1 discuss formats for theories, sets of to the issue of what it update a theory. Using properties of as we provide between of theories the philosophy of Throughout, we use this study as platform for1. Logic and methodology of scienceThe between of is often to Topics straddling it include the proper representation of information and patterns ofTheo Kuipers’ work on theory structure, theory at this It uses methods issues it addresses!Instead of pursuing this its proper depth, this Note, I address by Zwart his for this Kuipers’ of What is the appropriate format for theories, for the ways they may — — toward theory: but as the of daily practice. This to obvious asshown but it How people on the pursuit of is just — a— of our about the tasks of daily rationality is the same throughout.2. Theories in logicIn theories as structures across theories Arithmetic, bases computer or presuppositions that ordinary by. computational of complexity scientific and everyday tasks affect the optimal of theories, when as the shorter-term data structures

2— this issue of is not yet the way it has the philosophy of A ofthis development goes beyond this Note, and what follows is just a sketch.2.1. Theory formatsof theories is quite austere. Theories T plain sets of syntactical sentences, or alternatively, they MOD(T) = The two viewpoints inversely The the syntactic theory set of situations qualify). way, there are various types of motivation. A theory may be stable set of as the foundations of but it may set ofpremises ordinary Moreover, the setting, theories intend to say the standard others to of systems, the better, as group theory. In ordinary these aspects may play witness the distinction into theory’ the of situations with, short-term theory’ of describing one situation out of these, viz. the current topic of conversation.For some reasoning tasks, this format is too poor, fine-structure isThe two viewpoints The approach abstracts away of syntax’ — but so, it loses packaging into the chunks the was presented. T corresponds to set of , it is only their intersectionwhich is recorded in MOD(T). Some modern theory definitions therefore work with(T) = { MOD() | for the theory {´(A&B), B}, set of is the just the with to theory whencontradicts theory as (witness authors Kratzer, G�rdenfors 1987). And this format suppresses

3as chunks assertions very properties ofor In everyday orpresentation is all-important — but we such chunks may ordered, theories consist of of less or more important parts, more or less prone to importancehas many determinants: such as of computation, or of components of theories, syntactic or play — as ’entrenchment relations’ between assertions in the study of or accounts of data bases as These ones in the philosophy of science about importance of assertions hypothetico-deductive laws, facts, Modern of use This completes our sketch, is by no complete. anotherthe philosophy of has the vocabulary of theories, suchas the distinction between terms. Issues of update, too, to 2.2. Information updateupdate. theories as states about the reality, updated as newto drastic Kuipers’ Typically, information update decreases the set of options for the actual situation.Ann, John, or Mary may or may not have been at the party.John comes if Mary or Ann comesAnn comes if Mary does not come.If Ann comes, then John stays away.Initially, our information state consists of all possible party compositions{MAJ, MA-J, M-AJ, M-A-J, -MAJ, -MA-J, -M-AJ, -M-A-J}

4The first assertion (M � fi J removes three of these, and updates to{MAJ, M-AJ, -MAJ, -M-AJ, -M-A-J}´M A{MAJ, M-AJ, -MAJ}A ´JThe state has just situation M-AJ, the state of affairs with Mary and John present, while Ann is not. Thus, semantically,Dually, information grows syntactically by adding assertions to our current stock.Now, the main thrust of update appears to that in the formal philosophy of science. Update logics do not emphasize the of representation, but rather the dynamics of update about For I try to say ofI that you do not know it yet. Thus, update i f after public announcement of C , agent i knows that fyou answer my question, I do not know the part of the system. Also, is not the only propositional attitudes toward known, others suspected, or hoped for�private white many other subtle on we act our daily may subtle than those is public This may the Keith provocative point http://www-csli.stanford.edu/~devlin/) that someone with the powers the epistemic of soap opera on TV should no problemwhatsoever with something as simple as pure so, it senseto compare epistemic perspectives across logic and philosophy of science.

53 Theories in Kuipers’ workTheo Kuipers’ analysis of theories has widely hiswork. we to the chapters the Kuipers 2000, 2001, the paper Kuipers 2002.These go back to may earlier papers, not listed separately here.) At one extreme his interest structuralist theories ’structuralist’ tradition, with theirsettings, sticks with simpler formats to his points. A 3.1. Verisimilitude and flat theoriesHere is what it means for theory A to be at least as good a fit for theory T as B:A ‡ BT A(b)A—T BT-instances, no than B on non-T—instances. This Miller-Kuipers definition employs the of theories, with take on important betweenthem. One issue is the nature of T. If we think of Truth, in line with the above update story, we T to of just world. But Kuipers’ work, T is often set ofis structuralist way ofphysical theories of possible situations, such assystems’ the laws of Newtonian This is the above case of group theory, with many for theory as they stand for applicability. A point is Kuipers’ possible tional combinations of atomic assertions ’switch i is open’, ’bulb j is only asubset corresponds to physically possible states of the — the proper between the propositional must then lead us toward this true set of physically possible systems.From the perspective of the update set of world as of is quite E.g., when a group of agents pools what they know, they need not world to but rather the set of worlds their jointMore instead of on the

6predicate, say, is completely with many tasks, with 3.2. Theories in progressBut there may be more structure. Instead of identifying a theory with just the set ofmodels where it holds, Kuipers also considers a more partial view with a pair of setsR(t), S(t)R(t) S(t),with R(t) the shown to satisfy the theory so at t, S(t) One as what we know so about the True theory, with R the result of systems), the Sthe result of deductions out of T, or leaps. generally, this move replaces any theory T viewed as a set of by pairs of T , T with T T This two-set of theories the of Zwart’s The has to do with update. Suppose that we about theory T , T . Intuitively, this should that we new partial T’, i.e., a situation T’ , T’ up tightening the bounds toT T’ T’ T This update from T to T’ both of set of (viz. the bound) of the bound. update is not quite amatter of by laws to true: we potential laws by adding models. Now, is this — or worse, The heterogeneity seems just a of the sophisticated notion of must take to use consistent appropriate to the newsetting. the distinction. we predicate ’T’ the models for our theory. These are constraints of the form

7property of — Kuipers’ sense. This sharpens upper bound. The counterpart of these are sufficient conditions of the formfor this assertions is of T’. These would rather have the atomic form Tm . But often, one does not situation physical theory, but rather — pendulums Then the format is appropriate. Conversely, the law-format of necessary conditions subsumes by assertion ´Tm. 3.3. Theories in partial logicis anotherview of partial theories. Instead of the lower and upper bound, we follow practice of objects ’actuality’ of For this purpose, specifies two disjoint sets: of the known instances the , T —the two sets disjoint, third zone’ of objects definitely nor outside of T . Of the = A down , = — A with — for set-theoretic complementUpdate now amounts to positive instances instances. This is the way we the poses when notions such new setting. A is between A B B is true A is. By then also: A is B is. In partial the latter doesnot follow from the former, which only implies that A is not true whenever B is true. Typically, perspective, ’not true’ is not the as

8we want both to we whenever A is true, B is true, (b)the of when two theories versus the complete true theory, or two complete theories versus the known partial approximation of the true theory. The question is now how to to the the sense, sure that positive successes for B A ‡ B A+and T B-(b) B+and T A-In ways, this is symmetric than what we Moreover, when the partial theories total the two parts whole set of this stipulation to the Nevertheless, perspective other of 4 Lifting one levelDoes the partial view of theories contradict the of 4.1. From partial models to sets of model with complete denotationsLet M with of objects satisfying of totally predicates plus ’unknown’ partial predicate T of objects. Now take standard models M(T) over the same objects as M which the interpretation ofpredicates complete two-valued the facts about of T true M. models M(T) represent the definite ways the predicate T turn out to on basis of M. In particular, then, we can associate the pair T , T with the set ofthose M(T) whose T between these two bounds. Thus, theoriesoption for the of T

9that is still open. In particular, standard theory T corresponds to set, as there is no possible. Closely state T arbitrarily, correspond to the set of subsets of its current T .the updates’ new positive or for the predicate T or the the price of of sets. It just depends onhow we want to model things. think of this as updating terms of objects their properties to updating terms ofpropositions about predicate Just as we M(T) that to satisfy the assertion. But is this just trick, or is theremore to the new setting? I think there is.4.2. Updating with arbitrary assertionsThe richer setting allows for further updates, not covered by the format of a4}, two of(2, 3) people but we do not know The first update might just lead to the partial theory {1}, . But the isof it property of the without about precise members. It rather puts a constraint on membership patterns. In of updates, the state has 16 subsets of {1, 2, 3, 4} aspossible of T. The update for assertion this to the subsets containing person 1 . The update for assertion (ii) reduces this drastically to{1, 2}, {1, 3}, {1, 4} ,even though it does not add to our direct about {1, 2}, {1, 3}.

10updates correspond to further assertions about the predicate T. of structure the M plus a unary predicate T for the special objects we are interested in. In particular,updates on partial theories of the forms Horn assertions may these two objects, orthese, either this woman or that, etc. That is, assertions might have such forms asas we just saw, such updates not I think they also occur in science. It is quite possible to that the for ourtheory must this or that, without to equations two types ofsolution, where the choice must come from further principles, yet unknown.)4.3. Recovering the old inside the newThe question does up then is what the partial format this world. For the states partial theories T , T up , this is easy to two simple results the two Their only purpose is to show that, insteadA set U of models M(T), or the associated family of T-denotations, can be represented in the format T down ˝ T up iff the following conditions hold:The set U is closed under arbitrary unions and intersections(b)U is convex: any set in between two of its members is in it.We can think of these sets U as especially states the setting. Moreover, update 1996) The updates corresponding to satisfying a law are those maps FIntroversion: (U) U (b)Continuity: ( i ˛I Ui) = i ˛I _F (Ui)Tightness:{ X | ({X}) = {X}}} is a set-theoretic ideal.

11Further questions of this sort results on relating the notion A‡CB for partial theories to for the 4.4. Other instances of ’the shift’ in logical modelingThe is not discussion. shifts of many updates. There is update, as we facts — but there isof the as into current Major systems of treat this ofrepresentations. An assertion like "He the current between the pronoun d , at the pairs <world, the assertion CAME-IN(d) is The this approach of ’constructive’ The between the two dictated by of representation, and perhaps focus.The contrast shows AI, with versus takes only of the so with for the predicates, assertions true in such models. Thus, saying that a and b P that is P may subsequently premises as , the set of to drawNow, many this as the factdoes not contradict the two — we should only we not to bothered by what further we As the discussion of theories,there to no ’truth of the matter’ between approaches. It is up to us to choose if we want set, supporting inferences, but jolted by every new update into a drastic revision — or set for lots of updates, the smooth of Finally, the to sets of sets frequently with on possibilities. Suppose you the future of For many purposes, this is adequately by the now on you

12by you by the tree imposes restrictions on this But now, suppose you a’uniformity’ about my strategic behaviour. Either, I always chose the left-most to the tree, or always the right-most Then set offuture no as you to two separate trees, for strategy of As the such up sets 5 Logics and calculiTypical aspects of analysis the use of of for notions of interest. Now, key notions Kuipers’ of the precise 5.1. The logic of verisimilitudeas 3.1 satisfies of A ‡ B , B ‡ CA ‡ CA ‡ B , A ‡ BA ‡T¨T’ BA ‡ B , A ‡ BA ‡T˙T’ BA ‡ B A ‡ Tproposed of the — notions this provide of its repertoire. Now, the at theories provide method for issues of Let the first-order with unary predicates A forsets, or modal with operators [], <>, S5—style semantics, with proposition letters a corresponding to sets A.set of premises of the A B such More these stating of truthlikeness. it to translate

13atoms into a modal setting. But this is easy, as an assertion A ‡T B interpreted as [] (((t&b) fi a) & ((´t&a) fi b)))nof is at the low complexity as non-deterministic polynomial time (NP).The translation to truthlikeness of partial theories. this purpose, trick For partial theory , A — , take apair of proposition letters a+, a-, and add a modal premise [] ´ +a-) . On top ofthis, for between partial theories the 5.2 Epistemic logicFrom point of there two the The with the serves as provides description of particular M(T), the of objects (worlds, you wish). But there is the setting of ofsuch what we know about the of predicates. For that we need an epistemic language with operators i fstating that f is true M(T) of the as Ki [](a p) & ´Ki <>(q & a),expressing that agent i knows that all A-situations satisfy law P, she does know that A-situations with the property Q. And of people’s Inthis state for partial theory, the objects precisely those for people know that they to A, those - ones they know not to to A. Moreover, show that the epistemicmodel supports no further ’hidden knowledge’ on constraints the of the zone. Thus, partial theory , - corresponds to epistemic

14(Cf.the art But we distinctions now, such as between A Bi A B. In assertions may forG. Thus, we the body of on epistemic This of [ P!] CG ffthe total ofobjects as subject to In that or of objects the current — as studied Theo’s his As stated this setting imports epistemic with of other forms ofpassing, that between This may too for of but it aspect of method as — especially, show that their conventions systematically found daily many puzzles of others — with as aclear example. Is there any counterpart to this in the of unless6 Logic and methodology of scienceThis Note has taken rather long to make some simple points about representation oftheories, update, Nevertheless, it may broadly

15show how of themes. The story is only One take across of theory better approximation of the truth epistemic too — as do comparisons’ between constructs the repertoire of actions powerful trends such as orperspectives, of to At the editors’ request, I conclude with a few on the of In the years 1980, I work at My then was the theory of theories would blossom into new between the philosophy of These hopes The two rather disjoint, issues or sessions practitioners hopes of sudden In particular, for AI, computer assources of inspiration for new Despite this I still that ofFirst, subject matter, I hardly any at Mill, or The fact that out ofof the turn the foundations of the early century. But of Hintikka,van Fraassen, or Gabbay — to name just few. It would tedious to draw boundary their work between proper matter of simple observation the key topics such as

16structure, or causality, AI, or A of ahappy of this sort is the theory of G�rdenfors 1987,sources both the philosophy of the most A may found the of events studies the of1995), or of other forms of Kakas 2000, as as contribution to this runs into philosophy of theory. And of as Theo Kuipers’ own work provides lots of pointers for fruitful confluence.Moreover, these for As stated at the start ofthis Note, I the continuity of daily to when theology, or This doesnot that no at between sense — the of probably best understood asAs student, I to Ernest list of supposedly betweenat the of his book The Nowadays, I that points there matters of —that cannot understand the success of without it as of sense Instead of for this out my for it. I would happy to the that virtually every issue in has its counterparts sense Of philosophers of to about of across of scientists, do not But eventually, these perspectives to I do not pretend that I forecast the 1980. the contrary, I find many things I wrote in those days un-visionary. Letlist few predictive First, the fruitful forhas not theory but rather

17philosophical systems of computational slant. Also, computational turn has up both philosophy of is conspicuously absent. And I now ofwhat I wrote about philosophers ’just stating patronizing of between philosophers of that the take of systems theorems as their standard, the latter forthe issues of concept to itself —of the of precisely of latter sort. may talent students hard-hitting theorem-proving powers.It would take a much longer story to substantiate the But is this. the between our should trips to the work of

What is Closer-to-the-Truth ?, Amsterdam: Rodopi. Pp. 103-128.

J. (1995). Temporal In D. Gabbay, C. J. Robinson, eds.,Handbook and , 4,

Oxford University Press. Pp. 241-350.

J. (2001). In ,

In D. Gabbay, F. Guenthner, eds., Handbook

.Cambridge (Mass.): MIT Press.

18P., A. Kakas, A., eds. (2000). and and

PG�rdenfors, P. (1987). Knowledge in Flux. Cambridge (Mass.): MIT Press.

Kuipers, Th. (2000). From Instrumentalism Dordrecht:

Kluwer.Kuipers, Th. (2001). based on

. Synthese Library 301. Dordrecht: Kluwer.

Kuipers, Th. (2002). Inductive Aspects of Confirmation, Information, and Content.To appear in the Schilpp-volume The Philosophy of Jaakko Hintikka.

Time and from of AI. Cambridge (Mass.): MIT Press.

Plantage Muidergracht 24, 1018 TV AMSTERDAM, The Netherlands