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Many of us were introduced to the notion of a law of nature with an example like:




What goes up, must come down.

Of course, this assertion is distinct from "what goes up, does come down", a distinction of modal character.  So, we have learned from early on that laws are meant to portray a sort of necessity in nature.  The comings and goings described by law are not merely contingently related.  Rather, it is part of the concept of law that these events are connected in some significant way: "nomically" connected.  One important desideratum for an account of law, then, is that it respect and perhaps explain this modal character.


An empiricist, on the other hand, may want to postulate no more to reality than mere coincidences or conjunctions of events, for example, temporal relations between comings and goings.
  This position is sometimes put succinctly if pejoratively as the claim that the empiricist's world is "just one damn thing after another".  In any case, if such an empiricist is to speak of something X while the concept of X is not specifically about only the time and place of occurrences (e.g., X = scientific law), then X should be somehow shown to boil down to occurrences or occurrent fact.  (I will not define "occurrent".  But I can characterize it to an extent: occurrent fact is particular, about a localized space-time region,  and is non-modal, non-dispositional, non-causal and non-nomic.
)


Recently, a number of philosophers have wanted to develop and promote such an empiricism.  I have in mind especially David Lewis (1986, pp. ix-xvii and 1994) and John Earman (1984 and 1993).  Both suggest an empiricism committed to the view Lewis calls "Humean Supervenience"; this is the view that all facts supervene on (i.e., are determined by) the occurrent facts.  It can be restated in terms of possible worlds: No two possible worlds are alike in all matters of occurrent fact yet differ with regard to another matter.
  Beyond this preference for the occurrent, the empiricist would also like to make good sense of the scientific enterprise.  At least apparently, laws (with all their modal character) are essential to scientific theory.   It is the scientist's job to discover such principles.
  Thus, the empiricist seeks to define laws so that they have a modal character, make sense of scientific practice, and yet supervene on occurrent fact.  If this attempt succeeds, the empiricist notion of law will have an advantage for us all: a notion of law that does not postulate a metaphysically extravagant necessity in nature.  In this paper, I will argue that the empiricist does have a plausibly successful account, a context sensitive version of the best-system account.

1. The Best-System Account

Richard Feynman once characterized scientific law writing that "it is possible to condense the enormous mass of results to a large extent–that is to find laws which summarize. . . ." (1963).  This is a nice statement of what philosophers call the "best system account" (BSA) of scientific law.  According to this account, the laws of nature are the consequences of the axiom system best describing reality.  And "best axiom system" here means the set of true sentences providing the best compromise between two features: strength of content and simplicity of exposition.  There is one further proviso.  To respect Humean Supervenience, it is assumed that all candidate axiom systems express only truths about occurrent fact.  It is worth explaining this definition a bit with an analogy.


Think of how one might describe a patchwork quilt.  Suppose we need to describe a quilt in order to distinguish it from others in a collection.  One might go into great detail in the description; for example, one might describe every thread in each patch.  Yet ordinarily one would not go into this detail.  Such a description would be neither practical nor necessary.  Instead, one needs to give a simpler description that will condense much of the thread by thread description.  Perhaps something like, "the quilt is primarily of reddish color, but such that no patches of identical material are conjoined".  So, one would try to say a good deal about the quilt, which is to provide a high level of strength of content, while keeping the complexity of the description down to something manageable.  Thus, we trade off some descriptive power of the thread-by-thread description for the simplicity of the more compact description.  The ideal description would best combine simplicity and strength, where "best" is relative to the purpose at hand–here to distinguish quilts.


Now, the empiricist thinks of the world as a patchwork of sorts: a patchwork of occurrent fact.  Moreover, for the empiricist, scientific law is based on the axiom system best describing such a  world (where "best" is now relative to scientific interests).  In any case, this axiom system would need to be less than a full description of the world (there is too much to describe) but would have to say a good deal in a compact way to be useful as a tool for explanation, prediction, etc.  The bottom line, the BSA, is this: Scientific laws are the consequences of the best axiom system for all occurrent fact.  This system would be one that summarizes, for example via generalizations.  So, one well-known advantage of the BSA, is that it accounts for the tendency of laws to be universal generalizations.  A second advantage is that the BSA would appear to respect Humean Supervenience.  This because it defines laws only in terms determined by occurrent fact.

2. Problems for the Best-System Account

Unfortunately for the empiricist, there is a wide array of problems with the BSA as just described.  First, the standards of best system (simplicity and strength) seem to introduce a language dependent component into the account.  For example, the simplicity of the statement of a scientific theory would seem to depend on the vocabulary available.  Thus, law according to the BSA seems to be ill defined unless a preferred language is somehow given.
  Second, the standards would seem to make the BSA notion of a law rather subjective.  A best system is one that is required to be simple yet strong from our human lights: the best for us.  Third, it is not at all clear that these standards do in fact pick out a unique best system.  Finally, there is a problem with statistical laws.  These do not merely describe occurrent fact but involve probabilities, so seem not to fit the BSA.  I want to begin with this problem of statistical law and return to the other problems only at the end of this paper.


Contemporary physical theory provides statements of law involving irreducible probabilistic claims.  (For example, a singlet state electron has a probability of .5 for spin up in any direction.)  These objective probabilities are a kind of disposition (e.g., the degreed propensity to move upward if tested in an appropriate magnetic field).  Consequently, facts about probabilities are not occurrent.  This is a problem because the BSA (as developed above) requires laws and best systems to be only about occurrent fact. 


It has sometimes been thought that a best system account could subsume probabilistic laws by giving an implicit definition of probability.  The idea is that the BSA would define the concept of probability (or, at least, of probabilistic law)  simultaneously with the concept of law.  David Lewis (1986) once called this a "package deal" best system account.  On this account, one allows candidate systems to include any statements whatsoever about probabilities so long as each candidate has only true consequences about matters of occurrent fact.  Then laws and probabilities are defined together in one stroke: the laws are the logical consequences of the best of the candidate systems and whatever this best system logically implies about probability is taken to be true.
  Hereafter, I will take this package deal version of the best system account as the referent of "BSA".


However, there is another pressing problem concerning probability: Counterfactual or hypothetical probabilities and the assignment of probability in other possible worlds is not easily treated by the BSA.  To be concrete I will address this problem by taking the example of quantum mechanics and its assignment of probabilities; but I think that the basic points of what follows are independent of that theory.  According to many interpreters, quantum mechanics's assignment of probability p to physical quantity q is to be understood as follows: "if a q measurement were performed, then result r would have probability p".
  So, the quantum mechanical case suggests that probabilistic laws can be counterfactual and of the form:


(*)
M > Probability(R)=p

where "M" stands for "a q measurement occurs", ">" for the counterfactual conditional, and "Prob(R)=p" for "result r has probability p".   Such a counterfactual statement is usually understood to mean roughly that its consequent, "Prob(R)=p", is true at the "nearest" M-worlds.  I take the "nearest M-worlds" to be the possible worlds making M true that are most similar to the actual world in relevant respects.  But I set aside the controversial details of counterfactual analysis as they are not relevant to the question at issue.  I also set aside the fact that (*) is controversial as an analysis of quantum mechanical probability assignment in general;
 for standard measurements it is plausible that (*) is true and lawful.  This last is all that is required in the argument to follow.


Now, the counterfactual reading of the probability assignments may present an internal conflict for the BSA.  On this account, the law (*) and the probability p are determined by the best system for the actual world.  But the probabilities referred to by (*) are probabilities in other possible worlds so are, still according to the BSA, probabilities determined by the best systems of other worlds.  It is at least in principle possible, then, that the probability p the actual world assigns to a hypothetical q-measurement is different from that assigned by a nearest M-world--in contradiction to (*).  Will this happen?


This conflict for the BSA will occur if a nearest M-world to the actual has a best system sufficiently different from the best system for the actual world.  Will nearest M-worlds ever be different enough from the actual world to have a different best system?  I think it a good bet that they often will.  Consider @, the actual world, and w a nearest M-world to @.  On standard views of the similarity at play here, w is to be thought of as qualitatively identical to @ until about the time of the measurement.
  At that time, a q-measurement occurs in w but not (let us presume) in @.  Afterwards, w evolves in accordance with the laws of the actual world.  But this may require w's occurrences to be quite different from @'s after the time of measurement:  The little differences from @ required in w at the time of q-measurement may later snowball.  This is a result of what has become known as chaos. The development of a complex system is typically very sensitive to initial conditions: a small difference at one time between two systems can (and in complex systems, typically will) result in great later disparities.  Very plausibly, then, there are great differences between @ and nearest world w regarding matters of occurrent fact for all times after the time of measurement.  So, though w develops in accordance with the actual world's best system after the time of the measurement, the completely new set of occurrences after this time may well display new patterns.   Hence, plausibly there are differences in best systematization, so in probabilities.


This final inference, from widespread difference of occurrent facts between w and @, to a difference of best systematization, is perhaps the most uncertain of the links in the chain of reasoning.  It is unclear just what change in occurrent fact may be required to obtain a change of best systematization.  This is so for at least two reasons: first, the world w is not  fully described and, second, the notion of a best system is not precisely defined.  Like so many other context sensitive concepts, that of best systematization is very complicated and not well formalized.  A proponent of a best system account assumes that theorists have a firm but tacit handle on this notion.  Thus, one is not in a position to say whether a pair of worlds (like w and @) will have exactly the same best systematization or whether they should be deemed to have somewhat different patterns and systems–given the operative standards.  As the problem I am developing depends on a difference, it may seem that I have at best presented a stalemate.


Nonetheless, I think, the problem presented is a daunting one for the traditional best system theorist.  First, even one case of a measurement world w (a nearest M-world to @) with different best system will be problematic: the measurement can be of any type, at any time, and in any context.  Of course, we cannot reasonably expect that absolutely all such worlds will have best systems contrary to the actual best system.  But, for the reasons of chaos described above, it should seem very implausible that none of these nearest M-worlds to @ could be better systematized than by the actual world's best system.  Second, it is widely assumed by best system theorists that best systematization is very sensitive to details of occurrent fact.  As most any nearest M-world to @ is very different in matters of occurrent fact, it follows that it is likely  different in system.  


This second consideration is partly a burden of proof concern.  The best system theorist cannot say precisely what best systematization is, but proposes that it is determined by occurrent facts.  Given this, it would be wishful thinking indeed were this theorist to rest on the hope that systematization is largely insensitive to (even) major differences of occurrent fact.  Thus, best system theorists regularly suppose the contrary, that there is significant sensitivity of systematization to occurrent fact,  and try to deal with the results.  The best known example of this is Lewis (1986, 1994) on "undermining" worlds.  Undermining worlds obey the actual laws but provide markedly different statistics over the long term; thus they may have different best systems, different laws and different probabilities from the actual world.  


As an example of undermining, suppose that atoms of a certain type have a chance of ½ for decaying in a certain length of time T, their "half-life".  What would happen in a hypothetical situation differing slightly from ours at a time before any of these atoms come into existence?  Given the actual probabilities, it is highly unlikely, though possible, that all such atoms exist for no longer than T.  In the latter possibility, what laws would hold?  There is no proof that the best system would be different from the actual best system, but it is regularly supposed that in this (or some such world) the best systematization would involve probabilities contrary to the actual probability of ½, perhaps a probability of one for decay in period T.  Thus the possible decay  world at issue "undermines" the actual probabilities and laws.
  Or so Lewis and best system theorists typically suppose; they undertake to deal with the consequences of undermining.  It would be wishful thinking to suppose that no such undermining is possible.  Likewise, a q-measurement world could (with the same low probability) involve the odd statistics of the decay example and equally plausibly would have a best system different from the actual world's.  In any case, I assume that at least some examples of the measurement worlds w have laws different from the actual–that best systematization is sensitive enough to differences of occurrent fact.  For the reasons just described, I think a respectable best system account must be open to such sensitivity.


But, again, sensitivity to details of occurrent fact and a difference of systematization between w and @ is a problem for the BSA facing probabilities assigned by quantum mechanics: (*) requires that the assigned probability p be dependent upon w and any other nearest possible worlds not (as the BSA would have it) solely on the actual world's occurrent facts.  Because the probabilities can differ between the actual world and nearest M-worlds, there is a conflict.  


That is the problem of statistical law.  It is worth reiterating that it is a problem illustrated by the quantum mechanical case but not restricted to quantum mechanics.  The argument could be run for any theory providing probabilities for counterfactual situations.  So even if one thought that quantum mechanics should not be understood as providing counterfactual probabilities, the BSA would still seem to be in some trouble: it  would seem unable to handle even the possibility of counterfactual probabilities (if chaotic systems are frequently realized). A related problem for the BSA, described next, will point to a plausible solution: significant context dependence.


Consider a very simple quantum mechanical world, wq, a world consisting of a single object: an electron moving with determinate momentum p in direction d.  This object has a fixed mass m, spin s, and charge e but, in accordance with the Heisenberg uncertainty relations, has completely indeterminate position.  For simplicity, suppose that the elementary quantum mechanical description of such a system is complete and correct.  (Indeed, still for simplicity, I will assume throughout this paper that quantum mechanical principles give the actual laws.)  Then it follows that the occurrent facts of world  wq can be completely described in a very compact way:  We have just done so in specifying the values of the electron's physical magnitudes.  (According to elementary quantum mechanics, there is no more to the system wq at t or other times.)


This compact description, call it "D", is clearly far simpler than the whole of quantum mechanics.  Yet because it gives a complete description of wq's occurrent fact, it counts as stronger
 than quantum mechanics.
  Hence, according to the BSA as so far developed, D and not quantum mechanics would appear to give the laws of wq.  This result should seem an extremely odd consequence of the BSA: Normally we would take wq to be quantum mechanical; that is how it is introduced, as a quantum mechanical system.  Moreover, we evaluate counterfactuals about wq with respect to quantum mechanical laws and not with respect to D.  For example, we might ask about what would happen in wq if a position measurement were performed.  To answer this hypothetical question, we would typically apply quantum mechanical principles to determine a probability distribution over possible position values.  Now, because it is a hallmark of laws that they are used to evaluate counterfactuals, one can conclude that quantum mechanical principles are naturally applied as laws to wq.  So, finally, by assigning D as its laws, the BSA fails for wq.


Now, there is nothing special about the case of wq.  Nor did we need to suppose that quantum mechanics was correct to make the argument.   Any such "toy" world as model of any set of laws would do to make the point: the toy world has a very simple yet complete description.  Still, we would not ordinarily think of this description as giving laws.  Instead, we tend to project our own laws onto such a model.  

3. The Perspectival BSA

We have noticed that the laws we associate with the actual world are naturally attributed to other worlds.  We take our own view of what is lawful and apply it elsewhere.  This may seem inappropriately imperialistic or chauvinistic.  But really it is not.  Only from a certain perspective are wq's laws quantum mechanical.  World wq is a model of many theories--a result of the underdetermination of theories.  It is just practical for us to think of wq in a particular light: as a model of quantum mechanics.  Attributing actual laws is the practical thing to do for such a case because wq becomes a useful model of a subsystem of the actual world.  Finally, notice that this makes good sense given empiricist presuppositions: A world is fundamentally just a totality of occurrent fact;
 all else is a context dependent projection onto this totality.


So the idea is that the laws of a world w are context, or as I will call it here, perspective dependent.  For the actual world we normally merely apply its own best system--just as with the traditional BSA.  But, as we have seen, for other possible worlds we are likely to apply the actual world's best system: we project the actual laws onto other possible worlds. 


The situation can be a bit complicated.  Frequently, as in the example of wq we have just considered, it is the actual world and its best system that are most important to us--then this world and its best system are essential to our perspective.  We see other worlds in light of the actual and project actual laws (the actual world's best system)  onto them.  But, to take a different sort of example, sometimes a classical counterpart to the actual world is of greater salience.  We think of reality as described by scientists like Newton and Maxwell; we think of the world as made up of particles of well-defined position and momentum, fields of force operating on these particles in a non-relativistic space and time, etc.  So, we think of the actual world's observable occurrences as underpinned by the sort of phenomena postulated by classical physics.  Thus, from this latter perspective we are most interested in this classical world with classical best system, so with classical laws.  If from this perspective we are to evaluate the laws of a world (e.g., one of a single solid, macroscopic sphere moving through space with constant momentum) we typically project classical laws rather than quantum mechanics or another theory.  For details of these perspectives see Halpin (1994 and forthcoming).  


For now, the complications and details referred to in the above paragraph are of less significance; what is important is to restate the logical skeleton of a best system account.  To do so, I presume from the treatment of toy worlds that we are willing to project a best system of one world--if that world is of special importance--onto other worlds.  Motivated by this fact, I would like to tentatively propose a reformulated best system account that pays close attention to the perspective dependence of law attribution.  For this proposal, I suppose that each perspective determines a world wsi of special importance (typically, wsi is just the actual world).  From a perspective that determines wsi as its world of special importance, the laws of wsi are just the consequences of wsi's best system--as with the standard BSA.  Then, the leading idea is that we attribute the best system of wsi to other worlds as their laws.  More precisely, if the best system of the (perspectivaly  determined) wsi is compatible with a world w, then from the given perspective, the set of laws of w is just the deductive closure of wsi's best system.  Call this account of laws the "perspectival best system account" or simply "PBSA".  


As an example of the perspectival character of law attribution, we attribute the actual (and we are presuming quantum mechanical) best system to wq as its laws because the actual world is the world of special importance in our context.  As a further example, we would typically apply quantum mechanical principles to other models of quantum mechanics.  But any inhabitants of such a world are presumably interested only in their own actual best system, a system that could be quite distinct from quantum mechanics.  So, from their perspective, such a world could be assigned non-quantum mechanical laws.  Finally, and most importantly, there is the example of the "actual laws".  In any normal context set to evaluate the actual world, the actual world is wsi.  So in normal contexts, the PBSA requires that we attribute the actual world's best system to itself as actual laws. Notice that all these attributions are guided by the practicality considerations noted at the beginning of the current section.


The perspective dependence of the PBSA provides a solution to the problem of probability attribution.  To briefly reiterate, the problem was that quantum mechanical principles seem to ascribe probabilities counterfactually via (*), i.e.,  M > Probability(R)=p.  So, at nearest M-worlds, the laws and probabilities had to be assigned so that (*)'s consequent, "Probability(R)=p", is true.  Yet according to the BSA, this latter probability claim may fail to hold at nearest M-worlds provided these  worlds had best systems different enough--something I argued was plausible.  


Now the perspectivalist approach just broached gives a straightforward rescue: Given a normal perspective, we take our best system laws and probabilities of the actual world, the world of special interest from our perspective, and apply them to the nearest M-worlds.  We simply assume that the probabilistic law (*) is true at these worlds just as it is in the actual world.  Hence, as desired, "Probability(R)=p" is true  at the nearest M-worlds.  There is no need to take the best system of these worlds into account to determine their probabilities and hence no contradiction with (*)'s consequent need arise.
 

4.  Solutions

To this point I have argued that considerations of context, or what I have called perspective, provide certain important benefits to the BSA.  First, it allows one to comprehend the assignment of probabilities counterfactually--as quantum mechanics is frequently interpreted as doing.  Second, it makes sense of the way we assign laws to other possible worlds (like wq): we project actual quantum mechanical laws onto wq.


There is another way in which the PBSA may prove advantageous.  So far, we have mentioned only one aspect of perspective important for determining law, viz., interest in a particular world wsi (usually the actual world) and its best system.  But there may be other equally important aspects of perspective.  For instance, the desiderata for determining best systems are very context dependent: Language, simplicity and the best way to combine simplicity and strength all depend on context.  I propose the following.  Perspective determines the language and standards (simplicity and strength and their combination) precisely enough that a unique best system for any world is picked out.  This suggestion, if plausible, resolves all but one of the BSA's problems discussed in the first paragraph of section 2 above.
  


The remaining problem is that a best system account, especially in perspectival form, seems not to give an objective account of the nature of law.  I have two responses.  First, the PBSA is explicitly relativistic: truth about the nature of laws is defined only relative to the context of a perspective.  But many notions will be context relative in this way.  For example, the common similarity account of counterfactuals takes the analysis to depend on context sensitive features of "similarity".  (For example, the formulation of this account I provided above relies on similarity in "relevant" respects.)  But this somewhat controversial example is not needed to make the point.  Many concepts are clearly context dependent, e.g., "good", "all", "large".  For example, what counts as large is dependent upon the context in which the judgement is being made.  In a conversation about cells, "large" has a resolution clearly different from that of a conversation about galaxies.  The empiricist needs only to admit that there is a somewhat similar openness to to the notion of lawfulness: the latter depends on the perspective of a scientific culture.  Thus the perspectival definition of law does not provide a special objectivity problem; it's relativity is shared in familiar ways by other important and respectable concepts.


My second response to the best system account's claimed lack of objectivity is that there is an important sense in which a best system account law is objective: There can be laws that are not known, so there to be discovered.  Scientists attempt to do so (i.e., they attempt to find principles that are part of the best system).  As well, relative to a perspective, there can be laws of worlds that are empty of any people (e.g., wq has quantum mechanics as its laws although its only inhabitant is an electron).  In this sense, the existence and nature of PBSA-laws are independent of people (though relative to a perspective).  This is an advantage over some empiricist accounts that take laws to be whatever principles are thought to be important for prediction and explanation.  The latter sort of account does make a world's laws dependent on the knowledge of cognitive beings in that world.  So, the PBSA is not subjective in this way even if it does not provide all the objectivity some may want from a concept of law.

5.  Modal Character

Finally, we can return to the feature of law that began this paper: modal character.  It has often been objected that the best system account does not respect the "physical" or "nomic" necessity of laws.  That laws are consequences of the best axiom system for our world, it is argued, says nothing about their necessity, i.e., their truth at other worlds.  However, there is an important sense in which the PBSA does guarantee significant modal character to laws.  I conclude by describing this. 


Nomic necessity is usually thought of as a species of relative necessity, necessity relative to one's world.  On this view, "it is nomically necessary that p" is true at a world w if and only if p is true at all worlds "accessible" to w.  The worlds accessible to w are sometimes described as the nomically or physically possible worlds to w.  So, to respect modal character an account of law must provide a definition of accessibility making the laws of any world w true at all worlds accessible to w.  This formal requirement is minimal for an account of nomic necessary.  But one might ask for something more substantial.  What I would like to show is that the PBSA allows a natural way to define accessibility, one that provides an explanatory account of nomic necessity. 


For contrast, it is worth beginning with a simple and common definition of accessibility that does not provide an explanatory account.  According to this other definition, the accessible worlds to w are taken to be just those worlds that make all laws of w true.   (For example, Lewis 1973 gives such a definition.)  On this definition, the laws are necessary but only by fiat.  They are necessary only in the sense that they are laws.  So, the account provides no interesting way to explain why laws are necessary: it provides no way of defining accessibility which is independent of the notion of law.  In this sense, the account is formally satisfactory but lacking in explanatory substance.


Now, I will propose and defend a different means of defining the accessible worlds, one that does not directly presuppose the necessity of laws.  The basic idea is that accessible worlds are situations worthy of consideration by scientists or others who focus on the laws.  


Let L be a statement of the laws of the actual world.  Now consider a time slice or world stage wt, i.e., a state of a possible world at time t.
  What would happen to wt in the past and future of t?  To answer this question, we typically apply the actual laws L (as best we know them) to wt and extrapolate this stage out in time.  Examples are numerous.  We extrapolate a collision of billiard balls isolated in outer space via conservation of momentum.  Statistical principles of population genetics are applied to a hypothetical stressed biological population to determine expected changes to its allelic frequencies.  In a computer simulation of a storm system, meteorological principles from the actual world are applied.  And so forth--in a thought experiment we typically apply actual laws as best we know them to a hypothetical situation or "time slice".  Call any such time slice as extrapolated in accordance with actual laws L a "hypothetical situation".   Now, to extrapolate we could presuppose and apply any system of principles compatible with wt.  But the norm as just illustrated is to extrapolate only with L (for the practical purposes described in section three above).  This projection of actual law is exactly what the perspectival approach to laws would have us do even though the resultant world
 may well have a different best system.  So all the extrapolated time slices will (relative to our perspective) make L true.  Then, if we think of the accessible worlds as exactly these hypothetical situations, we get the result that L is necessary (because true at all accessible worlds).


Thus, the PBSA and the practicality of projecting our best system to other worlds or time slices are formally all that is needed to respect the modal character of law.  But there are some objections to be considered regarding the substance of the definition of accessible worlds.  First, one might think that we have made little progress over merely defining the accessible worlds to be those making the actual laws true--that was the account I criticized three paragraphs above for bringing necessity to laws only by fiat.  However, the time slices need not be extrapolated in any particular way; it is just natural to do so with actual laws.  (The resultant natural extrapolations, the hypothetical situations, are worlds of significant import to scientists and others especially interested in the laws.)  So, it is not by mere fiat that actual laws turn out to be necessary; instead it is a matter of standard practice that we extrapolate time slices in this way.  


Now this response may invite a second concern: Isn't this definition of accessibility (and the standard practice just cited) motivated only by the intuition that accessible worlds should obey L so that L be necessary?  The implicit objection is this:

The proposed definition of accessibility is ad hoc, motivated only by the goal of providing modal character to laws.  Its accessible worlds result from a perspectival view which is just a restatement of the nomic necessity intuition: we extrapolate time slices simply by projecting laws.  Hence, the construction of accessible worlds presupposes a kind of nomic necessity. 

Or, to broaden the objection a bit, the intuition behind the projection of actual law onto other situations like  wt or wq is just the intuition of nomic necessity.  We think of quantum mechanics as being lawful, so as necessary, hence as true of situations like wt or wq.   Therefore, the objection concludes, the PBSA and the definition of accessibility in terms of extrapolated time slices cannot give an explanatory account of nomic necessity because it presupposes nomic necessity. 


I have two responses to make to this objection.  First, and most directly, we have already given reason to think that the definition of the accessible worlds is not ad hoc in the way just described.  The definition rests, instead, on a motivation different from the need for nomic necessity.  This different motivation is  the simple practicality of taking a hypothetical situation to be a model of one's own theory.  This practice is useful to illustrate the theory and perhaps also to provide a model for subsystems of the actual world.  So, of course we apply the actual laws (as best we know them) and extrapolate. (Imagine a science student taking a set of initial conditions--a world stage--and extrapolating in terms of some purely fanciful set of possible laws.  Said student would be accused of science fiction.)  Practicality, then, rather than nomic necessity is at the root of the projection of laws from our world to others.  This practicality explains both the perspectival element of the PBSA (projecting laws onto other possible worlds) and nomic necessity (e.g., taking time slices to be governed by, i.e., evolving in accordance with, actual laws).  Hence, we should not see the PBSA as an ad hoc attempt to incorporate nomic necessity into the best system account (with its only motivation being the intuition for modal necessity).  Instead practicality is both the motivation for the PBSA and the explanation for nomic necessity. 


There is another way to defend the definition of an accessible world and at the same time to sharpen the previous reason; this defense relates to the main alternatives to a best system account.  These main competing notions of law hold that we should think of a world as fundamentally comprised of occurrent facts plus non-occurrent ones like those about nomic necessity.  How on such a view should a time slice wt be extrapolated into its past and future?  Because a time slice is defined only in terms of occurrent fact, there is no way for such a view to say.  Any system of laws consistent with wt could be applied.  It would appear, then, that this alternative view of laws has no natural way to explain how we usually extrapolate a time slice.  No way, that is, unless they retain the obvious explanation: we do what is practical.  But once we give such an explanation, the need for the additional metaphysical structure of nomic fact is largely obviated.


Thus I argue that the PBSA offers an explanatory account of nomic necessity.  Still, it is worth pointing out that the PBSA is nonetheless an antirealist account – it is explicitly reductionist.  As a consequence, its laws are not properly said to be the foundation of the universe, i.e., they do not "govern" or "produce" the universe in any causal way.  To the contrary, PBSA-laws are determined by the totality of occurrences that make up the universe throughout time.  For the empiricist, a "realist" account of laws existing independently of occurrences, and perhaps bringing them into existence, is to be rejected as overly metaphysical.  Still the empiricist's PBSA-laws and necessity are real enough: they are not dependent on the thoughts of people (only on given standards) and, as I have argued, they serve the job required of them by scientific practice.


Let me summarize the PBSA's account of necessity.  That the laws "must" be true comes to the fact that we tend to project them onto hypothetical situations.  And this projection has important pragmatic value.  From this, I claim to have provided not merely a definition of nomic necessity consistent with a best system account (as we have seen, a mere definition is easy to give in an uninteresting way) but to have provided an account that is explanatory.  Second, the simple explanation in terms of practicality is based in scientific practice: projecting our best system is necessary to illustrate its possibilities and to model subsystems of the actual world.  Moreover, this account is consistent with Humean Supervenience; nomic necessity is understood without reference to non-occurrent fact.  So, the PBSA meets the goal set above: to characterize laws of nature in a way that explains modal character, makes sense of science and yet does not require the metaphysical extravagance of non-occurrent fact.
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�.	Of course there are empiricists of many stripes.  Many, perhaps most, who characterize themselves as empiricists would not subscribe to the strict formulation of empiricism given in the text.  It should be clear, though, that this position is inspired by Hume.  And it has important defenders today.


�.	Some, e.g., Nancy Cartwright (1993) are skeptical about the notion of occurrent fact.  I leave this matter for another occasion: Halpin (forthcoming).


�.	 This notion of Humean supervenience needs to be qualified a bit.  It should be taken to quantify only over worlds within what Lewis calls the inner sphere, roughly the worlds that are enough like the actual to be worthy of consideration.  See Lewis (1994).


�.	For a contrary empiricist view, see van Fraassen (1989 and 1993).


�.	I assume that simplicity is a syntactic notion so that it is dependent on the language involved.  But, as an anonymous referee points out, there are semantic and pragmatic notions of a simplicity that one may well want to apply to the simplicity of an axiom system.  The semantic conception, at least, would seem to be not so language dependent.  However, for present purposes, i.e., for considering the simplicity of an axiom system, the language dependent syntactic conception of simplicity would seem most appropriate. 


�.	There are complications to consider once probability is introduced.  The notion of "best" must be modified so that a best system maximizes the combination of simplicity, strength, and statistical fit.  See Lewis (1986, pp. 128-131, 1994) and Halpin (1994) for details.


�.	There is no one probability measure from which all such probabilities can come; the reason has to do with the fact that quantum mechanics provides probabilities for uncountably many possible measurement types.  So, the counterfactual probabilities are taken as basic–as what the quantum mechanical state encodes.  For each of the possible measurement types, quantum mechanics provides a probability measure over the possible results. 


�.	For details, see Halpin 1991a.


�.	I am presupposing an account of counterfactuals that allows nearest worlds to disobey laws of the actual world.  Not all logicians agree.  (See Halpin, 1991b for a critical survey.)  Some would argue that nearest possible worlds would have exactly the same laws as the actual world, but would have both a past and future different--perhaps in very striking ways--from the actual world.  The only required similarity would lie in the present and in the laws.  But this position is even more obviously at odds with the BSA.  For we would expect these worlds, worlds which are very different from the actual world in past and future occurrent fact, to at least sometimes have best systems at least a little different from the actual world's best system.  So, on the BSA, they have laws different from the actual.  But this last contradicts this position's definition of "nearest".


�. Undermining worlds present a different problem for the empiricist.  A solution is provided by Lewis (1994).  A different tack, one consistent with the current paper, is presented in my (1998).


�. 	The description D narrows the field of candidate models to one while quantum mechanics has many models.


�.	Moreover, vis a vis quantum mechanics, D cannot be faulted as far as the statistical fit described in note 6 goes--in wq no measurements occur to be fit by probabilities. 


�.	This second problem for the BSA is akin to a problem Lewis (1986, pp. 129-30) discusses.   I think the perspectival approach also handles this problem.  See Halpin (1994).


�.	This is to say that what is postulated by the empiricist is just occurrent fact.


�. 	There are a number of problems for the chance statements of quantum mechanics.  The perspectival approach being developed in the text is, I think, only part of the answer.  For more on the problems see Halpin (1991a or 1994).





�. A third benefit of the perspectival version of the best system approach deserves mention.  Though a discussion is beyond the scope of this paper, Lewis (1986 and 1994) has described certain problems for the BSA when related to the theory of subjective probability.  Central to Lewis's argument is the claim that nomically possible worlds typically have laws and probabilities different from those of the actual world.  However, as we have just seen, the perspectivalist avoids this claim; on the PBSA these other possible worlds are typically assigned actual laws and probabilities.  For this reason, the problem Lewis describes for a BSA does not arise for the PBSA.  For details, see Halpin (1994 and 1998).  


�.	I am not at all sure that this proposal is plausible except as an idealization.  At no time in the actual process of scientific investigation can we think of a unique language as being given and fixed.  Instead, an adequate language is always under development.  So, real scientific cultures can only be seen as developing a perspective of the sort described in the text.  Such cultures may leave open a number of directions for possible perspective development.  Hence, a unique perspective and a unique set of laws need not be determined at any one time in the development of science.  But many or most such perspectives and laws will be ruled out.


�.	I take this world stage at a time to be simply the collection of all occurrent facts about that time.  I ignore any wt  which are in themselves incompatible with the actual laws L. For simplicity, I also ignore the relativistic possibility that time slices won't always be available.  More realistically, we may have to make do with partial time slices.


�.	Or worlds, if L allows more than one.






