
!"#$%&'('")*+,'%(-.)(.*'/0+'1#%'

!"#$%&!#'&(#

)*&+,-!.#/0+*0!#,-!#12-%0.23&4#5+,-!%&*23(#60(0&!37#
####)*&+,-!."#/$#89:;<#%&!*2+=-3-++-!>(*&+,-!.=0.?#

@70#&A242*B#*-#0C*!&3*#2+,-!%&*2-+#,!-%#DEF#-+*-4-G20(#2(#&#A&(23#!0H?2!0%0+*=##
E7240#)I$6JF#&+.#2*(#0C*0+(2-+(#&!0#A02+G#?(0.#&(#&+#DEF#H?0!B#4&+G?&G0#

2+3-%K40*0=#@70!0# 2(#&#K!0((2+G#+00.#,-!#&#3-+32(0"#!0&.&A40"#&+.#(0%&+*23&44B#
!-A?(*#H?0!B#4&+G?&G0#,-!#DEF=#E0#.0(3!2A0#&#H?0!B#4&+G?&G0#3&440.#)JE6F#
*7&*#L0#A0420M0#K!-M2.0(#(?37#&#4&+G?&G0=#)JE6F#2(#A&(0.#-+#*70#)E6F#!?40#

?+.0!K2++2+G=# @70# !0(?4*2+G# 4&+G?&G0# K!-M2.0(# &# (%&44# A?*# K-L0!,?4# &!!&B# -,#
-K0!&*-!(# *7&*# &44-L(#?(0!(# *-# 3-+(*!?3*# H?0!20(#-+#DEF#-+*-4-G20(=#)JE6F#
&4(-#3-+*&2+(#+-M04#(0*#-K0!&*-!(#*7&*#3&+#A0#?(0.#*-#K0!,-!%#34-(?!0#-K0!&*2-+(#
*-#&44-L#42%2*0.#,-!%(#-,#+0G&*2-+#&(#,&24?!0"#3-?+*2+G"#&+.#&GG!0G&*2-+=##

2 3-4+05)6470-'

$#+?%A0!#-,#H?0!B#4&+G?&G0(#7&M0#A00+#.0M04-K0.#*-#H?0!B#6'N#&+.#DEF"#*70#*L-#
.-%2+&+*#)0%&+*23#E0A# 4&+G?&G0(=#)I$6JF# OPQ# 2(# 3?!!0+*4B# *70#!"# $%&'(# (*&+.&!.#
6'N#H?0!B#4&+G?&G0=#)I$6JF#7&(#&4(-#A00+#K!0((0.#2+#*-#(0!M230#&(#&+#DEF#H?0!B#
4&+G?&G0=#)2+30#DEF#3&+#A0#(0!2&42R0.#&(#6'N"#)I$6JF#3&+"#2+#K!2+32K40"#A0#?(0.#
*-#H?0!B#2*=#S-L0M0!"#)I$6JF#7&(#+-#+&*2M0#?+.0!(*&+.2+G#-,#DEF=#5*#-K0!&*0(#-+4B#
-+#2*(#6'N#(0!2&42R&*2-+#&+.#7&(#+-#T+-L40.G0#-,#*70#4&+G?&G0#3-+(*!?3*(#*7&*#*7-(0#
(0!2&42R&*2-+(#!0K!0(0+*=#$(#&#!0(?4*"#2*#3&+#+-*#.2!03*4B#H?0!B#0+*&24%0+*(#%&.0#?(2+G#
*7-(0# 3-+(*!?3*(=#U-!0-M0!"# *70!0# 2(# +-# 3&+-+23&4# 6'N# (0!2&42R&*2-+# -,# (-%0#DEF#
3-+(*!?3*(=#'2,,0!0+*#*--4(#3&+#(0!2&42R0#*70#(&%0#DEF#3-+(*!?3*(#2+#(42G7*4B#.2,,0!0+*#
L&B(# (-# )I$6JF# H?0!20(# %&B# K0!,-!%# .2,,0!0+*4B# L70+# &KK420.# *-# -+*-4-G20(#
K!-.?30.# AB# .2,,0!0+*# *--4(=# /?(*-%# M&!2&+*(# -,# )I$6JF# 7&M0# A00+# .0M04-K0.# *-#
,&3242*&*0#2*(#?(0#L2*7#DEF#OVQ"#*7-?G7#2*(#0((0+*2&44B#(B+*&3*23#,-3?(#%0&+(#*7&*#2*#2(#
+-*#&#+&*?!&4#,2*#L70+#?(0.#L2*7#3-%K40C#DEF#3-+(*!?3*(=#N?+.&%0+*&44B"#A&(2+G#&+#
DEF#H?0!B# 4&+G?&G0#-+#&#K&!*23?4&!#DEF#(0!2&42R&*2-+#0+*&24(# (2G+2,23&+*# 4&+G?&G0#
.0(2G+# 3-%K!-%2(0(# &+.# ?++030((&!B# (0%&+*23# 3-%K40C2*B=# $# 4&+G?&G0# .0(2G+#

WA&(0.#(0%&+*23(#3&+#G0+0!&44B#K!-M2.0#&#
%-!0# (-?+.# (-4?*2-+=# @L-# (?37# 4&+G?&G0("# DEFWJF# O:Q# &+.# #
O9Q"# &!0# A&(0.# .2!03*4B# -+# DEF# &+.# 7&M0# L044W.0,2+0.# 'FWA&(0.# (0%&+*23(=#
X+,-!*?+&*04B"#+-#?(&A40#2%K40%0+*&*2-+(#-,#DEFWJF#L0!0#K!-.?30.#&+.# *70#$)Y#
K!-*-3-4# 2(# *--# 2+0CK!0((2M0# *-#A0#?(0.#&(#&# G0+0!&4#DEF#H?0!B# 4&+G?&G0=#@70!0# 2(#
*7?(# &# +00.# ,-!# &+# 0CK!0((2M0# DEF# H?0!B# 4&+G?&G0# *7&*# 2(# A?24*# (-42.4B# -+# 2*(# 'F#
(0%&+*23(#&+.#*7&*#(?KK-!*(#3-%K!070+(2M0#H?0!B2+G#-,#DEF=##

mailto:martin.oconnor@stanford.edu
Rinke Hoekstra
Proceedings of OWL: Experiences and Directions 2009 (OWLED 2009), 
Rinke Hoekstra and Peter F. Patel-Schneider, editors.  http://www.webont.org/owled/2009

Rinke Hoekstra




#

8 !"#$%''

)JE6F# Z!0%&+*23#"?0!BW0+7&+30.##0A#$?40#%&+G?&G0[# K!-+-?+30.# )*+,--".\# 2(#
A?24*# -+# *70# )E6F# !?40# 4&+G?&G0# O<Q=# )JE6F# *&T0(# &# (*&+.&!.# )E6F# !?40#
&+*030.0+*#&+.#0,,03*2M04B# *!0&*(# 2*# &(#&# K&**0!+# (K032,23&*2-+# ,-!# &# H?0!B=# 5*# !0K4&30(#
*70# !?40# 3-+(0H?0+*# L2*7# &# !0*!20M&4# (K032,23&*2-+=# )JE6F# ?(0(# # A?24*W2+#
,&3242*B#&(#&+#0C*0+(2-+#K-2+*#O]Q=#X(2+G#A?24*W2+("#2*#.0,2+0(#&#(0*#-,#-K0!&*-!(#*7&*#*7&*#
3&+#A0#?(0.#*-#3-+(*!?3*#!0*!20M&4#(K032,23&*2-+(=#@70#&**!&3*2M0+0((#-,#*72(#&KK!-&37#2(#
*7&*#+-#(B+*&3*23#0C*0+(2-+(#&!0#!0H?2!0.#*-#)E6F=#@7?("#0C2(*2+G#)E6F#0.2*-!(#3&+#
A0# ?(0.# *-# G0+0!&*0# &+.# 0.2*# )JE6F# H?0!20(=# 5+# &..2*2-+"# (*&+.&!.# )E6F#
(0!2&42R&*2-+#%037&+2(%(#3&+#A0#?(0.#(-#H?0!20(#3&+#A0#(*-!0.#2+#DEF#-+*-4-G20(=##

90+*'%(-.)(.*':*(4)+*;&'<(;76'")*+,7-.'

@70#3-!0#)JE6F#-K0!&*-!#2(#!"#$%&!'%'()=#5*#*&T0(#-+0#-!#%-!0#&!G?%0+*("#L7237#
&!0#*BK23&44B#M&!2&A40(#?(0.#2+#*70#K&**0!+#(K032,23&*2-+#-,#*70#H?0!B"#&+.#A?24.(#&#*&A40#
?(2+G# *70# &!G?%0+*(# &(# *70# 3-4?%+(# -,# *70# *&A40=# N-!# 0C&%K40"# *70# ,-44-L2+G# H?0!B#
!0*!20M0(#&44#K0!(-+(#2+#&+#-+*-4-GB#L2*7#&#T+-L+#&G0#*7&*#2(#40((#*7&+#8"#*-G0*70!#L2*7#
*702!#&G0(^#

/"-)(01234#5#6%)78"1239#2%4#5#):-.;<."))=6%012%9#>4# #)*:-.<)"."&'1239#2%4#

@72(#H?0!B#L244#!0*?!+#K&2!(#-,#2+.2M2.?&4(#&+.#&G0(#L2*7#-+0#!-L#,-!#0&37#K&2!=#
60(?4*(# 3&+# A0# -!.0!0.# ?(2+G# *70# *$+'$,-# &+.# *$+'$,-.'!('/+0/1# A?24*W2+(=# N-!#
0C&%K40"#&#H?0!B#*-#!0*?!+#&#42(*#-,#K0!(-+(#-!.0!0.#AB#&G0#3&+#A0#L!2**0+^#

/"-)(01234#5#6%)78"1239#2%4# #)*:-.<)"."&'1239#2%4#5#)*:-.<(-!"-?@12%4#

@70# 40,*# 7&+.# (2.0# -,# &# )JE6F# H?0!B# -K0!&*0(# 42T0# &# (*&+.&!.# )E6F# !?40#
&+*030.0+*#L2*7#2*(#&((-32&*0.#(0%&+*23(=#)-"#,-!#0C&%K40"#*70#&*-%#2'$!*/3456#L244#
%&*37# +-*# -+4B# &44#DEF# 2+.2M2.?&4(# *7&*# &!0# .2!03*4B# -,# 34&((# 2'$!*/# A?*#L244# &4(-#
%&*37#2+.2M2.?&4(#*7&*#&!0#0+*&240.#AB#*70#-+*-4-GB#*-#A0#2+.2M2.?&4(#-,#*7&*#34&((=#5+#
0,,03*"# &44# M&!2&A40(# *7&*# L-?4.# A0# A-?+.# 2+# &# )E6F# !?40(# &+*030.0+*# L244# &4(-# A0#
A-?+.# 2+#&#)JE6F#K&**0!+# (K032,23&*2-+=#)JE6F#K4&30(#+-#!0(*!23*2-+(# -+# *70# 40,*#
7&+.# (2.0# -,# &# H?0!B &+B# M&42.# )E6F# &+*030.0+*# 2(# &# M&42.# )JE6F# K&**0!+#
(K032,23&*2-+=#

1&(23# 3-?+*2+G# 2(# &4(-# (?KK-!*0.# AB# )JE6F"# K!-M2.0.# AB# &# A?24*W2+# 3&440.#
!"#$%&(*7/)=#$#H?0!B#*-"#(&B"#3-?+*#-,#*70#+?%A0!#-,#T+-L+#K0!(-+(#2+#&+#-+*-4-GB#
3&+#A0#L!2**0+^#

/"-)(01234# #)*:-.<&(+0'1234#

_!-?K0.#3-?+*(#&!0#&4(-#(?KK-!*0.=#N-!#0C&%K40"#&#H?0!B#*-#3-?+*#*70#+?%A0!#-,#3&!(#
-L+0.#AB#0&37#K0!(-+#2+#&+#-+*-4-GB#3&+#A0#L!2**0+^#

/"-)(01234#5#6%)A%-1239#2&4# #)*:-.<)"."&'1234#5#)*:-.<&(+0'12&4#



#####

@72(#H?0!B#!0*?!+(#&#42(*#-,#2+.2M2.?&4(#&+.#3-?+*("#L2*7#-+0#!-L#,-!#0&37#2+.2M2.?&4#
*-G0*70!#L2*7#&#3-?+*#-,# *70#+?%A0!#-,#3&!(# *7&*# *70B#-L+=#5+.2M2.?&4(# *7&*#7&M0#+-#
3&!(#&!0#+-*#%&*370.#AB#*72(#H?0!B=#`M0!B#K0!(-+#2+.2M2.?&4#2(#0,,03*2M04B#G!-?K0.#&+.#
*70#(*7/)# A?24*W2+# T00K(# *!&3T# -,# *70# +?%A0!# -,# -33?!!0+30(# -,# 0&37# 3&!# &((-32&*0.#
L2*7#0&37#K0!(-+=#@72(#K!-30((#2(#&+&4-G-?(#*-#)JFa(#_6DXI#1b#34&?(0 *70#-+4B#
.2,,0!0+30#A02+G#*7&*#G!-?K2+G#2(#2%K4232*=##
1&(23#&GG!0G&*2-+#2(#&4(-#(?KK-!*0."#K!-M2.0.#AB#,-?!#A?24*W2+(#3&440.#80/"#89:"#!78"#

&+.# 9;1=# $GG!0G&*2-+# -K0!&*-!(# *&T0# &# (2+G40# &!G?%0+*# L7237# %?(*# !0K!0(0+*# &#
+?%0!23# *BK0=# N-!# 0C&%K40"# &# H?0!B# *-# !0*?!+# *70# &M0!&G0# &G0# -,# K0!(-+(# 2+# &+#
-+*-4-GB#Z,-!#L7237#&+#&G0#2(#T+-L+\#3&+#A0#L!2**0+^#

/"-)(01234#5#6%)78"1239#2%8"4# #)*:-.<%B812%8"4#

W2+(#-K0!&*0#
-+# *70# H?0!B# !0(?4*# 2*(04,"# +-*# -+# *70# ?+.0!4B2+G# -+*-4-GB=# @70# (*7/)# A?24*W2+"# ,-!#
0C&%K40"# T00K(# *!&3T# -,# *70# +?%A0!# -,# !040M&+*# 2*0%(#%&*370.# 2+# &# H?0!B"# +-*# *70#
+?%A0!#-,#(?37# 2*0%(# 2+# *70#-+*-4-GB#A02+G#H?0!20.=# N-!#0C&%K40"# *70#0&!420!#H?0!B#
*7&*#.0*0!%2+0(#*70#+?%A0!#-,#3&!(#-L+0.#AB#0&37#2+.2M2.?&4#2+#&+#-+*-4-GB#L244#+-*#
%&*37#2+.2M2.?&4(#*7&*#.-#+-*#-L+#&#3&!#A03&?(0# *70#<9!=9$345>?4(9$6#&*-%#2+#*70#
!?40#L244#0M&4?&*0#*-#,&4(0#,-!#*7-(0#2+.2M2.?&4(=#5+#-*70!#L-!.("#*70#3-?+*#-K0!&*-!#2+#
)JE6F#L244#+0M0!#!0*?!+#R0!-=# *7?(#+-*#M2-4&*0.=#
$4(-"# *70# !0(?4*# -,# *72(# A?24*W2+# 2(# +-*# &330((2A40# ,!-%#L2*72+# &# !?40# (-# 2*# 3&+#+-*# A0#

&.-K*(# *70# ?+2H?0# +&%0# &((?%K*2-+# ,-!# %&*370.# 2+.2M2.?&4("# (-# L244# 3-?+*# 0&37#
2+.2M2.?&4# &(# .2(*2+3*# 0M0+# *7-?G7# 2+# *70# &((-32&*0.# DEF# -+*-4-GB# *70(0# %?4*2K40#
+&%0(#%&B#!0,0!#*-#(&%0#?+.0!4B2+G#2+.2M2.?&4=##
F2T0#)E6F"#)JE6F#(?KK-!*(#*70#?(0#-,#DEF#34&((#.0(3!2K*2-+(=#N-!#0C&%K40"#&#

H?0!B#*-#!0*!20M0#&44#2+.2M2.?&4(#2+#&+#-+*-4-GB#*7&*#&!0#&((-32&*0.#L2*7#&#!0(*!23*2-+#-+#
&+# <9!=<0%+# K!-K0!*B# (K032,B2+G# &# 3&!.2+&42*B# G!0&*0!# *7&+# -!# 0H?&4# *-# -+0# 3&+# A0#
L!2**0+^#

16%)A6,.!#CD#E412,4# #)*:-.<)"."&'12,4#

)JE6F#H?0!20(#3&+#&4(-#-K0!&*0#2+#3-+c?+3*2-+#L2*7#)E6F#!?40(#2+#&+#-+*-4-GB#&+.#
3&+#A0#?(0.#*-#!0*!20M0#T+-L40.G0#2+,0!!0.#AB#*7-(0#!?40(=#$((?%0"#,-!#0C&%K40"#*7&*#
&+#-+*-4-GB#3-+*&2+(#*70#,-44-L2+G#!?40#*-#34&((2,B#K0!(-+(#&(#&.?4*(#2,#*70B#&!0#-4.0!#
*7&+#Pd^#

/"-)(01234#5#6%)78"1239#2%8"4#5#):-.;<8-"%'"-=6%012%8"9#EF4#GC#7!+.'1234#

$#H?0!B#*-#42(*#&44#&.?4*(#2+#&+#-+*-4-GB#3&+#*70+#A0#L!2**0+^#

7!+.'1234# #)*:-.<)"."&'1234#

@70#?(0#-,#*70#2+*0!%0.2&*0#2+,0!0+30(#%&.0#AB#)E6F#!?40(#K!-M2.0(#&#%037&+2(%#*-#
.03-%K-(0#M0!B#3-%K40C#H?0!20(=#E7240#(?AH?0!20(#&!0#+-*#K-((2A40#2+#)JE6F"#*70#
?(0# -,# *70(0# 2+*0!%0.2&*0# 2+,0!0+30(# K!-M2.0(# &+# 0,,03*2M0# 0H?2M&40+*=# @70(0#
2+,0!0+30(#3&+#&4(-#A0#?(0.#AB#-*70!#!?40(#&+.#H?0!20(=#



#

!*4'1=*+(40+;&'9>0;7-.'4?*'#0+>5'

@70# 3-!0# )JE6F# A?24*W2+(# (?KK-!*# (-%0# .0G!00# -,# 34-(?!0#L70+# H?0!B2+G#L2*7-?*#
M2-4&*2+G#DEF (#-K0+#L-!4.#&((?%K*2-+=#$(#(7-L+"#H?0!20(#42T0#H,)'#%..#3%',"0')#,0#
%0#(0'(.(8@#%0!# '6"#0+I;"-#($# !-+8)# '6%'# '6"@#(0# 3&+#A0# 0CK!0((2M0# ,&2!4B#.2!03*4B=#
S-L0M0!"# H?0!20(# L2*7# %-!0# 3-%K40C# 34-(?!0# !0H?2!0%0+*(# 3&+# +-*# A0# 0CK!0((0.#
?(2+G# *70#3-!0#A?24*W2+(=#N-!#0C&%K40"# *70#H?0!B#H,)'#%..#3%',"0')# ,0#%0#(0'(.(8@# '6%'#
%-"#(0#I(-"#'6%0#':(#!-+8)#3&+#+-*#A0#0CK!0((0.=#J?0!20(#L2*7#+0G&*2-+#-!#3-%K40C#
&GG!0G&*2-+#,?+3*2-+&42*B#&!0#(2%24&!4B#+-*#0CK!0((2A40=#'2(c?+3*2-+#2(#&4(-#&+#2((?0#2+#
)JE6F^#A03&?(0#2*#.-0(#+-*#%-.2,B#)E6Fa(#(B+*&C#2+#&+B#L&B"#-+4B#3-+c?+3*2-+#2(#
&44-L0.=##
# E0#7&M0#&..0.#(0*#-K0!&*-!(#*-#)JE6F#*-#(?KK-!*#*70(0#&..2*2-+&4#!0H?2!0%0+*(=#
DK0!&*-!(# *-#3-+(*!?3*#&+.#%&+2K?4&*0#(0*(#&!0#K!-M2.0.#&+.#&!0#?(0.# *-#(?KK-!*# *70#
34-(?!0#-K0!&*2-+(#+030((&!B#,-!#*70(0#,?+3*2-+&42*20(=#
# $#A?24*W2+#3&440.#!"#$%&89@'A')#2(#K!-M2.0.#*-#3-+(*!?3*#&#(0*=#5*(#A&(23#,-!%#2(^##

#
)*:-.<I%J"K"'1L)"'C9#L"."I"0'C4##

#
@70#,2!(*#&!G?%0+*#-,#*72(#(0*#3-+(*!?3*2-+#-K0!&*-!#(K032,20(#*70#(0*#*-#A0#3-+(*!?3*0.#
&+.#*70#(03-+.#(K032,20(#*70#040%0+*#*-#A0#&..0.#*-#*70#(0*=#@72(#A?24*W2+#L244#3-+(*!?3*#
&# (2+G40# (0*# ,-!# &# K&!*23?4&!# H?0!B# &+.#L244# K4&30# &44# (?KK420.# 040%0+*(# 2+*-# *70# (0*=##
DK0!&*-!(# 42T0#!"#$%&0!B85)-# &+.#!"#$%&!0C'# 3&+# *70+#A0#&KK420.# *-# *70(0# (0*(=#$#
+0L#)JE6F#K&**0!+#(K032,23&*2-+#34&?(0#2(#K!-M2.0.#*-#3-+*&2+#*70(0#(0*#3-+(*!?3*2-+#
&+.# %&+2K?4&*2-+# -K0!&*-!(=# @72(# 34&?(0# 3-%0(# &*# *70# 0+.# -,# *70# (*&+.&!.# K&**0!+#
(K032,23&*2-+#&+.# 2(#(0K&!&*0.#,!-%# 2*#?(2+G# *70#M#37&!&3*0!=#N-!#0C&%K40"#&#H?0!B# *-#
42(*#*70#+?%A0!#-,#K0!(-+(#2+#&+#-+*-4-GB#3&+#A0#L!2**0+^##

#
/"-)(01234#M#)*:-.<I%J"K"'12)9#234#5#)*:-.<),N"12),N"9#2)4# #)*:-.<)"."&'12),N"4##

#
@70# +0L# 34&?(0# %&B# -+4B# 3-+*&2+# )JE6F# (0*# 3-+(*!?3*2-+# &+.# %&+2K?4&*2-+#
-K0!&*-!(#2+#&..2*2-+#*-#-*70!#A?24*W2+(#*7&*#-K0!&*0#-+#*70#!0(?4*(#-,# *70(0#-K0!&*2-+(=#
5*# %&B# +-*# 3-+*&2+# &+B# -*70!# )E6F# &*-%# *BK0(=# @70# 2+*!-.?3*2-+# -+# *70# +0L# M#
(0K&!&*-!#37&!&3*0!# .-0(#+-*# K!0M0+*# *70#?(0#-,# *70# (*&+.&!.#)E6F#(0!2&42R&*2-+# ,-!#
)JE6F# H?0!20(# *7&*# ?(0# 2*^# *70# 37&!&3*0!# 2*(04,# .-0(# +-*# 7&M0# *-# A0# (&M0.# &+.# 2*(#
.2(K4&B#K-(2*2-+#3&+#A0#2+,0!!0.#AB#*--4(#L70+#!0&.2+G#(0!2&42R0.#H?0!20(=#
# I?**2+G# 040%0+*(# 2+*-# (0*(# K!-M2.0(# &# 34-(?!0# %037&+2(%=# /40&!4B"# *L-# K7&(0#
K!-30((2+G# 2(# !0H?2!0.# ,-!# *70(0# H?0!20( &#H?0!B# 3&++-*"# (&B"# .0*0!%2+0# 7-L#%&+B#
040%0+*(# *70!0# &!0# 2+# &# (0*# ?+*24# *70# (0*# 7&(# A00+# 3-+(*!?3*0.=# $(# %0+*2-+0."# *70#
4&+G?&G0#!0(*!23*(#*70#&*-%(#*7&*#&!0#K!-30((0.#2+#*70#(03-+.#K7&(0#*-#(0*#A?24*W2+(#&+.#
-*70!#A?24*W2+(#*7&*#-K0!&*0#-+#*70#!0(?4*(#-,#*70(0#(0*#A?24*W2+(=#@7&*#2("#*70#,2!(*#K7&(0#
-,#H?0!B#0C03?*2-+#2(#&+&4-G-?(#*-#(*&+.&!.#!?40#0C03?*2-+=#@70#(03-+.#K7&(0#3-+(2(*(#
-,#-K0!&*2-+(#-+#*70#(0*(#3-+(*!?3*0.#&(#&#!0(?4*#-,#*7&*#0C03?*2-+=##
# 5+# &..2*2-+# *-# A&(23# 3-?+*2+G"# H?0!B# ,0&*?!0(# (?37# &(# +0G&*2-+# &(# ,&24?!0# &+.#
.2(c?+3*2-+# 3&+# &4(-# A0# K!-M2.0.# AB# &..2*2-+&4# (0*# -K0!&*-!(=# 5+# )JE6F"# *70(0#
-K0!&*-!(#2+34?.0?!"#$%&7/0*/"#!"#$%&+0DD'$'/('"#!"#$%&0/)'$!'()0*/#&+.#(-#-+=#
X(2+G# *70(0# -K0!&*-!("# H?0!20(# 3&+# 0,,03*2M04B# 0C&%2+0# *70# !0(?4*(# -,# *L-# -!# %-!0#
34-(?!0#-K0!&*2-+("#K0!%2**2+G#*70#L!2*2+G#-,#,&!#%-!0#3-%K40C#H?0!20(=#
#



#####

N-!#0C&%K40"#2+#&+#-+*-4-GB#L2*7#&#34&((#.$71#&+.#2*(#(?A34&((#,')9,%*(@'$"#&#H?0!B#
*-#42(*#*70#+?%A0!#-,#0(0#A0*&WA4-3T0!#.!?G(#3&+#A0#L!2**0+^##
#

O-+812!4#5#?"'%?.(&J"-12;;!4#M#
#)*:-.<I%J"K"'12)E9#2!4#5#)*:-.<I%J")"'12)P9#2;;!4#5#
)*:-.<!,$$"-"0&"12)Q9#2)E9#2)P4#5#)*:-.<),N"1209#2)Q4#

#)*:-.<)"."&'1204##
#

X(2+G# *72(# (0*# .2,,0!0+30# &KK!-&37"# )JE6F# 3&+# 0,,03*2M04B# K!-M2.0# +0G&*2-+# &(#
,&24?!0# 2+# H?0!20(=#$G&2+"# *70# !0(?4*(# -,# *70(0# -K0!&*-!(# 3&+# +-*# A0# ?(0.# 2+# !?40(# (-#
%-+-*-+232*B#2(#0+(?!0.=#
# '2(c?+3*2-+#3&+#A0#(?KK-!*0.#?(2+G#*70#(0*#?+2-+#-K0!&*-!=#N-!#0C&%K40"#&#H?0!B#*-#
42(*#*70#+?%A0!#-,#A0*&WA4-3T0!#(-#&+*2W7BK0!*0+(2M0#.!?G(#3&+#A0#L!2**0+^##

#
70',R@3"-'"0),B"126'0!4#5#?"'%?.(&J"-12;;!4#M#

#)*:-.<I%J"K"'12)E9#26'0!4#5##)*:-.<I%J"K"'12)P9#2;;!4#5##
)*:-.<+0,(012)Q9#2)E9#2)P4#5#)*:-.<),N"1209#2)Q4##

#)*:-.<)"."&'1204##
#

@72(#0C&%K40#&((?%0(#*7&*#*70#34&((#E/)0F-5'$)'/!0;'#2(#&4(-#&#(?A34&((#-,#.$71=##
# @70(0# *BK0(#-,#(0*(# (?KK-!*#(-%0#,&2!4B# A&(23#3-?+*2+G#&+.#&GG!0G&*2-+#-K0!&*-!(=#
N-!# 0C&%K40"# *70# 0&!420!# H?0!B# *-# 42(*# &44# K&*20+*(# 2+# &+# -+*-4-GB# -+#%-!0# *7&+# *L-#
.!?G(#2(#(*244#+-*#0CK!0((2A40#?(2+G#*72(#&KK!-&37=#$..2*2-+&4#(0*#3-+(*!?3*2-+#-K0!&*-!(#
&!0# !0H?2!0.# *-# &44-L#%-!0# 3-%K40C# H?0!20(# *7&*# G!-?K# !04&*0.# (0*(# -,# 0+*2*20(=# @72(#
&..2*2-+&4# 0CK!0((2M2*B# 2(# (?KK420.# AB# (0*(# *7&*# &!0# K&!*2*2-+0.# AB# &# G!-?K# -,#
&!G?%0+*(=#$#A?24*W2+#3&440.#!"#$%&1$*75,-#K!-M2.0(# *72(# ,?+3*2-+&42*B=#@70#G0+0!&4#
,-!%#-,#*72(#G!-?K2+G#2(^##
#

)*:-.<I%J"K"'1L)"'C9#L"."I"0'C4#5#)*:-.<8-(+3?@1L)"'C9#L8-(+3C4#
#

@72(#G!-?K#3&+#3-+*&2+#-+0#-!#%-!0#0+*2*20(=#@70#,2!(*#&!G?%0+*#*-#*70#!"#$%&1$*75,-#
A?24*W2+#*70#(0*#&+.#*70#(03-+.#&+.#Z-K*2-+&4\#(?A(0H?0+*#&!G?%0+*(#&!0#*70#0+*2*20(#*-#
G!-?K#AB=#D+4B#-+0#G!-?K2+G#3&+#A0#&KK420.#*-#0&37#(0*=#@72(#G!-?K2+G#%037&+2(%#2(#
&G&2+#&+&4-G-?(#*-#)JF #_6DXI#1b#34&?(0=##
# X(2+G# *72(# G!-?K2+G#%037&+2(%"# *70#3-+(*!?3*2-+#-,# &# (0*# -,#.!?G(# *&T0+#AB# 0&37#
K&*20+*#3&+#A0#L!2**0+^##

#
/%',"0'1234#5#6%)O-+812392!4#M#

)*:-.<I%J"K"'12)9#2!4#5#)*:-.<8-(+3?@12)9#234#
#

S0!0"#(0*(#&!0#A?24*# ,-!#0&37#K&*20+*#%&*370.# 2+# *70#H?0!B# &+.#&44# *70#.!?G(#,-!#0&37#
K&*20+*#&!0#&..0.#*-#*702!#(0*=#X(2+G#*72(#G!-?K0.#(0*"#*70#H?0!B#*-#42(*#&44#K&*20+*(#-+#
%-!0#*7&+#*L-#.!?G(#3&+#*70+#A0#L!2**0+^#
#

/%',"0'1234#5#6%)O-+812392!4#M#
)*:-.<I%J"K"'12)9#2!4#5#)*:-.<8-(+3?@12)9#234#5#
)*:-.<),N"1209#2)4#5#):-.;<8-"%'"-=6%01209#P4#

#)*:-.<)"."&'1234#
# #



#

S0!0"#*70#!"#$%&!0C'#-K0!&*-!#L244#&KK4B#*-#0&37#2+.2M2.?&4#G!-?K0.#(0*=#5+#G0+0!&4"#
-K0!&*-!(#&KK420.#*-#G!-?K0.#(0*(#L244#&?*-%&*23&44B#3-+(2.0!#*70#G!-?K2+G=## #
# U-!0# 3-%K40C# G!-?K2+G(#L244# !0H?2!0#%?4*2K40# G!-?K2+G# 0+*2*20(=# N-!# 0C&%K40"# *-#
A?24.#(0*(#*7&*#3-+*&2+#*70#.-(0(#-,#0&37#.!?G#*&T0+#AB#0&37#K&*20+*#*70#(0*(#%?(*#A0#
G!-?K0.#AB#A-*7#K&*20+*(#&+.#.!?G(^##

#
/%',"0'1234#5#6%)O-+812392!4#5#6%)O()"12!9#2!()"4#M#
#)*:-.<I%J"K"'12)9#2!()"4#5#)*:-.<8-(+3?@12)9#239#2!4#

#
S0!0"#(0*(#L244#A0#3-+(*!?3*0.#,-!#0&37#K&*20+*#&+.#.!?G#3-%A2+&*2-+#&+.#*70#&44#.-(0(#
,-!#*7&*#3-%A2+&*2-+#L244#A0#&..0.#*-#*70%=#
# $GG!0G&*2-+# -K0!&*-!(# 3&+# *70+# A0# &KK420.# *-# *70(0# G!-?K0.# (0*(# 2,# *70# 040%0+*(#
7&M0#&#+&*?!&4#-!.0!2+G=#N-!#0C&%K40"#&#H?0!B#*-#!0*?!+#*70#&M0!&G0#.-(0#-,#0&37#.!?G#
*&T0+#AB#0&37#K&*20+*#3&+#A0#L!2**0+^#
##

/%',"0'1234#5#6%)O-+812392!4#5#6%)O()"12!92!()"4#M#
)*:-.<I%J"K"'12)9#2!()"4#5#)*:-.<8-(+3?@12)9#239#2!4#5#)*:-.<%B812%B89#2)4###

#)*:-.<)"."&'1239#2!9#2%B84#
#

)JE6F (#G!-?K2+G#%037&+2(%#.!&%&*23&44B#0CK&+.(#*70#K-L0!#-,#*70#4&+G?&G0=#@72(#
%037&+2(%# 0,,03*2M04B# &44-L(# H?0!20(# *-# K0!,-!%# 34-(?!0# AB# (0403*2M04B# K&!*2*2-+2+G#
DEF#0+*2*20(# 2+*-#(0*(=# 5*# *70+#(?KK-!*(#&+#&!!&B#-,#(*&+.&!.#(0*#-K0!&*2-+(#-+# *70(0#
K&!*2*2-+0.#0+*2*20("#L7237#&44-L#2*#*-#&+(L0!#M0!B#3-%K40C#H?0!20(=#
# U-!0# 3-%K40C#H?0!20(# 3&+# *70+#A0# 3-+(*!?3*0.#AB# 3-%A2+2+G# *70(0# G!-?K2+G# &+.#
&GG!0G&*2-+# %037&+2(%# L2*7# *70# 0&!420!# +0G&*2-+# &+.# .2(c?+3*2-+# %037&+2(%(=# N-!#
0C&%K40"#&#H?0!B#*-#42(*#*70#&M0!&G0#.-(0(#-,#.!?G(#*&T0+#AB#K&*20+*(#*7&*#&!0#-+#%-!0#
*7&+# *L-# .!?G(# &+.# L70!0# +-+0# -,# *7-(0# .!?G(# 2(# &# A0*&# A4-3T0!# -!# &+# &+*2W
7BK0!*0+(2M0#3&+#A0#L!2**0+^#
#

/%',"0'1234#5#6%)O-+812392!4#5#6%)O()"12!92!()"4#5#
?"'%?.(&J"-12;;4#5#70',R@3"-'"0),B"12%6'04#M#

)*:-.<I%J"K"'12)E9#2!()"4#5#)*:-.<8-(+3?@12)E9#239#2!4#5##
)*:-.<I%J"K"'12)P9#2!-+84#5#)*:-.<8-(+3?@12)P9#234#5#

)*:-.<I%J"K"'12)Q9#2;;9#2%6'04#5#
)*:-.<%B812%B89#2)E4##5#

)*:-.<),N"1209#2)P4#5#):-.;<8-"%'"-=6%01209#P4#5#
)*:-.<,0'"-)"&',(012)S9#2)P9#2)Q4#5#)*:-.<,)TI3'@12)S4#

#)*:-.<)"."&'1239#2!9#2%B84#
#
@72(# H?0!B# 244?(*!&*0(# *70# ?(0# -,# 3-?+*2+G"# &GG!0G&*2-+"# +0G&*2-+# &(# ,&24?!0# &+.#
.2(c?+3*2-+=#$(#3&+#A0#(00+#,!-%#*72(#H?0!B"#(0*#-K0!&*2-+(#3&+#A0#&KK420.#*-#G!-?K0.#
&+.#+-+#G!-?K0.#(0*(#(2%?4*&+0-?(4B#&+.#A-*7#*BK0(#-,#(0*(#3&+#A0#?(0.#2+#*70#(&%0#
-K0!&*-!=#
#



#####

@ 3A=>*A*-4(470-''

$+# 2%K40%0+*&*2-+# -,# )JE6F# 7&(# A00+# .0M04-K0.# 2+# *70# )E6F@&A# K4?G2+# OdQ# 2+#
I!-*eGeWDEF=#@70#2%K40%0+*&*2-+#K!-M2.0(#&#G!&K723&4#2+*0!,&30#*-#0.2*#&+.#0C03?*0#
)JE6F# H?0!20(# &+.# &4(-# K!-M2.0(# &# f'1/W42T0# f&M&# 2+*0!,&30# *-# 0C03?*0# )JE6F#
H?0!20(#2+#f&M&#&KK423&*2-+(=#)JE6F#H?0!20(#&4(-#7&M0#&330((#*-#&44#&M&24&A40#)E6F#
A?24*W2+#42A!&!20("#L7237#K!-M2.0(#&#%0&+(#-,#3-+*2+?-?(4B#0CK&+.2+G#*70#K-L0!#-,#*70#
H?0!B#4&+G?&G0=#$#@1-C#A?24*W2+#42A!&!B"#,-!#0C&%K40"#7&(#A00+#.0M04-K0.#&+.#&44-L(#
.2!03*# H?0!B2+G# -,# DEF# 34&((0(# &+.# K!-K0!*20(=# /?(*-%# A?24*W2+# 42A!&!20(# 3&+# &4(-#
K!-M2.0# ,?+3*2-+&42*B# *&24-!0.# *-# H?0!B2+G# +-+# DEF# 2+,-!%&*2-+# (-?!30(=# N-!#
0C&%K40"# &+# gUF# A?24*W2+# 42A!&!B# 7&(# A00+# .0M04-K0.# *-# H?0!B# &+# DEF#
!0K!0(0+*&*2-+# -,# gUF# .-3?%0+*(=# 1?24*W2+# 42A!&!20(# ,-!# H?0!B2+G# (K!0&.(700*(# &+.#
6'N#-+*-4-G20(#&!0#&4(-#&M&24&A40#2+#*70#)E6F@&A=##
$+#DEF#!0&(-+0!#*7&*#L2(70(#*-#(?KK-!*#)JE6F#%?(*#-AM2-?(4B# 2%K40%0+*#2*(#

A?24*W2+#-K0!&*-!(=#@70(0#A?24*W2+(#&!0#(-%0L7&*#?+?(?&4#2+#*7&*"#?+42T0#*BK23&4#A?24*W
2+("# *70B# .-# +-*# 0C&%2+0# *702!# &!G?%0+*(# &+.# 0M&4?&*0# *-# *!?0# 2,# *702!# &!G?%0+*(#
(&*2(,B#(-%0#K!0.23&*0=#5+(*0&."#*70(0#A?24*W2+(#&4L&B(#0M&4?&*0#*-#*!?0=#@702!#K!0(0+30#
2+# &# )E6F# !?40# *7?(# 7&(# +-# 0,,03*# -+# *70# (0%&+*23(# -,# *70# !?40=# S-L0M0!"# *702!#
A07&M2-!#.-0(#+-*#M2-4&*0#)E6F (#(0%&+*23(=#
D,#3-?!(0"#&+#2%K40%0+*&*2-+#%?(*#&4(-#K!-M2.0#&330((#*-#*70#!0(?4*(#G0+0!&*0.#AB#

0&37# H?0!B=# '?!2+G# H?0!B# 0C03?*2-+# 2%K40%0+*&*2-+(# -,# )JE6F# A?24*W2+(# %?(*#
0,,03*2M04B# &33?%?4&*0# *70# 2+,-!%&*2-+#K&((0.# *-# *70%#&+.# K4&30# 2*# 2+# &# *&A40WA&(0.#
.&*&# (*!?3*?!0"# L2*7# -+0# *&A40# ,-!# 0&37# )JE6F# H?0!B=# D+30# &# H?0!B# 7&(# ,2+2(70.#
0C03?*2+G#&+#2%K40%0+*&*2-+#%?(*#&4(-#K!-M2.0#%037&+2(%(#*-#&330((#*70#H?0!B#!0(?4*#
704.#2+#*72(#.&*&#(*!?3*?!0=#$+#2%K40%0+*&*2-+#2(#&4(-#!0(K-+(2A40#,-!#)JE6F#A?24*W2+#
&!G?%0+*#0!!-!#3703T2+G=#
)JE6F# H?0!20(# 3&+# A0# (0!2&42R0.# ?(2+G# *70# (*&+.&!.# )E6F# (0!2&42R&*2-+#

%037&+2(%=# E2*7# *70# 0C30K*2-+# -,# *70# M# (0*# &+*030.0+*# (0K&!&*-!"# 2*# &4(-# &.-K*(# &#
!04&*2M04B#3-+M0+*2-+&4#K!0(0+*&*2-+#(B+*&C=#)*&+.&!.#0.2*-!#*--4(#3&+#*7?(#L-!T#L2*7#
2*# &+.# %&B# !0+.0!# *70# M# (0K&!&*-!# &(# *70# (*&+.&!.# 3-+c?+3*2-+# (B%A-4=#E2*7# %2+-!#
%-.2,23&*2-+("# *--4(# 3&+# 0&(24B# (?KK-!*# *72(# (0K&!&*-!# &+.# 3&+# &4(-# 0+(?!0# *7&*# (0*#
A?24*W2+(#&+.#-K0!&*-!(#-+#*70%#-+4B#-33?!#&,*0!#2*#2+#&#)JE6F#H?0!B=##

B 90-6>);70-'

E0# 7&M0# .0(3!2A0.# &# )E6FWA&(0.# H?0!B# 4&+G?&G0# 3&440.# )JE6F# *7&*# K!-M2.0(# &#
(2%K40# B0*# 0CK!0((2M0# 4&+G?&G0# ,-!# K0!,-!%2+G# H?0!20(# -+# DEF# -+*-4-G20(=# 5+#
&..2*2-+# *-# A&(23# -+*-4-GB# H?0!B# ,?+3*2-+&42*B"# 2*# K!-M2.0(# &+# &!!&B# -,# K-L0!,?4# (0*#
-K0!&*-!(# *7&*# (?KK-!*# +0G&*2-+# &(# ,&24?!0"# .2(c?+3*2-+"# 3-?+*2+G"# &+.# &GG!0G&*2-+#
,?+3*2-+&42*B=# $# ,!00# -K0+W(-?!30# 2%K40%0+*&*2-+# -,# *70# 3-!0# 4&+G?&G0# ,0&*?!0(# 2(#
2+34?.0.# 2+# I!-*eGeWDEF# :=9=P# &+.# *70# (0*# -K0!&*2-+(# L244# A0# &M&24&A40# 2+# &+#
?K3-%2+G#!040&(0=#



#

C6D-0E>*5.A*-4;'

@72(# !0(0&!37# L&(# (?KK-!*0.# 2+# K&!*# AB# G!&+*# P6;PFU;;8];d# ,!-%# *70# h&*2-+&4#
F2A!&!B#-,#U0.232+0=#

$*/*+*-6*;'

OPQ#)I$6JF^#7**K^iiLLL=L:=-!Gi@6i!.,W(K&!H4WH?0!Bi#
#
OVQ# `=# )2!2+"# 1=# I&!(2&# ZV;;d\=# )I$6JFW'F^# )I$6JF# H?0!B# ,-!# DEFW'F=# =6,-!#
UVH#TW3"-,"0&")#%0!#O,-"&',(0)#V(-J)6(3#1UVHTOGPXXF4=#
#
O:Q# 6=# N2T0("# I=# S&B0("# 5=# S-!!-3T(# ZV;;<\=# DEFWJF# W# &# F&+G?&G0# ,-!# '0.?3*2M0#
J?0!B#$+(L0!2+G#-+#*70#)0%&+*23#E0A=#Y(+-0%.#($#V";#K"I%0',&)"#VZP\=#
#
O9Q# )=# 10377-,0!"# 6=# U-440!"# I=# /!-L*70!# ZV;;:\=# @70# '5_# '0(3!2K*2-+# F-G23#
5+*0!,&30=#/-(&""!,08)#($#'6"#Z0'"-0%',(0%.#O")&-,3',(0#H(8,&)#V(-J)6(3#1OH#PXXQ4=##
#
O<Q#)E6F#)?A%2((2-+^#7**K^iiLLL=L:=-!Gi)?A%2((2-+i)E6F#
#
O]Q#)E6F#1?24*W2+(^#7**K^iiLLL=.&%4=-!GiV;;9i;9i(L!4iA?24*2+(=7*%4#
#
OdQ#)E6F@&A#I4?G2+^#7**K^iiK!-*0G0=32%:=+0*i3G2WA2+iL2T2=K4j)E6F@&A#
#
#

http://www.w3.org/TR/rdf-sparql-query/
http://www.w3.org/Submission/SWRL
http://www.daml.org/2004/04/swrl/builtins.html
http://protege.cim3.net/cgi-bin/wiki.pl?SWRLTab

