asChap.4, in Mugur-SchéchtemMMioaraandvan der Merwe, Alwyn (eds.),Quantummechanics,
Mathematics, Cognition and Action. Proposals for a Formalized Epistemology Coll.
« Fundamentarheoriesof Physics »Kluwer AcademicPublishers2002,p. 37-71.

Epistemicoperations

andformal epistemology

Contribution tothe studyof epistemicoperations
in scientifictheories

Michel PATY

ABSTRACT.

We want to investigatethe variousdimensionsand constitutive problems of
what a researctdesignatedas “formal epistemology”would be. The interestof such
guestionss relatedwith the possibility or not of gettinga privilegedpoint of view or
axis of research(that of the “formal”), that would afford the facts andproblemstackled
by precisgregional)epistemologyof theoriegfor examplejn physics)a bettergrasp
attheir wealthandvariety ;it is hopedat the sametime to hold the main structural
lines organizingthemaccordingto somecomprehensivintelligibility, more unifying
andsynthetic.Sucha point of view would eventuallyallow a bettermastershipon the
changesequiredin organizingthe various knowledges putting emphasison their
main directions,drawingup a rational inventory of them, and perhapsanticipating
others.

We deal first with the “thought of changes”that any concernto the form
cannotomit, as the meaningof forms is boundto contents,that are themselves
submittedto constructionsand modifications We examinethenafterthe notion of
“epistemicoperation”as instrumentfor creatingnew forms, at the theoreticaland
meta-theoreticdevels. We subsequentlgnalyzethe characteristicef the form andof
the formal andtheir relationsto contentsof knowledgetogetherwith the notion of
object consideringas well their dependencen the decisionof a subject and on
conventional choices. We finally inquire about the link between “epistemic
operations”specifiedas aboveand algorithmic functions for knowledgestatements,
and we emphazisethe risk of reductionismthat a naturalistic conception of
representatioentails.

REDUCEDABSTRACT.

We ponder about the kind of problems and perspectivesof a “formalized
epistemology”,by consideringthe advantageshan one canget from a concernwith
the “formal’, with its structural orientaton, that would favour comprehensive,
unifying andsynthetic, intelligibility. We confrontthis perspectivewith that of the
changesin knowledge,consideringthe relation betweenform and meaning for
knowledgecontentsandexaminehe notion of “epistemicoperatiori asinstrumental
for creatingnew forms, at the theoreticaland meta-theoreticalevels. Actually, the
notionsof form, of formal and of object are not independenif the problem of a
subject that decideson conventionsand choices “Epistemic operations” might
suggest a link with *“algorithmic functions” for knowledge statements, that
themselvesentail the risk of reductionism in a naturalistic conception of
representation.
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1.
INTRODUCTION.

The expression‘formal epistemology”coversa variety of possible
definitions,andis widely opento interpretations Oneconceivest, intuitively, as
orientedby a concernto theoreticalforms, to their meaningandtheir scope,for a
givenareaof knowledgeor with regardo the relationshipshetweerdifferent fields
of knowledgeas well. We actually intend here not so much to give a precise
definition of “formalepistemology'thanto focus on someproblemsthatwould be
characteristiof this kind of investigationandto underlinethe latter's interestand
limits. Wethereforeadmitfrom thestartsomevaguenes# the definition, in order
to avoid limitation inside too narrow and artificial bounds :the questionbeing,
actually to explorewhatit couldbe, resonablyspeaking.

Let us beginby circumscribingour project. It is not intendedhereto
establistakind of “morphologyof themind” suchasthatplannedthreequartersof
acenturyagoby ErnstCassirerin his beautifulwork The philosophyof symbolic
forms. Cassireextendedn it his formerinquiry on the “structureof the thought”
as manifested‘in mathematicsand natural sciences”,which he had expoundin
Substancandfunctiorf : hewenton in the new threevolumesbook throughthe
analysis of language,of mythical thought, and of the phenomenologyof
knowledgé. In any event,the idea that scientific thoughtis expressedhrough
symbolicforms,asanyotherareaof humanthought,fromits “infrastructure’to the
“architectonicorganization”of the superstructuréhatconstitutessciencé, while it
is aatthesamedime orientedtowardstherealworld, this ideawill remain,for us, a
fundamentainspiratiors.

Questioningforms andformal problems,whenone dealswith precise
sciences,eadsin generalto emphasizeimplicitly some current aspectsof the
presentscientifictheorieswith anendeavouto showhow they are characteristian

! The following reflexions have benefitedfrom exchangesand discussionsinside the working

group entitled Centre d'étudespour la synthesed'une épistémologieformelle (CeSef, Paris),

animatedoy Mioara Mugur-Schécter. | acknowledgehe friends andcolleaguef this group for

the rich debateswe had. A first version in french has already been published : Opérations
épistémiquest épistémologigformelle. Contributiona I'étude desopérationsépistémiquesians
lesthéoriesscientifiquesPrincipia (Florianopolis,Br.), 3, 1999(n°2,dezembro);.

2 Cassiref1923-1929].

% Cassiref1910].

* Subjectstreated,respectively,in eachof the three volumes of The philosophyof symbolic
forms.

® Cassiref1923-1929]vol. 3, p. 13-14.

® This ideahashelpedusin the orientationof other previousstudies,in particularour La matiére
dérobée(Stealingmattel), on the conception®f contemporaryphysics(Paty[1988a]).
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thisrespectWedo notwant, however letourselveserestrictedto merestructural
andstaticfeatureswhenour interestis directed,in particularfrom a comparative
perspectivetowardthemovemenby whichthese*formal” aspectsareestablished,
andis alsoimpulsedby wonderinghow otherscould eventuallybe settledin the
future. If we would restrictourselvedo examineonly the formalizationsof recent
knowledgeswe would bein dangerto “losethe prey for the shade”,andto retain
merely a “logically reconstructed’and schematicview of the sciences,to the
detrimentof theirliving reality and, so to speak,of thevery substancer flesh of
thoseknowledgeswhosecontentsandforms, thatwerethe fruit of elaborations,
regularlyundergaomodifyingchanges This“life of forms”, for the sciencessit is
spokenof for thearts, mustobviously be a constitutivedimensionof any “formal
epistemology”Wethereforefeelimportantto makeaninventoryof this dimension,
while maintainingin our approachjn the presentontribution,a main concernto
forms, to the “logic of forms”, to their analysisandtheir meaningsratherthanto
their historical circumstancedyut without ignoring for all that the reality and the
necessityf thechangesvhichtheyemcompassed.

This is thereasonwhy we shall beginthis essayto “problematize’a
“formal epistemology”with a reflection on the “thought of changes”.We shall
examinethenafterthe notion of “epistemic operation”,that shows itself, at both
theoreticaland meta-theoreticalevels, as instrumentalfor the creation of new
forms. Thenwe shall considerthe featuresof the form andof the formal, andthe
relationsthey entertainwith knowledgecontents,and also the notion of object,
consideredastributaryto asubject'sdecisionandto conventionathoices.We shall
conclude with questionsabout the link between “epistemic operations” thus
specifiedandtheideaof algorithmicfunctionfor knowledgestatementsyhich will
leadus to emphasizénow a naturalisticconceptionof representatioentailsthe risk
of reductionism.

2

EPISTEMOLOGY
AND THOUGHT OF CHANGES

Einstein remarked that progressin physics leads to theoretical
representationghat are increasingly distant from the immediate form of our
apprehensionof reality. This is true also for other types of sciencesand
knowledges.Only, perhapsdisciplineswhose mode of expressions narration-
this concernsessentiallyhistory -, requirea type of intelligibility thatremainsn a
direct close contactwith subjectiveimpressionsand immediate sensationsfrom
whichthefactsof areconstitutegastarereactivated(But eventhis doesnot forbid
a comprehensiomformedof moreabstractand reflectedelementsthat go along
with operation®f judgementyvith attributionsof meaning).

" See,for example the classicalwork of Henti Focillon on the history of art, La vie desformes
(Focillon [1981]). Actually, manyrecenor lessrecenbookstitles on estheticsandon the art call
for the word “form”. The questionof the relation betweerform andsignificationis obviously a
centralonein thedomainof arts.
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Such a distance compelsanybody who is still convinced that the
elaborationof scientific knowledgeaimto representeality - reality of the natural
world for naturalsciencessocialand humanreality for the others,andit is still
reality of the world® -, to take in considerationthe increasingly numerous
mediationdaid betweenepresentativeéhoughtandits object The successivetates
of thesemediationscanbe tracedbackthrough history : it is possibleto identify
stagesfor them, consideringeachparticular knowlege, enrootd in an overall
culture andentertainingwith the otherscontemporarknowledgeselationshipsof
mutualreciprocity.At eachsuchstage theseknowledgesandthe culturein which
theyareembeddedomposean organicpieceof stuff in which typesor norms of
comprehensiorfor intelligibility) aredeterminedThe questionof the intelligibility
of theworld andof thenatureof scientific knowledgeis thereforeinseparabldrom
theconsideratiorof their historical states.This consideratiordoesnot nevertleless
imply anyfundamentatelativismthatwould denyor minimizetherole andfunction
of reason.One must admit as a truth about facts the existenceof forms of
knowledgeandof justificationsfor reasoninghatdiffer the onesfrom the others
accordingto historicaltimesandcultures But this truth itself is liable of a rational,
“scientific”, investigation.

This remark, whose implications about the nature of the scientific
knowledgewne examineelsewherg aimsonly atunderliningtheimportanceandthe
extensionof the questionof the relationshipbetweena new knowledgeand the
“tradition” in which it appearsand, consequentlybetweenfuture knowledgeand
presenknowledge.Sucha questionstandsat the basemenbf the considerations
presentedn what follows, and thereforewidely overrunsthe case of present
scienceas known to us, and to which we shall restrainourselveshere. It is
notwithstandingundamentato keepthis dimensionin mind, andto be awarethat
the scientific knowledgein which we arelocatedis not conaturalto us, but is the
resultof elaborationghataredependentn historicalcircumstanceurattemptsto
give some purely formal and rational representationof it are themselves
constructionselaborationsthatcarryapartof contingencyandof convention.

If the concernwith formal and structural aspects,in which we are
mainly interestechere,hasto omit, in afirst stage,the considerationof historical
circumstancest nevertheleshasto takeasoneof its startingfactsthe movingand
evolutive natureof knowledge thatis to saythe questionof the changesffecting
not only the objects of our representationsbut also the modalities of these
representationgyp to our very mannerto conceivethem. Such changesaffect
equally, and possibly even more, the other areasof knowledgeand of human
experiencehatarenot reducibleto the scientific knowledge,suchas aestheticsor
moral,thoseotherpillars of anyculture linkedalso, albeitdifferently, to the use of
reason andalsoto thoseother“classical’functionsof thoughtthatareimagination
andmemory.

In manyareasof contemporangcientificknowledge thewaysin which
one conceiveswhat a phenomenons, the object to which it refers or the

8 In the caseof mathematicd is alsoquestiorof areality, but it is anidea-like reality. Onefinds
aswell for thema largerdistancetakenfrom the intuitive formsof their origins, that weredirectly
relatedto the sensoriakxpeience.

° Paty[1999al].
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explanationgiven to it, differ appreciablyfrom the previous conceptionsand
practicesjncluding thoseto which we ourselveshavebeeneducatedHowever,
althoughwe areconsciousof thesechangessincewe experiencehem,we do not
know yet how to interpretethem,thatis to say,aswhatandhow do they modify
our currentmannerof thinking and speakindf. This, indeed,would be a priori

ratherdifficult to know by remaininginsidethattraditionalthought.We are living

thesechangedeforeknowing how to think them. It is howeverunavoidablefor

scienceandit is essentiafor philosophy,to undertakesomehowto think them.Is

it possible right now, to know somethingmore, andto formulatethe new thought
requiredby the changeghat we nowadayslive, that are acconplishedunderour
eyes ?

A first issueis to know whatis to be hopedin this direction. The
presensituationis not entirely new : it hasprecedentsfrom which somelessons
canbe drawn. And firstly, thatscientific thoughtis not isolated, that epistenic
changesare only fully intelligible when consideredinside a more general
framework...And also that attentionto thesechangescan be instructive without
leadingnecessarilyto a globalview. Our ambition heremustbe keptmodest,and
still possiblyfertile, otherwisegeneratingnereillusions.

The modifications of representationsuncoveredby contemporary
sciencearerich alsoof morepositive teachingsWe shallrestrictourselvesherein
evoking those of physics, but it would be possible to propose similar
considerationdor biology, geology, cosmology, mathematics,and social and
humansciencesaswell. For instance the theory of the relativity has shown the
necessityto think anew and to rebuild notions that were consideredthe most
obviousonesand the deepesanchoredn our cognitive structures,such as space
andtime. The theory of the relativity (special and general) has also shown the
necessityto re-examinewhat a physicaltheoryis, as a symbolic, conceptualand
formal construction,and to think more appropriatelythe particular role, in this
constructionpf mathematics ascienceof pureformsthatpertainsnotwithstanding
to arealworld of theseforms'.

Awarenes®f necessitie®f this kind is not radically new and has not
appearednly with contemporaryphysics.We know, indeed,that the space-time
continuum thatis the basisof theuse of differential equationsand standsas the
foundatiorof all field theories,is an abstractentity elaboratedby thought,andthat
its justification doesnot hold to someevidenceof the intuition. The justification
laysin partin theoperativecharacteof this built notion, thatallows to describeand
explain relevant phenomena.lt lays, for another part, a fundamental and
constitutiveone,in thelogic of a “mathematizedrepresentatiorfjrst of spacethen
of time, thatguidesour schemasf intelligibility, andthatis itselfnotanapriori but
theresultof anelaboratiorproces¥.

However s is notactuallyadiscoverythatthe space-timecontinuumis
a mental,conceptuabind symbolic constructionof which we arenot assuredthat
thebasicelementscorrespondo somethingtruly real. It hasbeenknown since, at
least,thescienceof mechanic®f materialpointanddifferential quantities basedon

10 Mugur-Schéchtef1993,1995, 1996).
" SeePaty[1988a,1993].
2 paty[1994c].
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magnitudeghat, while beingof physicalscope areidea-like (“idéelles”), and show
as ideal abstractionsof suppositiousrealities. This theory proved nevertheless
extremely fertile through the efforts of physico-mathematicianand theoretical
physicists,so asto concludethat it exceedsthe schematiccharacterof a mere
ideality - mathematicallyconvenientjf not alwaysclear (as for such conceptsas
material point, fluxions and differentials),and far from real (in the senseof
commonrealities). They did it on the basis of newtonianmechanicswith its
generalawsor principles,its relationshipsandits conceptspossiblyreformulated,
completedor generalizedandby extendingt to complexsolid bodiesandto fluids,
andalsoto gravitatimalattractiondbeteweermorethantwo bodies.But theydid it
also by discussing- permanentconcernof the epistemologistscientists® - the
conditionsof validity andthelimits of applicationof thesemathematicatonceptsn
formulatingphysicalmagniudes.

As for the changeoccurredwith quantumphysics, theseare also far
from havingbeenfully evaluatedatthelevel of the properlyphysicalmeaningof
thetheoryaswell ason the level of its cognitive impacts.Very early, physicists
havebeenthemselvepreoccupiedo generalizefrom it a methodologyfor physical
theory and a philosophyof knowledge.But the worry to afford thesenew and
remarkablyfertile scientific perspectives legitimacythatwas in risk to be denied
hasfixed prematurelyandin arigid way, the allowanceof the interpretationsThe
conceptual difficulties raised in physical argumentation, in theoretical
problematizatiorandin epistemologicabnalysis,were buried underthe automatic
replies of a shaped-on-measur@hilosoply. It was, indeed, necessaryto
reconsiderjn thelight of knowledgesaboutthe new phenomenahbrea,categories
whosefunctionhadseemedo bedefinitively acquired suchasthoseof causalityor
determinismandeventhoseof observation of objectandof objectivity But many
othersatthesameime wereomitted,andin particularconceptghatcould possibly
be as much fundamental such as those of state of a physical systemand of
magnitudecharacterizingsucha state,and alsothe natureof the probability linked
to thestate. Thequantunformalism gavemathematicatlefinitions of conceptsput
the“interpretation”wasletting uncleartheir deeprelationshipwith a direct physical
meaningpy denyingfrom thestartanyrelevanceo suchaquestionjn the nameof
theallegedphilosophicareason¥.

Therecentdebate®n themeaningof non-localseparabilityfor quantum
system¥& andtheremainingdoubtson theexactstatusand contentof the “principle
of reductionof the wave packet” (or quantumprodem of measuremetfi) show
remaining zonesof obscurity in the questionof the physical meaning of the
quantumtheorystatementsThis theory, in any case,is not restrictedto quantum
mechanicsandextendgo quantunfield theoriesvhich aretodayof a considerable
importancegentailingin thelong rangeimplications at the level of the conceptual
meaning¥.

For thisreasonwhenwe shall evokethe generallessongto draw from

3 From d'Alembertto Mach, Boltzmann Einstein...

4 Paty[1999d,h ;in pressal.

5 Cf., f. inst., Bell [1987], Paty [1986], d'Espagnaf1994], Shimony [1993], Cohen, Horne &
Stache[1997aandb].

16 Cf., in particular Wheeler& Zurek[1983].

1 paty[1988a],chap.8.
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guantunphysics,we shall not meanthe “philosophyof quantummechanics'with
theusualsenseof thisexpressionthatrefersto Bohr's “complementarity”or to its
variants according to others physicists, insofar as they put theoretical and
conceptuakriticism underthe dependencef a philosophyof the observationWe
shall mean, by thesegeneral lessons,all the theoretical, epistemologicaland
philosophical questionsraisedby the knowledgeof quantumphenomena that
constitutesoneof themostimportantchapter®f presenphysics®.

Likewise, other contemporary physical theores have unusual
implicationson relationshipghatwere usuallyconsideredas direct ones,but that
actuallyrequirerigorouscritical evaluationsaboutthe meaningof the conceptsat
stake. Consider, for example,the determinism-previsiorclose link, that is no
longer relevant with the presenttheory of non-linear dynamical systemsand
“chaotic” phenomenaln such a caseone should possibly distinguish between
prevision that dealswith the descriptionof a moving body running along its
trajectory,by using space-timevariables- conceptghatlooseherea greatpart of
their fruitfulness-, andprediction thatis still providedindeedby the theory, but
with respecto othervariables- globalones,for example-, andto otherconcepts,
suchasthatof “strangeattractor”in thetheoryof dynamicalsystems®- thatshow
asbeingcharacteristiof thiskind of phenomena.

Epistemologicate-evaluationghereforearestill stronglyneededf one
wantsto understanchew knowledgesaccordingto the overall corsistenceof a
wider intelligibility, such a deeperunderstandinggoing possibly along with
reformulations.They obviously occur after thesenew knowledgeshave already
beeninstaured,and they only comeout from precise,“differential”, analysesof
eachof theseknowledgesonsidereds a specificone. Oneis thenoftensurprised
to see,in the transformationghat havetakenplace, similar structurallines with
respecto somecharactersalthoughtheyconcermreaf knowledgethatmight be
very differert. Oneshould consider,however,that such featuresshow only in
precisecasestudies,andthattheserapprochementare not immediatelyvisible to
us.Manydecantingsarenecessarypeforetheyimposethemselvego the attention.
And onegenerallyinclines in afirst stage,to seein themmerecoincidencesand
pure analogyappearsrightly as too weak an argumentto lead to somewhat
fundamentatonsideration.

Onemay wonder, however, whethera point of view or an axis for
researclwould exist, from which it would havebeenpossibleto standright from
thestart,andthatwould afford an overall perspectiveon the factsand problemsto
whichtheprecise(i.e. “regional”) epistemologyof thesetheoriess confronted :a
perspectivethat would be ableto grasp togethersomethingof their wealth and
variety, while giving atthe sametime an insight of the main structurallines that
organizethemaccordingto someoverall intelligibility, moreunifying andsynthetic.
Gettingatsucha pointof view mightallow to betterovercomethe requiredchanges
in the organizationof knowledge,to stresstheir main directions, to sketch a
reasonethventoryof them,andperhapgo anticipateotherones.

Such an anticipationis not unthinkable,from the considerationof

18 Cf. in particular,Paty[1999c,d& h ;in pressa& b].
1 Ruelle[1989, 1991].
2 On analogy,seePaty[in pressd].
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regularitiesor trends. One can, indeed, questionthe reasonof such similarities,
analogiesandconvergencesas observedn transformationsoccurredin different
regionsof knowledge,andto striveto bring themto somemorphologicalfeature
that wrappedalready theseknowledge, as a kind of presetand predetermined
conditioner thislatter, of which we were not consciougreviously,was doomed
to manifestitselfatlast. If suchis thecase,a previousexaminationperformedn a
moresystematiovay, would havepossiblybeenableto detectit without beingin
needto wait the contingentoccurrenceof the events.Such considerationsvould
cling on a kind of meta-epistemologsgtill to invent,if only it would be possible.
Theywould be, for the epistemologyof theoreticalrepresentationsa kind of an
analogueof what would have been,to HermannMinkowski's eyes, an priori
mathematicatheory of space-timeif it had beendevelopedbefore the physical
theoryof specialrelativity?’. Letus alreadynoticethathypothesesf this kind seem
to be nourishedby a wholly rational conceptionof the theoriesand knowledges
underconsideratiorandof theirlink to the meta-theoriediable to framethem. It
would still remain, anyhow, to specify what is to be understoodby “rational
conception”, compatible with some allowance necessaryfor invention. Or,
otherwise,would invention be merely only the “pragmatic” way of accessto a
progresof knowledgehatwould befatedin someabsolutenecessity ?

At all events,and without anticipately prejudgingthe repliesto these
guestions suchconsiderationgrousetheideato bestowa particular attention,in
theseproblemsof readjustmentandmaybealsoalreadyatthe elaboratingphase to
what is set under the speciesof the “operative” and of the “formal”. It is
neverthelesstill necessaryo specifywhatis meantby thesewords, beforetrying
to settlesomemarklanddor areflectionon whatonecanpossiblyexpectfromit.

3.

EPISTEMIC OPERATIONS

We sshallcall “epistemimperatior’ anactof thought(or aseriesof such
acts)throughwhich abody of knowledges constitutedbeor not the natureof this
actconsciouslyperceivedduringtheconstitutionof this knowledge.It canlet itself
berecognizedassuchin afurtherstageof thereflection,from thestudyof contents
andproceduresf knowledgdn angivenarea.

A simple exampleof epistemicoperation,takenfrom the methodsof
contemporaryphysics, is the search for invariants in establishinga physical
theory : for example,a lagrangeanthat is Lorentz' invariant is suited to the
conditionsof specialrelativity ; or thatis invariantunderagiven“gauge” symmetry
operation considere@sfundamentafor somekind of dynamicsof theinteractions
of “quartum” particles. This practice of physicistshas becomeusual since the
adoptiornof generakelativity andof quantumphysics,in theyears1920-1930But
its origin canbefoundin themémoireon the dynamicsof electron(“La dynamique

2 Minkowski [1907,1908].
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del'électron”) commsedin 1905by Henri Poincar&, whenthe latter plannedto
build atheoryof gravitationmodifiedwith respecto thatof Newtonby imposingto
it the condition of “covariance”,or invarianceof the equationsexpressinglaws
underthe“Lorentz' transform#ions” of spaceandtime coordinatesandthatmeans
the submissionto the principle of (special)relativity. This theoretical practice is
relatedwith theimportancetakenin physicssincethenby the notion of group of
transformation of symmetryor of invariance subtendedoy the corresponding
mathematicatheory.

This importancehas beenfully understoodwith Einstein's theory of
generalrelativity, and hasreceiveda first formal systematizatiomwith the theorem
of (Emmy) Noethef®. It afterwardshas guided the elaboration of quantum
mechanicsand,lateron, of thequantunfield theory,up to therecentdevelopments
aboutthefundamentainteractionfields obeying‘gaugesymmetry(or invariance)”.

By imposing itself, this “epistemic operation” has corsiderably
modifiedthepracticeandtheconceptiorof physicaltheory. It is easyto formulate,
onceoneknowsit asjustified ; butto accountfor its establishmenit not liable of a
simpleschemef explanationunlessdistorting or ignoring historical reality, made
of “factsthatresist”. Onecannoseeit asa naturalevidencethatwas requiredonly
becauseave conceiveit so well afterwards(afterits “invention”) without needing
otherjustification.If it seemgo be requiredin our retrospectivdook, it is because
this latter is situatedin a conceptualuniversethat took it as a reference,in a
continuationof reorganizationsf theknowledgesandof the theoreticalmethodof
physics. But it is possibleto trace back its origin inside the structurd and
conceptuathange®ccurredn physicsatthebeginningof Xxth century.It was, in
afirst moment,invented in aworld of thoughtstill markedby othersconceptions
andpracticesthroughcircumstanceandfor reasonghatbelongto historical study
and, moreprecisely o historicalepistemology.

This exampleis suitableto makeus seerather clearly, thanksto its
relative simplicity, thatwe shoulddistinguishtwo levelswith respecto the object
of ourresearch ontheone hand,thelevel of epistemicoperationsin the scientific
work properlyspeakinghere,theformulationof invariantsin expressingaws and
physical theories)and, on the other hand, the level of the same operations
considered'to the seconddegree”,under the speciesof proceduresthat were
concludedin statingthe first ones,and whose formulation implies an historical
aspectThissecondevelis thatof the constitutionof epistemicoperations of their
elaborationandit is hardlyreducibleto descriptionf simple operationslt hasto
do with thequestiorof theformationof newideas,of creationjn ageneralway, of
“novelty” in scienceand, soto speak,with the questionof the “emergence’of new
formsin thecognitivethought.

Onecanconsideralsoas epistemicoperationsthe fact of reasoningn
the frameworkof somelogical structuresand of somecategoriesof thoughtthat
inform our “interpretations”,our mannerto conceivethe “meanings” of concepts
and of theoretical statementsFor example, concerningthe propositionsof a
physicaltheory :anideaof causality a specificunderstandingf determinism the
meaningascribedo theconcepif probability. Suchideashaverepercussionasto

2 poincarg1905b].
% Neethe1918a& b].
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themannerin which a problemis processedthis mannetbeingpaossibly common
to searcherandspecialistsn agivenperiod, or likewisediffering accordingto the

individualsor theschoolsof thought.But theyconcerrevenmoretheway in which

theseknowledgesareunderstoodandjustified. Moreover,this way is detrminant
asto the dynamicsof thethoughtplanningto go fartheror not. For instance the

notionof “theoreticalcompleteness’arousedoy generalrelativity andby quantum
physics, uncoversa programof researchin view of a further physicaltheory,

programthatis qualified by the positionadoptedwith respecto it**. None of the

two mentionedtheoriess completein the strongsenseg(of a self-generationof its

objects)whichis indeedhatone of the presentattemptsat unifying field theories,
andthe questionis actuallyto know whetherthey arecompletein a weakersense
(are they sufficient for describingascribedpropertiesof their objects 7¥: such
was,to Einstein,afundamentatonditionrequiredvhenendeavouringo go farther
in aunifying descriptionof physicalobjects.

Resultobtainedn agivensciencemight challengespistemicoperations
thatwould haveotherwisebeenconsidereabvious. Suchhasbeenthe casewith
the notion of causalitythat has beenmodified by the theory of specal relativity
which, by obliging to distinguishbetweerthe“space”andthe “time” regionsof the
light coné®, hasentailedchangesn our conceptionof the relationship between
causeandeffect. All theregionsof the space-timediagramare not equivalent: if
the “time region” is physical, the “spaceregion” is non physical (thereis no
possiblecausalityrelationshipbetweenits hyperpoints).Henri Poincaréhimself
assertedt, with regardo his own ideas,concerningMinkowski's space-timé.

On anotherhand, the notion of “probability amplitude” of quantum
mechanicentails,if onethinksto it, a modificationof theideathatwe mayframe
of probabilitiesin physicaltheory. Probability is, without other specification,a
mathematicahotion. It is geneally identified,whenusedin physics,to a frequency
of eventsor, moreexactly,to thelimit of sucha frequency,accordingto the law of
greatnumbers.The constructionof quantumtheorymakesuseof it in an indirect
way, throughthe “probability ampitude” thatthe wave functionor the statevector
Is. Suchadenominatiorremindsthephysicalmeaningof aconcepthat, in itself, is
aliento themathematicatheoryof probabilityandthat, from the mathematicapoint
of view, hasthe form of a vectorof a Hilbert space.The “probability amplitude”
provides theoretical probabilities, that are put afterward in relation with
experimentafrequencie®f events.

But as the theory bearsthe meaningof its magnitudes(essentially
through their relationshipy before any effectuation of experiment (this latter
providingonly knowledgeof their particularvalues),the probability obtainedfrom

% Paty[1988b& in press/.

% Suchwasthe essencef the “EPR argument’(Einstein, Podolsky& Rosen[1935]) ; seePaty
[1995 ;in pressge].

% Thelight cone, defined by the equationx® +y* +z° - ¢*? - 0, determinesan inner “timelike
region”, suchas x° +y* +z° <ct”, andan external“spaceregion”, suchas x° +y* +z° >c’t*.
The formeris the region of causalrelationshipsbetweerspace-timepoints, the latter is that of
acausatelationshipg“non physical’region).

2 Poincaré[1912]. Cf. Paty [1996]. This was shortly after Paul Langevin had discussed,in
Poincaré'gresencein philosophical meetings,the physical implications of the new relativist
conception®n causality (Langevin[1911aandb] ; cf. Paty[1996a,in pressf andg]).
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theamplitudeof probability possessea theoreticalmeaningthatis not reducedto
thatof theresultof agivenexpement,i.e. to themeaningof a frequency.lt makes
thereforesenseto speakof the probability of anindividual eventwith a theoretical
and physicalcontent, such as self-interferencefor one single photon, as Dirac
anticipatedit alreadyin 193G®, andthis meaningdiffers from the probability of a
castof dice, that“is exhaustedby the dice beingcast.| use herethe verb “to
exhaust” with a meaning that does prejudice on the independenceof the
probabilitiesof successiveasts(“Un coupde désjamas n'abolirale hasard”,“A
castof dice neverwill abolish chance”,Mallarmé). | meanthat a single event
concerninga classicalmagnitudeis self-sufficient.On the contrary, measuringa
singular guantumprocessthrough registeringan eventof a classical type lets
unaffectedyirtual-like, the spectralprobability distribution of the magnitudeunder
considerationBoth comeinto coincidenceor betterin correspondencenly when
one getsinterestedin the resultsof mesurementfor magnitudesconceivedwith
classical conditions. Up to the very moment of the measure,the theoretical
probability in the quantumsense(as givenin the probability amplitude) carriesall
theinformationon thepossiblespectrunof thebasisstates with the corresponding
(numerical)probabilities Thepossibility of theconnectionandtheresultwhenit is
performedjs sometimesexpresseavith the words “potentiality” or “propensity™®°
thatare,actually,nothingmorethanintuitive substitutegor aconceptuajump : the
jump existing betweenclassicalmagnitudesendowedwith numerical valuesand
quantunmmagnitudesvhoseform is morecomplex®.

We shall discusslater on the questionto know whether epistemic
operationsreto be identified with algorithms We shallhavebeforeto makeclear
whatwe mearby theword “formal” in the expressioriformal epistemology” :we
would like to show how this notionitself largely overflowsthatof algorithm.We
will hinderequallyto someextenton the notion of “object”, thatallows to speciy
thepurposeof a formal epistemologywith respecto a generalaspecof epistemic
operations.

4.

TRYING TO DEFINE A
‘“FORMAL EPISTEMOLOGY”

In the classicalsenseformal opposedo material, asfor examplewith
Aristotle's formal cause (bearingon the idea or on the essence),or in the
antagonisticcoupleof form andmatter, or elsein the mostcurrentmeaningof the
word “formalism” (theexpressioripurely formal” means without realcontent,in

% Dirac[1930]. SeePaty[1999h ;in pressa].

# Heisenbergusedto speakof “potentiality” and Popperof “propensity” (f. inst., Popper
[1935]1968,[1982]). We let aside herethe various interpretationsthat have beenproposedfor
probability in this context, from Werner Heisenberg's“potentialities” to Karl Popper's
“propensities” :notethatthesenotions,asinterestingasthey mightbeto point at a problem, are
purely“intuitive” andvague.

% paty[in pressc, a& bl.
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thesenseof a“material” onef*. Thisopposition,exploited by scholasticsrefersto
the form the relations existing betweenthe elementsof an operation of the
understandingwhateveibe the matter, or the meaning of theselast. Form with
this acceptionis the sourceof an expressiorsuchasformal relationship usedfor
algebraandqualifying relationshipghatarevalid for all numbersfingeredby literal
symbol$?. It takespartalsoin a terminologyusedto designatdaws - the form of
thelaw -, and, in philosophy,for examplein kantian philosophy, the laws of
thought(pureforms of the sensiblantuition or a priori forms of the sensibility -
time and space-, forms of the understanding categories-, forms of reason -
ideas).In a different, morerecent,sensearousedy Gestalttheorie- theoryof the
formin psychology-, theform is whatobligesto consideran elementas partof an
aggregatepf atotality, participatingof its structureandof its laws.

By borrowingto this variety of acceptionsye comecloserto a sense
ableto bedirectly used, bypassinghe oppositionbetweerform andcontent in an
attemptto getat the fundamentalcharacteristicof the gnoseologicalapproachof
knowledge contents. Gilles-G. Granger speaks of “formal contents” for
mathematicsto distinguishthemfrom the science®f the empirical world, and at
the sametime to get them nearer :they are not empty forms, they also have
contentsthatcanbe attainedat by their relationshipsas being forms thatdo not
reduceto tautologiesnor to mere logical expressionS. The formal, in this
acceptionjs notidentified to the purely logical which is, as for itself, empty of
content.lt doesnot opposeto content,and we shall havepreciselyto clarify the
relationshipof the formalandthe content- someaspectf this will appeatin the
discussiorof thenotionof object

Formalopposego somethingof thekind of the empirical particular,to
merephenomeniaescriptionof objects,evenif thelatter'sfeaturesvereobtained
by atheoreticalapproachn a naturalscience Mathematicalphysicsshowsundera
numberof respectasa formal appoachwhencomparedndeedwith experimental
physics,but with theoreticalphysicsaswell, althoughit ratheroften convergego
it, in sucha way that both periodically cometo an identification (as in analytical
mechanicsexposedby JosephLouis Lagrangeand Rowland Hamiltor?*, or in
Hermann Minkowski's theory - “formulation” - of special relativty®, or in
Einstein'stheorry of generalrelatvity, and in some presentationsof quantum
mechanicgnotablythoseof HermanniWeylandJohnvon Neumanf#f), andalsoin
manydevelopmentsf gaugdield theorieg(from the works of YangandMills, up
to themostrecentresearchesn quantunygravitatiori’). Mathematicalphysicsdeals
with the formal relations betweenthe mathematicalquantities that supposedly
concernphysics. It is a formal of a mathematicalnature, by oppositionto the
physical contentwhich is primarily the worry of theoretical physics. But the
opposition is only relative, and the noticed periodic identifications between

3 Lalande[1926, 13th ed.,1980] :articlesCause FormalismeForme,Formel.

%2 “rFormal” calls for “actual” (asin the ancientandscholasticacception)andfor “general” (asin
algebra).

% Grangel[1994, 1995].

3 SeePaty[1994b,1999b].

% Minkowski [1907,1908] ;cf. Walter[1996].

% Weyl [1928], von Neumanr{1932].

3 Notably, Ashtekhaf1989]. Cf. Kouneihe{1998].
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mathematicalphysicsand theoreticalphysicsare nothing more than a indication
that, as“formal” astheybe with respectto nature, mathematicakelationshipsare
notaliento it, to theextentthattheyconstitutetheveryform of the descriptionghat
theoreticalphysicsgives of nature.In theseprivileged circumstancesthe form
succeedm beingthevery expressiorof thecontent

Takingagaintheexampleof invariantsevokedpreviously,theselastare
caughby thoughtasformalrelationshipsbutthatexpressat the sametime general
andfundamentalpropertiesof physicalsystemand of the magnitudesdescribing
themin the physicaltheory. Far from being externaland superficial,the formal
relationshipis thereforecapableto expresscontents bearersof meanings it is a
privilegedway, maybesometimegheonly way, to expresgshesemeaningsin this
manner Poincaréconsidered‘mathematical analogies®, and Einstein “formal
analogies®, which happento be equivalent (mathematicsare the formal for the
physicist).Poincareand,sometime later, Einsteindid not hesitatein speakingof a
“heuristic of the mathematicafformalism”, that drifts physical thought, precisely
becaus¢hisformalism,in the casesvhich they consideredwas informedof, and
evenimpregnatedvith, thephysicalmeaningshatit servedo expres¥.

Although the natureand the role of the formalism in mathematical
physicsadviseais somehowthatattentionto theformalis not exclusiveof contents
and meaningsthis doesnot tell us yet what one should conceive as being the
purposeof a“formal epistemology”.

Doesone meanto study the formal aspectsof epistemologyas, for
exampleptherpeoplestudyundertheir formal aspectsuchor such realizationsin
anareaof artisticexpression ©f thatkind, theliterary critical analysisbearingon
theform for the poetryof Baudelaireor of Mallarmé.But one canalsoconceivea
concernfor the form thatdoesnot aim only to describeor to chagacterizeexisting
“styles” of work or thought!, but whose worry is to find new forms of
expressionpr new mannerdo generatenew contents perhapsnew meanings-,
through a privileged attention to the form, for example by imposing formal
constraintsto achievea work. This tendencyis frequentin contemporaryart, in
painting,in musicor in literature. The worry might alsobe to practicework on the
formin orderto generateoriginal expressionssuchasthe exercise®f the Oulipo
grougd?, submittingpoetical or literary writing to formal constraint§ thatproduce
aesthetidnnovationsandeffectsof meaning.

Theepistemologicateflectiondealspartly aboutforms, andtakesitself
forms thatdependon the modalitiesof its approachand that are conneted, in a
somehowmoredirect and compellingmannertthanaestheticaforms, to questions
of meaning :a meaningexisting beforehandput non necessarilyalreadygiven,
and which is, precisely,to be put under day light from beneath facts and

% Poincarg1897]. Cf. Paty[in pressd].

% Einstein[1912]. Cf. Paty[1993], chap.4, p. 164-172

“ paty[1993], chap.5.

“ Onthenotion of stylein scienceseeGrange[1968], Paty[1990], chap.4, [1993a],chap.1.
“2_Quvroir de littérature potentielle (Openingdeviceof potential litterature), createdin 1960,
animatednotably by Italo Calvino, FrancoisLe Lionnais, GeorgesPérec,Raymond Queneau,
JacquefRkoubaudOulipo [1977]).

* See,for inst., La disparition, by GeorgesPérec(Pérec[1969]), a novel written without using
thelettere, avowelyet so mud frequent....
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appearancedhis reflectionis not, for sure, free creationof form ; as a critical
study by the thought of an “object” existing outside of it, i.e. as scientific
knowledge,it shareswith this last the externalexistenceof its object, and bears
constraintshatholdto this exteriority. Then,precisely,t is to the exteriority of the
objectof scientific knowledge- including mathematics thatonemayrightly refer
essentiallythe formal constraintsof its representationdls it possibleto have a
similar situation,to somedegree with epistemologyas a reflexive knowledgeof
science AWe shall let aside,for the moment,the questionof formal constraint
possiblyimposedalsoby thegnoseologicastructure®f theknowingsubject.

A “formal epistemology’has,so to speak,to bein connivancewith its
object,andthis excludesanygameon formalismshatwould bealien to this object,
andit excludesaswell anyidentificationwith aformalismthatwould notbe directly
relevantto it (this raisingalreadythequeston of algorithmsandof exercisingone's
thoughtwith arbitrary models).It canfocus on studyingforms (and formalism$
thatcharacterizescientific knowledge,and the operationsas well by which these
formsareestablishedtheseoperationsve calledepistemig. Thisbeingconsidered,
themarginstill remaindargeto definethemanneror mannersto practiceit, which
incidentallyis anadvantage it remainsa priori possibleto choosethe mannetthat
seemgo usthemostfruitful, themostadequateard satisfactorywith respecto the
objectin view, i.e. to theforeseerpurpose.

On anotherhand, formal is not to be identified with quantified as we
areinformedby thevery mathematizatiof physicalmagnitudesthatinvites us to
distinguish, amongthe consequencesf this mathematizationthe qualitative -
understoodn themodernsenseandnotin thatof Aristotle andof the scolastics,
in thedispositionandtheorder of magnitude reflectingtheconceptualdea, andthe
quantity, whoseinformationsareof anothekind*. And again,formalizationdoes
notmearschematization similarly, to describetheoreticallythe form of ananimal
is notto reducat to its skeleton, butit concernghe factandthe mannerof taking
a form. The questionof the form under which scientific knowledge and the
particular sciencesshow in a factual way, as constitutedand as being in a
constitutingprocesslet seethatform hasto do with intelligibility .

Whatis theintelligibility givenby agiven scientific knowledgewith the
formit takes Furthermorejf a narrowlink existsbetweerform andstructure,it
appeargquallywishableto distinguishthe two, form being more untied, elastic
and manageablehan structure$®. The form expressesthe structure, but only
partly : it alsoexpressestherscharacterscompatiblewith the structure.On the
otherhand, a samepieceof knowledgemay dressitself with variousforms, and
one might wonder whetherthere corresponddifferent intelligibilities for these
forms. This question,linked to that of “interpretations”, appearsactually as a
fundamentabne :it is possibleto seethereoneof thekey-articulationof a “formal
epistemology”.

“Epistemologyof formalknowledge”,“epistemologyof form”, “formal
epistemology”...This metascientifi@pproactof thefunctionof form in knowledge

“ SeePaty[1994a].

% On structurein scienceseefor ex., Stegmuller[1973, 1979]. On structurefor history, cf.
Foucault [1969], Veyne [1971, 1978], and, for anthropologicalrepresentations|.evi-Strauss
[1958].
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canbeseemsamethodologyby its heuristic-orienteathoice.lt remaingo know to
what extent it can pretendto generatenorms of reasoning, for example of
conceptualizationallowing to reproduceor to anticipate inventions (that are
preciselyinventionsof forms). Thatis not evidenta priori consideringwhat we
know up to now aboutunderstandingand creating concepts.To reconsidera
concepis, in someway, to recreatet, andthis is producedn theunitof a singular,
subjective thought- consideringheresubijectivityin the epistemicsense,. e. as
beingthecenterof theactsof reason.

Thesereasoningscreating new forms, do not only operate rules,
numerableand which could be classified accordingto some typology, but are
inscribedinsidea consciousnesthat mobilizes,in the actsof the understanding,
manyotherinstanceshanonly theidentifiedelementf the questiongo solve. By
theseotherinstanceswe do not mean psychologyor sociology, of which it is
neededo be freedwhen consideringhe formal thatworriesus here- sucha rule
mustbe obeyedalsoin epistemologywhenonedealswith the scientific contentsof
conceptand theories-, but we meanfactors that are not madeexplicit and are
generallyletunconsciouswhich playlikewisetheirpartin the economyof the acts
of reasof?.

We are led henceforeto situate formal epistemologyand epistemic
operationswith respecto thejudgementsndto thedecisiongor to the choice} set
by the subjectof knowledge,insofarasit is an epistemicsubject,andthereforeto
specify what remainsof the subject- unique center of intelligibility - for an
“objective” knowledgethat wants to abstract,as a matter of principle, the
singularity of the subjective by requiring only operation processand content
“without a subject”.Although knowledgeis establishedevaluatedcommunicated,
throughactsof creationandof judgementa subjectasthe centerof theseacts is
undeniablyrequiredoy anepistemologyevenaformal one. Without it, knowledge
would bearon contentswithout the intelligibility or, at best, with an anonymous
andabstractintelligibility” : butoneis in right to wonderwhetherthe very notion
of contentwould thenbe only conceivable Could a knowledgecontentbe merely
schematic ?

Thepresencef a subjectin filigree appearsindersomeelementshat,
upstreanor downstreanof any knowledge,qualify the conditions, the effectsor
themodalitiesof theseacts.We only mentionthemhere,andtheir study belongsto
epistemology in the general sense, structural or historical : conditions of
possibility’’, fields of rationality, styles, programs, intelligibility, intuition...*
Thedifference here,betwea formalepistemologyand epistemologyin the general
sensds that, if the secondtakestheseelementsas objectsfor study, the first one
will only take them into accountas something given and conditioning that it
pretendsto transcendor, more exactly, with respectto which it situatesby
searchingstructuralinvariants”.

% On scientificinvention, seeHadamard1945], and,on the rationality of this invention in several
scientistsPaty[1999e].

4" Kant[1781-1987].

“ Grangel[1968], Lakatos[1970], Zahar[1989], chap.1, Paty[1988,1990,1993], ...
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5.

OBJECT AND CONVENTION

Examining epistemicoperationdeads, as epistemologyin the current
sensedoesit alsoon its own side, to disclosein the operationsof knowledgea
preliminarypartof theorganizatiorby theunderstandingthat“prepares’the object
of knowledge or rathertheconditionsof its identificatiorf?.

All sciencesbethemexact,naturalor socialones,areto-dayconscious
of the necessityto criticize the notion of object especiallyby takinginto account
thatthis objectis definedby a separatiorfrom the subjectthatputsit : the critique
of thenotionof objectentails,correlatively,thatof the notion of objectivity Onthe
onehand, no objectcanbe designatedvithout a mentalact or an intention of the
subject Ontheotherhand, any objectis definedby its distinctionor its separation
from abackgroundagainstwhich it standsout. It is known alsothatonemustnot
restrictscienceasfor theconceptualisatioof its objects,to characteraffordedby
common sense: here again, quantum physics has allowed to benefit some
particularly preciselessonsto which we refer without being ableto detail them
here®.

Manyhaveofteninterpretedasa “de-ontologization”of the scienceshe
transformationgrom objectdo relationshipsthathavebeencharacterizedboveall
in mathematicsespeciallysincethey abandone@ uniqueideaof geometry ;it has
beendiagnosticatedn physicsas well due to the mathematizationof physical
theory, and all the more so as physicaltheory takesincreasingly the form of a
mathematicaphysics.But thenotionof objectis notfor all thatabolishedn thatof
mererelationship To deal, indeed, with relationshipsis to deal with elements
interplayingtroughtheserelationships in orderto relate,somethingis needed
say :elements thatbe related togetherevenif the natureof such“elements”is
problematicabr relative At all eventsaretheythe“objects” of the relationshipand
itis in this way thatonetendshenceforthto conceivethe very notion of object,in
mathematicsandin physicsaswell.

It is true, however, as the movement of setting relationshipsis
progressingwith increasingdegreeof formdization andof abstractiorof theories,
thatthe properelementsor objectsof the relationshipstransformthemselvesjn
their turn, in other relationships at leastpartly. Elementsmight be, and in a
“complete”physicalor mathematicatheory(evenin theweaksensesvokedearlier),
actuallyare,givenin andby therelationshipitself (suchis eminentlythe casewith
guantumtheory). But, to the extentthat the systemof theserelationshipsis not
transparenor tautological,it expresses structureccontentthatresistsdissolution
into mererelational(we oughthereto specifywhatis meantby that : for example,

“ The word “preparation”, rightly pointedat by M. Mugur-Schachter(op. cit.), comesfrom
guantunmechanicsBut consciousnessf this kind of procedurg(which is a somewhatuniversal
one) was also presentin epistemologicalreflectionsprevious to it ; quantummechanicshas
contributedin giving it a peclar flavour and a better precision(see, in particular, Margenau
(1978)).

* Paty[1988, 1986,1999d].
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simply relations without things beingrelated).This contentthatresistsand that to

beknownneeddo be explored,hasthereforean attributethatis generallyreferred
to as“reality”. An exampleassimple andelementary(at leastatfirst inspection)as

the systemof the integer numbers of arithmetics can directly illustrate that
complexity of relations,that “reality” of somekind that subtendsthem. Even by

generatingthe totality of integersby beinggiven the number1 as unit and the

operationof addition of thatunit to itself, and the cumulativerepetition of this

operation,one cannot know in advanceall their properties for exanple which of

them are prime numbersand their relationships among themselves(such as

Fermat's“great theorem”). Notice however that the repetition of elementary
additionsin thegeneratingelationshipmpliesthatoneprocessesot only numbers
but numbes of operation®n thesenumbers...,and thatthe modeof generation
wassimpleonly apparently(Noticealsothatrelationshipis inherentto the modeof

generationof numbersandthereforeto the“essence’df thesdatter).

Physicsprovidesgood exampls as well. Takethe conceptof field,
onceclearedby thespecialtheoryof relativity of the materialor objectalsupportof
ether :thefield is definedphysically only throughthe equationsof the field. Or
again, the indistinguishability of identical quantumsystemsor “particles”, that
definesat thesameimethe relationshipandthe object of this relationship andthe
symmetriesof elementaryparticle that determinetheselatter in their relationships
betweerthemthroughtheirfields of interaction(gaugefieldsy*..

It might be more correctto say thatit is this very relational that has
become*“as concrete as somethingreal”’. If the transformation,that is always
possible, of elementsinto others, more relational ones, makestheir “objectal”
naturea morerelative one, it remaingthattheir narrow relationshipbetweenthem
appeardinally as havingall the charactersof what one conceivesas an object,
endowedwith a properconsistencyA nucleusof structuredrelationshipsclosely
wovendoesnot leaveanythingto wish for the notion of object, oncethis oneis
freedfrom thesubstancesf ancientmetaphysicatioctrines.Hencethe object,be it
mathematicalor physical (and, by extension,chemical, biological...), loses its
traditionalrelationwith a directly ontologicalperspectiveThe categoryof “being”
respectivelyto it is, if not deleted,at leastdistanciatedirom it throughrelational
mediationsBut predicate®f existenceasfor them,remain,astheir criteria are of
anepistemologicahatre.

Theambiguitiesof theword “ontology” do not justify thereforeto give
up the notion of “object”. Furthermore,a representatioror a theory is always
representatioror theory of something: by definition, this “something”, whose
necessityhereis a logical one, is the “object”, that this theory designatesBy
havingalreadyorientedthe representatiomr the theoryat stake,one has qualified
this objectin someway. It is clearly throughan act of the thoughtthatwe have
designatedt soasto bedescribedy therepresentatioor thetheory.In suchan act
standsachoice thatseparatethis objectfrom the“rest” and, indicatinga program,
comprisesa part of convention,that the object therefore carries with it. The
conceptionof objectivityis correlativelyaffectedby this : it is not only given (as
thoughtis drifted alongby the object), but alsodecided(accordingto somenorms
or conditions)yandbuilt aswell (in relationwith our choicedo settletheobject).

! Paty[1999c,h ;in pressal).



MICHEL PATY EPISTEMICOPERATIONSAND FORMAL EPISTEMOLOGY 18

The chosenconventiondep&ds on the conceptsandon the theoretical
systeminterweavingthem in order to describethe object. It is relative to this
system,and alternativeconventionsare thinkable,that do not bearonly on the
theory, but on the totality of the elementsof meanng for the theorythat are in
keepingwith a definite intelligibility, and whose criteria are themselvespartly
metatheoreticalt urgesto studypreciselytheinterplayof thesetwo notions, object
andconvention thatcall for requirement®of variouskindsrelatedto the types of
representativéheorieghatonemight consider.

We shallrestrainon this to only a few more words. One often gives
creditto quantunmechanic®f havingeliminatedthe notion of object,at all events
insofarasthislastwould bethoughtindependentlypf anyactof observatiorand of
conceptualizatiorand would preexistto suchacts. For sure - and it is actually
commonlyadmitted aspreviouslystated well beyondquantunphysics- the object
assuchhasbeenseparatedrom therest(or the conditionsof its separatiorhave
beenpreparedjhroughanoperationof themind. But this “condition of possibility”
for thinking theobjectdoesnot exhausthe descriptionone canperform :actually,
it only makest possibleby openirg thefield for its realization.

One might consider, in this respect,that the specific problem of
guantummechanicss thatof thenatureof the acts- of thoughtandof operations
thatarerequiredto getaccesgo the descriptionof the object,or, moreexactly,of
its state | havetried elsewhere andherel cannotstretchmyself out - to show,
from this standpoint,that quantumsystemsand their statescan be conceivedin
termsof objectsendowedwith propertiesatthe costof an extensiorof meaning,
alreadyrealizedin the practicalunderstandingf physicists,but not yet explicitly
admitted,of the notionsof physicalmagnitudeandof state function for a system
describedby such magnitudespeyondtheir usually acceptedmeaningof direct
numericallyvaluedquantity?. Noticeagainonly thatonecould havefind, upstream
guantum physics, circumstanceswhere “objects”, represented by abstract
magnitudeshadalreadylost qualitieshabitually attributedby commonsenseg(such
wasalreadythelight wave, spreadingn all space,or thefield without the support
of anether,asevokedabove).Letusremarkalsothatthe conceptof statefunction,
thatenterecdalreadyHamilton'smechanicswassuggestedb him by opticswith the
applicationof a princple of minimization- anotheepistemicoperationthatrefersto
a moreancientorigin -, in mechanicsaswell asin optics, namelythe principle of
leastaction.

Let us retain the following : one has known how to build a
representatiothatcanbe saidto correspondo a kind of object,without knowing
for all thatits deepustification- exceptthatit is operative (I mearthatit sufficesto
anythingthatis neededo describethe objectandthe phenomenaelatedto it.) We
nevertheles&now thatthe possibleepistemologicadifficulties standratherat the
level of the- conceptuabndtheoretical- tool, thanatthelevel of the natureof the
object whose theory we are dealing with. In fact, the tool has been adjusted
accordingto the objectit wasaimedat : not directly, but throughthe construction
andthemediationof atheoryadequatéo represenit.

Theoperativetool thatthe quantumrule, or algorithm,is, hasbeen
elaboratedhroughits adaptationto the necessityto representa coherentworld of

2 paty[1999h ;in press.a, c].
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objects- the world of quantumobjects- liable to give accountof quantum
phenomenaThetool andthe elementsof the representatiorare - by the logic of
theirmaking- madeof the samestuff. And the formalism of the statefunctions
definedin Hilbert spacesand of operatorsacting on them, thataim to represent
quantunrsystemsjs accompaniedby its rule, by constructionBut at theirlevel, in
the interplay of relationsof their world, the “objects” that thesestatefunctions
designate- namely, thequantunsystems- do not need,in orderto be thought,to
bereferredatanytimeto thetool that, afterhavingconstructedhem, detectsthem,
thatis to sayto therule, in termsof statisticalprobabilitiesand of reduction.They
areactuallythoughtaccordinglyto their designationthatis to sayto thetheoretical
formalismitself®. In away, the questionof the natureof thetool is not so much
that of the representedquantumobiject, than that of the relation betweenthe
guantunrepresentan andthe classicalrepresentatiomdaptedo the experimental
device¥'.

Theseremarks suggesta movementso to speak opposite to the
progressive“syntaxization of semantics”which expressed,n the termsof the
philosophy of language, the mathematizabn of physical contents, or the
transformationof the object into the relatiorr®. If one considersthe effective
evolutionof the questionof the interpretationof quantummechanicssincethe first
debatesandthesubsequerfamiliarizationacquiredn this areaby physicists,up to
the recent knowledgesand to the reinterpretationsthat may be consequently
formulated|t is temptingto speakof a semantizatiorf the syntax The description
of quantum physical systemswas conceived previously only by means of
operationswhile it canbe given henceforthaccordinglywith what we havejust
suggestedijn termsof physicalsystems,conceivedas objectshaving properties
(indeed atthecostof transformationsn our definitions of the physicalmagnitudes
usedto describesuchproperties).

The previous “syntax” remained external to the physical content
properlyspeaking,sinceit was considereds restrictedto purely formal meansof
the description,without comingto a decisionon the physicalexistenceof these
systems.A full achievemenbf the program of the semantizationof the theory
would be to formulate quantumtheory as the theory of a categoryof physical
objectsand of their physicalproperties.This would be a necessarytask before
going againto newv properly physical syntaxizations.(One should be able to
substitutethe axiomatic formulation a la von Neumanrf, expressedn terms of
utilization rulesof the formalism, by an new equivalentaxiomatic formulation in
termsof physicalpropertiexoncernng thequanturnievel).

ALGORITHM AND NATURALISTIC REDUCTION

% |t is possiblein suchawayto “think quantunrmon-separability{Paty[1986]).
% Paty[in pressp].
% Theexpressioris from ErnstCassirercf. Cassiref1910]. SeeGrange[1994].
% Neumanri1932].
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OF REPRESENTATION

Thenotionof epistemicmperationputsnaturallytheproblemto know in
what measuresuchoperationganbe algorithmicones.Onecanconceivethemas
suchwhen theseare simple operationsn the scientific work, suchas the case,
mentionedearlier,of asearclof invariants for exampleAlbeit, if onecanconceive
algorithmically an already known invariant, it is not obvious to conceive an
algorithm for a searchof invariants. For complex operationsbearingon the
acquisitionof more preciseknowledge,the answeris muchmoredifficult, andon
this possibility opinionsdiverge.Theexpertdan artificial intelligence,andthe adepts
of it, will replywillingly by the affirmative.In thelong range,accordingto them,
all cognitive operations, including scientific inventions, will be able to be
reconstituted they are already proposingmany modelsfor it and for relatively
simple situations,proclaimingits obvious necessy of principle in all cases,and
sendingthe skepticsbackto the old archaicdualism of matterand minc®’. Is the
brain,sodo theyclaim,differentfrom amaching(aneuronabne,indeed) ?

Onemay, actually,estimatethatthis question,by someasped, is not
unprecedented.he cartesiarresearctof a methodto geta securecknowledge,or
that, leibnizianone, of a universalcharacteristi@llowing to formulatein a unique
and perfectlylogical languagethe totality of knowledge,andeventhe parti-pris of
demonstratiormore geometricoof the statementsn Spinoza'sEthics not to go
backto Aristotle,testifythepermanencef asomewhasimilar concernthroughthe
historyof philosophyatleastasfor thepossibility of a powerfulalgorithmliable of
founding, gatheringand organizingtrue knowledges.This wish for synthesisby
meanf aformalunity wasnotnecessarilyareductionistone :it was protectedjn
Descartespy the dualism of the acted matter and the thinking mind, and the
spinozianmonism usedto let all the room for the specificities of the various
sciencesThetendencyappearso be a quitedifferent onewith the modernideaof
thebrainasamachine thestakehereis, actually,notonly thatoneof an algorithm
for therepresentdon, thatwould remaininnerto it; but its naturalisticreductior® -
aquestioron whichwe cannoextrendourselvesn this contribution.

The claim of algorithms for the scientific knowledge has had the
opportunityto be strengtheneth our timesby thelogicist ideasof the philosophers
of the ViennaandBerlin circles® andof their successorgjissenteror not, up to
analytic philosophy®. For the logical positivists and empiricists, sciencewould
generatea philosophy of knowledgethat would be compding (the so called
“scientific philosophy”, presentedand supportedby Hans ReichenbacH), a
philosophyenrootedn thedataof experiencéakenasthefundamentateferencefor
knowledge.The searchwith Rudolf Carnap,for an inductive logic, be it only a

5" Changeux1983], Damasiq1994].

% Seethe quiteinterestingdialoguebetweenlean-PierreChangeuxandPaul Ricceur(Changeux&
Ricceur[1998)).

% WienerKreis [1929], Hahn,Neurath& Carnag1929], Soulez[1986].

% SeeJoélleProust'soook on the “questionof form”, of logic andof analyticalstatementsfrom
Kantto Carnap(Proust[1986])

¢ Reichenbacifil951,1959].
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probabilisticon&?, wassubtendedy the ideathatany scientific knowledgecanbe

reducedo arule, valid everywhere perhapsin all times, that would haveto be

discovered :andthis is alsoto think of scientific knowledgeon an algorithmic

mode. Asserting confidence in methodolog§?, and claiming the normative

legitimacy of a “rational reconstruction’of the scientific knowledge(Reichenbach,
Poppet, among others) that allows to correct the irrationalities due to the

interventionof thesubjecin aknowledgewvhosevocationis to be an objectiveone,

i.e. a knowledge “without subject”, these positions go equally in the same
direction.

Onemay also consideras an indication or an effect of this view the
popperiarfthird world” of the forms of objedive knowledgé : this impersonal
universeof ideass supposedo bethatof purerationality, clearedof all affectsand
of chanceandevenof materiality (sentbackrespectivelyto the secondworld and
to thefirst one). Thisworld of createdorms, withouttheactsof creationjs akin to
thereservatioror to themuseum a“museunof ideas”, “virtual” beforetherecent
commonuse of the word, where one draws to formulate other ideas, and
conceivableonly relatedto the two otherworlds. This ideahaibors, it seems,a
ratherplatonicianoneof purifying theworld of ideasfrom perishableslementssuch
as matter, flesh, affectsand feelings, that make the individual subject, while
protectingalogic of thereconstructiorthatis notvery differentfrom the algorithmic
function.

Thisbeingsaid,onewill acknowledgehatan algorithm,with a logical
application,is not to be identified per ipse to a machine for it is not necessarily
overlaidwith theideaof reproducinghetotality of operationof knowledge.One
has also to takeinto accounta widening of the notion of machine,that would
includethepossibility for new forms or emergentpropertiedo appearconcerning
material systemsas well as the novelty sprangout in the spaceof ideas. But
invokingapowerfulalgorithmor amachinegvenwith organicproperties as being
to reproduceor to describethe processof acquisition of a fundamentallynew
representatiorgives rise to reserves,without any needto invoke dualism and
holdingon thecontray anontologicallymonistposition :thesereservesaresimilar
to thoseonecansoundlyopposeo reductionismandto a naturalisticconceptionof
knowledgeandof values.lt is possibleto emit themwithout denyingfor all that
anyinterestto “epistemicoperations”.

It is possibleto conceive an epistemic operation generating an
algorithm,suchasthatof theinvariantsconsidere@boveor - anotheexample- the
leibnizian differential calculus,and, once the algorithm has been invented, to
reorganizeor to reconstitutewith its helpall theascertainedr predictableproperties
of a representationin a chosen referential of meaning. The algorithm can
demonstratéts fruitfulnessin the resolutionof manyproblems,andevenperhaps
contributeto posenew problemsandto solvethem. But canit makerise, by itself,
aqualitativelynewpropertyor knowledge t appearsogically possibleonly if the
algorithmcontaingn itselfthis breakrelativeto its antecedentthatmakesthe new.

82 Carnag1935, 1950], Jeffrey[1980].

% Bunge[1983]. Alberto Cupani(Cupani[1998]) rightly remindsus, however that, for Bunge,
the methods not a “recipe” that would be mechanicallyor automaticallyapplied.

® Reichenbacli1938,1951,1959,1978], Poppe1935,19737.

% Poppe1972], p. 154.
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But would not we have quitted, eversincethen, the demarcatedrameworkof the
“epistemicoperations’thatcanbeformulated ?

A machineto producesome“conceptuallynew” remains,so far aswe
know, still to beinvented.This consideredshouldwe think of sucha possibiity as
being absolutelyunthinkable for the future ? The question,to which “artificial
intelligence”would like to give a positive answer,dependson what one can call
“qualitatively new” : this characteristiescapesat any event,the contentproperly
speaking i.e.internal-, of aknowledge,referredto its frameworkof thoughtand
situatedn theuniverseof meaningsilt is difficult to imaginethe existencepr even
only thepossibility, of a “machineto producesense”,in the commonacceptionof
thesegerms,atall eventsin theabsencef a thoughtthatwould be at the origin of
thissenseor thatcould“read” it.

Evaluatingconceptsandtheir possiblecharacterof novelty belongsto
signification,and until further notice, it is the humanthought fruit of a brain
inseparabldrom a body andfrom a practiceof life, andsettingaimsto itself, by
will or by desires,that imposesits meaningson the machine.A “machine to
producesense’would haveto possessuch properties,and for surestill othes,
includingfeelingsandpsychology sucha machinewould thenastonishinglylook
like manin society,whoseoutgrowthby naturehasresultedrom a very long - and
maybemprobable- history andwhoseorigin hasbeenlost in the night of times :
the history of maturationsrenewals transmissiongndexchangestesultingfrom
thediversificationof the humanphylum, biological,socialand cultural, and from
thechanceof accidents.

As aconsequencehefundamentatjuestions reducedo the following
one :is it possibleto think of analgorithm capableto generatefor knowledge,a
meaningthatwould differ from thosethatareavailableto us butthatcouldappeato
us aslegitimate,andperhapsnorecertainastheseones At seemghatoneenters,
with this type of problems,in anunendingchainof implicationsandin aninfinite
multiplicity of openwaysthatthemachinewill havemuchharmto solve.

Onthecontrary,humarnthought,thathasstemmedrom matter,indeed,
doesnot calculateall the possibilitiesas machinedoes,but cutsacrossthe offered
combinationsand makesits choiceswell beforehavingexhaustedll of thent®. It
puts, well simply, themeaningthatshowsto it - accordingto its judgment,thatis
possiblysubjectiveonly in some sense- the suddenclearnes®f an intelligibility.
That one, be it cartesian evidence, spinozian knowledge of the third kind,
illumination of the intuition as for Poincaré, Einstein and other contemporary
thinkers,seemgloomedo durablyescapeeducionist description.t is so because
this intelligibility mustcall, if it wants to get foundations,to other onesin an
endlesgegressivechain,aswith the pascalian consideration®on the situation of
man'sintelligencein theworld, leaningon reasonghathe believeshe understands
by experiencebut that, when he questionsthem, reveal themselvesto be a
bottomlessvell*’.

% As Poincarénoticedit when speakingof the “choice of the [significative] facts” (Poincaré
[1908b].
" Pasca[1657].
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