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Today’s goal

Today we will look at some notions from the formal viewpoint...

The systems we introduce have been discussed in the
literature. They are well known, relevant, and “clear”.

Note. Other well known, relevant, and “clear” systems exist,
they may differ on the philosphical commitment or the adopted
language or both...

At the end of the lecture, you should have

» a better grasp of the formalism,

» a hint on the relationships among primitives, and

» an idea of the questions one should keep in mind in formalizing
ontological notions.
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Outline of the lecture

» Location

Edinburgh — 10 August 2005 @'

=] = = = = 9vaAe



Outline of the lecture

» Location
» Qualities
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» Qualities
» ldentity and Consitution
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Outline of the lecture

Location

Qualities

Identity and Consitution

Atomicity

The “space” of ontological choices

vV V. v v Y
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On Location
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Location

When modeling physical objects, one needs to talk about their
relationship in space. Here is an axiomatization of exact
location (or address) in mereotopological terms.
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When modeling physical objects, one needs to talk about their
relationship in space. Here is an axiomatization of exact
location (or address) in mereotopological terms.

Source
R. Casati and A. Varzi “Parts and Places”, MIT Press, 1999
(Chp. 7)
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Location: why?

Why may we want to treat location as a primitive relation?
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Why may we want to treat location as a primitive relation?

» Different things can visit the same location (perhaps at
different times).
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Location: why?

Why may we want to treat location as a primitive relation?

» Different things can visit the same location (perhaps at
different times).

» Motion and mereological change are different phenomena.
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Location: why?

Why may we want to treat location as a primitive relation?

» Different things can visit the same location (perhaps at
different times).

» Motion and mereological change are different phenomena.
» Location and topological connection...
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Location: the primitive

Thus, let us introduce a new binary relation L

(3)
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Location: the primitive

Thus, let us introduce a new binary relation L

Informally, we take L(x,y) to mean “x is exactly located at y”
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Location: the primitive

Thus, let us introduce a new binary relation L
Informally, we take L(x,y) to mean “x is exactly located at y”

(we put no restriction on the ‘dimension’ of the entities...)
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Location: axioms (1)

L(x,y) AL(X,2) —y=2 (functionality)
L(x,y) — L(y,y) (conditional reflexivity)
Consequences:
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Location: axioms (1)

L(x,y) AL(X,2) —y=2 (functionality)
L(x,y) — L(y,y) (conditional reflexivity)
Consequences:

» L(X,y) AL(Y,X) = x=Yy (antisimmetry)
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Location: axioms (1)

L(x,y) AL(X,2) —y=2
L(x,y) = L(Y,y)

Consequences:

» L(X,y) AL(Y,X) = x=Yy
» L(x,y) AL(Y,2) — L(x,2)

(functionality)
(conditional reflexivity)

(antisimmetry)
(transitivity)

D)
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Location: axioms (1)

L(x,y) AL(X,2) —y=2
L(x,y) = L(Y,y)

Consequences:
> LGY) AL(Y,X) = x=Yy
» L(x,y) AL(Y,2) — L(x,2)
> LGY) AL(Y,W) —y=w

(functionality)
(conditional reflexivity)

(antisimmetry)
(transitivity)
(no co-location of regions)
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Location: doubts

Do we want the followings?

Vx3y L(X,y) (everything is localized)

IX(L(X,X) — Ty (x # Yy AL(Y,X)))
(every region is the location of something)
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Exact and Broad Locations (1)

Here we use mereology to generalize the notion of location.

(3)
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Exact and Broad Locations (1)

Here we use mereology to generalize the notion of location.

PL(x,y) =4 3z(P(z, x) A L(ZY)) (partial location)
e.g. Europe is partially located in (the location of) Italy
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Exact and Broad Locations (1)

Here we use mereology to generalize the notion of location.

PL(x,y) =4 3z(P(z, x) A L(ZY)) (partial location)
e.g. Europe is partially located in (the location of) Italy

WL(x,y) =4 3z. P(z,y) A L(X, 2) (whole location)
e.g. Italy is wholly located in (the location of) Europe

D)
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Exact and Broad Locations (1)

Here we use mereology to generalize the notion of location.

PL(x,y) =4 3z(P(z, x) A L(ZY)) (partial location)
e.g. Europe is partially located in (the location of) Italy

WL(x,y) =4 3z. P(z,y) A L(X, 2) (whole location)
e.g. Italy is wholly located in (the location of) Europe

GL(X,y) =d Jz,w.P(z,x) A P(w,y) A L(z,w) (generic
location)

e.g. Museums are generically located in Berlin

(for instance, one would say: some museums are in Berlin)
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Exact and Broad Locations (2)

...and other notions can be captured with the help of topology!

Here is a simple example.
Let TP be “tangential part”, then

TPL(X,y) =4 32. TP(z, x) A L(Z,y) (tangential PL)
e.g. The Alps are tangentially partially located in Italy
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Exact and Broad Locations: axioms and
consequences

New axioms:

A few consequences:
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Exact and Broad Locations: axioms and
consequences

New axioms:
(1) P(x,y) AL(x,2) AL(y, W) — P(z w)

A few consequences:
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Exact and Broad Locations: axioms and
consequences

New axioms:
(1) P(x,y) AL(x,2) AL(y, W) — P(z w)
(2) C(x,y) AL(%,2) A L(y,w) — C(z w)

A few consequences:
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Exact and Broad Locations: axioms and
consequences

New axioms:

(1) P(x,y) AL(x,2) A L(Y,w) — P(z,w)
(2) C(x,y) AL(x,2) A L(y,w) — C(z,w)
(3) P(x,y) AL(zy) — PL(z X)

A few consequences:
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Exact and Broad Locations: axioms and
consequences

New axioms:

(1) P(x,y) AL(x,2) A L(Y,w) — P(z,w)
(2) C(x,y) AL(x,2) A L(y,w) — C(z,w)
(3) P(x,y) AL(zy) — PL(z X)

(4) TP(x,y) A L(z,y) — TPL(z x)

A few consequences:
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Exact and Broad Locations: axioms and
consequences

New axioms:

(1) P(x,y) AL(x,2) A L(Y,w) — P(z,w)
(2) C(x,y) AL(x,2) A L(y,w) — C(z,w)
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A few consequences:
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Exact and Broad Locations: axioms and
consequences

New axioms:

(1) P(x,y) AL(x,2) A L(Y,w) — P(z,w)
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A few consequences:
(i) P(x,y) AL(Y,2) — WL(x,2)
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Exact and Broad Locations: axioms and
consequences

New axioms:

(1) P(x,y) AL(X,2) A L(Yy,w) — P(z, w)
(2) C(x,y) AL(x,2) A L(y,w) — C(z,w)
(3) P(x,y) AL(zy) — PL(z X)

(4) TP(x,y) AL(zy) — TPL(z X)

(5) IP(x,y) A L(zy) — IPL(z x)

A few consequences:

(1) P(x,y) AL(y,2) — WL(x,2)
(i) PL(x,y) AP(z,y) — PL(x, 2)
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Exact and Broad Locations: axioms and
consequences

New axioms:

(1) P(x,y) AL(X,2) A L(Yy,w) — P(z, w)
(2) C(x,y) AL(x,2) A L(y,w) — C(z,w)
(3) P(x,y) AL(zy) — PL(z X)

(4) TP(x,y) AL(zy) — TPL(z X)

(5) IP(x,y) A L(zy) — IPL(z x)

A few consequences:
(1) P(X%y) AL(Y,2) — WL(X, 2)
(i) PL(x,y) AP(z,y) — PL(x, 2)
(i) TPL(x,y) A TP(z,y) — TPL(X, 2)

k‘,
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On Qualities
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Four Ontological Questions
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Four Ontological Questions

» Are properties universals or tropes?
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Four Ontological Questions

» Are properties universals or tropes?

» Are properties attributes of particulars, or are particulars
just bundles of properties?
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Four Ontological Questions

» Are properties universals or tropes?

» Are properties attributes of particulars, or are particulars
just bundles of properties?

» Are properties categorical (qualitative) in nature, or are
they powers?
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Four Ontological Questions

» Are properties universals or tropes?

» Are properties attributes of particulars, or are particulars
just bundles of properties?

» Are properties categorical (qualitative) in nature, or are
they powers?

» If a property attaches to a particular, is this predication
contingent, or is it necessary?
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Four Ontological Questions

» Are properties universals or tropes?

» Are properties attributes of particulars, or are particulars
just bundles of properties?

» Are properties categorical (qualitative) in nature, or are
they powers?

» If a property attaches to a particular, is this predication
contingent, or is it necessary?

Source
D. M. Amstrong “Four disputes about properties”, Synthese
(2005) 144: 309-320

Edinburgh — 10 August 2005 i/‘



Let’'s concentrate on qualities !

On this topic we follow the DOLCE ontology.

Source
http://www.loa-cnr.ittDOLCE.html

See also
C. Masolo and S. Borgo “Qualities in Formal Ontology” in
Foundational Aspects of Ontologies (Ws Font 2005), to appear
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Qualities: DOLCE Taxonomy

PT
Particular

— TE—
ED 0 AB
Endurant Perdurant Quality Abstract
PED NPED AS EV STV 0 PO AQ ... Fact Set
Physical Non-physical Arbitrary Event Stative Temporal  Physical ~Abstract
Endurant Endurant Sum Quality Quality  Quality
M F POB NPOB ACH Acc PRO
Amount of Feature  Physical Non-physical hi i State Process  Temporal Spatial Temporal  Physical
Matter Object Object A A A /\ Location  Location Region  Region
A " T - N
APO NAPO MOB SOB Time Space
Agentive Non-agentive Mental Object  Social Object Interval Region
Physical Physical
Object Object
ASO NASO
Agentive Non-agentive
Social Object Social Object
SAG Ne
Social Agent Society
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Qualities, Qualia, and Hosts

Endurant Quality Quality-space

Physical
hysica T, Weight-quality © . Weight-Space

Endurant

Parthood

qt Indiv. weight-quality 4l
of Gripper_73

Gripper_73 Weight_421
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Qualities: formalization (1)

qt(x, y) stands for “x is a quality of y”

Derived Relations

(3)
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Qualities: formalization (1)

qt(x, y) stands for “x is a quality of y”

Derived Relations

> dat(x,y) =d qt(x,y) A =3Z(qt(x, 2) A qt(z,y))
(Direct Quality)
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Qualities: formalization (1)

qt(x, y) stands for “x is a quality of y”

Derived Relations

> dat(x,y) =d qt(x,y) A =3Z(qt(x, 2) A qt(z,y))
(Direct Quality)

> qt(d, %, Y) =d at(X,y) A ¢(X) A SBLx(Q, ¢)
(Quality of type ¢)
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Qualities: formalization (2)

Argument Restrictions

Ground Axioms
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Qualities: formalization (2)

Argument Restrictions
> qt(x,y) — (Q(X) A (Q(y) vV ED(y) v PD(y)))

> qgt(x,y) — (TQ(X) < (TQy) v PD(y)))
> qt(x,y) — (PQ(X) < (PQ(y) v PED(Y)))
> qt(x,y) — (AQ(X) < (AQ(Y) V NPED(Y)))

Ground Axioms

Edinburgh — 10 August 2005 /|



Qualities: formalization (2)

Argument Restrictions
> qt(x,y) — (Q(X) A (Q(y) vV ED(y) v PD(y)))

> qgt(x,y) — (TQ(X) < (TQy) v PD(y)))
> qt(x,y) — (PQ(X) < (PQ(y) v PED(Y)))
> qt(x,y) — (AQ(X) < (AQ(Y) V NPED(Y)))

Ground Axioms
> (at(x,y) A qt(y, 2)) — at(x, 2)
> (dat(x,y) Adat(x,y)) —y=Y
> (at(e, %, ¥) Agt(e, X, y)) — x =X
> (qt(o,xy) Aqt(v,y,2)) — DI(, )

)
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Qualities: formalization (3)

Existential Axioms

Consequence
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Qualities: formalization (3)

Existential Axioms

> TQ(X) — 3ly(at(x,y) A PD(y))

> PQ(x) — 3ly(qt(x,y) A PED(Y))

> AQ(x) — 3ly(at(x,y) A NPED(y))

> PD(x) — 3y(at(TL, y, X))

> PED(x) — 3y(at(SL y, x))

> NPED(X) — 3¢, Y(SBL(AQ, ¢) A qt(¢, Y, X))
Consequence
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Qualities: formalization (3)

Existential Axioms

> TQ(X) — 3ly(at(x,y) A PD(y))

> PQ(x) — 3ly(qt(x,y) A PED(Y))

> AQ(x) — 3ly(at(x,y) A NPED(y))

> PD(x) — 3y(at(TL, y, X))

> PED(x) — 3y(at(SL y, x))

> NPED(X) — 3¢, Y(SBL(AQ, ¢) A qt(¢, Y, X))
Consequence

> —gt(x, X)
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Qualia: formalization (1)

qt(x, y) stands for “x is a quality of y”

Derived Relations
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Qualia: formalization (1)

qt(x, y) stands for “x is a quality of y”
gl(x, y, t) stands for “x is the quale of y (during t)”
PC(x,y,t) stands for “x participates in y during t”

Derived Relations

(3)
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Qualia: formalization (1)

qt(x, y) stands for “x is a quality of y”
gl(x, y, t) stands for “x is the quale of y (during t)”
PC(x,y,t) stands for “x participates in y during t”

Derived Relations
> gly pp(t, X) =a PD(x) A 3Z(qt(TL, z,x) A dl(t, 2))
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Qualia: formalization (1)

qt(x, y) stands for “x is a quality of y”
gl(x, y, t) stands for “x is the quale of y (during t)”
PC(x,y,t) stands for “x participates in y during t”

Derived Relations
> gl pp(t, X) =a PD(X) A J2(qt(TL, z x) A ql(t, 2))
> gy ep(t, X) =d ED(X) At = ot'(Fy(PC(x,y, 1))

= oo
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Qualia: formalization (2)

Argument restrictions

Functionality Axiom

Existential and Structuring Axioms
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Qualia: formalization (2)

Argument restrictions
> gl(xy) — (TRX) A TQ(Y))

Functionality Axiom

Existential and Structuring Axioms
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Qualia: formalization (2)

Argument restrictions
> gl(xy) — (TRX) A TQ(Y))
> (Al(xy) ATL(Y)) — T(X)

Functionality Axiom

Existential and Structuring Axioms
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Qualia: formalization (2)

Argument restrictions
> gl(xy) — (TRX) A TQ(Y))
> (Al(xy) ATL(Y)) — T(X)
Functionality Axiom
> (al(xy) Adl(X,y)) = x=X

Existential and Structuring Axioms
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Qualia: formalization (2)

Argument restrictions

> gl(xy) — (TRX) A TQ(Y))

> (Al(xy) ATL(Y)) — T(X)
Functionality Axiom

> (al(x.y) Adi(X,y)) = x =X
Existential and Structuring Axioms

> TQ(X) — Jy(ql(y; X))
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Qualia: formalization (2)

Argument restrictions

> gl(xy) — (TRX) A TQ(Y))

> (Al(xy) ATL(Y)) — T(X)
Functionality Axiom

> (al(x.y) Adi(X,y)) = x =X
Existential and Structuring Axioms

> TQ(X) — Jy(ql(y; X))

> (Lx(#) A p(X) A @(y) Adl(r,x) Adi(r',y)) —
Fp(Lx(¥) Ap(r) Ap(r))
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Qualia: formalization (2)

Argument restrictions
> gl(xy) — (TRX) A TQ(Y))
> (Al(xy) ATL(Y)) — T(X)
Functionality Axiom
> (al(x,y) Agl(X,y)) — x=X
Existential and Structuring Axioms
> TQ(x) — 3Jy(al(y. x))
> (Lx(9) A o(x) A (y) Adl(r,x) Adl(r',y)) —
(Lx(¥) Ag(r) Ap(r'))

> (Lx(¢) A d(X) A =9(y) Agi(r,x) Agi(r',y)) —
~F(Lx(¥) A () A(r'))
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Qualities and Qualia

Gripper_73
(the: concrete object)
[ I I 1
Individual Weight-quality Individual Locatien-quality Individual Shape-quality
of Gripper_73 of Gripper_T3 of Gripper_73 of Gripper_73
| | Positions: Light, Heavy Positions: sets | Positions: Spherical, Non-sphesical
[A space with 2 pasitions) [A topological spacs] ' [Aspace with 2 positions]
| Posilions: ab.c,... || Pasitions: Euclidean loci | Posilions: 0D, 10, 2D, 3D, Cther
[ space with infinite positions) [A geometric space]  [Aspace with 5 positions]
" | —
| | Paositions: 0,1.2,... || Positions: mereological regions || Pasitions: # of angles
|A space with ordered positions| [A mereological space] A space with infinite pasitians]
—

| Positions: any geometrical shape
© [Mspace with infinite positions]




|ldentity and Constitution
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Identity and Constitution

A motivating example
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|dentity and Constitution

A motivating example

» Assume | borrow from you £10 today to give it back in a
week.
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|dentity and Constitution

A motivating example

» Assume | borrow from you £10 today to give it back in a
week.

» A week later, we meet and | refuse to return the money.
Before you start calling me names, | add that you should
agree with me and | explain why.
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|dentity and Constitution

A motivating example
» Assume | borrow from you £10 today to give it back in a
week.

» A week later, we meet and | refuse to return the money.
Before you start calling me names, | add that you should
agree with me and | explain why.

» After a while you accept my argument and leave.
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|dentity and Constitution

There are two issues here:
1) how can this conclusion happen?

2) how can we avoid an automatic system to end up throwing
away your money as you just did?

Edinburgh — 10 August 2005
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|dentity and Constitution

There are two issues here:
1) how can this conclusion happen?

2) how can we avoid an automatic system to end up throwing
away your money as you just did?

Source
M. Rea “Introduction” in Material Constitution - A Reader, R. C.
Rea (ed.), Rowman & Littlefield Publishers, Inc., 1997
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|dentity and Constitution

Assumptions (1)

Esistence Assumption

X pst. F(x) A K(ps x;t)

Essentialist Assumption

VX pst. (F(x) A K(ps x,t)) —
37K (ps z t) AO Vas t.K(ags z,t) — R(z, g9)]
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|dentity and Constitution

Assumptions (II)

Principle of Alternative Compositional Possibilities
VX, ps t[(F(X) A K(ps x,1)) —
3ZK(ps w, t) A ¢ (3as t(K(gs w, t) A —=R(w, gs)))]]

Identity Assumption

VX, Y, ps t[K(ps x,t) AK(psy, t) — x=Y]

Necessity Assumption

X,y [x=y— O ((E(X) VE(y) = x=Y)]
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Identity and Constitution

Motivations for dropping the Essentialist Assumption.

(o
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Identity and Constitution

Motivations for dropping the Necessity Assumption.

(o
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On Atomicity
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Atomicity

Source
C. Masolo and L. Vieu “Atomicity vs. Infinite Divisibility of
Space”, COSIT '99
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Atomicity
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Ontology as a Space of Choices
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Universals, Particulars and Individual Properties
Properties are universals (repeatables), e.g. “redness”, that
apply to different entities OR properties are tropes
(non-repeatables), i.e. “individual” properties inhering only in a
specific entity, e.g. “the red of this particular rose”? Are entities
the substrates of their properties or are they the aggregations
of their properties?
Persistence of entities
How do entities persist? What does it means for an entity to
change maintaining its identity? Are entities spatio-temporal
worms that change because they present different phases OR
are they three-dimensional extended entities changing because
they instantiate different properties at different times? Is it
possible to have at the same time the two kinds of entit
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connected by a participation relation?



Space and Time

Are space, time and space-time absolute (i.e. regions of space,
time and space-time are assumed in the ontology) OR are they
relative (i.e. we can consider only spatial, temporal and
spatio-temporal relations between entities)? Is space-time
Newtonian, Galilean, ...?

Localization

Are all the entities localized in space (concrete) OR there exist
entities that are not in space (abstract) Is it possible to have
different entities that are (spatially or spatio-temporally)
co-localized?
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Space of Ontological Choices (3)

Two dimensions:
* visions, corresponding to basic ontological choices;

 specificity, corresponding to the domains
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