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David Lewis
 has long defended an account of scientific law acceptable even to an empiricist with significant metaphysical scruples.  On this account, the laws are defined to be the consequences of the best system for axiomitizing all occurrent fact.  Here "best system" means the set of sentences which yields the best combination of strength of descriptive content
 with simplicity of exposition.  And occurrent facts, the facts to be systematized, are roughly the particular facts about a localized space-time region that are non-modal, non-dispositional, and non-causal.  


Scientists providing or attempting to provide laws are plausibly seen as giving general principles that unify a body of data.  Thus they organize or systematize the arrangement of occurrences.   For this reason, Lewis's account has the important merits of providing contact with actual scientific practice while making sense of the standard philosophical conception that laws should be general but more than mere accidental generalizations.  However, Lewis has long known about a potential problem with this account, a problem involving chance and credence.
  In a recent series of articles he, Michael Thau, and Ned Hall have developed a new formulation of the relationship between chance and credence which solves the problem.  However, I will argue that these articles  leave untouched and even exacerbate a closely related and more fundamental problem with the best system account, the problem of nomic necessity.  Laws are supposed to be more than true; in some sense they must be true.  Yet a principle's membership in the best systematization for one world seems to say nothing about its necessity, i.e., its truth at other worlds.  I close by briefly describing how an alternative empiricist account may remove both problems.

1.  Undermining

A peculiarity of the best system view is that the laws of a world entail that other laws are possible.  That is, the laws of a world W have models whose best systems may be different from W's best system.  For example, it seems plausible that the collection of actual laws, i.e., the best system of the actual world, allows for different courses of history.  It is widely presupposed by best system theorist's that such different possible universes, with different arrangements of happenings, can and perhaps fairly frequently  will have different best systems.  (I give some reasons to believe this below.)   The principle here is that the best way to systematize or organize an arrangement of occurrences is highly sensitive to that arrangement.  The upshot of all this is that actual laws allow universes that have different best systems from the actual: worlds that make the actual laws true may nonetheless have a different best system from the actual.  Now, as Lewis points out, this feature of the best system account  may lead to a significant difficulty when statistical or probabilistic laws are considered.


Often putative laws include reference to objective probabilities or chances.  According to the best system account, probabilities are lawful only if they mostly correspond to or "fit" the actual statistics--this may be seen as part of a system's strength.  Moreover, on the best system account such fitting is seen as definitive of objective probability: probability or chance claims count as true if they are included in the best system.  (The anti-metaphysical scruples of the proponent of the best system account militate against taking facts about chance as fundamental truths.)  So, for instance, if the best system and so the laws state that a certain kind of event, "UP", has a probability ½ of occurring under certain circumstances, this will typically be for reasons of fit: about 50 percent of such circumstances involve the realization of UP.  (For concreteness, UP might be taken as the outcome of a coin toss with heads up, or the measurement of an electron's spin as up.)  In any case, a probability claim's membership in the best system is taken to implicitly define truth about chance. 


Now, suppose that indeed UP has a probability of one half in the given circumstances.  Then making standard assumptions, the actual world's laws allow, with some very small probability, that a long string of occurrences of UP will occur without any occurrence of the alternative, DOWN.
  So, there is some non-zero probability that all future events under the given circumstances will result in UP.  Thus the laws allow a possible counter-to-fact future with quite different statistics from the actual.  Call such a world with this alternative future, 'F'.  So, F is an arrangement of occurrent fact different from the actual world.  Depending on all its circumstances, it may have a best system different from the actual world's best system.  Fairly plausibly, such a world would have a best system assigning UP a probability close to one--this for reasons of statistical fit.  Let us suppose it does so.

It follows on the best system account that the laws would be more than different: By assigning probabilities different from those assigned by the actual laws, the best system and so laws of F contradict the actual laws.  Actual laws assign a probability of ½ to UP; the best system for the world F (we've assumed)  assigns a higher probability.  Hence, still according to the best system account, the actual laws allow the evolution of a world which contradicts actual laws.  Lewis terms such a possibility an "undermining world"--it undermines actual chance ascriptions.  He notes that such an undermining world is allowed by actual law in the sense that it has non-zero probability for occurring.  But in a more fundamental way, it is excluded by the actual laws--it contradicts them.  As Lewis writes, such undermining is "peculiar" but perhaps a price worth paying for an account of laws without metaphysical excess.  Unfortunately, he writes, there is a higher price to pay when the undermining world meets subjective probability and the Principal Principle.

2.  The Big Bug

The Principal Principle relates chance to subjective probability. On Lewis's view, it is the fundamental principle of chance--it provides our main "handle" on that otherwise murky notion.  The rough idea of the Principal Principle is that when there is no defeating information, and when we know the chance of some outcome X, we should take our credence in outcome X to be the same as its chance.  For example, if the chance of UP is known to be ½ and we have no other information about the outcome of a particular trial, then we should have a degree of belief of 50% that UP occurs on that trial.  More generally, the Principal Principle asserts that  ideally, someone's credence at a time t given evidence E is to be the same as the chance at t:


(Principal Principle) 
Credence(X/E)=Chance(X),

provided E is admissible at t and includes a statement of X's chance at t.  Here admissible information at t can include only facts that are settled (not chancy) at t.  It is typically supposed that such admissible information can include statements about laws and about the past and present of t.


Given the Principal Principle, undermining worlds lead the best system account to absurdity.  To see this we need to rehash just a bit.  The actual course of history--past, present, and future--determines a best system from which the laws are defined.  The laws are all consequences of that system.  But such laws may assign a non-zero probability to a world like the actual up until the present which thereafter diverges, for example F.  This world may well have a very different pattern of occurrent fact, so may well have different laws and different probabilities.  Thus, F is an undermining world: it has some present chance of occurring but nonetheless involves probabilities contradicting those of the actual laws.  Now by the Principal Principle, Credence(F/E)=Chance(F)>0, where E is simply a statement of the lawful chances at t including F's non-zero chance.
  But by hypothesis, F's best system account-laws involve different probabilities which contradict E.  Because ideally the credence of a contradiction is zero, it follows that Credence(F/E)=0.  Hence, the best system account is led to contradiction.  This Lewis has labeled the "big bug".


Now, Lewis (1994) following Thau (1994), and independently Hall (1994) have proposed that the difficulty here for the best system account can plausibly be removed by slightly altering the Principal Principle stated above.  The motivating idea is that when E includes a whole theory of chance at a time, it is implicitly smuggling in information about a chancy future.  Because F entails probabilities contradicting those of E, it follows that E entails not-F.  But, though F does not occur, it has some chance of occurring.  So, because E entails what is not settled, viz. not-F, we should not take E as admissible.  Thus, on the Lewis-Thau-Hall proposal, Credence(F/E)=0 should only be equated with Chance(F/E)--the chance of F when worlds like F are excluded from consideration.  The latter too is zero.  So,


(New Principal Principle) 
  Credence(X/E)=Chance(X/E)

where E includes the complete theory of chance together with the complete history up until time t.  Thus, instead of basing credence given our theory upon the chance of X, we should do so only on the chance conditioned upon our theory's being true.


Now, can we justify the rejection of the principle Lewis calls constitutive of the very notion of chance?  Lewis and Hall think we can.  First, the original principle can be seen as an approximation to the new.  Provided X is statistically not very relevant to the truth of our theory E of chance, then Chance(X/E)Chance(X) and the old principle is regained as an approximation.  For typical applications this will be the case--as with UP: whether  or not UP occurs in the next trial will have very little to do with the overall pattern of occurrences, so will have very little statistical relevance to what counts as a best system law.  Only unusual applications, for example considering the chance of a whole, undermining history, will be relevant in this way.  


Furthermore,  Lewis argues, a concept can be based on a principle that is only approximately correct.               

A feature of Reality deserves the name of chance to the extent that it occupies the definitive role of chance; and occupying the role means obeying the old Principle, applied as if information about present chances, and the complete theory of chance, were perfectly admissible.  Because of undermining, nothing perfectly occupies the role, so nothing perfectly deserves the name.  But near enough is good enough.  (1994, p.  489)

Thus, even if nothing counts as chance strictly speaking, it would be "silly" not to use the name "chance" for probabilities approximately satisfying the original Principle.  (Finally, Hall presents a line of argument for the New Principal Principle meant to persuade even those not concerned with Humean supervenience: 1994, pp. 512-517.  I won't treat that argument here.)


Still,  there are significant costs associated with the Lewis-Thau-Hall proposals. Lewis admits undermining worlds are "peculiar" and that the original Principle is more intuitive than the suggested replacement.   And Hall writes that it is a "plausible thesis that the law-proposition for a given world never has any chance of being false" (1994, p.  509).  Laws would seem to be settled (perhaps because they are nomically necessary), hence not chancy.  Yet if this were so, then the new Principal would reduce trivially to the original Principle and undermining would continue to lead the best system account to absurdity.  So with Lewis, Hall (1994, 512) notes that an empiricism committed to Humean Supervenience must swallow the prima facie implausibility of taking law propositions to have probability less than one.  This because empiricism is worth the cost of setting aside a few intuitions.  However,  there is an additional problem for any best system account--to account for nomic necessity--a problem that undermining worlds make less tractable.  In the next section I set out this problem. 

3.  Nomic Necessity

We usually think that laws are nomically or physically necessary: In some weaker sense than that of logical necessity, the laws must hold.  First, we have learned the concept of laws from examples like "what goes up, must come down".  Further, it is standard to suppose that laws indicate what can or must be: conservation principles state that, e.g., mass "must" be conserved, relativity states that nothing "can" travel faster than light, the law of supply and demand is said to "require" price changes, and so forth.  Finally, scientists study the possibilities--the models of a theory are taken seriously as possibilities.  I propose, then, that this modal character of law is key to the concept of law, much as the Principal Principle is key to the concept of chance.  (For more on nomic necessity see for example Carroll  (1994) or Pargetter (1984).)


Can a best system account make any sense of this sort of necessity given that it appears to be concerned only with actual systematization rather than truth at other worlds? Lewis responds to this sort of concern, writing that

If you're prepared to agree that theorems of the best system are rightly called laws, presumably you'll also want to say that they underlie causal explanations; that they support counterfactuals; that they are not mere coincidences; that they and their consequences are in some good sense necessary; and that they may be confirmed by their instances.  If not, not.  It's a standoff.  (1994, pp.  478-9)

These remarks seem prima facie plausible to me.  For instance, if we agree to call it a lawmaker, we will agree that the best axiom system of the actual world is a very important feature of our world.  So, plausibly, worlds worth considering as alternative to the actual will make our best system true.  (The alternative worlds worth considering, i.e., relevant counterfactual situations, are notoriously dependent on the situation with respect to which we consider worth or relevance.  In scientific contexts, what worlds are worth considering, i.e., are valuable for the inquiry?  We will briefly explore this question below, but for now I assume with Lewis that worlds worth considering as alternative possibilities are like our world in at least that they make our laws true.)  Now,  if we define accessibility in terms of such alternatives, we get the conclusion that our best system (and so laws) are necessary because true at all accessible worlds.  However, I claim, undermining worlds pose a significant challenge to this treatment of nomic necessity.  In the remainder of this section, I will defend this claim and argue that the best system account cannot well handle nomic necessity.


A Dilemma  To begin to see the problem consider the question: is an undermining world like F a nomically possible one?  This question presents a dilemma for the proponent of the best system account. Assuming as before that F is a model of the actual laws, it would seem plausible that F is nomically possible.  After all, F is the sort of possibility taken seriously by those who study the laws--philosophers, scientists, probability theorists, etc.  F could happen, one is inclined to say, because it has some (albeit very small) chance of occurring.
   But there is a  problem: F as undermining world contradicts the actual laws.  So if F is nomically possible it follows that the actual laws are not nomically necessary.  That, I have argued above, is unfortunate. 


Lewis opts for another way out, for what I see as the other horn of the dilemma.  He has long held that nomic necessity should be defined in terms of the laws.  A sentence is nomically necessary just in case it is true at all worlds which make the actual laws true.
  Thus, the worlds accessible to the actual world are exactly those which make all actual laws true.  It follows trivially that the actual laws are necessary--we have nomic necessity for laws if only by fiat.  But just as trivially we get to the problem, that F is not taken as possible even though it has a current non-zero probability of occurring.  Again, this is so because on the best system account F contradicts actual laws.  Now Lewis does note this problem, or what he would call an ambiguity: he distinguishes between what is probabilistically possible (has a chance of occurring) and what is nomically possible (consistent with the actual laws) (1994, p.  482).  Still, taking F as only probabilistically possible seems counterintuitive.  As mentioned, those considering the laws take F as a serious possibility--a contender for our consideration.  If the laws are not true at F, then in an important sense the laws are not necessary.  (Of course, we can define necessity so that any statement counts as necessary if we can define the notion of accessibility at our pleasure.  But F provides a reason not to define accessibility as Lewis does.)


We have, then, a dilemma for the best system approach.  If we take F to be a nomically accessible world, then the laws will not count as nomically necessary. But just as counterintuitively, if we follow Lewis and take F as not accessible, then we are led to dismiss a contender out of hand.  Of course, this dilemma just shows one cost of the best system account.  I want next to describe two other related concerns.  Together, these concerns may amount to excessive cost. 


Counterfactuals  What would happen if a little change were made in the present situation, say someone who does not in fact cough were now to cough?  To evaluate such a counterfactual we think of possible worlds like the actual up until about the present time t when this individual does cough.  Thereafter, we are to suppose that this hypothetical world evolves in accordance with the actual world's laws.  Call such a "most similar" world 'C' (for cough).
  Without a great deal of additional information, we can say next to nothing in detail about the future occurrences in C.  But chaos theory suggests that a world like C will typically vary a great deal from the actual world when it comes to future arrangement of occurrent fact.  This is so because the actual laws (as best we understand them) define future occurrences in a way that is very sensitive to initial conditions.  Small differences in the present typically snowball into large differences for future occurrences.


I have just argued that a counterfactual situation in which someone coughs (though perhaps very like the actual world up until about the present) is very different from the actual world in details of occurrent fact after the present time.  So, plausibly, the overall pattern of occurrent fact in C is different from the actual world.  It follows then, that C can have laws quite different from the actual laws.  In this way, C is very much like F.  (We assumed in section one that best systematization was very sensitive to the arrangement of occurrences.  From this, it is only appropriate to conclude that C may have a different best system from that of the actual world.  Whether it does or not will depend on details of C and of what it is to be a best system--details that are not yet defined by either counterfactual theorists or best system theorists.  Still, all I need for the present argument is that some most similar coughing world in some circumstance  is different enough from the actual world to have a best systematization somewhat different from the actual world's.  Perhaps, as with F, a statistical pattern results in C, a pattern assigned a low probability by the actual world.  In any case, I assume that a most similar coughing world may sometimes have a different best systematization.)  The result is that someone's coughing could result in different laws, perhaps in laws that contradict the actual laws.  And this counterfactual change from actual law is not a mere matter of a minor exception at the time of the cough.  Instead the whole form of the laws could be different.  This would seem to suggest an implausible causal control that coughing has over laws.


Models   "Toy" worlds are often cited as models illustrative of certain proposed systems of law.  So, for example, we might describe a little model 'T' (for "toy") of classical laws thus: 


(*)
There is only one particle, it is an unaccelerated point particle with mass 1 gram.

This description, (*), gives a complete account of T, yet of course it is very simple.  This means that on the best system account, classical principles cannot be the laws of this toy world--(*) or something still simpler will count as its best system.  Nonetheless, we would not, as the best system account would, say that T has (*) as its one fundamental law.  Rather we would more typically say that this little world was a classical world with classical laws.  For instance, if a counterfactual assertion is made about T (say, "if there were an additional particle, then gravitational attraction would result") we would most naturally evaluate this with respect to classical principles.  (*) could not plausibly be used to support such counterfactuals.  Thus, because supporting counterfactuals is a principal criterion of law,  it is pretty clear that the best system view cannot properly account for law ascription in these toy models.


Let me summarize the problems of the dilemma, counterfactuals, and toy models.  As quoted at the very beginning of this section, Lewis argues that so long as the best system is called lawful, then it is "in some good sense necessary".  But we have just seen reasons to suppose that this sense may not be good enough.  First, actual laws are not true at F, a world I have argued is worth considering as an alternative--as accessible to the actual.  Yet on the best system account, F has quite different laws.  Similarly C and T are intuitively to be assigned laws not in keeping with their own best systems.  


To reinforce some of the concerns just developed, it is worth distinguishing a couple of intuitions that are violated by the best system account.  First, what might be called the intuition of Strong Nomic Necessity, worlds like F and C are accessible to the actual world and should be assigned actual laws as their laws.
   Worlds like T that are accessible to classical versions of our world, should be assigned classical principles as its laws.  This is a bit different from what I will call the intuition of Weak Nomic Necessity: Laws of a world w are true (but not necessarily lawful) at all worlds accessible to w.  We have seen reason, then, to think nomic necessity (strong or weak) cannot be finessed by Lewis as quoted above.  On the best system account, the intuition of weak nomic necessity fails for worlds like F and perhaps for C--such worlds have laws (and best systems) which contradict actual laws.  (For instance, F's probabilities contradict actual probabilities.)  Moreover, the intuition of strong nomic necessity fails for all three worlds.  Thus the key to the concept of a law--nomic necessity--would seem to fail for the best system account.  This may make one think that the cost of Lewis's account is high.  But if there is no other plausible empiricist account, it may be that empiricism is worth the cost of the loss of nomic necessity (and the resultant problems spelled out above).  At very least, one would prefer an alternative empiricist account of laws before giving up on Lewis's best system account.  I will close by very briefly describing the beginnings of what I take as a preferable route, a context sensitive version of the best system account.

4.  An Alternative Empiricist Account

When considering a world like F, C, or T, we naturally take the actual best system as best we know it--or whatever system of laws is in question, e.g., classical mechanics--and project  it onto this other world.  This is the practical thing to do.  That way we can see other possible worlds as models of our laws and so as illustrations of these laws.  And, as well, these possible worlds may then serve as models of subsystems of the actual world.  This practicality is behind the intuition of strong nomic necessity.


Furthermore, this practical tendency to project our laws can provide a non-trivial definition of accessibility underwriting the weaker intuition of nomic necessity.  If we are asked how to evaluate a world stage--a state of the world at a time--we naturally project our laws as best we know them onto this stage and extrapolate it through time in accordance with these  laws.  (For example, we did something like this for the world C.  Again, this is the practical thing to do.)  But then, if we define the accessible worlds to be just such extrapolated worlds, that is, world stages as we tend to extrapolate them, we get to the result that our laws are true at all possible worlds.  Hence, nomic necessity falls out given the practical need to see other worlds as models of actual law.  And, it is worth noting, this definition of nomic necessity is not by fiat: The accessible worlds were just defined in a way that does not presuppose they will make actual laws true.  That the accessible worlds make actual laws true is, instead, a consequence of how we tend to extrapolate, viz., with practicality in mind.  Or, to put the same point a little differently, that the laws must be true comes to the fact that for practical reasons  we tend to project world stages in accordance with best systems.


To formalize the practical aspect of law attribution described in the last two paragraphs, I propose the following amendment to the best system account: laws of nature for a world are determined only given a context or perspective.  This perspective determines standards of systematization (i.e., defines how to evaluate a system's simplicity and strength) and determines how the best system, so defined, is to be applied to define laws.  For the actual world, the normal perspective is to simply be interested in the actual world's best system (what else would interest us?).  So, the actual world is assigned its own best system as lawful.   But for other possible worlds, we would not (as we have seen) usually be interested in that world's best system.  Instead, a normal perspective would project our best system onto the other world as its system of laws.  So, worlds like F, C, and T are not to be seen from their own lights but from ours--the natural thing to do and the practical.  Finally, although there is a relativity (perspective dependence) to law ascription on this account, still actual laws have an "objective" existence: actual laws are defined to be the actual best system from any perspective.  For details see Halpin (1994 and forthcoming).


It should be clear that this proposal, the perspectival best system account, avoids the problem of undermining worlds: it assigns actual laws to these worlds.  Hence there is no contradiction between F--now assigned actual laws and chances--and actual lawful chances E; so the original Principal Principle does not lead to contradictory credences for F.  Thus we can keep the old, intuitive version of this principal.


I conclude, then, that to the extent the perspectival best system account is a plausible one, we have significant reason to reject the Lewis-Thau-Hall proposal.  Their proposal leaves significant problems unresolved.   At the heart of these is the problem of nomic necessity--something the perspectival best system account naturally explains in terms of the practicality of projecting our laws.  
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NOTES

�I believe I need to swap location and publisher for the book references.


�.	I wish to thank James Hawthorne and two anonymous referees for particularly acute comments on this paper.  The research was supported by NSF Grant #DIR-9021631.


�.	See especially his text on counterfactuals (1973).


�.	Strength of content is to be a measure of both statistical and non-statistical assertion.  For a more precise characterization (where "statistical fit" is distinguished from non-statistical strength) see Lewis (1986, p.  128).


�.	See his (1986, pp. 111-113).


�.	Presuppose that the events in question are independent.


�.	I let "F" do double duty, both as a name of the world and as a name of a proposition fully describing the world.


�.	In fact Lewis in previous papers has made such a remark:  "It might happen, there is some chance of it..." in his (1986, p. 125).


�.	Lewis gives this definition in his (1973) book on counterfactuals.  It remains operative in his (1994).


�.	Lewis (1979) proposes such an account.  Others have proposed accounts which involve even greater difference from the occurrent fact--on such accounts, past as well as the future of counterfactual worlds differ from the actual.  Thus, my argument of the text goes through for these other accounts as well. For a critical overview of this counterfactual literature, see Halpin (1991).


�.	One proviso.  If the counterfactual situation C is best described by David Lewis's miracle theory, then we may at best describe it as having actual laws with minor exceptions at time t.










