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Scheéma’s:" i

"Itic Resource Description Framework RDF 1s a forma) _.d_w:wmo for describing
otructured informmtion. The goal of RDF ks to enable applications to excliange
dntn o the Web while still preserving their original meaning: As opposed
to HTML nnd XML, the main intention now is not to display ‘documents
corteetly, but rathier to allow for further processing and re-cambination of the
information contained I them. RDF consequently is often viewed us the basic
representation fonnat for developing the Semantie Web, o, -
. The development of RDF began in the 1990s, and various predecessor lan-

~ gunges have influenced the creation process of RDF. A first official specifica-

tion was published in 1399 by the W3C, though the cmphasis at this time still
wiss lenely on the representation of metadata nbout Web resaurces. The term

:.3:;.::@:2::.«.-eaaa—caugvaf.ﬁmbm _bmogze_:?:.wnrgupt_ﬁﬁ
or documents. I 1999, the latter were mainly expected to.be Web pages, for
which RDF conld help to state information on authorship or copyright. Later
e vislon af the Semantic Web was extended to the representation of seman-
tic information In geriernl, reaching beyand simple RDF data as well as Web
docunients as primary subjects of such desariptions. This was the motivation
for publishing & roworked and extended RDF specification in 2004,

As of todny, numterous practical tools are available for dealing with RDF.
Virtunlly every progrumming language offers libraties for reading and writing
RDE doctunents. Various RDF stores - alsa ealled triple stores for reasons
that shinll becoma clear soon -.are avnilable for keeping and processing large
nmounts of RDF data, snd even commereial database vendors are already
providing switable extensions for their products. RDF isalso used to exchange
(incta) dnta in specific application areas. The most prominent e.Es_.._a mn this
Kinal of wsage I likely to be RSS 1.0 for syndicating news on the Web.! But
slso metadata belonging to files of desktop applications are sometines encoded

using RDF, such ns In the case of Adobe's RDF format XMP for cmbedding

information in PRF fles, of as annatations In the XMLebuised vector gruphics
furyint SVG. We will say more about such ipplications in Chapter 9.

TRSS 10w ik ue the same goal but which, a:,?-.bn_v..
S il 2.0 are differcut formats, which purud S .

aro ot bassal o each other:” 1SS 1.0 stands for RO Site me..:_m.w.bw_x.ﬂ- NSS 20 0s
usually terpretedd as feally Simple Syndiaation. See also Sectlon 9. A3
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this book nad the publisher, CRC P'ress |

httpeierepress.comfur

RDF graph .:.uo..:é.n.:.a. E_a._._c:a._.;: between

: i . thie basics of RDF. Initially, the representation of
,,%“w.m*wﬁaw”ﬁ“”nﬁ.ﬁ:_ 11 the subsequent sections, we have a closer
miw ot the various syntactic formots available for exchanging RDF, and we
addnes some fusther questions regarding the usage of RDF. A...n..n.::.o-..;.a
comsider some specific expressive featnres that go beyond the. description ,.;.
simplo data. RDF i extended to the language kbm,_..wt.n:.a (RDFS) for this
~ purpase, allawing us (o express also general information nbout a dntn sct. H_._o
" offici4l formal semantics as used for properly interpreting RDF and RDFS in

" computer. programs i explained in detail in Chapter 3. LBk

2.1 Introduction to RDF X c AL

\i® begin by m»..r_m a very basic introduction to the RDF format that also
Jmm_&m!u major differences'to XML. As we shall sece, RDF is based on a very
simple graph-oriented data schema, : OB

211 Graphs Instead of Trees - 5 e

An RDF document .ru.ﬂ.mc_ﬂ a directed graph, i.e n set of nodes ::—.M are

linked by directed edges (“arrows”). Both nodes and edges are labcled with

identifiers lo distinguish them. Figure2.1 shows a simple example of a graph

Mﬁﬂnﬁ”ﬁww&? In contrust, as recalled in Appendix A, information
i tnformation in eleetse o ctures. Trees aro peclectly suited for organiz-
strictly Eiﬁnz_.n._ﬂ nﬂn:.oan ncn.:..ﬁ.mm. where we are often confronted with
fetched &_ﬂan:. Emmrman::ﬁ. In addition, information in trees can often be
ot graphs? vann.g rother n:.—n—n_.:w.. /<—-V. —.—,E: mv. RDFT relying
Animportant rea. . 4 : ! )
ing aon:”uﬁ_ rn““._wﬂ_.._”n:_,_u» “w_u_, was ot coneelved for the task of structar-
of interest (in RDF oo :m_”mm g__.w_n general relutionships between objects
eg., might be wsed to ¥ speaks of *resources™), The geaph in Fig. 2.1,

Techmologin” vy _Erm“_..w_ﬂu_ vv:..nn.up _.»..Mnﬂ book “Foundations of Semantic Web

ta refer 10 those objocts, The o ress” i we interpret, the given Jabels
in this case iy .E?.:B?..-—. w.w?_i_a?__g e

el duies ot in any olyvigus sense helong hieenr-

- <ally,

tween book i publishing house’

. Simple Ontologies in RDP ..:i zcw u.m
: : o Ve
; Ay pelow cither of the resonrces, RDF therefos, <
.m:m:.,.a puilding blocks of information, My g iy
-

NY el redn: ich el
ol rally form graphs, not hierarchical Ureg 5:.2.:5__ :EE.E_:I _.ﬁa_.“
Anv

iher reuson for choosing graphs is the f s

rve 08 8 description Inngunge for data oy :ﬁ%«ﬁﬁﬂ WIS Tntended g
petworks. Information in these environments is typically stoy ._"__e. elecironie
i decentenlized ways, and indeed it i very ensy g .8.=_.,=nﬂcam._ Managed
uulliple sources. For example, the RDF graphs from ghe website _._E: e
could simply be joined with graphs from http: \?E:zncmve this Lok
would merely lead to a bigger graph that sy or may yot _:Sao.mnm =~ this
pow information. Note that we generally allow for graphs to it _ﬂaﬁuﬁ
\meonnected components, i.e. of sub-graphs withont any Hgsi Lot of multiple
Now it Is cosy to see why such a straightforward approach sd”mu_ thern,
fensible.for combining muitiple XML dociments. An immediage ae_ﬂ-..:rm
that the simple union of two tree structures is not a tree E_E..ow_.. 50 that
additional chojces must be made to even obtain a well-formed XML a.onu_s“-
whei combining mnultiple inputs. Moreover, related information items in trecs
wight be separated by the strict stocture: even if two XME files refer 1o the
"same resources, related information is likely to be found in sma. different
locations in each tree. Graphs in RDF are therefore better suited for the

composition of distributed information sources. P .
Note that these obscrvations refer Lo the semantic way in which RDF struc-
turcs information, not to the question of how to encode RDF data synlacti-
calfy. We'will sce below that XML is still very useful for the lntter purpose.

2.1.2- Names in HGUH.J"_ URIs

We have cloimed above thnt RDF graphs cuable the simple composition
of distributed data. This statement so far refers . _o.z.n.mn.c_._ &EM“_E
in general, but not necessarily to the intended inforation in.the R__E-_ -
.m_“mw bs, An essential problem is that resourees, just likein XML, may not e

orm identifiers within dilferent RDF documents & . p
tents cantain information on related topics, the identifiers .“N_JMGHHM“
« completely unrelated. On the onc hand, it may bappett co there i 1O
fesource iy Jabeled with different identifiers, for ipstaieh mnzn sl e
o aggreed identifier for the book “Foundations of ma.:._.E__EBu are used
.—a_ammoz.._ On the other hand, it may occur that the §__..._: ou
M.. different resources, e.g., “CRC” could refer 10 the —=_~ ._.uaca oot
810 thie officin] currency of Puerto Rico. Sucli ambigui v., e oy
® afor problom whon {rying to process b ' compose i
. . Resal :
Hnﬂ:ﬁa cach other: cEn

jc.of Welbs &t

rxm_. .%Na URL 5350

ha.u...ow m_,.c tic lntter problem; RDF uses so-call
fre gy RIs) ns nomies to clenrly distinguish Fe=0
dree S¥Meralization of URLs (Uniform Resource

05 thoy ure used for necessing onlio Hocyer:

ts. Even when two docv-



: Foundativns of Semantic Web Techuologies :
! . SR s used s identifiers in RDF dacunients thay
\alid URY; and URLs can jndond b __.““ﬁ A.v. her applications, lLiowever, the gonl

3 g 1n nume Ty
yalk wbout Web rrsourcess (8 VI ) nages but about many dilferent
kinds of 02, X

G < tion: books, places, people, publishing
iy the given npplication: eoo s, {
b 7%..”&%&1%3 among sucl things, wlt kinds of _.cu:dnp. con-
Louss, OFR T e, Stich resonrees can obyiously not be retrieved online
e Ao lusively for unique identification. URIs that

23 hoto their URISs aro used exc i Noines (URNG),

o not URLs oro sometimes also called Uniform
Even if URIs ean refer to resourees
wro still based on a similar construction s
STy 2.2 EIVES AN OVErVIeW
: w.r__ﬂ“fa vpmu.. The main charucteristic of any URI
> s like http are i
”%V%F we :rwu find sich schemes in many URIS pm:_.. do not refer to
anactual Web location. “The details of the protocol are obviously not relevant
when wing a URI only 68 a name. The book “Foundations of mnz_,__::n Web
Techmokzies™ could, e.g., use the uRl 53"\\ngn»n-cav-gow.owm\ﬁw
4nd it would not matter whether or not a document can be retrieved at the
corn=ponding location, and whether this document is relevant in the given
context. As we shall sce Inter on, RDF makes use of various mechanisms aof
XML to abbreviate URIs when convenient. ; :

‘As shown in Fig. 2.1, nodes and edges in RDF grapls both are labeled with
URIs to'distinguish them from other resources: This rule has two possible
Gﬂnﬂs_.m. RDF allows for the encoding of data values which are not URIs,
and it features so-called blank nodes which do not carry any name, We will

Bl
-—

chieme ny common Web nddresses,

s its initinl scheme part,

take n closer look at bath cases next. Later we will also return to the question”

of m_aBu mom._ URIs in prictice, in way that ensures maximal utility and
Sr.&-rz ility E semautic applications.- For now we are satisfied with the' insight
URIs, if they are well-chosen, provide us with a robust mechanism for

& - . SR . 2 .
ggmc”rmahp:mﬁehai vw.___ﬁ..va. thus E.ei.:n confusion when 8_1_5_:.5 RDF

2.1.3 Data Values in RDF: Literals
URIs alles us ; 0 Sl 8

resented or 30%.%5&”%39 resources, even those that cannot be repr
- teferences 10 the intended ouvrv i computer. URIs in this case are wercly
- UMs can abways be treated ects (people, books, publishers, ... ). While
. particular URIS is pot uf..g._.u names, the actunl “intended” interprotation of
their o vay of interpret; n any formal way, and specific tools may hove
_ Tecognize URIs that ~a=u._‘-“.w certain URIs, A certain Web Scrvice, .., 1Y
playing purchasing iy 0 books and treat them ju a speeinl way by dis-
bod in foct unsvoldable c.._»cw current prices, This degree of freedom s usefi!
s different when deali, s.m#r_-gznn vith arbitrary resaurces. The situntion
: % ¥ith concrete data yalyey sich as :.::.rn_.m. times,

that are not lacated on the, Web, they
of the construction of URIs, and explning their -

typically associnted with a protocol for trunsmit: -

quthority URIs, of some URI schicmes ,3..2 fo :.2:5::

path The path is the main part of ::Ew ch_. ..s..? W w i

.Stinple Ontologics in :Uf.. and 1pp g
thema

o el _ Y

L eneral construction schicine GLURI i mimines RS

w_._ .nh%a are aptionak: : ::f_w:_ below, where party”

scheme : [//outhari tydpath n.:_::du lrsiicy
3 rent

The yeaning of the various URT parts i ns fulloses;
scheme The namne o_. a UR! scheme that ...~5,5m.._ tha
may olso_provide sdditionn! informntion oy |
ppplications. Examples: http, 1tp, railto,

v.,_s of cE., .wu_n_am
0% 10 handle
Iile, »nn. rch =

iy ot " for ....
ing the available identifiers further, On the Web, 1k R
~ domnin nune, possibly with additional wser =.=__n by W aplatys
thority part of 2 URI i3 optional and can be '

ceding /7. Examples: semantic-veb-book.org, u@_.g:ﬂ.“ by ms pre-
oxanmple.org:B8080 A A uﬁm e.cox,

{o usc cmpty paths, e.g, in cnmnil addresses. Paths ‘can be arga-
‘nized hierurchically using / as separatar. Examples: /etc/pazsvd,
this/path/with/=:_"/is/../okay (pnths without initial / are only
allowed if no nuthority is given) SRAEEY .

guery The query is an optional part of the URI that provides additional

o ﬂ—ﬁ::@ 'a

eonm.v. and-they can be used in any place W

““non-hicrarchical information, It ean be recognized by its preceding 7,

In URLs; querics are typically used for providing parameters, ¢, ton
Web Service. Example: g=SenantictWobtbook

fragment - The optionnl w.sm:aam part provides o second level of identifying
. Tesources, and its presence is recognized by the preceding €. [n URLS,
fragments are often used to address u sub-past of o retrieved n=oUree,

sinch us a section in an HTML fle. URIs with difezent mguie e
still differcnt namies for the purpose of RDF, even *:rsF_._ﬂwn,n%p
the same document being retrieved in o browser. Examp!

SE ; ; R e
Not'al] characters are allowed in all positions of a URI and illeged 50

e sometimes encoded by specifl Far <

y specific means, ; i almost

”._.,sgm to knaw that basic Latin letters and numbers Em ”._.N.Eﬁ_ s

W Position. Moreover, the use of non-Lati Q.Eua.aam_ M_. i
ﬁr%.amﬁ is widely allowed in all current Semantic Web

- Inleralional
(IR Are extended in this way are known 0§ ﬁ”ﬂ.ﬁﬁ“ A

=.2: The basic 83.::...:!_ scheme for cau

port details, The qy. "

the purpos® of this book it |

\

e



.m.e:.:&a:.@.au of Semantic __mé. um&.:&@?a

: hepe ¥ ¥
MY semantic-web-beokerp i :E?ﬂaug.vco_ﬁﬁaam

hpLexample orgtte http:/fexample orginame

: _fmo.nuuaud of Semantic\veh «na_:ur.ﬁrﬂl_

FIGURE 2.3: An RDF graph with literals for deseribing data waluc

or truth values: in these cases, we would cx_..nm» ‘every ___5:2_:.9_ to bave

minimal understanding of the concrete meaning of sueh values, The number

42, e.g., has the same numeric interpretation in any context.

U.:...— values in RDF are n.nu?iﬁ.o.._ by so-éalled literals, These nre reserved
names for RDF resaurces of o certain datatype. The walue of every literal is

gencrally deseribed by a sequence of characters, such as the string consist- .
ing of the symbols “4" and “2" in the above cxample. The interpretation of -
such s2quences is then determined based on a given datatype. Knowing the

datatype is crucial for understanding the intended meaning: the character se-

quences 127 and Y0427, e.g., refer to the same natural number bt to different

text strings.

For the time being, we will consider o::.,_:ﬁa_w for which no .F.Sc._a has.

* been given. Such untyped Jitcrals are nlways interpreted as text strings. The

slightly more complex form of literals that contains an additionnl datatype

identifier will be explained later on. : '
As can be scen in Fig. 2.3, rectangulor boxes are used to distinguish .:aam
" from URIs when draiving RDF graphs. Another specinl trait of Eeﬁ_”,_ is :mu
they moy never be the origin of edges in an RDF graph. - Jn practice, !

1 i < tg about ;
means that we cannot make direct statements a Morcover,

needs to be taken into aceount when modeling data in RDF. i
4 lis — o mis

is not allowed to use literals s labels for cdges in Eu_.a.m_d:
- restriction sinee it is hard {o sec what could be intended with sucl k
: Note that it is still allowed to usc the same URI _.c.n r..en:_._« co..p_._o n
edges in a graph, so at least in RDF there is no principle separaty
“resources used for cither purpose. 3

I n —:—E::m.
des a___

; 3 o of e
T he reason for this sesteiction is in _-..—.n...! ..Fﬁ...“_. —._:.xn_:":z.a %ﬁ“ﬁ. ._-_._M.ﬁ.nr e
gup notes that it coul waly & o
M“MMNMWM%.«S"M\»SQ\S}&-«q.nr»ua\-nﬁnu.u»n-n-.:.v.?nn-

literals.? This constraint -

n retwee?

/..& =, .‘ L

~ illions of nades do abvicusly not lend themselves

.. stored one by one. Such a transformation of co

bl nodes that we will consider later.

Simple Ontologics in RDF and RDp Stk |
cna Y
- N!&

—
2,2 Syntax for RDF
Up to this point, we have deseribed RDE |

dingroms.  This way of representing RDF s aﬂ%E by meany of drawing

yet itis clenrly not suitable for processing Eumu wa.o read and sl precise,
for Inmans; understanding visual graphs works oy e STtenss. Even

Vit ..
the graphs arc very small — practically releyany Ms.“_.wrﬁ“m mws.. S_N .
housanids or

10 being stored angd com-

municated in pictures. This scction this introduces ways of representing RDF
: B

by mieans of character strings that can easily be kept in electronic documents: *

This requircs us to split the original graph into smaller parts that ean be
iv_nm data structures into

finear strings is called serfolization.

2.2.1 From Graphs to Triples

Computer science lias various common: ways of representing graphs as
character strings, e.g., by wing an adjacency matric. RDF graphs, how-
every are typically very: sparse graphs within which the vast majority of
possible relationships do not hold. In such a case it makes sense to rep-
resent the graph as the set of edges that are actually given, and to store
cach edge on its own. In the example of Fig. 2.1 this is cxactly one cdgr,
uniquely determined by its start htep: /se=antic-web-book.org/uri, bibel

http://example.org/publishedBy, and endpoint http: //crepress.cea/osi. . |
Those three distinguished parts are called subjeet, predicate, and object, re-

Spectively, 1
It is cnsy to see that every RDF graph can, in essence, be campletely de-
scribed by jts edges. Thiere are of course many ways for drawing such graphs,

but the details of the visuol layout clearly bave no cifet on the informa:
tion the graph-conveys. ‘Now every such edge cormpot
- Subject-predicate-objeet.” As we have scen above; cach

part of o triple can
be a URJ, though the object might also be a literal. Another special aﬁ‘v

and Turtle

222 Simple Triple Syntax: N3, N-Triples ol
. ; s simply a5 -
Our carlier observations suggest that one denotes zb._u...unw“u WF» jdea has

. % collection of all their triples, given in arbitrany order. Thi lizing RDF- A

Indee] heen taken up in various concrete Proposs fuﬁ.ﬂﬂ%ﬁka 3 (N3).

4 :.,.azu.__:c_. tlhint dates back to 1998 is Tim Bemers ol ns paths and
wm";n_. also des sonie moro complex ax?,.%,mcﬁsn auc_n Jess complicated part
' RDF recounnendation of 2004 z_n_.n?aeﬂc%d.:u for RDF: N-tripls 12

N3 under. the nnme N-Triples 05 3 posst

ds to an RDF tniple
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) - o {ous comunient abbreviations,
! ided o incorpporate var X %
furm weh AE.._...“WM..,“ ..H.._ﬁ Turtle which is hitherto not ._,..vﬂ_.—.ﬁ-_mu_____w.. .m“—.?_:_
feading to the RDE &Y o ath N-Triple aud Thrtlo are essentiolly parts of
: zaz_vlcun.a”. __MM“:MM“ ....E. solid RDF grapbs. Here we: consider the more
N3, pestriet o SELL -
modern Turtle syntax.

Tho graph of Fig. 23 s written in Turtle o8 follows:

attp: «nu...un»n-p-v.xor.onw\nnnv
GSMR?\\B.._um:.ﬂa\m__vu:w&umv i
Ozm“:nﬂpuan..ﬁv.vonw.onm\cn»v
;uunv"tauﬁvu._.cnu\npnuuv
Feucdoticns of Sezant
&»Q”\\ﬂﬂaﬂ.au\ulv.
) <http://oxasple.org/eaze>

éanv"\\mnn?.omu.n&\ﬁwv.,. ;

ic Veb ._.anv_"nwom»aur .

.Qw Prozs* .

URI< are thus written in angalar brackets, literals are written in .:_c:;mo:
marks, and every statement {s terminated by o full stop, Besides those specifie
Qrscteristics, Lowever, the syntax is a direct translation of the RDF graph
icto triples. Spaces and line breaks are only relevant if used within URIs or
Vterale, and are ignored otlierwise. Our lengthy names force us to spread
~ingle triples over multiple lines, Due to the hicrarchical structure of URIs,
1k tdentifiers in RDF documents typicaily use similar prefixes. Turtle offers
a mechanism for abbreviating such URIS using so-called - namespaces. The
previous exataple can be written as follows: Rz 4

Srrefix book: <http://ceantic-.  wnok.org/> .
Cpreflz cx; <krtp://exa=ple.org/> .
Sprufdx cre: <http://crcpress.com/>

Ekiurd  ex:publichedBy exciurd |
Bockierd - exititle
«einrl

 Caap i *Foundatiora of Sezantic Web Tochnologica” .

axsnce "CAC Preas”. ,

- obiaty' (SR Syt o dath

i URIs pre now abbreviated vsing nro e
fonger oy ! using prefixes of the
f:m—.ﬁ.“”eﬁns .Naa.%&.._”m:“._: r_wnxﬁ.”_. Without the Jatter modification it would
allomable to use o Ea.mx_mh,rwﬁéi forms with full URJs, e.g., since it is
that is nsed for abbreviatin P7 in namespace deelarations, The prefix text
is recommenden 10 galiet zw ; e.mi.n.._e. URI part can be chosen freely, but it
tman reader to yehat 1} ..uz_w 5:..:5 that are casy (o read and that refer the
E_w a“k. kntran ny o....sw c_.“w”.”“wvw;_ag:mwi of the form “prefixnanic”

¢ t Tequently _Bu.—xurw R B names), s XN
fame subjeet, or even wit)y Eaﬂu:ﬂh_ M”._u. iptions contay many triples with the
cases, Turtle provides further shortey

.qon_,_..d-a:un._ and are no

15 08 shown iy {0 following example:

blect and predicate, For those canmon

poorsurd

ey triples for one subject without repeating Uie p,

eonu

e.éc,n book: <http://sczantic-ueb-book.org/>

‘bock:iurd ox:author book:iHitzler, vomfw«anﬁ&.,&on“?a&mu" : ey

9 ' 3 g . : . 4 H y r k
223 H_..a XML Serialization of RDF : :
1. The Turtle reprasentation of RDF can casily be processed by machines but - ;

hot on.ﬁ.
- ohas o writg ) i

Simple Ontologies in RDE an RDE Sepemy . A ,/f

‘a.xu Arnnv"\\naﬂgn*nvcncngox.onn\v .
cproti® ”“u chttp://oxazplo.org/> . e
QE“““ el <nttpi//creprons.cos/> |

publiohodBy ereurd 5
"Foundations of Sesan
“MCRC Prosa”, "Cagr . tic Yeb Teckaslegyeqe

oxt
oxititle
Qn...& ax:na=o 5 o
icolon after the first line tenminates e

sy
The Jie subject book:uri for the next triple.

triple, p_aﬁ— A
s abtthe sagie
fime fixes t lie,

This allows ys (g Wit

B . :5..
a in the Inst line similarly finishes the triple, but pwm pnsﬁﬂ%ﬁwcﬁ .

§ sedd for the noxt triple. Henee
and predicate are re-uscd | axt triple. Hence'the final line jn (a
specifics two triples providing two' .__—_.aa.__” names, The averal) mﬂwﬁ ..R,..
therciore consists of four edges and four nodes. It is possible _o.n.,_m..m“a :
cemicolon and commn, as shown in the next example with four triples: ! )

¢prefix ex: <http://example.org/> .

ex:title "Foundations of Scxantic Wob Tockaologies® . 5

The above abbreviations are not contained in the official (normative) W3C N
syntax N-Triples which allows ncither namespaces, nor comma or semicolon, ;
ety Turtle’s syntactic shorteuts are frequently enconntered in practice, and i
cé.. bave influenced the triple syntax of W3C's more recent SPARQL gpeci- it
fication, introduced in Chapter 7. e ERly :

Is stil} accessible for | " 2 ¥ Yet, triple represcu- |
. nunans with relatively Jittle cflort. Yety , !

Wm“.z like Turtle are by far not the most commonly uscd E_vm ko M.ﬂ B
e One reason for. this might be that many prograsuning 5%”. i ;
Standard libraries for processing Turtle syntax, thus J_e___ ﬂ.mniﬂ. ; J
e their own tools for rending and writing ‘% E.w. eev,...____n XML ‘
overy programming langunge offers libraries M.,_.___,.?E. for storage

_.a._.”” Application develapers can build on .&u.m__._m_bm. (herefore 8 the -~

Sentia)y;
mf- 50 ),
ang

_ x./_rrﬁﬁ_ cessing. As of today, the main a._:Pazoﬁ_ in this sectlon. THS

serialization RDF/XML that is introd !
Offers a number of additional features nid __gﬁ._. w..._haa__:._.
At Ao represent advanced features which we W 2

fons that et
Jater

s
“onvepie
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), namespace mechantsm. While abbrey

R
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28 ‘ 1o it impose some additionnl .n”n__._..__”:.m_a”.wh_.“.ﬂ"ﬁ ”.rw—.
Heimbi ﬁ:ﬂ ﬂ.....u....:"ﬁ with the basics of XML wony ! .

cailers who are nat i ikl ‘ |

..mnm...é&u A for a quick ::-c,_”_..w of XML (¢ o) .==; zc.—. (graphs) E_.,o no
q.,:_e, differences of the dotan ‘ntactic structure used for orgnn zing

* obstacte, sinoe XML only mﬁm.ﬁ”__hm%_%ii_a structures, .__E %“M_v.m__mw of
an RDF ._2._.3“":... —m_h"ﬂ....__:. archical. The space ellicient Turtle iptions
triples now must 85 W

it is often useful to assign multiple
i i ted that it is ofien use ;
e ._“_ Mww____:mw“_.“__e.mnnr Accordingly, triples _.: WWﬁ \WQ —“;
a:&ﬁ.&ﬁwﬁﬂ_.__az ' The following example encodes the : r:__.. y
are grou y $ s, : ! ,

from Fig. 2.I:

<7r=1 varcica=*1.0" eu.noa»hh-..__nua.uv

44D r=insirdfathetp: //vev.v3.0rg/1999/02/22-rdf -oyntax-noHt . .
<rdf; ¥ ,

x=1ns:0x -énnvu\\ﬁuni?onw\.v i

<rdf ibozeription R:..g‘:n-._.nn!\ngn»o-cevwgon.oum\ﬁw.v
cx:publinkedR : ;
n.n“u.uwwuunn.»vm”nu rdf;about="http://creprosa. com/urd¥>
</rdf:Tescription> i 3 A :
</ax:pablishedBy> : X .
</#df:Lezeripticn>

</rdt:E0P> . _ =

After nn optional 3.259:9. of XML version and encoding, the document -

sturts with a first node of type xdf ;RDF. This element is genernlly used as the

rool of any RDF,/XML docurient. At this place, we also declare the global

(XML-Jnamespaces for ex: wnl zdf:, Just as i Turtle, namespnces allow us
' to abbreviate URIs witly QNames, this time building upon the existing XML
intions for namespaces nre still mostly
¢ prefix rdf: for the RDF nawmespuce
foltowing, elements that Liave & specint
recognized by that prefix,

we find the encoding of the solo triple of
the ubove example. Subject angd object are described by clements of the type

n&”?aavn»ep where the Xy, attribute rdf :aboyt definey the identilier

of the resauree, T)ie redi ] &
the dement zﬁsmaoww 9 b etieoded triple Iy represented dircetly 0

Multiple triples ean b
* encoded by re
arale clement of type n&"uaunnnv_ﬂc:
e suly

. arbitrary, it 15 o canvention Lo use th
$ as given in the abave example. In the
tueaning in the RDF werinlization are

. Nested c...w.r_s the element rdg :RDF,

. Which miay lend (o miultiple such

1s of course ot Importay. THow bject, E—S&.S. the order of the triples |

ever, il i3 plsg possily

of
Possibly lead; le to nest clements

presenting each of them by o sep- |

.10 8 more concigg serinlizntfon, The

Simple Ontologics in RDF apy RDF 5¢, s

.* g example encodes the graph from Fig. 233
Jng ©
follow! surls SR
s " vrnn-:r«av"\\ng«pn.c b. os 37
¢ .poscription rdtinhout o .coow.onw\nz.v
t o>Foundat ons S hd Yeb Tochnologtuse/agseieas
;publishodBy> . .
; a“w”wunnnlvn»ou AL {about e T hEe D/ e hrana; confuning 0 v o R
7 ¢oxsnozo>CRC Prana</ox:naze> : v ML gy
¢/rdf :Doscriprion> AR o : e .
¢Jox:publiohadBy>. ST R i '
¢fxdf :pogeription> - ‘ : : Z <

cre we can sec how _=a_5__m are _.nz:.wu,.__.ﬁm &Eu_@. 1S the contents of 5
nm_nm_,g.?a_n:_nz... The name "CRC Press” is given directly by nesting XM, ;
___...___a:.u instead of creating a second fop-level subject elentent for describing
”n%"\\nn«vnoum .com/uri. Some further abbreviations are allowed:

<rdf ".u,oa cription rdf:about="http:// uguwnncnd-voow\nm».
" ox:title= "Foundations of Se=antic Web Techralogies®>
Awn.ﬁcww»auenmu rdf irasource="http://crcprass, confuri® \,v,. Y Fge 3
</rdf:Dascription> : 0 ? ‘ou\. ; - . j
3 iption rdf:about="http: crepress. coz/uri™ ¢
4.& uﬁon:z : G 3 -ex:Naze="CRC Press” />

This syntax requires some explanation. Ficst. of all, all predicates with
literal objects have been encoded as XML attributes. This u_&asa““h .
admissible only for literals ~ objeets referred to by Szv. EE:.: .cn us s
in this way, since they would then be misinterpreted as __:.._& v:”“mw,.&raa

Morcover, the clement ox:publishedBy makes use of the MHR_ e
tdl:resourca, This directly specifics the object of the tips m_.d_w s the
further nested elemenit of Atype rdf :Description is __anaz__._wu, gt i Sht
feason wiy °ox:publishedBy has no content so that it can

i e AT

d tags. This :
en_v_.v.-m_n—:a:w lag, as opposed to giving separate w.»E.‘.”_ gnwnn:nnunMMo:hoa, i
ottt "otation is only allowed for URIS, i.c., every value " !

5 congidereq as n URT, . e y nouu.nnu\nwm.. | i

i Since '\vg thus avoid a nested description of vﬁv“\\ncwn..wa.o ax:Nazo is 3

_._é_zq deseription appears at the outer level. The pr ¢y description catt

ewa._ caded pg an XMT attribute and the othenvisc entply . :
n_ouﬁ_ dmmepq intely, .. , : , :

‘ : Ju exampie
Y 5 4 .?nn.:uun.

The ._.nn.sﬂ? ¥ sliow only the interesting parts n?na Jwa_,.,\w.“ﬂ fn tho fnitlal cxample

Oy Doy ua...: N of rdf:Rpg can always be nssumed to . B!
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We see that RDF/XML provides a _
,»Mézzm RDF. Some of those options w...M_.._.. _MH__” »..__.:.._:F?.:v s
HMM. ._...“....WM:M-_._? it Is not relevant whether or not an clement wigly,

/ : ded by an emply-element tag instead of giving hotlh start o
<\ larger amount of freedom, however, is provided by RDF m:_:_
triples ci be encoded in many dillerent ways, Our _zcia:... N
certainly do nat deseribe the siune XM tree, yet they n:nc,_awp"““ﬂ

Y for

underlying Xy, e

¥y
8=~3=x
il tag,
the K
EXBIDlny

WﬂD’? . e msv

W3C Validator The WIC Validator is'n Web Serv

vr.,.e..z_ to check the validity of RDF /XML dacurents s.m_m“ "._M._“nmn— .._ s
ficial specifiention. A simple online form is provided to uplawd uc,_r.w e
RDF which is then validated, Valid documents are processed to .ﬁ:,._u.,a?_ :._
vidunl triples and a visualization of the corresponding graph, whereas r,_”_"_._.
documents lcad to error messages that simplify the dingnosis of _:.czf _.._,
This Web Service can also be used to investigate RDF/XML examples .ﬂsv
within this book, though it should not be forgotten that many ec:_i_.w ”..n
ouly partial and must be augmented with o snitable xdf :RDF declnration ,M
Lecome valid, 3 : : e
The W3C Validator is found at http://www.w3.org/RDF/Validator/

em.

2:2.4 RDF in XML: URIs and Other Problems

. Namespaces in RDF/XML have been introduced nbove as a way of ab-
breviating URIs in the RDF/XML serialization. The truth, however, is that

namespaces in RDF/XML are an indispensable' part of the encading rather

than an optional convenience. "The reason is that RDF/XML requires us
to use resource identifiers as names of XML elements and attributes. Bit all

URIs necessarily contain a colon — a symbol that is not allowed in XML nemes!

Using namespaces, we cail “hide" a URI's own colon within the ._.nn__:..x_ sa?w

On the other hand, namespaces can ouly. be used for nbbrevinting v.ww_
tags und attributes, but are not allowed within attribute valucs and plain .Eh
contents between XML togs, This' is the reason why we used the 3=_h_ o
URI http://sezantic-ueb-book/uri in all previous GS.:.:&.r r_.n...._m.:az
employing a QName book:uri us in our carlier Turtle examples. 2 ___.%eoow i
assignment of the form rdf :about="book:uri" is not correct, an | XML
this cise would be interpreted a8 the scheme _.aa.c—. a URI but ot a3 ;
_Eh.ﬁﬁﬁ.bs_.nmx. .

Thus we ate in the unfortunate situntion of having to ...._._%h.” .M_p_

' diffierently in different positions of nn RDF/XML ._cn.:ne_.”.. s 2
introduces u method that still allows us to at least abbrovio

where namespaces cannot be used. XML has a _..__:_WE. o s " fopls.
restrictions that may complicate the E.Sm.:m.on arbitracy, . .

.r.nn:a_

e URE.

ey

L~

* Jowed in XML tags, and it can lisppen that existing U

" decument using this feature: . s

Simple Ontologics in ROF ynq Dp s 3
. (RS ietna
Sk 3
it MOL ==c§._...= wse s hiyphen direet)

ﬂ_:__m_. hyphiens might occur within c_:_w :_—“a”e.” o
1o declare auxiliory numespoces snerely for (h _.._.« thy ~§s=-._. Wocesary.
lementd n a valid way, i Tiwme of EXporting single’
Anotlier Eﬁ:ﬁ;,..«oz?:. Is that {1 Percent R F B
within URL slnee I 18 used to eseapn farbidder n_::m” % oeelrs frequently
encodes the space character, Just like colon, (e _._M?H_»:s string %20,
Sign §s noy gl

URIs In RDF. Fortunately, muny problems of tlis E_Esaw”ns_zqza‘!" _8__”&. [ 20
: ¥ ldressed

Dy existing RDFE pragrunming libraries, so that p i
peed Lo focus on such vnzw:ub:cn_ issues, Yot :.@Eo;.“.w!____wﬂ developers do ot
'are valid URIs that cannot be encoded nt all in Xar, e aware that tiers -

tin XML gy, cven

B

2,25 Shorter URTs: XML Entities and Relative gmu : 0

-

In the above QS,E_._E. we have always used absolite URIs as =
‘{hie nttributes xdf :about and rdf:rasource, as the use of uva.uw.uu.“_ .M“:._uh {

not be-ndmissible in this context. This section discuss i
abbrevinting-such yalues. s well. - While these E.Eg.,r,“w.o”“o www mﬁﬂ:ﬁ A
optionn! additions to the basic syntax, they are very widely ued and thu it
indispensable for understanding most of today’s RDF documents. A

A simple method to abbreviate values in XML is the use of so-called XML ©

" entities. An entity in XML is a kind of shoricut that ean be declared ot the

beginning of a document, and referred to later in the document instead of
giving its complete valuc. The following is a concrete example of an XML

: <7xzl version="1.0" ouno&hw-.:nn-au,qv <§DOCTYPE rdf:RDF[
<IEHTEITY book .rnnv“\\ugn»n.uqv.gow.onQ:v

1>

<rdf ;RDF nu._bnn.u.&u.,vanm"\\ﬁ:.uu.onn\»oma\ou\nu.n&.-qunﬂ..ﬁ-. ;
xming;ox ="http://exe=plo.org/*? '
<rdf:Dageription rdf:about="kbookjuri®> ,.: o A
<ex:titlo>Foundations of Sezastic Wab Tecksologies</ex:tit Fna e
</rdf:Dopcription> ; Ny

</rdf:Rp

initial eatity declaration u_mFA‘J
£ the XML document constitules
ide  so-called Document Type

are entitics as above, _..E also

~An obvious uovelty in this example is the
in <IDOCTYPE rdf :RDF[ and 1>, This part ©
its document type declaration which might pro¥
- Definition (DXTD). A DTD ean be used to dect

IIII\|||,||I.,|I||.I|||.|
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to define o bumber of further restrictions on the cantents of the XAp, 4
ment. All document type declarations used in Uhis book, however, gre 0cy-

cntity definitions, 50 that we can content ourselves with knowing that 2.2&: :

in RDEF/ XML are defined as =~§.d. In our example, the entity ._nE_“ﬂrw
called book and its value is http://sezantic-veb-book. org/. Furtler eHE
ties conkd easily be defined by providing additionnl Jines of the form A_m.d,_“
naze ‘value'>. y ; 3 >
We may now refer to our nesly defined entity by writing kbook; as iy 4
value of rdf ;about above, and the XML document is interpreted just Eﬁ
we had written the declared value of the entity at this position. Such entity
‘references are allowed in XML attribute values and within plain text dagy
contained in an elenient, such as the texts used for seriallzing data literals jp
Section 2.2.3." Entities cannot be used within names of XML elements ang
attributes - there we have ta stick to the use of namespaces. In our current
cxample, defining o new entity does not actunlly shorten the docunent, bt
usually entitics for common URI prefixes lead to much mare concise serializa.
tians and ‘may also Increase readability. XML nlso provides a small numbier
of pre-defined entitics that are useful for encoding certain symbols that would
otherwise be confused with parts of the XML syntax. These entities are &1t;
(<), tgrs (), kazp; (&), kapos; ('), aud kquot; (*).

There is another commaon case in which URIs might be abbreviated: in
many RDF doguments, URIs primarily stem from a comnion base namespace.
A website that exports data in RDF, e.g., is likely to use mony URIs that
begin with the site’s domain name. XML has the concept of n'bese URT that
can bo et for elements in a document using the attribute xol:base. Other

attributes in the XML document then may, instead of full URIs, use _ZIB__& 7

relative references.  Such entries refer to a full URIs which arc obtained by

preceding the entrics with the given base URI, os illustrated by the following
cxample: ; R , |

<zdf :RDF H.hbuuu.&-..rnav"\\.:E.cu.onw\»wwm\ou\unlu&-aﬁnvulga- .
x=1na:ex ="http://exa=ple.org/* e
z=1:bage ="bttp://sccantic-wob-book,org/" >

<rdf "ununnpwa»ou rdf spbout="uri"> - :
<ex:publichedBy rdf:resource="http://crcpresn.con/uri” />
</xdf:Description> b X

</xdf :RDF>

. The relative reference ¥df :ahouts="uri" is thus interpreted us the url

http://secantic-web-book/tri. Valies of rdf :xesourco or rdf - datatyP?

{explained lnter) can be abbreviated in the same fashion. Relntive referenc®:
" are distinguisbed from full URIs by lacking o scheme part; sc¢ Fig. 2.2+

i

.. _c - peforehand: in this case, the base URI of 1y

~pot illowed. ‘The full URI is then constructed Ly

A% fn XML, the term voeabulary in RDF is miost COMMON

Simple Ontalogics in RDF and RDF 3
h-n_—a.-._..n

: 3 Kl

osible to use relative references even without decluring the intended | :

utended base

UHL it wos retrleved from - is used. This oy 12 document — based o the

eck e
|ocations of documents may change; hience it iy RN 9 less robust since

pase URIs whenever needed, suzgested to provide xplichy
{ gecond common use m;. x=1:base for abhreviati ri)
.:N-_c.:nu.& 1D, This :::r_:c.n:: be used just fike n.“.:a MW-.M«H%.W e
expects D siogle fragment identifier as its value, whereas S.S.E... mﬁﬁ.ﬁ ,
s ) g S are
i . using the mven yalue as o
{cagmeent for the base URI (which thus should not kG
s can obta g i contain any fragment), L.
we can obtain the URI by extending the base URI with 1) ment),
by the value of rdf : 1D, i A ie symbol # folloxed
Fhus we find that zdf:ID="naza™ has essentially the ! s
st saboib=tMATATS The most relevant difference of both nuu.“.u ”wsg_..mmm“

“URIs is that every value of zd£:ID must be used only ance for o g e |
URL An RDF/XML document may thus contain onc clement s.._mhﬂ.m__.v““

ID, bat it may still contain further clements that refer to the same URI by
means of rdf:about and rdf:resource.

The Turtle syntax for RDF provides a similar u__vvo_..n for relative references,

" which are resolved by using the base URI (URL) of the document. Setting

the base URI explicitly is not encompassed by the current specification, even
tliough the syntax Cbase was proposed for this purpose. . Overall, relative
references in Turtle are of only minor importance since gﬁ#ﬁngg
can be used without the restrictions of the XML syntax.

Figure 2.4 provides an overview of the various forms of abbreviation mechin-
‘nisms thint we have introduced for RDF/XML. Note that n principal differcnce
- betsween XML entities and (base) names

clared anly once for the whole document, ‘whereas the latter may be declared
in arbitrary XML start togs or empty-clement tags- The namespaces then
apply to the elenent within which they were declared, and to oll subclements

. thereof. Morcover, ‘entities can be used not anly for abbreviating URIs but

provide shortcuts for arbitrary test content, esen within literal voluss.

220 " Where Do URIs Come From? What un_...ﬂ_._munzgnm

‘Docs the use of URIs, which is strictly required ngcm_s.._..“_s Eﬂw“ﬁ.moﬁ.w
n semantically unpnbiguous interpretation of all _wb_uhunc%m._m for the same
The answer is clearly no. 1t is still possible to use sy
tesouree, just os it i still possible to use the s

A possiblo solution for thiis problem is the use of welkd ol to et 0

i eql pxnunple is
collections of identificrs with a clearly defiued meaning: A ..é:,d._ = .
Provided by RDF itself: the URI s .

tioa, .

: | . i ST ,| §
snnv"\\c:c.:w.oum\»oww\ou\uu-n&.uwunﬁ u,u.-aaun,n ’

is that the former can be de-

URI for different things-
same UL B8 | vocababdrieds

e b b i gt




ﬁu%&n_@a of Semantic Web .mxvziou_..'...@

Prdddined entitics dw,umﬂ ¥l1t;, kge;, kasp;, kapos;, or waron.. in
3 : XML attribute values or character content (RDF

i,
Nam .Ea,a Tocluntion - Usage: nacespace:naze in XML clement names
Nams e 2N < o
: Declaration: xalinazespace="<uri>" in XML
<tart tags or empty-clement tugs; declarations af-
fect XML subtree; multiple declarations possible
Entity declaration ' Usage: kontity; in XML attribute values or char-

acter content (RDF literal values) of elements

Declaration: <!ENTITY eatity 'fert'> in initial
DOCTYPE declarntion; . declaration  affects whole
docament; only oue declaration possible

literal values) of elements
Declarntion: predefined in XML, no declaration

F.é nm:.uﬁq.gn .cSnR non-URI naze: as value for rdf:about,

rdf :reource, rdf:ID, or rdf:datatype
- Declaration: - x=1:banea" <uri>* in XML start

tags or cinpty-clement tags;: declarations affect '

XML subtree; multiple declarntions possible

" FIGURE 2.4:

Summary of abbreviation wechanisms in RDF/XML,

. pur daily expericnees of the capabilitics and limitations of today

- bool

“ gl

"anisms for | : Rt g
- URig. ¢ managing URLs. By choosicg ! )
teler to locations on the Web over which one has Z_E.EEE i

gimple Ontologics in RDE ang RDF g3, 4

: : x cma
s mc:.u,u:v. ‘necepled well-definey W
oL o acconnt. ;

nennin
fake larics nre nat just used to defing gy,

B which nppfieers’ >
L 0pplications may
:....32-_:.

e RDF/ My
also comnonly used to deseribe :__‘e:_r.:mw.v\mzr SYmax ng stielyy’
wopnlar vocabulary is FOAF (Friend of ;.m....“:a_ww.ss_”a of & par-

b which defifey

on 0.1.2 for tletgils),

{hey v1¢

mn_.w___uﬂ_.w‘.__ova:.n people and their relationships {sce Seetj

"" hough FOAF is not specified by an officiy £
,m...ﬂap__._“__%:w m:EnmS:_v..s.n: known to avoid 3&_._.,__..0..““. _.__u..un__”ﬂmohma_.raf.
it lfillustrate that {he intended use and meaning of ..oB_EEru. ond RDP
ot encoded in _w_::n_..::.r_.g.._”._u_a way. ' ; Saretypically

o of the major misconceptions regarding the Semantic \v, :
.:rm semantic En_z_o_o.m.& cnable computers to truly un, mawmw“a@%h_ﬁé_z
copls such ns “person. The unambiguous assignment of URIs m.sR”_ mu_..
@ to refer to such concepts, and touse them in a mlfitude of g:.m qmu_
tionships — actually n.on__.a__%z_am the contents of the encoded v:_ae.‘c.
however, s still the task of the buman user. This shauld be objous rP..Q._-. 2y

. ! s compitery
but new technologics often are accompanied by a certain smount of n“__aﬂm

expectations. Tt is still possible to describe a certain amount of comple rela-

tionships that may refer to a certain vocabulary in a way that is readable by
machines: this is the main aim of the ontology lengusges RDF Schema nnd.

' OWL that we consider later on.

In many cases, a vocabulary for a certain topic area is not readily available,
and it is clearly never possible to assign URIs to all conceivable resources.
Therefore it is required to introduce new URIS on demand, and variaus pro-
posals and guidelines have been developed for coining new URIS on the Se

_ mantic Web, It also makes sensc to take the relationship between URLs and

URls into account in this context. N o Ay
In some situntions, very concrete guidelines are available for creating sult-

able URIs. There is, c.g., an official policy for tuming plione umbers post

URls using the scheme tel, Similar proposals exist for deriving URIs for
_E and journals from the 1SSN or ISBN numbers.
ol Bimerous other cases, however, it is required to

v ? URI
”Em. ‘>, first objective in er cose must be to numEd ﬁp— —M._w_m g =
1oL used elsewhere, possibly with a different intended e hierarchic

PRy s of the existing :
e urptisingly casy to do by taking &ﬁugwm.z“_..»__.m ~ when viewed B

ally avaid clus A nle s Rls. Moreover, it Is :
to il clushes with existing URIs. 270 jon, providing 81
g___””%” ® dociument avnilable at the 8:&34._:&%_@3”“”_"—_“%: obout -
:,._énx_.s_s._e.o:__.mia_._n_..éa_a«.a

e : ide. - :
L..ﬁ..w.. sage of o URI thus becomes aceessiblé worldwi and othet
0

b pages
(ohstps T2t related aspioct is the distinction bt e
T 11) resourcey, The URL htep://en-vikipedie:

ol completely 1w

org/uiki/otbelle:
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an at first appears to be a suitable URI for Shakespenre's draum, Sy
containg t unambiguous description of .E.m resaurce. If an RDRP tlocur
assigns an author to this URI, however, it is not clear whether this o iy
the esisting HTML page or to the drama. Oune thus condd be led to heliiy
that Shakespearo has edited pages on Wikipedia, or that Othello way iy e
collabaratively by authors such as “UsersThe_ Drama_ Lloma™ Tt i Ui

" obvious why URLs of existing documents nre not well-suited a5 URJg o

abistract conetpts.

9_ the other hand, we i_pa still like to construct URIs that _,.a.:.. la
existing Web documents. For users of RDF, it would certainly be nseful if

URTs could beused to Jenmn more about their intended vsage = like an inberent

wser documentation closely tied to any RDE document.' But how can this be
accomplished without using existing URLs? One option is the use of fraginent
idintificrs, By writing, e.g., http://en.vikipedia.org/wiki/Othollo#uri
ane does not use the URL of an existing Web document (sitice the fragment
“uri” is not defined on the page retricved at the base URL). Yet, when resolving
this URI in a browser, one obtains the same explanatory docmmnent os before,

This solution is also sugpested by the possibility of using relative references |

togetlier with the attribute rdf:ID explained carlicr.

An alternative option is the use of redircets: even if no document is found
at a given URL, a Web server may redireet users to an alternative page. This
is a core functionality of the HTTP protocol. Since the user-side npplication

- notices any such HTTP redirect, the retrieved page can still be distinguished
from the resource that the original URI referred to. The automatic redirect.

ulso has the advantage that o single URIL may redirect cither to o humnn-

_readable HTML description, or to a machine-readable RDF docinment ~ the
- server may select which of those is appropriate based on infornmtion that the

client provides when requesting the data. This method is known as content

.:&2..&.6:.. \.w.s example is the URI http://sczanticucb. org/id/Markus:
when viesed in a brawser, it provides details o the enceded resource; when -

ceessed by an RDF-processing tool such ns ._._._E_.zo..u=3:=.=«=b?..ﬁi.
metadata, ; i

The above technical tricks allow us to erente :..::.Em:o:w URIs that link
Lo their own documentation, and this cxplning to some extent why many Uil
still refer to common URL schemes such s http, !

, dAn RDP browsiug tool; see 5.3:\\52.:u.own\ueewx-u-n\w-v.

leny,

? .uooubze:.7:&&3.5,‘258—;:_ Sehe -ﬂ

- oblaln 42" = 2t < B10",

Sthemn

Simple Onlologies in RDP ayq fthp ; J.l

Lpdloramlesry,

FIGURE 2.6:  An RDF graph with typed liternls

2.3 ..P&é..&o&. TFeatures

We nlready have learned about all the basic features of :.cm.., Thirsaie
however, o nuntber of additional and derived expressive means, which 2
highly important in applications. This section introduces nuinber of these

._._,._z.oo.__‘osp:-nv.m:m..._a_.—:3&3553&%..__39”%&&5
RDF graphs, Turtle syntax, and RDF/XML, 3 o :

2.3.1 Datatypes in RDF

We have already scen in Section 2.1.3 that RDF allows us fo describe data
values by means of literals. So far, bowever, all literals we oonsidered have been

notliing more than mere character strings. ‘Practical spplications of course:

require many further datatypes, c.g., to denote numbers or points in time.

' Datatypes usually liave e mojor effect on the interpretation of n given value.

A typical example is the task of sorting data values: The natural order of the

values 10 “02, “2" is completely different dependingon whether we inferpret -

od alphabetically,

them as nunbers o as strings. The latter are usually sort o aericaly 10

yielding “02" < "10" < “2% while the former would be sort

RDF therefore allows literals to carry on explicit 1 UM, exd
. B ’ by i
onr established principles, each datatype is uniquely idlentificd by 3

might he chosen rather arbitrarily. In practice, howeyer, o by
[ 2 L. d supporte
tseful to refer to datatype URIs thut ore widely known o

Many software tgols, For this reason, RDF sugeets .h_ma___.,.u_.”_.ms be added to
Figure 2.5 illustrates liow additional datatyre Iufonn

-0 RDF graph. The subject of this example i blicat
Hentifie by its actun) URL, for which a title text nnd pubieY quotalion

Provided, Theso data yalies are specificd by “G dataty e ¥ liave

- Marky, followed by == und the URE c—.mo:_u.mhﬂnw.. ﬂ,......c.q for catendar doy.

st “String" for shple character sequentes ‘o that typed tterals i RO
Zn_,ﬁ £n bo seen from the grphical icﬂ.é:.anw_nn._ thereforo &
ﬁ:_«r.uﬁ...n_~.Emm=m_oa~c_=2_¢.>E. ’,._.a_ ..,

datatype. Stayiug tnie o
it is certainly most.
£ XML Schema- .

the RDF Primes docuticlty ,

entially be
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- haves Just Tike a single wityped Hiteral.” From this we ean readily derive ),
Turtle syutay for the RDF document in Fig. 2.5: ! o0

Sgrefix xed: <huep://eww.w3.0rg/2001/XMLScheza®> .
Qrzpsd S w3 o TR/ rdf -prizer> )
<hetp:/fexa=ple.org/title> . "ROF Prizer"~"xad:string ;

<xttp://exa=ple.org/publicationDate> *2004-02-10"""x3d:datg .

As the cxample shows, datatype URIs in Turtlc can be abbreviated ye

ing namespaces. If they were written as complete URIs, they- would need
o be enclased in angulor brackets just as any other URL The represents.
tion in RDF/NML is slightly different, using an additional XML attribue
Tef:datatype: : ‘

<s3f:Description rdf:ebout="http://wwy,w3.org/TR/rdf-pricer*> ' = .
~cax:ritle xdf:datatype="htrp://vew.u3.org/2001/XHLScheza¥string "y -
T Prizor - ; y ’

</ex:titlo> ;
<ex:publicatiozDate : y =
Tdf ;datatype="http://www.u3.0rg/2001/IMLSchezasdate”™>
2003-02-10 = - L ¥ 30
</ex:pzblicaticalate>
</zéf:Lescription>

The general restrictions on the usc of namespaces in XALL also apply to the
previous example. Since datatype URJs are specified as XML attribute valucs,
they cannot be abbreviated by namespaces. We inay, however, introduce XML
. . extities for arriving at a more concise serialization. 1o _

To obtain a better understanding of RDF's datatype mechanism, it makes
sense to have a closer look at the meaning of datatypes. Intuitively, we would
expect any datatype to describe a certain value space, such as, e.g., the uatural
mumbers. This fixes the set of possible values that literals of a datatype .E.am
A secand important component is the st of all admissible literal strings. ThS

+ so-called lezical space of a datatype enables implementations to Fecognize

whether or not a given literal syntactically belongs to the specified dotatyP®
The third and final component of each datatype then is o well-defined mopping
from the lexical space to the value space, assigning a concrete value t0 every
admissible literal string. _ i
As an example, we consider the datatype decimal that is defined e
Schema. The value space of this datatype is the set of all rational numbers L
can be written 2s finite decimal numbers. We thus exclude irmtional ._Ewﬁm
. like 7, and rational numbers like 1/3 that would réquire infinitely many €7

in NME

4.

" emantically equal.

‘“ﬁ are balanced.  If this eannot be guaranteed in as opplicao%
(on to embed XML fragments into RDF/.

| .m_.zi?. Qi.o?&& in i.u.m, and ab%m&ﬁ,:
: i : a

ccimnl notution. Aceordingly, the Jexiea
that contain only numerals 0 t0 9, nt. iy
c_ia:n— initinl _,_v._r“._rc_ +,ch. e
is the well-known interpretation of decimpy) i
ot PUIELers nx mtiongly, T
e

al strings u-.Mh< #Ownhb* and N.haSO .
Tern o the rational number 3,04, It w.&h?ﬁ«......u.? Porsible sy

g : ted in multiple d; datatypes thy

single value can ‘be deno ] ple different 5. .ee

....a__%o: a dntatype thus recognize syntactically ..Sﬁnwpﬁ Emwﬁ..#ﬁﬁu that
als rnz_w

in 4
sAring®

YT Joxicn] space and valye -

1o refer

- Most of the common XML datatypes allow for 5 =. . :
fn RDE, yet the RDF gpecification leases it 1o individun wwwaraeﬁmﬁ:
to decide which datatypes are supported. In particular 3

3 . N s A soft
conform’to the RDF specification withaut recognizing any E_Mmﬁmorﬂ”
dntatypes- VR R S

' The sole exceplion to :.m.,m _.wn.ﬁ_d_ principle is RDF's ey Bt
rdf:XHLLiteral. This datatype allows the embedding of well-farmed A.a/q_.m

- snippets as literal values in RDF. As such, the datatype specifically addresses

n possible use case of RDF/XML where it might be convenient to wse well-

formed XML directly in the place of literal values. ‘

The datatype rdf :XMLLiteral is most commonly used togetber with an

" pdditional function for pre-processing and. normalizing XML data: This is

achieved by means of the attribute xdf :parseType, which we shall also en-
caunter in various other contexts later on: : A .

<zdt "ccwnﬁmnwcn xdf:about="http://sezaatic-veb-book/uri®>

Aonunhnwonnn"vahuogol.rwng-v
- Foundationg of o )
<br'/> ; <175
<b>Sezantic Web Technologies</b> 5 ¥ r.
| <fex:title> | . : : . T2
</rdf:Dascription>

 In this example, we iave embedded text that uses HTML mark-op oto 23
ple, we have embedded text S s
RDP document, Due to the setting rdf:parseType="Literal®, the Eieh

wwh_r fragment is normalized internally, and transformed Us,h_ mva”_u.w mﬂ ;
Fok wﬂzr..»nouuw. Even though XML snippets that erc us - and closing

complete XML documents, it is required that their opening fhgealio
XML as string E.w_urw‘u_”a__ww
ot Jefined cutities like azp; and 81t to replace ,chwﬂ“ﬁw. S
.ac.s._mc be confused with the remainder of the RDF llarved ourseles (0
ra~ t this poing we should also make sure that we have _"M“s introduced: RDF
n.vi.ﬁn._ by somne rather similar terms 4.5& have be <A
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; o in RDF, whereas )
ic identificrs for data valuces A e
i _,..Qn_,ac.m..n._p.. «Mdnwﬂ_.mhmn_nmuwaoﬂwma merely leads ..: the erention,
s oE:M of litesals belonging 10 the z:..baia rdf :XMLLitara),

of ane _rﬁmn___.d,

2.3.2 _..ban:nm.n.mn:_:mmb:m Datatypes S &
" g that we are more fam

7 AL S¢ it is in ord | . .
&wwvm.bm_ﬂ /_M”,_..n wwﬁw.“ a:_”...h:oz is which datatype liternls without any
in . The firs

type assiznment actually haves In fact, Fuch untyped liternls simply have o
v ans
type ot wll, oven thoug

5d? for snost practical purposes- s Q
uzu%“ﬂmﬁhﬁ” .E_.ﬁ_..m.zne botween typed and untyped literals I revealed

‘when introduring Tanguzge information into RDF. XML in general supports
the specifieation of language informat

This is uchirved by means of the attribute x=1:1ang. A typical example is the

Lanpuage setting in (X)HTML documenits ns found on the Web, which often

contain attrbute pssimments such as x=1:lang="en" or xml:lang="de-ch"
"in their initial heel tag. Not surprisingly, such language information in XML
is maneed in & hicrarchical way, i.e. all child elements of an clement with
 Lanzuags setting inlierit this setting, unless they supply nnother value for
x=1:1a67. ¥ f : 7 5

Languase infurmition can also be provided in RDF/XML, but this is se-
mastically relevant only for untyped literals. For instance, one could write
the following: :

| <rdf:Toscription rdf;about= http://ury. 3,015 rdf-prizer">
<exzzitlo x=l:lacg=*fr*>Initiation & PDF</ex:titled :
<ex:title x=lilacg="en">ALF Prizer</ox:title> . :
/s :Deseripriom !

In geriatizations of RDF other than RDF/XML, _g.ngnn information i3

supplied by means of the symbals @, In ..?:_.,u this might leok ny follows:

Gnnv“\\.;.&.&.n%u&-vn»nnﬂv <http://exas

&h—ﬂulﬂb & FOF*Ctr, *ROF Prizer*eap plo.org/title>

This 1 s : T s . J
symtax again shows that language settings ure teally part of the dath

valie 4 R :
the S_“_... Wﬂwwo aw_WRﬁ ﬂ::—._c .m:: describies n griiph of two Lriples with
predicate, —.__‘h.ﬁm.wa. in the ﬁ—..u—ﬁ—-—g— :__:.-v.ﬂ-—:—-—o:

of RDF, the labels of lit
setings just os fu ._._S__a.s..a nodes nre u...__:._w extended to inchide Tnnighes?

itinr with the comprehensive datatype .ai&: .
tor Lo take anather loak al data valyey -

11 they behave very similarly to typed literals of type

jon that tells applications whether part
of an XML decument's eontent i written in a particular (natural) language.

L ppight 80!

ot lansUoES

- Gimple Onlologies in RDF and fipp
; ; , Sehomg
: ; 4
yet distinet ' - . : i
rettings snd datatypey in Rpp SR , ;
and their absence oF Presence s o, g 07 10 be oy o0
aetimes lead to confusion'in the Wsets/of mﬁ
comie clhiaflenges when merging datasety. ¢, EF.W.. 0 1 gy
__m__uﬂﬂﬁaavzc: in Turtle: - Ghside: :

epretd
asspiller

gpilnr

eerntse

y xod: <htep:/ /e 31078 2001 /MM Sehgnsg, -
cprons.co=/urd>  <kttp://exa=pls,o: Sﬂ..v o

: . Prazss
§ *CC P o [5if
_ el
This example does indeed encode three different tr
guage settings always constitute @ pair of a literal
and thus ean never be the same as any literal wi

pls: Literals with fag.
velue and a bunguae n_MM :
thout languaze Kﬁm&. The

d .._anv.—.na_ literal "CRC Press”, according to the RDF epei ik,

Stsell", i.e. there is no distinction between lexical space and valee spase,
Whether or not the untyped value "CRC Press™ is part of the value space of

sd:string of course is not addressed in the RDF specification, sinee XA

Schema datatypes are not part of this standard.
In practice, however, inany applications expect the two literals without fao-
guage settings to be equal, which probably azrees with the intuition of many -

. lsers.

‘As mentioned above, language settings are only allgwed for wiyped e

. als, The justification for this design of the current RDF standard was that the
| * semantics of typed data values is not dependent on any langnage. The pum-

ber 23, e.g., should hove the same (mathematical) meaning in any laezuaze-

* This view was also extended to strings: values of type xsd:strirg therefore

+ their parent clements, even though this would be nmﬂn_ﬁu_u ﬂa.un.v o iae

.9 .. ¢ i , = 1
3.3 Many-Valued Relationships |

are indeed assumed to encode a sequence of characters, est of a oo
ﬂa language.. Another possibly unexpected gﬁaﬁa of “ww_““sh”
sl values of type rdf:XMLLiteral do not inherit languag wwwcm\.d_r
M“._Mﬁa:— was considered ns XML. RDF thus E:&cnavr.
rwise strictly EE.Ei—ruu— woo_ao of x=14lang in XM

Ew.” %, v have represented only very simple _EBN relation:
Ple M”ﬂ. ».EE. essentinlly describing & &:dn.iw Nﬂ%: .un
:aa.__-a“,.w ucture also allow for the represli®loh e pqeen more.
10 resguy
.r..., ty

In' this scction, we will see how relntions

tes can indeed be encoded in RDF-  from
st consider an example, The fUoinS X7

not o text of a oo
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viatriples that e I
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Fatpdiexample.orp/precnMangy

valued relatioiisbips in RDF

..t.z&?me_ forinalizes ingredicnts of a cooking recipe:

743 ox: <hetpi//exazple.srp/r . ! i
nmnmw““nuw az:basinpredient  “1lb greaz Zango’, i
e *1tsp, Cayonoa popper” . o

“This earoding, lowever, is not eally, Z.-E..&:n. since ingredients and .:..&_.
amounts ore modeled as plain strings of text. Thus it i, e.g:, not possible
to query for all recipes that contaln green mango, unless the whole text in-
cluding the speeifind amomnt is queried. It would therefore be more useful to
diseribe liredivnts ned their amounts in separate resourees. Let us attempt
the [llowing moddling: : -

Cprefix ex: <tuep://exe=ple.org/> . : ;
ex:Chutney exiiagredient  er:grenrMango; or:a=ount = "11b" ;
exiizgrediest | ex:CoypmzePepper; ex:azount  *itsp.”* .

It & ot hard 10 sep that this encoding is even loss suitable than onr initial
approach. While ingredicnts and mnounts are described separately, there is no
relationskip ot all betwoen the individual triples. We could thercfore as well
be deating with 1 tp. of green mango and 1 I of Cayenne pepper — a father
donguzous embigity! An alternative approach could be to model amounts

the assoriation of amounts und in
ox:ezount *11b°, Y i
el zl.cmwv..m.v»d « Yet this attemnpt would again yield unilesired restlts (end

We are thes dealing
an ngredi ..:-—bg: e
n-ary) relations,  RPF obvigus|

with a true three-yalued relationship hetween n reclpo:

une s spenks of ternary (and a...:...:.__v.

: <
- or mmore suliies dicectly, byt ::..v. camot represent relationshiips with thet

1 Y €an be describe so-called
auriliary :.,...F..?,S the graph.” Consider esceribed by introducing
T—— :
Hmt: Try b eoce i

-nBEnr..\ Jx.. te maulliple Tecipes that tequire the ame ingredient but in different

'

. : 234

rredicnts as thefr subjects, This would obviously clarlfy

3 o, 4
eredients, e.g., when writing ex: greesHango Tl the gy

the groph In Fig, 2.0. Tho nedc -

Simple Ontologica in RDF ang ppp Sehem,

ati in this example plays the ¢ 4

.uumnn&a ole of ey

oy TPy ingredient, and amount. Furt)er Nodey 3_“”2., COnnectiog
S neetis

ol widitional ingredients to link the respective 8535&,“;:&:2 for

o is method each other

ean bo readily seen, th d can generajly . ;
Mwﬂ“&. number of objects to a subject. Ty, Iy be useq

9—

th
peeds an identifier; on the other hand, additiony ._,,mn._ .“. an

vanies are ereated. Consequently, oiir example nor oy ¥Ih B proicat
ez:haalngredient and ex:ingredient, Qqr choice of
rellects the fact that the object of ex:ingredient A
nent role pmMoOng the many values in our example ralat
2 menved predicate rdf :value ...__2 may be used o
“object of 0 many-valued relation as a “main” value.
Fig. 2.6, we may-thus choose to write: .

UNCS in this e
& particularly prom;.
loship. RDF offers
Lizhlight a particular

¢prefix ex: <http://cxacple.org/> . ; >
Cprefix rdf: <http://www.wd.org/1999/02/22-rif-syzraz-ras> |
ex:Cautnoy ex:hasIngredient ex:isgrediaz:y .
ex:ingredient]  rdf:valme  ox:greesMango;

exiazount = *ilb® 2

The predicate rdf :value does not have a particalar formal semanties. Itis

merely o hint to applications that a particular valueofa man-salued relation-
ship could be considered as its primary. value. Most of todsy’s spplications,

- baweser, do not heed this additional information. Sinee, moreaver, réf:value

docs not play well with the ontology language OWL DL that we introduce
; : ; PR . Sonle

o Chapter 4, it-is often the best chioice to usc application-specific __iﬁ_.

hames instend, : e R )

‘Blank Nodes - e
b 4! g ioas; .—'m may
As shown in the previous section, modeling Sna..ﬁm.”& awwﬂwww» rolr
, roduction of auxiliary nodes. Such :&0. _u e Fst P,
hat were meant to be described vaanwa_ﬁ_ fugction. It
T Introduce helper resources with a Ee...._.., s bally by meass ofa
,?ann_.So tarely useful to refer to such resources SIOMSY ¥ oy p gy
ny fic _cE. In such cases, RDF allows us to introduce .ago_ :
.’. called blgni nodes or simply bnodes. i G A This
...._,_. Xunple for ny RDF graph with o blank node i m.,vu in Fiz, 26. T
T htially tlescribes the same structure 05 the Hwa .. qnt -ﬁa.....nm i
ng y} document, lhowever, merely stotcs :B.w:um a URLRr pefartisd
ta ¢ Ny 6.. Place of (he blank node, but s.m:Ew- uE;l.E« his
Souree. As the name “blouk node” SUEESE

ever, o eonnect 4
8 etion of several additional URIs. On the one hang. (., . ”M_.__M.“W .Ma Tadic
Y Dode itself -

Mains twy, _Jmug.u )

Instead of the grapl, of

N
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FIGURE 2.7: Representing nuxillary resources by EE.: nexles

*vailable for subject and :_._Z..m .._::vﬂ triples. Predientes (i edges) mng
vl \ y - > . |

vy e specilied by URDs. y
>_f_..wa_.,5_”.._.~,“._ﬁ cannot be nildresscd plobally by menns of URIy, and they do

e Al information within RDF geaphs. Yet, the syntactie
Hw_;.wa“__,wr”“_ﬂ_%ﬂmmo_._.a_f_uﬁ.___& referring to particular blank nodes at lenst
in the context of the ghven document. The reason fs that a single blank node
ey appear s o subject or object fu arbitrarily many triples, ﬁ.ca_.owe.
thore st be o way for multiple triples to refer ta the snme blank node. 'To
Wiis ¢nd, blank nodes in o dacoment mng be devoted by wmeans of (node)
105 In RDEF,/NML this s doue by using the atiribute xdf :nodeID instead of
rdf :about, Tdf:ID ur rdf ;resource. The RDE/XMI serinlization for the
groph I Fig, 27 could thus biv s follows:

<edf:Ceseription vdf :about="htip://exazplo,org/Chutnoy”>

. “exnthadiogrodient rdfinodeID="id{* />

</rdfDeceriptions . } {

“rdt:Deceriptlon rdf:nodalD="4di"> AT ,
“ox; legredient rdf:resourcos*http://oxarplo.org/groonHango? />’

- foxzezount>$1be</ox:azount> s ; ¢ v

</rdf tDoseriptions :

e

i only relevint for the given ._cn.___.n___m

) 15t the same fd might well refer to differen

”_ﬂmﬂﬂs_ . _.E“,f__e,. Vet semntles o an RDF documant, b not. clinnged If
Frences of wgiven node il nry rephiced by nnother Id, os long 18 the

ﬂw“..“hﬂ“.._%w...ﬁw__.n__ms.”z___: this documment, ‘Fhis reflects tho fact thet node
Dk e doos oy, g An_ ..“_u__“. nﬁ“ serldiza Wank wodew, If tho given usago.of b

It iy al g ; tuire e use of (ils yode T multipto positlansy
._E”_M_ﬂ_.n_”.w.“_ _.c.c:_z the attribnte. vdf :nodolp entirely, ..—.___z e e
exatiple L.c,_..w vcﬁ,”__._,_ﬂ.._—._ testing deserlptlony in Eu_.A\.AZ_: The following
._.z.:.:___:...e._._" _: .67.,.5,:_:. c_._::c.___n:_wE::x..a._ﬁ. =.=__c=_

m...:. Inbel $d1 by this exanple
Witlis otbier documents, t conter

; Stmiple Ontologivs in RDR and jtpp .....Q
3 , ‘859

't yotdon rdf rabout=http://axn<
.lwhw”“”“““mna&nua rdf "zwnanwsu..w“mww
. goxiAngrediont rdlirenourcesthtep:/ oz AR
<ox;azount>11b</exnzount> B ”Stﬁz_&gnﬂ ’
: A.?tv:.._uumno.:annv
(Jrit:poseription>

12&93
Urco"s s

'

AN jource of the nttributs PR e
The value Resource of the atl Tdf : parcaType iy 11t :
tha antaimatic crention of a new blank node which w_weﬂ_“h“___usn.vé Kusto
within the given document. We already encountered -.&"Ea%a a&a.z
with the valise Litoral, where a literal nade of type r__._._.»:nﬁﬁ‘ﬂﬂ_—_ﬂ
! dy
92&&%

ereated. In.general, rdf :parseType madifics the way in whi

ML docunient are inteepreted, usunlly leading to the generation of additiona) -

triples that hove not been specified directly. Al uses of rds tparsaType -
incuding. those discussed further below - can be avoided by serializiug the
encoded triples directly. -Yet, such “syntactic sugar” Is often rather usefl for
enbanelng a document’s readability. 3 > .

~'In ‘urtle and similar triple-based serializations, blank riodes are encoded

by vsing nn underscore m:m_.e,az of a namespace prefix:

- ' = ot - el S has

Srofix ox: <http://oxazple.oxg/> . .
“ax:Chutnoy | exthaslngredient _:ddl . § X
-tidt ox:ingrediont - ax:groentango; exsazouat *i1b% .

Gy s : . seument. - Turtle
The given noda id ngain Is velovant only for the curreut documient

Wlows vy o abbrevinte nested blank nodes in a way that b structu
O ROF/XML: o1 oy B : 3

o—.—.a:n oxi
.:nrcn:ee

.Aﬁnn?\.\ennﬂbe..onm\v . :
oxthinoIngrodiont Joount "IB" 1
. [ oxtingrodiont —oxtgroontangoi © °% MRS

) Al —:...:nﬁ L .

:..u«x:z—m to Al
.n—_ casdy it Is

licit il

y : P T3 s rofer 10
=c..__.__.e Predieates and objects within square ea%.ﬂ q-e___.”“. W
Mg w,_.u__w L I, Tho previons ﬁi_.._‘,.cn_._:.a._n_z. Asnspec
tlsg ), I grapl strncture as in the carlier eSUYI

Ol o write [ for o blask ,._n_z_c.:st.~

rally stilar

1
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| 2.4 Simple Ontologics in RDFE Schoma.

= <itiony __-x:_n. tinple
L ~ wxpioined liow o e s
2y wtlons, we ».M_L
In —__ ——_.;*c:h 2 N

s pecntially, three busle Kindy of ;EQ:_:E
courees can be: made I Euh..“ 7__ .”Maa_ -.s_._r._.izzr (t4sy the outhors of thiy

clements were wsl for this:

textboak, i publisher or.a coo More easuallyy we learned that it jy possj.

, cach ather, ¥
ﬂ:._aa H_nu.hu..w:pn”.__a .“r and resourees, thereby stabing that they belony
(A CERTEN RO R R A

Lo a cliss of entitics shiating certain characteristics (ke nitural mumbers o
© Lo a clilyy >

nodered tists) i .
Wiien de=cribing niew domains of terest, one would nsually introduco jey,

& - AN " 1) i
terms not only for individuals (like “Sebastian Rudolph® or “Knrlsruhe I}

tute of Tecinology™) snd thedr relations (such os “employed by”) bt nlso for.

types or clas (G, person’y “universiy”, “institution”), As pointed ont jn

“Sectlon 226, n repertoite of nuch termns referring to individunls, relations and

vl b vsnally calted o vocabulary,

When iutroducing and croploying such o vocabulary, the user will naturally.
have a canaaete fden about the used terms' meanings.  For examiple, it s

Intuitively elear that gvery university has to be an institution or that only
perans ot I employed bt an institutlon; .

From the “perspective™ of a camputer system, however, all the terins in-
thedneed by the wer are merely character stringy without, any prior fixed
weaniog. Thas, the aforenentioned senantic interrelutions have to be explic-
Wy compunteated to the system i some format in order Lo enabla it to draw
1 background knowledge.

By virtue of ROF Sehiema {Nwort RDFS), n furtlier part of the W3C RDF

teomumendation which yo will deal witl j i seeti is kind of
bickgroaed Tt hin the following sections, this kind

sthema knoteltye, n?._:.z.r?__ﬁ_ lerminological knowledge or ulternatively

the terms wsed iy Y 3 inl
I the fing pluce, RDFS jy tothin : :_,a.foﬂ_,_:_sa TDF socsbulr

Cotonuently, evere Riyne # but anotlier particular RDF vocabulury:
Q_é:..“ :__:vzﬂnﬂ.ﬂvr.._.nw.ﬁ_...whwﬂ__:s: Is 0 welliforined RPF docnument. q._.mu.
whereh, umover, o part q__ Brocesed by ulf tooly (bt support Just RDFy
E_vhw*r;_rd_:.i.r lost. O tha meantny specifically defined for RDEFS (the
S~ whos - 3 : i

Msually ahlype ﬂ.“__ﬁ___,_h.ah”d. .s%;?é.gu.onm\»ooo\s /xdf-achomot 8
fur particular applicytg, ". ~ does nat fntradyce i tuple-specific vocahulry
Uit of RDES jy 1,y ..a,_._,uw::____u ke, egr., FOAR dows, Rntlier, the Intei-
B seeedofig E......EFJ.‘ ¢ Behicrle langygy constriely by meuns of which
..._E_E..a._.\.a_c.. s e e semantjeally a_i:n?:wﬁ_ Morcover, this
19 - rughly Spraking 5 nEi.a the ._an__::_._: llowing o _,:u_..w document
M Weabblary wnd (g goncs ta owin e, This allowy for definlig @

st Pertislly) a—!x..m—.v.—:: s “menning? i the loe-

king reelpe), thot Ju one wasy or the ather v,

* Simple Q:i?.iaz in RDF any DF Sehem
, 2

R Il 47
' i lificati 3
{thout necessitating o mnog £l Of the g
gt W _mn. tndeed, my software with RDFs z:.__“i. 2_....% Softyway,

5 pro-

og 4 A .
.m_a_w"umm.%?& vocabutlary in n semuntien)ly Correey S_....:és__« treay

any
The enp

FE,.M._. Mﬁ._mp_.::n a considerable part of
for 4

Jold in 0 domain of interest. : s
: is dwell for a momient on the term ontology lan,,

o dy discusseed the notion ontelogy and jis hﬁbﬂﬂ omw_u.;w”

description arr..oa_.

ngu?vaﬂérﬁ.
ESD_.«. this sense that

»Sa_muhrv 2

abillty of specilying this kind of schemg .:

representation language or ontology 55.“%%%%95 RDFS 5 |

Semantic .._.QQ%MM saw_.% :
A 4

o plren ; ]
“.hm. 2 we said Lhat int computer science, nn ontalogy is

+ about v domain of interest, the core of which s 3
&m._m“”“_c: withn ..o::::k defined neaning. It is i
mm.w.m is an ontology _E.m:nmﬁ An RDFS uon__ae.... is
specification which deseribes knowledge about some domain of interest, Fyr.
thermore, RDFS documents _.m=.o a formally defined neaning, given by he
formal semantics of RDFS. This formal semantics will be explaineg in Chaj
ter 3, although the most important aspects of it will became intuitively clear
in the following, when we introduce RDFS. . 5

i

Let us remark that RDFS, despite its usefulness as an ontology language,
also hias its limitations, and we will explicate this in Scetion 3.4. Hence, RDFS
Is somsetimes categorized as a representation language for so-calld lightzeight
antologies. Therefore, more sophisticated applications require more expressive
representation languages such ns OWL which will be discussed in Chapters 4
and 5, yet usually the higher expressivity comes ot the expense o_,.m.oa.n the
nutime of algorithuns for automated inference tends.to increase drastically
When more expressive formalisms are used. * LR MY S

Hence the question which formalism to. use should always be considered

- depending on the requircinents of the addressed lask; in many cases an RDFS

3
fepresentation might be sufficient for the intended purposes.”

,n..r_. Classes and Instances 5 ;
._em_.e_.”.a..,:_j ; one basic functionality that any reasonable kn
onanlism should provide is the possibility mess £ 42
””._”." ey 88 clements of a certain aggregation. I _w_wﬂm—. Mwwﬂ.wa N
10 ungyy o JiENte X s type. Generally, the aﬁi%:&%:.n b
nrk fesourees us instances of a class (i.e. belon s

Otcloy ; ways use S
) ._,.._5 clearly separute semantics and syntax; we alway whereas URES

Nos iy orld), ™
1__5_55 4 8¢l of resources (being cutitics of the real woridh

PrSEnt o refor 1o a class are called closs names: S

owledge %ﬂmﬂ.

] ‘ = coloed |

; g ¢

semantics g 3

._.5”»__“”.“2 T PuL Into (he common phrase A little v y y
T, Vs

. to
to “ype” roureeh L8 1
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rward to desiribe thiy book ng
w3 of all textbuoks):

48 i
d be straightfo

“As on example, it sy ber of the ¢k

(extbook (which means: o nicll

booksurd

raf:typo Ohnﬂennx..v.n .
tes :=,= it is possible ?Er depending on the ap-

: ‘ Ilustra ;
This example ol § 1nble) to introduce new, user-dlefined eluss nunes,

plication donioln, very reasol

Otwiausly, there is no
individials (like book:urd
a single URL docs nol pray
object or o class, - In fict,

* eyen for some real wurld terms )
? E.m___. ﬂnﬂ:i .w decide whether the URI http://www.un, org/#UR1 ,_G,o_ﬁ

) und clnss names {such as ox:Textbook), Heyco,
ide direct information whether it rofers to n single
sitch o clear distinction is not alwayy passible,

mig ! s
an Individual singlo organization or the class of all its member states.

Neverthieless, it might be desirable to enforee some clarifieation by naking
a defimite modcling decision in the context of an RDFS document. Therefore,

RDFS provides the possibility to-indicate clnss nanmes by explicitly “typing” -
them as classs, In other words: it can be specified that, e.g., the class

ex:Textbook helongs fo the class of all clusses, This*aneta-cluss” is predefined
in le RDFS vocobulary and denoted by the URIL rdfs:Class. As we alrendy
knowy class membership is expressed vin rdf :type, heuce the following triple
charucterizes the URD ex:Textbook ag class name:” ; i
oxiTextbook  xdf:typa n&a"ﬂ.gn, S
—.:9._ the other _.W:E__ the fact that ox:Textbook denotes o class is also an
,L_”__H_J _..__.p straightforward ronsequeice of using it ns object of a typing
cment, hence, the preceding triple also follows from the triple

ol 2 A &

Tof:n» .n&"n:x. ex:Textbook ,

As an udditiong] .S.Sﬁr of Jit
\ mark tle practical rol
m._“ n_P._,.xu iy cF._ccx_v. iself n clusy pngt hetice co
ercfore the Proposition encoded by the folle

levance, nota that tho clnss of
ntuined fu ltself ns nn element.
wing triple is always volld:

n&“nw-,..a

Tdfo:Clone ..
Besides rdfng)aq 7 e A RS A R
,=cn and RDFS ,dBH there pre o few Further clnss names predefined in the

,___2_5 und carrying o fixeqd meaniiyg:

syotactic way of distinguishing URIS representiny

Even with huntan buckground r:oz_&mﬁ It

; Simple Onlologics in RDE

,ﬂi RDp S Vi
0 - ¢ ul
:Resource denotes the clasy of py o ! g
. “wmn o considered domain. of interest), gsmﬁ (i for A eloipeg,
oS o R POty

n&.mnovanaw. refers to the elass of 5
. rdf:

_ ! propertin.
resonrces thot stond for relations, Perticy

" A0 therafory ..._._
2 { n E"xzrr:onﬂ. hiss already been introduec) s :

. . A :F. 9: .
_.:..58.:. _d.uw GY?».SS:S:.% this ¥ Predefined
; ”__,” volues of this dotatype. 3 .sao. ._.a..sﬁ.._s elass of

', rdfs:Literal represents the class of o) e :
. {hat it comprises all ._Encﬂﬁ as subclasses; M.._._R. which implis

» Theclnss denoted by rdfs:Datatype contains H_E,.a '
for exanple, the clnss of XML literals. Note (hat :.wwvwﬂw N.. a“mﬂw

of n class of clusses (and hence a subclass of the rdfs:Clags tlass)

o The closs numes rdf :Bag, rdf:Alt, rdf :Seq and rdfs:Cantafner fre

used to declare lists and will be treated in more detail i Section 251, .

s rdfs "no:«w»:on;macmumgvvuow.anns .E_,ozam the o_u.&oﬂzaww.a.
ness propertics, will be dealt witle in Section 2.5.1 os well. .

* The class nae rdf:List is used to indicate the class of all collections,
. In particular, the empty collection denoted by rdf:nil is on clement of
this cluwss, vzl V 5 ”

.R»"mnwnnnonnE..Em”o:_nn?wmo_.amm&ﬁampa_aé be dealt with
) in Scetion 2.5.2, ' J . ‘

All those class names also exhibit a conunon notational comveution: :m
breseiting classes are usually capitalized, whercas names for :ruwwnwrav
_sa_.e.m_& are written in lower case. Note also thint the choice far
1ot limited to nouns; it tnight be reasonable to introduce class
(expressed by adjectives) as well, ¢.g., ox:Organic for all orgar

ic compoutds
9% ex:Req for all red things, 4

~ ) - o
.ﬁ_n.s__u.. B resource can belong to several different classes;
- ollowing 1o tripless i e,
vof S e by —y
5 u
.r.ors.”m -Tdfitypa  ox:Textbook .-

‘¥dfivypo ox:WorthReading «

«scs for qualitics -

_ P SPGB e s ot exclusive: |
Fiuntly, it i Important to be aware that class E:._vaua_._w mqﬁiﬁa by
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, : : r { o
2.4.2 SS0S s Hiorarchies ‘ is subeluss relntionship botween twg ot ,
4.2 Subclasses and Class ra ; ,_R_a_,hm,_,.uu__en 1a050£. Tho fact that ny _ex%h.roﬂ..". maniedy, vl yhe i
. Suppase an RDES document contains one single triple referring |, i et Mnm:n:v. stated by the following triple: 9 0o 1 gy 1.5—55..
textbooks b s ) ) 2 pe st A : S et PR
S 5 oA A . ¥ 2 : anngex rdfo:oubClass0f  ox:Boaok , 2
Raskiurd  rdfitype  ex:iTextbook . B B 0%} e R : .
g S 2 g s R : s software that supports (he: (i eNSae o
A ; This ennbles auy 50 PPorty the RDFS o g
If we now searched for instances of the class of beoks denoted hy ax:Boo S e d) o ideutify the individual denoted by book:uri ag a_w.““_ﬂ.ﬂ?d e
the URI book:urd denoting “Foundations of Semnntic Web Technologier * gt heing explicitly typed ns such, : on witlont
would ot be among the results. Of course, lmman background knowleg 3 ST : A enedlont Sy s L3
: : > : j . Wi : common and expec {0 use subclass state
entails that every textbook s a —.oo,w and consequently every instance of pms i ..__.mu_.m._en_a..:m sneh interdependencics, but to 1y ou_.“_._“.." _ﬂ, only ?.q epotad-
" e=:Textbook cluss 5 also an instarice of the ex:Book class. "Yet, an automaie ” ~“.. exlinustively specifying the moco_._._mra:o:.m_.&mg?” M,.ME_ ot
system not cquipped with this kind of linguistic background knowledge is gy - |- ._w thie domain of interest. For instance, the classification st .a__.w.. i
able to come up with this conclusion, So what to do? - : _._a above could be extended by stating that book is :2_%“.“ q._. the exa
Tliere would be the option to simply add the F._Qm.m:_m triple to the docy. “:a the Intter o supercloss of journal: 2 of print media
ment, explicitly stating an sdditional class membership: 1 i & e AR
RS ¢ FREE i ; o e e e eﬂ.woow ~ xdfs:subClancDf  ox:PrintMedia .’
bosk:nrd  rdf:type ex:Book . 1 : 4 .. \ ex:Journal rdfs:subClasaDf  ox:PrintMedia .
In this case, however, the same problem would occur again and again for | TIn accordance with the intuition, the RDFS semantics also mplements tran-

sitivity of the subclass relationships, i.e. roughly speaking: subclasses of sub-

any further resource typed as textbook which might be added to the RDFS
classes are subclasses. Therefore, from the triples written down in this section, -

. document. OSE:E.:V.. for any triple occurring in the document and having

_the form ! 3 i { : " the following triple — though not explicitly stated ~can be ._&_.E.u_n
¢., N&uwwma ex:Textbook PRI £ . ‘Jn".._...ﬁnvoow n.-nnﬂu,u,vowuuucn ex:Printiedia . :
;s e R PR | Moreover, the subelass relationslip is defitid ta be reflesive; teaniug that
: : : : I ) subclass relationship is delin e
. the an.:dEm triple 7 T . : | overy class is its own subelass (clearly, the class of all books comprises p”n :
el Bremia el — “ R ek S L A =SS s el S I Nﬁm of all boaks). Thus, once it is knawn that oxuwoof.%.a E..a,p,u.. c
'u ‘xdf:itype  ex:Book . : , Wit {0 Nlowing triple can _58_:.._:._&".

el i SRR ol | Rl SR O

: A . 3 ax; ; g
~ would bave to be explicitly added.” Morcover, those steps-would have .ow.a Sgsi i ,a»wwn rdfs:oubClasadf  ex:Boek A
repeated for any nev information entered into the document, Besides .‘ ¢ } s T e / QRO . clasees contaln
workload caused by this, it would also lead o an undesirable and unnecessuy _r.:.E fact also ennbles us to model the proposition that ?nd _wéac by
verbosity of the specifieation. S : : ' “ rw i e a.a Same individuals (in other words: they arc extensionally ¢4 :
Clearly, a much more reasonable and less loborious way would be .o.w s o Stablishing  ymypyal subelass relationship:’
‘spucify (one may think of it a3 a kind of “macro) that cvery texthoo SRR S

s conv I a o VPR R SOIRANE S b
also n book. This obviously means that the clnss of nll textboaks is 0 S - RO e ]
prised by the class of all boaks, which is alternatively expressed by callg 1 SingStar  rafoisubClassdf - exiEvenirStRt

oxts 2:Ey, . 3
- aq_.. .,.._n__v. oo °MugStar  raeg:gubClapadf ~ ex:HorningStAr
Mu —n : o ’ : X .A . » ¥ o

| textbook a subelass of book or equivalently, calling book a supercly
book. Indeed, the RDFS vocubulary provides n predefined way to €%

P4
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The mast popular and claborated chawss bierarchies can certninly

s by
in the arca of bivlywy where - following the' clussical systenmntley o “"._Mza
beings are growupred into kingdows, phyla, clnsses (a8 a biological .n.::w. czw..“a
(]

familios, genus and species, From the RDES doewment from Fig, 2g =
dafuce that the individual Schastinn Rudolph is not only o humay, _x.: w_urm_a:
; wammal. Likewise, by the deducible membership in the clusg of ,.i:.:z& _p
lagieally makes o monkey of himeelf. ! s
Docurments containing only class hiernrchics are usnally referreq to as |,
enemizs and subclass-superclass dependencies are often ealled .Eo:o_:_nwur..
" lations. Certainly, one reason why this kind of knowledge Eu._cz_.n r”c
intuitive iy its closeness to hwman conceptual thinking, In most CASES, 1 clas
bicrzrehy with sub- and superclasses can'be conceived as a coteeptual lyjergy.
¢hiy with subondinute and superordinate concepts or, using common linguistje
tenminalogyr hyponyms and hypernyms. , W

2,43  Propertics

A special ‘role is played by those URIs used in triples in the place of
the predicate. Examples from previous sections include: ex:hasIngrodient,
cx:publishedBy and rdf:type. Although thosc terms are represented by
URls and hence denote resources, it remains a bit unclear how to concrelely
. izterpret them. A (or the) “publishedBy” can hardly-be physically encoun

tered in everyday life; therefore it scems inappropriate to consider it s class

or individual. In the end, these *predicate URIS describe relations between
roper” resources or individuals (referenced by subject and abject in an RDF

triple). As the technical term for such relations, we will use properly.

- In mathiematics, a relation is cammonly represented as the sct of the pairs
interlinked by that relation. : According to that, tlie meaning of the URI
ex:zistarriedTo would be just the set of all married couples. In this respect,
properties resemble classes more than single individuals. ' :

For expressing that o URI refers to a property (or relation), the RDF vo-
cabulary provides the class name rdf:Property which by definition denotes
the n_unﬂr of all properties; The fuct that ex:publishedBy refers to a propesty
an now szain be stated by assigning the corresponding type: .

ox:publistedBy  rdf:type  rdf:Property .,_

Note that rdf:Property itself denotes a class and not o _=,d_.x= ty. It

contains properties as instanees. Finally, in addition to explicitly eam_.mhwa_ﬁ._

as such, 8 URI can also be identified s property name by its cnn.m.“_ bave
)

predicate of 4 triple. Therefore, the RDFS semuntics ensurcs that
triple is also a consequence of any triple like | o

.m:ua .

Simple Ontolaglea in RDP g0y RDP g ;
v e 5 e 2
7y > . : &3

rpdon="1.0" oucoding="utt-g47> ¢ipyer,

=t 23&:.:4 ox 'http://oxazple,org/i, ® rdtihupy

. pdf="http: //uvi . v3,0rg/1009/02/23.
1ng:rdf="http://vini.u3.org /22-Tdt  2yneng. oo ge
Una:&nnz:nnuixg.:m.owm\nooc\o:n&.nn._«aa.snm e

; =E»-..vnov"\\sz_.25:«»25.@28_;3..:Ba.:v_a....v

<rd{0:Class rdfinbout="kox;An{malin®s
<rdfa:labiol xzlilange"on">ani=alse/rdfsiiabes
¢/rdfn:Clooc> : ; g

“¢rdfn:Claon rdf iabout="£ox;Chordata*s :
<rdfg:labol xml:lang="on">chordates</rdfa;1nbol>
<rdfo;oubClasnlf u&auneaoﬁna-._»aunfﬁu:p. »

, ¢/rdfp:Clooz> B A > se gl

<rdfa:Clags rdf:about="Zax;Hac=al{a*>

<rdfgilabel xal:long="en*>za==als</rdfnilabels
- <rdfnisubClasoDf rdfo:rogourco="tex;Chordata® />
</rdfp:Claos> * o e D 3 -

<rdfs:Clugs rdf:about="kox;Prizates”> L8N
srdfo:labol x=l:lang=“en">prizates</rdfn:labol>
<rdfo:oubClass0f rdfs:resource=*tex;Haz=alia* />

+ &¢/xdfs:Claso> : ; :

.~ <rd{p:Closs xdf:about="kox;Hominidao*> .
<rdfa:labol xml:lang=*on®>groat spea</rdfsilabal> -
<rdfo:subClagcOf rdfe:resourcas"kex;Prizates” />

</rdfs:Clags> ! : ;

<zdfn!Clasa rdf:about="kox;Ho=o"> ' y

* Srdfs:labol zm1:lang=*en">huzans</rdfo:label>

<rdfy:oubClanolf rdfn:ropoirces*zox;Ho=inidao® />

</rdfs:Clagn> 5 A

+ $7d10:Clans  rdf :about="kax;HozoSapiens”>

<rdfn:label ) :lang="gn”">modern buzand<

|, Srdfn:5ubClansOf rdfs;resource="koxjHe=o" i

Slrdto:clangs : : y

/rdfs:label? .

| <ex: . . | iodoh />
A\E.H&_Womaﬂel n&mavocn...pou“m.i&:w&a%. / )

S, : . r e
: SURg 2.8: Example for class hierurchics in RDES

'
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| eskiura exiprblizkedBy crejurd .

uL,L m:rmnosw..aou and Property Hicrarchics

o previows soction, we argued that ?dvanzm.. can be conceived g

of M_R,_ﬁ“.c_.wn pairs and hence exhibit some similarity to classes. Dl M.““

might wender whether modeling 3=m»§.n.m in -.Em_oﬁ. to subelnsg e

<hips would alko make sense for propertics. This is indecd the case: Rppg.

Alluas for the specification of subproperties. For example, the property (.

" noted by the URL ex: isHappilyMarriedTo is cerluinly a subproperty of 1,

oae axsis¥arriedTo refers to, as the happily married couples form g (it

archably even proper) subset of all married couples. This conneetion cay e
declared s follows:’ o Sl 5

ex:izEappilydarriedTo  rdf:subPropertydf ex:izMarriedTo,

Again, situations where this kind of information is.of =a«é==w.u are casy
to imagine. For exaomple by virtue of ihe above mentioned triple, the RDFS
semantics allows us to deduce from the triple - 3 >

ex:zackus . ex:isHappilyMarriedTo  ex:anja .

that also the following triple must _ug.u.:%

exi=arkus .an&uga.ﬁ.,n ex:anja .

Consequently, one single subproperty statement suffices to ecnable an RDFS-
compliant information system to automatically recognize all pairs recorded 85
“bappily married” additionally as “married”, Note that this way, also proper
ties can be arranged in complex hierarchies, although this is not as conmmonly
dane o3 {or clases, . - ; ; A

2.4.5 Property Restrictions -

33:..«:_3 the information that two entitics are iﬁ..no::aa.& by s ne..a.m_
Mavnu.v allows us to draw further conclusions about the cntitics :E:ﬁ_,.aw_.
| particular, one might infer class memberships. For instance, the statem™®

that one entity is married er impli :
to anothe: i Wl cn
; : ; er ::E._nuv»__w:...co:_ :Jd?.. ,

fitics W1¢

be n nonnegative number):

5 m..,z_ia, Ontalogies in RDP qpy =
A by Sehe
. : nia

, burd to seo that the predicaggty 10 : LA
Now it ¥ not | 0t o' funp) i
__.m...__._onp and object.can be expressed yig o_eh_..hu_ m._.__:w:_a___?as?a
.._-:._c of the form; A e ” HTshipy; Whetere, v
X ox:duMarriodTo Tl ,, e o S LT S e
e vonts 1o assert, ..o_..axe-:._m zv T
gecurs, O11e Wan P, that both follgwing (5
aswellenis A v , ek ¥ triples nre valiy
: manunwva .ox:Porgon . PRI s ol
8 ox:Person ‘. -

p . rdf:Type -

As in the previously discussed cuses, explicitly addin £
bership statements to the RDF document _.,o._m_ be Bm,nﬁ__‘m_ﬂagnr&smﬂ_
wauld require us to-repeat the pracess whenever new information is added
to the docunent. Again, it scems desirable to have a “macro” or “emplate’.
like mechanism which is entered just once and ensures the class membershipy
imposcd by the predicates. L oo =T i
Fortunately the RDFS vocabulary provides means to do exactly this: are -
may provide information nbout a property’s domain via rdfs:dozain and -
its range vin rdfs:range. The first kind of expression allows us to clasify
subjeets, the second one to type objects that co-occur with o certain predicate -
in an.RDF triple. The above mentioned class memberships impased by the
predicate ex:isMarriedTo can now be encoded by the following triples -

et e s

7 -xuuxuﬂ_.»en._.o.. ..N&,no"mon_r; ex:Porgon .
‘exrisMarrjedTo rdfsiranga  ex:Person. 1.

tho objcct can be characterized
the object can hould

In tie same vein, :ES—.,..,_—_:& ,‘: the place of ! B
¥ stipulating datatypes (c.g., in order to specify that o persoits 652

“hashge  rdfa:range nua“uopzemnnwmoqun.m.n 5 o

Obviously, damain and range restrictions ..n..EmE.o.S.n 7
, "__._..“ﬁ.._oe. clnsses and propertics Wnoa._u.o. they vgio“.”mﬁ%,mm@a Kinds of -
s ired terminological interdependencics s SRR
; /M.-.o@ clements, T e tion. Suppose
Ty o like to address o frequest POt S
FS document containg the triples:

entinl misconcel
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’ .. g . .
e \ u e
2 <authorQf  ydfsirange ._um“””nq“”ow .
H.-Ev&& rdfsirange - OXIStOTYROS . ; i
e oS o, i hat every resource iy )
i , slics, thiy expresses tl "
Accunding to the RDFS semat .s ipfoid ok iy o

ion'is bo
range of en authorship relation e of . extbaok or 6 blorybook. Ti

: may be ; : !
nepaveen ..w_....h“”....wxhwa statements. So, every declared property restrictioy
.ﬁm_m_.,.____znm%.ﬂ all 3&5@3 of this property: hence one should Lo carefy]
globally AR

ol Te ing crties and make sure that always a m::._%.._:w. general

M”_.a__ .”ﬁ“.”smﬂ_”:w all possible resources thnt might occur in the ..ﬁ__.?,...n

wp. abject position) s ased. - 3 : % :
:rm,a_“qu?:_—_.”.dgu__ﬁ:c: iy needed to _.8_....% [ n..c:_..m.c: arising rather
frequently, Consider the following RDF knowledge base:

unumunwon )

ox:Porson .
. ex:Inctitution .

ersfstarriedlo  rdfordezain
exiicarricdlo rdfsironge
uxiizatitutodlFd rdfitype

Now wssume the following triple was to .x.. ndded fo it:

ex:pazcal

ex:isMarriedTo  ex:institutoAIFB .

,..WW.MMM_MM“_M_, S“E...E_._n__“,msv on a vn&?_m .._nr%_,o.lg_ truth of this
o ) =xatpie reveals n pot, . X
15 the “ype prismatdy® o, potentiol modeling flaw, A certuin similority |

problemn in prograumming shows up here. Ono might
- 2y : p hiere. One migh
b expect. that this kind of stotement is nutomatically rejected by n system

tuntaining the nboyve R
cangts if certain 8:&.8_”“ ”“,M_ nent (as n-database system might reject

~¥atements do poy carry

that something might |

base, counterintuifiyel
“ the triple -

this kind folated), However, RDF range and domaln
0 Wi ._m., of constraint seinantics, The ouly indicator
g ..xn..w,n that by adding that triple to the knowledge
rOXiinatituteAIFR ig additionally typed ns o persoty

QN..Eﬂwndnnbumu Tdf e exiPoraon .
type

isa CUlsequence of 1}, above triptey o

n BDFS doeymes fonal
son; 7 benment, with ndditio
: lantical Tinpney .::., tneroases the .::_a_.z:.:_v :

~nd represented by uny RDF-compliant software. We

Mothe Rpye
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a
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\

M... lensy vlien sing Xy,
yynt d mean relinquishing (he hag od for s Purposa, - §
. this would me s e hisic RDF(S) tadionale 1g o s
_u_— m_.Es.E_nb as i n..:._:: .:nr:::m == ndditional, cominey it 10 Tepreseny
% _.1%._._5 RDFS provides the possibility 10 emlyeq additianng o realion,

the m:__._..
ides 0 1 Derie
i M“M”_::o: can be encoded without _‘...__E_Eu_.m_ﬁ the basic i

poowledge s 8 graph. Thereby, all supplementary descr;

: for i users. One mnight argue hy( —
u:__..,MZ_}S.ES._::E_Yno,.._E.u_i._a:m

predefined sct of property names by meapy of whi s, ADES

ptions can by read

s%.aa.
in Section 2.0:2. Generally, this property-URI serves thie _._w.:_oma Mﬂﬁ“ﬂu

A i ight be an individual b

wing o resource ?_.._n__ mig ual but also a elass o ’
Mz_ w nanie whicli is more hiandy than its URL This sort of F»Mheﬂﬁ”:k
e used by tools visunlizing the RDF document as o graph, where verbose

URIs might impede readability. The objeet in a teiple containing rdfs:1abel

-as predicate has to be g literal, a syntactic restriction which can be expressed
within RDFS by :.n following triple: . ;

rdfs;label - rdfnirango . rdfs:Literal .

\

rdfs:cozment is used for assigning comprehensive human-readable, com-
ments to resources, Especially if new class or property terms are introduced,
it Is reasonable to write down their intended ‘meaning in natural language.
Tlis facilitates the correct and consistent usage of the new terms by othier

<uers who might have o look at the documentation if in doubt. rdfs:co=eat

ako requires o literal as object. ‘ £
By means of the expressions rdfs:seeAlso and rdfs:isDefineddy, it &
Possible to link to resources that provide further information about n.__.a subject
“._ZS....P This might be URLs of websites or URIS referring to prist Ea_wm
?_,.5_2._.5 rdfs:isDefinedBy is used Lo state that thesubject EeE_Mu
Sonie nat further specificd way) defined by the objeet resource- Accerding
of rdfy, S semanties rdfs:isDefinedBy is stipulat
NTE *O0eoAlgp, BT :
cr.._.ﬂ._ examnple of the constructs introduced in th
-8 passage, given in Fig, 2.9, of the RDFS docu

is scction consider the
ment from Fig. 2:5.
28 , A ,

Yo M:non::w of Special Datastructurcs

LETTe) v =25 b -

FEE._._._;. know all ], central idens and notions of RDF(
Yy P d mosy Trequently, From here you might procect tul

. _5,2 the semaniticy of RDF(S) - thut ¥¢ befed fp s

and the modelins
m* dicectly 10 ﬂ.?.:w”
vy comwy’

thereby. making it “semantically nccessiplon T information jngg

ch ndditiona) 1.
¢4 Lo represan 4]

od to be n subproperty” -
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“u.E.Eca.x.n.a-.vnnw“\\g__.c;».va&u.ona\i.;\.

2 3 3 ln"urocn.-..»,a!vn»nnaan..v
mnmmnmw“v& nu~"uwuwn.nnxvun»hpnouaxa?Davau.v
dfn:co==eqt> : :
0.9..“2. of ma==ala, Pricates are charactorized by an -
sdvanced brain, Thoy moatly populato thoe tropical
carth regionn. Tha torm *Prizates’ wao coined by -
Carl von Linné. g
</rdfg:co==cut> 1 3
<rdfs:cooAlgo rdf irosource="dvikipedia;Pricates />
<rdfz:sutClasol! rdfs:rogource=kex;Hazzalin" />

</rdfs:Claze> T IS ; y
FIGURE 2.9: Additional informntion in RDFS documents
1

in this chapter - is defined formally and how automated RDF(S) inferencing
can be realized, Or you might go on rending if interested in what ndditiona)

pessibilities RDF(S) has in stack for modeling more complex datastructires:

lists and nested propositions:

2.5.1 Lists in RDF

.,../_gv..su_:& BF:o.:uEsm. ug introduced in' Section 2.3.3, are uscd for ol
m:asn a more structured: representation of a %:m_a object,. separating its
single components (ingredient and amount) in distinct triples. The structute
of the triples referring to the auxiliary node thus was specific to the exam-
ple al hand. In many other cases, in contrast, one simply wants to relate n
m:EoQ. to & set of objeets that play similar roles, e.g., when deseribing the res
lationship of n book to the set of its autliors. To nddress such use cases, RDF

; offers a munber of specific constricts that can be used to describe structures
that resemble fists, :
with containers ?:n: lists) or with collections (closed lists), :

It i important to note that all of the following ndditional av._z.n,mm—é featnres
are only abbreviations for RDF graphs that. could as well bo encoded 1
specifying individunl triples. As in the case of rdf :valuo above, lists in RDF

donot | speci . : :
Ry u,mﬂm M~ “w.w“mn formal Z::]:,:-.& :_E.,,n_;:__n_..zn,._..u z:n,__ gtructures fro®

1

2.5.1.1 RDF Container :

RDF contaitiers allow us {, = , ol
: g o encode RDT graphs that resemble the o
Fig. 2.7 in-a unified way. We have already soon (hat, the introtuctio? of

This con be achieved in two fundamentully different ways

¢/rdt:Description>

Stinple. Ontologies in :E...

and itpp mas,_a.m
ntic-web-book.orgfurl A

faplfse™

&I.zi.iuba‘.-ss
"an\ﬂfnis::.asz?

eI b b ooy

FIGURE 2.10: * A list of type rdf:Seq in Rpp :

Dlank odes can Le obbreviated in various

introduce Lwo additional elianges:

serializationy of RDF. Contayers

o Tho triples of  list are denoted by standnrd identifiers & :

specific URTS such 8 ex:azount in Fig. 2.7, ns._mg_ instead of using
o Tt is possible 10 nssign n class o a list, binting ot (he desia (i

interpretation. SR 116 b the desired (infariaal)

An example of *.._ ...dﬂ.ﬁco:&:m._mp. is the _,ozr;...sn.mv&mg:o_. of this
book's :.._:Ea" SRS 3 i5e :

4an»==ann»vn»o=nnn“pvonn-.vnnv"\\uﬁuun»n.nav.vooﬁnw».w
<ox:authoro> : eIt
<rdf:Sag> ; S (RS 7 :
<rdf:1i xdf:resourco="http://se=antic-veb-book.org/uri/Hit=lez* />
<zdf:1i rdf:resourco="http://se=antic-vab-boak.org/uri/Kratzach® />
. <rdf:1% rdf:iresourco="http://aczantic-veb-book,org/uri/Rudolgh® />
</xdf:Seq> b "
</ox:authors> '

\We would normally expect nu element of type rdf "Emnnwmnouw..ﬁﬂm
- Tdf:Seq in this XML serinlization. As esplained in Section 234, this sy

would then also convenicntly introduce n blank node. Something a::.n«a,:_wﬂ
hoppens in the nbove case, as can be seen when BBEE._E.“ the :.ma”___m..wa
8raph in Fig, 2,10, This graph, however, displays some additions] features ¢
Tqire further explanation. BELL
First, we notice that Fig, 2,10 contains one mo
”x_.wn_o._. ‘While book, nuthors, and the required X
__We__.. we seo thnt, additionally, the blauk node T ety §
, .a_aﬁ..znumnan "This typing mechanism i usedd_to w_..s..
Usage of iy given list. RDF provides the following types a_ ists:

re node than we may _E:w

blank Eam_ma.w. ._.o.__._ um.«n
ned gs oo instance

s Le mu.ni_ﬁ_

-



- when displaying or interpreting a list in n given application, this additions)

‘defines predicates of the form rdf: _n for any natural number n.

&l 35:..«.».:.3% of Sexnantic Wed Trchuologies
. n..k.“mzu “The container-is intended t0 represent an c..._....:x._ lisy, e, 3
onder of ohjects iX relevant. ths

o vdf;Bag: The container is intended to represent. an tnordered g H
“* tho onder of abjects is not relevant, even though it is inhierentyy :s.:.ar.:

in the RDF encoding. 5 : : L
« rdf:Alt: The container is intended to represent 0 set of alter

Evin though the RDF document specifies multiple objects, oy
Ahieny i usually required ina particular application,

Nitive,
¥ one of

Those cliss names can be used instead of rdf:Seq in the above example,
but they do not otherwise affect the encoded RDE graph Structure, Oaly

informal infarmation may be tuken into account.

A sccond aspeet that can be noted in Fig. 2,10 is that the predieates of the
individual list triples are not labeled like the corresponding elements in XML,
adivd, the RDF/XML scrialization uses clements of type xd£:14 for-all ¢
cruents, The graphical representation, in contrast, uses numbered predicates”
rdf:_1to rdf:_3, The XML syntax in this ease is merely o syntactic simpli-
fication for encoding an RDF graph that uses predicates of the form xdf: o,
This encoding alio applics if the list is of type rdf:Bag or rdf :Alt, even
though the exact order may not be practically important in these eases. This
method can be wsed to encode arbitrarily long lists ~ the RDF specification

As explained above, the RDF/XML syntax for containers is nterely 1 5T
tactic abbreviation that can also be avoided by serinlizing the correspondisg
RDF graph directly. Since blank nodes can be abbrevinted inn simple Wil
Turtle does not provide n specific syntax for RDF containers. One stply
”“xﬁm._ﬁ the nccording triples individually when denoting contniners in Tur
Ue. 3 . e

Containers in RDFS ot o oY
'By UESQE...?_“ new predefined sames, RDFS furthier extends the %.»WM. "

for modeling lists deseribied in the previous section, The URI r &unnoaa.b.mz b

denotes the superclass of the three RDF container clusses rdf sBagy rdft

5 ing thE
and xdf:AXe, allowing us to mark n resouree ns list without speely"8
E._..nﬁnpv.va. . ‘ . ,

2.5.1.2

- T
1 erghipProperty iy used :..o&mwpkﬂw not

it refers:to o clisy the instances of whi s T
5 sense (as a person or o website), bt themseF= b 4o
orties. The only cluss having propertics s members that we Ve deslt !

vy
80 far §s the elass of ‘all propert g Consete”
the following triple eorr.m -.e. = ._n:o:z_v b Hu.n jReopeEs :

: H_,.n URI rdfs:Containertezb
aiterize properties, j.o,
individuals in the stricy

g B of the sell-defined contalier type. Eved If the A5

T TON

PR

-m.-;:%? Q:nﬁ?ﬂﬁna in RDF and abh Seh,
i Chema
o 6t

n&_-“nuu..-;onxﬁg—é-_;vn%o:«, .2::,55.:8

wun_—;mnm‘:u ;
Now, what is the characteristic commoal
the elass denated by rdfo:Containordesby

fos encodle the contaluediiess of o1 resay v £
ﬂw..ﬁ:ﬁ nre those expressing 3::&5:.“ __” ”____...w.”r“n*.xe_._,_; Ohsuck
Although this new eliss might seem romewhag nbstenct (| _.m -. oinlice
there aro possible application scenarias, For Instaee, o .L. e,
define 0 new type of list or container (a3 for cooking roc x“g__.._n_.. e
o specific contalnedness property: (xay, ex.“En?mnﬁ.:sr. =:n_«,.._3 e 1
property with nnna“oosn.::..._.xong:r»m?.nvoné :._..r. J mm_sa i Al
tended meaning explicit: . e .

ity of prop .
Petlles comtalned 1y
_.uv—veno_sng Al these _.2__“ ,,.

ex;hualngradiont = rdfitypo rdfaiContainertesborahigProparty |

When using just RDF, finding out whether the resore uxiehakespasra 4
contained in the list booksuxi/Authara would nquire asking for the yalidity =~
of Infinitely many triples: ; y ek ¥

bookiurd /Authora

rdf:_ 1 -oxishakespears , e
book:uri/Authorn  rdf:.2  ox:chakespoare . = {
bookiuri/puthors  rdf:_3'  extchakespasre .’
RDFS provides the properly nae rdfa:zezber that denoles a properly

Which is n superproperty of all the distinet contalricdness prope :J. ~_:~ IR i
ractieal consequence, the nbove nentioned problem can now be u 5. Ly L
‘Werying for the validity of Just one triple: ! g

Voow_,._nn;:n_.oﬂu

rdfoirezbor “axiohakospesre .-

: WA iR e A o renutatics, e57TY
_.ER. there is oven yitoré to It: according to the =ww w.”ﬁ_.___.si.u .
Hiice of the rdfs:ContatneriozberohipProp e..&.a thet aforcintimal

of v P s haek
the rdfy:mombor praperty. Now, fel's comne _..:r“.. i Bt

°  ox:haolngrodient ~ wxipusast ¢

0 N 5




s e ——r—

oo can ahways be extended by adding

' <P lonk \ | : g ;
_zc_vﬁ— n.'- the ...-:—:—ﬂ—n;_m....bzb—— -vﬂ ox '.UDBHH.NHQ—

nsing his proprietany R

" a containedness property cnables us to deduco the walidity of the follg

: S, 3 ;
triple: } ww.
S : au.nnZw? | ydtaizesbor ox:poanut .

2513 RDF Collections j , ;
of lists ns RDF containers is brsed on auxiliary Pkt
cte. Tho resulting sequences of objecty
« further triples, but it is not possible 1o Fwa
prss that a given list is complete and closed. RDF thus introduces ..o...n:&
acliections as a meaus for representing closed lists, : ;
Like coptainers, collections are not introducing expressivity beyond why
can already be stated by RDF triples, but they can allow for more concie

The representation
catos rdfi_1, rdfi 2, rdf: 3,

RDF =crislizations. Let us finst consider the following RDF/XML fragment:

<afDeseriptien rdf "uwuunnqvnnv"\\mnnuuﬁnucov-vaow\ﬁv-v ,
Zegrsustors Tdf:parceTypos"Callection®>: = ‘
«rdf:Descripsion 0 :
rdf :about="kttp://) se=antic-teb-book.org/uri/Hitzlor™ />
<rdf:Tezeripticn = oY ; = b5 =
" w..k.ugnn.'nn«v"\\nﬁun»n-now.voow.onm\ﬂn»\xn.,an...hnw- />
- <rdf:Deseription : : ; it . ;
: rdf sabast="http://semantic-web-book.org/uri/Rudolph® H»
</ex:auticre> J i !
</ri2:Loserapticnd y

This syutastic disription of a colloction strongly resembles the explih
pef WH......“E of 2 siuzle triple, but it contains three objects instead of the
N‘M‘Mﬁsna rif:Description. Furthenmore, we encounter onee more the
" »um.f., M,«nr.umun.mmd.ma. this time with the value Colloction.
We HHH“WWMJ&EM RDF graph is the linked list that is shown 5 Fig. 2.1
nn.r”pwn.u..u ..nﬂaw KM_E the m«.uvr structure differs significantly from :%
repmacntation .n..ﬁn’.w..u in the previous section. The underlying v—.—:nm_u_n of this
o Yist hesd MFM mﬁp any non-empty list can be split-into two .ae_.caaw
can 2guin b decom &nﬁn.:.. B, the list) and o list rest. The rest of :_nr
Semerts. posed in this way, or it is the empty list without furt

e SR '
nﬁa»..,.huu... Muww”rﬂﬂ gucly deseribe the closed list by specifying jts head ﬂm
3f:firce uha.n.....w..nm Fiz. m..: , the RDF predientes used for this purpa=t s
=t the URL ot g ot Stmee any list can be completely deseribed i1 197
3 of the individual list nodes arc not significant. Consequent™

{

hitpdiwenwd.on
02/22-ref-syntazs s hirs;

.m.“:im Onlologics in RDF il ,
< "Ma

..huu?si.iu.oaaugwaﬁ.%-a-g

Eﬂgxu.zgwouﬁa.agaag :

g coraw3.0rgf1959/
mnuﬂwnxéc..ana

- FIGURE 2.11: A colleetion in RDF

oil non-empty (partial) lists.in Fig. 2.11 are represented by blank nodes. The

only exception is the empty list, which cannot be decomposed further. 1t is

represented in RDF by the URI rdf:nil, ;

The empty list concludes the linked list, and indicates :...u.p = &

" ments follow. We may thus indeed speak of a closed Iist: By edding additiona)

i~

 ®tidatective

ks E% 2 .&. the problems arising from this ¥
..5..:0: in question — expressed by a lit

triples, one could mercly produce RDF graphs that are not proper encodings

of a collection, but one canniot add ndditional clements to the bist.
Although collections could again be encodad in individusl triples, Turtle

also provides a more convenicnt notation for such lists using parentbeses. A

B n,o:ﬂdh:&:n Turtle serialization of the above example could be as follaws

Crrefix book: Awnnm"\\uoupun.»nuuaduvoaw.oum\v o
bock:iuri  <http://exa=ple.org/anthars> - ;
( booksuri/Hitsler booksuri/Erstzse beskresi/Atalt ).

Reification’
“The deteetive
ptto oodel

252 Propositions About Propositions:

Much more frequently than we are aware of, ¢ raake p
10 other propositions. As an example, consider the seatenice:
”Mm_w.oaa that the butler killed the gordeper.”. Ons 835% attes=

.m,rs_:o: might yield: = - - Ll : ;

S o et IR e
ex:supposes  "The tutles «uﬁ.& the garie=es

: G ) .4. st the
: mb..,ndu.nv..nwt.w
Mhmusi_n nnme Er_ﬁa.u.q?ma.
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2_.3._ in u..:_ou triples (due to the fact that literals are only
triple objects). Hence it scems more sensible Lo tise o URI
leading to something like: < 4 :

____a.ii, to 9.?:.:
for the PIoposiy,

nnnunnnnn»en ex:guppoces . ex:theButlerRilledThoGardunoer

Yet, this approich leaves us with the problem that the subordinate nr..ﬁ
of our sentence is compressed into one URT and hence Incks structural trage.
parcncy. Of course it is casy to madel just the sccond part of the setitence gg |
o soparate triple: 3 X0l

ox:butler  ex:killed  exigardeper .

N - O | ST ot IRV s

Actually; a kind of “nested™ representation, where the object of a triple is
a triple on its own, would arguably best fit our needs. Howover, this would
require o substantial extension of the RDF syntax. : )
Que: alternative option, called reification, draws its basie iden from the
representation of many-volued relations as discussed in Scction 2,3.3; an aux- -
iliary node is introduced for the triple about which a proposition Iy to be
made. This node is used 0s a “handle” to refer to the whole statenient. A,oq
cess to the inner structure of the represented triple is enabled by connecting -
the awxiliary node-via the property-URIs rdf :pubject, rdf :predicate ~.==_
rdf:obhject with the respective triple constituents, Tlc correspouding triple
is then called reified (“thing-mnde”, from lat. res thing and facere to aaw&,
" Using this method, our above sentence could be deseribed by the following
four triples: ' : ' 3

ex:dotective - axiguppoges ‘ex:theory .

ax:theory rdf:oubject ox:butlor .
ex:theory . rdf:predicato en“!..nx»:on . ]
ax:theory rdf:objoct ox:ignardener .,

atad =

Uy § ) 3 t t e

1t is importont. to be aware that writing down a reified ::.%..rﬂ”__m.c& not

asserting its sctunl validity, In partleular the provious specifiention G050
allow us to conclude the triple: . : :

‘exsbutler ox:haskilled ox:igardenor .
i : [ ;

i e
ght thrm ...__..E :

" Note thut this malus sense, as the detective’s theory mi
false. -~

S : ,a.kk_,on
exwanisToProvent
Cei) Qi Tyt
| (G et TS o

ST P A

Simple Outologies in RDF ang ppp Seh
: : g

FIGURE 2.12: Example of multiple reification in m.v.uv__ I

In addition 1o the SSE_:.E_. v&sﬁ:ﬂ E...E&. provided by the =,E.. .
calbulary, RDFS contains the class name rdf:State=ent that can be ﬁa_q.ﬂ
uark the “central” node of n reified triple: XL S

exitheory | rdfitype ¢ Tdf:Statezent .

I the feified proposition is to be referenced caly locally, it can be rep-
reeuted by o blank node. Note also that this way of modeling ako alloss
W.. multiply nested propositions. An example of both modaling ospects is

victed in Fig, 2.12. Wit the kuowledge acquired in this section you are

:.,:j:_v. capable of decoding its content.”

Muc »K: HWV-:—:—U—O .

2 ! ; Waers §2 e d
:a_..m_e:_s. 10 illustrate: the essential podeling capabilitics o_._s.m_.asﬂm ond
P .==_c5.m,< 1 un exanple, For the sake of simplicityy =4=o=wp_=w sriples
¥ Supposo tint an RDF document contans the followiug 7

gy . 7 tan ab 57632 OF
R B i 1.1d or Qut'ad
ro.)..p_m."_l some sart of detective storyj me Genols 31 1 :

:




_ex:hosIngredient

- showing

8.. ,. ?.,3%:.2; of Semantic :.& Technologiuvs

: ¢ : shBasodOn . OX:coconutMilk , -
nu“...om“““wwnﬂun»odnnw “meﬂwwmm Y . ox:AllorgicTotuty |
ap“m““w.uu:au cx:oats aﬁeonen.—rpoﬂnﬂgﬁnw S
g au.“.—ﬁonmn.nﬂoznno l:n_"uﬁwo;unam : ox:Pitiable .’
ex:thaiDishBasedln rdfs;dozain anu._“_:u» .
ox:thaibDiakBagedln rdfsiranga. | ox:Nutty i
ex:ithaiDiskBasedln rdfs:subProporty0f ex:hosIngredient ,

rdf:typo - rdfas: nounﬁbanzougnuzvv.no?ns..

This RDFS specification models the existence of "vegetable thai curry’,
a Thai dish based on coconut milk.®, Morcover we learn about a resource
“Schastian” belonging to the class of individuals allergic to nuts, The {hird
triple states that Scbastian cats the vegetable Thai curry. These statements
constitute the so-called assertional knowledge making: propositions about the
concrete entitics of our domnin of interest, R tle,

As terminolagical knowledge, our tiny ontology expresses that the class of
sut-nllergic individuals is o subclass of the class of pitiable things, thot any
Thai disk (based on something) belongs to the class of Thai things, and {re
flecting the personal experience of the aflicted author) that any Thai dish

is bised only on ingredients belonging ta the class of nutty things. Finally,
we learns that whenever a (Thai) dish is based on sontething It also contains

that “~omething” and that “having something as ingredient” constitutes a con
tninedness propurty, Figure 2.13 shows the same ontology depicted as n graph
and ence more illustrates the distinction between terminologicnl (or scliema)
knowledge and assertionn! (also: fuctual) knowledge, From knowledgo speck

fied in this way, it is now possible (o desive implicit knowledge. In the next

chapter, we provide the theoretical foundations for thls und give an exampl®
lire hiow to sutomatically draw conchisions from the ontology :__3._:3..
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FIGURE w.nu" ' Groph representation of a siniple RDFS ontology

27 Summary

In this a.:%.::._ we have introduced the description Janguage Eu_.. pma e
@tension RDFS. Both rely on a data model of graph structurs ...o._ui___.“_a_q
_h.;r. clements called triples, which are also used for nz.S.E_n Bc_mcm.aw“

ta structures like lists. URIs admit the upique identification.of » HNE um
e in those triples, Wiile RDF esseatilly serves e purpese 8118 18
ons about the relationships of singular objects A.Em___._.ﬁ_.a of class
uieans for specifying terminological knowledge in the
erty hierarchies and their scninatic interdependencics:
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