PART IIF O U N D A T I O N S The next three, increasingly technical chapters make up thecore of this thesis. In the first chapter, Outline of adescriptive theory of induction, I take issue with the idea thata logical semantics is necessarily based on the notion oftruth. In my view, any quality worth preserving in anargument may give rise to a logic formalising some usefulform of reasoning. Two of the qualities that may be preservedin inductive arguments are explanatory power and regularityof interpretations. In the next chapter, Properties ofconjectural consequence relations, I commence my study ofgeneral patterns of conjectural reasoning in the spirit of Krauset al. Starting with the adequacy conditions for a materialdefinition of the relation of confirmation formulated byHempel, I propose a number of rules for explanatory andconfirmatory reasoning, and some rules that are meaningful inboth cases. Systems of such rules are studied and semanticallycharacterised in the final chapter in this part, Rule systems forconjectural reasoning.

CHAPTER 5O U T L I N E O F A D E S C R I P T I V E T H E O R Y O F I N D U C T I O N � in which it is argued that the logical foundations ofinduction be based on a generalised notion of preservationsemantics, two qualities that may be preserved in inductivearguments being explanatory power and regularity ofinterpretations �IN THIS CHAPTER I will present a blueprint of a descriptive theory of induction: acatalogue of different forms of inductive reasoning. The central concept in such adescriptive theory of induction is the notion of a conjectural consequence relation,formalising the process of inductive hypothesis formation. This concept, which will befully developed in the next two chapters, is called conjectural consequence relation ratherthan inductive consequence relation, because it may not completely capture every aspect ofinductive hypothesis formation (for instance, there is no inherent notion ofgeneralisation), and because it may be applicable to other forms of reasoning as well.The outline of a descriptive theory of induction presented in this chapter will alsodiscuss other ingredients, and their relation to conjectural consequence relations. In orderto get a clear picture of what other ingredients are needed, we start by asking a verygeneral question: What constitutes a logical system? In principle, the answer will be thatthe usual tripartite model of semantics, proof theory and metatheory will suffice.However, it is clear that such a semantics cannot be satisfaction-preserving, as in the caseof the standard semantics for deduction (⁄14). This raises two questions:(i)are there alternative semantic qualities that can be preserved?(ii)can we say anything about the truth of the conclusion, given the truthof the premises?The first question will lead to the general notion of a preservation semantics, while thesecond leads to the concept of a truth-estimating semantics.On the level of proof theory, I will draw a distinction between a proof procedure andwhat I call a discovery procedure, which only infers conclusions that maximise someutility measure. Although the latter is, in general, what we want (even in the case ofdeduction!), I will argue that the utility measure is an extra-logical factor, outside thelogical system proper.

5 . O u t l i n e o f a d e s c r i p t i v e t h e o r y o f i n d u c t i o n 72⁄18. WHAT IS A LOGICAL SYSTEM?Recall that in chapter 4 the following picture of logic emerged. Logic can be characterisedon three distinct levels: semantics, proof theory, and metatheory. The aim of semantics isto provide formulas with a meaning, and to define the notion of semantic entailment. Thegoal of proof theory is to provide a more computationally oriented counterpart to semanticentailment, by formulating axioms and inference rules. Semantics and proof theory arelinked together by the metatheoretical notions of soundness and completeness.The question arises whether this tripartite model of semantics, proof theory andmetatheory is capable of capturing the essence of an arbitrary form of reasoning. Clearly,when devising a non-deductive logical system we have to give up some of the niceproperties of deductive logic. In this light, it is important to have a clear idea of whichcharacteristics of deductive logic are inherent to logical systems as such, and whichcharacteristics derive from the fact that the form of reasoning being modelled is deductive.This is by no means a simple task, since the standard deductive machinery seems sofamiliar to us that it is hard to imagine alternatives. This is especially true for the standarddeductive semantics, due to Tarski (1936). In the words of John Etchemendy:�The highest compliment that can be paid the author of a piece ofconceptual analysis comes not when his suggested definition surviveswhatever criticism may be leveled against it, or when the analysis isacclaimed unassailable. The highest compliment comes when the suggesteddefinition is no longer seen as the result of conceptual analysis�when theneed for analysis is forgotten, and the definition is treated as commonknowledge. Tarski�s account of the concepts of logical truth and logicalconsequence has earned him this compliment.� (Etchemendy, 1990, p.1)Unlike Etchemendy, who criticises it on the grounds of material inadequacy, I acceptTarski�s standard deductive semantics, but am seeking ways to generalise it, in order tomake it applicable to a wider spectrum of reasoning forms.What is a semantics?The distinguishing virtue of Tarski�s model-theoretic semantics is that it substantiates thefollowing statement:(1)if the premises of a deductive argument are true, then its conclusionis true also.As we have seen in ⁄14, Tarski achieves this by defining truth as satisfaction by adistinguished intended interpretation. In this way we obtain a clear-cut distinction betweendeductively valid and deductively invalid arguments.Clearly, a non-deductive semantics must substantiate a much weaker statement than(1). One possible weakening is embodied in Carnap�s proposal for an �inductive logic�(see ⁄7):

⁄ 1 8 . W h a t i s a l o g i c a l s y s t e m ? 73(2)if the premises E of an argument are true, then the probabilitythat its conclusion H is true also is estimated at c(H,E).Notice that every argument is assigned a degree of confirmation, so that (2), by itself,does not set apart a distinguished set of �inductively valid� arguments. However, we couldachieve something like that by stipulating that c(H,E) > 0, or c(H,E) > c(H,true), orc(H,E) = 1 (the latter stipulation would, presumably, yield the deductively validarguments).The KLM framework provides an alternative, qualitative weakening of (1):(3)if the premises of a plausible argument are true, then its conclusionis expected to be true also.Here, the conclusion of a plausible argument is expected to be true whenever the intendedinterpretation is possible in at least one most preferred epistemic state among those thatsatisfy the premises (see Definition 4.6). .I have tried to demonstrate that different semantic accounts can be formulated in a waywhich reveals the manner in which they assess the truth of the conclusion, given the truthof the premises. Let us call such an assessment the truth-estimating conditions imposedby the semantics. What I want to illustrate now is that the truth-estimating viewpoint isnot always the conceptually most appropriate one.Consider Peirce�s definition of abduction as inference of explanatory hypotheses, wherea hypothesis is explanatory if it logically entails the premises of the abductive argument.This leads to the following truth-estimating condition:(4)if the premises of an abductive argument are false, then itsconclusion is false also.What this truth-estimating condition tells us is that the truth of the premises of anabductive argument is a necessary condition for the truth of its conclusion. Theweakness of this truth-estimating condition, being inherent to abduction per se, issomething we have to live with � but its formulation seems to be quite counterintuitive.I will argue below that a much better picture of the semantics of abduction is obtainedwhen it is defined in terms of a semantic quality that is preserved by abductivearguments54.Such a preservatory viewpoint has already been considered in ⁄14, where we concludedthat deduction is satisfaction-preserving in the sense that an interpretation satisfies theconclusion of a deductive argument whenever it satisfies the premises:(5)satisfaction by an interpretation is preserved when passing from thepremises of a deductive argument to its conclusion.It is easy to see that (5) is a sufficient condition for (1), if a statement is defined to be truewhenever it is satisfied by a distinguished intended interpretation. Conversely, (5) isobtained if (1) holds regardless of which interpretation is the intended one. Thus, (1) and(5) are equivalent if we have no additional knowledge about the intended interpretation.

54Sometimes, condition (4) is paraphrased by saying that a reasoning form like abduction isfalsity-preserving � but who wants to preserve falsity?

5 . O u t l i n e o f a d e s c r i p t i v e t h e o r y o f i n d u c t i o n 74In a similar vein, the KLM semantics can be viewed from a preservatory viewpoint:(6)satisfaction by a most preferred epistemic state is preservedwhen passing from the premises of a plausible argument to itsconclusion55.The equivalence of (3) and (6) is a matter of definition rather than proof: (6) gives aprecise answer to the question what it means to say that the conclusion of a plausibleargument is expected to be true. One could say that the truth-estimating viewpoint ofKLM semantics is derived from the preservatory viewpoint, which is the morefundamental one.Abduction or explanatory reasoning is another form of reasoning for which thepreservatory viewpoint is much more natural. Consider the following statement:(7)explanatory power is preserved when passing from the premisesof an abductive argument to its conclusion.Explanatory power is a central concept in the explanatory view of induction put forward inthis thesis. Intuitively, the explanatory power is the set of explanations of observedphenomena provided by a logical theory. An argument preserves explanatory power if theset of explanations provided by the conclusion is at least as comprehensive as the set ofexplanations provided by the premises. In the spirit of Hempel�s deductive-nomologicalmodel of explanations (Hempel, 1966), we may define the explanatory power of a theoryas the set of its deductive consequences56. Now, one may note that under this definition ofexplanatory power (7) is equivalent to saying that the premises are among the deductiveconsequences of the conclusion, which is in turn equivalent to (4). However, it is clearthat (7) provides a much more natural viewpoint on the semantics of abduction than (4).Furthermore, there are wider conceptions of explanatory power under which theequivalence of (7) and (4) no longer holds: for instance, we could define the explanatorypower of a formula as the set of its plausible, rather than deductive, consequences.The point I hope to have illustrated is this. There are (at least) two possible anglesfrom which one can view the concept of semantics, one being more natural for someforms of reasoning, the second for others. The preservatory viewpoint was found morenatural for explanatory reasoning, and more fundamental for plausible reasoning � laKLM. The standard deductive semantics seems to be primarily viewed from the truth-estimating viewpoint, although it can be independently and equivalently viewed from thepreservatory viewpoint.It remains to be decided whether Carnap�s degree of confirmation can be equally well

55This statement is slightly ambiguous. It does not mean to say that the quality of �beingmost preferred� is preserved (which would imply that every most preferred model of thepremises is also a most preferred model of the conclusion), but rather that satisfaction by�selected models� is preserved (namely, the most preferred models of the premises). This will bemade more precise below.56This is, admittedly, a simplification. First of all, it disregards the structure of the proof ofthe observation from the theory: some explanations may be more powerful, or simple, thanothers. Secondly, observations may be restricted to a sublanguage of the language in which thetheory is formulated. The proposed definition of explanatory power is therefore a startingpoint, that may require further refinements.

⁄ 1 8 . W h a t i s a l o g i c a l s y s t e m ? 75approached from the preservatory angle. My claim is that it cannot � nor is it intended toserve as a preservatory semantics. This becomes immediately clear once one realises thatthe preservatory viewpoint makes sense only when it indeed serves to dismiss somearguments that do not preserve the designated semantic quality. But Carnap�s degree ofconfirmation is defined for arbitrary arguments � indeed, to restrict its scope would be tolimit its applicability unnecessarily. But if we do not restrict the scope of the c-function,then the preserved semantic quality must be void.A related point has been made already by Carnap himself when he remarked thatinduction, in his view, does not represent inference in the classical sense. Let us recall thecitation from chapter 2:�What we call inductive logic is often called the theory of nondemonstrativeor nondeductive inference. Since we use the term �inductive� in the widesense of �nondeductive�, we might call it the theory of inductive inference...However, it should be noticed that the term �inference� must here, ininductive logic, not be understood in the same sense as in deductive logic.Deductive and inductive logic are analogous in one respect: both investigatelogical relations between sentences; the first studies the relation of[entailment], the second that of degree of confirmation which may beregarded as a numerical measure for a partial [entailment]... The term�inference� in its customary use implies a transition from given sentencesto new sentences or an acquisition of a new sentence on the basis ofsentences already possessed. However, only deductive inference is inferencein this sense.� (Carnap, 1950, ⁄44B, pp. 205—6)What is emphasised here is that there is no inherent notion of proof in his �inductivelogic�. According to Carnap, it does not make sense to ask: �is there an inductive proof ofH from E?�; all one can ask is �what is the degree to which H is confirmed by E?�. Whatthis demonstrates is that truth-estimating conditions do not necessarily lead to anassociated proof theory.Let us recover our breath and reinforce the points made above. My first point is thatthere exist two different concepts of semantics, rather than just two viewpoints fromwhich the concept of semantics can be perceived. Truth-estimating semantics aims atassessing the truth of the conclusion of an argument. Preservation semantics aims atassessing the semantic connection that exists between premises and conclusion of anargument. These two concepts are fundamentally different, only to coincide in one specificcase, namely the case of deductive reasoning (fig. 5.1).My second point is that, in principle, only the preservation semantics gives rise to aproof theory. Like the previous point, this point cannot be rigorously proved but onlymade plausible. One case in point is, of course, provided by Carnap�s �inductive logic�,which doesn�t have a proof theory (or, alternatively, a trivial one: infer anything fromanything). This also means that the concepts of soundness and completeness only makesense in the presence of a preservation semantics.A third, related point is that, while a preservation semantics mirrors some essentialsemantic feature of a particular form of reasoning, a truth-estimating semantics is, at leastin principle, applicable to arguments of any type. Carnap�s claim that his �inductive

Figure 5.1. The two concepts of preservation semantics and truth-estimatingsemantics are fundamentally different, but coincide in the case of deductivelogic� captures the essence of non-deductive reasoning (and even, as a special case,deductive reasoning) is therefore, in a way, justified. It is not his framework, whichdefinitely has its merits, that is criticised here, but the fact that he calls it a logic. In myview, it embodies a proposal for a truth-estimating semantics that can, in principle, beThe idea that preservation, rather than mere truth-preservation, is the essential featureof logic is not new. In a paper published in 1991, Jennings, Chan and Dowad �argue for ageneralisation of inference from the standard account in terms of truth preservation to one�(�) truth is not the only inferentially preservable property.SS¢

⁄ 1 8 . W h a t i s a l o g i c a l s y s t e m ? 77Furthermore, the view that abduction is the logic of preserving explanations has also beenput forward by Zadrozny, who calls an inference rule abductive �if it preserves sets ofFor the purposes of this thesis, I will now attempt to give a more exact definition of apreservation semantics. The basic idea is that such a semantics specifies a set of semanticobjects, such that for an inference from to , if a semantic object stands in a certainrelation to (it is for instance a model of ), it stands in the same relation to ; orequivalently, the set of semantic objects standing in a certain relation to is a subsetof the set of semantic objects standing in the same relation to . A modification ofthis scheme is suggested by the preferential semantics of Kraus et al.: to construct from a different set of semantic objects to be included in , by means of a preservationfunction .DEFINITION 5.1. Let L be a logical language. A preservation semantics is atriple , where is a set of semantic objects, : is ameaning function mapping any formula to a set of semantic objects, and : is a preservation function mapping any set of semantic objects toanother set of semantic objects. The consequence relation defined by apreservation semantics is given by |~ b iff ƒ([a]) ˝ [b].As an example, the cumulative KLM semantics is obtained from this scheme byinterpreting as the set of epistemic states satisfying , and defining as the functionreturning the set of minimal states under a preference ordering. Clearly, the standarddeductive semantics is another instance of this scheme, with denoting the set ofclassical models of , and the identity function. Finally, to obtain the explanation-preserving semantics of abduction, we interpret [] as the set of consequences of underClearly, it will be necessary to formulate some additional constraints on the functions and . For instance, it is reasonable to require that is well-behaved with respect to[a�b] = [a] ˙ [b][a�b] = [a] ¨ [b] = — ]and so on. Such constraints will indeed be satisfied by any preservation semantics we willconsider in this thesis.Furthermore, it seems reasonable to assume that maps any set of semantic objectsonto a subset:: ) Indeed, this constraint is satisfied for all three preservation semantics just mentioned (infact, for the standard deductive semantics and the abductive semantics, set-inclusion istrivially strengthened to equality). Nevertheless, I believe that this constraint is too strong

5 . O u t l i n e o f a d e s c r i p t i v e t h e o r y o f i n d u c t i o n 78for some other forms of reasoning, most notably inductive reasoning and counterfactualreasoning. I will not dive into the subject here � an example will be given below in ⁄19.However, for all the preservation semantics formally worked out in chapter 7 theinclusion constraint (*) holds. In such cases we will say that is a selection function.With this conception of a preservation semantics we have sufficiently liberatedourselves from the chains imposed by the standard deductive semantics. A completeformal characterisation of this notion, however important, is beyond the scope of thisthesis. As for the concept of a truth-estimating semantics, I will not attempt to give aprecise definition, since this concept does not play a major role in this thesis. For allpractical purposes, it may be identified with a function : [0,1], satisfying anumber of constraints like in Carnap�s �inductive logic�.Having observed the need for a wider conception of the concept of a logical semantics, itis now time to consider the concept of a proof theory. Here, I take the position that the�traditional� conception of a proof theory is still adequate as a computational counterpartto the preservation semantics.It follows that metatheory maps the relation between proof theory and preservationsemantics. For instance, a proof procedure is sound if any formula it derives preserves thedesignated semantic quality relative to the premises. Conversely, the proof procedure iscomplete whenever it is able to derive, from arbitrary premises, every conclusion thatpreserves that same semantic quality. But now we may ask whether completeness in thisonly interested in deriving only those conclusions that, besides preserving the semanticFor instance, suppose that we want to construct an Automated Mathematician: acomputer program that, equipped with basic mathematical knowledge, is able to deriveinteresting mathematical concepts and theorems. Such a computer program should beable, for instance, to derive the fundamental theorem of arithmetic from elementarynumber theory. Now let S denote the initial knowledge, then we may write S | if jis a formula derived by the Automated Mathematician. Clearly, we don�t want | to becomplete with respect to the standard deductive semantics59: we don�t want tautologies orformulas in to be �derived�, nor do we want every logically equivalent formulation ofOn the other hand, if we wanted to implement an Automated Theorem Checker which,supplied with and , tests whether | , then it is clear that, ideally, |be complete with respect to , because the theorem checker should work for arbitrary Sand . Similarly, if | denotes a query answering procedure in logic programmingsystems, constructing a substitution such that | for arbitrary logic programs S

Strictly speaking, if is not a selection function the name of a preservation semantics is abit of a misnomer, since some of the elements of [) do not stand in the same relation to asthey stand to .See (Lenat, 1980) for an attempt to tackle this problem.According to G�del�s celebrated incompleteness theorem, it is even impossible for a proofprocedure to be complete as soon as elementary number theory is included.

⁄ 1 8 . W h a t i s a l o g i c a l s y s t e m ? 79and queries j|~60.One way to describe the behaviour of a discovery procedure like the AutomatedMathematician is to view it as a heuristic search algorithm which generates, in some wayor another, formulas such that (i) | , and () ) reaches some optimal value,where is a heuristic evaluation function assessing the utility of the formula as amathematical theorem. There is no need to explicate these concepts any further; suffice itto say that the resulting discovery procedure effectively establishes a restriction of theproof procedure |. Clearly, automated induction algorithms embody discoveryprocedures rather than proof procedures. The question we need to address now is whetherIn this thesis I will take the position that discovery procedures like the AutomatedMathematician and automated induction algorithms are built upon logical systems, but arenot themselves logical systems. This is not to say that proof procedures are morein artificial intelligence is aimed at developing inductive discovery procedures rather thaninductive proof procedures. Furthermore, it is usually a good idea to integrate themuch as possible. The point I want to stress here is not that discovery procedures areuseless, but rather that the heuristics they employ are and not part of thelogical system. Indeed, suppose that we would include heuristics in our logic, i.e. in theproof procedure: in order to characterise the resulting proof procedure, we would need toinclude them in the semantics as well. What we would have achieved, then, is mainly acorruption of the typical (and meaningful) dualism that exists traditionally between prooftheory and semantics. I prefer to keep the dualism, and to view discovery procedures asconsisting of a logical system on one hand, and extra-logical factors such as heuristics onthe other.We are now in a position to describe the view of a logical system that I propose in thecontext of this thesis (fig 5.2). Essentially, it follows the traditional lay-out of a deductivesystem in that it consists of a semantics, a proof procedure, and a metatheory. The maindifference with a deductive logic is that the semantics focuses upon the semantic qualitythat is preserved by every argument, without necessarily assessing the extent to which aderived conclusion is true. The latter is done by a truth-estimating semantics, such as theone proposed by Carnap under the heading �inductive logic�. Furthermore, since such atruth-estimating semantics is, at least in principle, independent of a particular reasoningform, it is only considered to be part of the logical system proper insofar it can be mergedwith the preservation semantics, as in the case of deductive logic (and, presumably, alsoin the case of plausible logic, although a truth-estimating semantics is not included in the

To be precise: clausal resolution (the proof procedure employed in logic programmingsystems) is not complete in this sense, because it does not obey the metalevel principle ofproof by refutation (see ). However, it is refutation complete (} is inconsistentwhenever ), which is sufficient for a query answering procedure.

Figure 5.2. A logical system proper consists of a preservation semantics and aproof procedure, sound and complete with respect to the preservation semantics.Truth-estimating semantics, employed to assess the extent to which a derived con-clusion is true, is not restricted to the arguments of one particular logical system; adiscovery procedure employs heuristics to restrict the range of the proof procedure.logical theory, i.e. the preservation semantics. To state the same point differently: thepreservation semantics characterises the proof procedure. Finally, the proof procedure canbe extended with heuristics in order to obtain a discovery procedure, which is hoped toderive only the most �interesting� conclusions. Exactly what constitutes an interestingconclusion is fixed by the heuristics; since such a heuristic is an operational concept thatdoes not have a clear semantic counterpart, I consider it to be an extra-logical factoroutside the underlying logical system, even if heuristics are usually operating in closeWe are now in a position to provide an answer to the question: what constitutes aninductive logic? Basically, this consists of a logical system (semantics, proof procedure,and metatheory), a truth-estimating semantics, and a discovery procedure (i.e., a heuristicutility measure). In this thesis I will concentrate on a logical system for induction, based

⁄ 1 9 . E l e m e n t s o f a n i n d u c t i v e l o g i c 81on notions as explanation and confirmation. I will not further address the problem ofdevising an appropriate truth-estimating semantics � as I have indicated, I do not thinkthat this problem, important as it may be, is specifically linked to inductive reasoning.I will now discuss the two main ingredients for the next two chapters: the concept of aconjectural consequence relation, and several possible preservation semantics fortwo ingredients do not exclusively and completely characterise inductive reasoning, bothin the sense that some aspects that are typical of induction may be missing (such as thegenerality of hypotheses, see below), and in the sense that some of the characteristics ofFollowing the work of Kraus et al., my account of the logical characteristics of inductionwill be based on the notion of a conjectural consequence relation. To clearly mark thedistinction with plausible consequence relations, I will borrow a symbol originallyproposed by Michalski (1983) and write |< for �hypothesis could be conjectured ifthe evidence is In the next two chapters I will develop several rule systems andWe may note again (see also ⁄16) that a consequence relation is a metalevel notionmodelling the behaviour of a particular reasoning agent, and that a rule system providesrationality postulates for such an agent. This is no different for conjectural consequence |< our rationality postulates might prescribe that the hypothesis �all crows are black� canstill be maintained after observation of Chevy being black, by stipulating that the� |< must also be in the consequence relation describing the behaviour of the inductive agent.We could say that a system for conjectural reasoning puts limits to the rational behaviourThe main concern of this thesis is to investigate logical systems for induction. Withinsuch a logical system, preservation semantics occupies a central position. I will now

Michalski interprets |< as � generalises to � (Michalski, 1983, p.89).

5 . O u t l i n e o f a d e s c r i p t i v e t h e o r y o f i n d u c t i o n 82investigate a few specific proposals for such a preservation semantics, some of which areFor explanatory induction the basic idea is to consider explanatory power as thepreserved quality, where explanatory power is identified with the set of formulas that canbe inferred under a deductive or quasi-deductive regime. Somewhat more precisely, apreservation semantics for explanatory reasoning is built upon an explanation mechanism,which in this thesis will be identified with a consequence relation satisfying one of theKLM rule systems , or . Given an explanation mechanism |~, the meaning function maps a formula to its under |~, denoted by |) = { | |~ . Theselection function is the identity function � that is, an argument |< preservesCn|) |), i.e. for every , if |~ then |~ .Clearly, if |that |~ . More precisely, we have the following lemma.EMMA . If |~ is transitive and reflexive, then Cn|) Cn|) iff |~ .. For the if part, suppose |~ and |~ , then |~ byFor the only-if part, suppose |) |), then (since |) byReflexivity) |~(b). ¯As a corollary, we have Cn|) |( |~ a|~ satisfies the rules of .A complete axiomatisation of this kind of preservation semantics for induction is given inIn the case of confirmatory induction I propose a preservation semantics that employsthe preservation function . Here, the semantic objects are interpretations, and themeaning function maps a formula to the set of its models, as usual. From the models ofthe observations [a] in a confirmatory argument the preservation function constructs a setof ƒ([a]interpretation is a model of the hypothesis. The intuition behind regular interpretations isthat they stick to the spirit, if not to the letter, of the observations. As an illustration,)An inductive hypothesis like : Raven() does not refer to the names ofindividual crows � as far as this and similar universal hypotheses are concerned, thea, c, dIndeed, even observations with more than three objects would bear the same relation tosuch hypotheses, as long as these objects are described as either a black raven, a blacknon-raven, or a non-black non-raven. Such regular interpretations would convey the sameinformation as the observations, even if not every one of them is a model of theobservations. Given observations , the set of regular interpretations would be

That is, the semantic objects are formulas from .This holds also for consequence relations satisfying the rules of the strictly weaker system, a KLM system that captures monotonic (hence transitive) consequence relations that failto satisfy the rule of Contraposition.

⁄ 1 9 . E l e m e n t s o f a n i n d u c t i v e l o g i c 83constructed out of the models of by means of the preservation function . I will callWhat this notion of regular interpretations brings us is an associated notion ofgeneralisation: the confirmed hypothesis should be a formula that does not refer to theobjects in the observations, hence a formula that does more than just replicating thelogical content of the observations. We could say that this notion of regularity asinvariance under renaming of objects amounts to a view of induction as reasoning. This appears to be a very appealing view indeed, which deservesto be investigated further. However, it seems to me that this view has some quite drasticlogical ramifications. For one thing, note that is not a selection function ( forsome sS), since some regular interpretations do not satisfy the observations. As a result,quite a few of Hempel�s adequacy conditions would fail to hold, such as the entailmentFor this reason, the regularity-based confirmatory semantics will not be analysed to itsfull strength in this thesis. Instead we will consider a more �classical� instantiation inwhich is a simple selection function. One possible selection function stays close to theideas of Hempel, Helft and De Raedt, by treating only the truth-minimal model(s) of theobservations as regular. The semantic quality that is preserved is then satisfaction by theregular model. The idea of minimising truth is closely related to the Closed-WorldAssumption as it is frequently used for reasoning about the information contained incan be viewed as the minimal elements under a certain partial ordering, closed-worldreasoning establishes a kind of preferential reasoning. The general case of an arbitrarypreference ordering, which stays very close to the KLM system P, is axiomatised in ⁄27.A third type of conjectural reasoning that will be studied in chapter 7 is similar toclosed-world reasoning in that it also employs a partial ordering on semantic objects,namely the information ordering on partial interpretations. However, the pragmatics ofthis ordering is quite different from a preference ordering: its minimal elements do notrepresent the �best� interpretations, but the ones that can be used to enumerate all theothers. In other words, the information ordering is a computational rather than a logicalno more than compatibility of evidence and inductive conclusion. This form of reasoning.In this chapter, we set out to present a blueprint of a descriptive theory of inductivea descriptive theory, modelling certain aspects of the process of inductive hypothesisformation. I have argued that, just like other abstract forms of reasoning, conjecturalconsequence relations can be formalised by means of a tripartite logical system consistingof semantics, proof theory and metatheory. Different forms of inductive reasoningcorrespond to different logical systems for conjectural consequence relations, that will be

5 . O u t l i n e o f a d e s c r i p t i v e t h e o r y o f i n d u c t i o n 84It is important to understand the significance of such logical systems for induction. Ina way, they accomplish the same as any logical system: a formalisation of the notion of atruth preservation: clearly, a deductive logic of induction is impossible. The notion ofvalidity is not absolute, but relative to a certain reasoning form, formalised by a logicalsystem. I believe that much of the confusion about the infamous �Problem of Induction�has been caused by the misconception that a logic of induction should be built on top ofMuch of the work in this chapter has therefore been devoted to a liberation from thedogma that logic is the study of deductive reasoning. It may seem that we havecompletely overthrown the conventional view of logic � however, the only significantinnovation has been to disconnect the notions of preservation semantics (the counterpartof a proof procedure) and truth-estimating semantics. I have also pointed out a distinctionAn analysis of some possible logical systems for inductive hypothesis formation willstarting point of the investigations into this subject, rather than an endpoint. One openproblem that has been identified is the formalisation of induction as generalisation-preserving reasoning. This idea will not be further pursued here because it wouldrepresent, in the current context, too radical a departure from the ideas of Peirce and* * * * *