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Abstract.
A solutionto theframeproblemin thecontext of beliefchangehas

beendefinedin theframework of SituationCalculus.In thispaperwe
show how thissolutioncanbeadaptedto obligationchange.For that
purposeideality levelsareassignedto situationsin thesameway as
plausibility levels areassignedto situationsin the context of belief
change.However, it is shown thattherearedeepdifferencesbetween
theevolution of beliefsandtheevolutionof obligations.

1 Introduction

Therearemany applicationdomainswhereobligationsmaychange
accordingto a regulation when some particular actions are per-
formed.

In thispaperweanalyseandproposeaformalismto representobli-
gationchangewhenactionsareperformed.Therearemany worksin
the literatureabouta similar problemso called“defeasibleobliga-
tions” [6, 8, 5]. The big issueis to solve the “frame problem”.Our
solution is basedon an adaptationof its solution proposedin the
framework of SituationCalculus[9, 10, 4, 11, 7].

2 A brief introduction to belief change in the
Situation Calculus

SituationCalculusis a typedfirst orderlogic wherefluentshave ex-
actly oneargumentof the typesituation.For example,themeaning
of ���������
	��� is that in thesituation � we areat the altitude � . Situa-
tionsaretermsof the form � or ��������	��� , where��������	��� represents
thesituationwherewe areafterperformanceof theaction� .

For eachfluent � we have to definea successorstateaxiomof the
form:
���������������� ��!���"�#���	$��������	���%'& ( )� �#��*	$��	���,+-�.�#��!	���,/0 (21� �#��
	$��	���%
( )� and ( 1� representall theconditionsthat respectively cause�

to betrueor to befalsein �������!	��� . For example,( )� maybe
�435�*6*/87��#��* and( 1� maybe ���93:��;<+=�935��>?!/ 0"@ �#��* .

To representbeliefs the designatedpredicateA:����B$	��� is intro-
duced.A:���CBD	��� meansthat ��B is compatiblewith whatis believedin
� . In additiona plausibility level �E�%���� is assignedto eachsituation
� . A propositionF is believedin � , andthatis denotedby G=HI�%��FJ	?�� ,
if F holdsin all thesituationsaccessibleby A thathave the lowest
plausibility level. In formal termswe have:

ALK M?NE����B$	?�I def3OA:����BD	���!/P����B BQ��A:����B BR	?�I<ST�E�%����BD<UV�E�%����B BD%
G=HI�%��FJ	?�� def3W����BQ��ALKXM?NE����BD	���YSZF.[\��B ]$
To formalisebelief changewe have to characterisethe new set

of accessiblesituationsandthenew truth valuesof thefluentsafter
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performanceof an action.The new truth valuesaredefinedby the
successorstateaxiomsin eachsituation.The accessiblesituations
aredefineddependingon the type of performedaction.Two types
of actionsareconsidered:observations,of theform ^`_ , thatallow to
know thetruthvalueof somegivenpropositionF"_ , anddonotchange
thephysicalstateof theworld, andotheractionsthatdo changethe
physicalstateof theworld andchangethesetof beliefsaccordingly.

Thesetof accessiblesituationsafter performanceof an actionis
definedby the axiom ����ab , where ^26?	�c�c�c�	D^`d is the setof all the
observationactions,and F 6 	?c�c�c�	�F d is thesetof correspondingsen-
tenceswhosetruth valuesareobtainedfrom theobservationactions.
���ea2f�*�%�*� B B ���e��A:��� B B 	$�������!	?�I%g& h�� B ��AL_$��� B 	?�Ii/j� B B 3
��������	?��B$e/4�

� 0 ���935^ 6 �/ic�c�ck/ 0 ���435^ d %
+=�i35^ 6 /4��F 6 ����<&lF 6 ����BD%
c?c�c
+=�i35^ d /4��F d ����Y&ZF d ����BQ%%%

This axiom saysthat ��B B is accessiblefrom ��������	��I if f it is the
successorof asituationaccessiblefrom � (condition h�� B ��A _ ��� B 	����/
� B B 3m�������!	?� B % ) andoneof the following conditionsholds.Either
theaction� isnotanobservationaction(condition 0 ���435^ 6 ?/`c�c�cn/0 ���o3p^ d  ) or it is someobservationaction ^ _ andthe truth value
of F._ is thesamein � and � B (condition�435^`_E/8��F"_D���I<&ZF._D��� B % ).

3 Obligation change

Now we analysehow the above formalisationof belief changecan
beadaptedto formaliseobligationchange.

We have consideredthat it is not an over simplificationto adopt
theStandardDeonticLogic (SDL) which is a logic of type(KD) like
thelogic of beliefswhichhasbeenpresentedin theprevioussection.

We introduceanaccessibilityrelation qr����B$	?�I whosemeaningis
that what is the casein the situation � B is ideal for the situation � ,
andwe have assignedan ideality level sQ�J���I to eachsituation � . A
proposition F is obligatory in � , and that is denotedby qut�vJ��FJ	��� ,
if F holdsin all thesituationsthathave the lowestideality level. In
formal termswe have:
qwK M?NE����B$	?�I def3Oqr����BR	?�I�/=�*��B BQ��qr���CB B$	���<SxsQ�J����BQYUVsQ�J����B BQ%
qut?vJ��FJ	��I def3O�*�CBQ��qwK M?NE����B$	?�I<SZFJ[y��Bz]$
Moreover, permissionandforbiddencearedefinedfrom obligation

asusual.{ H @k| ��FJ	��� def3 0 qut?vJ� 0 FJ	���
} � @ t���Fe	��� def3Oqut�vJ� 0 Fe	���
However, obligationsdo not changein the sameway as beliefs

do. Thedeepreasonof this differenceis that idealsituationsdo not
change“accordingto” changesin therealsituationslike for beliefs.

Wehave to distinguishthreedifferenttypesof actions:



1. actionswhich donotchangeobligations,
2. physicalactionswhichhave theeffect to changeobligations,and
3. nonphysicalactionswhich have theeffect to changeobligations.

An exampleof actionof type1 is to walk in a street.An example
of action of type 2 is to enter in a public building, which hasthe
effect thatit is forbiddento smoke.An exampleof actionof type3 is
to give thepermissionto someoneto smoke athome.

An actionof type 1 changesbeliefsaccrodinglyin thesensethat
beliefsaboutthepositionchangeaslong aswe walk, andthatis for-
mally representedby applyingthesuccessorstateaxiomsto thesitu-
ationsaccessibleby A . However, sinceanactionof type1 doesnot
changetheobligationsthesetof situationsaccessibleby q remains
unchangedafterperformanceof this action.

Thesecondsignificantdifferencebetweenbelief changeandobli-
gationchangeis thatwe have to distinguishactionsthatcreatenew
permissionsandthosethatcreatenew obligations.Indeed,in thecase
of permissionsit is sufficient to have onemostideal accessiblesit-
uationwherethe permittedpropertyholds,while in the caseof an
obligation this propertymust hold in all the most ideal accessible
situations.Thecreationof new obligationsareanalogousto observa-
tion actions,but thereis no operationanalogousto thecreationof a
permissionin termsof beliefs.

If we denoteby ��H @#| c � (respectively by �#t?vec � ) the action the
effectof whichis that� is permitted(respectively � is obligatory),we
caneasilycheckthat thesetwo kindsof actionsareenoughto cover
all the kinds of changes.Indeed, 0 { H @k| ���J	D��������	?��% is causedby
�435�#t?vec 0 � , and 0 qut�vJ���J	$�������!	?�I% is causedby �93:��H @#| c 0 � .

Thesituationsaccessibleby q afteranaction �EH @#| c � thatcauses
a permissionis definedin generalby:
�*�����e���r35�EH @k| c �~S

��qr��� B 	R��������	?��%P&Wqr��� B 	?�I
/,���.��� B Y+�h�� B B ��q�� B B 	�� B 
/rsQ�J��� B B =U
sQ�J���CBQ�/=�.����B BQ%%%%

Thesituationsaccessibleby q afteranaction�#t?vec � thatcausesan
obligationis definedin generalby:
�������e����35�kt�vec ��S

��qr��� B 	R��������	?��%�&�qr��� B 	��� /:���.��� B X+�h�� B B ��sQ�J��� B B ���sQ�J��� B X/
�.����B BQ%%%%

Noticethatfor permissionswehavetheconditionsQ�J��� B B YUVsQ�J��� B 
while for obligationswe have theconditionsQ�J��� B B <�VsQ�J��� B  .

The axiom ���e�
 defineswhat is the new setof ideal accessible
situationafterperformanceof any kind of action.

Let uscall ^`_n� 6?	�c?c�c�	$^`_n� K � (respectively ��_Q� 6?	�c�c�c�	R��_Q� � � ) thesetof
all theactionsthatcausethatit is permitted(respectively obligatory)
that � _ . Weadoptthenotation:
� � @k| ���RsQ��H����� def3 ��3�^26%� 6Y+Lc�c�c�+8��3�^�d�� K +8��3��<6%� 6<+

c�c�cJ+4��3�� d�� � +i��3���H @#| c � 6 +:c�c�c.+i��3���H @#| c � d +i��3
�kt�vec � 6 +4c�c�c�+=�93:�#t?vec � d

Intuitively � � @#| ���RsQ��H����e characterisesall the actionsthat have
normative effects.

The axiom schema���e�< saysthat the situation �CB is accessible
from thesituation��������	��� if f it wasaccessiblefrom � andoneof the
following conditionsholds.Either � is notanormative actionor it is
a normative actionthatcausethatsome� _ is permitted(respectively
obligatory)andthecondition:�.����BD�+Ph���B BD��sQ�J����B BQ<U5sQ�J����B$�/`�.����B BD%
(respectively �"��� B �+4h�� B B ��sQ�J��� B B Y�5sQ�J��� B !/P�.��� B B % ) holds.
��� � P������� B ���e��qr��� B 	D��������	���%<&
qr����BR	���e/4� 0 � � @#| ���RsQ��H����e
+����435^ 6%� 6 +ic�c?c�+=�93:^ 6%� K2�Y+P�i35�EH @#| c � 6 �/9��� 6 ��� B �+
h�� B 6 �%��sQ�J��� B 6 <UVsD�J��� B %!/P��6���� B 6 %%
+����435�<6%� 6
+ic?c�c�+8�935�<6%� � � +P�435�#t?vec ��6C�/9����6���� B �+

h���B 6 �%��sQ�J���CB 6 Y�VsQ�J����BD%�/=� 6 ����B 6 %%%
c?c�c
+����935^ d�� 6 +4c?c�c�+=�935^ d�� K�+=�435�EH @#| c � d !/���� d ���CBQ�+
h���B 6 �%��sQ�J���CB 6 YUVsQ�J����BD%�/=� d ����B 6 %%
+����935� d�� 6 +9c�c�c�+P�435� d�� � +P�435�#t?vec � d !/���� d ��� B �+
h�� B 6 �%��sQ�J��� B 6 Y�VsQ�J��� B %�/=��d���� B 6 %%%%%

4 Conclusion

A modelof evolution of obligationshasbeenproposedin theframe-
work of SituationCalculuswith theaxiomschema�e� . We have se-
lectedthenew setof idealsituationin orderto minimiseobligation
change.

Also, it has beenshown that belief changecannotbe trivially
adaptedto obligations.

It is alsoworth noting that the final result is that we have a for-
malisationin SituationCalculusof bothbeliefchangeandobligation
change.Sincethereis no restrictionaboutthesentencesin thescope
of the “belief operator”or of the “obligation operator”we canrep-
resentnestedoperators,like beliefsaboutobligationsor obligations
aboutbeliefs.That leavesthedooropenfor many practicalapplica-
tions.

Theanalysisof obligationsaboutevolution of theworld deserves
furtherinvestigations.Webelieve it canbeaccomodatedin thesame
framework.

Anotherapproachto the formalisationof obligationchangeto be
investigatedmightbeto restrictobligationsto obligationsaboutsen-
tencesthat can be representedby literals, and to definesuccessor
stateaxiomsfor obligationsaswe did in [3] for beliefs.
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