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Are Fundamental Laws Necessary or Contingent?
A central question in metaphysics is whether there are any necessary relations in nature.  The Humean answer is that there are not, so that laws of nature are contingent.  The opposing view, that laws of nature are such necessary relations, offers a very different metaphysical picture of the universe.  In this paper I primarily address a dispute among nonHumeans as to whether laws of nature are metaphysically necessary, or metaphysically contingent with a weaker kind of necessity, commonly labeled natural, nomological, or nomic necessity.  I call the parties to this dispute necessitarians
 and contingentists
.  Restricting the scope of the discussion to fundamental laws, I take up the debate under the assumption that all fundamental properties are dispositional or role properties in part I, arguing that the dispute would then be purely verbal.  In part II I assume that there are categorical intrinsic properties as well as dispositional properties and examine the relation between them.  And in part III I return to the debate between necessitarians and contingentists under the assumption that there are both dispositional and categorical fundamental properties.  I conclude that these necessitarian positions can again be recast as contingentist, but that there are some unequivocally contingentist positions that despite being more ontologically complex are to be preferred because they are less mysterious.

I take laws to be facts construed as true propositions, rather than statements expressing those facts, though sometimes I explicitly discuss law statements.  Fundamental facts comprise fundamental laws and facts presenting the distribution of fundamental properties in spacetime.  To be fundamental, these facts must provide a metaphysical supervenience base for all other facts, i.e. the remaining facts must hold in all possible worlds with these facts.  It looks quite plausible that all the fundamental dynamic laws of our world take the form envisaged by field theories that concern the distribution of fundamental nonkind properties such as mass and charge throughout spacetime.  If so, these laws do not involve fundamental kinds, though kinds such as electrons may feature as nonfundamental aspects of fields.  If there were fundamental dynamic laws involving fundamental kinds, they would have to be integrated with the fundamental laws of field theory involving nonkind properties, which presumably also exist.  It is hard to see how this could be accomplished other than by treating laws involving kind properties as hierarchically prior and overriding the laws of field theory, rather as laws involving biological and mental kinds have sometimes been thought to override fundamental physical laws.
  It looks unlikely that empirical reasons will be encountered to warrant embracing such a bulky hierarchical system of fundamental dynamic laws for our world.  So carving nature at its most fundamental joints will most likely not require sorting particulars into kinds.  

Throughout the paper I focus on the example of the particle mechanics gravitational law (PMG), which does not involve fields but has the merits of simplicity and familiarity. 
(PMG) 
All particles of mass m attract particles of mass m* with a force of Gmm*/d2, where G = 6.673 × 10-11 m3 kg-1 s-2.
I shall not examine to what extent the discussion would generalise to the case of fields and laws involving fundamental kinds. 

My discussion henceforth is thus narrower than familiar discussions of laws of nature.  I shall not examine nonfundamental laws such as special science laws, ceteris paribus laws of physics and thermodynamic laws.  I see it as preferable in discussing laws of nature not to run together what I take to be very different types of laws in quest of a unified account.

I

Throughout this paper I assume a distinction between two types of properties akin to those commonly referred to as dispositional and categorical.  Some use has been made of this in distinguishing two types of fundamental physical property and assessing the relation of each to phenomenal properties.
  A common thought is that physical theory deals only with dispositional properties, but that dispositional properties require categorical bases.

I prefer to speak here of intrinsic natures, or as C.B. Martin puts it, the qualitative side of properties,
 rather than of categorical bases or properties.  That is because shape and size are often given as paradigmatic categorical properties, and I take these to be definitive of fundamental particulars.  The intrinsic natures, if they exist, do not include the size and shape of spatial regions, but are the properties manifested by spatial regions of a given shape and size, or manifested by particulars fully occupying those regions.  In particle mechanics and field theories, intrinsic natures, if they exist, are manifested by spatiotemporal points or particulars fully occupying those points.

I am not completely happy using the term ‘dispositional’ either, preferring to talk of role properties where the roles are constituted by relations, including temporal relations. Dispositional properties are taken to involve temporal relations to the future but not the past, and I would like to talk more generally of properties of particulars that relate them to particulars at different times, leaving it open whether those times are future or past.  I also wish to leave the modal status of these relational properties open, allowing that they could involve the simple material conditionals favoured by a Humean, metaphysical necessity, or some intermediate strong nomic necessity.  I shall return at the end of this paper to briefly consider the modal status of these properties.  But the main focus of the paper will be two other loci where I take the modal status of laws to be at issue.

A further qualm I have with ‘dispositional’ is that it is often denied that dispositional properties are relational.  A well-known presentation of this position is given by C.B. Martin in arguing that dispositions are not relational properties because they cannot be analysed as conditionals. 
  An object x’s conditional property of breaking if dropped over a hard surface does not relate x to any other specified particular, but relates it to other unspecified particulars so counts as a relational property.  According to Martin, fragility cannot be analysed as such a relational property.  I take his arguments to show that nonfundamental dispositions, such as being electrically live, or being fragile, are not so analysable.  

But things look different when it comes to fundamental properties such as mass.
  In classical particle mechanics a particle x has determinate gravitational mass m iff (y)(m*)(y has gravitational mass m*  x and y attract each other with a force of Gmm*/d2).  On this account, the property of having a determinate gravitational mass m appears on the left hand side of the biconditional, and on the right hand side of the biconditional the property of having a gravitational mass of m* appears too.  This is a different determinate mass property, so the account does not constitute a self-contained analysis of having determinate mass m.  But that does not make it uninformative or inadequate.  Rather, it has the merit of systematically linking the different determinate mass properties.  x’s property of having gravitational mass m does not relate x to any other specified particular, but relates it to other unspecified particulars, so counts as a relational property.  Thus fundamental dispositional properties can be relational and so included as (temporally one-directional) cases of what I am calling fundamental role properties.

Inertial mass is a tendency of a particle to resist being accelerated by a force.  More formally, x has determinate inertial mass m iff x has a tendency when acted upon by force F to move with an acceleration of F/m.  This is also a relational property of x’s, relating it to unspecified external forces.  We can see from the definitions of these role properties that inertial mass does not entail gravitational mass.  But gravitational mass does entail inertial mass if, as I shall assume, force is defined in terms of Newton’s first and second laws.
  


Let us begin now to tackle the question of the status of fundamental laws, taking (PMG) as example.  I shall begin by supposing the view, recently designated ontic structural realism,
 that fundamental properties have no intrinsic natures, i.e. have no intrinsic properties as components, but are given purely in terms of roles.  I do not know of any discussions of the status of fundamental laws by ontic structural realists.  But for reasons that will become clear, I find it instructive to consider first how the discussion would go under this supposition.  If ‘mass’ is construed here as referring to gravitational mass, then the statement of (PMG) expresses a tautological necessary a priori truth.  This should not be dismissed as the daft suggestion that scientists need do no empirical investigation to determine the laws of nature used in explaining natural occurrences.  Rather, it can be seen as suggesting that all the empirical work goes into establishing which properties are instantiated in the world, and it is the distribution of these properties at a certain time that is used to explain the distribution of these properties at other times.  For necessitarians, then, the informative claim concerns what properties are instantiated.  The fact that the statement of (PMG) expresses a tautology nicely captures the sense in which laws have no work to do once such role properties are instantiated.  Accordingly, necessitarians are inclined to hold that properties have a primacy over laws.
  On such a necessitarian view it would be said that “there would be no mass if the gravitational constant were different”.  This sounds odd.  

A more linguistically natural view is to take ‘mass’ in (PMG) as referring to inertial mass.  Using Ri for the inertial mass role and Rg for the gravitational mass role, we can now construe the statement of (PMG) as expressing a relation between determinables Ri  Rg. This is effectively a family of laws.  It is the fact that for all determinate mass roles, anything with determinate inertial mass role Rim must have determinate gravitational mass role Rgm.  This assimilates one example of what Armstrong calls functional laws
 to the familiar form of laws asserting relations between properties. 

The possibility that the statement of (PMG) could express a necessary a posteriori truth has no Kripkean understanding when there is no underlying nature for the terms to be designating.
  The necessity of such laws could then only be sui generis.  On this view it would be said that “a world in which massive particles do not satisfy an inverse square law of attraction is conceivable but not metaphysically possible”.  The counterfactual intuition expressed here is held by very few.  And to maintain such a sui generis a posteriori necessity would mean abandoning the hope of assimilating the necessity of natural laws to some well understood kind of necessity.  
Far more plausible, if ‘mass’ refers to inertial mass, is the option that (PMG), construed as Ri  Rg, is contingent a posteriori.  On this view one would say that “massive particles could have attracted each other with a different force, but couldn’t have failed to respond to forces”.  This expresses a genuinely different and far more plausible counterfactual intuition than the necessary a posteriori option. 

But could there be a genuine dispute between someone who takes (PMG) to be necessary a priori and someone who takes it to be contingent a posteriori?  The apparent difference in status of (PMG) arises entirely from a difference in how ‘mass’ is taken in the statement of (PMG).  It seems more linguistically natural to take it as referring to inertial mass in the statements of law and counterfactual intuitions.  But both sides would agree on what counterfactual intuitions hold and what status the statement of (PMG) has on each reading of ‘mass’. 

Disagreement may be thought to arise as to which reading captures the true metaphysics of natural laws.  However, I believe that when each position is uncontroversially supplemented, they can be shown to be equivalent.  By adding the modest further assumption that Ri is instantiated to the contingentist claim that Ri  Rg, the necessitarian claim that Rg is instantiated follows.  Conversely, the necessitarian view cannot be successfully captured in the mere fact that Rg is instantiated, without also adding that there are no instances of inertial mass that aren’t also instances of gravitational mass. To give a complete dynamics of mass the necessitarian must therefore assert (x)Rgx and ~(x)(Rix and ~Rgx).  This is formally equivalent to  (x)Rgx and Ri   Rg.  Since (x)Rix follows from (x)Rgx, the supplemented necessitarian position entails the supplemented contingentist position.  Thus we have yet to identify a substantive disagreement between necessitarian and contingentist. 

Necessitarians might now object that their assertion of which fundamental properties are instantiated identifies a different and superior position because contingentists need a way to distinguish the nomic necessity of Ri  Rg from the merely material conditional fact Ri  Rg.  I think contingentists should respond here that the fundamental laws are just the material conditional facts relating fundamental properties, and that nomically necessary truths are those that hold in all worlds with those fundamental laws.  This way of demarcating the nomically necessary truths from the larger class of metaphysically contingent truths is equivalent to a necessitarian demarcation that takes nomically necessary truths to be those holding in all worlds in which all and only the fundamental properties of the actual world are instantiated.  There need be no worry that this way of defining nomic necessity fails to distinguish the contingentist nonHumean from the Humean, since Humeanism cannot be formulated under the supposition that there are only role properties.  Under this supposition, I conclude that there is no genuine difference between necessitarian and contingentist (setting aside the far less plausible necessary a posteriori position).  Contingentists may claim that their way of formulating the position is more linguistically natural, but this is not an argument that their position itself is different and superior.

II

Now let’s suppose ontic structural realism false, i.e. that fundamental properties cannot all be role properties and hence cannot all be purely relational.  I favour this view but I shall not attempt to argue for it here.  A highly plausible assumption is that role properties supervene on intrinsic natures, i.e. that there can be no difference in distribution of role properties without an underlying difference in distribution of intrinsic natures.  This is analogous to the highly plausible supervenience of phenomenal properties on physical properties.  In both cases this supervenience entails that if some region or particular manifests some supervening property then it must have some subvening property that guarantees the presence of the supervening property.
   And in both cases we have two questions to settle—the status of the supervenience laws from subvening to supervening properties, and whether such laws are one-one or many-one.  So now we have a more complex set of issues to discuss—the status of both the fundamental dynamic laws of nature and the fundamental supervenience laws.  We need fundamental supervenience laws revealing what roles are played by things with a given intrinsic nature.  And we need laws revealing how the distribution of intrinsic natures in space changes over time and laws revealing how the distribution of role properties in space changes over time, one or both of which must be fundamental laws of nature.  This conceptual framework seems plausible and accommodates positions in which some of this complexity collapses. It may be flawed, but I shall adopt it for the remainder of this paper.  Given that I am suggesting three different places where the question of modal status arises in discussing fundamental laws, the blanket terms ‘necessitarian’ and ‘contingentist’ are too blunt to capture all the potential hybrid positions.  Nevertheless, I shall continue to use them, offering more precise characterisations when necessary.

Consider first the supervenience laws from intrinsic natures to role properties. They state that if some particular, spatial point, or region manifests some fundamental role property, then it must have some intrinsic nature that guarantees the presence of the role property.  The question to be addressed now is in what way role properties are guaranteed by, i.e. supervene on, intrinsic natures.  Is the link metaphysically necessary or contingent?  A major obstacle to answering this question stems from a couple of ways in which intrinsic natures are disanalogous to phenomenal properties.  First, there is no special class of concepts for intrinsic natures analogous to the class of phenomenal concepts.  And second, we have no direct access to intrinsic natures, so that any terms we use to designate them must have their reference fixed by role properties.  So ‘mass’ can now also be interpreted as rigidly designating an intrinsic nature for inertial mass Ni or an intrinsic nature for gravitational mass Ng, where this reference is fixed by a role property Ri or Rg. Our question then becomes:  What is the status of the supervenience conditionals Ni  Ri and Ng  Rg?  (This question also determines whether the reference of a rigid designator ‘N’ is fixed by a contingent feature of the nature or a necessary one.) 

One possibility is that the supervenience is metaphysical.  That is, in all possible worlds in which a particular, spatial point, or region has a given fundamental intrinsic nature, it has all the same role properties.  It may be that there are intrinsic nature concepts which we can never grasp from which the link to role properties would be a priori.  So the status of necessary a priori is a candidate for the supervenience of role properties on intrinsic natures, but as it is one that is opaque to us I will focus on the choice between the other two candidates—necessary a posteriori and contingent a posteriori.

Metaphysically necessary supervenience laws taking physical to phenomenal properties have been thought mysterious if they are not a priori and cannot be understood along the lines of Kripkean a posteriori necessities, and a similar mysteriousness might be thought to attach to necessary a posteriori laws taking intrinsic natures to role properties.  The view that intrinsic natures are identical to role properties is usually invoked to dissolve this mystery.
  This is analogous to the claim that phenomenal properties are identical to physical properties.  A principal motivating thought in each case is that a posteriori metaphysically necessary supervenience links are puzzling, but a posteriori metaphysically necessary identity relations are not.  This strikes me as smoothing a bump in the carpet only to create another one in a different place.  In both cases we are left with the alleged identity of two properties that are on their face radically different, and no way of understanding how such different-looking properties could actually be one and the same. Or to put the problem as it is more commonly presented, we are told that one and the same property can be picked out by two radically different concepts, but are offered no clue as to how such different concepts could actually be picking out the same property.  So I don’t think identity helps dispel the mystery of a posteriori metaphysically necessary supervenience links.  Armstrong puts it this way: “I confess that I find this totally incredible.  If anything is a category mistake, it is a category mistake to identify a quality – a categorical property – and a power, essentially something that points to a certain effect.  They are just different, that’s all.  An identity here seems like identifying a raven with a writing desk.”

In the case of psychophysical identity the position has a further burden.  Our epistemic access to both phenomenal and physical properties presents us with a seeming many-one relation between physical and phenomenal properties which has to be shown to be illusory.  In the case of the identity of intrinsic natures with role properties we lack direct access to intrinsic natures so are in no position to say whether the relation seems to be one-one or many-one.  The identity theorist doesn’t therefore have to contend with the apparent existence of many-one relations, but still needs an argument as to why they are to be ruled out.  The supervenience of role properties on intrinsic natures doesn’t of course rule out different natures within a world guaranteeing the same role property.  To accommodate the possibility that many intrinsic natures guarantee a given role property, property terms like ‘mass’, when taken to designate intrinsic natures by means of a reference-fixing role property, can be understood as designating an intrinsic nature or natures.  Alternatively they could be regarded as designating the unique intrinsic nature consisting of a heterogeneous disjunction of natures.
  This latter option would allow a Phyrric victory to the identity thesis but would not help its claim to be mystery-removing.  The upshot is that metaphysically necessary supervenience links are mysterious. 

An alternative possibility for the status of the supervenience link, commonly referred to as quidditism, is the view that intrinsic natures metaphysically guarantee no role properties at all, so that the supervenience of role properties on intrinsic natures is contingent.  On this view “mass could have played the role of charge” is true since whatever intrinsic nature or natures contingently guarantee the gravitational mass role property in our world could have contingently guaranteed the charge role property in another world.  This statement is thought by many to be unacceptable
, and indeed it would be incoherent if we took the property terms to pick out role properties.  But it isn’t obviously amiss if we allow property terms to designate intrinsic natures. 

The view that this supervenience is contingent, as I have defined it, actually covers a spectrum of hybrid possibilities.  For it might be that intrinsic natures metaphysically guarantee some but not all role properties.  For example, it might be that a certain mass nature metaphysically guarantees that things possessing this nature will attract each other with a force directly proportional to their masses and inversely proportional to the distance between them, but does not guarantee how strong the gravitational constant is.  If such is the case, it would be true that “mass could not have played the charge role, but massive particles could have attracted each other with a weaker force”.  This statement may seem to reflect a more feasible contingent status for supervenience laws.  I don’t think much importance should be attached to such modal intuitions compared with considerations of mystery and parsimony in assessing the overall merits of a view.  But it seems to me that both parts of this modal intuition are equally strong.  So those who advocate a metaphysically necessary supervenience link and thereby fail to capture the second part of this intuition cannot consistently complain that quidditists fail to capture the first part.  The upshot is that quidditism has a counterintuitive air but lacks the mystery of metaphysically necessary supervenience links.

When supervenience laws are construed as contingent they are commonly referred to as nomologically necessary.  And this seems perfectly acceptable.  No stronger notion of necessity is required than that which is associated with material conditional facts and shared by Humeans.  When the discussion is restricted to fundamental supervenience laws, there is no danger of failing to distinguish merely accidental regularities from regularities regarded as laws.  In the case of fundamental psychophysical supervenience laws, the consequents of the conditionals are fundamental phenomenal properties and the antecedents are (perhaps complex distributions of) fundamental physical properties.  In the case of fundamental supervenience laws between natures and role properties, the antecedents of the conditionals are fundamental intrinsic natures and the consequents are (perhaps complex arrangements of) fundamental role properties.

III

Now let’s return to the status of the fundamental dynamic laws of nature.  The conclusions drawn earlier—that we have a contingent relation Ri  Rg between determinable inertial mass role and determinable gravitational mass role, as well as a conceptually necessary relation Rg  Ri—were established on the assumption that there are no intrinsic natures.  I see no reason why they should not still hold if we assume there is an underlying level of intrinsic natures.  That new level introduces new lawlike relations such as the supervenience laws we have just been considering and dynamic laws relating intrinsic natures.  Let us consider now whether all three types of fundamental laws are irreducible, or whether one type is reducible to the others. 

If there are many-one relations from natures to role properties then these supervenience laws together with dynamic laws relating role properties do not tell us how distributions of intrinsic natures change over time.  That is because if distinct natures N1 and N2 guarantee the same role property R, then there is no specification of how spatial regions containing N1 or N2 evolve over time.  All kinds of bizarre patterns of alternation between N1 and N2 would be consistent with the dynamic laws relating roles.  So we would need fundamental dynamic laws relating intrinsic natures.  

Taking VNi to be the disjunction of all the natures guaranteeing Ri and VNg to be the disjunction of all the natures guaranteeing Rg, we get two-way relations between natures and role properties VNi ( Ri and VNg ( Rg.  Together with the dynamic law Ri  Rg this yields VNi  VNg, which constrains the dynamic laws relating intrinsic natures but, as we have seen, does not entail them.  It would be neat if these dynamic laws were simply relations between intrinsic natures Ni1  Ng1, Ni2  Ng2, etc, but these laws would still not rule out the troublesome alternations between natures.  It looks as though a dynamic law concerning intrinsic natures must be interpreted as an irreducibly functional relation among natures.

But starting with these dynamic laws we would be able to derive VNi VNg, which together with the relations between natures and role properties would yield the dynamic law Ri  Rg.  Thus we can take fundamental laws relating role properties to be reducible to fundamental laws relating natures and fundamental supervenience laws from natures to role properties.

One option then for a package of fundamental laws would consist of many-one contingent N  R laws and contingent dynamic laws relating natures.  Since the Humean shares the view of intrinsic natures contingently related to role properties, we do not yet have a distinctly nonHumean contingentist package.  That is because the nomic necessity here is no stronger than mere holding in all possible worlds with the material conditional facts that relate fundamental properties of the actual world, which can also be offered by a Humean as an ersatz account of nomic necessity.  
A second option would consist of one-one contingent N ( R laws, and fundamental laws relating natures, which this time are fully captured by Ni  Ng.  This option similarly invokes a nomic necessity that is available to a Humean.

If we assume that natures are identical to role properties, then the only fundamental law is Ni  Ng.  This third option has the definite advantage of ontological sleekness. Necessitarians assuming the identity of natures with role properties may be inclined to take as a primary statement of their view the instantiation of Rg, now expressible also as Ng.  But this still needs to be supplemented with the claim that there is nothing instantiating Ni that doesn’t also instantiate Ng, which can be recast as the claim that Ni  Ng, equivalent to Ri  Rg. So there is a similar verbal component here to the dispute between contingentists and necessitarians about the status of the fundamental dynamic laws as we encountered when examining role properties alone.  What might have been thought of as a necessitarian package of fundamental laws and properties thus turns out to consist of contingent dynamic laws and metaphysically necessary identities N=R that are not an ontological addition.

The view that role properties metaphysically supervene on intrinsic natures without being identical to them provides the fourth option for a package of fundamental laws.  And here the dynamic law consisting of an irreducibly functional relation among natures is all that’s needed. As all facts involving role properties would metaphysically supervene on facts about natures, there would be no need for an irreducible category of fundamental role properties and thus no need for an irreducible category of fundamental supervenience laws.  So this view is also ontologically sleek.

On the third and fourth options, the only fundamental laws are contingent relations among natures that have a weak nomic necessity consisting just in holding in all possible worlds with the material conditional facts that relate fundamental properties of the actual world.  These options are distinctly nonHumean since we are currently assuming metaphysically necessary links between natures and role properties, which a Humean rejects. 

I have argued that if there are no intrinsic natures, then necessitarian and contingentist views of fundamental laws turn out to be equivalent when plausibly supplemented.  If there are intrinsic natures, then in addition to fundamental dynamic laws of nature there are also fundamental supervenience laws from intrinsic natures to roles.  These supervenience laws may be many-one or one-one; they may be metaphysically necessary or contingent.  Worries about mystery favour contingency; worries about complexity favour necessity.  As I cannot see a plausible, intelligible way of avoiding contingent supervenience laws RN, I favour a wholly contingentist package of fundamental laws. 

No way has yet been offered to distinguish a purely contingentist package of fundamental laws from Humeanism.  At this point I return to consider the modal status of the role properties Ri and Rg.  Both these properties involve a tendency to respond to forces. So having such a role property will amount to having some conditional property of being such that if it is A then it is B.  Clear sense can be made of such a conditional AB being construed as purely material.  But with this interpretation the contingentist packages would have nothing to distinguish them from a Humean view.  Clear sense can also be made of AB being construed as holding in all possible worlds in which the antecedent A applies, and this is how dispositional essentialists would construe dispositional properties.  What I’ve been calling a contingentist package will in this case contain an important necessitarian component. I find this an unattractive position because I suspect that the difficulties encountered for the view that NR holds with metaphysical necessity will transfer to the view that N&AB can hold with metaphysical necessity.  

NonHumean contingentists will typically claim that such conditionals AB can hold with a nomic necessity that is stronger than a Humean ersatz account of nomic necessity.  And here they have been widely criticised for invoking a mysterious and ontologically extravagant fundamental notion of nomic necessity.
  To the charge of mystery I think there is an adequate response that cannot be given on all contingentist nonHumean views, which it is beyond the scope of this paper to discuss, namely that we can make good sense of a primitive quasi-causal necessitation relation among laws and particular states of affairs when a primitive direction of time is built into the conception of fundamental law.
  But it must be conceded that this notion of nomic necessity is indeed an ontologically distinct species of necessity.
One important consequence of this debate is the viability of the Humean view of laws as supervenient on the distribution of fundamental properties in spacetime.  It would appear that this requires a quidditistic view of fundamental properties, since on all other views laws are already entailed by the instantiation of the fundamental properties prior to examining their distribution in spacetime.
  For the Humean wants to deny that there are any such necessities in nature.  Thus Humeanism requires quidditism (which requires that there be intrinsic natures in addition to role properties).  In finding no decisive considerations against quidditism I have therefore found no appreciable obstacle to Humeanism based on concerns about properties.  Its strengths and weaknesses are to be judged on the basis of other criteria.
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