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1 Introduction

Metaphysicians of space and time are fond of talking abojetotd being present
at, wholly present at, or existing at certain times, or ogug certain regions
of space, or even regions of space-time. Take, for examipie famous set of
definitions due to Mark Johnston and David Lewis:

Let us say that somethingersists iff, somehow or other, it exists
at various times; this is the neutral word. Somethpegduresiff

it persists by having different temporal parts, or stageslifeerent
times, though no one part of it is wholly present at more thae o
time; whereas ienduresff it persists by being wholly present at more
than one time. (Lewis 1986, p. 202)

A great deal of debate has been conducted in this terminolbglyates about
whether anything does endure or perdure; about the ontabtgmporal parts;
about whether it makes sense to apply this kind of thinkingpace, as well as
to time (we can ask, for example, the analogous questionsheh¢hings are
extended by being entended, or pertended); about whetlanibe applied to
space-time, and if so, to relativistic space-time. Thedmatis have been fruitful,
but cursed with a certain amount of imprecision. People siones talk past each
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other because they mean subtly different things by “is prea¥’, “occupied”,
and the like, or because they are simply confused about Wwhagtdo mean.

In this paper, | aim to clear up this problem of imprecisiorput forward a
logical framework for discussing metaphysical debatesdhacouched in terms
of what | calllocation relations— “present at”, “occupies”, “exists at” and so
on. This framework consists of a formal system the theoreimégah might be
imagined to be all the conceptual truths about locatiorticala (or perhaps even
just all the truths of which it is not in dispute whether theg eonceptual truths). |
can then formulate, for example, the thesis that everythargures as a sentence
of my formal system, and see, in a formally rigorous way, wtsatonsequences
are. | can also show that we have a free choice of primitivatloa relations, and
prove that certain location relations are inter-definable.

| describe my formal system as a theory of location becausa itheory in the
logical sense — it is a set of axioms and definitions in the lagg of first order
predicate calculus. But it isn't a theory in the sense of agete metaphysical
account of location. My goal is to construct a minimal backgrd within which
such complete accounts can be discussed.

It might be useful to contrast what | am doing here with somlar projects.
| am not the first person to state a theory of location. CasatMarzi do so in their
(1999). Their system however, is much stronger than mingtjsanot intended to
be neutral with respect to metaphysical disputes. Casdti/arei also do not put
their system to temporal or spatio-temporal uses. | distthisstheory of location
further in section 7.

Many other people have attempted to regiment the Johnstangldefinitions
of perdurance and endurance, or to define concepts like ‘Geahpart”. A good
example can be found in Sider (2001). Sider actually has sfimitions of “tem-
poral part”, and the difference between them is importaitei first definition,
in terms of time-indexed mereology, is designed to appehis@mpponents; his
second definition, in terms of atemporal mereology is desigio express the
theory he actually believes. It is this latter definitionttigclose to what | am
attempting. Sider’s definitions, however, both fall shdrtte generality | aspire
to by assuming that if objects have proper temporal partdl,athen they have
instantaneous ones. In section 5 | show how to define “terhpard’ in a way
that does not assume this.

Finally, Gilmore (2006) gives a theory of location, inforilyaand with a very
different structure from mine. He also defines “enduranoef very different way
from the way | would (and, I think, different from the Johnstioewis definition
guoted above). | briefly say why | disagree with his treatnmanthe topic in
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section 5.

2 Location

Before we can think about temporal parts, we need to clarliptws meant by
“exists at”, or as | will say “is located at”. This relation m®t conceptually con-
fined to times. We can also think of objects existing in placegven regions of
space-time. The formal structure | will describe in thistsetis the same in each
case. Indeed, it will be easiest if we begin by thinking alibatspatial case.

Let us say that | amveakly locatedn my office iff | am in my office in the
weakest possible sense: iff my office is not completely ffea@! | should count
as weakly located in my office when | am sitting at my desk, wham reaching
an arm out of the window, or when | am reaching an arm in the awnftom the
street outside. Let us say that | amtirely locatedin my office iff | am in my
office and | am not anywhere outside my office; that is, iff | ammiy office and
everywhere outside my office is completely free of me. | anirelytin my office
when | am sitting at the desk, but not when | am reaching an aron out of my
window. Let us say that | pervade, or garvasively locatedh, any place none
of which is free of me. | don’t ever pervade my office, but | dovaele the region
exactly occupied by my left big toe. Finally, | aexactly locatecanywhere that |
am both entirely and pervasively located. My exact locaisdike my shadow in
substantival space.

These concepts are interrelated in interesting, formadpyressible ways. To
do that we need a way of formally expressing them:

X@,r for “x is weakly located at”
X@r for “xis entirely located at”
X@~r for “x pervades”

X@r for “xis exactly located at”

And we also need a way of expressing the relationships betiveeregions
at which things are located: the relationship of one regieimdp asubregionof

lIn these examples, | am treating “my office” as the name jiag not of a material thing.
Or, speaking more strictly, | am assuming that “my office” m@na place where things might be
located; | am neutral as to whether that place is identicabtme material things. This type of
issue is discussed further in section 8.



another (as for example, my office is a subregion of the usityecampus). The
subregion relation is intended to be reflexive — each regmmts as its own
subregion. A subregion af that is notr itself is called aproper subregiorof
r. Another important relation between regions is thabwérlap or having a
common subregion (as Australasia and Polynesia overlapeanéaland):

r<s for “r is a subregion o§’

r<s for “r is a proper subregion &f

ros for “r overlapss”’

r's for “r is disjoint from (i.e. does not overlap)

The four location relations given above can be inter-defigdelegant way
of thinking about them is to start with the idea of exact lamatand then define
the others in the following way: an object is entirely lochile every super-region
of its exact location; it pervades every subregion of itscéxacation; and it is
weakly located at every region overlapping its exact lagatiThis is shown for-
mally in the definitions below (and | have chosen the notatmnmy location
relations to remind us of these definitions):

(1) X@r =4t (IS)(X@SAS<T)
2 X@=r =4t (IS)(X@SAT < 9)
(3) X@oF =¢t (3S)(X@SAT05S)

It's important, however, that we don’t have to count exacalmn as a primi-
tive of our theory. We could instead start with the more eslagyconcept of weak
location — the “in” of “l am in my office”?

2A number of people objected to this. Am | really in my office ibst of me is in the corridor,
and just the tip of my toe is over the threshold? Well, supp@séve in the department and rush
up to my office and stand in the corridor in just that way. At fagne time a student asks the
department secretary whether | am in my office. The secrétarya position to know where |
am. What should the secretary say?

It would not be crazy for the secretary to say “yes” — that shdiat it is not crazy to think
that | am in my office when just a little bit of me is. Of courseth are also cases where it would
be misleading for the secretary to say “yes” even though | aakly located in my office. There
must be a lot of pragmatic contextual goings on here — my olalyrchere is that weak location
is closer to the everyday sense of “in” than exact location.



The definitions in that case are those suggested by the glogsee when |
introduced the terms:

4) X@r =¢f X@oF A (VS)(X@-S— F 0S)
(5) X@=r =4t (VS)(r oS— X@,9)
(6) X@r =gt (V9)(r os«— x@.S)

The difference between (4) and (5) is noteworthy. Why dog@sh&be that
extra first conjunct? If it were gone, then the definition of @ould just be the
converse of the definition of @ which would seem more elegant. The reason is
that | am not assuming that everything is in space. Suppeaséith number seven
is not in space. The(is)(7@.s— ros) is true, because the antecedent of the
conditional is always false. But, in the sense of “entirelgdted” that | am trying
to capture, the number seven is not entirely located evezysylwe need the extra
conjunct to ensure that our definition of entire locationeagt (5) and (6) don't
suffer from this problem, because there the weak locatiedipate occurs in the
consequent of the conditional. To put the point another way,definitions (5)
and (6) already guarantee thatx@-r or x@r, thenx@.r, so they don’t need it
as an explicit extra conjunct.

There are two very general principles about location thatvaorth noting
here; the principles of functionality, and of exactness:

(Functionality) (X@r AX@s) —r=s
(Exactness) (3r)(x@.r) — (3r)(x@r)

Functionality says that exact location is a function. Eraek says that ev-
erything that is anywhere has an exact location. Each of tt@mbe made to
follow from definitions. Functionality is a consequence®f (Qiven some further
premises about the behaviour@f and exactness is a very obvious consequence
of (3). Both sound extremely plausible, given what's meantdxact location”.

People sometimes have doubts about Exactness. One reasiisfdoubt
concerns objects part of which are in space, and part of wdmiemot in space.
Suppose that numbers are not in space, but that there ar¢hetass “mixed”
objects that have both numbers and concrete objects as pdaesmereological
fusion of myself with the number seven (if there is such adusiwould be such



a mixed object In my view, this object is exactly located just where | amsthi
does not follow from what | have said so far, but it does folfomm the additional
metaphysical principles described in section 4). You migstead be tempted to
say that this object is not exactly located anywhere, andaddthat it is not en-
tirely located anywhere, though it is weakly located evdrgre that | am located.

| think that this kind of reasoning rests on a mistake abouatwkntirely
located” means. Remember that for the mixed object to bestytocated some-
where is for there to bao place else where it.isThe temptation to reject Ex-
actness here is a temptation to treat objects not in spa¢é¢rese were a special
place, “not in space” in which those objects are spatialbated. But that would
be a mistake: an object not in space is not spatially locateddl.a (Later on,
I'll draw a distinction between “entirely located” and “wityplocated”. Mixed
objects won'’t count awholly located anywhere).

Another reason for rejecting Exactness has to do with thsipitisy of objects
that are more spatially fine-grained than space itself. &ihis is a complicated
topic, | discuss it in its own section, section 3. People alsmetimes object to
Functionality on the grounds that an enduring object mighekactly located at
multiple times, or at multiple regions of space-time. Tlujection, | think, rests
on a mischaracterisation of endurance, and | discuss itciiose>.

So far I've been using spatial examples. The concepts I'enhesing can
easily be extended to the temporal case. We can say of Jolke Lioc example,
that he is weakly but not pervasively temporally locatechmyear 1704 (the year
of his death); that he temporally pervades the year 1700;tlziche is exactly
temporally located in the interval between a certain insitathe year 1646 and
a certain instant in the year 1704. For those who like space;twe can also
think of Locke having an exact location in space-time, whiaiuld overlap both
Oxford and the year 1700.

Let me also make some comments about my usage of “time”, épldce-
gion”, and so on. | mean all of these very broadly. I'm not assig that there
are points or instants, but | do mean “time” and “place” in asgeaccording to
which if there are points, then they are places; and if thezerestants, then they
are times. | also count intervals, and any scattered timesgs, and | count
both connected and scattered places as places, againdgfdheisuch things. |

3If you have trouble imagining that numbers enter into mergigial relations at all, you might
change the example of a mixed object, to, say, the fusioneofitiiself with the singleton set of
the number seven. It's not too hard to think of setpatsof their supersets. Of course the mixed
object is still pretty weird, and you might doubt that there such things. If there aren’t, then the
reason for doubting exactness that | am discussing is dotwrigetyin with.
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don’t assume that any particular place or time is divisiblthat any particular set
of places or times composes another (and for this reason'l @sume classical
mereology); but | do stipulate that “is a place” and “is a tiraee closed under
division and composition. This is just what | mean by “plaegit “time”, not a
deep metaphysical assumption.

3 Exactness in non-standard models of space

One way that Exactness might be imagined to fail is if therddbe objects that
were more spatially fine-grained than space itself. Supfi@espace is gunky —
that every region has a proper subregion — and that evergmeagfispace has a
volume greater than zero. There are, in short, no pointsaxfespBut it could still
be (it seems) that there are point-shaped things. A poimpesth thing would be
entirely located in each of a series of spherical regionslmfrarily small volume,
but would not pervade any such region. No point-shaped tbargbe exactly
located in or pervade any non-point-like regions. So pehdped things would be
entirely (and this weakly) located in a number of regiong,rmt exactly located
anywhere. Though such a theory of space might seem odd nitssegherent, and
this (says the objector) shows that Exactness is not a cturaléputh of locatiorf:

An application of this kind of conception of space appear®amiel Nolan’s
(2006) work on the Stoic conception of mixture. Chrysip@parently, believed
that when wine and water are mixed, none of the wine is tramsfd into anything
other than wine, and nor is any of the water transformed inf@hang other than
water. Moreover, nor is a mixture of wine and water like a migtof wheat
and lentils, with small blobs of pure wine rubbing shoulderth small blobs of
pure water (Nolan calls this a “juxtaposition”). Rathe thine/water mixture is
“mixed through and through” so that no portion of the mixtig@ure wine, and
no portion is pure water.

There has been much debate over whether this idea of “mittwoeigh and
through” or “blending” is coherent. The trouble is to say whas happened to
the portions of water and wine that were mixed. Have they lusstroyed or
transformed into something other than pure water or pur@wih so, then this
is transformation, not blending. Are they still to be founmbrhaps scattered,

4This type of objection to Exactness, involving point-shépbjects in gunky space, was given
to me by Cody Gilmore; the following interpretation of NoJam which he denies Exactness, was
suggested by Shieva Kleinschmidt.



but untransformed, in the mixture? If so, then the waterdwimxture is a mere
juxtaposition — not really any different from a mixture of edit and lentils.

Nolan offers a modern reconstruction that aims to save btgrfcom incoher-
ence, and | here reconstruct his reconstruction in termeotiieory of location.
The Nolanian Stoic believes in a gunky space in which evegipreis continuous,
and that water and wine are themselves made out of homogegeoly matter.
A blend of water and wine is such that every subregion of tgerein which the
blend is exactly located contains some water and some wirli&k¢ua mixture of
wheat and lentils, some subregions of the exact locatiorhidlwcontain nothing
but lentil or nothing but wheat). That is to say, after theevamd water are mixed,
the wine is entirely located in the exact location of the dleaend weakly located
in every subregion of the exact location of the blend, butsdoat pervade any
such region. It follows from this that after blending, theneiis weakly located
in all the regions that the blend is weakly located in, but hasxact location.
The wine is so scattered and discontinuous that it will natcély fit any of the
continuous regions of Nolanian space.

| have my doubts about whether this is really distinct enoiugim the wheat
and lentils case to be what the Stoics were after. After allNolan’s view, there
are still parts of the blend that are pure wine and pure watbhing shoulders
in the blend just like grains of wheat and lentils. Unlike igeaof wheat, they
are notexactlylocated anywhere — but they are still parts of the blend, aeg t
are still unmixed. Such an arcane metaphysical differeeteden blending and
juxtaposition does not seem to do justice to the intuitivatidction between per-
fectly blended stuffs and jumbled piles of atoms. On thedtlaed, it may be that
there is nothing better to answer to that distinction. Suthdept metaphysician
and logician as Chrysippus would hardly believe in sometltimat his contempo-
raries could easily tell was incoherent: that the blend fmpart which is pure
water, but yet the original pure water is part of it and hasam@nged its nature.
Chrysippushas toagree that some parts of a blend are still pure, if he is not to
be obviously contradicting himself; his view must therefbe that the pure parts
of a blend are differently arranged from the pure parts ofxégjposition. In any
case, if Nolanian Stoic blends are coherent, Exactness s canceptual truth.

There’s another way of generating counterexamples to Bgastin the same
kind of spirit as those given above, but not involving gunipase. Someone
might believe that space is so big that there is no maximabregLet us call
this conception of space, to coin a phrase, “knuggy spacdierd/the distinctive
feature of gunky space is that every region of space has a&psyregion, the
distinctive feature of knuggy space is that every regionehpoper super-region.
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For all I've said in this paper, space might be gunky, knudmth, or neithe?.
Just as no object can be exactly located at a point in gunkgesffar there are
none), no object can be exactly located at the maximal regidmuggy space
(for there is none). If an object were located at the maxiregian in a non-
knuggy space, we might say that it wasinipresent But, if you think about it,
the theorist of knuggy space can (it seems) accommodatepoeseint objects, in
a similar way to the way that the gunk theorist might accomategoint-shaped
objects. An omnipresent object, we may say, pervades eegigm. If there is
a maximal region, then it is entirely located there. If thex@ot, then it is not
entirely located anywhere. In that latter case, we wouldehav object that is in
space, but not exactly located anywhere.

These objections, | think, are the most serious problems mit framework
so far. They may seem arcane, but | am making a very strong ¢taiExactness
— that it is a conceptual truth. It takes only the coherenca afunterexample to
undermine that. What all three of these proposed countemebess have in com-
mon is that they complicate the relationship between thengdacal properties
of material things and the geometrical properties of sp@hey each also involve
a counterexample to the schemai$ S-shaped iff the exact location ofis S
shaped”. (Wher&is “point”, “discontinuous” and “omnipresent” respectiye
| think that there is something bad about that — though | fingaitd to put my
finger on. The following dilemma is my best attempt to drawtbetproblem.

A substantivalist, | think, would not much like these progissbecause they
require that we make sense of the geometrical propertiesaténal things inde-
pendently of the geometrical properties of places. To dagré are things smaller
than any region of space”, is to treat space like a kind of tijhosatter that hap-
pens to inter-penetrate all material things, but which mighmight not have
parts that match the sizes and shapes of material things.ifimediately raises
the question of why we should believe in such spooky stuffcesiit seems ob-
jects could have all sorts of geometrical properties whetheot there are places
around to be those objects’ exact locations. Every subsg#dist should be asked
why, on their view, space is not just a kind of ghostly and invatde matter, and
| do not know what the answer should be — but | think that altayvior the pos-
sibility of objects whose shapes do not exactly match theehaf any region of

50ne technical difference between gunky and knuggy spabaigtinky space could still be a
model of Classical Extensional Mereology (CEM), for CEM doet say that there must be atoms.
Knuggy space, however, cannot, since CEM does requiretired be a universe — a fusion of
everything. Knuggy space is, however, a model of Minimaldasional Mereology (MEM), the
mereological system | am employing in this paper.
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space will make it harder to give one.

Arelationalist about space, on the other hand, should &slubious. Presum-
ably the relationalist, at some point, is going to give a phrase of location talk
into something relationalistically acceptable — some lagg not ontologically
committed to regions of space. But why should the relatisharefer to para-
phrase one of these arcane, non-standard, gunky or knuggyvigk of location
when they could paraphrase a standard one instead? Thearatasl models of
space can only be attractive if they say something diffefrent (and more correct
than) the standard ones. So the relationalist can only lzetdtl to a non-standard
model if she can say, in a relationalistically acceptablg, wadnat it is getting right
that the standard model is getting wrong. It is not at allclelaat that could be.

4 Principles of partition

The location predicates we've seen so far, and the prireipiéunctionality and
exactness have to do with how physical objects stand to pland times, and
to parts of those places and times. Metaphysical doctrineataemporal parts,
however, require us to talk about the parts of those physiogcts, not just of
places and times themselves.

In my presentation, the mereological relation does doubly Both as the
relation between times (and places) and their subregiomsaa the relation be-
tween material things and their parts — between humans beingfeet, between
computers and keyboards. This is for formal convenienceertian anything else
— it would be a hassle to have to define mereological notiook as overlap and
fusion twice over, once for times and places, and then agaiméterial things.
It's also fairly plausible as a metaphysical view that thacels arenade out of
their subregions in the same sense that material thingsaae wut of their parts.
Should this seem objectionable, it is quite possible to rarihis assumption
while leaving intact everything else | say here. But it wolinconvenient, so |
will leave the task to the reader who objects.

Using the formal apparatus of location relations and meigglwe can state
some interesting and controversial metaphysical docraimut parts and loca-
tion. Consider, for example, the principle of arbitrary tgan, which says that
every object has a part exactly located in each region itguey:

(Arbitrary partition) X@~r — (3y)(y < XAy@r)
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In the spatial case, this captures the idea that objectsiasthie every way
possible; every way corresponding to the ways space itsalivisible. There
is such a thing (according to the principle) as the statugstl part of an uncut
block of marble. For there is the region a statue would occwpye one cut from
the marble; and the marble pervades this region. So, by theiple, there is a
part of the marble that is exactly located in that region.hietemporal case, this
will turn out to be equivalent to the doctrine of perduramtis

Arguments against this principle come in two varieties. réhere arguments
that purport to show that it leads to some absurd consequenchk as that no
object can gain or lose parts. (van Inwagen 1981) There aceamjuments that
purport to show that it is empirically false. (Parsons 20G8jher prefer the latter,
but for the purposes of this paper, | am going to confine myedtfie claim that
the principle is not a conceptual truth about location.

| have little to say by way of argument here: simply that | camaeive of
an object being extended without having any proper partsh &a object would
pervade many regions without having parts exactly locaté¢dase regions. For
example, there might be a completely solid sphere that haotoyer parts. The
left half of the region this sphere exactly occupies is péech but not itself ex-
actly occupied, by the sphere; and since the sphere has perngarts, it has no
proper part that exactly occupies that region either. Slirg@n conceive of such
things, my concepts cannot be getting in the way; therefbignot a conceptual
truth that every region pervaded by an object has a part oothjact exactly lo-
cated in it. I'm not alone in this, either: there are a numidestber philosophers
who are in favour of extended simpl&s.

In thinking of such things, it's useful to make a distinctibatween being
entirely located somewhere (in my terminology), and whatssally known as
“being wholly located” somewhere. When | say that | am alhia bffice — that |
am not stepping over the threshold or sticking an arm out@ftimdow — there
are two things | might mean. One is that | @mtirelyin the office, in the sense
defined above: that everywhere disjoint from the office ise o€ me. The other
thing | might mean is that | arwholly in the office: that none of me is missing
from the office; every part of me is in the office.

It will be helpful to have a formal abbreviation for “whollptated”:

6Among them are, John Bigelow (1995, pp. 21-27), Ned Markogi@98), Fraser MacBride
(1998, pp. 220-227), Peter van Inwagen (1981), and, aatptdi van Inwagen, Aristotle (van
Inwagen 1990, p. 98). Spinoza (1994, 1P12, 1P13) claimghbeainiverse itself is an extended
simple. Democritus is usually understood to have held thetoms come in an infinite variety
of shapes and sizes, which would also commit him to exteniiepoless.
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X@ for “x is wholly located at”

It can be defined in this way:

(7) XQ@Qqr =gt (YY) (Y <X — y@Qor)

Whole location and entire location tend to go around togetighen I'm
entirely in the office, I'm also wholly in the office; if | reacAn arm out the
window, I'm not entirely in the office, because I'm also in steeet, but also, I'm
not wholly in the office, because my arm isn’t in the office. Hwer, suppose the
extended simple sphere were hovering over the sill of my windit would be
neither entirely in the office (for it is also in the streety mmtirely in the street
(for it is also in the office). But it would be wholly in the oféqfor it has no part
save itself, and that part is in the office) and wholly in theet (for it has no part
save itself, and that part is in the street).

People sometimes give bad arguments for arbitrary partitiyp conflating
“wholly located” with “entirely located”. Of course, thesabels I've chosen are
technical — | don’t claim that “wholly” and “entirely” havénese different mean-
ings in ordinary language. But it is one thing to say, “I haweparts missing from
here”, and another to say “No place disjoint from here is ae@lhere | am”.
One statement asserts the non-existence of a certain kitidngf, the other the
non-existence of a certain kind of place.

In the temporal case, the principle of arbitrary partitisrthe principle that
objects have arbitrary temporal parts. People who belieggegmporal version
of the principle hold that persisting objects have propetspexactly temporally
located at each time they temporally pervade. For examipdy, hold that John
Locke has a proper part that begins at the first instant of 1310 ends at the last
instant of that year. Those who are opposed to the tempasabveof the principle
hold that at least some things are wholly temporally locatesbme times at which
they are not entirely temporally located. If Locke is suclhiag, then he might
be wholly temporally located in the year 1700, without beémgirely temporally
located in that year.

People who deny that persisting things have arbitrary teaigarts (or per-
haps any proper temporal parts at all) are cafledurantistsaand the things they
believe in are said tendure or to persist without having temporal parts — with-
out perduring Similarly, | say that some spatially extended things migéne

12



no arbitrary spatial parts (or perhaps no proper spatids@drall). The things |
am talking about, such as extended simples, may be saiddatbadedor to be
extended without having spatial parts — without beiegtended

Though | do not think that arbitrary partition principlegaronceptually true,
there are two related principles that seem as though thdy teu Like arbitrary
partition, they connect what sort of location an object hdk what sorts of parts
it has. The first of these is the principle of expansivity: itlea that an object
cannot fail to be where its parts are. If part of me is in theceffthen | can't be
entirely absent from the office — my parts’ exact locationstine subregions of
my exact location.

There are a number of ways of stating this (another, weakgrsvdiscussed
in section 7). Here is one that | like:

(Expansivity) X< YAX@r — (3s)(y@sAr < s)

This principle is respected by every ordinary example o&tmmn that | can
think of. It is also helpful in thinking about exotic casesr@ider the example |
mentioned earlier, in relation to the principle of exacmeduppose that the num-
ber seven is not in space, and that there is a mereologidahfa$ me with the
number seven. It follows from expansivity that the fusiors laa exact location
which is a super-region of my exact location. Given that ti@dn has an exact
location at all, this seems right to me. However, it does albbw from Expansiv-
ity alone that the fusion’s exact location is any particslaper-region of my exact
location.

It would follow from Arbitrary Partition and Expansivity &t the fusion’s ex-
act location is identical to mine. Suppose, for reducti@t tthe fusion’s exact
location is a proper super-region of my exact location. Ttiere must be a
subregiony, of the fusion’s exact location disjoint from my exact Idoat and
pervaded by the fusiohBy Arbitrary Partition, then, the fusion has a part that is
exactly located inmr. But | am not located im at all, so, by expansivity, | do not
overlap anything exactly located at Nor does the number seven, for the same
reason. But the fusion of me and the number seven by defirotrenaps only
things that overlap either me or seven. We have a contradicsio the fusion’s
exact location is not a proper super-region of my exact lonatExpansivity re-

"The label “expansivity” that | use refers to Goodman’s (1937 38) idea of an expansive
predicate — a predicate satisfied by anything that has a gtsfysng that predicate.
8This step employs the Strong Supplementation Principleudised in section 6.
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quires that the fusion’s exact location be a super-regioopgr, or improper, of
mine so they must be identical.

5 Perdurance, endurance, and temporal parts

Consider again the Johnston/Lewis definitions of “persisendures”, and “per-
dures”:

Let us say that somethingersists iff, somehow or other, it exists
at various times; this is the neutral word. Somethpegduresiff

it persists by having different temporal parts, or stagéslifeerent
times, though no one part of it is wholly present at more thae o
time; whereas ienduresff it persists by being wholly present at more
than one time. (Lewis 1986, p. 202)

The concepts of location are well geared to making these itlefia more
precise. Lewis’s “exists at” is my “weakly located in”; so ahject persists iff it
is temporally weakly located in many, disjoint, times. Theyiso “disjoint” is
needed here, because if an object exists for only an instarg §me in 1973, then
itis weakly located in 1973, and in the 20th century, the 2iltermium and so on.
That'’s not the kind of multiple location we wanted. This i€ accounterexample
to my claim that “exists at” means weak temporal location —shiikely Lewis
was tacitly restricting himself to instantaneous timeshia guote above, which
explains why he didn’t need the proviso. It would certainbt help to identify
“exists at” with exact temporal location, as no object is tiply exactly located.

Though temporal location has the same formal structure @sasfocation, it
is not the same relation. This may seem obvious, if you thiaktimes and places
are very different kinds of entity; but | don’t wish to assuthat. Imagine that
someone other than John Locke happened to be born in the satasti and die
in the same instant as Locke himself. Locke and this othesgpetthen, have the
same temporal exact location, but not the same spatial é@ation. To avoid
confusion, then, I'll apply a superscript@dto location predicates, where | intend
them to have a distinctively temporal meaning.

So, to give a formal version of Lewis’s definition of “persiste”:

(8) x persists=4¢ (3r)(3s)(r 1sAx@! r Ax@! s)
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There are two ways to formally define “perdures”. One, whgchlggested by
the first clause of Lewis’s definition, is in terms of the idéa temporal part. This
is slightly more complicated, so | will take the other rowad return to defining
“temporal part” later. The second clause of Lewis’s defimitfand the only clause
of his definition of “endures”) suggests another way, in teofi*wholly located”,
which | defined in section 4. A thing perdures iff it persisiad no part of it is
wholly temporally located at two, disjoint, times. As befpwe need the proviso
“disjoint” because every object is wholly located both atakact location, and all
super-regions of its exact location:

(9) x perdures=qs x persists\ (Vy)(y < x — (Vr)(Vs) (x@Lr Ax@%s— ros))

Now back to temporal parts. A perduring object has diffetenmporal parts
at different times. But just what is a temporal part? We dbtdzave a three-
place relation here — a relation between an object, a tingeitatemporal parat
that time There are pitfalls that are often ignored in discussiornsoof to define
this: what if we allow (as | do) times to include intervals? @bitrary fusions of
intervals?

The best way to sort this out, | think, is to start with a sgatrelogy. Though
analogies between time and space are controversial, taégss so among perdu-
rantists, so using such an analogy to figure out the contgrgriurantism should
be unobjectionable.

When | reach my left arm out of the window of my office, therejsaat of me
that's in the street. Which part? My left arm. But of courseny left arm is in
the street, then | have a lot of parts in the street: my leféxfthger, the fusion of
all my left fingernails, and so on. When we say “the part of mehanstreet”, we
must mean something like “the fusion of the parts of me in theeg’. But that's
not quite it, because | am a part of me, and | am in the streétnsd my left arm,
am the fusion of the parts of me in the street.

There are two ways to go here. We could say that my part in teetds the
fusion of all of the parts of me that are wholly in the stredematively, we could
say that my part in the street is the fusion of all of the paftae that are entirely
in the street.

To write the two definitions of temporal part down formallyeweed a for-
mal notation for mereological fusion. Following Simons 89, | use a definite-
description-like operator:
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(0X)(Px) for “the fusion of everythingb”

The two definitions of temporal part are given below. | am gdmargue that
it is the former that is the more useful notion; but since it e helpful to have a
label for the latter, | will call it “temporal part*”. Theresino issue of metaphysics
(or even of conceptual analysis) at stake here. “Temporél isaa technical term
of metaphysics, and I'm simply defending my choice of stgbwe definition.

(10) x's temporal part at =g (ay)(y < XAy@Lr)
(12) X's temporal part* at =q¢ (ay)(y < XAy@.r)

Unlike some definitions of temporal part, mine do not assuna time is
made up of instants — c.f. Sider (2001, p. 59-60). For all $a&l, times might
be gunky, every time having yet briefer times as parts, andmgottoming out in
instants.

The difference between the two is how they behave when apgdienduring
objects. If an object endures throughout its life, thendtaporal part at each time
it exists is the enduring object itself; this is because thjed itself is wholly tem-
porally located at each of the times it exists. But it has mb g@atirely temporally
located at any subregion of the time at which it is exactlygenally located. So
at some times at which it exists it has no temporal part*.

People sometimes think that temporal part* must be the guratevork when
enduring objects are described as having “no temporal "pafiteat, however,
is a mistake. It would be more consistent with the usual usdigeereological
vocabulary to regard this as a typical shorthand for “no teralfproper parts”,
where a temporal proper part of an object is a temporal panyi sense) which is
also a proper part of that object. The notion of temporal pamtfer also makes it
easier to give analyses of various time-indexed conceptsatie neutral between
enduring and perduring objects. And, as we will see, it matkeasier to make
sense of the first clause of Lewis’s definition of perduramcteirms of temporal
parts.

Suppose we said that an object perdures iff it has diffemipbral parts at
different times, as the first clause of Lewis’s definitiongests. That definition of
“perdures” would not be quite equivalent to the one in teririsuholly located”.
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They come apart, however, only in fairly exotic cases. Ssppbat there’s some-
thing that's made up of two parts, one of which perdures ircthgsical way, being
wholly located at no time longer than an instant, the othevlnth has no proper
parts at all. Suppose, for example, that immanent univ&rsach asiumanity
have no proper parts; but that persons perdure in the cédsgiy. Suppose that
John Locke is the only instance lofimanity and call the fusion of Locke withu-
manity, Locke+. Locke+ is the sort of exotic object that makes owr d&finitions
of perdurance come apart. Locke+ has a part which is whotigtkd at more
than one disjoint time (nameljaumanity, so Locke+ endures by the definition
in terms of “wholly located”. But Locke+ also has distincirtgoral parts at each
time, because every temporal part of Locke+ overlaps ardiftdemporal part of
Locke, so Locke+ perdures by the definition in terms of terapparts.

It wouldn't help with this problem to replace “temporal gart our definition
with “temporal part*”. That still makes Locke+ a perdurer ¢aye definition, and
an endurer by the other. Locke+'s temporal part* at each tgnidentical with
Locke’s temporal part at that time (except for times at wHidtke+ is entirely
located), so Locke+ again comes out having distinct tempands* at each time.

This shows that it would be better to understand “differextit occurs in both
places in Lewis’s first clause as “disjoint”. That will britige two definitions into
line, for though Locke+ has distinct temporal parts at eate tthose temporal
parts are not disjoint: they overlap tGmmanity— and this is why Locke+ does
not perdure. So our Lewis-inspired definition of perduraimceerms of temporal
parts should read:

(12) xperdures=q¢ X persistsh
(Vr)(Vs)(x@! r Ax@! sAr1s— x's temporal part at! x's temporal part as)

An enduring object, according to Lewis, is one that is whilyated at more
than one (disjoint) time. That is, any persisting object th@es not perdure en-
dures:

(13) x endures=q¢ (3r)(3s)(r 1sAx@Lr Ax@%s)

This means that exotic objects like Locke+ would count asugngd. Also,
objects like Johnston’s (1987, pp. 123-125) partial endure which mostly
persist by enduring, but survive substantial changes oplydnduring — would
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count as enduring by these standards. It would be usefuM@datronger notion
of endurance that would require that an enduring object #lwlocated aevery
time at which it exists*

(14)  xendures throughoutq x persistsh (Vr)(x@. r — x@Lr)

What we've seen here is that we can get to the allegedly teahfand some-
times, allegedly incomprehensible) concepts of tempael perdurance, and so
on by ratcheting up from mereological relations, subregaations among times,
and the concept of exact temporal location (or alternatiwgéak temporal loca-
tion).

My definitions provide a good answer to those endurantists gaim that,
though they can understand classical mereology, they tamuerstand what a
temporal part would be. Moreover, since my definitions, drettheory of location
as awhole, do not decide the question of endurantism veesdsiantism — and
rightly so, I think, for it is not a question to be decided omceptual grounds
alone — those endurantists cannot claim that the quest®héd®en begged against
them.

Some self-ascribing endurantists, however, have clairhatimy theory of
location begs the question against them. Moreover, tholgh inight welcome
the clarity of my terminology of location, they would als@ich that | have mis-
characterised endurantism. According to these peoplendmrig object is not
one that is wholly located at each of many disjoint times,dnéd that is exactly
located at each of many disjoint times. On this view, endiisanis not the denial
of the temporal version of Arbitrary Partition, but of Fuioctality.

There are a number of things wrong with this rival interptietaof enduran-
tism. First, there is my direct argument for Functionalitysomeone doesn'’t
believe Functionality is true, | begin to suspect they areiking about exact lo-
cation — what part of “exact” do they not understand? Theeeaalot of other
location relations they could be talking about instead,efommple, the relation
that holds between a thingand a timet iff x is wholly and pervasively tempo-
rally located at. That relation need not be a function, and indeed cases wvthere
fails to be so are precisely cases in whiokndures (in my sense).

Second, what unifies endurantists, on any interpretatsatgir opposition to
temporal parts. But the truth or falsity of Functionalityshaothing to do with

91t still turns out that exotic objects that have some partsindime at all do not endure
throughout, even if those parts of them that are in time do.
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whether objects have temporal parts. If a thing could be tgx&rated at two
disjoint timest andt’, it could do so and have a part exactly locatetiait nott’,

and another part exactly locatedtaand nott. On the proposed interpretation of
endurance, the endurantist is not denying that objectsteawegoral parts. This is
particularly bad because perdurantists, at least, wikhgtee with my characteri-
sation ofperdurantism If the endurantist has nothing to say that is incompatible
with it, then there is no debate.

A good way of illustrating this, | think, is to refer to Cody IBiore’s (2006),
which while otherwise excellent, embodies just the kind afifasion | am dis-
cussing here. Gilmore gives an informal theory of locattbme,location primitive
of which he glosses both as “wholly present” and “exactlyupies”. In his ter-
minology, an “enduring” object “exactly occupies” many i@ts of space-time,
while a “perduring” object “exactly occupies” just one. $herminology could be
brought into line with my own if “exactly occupies” were regkd by “is wholly
and pervasively located at”. But it is clear that Gilmore slaet want that?

It might seem tempting to interpret Gilmore’s “exactly op@s” as my “is
exactly located at”, and treat him as a denier of Functibpali hat, however,
would be a mistake, for Gilmore has another relation betwegions and objects
which, though officially defined in terms of “is exactly loedtat”, is plainly my
notion of exact location.r is the path ofx, he says, iffr “exactly contains<'s
complete career or life-history”. That is whiaimean by “exact location”, and
Gilmore does not deny that no object has more than one patichwhwhat it
would take for him to deny Functionality. | think that thisliturn out to be the
case for anyone who seriously tries to pursue the view théiremy objects are
multiply exactly located.

Gilmore’s theory of location has the first problem I mentidni¢is more char-
itable to regard him as affirming Functionality than as degyt. It also has the
second problem. Because Gilmore’s “exactly occupies” templained in terms
of location and mereology — and indeed cannot be — it wouldarihk question
of “endurantism” vs “perdurantism” independent of the diogsof whether ob-
jects are divisible into arbitrary temporal parts. For @&lhas said, endurantism is
compatible with everything advanced under the name “pardigm” by Lewis,
Sider, Quine, Smart, and so on. Though Gilmore’s treatmerthdurance per-
haps characterises what some (in my view, confused) entistsawould like to

10The reasons for this have to do with the details of Gilmorggmment. If Gilmore’s “exactly
occupies” were my “is wholly and pervasively located at&nthis examples of Cell and Tubman
would “exactly occupy” all and only the same regions of sptice (whether or not they endure
or perdure). It is crucial to Gilmore that this not be the case
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affirm, it is mischaracterises what they would like to deny.

6 The formal theory of location

The time has come for some details. In this section | outliweformal nature of
the theory of location, and contrast the two sets of defingibgave in section 2.
The theory of location is built on a formal mereology. My ma&ogyical notation
is as follows!!

XLy for “xis a proper part oy’

X<y for “xis a part, proper or improper, gt

Xoy for “x overlaps (i.e. has a part in common witH)
Xy for “xis disjoint from (i.e. does not overlag)
(oX) (Px) for “the fusion of all that isp”

It's useful to distinguish a reflexive from an anti-reflexisense of “part”.
Traditionally, the former is called “part”, the latter “goer part”, each thing being
its own improper part. Either can be defined in terms of theioth

(15) XLY=gf X<YA-X=Y
(16) X<Y=gfXKLYyvVXx=y

Overlap and disjointness can be defined so:

a7) Xoy=¢f (F2)(z< XAZ<Y)
(18) XY =df ~(F2)(z< XA Z<Yy)

A famous feature of formal mereologies is the notion of fasioNVe may
speak of the fusion of all the rabbits — intuitively, the thithat's made up of,

11 assume the classical first order predicate calculus withtity and definite descriptions. For
clarity of notation, | use the convention that, where scadeft ambiguous, unary operators have
narrower scope than binary operators, and conjunction ajahdtion have narrower scope than
implication. Also, where | use a sentence containing an untdwariable, that variable should be
treated as if bound to a universal quantifier having the widessible scope.
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and exhausted by, all the rabbits. This is usually writtemfzily as a definite-
description-like operatd

(19) (0X)(®x) =dt (1X)(VY)(Xoy < (J2)(PzAY02))

There’s a common misapprehension about the concept of fogreal fusion.
People sometimes think of mereological fusions as beingtadtive class of en-
tities, with, perhaps, their own distinctive range of ess¢properties. This way
of thinking is perhaps suggested by an analogy with set yheoth which clas-
sical mereology is sometimes compared. Nothing could kadufrom the truth.
Mereological fusion means nothing more nor less than whkattin the definition
given above, and that definition is stated in a non-modaldagg. The mereolog-
ical fusion of the®s is just whatever it is that overlaps everything that oyesla
®@. If that thing — whatever it is that overlaps everything theg¢rlaps ab —is a
bicycle, then it has whatever essential properties areogpiate to bicycles; if it
is a hedgehog, then it has whatever essential propertiegarepriate to hedge-
hogs. If it is something we have no name for apart from “theeukegical fusion
of the ®s”, then for all we've said it has no essential propertiedlatomeone
who disagrees with this is simply speaking at cross-puipost me: they have
a stronger definition of “fusion” than that given by formal reelogy.

Finally, for the mereological part of the theory of locatijome need some
mereological axioms. The following give us Simons’ (1983, A5-31)Minimal
Extensional MereologfMEM):

(Asymmetry) XLY — 7y <X
(Transitivity) XKYNYKZ—XK2Z
(Weak supplementation) XKy— (F2)(z< yAZIX)
(Maximal common part) Xoy — (FZ)(VW)(W < Z= W < XAW < Y)
There’s another famous principle of mereology that’s wonéntioning here,
though it isnot a theorem of MEM. This is the principle of unrestricted fusio

If it were added to the system, we would have Classical Exteat Mereology
(CEM), which is strictly stronger than MEM:

(Unrestricted fusion) (3X) (Px) — (IX)(Vy)(Xoy « (FZ)(PzAY©0Z))

12The definition of fusion given here is, strictly speaking gdinition schema.
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To MEM we add the four location relations already described:

X@,r for “x is weakly located at”
X@r for “xis entirely located at”
X@-r for “xis pervades”

X@r for “xis exactly located at”

There are two equivalent ways of defining these. We might n@keimitive,
with functionality as an axiom. Call the system that inclsi#EM, the definitions
(1), (2), and (3), and the functionality axioi®@:

1) X@r =gt (IS)(X@SAS<T)
2) X@-r =¢t (IS)(X@SAT < S)
(3) X@or =¢t (3S)(X@SAT0S)
(Functionality) (X@r AX@s) —r=s

The alternative is to have @primitive, and exactness as an axiom. Call the
system that includes MEM, the definitions (4), (5), and (6) &he exactness

axiom,S@.:

4) X@r =¢t X@or A (VS)(X@-S— ro59)
(5) X@=r =¢f (VS)(r oS— X@,S)

(6) X@r =gt (VS)(r os«— x@.S)
(Exactness) (3r)(x@,r) — (3r)(x@r)

Both of these systems affirm exactness and functionalitysdn exactness
is a consequence of (3). B@,, functionality is a consequence of (6) and the
extensional overlap principle (20), which is itself a thesarof MEM:

(20) X=Y <« (Vz)(Xoz«+ yo2)

To see that exactness is independent of MEM plus the defisitad S@.,
consider the following counter-model: there are only tipleesy, s, t, and one
thing, a, all mereologically atomica is weakly located at ands, but not att. In
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this modela has no exact location. This is not, of course, a model of CEM¢iv
does not allow “flat” models like this one. Exactness woulébfe from (6) with
the unrestricted fusion principle.

The definitions ofS@ are also derivable iB@., in the sense that rules that
would allow you to replace @ @- and @. with their definitions inS@ are
derivable inS@,. Similarly, the definitions o5@, are derivable ir5@. In fact,
the systems are equivalent.

7 Casati and Varzi

I’'m not the first person to try to say something about the fdrstraicture of lo-
cation relations. It might help to contrast my proposal$wlite system described
by Casati and Varzi (1999) Their theory of location is baseddormal mereo-
topology they call GEMTC. For ease of presentation, I'llaga the topological
features of this theory, and describe it as it might be setrughe basis of a pure
mereology. To this, Casati and Varzi add a primitive preiicd exact location.
Like me, they treat the subregion relation among places laagart-whole rela-
tion among things in space as one mereological relationtraddefine a number
of inexact location relations:

(Partial Location) PL(X,r) =4t (32)(z< XA z@r)
(Whole Location) WL(X 1) =qt (Is)(S< r AX@S)
(Generic Location) GL(X,r) =qt (F2)(3Is)(z< XAS< 1 A Z@S)

Casati and Varzi's “whole location” is my entire locationhdir “partial lo-
cation” and “generic location” correspond to my pervasinel aveak location
respectively (and this is made clear by the intuitive glessey give on these
concepts) but are defined differently.

They give the following axioms, intended to capture the fakrfeatures of
location:

(Functionality) (X@r AX@s) —r =s
(Conditional reflexivity) X@r — r@r

(Weak expansivity) X<YAX@r AY@S—r < S
(Arbitrary partition) r < SAX@s— PL(x,r)
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Functionality we have already discussed. The other thremrexeach raise
interesting questions.

Conditional reflexivity raises the question of what the donwd the location
relations is. I've been loosely talking of “things” located“places”. But what
about those places, where are they located, if anywherefdtdkee how to assign
any metaphysical significance to this question. We mighiddeto say that every
place is exactly located at itself (this is, effectively, atfCasati and Varzi are
saying here); or we might decide to say that no place is ldcatgwhere (in the
meaning of “location” in use). These seem to me to be equalbdgstipulations.
So | have no quarrel with conditional reflexivity; but nor kvits denial.

Casati and Varzi's expansivity principle is weaker thandhe | described in
section 4. | describe the type of principle they use as “weg@Bsivity”. Suppose
that there are some objects that are outside of space andwimeh have no
location at all. It is consistent with weak expansivity ttiese objects have parts
that are in space or time; perhaps even all of their propes paxpansivity ought
to rule this out, | think, and accordingly | recommend my piphe as a friendly
amendment to Casati and Varzi's system.

Finally, there is Casati and Varzi’s version of the arbitrpartition principle,
of which, as I've intimated, | take a dim view. | think that $héwxiom is an un-
warranted metaphysical excrescence on a formal theoncafitm, and would be
better removed. Unfortunately, it's not easy to removedtrfrCasati and Varzi’'s
system, and the reasons why it is not easy shed some light ppadple might
mistakenly suppose that it is a conceptual truth. The reasgrto with the dif-
ferences between Casati and Varzi's definitions of the icieo@ation predicates
and my own.

Casati and Varzi’s relation of Partial Location correspomal my pervasive
location; and Generic Location corresponds to my weak iosatBut the defi-
nitions are very different (and in the context of my systemeguivalent). To see
this, begin by noting thatv L andPL are not, as Casati and Varzi claim them to
be, dual concepts. (Casati and Varzi 1999, p. Y2@Q)x,r) says there is a certain
kind of place, namely’s exact location, and thatis related to it in a certain way.
PL(x,r), by contrast, says that there is a certain kinthafig, namely a part ox.

If Casati and Varzi really want the dual¥gL, they should define it this way:

(21) PL'(X,r) =gt (35)(r < SAX@s)

This PL’ relation is what I've called “pervasive location”. Once weeshe
distinction betweerPL andPL/, it's easy to see why Casati and Varzi want the
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arbitrary partition axiom. It erases that distinction, fotheir system, it turns out,
PL'(x,r) < PL(x,r) is a theorem, and Arbitrary Partition is needed to get the lef
to right conditional.

Without Arbitrary Partition, the definitions &L andGL would be too strong
to capture the intuitive meaning that Casati and Varzi'sgés make it clear that
they are supposed to have. Suppose that | stand in the doofway office, one
foot on the floor of the office, another foot on the floor of thercor. 1 want to
say that | am inexactly located in my office, in some senseeBergood sense
in which | am: my exact location and my office overlap; theydnam intersection
— a region which is part of both. But, absent Arbitrary Paotif that doesn’t
suffice for me being inexactly in my office in any of Casati areta/s senses.
They require that in addition to the intersection existithgre is some part of me
that exactly occupies the intersection.

This requirement is gratuitous: if we usBt’ instead ofPL, and made similar
revisions to the definition dBL, it would go away. The revised definitions would
capture the intuitive meanirfel. andGL are supposed to have without the need for
Arbitrary Partition, rendering Arbitrary Partition (geiproperly) an independent
extra that might be affirmed or denied according to metaglysaste. Besides
that, the revised definitions would better capture the fémelationship between
PL andWL This is just what I've done in my definitions of “pervades”dan
“entirely located”.

8 Things and places

The theory of location has a strikiqgrima facieontological commitment: it is

substantivalist, and in this it reflects the ordinary way a# fibout places and
times. It also reflects the way philosophers of time havesthalkbout persistence
in terms of “existing at” multiple times. Though we talk thigy, however, many

of us are worried about the ontological commitment to plaaed times — are

there really such things? If so, what are they like? If notyltan we understand
talk that is apparently about them?

These questions are particularly pressing when we use ¢goeytof location
as a way of expressing theories about temporal parts. Panis in the tempo-
ral parts debate do not take themselves to be exploring a emofbvariants of
substantivalism; rather, they are asking questions ttatldibe, for the most part
independent of substantivalism.

There are three general answers to the problem posed byemppammitment
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to substantivalism. First up, we could go for a fornrefationalism say that the
formalism of the theory of location is metaphysically maiéng, precisely be-
cause of its commitment to times and places. But then we hpxadem - how do
we understand discussions of temporal parts, of enduran¢eholly located™?
Perhaps such talk could be paraphrased into a suitableredist framework. |
have some hope of doing this myself, but it would be a difficagk, and beyond
the scope of this paper.

The second option | calinti-reductionist substantivalisnOn this view, we
take the seeming commitments of the theory of location withrhetaphysical
seriousness. There are fundamentally at least two kindsjetbin the world,
material ones (things) and immaterial ones (places); aatketls a fundamen-
tal and unanalysable external relation of location (exasv@ak) between them.
Nothing can be located at a thing; perhaps, with Casati anzi,Mae should say
that each place is exactly located at itself; perhaps thailawe can be located
anywhere.

There might also be mixed objects — mereological fusionshoigs and
places — some of whose parts are material and some immatditigse seem
like odd creatures. Where should we say that they are |o@aliedach place is
exactly located at itself, and strong expansivity is trienta fusion of a thing
with a placer should at least pervade the fusionrafith the exact location of.
Perhaps we should say that mixed objects are always exactydd at the fusion
of the exact locations of their parts. Though this answeotarbitrary, it does not
exactly help us understand what a mixed object might be Reghaps we should
say that there cannot be mixed objects. That would be cobipatith all | have
said above; but it would not be compatible with a principleinfestricted mere-
ological fusion, which many people who would like to use thedry of location
may be attracted to.

Here is another problem. Suppose a material objedss cubical. We are
accustomed to thinking that shape properties are intriri&it surely, whethex
is cubical depends on what sort of place it is exactly located\ cubical object
can't be located at a non-cubical place; but now we have assacg connection
between the intrinsic nature &fand the external relations it bears to places, and
indeed between the intrinsic naturexodnd the intrinsic nature of its exact loca-
tion. That should be impossible — it is a violation of a neeeggondition on the
set of intrinsic properties. (Weatherson 2001, pp. 369}373

A good way to solve both these problems at one blow is to sayotttnary
material objects, like chairs and tables, and you andamamixed objects; specif-
ically, that we have our exact locations as proper partst Wag, being cubicals
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like having a nose — it is an intrinsic relational propéfty— and the necessary
condition on the set of intrinsic properties is not violatetause there is only a
necessary connection between the intrinsic natuveasfd the external relations
it bears to some of its own parts — to things that are not whdiliyinct from it.

This leaves us with another difficulty. What about the purabterial part of
an ordinary cube? On our current proposal, there must be aubhng; and it
cannot be cubical in any ordinary sense. Where is it locaRathaps it is not in
space at all — that would be weird. But if it is in space, thererel? Is it exactly
located just where the ordinary cube is? If so, it would seeexactly occupy a
cubical place without itself being cubical.

The third possibility iseductionist substantivalism have taken care to en-
sure that the theory of location is compatible with a stigkamd surprising thesis:
that each thing is exactly located at itself and nowhere dlkes might be called
the “identity theory of location®*

(Identity Theory of Location) X@r < xX=r

The typical metaphysical development of this view holds ghaces are much
as the anti-reductionist substantivalist thinks they argarts of a (mostly) im-
material plenum filling the entire universe — material trengowever, are boldly
identified with “matter filled” places. “Matter filled”, heydowever, must not be
understood to express a relation to some piece of mattefilthatplace. Rather, it
is an intrinsic property of some places that they are méitted. One feels rather
as though this view is an eliminative reduction of matteguith its advocates
might not see it that way.

The drawback of this is that the principle of arbitrary paoh follows from
the identity theory. (A proof of this is sketched in the apgigh So, if you are not

Bintrinsic properties are ones which “concern how theirdnses are in themselves” and can
be contrasted with extrinsic properties. Relational prbgeare those that in some sense “involve
a relation”. In this terminology, due to Lloyd Humberstord®96), relational properties may be
intrinsic or extrinsic.

143ohn Hawthorne suggested an interesting variant on théitgémeory of location to me —
the “coincidence theory” of location. The coincidence ttyamould hold thatx is exactly located
atr iff xoverlaps all and only the same things thdbes. In the context of MEM, this is equivalent
to the identity theory, but in a weaker, non-extensionalenkrgy, it would not be. Since any two
coinciding things must have all and only the same parts, wddhatill have Arbitrary Partition as a
consequence. However, the coincidence theory could béblgeldnti-reductionist substantivalist,
since it allows for things to be distinct from their locatson
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attracted to the principle of arbitrary partition, you wibht want to be a reduction-
ist substantivalist. Sider (2001, pp. 110-119) has usadype of argument as an
argumenfor arbitrary partition, at least in the temporal case. We ghbel sub-
stantivalists, he thinks, and substantivalists shouldebectionists, or risk miring
themselves in the sorts of difficulties described above.r@duictionistic substan-
tivalism entails arbitrary partition, so we should beli@varbitrary partitiont® It
would go beyond the scope of this paper to pass judgment satbument here,
but | think that it is worthy of attention.

Appendix

In this section | present some theorems of the theory ofilmcailuded to in the text. The
proofs are given in a slightly abbreviated natural deductmm. They are intended as
examples of how to formally reconstruct some of the argumgivien in the text, rather
than being of any logical interest.

Functionality is a theorem of S@, The functionality principle is an axiom &@.
Showing that it is a theorem &Q@, is part of what's needed to show that the two systems
are equivalent, as discussed in section 6.

(22) X@r A X@s (assumption for conditional proof)
(23) (Vt)(X@ot < tor) (22, A-elim, definition of @)

(24) (Vt)(X@ot <> tos) (22, A-elim, definition of @)

(25) (Vt)(tor < tos) (23, 24)

(26) (Vt)(tor < tos) —r=s (theorem of extensional mereology)
(27) r=s (25, 26, modus ponens)

(28) X@r AX@s—r=s (27, conditional proof, discharging 22)

Adequacy of S@-definitions in S@, The location predicates are defined differently,
and in terms of a different primitive iB@ andS@,. However, they are, in an important
sense, synonymous. One way to formally show this is to shattlte definitions of each
system are derived rules of the other. It would be a long amitdpdask to do this for each
definition. Instead | will give a couple of illustrative exatas.

15The argument for substantivalism as against relationatiged here (though not the argument
for reductionist as against anti-reductionist substafitm) is given in greater detail in Hawthorne
and Sider (2002).
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| start by deriving the definition of @in terms of @ inS@,. That is, | am going to
show thatx@.r and(3s)(x@sAr os) are inter-derivable i15@,. The other definitions of
S@ can be derived i8@, in a similar way. First, the right to left direction, whichvsry
easy:

(29) (3s)(x@sAro5S)

(30) (39) (V) (x@ot <~ toS)Aros) (29, definition of @)
(31) (Vt)(X@ot <> tos)ATos (30, 3-elimination)

(32) (V1) (x@ot > tos) (31, A-elimination)

(33) X@.r < ros (32, V-elimination)

(34) ros (31, A-elimination)

(35) X@,r (33, 34, modus ponens)

Now the left to right direction. To do this we need to appeadht® exactness axiom
of S@.:

(36) X@,r
B7) (T (x@.S) — (Is) (V1) (x@ot <= tos) (exactness axiom)
(38) (I (x@-s) (36, 3-introduction)
(39) () (Vt)(x@.t «—tos) (37, 38, modus ponens)
(40) (Vt)(X@ot <~ tos) (39, 3-elimination)
(41) X@.r < ros (40, V-elimination)
(42) ros (36, 41, modus ponens)
(43)  (Vt)(x@.t —tos)Aros (40, 42,A-introduction)
(44) (I ((Vt)(X@.t <> tos)Aros) (43, 3-introduction)
(45)  (Is)(x@sAros) (44, definition of @)
So, inS@::
(46) X@.r - (3s)(x@sAr 05S)

Adequacy of S@,-definitions in S@ Similarly, it would be nice to derive the defi-
nitions of S@, in S@. My example will be the definition of @ — | will show that@r
and(Vs)(r os« x@.s) are inter-derivable. This proof appeals to the functidpalkiom
of S@, and to some theorems of mereology. First, the left to wiglection:
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47)  x@r

(48) ros (assumption)

(49) (3t)(x@tAtos) (47, 48,3-introduction)

(50) ros— (3t)(x@t Atos) (49, conditional proof, discharging 48)
(51) (Ft)(x@t Atos) (assumption)

(52) x@tAtos (51, J-elimination)

(53) x@rAx@t—r =t (functionality axiom)

(54) r=t (52, 53, modus ponens)

(55) ros (52, 54,A-elimination, substitution)
(56) (Ft)(x@t Atos) —ros (55, conditional proof, discharging 51)
(57)  (V9)(ros«< (3t)(x@t Atos)) (50, 56,V-introduction,«-introduction)
(58)  (V9)(ros«<— x@.s) (57, definition of @)

(59)  x@r F (V9)(ros— x@.S)

And now the right to left direction. This is more difficult, $dhave annotated the
proof in more detail. Our first task is to show that (60) est#ilatx has an exact location,
and give that exact location a name,

(60) (VS)(r os < x@-9)
(61) (Vs)(ros« (3t)(x@t Atos)) (60, definition of @)

(62) ror « (3t)(x@t Ator) (61, v-elimination)

(63) ror (theorem of extensional mereology)
(64) (3t)(x@t Ator) (62, 63, modus ponens)

(65) X@u (64), 3-elimination, A-elimination)

Now we prove thau is identical tor, using the extensional overlap principle (20)
mentioned in section 6. First we show thatiibverlaps an arbitrarg, thenr does too:

(66) uos (assumption)

(67) X@uUAUos (65, 66)

(68) (3 (x@t Atos) (67, 3-introduction)

(69) ros« (3t)(x@tAtos) (61, v-elimination)

(70) ros (68, 69, modus ponens)

(71) UosS—ros (70, conditional proof discharging 66)
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Now we show that if overlaps an arbitrarg, so doesu:

(72) ros (assumption)

(73) (3t)(x@t Atos) (72, 69, modus ponens)

(74) X@t Atos (73, 3-elimination)

(75) X@UAX@t — u=t (functionality axiom)

(76) u=t (65, 74, 75)

(77) uos (74, 76, substitutionj-elimination)
(78) ros—uos (77, conditional proof discharging 72)

But then,r andu overlap all and only the same things, and so are identicathéy
extensional overlap principle. So, sinces exactly located at, x is exactly located at:

(79) ros«<uos (71, 78)
(80)  (Vs)(ros« uos) (79, V-introduction)
(8l) r=u«< (Vs)(ros<uos) (theorem of extensional mereology)
82 r=u (80, 81)
(83) x@r (65, 82)
So, iInS@:
(84) X@r - (Vs)(r o s X@,S)

The other definitions 05@, can be derived in a similar way.

Arbitrary partition is entailed by the Identity Theory of Lo cation In section
8 | claimed that reductionistic substantivalism entails @nbitrary partition principle, via
the “Identity Theory of Location” — the view that each thirgexactly located only at
itself.
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(85) X@-r (assumption for conditional proof)

(86) () (x@sAT < S) (85, definition of @.)

(87) X@sSATr <s (86, 3-elimination)

(88) X@r <> X=r (identity theory of location)

(89) X=S (87, 88, modus ponens)

(90) r<x (87,89,A-elimination, substitution)
(91) r=r (=-introduction)

(92) r@r (91, 88, modus ponens)

(93) (3y)(y < xAy@r) (90, 92,3-introduction, A-introduction)

(94) X@-r — (3y)(y < XAy@r) (93, conditional proof, discharging 85)

References

Bigelow, J. (1995)The Reality of Number©xford: Clarendon Press.

Casati, R. and A. C. Varzi (1999arts and PlacesCambridge, MA: MIT
Press.

Gilmore, C. (2006). Time-travel, coinciding objects, aretgistenceOxford
Studies in Metaphysics (this volume)

Goodman, N. (1977)The Structure of Appearan¢€&hird ed.). Dordrecht: D.
Reidel.

Hawthorne, J. and T. Sider (2002). LocatioRkilosophical Topics 3(0b3—-76.
Humberstone, L. (1996). Intrinsic / extrinsiBynthese 10205-267.

Johnston, M. (1987). Is there a problem about persisteAdstbtelean Society
Supp. Vol. 61107-135.

Lewis, D. (1986).0n the Plurality of WorldsOxford: Blackwell.

MacBride, F. (1998). Where are particulars and univers@lg®ectica 543),
203-227.

Markosian, N. (1998). SimpledAustralasian Journal of Philosophy 7®),
213-228.

Nolan, D. (2006). Stoic gunihronesis (forthcoming)

32



Parsons, J. (2000). Must a four-dimensionalist believeemmporal parts?
Monist 833), 399-418.

Sider, T. (2001)Four-dimensionalismOxford: Oxford University Press.
Simons, P. (1987PRarts: a Study in OntologyOxford: Clarendon Press.
Spinoza, B. (1994)Ethics London: Penguin. tr. Edwin Curley.

van Inwagen, P. (1981). The doctrine of arbitrary undetdgharts.Pacific
Philosophical Quarterly 62123—-137.

van Inwagen, P. (1990Material BeingsIthaca, NY: Cornell University Press.

Weatherson, B. (2001). Intrinsic properties and combmatprinciples.Phi-
losophy and Phenomenological Researc(2$3365-380.

33



