Quantum M er eotopology

Barry Smith
Departmenbf Philosophy
StateUniversityat New York
Buffalo,NY USA
phismith@ffalo.edu

Abstract

Abstract: Mereotopology faces problems when its

methodsareextendedo dealwith time andchange We
offer a new solutionto theseproblems basedon a the-
ory of partitionsof reality which allows usto simulate
(andalsoto generalize)aspectof settheorywithin a
mereotopologicaframeavork. This theoryis extended
to atheoryof coarseandfine-grainedhistorieg(or finite

sequencesf partitionsevolving overtime), drawving on

machinerydevelopedwithin the framework of the so-
called ‘consistenthistories’ interpretationof quantum
mechanics.

Keywords: mereotopology granularity ontology, pre-
sentism partitions,histories,interpretatiorof quantumme-
chanics

Time and M ereology

It will beusefulto formulateour problemagainstthe back-
groundof recentwork on spatialreasonindy Casati,Cohn,
EgenhoferGalton, Stell, Varzi, Worboys andothers.These
authorshave shavn thatit is possibleto conceve spatialrea-
soningin termsof the manipulationof correspondingpa-
tial objectswithin a framework of mereologysupplemented
by topological notions. It has proved difficult, however,
to extend this mereotopologicaframwork to comprehend
not only spatialbut alsotemporalfeaturesof the objectsin
guestion. Our goal in what follows is to rectify this prob-
lem by providing the basisfor addingtime andchangento
mereotopology We shall not provide a full theoryof tem-
poral granularity(on this, seeBettini et al, 1998);ratherwe
shall sketchonly thosefeaturesof suchatheorywhich are
neededor our meretopologicapurposes.

To put the mattervery simply, onceobjectsare allowed
to exist at differenttimesandto survive the gain or loss of
parts,then centralaxiomsof mereology—forexamplethe
axiomsof extensionalityand of transitvity of parthood—
arenolongervalid.

Philosophical ontologists have offered three different
sortsof solutionto this problem:

(1) Four-dimensionalismyhichimposesaframework ac-
cordingto whichit is notthree-dimensionaibjectsin space,
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suchas Hamlurg or your brother which shouldconstitute
the domainof the theory but ratherfour-dimensionalspa-
tiotemporalworms. (Quine1960)

(2) Phase-theoriesyhich imposea slicing of normalob-
jectsinto their instantaneoutemporalsectionsnormalob-
jectsthemselesarethenre-conceied aslogical construc-
tions—efectively, asdensesequencesf suchinstantaneous
temporalsectiongasentiasuccessiva (Chisholm1973)

(3) Presentismwhichimposesa view accordingo which
‘existence’and ‘presentexistence’areto be taken as syn-
onymous. (Prior 1968) We canstill referto pastandfuture
objects,on the presentistperspectie, but only as objects
which did or will exist. Presentismin this generalsenses
consistentith both four-dimensionalisand phaseontolo-
gies. (Brogaard2000) It can also, however—and this is
whatis importantfor our purposesiere—becombinedwith
an ontology which takes normal objectsseriouslyasthese
areconcevedin our everydayprocessesf reasoningSince
suchobjectsexist only at a single time (namely: now, in
the present) the standarddifficulties facing cross-temporal
mereologycantherebybe avoided.

(1) yields an ontology within which time is treated,in
effect, as an additional spatial dimension. One problem
with this ontology is that it is no longer possibleto for-
mulatein coherenfashionthefamiliar distinctionsbetween
thingsandevents(or in otherwordsbetweercontinuantand
occurrents)—alistinctionwhich mary four-dimensionalists
would in factreject,but which seemscentralto our reason-
ing aboutspatiotemporabbjects. An even more pressing
problemfor the four-dimensionalisturns on the fact that
changeandbecomingarestrictly speakingnotcapableof be-
ing representewithin this ontology:thatanobjectbecomes
warmeror cooleris, rather analogougo staticvariation of
thesortthatis instantiatecby a bannetthatis redatoneend
andblue at the othetr Analogousdifficulties arefacedalso
by (2), which replacesordinary nameswith time-indexed
expressionf the form ‘Lemberg at noonon October25,
1998'. Here,too, availablesystemdall shortof providing an
ontologywithin which our reasoningaboutordinaryspatial
objects(things and events)can be representedh a natural
way.

(3), on the otherhand,is more promising. It takesover
ordinary namesfor ordinary objectsand operatesot with
time-indicesbut ratherwith tensespr in otherwords with



justthestandardsortsof modificationsof verbsthatareused
in ordinary reasoning. Presentisnretainsalso the funda-
mental ontological distinction betweenobjectsand events
(or betweencontinuantsand occurrents). This is another
distinctioncrucial to ordinaryreasoninghatis undermined
on alternatves(1) and(2).

The problemswith (3) arisewhenwe wish to represent
processe®f reasoningwvhich relateto objectsnot existing
in thepresentWhere(1) and(2) solve the problemsof tem-
poral mereologyby embracinga temporallyextendeduni-
versebut reconce¥ing the objectsin this universein such
away thatstandardnereologycanbe applied,(3) achieres
this sameeffect by holding on to thingsand eventsasnor-
mally understoodbut reconceresthe universeitself asbe-
ing, at any giventime, temporallyunextended. How, then,
is the presentisto representime andchangedf sheallows
within her ontology not only objectswhich exist now but
alsotwo families of objectswhich did andwhich will ex-
ist, thenshewill resurrecthe very problemsthe presentist
ontologywas designedo solve. In additionthe presentist
facesnew problemswhich arisewhensheseeksto do jus-
tice to thosetypesof reasoningaboutpastor future objects
which involve the simultaneousnanipulationof objectsex-
isting at differenttimesor theadoptionof differenttemporal
perspectieson the part of the reasoner Consider:‘It was
duringthecleaningup aftertheflood thatl rememberethat
| would laterneedto go onto thecircus’.

The framewnork defendedn whatfollows is ageneraliza-
tion of presentismas appliedto ordinary objects, which
resolesthe mentionedproblemsby allowing the manipu-
lation not only of objectsexisting within the presentbut
also of objectsexisting at various selectedtimes in the
past or future. Simply put, it allows not just one but
(finitely) mary time-indexed presentgqinstantaneousnap-
shotsthroughtime) within the frameawork of a singleontol-
ogy. It draws in this respecton the ontology of fine- and
coarse-grainedhistoriesproposedby the physicist Robert
Griffiths and usedby Griffiths himself, and also by Gell-
Mann, Hartle, Omreés,and others,asthe basisfor aninter
pretationof quantummechanics. (Omres 1994) Our title
alludesto this quantum-mechanicddackgroundand more
specificallyto the fact that the approachhereadvancedin-
ducesa certainsortof quantizatioror granularizatioron ob-
jectsin spaceandtime.

Gridsand Partitions

Whenyou think of Johncookinghis dinnerin the kitchen,
thenyou do not think of all the partsof Johnor of his sur-
roundings. For you setJohninto relief in a highly specific
way in relationto therestof theworld. You do notthink of
thefollicles in his armor thefreckleson his cheek.You do
not think of thefly next to his earor the neutrinosthat pass
throughhis body. Rather you imposewhat we shall call
a partition uponreality which inducesa fiat separatiorbe-
tweenwhatis focuseduponandwhatis ignored. Whenwe
focusour attentionon France thensimilarly we setFrance
into relief in relationto therestof the world; andwe effect
similar partitions,thoughin morecomplex ways,whenwe

focuson a mapof Francedepictingits 91 département®r
its 311arrondissements

Partitionsashereconceved may be of coarseor of finer
granularity but they musthave cells of finite size. Hence,
they cannotbe dense. The division of the line into real or
rationalnumbersloesnotdefineapartition,andneitherdoes
the (whole) systemof lines of latitudeandlongitudeon the
surfaceof theglobe. A partitionis, intuitively, the resultof
applyingsomesortof grid to a certainportionof reality. For
a partitionto do its work, its cells needto belarge enough
to containthe objects(obsenrables)hatareof interestin the
portionof reality which concernais. At the sametime these
cellsmustbe nottoo large, in orderthatthey may allow us
to factoroutthedetailswhich donotconcerrus. A partition
is thusaninstrumenfor focusinguponandalsofor ignoring
things—forplacingcertainpartsandmomentsof reality into
the foregroundof our attentions,in sucha way that other
partsandmomentsaretracedoverin the backgroundf our
attentions.

A grid is a way of dividing up the world, or somepor-
tion of theworld, into cells. A partitionis theresultof such
division. Theverb‘to partition’ is thusto be understoodn
whatfollows asa succeswerh Thegrid of a partitionis in
eachcaselaid like a netover the relevant object-domairin
suchway that, like a net, its cells aretransparentthey al-
low the objectsin the domainover whichit is laid to shov
throughin undistortedfashion. The notion of a partitionis
in this respecta generalizatiorof the notion of set. Where,
however, the elementsexist within a setwithout order or
location—thg canbe permutedat will andthe setremains
identical—apartition comeswith a specificorderandloca-
tion of its constituentcells. A partition brings with it an
addresssystem—ofthe sort that is found, for example,in
modelsof the humangenome or in the ROM-BIOS mem-
ory of a computers centralprocessingunit, or in a map of
the monasterie®f France. This meansthat a partition, in
contrasto a set,mayincludeemptycells.

Partitionsare distinguishedrom setsalsoin this: where
an objectcanbe an elementof a set(or singleton)in only
oneway, anobjectcanbein a cell within a partitionin ary
numberof ways. For thereis no requirementhatan object
mustfit its cell exactl. Comparean objectin a cell to a
bacteriumin a petridish,or to aguestin ahotelroom.

A setis anabstracstructurejts membersre(in thecases
relevantto our deliberationshere)partsof concretereality.
Partitions, similarly, belongto the realm of abstractathe
realm of our theoreticalrepresentations)ver againstthe
concreterealm of representedhings and events. We can
think of the boundariesof eachcell in a partition as fiat
boundaries. (Smith 1995) Theseboundariesare then not
physicaldiscontinuitiesn theunderlyingdomainof objects,
but areratherthe productsof our actsof demarcatior{anal-
ogous,onceagain,to theresultsof drawing linesonamap).

Eachpartition canthenitself be thoughtof asa sumto-
tal of fiat boundariescomprehendingndat the sametime
parcelingout in determinatefashioncertainconcretepor-
tion of theworld. Thecellsof a partitionmaybepurelyspa-
tial, asin a mapwhich effectsa two-dimensionapartition
of a certainportion of the surfaceof the globe. But parti-



tions may be constructedhlsoin sucha way asto involve
non-spatiatlemarcationfnto cells. Thusthey maycompre-
henddimensionsdeterminedby variousproperties—ofve-
locity, temperaturedensity or what have you — associated
with the objectsto which the partitionis applied.At the op-
positeend of the spectrumwe have very simple partitions,
for examplethe Spinozapartition which comprehendshe
whole universein a singlecell. Similarly we candefinefor
eachgivenobjectx whatwe might call the object(or fore-
ground/backgroundpartitionfor z. This hastwo cells,one
of which containsprecisely z; the secondcell containsz’s
complemen{the mereologicakumof all the objectsin the
universedisjointfrom z).

Objectsand Célls

An objectis a constituentpart of the world. It is whatand
whereit is independentlyf any actsof humanfiat andin-

dependenthyof our efforts to understandt theoretically It

is governedby the classicaimereotopologyf the bonafide

realm. A cell or complex of cells, by contrastjs anartefact
of our theoreticalactiity: it reflectsa possibleway of di-

viding up theworld into parts,andit existsonly within the
context of thepartitionto whichit belongsandby whichit is

determinedlt is governedby the non-classicamereotopol-
ogy of thefiat realm. (Smith 1997, Smith andVarzi 2000)
Granularityitself is properlyat homeonly in thefiat realm:
it pertaingotto theobjectshemselesonthesideof reality,

but ratheronly to thewayswe partitiontheseobjectsin our

theorizing.

Let thevariablesz, 2/, ... rangeover cells andcomplexes
of cells. Let ‘z <4 2" bereadasmeaning: z is a sub-
complex of the complex 2’ within the partition A. <4 de-
finesa partial order, by analogywith the usualset-theoretic
subsetelation,with A the maximalelement.

A cell in a partition is, intuitively, a complex of cells
which hasno sub-complaes. We candefinewhatit is for a
comple to beminimalin this sensen the following way:

Ca(z)=:2<a ANV (Z <az2= 2 =2)

We can rule out infinite compleity of partitions by
imposing the requirementthat all descendingchainsin a
partition-structurgerminatein aminimal cell:

If ... <4 21 <4 20(2; <4 A; i € N), thenthereis
somem € N suchthatz,, = zm11— ...

As complexes of cells are in some respectslike sets,
so cells are in somerespectslike singletons. Thus we
can drawv here on David Lewis's conceptionof setsas
mereologicafusionsof singletons.(Lewis 1991)Partitions
satisfythe standardset-constructiomprinciplesof unionand
intersectionIf two complexesbelongto the samepartition,
thentheir unionis alsoa comple in thatpartition:

21,20 Ku A=>21Uz <4 A

The associatedprinciple for the intersection of com-
plexescanalsobeaccepted:

21,22 SAA N 2104 22 = 21 N 29 SAA

If two individuals are overlapping complexes in a par
tition, then their intersectionis also a complec in that
partition, which is however a trivial consequenc®f the
definition:

2104 20 :=2(2<a ANz2<a21 N2 <4 22).
For complementsve have:
Z2<pA=>—2<4 A

If z is a proper constituent comple in a partition,
thenthe complemenbf z is alsoa constituentcomplec in
thatpartition.

Formally, thespanof apartitionA is definedasthemereo-
logical sumof all the cellsin the partition. The spanof a
partitionitself is a partitionin which theinterior fiat bound-
arieshave, asit were,beensmearecway. It is a partition
with asinglecell.

We shall say that a partition is extended by another
partitionif all of thecellsin theformerarealsocellsin the
latter We write A < A’ to signify: A is extendedby A'. We
canthendefineextensionasfollows:

A=A =Vz(z<s A=z 2<4 A

A partition may be extended either by enlagementor
by refinement. If a partition is enlaged, then more cells
areaddedat its outerborder If a partitionis refined,then
more cells are included in its interior while the spanis
kept constant. This can occur either via imposition of a
finer grain in the existing dimensionsof the partition, or
throughcombination(multiplication) with anotherpartition
in a way which amountsto the construction,within the
mereotopologicaramavork, of ananaloguef the standard
set-theoretimotionof Cartesiarproduct.

Objectsand Partitions

Considera partition A relating to plants of given types
within a givenarea. We partition the spacento cellsalong
two spatialdimensionsand one dimensiondeterminedby
plant types. If x is a plant within a given cell z in this
partition,thenwe write:

La(z,2)

La(z,2), which may be read as meaning‘z is located
atz in A’, is a primitive concept. (Casatiand Varzi 1999)
Location is to be understoodin such a way that cells
have objectslocatedin them, and compleces may have
mereologicabumsof objectslocatedin them.

We definez is recaynizedby A, asfollows:

€ A:=32(2 <4 ANLa(z,2))

We define exact location in terms of simple location



asfollows:
La*(z,2) :==La (z,2) AVZ'(La(2',2) = 2' <)

If 2 is exactly locatedin z, thenz is a maximaloccupant
of z. Intuitively, all boundarie®f 2 thencoincidewith those
of z. Compareherelationbetweeraconcretegarcelof land
andthecorrespondingell in acadastre.

In a given partition, if an individual is exactly located
bothat the complex z, andat the complex 2', thenz andz’
areidentical.

L*a(z,2) AL* 4 (z,2") => 2 =2

We alsohave:

L* A (z,2) AL* 4 (2, 2) => 2 =2

Since objects compose to form more composite ob-

jects,the objectslocatedin a givencell or complex of cells
satisfythefollowing Principleof Closurefor sums:

La (IL',Z) A L.A(yJZ) = LA(:I; + yaz)

If two objects are located at two different cells, then
thesumof theseobjectsis locatedat the sumof thesecells:

La(z,2) ALa(z',2') = La(z + 2,2+ 2")

Crucially, an objectis never in two cells which do not
overlap:

La(z,2) ALg(z,2")=> 202
We might call this the Principleof ClassicaRealism.

If anobjectz is locatedatacomple z in the partition A,
andif y, apartof this object,is recognizedy A, theny is
locatedin z:

La(z,2) Ay<zAye€ A= La(y,2)

We then define ‘minimal object’ relative to a partition
A in the obviousway asfollows:

Mg (z) =2z € AN~Tyly<axzAye€ A

For some partitions, which we can call distributive, if
objectz is a partof objecty, wherey is locatedata complex
z, thenz is alsolocatedat thatcomplex:

dist(A) :=VaVyVz(z <y ALa(y, 2) = La(z,2))

A setis a simple example of a non-distributive parti-
tion.

Partitions and Extensions

If, givena partition A anda certainportion of reality w, we
write A,, to designatehe resultof restricting A to w, we

canthendefinea secondchotionof extension takingaccount
not merelyof the partition asa systemof cells, but also of
whatis locatedin thosecells,asfollows:

Aw R AL, =VaV2(Lay(z, 2) = Larw(z, 2))

A, is extendedby A!, if and only if all object-cell
relationstrue in A,, are alsotrue in A/ ,. Once again,
extensioncanarisethrougheitherenlagementfor instance
when two partitions are glued togethertopologically or

through refinement,when the cell-density or number of

dimensionsof a partition is increasedwvhile the domainis

keptfixed.

Somepartitionsmay cut throughreality in waysthatare
skew to eachother Onepartitionmaydivide a stateinto its
separateountiesanda secondartitiondivide it according
to its soil typesor populationdensity Thetwo resultingpar
titionswill thencontainno cellsin common thoughthey do
in somesensesharea commonspaceof objects.We canac-
cordinglycreateasinglepartitionwhichincludesthemboth,
effectively by takingthe Cartesiarproductof thetwo parti-
tionswith which we begin. This largerpartitionthenstands
to ourinitial partitionsin therelationof refinement.

We candefine“consisteng” of partitionsin theseterms
asfollows:

Ay AA, =340

w'’

(Aw < AL, A AL, <AL
Two partitions are consistentwhen there is some third
partitionwhich extendsthemboth.

Histories

We canconceve of a chessgamein termsof the theory of
partitionsasfollows. The gamedetermines partition hav-
ing 64 minimal cells, at most 32 of which have objectslo-
catedwithin them.Minimal objectsarethenthe 32 separate
pieces.Now, however, we needto take into accountnot just
onepartition but rathera coarse-grainetemporalsequence
of partitions,correspondingo thesuccessie positionsin the
game.We shallcall sucha sequencef partitionsa history.
A partition standsto a history asaninstantaneousnapshot
standsto the sequencef successie frameswhich consti-
tutesa film. A history correspondgo a sequencef suc-
cessie obsenations,for exampleastheseare madein the
courseof a physicalexperiment.

A history canbe describecby meansof a conjunctionof
sentencesf theform: Theindividual z is locatedat time
in thecell z:

Li (sz)

where z is an object, z a cell in the partition, and ¢ is
anindex for the successie referenceimeson the basisof
whichthegivenhistoryis constructed.

A history may be moreor lesscoarse-grainedccording
to thenumberof reference-timeandof cellswhich we em-
ploy in its construction. Considerthe history which picks
out Johns location at three successie times. The rest of
the world at the threetimesis ignored, as are all matters



pertainingto theworld at othertimes. Supposelohnsloca-
tions (cells) at thesethreetimesaresuccessiely: Kennedy
De Gaulle,and Abu Dhabi airports. We canthendescribe
Johnsmovementsn termsof athree-celpartitionandthree
reference-times.We are not concernedwith the peoplein
the airport, the stevardesse# the successie planesor the
food Johnis eatingin the airports. Thesethings, whatever
they are, could have varied without affecting ary detail of
thegivenhistory.

We can, however, create a finergrained history by
constructingpartitionsthatcontaineithermoredetailsabout
Johnandtheplacesatwhich heis located or morereference
times.We use' H' asavariablerangingover historieg(finite
sequencesf partitions)andwe write A € H for: Aisa
partitionin history H. A history H is extendedby another
history H' if andonly if all partitionsin H areextendedoy
partitionsin H':

H<H :=VAAec H=3A'(A' e H A A=< A")

Whatever holds (eventuates)in a history H holds in
all extensionof H.

We candefinethedomainD H of ahistoryin the obvious
way asthe orderedsequencef the domainsof the corre-
spondingpartitions. A history is thenrefinedthroughan-
otherhistory H' just in caseH is extendedby H' and H
andH' have the samedomain.

Supposeyour entire knowledge of Johns trip to Abu
Dhabi is encapsulatedy a given course-grainechistory.
Therearethenmary finer-grainedhistoriesall of which are
consistentwith your knowledge (thoughof coursenot all
of theseneedcorrespondo whatin facteventuates).Each
coarse-grainetistory canbeidentifiedwith a certainclass
of fine-grainedhistories,namelythe classof fine-grained
historiesthat vary in respectof the detailsignoredin the
given coarse-grainedistory. We shall say that two fine-
grainedhistoriesH' and H" are equivalentwith respecto
acoarse-grainetistory H if they satisfy:

H ~g H' :=H=<H A H=<H"

Libraries

Therearealternatvesto ary givencoarse-grainetistory H.
Johnmightfly to Abu Dhabivia Londoninsteadof via Paris.
The coin, which landedon its head,might have landedon
its tail. A coarse-grainetlistory H' thatis analternatve to
H emplgysthesamereference-timesyii the objectsaredis-
tributeddifferentlyacrosgheunderlyingcells. Thelocation
predicatds thennotaninstantiationor occupatiorpredicate
simpliciter, but ratheran occupationpredicatewith respect
to agivenhistory H in afamily of alternatve histories.
Alternative coarse-grainedhistoriesare in somerespect
analogougo alternatve possibleworlds. The consisteng of
a coarse-grainetistory canbe understoodn termsof the
consisteng of the sentencesf the form L;(z, z) by which
it is describedin away which canbe usedto generatanax-
imal familiesof alternatve histories.Thefamily of histories

over Johns behavior at the given sequencef timesis an
exhaustvetotality of mutuallyexclusive, exhaustie coarse-
grainedhistoriesover his behaior at thosetimes. We shall
call suchamaximalclassof consistentoarse-graineHisto-
riesalibrary. A library is analogoudo a truth-table(Omnes
1994callsalibrary a‘logic’): it specifiesall possibleways
in which a given systemmay behae. We canthenassign
probabilitiesto thedifferentconsistenhistoriesin agivenli-
brary TheprobabilitythatJohngoesto Abu Dhabivia Paris
might be 75%, while the probability that he goesvia Lon-
donis 10%. The probabilitiesassignedo the historiesin a
givenlibrary mustsumto 1. Hence theprobabilitythatJohn
goesneithervia Paris nor via Londonis 15%. The library
overJohnsbehaior atthegivenreferencdimestells usthe
chancdlistribution overalternatve historiesof agivengran-
ularity.

The coarse-grainediistory in which Johngoesvia Orly,
andthe alternatve history in which he goesvia Heathrav
aremutuallyexclusive. Thatis, thereis nolarger, consistent
historythatcontainsghemboth.

Wewrite' H € L’ for: H isahistoryin library L. We can
thendefineanequivalencerelationon fine-grainechistories,
relative to a given library of coarse-grainedistories, as
follows:

H'~p H":=3H € L(H < H' A H=< H")

~ partitions fine-grained histories into equialence
classesn the obviousway.

Consistent Historiesand Quantum M echanics

A library is maximalrelative to a given granularityof cells
andreference-timeandrelative to a givendomainof con-
stituentpartitions. However, a library canbe extendedby
increasinghe numberof referencdimes,or by usingafiner
partitionfor cells.

Two libraries L and L'arethencalledmutually consistent
whenthereis alargerlibrary of consistenhistoriescontain-
ing themboth:

LAaL :=3L"(L<L" A L' < L")

Two libraries L and L' are called ‘complementary’
whenthereis no suchlargerlibrary.

The theory of consistenthistoriesand of probability as-
signmentgo historieswithin librarieswasoriginally devel-
opedby Griffiths in (1984, 1993) and also by Gell-Mann,
Hartle,and Omnésasthe basisfor a new interpretationof
guantummechanics What distinguisheghe quantumfrom
theclassicalvorld, in additionto thepenasive andinelimin-
ablerole of probabilitiesin its descriptionjs thatto do jus-
tice to theevolution of physicalsystemsawithin thequantum
world we mustemploy notonebut mary librarieswhich are
complementarymutuallyincompatible)n thesensealefined
above. Experimentsfrom this perspectie, are coursesof
events,like ary other to be apprehendedithin consistent
histories(andthuswithin encompassintibraries)of appro-
priatetype.



In the quantumworld, it is sometimegpossiblefor a par
ticle to have contraryproperties—gphenomenoalled‘su-
perposition’. For example,a photoncan sometimeshave
two positions(be in two different places)at one and the
sametime. It can,in otherwords, contravenethe Principle
of ClassicalRealismasformulatedin the above. To repre-
sentsucha stateof affairsin consistenfashion the consis-
tenthistorianshold, it is necessarjor physicistso embrace
differentand mutually incompatiblelibrariesin relationto
oneandthe samephysicalsystem.All reasoningaboutthat
systemmustthentake placeexclusively within someoneof
theseselectedibraries. If reasoningakes placeacrossli-
braries theninconsisteng will result.

SupposephysicistsA andB have eachmadecalculations
with respectto the behavior of photonswithin somegiven
apparatugnvolving, say aphotonsourceascreerwith right
andleft slits, anda detector They eachareallowed to set
up experimentso measurehe locationof photonsin order
to testtheaccuray of their calculations A, working within
onelibrary andits associatedepertoireof experimentscon-
ceivesthe photonas a particle and constructsexperiments
designedo detectwhetherthe photongoesthrougheither
theright or theleft slit in the apparatusB, working within
acomplementaryibrary andrepertoireof experimentscon-
ceivesthe photonasa wave andconstructsexperimentsle-
signedto measureinterferenceeffects as the wave passes
throughboth slits. Both libraries give rise to predictions
of astonishingaccurag which are repeatedlyconfirmedin
successie experiments. A's andB’s predictionsare, to be
sure,inconsistentwith eachother But suchinconsisteng
canneverbedetectedn relationto ary givensystenmof pho-
tons,sinceit is impossiblefor A andB to carryoutthenec-
essaryexperimentssimultaneously

Eachexperimentcarriedout by eitherA or B corresponds
to a certainfamily of coarse-grainedhistories (libraries).
Their respectie libraries are inconsistentwith eachother
But they eachgive rise to equallygoodpredictions,andno
experimenttanbedesignedvhichwill establishaprivileged
statusof onelibrary overagainstanothercomplementaryi-
brary.

Providedthata historyis amemberof aconsistenfamily
of histories,it canbe assigneda probability (Griffith 1984,
1993),andwithin a givenconsistenfamily the probabilities
functionin the sameway asdo thoseof a classicalktochas-
tic theory: oneandonly one history occurs,just as, when
we aretossingcoins,oneandonly onesuccessiomnf heads
andtails in factcorrespondso reality. But historiescanbe
assignedrobabilitiesonly if they are of sufficiently coarse
grain. (Gell-MannandHartle1991,1993)Thisis for techni-
cal reasonsturning on the waysin which superpositioref-
fectscanbesaidto ‘decohere’(andthusbecomengligible)
whenwe aredealingwith physicalsystemf sufficientsize
andcompleity. Thatthetheoryof consistenhistoriescan
be appliedto the macroscopigghenomendto the ordinary
macroscopi®bjects)of our everydayreality might seemjn
comparisonto beatrivial matter Thatthetheorycanallow
the extensionof the mereotopologicabntologyto dealwith
changeandbecomingamongsuchobjectsseemshowever,
to beof consequenceonetheless.
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