUCTIVE CLOSURE OFSEMANTIC DOCUMENTS.....cvttttttiiieieeeeeeeeeeresststtniaaaaseeeeeaesssesssssssrsnasaaeeesesseees 36
4.4, CONTEXT DEPENDENTREASONINGPROCEDURE .......0ututieieieeeeeeeeeeeststtiiaaeseeesaseessesssessststsieseeeesssessssnes 37
45, ONTOLOGY BASE CONCEPTS . ....citttttttttitiieieieeeeeteeeseststatu e taaaaesseseeesststta i ataeeaessreresrersratar s 37
4.6. ONTOLOGY BASE UPDATE STRATEGY ...cvvttutuiiieeieeeeeteteressstststiieaaesesaseessesessssstmtsnaaeeeeessesresrsrrns 38
4.7. ONTOLOGY BASE QUERYING STRATEGY ..tttuittttttiteseattieesessuiaessesssesssanstaneetestnneessstnaesesreseern 39

OKKAM - 215032 Version 0.3 Pageof 49



4.8. PROTOTYPEIMPLEMENTATION ....ctttitiettttisiisse e e e e eeeseeeeesn e s s s e e e e e e e e e e e eesnn s an e s e e e e e eeeeeeeeennnnnnna s 39

4.8.1.  EXPEIMENTAL SEIUP ..ottt et e oottt et et e e e e e e e e e e s aa e e nanbnbbtebbe e s e e eeaaaaaaaeaaaaeas 40
4.8.2.  Preliminary RESUILS.......... e i ittt e e e e e e e e oottt ee e e e e e aaaaaaaaaaesaaa e nnnennbanbeeeeeees 0.4
4.9. RELATED WORK et ittt it ettt et e et et e et st e e e e s e e s et e e e eae s eb e e eae e eh e e ebe s ea s eb e e sa e eaa e s e s et e s baeean s et s san s st enbnss 41
g O TS B Y 1 Y Y = N 14
5. HARVESTED DATA ST ATISTICS . ettt ettt e ettt s et e e s et a e e s s bt e e s saae e s s sabeesssbbeessasbeeessabnnas 42
5.1. S Y N A Y - 3 1S T 42
5.2. DISTRIBUTION OFDOCUMENT SIZES . .etuiiitiieeete et etee et e e e e e e e e e eaa e e st ee e aa e e st e e st e e st e eean e sannesearnss 42
5.3. B0 ] =3 510 Y Y11V 43
5.4. OBJIECTS OFRD I TRIPLES. ... it ieee ettt ettt e et e ettt e e e e e te e e et e e saa e e et s eeanaseanesetneeraneees 44
6.  ACKNOWLEDGEMENTS. ...ttt e e et e e e et e e s eabeee s e bbeseeasteeessabeeesabbesssaseeeesssseeesanseessannes 46
7. APPENDIX 1: THE OKKAM ONTOLOGY IN RDF/XML cooiitiiiiie ettt st ves e 47

8. REFERENCES....... oo et b e e e Rt bbb e et e e e na e r e s r e sr e b e nne 48



1. Introduction: Advanced Web Data Harvesting and
Processing Techniques

In this document we present the works that have lbeeducted on harvesting and preprocessing
web data.

For the purpose of the Entity Centric Semantic &e&ngine (ECSSE), we have concentrated our
efforts on the collection and indexing of the WdbData: the RDF world and the world of web
pages annotated with Microformats and or RDFa (s¢s0D8.1).

This sort of data collection is relatively unex@dr For this reason we have developed several
innovative techniques to speed up both the cotleadif large datasets and the later processing, e.g.
the reasoning processes which are fundamentahvi® daeaningful precision and recall in the later
query process.

Also, presented early in the chapter, in this doentmwe define a format to embed Okkam
identifiers in Web pages, an important step foradatiblishers to have their data automatically
aggregated and reused by Okkam aware applications.

The document is so divided:

In chapter 2, we present a specification to embed Okkam Idengifinto documents on the Web,
such as HTML pages. Thanks to this specificatiba, $indice infrastructure can collect and index
Okkam identifiers associated with entities représgrnn Web pages and therefore provide its
services to implement the Entity Centric SearchilsgThe chapter also presents our mappings
that harmonize data written using microformats RFR

In chapter 3, we illustrate a technique we have developed fgreat increase in efficiency of
harvesting and processing of large web datasetmg®ec Sitemaps), as compared to raw data
crawling. A report of implementation is also given.

In chapter 4, we present a technique for reasoning over langeuats of structured Web Data. The
technique is then implemented using Hadoop.

We conclude irchapter 5 with the statistics of the Semantic Data currectilected inside the
Sindice infrastructure.



2. Okkam Entitiesand Microformatsto RDF

The core dataset behind the Entity Centric Sem&wgarch Engine, is composed by tens of millions
of structured data sources indexed by our pecBkanantic Indexing technologies (see D8.1 for
more details).

In this chapter we present the specifications whitdw us to harvest and uniformly index:

. RDF
. Microformats
« Okkam Entities

Given that RDF is the native format of the Sinditdex, two aspects need to be addressed; how to
convert Microformats to RDF (section 2.1) and hovencode Okkam identifiers in HTML pages
so that they can be harvested as RDF (section 2.3).

2.1. Converting Microformatsto RDF inside Sindice and ECSSE

Microformats parsed out of HTML pages are conventéa an RDF representation. In this way,
one needs not to bother about the original datadbbut can simply query for the right RDF
properties.

Note that this means that in general queries candse in a way that is agnostic to the original
semantic representation format, simply askinglierright RDF mapped Microformat class. It is
possible, however, to restrict a query to get aldguments that were originally obtained from a
microformat-enabled HTML page, or a page contaimiij-a.

2.2. General HTML extraction

An HTML page can contain any number of microformétsnore than one is detected, the resulting
RDF graph simply contains the RDF conversion offedl microformats, plus the RDFa found in it.

If at least one microformat is detected, then tA&/M <title>  is also extracted and added to the
page URI withdc:title  , and subsequent extraction pass are run oveget[EBxtraction strategy].

Each format is tagged with tlier mat metadata field. Each microformat has a specifiro@avhich
will be used here. If any microformat has been tbahall, MICROFORMAT will also be added as
a special catch-all format.

221. XFN

XFN* (XHTML Friends Network) allows markup of hyperlisilas typed links that represent a
human relationship between the authors or ownetwmiveb pages. £l attribute is added to the

1

http://gmpg.org/xfn/



HTML hyperlink, e.grel="contact" , rel="sweetheart" , rel="co-worker" . A special case is
rel="me" which connects different pages owned or createith&pame person. This means that
each link basically just transforms into a trigle RDF:

An XFN melink from page.html to other.html in RDF

a foaf:Person;
foaf:isPrimaryTopicOf <page.html|>;
foaf:isPrimaryTopicOf <other.html>;

1.
An XFN friend link from page.html to other.html in RDF
[

a foaf:Person;
foaf:isPrimaryTopicOf <page.html|>;
xfn:friend [
a foaf:Person;
foaf:isPrimaryTopicOf <other.html>;
I;
].

Thexfn: namespace expandshtiip://gmpg.org/xfn/11#which, technically is namespace
squatting).

We expand the XFN domain by adding direct tripleghe form

<uri.html> xfnrdf:friend <other.html>
<uri.html> xfnrdf:me <other.html>
<uri.html> xfnrdf:sweetheart <other.html>

Wherexfnrdf is a vocabulary (namespauip://vocab.sindice.com/xjrdescribed in a separate
document This is actually done via the same code, so taeping is 1:1.

Example searches that may/should return microf@ifiatm, advanced):

Joe format:XFN
* < http://sindice.com/exfn/0.1/ met-hyperlink> *
class:Person

222. hCard
We rely on the hcard profilewhich basically uses the vCard ontology.

Given something like:

<div class="vcard">
<a class="fn org url" href="http://www.commerce.n et/">CommerceNet</a>
<div class="adr">
<span class="type">Work</span>:
<div class="street-address">169 University Aven ue</div>

2 http://vocab.sindice.com/xfn/guide.html

3 http://www.w3.0rg/2006/03/hcard



<span class="locality">Palo Alto</span>,
<abbr class="region" title="California">CA</abb r>
<span class="postal-code">94301</span>
<div class="country-name">USA</div>
</div>
<div class="tel">
<span class="type">Work</span> +1-650-289-4040
</div>
<div class="tel">
<span class="type">Fax</span> +1-650-289-4041

</div>
</div>
We get
@prefix rdfs:  <http://www.w3.0rg/2000/01/rdf-sch ema#> .

@prefix rdf:  <http://www.w3.0rg/1999/02/22-rdf- syntax-ns#> .
@prefix v: <http://lwww.w3.0rg/2006/vcard/ns#> .

[l rdf:itype v:VCard ;
v:adr [ rdfitype v:Address ;
v:countryName "USA" ;
v:locality "Palo Alto" ;
v:postalCode "94301" ;
v:iregion "CA";
v:streetAddress "169 University Ave nue"
1
v:fn  "CommerceNet" ;
v:org [ rdfitype v:Organization ;
v:organization-name "CommerceNet"

1
vitel <tel:+1-650-289-4041> , <tel:+1-650-2 89-4040> ;
v:url  <http://www.commerce.net/> .

Example queries:

format:HCARD
class:VCard class:Organization
* < http://www.w3.0rg/2006/vcard/ns#given-name >"Joe"

223. Geo

Geo uses the same ontology as VCard but just defiome of the types in that ontology. So for
example you can ask for

class:Location
format:GEO
* http://www.w3.0rg/2006/vcard/ns#latitude> "51.521 7"

224. Adr

As above, Adr just comprises the Address clash@MCard ontology. So you can ask for

class:Address
format:ADR
* <http://www.w3.0rg/2006/vcard/ns#country-name> "G ermany"



2.25. hCalendar

Based on the RDF Calendar she@iven:

<div class="vevent">

<a class="url" href="http://www.web2con.com/">http /lww.web2con.com/</a>
<span class="summary">Web 2.0 Conference</span>:
<abbr class="dtstart" title="2007-10-05">October 5</abbr>-
<abbr class="dtend" title="2007-10-20">19</abbr>,
at the <span class="location">Argent Hotel, San Fr ancisco, CA</span>
</div>
We get:
@prefix r: <http://www.w3.0rg/1999/02/22-rdf- syntax-ns#> .
@prefix c: <http://www.w3.0rg/2002/12/callica ltzd#> .

<> r:itype c:Vcalendar ;
c:component
[ritype c:Vevent;

c:dtend "2007-10-20"M<http://www.w 3.0rg/2001/XMLSchemat#date> ;
c:dtstart "2007-10-05" <http://www .w3.0rg/2001/XMLSchema#date> ;
c:location "Argent Hotel, San Franc isco, CA";

c:summary "Web 2.0 Conference" ;
curl  <http://www.web2con.com/>

Usually, calendar componenigdvent, Vtodo, Vjournal, Vfreebusy) occur within a surrounding
Vcalendar entity. This surrounding Vcalendar block is opabm hCard. If it is not present, an
implicit Vcalendar scoped to the entire documerit lvg assumed and added to the RDF.

So calendars can be found with queries like:

class:Vcalendar

Eric Clapton class:Vevent

Live show format:HCALENDAR

opera ontology:icaltzd

* <http://www.w3.0rg/2002/12/callicaltzd#dtstart> " 20080527T1900+0100"

2.26. hReview

hReview is still in draft, but seems interestingl @ome people use it. The reference specificasion i
RDF Review. Typical RDF output:

@prefix dc:  <http://purl.org/dc/elements/1.1/>
@prefix review: <http://www.purl.org/stuff/irevi> .
@prefix rdf:  <http://www.w3.0rg/1999/02/22-rdf- syntax-ns#> .

[l rdfitype review:Review ;
dc:title "A wonderful night on acid at MoS!" ;
review:rating "5" .

4 http://www.w3.0rg/TR/rdfcal/

° http://dannyayers.com/xmins/rev/



Queries for finding reviews:

sigur ros class:Review
ontology:rev ipod
format:HREVIEW

Notice that the RDF Review ontology actually haseaeployment in its normal RDF form.
227. rd-license

Extracts the license links (simplel="license") and transforms them into

<this.html> dcterms:license <someLicense.html>
Multiple licenses are extracted correctly as exgebct

Simple query:

jazz format:LICENSE
* <http://purl.org/dc/terms/license> "http://creati vecommons.org/licenses/publicdomain/"

2.2.8. hListing

hListing is unstable, and we extract it tentatiyélyt as of now we are still working on a proper
ontology for it.

The current parser accommodates this by beingragtyeliberal. As the format stabilizes we can
restrict the rules.

The vocabulary used is namespacebtgs//sindice.com/hlisting/0.1For a listing at kelkoo.com it
gets data like this:

@prefix hl:  <http://sindice.com/hlisting/0.1/> .

[ ahlListing ;
hl:action hl:offer;
hl:description "..." ;
hl:item [ a hl:item ;
hl:itemName "Beng MP622 - DLP Proje ctor - 2700 ANSI lumens - XGA..." ;
hl:itemPhoto
"http://img.kelkoo.com/uk/medium/675/496/0011725066 2929509422269096808645163496675.jpg" ;
hl:itemUrl "http://bob.example.com/ "
] .

hl:lister
[ ahl:Lister ;
hl:listerLogo
"http://bob.example.com/dat a/merchantlogos/4621623/pcworld.qgif" ;
hl:listerName "PC World Business" ;
hl:listerOrg "PC World Business" ;
hl:listerUrl "http://bob.example.co m/m-4621623-pc-world-business.html"

I
hl:price "£480.17".



2.2.9. hResume

In HTML an hResume is a special combination of liSand hCalendars. Thus we extract both the

calendar and the vCards.

We also transform the resume using the DOAC voeaipuAs an example of a page on linkedin,

notice the overlapping informations:

@prefix rdf:  <http://www.w3.0rg/1999/02/22-rdf-

<http://www.linkedin.com/in/grenzi>
<http://purl.org/dc/elements/1.1/title>
"Gabriele Renzi - LinkedIn" .

[ rdfitype <http://xmIns.com/foaf/0.1/Person> ;
<http://ramonantonio.net/doac/0.1/#affiliatio
[ rdf:type <http://lwww.w3.0rg/2006/vc
<http://www.w3.0rg/2006/vcard/ns#fn
"stacktrace member" ;
<http://www.w3.0rg/2006/vcard/ns#lo
<http://media.linkedin.com/
<http://www.w3.0rg/2006/vcard/ns#or
[ rdf:type <http://lwww.w3.0
<http://www.w3.0rg/2006/v
"stacktrace membe
l;

<http://xmIns.com/foaf/0.1/topic>
[ <http://xmIns.com/foaf/O.
"stacktrace membe
]
1;

<http://ramonantonio.net/doac/0.1/#affiliatio
[ rdf:type <http://lwww.w3.0rg/2006/vc
<http://www.w3.0rg/2006/vcard/ns#fn
"Professionisti @ Ruby memb
<http://www.w3.0rg/2006/vcard/ns#lo
<http://media.linkedin.com/
<http://www.w3.0rg/2006/vcard/ns#or
[ rdf:type <http://www.w3.0
<http://www.w3.0rg/2006/v
"Professionisti @

<http://xmIns.com/foaf/0.1/topic>
[ <http://xmIns.com/foaf/O.
"Professionisti @
]
l;

<http://ramonantonio.net/doac/0.1/#affiliatio
[ rdf:type <http://lwww.w3.0rg/2006/vc
<http://www.w3.0rg/2006/vcard/ns#fn
"Forbes.com Personal Techno
<http://www.w3.0rg/2006/vcard/ns#lo
<http://media.linkedin.com/
<http://www.w3.0rg/2006/vcard/ns#or
[ rdf:type <http://www.w3.0
<http://www.w3.0rg/2006/v
"Forbes.com Perso
I;

<http://xmIns.com/foaf/0.1/topic>
[ <http://xmIns.com/foaf/O.
"Forbes.com Perso
]

syntax-ns#> .

n>
ard/ns#VCard> ;
>

go>
media/p/1/000/00a/29d/0844af4.png> ;
g>

rg/2006/vcard/ns#Organization> ;
card/ns#organization-name>

p

1/name>
r

n>
ard/ns#VCard> ;

>

er;

go>
media/p/3/000/00a/361/1a69bc0.png> ;
g>

rg/2006/vcard/ns#Organization> ;
card/ns#organization-name>

Ruby member"

1/name>
Ruby member"

n>

ard/ns#VCard> ;

>

logy Forum member" ;

go>
media/p/1/000/000/005/0a596¢4.gif> ;
g>

rg/2006/vcard/ns#Organization> ;
card/ns#organization-name>

nal Technology Forum member"

1/name>
nal Technology Forum member"



<http://ramonantonio.net/doac/0.1/#summary>
"Coding Monkey, Geek, Professional St
<http://xmins.com/foaf/0.1/isPrimaryTopicOf>
[ rdf:type <http://lwww.w3.0rg/2006/vc
<http://www.w3.0rg/2006/vcard/ns#ad
[ rdf:type <http://lwww.w3.0
<http://www.w3.0rg/2006/v

udent" ;

ard/ns#VCard> ;

r>
rg/2006/vcard/ns#Address> ;
card/ns#locality>

"Rome Area, Italy

I;
<http://www.w3.0rg/2006/vcard/ns#fn >
"Gabriele Renzi" ;
<http://www.w3.0rg/2006/vcard/ns#n>

[ rdf:type <http://www.w3.0 rg/2006/vcard/ns#Name> ;

<http://www.w3.0rg/2006/v card/ns#family-name>
"Renzi";
<http://www.w3.0rg/2006/v card/ns#given-name>
"Gabriele"
I;
<http://www.w3.0rg/2006/vcard/ns#ti tle>
"Coding Monkey, Geek, Profe ssional Student" ;
<http://www.w3.0rg/2006/vcard/ns#ur I>

<http://www.riffraff.info> , <http://riffraff.blogsome.com> ;
<http://xmIns.com/foaf/0.1/topic>
[ <http://xmIns.com/foaf/O. 1/name>

"Gabriele Renzi"
]

1.

[ rdfitype <http://xmins.com/foaf/0.1/Person> ;
<http://xmlns.com/foaf/0.1/isPrimaryTopicOf>
<http://www.linkedin.com/in/grenzi> ,
<http://xmlns.com/foaf/0.1/weblog>
<http://www.linkedin.com/in/grenzi> ,

<http://www.riffraff.info> ;

<http://www.riffraff.info> .

So searches like this are possible:

* http://ramonantonio.net/doac/0.1/#organization 's omething'
format:HRESUME

2.3. Embedding OKKAM identifiersin HTML

In the OKKAM Entity Naming System vision, we foresehat participating agents (e.g. a
companies or individual) will interact directly Wwithe OKKAM system to obtain or negotiate an

ID for internal entities. When this interactioncismplete, it is useful for the agent to make shag t
the okkam ID is associated with entity manifestadice.g. with a web page or a fragment of a page
that is intended to be associated univocally withentity. This in practice calls for a markup
technique to be able to embed the okkam ID foetitéy into the page HTML or in a way which is
associated to Web access. In this document wellwgtrate a method based on RDFa.

RDFa provides a set of HTML attributes to augmesaial data with machine-readable hints.
Technically, RDFa allows the embedding of RDF infation inside an XHTML document so that
values that are displayed to the users are attne $ime used as literals inside the embedded RDF.

Making so that the same data is both visualizednaade available for machine consumption is
very important toward ensuring that RDF data iswaht and correct (also known@iciple of
visibility in the Microformat domain). While this principlge mot per se enforced or respected by
RDFa, the examples we provide in this chapteriwdtead do so.



Microformats add machine-readable hints to HTMLgmby overloading existing HTML elements
and attributes. This results in various accessgjtigsues and potential semantic clashes. Givdn tha
RDFa extends XHTML with new attributes, it does soffer from those problems and therefore is
a technically superior choice. This comes at ahskigst: Validation of documents containing RDFa
markup is currently only possible if the documenKHTML 1.1, however such documents work
perfectly fine in both browsers and search engieesn though validators that are not aware of
RDFa will reject them. At the same time, using RRHRaws the use of arbitrary ontologies to
express data, a concept that has always been welonrthe W3C Semantic Web community.

In the next section we will first define an ontojoigr embedding Okkam identifiers and then show
examples on how this ontology can be used withiMHTOocuments

2.4. A ssimple Okkam Ontology

It is a fundamental principle to reuse existingobogies where possible to describe entities. RDF
itself is meant for generic entity (resource) dggimn so we do not see the reason to specify
anything more than a class name that will help garto recognize that the URI used to describe
an entity is in fact to be intended as an OkkamR[Rase notice that this could also be achieved by
looking at the URI itself (e.g. in case it beginghahttp://okkam.org) but the use of a class ensure
that in the future multiple Okkam providers, po$silsing different URI prefixes, will be allowed

to mint Okkam IDs.

The namespace “okkam” is assumed to be boundtm//bkkam.org/terms#
An RDF/XML version of this ontology can be foundAppendix 1.

24.1. Class: Okkam Entity (okkam:OkkamEntity)

Full URI: http://okkam.org/terms#OkkamEntity

Status: unstable

Comment: Any entity that can be identified using the OKKA@tity naming system. Note that
there is no requirement that the entity be idezdifising an okkam.org URI. However, it must have
exactly one okkam:okkamID property.

24.2. Property: Okkam ID (okkam:okkami D)

Full URI: http://okkam.org/terms#okkamID

Status: unstable

Comment: The okkam ID of the entity, given as a plainrkile This is an Inverse Functional
Property and has maximum and minimum cardinaldfek, that is, if an entity is of type

OkkamEntity then it must have exactly one okkamtDperty.

Having this property implies being an okkam:okkamiie cardinality is, forcefully, 1. Every value
of this property is a rdfs:Literal. The propertyaisub-property afict:identifier



2.5. Description of an Okkam entity in RDF

In RDF terms, an Okkam entity is a marked up RD& enwhich must fulfill at least one of the
following conditions:

1. It has an okkam:okkamID property set with a vakt@med by the Okkam infrastructure

2. It is of type okkam:OkkamEntity AND its identifies a resolvable URI which, when
resolved, returns RDF data that has the okkam:oKRaproperty set. This could, for
example, simply be the URI of the identifier on thKKAM system.

When both a resolvable URI and a direct valuetierakkam:okkamlID property is given, then the
okkam:okkamID value obtained by resolving the URIsthmatch the directly given value.

Valid Okkam entity (untyped, with okkam:okkaml D, identified with URI):

<http://joeblog.org/index.html#me> <http://www.w3.0 rg/1999/02/22-rdf-syntax-ns#type>
<foaf:Person> .

<http://joeblog.org/index.html#me> <http://okkam.or g/terms#okkamID> "7539713471" .
Valid Okkam entity (untyped, with okkam:okkamlI D, blank node):

_:n0 <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#ty pe> <foaf:Person> .
_:n0 <http://okkam.org/terms#okkamI|D> "7539713471" .

Valid Okkam entity (typed, with resolvable URI):

<http://okkam.org/ID/123123123123> <http://www.w3.0 rg/1999/02/22-rdf-syntax-ns#type>
<http://okkam.org/terms#OkkamEntity> .
<http://okkam.org/ID/123123123123> <http://www.w3.0 rg/1999/02/22-rdf-syntax-ns#type>

<foaf:Person>

This is valid since Okkam ID links are in fact whlinked data links, that is,
http://okkam.org/ID/12312312312%n be configured to return, when resolved, the
okkam:okkamlD triple that is needed to completedhtty:
<http://okkam.org/ID/123123123123> <http://okkam.or g/terms#okkamID> "123123123123

Invalid Okkam entity (typed, without resolvable URI):

<http://joeblog.org/index.html> <http://www.w3.org/ 1999/02/22-rdf-syntax-ns#type>
<http://okkam.org/terms#OkkamEntity> .

<http://joeblog.org/index.html> <http://okkam.org/t erms#tokkamID> "7539713471" .
<http://joeblog.org/index.html> <http://purl.org/dc /elements/1.1/creator> "Joe Blog" .

(The entity’'s URI here is of a web page, and rdasghit will not return RDF containing an
okkam:okkamiID value.)

2.6. Okkam entitiesin HTML via RDFa

Withstanding the principles of the previous sectiRBFa markup of OKKAM entities in HTML
pages may come in different forms as thenifestation of the entitiesr a web page. Examples:

26.1. Example Full page Markup:

A person named Joe Blog, puts a web page desciiimmgelf on the web. He wants this web page
to have a unique and persistent ID in the Okkarteaysso he embeds the okkam ID of the page in



the page’s XHTML code. Joe does not want the Okisantifier to be visible on the page. In this
case, the most appropriate location is #ngeta> header in the pageshead> section.

XHTML code:

<IDOCTYPE html PUBLIC "-//W3C//DTD XHTML+RDFa 1.0// EN"
"http://www.w3.org/MarkUp/DTD/xhtml-rdfa-1.dtd">
<html
xmlns="http://www.w3.0rg/1999/xhtml|"
xmlns:okkam="http://okkam.org/terms#"
xmins:dc="http://purl.org/dc/elements/1.1/"
>
<head>
<title>Joe's page</title>
<meta property="okkam:okkamID" content="75397 13471" />
</head>
<body>
<hl1>Joe's page</hl>
<div about="">
<p>This is some generic text.</p>
<p>It was created by <span property="dc:cr eator">Joe Blog</span>.</p>
</div>
</body>
</html>

N3 output:

<http://joeblog.org/index.html> <http://www.w3.org/ 1999/02/22-rdf-syntax-ns#type>
<http://okkam.org/terms#OkkamEntity> .

<http://joeblog.org/index.html> <http://okkam.org/t erms#tokkamID> "7539713471" .
<http://joeblog.org/index.html> <http://purl.org/dc /elements/1.1/creator> "Joe Blog" .

Rendering:

Joe's page
This is some generic text.

It was created by Joe Blog.

2.6.2. Example Multiple entities, invisible Okkam markup, visible manifestation:

This example has a page listing two persons. Eatiiegersons has a unique OKKAM identifier,
which is invisibly embedded in the page, but alae & visible manifestation (E.g. the person's
name). It is important that the visible manifestatbe linked with the entity node, e.g. via literal
property such as rdfs:label, so to establish aection between the visual element and the entity
itself. For a list of useful properties that canused to markup visible entity manifestations #® th
RDF node see section 2.7.

XHTML code:

<IDOCTYPE html PUBLIC "-//W3C//DTD XHTML+RDFa 1.0// EN"
"http://iwww.w3.org/MarkUp/DTD/xhtml-rdfa-1.dtd">
<html
xmlns="http://www.w3.0rg/1999/xhtml"
xmins:okkam="http://okkam.org/terms#"
xmins:rdfs="http://www.w3.0rg/2003/06/sw-voca b-status/ns#"
>



<head>
<title>test</title>
</head>
<body>
<h1>Two Unrelated Guys</h1>
<ul>
<li typeof="okkam:OkkamEntity" property="okka m:okkamID" content="86753429879">
<span property="rdfs:label">Joe Blog</span >
</li>
<li typeof="okkam:OkkamEntity" property="okka m:okkamID" content="23423477234">
<span property="rdfs:label">Jenny Penny</s pan>
</li>
</ul>
</body>
</html>

N3 output:

_:n0 <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#ty pe>
<http://okkam.org/terms#OkkamEntity> .

_:n0 <http://okkam.org/terms#okkamID> "86753429879" .

_:n0 <http://www.w3.0rg/2003/06/sw-vocab-status/ns# label> "Joe Blog" .

_:n1 <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#ty pe>
<http://okkam.org/terms#OkkamEntity> .

_:n1 <http://okkam.org/terms#okkamID> "23423477234" .

_:n1 <http://www.w3.0rg/2003/06/sw-vocab-status/ns# label> "Jenny Penny" .

Rendering:

Two Unrelated persons

« Joc Blog
« Jenny Penny

2.6.3. Example Multiple entities, visible manifestation and markup

A page which lists two persons, each of the perbassa unique Okkam identifier, which is also
displayed on the page.

XHTML code:

<html
xmlns="http://www.w3.0rg/1999/xhtml"
xmins:okkam="http://okkam.org/terms#"
xmins:rdfs="http://www.w3.0rg/2003/06/sw-voca b-status/ns#"
>
<head>
<title>test</title>
</head>
<body>
<h1>Two Unrelated Guys</h1>
<ul>
<li typeof="okkam:OkkamEntity">
<span property="rdfs:label">Joe Blog</spa n>, with this OkkamID: <span
property="okkam:okkamID">86753429879</span>
</li>
<li typeof="okkam:OkkamEntity">




<span property="rdfs:label">Jenny Penny</
property="okkam:okkamID">98765653475</span>
</li>
</ul>
</body>
</html>

N3 output:

_:n0 <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#ty
<http://okkam.org/terms#OkkamEntity> .

_:n0 <http://www.w3.0rg/2003/06/sw-vocab-status/ns#
_:n0 <http://okkam.org/terms#okkamID> "86753429879"

_:n1 <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#ty
<http://okkam.org/terms#OkkamEntity> .

_:n1 <http://www.w3.0rg/2003/06/sw-vocab-status/ns#
_:n1 <http://okkam.org/terms#okkamID> "98765653475"

Rendering:

span>, with this OkkamID: <span

pe>

label> "Joe Blog" .

pe>

label> "Jenny Penny" .

Two Unrelated Guys

« Joe Blog, with this OkkamID: 86753429879
= Jenny Penny, with this OkkamlID: 98765653475

2.6.4. Example Using Okkam URIs

This example has a page which lists two personsh Rarson is linked to the Okkam system,
allowing easy lookup of additional information. &e note that this in fact does not use Okkam
identifiers, but instead uses full Okkam URIs foe entities.

According to the linked data principles, you caeartlesolve the URIs to obtain the

okkam:okkamlID properties.

XHTML code:

<html
xmlns="http://www.w3.0rg/1999/xhtml"
xmins:okkam="http://okkam.org/terms#"
xmins:rdfs="http://www.w3.0rg/2003/06/sw-voca
xmins:foaf="http://xmlns.com/foaf/0.1/"
>
<head>
<title>test</title>
</head>
<body>
<h1>Two Unrelated Guys</h1>
<ul>
<li>
<a typeof="okkam:OkkamEntity" href="http:/
<span property="rdfs:label">Joe Blog</s
</a>
</li>
<li typeof="okkam:OkkamEntity" about="http://
<a href="http://okkam.org/ID/98746359387">
<span property="rdfs:label">Jenny Penny
</a>
</li>

b-status/ns#"

/okkam.org/ID/86753429879">
pan>

okkam.org/ID/98746359387">

</span>



</ul>
</body>
</html>

N3 output:

<http://okkam.org/ID/86753429879> <http://www.w3.o0r
<http://okkam.org/terms#OkkamEntity> .
<http://okkam.org/ID/86753429879> <http://www.w3.o0r
"Joe Blog" .

<http://okkam.org/ID/98746359387> <http://www.w3.or
<http://okkam.org/terms#OkkamEntity> .
<http://okkam.org/ID/98746359387> <http://www.w3.or
"Jenny Penny" .

Rendering:

0/1999/02/22-rdf-syntax-ns#type>

0/2003/06/sw-vocab-status/ns#label>

g/1999/02/22-rdf-syntax-ns#type>

g/2003/06/sw-vocab-status/ns#label>

Two Unrelated Guys

+ Joc Blog
+ Jenny Penny

2.6.5. Example Advanced Entity markup

This example has a page with collaboratively cibéd&t. The text has two authors, and they both
additionally know each other. This example shows heing RDFa one can express more complex

relationships among entities.

XHTML code:

<html
xmlns="http://www.w3.0rg/1999/xhtml"
xmins:okkam="http://okkam.org/terms#"
xmins:dc="http://purl.org/dc/elements/1.1/"
xmins:foaf="http://xmIns.com/foaf/0.1/"
xmins:rdfs="http://www.w3.0rg/2003/06/sw-vocab-

<head>
<title>Collaborative text</title>
</head>
<body>
<h1>Collaborative text</h1>
<div about="" property="okkam:okkamID" cont
typeof="okkam:OkkamEntity">
<p>This text has been created by multip
<div rel="dc:creator"> Authors:
<ul>
<li typeof="foaf:Person" about=
<a property="okkam:okkamID"
href="http://okkam.org/ID/86753429879">
<span property="rdfs:la
</a>
<span rel="foaf:knows"
resource="http://okkam.org/ID/98746359387"/>
</li>
<li typeof="foaf:Person" about=
<a property="okkam:okkamID"
href="http://okkam.org/ID/98746359387">
<span property="rdfs:la
</a>

status/ns#"

ent="7539713471"

le authors.</p>

"http://okkam.org/ID/86753429879">
content="86753429879"

bel">Joe Blog</span>

"http://okkam.org/ID/98746359387">
content="98746359387"

bel">Jenny Penny</span>



<span rel="foaf:knows"
resource="http://okkam.org/ID/86753429879"/>
</li>
</ul>
</div>
</div>
</body>
</html>

N3 output:

<http://joeblog.org/index.html> <http://www.w3.org/
<http://okkam.org/terms#OkkamEntity> .
<http://joeblog.org/index.html> <http://okkam.org/t
<http://joeblog.org/index.html> <http://purl.org/dc
<http://okkam.org/ID/86753429879> .
<http://joeblog.org/index.html> <http://purl.org/dc
<http://okkam.org/ID/98746359387> .

<http://okkam.org/ID/86753429879> <http://www.w3.or
<http://xmIns.com/foaf/0.1/Person> .
<http://okkam.org/ID/86753429879> <http://okkam.org
<http://okkam.org/ID/86753429879> <http://www.w3.o0r
"Joe Blog" .

<http://okkam.org/ID/86753429879> <http://xmIns.com
<http://okkam.org/ID/98746359387> .

<http://okkam.org/ID/98746359387> <http://www.w3.or
<http://xmIns.com/foaf/0.1/Person> .
<http://okkam.org/ID/98746359387> <http://okkam.org
<http://okkam.org/ID/98746359387> <http://www.w3.o0r
"Jenny Penny" .

<http://okkam.org/ID/98746359387> <http://xmins.com
<http://okkam.org/ID/86753429879> .

Rendering:

1999/02/22-rdf-syntax-ns#type>

erms#okkamID> "7539713471" .
/elements/1.1/creator>

/elements/1.1/creator>

g/1999/02/22-rdf-syntax-ns#type>

lterms#okkam|D> "86753429879" .
0/2003/06/sw-vocab-status/ns#label>

/foaf/0.1/knows>

g/1999/02/22-rdf-syntax-ns#type>

lterms#okkam|D> "98746359387" .
0/2003/06/sw-vocab-status/ns#label>

/foaf/0.1/knows>

Collaborative text

This text has been created by multiple authors.

Authors:

« Joe Blog
« Jenny Penny

2.7. Suggested propertiesfor visible manifestation of Okkam Entities

The method for embedding Okkam IDs in HTML pagescdeed here builds on RDFa. This

allows very flexible and extensible descriptionghed Okkam entities to be embedded in the pages.
In theory, any RDF property from any RDF vocabuleay be used to further describe and annotate
entities. The following table contains a small saten of properties that are especially useful when
marking up visible manifestations of entities ie tHTML. Doing so is important to provide visual

feeds about entities by browser plugins and similar



In general, it can be said that the Dublin Coreadata Ternfsare a good choice for providing
information about entities.

rdfs:label To mark the main label of the entity

dc:abstract To mark a part of descriptive text about the reseur

dc:description | Description may include but is not limited to: drstact, a table of contents, a
graphical representation, or a free-text accoutih@fesource. More general than
dc:abstract.

dc:created Date of creation of the resource

6 http://dublincore.org/documents/dcmi-terms/



3. Efficient Harvesting and Processing of large datasets
with Semantic Sitemaps

Data on the Semantic Web can be made availablecandgumed in many different ways. For
example, an online database might be publishednassingle RDF dump. Alternatively, the
recently proposed Linked Data paradigm is basedsimg resolvable URIs as identifiers to offer
access to individual descriptions of resourcesiwighdatabase by simply resolving the address of
the resources itself (Berners-Lee, 2006). Othenlietes might offer access to its data via a
SPARQL endpoint that allows clients to submit gegrusing the SPARQL RDF query language
and protocol.

If several of these options are offered simultasgotor the same database, the choice of access
method can have significant effects on the amounnheiworking and computing resources
consumed on the client and the server side.

For example, a Semantic Web search engine thaswanhdex an entire database might prefer to
download the single dump file, instead of crawlithg data piecemeal by fetching individual
Linked Data URIs. A client interested in the ddimm of only a few DBpedia (Auer, Bizer,
Kobilarov, Lehmann, Cyganiak, & Ives, 2007) resasrwould, on the other hand, be well-advised
to simply resolve their URIs. But if the client waro execute queries over the resources, it would
be better to use the available SPARQL service.

Such choices can have serious implications: Fomei& on February the"®2007, Geonamés
wae§3 hit by what appeared to be the first distridudenial of service attack against a Semantic Web
site”.

What happened, however, was not a malicious attatkather a Semantic Web crawler bringing
down the site by rapid-firing requests to Geonans=svers up to the point where the site’s
infrastructure could not keep up. One could sinjplige this as a case of inconsiderate crawler
behaviour but, it highlights an important issue: &/lkerawling rate should a crawler have on a
Semantic Web site and would this be compatible hth size of the datasets? Considering that
results are generated from semantic queries, ihimig sensible to limit the query rate to one
document per second, for example. It has to bedrodevever that crawling Geonames’ 6.4M RDF
documents would take 2.5 months under this condio that periodic recrawls to detect changes
would take the same unsatisfactory amount of time iawould be impossible to have data in a
fresh state.

Conceptually, the Geonames incident could have beemed: Geonames offers a complete RDF
dump of their entire database so this could haea Ibellk imported instead of crawling. But how is

an automated crawler able to know about this dungpta know that the dump contains the entire
Geonames database?

This chapter, adapted from Cyganiak at al 2008;rd#ss a methodology with the primary goal to
allow publishers to provide exactly such informatiand thus enable the smart selection of data
access methods by clients and crawlers alike.

! http://geonames.org/

8 http://geonames.wordpress.com/2007/02/03/friefiddysemantic-web-crawler-ddos/



The methodology is based on extending the exisiilgmap Protocol (section 2) by introducing
several new XML tags for announcing the presencBDF data and to deal with specific RDF
publishing needs (section 3).

3. 1. TheSitemap Protocol and r obot s. t xt

The Sitemap Protocbtblefines a straightforward XML file for automatigents (e.g. crawlers) that
holds a list of URLs they should index. This is gibke through tags that describe the location of
each crawlable resource along with meta-informatanoh as, for example, the expected rate of
change for each individual URL or the date whes thas last modified. An example of a sitemap
is shown in the following listing:

<?xml version="1.0" encoding="UTF-8"?>
<urlset xmIns="http://www.sitemaps.org/schemas/site map/0.9">
<url>
<loc>http://www.example.com/</loc>
<lastmod>2005-01-01</lastmod>
<changefreq>monthly</changefreq>
<priority>0.8</priority>
<url>
</urlset>

Once a sitemap has been created, it must be saeefilé on the server. The protocol defines a way
to extend the robot.txt file, so that a robot cdad the location of the sitemap file on a giversit

3.2. The State of RDF Publishing

Even though there is no universal agreement on ihtwmation should be best published on the
Semantic Web, we can characterize some of thergptlwat are in widespread use today; list some
of the limitations imposed by those options; andklat existing proposals to address these
limitations.

3.21. Accessmethodsto RDF data

Several different access methods to RDF data amedespread use today. They vary widely along
several dimensions. Two dimensions warrant cloent@on, namely discoverability and cost of
access.

The RDF Web and Linked Datdhe traditional World Wide Web can be charactstias the
HTML Web. It consists of a large number of HTML dogents made available via the HTTP
protocol and connected by hyperlinks. By analobgg, RDF Web consists of the RDF documents
that are available via HTTP. Each RDF documentleaparsed into an RDF graph. Often, different
documents share URIs, and therefore merging thandeots results in a connected graph. Unlike
HTML hyperlinks, statements in these RDF graphsaligwo not connect the URIs of documents,
but instead they connect the URIs of resourcesritbestin those documents.

RDF uses URIs to identify resources of interest, does not prescribe any particular way of
choosing URIs to name resources. Experience shumatsttis a good idea to choose URIs so that a
Web lookup (an HTTP GET operation) on the URI resih fetching the RDF document that
describes them. This effect is typically achieveaddither appending a fragment identifier (e.qg.

9 http://www.sitemaps.org/protocol.php



#me) to the document URI, or by employing HTTP’'S 3®&e Other status code to redirect from the
resource’s URI to the actual document.

Datasets on the RDF Web are typically served sordsmlving the URI of a resource will return
only the RDF statements closely describing theuwes) rather than resolving to a file containing
the entire dataset. This is usually achieved biyguaiproperly configured server which creates such
descriptions on demand.

The cost of accessing this publishing method isallguelatively low. Descriptions of a single
resource are usually much smaller than the desmmif an entire knowledge base. Similarly, the
computational complexity for generating resourcecdetions is limited, albeit non negligible.

RDF dumps Like documents on the RDF Web, RDF dumps aralsgtions of an RDF graph
made available on the Web. But they usually condascriptions of a large number of resources in
a single file, the resource identifiers usuallyrai resolve to the dump itself, and the file issoft
compressed. Many RDF datasets are published inmdyson the Web and they cannot be easily
browsed, crawled or linked into. It should be netichowever, that:

- dumps are obviously useful to provide the entirevidledge behind a dataset at a single
location (e.g. the Geonames dump as a singledfipFdcess it directly)

- RDF datasets that are not crawlable or do not aom&solvable resources may exist for
perfectly valid technical reasons.

- Producing RDF dumps is technically less challengfragn operating a SPARQL endpoint or
serving Linked Data which makes RDF dumps a popyéon.

Again, the cost of accessing this publishing metimdomputationally very low, as dumps are

usually precomputed and can be easily cached. Sime®s represent the entire knowledge base,
they can be however expensive in terms of netwafkid and memory requirements for processing

them.

SPARQL endpointsSPARQL endpoints can provide descriptions of rimources described in a
knowledge base and can further answer relationalieg according to the specification of the
SPARQL query language.

While this is the most flexible option for accegsRRDF data, the cost of this publishing method is
high:

— For simple tasks such as obtaining a single resodescription, it is more involved than a
simply resolving a URI. A query needs to be writi@rrording to the correct SPARQL
syntax and semantics, the query needs to be encadédhe results need to be parsed into a
useful form.

— It leaves a Semantic Web database open to potelsimasls of service due to queries with
excessive execution complexity.

Multiple access methoddt is a common scheme for publishers to proviaiggyd RDF datasets
through more than one access method. This migitab@ally explained by the early state of the
Semantic Web, where there is no agreement on thtealseess method; but it also reflects the fact
that the methods’ different characteristics endbielamentally different applications of the same
data. Our proposal embraces and formalizes extém#y\approach.



3.2.2. Current Limitations

Here we list some limitations imposed by currentFRiublishing practices which we address with
the Semantic Sitemaps proposal.

Crawling performanceCrawling large Linked Datasets takes a long tand is potentially very
expensive in terms of computing resources of thete server.

Disconnected datasetblot all datasets form a fully connected RDF graprawling such datasets
can therefore result in an incomplete reproduatibtine dataset on the client side.

Scattered RDF filesTo find scattered, poorly linked RDF documents,exhaustive crawl of the
HTML Web is necessary. This is likely not cost-effee for clients primarily interested in RDF,
leading to missed documents.

Cataloging SPARQL endpoint&ven a full HTML Web crawl will not reveal SPARQndpoints
because support for the SPARQL protocol is not dbesl in any way when requests are made to a
specific SPARQL endpoint URI.

Discovering a SPARQL endpoint for a given resouifcall we have is a URI then we can resolve it
to reveal some data about it. But how can we discavyotentially existing SPARQL endpoint for
asking more complex queries about the resource?

ProvenanceProvenance is a built-in feature of the Web, kisatio the grounding of HTTP URIs in
the DNS. But control over parts of a domain is oftelegated to other authorities. This delegation
is not visible to the outside world.

Identifying RDF dumpsAn HTML Web crawl will reveal links to many congssed archive files.
Some of them may contain RDF data when uncompredsgdmost of them will most likely
contain other kinds of files. Downloading and ungoessing all of those dumps is likely not cost-
effective.

Closed-world queries about self-contained daRDF semantics is based on the open-world
assumption. When consuming RDF documents from tleb,WWe can never be sure to have
complete knowledge and therefore cannot with a@gtagive a negative answer to questions like
“Does Example, Inc. have an employee named Eric?”

3.2.3. Related Work

Most of the problems listed above have emergedr@gcsintly due to an increase in the amount and
diversity of data available on the Semantic Wele €mergence of generic protocols for accessing
RDF, especially the SPARQL protocol and Linked Dataables the development of generic clients
such as Tabulator (Berners-Lee, 2006) letting ther @xplore RDF documents anywhere on the
Web. Equipped with a SPARQL API and a working kneage of the query language, developers
can interrogate any SPARQL endpoint available an \teb. As a result of these standardized
protocols and tools, talking to data sources hasine much easier. By contrast, efficient discovery
and indexing of Semantic Web resources has becamenportant bottleneck that needs to be
addressed quickly. A number of protocols and idease been evaluated and considered to address
this and will be discussed below.

It is clear that the problem of indexing datasstsghtly linked to the problem of indexing the [pee
Web. Our Semantic Sitemaps proposal “piggy backsthe Sitemap protocol, a successful existing
approach to indexing the Deep Web...



Semantic Web Clients such as Di¥tand Tabulator (Berners-Lee, 2006) are also someneteed
since they could ideally make use of this spedificg e.g., to locate SPARQL endpoints. Use cases
to serve search engines such as Sindice (Tumma@ten, & Delbru, 2007), SWSE (Harth,
Hogan, Delbru, Umbrich, O’Riain, & Decker, 2007)agwoogle (Ding, et al., 2004) have been of
primary importance in the development of these ifipations.

There many examples of services which index or igeweference to collections of RDF
documents using diverse methodologies. PingTheSiniéeb'’, for example, works by direct
notifications from data producers of every file muine or updated. SchemaWeb.iffoffers a
large repository of RDF documents submitted by siseven Google provides a good amount of
RDF files when asked specifically witHiktype:rdf query.

Related proposals include POWDERa method for stating assertions about sets afuress. A
POWDER declaration can assert that all resourcadirgy with a certain URI prefix are
dc:published by a specific authority. In fact, a GRDDL transforcould be used to turn a
Semantic Sitemap into a POWDER declaration.

Finally, the Named Graph proposal provides a voleaipufor assertions and quotations with
functionalities which can be used in conjunctionthwhese specifications (Carroll, Bizer, Hayes,
& Stickler, 2005).

3.3. The Semantic Sitemaps Extension

We will start by clarifying the notion of a datastten list the key pieces of information that b&n
provided in a Semantic Sitemap, and finally looktab specific issues: obtaining individual
resource descriptions from a large dump; and tpee tf authority on the Semantic Web.

3.3.1. Datasets
A dataset represents a knowledge base which isyaugeful notion for the following reasons:

— Different access methods, such as those mentidm@eeacan and should indeed be simply
thought of as only “access methods” to the samevladge base.

— The knowledge base is more than just the sum gdatss: by itself, it is of informational
value whether a piece of information belongs to ataset or not and queries using
aggregates can make this explicit. For example,dinestion “Is Berlin the largest city
mentioned in DBpedia?” cannot be answered by oetiirgy the description of the resource
itself (in case of Linked data though resolvingitigerlin URI). On the contrary, such
gueries can be answered only the entire contethieoflataset is available.

The Semantic Sitemap extension has the concepatabet at its core: Datasets are well defined
entities which can have one or more access metlioigswell defined what properties apply to a
certain access method and what properties apmydgigen dataset. Therefore properties that apply
to that dataset will be directly related to all deta that can be obtained, independently from the
access method.

10 http://sites.wiwiss.fu-berlin.de/suhl/bizer/nghgco/

1 http://pingthesemanticweb.com/

12 http://schemaweb.info

13

http://www.w3.0rg/2007/powder/



This statement of existence of an underlying datasglies that in case of multiple offered access
methods, then they will provide information consigtwith each other. The specification mandate
that this in fact must be the case, with the exoaptonly limited to:

— operational issues such as delays in the publicati@lumps.

— information that pertains only to a certain accessthod, such asdfs:seeAlso
statements that link together the documents ofle@t data deployment.

A publisher can host multiple datasets on the ssiteeand can describe them independently using
different sections of the Semantic Sitemap. Whikré is nothing that prevents information overlap
or contradictions between different datasets, éxigected that this is not the case.

3.3.2. Adding datasets descriptionsto the Sitemap protocol

The Semantic Sitemap extension allows the desonif a dataset via the tagc:dataset> |, to
be used at the same levelasl> tags in a regular sitemap. Access options fodHiasets are
given by additional tags such asc:dataDump> , <sc:sparglEndpoint> and
<sc:linkedDataPrefix> . If a sitemap contains several dataset definifitmsy are treated
independently. The following example shows a sifeffila applying the extension.

<?xml version="1.0" encoding="UTF-8"?>
<urlset xmIns="http://www.sitemaps.org/schemas/site map/0.9"
xmins:sc="http://sw.deri.org/2007/07/sitemapexte nsion">
<sc:dataset>
<sc:datasetLabel>
Example Corp. Product Catalog
</sc:datasetLabel>
<sc:datasetURI>

http://example.com/catalog.rdf#catalog</sc:d atasetURI>
<sc:linkedDataPrefix sc:slicing="subject-object ">

http://example.com/products/</sc:linkedDataP refix>
<sc:sampleURI>

http://example.com/products/widgets/X42</sc: sampleURI>
<sc:sampleURI>

http://example.com/products/categories/all</ sc:sampleURI>
<sc:sparglEndpoint sc:slicing="subject-object">

http://example.com/sparql</sc:sparglEndpoint >
<sc:dataDump>

http://example.com/data/catalogdump.rdf.gz</ sc:dataDump>
<sc:dataDump>

http://example.org/data/catalog_archive.rdf. gz</sc:dataDump>

<changefreg>weekly</changefreq>
</sc:dataset>
</urlset>

The dataset is labelled as tBeample Corp. Product Catalagnd identified by
http://example.com/catalog.rdf#catalog . Hence it is reasonable to expect further RDF
annotations about the datakep://example.com/catalog.rdf

The “things” described in the dataset all have fifiens starting with

http://example.com/products/ , and their descriptions are served as Linked Datiump of
the entire dataset is available, split into twapand the publisher states that dataset updatdseca
expected weekly.



RDF dataset dumps can be provided in formats ssi@®Dd/XML, NTriples and N-Quads (same as
N-Triples with a fourth element specifying the URRlthe RDF document containing the triple; the
same triple might be contained in several diffedaduments). Optionally, dump files may be
compressed in GZIP, ZIP, or BZIP2 format.

3.3.3. Other elements
Other interesting elements in the specificatiomtuite:

<sc:sparglGraphName>If this optional tag is present, then it speaifitee URI of a named graph
within the SPARQL endpoint. This named graph isias=d to contain the data of this dataset. This
tag must be used only Hsc:sparglEndpointLocation> is also present, and there must be at
most one<sc:sparglGraphName>  per dataset. If the data is distributed over mldtinamed
graphs in the endpoint, then the publisher shotutliee use a value of * for this tag, or create
separate datasets for each named graph. If the tagitted, the dataset is assumed to be available
via the endpoint’s default graph.

<sc:datasetURI> An optional URI that identifies the current datiagkesolving this URI may yield
further information, possibly in RDF, about theatat, but this is not required.

<sc:datasetLabel>An optional label that provides the name of thtadet.

<sc:sampleURI> This tag can be used to point to a URI withindaéaset which can be considered
a representative sample. This is useful for Sermameb clients to provide starting points for
human exploration of the dataset. There can benamper of sample URISs.

3.34. Defining the DESCRIBE operator

Publishing an RDF dataset as Linked Data involvestisng many smaller RDF documents, each
served as a response when accessing the URNitseffTTP.

This is usually the result of a SPARQL DESCRIBE muperformed giving as argument the

resource’s identifier. But the SPARQL specificatibmes not specify how DESCRIBE queries are
actually answered: it is up to the data providerckmose the amount of data to return as a
description.

It is important that the Semantic Sitemap providesay to specify how this description process is
most likely to happen. Knowing this enables a psscthat we call “slicing” of the dataset, i.e.
turning a single large data dump into many indiald@DF models served online as description of
the resource identifiers. This process is fundaalefur creating large indexes of online RDF
documents descriptions, as illustrated in sectidn 5

For this, the<sc:linkedDataPrefix> and <sc:sparglEndpointLocation> tags can have
an optionakc:slicing attribute taking a value from the list of slicingethods below and which
mean that the description of a resouxdecludes:

— subject : all triples whose subject I

— subject-object . all triples whose subject or objectds

— CBD the Concise Bounded Description (Stickler, 208f5X.

— SCBD the Symmetric Concise Bounded Description (S¢ickR005) oiX.

— MSG all the Minimal Self-Contained Graphs (TummarglMorbidoni, Puliti, & Piazza,
2005) involvingX.



Publishers that want to use a slicing method thatot in the list should pick the value that most
closely matches their desired method, or they nmait the sc:slicing attribute. If the slicing
method is very different from any in the list, & iecommended to publish a dump in N-Quads
format.

3.3.5. Sitemapsand Authority

While there is no official definition of authoritaé information specifically for the Semantic Web,
many currently agree on extending the standarahitiefn given inArchitecture of the World Wide
Web, Volume On@lacobs & Walsh, 2004), which links authority te thwnership of the domain
name in which the URIs are minted.

For example, a piece of information coming from dlner of the domaiaxample.com would be
considered authoritative about the Uftb://example.com/resource/JohnDoe . Following
this definition, any information obtained by resaly the URI of information resources served as
Linked Data can be considered authoritative, @®mes from the same domain where the URI is
hosted.

However, no mechanism is currently defined to gébrmation on such an authority: The only
possibility for this is via DNS domain records, winiare outside the actual Web architecture.

For this reason the Semantic Sitemap extensionopesparxsc:authority> element, which is
used at the top level of a sitemap file to speaityRI identifying the person, organization or other
entity responsible for the sitemap’s URI space.sTikionly useful if the URI is resolvable and
yields additional information about the authorityhe authority URI has to be within the sitemap’s
URI space, which makes the authority responsibi@foviding their own description.

The semantics ofsc:authority> is such that, given an authority URJ for any documend
within the sitemap’s URI space, there is an implRDF statement dc:publisher a. For
example, if a sitemap file in the root directory bftp://example.com/ declares an
sc:authority of http://example.com/foaf.rdf#me , then the entity denoted by that URI is
considered to be the publisher of all documentssehdRI starts witlttp://example.com/ t
has to be kept in mind that publication does natessarily imply endorsement; it merely means
thata is responsible for making available. To express a propositional attitudes kssertion or
guotation, additional means are necessary, suctheasSemantic Web Publishing Vocabulary
(Carroll, Bizer, Hayes, & Stickler, 2005).

Delegation of authority The boundaries of DNS domains do not always madheh social
boundaries of URI ownership. An authority sometirdetegates responsibility for chunks of URI
space to another social entity. The Semantic Spespecification accounts for this pattern. If
another sitemap file is placed into a sitemap’s Ypdce, then the second sitemap’s URI space is
considered to be not under the authority of thst.fiFor example, publishing a sitemap file at
http://example/~alice/sitemap.xml delegates the subspace rooted at
http://example.com/~alice/

Furthermorerobots.txt must link to a sitemap index file that in turnkdeto both of the sitemap
files. This ensures that all visitors get identipaitures of the site’s URI space. The approach is
limited: It only allows the delegation of subspaedsose URIs begins with the same URI as the
secondary sitemap file.

This feature proves to be very useful in propedgigning authority to Semantic Web information
published in popular URI spaces ligerl.org



Joining URI spacesBesides partitioning of URI spaces, it is someBmecessary to join URI
spaces by delegating responsibility of addition&I4Jto an existing sitemap. This is particularly
useful when a single dataset spans over multipheagits, for example, if the SPARQL endpoint is
located on a different server. The joining of URAses is achieved by placing a sitemap file into
each of the spaces and having tke:subSitemap> element point to the other’s URI. The sub-
sitemap also needs a reciprocatirgc:parentSitemap> element. This prevents fraudulent
appropriation of URI spaces.

Authoritative descriptions from SPARQL endpointd damps An RDF description of a URl is
considered authoritative if resolvingyields an RDF document containing that descriptién
authoritative description is known to originateedily from the party owning the URI and thus
can be considered to be definitive with regarcheorheaning o

Providing authoritative information thus requirée tpublication of RDF in the “RDF Web” style.
Descriptions originating from SPARQL endpoints oDR dumps cannot be considered
authoritative, because it cannot be assumed tf@mation abouu from a SPARQL endpoint at
URI e is indeed authorized by the owner wf The presence of a Semantic Sitemap, however,
changes this. 1€ andu andd are in the same sitemap’s URI space, then theynate from the
same authority, and therefore we can treat infaongtom the SPARQL endpoint as authoritative
with respect tai even ifu is not resolvable. This has two benefits. Fitsa)lows RDF publishers to
provide definitive descriptions of their URIs evérthey choose not to publish RDF Web-style
documents. Second, it allows RDF consumers to descauthoritative descriptions of URIs that are
not resolvable, by asking the appropriate SPARQIpemt or by extracting from the RDF dump.

3.4. Evaluation

We now revisit the challenges identified in sect®®.2 and will show how the Semantic Sitemaps
proposal can address each of them.

Crawling performance Crawling large Linked Data deployments takes mgldime and is
potentially very expensive in terms of computingaarces of the remote server. An RDF publisher
can make a dump of the merged Linked Data documawdslable and announce both the
<sc:linkedDataPrefix> and<sc:dataDump> in a sitemap file. Clients can now discover and
download the dump instead of crawling the sitesttitamatically reducing the required time.

Disconnected datasetblot all datasets form a fully connected RDF graprawling such datasets
can result in an incomplete reproduction of theasit on the client side. Sitemaps address this in
two ways. Firstly, clients can again choose to doath a dump if it is made available. Secondly, by
listing at least onesc:sampleURI in each component of the graph, the publisher loelp to
ensure a complete crawl even if no dump is provided

Scattered RDF filesTo find scattered, poorly linked RDF documents,exhaustive crawl of the
HTML Web is necessary. This is likely not cost-effee for clients primarily interested in RDF,
leading to missed documents. Site operators cavidaraan exhaustive list of those documents
using<sc:dataDump> or <sc:sampleURI>

Cataloging SPARQL endpointsven a full HTML Web crawl! will not reveal SPARNndpoints,
because support for the SPARQL protocol is not d@besl in any way when requests are made to a
SPARQL endpoint URIL. However, if a sitemap has bpmvided, the crawler can discover the
services viasc:sparglEndpoint>

Discovering a SPARQL endpoint for a given resoulcall we have is a URI, we can resolve it to
reveal some data about it. But to discover a p@inexisting SPARQL endpoint for asking more



complex queries we can look for a sitemap on thel’'tJRIlomain and inspect it for
<sc:sparqlEndpoint> elements.

ProvenanceProvenance is a built-in feature of the Web, kisatio the grounding of HTTP URIs in
the DNS. But control over parts of a domain is oftielegated to other authorities. Semantic
Sitemaps allow site operators to make this delegatisible, by appropriate placement of multiple
sitemap files, and also by employirsc:subSitemap>  and<sc:parentSitemap> elements.

Identifying RDF dumpsAn HTML Web crawl will reveal links to many congssed archive files.
Some of them may contain RDF data when uncompredsedmost of them will most likely
contain other kinds of files. Downloading and unpoessing all of those dumps is likely not cost-
effective. Semantic Sitemap files explicitly lisetlocations of RDF dumps in tkec:dataDump>
element and therefore allow crawlers to avoid tbst ©f inspecting dumps that turn out not to
contain any RDF.

Closed-world queries about self-contained daRDF semantics is based on the open-world
assumption and hence, when consuming RDF docunfremtsthe Web, we can never be sure to
have complete knowledge. So we cannot with cestajine a negative answer to the question
“Does Example, Inc. have an employee named Eridatasets defined in Semantic Sitemaps are
natural candidates for applying local closed-wa#nnantics. Drawing ogsc:datasetLabel> ,

this allows us to give a stronger answer: “Exampie, has not given information about such an
employee in the dataset labellEdample, Inc. Employee List

34.1. Processing of Large RDF Dumps

A major motivation for our proposal is its potehtia reduce cost, both in raw time and computing
resources, of indexing the largest RDF datasetewtly available on the RDF Web. These datasets
are usually also available as RDF dumps, and Seém&iemaps enable clients to download the
dump and avoid crawling. Here we present the resafitsome experiments into quantifying the
benefits of this approach and showing the geneasibility of processing very large RDF dumps.
We employ the Hadoop framewdfifor parallel data processing on a “mini” clustérl@wv cost
machines (single core, 4 GB ram).

The issue with crawling large collections of RDFedments from a single host, such as the UniProt
datasets available dntp://purl.uniprot.org , Is that a crawler has to space its request by a
reasonable amount of time in order to avoid ovelilog the server infrastructure. Semantic Web
servers are likely to be experimental and not ogtioh for high load. Therefore submitting more
than one request per second seems to be unadvisaRRBF crawlers.

The UniProt datasEtcontains approximately 14M RDF documents. A fudlval at this rate would
take more than five months, and a full re-crawb&tect updated documents would take another
five months.

UniProt provides a dump (over 10 GB in size, coraped). The time for gathering the data can
thus be reduced to downloading of the dump filass pubsequent local data processing to slice the
dumps into parts that are equivalent to the indislddocuments. Each part describes a single
resource. The parts can be passed on to our inglesyistem grouped in .TAR.GZ files each
containing 10000 individual RDF files.

14 http://lucene.apache.org/hadoop/

15 available from ftp://ftp.uniprot.org/pub/databs&miprot/current_release/rdf



The first step in our processing was to convertditmmps from the RDF/XML format to N-Triples.
The line-based N-Triples format can be more egsibcessed with Hadoop’s off-the-shelf classes.
We observed processing rates of about 60k tripfes/gis format conversion. We did not attempt
to further optimize or parallelize this step.

For the actual slicing of the dumps we used HadodpapReduce (Dean & Ghemawat, 2004)
facility. In the mapping phase, each triple is edrinto buckets based on the URIs mentioned in the
subject and object position. In the reduce phdmetriples in each bucket are written to a separate
file.

To gather some proof-of-concept results, we firetpssed the filaniref.nt (270M triples) on a
single machine, then two machines and then four.thée ran a test on the complete UniProt
dataset (1.4B triples) on four machines.

#Machines 1 2 4 4
#Triples 272M | 272M | 272M| 1.456M
Conversion| 1:17:01] 1:19:30( 1:19:10| 6:19:28
MapReduceg 10:04:35| 5:18:55| 2:56:54| 16:36:26

These preliminary results show that processing ofesy large RDF dump to obtain slices
equivalent to the documents that are being sersedkacription of the resources using the Linked
Data paradigm is feasible. The processing taskbeaparallelized, and the results indicate that,
unlike with the crawling approach, the data retalestep is unlikely to be a bottleneck.

3.5. Adoption

Currently, the Sitemap Specification is currentliaitable in its 5th relead® The specification
creation process involved a great deal of intepacivith data producers and developers alike. Most
of this interaction happened in specialized Mailihgsts and trough technical workshop
dissemination (Tummarello, 2007).

The process has so far been very interactive, widka producers proposing features and
clarifications they considered important such asgkample split datasets for DBpedia, and details
on how to use a sitemap on shared domains likegogrl

Thanks to this direct interaction, adoption at DRtaducer level has so far been very satisfactory.
Most large datasets provide a Semantic Sitemapragdneral we report that data producers have
been very keen to add one when requested givenettyelow overhead and the perceived lack of
negative consequences.

At consumer level and as discussed earlier, thdi@nSemantic Web indexing engine adopts the
protocol (Tummarello, Oren, & Delbru, Sindice.coieaving the open linked data., 2007) and
thanks to it has indexed, as today, more than 26mRDF documents.

We can report that the SWSE Semantic Web Searcin&r(glarth, Hogan, Delbru, Umbrich,
O’Riain, & Decker, 2007) will also soon be servidgta obtained thanks to dumps downloaded
using this extension.

16 http://sw.deri.org/2007/07/sitemapextension/



While it is unlikely that the current specificatomill change profoundly, we envision that future
versions of the Semantic Sitemaps will addressessuch as: Data published in formats such as
RDFa and using GRDDL transformations, datasetslablai in multiple versions, enhance
SPARQL end point descriptions, mirrored datasetscmpyright and legal related information.

3.6. Summary

In this chapter we have described an extensiohdotiginal Sitemap Protocol to deal with large

Semantic Web datasets. We have highlighted sechiallenges to the way Semantic Web data
have been previously published and subsequentlyethtvow these can be addressed by applying
the proposed specifications, thus allowing botlerts and servers alike to provide and important
novel functionalities.

We have further verified the feasibility of an inmfant use case: server side “dump splitting” to
efficiently process and index millions of documefrtsn the Semantic Web. We have shown that
this task can be performed efficiently and in alanda fashion even with modest hardware
infrastructures.



4. Large scale preprocessing of harvested data
Reasoning at Web Scale

It would be practically impossible, and certainhcarrect, to apply reasoning over a single RDF
model composed of all RDF documents found on theng®&ic Web. Letting alone the sheer
computational complexity, the problem here is dietlre integration of information from different
contexts: each document is published in a parti@datext, and a naive integration of documents
coming from different contexts can result in undssie inferred assertions.

We therefore strive to ensure that the contextagimally preserved when aggregating documents
in a Semantic Web indexing engine such as the &nidifrastructure that we use as the basis for
ECSSE. We proceed in a way that we consider to b@m of divide, compose and conquer
approach to Web scale reasoning (also referredstaoatextual reasoning (Bouquet, Ghidini,
Giunchiglia, & Blanzieri, 2003)). The ABox and TBUxof the Web of Data is partitioned into
smaller “context boxes" (on a per-document badiken, based on dependencies between these
“boxes", we are able to combine multiples boxegtiogr in an aggregated context that preserves us
from inferring undesirable assertions.

4.1. Contextson the Semantic Web

For an RDF model published on the web the URI aiciwhhe RDF document is retrievable
provides a natural way to define its context. Bgoteing the URI, an agent is able to retrieve an
RDF graph. It is common practice to name this greyth that context URI, i.e. associate the
context URI with each statement of the graph. Ngnain RDF graph has multiple benefits. It helps
tracking the provenance of each statement. In iaadisince named graphs are treated as first class
objects, it enables the description and maniputatib a set of statements just as for any other
resource. A formal description of the Named Grapimkwork can be found in (J. Carroll, 2005).
For our purposes, it is sufficient to understanat thy context we identify a set of statements of a
(finite set of) file(s) on the Web.

Guha (Guha, 1992) proposed a context mechanisiihéoBemantic Web which provides a formal
basis to specify the aggregation of contexts. Withis framework, a context denotes the scope of
validity of a statement. This scope is defined iy $ymboist (“is true in context”), introduced by
Guha in (Guha, 1992). The notatiisi(c,§) states that a propositighis true in the contexd.

The notion of context presented here is based draGweontext mechanism. Its aim is to enable the
control of integration of ontologies on the gramijalevel of documents, and ultimately avoid the
aggregation of ontologies that may result in unaéde inferred assertions.

Aggregate Context An Aggregate Contexts a subclass dfontext Its content is composed by the
content retrieved by resolving its URI, and by doatents lifted from other contexts. An aggregate
context must contain the full specification of wiitaimports. In our case, each RDF document is
considered arAggregate Contextsince an RDF document always contains the spatidn of
what it imports through explicit or implicit impodeclarations, described next.

17 as which we refer to the assertional and structuralledge in RDF(S) and OWL documents,

slightly abusing Description logics terminology.



Lifting Rules Since contexts are first class objects, it becopessible to define expressive
formulae whose domains and ranges are contextexAmple of this are so callédfting Rules
that enable tdift axioms from one context to another. In Guha'sexdnnhechanism, a lifting rule is

a property type whose domain is Aggregate Contexand whose range is@ontext A lifting rule

can simply import all of the statements from a eahto another, but can also be defined to select
precisely which statements have to be imported.

4.2. I|mport Closure of Semantic Documents

On the Semantic Web, ontologies are meant to béspeld so to be easily reused by third parties.
OWL provides theowl:imports ~ primitive to indicate the inclusion of a targett@ogy inside an
RDF document. Conceptually, importing an ontologings the content of that ontology into
another document.

Theowl:imports  primitive is transitive. That is, an import de@ton states that, when reasoning
with an ontologyO, one should consider not only the axiom®phut the entire import closure of
O. The imports closure of an ontolo@yis the smallest set containing the axiom®ao&nd of all
the axioms of the ontologies th& imports. For example, if ontolog®, imports Og, and Og
importsOc, thenOx imports bothOg andOc.

Implicit Import Declaration The declaration obwl:imports primitives is a not a common
practice in Web documents, most published documdatsiot contain explicibwl:imports
declarations. For example, among the 30 milliondo€uments in the Sindice index, only 5.56
thousand are declaring at least oméimports

Instead, documents generally refer to classes ampkpies of existing ontologies by their URISs.
For example, most FOAF profile documents don't iekpt import the FOAF ontology, but instead

just refer to classes and properties of the FOA&akalary. Following the W3C best practices
(Miles, Baker, & Swick, 2006) and Linked Data pijies (Berners-Lee, 2006), the URIs of the
classes and properties defined in an ontology shbel resolvable and provide the machine-
processable content of the vocabulary.

In the presence of such dereferenceable clasoopepy URIs, we perform what we call anplicit
import. By dereferencing the URI, we attempt to retri@véocument containing the ontological
description of the entity and to include its comteside the source document.

Also implicit import is considered transitive. Fexample, if a document refers to an engyfrom
an ontologyOa, and if O, refers to an entit§g in an ontologyOg, then the document imports two
ontologiesOp andOg.

Import Lifting Rules Guha's context mechanism defines timportsFromlifting rule. It is the
simplest form of lifting and corresponds to the luscon of one context into another. The
owl:importsprimitive or the implicit import declaration is €y mapped to such a lifting rule.

Definition 1 (Guha, McCool, & Fikes, 2004).et ¢, be a context with a set of propositice(x),
and ¢, a context with arwl:imports declaration referencing,. Then the set of propositions
@(x) is also true in the contec,:

ist(cy, 9 (x)) /\isr(cj, importsFrom(c,,c,)) — ist(cy, @(x))



A particular case is when import relations are icyd¢importing an ontology into itself is considered
a null action, so if ontologyD, imports Og and Og imports Oa, then the two ontologies are
considered to be equivalent (Bechhofer, et al.420Based on this OWL definition, we extend
Guha's definition to allow cycles in a graphimiportsFrom We introduce a new symbeb, and

the notatiorec(c,, c,) states thac, is equivalent tc,, i.e. that the set of propositions truec,lis

identical to the set of propositions truec,?

Definition 2. Letc, and¢, be two contexts. ¢, contains the proposition importsFri(c,.c,) and

¢, the proposition importsFro(c,, ¢, ), then the two contexts are considered equivalent:

ist(c,, importsFrom(c,, cjjj/\ ist(cy, importsFrom(c,,c,)) — eq(cy, c;)

4.3. Deductive Closur e of Semantic Documents

In Sindice, we consider for indexing inferred sta¢mts from the deductive closure of each
document we index. What we call here the “deductiesure" of a document is the set of
assertions entailed in the aggregate context coeapo the document itself and of its ontology
import closure.

When reasoning with Web documents, we can not éxjpedeal with documents at a level of
expressiveness of OWL-DL (d'Aquin, Baldassarredidac, Angeletou, Sabou, & Motta, 2007),
but would need to consider OWL Full. Since undechsgircumstances, we cannot strive for
complete reasoning anyway, we therefore conterit @it incomplete but _nite entailment regime
based on a subset of RDFS and OWL, namely the testHragment (ter Horst, 2005) as
implemented by off-the-shelf rule-based materitilisaengines such as for instance OWLM
Such an incomplete deductive closure is sufficieitth respect to increasing the precision and recall
of the search engine, providing useful RDF(S) an@/LOinferences such as class hierarchy,
equalities, property characteristics such as irev&rsctional properties or annotation properties.

Indeed, a rule-based inference engine is curramlyd to compute full materialisation of the

entailed statements with respect to this finiteabmient regime. In fact is it in such a setting a
requirement that deduction to be finite, which ennts of OWL Full can only be possible if the

entailment regime is incomplete (as widely knowa BRDF container vocabulary alone is infinite

already (Hayes, 2004)). This is deliberate and wmsicler a higher level of completeness hardly
achievable on the Web of Data: In a setting whbeeetarget ontology to be imported may not be
accessible at the time of the processing, for m@awe just ignore the imports primitives and are
thus anyway incomplete from the start.

Deductive Closure of Aggregate Contexts One can see that the deductive closure of an gatgre
context can lead to inferred statements that arérwe in any of the source contexts alone.

Definition 3. Let g and ¢ be two contexts with respectively two propositig, nd

@, ist(cy,@,) andist(c,, ,), andg, MA@, F @;, suchthag, ¥ ¢, @, ¥ @, then we call

18 http://www.ontotext.com/owlim/



@, anewly entailed propositioim the aggregate contec, A c,. We denote the set of all newly

defined propositiona, _ , i.e.,

A, = {ist(c,, @ )Nist(c,, @,) Fist(e,\e,, 05) and — [isr(ci, @g Vist(c,, r:paj)}

For example, if a conteic; contains an instanoeof the clas$erson and a contexc, contains a
proposition stating thalPersonis a subclass dfluman then the entailed conclusion thais a

human is only true in the aggregate conc, Ac,:

ist(c,, Person(x))A\ist(c,,subClass(Person, Human)) — ist(c,Ac,, Human(x))

Note that - by considering (in our case (Horn) +h#sed) RDFS/OWL inferences only - aggregate
contexts enjoy the following monotonicity propéftyif aggregate contexg, O ¢, then

ist(c,, 0) implies ist(c,,®), or respectively, for overlapping contexts,ist(c, N ¢,, @) implies

both ist (¢, @) and ist(c,, B). We will exploit this property in the following diined reasoning
procedure.

4.4. Context Dependent Reasoning Procedure

Our goal is to develop a distributed ABox reasorpngcedure based on an persistent TBox, called
an ontology base. The ontology base is in charggosing any ontology discovered on the Web of
Data with the import relations between them. Thwlagy base also stores inference results that
has been performed in order to reuse such computkier.

When trying to apply the above theory, architedtdesign problems appear. In order to support the
context mechanism presented in the previous secti@ ontology base requires 1. an internal
representation of the import relations and 2.ngtrules as built-in triggers that are activatedhie
presence of import declarations.

We first introduce the basic concepts used forftmmalisation of the ontology base. We then
discuss an optimised strategy to update the ongdbage. We finally describe how to query the
ontology base for performing ABox reasoning onmgld document.

4.5. Ontology Base Concepts

The ontology base uses the notion of named gramhmédelling the contexts of ontologies and
their import relations. The ontology base has asddased inference engine that can be applied to
any context independently or to a combination @&mnh This particular reasoning model allows
localising the inference of a reasoning task.

Ontology Entity An Ontology Entityis a property, instance aff:Property , Or a class, instance
of rdfs:Class . The ontology entity must be identified by an URfe exclude entities that are
identified by a blank node) and the URI must belkeble and point to a document containing the
entity definition.

19 We remark here that under the addition of possibly-monotonic rules to the Semantic Web

architecture, this context monotonicity only holdsler certain circumstances [17]



Ontology Context Internally to our ontology base, @ntology Context As a named graph
composed by the ontology statements that have te¢eeved after dereferencing the entity URIs of
the ontology. The content of this graph consistthefunion of the description of each property and
class associated to a Web namespace of an ontdleggrding to the Best practices (Miles, Baker,
& Swick, 2006), properties and classes definednroatology context should have the same URI
namespace.

Usually, this means that the RDF associated with dhtology context will simply contain the

ontology as found on the Web. There are cases haweyg. in the case of the DBpedia ontology,
where each property and class has its own RDF destuunThe DBpedia ontology context is

therefore composed by the union of all these RDéudwnts.

Ontology Network An ontology context can have import relationshiwgh other ontology
contexts. A directed linkag between two context€), and Og, stands folOa imports Og. In this
view, lag serves as a pointer to a frame of knowledge thaecessary for completing the semantics
of Oa and is mapped to amportsFromlifting rule.

Definition 4 (Ontology Network). An ontology network is a directed grac = (0,L) with 0 a
set of vertices (ontology contexts) eLd set of directed edged (import relations).

Definition 5 (Import Closure). The import closure of an ontology context 3 a subgraph
Gy, = (0',L') such as:

Go, €G.0' €0O,L'S L|V0 € 0,3 path(0,, 0)

where a path is a sequence of n verticegs@, ..., Q such that from each of its vertices there is an
edge to the next vertex.

For the purpose of this work, we consider the immbosure to also contain the result of the
inference that can be performed on the union ahallontologies. For example, given two ontology
contextsOa and Og, with Oa importing Og, the import closure 0Oa will consist of the context
aggregatingda, Og and the deductive closure of the union of the iwtmlogies.

4.6. Ontology Base Update Strategy

Whenever a new ontology context is added to thelogy network, the import closure of the new
context is materialised. The deductive closurehentperformed on the ontology by lifting the
axioms of the imported ontologies. The ontologywwek is then updated so that the stored inferred
triples are never duplicated.

This is better explained by an example. In Fig. lo@umentD; is processed which imports
explicitly 2 ontologie€D; andO,. The import closure db; is calculated and this is found to include
also O3 since O3 is imported byO,. At this point, the deductive closure @, O, and Os is
performed both separately (stored in their respectodes) and together by lifting their axioms into
a virtual aggregate context. The statements reguitom the reasoning over;, O, andO3; together

but that are not found already in any of the sowa@exts (i.ed, o o, see Def. 3 for a detailed
formalisation) are stored in the virtual aggregaipetextl ..

At this point a new RDF document com&s)(which only imports0; andOs. The update strategy

will: 1. calculate the inference results ©f and Oz and store the new tripled; ) in a new



virtual contextlis; 2. subtract these triples from the content of phevious contextiss liz3 iS
renamed intd;»3.;3and at the same time connectedhtdoy an import relation.

As a result of the upload procedure, if two or mon¢ologies are never activated together by an
RDF document, their deductive closure will nevecbmputed and stored.

A last optimisation is based on Def. 2. Wheneveyde is detected into the ontology network, the
ontology contexts present in the cycle are aggeegatto one unique context.

: «
%134, 03
. .é‘ ""
o1 02
D1 D2

Fig. 1 On theleft, the ontology network after processing a document D;. On theright, after
processing D, the virtual context 11,3 has been splitin 2 parts.

4.7. Ontology Base Querying Strategy
When a document imports an ontolo@y we query the ontology base to lift the importstice
G, =(0',L") (see Def. 5) into the document.

If a document imports more than one ontology, werguhe ontology base with the set of
ontologies. The ontology base computes the imgosuce of each ontology and returns the union
of the import closures including relatAccontexts.

For example in Fig. 1, the documei imports the two ontologie®; and O,. This lifts the
contexts i, O,, O, l13, l123.13 into the documerD;.

4.8. Prototype | mplementation

In Sindice, reasoning is performed for every docuina indexing time. This is possible with the
help of a distributed architecture based on Haéfbdfach Hadoop node has its own ontology base
which supports the linked ontology and inferencalelaescribed in the previous section. A single
ontology base is shared across several Hadoop wghkse. This architecture can be seen as a
distributed ABox reasoning with a shared persistd&ux.

20 Hadoop: http://hadoop.apache.org/core/



Each Hadoop worker job acts as a reasoning ageoégsing a document at a time. It first analyses
the document in order to discover the explasil:imports declarations or the implicit ones by
resolving each class and property URIs. Then, ¢lasaning agent lifts the content of the referred
ontologies inside the documents by querying thelogy base with the URIs of the ontologies. The
ontology base responds by providing the set oflogical assertions as described in 3.3. As none
of the triple-stores available today support cohtaxare reasoning, our implementation required
considerable low level modifications to the Adures&me framewofk

4.8.1. Experimental Setup

The prototype has been deployed on a small Hadbhgpec of 3 nodes. Each node is a 4 cores
2.33GHz with 8GB and executes 4 Hadoop jobs. Timugtal, the cluster enables the execution of
12 Hadoop jobs in parallel.

Each node has its own ontology base, shared amétagldop jobs. We assume in the next that all
the ontologies required for the experiment has esgrted beforehand into the ontology base.

4.8.2. Preliminary Results

Using the experimental setup described in the presvsection, we are able to proééss average
of 40 documents per second when building the 30amidocuments index currently available in
the Sindice betal index.

The processing speed varies depending on the fygecament. On documents with a simple and
concise representation, such as the ones founkeirGeonames dataset, the prototype is able to
process up to 80 documents per second. It is twobeed however that these results come from a
prototypical implementation, still to be subjectt@ny possible technical optimizations.

The deductive closure of each document that has inéexed can be checked online on the Sindice
web sité®. For example, for the search result “tim bernees®f, the hyperlink “Cached® will
display the cached version of the document andeitiictive closure. The same page also displays,
when clicking on the hyperlink “Ontologies”, thestliof ontologies that have been recursively
imported when performing the reasoning.

It is interesting to make a few observation basedhe large corpus of documents processed. We
observe that on a snapshoot of the index containgllion of documents, the original size of the
corpus was 18GB whereas the total size after interevas 46GB, thus a ratio of 1.5. As a result of
inference, we can then observe that we are indeiigg as many statements as we would by just
indexing explicit semantics. Also we find that thember of ontologies, defined as documents
which define new classes or properties, in our Hedge base is around 95.000, most of which are
fragments coming from projects such as OpenCycoYayl DBpedia. The ratio of ontologies to
semantic documents is nevertheless low, currentity3B5.

21

OpenRDF Sesame: http://www.openrdf.org/

22 including document pre-processing and post-pgicggmetadata extraction, indexing, etc.)

2 Sindice.com: http://www.sindice.com

24 http://sindice.com/search?g=tim\%20berners\%Xdjteterm

25 http://sindice.com/search/page?url=http\%3A\%ZH®eww.w3.0rg\%2FPeople\%2FBerners-
Lee\%2Fcard



4.9. Related work

The notion of context has been extensively studiatte early 1990s, starting with a first
formalisation by Guha (Guha, Contexts: a formalmatand some applications, PhD Thesis, 1992)
followed by McCarthy (McCarthy, 1993) and by Giuigila (Giunchiglia, 1993). For more
information about the domain, (Serafini & Bouqu#@04) presents a survey and comparison of the
main formalizations of context. There is recent kgothat adapt context formalisations to the
Semantic Web such as (Bouquet, Giunchiglia, vanmen, Sera, & Stuckenschmidt, 2004),
(Guha, McCool, & Fikes, 2004).

The previous references provide a strong theotdbi@ekground and framework for developing a
context-dependent reasoning mechanism for the Sem¥veb. Up to our knowledge, only
(Stoermer, Bouquet, Palmisano, & Redavid, 2007p@se a concrete application of management
of contextualized RDF knowledge bases. But no ome drescribed a methodology for efficient
large scale reasoning that deals with contextuafityeb documents.

Assumption-based Truth Maintenance Systems (derKIg6) are somehow comparable to our
approach since such system keeps track of depepbetween facts in multiple views (contexts) in
order to maintain consistency in a knowledge bake.difference with our approach lies in that we
do not try to maintain consistency, instead we jstintain the provenance of each inferred
statements.

A side remark in (Ding, Tao, & McGuinness, 2008ygests that the authors follow a very similar
strategy to ours in determining the ontologicalsal@ of a document, but no details on efficient
contextual confinement and reuse of inferencesietware the main contribution of our work - are
discussed.

4.10.Summary

We discussed a context dependent methodologyrige kcale web reasoning.

We first defined the problem conceptually and tHierstrated how to create an ontology repository
which can provide the materialization of reasonstgtements while still keeping tracks of the
original statements provenance. Our implementatiorrently supports a subset of RDFS and
OWL. We find this level of inference support to indine with our target objective to support the
RDF community of practice, e.g. the Linked Data @mmity, which usually relies only on RDFS

and OWL features covered by the OWL ter Horst fraghfter Horst, 2005).

Reasoning of the Web of Data enables us to be eifteetive in term of precision and recall for

Semantic Web information retrieval. As an examjplejould not be possible to answer a query on
FOAF social networking files asking for entities iath have label “giovanni" unless reasoning is
performed to inferdfs:labels from the propertyoaf:name

The context mechanism allows us to avoid the desluctf undesirable assertions in documents, a
common risk when working with the Web of Data. Heee this context mechanism does not
restrict the freedom of expression of data pubfisbata publisher are still allowed to reuse and
extend ontologies in any manner, but the conse@seat their modifications will be confined in
their own context, and will not alter the intendenantics of the other documents.

The technique presented in this chapter is maiobugsed on the TBox level. Import relations
between ontologies provide a good support fornliftrules. On ABox level, this becomes more
difficult since it is not clear which ABox relatisnshould be consider as lifting rules. ABox
relations, such aswl:sameAs declarations will be investigate in a future work.



5. Harvested Data Statistics

This section presents a statistical analysis ofddia that is contained in the Sindice index. The
main goal behind the computation of these statistias to put a framework for analysis of the
Sindice index in place. This has been achieved,fartkder work can focus on computing specific
statistics to answer scientific and engineeringstjaas.

Statistics are computed by running distributed Hgpdmbs over th@age repositorywhich is an
HBase table that provides random access to thenaliBDF data that makes up the index.

For each data item, Sindice stores not just thdiaxRDF triples obtained from the source
document, but also inferred triples. We therefastiuish betweemxplicit contentandimplicit
or inferred contentn all sections below.

The statistics shown in this chapter represenstate of the Sindice index as of September 2008.
The index has since grown from 34M to 46M documeWite plan to re-calculate and extend the
statistics in early 2009.

5.1. Summary Statistics

This section provides some high-level overall stets about the data contained in the Sindice
index.

Total number of record$4,584,007

Explicit content

Records without explicit-content: 140,072

Records where explicit-content cannot be parséd-&sples: 37,941
Successfully parsed records: 34,405,994

Total explicit triples in the page repository: 4880,582

Average document size: 12.45 triples

Implicit content

Number of records: 34,584,007

Records without implicit-content: 3,110,228

Records where implicit-content cannot be parsed-asiples: 800
Successfully parsed records: 31,472,979

Total inferred triples in the page repository: 28,154
Average document size: 12.08 triples

16.95M out of the 31.47M successfully parsed resaahtain zero inferred triples, that is, no
inferences.

The average document size is calculated as: tqilds divided by total documents.

Records without explicit-content, and records whestleer content cannot be parsed, indicate
corrupt data in the index. This was usually causedoftware glitches whose results have not yet
been flushed from the index.

5.2. Distribution of Document Sizes

The following chart shows the distribution of docemh sizes in the index. This is a log-log axis
plot. The purple line represents explicit contéime, grey line represents implicit content.



100000000

100000

10000

100

Number of documents

"\, Explicil triples

Infarred triplas |

10000000 %

1000000 —e

1000 -

100 1000 10000 100000 1000000

Document size

Some noteworthy features:

* Power law distribution

» Spikes for small document sizes are caused by laug®er of recurring patterns, e.g. some
Microformats converted to RDF always result in slene number of triples

* We have no good explanation for the noticeable mmmber of inferred content in the 30-
300 triple range

5.3. Top Domains

The table below shows the results of grouping altuinents in the index by their DNS domain
name, and showing the domains that have the masingents. In general, the second-level domain
(such aswvordpress.com ) is used for the grouping. For certain top-levemains, such asik ,

the third-level domain is used because the secewval-domains are from the fixed seb.uk ,
.ac.uk and so on.

The table shows that the Sindice index is dominbiethrge datasets that are imported from RDF
dumps via Semantic Sitemaps. Crawled documentgitdesa smaller fraction of the index.

Documents | Domain Comment
15304201 dbpedia.org Wikipedia conversion into RDF
13273503 geonames.org Places described in RDF
4874319 rkbexplorer.com Scientists, publications, funding etc in RDF
570074/ joanneum.at RDF conversion of Eurostat
181931 uniprot.org RDF descriptions of proteins
98528 livejournal.com User profiles in FOAF
12270| wordpress.com Blog authors and commenters in hCard
11394/ bio2rdf.org Genes, proteins etc described in RDF
5423 soton.ac.uk University department described in RDF
5219 digg.com Mostly microformat-enabled user profiles
4778| semanticweb.org Semantic Web community information
4645| apassant.net FOAF conversion of Flickr user profiles
4160/ revyu.com Reviews in RDF
4126| 13s.de RDF conversion of DBLP
3652 | dowhatimean.net SIOC-enabled weblog



3420
2870
2725
2608

technorati.com
fu-berlin.de
blogsome.com
quotationsbook.com

Creative Commons licenses
Various RDF datasets

FOAF and XFN for user profiles
Creative Commons licenses

2587 | blogspot.com Tag microformat and Creative Commons licenses
2542 typepad.com XFN and Creative Commons licenses
2470 openlinksw.com Various RDF datasets

2089 | kwark.org FOAF of user profiles

2073 johnbreslin.com SIOC-enabled weblog

1977| vox.com hCards of user profiles

1945| bibsonomy.org Social bookmarks in RDF

1846 | w3.org Various

1672 | semanlink.net Social bookmarks in RDF

1053/ gnolia.com hCards for user profiles

1005| zitgist.com YAGO in RDF

1000 | netbib.de Creative Commons licenses

5.4. Objectsof RDF Triples

The following set of statistics considers all doemts in the Sindice index as a set of RDF triples,
and performs certain counts over the third (objeothponent of the triples. This was done to get
some insight into real-world usage of RDF featuiles datatypes and language tags, and to fine-
tune the performance of the index with regardgibrage of URIs vs. literals.

Only the explicit content was considered.
Object node type ‘ Triples

URI 336,756,002
Literal 86,312,720
Blank node 5,331,860

Datatypes: Out of 86M literals, only 128k are datatyped, test are plain.

Language tags. Out of the plain literals, 15M have a languagg, tAlM have no language tag.
Almost all language tags a@en(English), only about 50k are for other languages.

The following table breaks the 128k typed literalewn by datatype. Only those datatypes
occurring in more than 100 triples are shown.

Datatype Triples
http://www.w3.0rg/2001/XMLSchema##string 63214
http://www.w3.0rg/2001/XMLSchema##float 32622
http://www.w3.0rg/2001/XMLSchema#dateTime 8023
http://www.w3.0rg/2001/XMLSchema#anyURI 3788
http://www.w3.0rg/2001/XMLSchema#date 3639
http://www.w3.0rg/2001/XMLSchema#int 3360
http://www.w3.0rg/2001/XMLSchema##integer 2770
http://www.w3.0rg/2001/XMLSchema#nonNegativelnteger 2379
http://www.w3.0rg/2001/XMLSchema#double 2110
http://www.w3.0rg/2001/XMLSchema#gYear 1593
Xs:string 869
http://www.w3.0rg/1999/02/22-rdf-syntax-ns#XMLLitdr 863




http://www.w3.0rg/2001/XMLSchema#boolean 779
http://www.w3.0rg/2000/10/XMLSchema#string 752
http://www.w3.0rg/2001/XMLSchema#decimal 318
http://www.w3.0rg/2001/XMLSchema#unsignedLong 200
http://www.w3.0rg/2001/XMLSchema#integer 172
http://www.openmobilealliance.org/tech/profiles/URBF/xmlschema-20030226#Literal 163
http://www.w3.0rg/2002/12/call/icaltzd#date Time 126

Some noteworthy features of this table:

- The top item is technically unnecessary, as a plé@nal is semantically equivalent to
xsd:string

- The frequent use of the fourth item, xsd:anyURI,s@mewhat questionable, as RDF
provides a native non-literal way of referring t&Id

- Two items are authoring errors (“xs:string” as a IURNnd the incorrect /2002/10/
namespace)

- The only two non-XSD items appear to be attemptswatking around perceived
shortcomings of the RDF/XSD type system
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7. Appendix 1. The Okkam Ontology in RDF/ XML

<?xml version="1.0"?>

<rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22-rd
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#
xmins:label="http://purl.org/net/vocab/2004/03/la
xmins:status="http://www.w3.0rg/2003/06/sw-vocab-
xmlns:okkam="http://okkam.org/terms#"
xmlins:owl="http://www.w3.0rg/2002/07/owl#"

>

<owl:Class rdf:about="#OkkamEntity">
<rdfs:label xml:lang="en">0Okkam Entity</rdfs:la
<label:plural xml:lang="en">0Okkam Entities</lab
<rdfs:comment xml:lang="en">Any entity that can
OKKAM entity naming system. In general one co
to resource but there are certain entity type
the OKKAM system</rdfs:comment>
<status:term_status>unstable</status:term_statu
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="#okkamID"/>
<owl:minCardinality
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#nonN
<owl:maxCardinality
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#nonN
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>

<owl:InverseFunctionalProperty rdf:about="#okkaml
<rdfs:label xml:lang="en">Okkam ID</rdfs:label>
<label:plural xml:lang="en">0Okkam IDs</label:pl
<rdfs:comment xml:lang="en">The Okkam ID of the

literal</rdfs:comment>

<rdfs:subPropertyOf rdf:resource="http://purl.o
<status:term_status>unstable</status:term_statu
<rdfs:range rdf:resource="http://www.w3.0rg/200
<rdfs:domain rdf:resource="#OkkamEntity"/>

</owl:InverseFunctionalProperty >

</rdf:RDF>

f-syntax-ns#"

bel#"
status/ns#"

bel>

el:plural>

be identified using the
uld say this is equivalent
s that will work better on

S>

egativelnteger">1</owl:minCardinality>

egativelnteger">1</owl:maxCardinality>

D">

ural>
entity, given as a

rg/dc/terms/identifier"/>
S>
0/01/rdf-schemattLiteral"/>
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