From belief change to obligation changein the Situation
Calculus.
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Abstract.

A solutionto theframeproblemin thecontext of beliefchangéhas
beendefinedn theframework of SituationCalculusin this papemwe
shav how this solutioncanbe adaptedo obligationchangeFor that
purposedeality levels areassignedo situationsin the sameway as
plausibility levels are assignedo situationsin the context of belief
changeHowever, it is shavn thattherearedeepdifferencesdetween
theevolution of beliefsandthe evolution of obligations.

1 Introduction

Therearemary applicationdomainswhereobligationsmay change
accordingto a regulation when some particular actions are per
formed.

In thispapemweanalyseandproposeaformalismto represenobli-
gationchangewvhenactionsareperformed.Therearemary 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 changein the
Situation Calculus

SituationCalculusis a typedfirst orderlogic wherefluentshave ex-
actly oneargumentof the type situation.For example,the meaning
of alt(z, s) is thatin the situations we areat the altitude . Situa-
tionsaretermsof theform s or do(a, s), wheredo(a, s) represents
thesituationwherewe areafter performancef theactiona.

For eachfluentp we have to definea successostateaxiomof the
form:

(Sp) VsVaVZ(p(Z,do(a, s))
-I', (%, a,5))

1“;,* andI', representll the conditionsthat respectiely causep
to betrueor to befalsein do(a, s). For example,I'; maybe
a = a1 A q(Z) andl’, maybe(a = a2 V a = a3) A —r(Z).

To representoeliefs the designatedpredicate K (s, s) is intro-
duced.K (s’, s) meanghats’ is compatiblewith whatis believedin
s. In additiona plausibility level pl(s) is assignedo eachsituation
s. A propositiong is believedin s, andthatis denotedoy Bel (¢, ),
if ¢ holdsin all the situationsaccessibléy K thathave the lowest
plausibility level. In formal termswe have:

Komae(s',5) BN K(s',8) AVs"(K(s",5) — pl(s') < pl(s"))

Bel(9,5) E' V' (Kpnaa(s',5) — 8[s')

To formalise belief changewe have to characterisghe new set
of accessiblasituationsandthe new truth valuesof the fluentsafter
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performanceof an action. The new truth valuesare definedby the
successostateaxiomsin eachsituation. The accessiblesituations
are defineddependingon the type of performedaction. Two types
of actionsareconsideredobsenrations,of theform «;, thatallow to
know thetruth valueof somegivenpropositiong;, anddonotchange
the physicalstateof the world, andotheractionsthatdo changethe
physicalstateof theworld andchangethe setof beliefsaccordingly
The setof accessiblesituationsafter performanceof an actionis

definedby the axiom (Sk), whereau, ..., a, is the setof all the
obserationactions,and¢s, . .., ¢ is thesetof correspondingen-
tencesvhosetruth valuesareobtainedfrom the obsenation actions.
(Sk) VsVs"Va(K(s",do(a,s)) <« 3 (Ki(s',s) A s =
do(a, s") A (

(mla=ai)AN...A=(a=ap))

Va=aiA(oi(s) < ¢i(s))

Va=anA(¢n(s) = én(s))))

This axiom saysthat s” is accessiblédrom do(a, s) iff it is the
successoof asituationaccessiblérom s (condition3s’ (K;(s', s) A
s” = do(a, s"))) andoneof the following conditionsholds.Either
theactiona is notanobserationaction(condition—(a = ai)A...A
—(a = ay)) orit is someobseration action«; andthetruth value

of ¢, isthesamein s ands’ (conditiona = a; A (¢i(s) < ¢i(s"))).

3 Obligation change

Now we analysehow the above formalisationof belief changecan
be adaptedo formaliseobligationchange.

We have consideredhatit is not an over simplificationto adopt
theStandardeonticLogic (SDL) whichis alogic of type(KD) like
thelogic of beliefswhich hasbeenpresentedn the previous section.

We introducean accessibilityrelationO(s’, s) whosemeaningis
that whatis the casein the situations’ is ideal for the situations,
andwe have assignechn ideality level id(s) to eachsituations. A
proposition¢ is obligatoryin s, andthatis denotedby Obg(¢, s),
if ¢ holdsin all the situationsthat have the lowestideality level. In

formaltermswe have:
def

Omaz(s',s) = O(s',5) AVs"(O(s",s) — id(s") <id(s"))

Obg($,5) &' Vs (Omaa(s', 5) — 8[s))

Moreover, permissiorandforbiddencearedefinedfrom obligation
asusual.

Perm(g, s) def =0bg(—¢, s)

Forb(s, s) def Obg(—d, s)

However, obligationsdo not changein the sameway as beliefs
do. The deepreasorof this differenceis thatideal situationsdo not
change‘accordingto” changesn therealsituationdik e for beliefs.

We have to distinguishthreedifferenttypesof actions:



1. actionswhich do notchangeobligations,
2. physicalactionswhich have the effectto changeobligations,and
3. nonphysicalactionswhich have the effectto changeobligations.

An exampleof actionof type 1 is to walk in a street. An example
of action of type 2 is to enterin a public building, which hasthe
effectthatit is forbiddento smole. An exampleof actionof type3is
to give the permissiorto someongo smole athome.

An actionof type 1 changeseliefsaccrodinglyin the sensehat
beliefsaboutthe positionchangeaslong aswe walk, andthatis for-
mally representetly applyingthe successostateaxiomsto the situ-
ationsaccessibldy K. However, sinceanactionof type 1 doesnot
changethe obligationsthe setof situationsaccessibléy O remains
unchangeafter performancef this action.

Thesecondsignificantdifferencebetweerbelief changeandobli-
gationchangeis thatwe have to distinguishactionsthat createnew
permissionsindthosethatcreatenew obligationsIndeed,n thecase
of permissionst is suficient to have one mostideal accessiblesit-
uationwherethe permittedpropertyholds, while in the caseof an
obligation this propertymusthold in all the mostideal accessible
situationsThecreationof new obligationsareanalogouso obsera-
tion actions but thereis no operationanalogougo the creationof a
permissionn termsof beliefs.

If we denoteby perm.p (respectiely by obg.p) the actionthe
effectof whichis thatp is permitted(respectiely p is obligatory),we
caneasilycheckthatthesetwo kinds of actionsareenoughto cover
all the kinds of changesindeed,—Perm(p, do(a, s)) is causeday
a = obg.—p, and—=0bg(p, do(a, s)) is causedy a = perm.—p.

Thesituationsaccessibldy O afteranactionperm.p thatcauses
apermissioris definedin generaby:

VsVa(a = perm.p —

(O(s',do(a, 5)) « O(s',s) A (p(s') v Is"(0s",s") Nid(s") <
id(s') A p(s”)))))

Thesituationsaccessibldy O afteranactionobg.p thatcausesn
obligationis definedin generaby:

VsVa(a = obg.p —

(O(s',do(a, s)) « O(s',s) A (p(s') v 3" (id(s") < id(s") A
p(s"))))

Noticethatfor permissionsve havetheconditionid(s”) < id(s")
while for obligationswe have the conditionid(s”) < id(s’).

The axiom (So) defineswhatis the new setof ideal accessible
situationafter performancef ary kind of action.

Letuscall a1, ..., aim, (respectiely 5; 1, ..., B p,) thesetof
all theactionsthatcausehatit is permitted(respectiely obligatory)

thatp;. We adoptthe notation:

. def
normative(a) = a=a1V...Va=axmVa=p1,1V

...Va = BppVa=DpermpV...Va = permp,Va =
obg.p1 V...Va=obg.pn

Intuitively normative(a) characterisesll the actionsthat have
normatie effects.

The axiom schema(So) saysthat the situations’ is accessible
from thesituationdo(a, s) iff it wasaccessiblérom s andoneof the
following conditionsholds.Eithera is notanormatve actionor it is
anormatve actionthatcausethatsomep; is permitted(respectrely
obligatory)andthecondition:p(s’) vV 3s” (id(s") < id(s") Ap(s"))
(respectiely p(s') vV 3s” (id(s") < id(s") Ap(s'"))) holds.

(So) VsV¥s'Va(O(s',do(a, s)) «

O(s', s) A (-normative(a)

Via=a1,1V...Va=aim Va=permpi)A (pi(s)V
Fs1((id(s1) < id(s")) A p1(s1)))

Via= B V...Va=Bip Va=obgpi)A (pi(s)V

3s1((id(s1) < id(s")) Api(s1))))
\/'('a =an1V...Va=anmVa=perm.ps) A (pn(s)V
3s1((id(sh) < id(s")) A pn(sh)))
V(a=BrniV...Va=LBnpVa=o0bg.pn) A (pn(s)V
3s1((id(s1) < id(s")) Apn(s1))))))

4 Conclusion

A modelof evolution of obligationshasbeenproposedn theframe-
work of SituationCalculuswith the axiomschemaSo. We have se-
lectedthe new setof ideal situationin orderto minimiseobligation
change.

Also, it has beenshawvn that belief changecannotbe trivially
adaptedo obligations.

It is alsoworth noting that the final resultis that we have a for-
malisationin SituationCalculusof bothbelief changeandobligation
changeSincethereis norestrictionaboutthe sentences the scope
of the “belief operator”or of the “obligation operator"we canrep-
resentnestedoperatorslik e beliefsaboutobligationsor obligations
aboutbeliefs. Thatleavesthe door openfor mary practicalapplica-
tions.

Theanalysisof obligationsaboutevolution of the world deseres
furtherinvestigationsWe believe it canbe accomodateth the same
framework.

Anotherapproacho the formalisationof obligationchangeto be
investigatednight beto restrictobligationsto obligationsaboutsen-
tencesthat can be representedy literals, andto define successor
stateaxiomsfor obligationsaswe did in [3] for beliefs.
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