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“in Chapter 5.

..r,_..w The Header of

Foundations of Semantic Web nw..&. :e?..:.&

w on anintuitive lovel iy i
tment of the undeclying Jogien) i Doy,

will introduce ther

e, We fes &
formal logic. depth formal trea

and will give an in- ety

an OWL Ontology

, ; . ins information about. i .
sader of an OWL document contal MNiespage,
3““ M_.._.M;M___w co-callod annotations, This informntion his no direet. impat
on the knowledge expressed by the ontology. | = ;
t is an RDF document, it contains a root elemey,

Since every OWL document 15 ) ) .
Namespaces are specified in the opening tag of the rool, a5 in the following

" gxminple. ; . ‘ :

<xdf:ROF \ , Shae
=lna a*http://www, oxazple.org/ : SRR
r=ino:rdf e*httpt//vwv.u3.org/1999/02/22-rde -syntax-nsi"
=lnsixed =*http://viv,v3.0rg/2001/XHLSchenas" -
x=lns:rdfo="http: //vww.vd.org/2000/01/xdf ~-cchemai"
x=lnn:oul <"http://uww.w3.org/2002/07/owli">

The sceond line in this’ exumple defines the nomespace used for objects
without prefix. Note the nanespace which shiould be used for owl.
' A OWL document may furthermore contuin some. general information
about the ontalogy. This is done within an ow1:0ntology clement. We give
an example. :

<aslilatology rdf:oboiit="">
<rdfsico==ent ; 5
= Td!:datatypos"bep: /. v3, 0rg/2001 /XHLS chomnttring">
“AC ontology, version of 'June 2007 2y
</xdfa;coant> z
Mw.uw"wwnn»uﬂnn“vco..s._k\ecwu«,nnrwouu_.—nov
_Sovliizports rdf:p :
B o i oasn..no-..un«v.\\r.c:.e.xnnvuo.onm\ foo" />

Tdtiresourceshrep; : N ;
<o Ontalogys ‘_.ng._\\ounﬁﬂw.o..m\!.&annn\._cnn. />

22..::....:?.:.:5 o R F R e T Y o Vi ”..cz_\
usually given by uuwnmm“”_.w exumple: it states Ahat the enrrent _.__w“w olog

- Sowie header gl identifies an instance of tho cluss 0wl A
, R:EMo .MM__HM:E are _._._z:ps_ from RDFS, for example the ?:5,1 X .
rdfo:labe) v >
xdinsneehlgo
‘. n&au»nua:vn.g< 3 | =l A ;

: 0 UNITOIVES I U],

rsfoningy the following elements ean be ygeqd.
; .Zana»o.::mo
: rVorsion j
otw”mwwmcwnanoavun»uwocwnr
“uw . jncompatibleWith
ocwncownonaaaan“_.mmu . :
ouw”uo?.anaao%uw_uaﬁnw o . | |
wvorsionInfo usunlly lias n string ns object, ) i ‘

aﬂw gpracatadClass and owl:DeprecatedProperty, E:w w_%_m;.”.ﬂnm_ "
cn be described whicl are still m:_:..o_.:.i.. but should not e psed nny _sﬁww _
Teordt versioning elements contain pointers to othier gﬁo_owi. with ==m
clions menming. . ' =,

{t is also possible fo import other OWL ontologics using the ovl:izports
dement as given in the examplo above. The content of the imported ontology-
is the understood us being part of the importing ontology, - :

?ﬂ \

ovl

412 Classes, Hwo_.om.. and Individuals-

The basic building blocks of OWL are classes and - properties, which we
dlready know from: RDF(S), and individuals, which are declared s RDF in-
¢hances of classes. QWL properties are also called roles, and we will use bioth
wotions interchangeably. 3 ekt by

Classes are defined in O\L using owl:Class. The following example states
the RDF triple Professor rdf:type owl:Class.’ o :

it ) i b

nﬂaa.?un. cription rdf:nbout="Professor™> ! 3 <

) ityP0 rdf:rosource="koul;Clasg" /> ! e %
*iDoscriptions 4

\ +

me.:in::v.. the following short _.o”.:_ can be used: I g

Sowy ) . 3
- ._Q-uu ,&?uconn-vnoneuuon.. /> 3 2SS e

Viy rdg o Professor;

Nich g, i £ ofesgor®, the class gots assigned the name FFEE ©)

= ba e A it
Pl gy 8 useel for refurences to the cluss, Instead of xdf :about

- A ~.u
o FAL:ID, if the conditions given on page 39 81 obsent

% Uing <1 1 : 3 : .74: declaned 1
mrwm__..s. 25 SIENTITY ovl *http://vvw,vd.org/ o0a/or/ewtt’> 322 ol
Y g, T e L : e
iz 5:.”Mn....._=v.. We nssiaie thiat hetpa//vav. aunuvuo.onw\ s u! : :

38 “h 08 declaret oy page 114, K , ;
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; 3 ined clusses, called owl 1 Thing and owd 4y
Mh.ﬂwhﬂw.hmmu__u”i_:ﬂ most. general n.?.a.‘ and lias every m.:.__”aw
instance. The class owl:Nothing hay no ___w-wz_nﬁ by definition,

" oul:Class is a subclass of rdfs:Class. 1 hiere are some differe
over, which we will discuss in Section ,._.m on the different gyb)y,

: Ofﬂ‘“‘:. RDF, individuals can be declared to be instanees of clusses, Thiy - ,

called class assignment, ' 3 ; i

ing, -
E:iw?ﬂ”

__Qu. ~$...,.
NRuagey o

" <rde:Deseription xdf :about="rudiStuder">
<rdf: typo rdf "naunﬁnou_.vnouounon_. />
</rdf:Description> g

me:in,._:u... the following short: form can be use:

<Prefessor ydf :about="rudiStuder” /> -

There tre two different kinds of roles in OWL: abstract roles and conerete
toles. Abstract roles connect individuals with individuals, Conerete roles wre
‘nect individuals with data values, i.c. with clements of datatypes. Both kinds
- of roles are subpropertics of Tdf :Property. However, there nre agin some
differences which we will discuss in Section 4.2 on the different sublonguages
of OWL. g , 4

"Rales are declared similarly as classes.

<owl:ObjectProparty nﬁmu«ocau-vgﬁu»u.wanwau.. />
<o¥liDatatypoProperty rdf:sbout="firstiame" />

: _ oAl : : jonl?)
.H.__a first of these roles s abstract and shall express which org# _J_MM,_E fint
o given person is affilisted with. The second role §s concrele and .ﬂ..&ﬂ?
names to persons. Domain and range of roles con be deelnred vin rdfe: g

and xdfs:range as in RDFSA ; : : >

.r..«,: -
W ns
We asume that <VENTITY zoq i

z 2 I
"brep: 5 xiL8chesad !>
Saeol = on Brctlon 125, breps/fuvy .__.u.ann\..;.oo_\

T0tHamg -
oy liaze

: Ontologles in OWL,

17
= xod:boolcan xod:idoeimy
anummmuwmm xod:double’ xed:d wow%a»wo
u“u“a»no ~ zodidate xod:g¥oarkonty
uaa” Yair xsd:gHonthDay xsd:gDay - h
X uu_m“m Jonth xod:hexBinary uanuvgamaw»uﬁ -
“wn anyURI " xanmnoxam. xu&._.o.ﬂp:uamnﬁuw
41 1anguoEe xua”»"x._damz , s_&"___oﬂ.nEeHuSman
s :Clioze aun_“~ ane xunuuo%uu»ﬂ.smunaman i
xsd:1008 xum“»u« zsd:negativelnteger.
xed:ohort xsd:byte “xsd:nonllegativelnteger -

:Euuamrosm .sunugu»mumnmmn Na&ﬁ&«na&uoﬂ
“”Musuuwwaww.nc zsd:integer DAL

FIGURE 4.3: XML datatypes for OWL

ek e A Vo o i S s

<wil:0bjectPraporty ‘rdf :about="hasAffiliation®>
<rdfs:dezain rdf:resource="Parson” />
<rdfsirange xdfiregource="Organization” />

- ¢/ov1:0bjectProporty>

| <cvl:DatatypoProperty rdf :about=“girstiaze™>

¢rdfs:dozain nn»"wauoﬁnnu.monuon: 1>,
_4rdfs:rapge rdf:resource=*txgd;string" />
¢/ovl:DatatypoProperty> : g

Fwaﬁ. xsd:string it is also possible to use uua"nunmmnm in OMSL. —.am..._.. :
4 XML datatypes from Fig. 4.3 can in principle be used in OWL, ot _z. :
sandard does not, require theic support. Concrete tools typically support oy,

3sclected set of ditatypes. rdfs;:Literal can also be used o5 ._.h_m.._a.-._“.neu.
i et 18 in RDF, it is also possible to explicitly declare two individua o
dM& by a role, ns in the following example. This i na__nm a J.?.,Paﬁ. o
tive Sanple also shows that roles inay not be functional,” 23 iLis possiDie.
o alfilintions for rudiStuder. : .

> T
raen wnn:;u:nl:

MH”Q {Uation
<ty 1 4at o

rudiStuder"> 2
rdf:ragourco="aifb* />
rdf :ronourca="ontoprise” />

ey
von>. nn—.n unnﬂﬂﬂ%ﬁclquun.m.nunﬂh,Blea_—ﬂ»h\NFNhn?BI..o ;

«tvn:o 4 5 p 3 g Sarvesa 5
haljyy Y £
ity of roles will o treated on page 136.
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3 ._.F_. class inclusians

. nvoca...vno?uaon.v

S e i of rdf:resource="Fac

ordfgoabllass

;1:Clags>" ; X5 4
M,n.wanmﬂu n&"nwucn-.munﬁn.mxfuon.v i

<rdfozsutClass0f nﬁwgn_oﬁna-.sanon. />
A\munnﬂounv S .+

Epzxﬂgn....\v JiiRc S

..__a_,. s to infer that Professor is n subelass of monaom—.
: , U3 5 I

FIGURE 4.4;  Logical :._m.d._no by transitivity of rdfs: ucvowcumn.u.,

I this bodk, we adhere to a common notational canvention that names of
clasecs start with uppercase letters, while nnmnes for roles and individuals start
with lrsercase letters, This is not required by the W3C reconymendation, by
it is good practice and enhances readability. :

4.1.3 Simple Class Relations

OWL classes can be put in relation to each other via rdfs:subClass0f. A
sunple example of this is the following, - : - :

<cul:Clacz rdfiabout="Professor > :
“rdfs:subClasalf rdfirosource="FacultyMezbar” />
</cv1:Cleas> €

H—Murm_ﬂﬂﬁ»aa n&ana..&nnwmucn is considered to be transitive os in Eu.mm.
Y n_umuo”w E .c draw simple inferences; as in Fig. 4.4.  Also, every class is 8
e aﬁ“».quwum_ and oul:Nothing is a subclass of every other n_aﬂ.r
g feg zsn..“__ e declured {o e disjoint using owl:disjointWith. Th ;
This allozs aqwa .,ow.u__.. share any individual, i.c. their intersection is enph®

0 el ean be e CCIS 88 exemplified fn Fig. 45.
- Equivalently, this ¢ E.R_ to be equivalont using ocfap:»cuwonnﬁué.

5 €an be achieve by stating that two clisses are subelts

of each other, F, : . in
Figs. 4.6 and ....\.E,EQ ax..::v_m.u for corresponding inferences are give”

4.1.4 " byt 4
! 2.5?”58 Between In Sy iy Gt
© have :
rolo rﬁu_ “ﬂﬂ_s. to declare olusy memberships of m.:=<=_=,=-m ””““
individusls are iy fory ..r..“- .“..a:. OWL alsa allows us to declare ho* ™
. s, 2

el

.-_Fs.u i .—0 in

Ee5 .Q:S?.E.na in OWy,
i 119

o oS3 jnclusions ;

s :

e .u. q&"awonn-.vnuneanon_.v : >
e&"n_u” ubCleos0f rdf {rosource="Facultylazbore -

4edfB? 3
+ 8 , ‘
Qo&mm““n rdf sabout="Book"> - | o |
QHM:.u:unwuunan rdf iresource="Publicatien® />

¢Jon1:01a897 ‘ . z i

Jozethier with the statement that FacultyMember ond Publicatiopn are ._m..
5 i A ;

joink, - : :

oyl Class. Tdf :about="FacultyHozber">
«w31:disjointWith rdf:regsource="Publication® />

(foul:Class> T : : . ‘

allow us to infer that Professor and Book are also disjoint,

‘FIGURE 4.5: Example of an inference with ovl:disjointWith.

The class inclusion. .

*Class xdf:about=nitanns ¥ il

:&Eucaﬁ.auua . ..\
/L:C1agg> ‘n n&.n.oun:nnou__vonnou.. \w

10gethor with the n_w.,._,,,_ 5_:5_,_.9_3

“alicyy; 3 )
' 35.“,5.. ¥dt :aboutw"paraon> ; :

oqu St
.\oc~nn~m...“.vc.-ucnmspnn rdf iresource="H{uzan" />

fer thut Man is n subclass of Human.

A , ey e
o, Example of an inference with onw"uaﬁeﬁoﬁnuwum
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N
Prom:
, ,.m.onn. rdf ".una_.a..unnv”\\nnUvn»o-Zw.comx.onm\E,.»..v A
" cauthor nﬁ"nouoﬁno.gnnnwﬁznoo«nunv ..\v 2
<author u.&nguunnna-.novuuﬁgaﬁopg /> ;
v ks, A : ,
<owl;Class ydfiabout="530 . .
Awunu"wswﬂuuunn rdf srozourco="Publication’ \.,v
(</avl:Class> : i s , . |
wican infer that unnv"\\mnﬁu:nwo-:oc.uoox.onm\—:..w isn _wz.Z...nu.:oP

FIGURE .,.'...u Example of an inference with individuals

Trom

¢Prefesser rdf:abouta®rudiStuder” /> ' - - .

<rdf:Dezcription rdf:about="rudiStuder"> SRS .
<evlisa=cAs rdf :resource=“profossorStuder® />

</rdf:Lescriptiand T

s ean infor that professorStudor is in the class Professor.

FIGURE 1.8 guia inference with o:.,...»umnowu ;

<rdfiCescription rdf:about="rudiStudor™>
<ovlizazeds xdf:resources“profasnorStuder”./>
., -$/rdf:Deseriprion> / nl RS

3 I A o ST

W. example of an inference with oultsameAs is given in Fig. A8 0 i
f.mnzww_ﬁ”“%.xa»mnf the possible identification of differently _.EM_Q_ _“%.
. reséntation _g...:ula.»u distinguishes OWL from many other knowl mﬂ ik
. sumption (UNA Jn &, which usually impose the so-called Unique ~<a=_=_._5_
individuals u..‘n. Nn‘:_.a. %) ﬂ._.ﬁm langunges it is nssmmed that differently
- dividuals eun den m& different, In OWL,% howover, differently 1A% o,
explicitly, bt g1 1o e saune thing. ow1:oazaAa allows s to decl® o,
be ..E.E..p.a_ fitt _ursrc voEZn that such an identification is i_czn__... .
S it the knowledge base without being explicitly stated.

«,mwhvﬁa ) e e
S) does alwy nal -5_—.‘ the C-r—._ Name >-i=ﬂ_—u:b=-

4t .._m_—_._,...:

12

tFrom, it i possiyy =i :

oulrdifforon Y e to doely :
! % order Lo declaro that saveral 5._?3::_“” el Individy)g tire
los o shiorteut, as follows, Reen) from mR:ca m.:_::._c. differeny;
Y il > (

goType="Colloction" for representing eloge m.”.__.a thitt wo gy,
= ; -osed Histy,

it}
Wi Y

it
\Ws prov
ma..&%wn

Buuﬁnenennv . T |
jaistaasd et rdf :parsaTypo="Collactignes
oon rdf sabout="rudiStuder” /> .
¢poroont zdf :about="donnyVrandecich /> .
~¢pergon Tdf :about="poteriaase” />
row_.&u«wunnzaug..uv
Qoﬁ;ﬁbﬁuano:av :

415 Closed Classes .
" Adeclaration like ; o o S

SecrotarfosDfStudor xdf nrwomnnawu..wouumnu»ﬁwrman. P
CecretariealfStudor rdf:about="anneEberhardt" />

siales that giselaSchillinger nnd anneEberhardt are secretarics of Studer.
__E.BG... it does not say nnything about the question whether he has more
seerctaries, or only those two. In order to state that a class contains only the
Jd_mﬁw. m-io._n::_r.a.._am. OWTL provides closed classes as in Fig. 4.9.
.Eafamo .__.m.v.mm._v_o that n closed class contains data values, ie. elements ofa
Figure 4.1 w .mn.__ ure collected into a list using rdfsList A.nn Section 2.5.1.3)-
The iy gives an example using email addresses os strings.
back g Q..:.S.o constructors is restricted in OWL Lite, and we will come
o that in MS‘._O: ._.M.A A .

...n.e i .
- wozouﬁ Class Constructors

.:s . .v, ..
Dyt =.“.w.=n§mo clements deseribed so far allow us to model simple e__:.umon.wn.
Sl m.k Pressivity hardly surpasses that of RDFS. In order 10 X E,M_.
O, 1y iOWledge, OWTE, provides logieal class coustructors: B PR

Proyig, » : . conjunics
_ra:..&_: e language cloments for logical and, ory ani 1ok i.e. cou]

= i

M Muﬁmoa_%“ _oh:%_a negation. They are express ‘.%-ocu ow_umﬂhw ..“MMH“__Q."
10 0g ' 4hd owl ; oly, These i
g gt somplamenilh vopec “to compler elasse: Let us

¢ al e
é_zr that g Omic classes — i clasy names O OWL, Lite aud we

5_5_5 .a=u.a.o»..=_cvdno:m:,_.n.oa_.,,._.&5,0.
1o that in Section 4.2. -
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Thoe Seclarution

223 rdf:obout="SecrotariesOfStuder”>
<% .nun.k “rdf:parseType="Collection">

<Faroon xdf:pbout="gisolaSchillinger” />

<Pezusa xdf: auocnn..anunmgngan: />

ewligzell>
<fesl:0asz>

selaSchillinger and wubmmgﬂgunn are :E only Em:a.__mr,.

Suin dh
ST i P 45 ¢ m
vy lass Sa cretariesDfStuder. :JS also add

| <Ferzsn vdf nazornnapuavﬁwar_wowcwuu.. />
:311nifforent>
<czizdissinctte=bers rdf: munnngaaagwwana»cbuv 3
. <Fsrtoa rdf:about="anncEberhardt” />
<pParcaz rdf:about="giselaSchillinger" />
<Farzoz rdf:abont="onupriyainkolekar” \v

_</owi:dictinctMecbers?>
</2u1:331D{ffeTent> 3
alo be —:?ﬂ& e.g., that g:vawguxow%mﬂ is not in the aa_“
=20fStuder. Without the latter statement, such an E?a_n,“m& :
G &, since the knowledge that the individuals are different is 7 G5
,C. = idzntification of mbcvnwv.m»uwowmwwn with gisalaSchillinger™
nnnwnan. :

v ol —

U

FIGURE 4.9: mx.‘E.Em inference with closed classes

: M—DC;@ A..HQ.

" Ontalogick in OWL

\ciass TdL3 u«oa«...ﬁ&pa»ﬁuon.v

uwnuwnuwev

- ¢rdf:List?
Cooerdt: first rdf: nu«unwﬂe-..wnun string”
mwunawougnﬁ.nvwnuwon non\w.& first>
<rdf :rest> :
<rdf:List>
. <rdf:first rdf: umnuouvon_.wnun unn»uw
smarkus@korrekt, onmA\n& n»nunv 5
<rdf:rest>
<rdf:List>
<rdf:first rdf: nwawnv.vnu-wxuu atriog”
>cailCGsebastian-rudolph.de</rdf:first>
<rdf :rest rdf:resource="krdf;nil" />
</xdf:List> :
</rdf:rest>
</rdf:Liot>
</rdf:rost>
</rdf:List>
A\A\ocu.nouocmv :
ovl; > N
ediCianmy

e Qg via oneOf and datatypes
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The conjunction owl:intorscctionDf of two clnssis Conyisty
those objects which belong to both classes, The following exnny
that Seeratariea0fStuder consists of cxactly those objects whic
Secrotaries and ¥ecberaOfStudersGroup, J :

of oy
Iple Sty
h are _XA-”

el

¢ou1:Class rdf:skout="SecrotariesOfStudor™>
<ovliintersectionl rdf :pargoType="Collection*>
<oi1:Class rdf:aboute*Secretarios” />
<ox1:Class rdf:about="Hezbors0fStuderaGroup" />
<fexl:iintersactionQf> ; : :
</ou1:Class>

An example of an inference which can-be drawn from this is that alf _.u.,
“tances of the class Secretaries0fStuder re also in the class Secrataries

. The exnmple just given is a short form of the following statement.

<owl:Class rdf:about="SocretariasOfStuder”>
<czliinternection0f rdf :parseType="Collection™>
<ow1:Class rdf :about=“Secraetaries” />
<owl:Claza rdf:about="Me=bors0fStuderaGroup" />
</evl:intersectionDf> Sy 2
</awl:Clacc> g >

Certainly, it is also possible to nse Boolean class constritctors Logether with

“rdfs:subClassOf. The following example with owl:unionDf describes that

professors ore actively teaching or retired. Note that it also allows the possh
bility that a retired professor is still actively teaching. Also, it allows for the
possibility that there are teachers wha are nat: professors. )

. S v —— PUCIt SRy .

- <owl:Class rdf :aboute"Profossox">

<rdfa:nubClassDi>
<owl:Class> R ’ - 3
<ovl:iunionDf rdf:parseType="Collection">
' <oul:Clasg ydf :nbouts*ActivelyTonching" />
<cwl:Clann rdf:about»"Ratired" />
</ovl:union0f> A 1
</0u1:Clugs> 3
</zdf5:cubClasgDe> .

; B 23.#
- The use of ovl:union0! together with rdfs:subClassDf in the ”ucq the
Just given thus states only that cvery Professor is in ot lenst O

, clusses ActivelyTeaching and Retired.

the ?__ns.m:ﬂ.ﬂézzv_a.

‘Peaguin rdf:about="tueoty"™ /> °

Onlologics in OWY, -
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of o class can be declared vin oy

Jesnent S .

The 8._.._.“.3 jogical negntion: The complement of n_pivvow““_mﬂo“, which
3:4_.“.“2: which are nol mesbers of the n_.wr.“ itself, The 9___35: exnctly
__ﬁn:::.. o faculty member cant be n publication, ¢ fs yfys ..ém”_z:in
,s_n“_._a_a_: mnde using owl:dio uouzns.mnr in Fig. 45, that the ME to
the 37# n,u:euvon and Publication are disjoint.. he classes
Fa Sy e A

: (185 nmmnacocnn.mnncnauxaugn:v b e
suvﬂu@s-ganv.

covl:Close? - s EF AR al )
<ovlicozplozontd? rdf :regourcex"Publication® />
¢/oul:Clons> 004 Nl

Qn&ﬁo:&ﬂwnungv AN

Joal:Chns0>

Correct itse of owl:complementOf ‘can be tricky. n.oaaﬁ_ for rﬁu:aa..,,

| twl:Class rdf:nbout="Male"> z

<ov1:co=plezentDf rdf:resource="Fe=ale" />
¢/e:1:Class> Sav. »

From these statements it cannot be concluded that tweety is an instance
of Fezala, However, it can also tiot be concluded thnt tveety is no! Fezale,
#d hence it canot be concluded. that tweaty is Hale. .

./.2. udd the following statements to the oncs just given, which state the
dbvious facts that Furniture is not Female, and that oyDesk is a Furniture:

1:Clasa rdf :aboute"Furnituro"s

“rdfa:aubClangnes -
£ _
ouliClaggs | ey
<ovl: J ¥ %
; A\nuuummﬂwwansnan .nun"ngwnnne-,.mon.hua- Ed .
o \anuuucg—gudnv 5 X g :
.4“5"32_3 : %
. J»Sn... En".uvuca-:uwacuw.. /> - g N
;.,:x Pt By SR e : ;
0 2 v zyDesk
5y rﬂ.. combined statements, haweyer, we ean How a,o__n_._% »?w_._ r.«_“?.u
wg_ wll} 3”,.3__& it is known ot to be Fezale. If you 8..5.:.5% 3 E..k e
_535 1 "¢ Lo the conclusion that it is usually {icorrect to mode e
Memeyy of {hings which are ne i

Femalo, simply because there are
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From the declurat jons ;
,aocmu,ﬂuu.u raf :about="Profvsgor”>
<rdfsoubClascOi> . i
:Clazs> . X .
3“2._5»32 rdf ;parseTypo” no:onnwwu..v ;
- ¢ovl:intersoction0f rdf :pargoTypo="Colloction™>
<ov):Clacs rdfrabout=*Person” />
<ov1:Clase rdf :about="Facultylleaber! />
<fowltintorcection0f> s
<ov1:4ntorsection0f rdf Gunneq«.vau..nowumnn»au.v
<ovl:Clags xdf:about="Person™ /> -
<ovl:co=plezontDf rdf:rogourca="PhDStudont">
<fozl:intorsectionlf> . oo
</avl:Class® b D
</cul:istorzectiondi>
</rdf2:subClascOf>
<fovl:Class> s

we can infer that every Professor jsa Person.

ﬁocw.m 411z Example inference using nested Boolenn class constructors -

‘Hale nor Fezale - such as myDesk. Tt would be more approprinte to simply -

MM&PB. ¥ale and Fezale to _.xu disjoint, or alternatively, to declare ale fo
un“n_,__:.&e“. to @.a intersection of Kuzan and the complentent of Female.
sooiean class constructo; t itrarilv oo g, o

kst rs can be nested E.E:.s:: zo.aw_ ; see Fig, 411

4.1.7. Role ﬁ.ﬁin:o.:m

By sele restrictions we y
for complex elasecy,
involving poles,

nderstand EG:._E,. —_v._.a of .rmmn._u:w&.no__w.:._n_oa

i crived from the universal .__:5..39. in _.3.__2“»”
o the set of all abjects for which the given role a_ﬁ.
Bivest class. This iy fypst explained by an exwnples __w:.
aminers must. always be professo M

ﬂ -
Tt of an exan st be professors.

Thls : e :aﬂ. hicen : 3t Xaniner,
7 actually fy, 1 > : :
| Y g!———n«-_zﬁ.gﬂ._ i

.IK

x5 :.w Jiamne suggests, role restrictions are constructos

Ontologies in oWy,
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(1043 nnn”ncncnu..m.xau_.v
a&“?.uevﬂanunnv , |
o m.auunﬁ—nw»obv. Ay i ‘

Suumﬁouvnovannw TdL :XoUOUTCo="hanEranips e />

Fae uuw:__unnumﬂaﬁ nPn “nouocn."a.-..vuononuou.. 0

A.\oewEonnlnn»o:v

«\nm:unneﬁnuﬁamv
&o..;unw,._uuv

[ order to declare that any exam must have ng
qvides role restrictions vin owl:someValuesFrozm,
ms existential quantifier in E.na,mg_n logic. .

least one m.x"_s?.u.. owrL,
which is closely related o

«91:Class rdf:cbout="Exan">
<rdfs;subClase0f> ;
<ovl:Rastriction> : pnh :
<ovl:onProporty rdf:resource="hasExamingr" />
Scuuno,nacﬂucaam.ﬂ_‘ou.thunnuoﬁn,on.woﬂmop. 5
</ouliRestriction> ! .
¢/rdtszaubClaan0L> 3
fovl:Clagg> .

Using ovl:allValuesFrom, we can say something about alf of the exam-
M_Mw. cm_.-_n. ocuumonwf.u.:omﬂnou_éd can say something about o least one
¢ ma esa.._a«.m. Ina similar way we can also make statements about the -
Hfumber of examiners, The following example declares an upper bound on the

fuaber; more p, ccisely it states that an exam must have a maximuni of two
Suminery, | : e ! -

“aliClagg
Srdfgrpy
Sow)

rdf :ubout="Exan"s
bClagnpes g ;
B :uﬂ.:nﬂnﬂonv : . T '
1} 2
aocu.spvnogw rdf :repourco="hasExaziner” /> 3
imaxCardinality rdf :datatype="txsd;nonlogativelateges’>

Q.
</ow) . .
Qou”«u.nanaan&uuwwnwv
.\a:: .xaoﬁ.»nn»ouv
H \.S"Sn”"wﬁgaanv

Moot 2T 5 r
ulsg % : SRS st coVer
M ey thr Possible to declnre a lower bound, ¢ that an exam WS
; ¢ Mubject, aregy, ;



128 - Foundations of Semantic Web Technologies

<ov1:Claos rdf;about="Exan">
<rdfa:aubClanalf> .
<ewl:Restriction> .
<owl: oa?..ovonnm rdf: nnuocnnen..uuuqov—o- />
35. :zinCardinality rdf: auannwvo-..»nnm uoE.anoapcﬂnneuan.

: A\eﬁ :zinCardinnlity> >
</ovl:Restricsion> , T i
</rdfa:putClasslf>
</owl:Class>

mo_:a BErz.azear of restrictions are needed :..5%::3 S0 :5.. oaS. pro-
vides shortcuts. If we want to declare that an exmmn covers Raac hree
ér._en_ arens, then this can ?. done via owl:cardinality,

<ov1:Cless ydf :about="Exaz">
<rdfs:subClascli>
<guliNestriction>
<owl:oaProporty rdf: naoaﬁno-.vgﬂov»n. />
coul:cardinality rdf:datatype="&xad;nonNegativelntager™>
<fowl:cordinality>
</ouwl:Reatriction>
</xdto: ncdo.ub..n_unv
</ov1:Clags>

J Orf.mo:v_v. this can also _5 expressed by 3.:5::5 owl: nwunnn&uu:uu
with owl:raxCardinality as in Fig. 4.12, 4

The restriction owl:hasValue s a special cnse c_. ouli uonncvuco-mn?.
for which u particular fndividuol can be given as value for the role. The

followiug example declares that ExazStudor consists of those things ! g__ww
have nda»munnan as examiner. . -

<owl: G.pun nﬁ.avocn-.ﬁna&nzcan.v
<oul:equivalontClago>
<owl:iRestriction>
<ovl:onProparty E.neuocnno-.vaag»nan.. .
<oul:baoValue rdf :rosourcos="rudiStudor® />
. %/ovlilestriction>
</ovl:iequivalentClass>
<fowl; S.auuv

4 42:2

Ontologies in OW1,
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:&:.g_:..mn.ﬁ,v it i v i

a_e.”__cn:uuev

2%83»88 rdf;pargaType="Collaction=s
=nanﬂannhcuv

G:p.unvu.cvon«\ nn».nauouhnen-uoh._.ovpna >
<qul ipinCardinality raf: %SGS..E._ tionk

&un»«&:...aw.an..v
A\wcp.u?nﬁ&uuw»nuv

¢/fovlt :Rectriction>

¢oul: sRostriction? .
¢ovl:onProparty rdf: uauonnnou.rpm.—.ov»n. \v
Aouw Ec&unr_ww»nw Tdf: awnu«wmu-rn..u.uvuv.onan»ﬁnnnmnon-v

T

Qaﬁ Ene&r_sﬁauv
.- ' ¢joul:Rostriction>
o Qoun&unanaannnouanv S .
¢/rdfa1oubClasn0f> ; : 2 e : : i
¢Jca1:Claga> 2 w 5 :

FIGURE ...uu. owl: nunauuuwvnw expressed :mEm ocw.nunnmn&uu:nw
ad %p caxCardinality ‘ |

" Inhis case an exam belongs to the class annmnunmﬂ even if it has EEGG.

. exuniner besides rudiStuder.

The example just given can also be expressed using ovl:sozeValuesfros
ud ovl:oneDf.

“3LiClass rdf s aboute"Exa=Studor™
Gcn.aﬁaanaunaguv 3 i : 5 )
“liRestriction> . . o o : ¢ fr

Moﬁ onProporty rdf; naua:nncu.wﬂmu-.‘»uun »
°¥1:00z0ValuoaFroa>

<ovl7enons. rdfs Enaﬂvda-.nowwnnn»ou-v e 2 3
<oul; ;wﬂﬂ xdf :about="*rudiStuder” > . v TR i 4

»\Qac:ouaanv . 4

cocu_”w“a..u%nn:gwnouv

Ty Striction>

a.:-r_n
tan» e B.:._uv.

s__ z e RS 1
lay the
:%._ P/EE.E with role restriction it order .a=”~“m___m and _
50 lngunge constructs. We consider three n._u&on, If we
Jonrt»nr Figure 4,13 shows the example on
defive -

Za. of

3
c__a 1 .—wan.—.“.
it mo:_.—:v
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.<Parson rdf :abouts=“antoa"> ' 3
| ¢likesToWorkWith rdf:resourco="dorin” />
<likesToWorkWith rdf:resourca="degmar® /> AERE]
</Person> ; ;
<Porson rdf:nbout="doris"> . . 2
<ikesToWorkWith rdf:ropource="dagmar" /> i
<1ikesToWorkWith rdf:resources"bernd® /> T
</Perzson® , g e SR
<Pergen rdf iabout="gustav'> i ; e st dvel )
<1ikesToWorkWith rdf :resource="bornd" /> ' g
<1ikesToWorkWith rdf;resources“doris" ¥ 2 IR L |
 <ikesToWorkWith rdf:rosource="desirea® /> 2t
%/Parzon> i ey ko
<Parsen rdf :about=“charles” /> - 7
<owl:Class rdf:about="FezaleColloagues®> e ey i
<owl:ono0f rdf:parseType="Collection” S BT
<Porson rdf:vbout="dag=ar" /> TS0 ;
<Pargon rdf:about="doris" />
<Person rdf:about="desiree" / TN
</ovl:ono0f> . B ) : :
</ovl:Clags> ’ ; : S : 2
<owl:AlXDifferent> , , ;
<oxl:distinctMesbera rdf:parseType="Collection">
<Person rdf:about="aaton" /> : y
<Perzon rdf:about="bornd® />
<Pergon rdf :about="charles" />
<Pergon rdf:sbout="dagrar" />
<Person rdf:sbout="desiren" />
<Porgon rdf:about="doris" />
. €/ovl:distinctMe=bara> : i 2
</owl:A11Biffaront> bARES 4

FIGURE 4.13: Example ontology for role restrictions

Rt .9=oucvwnuf g»nDUO——ﬂI:BMNQMnPﬂmn: \V

_ Ontologies in OW,
g

savout="Claosl™> -
QUOQ—.BBDV

o 3 ="1ikaoToVor] :
proporty rdf :resource o¥orkYith
% uonc<vu.=onm.nou xdf nnomocnnongmﬁﬁ.onoﬁawmﬂ”u; R

o infor tht anton, doris and gustav arc in Clasgy,
.o cannot: infer thiat charles is it Classy, ; ime,

Note .__.N”“,:MM infer that he is not in Clasai, In qwmw e.hw M”__”oﬁ”w i
about charles belonging to Classi or not. The Teasan _.M.. ﬂ_.m
e so-called Open World s:.E:..::.o: (OWA): 1t is _s—..a%_w assumed
Loy knowledge base may Eﬁ.@.m. ca.ino:s,zn. In our example this means
\1at charlos could be in the relation prou._.omonwcpnw to an instance of the
s FezaleColleagues; but this relation is simply not {or not yet) knawn.

Let s dwell for a ;moment on this observation, beenuse the OWA can cas-
ily lead to mistakes in the modeling of knowledge.  In otlier paradigms, like
Ustabases, usually the Closed World Assumplion (CWA) is asswined, which
means that the knowledge base is considercd to be complete concerning all
et knowledge. - Using the CWA, ‘one ‘could infer that charles is in-
Jocd ot in Classi; beeause ‘there is no kuown female colleague charles
1ibesTeWorkWith, The choice of OWA for O\WL, however, is reasonable since
_“w_aﬁo:m Wide Web is always expanding rapidly, i.c. new knowlodge is added

the time, - S K ,

The OWA obviously also impacts on other situntions. 1f, for example, au
ontology containg the statements . ok .

Professor rdf:about="rudiStudex" />

the . R R

,.._»_MMM caunot infer anything nbout the membership (or uc_..:a:.__ﬁ:.& ”_..

tiog Ea.“«a in the class Professor, because further knowledge, ¥ ._~. EA ov_.

Fop, known to us could state or allow us to infer such membership
.——_B:ecg__:uv ] 2 3 3 S .

v oW i 1 _ : A
0 tonsider tho following Class2.’
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<ovl:Class Tdf sabout="Class2">"
Aocw"a&ﬁeuuounsuuuv
<ovl:Rastriction?
*  ¢owl:onProporty rdf
<owl:nllValuasFros,
<¢/ov1iRestriction> ;
¢Jovl:equivalentClass®
</c¥liClass>

un.euocnn._-..ub.an._.otonxc»nr.. S
rdf trenource="FesaloColloaguca" /

We can infer that doris imd gustay do not belong to Class?, p,
{he OWA we caunot say anything about the membership of-anton or Hj o .
! . ; : Pl

in Class2. .
If we define

\

<ovl:Claes Tdfsobouta"Class3*>.. « I -
<owl:iequivalentClase> !
<ouwl:Restriction> i F y {
<ov:onProperty Tdf :rosource="likesToWorkWith" />
<ovlzhasValue rdf:resource="doris” 7> - .
~, </ovl:Restriction>
</ovl:aquivalentClass>
</0%1:Class> :

then anton and gustav belong to Class3 because both like to work with

doris (among others).
1f we define -

<cw1:Clasa rdf:abont="Clagsd">
<ovliequivalentClass>
<owl:Restriction> R ;
<avl:onProperty xdf:resource="likesToWorkWith" />

3
</cul:zisCardinalityd
</oul:Restriction> -
<foul:equivalentClas
<foul:Class> 7

 then gustav belongs | TR : . e ; 4
&5 to Class4 because he is tl ly onc we kno
least three colleagues L c is the only
'Ie v dofius ngnmﬂotonwtnnu. 25 ,

<ewlizinCardicality ydh"awnnnwvc-uwunanuo%omp«:&a.a.._mﬁ L

o 9!

 rent ways to 8t

) T ounowges e VWL

c:wennu»na»oav f ., _
ot 100PrOPIEY rdf ixosource="1{kesTo¥orkijeys 7

. pnu.»nn&&nnua... .. v
Scp.nﬂnﬁd B ey & 55 wuan.Ancz_amnn»éggnﬂn.v
Ewuneh&:nvna«.v_

¢fodl :
/ aunnwnn»ouv -

1R
S e

anrﬁauuv . it

/ VA wo camnot infer that charles is S
o dhie t0 the OV , : _charles is in Clagss, .
._unuumum could equivalently be defined as follows - note :_h. there are dif.

wy the same thing,

¢71:Class rdf :about="Class5">
sepuanﬁeuwo:nnwuuuv :
<owl:Restriction> : ¥ N
<owl:onProporty rdf :resource="likesToWorzWith" />.
<ovl:allValuasFrom rdf :resource="kovl;Nothing® />
¢/ovl:Restriction> ! g Ty
_ ¢fovliequivalentClass>
¢/avl:Class>

e : St

The use of :_,n..,.oﬁ":_nw owl:minCardinality, o1l :paxCardinality and
sl:cardinality is restricted in OWL Lite; sce Section 4.2 for details.

118 Hwo_,m Relationships i

ﬂm%ﬂ.”: be related in various ways. In .vamsma.”uﬁu.“wﬁ.&mn%nﬂmﬁ
e ¢ used in OWL. The following example states: examiners oo
present at the event. K Sl Lefp e s

4,8:? y il 23
._nnnvnovoﬂ«% rdf:about="hagExaminer™> . -

<rdtg. :

cs_..mwuuuvnomennwcn rdf :resources"hasParcicipant” /2
ThloctProportys :
Sl 1 g 7R
e 1 _wm it is possible to state that two roles are in fact identical. .::w i
.,..?s 5_&. .w ovl:equivalentProperty instead of Tdfs:sub? n%nn n.M_uMho?
7 g ' s u i{
D bug gy 1150 be inverse to cach other, i.c: €98 stata the R ersent.

! rguments exchanged. This is declared using 043¢
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<Bxan rdf :about="gezanticWobExan"> .
<hacExa=iner rdfiressurco="rvdiStuder" />
</Exaz> - { : y 2
CavliObjectProparty rdf ;obout="hasExaninor”> e
<rdfa:subPropertydf rdf :reacurce="hasParticipant™ />
<forl:ObjoctProperty? 7 : ¢
<ovl:0bjectProperty rdf :about="hasParticipant"> .
<owl:iequivaleatProperty rdf :xogsource="hasAttondoo” />
‘</ox1;0bjectProperty? A ; .
<oul:ObjoctPraperty rdf tabout="hasAttendeo">
<ovlsinversedf rdfirosource="participatenIn® />
</ovl:0bjectProperty> | Z ‘, ] A

FIGURE 4.14: Esampla using role _.n_a:o:m__:uw_.

<oxl:0bjestProparty rdf "w«o__uu..wunmxgam-v
<cwl:inversolf rdf:resource="oxaninerQf" />
</¢w1:0bjectProperty> 7 3

Figure 4.14 shows another example of the use of role relations. In this as

se=anticWobExan and TudiStuder are in the relation hasParticipant and

also in the equivalent relation hasAttendee. Conscquently, rudiStuder and
sezanticWebExam can be inferred to be in the relution participatesln.

The wse of role relationships is restricted in OWL DL and OWL Lite; <
Section -2 for details.

4.1.9  Role Characteristics

- OWL allows us o declare that roles have certain a::muns.nw:mn.. qm_ﬁ
includes the specification of domain and range as well os characleristis =
transitivity and symmetry, : 3 dozais:
We Lave alrcady talked briefly about using rdfs:range and anu"__”_w
Let us now have a aoma,. look at their semantics, Consider the statemt®

<cv1:0b) €ctProperty rdf:about="igYozborOf">
<xdfs:range rdf:resourco="Orgunization” />
</cul:0bjectProperty> o

a..&.mwr is oa_rd_na to the _.c__.cs.m:n.

- gfmsber?

| quber rdf

Onlologied in OW1,
135
ot n.nn ".ueodnl...notw sThing"> .
i S
a<w%“_u=vn~=unonv :
aﬁcrwnuﬂn»nn»on
¢ov1t@

'

aproporty ¥df:xogsourca="icHezberprx s
ValuooFron rdfirasource="Organization= /5

fod? X : L SR

ot ;,.__2 happens if we also declare that £ive isMezborgs vn».m.&ﬁ«%ﬁ

sabout="{ive"> 7t s
ysuezborDf rdf ;resource="Prizelumbers" />

From this, OWL allows us to infer that Priceluzbers is an Organization!

Thisis obviously nn undesired result, which comes from the use of 1sHezber0f

ithin two very different contexts: the first statement declares ios¥esbor0f

- wa role which is used - for making statements about wemberships in organi- -

sations, while the second statement talks about a different domain, namely,
wbers. The example is comparable to the one given at the end of See- -
tion 2.4.5, ! b Y . 3 i
Please note that the example just given does not yicld a formal controdic-
tion.' In order to arrive at an iuconsistency, one could additionally declare

=§. PrimeNuzbers are not in the class Organization.

Similar considerations also-Lold for rdfs:donain. )

Let us now return to the characteristics which roles in OWL can be de-
N”_M_o”o_r?.n. -..H.__o.< are Sn_.mm:c:.v,, synnetry, _.__:naoi.:a.. and inverse

S nality. Wo .us.r.m: their meaning using the examples in .m.ﬁ“ A.15.
E_w._hs._ etry states: if A and B arc in a symmetric role relationship, then m :
_V:M:M__ reverse order) are also in the same role relationship. In the examp M
Ew::ow”o __m in a snmnoﬂ.mum:o relationship with mnammanrﬁvs.wﬂ.nn_.mc }
that un&no 105 steffenLamparter as collengue, and by symunelry we :

ogﬁnonrﬁvaaanznmguwne.?an:ai

Trangiijs S E
| Mivity neans: it A and 23 arc in some transitive role relationslip, nud

B ang
M Coarg 5 . also related
Yia i the same r jonship, then A and C ore

the 5y, e .c_a._d::._o:u_:? I hat steffoalazp arter

Yaapg e role, In the example,; since we kiow L
he eeﬂﬁaﬂca PeterHaase and honvﬂ:uamo hasColleague philip vmrnnﬂu..w
o u&n&.« transitivity of thie role hasColleague that stofenlaspt
 Bungyjq, League PhilippCimiano.

A g.__m\mc. of & rolo means: if A and B are related via
ey Wre related Ly the same role, then B and C arc

a functional role,
identical in the
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taiidls ok leo e 3 L]

Sovl:ObjectProperty rdfiabout="hasColloague™s R
<rif:type rdf:resources’Rovl TranaitivoProporty= /> \
_ <rdf:itype N&unauoﬁ.na-.»onwmwv"anﬁnvno?naw.. />
</ewlilbjectProporty> v PR S
<owl:ObjostProperty rdf:abouta"hasProjoctLoadorss
<rdf:type xdf:resourco="owl;FunctionalPropertys »
</evl:0bjectProperty> } 3
<owl:ObjectProporty rdf:about="isProjoctloadorFor*s
. <rdf:type rdf "u.oaounnni...pos."Hu«.aﬁ._am:unn»onn_u.mnovannw.
</ovl:0ObjectProperty> ; s
<Percea rdfzabout="petorHaaco"> !
<tasColleague rdf:resource="philippCiniano" />
<basColleague rdf:resourco="stoffonLazpartor” />
<isProjectleadorFor rdf:resource="nola" />
</Porsan> |
‘<Fraject rdf:abour="x-Hodia"> : ,
<hasProjectLeoader rdf:resourco="philippCinianc” /5
<tazProjectloader rdf:rosource="cinianoPhilipp" />
</Projest> ; : HHLE e

\v.

FIGURE 4,15: Role characteristics

scns2 of oul:sazeds. In the example we can conclude that philippCiniess

and cizianoPhilipp are identical since hasProjectLeader is functional
[nverse functiounlity of a role R is equivalent to the inverse of R being.

fonctional. In the example, we conld have omitted the declaration of invere

functionality of isProjectLeaderFor and instead state the fallawing,

=1:0bjectProparty rdf:about="isProj annronnmumon,._v
<ovl:inver2e0f rdf:resource="hasProjoctLeador" />

e ; e : : ; it
Since it is declared that the role hasProjectLeader is ..::n._o___,__“_zm._“r
Ll

venz role isProjectLeaderFor would automatically be inverse i oles to ¢
Kote that it does usually not moke sense to declare transitive f n_

functional. It is; however, not explicitly forbidden in OWL- 1L LG
The use of role charucteristics is restricted in OWL DL ond 0$. s

Section 4.2 for details. 2

4.1.10 Types of Inferences -~ )

To date, there is no standardized query language for OWL- o,
prupasals for expressive query langunges for OWI in Chap

: o
While %,ﬂe

(4

& geans the

v _Esag ﬂ}

<«vl:Class xdf .B.g___nn.;uooﬁ..v

Onlologics in Wy,
what types of simple qucricy itk : a7
t M._F.: ,f.c_,_ﬁ_m «.W_o_._.:w.dﬁrw ._—.".:m.va 1

14 listed I oee 5, 1t 15 euston,
z.w.q_w.__”._;a queries, .:_Cmo ::iﬁ:.u fudi i._quw.n“_o_...___.u,_”__.m:rr Wiy
b bl ingg Tndividuals o R
E Y volving individuals are concerneq

n_i_ﬂ _,ﬂ ”._”:_ distinguish between queryiy ” M_..M“”. .n__.“%u“ .Eu_ theip o
.__,_._.,____M_. (e sense of owl:equivalontClass nyg a_..na?ma A
fn the scnse of rdfc:oubClagsof. have givy Ut 2 sl
A4, 4.6 and 1L, .no_:_:.::n Ml subelasy a_szg_uﬂaa_a.u for
) clnsses i e,__&. cusfying the E....o_cﬁ,,._ Figure 45 gives _ﬂ Mws..ﬁ._
ing aboit. e disjointncss of clnsses in the sense of ocr&&aunﬁ_n.mx 2
ak _".m:.m__ «ee in Chapter 5 that querying for plotal cansistency, 1. gor
! ,fmm_é of n knowledge c:!.u_ _.u.a.. central importance, o_ovnw_. GM.EE sal-
fa ‘absence of contradictions, Lo ou consistency .

gamet

ccking far class consistency Is usually done in order to detyy an ontologs
a M.__E is called inconsistent® il it is cquivalent to o‘mwnzonﬁum..ﬂzh—aﬁﬂww
ingpens G480 L modeling cerar. The following is a simple example of n class
iconsistency caused by erroncous modeling, v

<rdfa:subClass0e nnnnuouo:nno-.v:rwunwn»on. S g
wzl:disjointWith rdfiresource="Publication® /> |
fovl:Class> ¢ ° ) N :

- Note that the knowledge bnse is not inconsistent: if there are no boaks,
(and only in this case), the knowledge is consistent: That is because if we
lad a book, then it would also be a.Publication Ly the rdfs: subclags0f
datement. Buit this is impossible because Publication and Book are disjoint

by the other statement. So, since there can be no book, Book s equivalent to-

el :Nothing,

Eo.z.iﬁ ivolving individuals arc of purticuiar importance for enwn:n.__ ap-
».mm_“ﬂ_sa. Sucli queries usually ask for all known instances of @ .38 ﬂ..Pa..
470 S instance retrieval. We have given exawmples for this ﬂ, __m.w
o248, g also in Scetion 4.1.7. Tustance retrieval is closely relate
ccking which, given n class and an individual, dech
Al helongy o the class. i

Fee i iy Bonictimes xafd that .,:a class or ontology i .‘_R;...nu_rv

des whether the -



