A reductive account of “before”: deriving temporal succession
Abstract:

The aim of this paper is to propose a new, redadiscount of the relation “before” between
events. Rather than basing itself on causal asymroethermodynamics, it instead takes the
set of states of an object and exploits a charatiteasymmetry which can be found by
guantifying, timelessly, over this set. It is fisdtown that this asymmetry is sufficient for the
relation “before or simultaneous with”, and morepwbat no ordering in terms of “before”
can be ascertained independently of this asymnagipgaring on at least a subset of the set of
states of some object. Based on this, plus additicteps, a definition of “before” is
developed which does not circularly employ temparations. The result is an account of
“before” which not only saves the phenomena of t@mapsuccession as experienced in
everyday life, but is also consonant with physitghat “before” is a local relation which
requires no global hypersurfaces of simultaneityd anoreover an emergent one which
applies only to the relatively macroscopic worldt an intrinsic feature of the quantum level.

Keywords: before and after, local time, relativity theory,migoral succession, time
asymmetry.
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1. Introduction

Gerald J. Whitrow, in hislatural Philosophy of Timenoted that the causal theorists’ attempts
to define temporal succession—the ordering of evenstates of affairs in terms of “before”
and “after’—failed because they tacitly invoked trexy temporal order to be defined. This,
as Whitrow shows, is also true of one of the mongenious attempts in this direction, Hans
Reichenbach’s mark method. Whitrow concluded frbm that “before” and “after” must be
accepted as “elementary” concepts (Whitrow [19&B-327]). It is probably fair to say that
the problem of giving a reductive account of “beforemains unsolved to this day. The aim
of this paper is to fill this gap by providing arg@tion of the relation “before” in terms
which do not presuppose temporal succession, iardodthen give a reductive, non-circular
definition of this relation. Though the account il will offer employs causal notions, it
differs from that favoured by many causal theorigg. Mellor [1998, 105-117]; Frisch
[2013]) in that it does not construct “before” camusal order, dependence, or asymmetry—the
ground of “before” is not the cause-effect relatiBather, the key concepts will be that of the
set of states of a physical object, and of a chanatic asymmetry which appears on this set.



This move is motivated by two observations: Fittsére is a need to account for “before” in a
way which does without a unique, global and totaleo between events, since this would
conflict with relativity of simultaneity. An objeatentred approach can do this because it
yields before orders—by which | mean orders in tewhthe relation “before”—which are
essentially local. Second, the main other contenfigraccounting for “before” appear to run
into dead ends. Briefly put: Rooting “before” in ahject-independent, absolute and global
passage of time leads not only to a conflict wghcetime physics, but also, as is well known,
to the contradiction pointed out by McTaggart ([2P9 Nor does comparison of events or
states of affairs in terms of any of their intrmgbroperties seem to yield the needed
asymmetry: if you see two flashes of light, the@afdye order is independent of, say, their
colour or comparative luminosity. Nor, again, dedé two events need to stand in a relation
of causal dependence to each other in order teesdogach other in time. Large-scale content
asymmetries in the universe, such as increase fromn which is believed by many
physicists to give time its direction, arguably ynjield, to use Huw Price’s words,
“asymmetries of thingsn time” ([1996], 17), but not the ordef time (cf. also Dainton
[2010], 47-50; Callender [2017], 244). It is of ce@ beyond the scope of this article to assess
whether any of these accounts could still be savedme way.

2. Deriving “before”

In any case, the derivation | propose starts bysidening physical objects, i.e. relatively
macroscopic things with “classical” identity condits, such as, say, a rock, a bacterium, a
galaxy, as opposed to, for example, a subatomicjeaor a state vector (cf. Lowe [2003]). In
the following, | will talk simply of “objects”.

Def. 1: For any objeck, the set of its actually realized states, as opghas merely possible
ones, will be calledx.

For example, a particular beech leaf may have lawednd a green state, Cicero a state with
knowledge of Greek, but none with knowledge of daga, and so on. The notion of such a
set presupposes no ordering, so that we can caradizgt it like a pack of cards shuffled in
random order.

Def. 2: For any objeck, there is an existence asymmetry (hencefd#: on Mx if and only
if there are two real intrinsic propertipsandg such that there is a state Xfwith p, and
another withp and g, but none withq and withoutp. Such anEA will be called a pg
asymmetry” (note that the order of the variablesteng), and the proposition “there ipeg
asymmetry oMx” will be written asExpg.

The EA is illustrated below, where the circle represearisobject, the star and the triangle
each symbolize a real intrinsic property of it, @ahd slash means “does not exist”:
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For example, a particular star may have a statehiith it contains helium and carbon,
another with helium and without carbon, and noné warbon but no helium. Obviously, the
order in which the three states are drawn doesnatter, that is, given any order,{a»A -
asymmetry is satisfied. THeA is related to the familiar relation “before” be®veevents or
states of affairs, as known from everyday expegeint a complex way, as will spelt out in
what follows.

Let bs mean “before or simultaneous(ly) with”. Also, fonyaobjectX and real intrinsic
propertiegp andq in X, let p denote the event “properpyis produced irX”, and similarly for
g. Then:

Theorem I If Expg, thenpis bsq.

Proof: This is very easy to see by consideringstla¢es of the object, call R, in the above
illustration: Suppose the property symbolized by thangle were produced R before that
symbolized by the star. Then, there would be ee@t contradicting the assumeé. The
only alternative is that the star is produce®ihsthe trianglec

It is important to understand that theorem 1 yiedalsorder of events, not of states. To
illustrate: Suppose you have spilled wax from adéa@and orange juice onto a table cloth, but
you cannot remember in what order. Luckily, a fddras photographed all states of the table
cloth, and hands the photos to you shuffled in eamerder. Going through them, you find
that there is a state of the table cloth with jhstjuice (call itTj), a state with wax and juice
(Twj), and no state with just waX\). Can you conclude thdj must have been there before
Twj? This is clearly a possibility, but you cannotswee: you could also have spilled juice
and wax simultaneously and then cleaned away tlxe seathaflj post-existsTwj. Theorem 1
does not state thaj must pre-exisTwj. What is impossible, however, is that you spilllee
wax (eventw) before the juice (even): if you had, there would be a stafe. You can
therefore conclude thatoccurred either before, or simultaneously withHence, to arrive at
theorem 1, we do not need to tacitly assume thapgrties, once produced, stay forever
(which would render the account circular), nor de meed to make any assumptions as to
whether or nof orw are ever removed frofy, and if so in what order. Also, no assumptions
about causality or causal asymmetry are made: #imee sargument would hold ifper
absurdum j and w had appeared of acausally. Now, the definition of thEA is itself
atemporal: it makes no reference to the temporateots “before” or Bs'. Thus, we now
have an atemporal sufficient condition for the tenap conceptbs’.

Corollary 1: Let M(p,q)x be the subset dflx containing only and all the statesXfvith p or
g (note that the order of the variables doesn’t mati&p,qk = M(q,p)x). Then, if thepg-
asymmetry appears on this subpeatnce again ibsq.

The proof is identical with that given for theordm

Note also that, not only does thg-asymmetry orMximply the same asymmetry &a(p,q),

but also conversely, because the statddxwhich are not irM(p,q) clearly have no bearing
on whether th@g-asymmetry is oiMx. The twoEAs are therefore equivalent, so that we can
write Expqto assert both of them.



Lemma 1: For any objeck, if there is gpg-asymmetry on any proper subsetM{p,q), this
is not sufficient fop beingbsa.

Proof: LetR be the object below, aﬁ:} A\, two properties.iConsider the succession

O & O

»

where the arrow symbolizes the familiar forwarcedtron of time. Then, there are subsets of
M(+A k namely the subse(@ (3 1}, in addition tbather subsets obtainable from it by
adding elements oA k other thar@ , on which there isﬂ-asymmetry. YeA is

by assumption befo (where the boldface symbols again indicate events).

The configuration
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can be called an “existence symmetry” on the s&®®ftates. We thus see that the situation
can arise that, for son¥ a setM(p,qXk exhibits an existence symmetryprandqg, and apg-
asymmetry can then be obtained by restricting #eis to one of its subsets. Since such
asymmetries do not imply ones Bp,q) they are not sufficient fqo bs g. Hence, we need
to quantify over at leadtl(p,q) in order for the asymmetry to be sufficient foe tlelationbs.

Premise 1:For anyX, if Mx contains more than one state, then given any tetes the
difference between them is due to a causal interactf X either with its environment, or
among its parts. Here, it is assumed that the coatibn of several causal interactions is itself
a causal interaction.

It is beyond the scope of this paper to justifisthremise adequately. Suffice it to point out
that it is an extremely basic, and also plausiskumption which we constantly make in both
everyday life and science about the world of re&yi macroscopic objects in which, after all,
the present account is set (cf. lllari & Russo p)1What matters here is that the events
being ordered (symbolized by variables suchpag) are causal interactions, so that their
corresponding propertiep,(g) in a given object can be viewed as records gaghe spot of
wax is a record of the spilling event). Accordingbpjects—indeedall objects, in the sense
given at the beginning of this paper—are, at lpagtntially, recorders of events, and any two
different states of a given object are distinguisfirem one another in virtue of records of
events. Here, it is immaterial whether we thinkyoaf short, “point-like” events such as a
collision, or also of extended ones such as caymosif a metal, which can after all be
decomposed into their sub-events. Note that, gigesmise 1, causal interactions are
necessary for the orderings by the relatisiio get off the ground, but what constitutes these
orderings is théeA on Mx, not a relation of causal asymmetry or dependéeteceen the
events.



Orderings of events can now be established in tagswl. By considering events directly
involving the object in question, such as “lighorfr supernovaS hits objectR’. 2. By
combining the ordering obtained in (1) with infotoa about spatial distances of events
occurring in the object’s surroundings, such agpésaoovaS occurs one billion light years
away fromR’. In the first case, all the events are on thelaliore of objectR, and hence
timelike-separated, yielding an invariant, locatlening. In the second case, some of the
events will be spacelike-separated, yielding a imvariant ordering, established in terms of
R's frame of reference, of events spread out inespac

Lemma 2: For any objecK and real intrinsic propertigsandq, Expq is not necessary fq@'s
beingbsa.

Proof: This too is straightforward: For examplezauld be that properZx  appears and then
disappears on our object, Whereuﬁﬁn appeaes, e have no sta@ . Or agZn,

could appear simultaneously vvﬁ.}r , and ther ldisappear, so that we have only s@e

In both cases, there isa-order between+ a?d  without there bem§A o

Now, one recorder can causally interact with angtbe that, in particular, one recorder can
have records of the states of another, and hesoe @cords of the records of another. For
example, craters on the moon are records of ewavbsing it, and a screen can function as a
recorder of the moon with these records. Given then EA fails to hold for one recordeX,

it is possible for a correspondigh to hold for another record&t But how can we be certain
that such arrsatz-EAgives us the right order? To answer this, it miist be borne in mind
that the order of the events involviXgs a relativistic invariant—they are all on thendine

of X—hence, their order cannot be reversed’m frame of reference. Given this, two cases
must be distinguished:

Case 1:In a special relativistic context and where thigugnce travelling between the two
objects is electromagnetic radiation in a vacuum,ihvariance of the order of theevents
also implies that the reverse order cannot be decblocally byY—that is,Y cannot be hit by
light rays in the reverse ordeHence, it is then impossible for quantificatioreoMy to yield
an EA compatible with the reverse order Xt states. Suclersatz-EA are therefore order-
preserving.

Case 2:Where, on the other hand, there is refractiorgravitational lensing, or influences
other than electromagnetic radiation are invohad, sound waves, things get more messy:
one or both signals fro can get slowed down, so that a signal can overaakeher, in
which case thersatzEA are not guaranteed to be order-preserving. Indhs®, the correct
order of theX-events can be found by combining the order estaddi by quantifying over the

1 To see this, consider two objeé&sandB. Suppose thaB changes from green to red, and that, as it doei$ so,
rushes toward#\ at a very high speed. Let x be the distance betweeéhand B, according toA’s frame of
referencewhen the process of change starts and viheends off a messag8 fs green”. Letdr be the proper
time for the process of change as measured @ngorldline, and letdt be the time for this process according
to A’s frame of reference. As is known from specialtialy, if Az is positive, so igft. Let t=0, according toA’s
frame, when the messagB is green” is sent off fromB. This message arrives Atat timetgeen= X/C. Bis at a
distance of(x — vAt), again according té&\'s frame, when the message is red” is sent off. This message
arrives atA at treg = At + (X — vAt)/c. Thus,tred— tgreen= (1 — V/C)At. This interval can be an arbitrarily small
fraction oft, but it can never be negative, andAs@ceives the two signals in the right order.



set of states of an obje¥twith the necessary corrections for the signalspeetive speeds.
Thus, we can replacé by a notional objecZ whose states—and correspondiBgs—are
those whichY would have under case 1 conditions. Some may olbfgtt such notional
objects should not be allowed, but let it be pantaut that, for example, frames of
reference—without which spacetime physics as wewkitowould not be possible—are
likewise notional objects, not physical ones.

In practice, if transmission is through electromatgnradiation, it can probably be assumed
that the vast majority of cases from both everytf@yand science can be considered, to a
sufficient approximation, to belong to case 1. Tikibecause the indices of refraction in the
earth’s atmosphere are close to unity—light is aiightly slowed down—and matter in the
universe is distributed in a sufficiently scarcal dlomogenous way to make overtaking of
light rays unlikely. Thus, though the possibilithaase 2 must be borne in mind, mestatz-
EAs are reliable in the optical case.

Theorem 2: For any objecK, any two eventp andq involving X, and their recordp andq

in X: in terms of configurations of states of objeth® order p beforeq” is definable only if
there is aZ such that, on some subsetM#, there isp’q’ -asymmetry, wher@’ andq’ are
records ofp andq, respectively, irZ. Here,Z is: a. eitherX itself, in which casg’ is p, and

g’ is q; b. or, if theEA fails to hold forX and case 1 is approximated sufficiently well, any
other objecty; c. or, in case 2, a notional object based onysipal objectY, together with
the necessary corrections.

Proof: Suppose that, for some objact record+ appears before aredrd , where
“before” once again has its everyday meaning, zmﬁ}m -asymmetry holds foda Let the
circle symbolizeA andthe square some other obj8et-physical in case 1, notional in case
2—so that, for any recoK> in A, if a record o:’@ or just is in B, this will be written
simply aSE. All we need to do is check through the possiiolefigurations on subsets—
proper or improper ones—Mg :

Clearly, no before order between the two eventpgstion is definable through subsets of
Mg which have no states Wiﬁ'¢> &, or whigvéionly one of the staf H [o] . Also,
subsets having both these states, bu@)t rovide no asymmetry through which the
relation “before” could be defined. This leavesyosiibsets witl@ , giving four possibilities:

a [H[H ]

b. [ <1 [A
o. M ][A
d. [ [

Configurations (a) and (b) are clearly symmetrid aannot be used to define an asymmetric
relation. (c), ori\/ls(+,A) and its extensions, is sufficient &  beingobe or simultaneous
with<¢=, and so cannot be necessary for ther@astgumed initially. (d), given the subsets just
mentioned, is sufficient f0+ beibgA , which in turn is a necessary condition<e

being strictly beforeA . But (d) is simply the configuration &'s states which corresponds

to the missinaﬁ»A-asymmetry oMa.. O



In other words, afEA on a subset of thigél-set of an object, or a correspondi&g on that of
another object—again, physical in case 1, notiomabse 2—is the only configuration which
can be used for establishing a before order by tdyeny over sets of states of objects.
Though it is true that, in case 2,pg-asymmetry inX can be replaced by a different
configuration on the set of's states, the correspondipdy’-asymmetry must then hold for
Y's replacemenkZ. Now, it seems that such quantification over statiesbjects is, at least
given the current state of the discussion, the oahdidate available for a reductive definition
of “before”: as argued briefly in the introductiamy asymmetry grounded in properties of the
events themselves, nor an asymmetric causal nelagbwveen them, nor rise in entropy are
necessary conditions for one event being befor¢henoand an absolute passage of time as
the foundation for temporal precedence incurs gdaffieulties in both logic and physics.

It could be objected that it is intuitively cleartpnceivable that one event is before another
without there being a&A on theM-set of any recorder, or any subset thereof, sostinzh an
asymmetry does not deliver a necessary conditibvereiThis objection seems very plausible.
After all, it was shown in lemma 2 that, at anyerahn EA for a given recorder is not
necessary for a before order. Nevertheless, thecobn backfires upon closer analysis. To
see why, consider, for example, a flash of blubtllgefore one of green light: Conceiving of
the order “blue before green” is possible only bthex experiencing or imagining an
experience of this succession. But such experigaqeaires that, for some subset of the
experiencer’s states, the following conditions satsfied:

a. There is a state with only a record of the bigiet, and not the green one. Otherwise, the
judgment that there is a situation where blue ise&y” there, and green “not yet”, is
impossible. But absent “already” and “not yet”, rinds nothing to ground the relation
“before” between events—a point made already by &yghrt who notes that there cannot be
a B series without ai\ series ([1993], 26-27). b. There is a state withlrecords together.
For if there are only states with each record olaon, the experiencer can only ever be
aware of one of them, and has no means of comptrentyvo, as occurs in living beings with
defective memory. c. There is no state of the egpeer with a record of the green light
alone. For given the assumed order, such a stgiessble only if they have forgotten about
the blue light, in which case they cannot ascedayorder between the two flashes.

But of course, conditions (a), (b), and (c) constitanEA on a subset of the set of the
experiencer’s states. Hence, to make the abovetaijethe objector must tacitly presuppose
the veryEA they deemed unnecessary. In other words, we clethimagine a before order
without anEA. But the reason for this, | submit, is not tha¢ftre” is primitive, and th&A
only a derivative notion. Rather, it is because EAenecessary for conceiving of a before
order is not explicitly analysed and recognizedwash, giving to the mind the impression that
“before” is a basic notion which cannot be expldimeterms of anything else.

The order just considered is, of course, one ddlloapact events, in this case of light flashes
hitting the experiencer. Obviously, the order @& tlashes being emitted may not be invariant,
but their order in any frame of reference can dsdycalculated given the order of the local
impact events, which can only be established gaeiA, together with information about

the distances of the flashes’ emitters. Thus, botbcal impacts and in remote emissions, not



only can no before order be experienced withouEArbut, what is more, no such order is
even conceivable independently of it. Given themgsitlerations and theorem 2 we can thus
write:

Thesis 1:For any objecK, any two event® andq involving X, and their recordp andq in

X: p is beforeq only if there is & such that, on some subset\df, there isp’q’-asymmetry,
wherep’ andq’ are records op andq, respectively, irZ, andZ is an object as described in
theorem 2.

We thus see that, even though fogigen object anEA is not necessary for there to be a
before order, aiEA on a subset of the set of statesameobject is necessary.

The EA plays, apparently, no role in the dominant campsontemporary philosophy of time.
Given this, many readers will think that thesis d@nmot be true and that “before” cannot
possibly be object-dependent in the way | have rdwsd. But the fact that thEA—which,
recall, is definable independently of any beforeéenr—is sufficient for orderings by the
relation bs (theorem 1) and arguably also necessary for the a@ncept of “before” shows
that this concept and tHeA are, at the very least, intimately related. Thhs, connection
between the two should, in my view, no longer beorgd if an adequate understanding of
temporal succession is to be reached.

However, before proposing a reductive definition“loéfore”, two problems remain to be
solved: 1. We have a necessary condition for “&fdyut a sufficient one only fdys 2. The
sufficient condition given in theorem 1 requirey, lemma 1, quantifying over at least
M(p,qXk. But we can confidently ascertain the before oflmween two events without doing
this: for example, having seen a blue light followay a green light, we do not need an
overview of all our states, in particular futureesnwhich have a record of either of them.
Rather, we can tell the before order immediatehusl some proper subsetM{p,qk seems
to be sufficient after all.

The answer to both difficulties can be given aldimg following lines: By premise 1, if any
two different states of an object exist, this i®da a record of a causal interaction (where,
recall, the combination of several causal intecendiis itself a causal interaction). But the
converse is not true: not any causal interactiocoonbination thereof necessarily leads to two
different states, since there can also be two aersach interactions whose records yield a
state no different from one of an object to whidthing occurred, that is, they cancel each
other out. Examples of this are familiar: a pafacumaterial can be added to an object and
removed from it (whatever the time order), a pieéaron magnetized by two opposing
magnetic fieldsB and B, and so on. Now, the occurrence of such a conmbmabf
interactions is a state of affairs really distifrim the simple absence of a record-producing
interaction, even if the resulting states are nib¢bnt in terms of their intrinsic properties—
they may be perfectly indiscernible, although olirse they need not be. | say “really
distinct” because the world, as “totality of fac{t3 borrow Wittgenstein’s words [1995], 1.1)
is clearly different if such a combination occunarn if nothing does: for example, treating the
piece of iron withB and B (again, whatever the order) is different from dpimothing to it.



Now, letd> be a variable denoting the record p&eticular causal interaction in an object,
denoted again by the circle. Then, three statep@ssible with respect to this particular
interaction:

O O..®

whered is a record cancelliKy . Note thatdiséinction between these three states is
independent of any assumptions about temporal omearticular, the two stat

must, given the above, be distinguished, althotigly tnay be intrinsically no different from
each other. Furthermore, no before order bet=and® is presupposed: all that is required
is that the two combine in the way described, irehej@ntly of which of the two, if any, is in
the object before the oth>. a@d  are, afteonly variables, so that, by interchanging
them, we can rewrite the three states aboOs@ @ . Such combination of
interactions can thus be likened to the way in Whiee composition of a functidrwith its
inversef—lacts on a given argument. For a given objedhe set of all of its states, where we
now distinguish betweeC) a@ for amgord<> , will be calledr x, rather tharMx, for
which said distinction was not made. It is not assd here that any recasl  has an inverse
counterpar® , but only that at least some do timat such a counterpart is unique. Nor,
clearly, do all three statO @ : @ , or indeed any given one of them, neecetonb
M x, though each state i x must with respect K>  be one of these threbaaseen said.

A further piece of terminology: For some evénaind some state il x, the recor€> may or
may not be in that state. If it is not, we will ghat the “null record o> " is in the state.yAn
two null records of two causal interactions arentd=l, since they correspond simply to the
absence of these interactions. But given this, dear that the null record is in any state on
M x. Some states of the moon, for example, have nipriod of Neil Armstrong, all of them
have no footprint of Cicero, and each of these mmords is the null record. In these respects,
the null record is similar to the empty set, whigla subset of any s8iwhatsoever because
there is always another setvhose intersection witB has no elements, and any two empty
sets obtained in this way are identical. Also,riba-occurrence of any event will be called,
along the same lines, the “null event”.

In addition, we may assume:

Premise 2:For any objeck, if a before order exists on some subsea¥igfor M x, then any
two discernible states cannot have same placesibéiore order.

This premise should not be confused with its cosereonMy, at any rate, two indiscernible
states need not have the same place in the bafiee dhe premise, as far as | can see, is not
capable of strict proof, and thus has to be intceduaxiomatically. But this does not stand in
the way of a reductive account of “before”: therpige does not assume that a before order
exists on a given set, and if it does, it makesassumptions as to what the before order
between any two given states is.

Now, considerV x. Is there a before order on it? With respect pginen record> , each
state is eithe@ @ O , whaan be written respectively as
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whereO is the null record. If all these thresesd exist, then by definition 2, there is noxe#
-asymmetry and &< -asymmetryJfy, and if only two exist, there are likewigE#&s on

any one of the three possible combinations of &agds easily seen. Supposing that all three
exist, applying theorem 1 yields that there isith @ventbsthed> -evenbsthe¢ -event. We
can apply this order also to the states of theablajed write:
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This last step is possible precisely because ofiigtenction betwee@ aO . It could
not have been made fbtx where, since this distinction was lacking, theeorof events could
not be applied to the order of states, as arguddritheorem 1. Thudy x, with respect t>
is totally ordered by the relatidss. Now, by premise 2, no two different states cavetthe
same place in the before order. Hence, we canaepsby “before” in its strict sense and
write (omitting the null record):

O before® before® )

This allows us to introduce three correspondinglewof the before order with respecto
which we can call level> & <, 2. No givame of these levels needs to be occupied, but
each state itM x must be on one of these levels. Now, pick ondelevels, e.g. level 1. Its
members constitute the set of@ -stafehig set is non-empty, we can now check
whether there areAs with respect to any other two recoﬁ}s Aqn it.<}> andA may also

be inverse records of each other (Kxe  #dbut it does not matter whether they are: it
matters only whether there is BA between them. If there is, tHSA now constitutes a

before order with respect t€}> 4\, on levehlorder to be confident about this order, it is
not necessary to check lev’s 0 <nd 2 aadvhether there are also states \rd}t—h Aor

in them, because it has already been establishedgh quantification ovei x with respect
to< that the states in lexI 0 are befoos¢hin levek> 1, and those in lex 1 before
those in levek> 2. We continue in this way, ®ssively ordering each level so obtained.
Since for any record, each state is on level Or 2, with respect to it, all ot x can in this

way be ordered through until any two states staralbefore order. Also, it does not matter
with which of the records we start this procesaeasted ordering: above, we started Wth
but of course®> is just a variable which cam#jgany given one of the records in any of the
states inM x. Finally, having ordered? x through, the events in whichis involved can now
be ordered accordingly.

As an example of such nested ordering, considemrXample, states of the moon with Neil
Armstrong’s footprint, states where the footpristerased by the crater of a meteorite, and
states with neither the footprint nor the cratdre Brder between these three groups of states
can be established through tBas associated with these records in the way justritbesl, so
that, for example, the states with only the foatpare on level 1 with respect to the footprint.
In a next step, we can check these stateEAsrwith respect to other records, say, traces of



space probe activities, or such like. Finally, wan dhen use the total order of states so
obtained to order the corresponding events, sutheafootstep, the meteorite impact, and the
space probe’s scratching the moon’s surface.

We thus see that tHeA when applied toVl x delivers, given premise 2, the needed sufficient
condition for “before”, thereby solving problemHAroblem 2 is solved as well, becauge is
totally ordered byEAS that is, any two non-identical states are relétg@nEA, and hence,
none by an existence symmetry. Contrast this with dituation discussed below lemma 1:
Here, there was an existence symmetryigp,q)x, and arEA arose by restrictintyl(p,q}xto
one of its proper subsets. Hence, there was nagtes that aiEA on such a subset (a “false
EA’, so to speak) corresponded to one M(p,qk itself. But given the above, this cannot
happen onMx. Nor can anything else go wrong: as can be eashfied by checking
configurations (a) to (d) under theorem 2, onlyekestence symmetry (configuration (a)) can
be restricted in such a way as to give rise to sutfalseEA’. Thus, anEA on any subset of
M x implies anEA on M x itself, which in turn is sufficient for a beforedar.

We can check that all of this agrees with our tidai of “before” in everyday life: |
experience that a blue light flashes before a gligbh does. This implies that there is BA

on a subset d¥(b,g)e (Whereb andg are the records of the two flashes) as should new b
clear. Of course, | do not know whether there $® @nEA on all ofM(b,gke | could one day
forget about the blue light, so that there is &estd me with onlyg, andM(b,g)e is in this
case symmetric ib andg. But | also know that, should | forget, this wike due to a causal
interaction, or several of them, which affect destaf my brain having. But since they affect
my brain, these interactions themselves leave @decall itc. We can call the resulting state
a bc state. Even though this state may be intrinsicadiydifferent from a state which lacks
simpliciter, we not only can, but must distinguitihese two states since, again, the
combination of thé>-event and the-interaction(s) is really distinct from the simpbeck of
theb-event. This, in turn, leads to the distinction betw theVi-set and thé\-set. Thus, both
the EA and the distinction between these two sets, eleagh they will be unfamiliar to
readers, correspond closely to our everyday expegi®f the succession of events in time.
But note that these considerations are only a clettk our temporal intuitions: the above
derivation of the before order does not rely orséhatuitions, but is rather based on E¥# a
notion which does not presuppose the before ortiehwit grounds.

Also, notice that the before order ofix is extremely simple: the more records a statethas,
higher up it is in the order. This too correspotala familiar phenomenon of everyday life:
later states of objects or persons bear traceaf mteractions—though some of these traces
may no longer be discernible—than earlier oness Tinkes priority in terms of the before
order similar to what could be called “logical pitg”: a later state o x has all the records
which an earlier one has, plus additional onesilairto the way in which, say, the definition
of “Greek citizen” in terms of essential propert@mtains all those which are contained in
the definition of “human being”, plus additionales) and this latter notion is logically prior
to the former. “Priority” has different, but reldteneanings, a theme investigated already by
Aristotle ([1924], 1013a).



It is now possible to synthesize the groundworkedsa far and offer a reductive definition of
“before”: Once again, leX be a variable denoting an objegtandq records in it, ang andq

the corresponding events involving These can also be null records and null events,
respectively. Also, letxpg denote the proposition “there ipg-asymmetryon M x”. Then:

Def. 3:For anyX and anyp, q involving X: pis beforeq if and only ifExpq.

This, in turn, is satisfied if there ispg-asymmetryon any subset ol x containing a state of
X with p and one withg, as has been argued; and only then, sinc&#feannot feature on
M x unless there is pgrasymmetry on the set containing only these tweestaAll other
subsets with these two states are merely extensiotigs doublet set, and if the doublet is
pg-asymmetric, so too are the extensions, as is flelar the answer to problem 2. Hence, it
is also possible, equivalently, to define “befoireterms of arEA on any of these subsets.

On the left-hand side of the biconditional in défon 3, we have the familiar temporal
concept of “before”, whereas on its right-hand s&la proposition asserting &A on M x.
Since neither the concept of tE# nor that of M'x make reference to a before order, the
definition is indeed reductive. Causal priorityymsnetry, or dependence does not enter into
it, but logical priority does, insofar as an earkete onM x can, in the sense given above, be
thought of as logically prior to a later one. Oragain, the before order so obtained can be
used not only for local events directly involvin§y but also—by making the necessary
corrections for distance—for spatially removed dseglyielding an order according s
frame of reference. In any case, the before ordenat a relation between two events
considered independently of objects, as is oftenght. Rather, it exists in virtue of an object
having records of these events.

The M-set, unlike theM-set, allows establishing the order of an objectses using only
these states themselves, without the neecereatzobjects. Now, the concept of the-set
relies on the distinction between the two st@ and@ , a distinction which has a
fundamentum in rand must be made, as argued. But empirically, avenat in general tell
the two apart, so that we have only elementMedets available for telling which events
happened, and what their order is. This means libfiire orders established in terms of
records in concrete objects will necessarily bepgagnd incomplete. But very often, the gaps
can be filled by using aarsatzasymmetry on th&l-set of another object. Examples of this
are familiar: We may be unable to recall a detid particular event which we know we have
experienced—e.g. the music played at a wedding—tisec¢he record of it in our brain is
erased. But we can ask a friend with a brain incivhihe corresponding record is intact. We
may be unable to reconstruct a particular piecethef earth’s climate history through
dendrochronology, because of a lack of survivieg tspecimens, but we can fill this gap by
using evidence from ice core samples taken frota@eg. Both the friend and the glacier can
only provide us with the before order if there msEA on a subset of their respective states, as
has been argued in the context of theorem 2 arsistie(mutual overtaking is unrealistic in
the processes relevant to these two cases, s®azeae be ignored). In other words, we can
combine the gappy before orders obtained fromMkeets of different recorders, stitch them
together, and in this way approximate the compsefere order defined in terms of thé-set

of a given object. Such stitching together is dooetinely in everyday life, and in the



sciences dealing with the history of life, the badnd the whole universe. In this way, the
distinction between th#-set and theVl-set accounts for the familiar phenomenon thatneve
though we know the correct, complete before ordest, they are not always easily
accessible to us, but can be obtained only by coeimdpievidence from different recorders.

3. Objections

The whole approach of quantifying over sets ofestaif objects is very unorthodox with
respect to the various ways of thinking about terapsuccession current in contemporary
academic philosophy, and is often perceived asonisly wrong and implausible. Hence, it
will be necessary to address at least some of t'e# aommon objections.

First, some may object that the account is maryfestcular, presupposing the very before
order which it is supposed to derive: a set ofedédht states of an object, causal interactions
affecting an object in general, and in particulambining in such a way as to cancel a
record—all this, the objection goes, cannot be imadjindependently of a before order in the
first place. To this, | answer that indeed we arahle to do so. But it must be borne in mind
that we, as physical objects, are ourselves recird¥e have in our brains records of
different states of other objects, we compare tiséses and establish a before order between
them, enabling us to experience change, and angatateraction is itself a change. But
establishing the before order and conceiving oftémeporal succession involved in all of this
is possible only on the basisiBAs, as shown (theorem 2 and below). Now, neithentt®n

of a set of states, nor tld, nor the distinction between the three possitdeestwith respect

to a given record which underlies the notion of/drset, nor the premises adduced required
the assumption that a before order exists, anaditiefi 3 is given entirely in terms of them.
The mere inability to imagine these notions indejegrtly of time does not indicate a logical
problem with the theory: many children find it ingsible to imagine isotropic space without
a “downward” direction, and many adults—includingmy physicists and philosophers—find
relativity of simultaneity inconceivable even toddyt neither of this indicates that a good
theory of space or time must presuppose an anotrspatial structure or absolute
simultaneity.

Second, some readers may have the impressiondf@aelorders, according to my approach,
are “subjective” or “products of memory”. This te® a misconception. It is not subjective
states of mind which constitute a before order,ratlierEAs on subsets of sets of states of
physical objects, of which we as conscious embodtieitigs are only a special case. But
whether arEA exists on a given subset is a fact of nature, nailgective matter like, say,
musical taste or a dream is. The before order ivevents is an observable, just like the
classical properties of the length or mass of gaatpor the quantum-mechanical ones of spin
or parity. None of these are definable indepengasftan operational procedure, i.e. an act of
measurement, whether it is a conscious being ceyrgut the measurement or not. Such
measurements are, to speak with Kant, “questionsatare” ([1787], AA 10), and nature
throws at us—"ob-jects” in the etymological sensexgue answers, which are not
susceptible to subjective and arbitrary interpretatJust the same is true of measurement of
the before order defined operationally in termdhef EA This order, by consequent, is no
more “subjective” than observables such as lengiitin, and so on. Arguably, the currently



dominant perception that time must either be albsadnd fundamental, as Newton thought,
or is otherwise “merely subjective”, and the condant failure of being able to think of time
as an emergent phenomenon which depends on comtrgsecal objects, both stand in the
way of progress in contemporary philosophy of timepoint argued in detail by James
Harrington ([2009]).

Finally, it is often objected that the present actdits neither into the A-theory nor the B-
theory, and is therefore unintelligible. But | se@ reason why a new account of “before”
should be obliged to be classifiable in this wag.demand this would be to rule out different
approaches to temporal succession a priori. Iriquéat, readers with A-theoretical leanings
will object that it is wrong to adopt a bird’s eyew and consider the set of all states of an
object which, in a timeless sense, “exist”, sirceld so would presuppose the B-theory. They
will point out that reality is fundamentally tensesb that states should rather be divided up
into those which have existed, exist, or will exiBb this | answer that A-theorists too will
have to admit that, for a given object, only sorhé@soconceivable states have existed, exist,
or will exist: the table before me may once have, leat one day will have, a different colour
than it does now, but clearly not all possible codo There have been states of Cicero with
records of Greek, but none with records of Japartésece, A-theorists too cannot forgo the
distinction between states which are not realizegivien, and those which are. All the A-
theorist then needs to do is to take the set aiethetter, and then follow the derivation | have
proposed.

In sum, it is fallacious to conclude that an accoomust be flawed simply because it is
unorthodox or hard to intuit.

4. Temporal succession: local and emergent

To conclude, let it briefly be pointed out that theesent account not only saves, in the
respects described above, the phenomena assowidtetemporal succession in everyday
life, but is also consonant with what physics teschs about time in three crucial ways:

First, before orders are emergent, since they dkpmn objects with classical identity
conditions allowing to distinguish between the cobjéself as a substrate and the records in it,
as well as between different states belonging éosstime object. Given this, before orders do
not apply to quantum mechanical systems considerdaiemselves (cf. again Lowe [2003]),
even though it is possible to distinguish “befoagid “after” in the Schrédinger evolution of
such systems in terms of measurement through sicd®bject. As E. J. Zimmerman writes,
“time’ which appears in the equations [of quantarechanics] is not a quantum mechanical
observable, which would be represented in the thbgran operator, but rather a parameter
external to the microscopic system” ([1981], 492he consequence of this is that there can
be no before orders in what we call the “very €adgd the “very late” universe, states in
which the physics does not allow classical objeotsubsist, nor are such states literally
“before” or “after” those more hospitable to clasdiobjects (for the early universe, cf. Rugh
& Zinkernagel [date unknown]). However, once agiiis possible to view these states as
“earlier” and “later” ones according to models d®d by, say, the human brain or a
computer, which after all are themselves classibgcts.



Second, before orders are “attached to” concreysigdl objects, since they are defined in
terms of such objectsif-sets. This makes before orders essentially loalglobal. On such
an object-centred view, the relation “before” doed yield a total order on the set of all
events occurring in all of spacetime. Rather,vegirise to local and partial orders on this set.
This means that temporal succession does not nésuhlghypersurfaces of absolute
simultaneity, which are still often defended asregeisites for the passage of time in much
contemporary literature (e.g. Unger & Smolin [2Q1Bjmmerman [2013]; Craig [2001]).
Such hypersurfaces, of course, conflict with bogecgal and general relativity theory,
according to which there are no global total orgsrsompassing all evert®ut the lack of a
global order does not make temporal succession tbamgemerely subjective or illusory.
Rather, it is real, but local.

Third, temporal succession as understood in thisl@arwill be accompanied by a rise in
entropy in the local vicinity of a recorder with eswhelming probability (but not absolute
certainty). The reason is simple: the more rectindse are in a state in thé-set of a given
recorder, the higher we are up in the local beforger. But each record is of a causal
interaction, and each interaction tends to incréasentropy. The local rise in entropy is thus
a consequence or “symptom” of an ascending befaterpnot the reason for the existence of
this order.

2 Cosmic time functions, which can be constructednftocal comoving observers given a homogenouseusgy
(see e.g. Whitrow [1980], 270-320; Callender [2Q0172-76), yield a total order of large-scale staiéghe
universe, but not of all events.
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