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ABSTRACT. This paperdiscussesthe relation betweendeonticlogic and the studyof conversa-
tional interactions.Specialattentionis givento thenotionof remedialinterchange asanalysed
bysociologistsandlinguistic pragmaticians.Thisnotionis closeto theoneof contrary-to-duty
(reparational) obligation, which deonticlogicians havebeenstudyingin its own right. The
presentarticle also investigatesthequestionof whethersomeof theaspectsof conversational
interactionscanfruitfully bedescribedby usingformal toolsoriginally developedin thestudy
of iteratedbeliefchange. I here adaptthelatter toolsto deonticlogic, andattemptan account
of remedialinterchange (and,more generally, contrary-to-dutyreasoning)in termsof commu-
tation. Thisaccountbringsthedynamicsof obligationsto thefore.

KEYWORDS:preference-basedsemanticsfor deonticlogic, contrary-to-dutyobligation, iterated
revision,remedialinterchange, conversationalinteraction,deontictenselogic.

1. Introduction

The presentarticle canbe viewedasan attemptto explore the interfacebetween
argumentationtheoryandnon-monotoniclogics,a family of logicsusedto studyrea-
soningaboutwhat is normally the case. In theseformalisms,conclusionsmay be
laterwithdrawn whenadditionalinformationis obtained.Many researchershavepro-
posedsystemsthatperformsuchnon-monotonic(or defeasible)inferences.Thebest
known are probably: circumscription[MCC 80], default logic [REI 80], autoepis-
temic logic [MOO 85] andpreferentialmodelssemantics[KRA 90, MAK 89]. This
articlefocusesonapplicationsof thelatterkind of framework to theanalysisof condi-
tional obligation. Suchapplicationswere first envisagedby Danielsson[DAN 68]
and Hansson[HAN 69], who suggestedreplacingthe Kripke-typeaccessiblityre-
lation by a preferencerelation measuringthe comparative goodnessof worlds. A
numberof researchershave followed this suggestion,providing a more compre-
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hensive investigationof the treatmentof conditionalobligationwithin a preference-
basedapproach([CHE 74, LEW 74, JAC 85, MAK 93, ÅQV 93, PRA97b, TOR97,
ÅQV 02]).

Over thepastdecades,non-monotoniclogicianshavebeenincreasinglyinterested
in thefield of argumentation.Currentresearchprogrammesin thisareatendto fall into
threemain groups:thosefocusingon specificargumentative schemes,thosedealing
with theinterfacebetweensemanticsandpragmatics,andthosedevelopinga general
theoryof how argumentsinteract. The motivationsof the last two groupsaremuch
lessobviousthanthoseof thefirst. Somecommentsarethusin order. First, theinter-
estin pragmaticissuescomesfrom therealizationthatsomeessentialelementsof the
communicationalcontentof an utterance,suchaspresuppositionandconversational
implicature,prove to be defeasibleandsubjectto exceptions.This wasalreadyno-
ticedby Grice[GRI 75], who vieweddefeasibilityasa definingpropertyof so-called
conversationalimplicatures.This observationhasmotivateda numberof attemptsto
describepragmaticinferenceasanon-monotonicone.Amongthemostrepresentative
works thathave beendonein this direction,onemight mentiontheattemptmadeby
Mercer[MER 88, MER 90] to applydefault logic to thetheoryof presupposition,the
theoryof quantitative implicaturesasput forth by Gazdar[GAZ 79a, GAZ 79b], or
theattemptmadeby Perrault[PER90], andAppelt andKonolige[APP 89] to import
non-monotoniclogic into speech-acttheory.

Programmeswhoseambition is to develop a generaltheory of how arguments
interactmainly include systemsfor defeasibleargumentationas developedby Pol-
lock [POL 87], PrakkenandSartor[PRA 97a], Bench-Capon[BEN 03], andothers.
This third groupof programmescanbeviewedasanattemptto clarify andmeetsome
of the criticismsmadeby Toulmin [TOU 58] againstformal logic. The focusshifts
herefrom pragmaticconsiderationsto generalquestionsof acceptabilityin thefaceof
iterateddefeatamongarguments.Thestyleof analysisthatis usuallyadoptedcanbe
describedasfollows. Givena theory � i.e. a setof sentencesrepresentingthebasic
factsof the situationanda setof default rules,the entiresetof argumentsbasedon
this theory is first determined.Next, the defeatrelationsamongtheseargumentsis
computed.On thebasisof this patternof defeatrelations,it is thenpossibleto isolate
a particularsubsetof argumentsthatareto be countedasjustified (or, if you prefer,
ultimately undefeated).Thereis a notion with which we mustbe very careful. It is
thenotionof reinstatement,whichsaysthatanargumentshouldbecountedasaccept-
ableeven if it is defeated,aslong asits defeatersarethemselvesdefeated.It is via
this principle that the procedureisolatesthe setof justified arguments.As observed
by Horty [HOR 01], the notion of reinstatementseemsto be problematic. Intuitive
counter-examplescanbe given to this idea, therebysettinga seriousquestionmark
againstthis groupof theories. A moredetaileddiscussionof this issueandrelated
onescanbefoundin Prakken[PRA 02].

In this article my chief concernis to try to evaluatethe extent to which deontic
logic canberelevant to the studyof argumentation.Specialattentionis givento the
studyof conversationalinteraction.In thebesttraditionof Goffman[GOF71], who
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thoughtof remedialinterchangeasformingthenucleusof socialactivity, somewriters
tend to adopta model of analysisin which reparationalobligation plays a critical
role [OWE 83, BRO 87, KER 94]. They oftenclaim to beprimarily concernedwith
theattemptto extract theformal patternof conversational(face-to-face)interactions.
Sucha claim may, at first, beratherpuzzling.Sincethestudyof Chisholm[CHI 63],
it hasbeenincreasinglyclearthat,asfaraslogic is concerned,thenotionof aremedial
interchangeis notaneasyoneto grasp.Thework of thoseinterestedin conversational
interactionusuallygoeson asif the intricaciesof contrary-to-dutynormshadnever
beenheardof.

Thisarticlealsoraisesthequestionof whetherdeonticlogic canbenefitfrom con-
ceptsdevelopedin the studyof iteratedbelief change.My emphasishereis not on
new formal results,but ratheron introducinga way of thinking aboutcontrary-to-
duty contexts that is slightly different from more familiar ones. (For an overview,
see[CAR 02].). The basicidea is to assumethat, when they learn that an obliga-
tion hasbeentransgressed,interactantsminimally revise the ideality ordering(over
possibleworlds) to have the appropriateobligationdeconditionalised(or detached).
This processwill bereferredto asa commutation, becausecloseexaminationreveals
that, at the time of the violation, the setof ‘secondbest’ worlds commuteswith the
setof ‘best’ worlds. As will emerge in duecourse,this is very similar in structure
to so-callednaturalrevision, asdevelopedby Boutilier [BOU 96] to give a semantic
characterizationof iteratedbelief change.All preference-baseddeonticlogicsknown
to me arestatic in the sensethat thereis no room left for updatingthe comparative
goodnessrelation(in someway or other)soasto accomodatenew information.1 My
contentionhereis thatin thedynamicsof conversationalinteractionthereis roomfor
suchreadjustments.

This paperis an attemptto substantiatethesehypothesesfurther by elaborating
the points outlined above. Section2 presentsGoffman’s analysisof the notion of
remedialinterchange,aswell asthedifficulty I will focuson,whichwill taketheform
of a dilemma.Section3 discussesoneway of gettingout of this dilemma,by taking
time into account. This detourvia so-calledtemporaldeonticlogic will serve asa
meansof introducingthebasicideaunderlyingtheaccountin termsof commutation,
which will bethefocusof attentionin section4. It will appear, then,that this second
accountprovidesa moresatisfactoryanalysisof thenotionof remedialinterchange.

2. Remedial interchange

I begin by discussingthe notion of remedialinterchangeasdescribedby the so-
ciologist E. Goffman in Ch. 3 of Relationsin public (see[GOF71]). My purpose
in this paperis simply to try to connecttwo researchtraditionsthathave so far been
developingontheirown. No attemptwill bemadehereto discusstheissueof whether
Goffman’s conceptionstandsup to closescrutiny. On the other hand,presumably

�
. Oneexceptionis theupdatesemanticsof vanderTorreandTan[TOR99].
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mostdeonticlogicianswill think thatthenotionof remedialinterchangejustprovides
oneexampleof a contrary-to-duty(CTD) structure � one illustration amongmany
others.I cannotherediscussin detail themany examplesconsideredin theliterature
on deonticlogic.

Goffman defendsthe view that interactionsof agentscanusefully be described
asgovernedby norms. The normsGoffman is mostconcernedwith arethoseto do
with “territories of the self” [GOF71, chap. 2] andthe violationshe is particularly
interestedin are thoseto do with “encroachments”on another’s territory [GOF 71,
p. 44]. The metaphorof territory is borrowed from the literatureon ethology. This
notionincludesthefollowing areas:

– Personalspace.

– Use space: the territory immediatelyaroundor in front of an individual, his
claim to which is in generalrespectedbecauseof instrumentalneeds.For instance,
whenI amcloseto a picture,otherswill make someeffort to walk aroundmy line of
vision.

– Theturn: theorderin which someonereceivesanitem with respectto someone
elsein thesamesituation.Examplesabound:number-tickets;nameson a reception-
ist’s list.

– Possessionalterritory: any setof objectsthatcanbeidentifiedwith theself.

– Informationpreserve: the setof factsabouthimself to which an individual ex-
pectsto controlaccesswhile in thepresenceof others.Thesearetraditionallytreated
undertheheadingof “privacy”.

– Conversationpreserve: theright of anindividual to exertsomecontroloverwho
cansummonhim andwhenhecanbesummoned.

From the descriptionof thesetypesof territories,it emergesthat the notion of terri-
tory is a normativeone,in thesensethatin generalits occupierhastheright to claim
it astheir own andthe right to attemptto excludeothersfrom it. Whenan individ-
ual encroacheson another’s territory, a particularkind of activity occurs: remedial
interchange.Its functionis a negativeone:it is ameansof avoidingconflict,by

“transformingwhat couldbe seenasoffensive into what canbe seenas
acceptable”.[GOF 71, p. 109]

Goffman seesremedialinterchangeas having threebasic forms: accounts,apolo-
gies and requests.It is hereunnecessaryto examinethesethreekinds of commu-
nicative acts(and,moregenerally, thenotionof remedialinterchange)in the light of
speechactstheory, sincein this paperI aim simply to point out the relevanceof de-
ontic logic for thoseworking on face-to-faceinteractionsin thetraditionof Goffman.
Onemight mentionOwen[OWE 83], Brown andLevinson[BRO 87] andKerbrat-
Orecchioni[KER 94]. (The list is necessarilyselective.) They addressthe issueof
languageuseandverbal interactionfrom the viewpoint of sociolinguisticsand lin-
guistic pragmatics. Their approachis inspiredfrom the work of Goffman, in that
apparentlythey all assumethat remedialwork hassomerole to play in any attempt
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to characteriseinteractionbetweenagents.Suchanapproachhasbeencriticized,on
thegroundthat it exaggeratestheaggressive characterof face-to-faceinteraction,be
it verbalor non-verbal.This is not germanefor my presentpurpose.

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

“A broaderaimin [my] work is to demonstratethateverydayconversation
is not disordered,rambling,and‘casual’ [. . . ] but ordered,coherentand
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 asChisholm’s paradox,2 andcanbe illustrated
with a simpleexample:

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

Deed: � trips over �
� : “Sorry”� : “S’okay”

Thefollowing sentencesall appearto betrue:

a) ���	�
b) ��

���������
c) ��

���������
d) �

Here ��
������ � (resp. �!� ) standsfor theobligationof � given � (resp.theobligation
of � ). Thepropositionalletters � and � � canbereadas(respectively) “of fence”and
“remedy”. The � -operatorexpressesnecessityof typeS5. Thesentence��

� � �"���
(premissc)) is read“ � � presupposes� ”. The import of c) is essentiallyto rule out
the casewherethe offenderapologizesfor an act that did not in fact occur. Intu-
itively, thisamountsto restrictingone’sattentionto the(not infrequentlyrealised)case
wheretheactionobservedis thesameastheactionperformed.Thekind of scenario
Goffmanis interestedin is similar in patternto the “gentlemurderer”scenario(For-
rester[FOR84]) andto the “white fence” scenario(Prakken andSergot [PRA 96]).
Thefirst onecontainsthefollowing data:Smithoughtnot to kill his mother;if Smith
kills his mother, heoughtto kill hergently;gentlekilling necessarilyimplieskilling;
Smithkills his mother. Thesecondonecontainsthefollowing data:theremustbeno
fence; if thereis a fence,it mustbe white; beinga white fencenecessarilyimplies
beinga fence;thereis a fence.

#
. SeeChisholm[CHI 63].
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Now, considera deonticlogic thatvalidatesthe following two principles,known
asWeakeningtheConsequent(WC) andFactualDetachment(FD), respectively:$ ��

�����%�'&(��

�)�*�,+-�/.0�"��
��1+-���%� (WC)$ ��

�����%�'&2� . �"�!� (FD)

As is well-known from the literatureon the logic of norms,thereis an undesirable
interactionbetweenthesetwo rules.On theonehand,theobligation

�3���
canbederivedfrom b) andd) by using(FD). On theotherhand,c) entails ��
4�	�5��6���7� . Fromthis togetherwith a), it immediatelyfollowsby (WC) that

���6� �
Somemay not be satisfiedby this result, since intuitively a)-d) are perfectly

consistent. In its traditional form, Chisholm’s paradoxhighlights the problemof
the relationbetweentwo detachmentprinciples,the “Deontic Detachment”of �8�6�
from 9 �;:=< �8�>�@?A��
B�6�����>�%�AC andthe “FactualDetachment”of �3� from 9@D :< ��
������ �A?E�@C .3 Onceagain,the kind of contrary-to-duty(CTD) situationGoffman
seemsto have in mind is in fact closeto the white fence/gentlemurdererscenarios.
Theseareobtainedby substituting,in Chisholm’s initial example, ��
��F� � � for��
B�6�����>� � .

The problemsraisedby CTDs have many facets. In this article I chooseto fo-
cuson oneof themonly, namelythe problemcausedby the interplaybetweenthe
two rulesFD andWC. Onemight refer to this as(to put it in Åqvist’s terms)“the
dilemmaof Weakening the ConsequentandFactualDetachment”.4 In section4, I
shall introduceandexplorea way of gettingout of this dilemma,by usingtoolsorig-
inally developedin the context of the studyof iteratedbelief change.The intuition
thatguidesandmotivatessuchanapproachis betterexplainedby analogywith earlier
proposalsbasedon temporaldeonticlogic. As we shall seein section3, a number
of contributorsto thedeonticliteraturesuggestedthat theobligationto do �HG andthe
obligationnot to do �HG bothhold, but not at thesametime point. In someways,the

I
. In standarddeonticlogic J a normalmodallogic of typeKD, a furthercomplicationarises

from thefact thatconditionalnormscanberepresentedin two ways,dependinguponwhether
or not“ K ” precedes“ L ”. In his1963paper, Chisholmproposedto representK!M
N O>P7NRQTS andK!MUO>PVQTS by K3M
NWQ5LXN O>S and QYLXKZO , respectively. Both kindsof detachmentarethen
validated,causingthe above tension. If the formalizationis modifiedin accordancewith the
above suggestion,theconsistency of [@\H]^[ _ is restored,but thenanotherminimal requirement
is not satisfied:themembersof [R\R]`[%_ mustbeanalysedin sucha way thatnoneis a logical
consequenceof theremainingpremisses.(See[ÅQV 67, CAR 02].)a
. SeeÅqvist [ÅQV 02]. This oneuses“Deontic Detachment”whereI use“Weakening the

Consequent”,for thereasonjustexplained.
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accountin termsof iteratedrevision is an attemptto give a new guiseto this idea,5

which I will do by addingto the examplethe threefurther movesthat, accordingto
Goffman[GOF 71, p. 140-144],usuallyfollow theremedy. Theseare:

– relief, bywhichthevictim providesasignthattheremedyofferedby theoffender
is sufficient;

– appreciation, by which theoffendershowsgratitudeandthankfulness;

– minimization, by which thevictim repeatsin diminishedform therelief hepro-
videdasthesecondmove.

Thefull sequencemightbeillustratedby thefollowing example:

EXAMPLE 2. — (Goffman[GOF 71, p. 143])

remedy � : CanI useyouryourphoneto makea local call?
relief � : Sure,go ahead
appreciation � : That’sverygoodof you
minimization � : It’ sokay

Hereis an attemptto formalizethe ruleson which this four-move interchangeis
based.Onemight imaginethat � makeshis requestat thesametime thathelifts the
receiver. In this case,� violateshisprimaryobligationnot to takeanother’sproperty.
Thisfirst obligationcanberenderedas

�8�	�
For thepurposesof thepresentdiscussion,it is not necessaryto specifywhatkind of
territorialoffencetheletter � describes.At thesametimethatheviolateshisobligation
not to do � , � tries to converthis offensive act into anacceptableoneby providing a
remedyof the“request”type.It doesnotseemunreasonableto assumethat � provides
sucharemedyin accordancewith acontrary-to-dutynormhaving theform ( ��� stands
for theremedymove):

��

���������
In thesubsequentmovesof theexchange(relief,appreciationandminimization),there
is a shift in concernfrom theissuethata normwasviolatedto a focuson theway the
participantshandletheirmanagementof infractions.A similarformaltreatmentmight
be devisedfor thesesubsequentmoves. For instanceit doesnot seemunreasonable
to believe that � answers“Sure,go ahead”in accordancewith anaccording-to-duty
(ATD) obligationhaving theform

��
���D����b&�� � �
c
. I say“in someways”, becausethis way of presentingthe proposedaccountis not entirely

correct,thoughconvenient.(Seemy concludingremarksin subsection4.4.)
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where �7D describesany kind of utterancesthat canbe assimilatedto a move of the
type“relief ”. And soforth. Goffman[GOF71, p. 141]suggeststhatoneparticipant’s
makingsuch-and-suchmoveplacestheotherundersomeobligationto make thenext
one. If this view is correct,thenthe useof a deonticoperatorto formalizethe fully
expandedsequencedoesmake sense.Table1 recapitulatesthesentencesthatappear
to betruebeforetheinteractionabovehasevenoccurred.

Table 1. Theremedialcycle(full sequence)

Normativepremisses Integrity constraints
4d6� 
�ef�
(I) ���	�
(II) ��

��������� ��
����g�h�����

� D ���i&5���7� ��
�� D �j
4�b&����7�/�
(III) ��
4kl���b&�� � &��7D�� ��

km�j
4�i&�� � &��7D��/���

nZ���b&�� � &��7D;&okH� ��
�np�j

��&5� � &���D;&�kq�/�

Row (II) lists theobligationsonwhich thefirst round,remedy
�� � � andrelief 
��7D�� ,
is based.Row (III) mentionsthoseproducingthesecondround,appreciation( k ) and
minimization( n ). A CTD obligationis attachedto a primary obligation,andthree
ATD obligationsarein turn associatedwith theCTD obligation. For lack of a better
term,I usethelabel“integrity constraints”to coverthesentencesmentionedin column
( e ). All theseareof theform �^
4���*��� . This is read“ � presupposes� ”. As already
suggested,theimportof thesenon-normativepremissesis essentiallyto ruleoutsome
sequencesof movesthatseemto beunrealistic(notwithstandingtheadmittedfactthat
they arelogically possible).

This completesthedescriptionof thefully expandedremedialcycle. In section4
I will outlinea possibleanalysisof this example,by usingtools from iteratedbelief
changetheory. Sincethisaccountowessomeinspirationto so-calledtemporaldeontic
approachesto the representationof CTD scenarios,it will be usefulto look at them
first. Thenext sectionis anattemptto discussthis kind of treatment.

3. Using correctly temporalized propositions

In theseventiesandearlyeighties,varioussystemsof temporaldeonticlogic were
developedto give a consistentrepresentationof CTD scenarios.In this sectionI will
focuson the systemDARB, first presentedin Åqvist & Hoepelman[ÅQV 81] and
furtherdevelopedin Åqvist [ÅQV 91a]. It is beyondthescopeof this paperto give a
detailedaccountof thissystem.Rather, I will pick out thoseaspectsof DARB thatare
relevantfor thecomparisonwith theaccountto beintroducedin section4.
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Theobjectlanguageof DARB contains,in additionto thedeonticoperatorsalluded
to above, the unaryoperatorr , to be readas“it will be the caseat the next instant
that”. DARB hasthefollowing axiomschemataandinferencerule for r :

r�
B�o�*���s�t
urv���"r��1� (a1)

r��2wx�ir8�>� (a2)

If � is a theoremthensois r8� (Nec)

DARB alsocontainsa modaloperatorof historicalnecessity� , to be readas“it is
necessaryon the basisof the pastand the presentthat”. � is a modality of the S5
type, which alsoobeys the law: �p� �1� provided that � is a propositionalletter.
An immediateconsequenceof the latter proviso is that the substitutionrule fails in
general.The reasonwhy propositionallettersaretreatedin this way hasto do with
theintendedmeaningof the � operator. This onerangesover thesetof historiesthat
arestill open,giventhepastandthepresent(which arefixed).

As far asthe representationof CTD scenariosis concerned,the coreof Åqvist’s
proposalis to distinguishbetweenwhatis obligatorybeforethetransgressionandwhat
is obligatoryat thetime of theviolation. To understandhow thesolutionworks, it is
not necessaryto considerthethreefurthermovesthat,accordingto Goffman,usually
follow the remedy. For clarity’s sake, in this sectionI will thusconcentrateon the
treatmentgiven to the pair (offense,remedy). The proposedanalysiscaneasilybe
extendedto thefull sequence.

Assumingthat � and � � areexecutedin parallel,on might obtaina reasonablede-
scriptionof thesituationbeforethetransgressionvia thefollowing quartetof DARB-
formulae:

�yrv�	� (Ia)

��
ur�� � �"r^��� (IIa)

rz��
�� � ����� (IIIa)

r�� (IVa)

It is easyto seethat in DARB (IIa) entails ��
urv�	�o� rv�6���7� .6 From this together
with (Ia), it immediatelyfollows by WeakeningtheConsequent(WC) that �{rY�6��� .
|
. This mightbeprovedby showing that(1), (2), (3) and(4) eachareprovablein DARB:M � S0M
}1~�\'L�}1��SvLFM
N�}��bL�N`}Z~�\/S contraposition

M # S0M
}1~�\'L�}1��SvLFM
}�N �bL�}�NW~�\�S ������#
M I S����/M
}1~ \ L�}1��SvLFM
}�N �bL�}�N ~ \ Su� #��

necessitationrule for �
M a S���M
}1~ \ L�}1��SvL���M
}�N �iL�}�N ~ \ S I��

rule RM for � (see[CHE 80, p. 114])
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This formulacanbereadas“it shall (now) be that it will not be thecaseat thenext
momentthat ��� ”. On the otherhand,from (IIIa) togetherwith (IVa), it follows by
FactualDetachment(FD) that r��h��� . This sentencecanbe readas“it will be the
caseat the next instantthat it shall be the casethat ��� ”. But careshouldbe taken
here.As Åqvist [ÅQV 91a, ÅQV 91b] emphasizes,in DARB theFactualDetachment
principle doesnot hold unrestrictively. Using Åqvist’s terminology, onemight refer
to the premiss��

�����%� asthe normative major, andto the factualpremiss� asthe
booleanminor. Theprovisoplacedon (FD) saysthat

“the time-of-realizationof thebooleanminor [should]coincide[.. . ] with
or [be] earlierthan[. . . ] thetime of being-in-forceof thenormativema-
jor”. [ÅQV 91b, p. 137]

Themeaningof sucha proviso is likely to be opaqueat first reading,andI shall
briefly explain in a momenthow I understandit. For presentpurposes,it is sufficient
to observethattheaboverestrictionis clearlysatisfiedin thecaseof:


/G��8
B��
�� � �����'&����;�x�!� �
It immediatelyfollows that(2) and(3) eachareDARB-provable:


B���)r $ 
B��
����������^&����;�"�!��� . G�? necessitationrule for r

4���8
Brz��

���V�����'&or^���m�"rz�������q? rule RRfor r (see[CHE 80, p. 114])

Thus,while Weakeningthe Consequentyields ��r��6��� , Factual Detachmentgives
rise to r��y��� . Of the two competingobligations,nonecontradictsthe other, since
they do not holdat thesametimepoint.

To sumup, the basicideathat guidesproposalsbasedon temporaldeonticlogic
suchasDARB consistsin post-datingtheobligatorinessof theremedy. More specif-
ically, it consistsin assumingthat thetime-of-being-in-forceof thereparationalobli-
gationcoincideswith the time-of-realizationof the violation. At first sight this way
of handlingtheparadoxseemsto beverynatural.Interactantswill notconsiderthem-
selvesasbeingunconditionnallyobligedto make theremedymove unlessthe trans-
gressionhasoccurred. To say this amounts,more or less, to sayingthat the truth
valueof any sentencemustbe maderelative to the availableknowledgeaboutwhat
thefuturewill be. Hencetheideaof evaluatingformulason pairs n���� , wheren is a
momentand � a historypassingthroughn . “ � is trueat thepair nZ��� ” canbeunder-
stoodto meanthesameas“ � is trueat n underthehypothesisthat � is (otherthings
beingequal)the future of n ”. Now the specialrequirementplacedon the Factual
Detachmentprinciplebecomesclearer. Theinferencefrom < ��
������ �A?��RC to �3� fails
whenthe time-of-realization(= n � ) of the booleanminor � lies in the future of the
time (= nb� ) at which thenormative major ��

�����%� holds,becausebetweennb� andn � some“new” factnot historicallyor logically fixedat nb� mayoccurandgive rise
to anoverridingunconditionalobligation.

Thequestionof whethertemporaldeonticlogic providesasatisfactoryanalysisof
CTD scenarioshasbeenmuchdiscussedwithin theliterature.Amongtheissuesthat
sucha proposalhasraised,thefollowing two deservespecialmention.
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First of all, it is easyto seethat (IVa) entails r���� , i.e., after � is done,the
primary interdictionto do � is transformedinto anobligationto do � . This might be
verifiedasfollows. As we saw previously, we have the law ��� ��� providedthat� is a propositionalletter. On the otherhand,we alsohave the law �1�{� �8� .7

Puttingthe two together, we get �p� �8� whenever � is a propositionalletter, so
that in particular �(� ��� . By the logic of r , we finally get that r^�(� r��h�
is DARB-provable. It is worth mentioningthata numberof deonticlogiciansdo not
find this resultunwelcome.For onemight interpretit to mean“ � , which is settled
astrue, is alsovacuouslyobligatory”. This is not to saythat � shouldbe reiterated,
since r2��� is consistentwith r2��rv�	� . Neither is it to saythat (be it settledas
trueor not) � shouldnot have beendone.As observedby, e.g.,Thomason[THO 81,
p.173],onemustdistinguishcarefullybetweentwo usesof “ought”, auseappropriate
for deliberatingandadvising(deliberative“ought”) anda useappropriatefor passing
judgement(judgemental“ought”). A framework suchasDARB is intendedto give
an accountof the first oneonly. For instance,the monadic“ought” is interpretedas
follows. Someof thepossiblefuturesof � at n aremarkedasthemostperfectones;
whatholdsin all of themaretheobligationsat n . Thosehistoriesthatbranchedoff in
thepasthavebecomeinaccessible,andarethusnotconsidered.Thedyadicobligation
operatoris interpretedin muchthesameway. In determiningwhether� is obligatory
given � , onelook atwhether� holdsthroughoutall thebestfutureswhere� holds.In
bothcases,themodalityis forward-looking,ratherthanbackward-looking.

Second,it is naturalto askwhathappensif � and � � arenot donein parallel.First
of all, thereis thecasewhere � precedes� � in time. As far asI cansee,this scenario
raisesnoproblems.Next, thereis thecasewhere� � precedes� temporally. This leads
to focusattentiononthisspecificform of remedialwork thatGoffmancalls“request”.
It consistsof askingpermissionfrom a potentiallyoffendedpersonto engagein what
couldbeconsideredasaviolationof hisrights.For example,requeststo borrow goods
convert the offensive taking of another’s propertyinto an acceptableact. Goffman
observes that (as opposedto apologies)“requests[. . . ] typically occur beforethe
questionableeventor, at the latest,during its initial phases”[GOF71, p. 114]. This,
becausethe requestis orientatedto the offencethat would take placeif the request
wasnot made.It is unclearhow (asit stands)thesystemDARB canhandlethis class
of moves.8 To seewhy, assumethatthetime-of-realizationof ��� and � is n � and n�� ,
respectively:

�~ \
�s�

�
� \

 
. This is Åqvist andHoepelman’s Th 21,cf. [ÅQV 81, p. 213].¡
. A similarpoint is madein [TOR98,HAN 99], thoughthedetailsaredifferent.Theseauthors

considerChisholm’s paradoxin its original version(see[CHI 63]), wheretheantecedentof the
conditionalobligationshappensaftertheconsequent.Theformersaysthata certainmangoes
to theassistanceof his neighbours,andthelatterthathetells themheis coming.
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Theobjectivehereis to obtaina descriptionof thesituationat thetime point ni� . For
this to bedone,it is necessaryto amendin oneway or anotherthequartet(Ia)-(IVa).
As it seems,neither(Ia) nor (IVa) needsto be altered. As for (IIa), it is enoughto
leaveout thefirst r . Hence:

�=rv�	� (Ib)

�^
�� � �"r^��� (IIb)

¢7¢V¢ (IIIb)

r�� (IVb)

It is easyto show that(IIb) entails �^
Brv�	�!�x�6� � � . So,from thefirst two premisses,
the desired���6� � canstill validly be inferred,by usingWeakeningthe Consequent.
But it doesnotseempossibleto reformulatetheremainingpremissin suchaway that
somemeaningfulconclusionmightbeinferredfrom thecouple(IIIb)-(IVb), by using
therestrictedform of FactualDetachmentalludedto above. Considertheproviso this
rulecontains.It saysthatthetime-of-realizationof theviolationmustcoincidewith or
beearlierthanthetime-of-being-in-forceof thereparationalobligation.Premiss(IVb)
alreadysaysthattheviolationoccursat n � . Thismeansthattheobligationmustcome
into forceat n�� , or perhapslater. Supposeit is n�� (theargumentwould besimilar if
thenormcameinto forceat a latertime). Thenthecorrectrenderingis

r8��
 ¢£¢¤¢ ����� (IIIb)

It remainsto specify the consequentin (IIIb). The trouble is that the time-of-
realizationof ��� is supposedto be n �Z¥ n�� . Onehasno alternative but to usethe
pastoperatoremployedin DARB

¦ : it wasthecaseat thelastinstantthat

(IIIb) becomes

rz��
 ¦ � � ����� (IIIb*)

(IIIb*) makeslittle sense,sinceit makesanactthatbelongsto thepastobligatory. Can
thepastbeundone?

Theaccountin termsof iteratedrevision to which I now turn is anattemptto solve
this secondproblem. However, the proposedconstructionwill facea difficulty that
is very similar to thefirst one. Onepossibleway of refiningtheconstructionwill be
proposed,andbriefly discussed.

4. An analysis in terms of commutation

Thebasicideais to assumethata fact (in particular, a transgression)might affect
the ideality orderingin the semantics.A similar intuition guidesseveral construc-
tionsusedin thestudyof iteratedbelief revision [SPO88, DAR 94, WIL 94, LEH 95,
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BOU 96, FER02, NAY 03]. For reasonsto be madeclear later, it is the notion of
naturalrevision [BOU 96] thatwill beusedhere.As weshallsee,its principalfeature
is that, whencontrary-to-dutyinformation is taken into account,the setof “second
best”worldscommuteswith thesetof “best” worlds. I havesaidthatthisapproachin
termsof commutationowessomeinspirationto the so-calledpreference-basedtem-
poral deonticsolution. At the endof the presentinquiry, it will appearthat the two
accountsareclearlydistinct.Variousotherstrategiesfor giving aconsistentrepresen-
tationto CTD scenarioshave beenproposedin theliteratureon deonticlogic. It falls
outsidethescopeof this article to review them. (See,for example, [CAR 02] for an
overview). It hasoftenbeensuggestedthatCTD scenarioscanberepresentedconsis-
tently if a distinctionis madebetweendifferentsortsof “oughts”. Sucha suggestion
hastakenvariousforms[ÅQV 67, JON85, CAR 95, CAR 02], sometimesframedin
preference-basedterms[ART 96, TOR99, CHO01]. A thoroughinvestigationof the
relationbetweenthe latterapproachandtheoneoutlinedin this paperremainsto be
done.

Notethat,by switchingto so-callediteratedrevision,I implicitly opt for amethod-
ology thatis verydifferentfrom theonepropoundedby theauthorsof theAGM 1985
paradigm.TheconstructionI will introducein this sectionwill cover the successive
movesof the remedialcycle simultaneously. To put it anotherway, theconstruction
will cover the“flat” or “first-degree”(non-iterated)caseandtheiteratedcaseat once.
Thiscontrastswith themoreanalyticalapproachthatis followedin AGM 1985.Here
theexplorationof theiteratedcasecomesafter thestudyof theflat case.It is beyond
the scopeof this article to discussthe meritsor demeritsof thesetwo methods(for
a moredetaileddiscussion,seeMakinson[MAK 03]). Noticeably, thosesympathetic
to theanalyticalmethodin generalbelieve that,if onecandealwith thesimplernon-
iteratedcasein aprincipledway(asneedsto bedoneanyway),thenit shouldbepossi-
ble to applythesameproceduresto themorecomplex iteratedone.This is notalways
aneasytask.A constructionmeantfor thenon-iteratedcasemight not besuitablefor
theiteratedone.Considerthecaseof thetheoryof CarmoandJones[CAR 95]. They
defendthe view that CTD scenarioscanbe representedconsistentlyif a distinction
is madebetweenideal andactualobligations. In CarmoandJones[CAR 02], it is
shown thatseriousdifficultiesariseassoonasfurther levelsof CTDsareintroduced.
Thelatterintroductionwill beassimilatedbelow with thefactthatiterationcomesinto
thepicture.

This sectionis organizedasfollows. Thetreatmentpresupposessomefamiliarity
with theHansson-Lewissemanticsfor deonticlogic. First,in orderto cleartheground,
I recall the main ingredientsof sucha semantics(subsection4.1). Second,I outline
someof the waysthe semanticscould be refinedif it is to dealwith the analysisof
a one-move interchange(subsection4.2). Third, in order to completethe account,
I considerthe fully expandedremedialcycle (subsection4.3). Fourth, I incorporate
the constructioninto a branching-timelogic, asan attemptto dealwith the request-
responsemoresensitively (subsection4.4).
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4.1. Background

Most of the definitionsthat I will useare fairly straightforward. The only new
featureconcernsthe “dynamic” componentthat iteratedrevision theoriesaim to in-
corporateinto preference-basedsemantics.However, to maketheexpositionclearer, I
postponediscussionof this componentuntil thenext subsection.

By amodel,I shallmean,asusual,any orderedtriplet § : 
4¨©?7ª'?�«B� where

1) ¨ is a setof possibleworlds ¬­?®¬ + ? ¢£¢¤¢
2) ª©¯5¨�°�¨ is a pre-order, i.e. it is a reflexiveandtransitive relationon ¨ ; I

take ¬�ªo¬ + to meanthat ¬ is at leastaspreferredas ¬ + (or ¬ is at leastasgoodas¬ + )
3) « is a functionwhich assignsto eachpropositionalletter ± in Propa subsetof¨ .

Let ² �l³U´ denotethe truth-setof � in § , i.e. the setof worlds in § at which � is
true.Let miń�
B�%� denotethesetof ª -minimain ² �l³U´ , i.e.

miń 
4� � :µ< ¬2¶©² �l³ ´�·7¸ ¬ + 
�¬ + ¶¹² �T³ ´ � ¬ºª8¬ + �AC (Def-min)

Intuitively miń 
4� � is understoodto be the setof mostperfect � -worlds. For such
a setnot to beempty, two conditionsmustbe fulfilled. Oneis that � is satisfiablein§ , i.e. thereis someworld ¬ in § at which � is true. Theotheris that thereareno
infinite sequencesof ever moreperfect � -worlds. Thetruth-conditionsfor thedyadic
obligationoperatoraredefinedasfollows:

§ · : ��
������ �>» mińo
B� ��¯o² �¼³U´ ¢ (Def � )

Accordingto (Def � ), model § satisfiestheobligation“ � shouldbethecaseif � is
the case”, § · : ��
������ � , whenever in the mostperfectworlds, where � holds, �
holdstoo.9 For the sake of simplicity, ��� is taken to be equivalentto ��
4�W��½v�^�
where ½ is a tautology.

4.2. One-move interchange

This subsectionshows how to refinethe Hansson-Lewis semanticsso asto deal
with theanalysisof aone-moveinterchange.

The first stepinvolvesconstructinga typical model,say §{� , of the initial pre-
missessetasgivenin table1. Giventhesubset( e ) of integrity constraints,thefollow-

¾
. Throughoutthis paperI work with minimality under ¿ , asis thecustomin non-monotonic

logic. Deontic logiciansusually work with maximality underthe converserelation. This is
morein line with theideathat,themoreperfectaworld is, thefartherfrom actualityit is. From
a mathematicalpointof view, thetwo idiomsareequivalent.



Remedialinterchange 359

ing universë � is completein thesenseof giving anexhaustive characterisationof
how theinteractionmightevolve:

¬ �^À �	�H?��6� � ?E�6��D�?��	kÁ?��6n ¬�D À �H?/� � ?®�7D�?®k%?/n
¬�Â À �H?��6� � ?E�6��D�?��	kÁ?��6n ¬�Ã À �H?/� � ?��6�7D�?E�	k%?E�6n
¬�Ä À �H?®� � ?/��D�?E�	k%?��6n ¬�Å À �H?/� � ?®�7D�?®k%?E�6n ¢

In ¬g� theprimaryobligationis fulfilled. In ¬ D thisobligationis violated,but theother
four obligationsarefulfilled. In < ¬ Â ? ¢7¢V¢ ?®¬ Å C , theprimaryobligationis violated,and
oneof the other four obligationsis alsoviolated. Onemight adoptthe hierarchical
orderingasdepictedin Figure1 below. Here the conventionis that all pointson a

Æ ¬�Ç (for all È : �T? ¢£¢¤¢ ?®É )ÊÆ ¬�DÊÆ ¬ �

Figure 1. Before theoffence(model§{� )
lower level aremoreperfectthanall thoseon a higherlevel. The arrow ¬ ÆZËXÆ ¬ +
denotesthe relation ¬�Ì�¬ + , where Ì is for the strict partial orderdeterminedbyª , definedby putting ¬�Ìy¬ + whenever ¬jª{¬ + and ¬ +�Íª{¬ . One might take¬ÎÌ�¬ + to meanthat ¬ is strictly betterthan ¬ + . It caneasilybeverifiedthat Ì thus
definedis irreflexive andtransitive. § � satisfiestheprimaryobligation �8�	� , since
all theworldsgravitatetowards ¬ � (thebestworld). § � alsosatisfiestheremaining
normative premisses,since ¬�D (the 2nd bestworld) is betterthan ¬�Â , ¬�Ã , ¬�Ä and¬�Å . From a formal point of view, it is not necessaryto refine further the ordering
within theset < ¬�Â�? ¢V¢7¢ ?/¬�Å�C . For simplicity’s sake, it is assumedthat(within this set)
neitherworld is preferredover the other. Somemay not be satisfiedwith suchan
assumption.In particularPrakkenandSergot (rightly) arguethat“it is betterto fulfil
anobligationfrom a moreidealcontext andviolateonefrom a lessidealcontext than
the otherway around” [PRA 97b, p. 152]. It would thusbe moreplausibleto put¬ Å Ì�¬ Ä Ìz¬ Ã Ìz¬ Â . Thepoint is that,astheauthorsobserve,in itself thesemantics
of Hansson-Lewis doesnot requirethis,but mustbeaugmentedin somewayor other.
The strategy Prakken andSergot opt for consistsin using the lexicographicrule of
Ryan[RYA 92]. The latter rule will not beusedin what follows,asI do not wish to
distractthereaderfrom themainpointof this paper.

Intuitively, model § � depictsthepre-orderbefore theoffencehasoccurred. All
theworldsgravitatetowards¬ � , where� � (remedy)is false.At thisverymoment,we
thushave
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Æ § � · : ���6� �
ratherthanÆ §{� · : �!���
A similar remarkappliesto moves � D (relief), k (appreciation)and n (minimization).
We haveÆ § � · : ���6��DÆ § � · : ���	kÆ § � · : ���6n
ratherthanÆ § � · : �!��DÆ § � · : �3kÆ §{� · : �!n
This is reminiscentof thestepwherein section3 thenorm �Ïrb�6��� wasinferredfrom
(Ia) and(IIa).

It is now possibleto bring the territorial offenceinto the picture. The idea is
to assumethat introducinga violation hasa specificimpacton the ideality ordering
associatedwith thepremissesset.Thehypothesishereis twofold:

a) incorporatingcontrary-to-dutyinformation,thosetakingpartin theface-to-face
interactionaccommodatethat orderingso as to have the appropriateunconditional
obligation“detached”;

b) in orderto bring theremedialinterchangeto completion,they keepasmuchof
theinitial orderingaspossible.

Theseassumptionscanbeexpressedmorerigorouslyasfollows.

DEFINITION 3. — Let § :�Ð ¨©?Vª'?A«BÑ be the modelreflectingthe initial order-
ing. Giventhecontrary-to-dutycontext � , themodelobtainedby revising § by � is§�Ò�� :�Ð ¨©?Vª + ?�«BÑ , with ª + definedasfollows:



Ó � � If ¬ � ¶ mińo
4� � then:
4Ô��	¬ � ª + ¬�D for all ¬�Dv¶�¨ and

ÕÁ�	¬ D ª + ¬g� iff ¬ D ¶ miń 
4� �AÖ

Ó D � If ¬���?/¬ D Í¶ miń 
B�%� then: ¬g�^ª + ¬ D iff ¬g�^ª�¬ D ¢
Here I draw on the treatmentby Boutilier [BOU 96] of iteratedrevision. His term
for it is “natural revision”. 

Ó � � aimsto capturea). Roughly, 
4Ó � � saysthat every
minimal � -world is shifteddown to the bottomof the new ordering. 
4Ó'D�� aims to
captureb). Literally, 
4Ó'D�� saysthatfor ¬ � and ¬�D not in miń2
4� � , then ª + and ª are
thesame.This hastheeffect of leaving ª unalteredexceptasindispensablyrequired
by 
4Ó � � .
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Intuitively, 

Ó � � meansthatmińo
B�%� forms thesetof “newly” bestworlds. Ex-
pressedformally, this glossamountsto sayingthat miń 
B� � : miń¹×AØ 
4¨º� . The
inclusionmiń 
4� ��¯ miń©×�Ø 
B¨º� follows from 
4ÓÙ�V� (a)alone.For theconversein-
clusion,we need 

ÓÙ�7� (b) plustwo furtherassumptions.Oneis that � is satisfiablein§ . Theotheris thattheidealityorderingin § satisfiesaconditionknownasstopper-
ing or smoothness. This saysthatwhenever ¬Ï¶�² �T³ ´ , theneither ¬Î¶ miń 
B� � or
thereis a ¬ + ªz¬ with ¬ + ¶ miń 
B� � .10 Thereasonwhy thesetwo extraassumptions
areneededis betterexplainedby a contrapositiveargument.Assume¬ Í¶ mińo
4� � .
We wish to show that ¬ Í¶ miń¹×AØ%
4¨º� . Since � is satisfiablein § , thereis some¬ + ¶p² �l³U´ . By smoothness,either ¬ + ¶ mińo
4� � or thereis a ¬ + + ªÚ¬ + with¬ + + ¶ mińo
4� � . By 
4Ó � � (b), we concludethateither ¬ Íª + ¬ + or ¬ Íª + ¬ + + . In both
cases,(Def-min)guaranteesthat ¬ Í¶ miń©×AØÁ
B¨º� asdesired.

I endthis presentationwith the following observation,which answersa question
left openin [BOU 96]:

OBSERVATION 4. — Theposteriorordering ª + thusdefinedis reflexive andtransi-
tive. Moreover, if ª satisfiesthesmoothnesscondition,thensodoesª + .
PROOF. — That ª + is reflexive follows immediatelyfrom the reflexivity of ª . So
let us concentrateon transitivity. Assumethat ¬g�Zª + ¬ D and ¬ D ª + ¬ Â . We wish
to show that ¬g�zª + ¬ Â . If ¬g�z¶ miń 
4� � , then a direct applicationof 

ÓÙ�7� (a)
yields theexpectedconclusion.So,assumethat ¬ � is not in miń�
4� � . If ¬�D wasin
mińo
4� � , thenby 

Ó � � (b)wewouldget ¬ � Íª + ¬�D , contradictingthefirst assumption.
Thus, ¬�D is not in mińo
4� � . Now, by 

Ó'D�� togetherwith ¬ � ª + ¬�D , we get ¬ � ª¬�D . Similarly, if ¬�Â wasin miń2
4� � , thenby 
4Ó � � (b) we would have ¬�D Íª + ¬�Â ,
contradictingthesecondassumption.Therefore,¬�Â cannotbein miń�
4� � . By 
4Ó'D7�
togetherwith ¬�D8ª + ¬�Â , we get ¬�D3ªp¬�Â and,asa result, ¬ � ª�¬�Â , since ª is
transitive. By 

Ó'D�� , we finally get ¬ � ª + ¬�Â asrequired.

As for thesmoothnesscondition,onemight arguecontrapositively. Assumeª + is
not stoppered.We needto show that ª is not stopperedeither. Let ¬g� and � besuch
that

I) ¬g��¶©² �¼³ ´ × Ø ,
II) ¬g� Í¶ miń × Ø 
��1� ,

III) for all ¬ºª + ¬ � wehave ¬ Í¶ miń©×AØ%
���� .
Clearly, ¬ � ¶(² �¼³U´ . We first arguethat ¬ � Í¶ mińo
���� . Since ¬ � is a � -world,
hypothesis(II) meansthat ¬ � Íª + ¬�D for some� -world ¬�D . By 

Ó � � (a),we conclude
that ¬ � Í¶ miń2
4� � . Herewe only needto show that ¬�D Í¶ mińo
B� � , sinceby 
4Ó'D7�
we immediatelyget ¬ � Íª�¬�D and,thus, ¬ � Í¶ miń�

�1� asexpected.We arguead
absurdum. Let ¬�DÛ¶ mińo
4� � . By 

Ó � � (a), we get ¬�Dmª + ¬ � . By hypothesis(III),¬�D Í¶ miń©×AØÁ

�1� . Giventhat ¬�D is a � -world, this meansthat ¬�D Íª + ¬�Â for some

��Ü
. Sucha conditionessentiallyforbidsinfinite sequencesof ever moreperfect Q -worlds.
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� -world ¬�Â . Since¬�Dv¶ mińo
4� � , by 

Ó � � (a)wealsohave ¬�Dvª + ¬�Â . Theexpected
contradictionhasbeenreached.

Now, we needto show that for all ¬�ª�¬g� we have ¬ Í¶ miń 

�1� . Assume¬Ýª�¬g� . If ¬ is not a � -world, thenthe proof is completed.So let � be true in ¬ .
If ¬�¶ miń 
4� � , thenby 
4ÓÙ�V� (a) we get ¬Îª + ¬g� . If ¬ Í¶ miń 
4� � , thenby 
4Ó D �
we alsoget ¬ºª + ¬g� , sincewealreadyknowsthat ¬�� Í¶ miń 
B� � . So,in bothcases,¬Ýª + ¬ � . From this togetherwith hypothesis(III), we get ¬ Í¶ miń¹×AØ%

�1� . As ¬
is a � -world, we concludethat thereexistsanother� -world ¬�D suchthat ¬ Íª + ¬�D .
We arealmostready, if we canprove that ¬ Íª�¬�D . And, to prove this inequality, we
only needto show thatneither¬ nor ¬�D is in mińo
4� � . As for ¬ , it sufficesto invoke

Ó � � (a) and ¬ Íª + ¬�D . As for ¬�D , we argueasfollows. Suppose¬�DÞ¶ mińo
4� � .
In thepresenceof 

Ó � � (a), this assumption(which we want to reducead absurdum)
implies that ¬�Diª + ¬ + for all ¬ + in ¨ . In particular, ¬�Dbª + ¬ � . But, by hypothesis
(III), we get ¬�D Íª + ¬�Â for some� -world ¬�Â . This obviouslycontradictsthefactthat¬ D ª + ¬ + for all ¬ + in ¨ .

Thiscompletestheproof. ■

It is now possibleto apply definition 3 to the analysisof the notion of remedial
interchange.To seehow 

ÓÙ�7� and 
4Ó D � work,andhow they interact,let usapplythem
to theoriginal model §{� (seefigure1). Considerthesituationwherethe individual
offends,viz. take � to be � (offence). Figure 2 below depictsthe resultingmodel§�Ò� � . Thehierarchicalorderingis constructedasfollows:

Æ ¬�Ç (for all È : �l? ¢¤¢£¢ ?®É )ÊÆ ¬ �ÊÆ ¬�D

Figure 2. At thetimeof offence( §�Ò� � )
Æ By 

ÓÙ�7� , ¬ D is strictly betterthanthe otherworlds,andmustbe shiftedto the

bottomof thenew ordering.Thedetailsareasfollows. On theonehand,by a)weget¬�Dbª + ¬ for all ¬Ý¶�¨X� since ¬�DÛ¶ miń!ß�

��� . On theotherhand,by b) we get¬�Ç Íª + ¬�D for È�¶ < G�?®�l?®àT?�áq?®ÉlC>� since¬�Ç Í¶ miń!ß�

��� . Puttingthetwo together, we
thushave ¬�DvÌ + ¬gÈ for È�¶ < G�?E�l?/àÁ?Eál?®ÉqC .Æ It remainsto re-orderthe membersof ¨â� < ¬�D�C . Noneis in miń!ß�

��� . So,
by 

Ó'D�� , insidethatsetthe ideality orderingmustbe left unaltered.This meansthat
within the subset< ¬�Â�? ¢V¢V¢ ?/¬�Å�C neitherworld is preferredover the other. This also
impliesthat ¬ � Ì + ¬�Ç for all È : �l? ¢£¢£¢ ?EÉ .
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This completesthe constructionof the new orderingasdescribedin figure 2. §�Ò� �
depictstheorderingat thetimeof theoffence. Of specialinterestis thefactthat §�Ò� �
is muchlike §{� , exceptthat thebestworld (viz. ¬g� ) andthe2ndbestone(viz. ¬ D )
have permuted.For this reason,it is temptingto refer to this way of thinking about
remedialinterchangeasthe“commutationapproach”.It caneasilybeverifiedthat,at
this verymomentof theface-to-facerelation,we do not haveÆ §�Ò� � · : ���6� �Æ §�Ò� � · : ���6��DÆ §�Ò� � · : ���	kÆ §�Ò� � · : ���6n
but ratherÆ §�Ò� � · : �!� �Æ §�Ò� � · : �!� DÆ §�Ò� � · : �3kÆ §�Ò� � · : �!n
asonewould expect. This is reminiscentof thestepwherein section3 thesentencer8�ã��� wasinferredfrom (IIIa) and(IVa).

It is noteworthythatweno longerhaveÆ §�Ò� � · : ���	� ,
but ratherÆ §�Ò� � · : �3� .
Somemay not be satisfiedwith this result. As notedearlier, somethingvery similar
happensin temporaldeonticlogic. As alsoobserved,within thisset-uptheappearance
of aparadoxis considerablydiminished:� is in factsettledastrue;it is thusvacuously
obligatory. Thetroublewith this line of defenceis thatit is difficult to interpret § Ò � �
asstatingwhat is obligatoryafter that � hasbeensettledastrue. Indeed,in Figure2
above, � is not trueat eachpoint in thestructure.This meansthat,if (like in Prakken
andSergot’s theory[PRA 97b]) settlednessis encodedusinga S5 � -modality, then
strictly speakingfact � cannotbedeemedafixed,necessary, unalterablefeatureof the
situation. How canthe presentaccountbe broughtmore in line with our intuitions
regardingsettledness?Oneway to achieve this hasbeenexploredby van der Torre
and Tan [TOR99]. Their semanticsis basedupon the updatesemanticsthat Velt-
man[VEL 96] hasdevelopedfor default reasoning.Therevision procedurethey use
(their term for it is “zoom in”) doesnot shift every minimal � -world to the bottom
of the ordering,but deletesall worlds in which � is false.11 This seemsto reflecta
rathercommonintuition. The worlds at which the input is falseareeliminated,be-
causethey aretooremotefrom theactualworld, or outsideany agent’scontrol.To put

�7�
. A similardevice is employedfor differentpurposesin Boutilier andGoldszmidt[BOU 95].
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it in Hansson’s terms,“an agentcannot‘undo’ whathehasactuallydone”[HAN 69,
p. 142]. Sucha revision policy, which servesasa device for limiting the worlds to
becomparedunderthepreferencerelationin theminimizationprocess,caneasilybe
adaptedto thepresentframework. Let §{��� denotethemodelobtainedby eliminat-
ing all � -worlds from § : 
B¨©?Vª'?A«4� . Formally, §{��� is just 
B¨ + ?7ª + ?A« + � , where¨ + :Ï< ¬Ï¶¹¨ À §h?®¬ Í· : �@C , and ª + and « + aretherestrictionsof ª and « to ¨ + .12

I do not pursuethis line here,becauseat first sight it is unclearhow to dealwith a
sequenceof inputsthataremutually inconsistent.For instance,if § � is first revised
by � , andthenby �	� , weareleft with anemptyuniversë + + , anddeonticdistinctions
collapse:the setof bestworlds is empty; the modelsatisfiesboth ���6� � and �!� � .
As caneasilybeverified,if definition3 is usedinstead,thentheresultingmodelonly
satisfiesthedesiredobligation �8�6� � .

It is naturalto askwhetherproblemsof that kind do not indicatethe needfor an
alternativeapproach.In particular, somemightbetemptednotto revisethepreference
relationat all, but ratherto distinguishbetweentwo distinct relations � a preference
relationandan accessibilityrelation. The argumentcanbe summarizedasfollows.
As time passesthe preferencebetweenpossibleworlds remainunchanged,but the
accessibilityof worldsdiffers.When � is followedby �	� , it is not necessaryto elimi-
nateall possibleworldsin thesuccessivediminutionsof theaccessibilityrelation.For
even if onepossibleworld is no longeraccessible,anotheronevery muchlike it in
many respects(but with a differenttime stamp)may still be accessible.Although I
needto subjectthis point to further investigations,I believe that this way of thinking
takesus backto the DARB treatment.This might be seenthrougha carefulexami-
nationof how the truth-clauseswork, whenappliedto CTD examples.For instance,
in [ÅQV 91a] Åqvist discussesa versionof theChisholmparadoxknown as“the two
medicinescase”. Commentingon the tree-like diagramshowing the consistency in
DARB of thepremissessetunderdiscussion,Åqvist draws thefollowing conclusion:
“Obviously, we maysaythat thesecondpreference-ordering[i.e. asgivenat nåäoG ,
when the transgressionoccurs]is the set-theoreticalrestrictionof the first one [i.e.
givenat n ] to thosecourses-of-eventsthatremainaccessiblein theactualworld asof
[ nÎä�G ]” [ÅQV 91a, p. 130].

4.3. The full sequence analysed

Disregardingtemporarilytheaforementioneddifficulty, I now applytheproposed
constructionto thefully expandedremedialsequence.Thetablesgivenbelow exhaust
themovesthatcanin factbemade,andcheckwhethertheaccountgivesthedesired
resultfor thematchingobligations.For clarity’s sake, I proceedstepby step,starting
with thefirst movein thesequence,up to thefourthone.I assumethatinteractantsdo
not repeatidenticalmoves.

�A#
. This is Boutilier andGoldszmidt’s definition3.12,cf. [BOU 95, p. 288].
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4.3.1. One-moveinterchange

Considerthefollowing table:

Table 2. One-moveinterchange

Revision sequence Inducedordering Output

1. §�Ò� � ¬ D Ìz¬��vÌ�¬ Ç (with
I�æÞç@æÞ| S �3���

2. § Ò � �	� ¬g��Ìz¬ D Ì�¬ Ç (with
I�æÞç@æÞ| S �8�6���

Thefirst line recapitulatestheanalysissuggestedin theprevioussection.This line
saysthat,at thetime of move � , thenthebestworld ¬�� commuteswith the2ndbest
world ¬ D , sothattheobligationof ��� comesinto force.Thesecondline expressesthe
propositionthat,weremove � not to bemade,thentheinitial ordering §{� would be
left untouched,andtheobligationof �6��� wouldstill hold. Thisis intuitively plausible.

4.3.2. Two-moveinterchange

Table3 below dealswith a two-moveinterchange.Thepenultimatecolumnshows
how many timestheworldscommuteduringtheconversation.Thefirst line considers
thecasewhere� is followedby � � , andthesecondonethecasewhere� is followedby�6� � . In bothcases,themostrecentordering( §�Ò� � ) differsfrom theinitial one 

§ � � .
In thefirst case,themostrecentordering,with ¬�D rankedbelow ¬ � , is left untouched,
andso is theobligationof �7D . In thesecondcase,we have that ¬ � and ¬�D commute
again.This takesusbackto § � and,asa result,theobligationof �6��D is reinstated.

Line 3 considersthecasewhere�	� is followedby ��� , andline 4 thecasewhere�	�
is followedby �6��� . In bothcases,themostrecentordering(viz. §�Ò� �	� ) is thesame
astheinitial one 
4§{�è� . In thefirst case,wehave that ¬g� and ¬ D permute,sothatthe
obligationof � D comesinto force. In thesecondcase,theorderingis left untouched,
andsois theobligationof �6� D .

Table 3. Two-moveinterchange

Revision sequence Inducedordering Perm Output

1. 

§ Ò � ��� Ò � � ¬�D­Ì8¬ � Ìz¬�Ç (with
I^æÞç@æÞ| S 1 �3�7D

2. 

§�Ò� ����Ò��6� � ¬ � Ì8¬�DvÌz¬�Ç 2 �8�6�7D
3. 

§�Ò� �	����Ò�� � ¬�D­Ì8¬ � Ìz¬�Ç 1 �3�7D
4. 

§�Ò� �	����Ò��6� � ¬ � Ì8¬�DvÌz¬�Ç 0 �8�6�7D

Onemight summarizetable3 asfollows. If move � � is made(line 1 and3), then
theobligationof ��D comesinto force � whatever happenedbefore� � . Weremove � �
not to bemade(line 2 and4), thentheobligationof �6�7D would still hold � andthis,
whateverhappenedbefore�6� � . This is intuitively plausible.
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4.3.3. Three-moveinterchange

Table4 below dealswith a three-moveinterchange.This tablecanbesummarized
asfollows. Oncemove ��� hasbeenmade(lines1, 3, 5 and7), thentheobligationof k
comesinto force � whateverhappenedbefore� D . Weremove � D not to bemade(lines
2, 4, 6 and8), thentheobligationof �	k would be true � whatever happenedbefore�6� D . Again, this is intuitively plausible.

Table 4. Three-moveinterchange

Revision sequence Inducedordering Perm Output

1. 
/
4§�Ò� ����Ò����V��Ò7� D ¬ D Ìz¬g�^Ì�¬ Ç (with
I�æ¹çRæÞ| S 1 �3k

2. 
/
4§�Ò� ����Ò����V��Ò��6� D ¬���Ìz¬ D Ì�¬ Ç 2 ���	k
3. 
/
4§�Ò� ����Ò��6���V��Ò�� D ¬ D Ìz¬g�^Ì�¬ Ç 3 �3k
4. 
/
4§�Ò� ����Ò��6���V��Ò��6� D ¬���Ìz¬ D Ì�¬ Ç 2 ���	k
5. 
/
4§�Ò� �	����Ò����è��Ò�� D ¬ D Ìz¬g�^Ì�¬ Ç (with

I�æ¹çRæÞ| S 1 �3k
6. 
/
4§ Ò � �	��� Ò ���è� Ò �6� D ¬���Ìz¬ D Ì�¬ Ç 2 ���	k
7. 
/
4§�Ò� �	����Ò��6� � ��Ò��7D ¬�DvÌz¬ � Ì�¬�Ç 1 �3k
8. 
/
4§�Ò� �	����Ò��6� � ��Ò��6�7D ¬ � Ìz¬�D'Ì�¬�Ç 0 ���	k

4.3.4. Four-moveinterchange

As shown in table5 below, the accountdealswith the fourth move in muchthe
sameway aswith the first three. Roughlytable5 saysthat, oncemove k hasbeen
made(linesmarkedwith anoddnumber),thentheobligationof n holds,andthat if
move k is notmade(linesmarkedwith anevennumber),thentheobligationof �6n is
true.Onceagain,this is intuitively plausible.

This endsthe verification. It might be interestingto explore ways in which the
conceptof commutationcanbeusedto giveageneralframework for iteratedrevision.
A closerlook at theabove tablesrevealsthat,oncethefirst move hasbeenmade,the
bestworld and the secondbestonecommuteeachtime the “polarity” of the input
sentencechanges.The questionnaturallyariseswhetherit is possibleto develop a
model of iteratedrevision basedon this phenomenon.This is part of my current
research.

4.4. The request-response within a tense logic

I now indicatehow to incorporatethe constructionoutlinedin the previous sub-
sectionsinto a branching-timeframework, so as to deal with the request-response
moresensitively. I say“more sensitively”, becausethereis somethingpuzzlingin the
temporalinterpretation(or gloss)givento the treatmentin termsof commutation.If
we assumethat interactantscannotdetachthe unconditionalobligationof providing
a remedy(and,asa result,do what they believe to bethesecondbest)unlesstheof-
fencehasbeenmade,thenit is unclearhow thesolutioncouldwork for thosescenarios
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Table 5. Four-moveinterchange

Revision sequence Inducedordering Perm Output

1. 
/
/
4§�Ò� ����Ò����7��Ò�� D ��Ò�k ¬ D Ìz¬���Ìz¬ Ç (
IgæÞç@æÞ| S 1 �3n

2. 
/
/
4§�Ò� ����Ò����7��Ò�� D ��Ò��	k ¬g�^Ìz¬ D Ìz¬ Ç (
IgæÞç@æÞ| S 2 �8�6n

3. 
/
/
4§ Ò � ��� Ò ���7� Ò �6� D � Ò k ¬ D Ìz¬���Ìz¬ Ç 3 �3n
4. 
/
/
4§�Ò� ����Ò�� � ��Ò��6�7D���Ò��	k ¬ � Ìz¬�DvÌz¬�Ç 2 �8�6n
5. 
/
/
4§�Ò� ����Ò��6� � ��Ò��7D���Ò�k ¬�D'Ìz¬ � Ìz¬�Ç 3 �3n
6. 
/
/
4§�Ò� ����Ò��6� � ��Ò��7D���Ò��	k ¬ � Ìz¬�DvÌz¬�Ç 4 �8�6n
7. 
/
/
4§�Ò� ����Ò��6� � ��Ò��6�7D���Ò�k ¬�D'Ìz¬ � Ìz¬�Ç 3 �3n
8. 
/
/
4§�Ò� ����Ò��6� � ��Ò��6�7D���Ò��	k ¬ � Ìz¬�DvÌz¬�Ç 2 �8�6n
9. 
/
/
4§�Ò� �	����Ò�� � ��Ò��7D���Ò�k ¬�D'Ìz¬ � Ìz¬�Ç (

IgæÞç@æÞ| S 1 �3n
10. 
/
®

§�Ò� �	����Ò�� � ��Ò���D7��Ò��	k ¬ � Ìz¬�DvÌz¬�Ç (

IgæÞç@æÞ| S 2 �8�6n
11. 
/
®

§ Ò � �	��� Ò � � � Ò �6��D�� Ò k ¬�D'Ìz¬ � Ìz¬�Ç 3 �3n
12. 
/
®

§�Ò� �	����Ò����7��Ò��6� D ��Ò��	k ¬g�^Ìz¬ D Ìz¬ Ç 2 �8�6n
13. 
/
®

§�Ò� �	����Ò��6���7��Ò�� D ��Ò�k ¬ D Ìz¬���Ìz¬ Ç 1 �3n
14. 
/
®

§�Ò� �	����Ò��6���7��Ò�� D ��Ò��	k ¬g�^Ìz¬ D Ìz¬ Ç 2 �8�6n
15. 
/
®

§�Ò� �	����Ò��6���7��Ò��6� D ��Ò�k ¬ D Ìz¬���Ìz¬ Ç 1 �3n
16. 
/
®

§�Ò� �	����Ò��6���7��Ò��6� D ��Ò��	k ¬g�^Ìz¬ D Ìz¬ Ç 0 �8�6n

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

Let usassumethat theobjectlanguagecontains,in additionto thedyadicdeontic
operator��
B��� , a monadicoperatorr readas“it will bethecaseat thenext moment
that”, anda modaloperatorof historical necessity� to be readas “it is necessary
on thebasisof thepastthat”. Let usdefinea deonticbranchingtemporalframeasa
structureé : 
®
�ê���ë�ëì? ¥ �è?Vª'?�«B� where:

1) 
�ê���ë�ëì? ¥ � is a tree-likestructure.êg��ë�ë is anon-emptysetof timesor moments< n���?/n D ? ¢¤¢£¢ C . ¥ is thetemporalrelation(time is assumedto bediscrete).A history �
is definedasamaximalchainof moments.í denotesthesetof all histories,and îsï
thesubsetof thosepassingthroughmomentn .

2) ª©¯Îíð°¹í is a pre-order, i.e. it is a reflexive andtransitive relationon ¨ .
Intuitively, �Zªz� + meansthat � is at leastasgoodas � + .

3) « is a functionthatassignsto eachpropositionalletter ± thesetof n���� pairsat
which intuitively ± is thoughtof astrue.

Thetruth-conditionshave theform:

é(?®nZ��� · : � : in model é , formula � is trueatmomentn in history � .

Let ² �T³ ï bea shorthandfor thesetof historiesmaking � trueat n , andminñ¹
/² �T³ ï �
denotethe ª -minimain ² �T³ ï , i.e.

minñÞ
®² �T³ ï � :�< ��¶¹² �T³ ï ·7¸ ��+B
4�Á+R¶©² �T³ ï � ��ª5�T+-��C ¢
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Define:

éÏ?/n���� · : rv�b»�éÏ?/nÎä�G���� · : �
éÏ?/n���� · : �1�Û»�
 ¸ �T+W¶�î ï �V
�éÏ?/n����Á+ · : � �
éÏ?/n���� · : ��

����� �>» minñ©
®² �T³ ï ��¯2² ��³ ï ¢

It is now possibleto analysethecasewherethe remedyprecedestheoffence. In the
analysisI shallfocuson thepair (offence,request)andignoresubsequentmoves.The
following triple of formulae(where � � denotesthe request-response)givesa reason-
abledescriptionof thesituationwhen(soto say)theoffencehasnot beenanticipated
yet:

Table 6. Therequest-response

Normativepremisses Integrity constraint
4d6� 

ef�
(I) �{r8�	�
(II) ��

� � ��r3��� ��

� � ��r^���

A typical model é � of thesepremissesis representedin Figure 3 below. This
figurecanbereadasfollows. Theupwarddirectionrepresentsthe forwarddirection
of time. ò denotestheactualevolutionof theinteraction(evidently this is anarbitrary
choice).Our hierarchicalorderingis (the transitive closureof) �TDsÌ�� � Ì2ò . Let us
considerthesituationfrom thepoint of view of ò at ni� . We have that:Æ é � ?®nb����ò · : �=r8�	� , sinceminñ;ß�
 < � � ?��TD�?EòÁC�� :�< �ÁD�C'¯�² rv�	��³ ï�óÆ é � ?®nb����ò · : ��

� � ��r3� ), sinceminñ;ß�
 < � � ?�òÁC�� :µ< � � C'¯�² � � ³ ï�ó .
At thisvery moment,we havethatÆ éº��?®n � ��ò · : ���6����?
andnotÆ éº��?®n � ��ò · : �!��� ¢

Let usnow imaginethatinteractantstaketheoffendingactinto account.As before,
it is assumedthat this new informationaffectsthe hierarchicalorderingof histories.
Hencethefollowing notation

é�ôRõ�� : 
/

ê���ë�ë�? ¥ �A?7ª�+�?�«B�
to describethemodelobtainedonce é hasbeenrevised(at n ) with � . The formal
definitionof this notionparallelstheoneemployedin a timelessframework:
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�6� � � �nb�

n ��	� � �
niD

�ÁDBest òWorst � �2ndBest

ò :2< n � ?/n���C
� � :2< n � ?/n D C
�ÁD :2< nb��?/n � C

Figure 3. Before theoffencehasbeentakeninto account(modelé � )
DEFINITION 5. — Let é : 
®
�ê���ë�ëì? ¥ �A?7ª'?�«B� be the modelreflectingthe initial
ordering. Giventhecontrary-to-dutycontext � , themodelobtainedbyrevising(at n )é by � is é ôRõ � : 
/

ê���ë�ë�? ¥ �A?7ª + ?�«B� , with ª + definedasfollows:



ÓÙ�7� If ��¶ minñ 
/² �l³Uï'� then:

Ô����iª + � + for all � + ¶Zîsï and
�ÕÁ�¼� + ª + � iff � + ¶ minñ©
/² �T³ ï �èÖ


Ó D � If �@?E� +	Í¶ minñ 
®² �T³Uï'� then: �Zª + � + iff ��ª5� + ¢

Take � to be r^� , and n to be n � . We have

minñ;ß�
®² r^��³ ï�óg:�< � � ?�òÁC�� :�< � � C ¢
Fromthis it follows that � � Ì + ò and � � Ì + �ÁD [by Ó � ]. It alsofollows that �ÁD�Ì + ò
[by Ó D ]. As illustratedin figure 4 below, this meansthat the besthistory permutes
with the2ndbestone.

Of specialinterestis thefactthatwenow haveÆ é ôRõ ó� r��H?/n � ��ò · : �3���
ratherthanÆ é ôRõ ó� r��H?/ni����ò · : ���6� � ¢
Aswehaveseenin section3,proposalsbasedontemporaldeonticlogicsuchasDARB
candealwith thecasewheretheremedyandtheviolationreferto thesametimepoint,
but not with the casewherethe remedyprecedesthe transgressiontemporally. The
presentframework hasno difficulty copingwith thelatterscenario.Thetroublesome



370 Journalof Applied Non-ClassicalLogics.Volume13– n
�

3-4/2003

�6� � � �nb�

n ��	� � �
niD

�ÁD2ndBest òWorst � �Best

ò :2< n � ?/n���C
� � :2< n � ?/n D C
�ÁD :2< nb��?/n � C

Figure 4. Oncetheoffencehasbeenanticipated( é ôRõ ó� r�� )
premiss(IIIb) is renderedas ��
����7��r2��� . Thus, the distinction between�zr andr'� , which is centralto Åqvist’s proposal,is not usedanymore. Theprimarynorm
andtheCTD normbothembedthe“next” operatorwithin thescopeof “ought”, and
both structuresmake the normstrue at oneandthe sameinstant,i.e. n � ��ò . In this
connection,it is interestingto note that the non-sequentialscenariocanbe handled
without introducingany considerationrelative to the passageof time, as illustrated
in figure5. Model é2D makesthepremisses�8�	� , ��
�� � ����� and ��

� � ����� trueat

ni� �	��6� � ��6� � �� �
Model é2D

�ÁDBest òWorst � �2ndBest

ö÷
nb��	��6� � ��6� � �� �

�ÁD2ndBest òWorst � �Best

Model é ô@õ óD �
Figure 5. Non-sequentialscenario(No time-stretch)

momentnb� in history ò . And, asaresult,themodelmakestheconclusion�8�6� � true
at ni����ò . In contrast,the modelobtainedby revising éoD (at ni� ) by � makes �3� �
trueat nb����ò .

Now that the constructionhasbeenincorporatedwithin a branching-timeframe-
work, it appearsthattheparallelinitially drawn (for heuristicpurposes)betweentem-
poral deonticapproachesandthe accountin termsof commutationbreaksdown. It
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remainsto give a betterintuitive explanationto thelatter. I shallexplorethis issuein
futureresearch.

5. Concluding remarks

In this paper, I outlined a preference-basedaccountin terms of commutation,
which bringsthe dynamicsof obligationsto the fore. I alsoillustratedhow the pro-
posedconstructionmayserve asa tool for analysingonekind of linguistic exchange:
theremedialinterchange.

Of course,theaccountoutlinedin this papercanonly besuggestiveof how future
work shouldproceed.First of all, we have seenthat thereis a problemwith the flat
(non-iterated)part of the framework: primary normsdo not “survive” an updateby
a contrary-to-dutycontext. Cansuchan anomalybe avoided? Second,it would be
interestingto know whattheconstructionhasto sayaboutthemany otherCTD struc-
turesthatarediscussedin deonticliterature[PRA 96, PRA 97b, MAK 01, CAR 02].
In particular, it is naturalto askwhat happensif a “second-level” of CTDs is intro-
duced.Third, it mightbethoughtthatany accountof interactivecommunicationmust
belinked,in someway or other, to speech-acttheory. Theseareonly hints,to which
a lateressaywill bedevoted.

It is clearthat,of thesethreeissues,thefirst oneshouldbeourprimetarget.But a
furthercomplicationarisesfrom thefact that thecommutationapproachcanalsode-
livertheright conclusion.Hence,suchanapproachshouldnotbeexcludedentirely, as
it maycontainelementsnecessaryto thesolutionof someotherbenchmarkproblems
discussedin deonticliterature. For instance,example6 below shows that, duepre-
ciselyto thechoosenrevision policy, theaccountdoesnot generatewhathasbecome
known asthe “pragmaticoddity”. The intendedpoint in so-calledpragmaticoddity
is that the FactualDetachmentrule is problematicper se. This canbe illustratedin
examplesof muchthesameveinasthoseconsideredsofar. Consider:

EXAMPLE 6. — (Brokenpromise)

a) ��ø : You shouldkeepyourpromise.

b) ��
4kl���>øl� : If youhavenot keptyourpromise,youshouldapologize.

c) �>ø : Youhavenot keptyourpromise.

Suppose��k canbe inferredfrom the last two premisses,by usingFactualDetach-
ment. In this case,�8ø and ��k both hold. As Prakken andSergot remark,“it is a
bit oddto saythat in all [best]versionsof this world you keepyour promiseandyou
apologizefor not keepingit” [PRA 96, p. 95]. The following self-explanatorydia-
gramsmake it clearwhy thepresentaccountdoesnot generatethepragmaticoddity
heredescribedin its simplestform. Givena typical model §pD of < �8ø ?���

kl���>øl��C ,
we have §�ÒD �>ø · : �3k and §�ÒD �>ø Í· : �8ø .
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§ DÆ ¬�Â À �>øW?E�	kÊÆ ¬�D À �>ø ?EkÊ Æ ¬ ��À ø

ö÷
§�ÒD �>øÆ ¬�Â À �>ø ?��	kÊ Æ ¬�� À øÊ Æ ¬ D À �>ø ?®k

Figure 6. Brokenpromise
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