


Essential properties

* For an individual
e John must have a brain
e John must be a human
* John must be alive
* For atype
* All human beings must have a brain
* All human beings must be “a whole” (all of a piece)



Unity and essence

- Consider the amount of matter that constitutes a tower.
* At every time it constitutes the tower, it is contingently a whole.
* Itis not necessarily a whole.

- The tower is necessarily a whole, the amount of matter it is
constituted is a whole only contingently.



Unity and Essence

* Being a whole is often a (very
relevant) essential property

* Dogs are essential wholes...




Essential properties and rigidity

Certain entities must have some properties in order to exist
« John must have a brain
* John must be a person.

« Certain properties are essential to all their instances
(being a person vs. being hard).

« These properties are rigid - Their extension is the same in all possible
worlds. If an entity is ever an instance of a rigid property, it must
necessarily be such.

« By the way, what’s the meaning of exist?
* Being an element of the domain of discourse
* Being present at a certain time (or in a certain world...)



Formal Rigidity

¢ is rigid (+R): vx (o) — Oox)

* e.g. Person, Apple

¢ is non-rigid (-R): 3x Qd(x) A = Oox)

* e.g. Red, Male

¢ is anti-rigid (~R): (Qd(x) — = Oo(x)) e.g. Student, Agent

Meta-properties




Formal rigidity - variations

* Takint actual existence into account:

Ovx( ¢(x) — OEx) — ¢(x)) )

* Taking time and actual existence into account:

OVxi( (E()n ¢(x,t) — OVL(E(x,L) = §(x)))

o Welty, C. and Andersen, W. Towards OntoClean 2.0: A framework for rigidity
(Applied Ontology 1(1), 20006)



|dentity criteria

Classic formulation:
o(x) A p(y) = (p(x,y) <= x=y)
(b carries the identity criterion p)
Generalization:
o(x,0) A o(y1) = (L)L) < x=)
(synchronic: t=t’; diachronic: t#t)
In most cases, I' is based on the sameness of certain characteristic features:

Ly tt) = Vz (x(x2,8 A x(y2t))

Non-triviality condition:
« T'(xy, t t) must not contain an identity statement between x and y!



From identity criteria to weak identity conditions

* Finding necessary and sufficient ICs for a given property may be very hard.

* In most cases, to apply the OntoClean methodology it is enough to detect
whether a certain property P carries supplementary membership conditions (in
addition to those logically implied by P itself)

« Aproperty P carries an identity condition C if all its instances necessarily
satisfy C, and C is not logically implied by P

« Typical example: having some essential parts or qualities



Sortals and other properties

Sortals (horse, triangle, amount of matter, person, student...)

Carry identity conditions
Usually correspond to nouns
High organizational utility

Non-sortals (red, big, old, decomposable, dependent...)

—_—

®

No identity

Usually correspond to adjectives

Span across different sortals

Limited organizational utility (but high semantic value)
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rock

\

metamorphic rock

igneous rock sedimentary rock

large rock / grey rock
/ c
8arey pet metamorphic rock
sedimentary

rock

large grey igneous rock

Igneous rock, metamorphic rock, sedimentary rock do supply identity conditions.

Large rock, grey rock, pet rock DO NOT!

Not all properties are the same!




Carrying vs. Supplying Identity

Supplying identity (+0)
* Carrying an IC (or relevant essential property) that doesn’t hold for all directly
subsuming properties

Carrying identity (+l)
* Not supplying identity, while being subsumed by a property that does.
Common sortal principle: x=y -> there is a common sortal supplying their identity

Theorem: only rigid properties supply identity
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ICs impose constraints on sortals, making their ontological
nature explicit:

Properties with incompatible ICs are disjoint

Examples:

e countries vs. geographical regions
* passengers vs. persons

* assemblies vs. amounts of matter
e sets vs. ordered sets



Properties with incompatible unity conditions
are disjoint

Unity-related metaproperties for a property P:

e +U: all instances of P have a common unity criterion
e ~U: no instance of P has a unity criterion

e -U: some instances of P have a unity criterion



Why bother with this?

*  Formal ontological analysis requires analyzing all properties according to their
meta-properties — This is a lot of work!

*  Why perform this analysis?
 Makes modeling assumptions clear, which:
* Helps resolving known conflicts
* Helps recognizing unkown conflicts
* Imposes constraints on standard modeling primitives (generalization,
aggregation, association)
* Elicits natural distinctions
* ...results in more reusable ontologies
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Resolving Ontological Conflicts

*  Two well-known linguistic ontologies define:
* Physical Object is-a Amount of Matter (WordNet)
« Amount of Matter is-a Physical Object (Pangloss)

* Amount of Matter Physical Object
* unstructured /scattered “stuff” - Isolated material body
* ldentity: mereologically extensional - ldentity - three options:
* Unity: intrinsically none (anti-unity) * None

* Non-extensional
 Extensional

* Unity: Topological

Conclusion: the two concepts are disjoint. Physical objects
are constituted by amounts of matter
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Taxonomic constraints

+R  ~R
-1  +l

-UZ +U
+U Z ~U

Incompatible IC’s are disjoint
Incompatible UC’s are disjoint
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Is time-interval a subclass of time-duration?
Initial answer: yes

|C for time-duration
Same-length

|C for time-interval
Same start & end time-duration

{?

time-interval



Group

Social group .

Nation,

— . — » depends on

Object

Location

Group of people

Nati()nz

— = —>  constituted by

Admin. district

Nation,

_____ » is located in



Taxonomic Constraints

+R & ~R
-1l C +

-UgZ +U
+U ¢ ~U
-D¢Z +D

Incompatible IC’s are disjoint

Incompatible UC’s are
disjoint
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Location

Country

Entity

/ assign meta-properties
Amount of matter \

/ \ Red Agent Group

Physical object Living being

/\ Group of people

Fruit Food Social entity
\ / Animal Legal agent
Apple
Vertebrate Organization
Caterpillar \
Red apple Butterfly Person



Entity -I-U-D4+R

Remove non-rigid properties

Location Amount of matter
+O-U-D+R +0O~U- D+R Red A ent Group
/ LU.D.R -TUID~R +O~Ilj D+R
Physical object L
1ving bein
+0O+U-D+R +O+[g]_D+Rg Group of people
\ +1-O~U-D+R
/
Social entity
Fruit -I+U-D+R
+O+U-D+R +[-O~U+D~R :
énlljnll)alR Legal agent
\ el +L-U+D~R
Apple \
+0+U-D+R o
Vertebrate Organization
+I-O+U-D+R +O+U-D+R
Caterpillar  Bygterfly \
Country Red apple  +L+U-D~R 1, U.D~R
PRy +1-0+U-D~R Person

+O+U-D+R



Entity-I-U -D+R

/ Analyze taxonomic links
}g%a%?_% Am?_%g%%gfﬁatter ~U can’t subsume +U
o Living being can change parts and
/ \ remain the same, but amounts of matter
t (incompatible I1Cs)
Physical object L5 : oan noinee .
ving belng Living being is constituted of matter
+O+U D+R +0+U-D+R ___ple
+I-O~U-D+R
/
Social entity
Fruit -I+U-D+R
+0+U-D+R :
Animal
\ +0O+U-D+R
Apple \
+0O+U-D+R o
Vertebrate Organization
+I-O+U-D+R +O+U-D+R

\
Person

+0+U-D+R



Entity-I-U -D+R

/ Analyze taxonomic links
}g%a%?_% Am?_%g%%gfﬁatter ~U can’t subsume +U
o Living being can change parts and
/ remain the same, but amounts of matter
t (incompatible I1Cs)
Physical object L5 : oan noinee .
ving belng Living being is constituted of matter
+O+U D+R +0+U-D+R ___ple
+I-O~U-D+R
/
Social entity
Fruit -I+U-D+R
+0O+U-D+R ,
Animal
\ +0O+U-D+R
Apple \
+0O+U-D+R o
Vertebrate Organization
+I-O+U-D+R +O+U-D+R

\
Person

+0+U-D+R



Entity-I-U-D+R

g

Analyze taxonomic links

Amount of matter
+O~U-D+R

/

Physical object

Location
+0O-U-D+R

~U can’t subsume +U

Physical objects can change parts and
remain the same, but amounts of
matter can not (incompatible 1Cs)

Livin being Physical object is constituted of matter
+O+U D+R +O +[g]_D +R le
/ 7
Social entity
Fruit -I+U-D+R
+0+U-D+R :
Animal
\ +0O+U-D+R
Apple \
+0O+U-D+R o
Vertebrate Organization
+I-O+U-D+R +O+U-D+R
Person

+0+U-D+R



Location
+0O-U-D+R

Physical object

//

Entity-I-U-D+R

Amount ofmatter

Analyze taxonomic links

~U can’t subsume +U

Physical objects can change parts and
remain the same, but amounts of matter
can not (incompatible ICs)

Living being Physical object is constituted of matter
+O+U D+R +O+U-D+R e
/ Social entity
Fruit -I+U-D+R
+0O+U-D+R :
Animal
\ +0+U-D+R
Apple \

+0O+U-D+R o
Vertebrate Organization
+I-O+U-D+R +O+U-D+R

\
Person

+0+U-D+R



Entity-I-U-D+R

/

Analyze taxonomic links

Location Amount offnatter
+O-U-D+R Meta-properties fine
Identity-check fails: being alive is a
contingent property for physical
Ph sical ObJeCt Livi : objects, and an essential property
iving being tor animal
"'O"'U D+R +0O+U-D+R o amimas .
Constitution again
/ /
Social entity
Fruit -I+U-D+R
+0O+U-D+R i
Animal
\ +0+U-D+R
Apple \
+0+U-D+R -
Vertebrate Organization
+I-O+U-D+R +O+U-D+R
Person

+O+U-D+R



Entity-I-U-D+R

/

Location Amount ofmatter
+0O-U-D+R

Analyze taxonomic links

Meta-properties fine

Identity-check fails: when an entity
stops being an animal, it does not

Phvsical obiect . . . stop being a physical object (when
}-|I-O+U—D+lg Ll\gn% %elélg an animal dies, its body remains)
oL Constitution again
/
Social entity
Fruit 1+U-D+R
+0O+U-D+R An )
nima
\ +0+U-D+R
Apple \
+0+U-D+R
Vertebrate Organization
+I-O+U-D+R +O+U-D+R
Person

+O+U-D+R



Entity-I-U -D+R

A 4 c 44 /

Analyze taxonomic links

Location ~ ,
+O-U-D+R U can't sub;sume +U | Group
A group can’t change parts - it becomes a +O~U-D+R
different group
P A social entity can change parts - it’'s more l
than just a group (incompatible IC) Gioun of people
Constitution again +1-O~U-D+R
/ Social entity
Fruit -I+U-D+R
+0+U-D+R :
Animal
\ +O+U-D+R
Apple \
+0+U-D+R .
Vertebrate Organization
+I-O+U-D+R +O+U-D+R
Person

+0+U-D+R



+0-U-D+R

Physical object

+O+U-D+R

/

Fruit
+O+U-D+R

\

Apple
+0+U-D+R

Living being

Entity-I-U-D+R

/

Location Amount ofmatter

Group
+O~U-D+R
+0+U-D+R Group of people
+1-O~U-D+R
Social entity
-I+U-D+R
Animal
+0+U-D+R
Vertebrate Organization
+1-O+U-D+R +0O+U-D+R

\
Person

+O+U-D+R



Entity-I-U-D+R

/// ‘
Lo mount of matter

+0- ~R can’t subsume +R
Subsumption is not disjunction!

Analyze non-rigid properties

Group
_II_A{]%.%IER +0O~U-D+R

/
Physical object \
+O+U-D+R Living being
/ +0O+U-D+R
Fruit Social entity
+O+U-D+R . -1+U-D+R
Animal
/ LA R Group of people
+I-O~U-D+R
Apple
+0+U-D+R
Vertebrate
+1-O+U-D+R

\

Person  Organization
+0+U-D+R +0+U-D+R



Entity-I-U-D+R

// ‘
T mount of matter

Lo
+0O-1

~R can’t subsume +R

Another disjunction: all legal agents are persons or
organizations

Physical object
+0O+U-D+R

Living being

/ +0+U-D+R

\

Fruit |
+0+U-D+R .
Animal
/ +0O+U-D+R
Apple \
+0O+U-D+R

Vertebrate
+I-O+U-D+R

Analyze non-rigid properties

Group
_II_A[‘jg.F%lfR +O~U-D+R

\

Legal agent
+L-U+D~R

SRR

\

Person  Organization

+0+U-D+R +0+U-D+R



Entity-I-U-D+R

// ‘
T mount of matter

Lo
+0O-1

~R can’t subsume +R

Another disjunction: all legal agents are persons or
organizations

Physical object
+0O+U-D+R

Living being

/ +0+U-D+R

\

|

Analyze non-rigid properties

Group
_II_A[‘jg.F%lfR +O~U-D+R

\

Legal agent
+L-U+D~R

Fruit Social entity
+O+U-D+R ,‘ -1+U-D+R
Animal
/ LA R Group of people
+I-O~U-D+R
Apple \
+0+U-D+R
Vertebrate
+1-O+U-D+R

\

Person  Organization
+0+U-D+R +0+U-D+R



Entity-I-U-D+R

/ ‘ Analyze non-rigid properties
: mount of matter
Location +O~U-D+R
~R can’t subsume +R
Apple is not necessarily food. A poison-apple,
. . e.g., is still an apple.
Ph}_ll_solf_%l_D(?BgeCt L. \ ~U can’t subsume +U
Food L1V1ng Caterpillars are wholes, food is stuff.
00 +O+[J-1J‘I'I\ DuzZar azgurit
+I-O~U+D~R y \ +L-U+D~R
Social entity
| 1+U-D+R
Animal
+0+U-D+R

Group of ge%ple
+

\ +I-O~U-

+0O+U-D+R
Vertebrate
+I-O+U-D+R
Caterpillar Butterfly \
+[+U-D~R +L+U-D~R

Person  Organization
+0+U-D+R +0+U-D+R



Entity-I-U-D+R

Analyze non-rigid properties

/ |
: mount of matter
Location +O~U-D+R
+0-U-D+R A cont Groun
~R can’t subsume +R
Apple is not necessarily food. A poison-apple,
c c e.g., is still an apple.
Ph}_ll_solf_%l_D(?BgeCt L. \ ~U can’t subsume +U
Food LlVlng Caterpillars are wholes, food is stuff,
00 +O+[J‘1J'I'1\ DUZDar agourrt
+1-O~U+D~R ’ \ +L-U+D~R
Fruit Social entity
+O+U-D+R | -1+U-D+R
Animal
/ +O+U-D+R Group of ][a)eople
+I-O~U-D+R
Apple
+O+U-D+R
Vertebrate
+I-O+U-D+R
Caterpillar Butterfly \
+L+U-D~R +L+U-D~R .
Person  Organization
+0+U-D+R +0+U-D+R



Entity-I-U-D+R

/ Analyze non-rigid properties
int of matter / \\\

Location + Identity check: a location can’t change parts...
+0O-U-D+R 2 senses of country: geographical region and political entity.
Split the two senses into two concepts, both rigid, both types.
/ Physical object \
HOBIEDAIE Living being
Food +0+U-D+R
+[-O~U+D~R ’
Fruit Social entity
+O+U-D+R ,‘ -1+U-D+R
Animal
/ +O+U-D+R Group of ][a)eople
+I-O~U-D+R
Apple
+0+U-D+R
Vertebrate
Country +I-O+U-D+R
LD Caterpillar Butterfly \
+L+U-D~R +L+U-D~R

Person  Organization
+0+U-D+R +0+U-D+R



Entity-I-U-D+R

// ‘
mount of matter

Location
+O-U-D+R +O~U-D+R

Analyze non-rigid properties

Group
_II_A[‘jg.F%lfR +O~U-D+R

There is a relationship between the two, \
but not subsumption. ! being
Fooa +0O+U-D+R Legal agent
+[-O~U+D~R ’ +L-U+D~R
Fruit Social entity
+O+U-D+R ,‘ -1+U-D+R
Animal
/ +O+U-D+R Group of people
+1-O~U-D+R
Apple
+0O+U-D+R
Geographical Vertebrate
Region +I-O+U-D+R gountry
+0-U-D+R Caterpillar Butterfly \ +O+U-D+R
+L+U-D~R +L+U-D~R

Person  Organization
+0+U-D+R +0+U-D+R



Entity-I-U-D+R

Caterpillars and butterflies cannot be
vertebrate

There must a rigid property that subsumes the

Look for missing types

two, lying identit If
l;/\//-’OaSSeL;pp ying identuty across temporary Agent +(§II£?I]1)B-R
/ -I-U+D~R ~o
Physical object \ \
+O+U-D+R Living being
Food +0+U-D+R Legal agent
+[-O~U+D~R | +L-U+D~R
Fruit Social entity
+O+U-D+R o ,‘ | -1+U-D+R
nima
/ AR Grou of ][a)eople
Apple \
+O+U-D+R Lepidopteran
Geographical Vertebrate
Region +I-O+U-D+R gogn]gryR
+0-U-D+R Caterpillar Butterfly \ TR
+L+U-D~R +L+U-D~R

Person  Organization
+0+U-D+R +0+U-D+R



Entity-I-U-D+R

Look for missing types

// ‘
Location mount of matter
+0O-U-D+R +O~U-D+R Agent Group
-I-U+D~R +O~U-D+R
Physical object \ \
+O+U-D+R Living being
Food +0+U-D+R Legal agent
+[-O~U+D~R | +L-U+D~R
Fruit | Social entity
+O+U-D+R . -1+U-D+R
Animal
/ UL R Group of people
+I-O~U-D+R
Apple
+0O+U-D+R :
i Lepidopteran Vertebrate
Geographical +0O+U-D+R
Region Vs . +I-O+U-D+R (OjogngyR
+0-U-D+R Caterpillar Butterfly o
+L+U-D~R +L+U-D~R ) .
Person  Organization
+0+U-D+R +0+U-D+R



Entity-I-U-D+R

// ‘ Analyze Attributions
Location m?r%ll%?gfl}{atter
No violations
Attributions are discouraged, can be confusing.
Physical Obj@Ct | 8fotle;rr1 :)eeotl;er to use attribute values (i.e. Apple
+0+U-D+K LlVlIlg UCIITg
Food +0+U-D+R Legal agent
+[-O~U+D~R | +L-U+D~R
Fruit _I_%?S_R | Social entity
+O+U-D+R . -1+U-D+R
Animal

/ UL R Group of people

+I-O~U-D+R

Apple
+O+U-D+R Lepidopteran Vertebrat
Geographical +0+U-D+R 165 % rg i
: +1-O+U-D+
Region / . gogn]t)ryR
+0-U-D+R Caterpillar Butterfly o
+L+U-D~R +L+U-D~R ) .
Red apple Person  Organization
+1-O+U-D~R +0O+U-D+R +0+U-D+R



Entity-1-U-D+R

// ‘
Location mount of matter
+0O-U-D+R +O~U-D+R Agent Group
-I-U+D~R +O~U-D+R
Physical object \ \
+O+U-D+R Living being
Food +0+U-D+R Legal agent
+1-O~U+D~R | +L-U+D~R
Fruit _1_%?1()1_1{ | Social entity
+O+U-D+R . -1+U-D+R
Animal
/ UL R Group of people
+I-O~U-D+R
Apple
+0+U-D+R :
i Lepidopteran Vertebrate
Geographical +0O+U-D+R
Region Vs . +I-O+U-D+R (OjogngyR
+0-U-D+R Caterpillar Butterfly o
+L+U-D~R +L+U-D~R ) .
Red apple Person  Organization

+[-O+U-D~R +O+U-D+R +O+U-D+R



E t't -I-U-D+R
nuty The backbone taxonomy

// ‘
[ocation mount of matter
+0.U-D+R +O~U-D+R Grou
+O~U-D+R
Physical object \
+0+U-D+R Living being
+0O+U-D+R
!
Fruit | Social entity
+O+U-D+R , 1+U-D+R
Animal
/ +0+U-D+R Grou of ]BGOple
+0+U-D+R ,
; Lepidopteran Vertebrate
Geographical +O+U-D+R iU ek
Region T Country
HO-U-DAR \ +O+U-D+R

Person  Organization
+0+U-D+R +0+U-D+R



Entity-I-U-D+R

// ‘
Location mount of matter
+0O-U-D+R +O~U-D+R Agent Group
-I-U+D~R +O~U-D+R
Physical object \ \
+O+U-D+R Living being
Food +O+U-D+R Legal agent
+[-O~U+D~R | LR
Fruit _I_E?S_R | Social entity
+O+U-D+R . -1+U-D+R
Animal
/ UL R Grou of ][a)eople
Apple /
+0+U-D+R :
i Lepidopteran Vertebrate
Geographical +0O+U-D+R
Region Vs . +I-O+U-D+R gogn]gryR
+0-U-D+R Caterpillar Butterfly \ TR
+L+U-D~R +L+U-D~R i .
Red apple Person  Organization
+I-O+U-D~R +0O+U-D+R +0O+U-D+R



Entity

Before

[ocation Amount of matter
/ Red  Agent  Oroup
Physical V] '
4 Living being roup of people
Fruit Food ( Social entity
ARz Legal agent
Apple A ‘
Vertebrate Organization
' Caterplllar
Country ~ Redapple Butterfly e



Entity-I-U-D+R

Location mount of matter
+O-U-D+R +O~U-D+R Grou
Agent P
_I_U+D~R +O~U-D+R
Physical object \ \
+O+U-D+R Living being
Food +O+U-D+R Legal agent
+1-O~U+D~R | +L-U+D~R
Fruit | Social entity
+O+U-D+R . -1+U-D+R
Animal
/ UL R Grou of ][a)eople
Apple /
+0+U-D+R :
i Lepidopteran Vertebrate
Geographical +0O+U-D+R
Region Vs . +I-O+U-D+R gogn]gryR
+0-U-D+R Caterpillar Butterfly \ TR
+L+U-D~R +L+U-D~R i .
Red apple Person  Organization
+1-O+U-D~R +0+U-D+R +0+U-D+R



