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ABSTRAT. This paperdiscusseshe relation betweerdeonticlogic and the studyof conversa-
tional interactions.Specialattentionis givento the notionof remedialinterchange asanalysed
by sociolgyistsandlinguistic pragmaticians.Thisnotionis closeto the oneof contrary-to-duty
(repamtional) obligation, which deonticlogicians have beenstudyingin its own right. The
presentarticle alsoinvestigateghe questionof whethersomeof the aspectf corversational
interactionscan fruitfully be describedby usingformal tools originally developedin the study
of iteratedbeliefchange. | here adaptthe latter toolsto deonticlogic, and attemptan account
of remedialinterchange (and, more geneally, contrary-to-dutyreasoning)n termsof commu-
tation. Thisaccountbringsthe dynamicsof obligationsto thefore.
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1. Introduction

The presentarticle canbe viewed asan attemptto explore the interfacebetween
argumentatiortheoryandnon-monotonidogics,afamily of logicsusedto studyrea-
soningaboutwhat is normally the case. In theseformalisms,conclusionsmay be
laterwithdravn whenadditionalinformationis obtained.Many researcherbave pro-
posedsystemghatperformsuchnon-monotonidor defeasiblejnferences.The best
known are probably: circumscription[MCC 80], default logic [REI 8(], autoepis-
temiclogic [MOO 85] andpreferentiailmodelssemantic§KRA 90, MAK 89]. This
articlefocuseson applicationsof thelatterkind of framework to theanalysisof condi-
tional obligation. Suchapplicationswere first ervisagedby Danielsson[DAN 68§
and Hansson[HAN 69|, who suggestedeplacingthe Kripke-type accessiblityre-
lation by a preferencerelation measuringthe comparatie goodnesf worlds. A
number of researcherdave followed this suggestion,providing a more compre-
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hensve investigationof the treatmentof conditionalobligationwithin a preference-
basedapproach[CHE 74, LEW 74, JAC 85, MAK 93, AQV 93 PRA97h TOR 97,

AQV 02).

Overthe pastdecadesnon-monotonidogicianshave beenincreasinglyinterested
in thefield of agumentationCurrentresearciprogrammesn thisareatendto fall into
threemain groups:thosefocusingon specificargumentatie schemesthosedealing
with the interfacebetweensemanticandpragmaticsandthosedevelopinga general
theory of how argumentsinteract. The motivationsof the lasttwo groupsare much
lessobviousthanthoseof thefirst. Somecommentsarethusin order First, theinter-
estin pragmatiadssuescomesfrom therealizationthatsomeessentiatlementof the
communicationatontentof an utterance suchas presuppositiorand corversational
implicature,prove to be defeasibleand subjectto exceptions. This was alreadyno-
ticedby Grice [GRI 75], who viewed defeasibilityasa definingpropertyof so-called
corversationaimplicatures.This obsenation hasmotivateda numberof attemptso
describepragmatianferenceasanon-monotonione. Amongthe mostrepresentatie
worksthathave beendonein this direction,one might mentionthe attemptmadeby
Mercer[MER 88, MER 90] to apply defaultlogic to thetheoryof presuppositionthe
theory of quantitatve implicaturesas put forth by Gazdar{GAZ 793 GAZ 794, or
theattemptmadeby PerraulfPER 90], andAppeltandKonolige[APP 89 to import
non-monotonidogic into speech-adheory

Programmesvhoseambitionis to develop a generaltheory of how arguments
interactmainly include systemsfor defeasibleargumentationas developedby Pol-
lock [POL 87], Praklenand Sartor[PRA 974, Bench-CapoiBEN 03], andothers.
Thisthird groupof programmesanbeviewedasanattemptto clarify andmeetsome
of the criticisms madeby Toulmin [TOU 58] againstformal logic. The focusshifts
herefrom pragmaticconsideration$o generalquestionsof acceptabilityin thefaceof
iterateddefeatamongarguments.The style of analysisthatis usuallyadoptedcanbe
describedasfollows. Givenatheory— i.e. a setof sentencesepresentinghe basic
factsof the situationanda setof default rules, the entire setof agumentshasedon
this theoryis first determined.Next, the defeatrelationsamongtheseargumentsis
computed Onthe basisof this patternof defeatrelationst is thenpossibleto isolate
a particularsubsef argumentsthatareto be countedasjustified (or, if you prefer,
ultimately undefeated).Thereis a notion with which we mustbe very careful. It is
thenotionof reinstatementyhich saysthatanargumentshouldbe countedasaccept-
ableevenif it is defeatedaslong asits defeatersarethemselesdefeated.lt is via
this principle that the procedurdsolatesthe setof justified aguments.As obsened
by Horty [HOR 01], the notion of reinstatemenseemsto be problematic. Intuitive
counterexamplescanbe givento this idea, therebysettinga seriousquestionmark
againstthis group of theories. A more detaileddiscussiorof this issueandrelated
onescanbefoundin Praklen[PRA 02].

In this article my chief concernis to try to evaluatethe extentto which deontic
logic canberelevantto the studyof argumentation.Specialattentionis givento the
studyof corversationainteraction. In the besttradition of Goffman[GOF 71], who
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thoughtof remedialinterchangasforming thenucleusof socialactivity, somewriters
tendto adopta model of analysisin which reparationalobligation plays a critical
role [OWE 83, BRO 87, KER 94]. They often claim to be primarily concernedwvith
the attemptto extractthe formal patternof corversationalface-to-ace)interactions.
Sucha claim may; atfirst, beratherpuzzling. Sincethe studyof Chisholm[CHI 63],
it hasbeenincreasinglyclearthat,asfaraslogic is concernedthe notionof aremedial
interchangés notaneasyoneto grasp.Thework of thoseinterestedn corversational
interactionusuallygoeson asif theintricaciesof contrary-to-dutynormshadnever
beenheardof.

This articlealsoraisesthe questionof whetherdeonticlogic canbenefitfrom con-
ceptsdevelopedin the study of iteratedbelief change.My emphasishereis not on
new formal results,but ratheron introducinga way of thinking aboutcontrary-to-
duty contets that is slightly differentfrom more familiar ones. (For an overview,
see[CAR 02].). The basicideais to assumehat, whenthey learnthat an obliga-
tion hasbeentransgressednteractantaminimally revise the ideality ordering (over
possibleworlds) to have the appropriateobligation deconditionalisedor detached).
This processwill bereferredto asa commutationbecauseloseexaminationreveals
that, at the time of the violation, the setof ‘secondbest’ worlds commuteswith the
setof ‘best’ worlds. As will emegein duecourse this is very similar in structure
to so-callednaturalrevision, asdevelopedby Boutilier [BOU 96] to give a semantic
characterizatioof iteratedbelief change All preference-basedkonticlogics known
to me arestaticin the sensethatthereis no roomleft for updatingthe comparatie
goodnesselation(in someway or other)soasto accomodat@en information! My
contentionhereis thatin thedynamicsof corversationalnteractionthereis roomfor
suchreadjustments.

This paperis an attemptto substantiatehesehypothesedurther by elaborating
the points outlined above. Section2 presentsGoffman’s analysisof the notion of
remedialinterchangeaswell asthedifficulty | will focuson,whichwill taketheform
of adilemma. Section3 discusse®neway of gettingout of this dilemma,by taking
time into account. This detourvia so-calledtemporaldeonticlogic will sene asa
meanf introducingthe basicideaunderlyingthe accountin termsof commutation,
whichwill bethefocusof attentionin section4. It will appearthen,thatthis second
accountprovidesa moresatishctoryanalysisof the notionof remedialinterchange.

2. Remedial interchange

| begin by discussinghe notion of remedialinterchangeasdescribedoy the so-
ciologist E. Goffmanin Ch. 3 of Relationsin public (see[GOF 71]). My purpose
in this paperis simply to try to connecttwo researchraditionsthathave sofar been
developingontheirown. No attemptwill bemadehereto discussheissueof whether
Goffman’s conceptionstandsup to closescrutiry. On the other hand, presumably

1. Oneexceptionis theupdatesemantic®f vanderTorreandTan[TOR 99].
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mostdeonticlogicianswill think thatthenotionof remedialinterchanggust provides
one exampleof a contrary-to-duty(CTD) structure— oneillustration amongmary
others.l cannotherediscussn detailthe mary examplesconsideredn theliterature
ondeonticlogic.

Goffman defendsthe view that interactionsof agentscan usefully be described
asgovernedby norms. The normsGoffmanis mostconcernedvith arethoseto do
with “territories of the self’ [GOF 71, chap. 2] andthe violationshe s particularly
interestedn arethoseto do with “encroachmentsdn anothers territory [GOF 71,
p. 44]. The metaphorof territory is borroved from the literatureon ethology This
notionincludesthefollowing areas:

— Personabpace.

— Use space: the territory immediatelyaroundor in front of an individual, his
claim to which is in generalrespectedecausef instrumentalneeds. For instance,
whenl am closeto a picture,otherswill make someeffort to walk aroundmy line of
vision.

— Theturn: the orderin which someoneaecevesanitem with respecto someone
elsein the samesituation. Examplesabound:numbetrtickets; nameson a reception-
ist'slist.

— Possessionaerritory: ary setof objectsthatcanbeidentifiedwith the self.

— Informationpresere: the setof factsabouthimselfto which anindividual ex-
pectsto controlaccessvhile in the presencef others.Thesearetraditionally treated
underthe headingof “privacy”.

— Corversatiompresere: theright of anindividual to exert somecontroloverwho
cansummorhim andwhenhecanbesummoned.

From the descriptionof thesetypesof territories,it emegesthat the notion of terri-
tory is anormative one,in the sensehatin generaits occupierhastheright to claim
it astheir own andtheright to attemptto excludeothersfrom it. Whenanindivid-
ual encroachesn anothers territory, a particularkind of actiity occurs: remedial
interchangelts functionis a negative one:it is ameanf avoiding conflict, by

“transformingwhat could be seenasoffensive into whatcanbe seenas
acceptable’[GOF 71, p. 109]

Goffman seesremedialinterchangeas having three basicforms: accounts,apolo-
giesandrequests. It is hereunnecessaryo examinethesethreekinds of commu-
nicative acts(and,moregenerally the notion of remedialinterchange)n thelight of

speechactstheory sincein this paperl aim simply to point out the relevanceof de-
onticlogic for thoseworking on face-to-fceinteractiongn thetradition of Goffman.
One might mentionOwen[OWE 83], Brown and Levinson[BRO 87] and Kerbrat-
Orecchioni[KER 94]. (Thelist is necessarilyselectve.) They addresghe issueof

languageuseand verbalinteractionfrom the viewpoint of sociolinguisticsand lin-

guistic pragmatics. Their approachis inspiredfrom the work of Goffman, in that
apparentlythey all assumeahatremedialwork hassomerole to play in ary attempt
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to characterisénteractionbetweenagents.Suchan approacthasbeencriticized, on
the groundthatit exaggerateshe aggressie charactef face-to-hceinteraction,be
it verbalor non-verbal.Thisis notgermandor my presenpurpose.

At this point, it is interestingto consultthe literatureon deonticlogic. In general
theseauthorsdescribethemselesasaiming to clarify the “logic” of corversational
(face-to-Ace)interactions For instance Owenwrites:

“A broaderaimin [my] work s to demonstratéhateverydaycorversation
is not disorderedrambling,and‘casual’[. ..] but orderedcoherentand
well-suitedfor theachieving of interactionalgoals”.[OWE 83, p. 1]

Sucha claim setsa problem, which is usually taken to be a hard one for deontic
logicans. It is generallyreferredto as Chisholms paradox? and can be illustrated
with a simpleexample:

ExamMPLE 1. — (Goffman[GOF 71, p. 140])

Deed: AtripsoverB

A “Sorry”
B: “S'okay”

Thefollowing sentencesll appeato betrue:

a) O—o

b) O(r1/0)
c)O(r1 — o)
d)o

HereQ(v/¢) (resp.Ov) standdor theobligationof ¢ given¢ (resp.the obligation
of ). The propositionaletterso andr; canbereadas(respectiely) “offence”and
“remedy”. The O-operatorexpressesecessityof type S5. Thesentencé&l(r; — o)
(premissc)) is read“r; presupposes”. Theimport of c) is essentiallyto rule out
the casewherethe offenderapologizesfor an act that did not in fact occut Intu-
itively, thisamountdo restrictingonesattentionto the (notinfrequentlyrealisedase
wherethe actionobsenedis the sameasthe actionperformed.Thekind of scenario
Goffmanis interestedn is similar in patternto the “gentle murderer”scenario(For-
rester[FOR 84]) andto the “white fence” scenario(Prakken and Segot [PRA 96]).
Thefirst onecontainghe following data: Smith oughtnotto kill his mother;if Smith
kills his mother he oughtto kill hergently; gentlekilling necessarilymplieskilling;
Smithkills his mother The secondnecontainghefollowing data:theremustbe no
fence;if thereis a fence,it mustbe white; beinga white fencenecessarilymplies
beingafence;thereis afence.

2. SeeChisholm[CHI 63].
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Now, considera deonticlogic thatvalidatesthe following two principles,known
asWealeningthe ConsequenfWC) andFactual Detadyment(FD), respectiely:

(O®W/é) AT = ¥")) = OW'/9) (WC)
(O®/¢) A ¢) = Qv (FD)

As is well-known from the literature on the logic of norms,thereis an undesirable
interactionbetweerthesetwo rules. Onthe onehand,theobligation

Or

canbe derivedfrom b) andd) by using(FD). On the otherhand,c) entailsd(-o —
—r1). Fromthis togethewith a), it immediatelyfollows by (WC) that

O

Somemay not be satisfiedby this result, since intuitively a)-d) are perfectly
consistent. In its traditional form, Chisholms paradoxhighlights the problem of
the relationbetweentwo detachmenprinciples,the “Deontic Detachment’of (O—)
fromTy = {O—¢, O(—¢/—-¢)} andthe “FactualDetachmentof O« from Ty =
{O@W/),4}.2> Onceagain,the kind of contrary-to-duty(CTD) situation Goffman
seemdo have in mind is in fact closeto the white fence/gentlenurdererscenarios.
Theseare obtainedby substituting,in Chisholms initial example,0(yp — ¢) for

O(=¢/=9).

The problemsraisedby CTDs have mary facets. In this article | chooseto fo-
cuson one of them only, namelythe problemcausedby the interplay betweenthe
two rulesFD andWC. One might referto this as(to putit in Aqvist's terms)“the
dilemmaof Wealening the Consequenand Factual Detachment In section4, |
shallintroduceandexplore away of gettingout of this dilemma,by usingtoolsorig-
inally developedin the contet of the study of iteratedbelief change. The intuition
thatguidesandmotivatessuchanapproachs betterexplainedby analogywith earlier
proposalshasedon temporaldeonticlogic. As we shall seein section3, a number
of contributorsto the deonticliteraturesuggestedhatthe obligationto do r1 andthe
obligationnot to dor1 both hold, but not at the sametime point. In someways, the

3. In standarddeonticlogic — a normalmodallogic of type KD, afurthercomplicationarises
from the factthatconditionalnormscanberepresenteéh two ways,dependingiponwhether
ornot“ ()" precede$ — . In his1963paper Chisholmproposedo represenf) (- /—¢) and

OW/¢) by O(—¢ — —p) andgp — (O, respectiely. Both kinds of detachmenarethen

validated,causingthe above tension. If the formalizationis modifiedin accordancavith the

above suggestiontheconsisteng of I'y U T, is restoredput thenanotheminimal requirement
is not satisfied:the memberof I'; U I'; mustbeanalysedn sucha way thatnoneis alogical

consequencef theremainingpremisses(See[AQV 67, CAR 02].)

4. SeeAqvist [AQV 02]. This one uses‘Deontic Detachment'wherel use“Wealeningthe

Consequentfor thereasorjust explained.
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accountin termsof iteratedrevision is an attemptto give a new guiseto this idea?®
which | will do by addingto the examplethe threefurther movesthat, accordingto
Goffman[GOF 71, p. 140-144],usuallyfollow theremedy Theseare:

— relief, by whichthevictim providesasignthattheremedyofferedby theoffender
is sufficient;

— appreciation by whichthe offendershowns gratitudeandthankfulness;

— minimization by which the victim repeatsn diminishedform the relief he pro-
videdasthesecondmnove.

Thefull sequencenight beillustratedby thefollowing example:
EXAMPLE 2. — (Goffman[GOF 71, p. 143])

remedy A:  Canl useyouryour phoneto make alocal call?
relief B: Sure,goahead

appreciation A: That'sverygoodof you

minimization B: It'sokay

Hereis an attemptto formalizethe ruleson which this four-move interchangas
based.Onemightimaginethat A makeshis requestt the sametime that helifts the
recever. In this case A violateshis primary obligationnot to take anothers property
Thisfirst obligationcanberenderedas

O-o

For the purpose®f the presendiscussionit is not necessaryo specifywhatkind of

territorial offencethelettero describesAt thesamdimethatheviolateshis obligation
notto doo, A triesto corvert his offensive actinto anacceptableneby providing a

remedyof the“requesttype. It doesnotseenunreasonabl assumehat A provides
sucharemedyin accordancevith a contrary-to-dutynormhaving theform (r, stands
for theremedymove):

O(r1/0)

In thesubsequennovesof theexchangdrelief, appreciatiorandminimization),there
is ashiftin concernfrom theissuethata normwasviolatedto afocuson the way the
participanthandletheirmanagementf infractions.A similarformaltreatmenimight
be devisedfor thesesubsequentnoves. For instanceit doesnot seemunreasonable
to believe that B answers'Sure, go ahead”in accordancevith anaccording-to-duty
(ATD) obligationhaving theform

Ofrafo A 1)

5. | say“in someways”, becausehis way of presentinghe proposedaccountis not entirely
correct,thoughcorvenient.(Seemy concludingremarksin subsectiort.4.)
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wherer, describesary kind of utteranceghat canbe assimilatedo a move of the
type“relief”. And soforth. Goffman[GOF 71, p. 141] suggestshatoneparticipants
makingsuch-and-sucmove placesthe otherundersomeobligationto make the next
one. If this view is correct,thenthe useof a deonticoperatorto formalize the fully
expandedsequenceloesmake sense.Table 1 recapitulateshe sentencethatappear
to betrue beforetheinteractionabove hasevenoccurred.

Table 1. Theremedialcycle(full sequence)

Normative premisses Integrity constraints
(a) (8)
H O
Mm  Ofr1/o) O(r1 — o)
O(r2/o A 1) O(ry = (o A 1))
1y  Oflafo A r1 A ra) O(a— (o A1 AT2))
OmfoNri Ara Aa) Om— (o Aty Ara A a))

Row (Il) liststheobligationson which thefirst round,remedy(r, ) andrelief (r,),
is based.Row (lll) mentionsthoseproducingthe secondround,appreciatior(a) and
minimization(m). A CTD obligationis attachedo a primary obligation,andthree
ATD obligationsarein turn associatedavith the CTD obligation. For lack of a better
term,| usethelabel“integrity constraints'to coverthesentencementionedn column
(8). All theseareof theformO(¢ — ). Thisisread” ¢ presupposes”. As already
suggestedheimport of thesenon-normatve premissess essentiallyto rule outsome
sequencesf movesthatseento be unrealistic(notwithstandinghe admittedfactthat
they arelogically possible).

This completeghe descriptionof the fully expandedemedialcycle. In section4
I will outline a possibleanalysisof this example,by usingtools from iteratedbelief
changeheory Sincethisaccounbwessomeinspirationto so-calledemporaldeontic
approacheso the representationf CTD scenariosit will be usefulto look at them
first. The next sectionis anattemptto discusghis kind of treatment.

3. Using correctly temporalized propositions

In the seventiesandearly eighties varioussystemsf temporaldeonticlogic were
developedto give a consistentepresentationf CTD scenariosin this sectionl will
focus on the systemDARB, first presentedn Aqvist & HoepelmanfAQV 81] and
furtherdevelopedin Aqvist [AQV 914. It is beyondthe scopeof this paperto give a
detailedaccounbf this system.Rather| will pick outthoseaspect®f DARB thatare
relevantfor the comparisorwith theaccounto beintroducedn section4.
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Theobjectlanguagef DARB containsjn additionto thedeonticoperatorsalluded
to above, the unary operator®, to bereadas*it will be the caseat the next instant
that”. DARB hasthefollowing axiomschematandinferencerule for &:

(¢ = ¥) = (B¢ = &) (al)
Do o d9p (a2)
If ¢ is atheoremthensois @ ¢ (Nec)

DARB alsocontainsa modal operatorof historicalnecessityd, to be readas‘it is
necessaryn the basisof the pastandthe presentthat”. O is a modality of the S5
type, which alsoobeysthelaw: ¢ — O¢ providedthat ¢ is a propositionalletter.
An immediateconsequencef the latter proviso is that the substitutionrule fails in
general. The reasorwhy propositionallettersaretreatedin this way hasto do with
theintendedmeaningof the O operator This onerangesover the setof historiesthat
arestill open,giventhe pastandthe presen{which arefixed).

As far asthe representationf CTD scenarioss concernedthe core of Agvist's
proposals to distinguishbetweenwhatis obligatorybeforethetransgressioandwhat
is obligatoryat thetime of theviolation. To understandhow the solutionworks, it is
not necessaryo considerthe threefurthermovesthat,accordingto Goffman, usually
follow the remedy For clarity’s sale, in this sectionl will thusconcentrateon the
treatmentgivento the pair (offense,remedy). The proposedanalysiscan easily be
extendedo thefull sequence.

Assumingthato andr; areexecutedn parallel,on might obtainareasonablele-
scriptionof the situationbeforethetransgressionia the following quartetof DARB-
formulae:

O®o (la)
O(®r; = ®o) (1)
© O(r1/0) (I1a)
@®o (IVa)

It is easyto seethatin DARB (lla) entailsO(&—o — @®-r;).5 Fromthis together
with (1a), it immediatelyfollows by Wealeningthe ConsequenfWC) that() & —r;.

6. This mightbeproved by shawing that(1), (2), (3) and(4) eachareprovablein DARB:
(1) (&r1 = ®0) = (~Bo = ~@r1) contraposition
(2) (®r1 = ®o) — (d—0o — &-r1) 1,a2
(3) O((&r1 — ®0) = (B0 = ®-r1)) 2, necessitationule for O
(4) O(dr1 — o) — O(®—0 — ®-r1) 3, ruleRM for O (see[CHE 80, p. 114])
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This formulacanbereadas*it shall (now) bethatit will not be the caseat the next
momentthatr,”. On the otherhand,from (llla) togetherwith (IVa), it follows by
Factual Detachment(FD) thate O r;. This sentenceeanbereadas*it will bethe
caseat the next instantthatit shall be the casethatr,”. But careshouldbe taken
here.As Aquist [AQV 91a AQV 915 emphasizesn DARB the FactualDetachment
principle doesnot hold unrestrictvely. Using Aqvist’s terminology one might refer
to the premiss(v)/$) asthe normative major, andto the factualpremiss¢ asthe

booleanminor. The proviso placedon (FD) saysthat

“the time-of-realizatiorof the boolearnminor [should]coincide]...] with
or [be] earlierthan(. ..] thetime of being-in-forceof the normatve ma-
jor”. [AQV 91b, p. 137]

The meaningof sucha provisois likely to be opaqueat first reading,and| shall
briefly explainin a momenthow | understandt. For presenpurposesit is sufficient
to obsene thatthe aboverestrictionis clearly satisfiedn the caseof:

(1) (O(ri/o) A o) = Or

It immediatelyfollowsthat(2) and(3) eachareDARB-provable:
2) & ((O(r1/0) A o) = Or1) 1, necessitationule for @
3) @O (rifo) AN ®o) - ®(Or1 2, ruleRRfor & (see[CHE 80, p. 114])

Thus, while Wealeningthe Consequenyields O & —ry, Factual Detachmentgives
riseto & O r1. Of thetwo competingobligations,nonecontradictsthe other, since
they donothold atthe sametime point.

To sumup, the basicideathat guidesproposalshasedon temporaldeonticlogic
suchasDARB consistan post-datinghe obligatorines®of theremedy More specif-
ically, it consistan assuminghatthetime-of-being-in-forceof the reparationabbli-
gationcoincideswith the time-of-realizationof the violation. At first sight this way
of handlingthe paradoxseemso bevery natural.Interactantsill notconsiderthem-
selvesasbeingunconditionnallyobligedto make the remedymove unlessthe trans-
gressionhasoccurred. To say this amounts,more or less, to sayingthat the truth
valueof ary sentencenustbe maderelative to the available knowledgeaboutwhat
thefuturewill be. Hencetheideaof evaluatingformulason pairsm/h, wherem is a
momentandh a history passinghroughm. “ ¢ is trueatthe pairm/h" canbeunder
stoodto meanthe sameas* ¢ is trueatm underthe hypothesighath is (otherthings
being equal)the future of m”. Now the specialrequirementplacedon the Factual
Detachmenprinciplebecomesglearer Theinferencefrom { O (v /¢), ¢} to O fails
whenthe time-of-realization(= m;) of the booleanminor ¢ lies in the future of the
time (= mg) at which the normative major O(v/¢) holds,becausdetweenn, and
my some‘new” factnot historically or logically fixedat mg mayoccurandgive rise
to anoverridingunconditionabbligation.

The questionof whethertemporaldeonticlogic providesa satistctoryanalysisof
CTD scenariohasbeenmuchdiscussedvithin the literature. Amongtheissueghat
sucha proposahasraised the following two desere specialmention.
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First of all, it is easyto seethat (IVa) entails¢ () o, i.e., after o is done,the
primary interdictionto do o is transformednto an obligationto do o. This might be
verified asfollows. As we saw previously, we have thelaw ¢ — O¢ providedthat
¢ is a propositionalletter On the otherhand,we alsohave thelaw O¢p — (O¢.’
Puttingthe two togetherwe get¢ — (¢ wheneer ¢ is a propositionalletter, so
thatin particularo — (o. By thelogic of @, we finally getthat®o — & Qo
is DARB-provable. It is worth mentioningthata numberof deonticlogiciansdo not
find this resultunwelcome. For one might interpretit to mean*o, which is settled
astrue, is alsovacuouslyobligatory”. This is notto saythato shouldbe reiterated,
since® O o is consistenwith & O ®&—o. Neitheris it to saythat (beit settledas
true or not) o shouldnot have beendone. As obseredby, e.g.,Thomaso{THO 81,
p. 173],onemustdistinguishcarefullybetweertwo usesof “ought”, auseappropriate
for deliberatingandadvising(deliberatve “ought”) anda useappropriatdor passing
judgement(judgemental'ought”). A framewvork suchasDARB is intendedto give
an accountof the first oneonly. For instancethe monadic“ought” is interpretedas
follows. Someof the possiblefuturesof h atm aremarked asthe mostperfectones;
whatholdsin all of themaretheobligationsatm. Thosehistoriesthatbrancheaff in
thepasthave becomenaccessibleandarethusnot consideredThedyadicobligation
operatoiis interpretedn muchthe sameway. In determiningwhethery is obligatory
giveng, onelook atwhether) holdsthroughoutall thebestfutureswhereg holds.In
both casesthe modalityis forward-looking,ratherthanbackward-looking.

Secondit is naturalto askwhathappensf o andr; arenotdonein parallel. First
of all, thereis the casewhereo precedes; in time. As farasl cansee,this scenario
raisesno problems.Next, thereis the casewherer, precedes temporally Thisleads
to focusattentionon this specificform of remedialwork thatGoffmancalls“request”.
It consistf askingpermissiorfrom a potentiallyoffendedpersorto engagen what
couldbeconsideredsaviolation of hisrights. For example request$o borrow goods
corvert the offensive taking of anothers propertyinto an acceptableact. Goffman
obsenesthat (as opposedto apologies)‘requestg|...] typically occur beforethe
guestionableventor, at the latest,duringits initial phasesTGOF 71, p. 114]. This,
becausdhe requestis orientatedto the offencethat would take placeif the request
wasnotmade.lt is unclearhow (asit stands}he systemDARB canhandlethis class
of moves? To seewhy, assumehatthetime-of-realizatiorof r; ando is mq andms,
respectiely:

7. Thisis Aqvist andHoepelmars Th 21, cf. [AQV 81, p. 213].
8. A similarpointis madein [TOR 98,HAN 99], thoughthedetailsaredifferent. Theseauthors

considerChisholms paradoxn its original version(see[CHI 63]), wherethe antecedentf the
conditionalobligationshappensfterthe consequentThe former saysthata certainmangoes
to theassistancef his neighboursandthelatterthathetells themheis coming.
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Theobjective hereis to obtaina descriptionof the situationat thetime pointmg. For
thisto bedone,it is necessaryo amendin oneway or anotherthe quartet(la)-(1Va).
As it seemsheither(la) nor (IVa) needsto be altered. As for (lla), it is enoughto
leave outthefirst @. Hence:

O®o (Ib)
O(r — ®o) (Ilb)

(llib)
®o (IVb)

It is easyto show that(llb) entailsO(@—o0 — —r). So,from thefirst two premisses,
the desired)—ry canstill validly be inferred, by usingWealeningthe Consequent.
But it doesnotseempossibleto reformulatethe remainingpremissin suchaway that
somemeaningfulconclusionrmight beinferredfrom the couple(lllb)-(1Vb), by using
therestrictedform of FactualDetachmenalludedto above. Considerthe provisothis
rule contains.lt saysthatthetime-of-realizatiorof theviolation mustcoincidewith or
beearlierthanthetime-of-being-in-forcenf thereparationabbligation. PremisgIVb)
alreadysaysthattheviolation occursatm; . Thismeanghattheobligationmustcome
into forceatm, or perhapdater Supposet is m; (theargumentwould be similar if
thenormcameinto forceatalatertime). Thenthecorrectrenderings

& O(.../0) (111b)

It remainsto specify the consequenin (lllb). The troubleis that the time-of-
realizationof r; is supposedo bemg < m;. Onehasno alternatve but to usethe
pastoperatoremployedin DARB

© = it wasthecaseatthelastinstantthat
(Illb) becomes

@ O(er /o) (Il1b*)

(Ib*) maleslittle sensesinceit makesanactthatbelonggo thepastobligatory Can
thepastbeundone?

Theaccounin termsof iteratedrevisionto which | now turnis anattempto solve
this secondproblem. However, the proposedconstructionwill facea difficulty that
is very similar to thefirst one. Onepossibleway of refiningthe constructiorwill be
proposedandbriefly discussed.

4. An analysisin terms of commutation
Thebasicideais to assumehata fact(in particular a transgressionnight affect

the ideality orderingin the semantics.A similar intuition guidesseveral construc-
tionsusedin the studyof iteratedbeliefrevision [SPO88, DAR 94, WIL 94, LEH 95,
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BOU 96, FER02, NAY 03]. For reasongo be madeclearlater, it is the notion of
naturalrevision [BOU 96] thatwill beusedhere.As we shallseejts principalfeature
is that, when contrary-to-dutyinformationis taken into account,the setof “second
best”worldscommuteswvith thesetof “best” worlds. | have saidthatthis approactin
termsof commutationowessomeinspirationto the so-calledpreference-base@m-
poral deonticsolution. At the endof the presentinquiry, it will appearthatthe two
accountsreclearlydistinct. Variousotherstratgyiesfor giving a consistentepresen-
tationto CTD scenariohave beenproposedn the literatureon deonticlogic. It falls
outsidethe scopeof this article to review them. (See for example, [CAR 02] for an
overview). It hasoftenbeensuggestethat CTD scenariosanberepresentedonsis-
tently if adistinctionis madebetweendifferentsortsof “oughts”. Sucha suggestion
hastakenvariousforms[AQV 67, JON85, CAR 95, CAR 02], sometimedramedin
preference-basae@rms[ART 96, TOR 99, CHO 01]. A thoroughinvestigationof the
relationbetweerthe latter approachandthe oneoutlinedin this paperremainsto be
done.

Notethat,by switchingto so-calledteratedrevision, | implicitly optfor amethod-
ologythatis very differentfrom theonepropoundedy the authorsof the AGM 1985
paradigm.The construction will introducein this sectionwill coverthe successie
movesof the remedialcycle simultaneously To put it anotherway, the construction
will coverthe“flat” or “first-degree”(non-iteratedraseandtheiteratedcaseat once.
This contrastswith the moreanalyticalapproachhatis followedin AGM 1985.Here
theexplorationof theiteratedcasecomesafter the studyof theflat case.lt is beyond
the scopeof this article to discussthe meritsor demeritsof thesetwo methods(for
amoredetaileddiscussionseeMakinson[MAK 03]). Noticeably thosesympathetic
to theanalyticalmethodin generabelieve that,if onecandealwith the simplernon-
iteratedcasan aprincipledway (asneedso bedonearnyway), thenit shouldbepossi-
bleto applythe sameprocedureso the morecomplex iteratedone. Thisis notalways
aneasytask.A constructiomrmeantfor the non-iterateccasemight not be suitablefor
theiteratedone.Considerthe caseof thetheoryof CarmoandJonedCAR 95|. They
defendthe view that CTD scenarioscanbe representedonsistentlyif a distinction
is madebetweenideal and actualobligations. In Carmoand Joneg[CAR 02, it is
shawn thatseriousdifficulties ariseassoonasfurtherlevels of CTDsareintroduced.
Thelatterintroductionwill beassimilatedelow with thefactthatiterationcomesnto
thepicture.

This sectionis organizedasfollows. The treatmenpresupposesomefamiliarity
with theHansson-Le/is semantic$or deonticlogic. First,in orderto cleartheground,
I recallthe mainingredientsof sucha semantic§{subsectior.1). Second/ outline
someof the waysthe semanticould be refinedif it is to dealwith the analysisof
a one-mae interchangg(subsectiord.2). Third, in orderto completethe account,
I considerthe fully expandedremedialcycle (subsectiord.3). Fourth, | incorporate
the constructioninto a branching-timdogic, asan attemptto dealwith the request-
responsenoresensitvely (subsectior#.4).
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4.1. Background

Most of the definitionsthat| will usearefairly straightforvard. The only new
featureconcernghe “dynamic” componenthat iteratedrevision theoriesaim to in-
corporatento preference-baseskmanticsHowever, to make the expositionclearer |
postponealiscussiorof this componentntil the next subsection.

By amodel,l shallmean,asusual,ary orderedriplet M = (W, <, ) where

1) W is asetof possibleworldsw, w', ...

2) K C W x W isapre-orderi.e. it is areflexive andtransitive relationon W; |
take w < w' to meanthatw is atleastaspreferredasw’ (or w is atleastasgoodas
w')

3) ¢ is a function which assigngo eachpropositionaletter p in Propa subsetof
w.

Let [¢]am denotethe truth-setof ¢ in M, i.e. the setof worldsin M at which ¢ is
true. Let min4(¢) denotethesetof <-minimain [@] 4, i.€.

Minu(9) = {w € [dlae | Vo' (w' € [flac = w=<w)}  (Def-min)

Intuitively miny(¢) is understoodo be the setof mostperfectg-worlds. For such
a setnotto be empty two conditionsmustbe fulfilled. Oneis that¢ is satisfiablein
M, i.e. thereis someworld w in M atwhich ¢ is true. The otheris thatthereareno
infinite sequencesf ever moreperfectg-worlds. Thetruth-conditiongor the dyadic
obligationoperatoraredefinedasfollows:

M E OW/9) & minam(¢) C [¢lm- (DefO)

Accordingto (Def()), model M satisfieghe obligation“y shouldbe the caseif ¢ is
thecase”, M = O(y/¢), whenever in the mostperfectworlds, where ¢ holds,
holdstoo? For the sale of simplicity, Q¢ is takento be equivalentto O(¢/T) —
whereT is atautology

4.2. One-move interchange

This subsectiorshavs how to refine the Hansson-Lwis semanticso asto deal
with the analysisof aone-maeinterchange.

The first stepinvolves constructinga typical model, say M, of the initial pre-
missessetasgivenin tablel. Giventhesubse(3) of integrity constraintsthefollow-

9. Throughoutthis paperl work with minimality under=, asis the customin non-monotonic
logic. Deonticlogiciansusually work with maximality underthe corverserelation. This is
morein line with theideathat,themoreperfectaworld is, thefartherfrom actualityit is. From
amathematicapoint of view, thetwo idiomsareequialent.



Remedialinterchange 359

ing universeW; is completein the senseof giving an exhaustve characterisationof
how theinteractionmightevolve:

wy 70, Ty, T2, G, TN w2 :0,71,72,aQ, M
w3 : 0,1, T2, 0@, M Wy :0,T1, T2, 7, M
ws 2 0,T1,T2, @, M We - 0,T1,T2,0, MN.

In w, theprimaryobligationis fulfilled. In w- thisobligationis violated,but theother
four obligationsarefulfilled. In {ws, . .., wg}, the primaryobligationis violated,and
one of the otherfour obligationsis alsoviolated. One might adoptthe hierarchical
orderingasdepictedin Figure 1 belon. Herethe corventionis thatall pointson a

ow; (foralli=3,...,6)

oW9

l

oW1

Figure 1. Before the offence(modelM;)

lower level are more perfectthanall thoseon a higherlevel. The arrov we + ew’
denotegherelationw < w', where< is for the strict partial order determinedby
=, definedby puttingw < w' whenererw < w' andw’ A w. Onemight take
w < w' to meanthatw is strictly betterthanw’. It caneasilybe verifiedthat < thus
definedis irreflexive andtransitve. M; satisfiesthe primary obligation()—o, since
all theworlds gravitatetowardsw, (thebestworld). M; alsosatisfiegheremaining
normatie premissessincew, (the 2nd bestworld) is betterthan ws, w4, ws and
wg. From aformal point of view, it is not necessaryo refine further the ordering
within theset{ws, ..., ws}. For simplicity’s sale, it is assumedhat (within this set)
neitherworld is preferredover the other Somemay not be satisfiedwith suchan
assumptionln particularPraklenandSegot (rightly) arguethat“it is betterto fulfil
anobligationfrom a moreideal context andviolate onefrom alessideal context than
the otherway around”[PRA 97b, p. 152]. It would thus be more plausibleto put
wg < wy < wy < ws. Thepointis that,astheauthorsobsere, in itself thesemantics
of Hansson-Lwis doesnotrequirethis, but mustbeaugmentednh someway or other
The stratgy Praklen and Segot opt for consistsin using the lexicographicrule of
Ryan[RYA 92]. Thelatterrule will not be usedin whatfollows, asl do notwish to
distractthereaderfrom the mainpoint of this paper

Intuitively, model M; depictsthe pre-orderbefore the offencehasoccurred All
theworldsgravitatetowardsw; , wherer; (remedy)is false.At this very momentwe
thushave
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e M EQ-r
ratherthan

o My IZ OT1

A similarremarkappliesto movesr, (relief), a (appreciationandm (minimization).
We have

[ ] Ml I: O_|’I'2

[ ] Ml |= O—|a

[ ] Ml I: O—|m
ratherthan

e My = Or:
o My E Qa
e Mi EQOm

Thisis reminiscenbf thestepwherein section3 thenorm( & —r; wasinferredfrom
(la) and(lla).

It is now possibleto bring the territorial offenceinto the picture. The ideais
to assumehatintroducinga violation hasa specificimpacton the ideality ordering
associateavith the premisseset. The hypothesisereis twofold:

a) incorporatingcontrary-to-dutynformation,thosetakingpartin theface-to-ace
interactionaccommodatehat ordering so as to have the appropriateunconditional
obligation“detached”;

b) in orderto bring the remedialinterchangeo completionthey keepasmuchof
theinitial orderingaspossible.

Theseassumptionsanbe expressednorerigorouslyasfollows.

DEFINITION 3. — Let M = (W, <,.) be the modelreflectingthe initial order-
ing. Giventhe contrary-to-dutycontet ¢, the modelobtainedby revising M by ¢ is
M*¢p = (W, <, 1), with <" definedasfollows:

(P1) If wy € minp(9) then:
(a) wy; =" wo for all wy, € W and
(b) wz =" wy iff wy € Minpy(¢);
(PQ) If wy, W2 ¢ mlnM(¢) then:wl jl wa iff w1 R Wws.

Herel draw on the treatmentby Boutilier [BOU 96] of iteratedrevision. His term
for it is “natural revision”. (P;) aimsto capturea). Roughly (P;) saysthatevery
minimal ¢-world is shifted down to the bottom of the new ordering. (Py) aimsto
captureb). Literally, (P,) saysthatfor wy andws notin mina (), then=<’ and< are
thesame.This hasthe effect of leaving < unalteredexceptasindispensablyequired
by (P1).
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Intuitively, (P1) meanghatmina(¢) formsthe setof “newly” bestworlds. Ex-
pressedormally, this glossamountsto sayingthatmina(¢) = minag4(W). The
inclusionminag (¢) C mMinpy«4 (W) follows from (P4 )(a) alone.For the corversein-
clusion,we need(P, )(b) plustwo furtherassumptionsOneis that ¢ is satisfiablan
M. Theotheris thattheideality orderingin M satisfiesaconditionknown asstopper
ing or smoothnessThis saysthatwhenererw € [¢] a1, theneitherw € minpy(¢) or
thereisaw’ < w with w' € miny(¢).1° Thereasorwhy thesewo extraassumptions
areneededs betterexplainedby a contrapositie algument.Assumew ¢ miny(¢).
We wish to show thatw ¢ mina4(W). Sinceg¢ is satisfiablen M, thereis some
w' € [¢p]m. By smoothnesseitherw’ € miny(¢) or thereis a w” < w' with
w' € miny(¢). By (P1)(b), we concludethateitherw A’ w' orw A’ w”. In both
cases(Def-min) guaranteethatw ¢ mina- (W) asdesired.

| endthis presentatiowith the following obsenation, which answersa question
left openin [BOU 96:

OBSERVATION 4. — The posteriorordering=<’' thusdefinedis reflexive andtransi-
tive. Moreover, if < satisfieghe smoothnessondition,thensodoes=<’.

ProoF. — That <’ is reflexive follows immediatelyfrom the reflexivity of <. So
let us concentrateon transitvity. Assumethatw; <’ ws andws =<' ws. We wish

to shav thatw; =<' ws. If w; € miny(¢), thena direct applicationof (P1)(a)

yields the expectedconclusion.So,assumehatw, is notin mina(¢). If wy wasin

mina (@), thenby (P1)(b) wewouldgetw; A’ w,, contradictinghefirstassumption.
Thus,ws is notin mina(¢). Now, by (P2) togetherwith wy <’ w9, we getw; =<

wsy. Similarly, if ws wasin miny(¢), thenby (P;)(b) we would have w, A’ ws,

contradictingthe secondassumptionThereforews cannotbein mina(¢). By (P2)

togetherwith ws <’ w3, we getws < ws and,asaresult,w; < ws, since< is

transitive. By (P5), we finally getw; <’ ws asrequired.

As for the smoothnessondition,onemight arguecontrapositiely. Assume=x’ is
not stopperedWe needto show that < is not stoppereckither Let w; andy besuch
that

) w1 € [Y]arg,
) wy & Minpgsg (1)),
1) for all w =" wy wehavew ¢ minyg4(1).

Clearly wy € [¢]m. Wefirst amuethatw; ¢ minag(¢). Sincew; is a -world,
hypothesigll) meanghatw, A’ wy for somey-world wy. By (P4)(a), we conclude
thatw; ¢ minx(¢). Herewe only needto show thatws € minag (), sinceby (P-)
we immediatelygetw; A ws and,thus,w; ¢ miny (1)) asexpected.We arguead
absudum Letws € miny(¢). By (P1)(a), we getws =<' wy. By hypothesiqlll),
wy & Minpg (). Giventhatws, is ay-world, this meansthatw, A’ ws for some

10. Suchaconditionessentiallyforbidsinfinite sequencesf ever moreperfectg-worlds.
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-world ws. Sincews € mina(¢), by (P1)(a) wealsohavews <’ ws. Theexpected
contradictiorhasbeenreached.

Now, we needto shav thatfor all w < w; we have w ¢ mina(¢p). Assume
w =< wy. If wis notay-world, thenthe proofis completed.Solet ¢ be truein w.
If w € minpg(), thenby (P;)(@)we getw =<' w;. If w & minp(4), thenby (Py)
we alsogetw =’ ws, sincewe alreadyknowsthatw; ¢ mina(¢). So,in bothcases,
w X" wy. Fromthis togetherwith hypothesiglll), we getw ¢ mina-4(¢). Asw
is ay-world, we concludethat thereexists anothery-world wy suchthatw A’ ws.
We arealmostready if we canprovethatw A w». And, to prove this inequality we
only needto shav thatneitherw norws isin mina (). As for w, it sufiicesto invoke
(P1)(@ andw A" wy. As for wy, we argueasfollows. Supposavs € mina(f).
In the presencef (P, )(a), this assumptior{which we wantto reducead absudum)
impliesthatws <’ w' for all w' in W. In particular ws <’ wy. But, by hypothesis
(111), we getws A’ w3 for somey-world ws. This obviously contradictghefactthat
wy <" w' forallw' inW.

This completeghe proof. [ ]

It is now possibleto apply definition 3 to the analysisof the notion of remedial
interchangeTo seehow (P) and(P5) work, andhow they interact,let usapplythem
to the original model M, (seefigure 1). Considerthe situationwherethe individual
offends,viz. take ¢ to be o (offence). Figure 2 belov depictsthe resultingmodel

¥o. Thehierarchicalorderingis constructedsfollows:

sw; (foralli=3,...,6)

oW1

|

oW9

Figure 2. Atthetime of offence(M7o)

e By (P;), w, is strictly betterthanthe otherworlds, and mustbe shiftedto the
bottomof the new ordering.The detailsareasfollows. Ontheonehand,by a) we get
wy X' wforallw € W — sincews € minpg, (0). Ontheotherhand,by b) we get
w; A we fori € {1,3,4,5,6} — sincew; ¢ minpy, (o). Puttingthetwo togetherwe
thushavew, <" wi fori € {1,3,4,5,6}.

e It remainsto re-orderthe membersof W — {w2}. Noneis in minyy, (0). So,
by (P»), insidethat setthe ideality orderingmustbe left unaltered.This meanshat
within the subset{ws, ..., ws} neitherworld is preferredover the other This also
impliesthatw; <’ w; foralli=3,...,6.
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This completesthe constructionof the new orderingasdescribedn figure2. M7o
depictsthe orderingat thetime of the offence Of specialinterestis thefactthat Mo
is muchlike M, exceptthatthe bestworld (viz. w;) andthe 2ndbestone (viz. w-)
have permuted.For this reason|t is temptingto refer to this way of thinking about
remedialinterchangesthe“commutationapproach”It caneasilybeverifiedthat,at
this very momentof theface-to-fcerelation,we do nothave

o Mo = O

» Mio = O-ra

e M¥olEQ—a

e Miol=(O—m
but rather

* Mjo = Or

« Mio = Ors

o Mio = Qa

e Miol=(Om
asonewould expect. This is reminiscenbf the stepwherein section3 the sentence
® O r wasinferredfrom (llla) and(IVa).

It is notavorthy thatwe nolongerhave

e Mo = Oo,
but rather
e Mio = Qeo.

Somemay not be satisfiedwith this result. As notedearlier somethingvery similar
happensn temporaldeonticlogic. As alsoobsenred,within thisset-uptheappearance
of aparadoxs considerablydiminished:o is in factsettledastrue;it is thusvacuously
obligatory Thetroublewith thisline of defencds thatit is difficult to interpretM7o
asstatingwhatis obligatoryafterthato hasbeensettledastrue. Indeed,in Figure2
above, o is nottrueat eachpointin the structure.This meanghat, if (likein Prakken
and Segot’s theory [PRA 97H]) settlednesss encodedusinga S5 O-modality, then
strictly speakingacto cannotbe deemed fixed, necessaryunalterabldeatureof the
situation. How canthe presentaccountbe broughtmorein line with our intuitions
regardingsettledness®neway to achieve this hasbeenexplored by vander Torre
and Tan [TOR99]. Their semanticss baseduponthe updatesemanticghat Velt-
man[VEL 96] hasdevelopedfor default reasoning.The revision procedurehey use
(their termfor it is “zoom in”) doesnot shift every minimal ¢-world to the bottom
of the ordering, but deletesall worldsin which ¢ is false!! This seemdo reflecta
rathercommonintuition. The worlds at which the input is falseare eliminated,be-
causehey aretoo remotefrom theactualworld, or outsideany agents control. To put

11. A similar device is emplo/edfor differentpurposesn Boutilier andGoldszmid{BOU 95].
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it in Hanssors terms,“an agentcannot'undo’ whathe hasactuallydone”[HAN 69,
p. 142]. Sucharevision policy, which senesasa device for limiting the worlds to
be comparedinderthe preferenceelationin the minimizationprocesscaneasilybe
adaptedo the presenframenork. Let M /¢ denotethe modelobtainedby eliminat-
ing all ¢-worlds from M = (W, <,:). Formally, M/¢ is just (W', <',.'), where
W'={w e W : M,w £ ¢}, and=<’ and.’ aretherestrictionsof < and. to W'.12
I do not pursuethis line here,becauseat first sightit is unclearhow to dealwith a
sequencef inputsthataremutually inconsistentFor instancejf M; is first revised
by o, andthenby —o, we areleft with anemptyuniversel’”, anddeonticdistinctions
collapse:the setof bestworldsis empty; the modelsatisfiesboth O—r; andQr; .
As caneasilybeverified,if definition3 is usedinsteadthentheresultingmodelonly
satisfieghedesiredobligation(—wr; .

It is naturalto askwhetherproblemsof thatkind do notindicatethe needfor an
alternatve approachin particular somemightbetemptedhotto revisethepreference
relationat all, but ratherto distinguishbetweentwo distinctrelations— a preference
relationand an accessibilityrelation. The agumentcanbe summarizedasfollows.
As time passeghe preferencebetweenpossibleworlds remainunchangedput the
accessibilityof worldsdiffers. Wheno is followedby —o, it is not necessaryo elimi-
nateall possibleworldsin the successie diminutionsof theaccessibilityrelation. For
evenif onepossibleworld is no longeraccessibleanotheronevery muchlike it in
mary respectgbut with a differenttime stamp)may still be accessible. Although
needto subjectthis point to furtherinvestigations| believe thatthis way of thinking
takesus backto the DARB treatment. This might be seenthrougha carefulexami-
nationof how the truth-clausesvork, whenappliedto CTD examples.For instance,
in [AQV 914 Aqvist discusses versionof the Chisholmparadoxknown as*“the two
medicinescase”. Commentingon the tree-like diagramshawing the consisteng in
DARB of the premissesetunderdiscussionAqvist draws the following conclusion:
“Obviously, we may saythatthe secondpreference-orderinfi.e. asgivenatm + 1,
when the transgressiomccurs]is the set-theoreticafestrictionof the first one[i.e.
givenatm] to thosecourses-of-eentsthatremainaccessiblén theactualworld asof
[m + 17" [AQV 913 p. 130].

4.3. Thefull sequence analysed

Disrggardingtemporarilythe aforementionedifficulty, | now applythe proposed
constructiorto thefully expandedemedialsequenceThetablesgivenbelor exhaust
the movesthatcanin factbe made,andcheckwhetherthe accountgivesthe desired
resultfor the matchingobligations.For clarity’s sale, | proceedstepby step,starting
with thefirst movein the sequenceyp to thefourth one.l assumehatinteractantslo
not repeatdenticalmoves.

12. Thisis Boutilier andGoldszmidts definition3.12,cf. [BOU 95, p. 288].
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4.3.1. One-maeinterchange

Considerthefollowing table:

Table 2. One-maeinterchange

| Revisionsequence Inducedordering | Output]
1. Mjo we < w; < w; (With3 <i<6) | Or
2. Mjf-o wy < we < w; With3 <i<6) | O-ry

Thefirstline recapitulateshe analysissuggestedh the previoussection.Thisline
saysthat, at the time of move o, thenthe bestworld w; commuteswith the 2nd best
world w,, sothattheobligationof r; comesinto force. Thesecondine expresseshe
propositionthat, weremaove o not to be made thentheinitial orderingM; would be
left untouchedandtheobligationof —r; would still hold. Thisis intuitively plausible.

4.3.2. Two-moreinterchange

Table3 below dealswith atwo-moveinterchangeThe penultimatecolumnshavs
how mary timestheworldscommuteduringthe corversation.Thefirst line considers
thecasewhereo is followedby r; , andthe seconcnethe casewhereo is followedby
—ry. In bothcasesthemostrecentordering(M7o) differsfrom theinitial one(M).
In thefirst casethemostrecentordering,with ws rankedbelow w1, is left untouched,
andsois the obligationof 5. In the secondcasewe have thatw; andws commute
again.Thistakesusbackto M; and,asaresult,the obligationof —r; is reinstated.

Line 3 considerghecasewhere—o is followedby r; , andline 4 the casewvhere—o
is followedby —r; . In both casesthe mostrecentordering(viz. M3-o0) is thesame
astheinitial one(M3). In thefirst casewe have thatw; andw- permute sothatthe
obligationof ro comesinto force. In the secondcase the orderingis left untouched,
andsois the obligationof —r,.

Table 3. Two-maoveinterchange

| Revisionsequencd Inducedordering Perm| Output |
1.( 10) r we < w1 < w; (With 3 < i < 6) 1 Ors
2. ( ) =y w, < w2 < W; 2 O—W“Q
3.( 1—-0) Wy < Wi < W 1 Ors
4. (Mi-o)* _‘7'1 wy < wy < W 0 | O

Onemight summarizeable3 asfollows. If move ry is made(line 1 and3), then
the obligationof r, comesinto force — whatever happenedbeforer,. Weremove rq
notto be made(line 2 and4), thenthe obligationof —r, would still hold — andthis,
whatever happenedefore—r,. Thisis intuitively plausible.
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4.3.3. Three-meeinterchange

Table4 below dealswith athree-maeinterchangeThis tablecanbe summarized
asfollows. Oncemover2 hasbeenmade(lines1, 3,5 and7), thenthe obligationof a
comesinto force — whateverhappenedbeforer,. Weremover, notto bemade(lines
2, 4, 6 and8), thenthe obligationof —a would be true — whatever happenedefore
—ry. Again, thisis intuitively plausible.

Table 4. Three-meeinterchange

| Revisionsequence | Inducedordering Perm| Output |
1. ((M7o)*r1)*rs we < w1 < w; (With 3 < i < 6) 1 Qa
2. ((MFo)*ry)*—rs wy < W2 < W 2 O-a
3. (MFo)*—r1)*ry wy < Wy < W 3 Qa
4. (MFo)*=ry)*=ry wy < w2 <X W; 2 O-a
5. ((MF=0)*r1)*ry wy < wy < w; (With 3 <4 <6) 1 Qa
6. (MF—0)*r)*—ry | wy < wy < w; 2 O-a
7. (MF=0)*=r1)*ry wy < W1 < W 1 Qa
8. ((Mf_‘o)*ﬁ'f'l)*ﬁ’f'z wy; < wy < w; 0 Oa

4.3.4. Four-moveinterchange

As shavn in table5 below, the accountdealswith the fourth move in muchthe
sameway aswith thefirst three. Roughlytable 5 saysthat, oncemove a hasbeen
made(lines marked with anodd number),thenthe obligationof m holds,andthatif
move a is notmade(linesmarkedwith anevennumber) thenthe obligationof —m is
true. Onceagain thisis intuitively plausible.

This endsthe verification. It might be interestingto explore waysin which the
concepbf commutatiorcanbeusedto give ageneraframework for iteratedrevision.
A closerlook atthe above tablesrevealsthat, oncethefirst move hasbeenmade the
bestworld andthe secondbestone commuteeachtime the “polarity” of the input
sentencechanges.The questionnaturally ariseswhetherit is possibleto develop a
model of iteratedrevision basedon this phenomenon.This is part of my current
research.

4.4. Thereguest-response within a tense logic

I now indicatehow to incorporatethe constructionoutlinedin the previous sub-
sectionsinto a branching-timeframework, so asto deal with the request-response
moresensitiely. | say“more sensitvely”, becausé¢hereis somethingpuzzlingin the
temporalinterpretation(or gloss)givento the treatmentn termsof commutation.If
we assumehat interactantscannotdetachthe unconditionalobligation of providing
aremedy(and,asaresult,do whatthey believe to be the secondbest)unlessthe of-
fencehasbeenmade thenit is uncleathow thesolutioncouldwork for thosescenarios
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Table 5. Four-moveinterchange

| Revision sequence | Inducedordering Perm | Output |
1. ((MFo)*r1)*rs)*a wy < wyp < w; (3<4<6) 1 Om
2. (((MxFo)*r1)*re)*—a w; < wy < w; (3<4<6) 2 O-m
3. (((MFo)*r1)*—rs)*a we < Wy < W 3 Om
4. (MFo)*r1)*—re)*—a Wi < W < W; 2 O—-m
5. ((MF0)*—r1)*ra)*a wy < w1 < w; 3 Om
6. (MFo)*=r1)*r2)*—a w1 < w2 < W; 4 | O—m
7. ((MFo)*—r1)*—ra)*a wy < Wy < W; 3 Om
8. ((MFo)*—r1)*—r2)*—a wy < Wy < W; 2 O-m
9. ((MF—0)*r1)*r2)*a we < wy < w; 3<i<6) 1 Om
10. ((M7F—0)*r1)*ra)*—a wy < we < w; 3<i<6) 2 O—-m
11. (((MF—0)*r1)*—re)*a wy < w1 < W 3 Om
12. ((( T_'O)*Tl)*ﬁTZ)*ﬁa w) < Wy < W 2 Oﬂm
13. (((MF—0)*—r1)*rs)*a we < Wy < W; 1 Om
14. (MF—0)*—r1)*r)*—a w1 < w2 < W; 2 O-m
15. ((MF—o)*—r)*—ra)*a | wy < wy < w; 1 Om
16. ((MT—0)*—r)*—ra)*—a | w1 < wy < w; 0 O—m

wherethe remedyprecedeshe offencein time (asis typically the casefor remedies
of the“request”type). This subsectioris anattemptto clarify this point.

Let usassumehatthe objectlanguagecontains,n additionto the dyadicdeontic
operatorQ)(/), amonadicoperatord readas"it will bethe caseatthe next moment
that”, and a modal operatorof historical necessityd to be readas*“it is necessary
on the basisof the pastthat”. Let usdefinea deonticbranchingtemporalframeasa
structureédt = ((Tree, <), <,t) where:

1) (Tree, <) is atree-like structure I'ree is anon-emptysetof timesor moments
{m,ma,...}. < isthetemporalrelation(time is assumedo bediscrete) A historyh
is definedasa maximalchainof moments H denoteghesetof all histories,and H,,
thesubsebf thosepassinghroughmomentm.

2) < C H x H is apre-orderi.e. it is a reflexive andtransitive relationon W.
Intuitively, h < b’ meanghath is atleastasgoodash’'.

3) « is afunctionthatassigngo eachpropositionaletter p the setof m /h pairsat
whichintuitively p is thoughtof astrue.

Thetruth-conditionshave theform:
M, m/h |= ¢ : in modeld, formulag is trueatmomentm in history h.

Let [¢], beashorthandor thesetof historiesmaking¢ trueatm, andmingyg ([¢]m)
denotethe <-minimain [¢],, i.e.

Ming([¢lm) = {h € [¢lm | VA (K € [flm — h=H)}.
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Define:

Mm/hl=dpMm+1/hi=¢
M, m/h = O¢ < (Vh' € Hy,) (M, m/h' = ¢)
M, m/h = OW/d) & ming([d]m) C [Y]m-
It is now possibleto analysethe casewherethe remedyprecedeshe offence. In the
analysid shallfocusonthe pair (offence requestandignoresubsequennoves.The
following triple of formulae(wherer; denoteshe request-responsgjvesa reason-

abledescriptionof the situationwhen(soto say)the offencehasnot beenanticipated
yet:

Table 6. Therequest-esponse

Normatie premisses Integrity constraint
(@) (8)
H O®-o
1 O/ ®o) O(r;y = ®o)

A typical model 9, of thesepremissess representedh Figure 3 belowv. This
figure canbe readasfollows. The upwarddirectionrepresentshe forwarddirection
of time. i denoteghe actualevolution of theinteraction(evidently thisis anarbitrary
choice). Our hierarchicalorderingis (the transitve closureof) hs < hy < A. Letus
considerthe situationfrom the point of view of i atmg. We have that:

e My, mo/h = O @ —o, sincemingy, ({h1, h2, h}) = {h2} C [B—0]m,
o Ny, mo/h = O(r1/ @ o), sincemingg, ({h1,h}) = {h1} C [r1]me-
At this very momentwe have that
My, mo/h = O-r1,
andnot
o My, mo/h = Ory.

Letusnow imaginethatinteractantsake theoffendingactinto account. As before,
it is assumedhatthis new informationaffectsthe hierarchicalorderingof histories.
Hencethefollowing notation

ME" ¢ = ((Tree, <), <',1)

to describethe modelobtainedoncedt hasbeenrevised (at m) with ¢. The formal
definition of this notion parallelsthe oneemployedin atimelessframenork:
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Best  Worst 2ndBest
hz h hl
\\ / I/
-0 ° © h = {mg,m:}
miq meo
hl = {m07m2}
h2 = 1Mo, M1
S {mo,m1}
T T1
Mo

Figure 3. Before the offencehasbeentakeninto account(model93t,)

DEFINITION 5. — Let9M = ((Tree, <), <X,t) be the modelreflectingthe initial
ordering Giventhe contrary-to-dutycontext ¢, themodelobtainedby revising (at m)
M by pisM®™" ¢ = ((Tree, <), =<',1) , with <’ definedasfollows:

(P1) If h € mingg([¢#],) then:
(a) h =" b forall ' € H,, and
(b) ' =" hiff B € mino([¢]m);

(P2) If hyh' & mingg([@]m) then:h <" B'iff h < A'.

Take ¢ to be®o, andm to bemg. We have
Mingy, ([©0]me = {h1,h}) = {h1}-

Fromthisit followsthath; <’ handh; <’ hy [by P4]. It alsofollowsthath, <’ A
[by P5]. As illustratedin figure 4 below, this meansthat the besthistory permutes
with the 2ndbestone.

Of specialinterestis thefactthatwe now have
o ME™ @ 0,mo/h £ Ory
ratherthan
mo0
e ME" ®o,mo/h = Q1.

Aswe haveseenin section3, proposaldasedntemporaldeonticlogic suchasDARB
candealwith thecasewheretheremedyandtheviolation referto thesametime point,
but not with the casewherethe remedyprecedeshe transgressiotemporally The
presenframeawvork hasno difficulty copingwith thelatter scenario.Thetroublesome
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2ndBest Worst Best
hz h hl
\\ / /
o ° © h = {mg,m}
miq meo

hl = {m07m2}

ho = {mo,m1}

\ 7
! 1
Mo

Figure4. Oncetheoffencehasbeenanticipated(ﬂ;)t?m0 @ o)

premiss(lllb) is renderedas O(r1/ @ o). Thus,the distinction betweenO@® and
@), which is centralto Aqvist’s proposalis not usedarymore. The primary norm
andthe CTD norm bothembedthe “next” operatomwithin the scopeof “ought”, and
both structuresmalke the normstrue at oneandthe sameinstant,i.e. mq/A. In this
connection,it is interestingto note that the non-sequentiascenariocan be handled
without introducingary consideratiorrelative to the passagef time, asillustrated
in figure 5. Model 9, makesthe premisseg)—o, O(r1/0) andO(r1 — o) true at

Best Worst 2ndBest 2ndBest Worst Best
ho h h1 ho h hy
-0 |o |0 -0 |o [0

mo [T | Tr1|T1 A I O T L)
Model 901, Model e o

Figure5. Non-sequentiascenario(No time-stetd)

momentmy in history . And, asaresult,themodelmakestheconclusion)—r; true
atmg/h. In contrastthe modelobtainedby revising 9t (at mo) by o makesOry
trueatmg/h.

Now thatthe constructionhasbeenincorporatedvithin a branching-timerame-
work, it appearshatthe parallelinitially drawn (for heuristicpurposespetweertem-
poral deonticapproachegandthe accountin termsof commutationbreaksdown. It
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remainsto give a betterintuitive explanationto the latter. | shallexplorethisissuein
futureresearch.

5. Concluding remarks

In this paper | outlined a preference-basedccountin termsof commutation,
which bringsthe dynamicsof obligationsto the fore. | alsoillustratedhow the pro-
posedconstructiormaysene asatool for analysingonekind of linguistic exchange:
theremedialinterchange.

Of coursetheaccountoutlinedin this papercanonly be suggestie of how future
work shouldproceed.First of all, we have seenthatthereis a problemwith the flat
(non-iterated)part of the frameawork: primary normsdo not “survive” an updateby
a contrary-to-dutycontext. Cansuchan anomalybe avoided? Second,it would be
interestingto know whatthe constructiorhasto sayaboutthe mary otherCTD struc-
turesthatarediscussedn deonticliterature[PRA 96, PRA97h MAK 01, CAR 02].
In particular it is naturalto askwhat happensf a “second-l@el” of CTDsis intro-
duced.Third, it might bethoughtthatany accounif interactve communicatiormust
belinked,in someway or other, to speech-actheory Theseareonly hints,to which
alateressaywill bedevoted.

It is clearthat, of thesethreeissuesthefirst oneshouldbeour primetarget. But a
further complicationarisesfrom the factthatthe commutatiorapproactcanalsode-
livertheright conclusion Hence suchanapproactshouldnotbeexcludedentirely, as
it may containelementsecessaryo the solutionof someotherbenchmarkproblems
discussedn deonticliterature. For instance example6 belowv shavs that, due pre-
ciselyto the chooserrevision policy, the accountdoesnot generatavhathasbecome
known asthe “pragmaticoddity”. The intendedpointin so-calledpragmaticoddity
is thatthe Factual Detadhmentrule is problematicper se This canbeillustratedin
examplesof muchthe samevein asthoseconsideredgofar. Consider:

EXAMPLE 6. — (Brokenpromiség

a) Ok: You shouldkeepyour promise.
b) O(a/—k): If youhave notkeptyour promise,you shouldapologize.
c¢) —k: You have notkeptyour promise.

Suppos&)a canbe inferredfrom the lasttwo premissesby usingFactual Detach-
ment In this case,(Qk and(Oa both hold. As Praklenand Segot remark,it is a
bit oddto saythatin all [best]versionsof this world you keepyour promiseandyou
apologizefor not keepingit” [PRA 96, p. 95]. The following self-explanatorydia-
gramsmalke it clearwhy the presentaccountdoesnot generatehe pragmaticoddity
heredescribedn its simplestform. Givenatypical model M, of {Ok, O(a/—k)},
we have M3-k |= Qa and M3-k (= Ok.
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M M-k

ows : ~k,a ows : —k,—a

| l
ows : —k,a :> ow; 1 k
| l

owsy : —k.a
ow; : k 2 ’

Figure 6. Brokenpromise
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