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Advanced Reasoning With OWL

!"#$%#&' (#)*+",- /0121*, 3"4*,56

(78 9 (%"6:5,; <612*,$1%=

>,*;1%$? 
7"%%'*@  A5,,1;B*- A50B*, !6#&0"#C' *% "0D

A Practical guide to building OWL ontologies using the 
Protégé-OWL plugin and CO-ODE tools

E"%"$'" E5=- F0"6 G*C%5,
W3C “Semantic Web Best Practice” Working Group

Warning:

H I'1$ :10* 1$ " 01B'%@*1B'% 2*,$156 5: 1%$ );:
C5#6%*,)",%- %'"% C56%"16$ ";;1%156"0 $C,**6$'5%$ 
&*:5,* "6; ":%*, *"C' $%*)D J0*"$* #$* %'* );:
:10* 1: =5# @"6% %5 B5 %',5#B' %'1$ %#%5,1"0 56 =5#, 
5@6D

H I'1$ %#%5,1"0 C52*,$ K:",L 45,* %'"6 @* @5#0; 
'"2* %14* %5 ;5 ;#,16B %'* "005C"%*; %14*$05%D 8% 1$ 
16%*6;*; %5 ;5 $5- "$ 1% 1$ *"$1*, %5  ";M#$% %5 %'* 
"#;1*6C* 6**;$ ;#,16B %'* N012*N $*$$156- @'10* 
),521;16B " C54),*'*6$12* "6; "#%56545#$ $*% 
5: 16:5,4"%156D
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Reasoning : how to

H G#6 %'* ,*"$56*, "$ " $*)","%* ),5C*$$
A5@ %5 C"00 " ,*45%* ,*"$56*, O

H >56:1B#,* J,5%PBP K1: =5# '"2* " @*1,; C56:1BDL
H <$* %'* QC0"$$1:=R &#%%56

>0"$$*$
86$%"6C*$

G"C*,J,5
'%%)?S S@@@D,"C*,9$=$%*4$DC54S 16;*TD'%40

Outline

/UV $*4"6%1C$
G*"$5616B
W55; ),"C%1C*
I1)$ "6; %,1C+$
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/UV (*4"6%1C$
(the theoretical part)

Individuals

F%54$
<61X#* E"4* F$$#4)%156

E5% 16 /UV
16 J,5%PBP
16 ,*"$56*,$ KG"C*,DDDL
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Properties

Y16",= ,*0"%156$'1)$ 56 16;121;#"0$
Z (05%$
354"16- G"6B*

<$*; "$ "T154$ K*DBD hasTopping "6; 1C* C,*"4$L
(#&),5)*,%1*$
>'","C%*,1$%1C$

I,"6$1%12*? *DBD '"$J",%- '"$F6C*$%5,DDD
[#6C%156"0? *DBD '"$((E- '"$75%'*,DDD
(=44*%,1C? *DBD 1$(1&016B/:DDD

Properties
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Classes

(*%$ 5: 16;121;#"0$
()*C1"0 C0"$$*$? 

%5) KIL \ 5@0?I'16B 1D*D $*% 5: "00 %'* 16;121;#"0$
&5%%54 K!L \ *4)%= $*%

>"6 &* C54&16*; #$16B $*% 5)*,"%5,$
$#&$*% K$#&$#4)%156L
;1$M516% $*%$
#6156
16%*,$*C%156
C54)0*4*6%

Classes: Disjointness

A

B

T

Y= ;*:"#0%- "6= 16;121;#"0 7F] &* "6 16$%"6C* 
5: "6= C0"$$*$ \^ )",%1"0 52*,0") 5: C0"$$*$ 1$ 
"$$#4*;
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Classes: subsumption

A

B

T

F    Y ? "00 %'* 16$%"6C*$ 5: F 
",* 16$%"6C*$ 5: Y

Classes: subsumption

A

B

T

8% 1$ 6*C*$$",= %5 &* " Y 16 5,;*, %5 &* " F
8% 1$ $#::1C1*6% %5 &* " F 16 5,;*, %5 &* " Y
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Classes

>#4#0"%12* ")),5"C'? C54&16* C0"$$*$
#$16B $*% 5)*,"%5,$ K#6156- 16%*,$*C%156- C54)0%L
*T),*$$ C56$%,"16%$
;*:16* C54)0*T C56C*)%$

86%*6$156"0 ")),5"C'? ;*$C,1&* %'* 
C'","C%*,1$%1C$ 5: " C0"$$ "6; %'* $=$%*4 @100 
"#%54"%1C"00=?

,*C5B61_* %'"% "6 16;121;#"0 1$ "6 16$%"6C* 5: 1%
,*C5B61_* %'"% 1% 1$ " $#&C0"$$ 5, " $#)*,C0"$$ 5: 
"65%'*, C0"$$

>54&1616B
>56C*)%$
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Prerequisite

J1__"
`*B*%",1"6a)1__"
()1C=a)1__"
E"4*;a)1__"

7",B'*,1%"a)1__"
F4*,1C"6"a)1__"
b"0")*65a)1__"

356c% @5,,= "&5#% %'* %5))16B$- %'1$ 1$ %'* 6*T% 
$%*)!

DISJOINTS

AND (Intersection)

>,*"%* ()1C=F6;`*B*%",1"6a)1__" "$ " 
$#&C0"$$ 5: J1__"
F;; %'* 6*C*$$",= C56;1%156?
`*B*%",1"6a)1__" ()1C=a)1__"
>0"$$1:=
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AND (Intersection)

A BA   B

eT? `*B*%",1"6J1__" ()1C=J1__"
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OR (Union)

fD >,*"%* ()1C=/,`*B*%",1"6a)1__" "$ " 
$#&C0"$$ 5: J1__"

gD F;; %'* 6*C*$$",= C56;1%156?
`*B*%",1"6a)1__" ()1C=a)1__"

hD >0"$$1:= ?9K
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OR (Union)

A BA   B

eT? `*B*%",1"6J1__" ()1C=J1__"
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OR (Union)

A BA   B

eT? `*B*%",1"6J1__"    ()1C=J1__"

()1C=/,`*B*%",1"6J1__"

OR (Union)

fD E5@- #$* " ;*:161%156 :5, 
()1C=/,`*B*%",1"6a)1__"
K%1)? ,1B'%9C01C+ 1$ =5#, :,1*6;L
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Examples

3*C0",* 7",B'*,1%"a)1__" %5 &* " 
`*B*%",1"6a)1__"
3*C0",* F4*,1C"6"a)1__" %5 &* " ()1C=a)1__"
3*C0",* b"0")*65a)1__" %5 &* &5%' ()1C=a)1__"
"6; `*B*%",1"6a)1__"

>0"$$1:=
?9L
@'= 1$6c% b"0")*65a)1__" C0"$$1:1*; "$ *T)*C%*; O
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AND (Intersection)

A BA   B

eT? `*B*%",1"6J1__" ()1C=J1__"

SpicyAndVegetarianPizz
a
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NEGATION (Complement)

A A

T

eT?    `*B*%",1"6J1__"
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NEGATION (Complement)

>,*"%* `*B*%",1"6a%5))16B "$ " $#&C0"$$ 5: 
J1__"a%5))16B
F `*B*%",1"6 %5))16B 1$ 

6*1%'*, " 4*"% %5))16B- 65, " :1$' %5))16B
" %5))16B
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NEGATION (Complement)

>,*"%* `*B*%",1"6a%5))16B "$ " $#&C0"$$ 5: 
J1__"a%5))16B
F `*B*%",1"6 %5))16B 1$ 6*1%'*, " 4*"% %5))16B- 
65, " :1$' %5))16B
>0"$$1:=
U'= ;5 @* '"2* %5 ),521;* " E*C*$$",= "6; 
(#::1C1*6% ;*:161%156 O
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NEGATION (Complement)

>,*"%* `*B*%",1"6a%5))16B "$ " $#&C0"$$ 5: 
J1__"a%5))16B
F `*B*%",1"6 %5))16B 1$ 6*1%'*, " 4*"% %5))16B- 
65, " :1$' %5))16B
>0"$$1:=
U'= ;5 @* '"2* %5 ),521;* " Ei( ;*:161%156 O
>,*"%* E56`*B*%",1"6a%5))16B
>0"$$1:=
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eT),*$$16B 
C56$%,"16%$

Constraints

H j#"6%1:1*, ,*$%,1C%156
A5@ %5 ,*),*$*6% %'* :"C% %'"% *2*,= )1__" 4#$% 
'"2* " &"$* O
A5@ %5 ,*),*$*6% %'* :"C% %'"% "00 %'* 16B,*;1*6%$ 5: 
" 2*B*%",1"6 )1__" 4#$% &* 2*B*%",1"6$ O

H >",;16"01%= ,*$%,1C%156$
A5@ %5 ,*),*$*6% %'"% " A"6; 4#$% '"2* k :16B*,$ 
"$ )",%$ O

H '"$`"0#* ,*$%,1C%156$
A5@ %5 ;*:16* %'* 2"0#* 5: " ,*0"%156 :5, " C0"$$ O
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Principles

F ,*$%,1C%156 ;*$C,1&*$ "6 "656=45#$ C0"$$
C54)5$*; 5: "00 %'* 16;121;#"0$ %'"% $"%1$:= 
%'* ,*$%,1C%156

*DBD "00 %'* 16;121;#"0$ %'"% '"2* K"456B$% 5%'*, 
%'16B$L 45__",*00" "$ %5))16B

I'1$ "656=45#$ C0"$$ 1$ #$*; "$ " 
$#)*,C0"$$ 5: %'* K6"4*;L C0"$$ @* @"6% %5 
*T),*$$ " C56$%,"16% 56

*DBD 7",B'*,1%"J1__"

(" hasTopping Mozzarella) ? $*% 5: %'* 
16;121;#"0$ &*16B 016+*; %5 "% 0*"$% 56* 
16$%"6C* 5: 75__",*00" %',5#B' %'* 
hasTopping ),5)*,%=

I'*= C"6 &* 016+*; %5 4#0%1)0* 16$%"6C*$ 5: 
75__",*00"
I'*= C"6 "0$5 &* 016+*; %5 16$%"6C*$ 5: 5%'*, 
C0"$$*$ K),521;*; ;54"16 "6; ,"6B* 16%*B,1%=L

7",B'*,1%" K" '"$I5))16B 75__",*00"L

Existential restriction
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7",B'*,1%" )1__"$c %5))16B$?
I54"%5
75__",*00"

F4*,1C"6" )1__"$c %5))16B$?
I54"%5
75__",*00"
J*))*,561

b"0")*65 )1__"$c %5))16B$?
b"0")*65
I54"%5

Existential restriction
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>,*"%* ()1C=a%5))16B "$ " $#&C0"$$ 5: 
J1__"a%5))16B
<$* ()1C=a%5))16B "$ " $#)*,C0"$$ 5:?

b"0")*65a%5))16B
()1C=Y**:a%5))16B

3*:16* ()1C=a)1__" "$ " )1__" '"216B "% 0*"$% 
56* $)1C= %5))16B
G*452* %'* :"C% %'"% F4*,1C"6"a)1__" "6; 
b"0")*65a)1__" ",* $#&C0"$$*$ 5: ()1C=a)1__"

Complete the ontology
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eT*,C1C*? ;*:16* >'**$=a)1__" "$ " )1__" 
'"216B "% 0*"$% 56* C'**$* %5))16B

Complete the ontology
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Universal restriction

K# hasTopping `*B*%",1"6I5))16BL ? $*% 5: 
"00 %'* 16;121;#"0$ 560= 016+*; %5 16$%"6C*$ 5: 
`*B*%",1"6I5))16B %',5#B' %'* hasTopping
),5)*,%=
U",616B? "0$5 16C0#;*$ "00 %'* 16;121;#"0$ 
016+*; %5 65%'16B %',5#B' %'* hasTopping
),5)*,%=
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Universal restriction

K# hasTopping `*B*%",1"6I5))16BL
G*452* %'* :"C% %'"% 7",B'*,1%"a)1__" "6; 
b"0")*65a)1__" ",* $#&C0"$$*$ 5: 
`*B*%",1"6a)1__"
3*:16* `*B*%",1"6a)1__" "$ "6= )1__" :5, 
@'1C' "00 %'* %5))16B$ ",* 2*B*%",1"6 
%5))16B$
>0"$$1:= ?9K
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Universal restriction

U'= 7",B'*,1%" "6; b"0")*65 )1__* @*,* 65% 
,*C5B61$*; "$ 2*B*%",1"6 )1__* O
DDD [16; 5#% 16 " :*@ $01;*$

Cardinality restriction

J1__"U1%'I@5I5))16B
J1__"     K'"$I5))16B \ gL

J1__"U1%'[12*/,75,*I5))16B$
J1__"     K'"$I5))16B ! kL

J1__"U1%'I',**/,V*$$I5))16B$
J1__"     K'"$I5))16B " hL

U",616B? I'1$ 1$ E/I X#"01:1*; C",;16"01%= 
,*$%,1C%156$
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:-)
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hasValue restriction

(5 :",- @* '"2* &**6 6",,5@16B %'* ,"6B* 5: 
,*0"%156$'1)

C,*"%* %'* C0"$$ J*,$56
C,*"%* %'* ,*0"%156 hasPizzaMaker? J1__" 9^ J*,$56
C,*"%* 8%"01"6J*,$56 "$ "$ $#&C0"$$ 5: J*,$56
;*:16* W*6#16*J1__" \ K"hasPizzaMaker 8%"01"6J*,$DL

U* 4"= "0$5 @"6% %5 ,*$%,1C% 1% %5 " ),*C1$* 2"0#*
K"6; 65% %5 " $*% 5: 2"0#*$L

C,*"%* 50121*, "$ "6 16$%"6C* 5: J*,$56
;*:16* /0121*,$J1__" \ KhasPizzaMaker $ 50121*,L

hasValue restriction

>,*"%* 0#1B1 "$ "6 16$%"6C* 5: 8%"01"6J*,$56
>,*"%* V#1B1$J1__"
>0"$$1:=
U'= 1$6c% V#1B1$J1__" " $#&C0"$$ 5: 
W*6#16*J1__" O
DDD &*C"#$* 1% 1$ " G"C*, K,*"$56*,L &#B !
8I (A/<V3 !!!
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G*"$5616B

Reasoning usage

3*%*C%16B 16C56$1$%*6C1*$ K1D*D 16$"%1$:1"&101%=L
[16;16B $#&C0"$$*$
3*%*C%16B %,121"00= $"%1$:1"&0* C0"$$*$
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Finding inconsistencies

86C56$1$%*6% C0"$$? C0"$$ %'"% C"665% '"2* "6= 
16$%"6C* K16$"%1$:1"&0*L

>,*"%* J,5&*`*B*%"&0*F6;7*"%I5))16B "$ 
" $#&C0"$$ 5:?

`*B*%"&0*I5))16B
7*"%I5))16B

>0"$$1:=
U'= 1$ 1% 16C56$1$%*6% O
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Finding inconsistencies

J,5&*J1__"U1%'E5Y"$*
J,5&*J1__"U1%'E5I5))16B
J,5&*J1__"U1%'I@5Y"$*$
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Reasoning

G*"$5616B C"6 &* #$*; %5 &#10; "6; 4"16%"16 "6 
56%505B=? B12* 16%*6%156"0 ;*:161%156$ :5, =5#, 
C56C*)%$ "6; 0*% %'* C54)#%*, ;5 %'* @5,+
I'1$ 1$ *T"C%0= @'"% @* '"2* &**6 ;516B @'*6 
@* ;*$C,1&*; `*B*%",1"6J1__" "6; ()1C=J1__"

>,*"%* >,*"4I5))16B "6; 4"+* 1% ;1$M516% :,54 
7*"%I5))16B
F:%*, C0"$$1:1C"%156- >,*"4I5))16B $'5#0; &* " 
$#&C0"$$ 5: `*B*%",1"6I5))16B

Reasoning

U'= @* 6**; ;*:16*; C56C*)%$ O
I,= %5 C0"$$1:= "6 *T"4)0* @1%' " ),141%12* 

C56C*)%
[16; 5#% S *T)0"16 @'= @* ;1;6c% B*% %'* 

*T)*C%*; ,*$#0%
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Open VS Closed World Reasoning

>,*"%* 8C*>,*"4 "$ " $1&016B 5: J1__"
>,*"%* >'5C50"%*a1C*>,*"4 "$ " $#&C0"$$ 5: 
8C*>,*"4
>,*"%* >'5C50"%*a%5))16B "$ " $#&C0"$$ 5: 
J1__"a%5))16B K6*2*,416; 1: 1% 1$ @*1,;L
eT),*$$ %'"% "00 C'5C50"%* 1C* C,*"4$ '"2* 
>'5C50"%*a%5))16B "$ %5))16B
>0"$$1:=
A5@ C54* >'5C50"%*a1C*>,*"4 1$ " J1__" O
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I'*,*:5,*- " C'5C50"%* 1C*9C,*"4
AF( I/ Ye " +16; 5: )1__" !

Open VS Closed World Reasoning

G*4*4&*, " :*@ $01;*$ "B5 OOO
7",B'*,1%"J1__" K" hasTopping
75__",*00"L    K" hasTopping I54"%5L
`*B*%",1"6a)1__" \ J1__"     K# hasTopping
Vegetarian_topping)
Tomato and Mozzarella ARE Vegetarian 
toppings
So, why isn't Margherita classified under 
Vegetarian_pizza ?
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Open VS Closed World Reasoning

G*4*4&*, " :*@ $01;*$ "B5 OOO
7",B'*,1%"J1__" K" hasTopping
75__",*00"L    K" hasTopping I54"%5L
`*B*%",1"6a)1__" \ J1__"     K# hasTopping
Vegetarian_topping)
So, why isn't Margherita classified under 
Vegetarian_pizza ?
Because some Margheritas may have 
other toppings (e.g. SpicyBeef_topping) !

Open VS Closed World Reasoning

>05$*;9U5,0; ,*"$5616B
E*B"%156 "$ :"10#,*
F6=%'16B %'"% C"665% &* :5#6; 1$ :"0$*
G*"$5616B "&5#% %'1$ @5,0; 

/)*69U5,0; ,*"$5616B
E*B"%156 "$ C56%,";1C%156
F6=%'16B 41B'% &* %,#* #60*$$ 1% C"6 &* ),52*6 
:"0$*
G*"$5616B "&5#% "6= @5,0; C56$1$%*6% @1%' %'* 
45;*0
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Need for closure

7",B'*,1%"J1__" K" hasTopping
75__",*00"L    K" hasTopping I54"%5L
F4*,1C"6"J1__" K" hasTopping
75__",*00"L    K" hasTopping I54"%5L   K"
hasTopping J*))*,561L
>0"$$1:=   ?9K

Need for closure

75__",*00" l I54"%5

75__",*00" l I54"%5 l
J*))*,561

7",B'*,1%"a)1__"

F4*,1C"6"a)1__"
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Need for closure

7",B'*,1%"J1__" \ K"hasTopping
75__",*00"L    K"hasTopping I54"%5L
F4*,1C"6"J1__" \ K" hasTopping
75__",*00"L    K" hasTopping I54"%5L   K"
hasTopping J*))*,561L
>0"$$1:=   ?9L

Need for closure

7",B'*,1%" )1__"$ 560= '"2* I54"%5 "6; 
75__",*00" :5, %5))16B
7",B'*,1%"J1__" \ K" hasTopping
75__",*00"L    K"hasTopping I54"%5L   
?????
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Need for closure

7",B'*,1%" )1__"$ 560= '"2* I54"%5 "6; 
75__",*00" :5, %5))16B
7",B'*,1%"J1__" \ K" hasTopping
75__",*00"L    K"hasTopping I54"%5L   
K# hasTopping K75__",*00"   I54"%5LL
I'* #612*,$"0 C56$%,"16% K#L "056* 1$ 65% 
*65#B' ! U* 6**; &5%' " "6; # C56$%,"16%$

Need for closure

7",B'*,1%" )1__"$ 560= '"2* I54"%5 "6; 
75__",*00" :5, %5))16B
7",B'*,1%"J1__" \ K"hasTopping 75__",*00"L    
K"hasTopping I54"%5L   
K# hasTopping K75__",*00"   I54"%5LL
F4*,1C"6"J1__" \ K" hasTopping
75__",*00"L    K" hasTopping I54"%5L   K"
hasTopping J*))*,561L   K# hasToppingDDDL
>0"$$1:=   ?9L
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Defined concepts

eT'"#$%12* ;*C54)5$1%156
J*))*,I5))16B \ G*;J*))*, /G W,**6J*))*,
/G b"0")*65J*))*,
G*;J*))*,- W,**6J*))*, "6; b"0")*65J*))*,
",* ;1$M516%

Defined concepts

J,521;* 16%*6$156"0 ;*:161%156$
()1C=J1__" K*T1$%$L
`*B*%",1"6J1__" K:5, "00L

eT*,C1C*? ";; " C05$#,* %5 b"0")*65J1__"
;*:161%156- "6; C'*C+ %'"% 1% 1$ "C%#"00= 
C0"$$1:1*; "$ " ()1C=F6;`*B*%",1"6J1__"
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More fun with negation

3*:16* `*B*%",1"6J1__"
3*:16* E56`*B*%",1"6J1__" \   `*B*%",1"6J1__"
>0"$$1:=
F;")% %'* ;*:161%156 5: E56`*B*%",1"6J1__"
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More fun with negation

I*$%J1__"f    K" '"$I5))16B >'**$*L
>0"$$1:=

U'= 1$6c% 1% " `*B*%",1"6J1__" O
U'= 1$6c% 1% " E56`*B*%",1"6J1__" O

I*$%J1__"g \ K" '"$I5))16B >'**$*L
>0"$$1:=

("4* X#*$%156DDD
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More fun with negation

I*$%J1__"f    K" '"$I5))16B >'**$*L
>0"$$1:=

U'= 1$6c% 1% " `*B*%",1"6J1__" O
U'= 1$6c% 1% " E56`*B*%",1"6J1__" O

I*$%J1__"g \  K" '"$I5))16B >'**$*L
>0"$$1:=

Still the open-world assumption:
there may be some instances with only 
vegetarian toppings, and some other with 
also non-vegetarian toppings  !!!

More fun with cardinality

U'= 1$6c% 7",B'*,1%"J1__" C0"$$1:1*; #6;*, 
J1__"U1%'I@5I5)16B$ O
A16%$?

U'= 1$6c% 1% C0"$$1:1*; #6;*, 
J1__"U1%'I',**/,V*$$I5))16B$ O
U'= 1$6c% 1% *2*6 C0"$$1:1*; #6;*, 
J1__"U1%'[12*/,75,*I5))16B$ O
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More fun with cardinality

U'= 1$6c% 7",B'*,1%"J1__" C0"$$1:1*; #6;*, 
J1__"U1%'I@5I5)16B$ O
(%100DDD %'* 5)*69@5,0; "$$#4)%156?
14"B16* 56* 16$%"6C* 5: 7",B'*,1%"a)1__"
'"216B "$ %5))16B?

56* 16$%"6C* 5: 75__",*00"a%5))16B
56* 5%'*, 16$%"6C* 5: 75__",*00"a%5))16B
56* 16$%"6C* 5: I54"%5a%5))16B
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Reasoning about spiciness

>,*"%* %'* ()1C16*$$`"0#* C0"$$
>,*"%* %'* '"$()1C16*$$ ,*0"%156
3*:16* ()1C=J1__"
3*:16* I55()1C=J1__" K)1__" @1%' 560= $)1C= 
%5))16B$L
3*$C,1&* %5))16B$c $)1C16*$$

&= '"6;
@1%' @1_",;

Reasoning makes life easier :-)

F005@ %5 ;*:16* C0"$$*$ &= 16%*6$156- ,"%'*, 
%'"6 *T%*6$156

8: =5# ";; " 6*@ 6"4*; )1__" 16 =5#, 56%505B=- 
=5# ;56c% '"2* %5 @5,,= "&5#% Q1$ 1% " C'**$= 
)1__"OR- Q1$ 1% " $)1C= )1__"OR 5, Q1$ 1% " 2*B*%",1"6 
)1__"ORDDD
b#$% ;*$C,1&* =5#, 6*@ )1__" "6; 0*% %'* 
C0"$$1:1*, ;5 %'* @5,+ :5, =5#

eT)0"16 %'* [16B*, *T"4)0*
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Reasoning makes life easier :-)

(#))5,%$ X#*,1*$ $#C' "$?
U'"% ",* %'* 2*B*%",1"6 )1__"$ O
U'"% ",* %'* $)1C= )1__"$ O
U'"% ",* %'* 6569$)1C= )1__"$ O
U'"% ",* %'* $)1C= 2*B*%",1"6 )1__"$ O

DDD 1% "005@$ =5# %5 %"+* ";2"6%"B* 5: %'* 
+65@0*;B* =5# )#% 16%5 =5#, 56%505B=

Suspicious case:
Trivially satisfiable classes

I,121"00= $"%1$:1"&0* C0"$$? @1%' "6 #612*,$"0 
,*$%,1C%156 @'1C' :100*, 1$ #6$"%1$:1"&0*

I'*,* 1$ ),5&"&0= $54*%'16B @,56B B516B 56
I'*$* C0"$$*$ ",* 65% 16C56$1$%*6% 

eT? )1__" FE3 K:5,"00 '"$I5))16B
K75__",*00" FE3 I54"%5LL

I'1$ 1$ %'* $*% 5: )1__"$ @1%' E/ %5))16B!
U'= OOO

>"6 &* ;*%*C%*; &= J,5%PBP /UV %*$%$
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Reasoning tips

J,5C**; &= $4"00 16C,*4*6%"0 $%*)$ !
&* C"#%15#$
C0"$$1:= 5:%*6

<$* ),5&* C0"$$*$
<$* J,5%PBP %*$%$

%5 ;*%*C% )5%*6%1"0 ),5&0*4$
%5 :1T @'"% C"6 &* :1T*;
DDD *2*6 ;*2*05) =5#, 5@6 %*$%$!

Reasoning tips

<$* ),5&* C0"$$*$
J5$1%12* ),5&*$? 4"+* $#,* %'"% %'*= ",* 
C0"$$1:1*; "% %'* ,1B'% )0"C*
E*B"%12* ),5&*$? 4"+* $#,* %'"% 14)5$$1&0* 5, 
"&65,4"0 $1%#"%156$ ",* ),*2*6%*;
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Reasoning Good Practice (2)

F$$*,%*; `$D 86:*,,*; '1*,",C'1*$? ,*),*$*6%$ 
@'"% %'* 56%505B= $'5#0; 055+ 01+*- 65% '5@ 1% 
@"$ &#10%

4"16%"16 " 2*,$156 @1%' ),5&*$ "6; *T)5,% " 
QC0*"6R 2*,$156 @1%'5#% ),5&*$
4"16%"16 %'* "$$*,%*; 2*,$156m *T)5,% %'* 

C0"$$1:1*; 56*

86;121;#"0$
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Reasoning with individuals

W5"0
e1%'*, #$* QC54)#%* 16;121;#"0$ &*056B16B %5 
C0"$$R K,1B'%9C01C+ 56 %'* C0"$$ 6"4*L 5, #$* 
%'* FJ8
>"6 &* %,1C+= @'*6 =5# 6**; %5 #$* C05$#,*
(%100 16C54)0*%*0= $#))5,%*; &= ,*"$56*,$
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Y*$% J,"C%1C*
K5, "% 0*"$% 65%9$59&";L

Common mistakes

>56:#$* FE3 "6; /G K*DBD )1__" @1%' 
C'**$* "6; )*))*,L
[5,B*% ;1$M516%6*$$
[5,B*% C05$#,*
86%*,:*,*6C* :,54 ,*0"%156$'1)$c ;54"16 "6; 
,"6B*
>56:#$156 &*%@**6 K" r FL "6;    K" r FL

*DBD K" '"$>'10; 7"0*L `(     K" '"$>'10; 7"0*L



!" $%&' ())* +,-. *H

/0,12345 6.578,& 91234:,078;< /0,12345 => ?())* /0,12345 @17A.4;70' B C.D435%80731 +43E7F70.5

+430G-G =312.4.18.

Best practice

/6* %=)* 5: ,*$%,1C%156 &= B,"6#0",1%= 0*2*0?
7*"% I5))16B

()1C= Y**: I5))16B

7*"% I5))16B
Y**: I5))16B

()1C= Y**:

Best practice

F00 $1&016B$ "% %'* $"4* B,"6#0",1%= 0*2*0?
J1__" I5))16B

`*B*%"&0* I5))16B

[1$' I5))16B
F6C'52= I5))16B
("0456 I5))16B

>'**$* I5))16B
75__",*00"
DDD
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Best practice: transitive properties

H F0@"=$ 4"+* " 6569%,"6$1%12* $#&),5)*,%= 5: 
" %,"6$1%12* ),5)*,%=D 

H <$* %'* 0"%%*,

'"$ J",% KlL
'"$ 31,*C% J",%

'"$ 86B,*;1*6%
DDD

Covering

Y*@",* 5: %'* 5)*69@5,0; "$$#4)%156!
U'*6 =5#, %"T56541C ;*C54)5$1%156 1$ 
*T'"#$%12*- ;*:16* K\L %'* 45,* B*6*,"0 "$ 
%'* #6156 5: %'* $)*C1:1C$
8: %'* $)*C1:1C$ ",* 4#%#"00= *TC0#$12*- :0"B 
%'*4 "$ ;1$M516%
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Value partition

I'* ),*:*,,*; ")),5"C' 1$ &= " )",%1%156 5: 
C0"$$*$ KC: ()1C16*$$`"0#*L

J'105$5)'1C"00= $5#6;
eT%*6$1&0*

]5# C5#0; "0$5 #$* *6#4*,"%156$ 5: 
16;121;#"0$ K*DBD (*T \ n4"0*m :*4"0*oL

E5% *T%*6$1&0*
35*$6c% $#))5,% 4#0%1)0* )",%1%156$ 5: %'* ;54"16

Inverse of relationships

H >,*"%156
H 75;*016B

)",% 6*C*$$",= %5 %'* @'50*
Y5;= $#&C0"$$/: K! '"$31,*C%J",% Y,"16L

)",% 5)%156"0 %5 %'* @'50*
Y5;= $#&C0"$$/: K" '"$31,*C%J",% KA"6; < DDDLL

@'50* 6*C*$$",= %5 %'* )",%
Y,"16 $#&C0"$$/: K! 1$31,*C%J",%/: Y5;=L

@'50* 5)%156"0 %5 %'* )",%
>*00
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Composing ontologies

J#%%16B 1% &"C+ 16 %'* (*4"6%1C U*& C56%*T%
45;#0",1%=
$*4"6%1C 16%*,5)*,"&101%= 

U'*6*2*, )5$$1&0*- ,*:*, %5 "6 #))*,90*2*0 
56%505B=

(<7/
Y[/
3/V>e

F251;16B "4&1B#1%=? 6"4*$)"C*$

(#44",=
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Summary

H >54)5$1%156"0 ")),5"C'
H 86%*6$156"0 ;*$C,1)%156
H G*"$5616B

C0"$$1:1C"%156
5)*69@5,0; "$$#4)%156
16C56$1$%*6C=


