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Source: http:// www.evolutionoftheweb.com 
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     Web of Documents                       Web of Data 

"Documents" 

Hyperlinks Typed Links 

"Things" 
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Source: http://www.radarnetworks.com 
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Vocabularies 
A set of well-known vocabularies has evolved in the 
Semantic Web community. Some of them are: 

 Vocabulary Description Classes and Relationships 

Friend-of-a-Friend (FOAF) Vocabulary for describing 
people. 

foaf:Person, foaf:Agent, foaf:name, 
foaf:knows, foaf:member  

Dublin Core (DC) Defines general metadata 
attributes. 

dc:FileFormat, dc:MediaType, 
dc:creator, dc:description 

Semantically-Interlinked 
Online Communities (SIOC) 

Vocabulary for representing 
online communities. 

sioc:Community, sioc:Forum, 
sioc:Post, sioc:follows, sioc:topic 

Music Ontology (MO) Provides terms for describing 
artists, albums and tracks. 

mo:MusicArtist, mo:MusicGroup, 
mo:Signal, mo:member, mo:record 

Simple Knowledge 
Organization System (SKOS) 

Vocabulary for representing 
taxonomies and loosely 
structured knowledge. 

skos:Concept, skos:inScheme, 
skos:definition, skos:example 





Semantics on the Web 
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Semantic Web Stack 
Berners-Lee (2006) 
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Semantic Web Stack 
Berners-Lee (2006) 

Syntatic basis 

Basic data model 

Simple vocabulary 
(schema) language 

Expressive vocabulary 
(ontology) language 

Query language 

Application specific  
declarative-knowledge 

Digital signatures, 
recommendations 

Proof generation, 
exchange, validation 
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<http :// musicbrainz.org/artist/b10bbbfc - cf9e - 42e0- be17- e2c3e1d2600d#_> 

<http://www.w3.org/2002/07/owl#sameAs>  

<http://xmlns.com/foaf/0.1/name>  

<http:// dbpedia.org/ resource / The_Beatles > "The Beatles " 

Semantics on the Web 
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&"3#(

C#$34&$+((

!"#:';<"#$+."'./#0.01.+#23#456.#7.%,'."89#P3#"*+((
E-4$#(

C#$34&$+((
<=>?@A"#$%&#'()"B+..%)CC#$%&#'(629DC9&0289:&CE"
<=>?@A"#$%&#'(_23.)"B+..%)CC#$%&#'(629DC23.2/2DICE"
<=>?@A"42)"+..%)CC%89/629DC23.2/2DIC42C"
YJZ"RS>=>"T"#$%&#'()*+&,-&(./&0"42)4&4$&9"""
"""""""""""""""""""""""""""#$%&#'()>/`'0,<9&0/&I6V"



5*078)@"7>()2B6B;C)

QTHGN@(U(P3#"*2%:(G2%O#'(@-&-( 00(

•! D=#($/436/%(9/'2l#"(B&'R4*+'$(%/92%-&#$(A=2>=(
>/9;/%#%&$(/E(&=#(9-&>=#$($=/34'()#("#&3"%#'((

•! mxn(9#-%$(-44(>/9;/%#%&$($=/34'()#("#&3"%#'(
(

<=>?@A"#$%&#'()"B+..%)CC#$%&#'(629DC9&0289:&CE"
<=>?@A"12(1)"B+..%)CCF4/306:24C12(1CG6HCE"
<=>?@A"#:)"B+..%)CC%89/629DC#:C&/&4&3.0CH6HCE"
<=>?@A"42)"B+..%)CC%89/629DC23.2/2DIC42CE"
J>K>L*"7(/$84,3(4&"7.9(:;,.'./&"
RS>=>"T"
""""#$%&#'()*+&,-&(./&0"12(1)4(#&"7(/$84"6"
""""7(/$84"#:).'./&"7(/$84,3(4&"U"
"""""""""""42).9(:;"7.9(:;"6"
""""7.9(:;"#:).'./&"7.9(:;,.'./&"6V"

P3#"*+(=6%,#%'1&0"#%->#,+%)?"#><>#456.#7.%,'."8#0%?.9((



H6>%4&,4SB&4EE6'$E(
•! @2s#"#%&(&*;#$(/E(l4&#"$(-%'(E3%>6/%$(9-*()#(3$#'(

(

5*078)@"7>()2B6B;C)DEF)

QTHGN@(U(P3#"*2%:(G2%O#'(@-&-( 0S(

<=>?@A"#$%&#'()"B+..%)CC#$%&#'(629DC9&0289:&CE"
<=>?@A"12(1)"B+..%)CCF4/306:24C12(1CG6HCE"
<=>?@A"#:)"B+..%)CC%89/629DC#:C&/&4&3.0CH6HCE"
<=>?@A"42)"B+..%)CC%89/629DC23.2/2DIC42CE"
J>K>L*"7(/$84,3(4&"7.9(:;,.'./&"7#(.&"7#89(.'23"
RS>=>"T"
""""#$%&#'()*+&,-&(./&0"12(1)4(#&"7(/$84"6"
""""7(/$84"#:).'./&"7(/$84,3(4&"U"
"""""""""""42).9(:;"7.9(:;"6""
""""7.9(:;"#:).'./&"7.9(:;,.'./&"U"

""""""""42)#89(.'23"7#89(.'23U"
""""?@K*>="a7#89(.'23EQGGGGG"bb"7#89(.'23BcGGGGGd"V"

P3#"*+(
K24&#"+((((H/9;-"2$/%(-%'(4/:2>-4(/;#"-&/"$(

@.,+<.;.#,6.#%'1&0"#%->#,+%)?"#+.)2+>.>#1/#456.#7.%,'."8A#B6.+.#,6.#
>&+%C2-#23#,6.#"2-D#<"#02+.#,6%-#EFF#".)"G#%->#-2#'2-D.+#,6%-#HFF#".)"G(



5*078)@"7>()2B6B;C)DGF)

QTHGN@(U(P3#"*2%:(G2%O#'(@-&-( 0V(

T>6K6$:+'$,'P,()B>6*:%4E,
(

<=>?@A"#$%&#'()"B+..%)CC#$%&#'(629DC9&0289:&CE"
<=>?@A"12(1)"B+..%)CCF4/306:24C12(1CG6HCE"
<=>?@A"#:)"B+..%)CC%89/629DC#:C&/&4&3.0CH6HCE"
<=>?@A"42)"B+..%)CC%89/629DC23.2/2DIC42CE"
J>K>L*"0)-.1.%+"7(/$84,3(4&"
RS>=>"T"
""""#$%&#'()*+&,-&(./&0"12(1)4(#&"7(/$84"6"
""""7(/$84"#:).'./&"7(/$84,3(4&"6"

" """"42).9(:;"7.9(:;H"6"
" """"42).9(:;"7.9(:;P"6"
"?@K*>="a7.9(:;H"ef"7.9(:;Pd"V"

@.,+<.;.#,6.#-%0.#23#,6.#%'1&0"#+.)2+>.>#1/#456.#7.%,'."8#
B6<)6#6%;.#%,#'.%",#,B2#><I.+.-,#"2-D"G#P3#"*+((

O:>?)K,

mC#</4<#"n(

m8#$$2/%$n(

mI))#*(C/-'n(

O:>?)K,

mC#</4<#"n(

mC#</4<#"n(

mC#</4<#"n(

m8#$$2/%$n(

mI))#*(C/-'n(

mI))#*(C/-'n(

W@J*@\L*"

C#$34&$+(

=>W]L>W"
NMW@?@>=f" NMW@?@>=f"



/77&47:%4E(

•! H-4>34-&#(-::"#:-&#(<-43#$+(LM]\*`(J]N`(N@\`(NYA`(Yg^`(
^=M]<,LM\LY*(-%'(JYN<K>"

•! ,324&(-"/3%'(&=#(cCRT!(,y(/;#"-&/"(
•! !"3%#(-&(:"/3;(4#<#4(X>EF(KNGDQC[(3$2%:(dI1N.c(

(

5*078)@"7>()2B6B;C)DHF)

QTHGN@(U(P3#"*2%:(G2%O#'(@-&-( 0W(

<=>?@A"#$%&#'()"B+..%)CC#$%&#'(629DC9&0289:&CE"
<=>?@A"12(1)"B+..%)CCF4/306:24C12(1CG6HCE"
<=>?@A"42)"B+..%)CC%89/629DC23.2/2DIC42CE"
J>K>L*"7(/$84"aJ]Na7.9(:;,#89(.'23d"YJ"7(/$84,#89(.'23d"
RS>=>"T"
""""#$%&#'()*+&,-&(./&0"12(1)4(#&"7(/$84"6"
""""7(/$84"42).9(:;"7.9(:;"6"
""""7.9(:;"42)#89(.'23"7.9(:;,#89(.'23"6"
V"^=M]<"-X"7(/$84""
""SYg@\^"aJ]Na7.9(:;,#89(.'23d"E"QhGGGGGd"
"
"""""

@.,+<.;.#,6.#>&+%C2-#23#,6.#%'1&0"#+.)2+>.>#1/#456.#7.%,'."8G#P3#"*+((



5*078)@"7>()IB2;4J=B)

QTHGN@(U(P3#"*2%:(G2%O#'(@-&-( 0Z(

D-O#$(&=#("#$/3">#$(A2&=2%(&=#($/436/%`(-%'(;"/<2'#$(
2%E/"9-6/%(-)/3&(&=#9(-$(C@K($&-&#9#%&$F(D=#*(>-%(
)#(2'#%6l#'()*+(
(

•! 8;#>2E*2%:(4SB>6*6%(#0#E,

•! U6$(6$7E,'P,F:&6:?>4E,2%(&=#(?dQCQ(>4-3$#(

<=>?@A"#$%&#'()"B+..%)CC#$%&#'(629DC9&0289:&CE"
<=>?@A"42)"B+..%)CC%89/629DC23.2/2DIC42CE"
W>JL=@->"74&4$&9"
RS>=>"T""
#$%&#'()*+&,-&(./&0"42)4&4$&9"74&4$&9"6V"

<=>?@A"#$%&#'()"B+..%)CC#$%&#'(629DC9&0289:&CE"
W>JL=@->"#$%&#'()<(8/,N:L(9.3&I"



QTHGN@(U(P3#"*2%:(G2%O#'(@-&-( 0^(

•! VWX-Y0AVY,Z[T0TM(N%(/"'#"(&/(B3#"*(E/"(-(
$3):"-;=`(A2&=/3&(>=-%:#`(2&(2$(%/(4/%:#"(%#>#$$-"*(
&/("#;#-&(&=#((:"-;=(;-\#"%(2%(&=#(&#9;4-&#(

<=>?@A"#$%&#'()"B+..%)CC#$%&#'(629DC9&0289:&CE"
<=>?@A"12(1)"B+..%)CCF4/306:24C12(1CG6HCE"
<=>?@A"42)"B+..%)CC%89/629DC23.2/2DIC42CE"
<=>?@A"#:)"B+..%)CC%89/629DC#:C&/&4&3.0CH6HCE"
LM\J*=]L*"RS>=>"T"
""#$%&#'()*+&,-&(./&0"12(1)4(#&"7(/$84"6"
""7(/$84"42).9(:;"7.9(:;"6V"

Q_-9;4#+(

5*078)@"7>();KL2C4M;C))



5*078)@"7>();KL2C4M;C)DE&F)

QTHGN@(U(P3#"*2%:(G2%O#'(@-&-( 0a(

( ');#'2-+(
D=#p,#-&4#$(E/-E+9-'#(

e=\;+LL(
93$2>)"-2%5F/":

L"#>/"'LFFFf(

e=\;+LL(
93$2>)"-2%5F/":

L"#>/"'LFFFf(

E/-E+9-'#(
@-&-+(

P3#"*+( C#$34&+(

rd#4;qr( rG#&(N&(,#r(

'>+6&4#( '>+6&4#(

e=\;+LL(
93$2>)"-2%5F/":

L"#>/"'LFFFf(

rI))#*(C/-'r(

'>+6&4#(

E/-E+9-'#(

LM\J*=]L*"T"
""7(/$84"#:):9&(.29"#$%&#'()*+&,-&(./&0"6V"
RS>=>"T"
""#$%&#'()*+&,-&(./&0"12(1)4(#&"7(/$84"6V"

');#'2-+(
D=#p,#-&4#$(

e=\;+LL(
93$2>)"-2%5

zf(

e=\;+LL(
93$2>)"-2%5

zf(
e=\;+LL(

93$2>)"-2%5
zf(

'>+>"#-&/"(
'>+>"#-&/"(

'>+>"#-&/"(



QTHGN@(U(P3#"*2%:(G2%O#'(@-&-( 0j(

•! C#&3"%$(C@K($&-&#9#%&$(>"#-&#'(E"/9(<-"2-)4#(
)2%'2%:$(

•! D#9;4-&#+(:"-;=(;-\#"%(A2&=(<-"2-)4#$(E"/9(&=#(
B3#"*(;-\#"%(

<=>?@A"#$%&#'()"B+..%)CC#$%&#'(629DC9&0289:&CE"
<=>?@A"12(1)"B+..%)CCF4/306:24C12(1CG6HCE"
<=>?@A"42)"B+..%)CC%89/629DC23.2/2DIC42CE"
<=>?@A"#:)"B+..%)CC%89/629DC#:C&/&4&3.0CH6HCE"
LM\J*=]L*"T"
""7(/$84"#:):9&(.29"#$%&#'()*+&,-&(./&0"6"
""7.9(:;"#:):9&(.29"#$%&#'()*+&,-&(./&0"6V"
RS>=>"T"
""#$%&#'()*+&,-&(./&0"12(1)4(#&"7(/$84"6"
""7(/$84"42).9(:;"7.9(:;"6V"

*+.%,.#,6.#>)J)+.%,2+#>.")+<KC2-"#32+#%'1&0"#%->#,6.<+#,+%)?"#
+.)2+>.>#1/#456.#7.%,'."8G#P3#"*+((

5*078)@"7>();KL2C4M;C)DENF)



5*078)@"7>();KL2C4M;C)DGF)

QTHGN@(U(P3#"*2%:(G2%O#'(@-&-( SY(

-)?E4%E,'P,&4E)>%E(
•! N&(2$(;/$$2)4#(&/(>/9)2%#(&=#(B3#"*(A2&=(E'>)+'$,K'(6Q4&E,

XM=W>="-X`(K@N@*`(M??J>*[(

<=>?@A"#$%&#'()"B+..%)CC#$%&#'(629DC9&0289:&CE"
<=>?@A"12(1)"B+..%)CCF4/306:24C12(1CG6HCE"
<=>?@A"42)"B+..%)CC%89/629DC23.2/2DIC42CE"
<=>?@A"#:)"B+..%)CC%89/629DC#:C&/&4&3.0CH6HCE"
LM\J*=]L*"T"
""7(/$84"#:):9&(.29"#$%&#'()*+&,-&(./&0"6"
""7.9(:;"#:):9&(.29"#$%&#'()*+&,-&(./&0"6V"
RS>=>"T"
""#$%&#'()*+&,-&(./&0"12(1)4(#&"7(/$84"6"
""7(/$84"42).9(:;"7.9(:;"U"
"""""""""#:)#(.&"7#(.&"6"
V"M=W>="-X"W>JLa7#(.&d"
""K@N@*"HG"
"

*+.%,.#,6.#>)J)+.%,2+#>.")+<KC2-"#32+#,6.#LF#02",#+.).-,#
%'1&0"#%->#,6.<+#,+%)?"#+.)2+>.>#1/#456.#7.%,'."8G#P3#"*+((



A$6'$,L&:B<,.:N4&$,
•! I44/A$(&=#($;#>2l>-6/%(/E(-4&#"%-6<#$(X'2$b3%>6/%$[(

(

QTHGN@(U(P3#"*2%:(G2%O#'(@-&-( S](

<=>?@A"#$%&#'()"B+..%)CC#$%&#'(629DC9&0289:&CE"
<=>?@A"12(1)"+..%)CCF4/306:24C12(1CG6HC"
<=>?@A"#:)"B+..%)CC%89/629DC#:C&/&4&3.0CH6HCE"
LM\J*=]L*"T"
""7(/$84"#:):9&(.29"#$%&#'()*+&,-&(./&0"6"
""7.9(:;"#:):9&(.29"#$%&#'()*+&,-&(./&0"6V"
RS>=>"T"
""""#$%&#'()*+&,-&(./&0"12(1)4(#&"7(/$84"6"
""""7(/$84"#:).'./&"7(/$84,3(4&"6"
""""T7(/$84"#$%&#'(_23.)9&:29#&#@3"#$%&#'()Y$$&I,=2(#,J.8#'20"6V"

",*.)*$
""""T7(/$84"#$%&#'(_23.)9&:29#&#@3"#$%&#'()*9'#&3.,J.8#'20"6VV"

*+.%,.#,6.#>)J)+.%,2+#>.")+<KC2-"#32+#,6.#%'1&0"#+.)2+>.>#1/#
456.#7.%,'."8#<-#4M11./#@2%>#N,&><2"8#!"#45+<>.-,#N,&><2"8##P3#"*+((

5*078)@"7>();KL2C4M;C)DHF)



H6>%4&,4SB&4EE6'$E(
•! @2s#"#%&(&*;#$(/E(l4&#"$(-%'(E3%>6/%$(9-*()#(3$#'(

QTHGN@(U(P3#"*2%:(G2%O#'(@-&-( S0(

<=>?@A"#$%&#'()"B+..%)CC#$%&#'(629DC9&0289:&CE"
<=>?@A"12(1)"B+..%)CCF4/306:24C12(1CG6HCE"
<=>?@A"#:)"B+..%)CC%89/629DC#:C&/&4&3.0CH6HCE"
LM\J*=]L*"T7(/$84"#:):9&(.29"#$%&#'()*+&,-&(./&0"6V"
RS>=>"T"
""""#$%&#'()*+&,-&(./&0"12(1)4(#&"7(/$84"6"
""""7(/$84"#:).'./&"7(/$84,3(4&"U"
""""?@K*>="a=>^>Aa7(/$84,3(4&["56i/2`&6i5["'dd"V"

P3#"*+(
K24&#"+((((C#:34-"(#_;"#$$2/%$(/<#"($&"2%:$(

*+.%,.#,6.#>)J)+.%,2+#>.")+<KC2-"#23#,6.#%'1&0"#+.)2+>.>#1/#
456.#7.%,'."8#B62".#C,'.#)2-,%<-"#,6.#B2+>#4'2;.#G(

5*078)@"7>();KL2C4M;C)DOF)



Y5B4,'P,P)$*+'$, H)$*+'$, 04E)>%,%5B4,

(
(
(
K3%>6/%-4(K/"9$(

)/3%'(
NK(
HRIGQ8HQ(
.RD(QMN8D8`(QMN8D8(
/"`(-%'(
C@KD#"9U#B3-4(X{[`($-9#D#"9(
N.`(.RD(N.(

_$'+)//4#-%(
"'ED#"9(
"'ED#"9(
_$'+)//4#-%(
_$'+)//4#-%(
_$'+)//4#-%(
)//4#-%(

(
K3%>6/%$(/%(C@K(D#"9$(

2$NCN`(2$,4-%O`(2$G2&#"-4`(2$.39#"2>(
$&"`(4-%:`(
'-&-&*;#(
NCN(
,.R@Q(

_$'+)//4#-%(
$29;4#(42&#"-4(
2"2(
2"2(
)4-%O(%/'#(

K3%>6/%$(/%(.39#"2>$( I,8`(CRT.@`(HQNG`(KGRRC(
CI.@((

%39#"2>(
_$'+'/3)4#(

H6>%4&,4SB&4EE6'$E(

QTHGN@(U(P3#"*2%:(G2%O#'(@-&-( SS(
8/3">#+=\;+LLAAAFASF/":LDCL$;-"B4]]UB3#"*L|8;-"B4R;$(

5*078)@"7>();KL2C4M;C)DPF)



Y5B4,'P,P)$*+'$, H)$*+'$, 04E)>%,%5B4,

K3%>6/%$(/%(8&"2%:$( 8DCGQ.(
8T,8DC`(THI8Q`(GHI8Q(
8DC8DICD8`(8DCQ.@8`(HR.DIN.8(
8DC,QKRCQ`(8DCIKDQC(
Q.HR@QpKRCpTCN(
HR.HID(
4-%:7-&>=#$(
CQcQM(
CQ!GIHQ(

_$'+2%&#:#"(
$&"2%:(42&#"-4(
_$'+)//4#-%(
42&#"-4(
$29;4#(42&#"-4(
$&"2%:(42&#"-4(
_$'+)//4#-%(
_$'+)//4#-%(
$&"2%:(42&#"-4(

K3%>6/%$(/%(@-&#$(-%'(
D29#$(

%/A(
*#-"`(9/%&=`('-*`(=/3"$`(92%3&#$(
$#>/%'$(
69#5/%#(
&5(

_$'+'-&#D29#(
_$'+2%&#:#"(
_$'+'#>29-4(
_$'+'-*D29#@3"-6/%(
$29;4#(42&#"-4(

H6>%4&,4SB&4EE6'$E(

QTHGN@(U(P3#"*2%:(G2%O#'(@-&-( SV(

8/3">#+=\;+LLAAAFASF/":LDCL$;-"B4]]UB3#"*L|8;-"B4R;$(

5*078)@"7>();KL2C4M;C)DQF)



WB+'$:>,L&:B<,.:N4&$(
•! R!DNR.IG(>4-3$#(#%>4/$#$(&=#(/;6/%-4(;-"&$(
•! NE(<-"2-)4#$(2%(&=#(>/%$&"3>&(>4-3$#(-"#(%/&()/3%'(2%(&=#(/;6/%-4`(

&=#(&"2;4#(;-\#"%$(A2&=(&=#$#(<-"2-)4#$(-"#(%/&(:#%#"-&#'(

(

QTHGN@(U(P3#"*2%:(G2%O#'(@-&-( SW(

<=>?@A"12(1)"B+..%)CCF4/306:24C12(1CG6HCE"
<=>?@A"#:)"B+..%)CC%89/629DC#:C&/&4&3.0CH6HCE"
<=>?@A"#$%&#'(_2j/)"B+..%)CC#$%&#'(629DC23.2/2DICE"
LM\J*=]L*"T""
""""7(/$84"#:):9&(.29"7(9.'0."6"
""""7%':.89&"#:)#&%':.0"7(9.'0."6"V"
RS>=>"T"
""""7(9.'0."12(1)4(#&"7(/$84"6"
""""M<*@M\YK"T7(9.'0."12(1)#&%':.'23"7%':.89&"6VV"

*+.%,.#,6.#>)J)+.%,2+#%->#>)J>.K<),"#>.")+<KC2-"#23#%+C","G#P3#"*+((

5*078)@"7>();KL2C4M;C)DRF)



WB+'$:>,L&:B<,.:N4&$(

•! H-%(&#$&(2E(<-"2-)4#$(-"#()/3%'(2%(l4&#"(#_;"#$$2/%$(
•! 8/436/%$(&=-&(9##&(&=#(R!DNR.IG(>4-3$#(>-%()#(l4&#"#'(/3&()*(

3$2%:(&=#(4/:2>-4(l4&#"(.RD(Xq[(

(

QTHGN@(U(P3#"*2%:(G2%O#'(@-&-( SZ(

<=>?@A"12(1)"B+..%)CCF4/306:24C12(1CG6HCE"
<=>?@A"#:)"B+..%)CC%89/629DC#:C&/&4&3.0CH6HCE"
<=>?@A"#$%&#'(_2j/)"B+..%)CC#$%&#'(629DC23.2/2DICE"
LM\J*=]L*"T"7(/$84"#:):9&(.29"7(9.'0."6"V"
RS>=>"T"
""""7(9.'0."12(1)4(#&"7(/$84"6"
""""M<*@M\YK"T7(9.'0."#$%&#'(_2j/)#&(.+</(:&"7%/(:&,21,#&(.+"6V"
""""?@K*>="ae-M]\Wa7%/(:&,21,#&(.+dd"
V"

*+.%,.#,6.#>)J)+.%,2+#>.")+<KC2-"#23#,62".#%+C","#B62#%+.##!$#
>.%>G#

P3#"*+((

5*078)@"7>();KL2C4M;C)DSF)

"\M*">A@J*J"T7(9.'0."#$%&#'(_2j/)#&(.+</(:&"7%/(:&,21,#&(.+"6V(



/EE67$6$7,\:&6:?>4E,(

•! D=#(<-43#(/E(-%(#_;"#$$2/%(>-%()#(-''#'(&/(-($/436/%(9-;;2%:()*(
)2%'2%:(-(%#A(<-"2-)4#(XA=2>=(>-%()#(E3"&=#"(3$#'(-%'("#&3"%#'[(

•! D=#(-@\W(E/"9(-44/A$(&/(-$$2:%(-(<-43#(&/(-(<-"2-)4#(E"/9(-(,c!(

(

QTHGN@(U(P3#"*2%:(G2%O#'(@-&-( S^(

<=>?@A"#$%&#'()"B+..%)CC#$%&#'(629DC9&0289:&CE"
<=>?@A"12(1)"B+..%)CCF4/306:24C12(1CG6HCE"
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Basic ingredients for the Semantic Web

! •    Open Standards for describing information on the Web

! •    Methods for obtaining further information from such
! ! descriptions
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Basic ingredients for the Semantic Web

!!!Methods for obtaining further information from such!descriptions

! Main approach: Logical deduction (aka automated reasoning)
! E.g.,
! ! ! D.C. is a capital
! ! ! Every capital is a city
! ! ! -------------------------------
! ! ! Hence: D.C. is a city

! Based on predicate logic. – it needs to be specified which
! ! conclusions are valid. Plus, we need algorithms for these.
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Ontology languages

! •    Of central importance for the realisation of Semantic
! ! Technologies are suitable representation languages.
! •    Meaning (semantics) provided via logic and deduction
! ! algorithms (automated reasoning).
! •    Scalability is a challenge.

Expressivity Scalability
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Ontologies

! •    The core of an ontology is usually a taxonomy:
! ! –  classes of things, arranged in a hierarchy

! Human
MaleHuman
! Son

Father

[every MaleHuman is a Human]
[every Son is a MaleHuman]
[every Father is a Son]

FemaleHuman
! Daughter
! ! Aunt
! ! Niece
! ! Mother
! ! ! GrandMother
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Partonomy vs. Taxonomy

! •    The following is a partonomy (and not a taxonomy):
! ! ! –  classes of things, arranged in a hierarchy of “part-of”
! ! ! ! relationships

! America
! ! LatinAmerica
! ! ! ! ! SouthAmerica

Brazil [Brazil is part of South America]

NorthAmerica
! USA
! ! Indiana
! ! Florida
! ! Ohio
! ! ! GreeneCounty
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Partonomy vs. Taxonomy

! •    Partonomy:

! ! A is part of B
! ! ! hand is part of body
! ! ! Germany is part of Europe
! ! ! Wing is part of aircraft
! ! ! Engine is part of car

! •    Taxonomy

! ! every A is a B
! ! ! every father is a man
! ! ! every dog is a mammal
! ! ! every bottle is a container
! ! ! every arm is a limb



7

Table of contents: RDF Schema

1.
2.
3.
4.
5.
6.
7.

Motivation
Classes and Class Hierarchies
Properties and Property Hierarchies
Property Restrictions
Reification
Supplementary Information in RDFS
Simple Ontologies in RDFS



8

Classes and Instances

! •    Classes stand for sets of things.
! ! In RDF: Sets of URIs.

! •    book:uri is a member of the class ex:Textbook

! •    a URI can belong to several classes

! •    classes can be arranged in hierarchies:
! ! each textbook is a book
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Pre-defined classes

! •    every URI denoting a class is a member of rdfs:Class

! •    this also makes rdfs:Class a member of rdfs:Class (!)

•
•
•
•
•

rdfs:Resource (class of all URIs)
rdf:Property (class of all properties)
rdf:XMLLiteral
rdfs:Literal (each datatype is a subclass)
rdf:Bag, rdf:Alt, rdf:Seq, rdfs:Container , rdf:List, rdf:nil,

! rdfs:ContainerMembershipProperty (see later)
•    rdfs:Datatype (contains all datatypes – a class of classes)
• rdf:Statement (see later)
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Implicit knowledge

! •    if an RDFS document contains

! ! and

! ! then

! ! is implicitly also the case: it’s a logical consequence. (We can
! ! also say it is deduced (deduction) or inferred (inference).
! ! We do not have to state this explicitly.
! ! Which statements are logical consequences is governed by the
! ! formal semantics (covered in the next session).
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Implicit knowledge – another example

! •    From

! ! the following is a logical consequence:

! ! I.e. rdfs:subClassOf is transitive.
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Using implicit knowledge

! Ontology (Knowledge Base)
! ! e.g. RDF or OWL

Reasoner (accesses implicit knowledge)

! Application

Used like a databaseonline
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Reasoner (produces implicit knowledge)

Using implicit knowledge

! Ontology (Knowledge Base)
! ! e.g. RDF or OWL

! ! ! Used
like a

! ! ! database
! offline

Completed (materialized) knowledge base

! ! Application
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Class equivalence

! I.e. rdfs:subClassOf is reflexive.
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Property Hierarchies

! From

! and

! we can infer that
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Property Restrictions

! •    Allow to state that a certain property can only be between things
! ! of a certain rdf:type.

! •    E.g. when a is married to b, then both a and b are Persons.

! •    Expressed by rdfs:domain and rdfs:range:

! •    And similarly for datatypes:
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Pitfalls 1

! states that everything in the rdfs:range of ex:authorOf is both a
! ! ex:Textbook and a ex:Storybook!
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Pitfalls 2

! A logical consequence of this is
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Talking about triples

! •    How do you state in RDF:
! ! “The detective supposes that the butler killed the gardener.”

! •    unsatisfactory:

! •    We would really like to talk about the triple
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Talking about triples

! •    How to do it properly in RDFS:

! •    Note however, that the following is not a logical consequence of
! ! this:

! •    One would usually use a blank node instead of ex:theory.
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An example ontology
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The same as graph
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RDF(S) semantics
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Recall: Implicit knowledge

! •    if an RDFS document contains

! ! and

! ! then

! ! is implicitly also the case: it’s a logical consequence. (We can
! ! also say it is deduced (deduction) or inferred (inference).
! ! We do not have to state this explicitly.
! ! Which statements are logical consequences is governed by the
! ! formal semantics (covered in the next session).
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Recall: Implicit knowledge

! •    From

! ! the following is a logical consequence:

! ! I.e. rdfs:subClassOf is transitive.
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RDF(S) model theory

! •    Language: Whatever is valid RDF(S).
! •    Sentences are triples. (Graphs are sets of triples.)

! •    Interpretations are given via sets and functions from language
! ! vocabularies to these sets.
! •    Models are defined such that they capture the intended meaning
! ! of the RDF(S) vocabulary.
! •    And there are three different notions:
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Simple Interpretations
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Simple Interpretations

Now define an interpretation function (written as exponent).
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Simple models

!! of a (grounded*) triple

are contained in V) and

!!

is true

! .

•    The truth value

! exactly if ( (

* A grounded triple
! does not contain
! a blank node.
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Simple models

!! of a (grounded*) triple

are contained in V) and

!!

is true

! .

•    The truth value

! exactly if ( (

* A grounded triple
! does not contain
! a blank node.
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Simple entailment

! •    A graph G simply entails a graph G’ if every simple interpretation
! ! that is a model of G is also a model of G’.

! •    (Recall that a simple interpretation is a model of a graph G if it is
! ! a model of each triple in G.)
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RDF-Interpretations Part 1
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RDF-Interpretations Part 2

! •    In addition, each RDF-interpretation has to evaluate all the
! ! following triples to true:
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RDFS-Interpretations Part 1

•    Define (for a given RDF-interpretation ):
:–

–
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RDFS-Interpretation Part 2
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RDFS-Interpretations Part 3

! •    Furthermore, all of the following must be satisfied.
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RDFS-Interpretations Part 4

! •    Furthermore, all of the following must be satisfied.
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RDFS-Interpretations Part 5

! •    Furthermore, all of the following must be satisfied.
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RDF next version

! A new W3C working group is currently under way:

! http://www.w3.org/2011/rdf-wg/

! •    bugfixing (e.g., incompleteness of inference rules)
! •    new features for RDF and RDFS
! ! •   blank node identifiers (i.e., URIs)
! ! •   working with multiple graphs
! •    JSON serialization
! •    Turtle syntax
! forthcoming:
! •    Semantics and other docs
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