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Goal

Analyze how and under which assumptions it is possible to compare
entitiesliving in different worlds.

> The comparison is given with respect to a set of properties of objects
like color, length, mass, shape, etc., caligality kinds

> Quality kinds are builded from objects by means odfoeaal (in a
single world)abstraction procesand they can have a local structure.

> Problem: how to tune (synchronize) quality kinds that has been lo-
cally builded in diferent worlds?

> Motivation: considering worlds asontextsor information systems
our framework provides a basic methodology to formally link quality
systems that are localized infidirent information systems.



Scenario

> Let us suppose we havefidirent satellites that make color measure-
ment of some pieces of land.

e Different kinds of satellites can havefdrent color measurement
systems.

e The satellites can collect the data relative to one piece of land at
different times.

> We want to motivate the assumption that what a satellite measure
as, say, red at a certain time, corresponds to what another satellite (c
the same satellite at aftkrent time) measures as red.

> Our goal is totune different measurements considering additional
informations we have on the conditions these measurements hav
been made.



Substantiavalism vs. Relationism

> Substantiavalism time is a container-like manifold and what hap-
pens occupies itontingently

> Relationism: time is derived from relationships between events.

> Analogously for space: space as a container vs. space as a conceptl
construction.



Parallelism with theories of properties

> Substantiavalism and Universalism

e Properties (calledniversal3 are primitive and independent from
their instancesparticulars).

> Relationism and Trope theoryResemblance Nominalism
e (Trope theoryProperties are classese{actly resemblingopes.

¢ (Resemblance NominaligrRroperties are classes r@&sembling
objects.



Our setting (1/2)

Our goal is to compare objects in a relationist setting.

> In the case of time and space, tropes are not considered
but
the relations allowing to construct time from events affedent from
the relations used to construct space from physical objects.

> Resemblance nominalism admits just one resemblance relation
but
it has problems to dierentiate co-extensional properties.



Our setting (2/2)

We begin with a system:

(D,=1,...,="), where=' are resemblance relations b
which allows us to overcome the problems in resemblance nominalism
and to adopt a methodology similar to that of tjsgace construction.

> It is stronger than resemblance nominalism because of the presenc
of n different resemblance relations.

> Itis weaker than trope theory because tropes cannot be reconstructe
in it but tropes theorists can rephrase our formalization adopting:

(D, TL,...,T",i,=), where theT! are disjoints sets of tropes,
andi is the inherence relation

x=lyif A, seTi(it,X) Ai(sSy)At=9)



Abstraction process

> S = (D, =) is a generic structure with oregjuivalenceaelation.
> S¢ = (D°®, =) is theabstractionof S, where

e DFfis the set of (non-empty) equivalence classebpf

e =Fis the equality orD®.
> Examples:

¢ different (punctual) events can be temporally co-localized
from & = (E, =g), E set ofevents=g temporal coincidence
toT =(T,=°), T set oftimes

¢ different objects can have the same color
from O = (O, =°), O set ofobjects = color resemblance
toC = (C, =c), C set ofcolor properties



Structuring (1/4)

> Structural constraintare normally introduced in modeling time (and
space), e.g. a precedence relation can force time to be linear o
branching, a congruence relation can constrain the metric, etc.

> These structural constraints are not uncommonmmlity kindslike
color, length, volume, shape, mass, etc. For example, a RGB struc
ture can be assumed for colors, and weights are usually linearly ar
ranged.

> Different quality kinds have flerent structures, therefore, in gen-
eral, we will apply structural constraints separately for each quality
kind.



Structuring (2/4)

> 8§ = (D, =,R)is the extension af with the structuring relatioR.
> S’¢ = (D€, =% R®) is the abstraction o’ where
e X°RYE iff Jae x® bey’(aRb.

> Ingeneral, itis possible to havefiirent structuring relations relative
to the same abstraction process; for example:

e &g = (E, =g, <g, <g) is the event structure augmented with the
precedence relatiorg and the (quaternangongruence relation
<g among (punctual) events;

> Teg = (T, =% <1, <7) is the associated abstraction, whetg:is
the abstraction ofig while <7 is the abstraction ofg.
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Structuring (3/4)

> The definition ofR® in terms ofR:
e X°ReYE iff Jae x®, bey*(aRb.
is compatible withc = a,d = b,aRh =(c Rd), andc®* R¢ d®.

> Using an universal quantifier, the same problem arises considerin
‘negative’ statements.

> Itis possible to constrain ‘homogeneity’ by means of:
e X=y—> VZ(zR X zZRY).
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Structuring (4/4)

> Technically, structuring relations can be introduced in @bhstrac-
tion structure R can then be defined in terms&f:

e aRb jf there exisi®, y¢ € D¢(X* REy® anda € x&,b € ¥°)

> Philosophically, the introduction of structuring relations in the start-
ing structure or in its abstraction, can reveal an objefivilogical
vS. subjectivgepistemological attitude towards these relations.

> To have a direct parallelism with the construction of time, we intro-
duce all the structuring relations in the starting structure. This does
not prevent us from considering them as “ontological” or as “episte-
mological” relations.
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Extending our setting

> To each=' we associate a set of structuring relations, obtaining:
<D,El,...,E”,Ri,...,R,lm,...,RT,...,Rﬂh)
that allows for the comparison of entities in the same world.

> To compare entities ‘living’ in dferent worlds, we need to extend
the formalism with:

e a set of possible worldg/;

¢ the relatioral,y standing for ‘a € D is in the worldw:
obtaining:

<D7VV7~L7§19---7En7R%7-"7R[:!-[]17"'7R}""7quh>
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A classical puzzle

Let us assume that:
1. = isindependent frony, in particular it is a cross-world relationship;
2. entities can change, with respect to the quality kindrough worlds.

For example, let us assume a persistent eat{ign entity that is in two

different worlds, i.edw,w'(alw A alw AW # W), that is red inwv and
yellow inw'.

> We get a contradiction if we includein the class of the red entities
as well as if we put it in the class of the yellow ones.
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Each view has its solution

> Lewis & stage theory. Entities are world bounded and modality is
interpreted by means of theounterpart(C) relation: alw A& |w
A C(&,a) andais red whilea’ is yellow.

> Perdurantism. An entity a has diferentworld stages @, in each
world w to which it belongs: & is redat w’, because it has a world
stagea,y, that it is red. Analogously foré is yellowat w”.

> Endurantism. Cross-world change requires the introduction of a
world argument in the propertiest is not red in general, it can be
red relatively to a world which must be specified.

Criticism: de factonegation ofintrinsic properties all the properties
become relations with the worlds.
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Our approach (driven by the info systems’ scenario)

> Equivalence classes of resembling entities laalized in single
worlds, i.e. a world argument is added to resemblances:

e a= b stands for & i-resembles in the worldw”.

= Weak endurantism: we only know the classes of objects that, in a
given world, are indistinguishable with respect to one quality kind,
but we don’t have any cross-world relation between these equiva-
lence classes (callegualities .

e Given the class of red objects in one world, one has no way to
infer which is the red class in aftierent world.

e We are interested in understanding whether and on which as
sumptions an equivalence at the level of qualities in the two worlds
can be established without additional primitives.
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Gathering ideas from the construction of time in
branching-worlds

> Forbes in each world, times and relations on times are abstracted
from (i) the set of punctual events andi,) (the coincidence(=g),
precedencé<g), anddistance(dg) relations.

> Branching-worldsshare an initial segment of their course of history,
i.e. they share at least two (punctutthesthat fix a commororigin
and unit of measure allowing for the definition of a uniqde on
times in branching worlds.

> A correspondence between localized timediffierent branching-
worlds can be established in the following way:

o ty =1ty iff dr(ty,t) =dr(t, ) At<arty At <t ts.
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Tuning systems

Tuning systemsaligning, finding correspondences betwegunalities
(i.e. equivalence classes of objects) iffelient worlds.

> Following Forbes, one should assume the existence of objects tha
with respect to the quality kind considered, are invariant across (bran
ing) worlds (the shared segment).
By means of these invariant objects, correspondences between equr
alence classes can be established.

> Our goal is to extend (and weaken) this notion of ‘shared segment
to general worlds (that is, to worlds where a branching relationship
is not defined) to make it applicable to objects and qualities.
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Basic structure

To illustrate the tuning mechanism, we just consider:
> two worldsw andw’ and one (world indexed) resemblance relation
=y, SEX =Y = (Xw A Yiw);

> acorrespondenceelation e—) between qualities:
Ogw o Qw Stands for “qualityg,, (an equivalence class im) corre-
sponds to qualitg, (an equivalence class in)”;

> the set otommon facti w andw’:
Fow = e(=w) N e(=w), Wherees(=y) = (X, Y) | X =y Y} is theexten-
sionof =,.

Then we will add a localized precedence relatiegsand the conse-
quent extension of, . that includes the common facts relative<g.
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Example with only trivial common facts
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Example with non trivial common facts
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> Minimal object change hypothesis(mOCH): the systems is tuned
forcing the minimal number of changes in the objects.

> Example. Two satellites that make color measurement of the same
piece of land at the same time.
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Adding local structuring precedences
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> Minimal structural change hypothesis(mSCH): the system is tuned
forcing the maximal structural similarity in fierent worlds.

> Example. Satellites of the same kind (or the same satellite) make
color measurement atftierent times (or of dferent pieces of land).

e Both (b) and €) satisfy fmnOCH) but only () satisfies t6hSCH).
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Cross-worlds equivalence relations

> Once a correspondence between qualites &amd qualities iv' has
been reached, a cross-world equivalence relation between objects ce
be defined:

© X=yw Y £ XEGWAYE Gw Ay o= G

> Structural relations allow for finding additional correspondences be-
tween qualities:

IF ok oo gl Aqd oo AQL <wd? <wdd Adl <w @2 <w

AND assuming the same number of qualities iffedient worlds
and that there is only one quality between clasggandg’,

THEN the correspondenag, o— g2, can be established.
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