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Abstract

Lhos paper studies properties of 1terated reva
Farst v otreviality result shiows that
the 8CG:M onginal framework the only revision
nper o thal satisfies two e esonable proper
(s s the trvial revicgon Lhon an altirna
ine to the AGM framowork {or studving be
liel revasion and rihonality postulates o pro
postd lterated revivions are the obyecis ol this
formahsm and the rationality postulates deal
with properlirs of iteraied revimions A «el of
ralionality postulates s presentcd  close]y re-
lated to the AGM postulates A repreasntation
recult shows 1hat those postulatos imply serious
It 1nions ta the way resisions can cope with
the Promaaple of Minnmal ¢ hanpge  Those pos
tulates e pot wiat ihle for bl apdate bat
Lhenr constdvration Fagses doubes about the ad-
equacy of proviaus tre atne nls of ehiel apd ate

[0 ]

1 Introduction

ntelligem agents must gather mformation about the
world «labarate thearies about 10 and rovise those Lheao

risan view of new informabion 1hat somctuues contra-
ity e helie s prosiously Lield  Behief resision s there-
fore voeniral topic i Kuowledpe Represond alion 1t lias
hoen studieed o dhiTerent forms nmumorne om0 ssmbolie
provedunrd or deelaratene lopieal o1 probalnhistie One
ol tle ot sucessTul Baework i wline boluel revs

w3l Ios boen stwdied bas Bieen propose d by Alehourron

Crardonfors ol Makisow and 1« konown as (e AGM
frunework 1t cdeals with operatious of moavsion that e

viv o Theary (the «ot of provions helufs) by a formula
(the wew mfoermabion) ]t proposes o el of rationality
postulates (hat any reasonable revisjon should s1lisfy A
large number of peacarchoes m AT lave Deon attraried by
ind have developed this approach furthir hoth in the
ibstract and by devising revision proce dures that satisfy
the AGM rabwnahiy postulates  Even though 1terdale d
Fevisions are o ceniral conaru e Al applications those

Thi= wark wis partially supporied by the lean and He
lewe Alfassa Tunel for roscarch o Asuferd Tetelbeenoe e
v grant 136/99 1 of the Iseacl Saenee Powndation on Now
Porapectines on Nonmonolon Hla.hnlllll[.',"
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postulates do not wention Merated revisions explicithy
A closer look shows (hat the AGM postulaies do nol
sav anmvthing on the way a rovision may depend on s
liest arpminent the Lheory berag reviscd 1 oue cansiders
tterated revisions shouldn t one put some require ment
on thns dependence This paper will show That <on
such regquircients shonld be considered 10 fine 1o
tahe slock of whni has bheen accomphshed aned ansess the
general approach Notiegable progress bhas beenmmade in
theee divections

o 1 distimguistnng revisions of 2 thoory aboul an un
changiig world from updates of a tluory abow
an evolving sityation under an assumption of m
eri1 [Ratsuno and Mendelzon 19492

o 1 relumg the AGM rationabs
properiies  of  powmonetone consequence el
nons [Mahimson and Gardonfors L& Ceapde nfiors
1990 Guardenfons gl Makison  19491]

postul iles 1o

o i m the caplicy considerdion ol derated rev
stons therr properties and postulates Tor then

[he thard pol beeds to be oxpandid upons %Wany w
thors ([Boutihir mid CGoldszondi 1993 Bouthicr 19494
rarwiche and Pearl 1094 Wilhams 1991 Navah «f of
1995]) liase recently expressed tnlerest i ilerated rev
sions Que may definitelv consader 1terated revisions s
the ACM dramiework but one miay uolue thiat AU M
ronsistently avolded mentionny 1t-rations of thar * op
eralor w thor rabionality postolates Natural proper
lis of orated revisions siach as postulate &1 helow
liave therefore been Larpe s ignarcd (until [arsiche sl
Poarl 1904])

This work proposis o shghtly modified more conv
meent framework o whirh 1o study 1lerated heliel revy
S1O11S

In section 2 the AGM postulates will be recalled In
scction 3 two additional postulates concerming iferatd
rovisons wilt be desenibed and a triviality resull proved
Then 1hsclion 4 a new framework and notalion widl In
deseribed A set of rationality postulales 1s propose d and
diseussed 1 section 3 Formal proporices of e postu
lates are proved tn section 6 A fauuty of madels that of
widle mug ranhed models 1« described o section T The
revisions they define are oxactly thow Lhat salisfy the
poctulates proposed 1 scction 5 Med hodological conwe



g tieew of Uns representation reanlt are disewasod Ser
1o K concludes by stressing open problems

2 The AGM framework

Lhe AGM framework studits revision operalious  de-
ke d # iliat operate on 1w arguiuenls a theoey (am
sot of lormufas close d under Jopical dodurtion) & on the
lefi e 4 Toriula o on ihe right Thus Axa 1s the re-
sult of revisiy thenry A by formula @ using revision
method # The engmal AGM ranonabity peddnbves are
ihe following We vae the customary notdwn (n{ V) fur
ihe ~t of all logieal conscrqnonees of aset % of formulas
[he logroad comnedves always liave preccedence over the
4 operaties)

K+l fornas 4 theors
Ke«2 v € h#u
Ked  hwa Cin(h o)

ked DT~ g h then Cnth o} © hra

=5 1 Avu s mconsisiend
Hn s o fogleal copty whetiom
Bet I o —b thin hra= fhab
Ke7T AsanAbCin{hva i
K8 I b g hra theutnhea T hxand

3 Additional postulates

1he follow g vlditional pestulate was proposed 1o [Dar
wiche aud % arl ]904]

Cl AsavaAb=Ahea b

Ihe Justihe stion for CLas thoat of wy ape it learns firsl
somee parinal iformation fa) md than the full mlorma
o ta AdY the partia] wformation shonld not miihe 4
ihiferenice Dwvudod arguinents an Tavor of C1 anay be
fonmd m [Darwiche and Poarl 1191] wnd below o this
paper alter the presentaon of I5 w sertion 5 That
C1 15 cansstent wath the WG postnlates 1o ween from
the eomside ration of the trvial reossaon defimed

Forn = { Cony if mae A

(n(h a) atherwise

Ll tppvial revison =atishe- €1 oiped the A\ st
Lites The Tollow g shows that C1 = 3 ponerful posiu

Pure

Theorem 1 inyg roiision oporation # thaf saltisfies
btl K46 and C1 salisfres ka7 KuB and the posdudates
C3 and C4a proposed an {Darwache and Perid 199

lu ollier trens €1 an elegant shghthy mor power
Ml version of the AGM postulates Ko7 ind Kx8 The
proof 1« smular to that of (he corresponding lenmas of
section b

I'lic postulate €2 prapostd m [Darwiche aud Pearl
1944] l1as been shown mconsistenl wilh the AGM pestu-
Intis 1 [Freund and Lehmann 1991] Fsen the weahker
C2 proposed 10 [Navah ¢ @l 1995] 15 inconsitent  An
«ven we aher postulate 14

D1 hx—oxa C fixo

The justification for D1 that af an agont sucos
sively learns two contradictory preces of information it
should not  at the cnd hold belufs 1t would not hold
i 1 had not learned (lic Talae ndermedioale mforma
tion Such halielfs could only be the resull ol infortuation
known to e incorrecl The neat result 15 3 irvpahily re-
sull

Theorem 2 The onrly reitsion operabion that aiisfies
K+l Ke6 C1 and D1 o« the brnead vetvvuon defined
abrine

L lermma s needed

Lemma 1 Lof + be e reniscon selunfying Knl Kx6 C1
and D1 Jfbl= —a then hsaxb Cin(h D)

Proof By C1 hxaA-bxb= hxaph-bs—uVibxh
But the left liand wide s Juasb and  hwaxd C
Cnihsar ~bhe-avib) One concludes Tn D1
hoaarh © Cu(h ) |

The proof of Theonm 2 willte preseute d now

Proof Suppose mg € A the ouly interistiig case 1t
A L the conpue ten of 3ll formulas of A (v funte [an-
guage s assmined) and fg be the st of Wl cantole-
gres Then A = Ageh md = =8 By Lemma | thao
bt = Apedaa C (n(hg o) = Un(a)

4 The revised framework

¢ entral 1o the present wnalvsis s the cotice it of a be el
stale resultimg from 1 e sequence af revisions 1o (s
worh the underhving language 1s supposed to be 4 pro
positional calculus an a finrfe <ot of atonnc propositions
I indivadual revisions considered are represented In
comsastont furulas the tormula deserthe s thie new lor
niatton reecved that troigpers the rovision The letiers
a band ¢ will be used to stand for arbitrary enp=istont
fortnulas  Arelitrary fine sequetces of imdivadual res)
wiotis 1 Ity sequenea s of ronsistent formulas will
Ve reprosenied v poo and 7 The cmpty segoenee
s denoled A Conralepation of sequences 15 donoted
ad Tormulas wall be ndentificd with sequences of lingth
ont Forevample the soquenie @ o 7 consasts ol first
ihe formulas of the sequence & then tie formola a and
fimally the formmlas of the scquence 7 The hehel «ed
resulting feom a sequence o of individual rovisons will
be denoted by @] The ~quate hrachets ([ ]) represent
1 revimion procedure For example [A] s the bohef st
rosulting from cevismy, (e wntial b hief set by an opty
sequened of revisiens 11 s e intral bhohed sot A thcony
% 4 st of Tormmlas that s doscd uler Togroal ronse
imetee Materr Timphication s denoted —

I order 1o mnderstand and evidnate the sri ol new
r wtonthity postul ales presentod g seciion D3t hidps to
camstder the correspondence brtween the wew notation
inlroduced above and the (radional AGM notation  As
explamed above [o a] roproscnts (he hehef set that n-
sults from revising the nnival belief ot by first the for
nilas of ¢ and then the formula ¢ Sualarly [g] rcpre-
sents the beiefset that is the result ol rovisg the mitial
heliel set witl the elements of & 1he beluf set [0 ]
therefore represenls the result of revising the be lief ~el
[o] by the fornula a 1L may soow that we mas 1dewhly
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[ o] with what AGM would have denoted [o] xa Nev
ertheless an nuportant diffirence exisis  Lhe notation
used by AGM amphatly ymphes that af [¢] = [7] then
[#) x @ = [1) » ¢ whercas the set of postulates of wction 5
does not mmply

Non — postulate If [#] = [7] then [ a]=|r q]

The [ramework of Lhis paper allows the agent to base
its revision 1e, [o a] not ouly on the belef st [o] bul
also on the way the agenl gof o this heliel sl 1¢ on
the wequence ¢ y(ell 1t must be pomted at that 1though
the franiework presciied here does not mclhide the non
postulate this postulate 1s expressible 11d therefore mav
I added 1o the set of basie postwiates 16 I presented
below if one wishes 1o do so But theoran 3 will show
thal the ouly rovision that salisfies the rationahty pos
tulates of section n and the non-postulaie 1w Lhe trivial
r V15100

5 Rationality Postulates
51 The postulates

The following postulates are proposed 1o characterire
re asonable revision methods  They have to be under
stoodd Tor any sequences @ 7 and for any formualas o
h

I1 [e¢)1s 2 consstent theory

I2 acfo o

I3 HWbe|s a] thena — b€ [o]

I4 Mage] thenle rl=[0 u 7

Ib fbEe thinfe ¢ b 7]l=lo b 7]

I6 M—bglr o) then[e a b r]=[r a arb
I7 e =b b CCn{[e] &)

Note that il iormulva A b appearing in 16 s indeed
a conslslent forumlail —b ¢ [o a] by I1 and 12

b 2

Postulate 11 requires belief set~ to be consistent [heuric
It corresponds exactly 10 the AGM postulales Kxl and
K+5 The only reascn I1 looks strongir than Kx5 1n
thal the only revisions ronsidered here an revicions by
consistennl formulas  I1 therefore does not represent
wny strengihenmg of the AGM postulates

Postulale 12 requires the last dJement of a sequence of
revisians o be a riember of the heliel sel oblained Since
¢ 15 a consistent formula (his requitement 15 compatible
wilth I1 1t corresponds exactly 1o Kx2

Postulate T3 expresses the fiet that the agent should
be aware of the resulls of possibbe revisions 1l 1t would
accept b after g revision Iy @ it should  aiready now
accepl that 1f ¢ 5 truc then bos trae It 12 simular to
the property (8) of [hraus f ol 1900] Tt corresponds
txvactly 1o AGM & K=3

The next three postulates have the <ame structurc
they assert thai two different sequences of evistons are
tgunvalenl 1 e thev produce the same belief st Pos-
inlate 14 deals with the ecase a revimion 15 superfluous
and tan be elimmated by virtue of previous revisions

Discussion of the postulates
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a revision by a formula Lhat 15 a member of the cur-
rent behef st 15 useless  As aun example consider an
agent m a shultered room that Lihoves the sun is <Iny

g  Suppuse 11 opens a shutter and sees that inded
the weather cutside conforms Lo 11s heliefs  Postulat
14 says thal Uus agent should not modily 1ts hehef sef

and morecver also says thal tlus confirmation of the
«unny weatlier oulside should 1 no way mfluence fur

ther remsrons This seems rtasenable s far as Lheory
revision 1« concerned, il seetns unreasonable for theory
update (w1 a changing world) Suppose ndeed that

au hour afler the Stenane desenlbed above our ageunt
opr s a shutter and rcalizes 11 rammg  Tu the cas
1t did not open the shuller carbier ot may well wani
lo assumt W has been ramg for some titne awd by

lieve a flood warning bas bun put cut alrcady  In the
case 11 did open 1he shutter on the contrary 1l will be

lieve the flood warning has not heen put oul vet Mot
that n the study of theory update found m [Ratsuno
and Mendelzon 1992] (he equivalnee o u = when
¥ k= ¢t 15 thar postulate (U2} and 15 therefore part of
the syeterma 11 follows Lhal [or them if o | ¢ Tor any
b popor=yor Ihe fact thal the sumlar I4 s un

acceplable for theory updale rames sernous doubls - to
whether the Ratsuno Mende lzon approach s capable of
deahing propsriy with steraled updatis Nobice 1hat 14
1. unre asonable 10 the theory bemng rovised 1w mconsgs
trnl bul this case s oxcluded o the proscnt fruneworh
revising e inconsistent theory by a conmistent formala
must change the Uicory by 12 Postulate T4 o vpresses
a property akm fo the Cumulalivity of {hraus f af

10901 Jeasrming thal a plauvsible conscquence 1s meler d
true does not change the sct of plausible conse que s
Note also thal the proporty If o€ A then hep = A

follows from the AGM postulates when the theory A s
conastent Postulate T4 therefore does hol mnply an
stretgthonmg of e AGM postulates or of Uie Madame
Mondison ones Tor Lheory upchl(a A Wak paibl o oul
just above

Postulave I5 15 perhiaps the wewt remarkable of the
vt It rancorns the case d revimion s made suprfuons
Iy sirtue oof the follow,ug revimon if one roviaes firsl by o
and then by aAb the second revision confirms all the
forniation contam d an the first one  and, thorcfore  the
first revision 1 superfluous  Suppose for exanple Lhal
an agemd listens Lo some rehable cource of imformation
“avllg o o1s hrue and d s also true It should nol
make a diffrrence for the agent to erther wut until the
ed of the sentenee and revise by ¢ Ad or revise first
by ¢ on Learing the first part of the sentence and thin
revising by e Ad oo realizing 1t did not hear all of the
stulence  Nole that revising firal by ¢ and then by o 1-
not cquivalent to Ui above sinee the agent learned that
¢ and d dare Lrue logether whereas learning o along, evin
after learmng € could convinee the agent to abandon ¢
Postulate I5 15 an adaplation tu Lhe new framework ol
C1 lu this new framienorh, 1t 18 nol enough Lo say that
i the situations conadered the first revision (hy a) can
net influence the belief et that results from the second
onr {by 4) the postulale musi alao say expheitly that the
first revision cannot influence the resull of any farther



revision {by 7) Postulate 15 does nol corrcspond Lo any
of the AGM postuiates and nideed C1 does pot follown
rom the AGM postulates Postulale IS therifore rep-
resents a definite strengthening of the AGM postulates
hut 1t seems very difficult 16 find reasons to rrject gt
The queation whether I5 should be acoopted for updates
15 morc delicate My present feehing 15 that 11 should
learmng frst e aud then a A b should not make me
think that there have been two changes i the warld
but probably that when T learned @ @ A b was already
Irue

Postulate 16 deals with (the case 1 which a formula
a used to rovise 4 beliel sel miay be repesed 1 the
uesl revision 1e when revising hirst by & and Lhen by
boas caumsalenl 1o revisng by @ and 1hen by A G NnotLe
e diately that 1 the presence of I8 IG 1~ cquivakent
Loy

16/ M~ g a] thenfe a b 7]=[0 antb 7]

16’ «ays tha if a ccrtam conditin v met fwno sue
cussive rovisinns miy be collapsed mio one revison by
tlie conpunction of Lhe two forimulas imvolsved The von
ditian 1o be et 158 that the wecond rovision 1s o wild
-b ¢ [ a] i stands to reason that the ve may
Iioa difference hetweel rovising by o Ad ous one hand
il revisiug @ fiesl by o and o by bonhy il ihe wee
il revimion s v seterorrvaon o b€ [mog] i
nol a severe roviston we expeel tle result ta contan the
fornnda o and therefore we expoct I6 1o e s alisfied
Pastilate I8! carresponds to AGM s postulite K«8
Vapirry] cwe of Ko7 Postulale I6 thenifore docs unt
eeoprement any steengthomng of the AGM postulates

Postulate IT 15 an istduce ol (he Prinetple of fMim
mial C hange If after a sequence g ol revisions an agent
learns —b and then b at eirtamly Belicves & bat any ad
ditional balhie Mo may have ¢an only conie frong ihe bhehliels
theld after the sequenee ¢ nonc of the behels (nggered
In e srming =b should survive Lo & Postalare IT7
IS Lot 4 copscguencs of Kal KeB8 and cven not a cons
acnee of the additional Ke9 of [Trenod aud 1ehmann
17994)  Traslated back o e iradhitiona) AL Trame
work one pots DT above whicl s 2 wedhemn, of C2 It
s The sl EUREY |uw.1|:]( Wi Aht nihg W C2 ihal s colisis-
teut and should thorcfore e considoted s the coerecd
Cs v ssion oF e nhaihons ehind

Il ome comaiders (he postulales above oot frow the
putnt of vicw of theory revision 1¢  changig bi hefs on
A statie sitwation but fram the pot of view of Theory
updat: [Ratsuno nd Monddeon 1992] 1¢ changing
be Lol o a cliangimg situahion one would probably ac
tept all the posiulaltes above under the usual assump
bions (priorily to new information) except for I4 and 17
Ihe conhrmation of the truth of 1 proposiion believed
lo be true should prohahly infuence further updates by
Litiig a postertor tune stamp (o ihe mformation Learn
g that a proposition b has changed from false (o true
may provide the agent with now mfonmation «xprossing
the consequences of o change

The sot of rationality postulates preseonted above 1y
very mimilar to the wL proposed hy AGM Ow one pomnt
1l 1+ shightly weaker (he non postulate ind [wo other
homts 1t 15 shghtly stronger I5 and I7 Sice postulaics

LE1 1 L |

I5 and I7 seem stcure 1 e difficult to rejrct the postu-
lates 11 IT may probably be considered as a reasunable
formalization of the mtuitions of AGN IT v prohibly
less stenre thaw I8 but the systom IL-I6 s amwnahle tn
a study that 15 vcry close to the one to prosented uow

6 Properties of the postulates

Some conscquences of postulaies I1 I6 (the last postu
late 15 not used 1 this section) will be descnibed now
Many of the proofs have been anulled

In the rest of this section & — [&] 15 supposid (0 L a
revision system sdatisiving I1 16 One mtorisimg aspeed
of the postulites above s that no postulale simmlar 1o
K#6 cxpresang invariancee under replacetent of 1 fur
mula by a logically cquivaleni fortula s nieceled

Lemma 2 ff a 1 foqreally equitalent te o' ihen

[r w 7]=[c & 7]
Proof By I2 and I1 wince afa’ o« € u] Dy

I4 (hen we have [0 ¢ 7]={¢ « « 7] But <imce
d'Eabyls o ¢ o/ 7]={c o 7]

The next results lemmias 3 and 4 show (hat our sywtony
engoya 1l the propertus of the AGM syslom

Lemma 3 If ~u @ [¢] then [0 o] = Cnife] a)

TProof By I3 {0’ u] c (n{[f‘r] ) By 11 and I2 [n o]
1~ a theony that contams ¢ Lo show Cr{[a] o) C o 4]
1t s therefore cnough to show that [¢] € [e 0] Sup
pose b€ [o] By 14 wr hnve both [¢ 8] = [r] aud
[ b al=[o a] We coudude that ~a g e b aud
tha by I68' we hawe [rr ) u]:h} baal By Il
I2 then b€r b ¢ ={r «a

1he noxt result expresses the AGM postubtes Ko7 oand

K«B

Lemma d [0 a AB CCn(lo a] b) and f ~b & [r a]
then one also has Cn([o o] 8)C [0 a Ab]

Praof 1f =be [ u] Cu(le o] H) s the Ml language
and the the biest daim s proved  Woos ledt toous 1o
preve that ff=b g [r o] then Calle o] b= |0 a Al]
But Iy lemma § Cnffe o] b= (e a 6] ad Iy I6
lm a b =fr unl]

We have shomu thal for a fived & the theores [rr u]
vhey all of the AlM postulates The uent Latch of re
slis lemmas b v oand T coneorn the mdluinee of & ookl
rovision befor a severe revisiom

Lemma 5 [f—a @ |o] but ~b€[c] thanlo o b )=
[« b p]

Pivof By I% [m a b pl=[o aVvb a b p] Sme
—a &[] we hnow that ~{e v b) € [@] ad Iy Jennua 3
e avhl=(n(lr] avh) Smec b€ [m] we concdude
that n € [0‘ rl\/‘i')] Postulate IS then nmphies thog wa
have [0 avh a b pl=[¢ evb b p] By 15 apun
[e avb b pl=[0 & p] and we arc «lane

1 he nont resull coucorus dispunction 1t lhas an interesd
of ite own As one would crpert 1 e sune cond luaion
15 arrived at by two diflorent but patalld] sequentes ol re-
visioms 7 b rande ¢ 7 whoere e hasreplaccd b then

1t could have been arrived at by the scquence @ by e 1
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Lemma6 Ifa€fo b r] and a€o ¢ 7] then we

himouwele bvre 7]

W mav now siate our mam result concermmyg the «feet
af an ilermediate mald revision This resnlt s very 1m-
poartant because 111 n a wense paradovacal One of Hhe
wam anns of Belief Revision s 1o provide rovision sys-
tenis that salisly the Principle of Munmal Change  as
much as possible of the old 1heory should b kept 1n the
revised theory In case of a muld revision (his principle
1= lully inforced by Iemma d But an the case of a sever
rcvision  the pastulates {ours or A(GM s) do nal seein
to enforce the prmeple m any way  The next lemma
shows thal essentially (he Prineiple of Mimnnimal € hange
{1 ~evere revisions s mconsasient with the viey natural
postulales IL-I6  The effect of 4 nudd revision essentially
Fades amay al the first severe revision the identity of the
formula In whieh one performed a nuld revisien 1s for
gotten after the irst sover rovision Therefore i parl
of the old theary that was hrought abont by the nuld
1318101 catt be hept 1n the aen theory  1he besl one
«auld hope [or is to keep those parts of the efd theory
that were brouglit about by the previous severe reymion
We shiall not (ry here (o diseuss the imiphicalions of this
1esult T there are for the cpiste malogy of science

Levima 7 /f one hay ~u g [a] —d' €o] -bE[r 4]
and ~ber d] thanle o« b 7]=[c « b 7]

The previous lanmas presenl basie conscequendces ol
the postulates I1-I6  Tlev are alvo needed for prov
myg the representation theoren of wction 7 Jlie next
loinmas show that the postulates I1-I6 mply proper-
ties 1hat ars sinnlar to the C3 and C4 of [Darwiche and
Poarl 1994]

Lemma & describes a strengthenug of both 15 and
property C3 It resembles 14 bul the order between a
and & 1s dafferent  The proofl of lemma 8 provides a proof
that C3 14 1consequence of C1 and the M postulates

Lemma 8 Ifé €0 a] thenfo a pl=[c b a p]

Pioof By I5 [0 a pl= [# aVbd u p] e
belg a] befr avh] and In 14 (¢ avh o« p]=
[m «vhb b a p] and we couddude bv I5 )

Newt Jotima s stiilar o Darwiche and Pearl « C40 Dis
proof provides o proof that C4 follows from C1 and i he
LG M postalates

Levmuna 9 if-b ¢ [0 a] then-be (o b q

7 Iterated revisions in widening ranked
models

A class of rovision procedures  detined by a Tanuly of
rahed mindels will be presented now  Any procedure of
tits ¢lass satisfies the postulatos presenied m secbon 5
A word of caution dud explutsion s needed here to
clanfy the rolc thoss woddls  Thi todels (o be pre-
sented are an extremely uscful 1echnical tool 1o study
rationality postulates they are not wntcnded to desenhe
the ontelogy of theory revision The reader may jusiih-
ablv feel (hat thc models presented do not provide for
a proper ontology of theory revision because the revi-
sions they define do not satisfy or do nol comply encugh
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with the Principle of Minnumal ¢ hange Tlis pont will
be discussed at the close of Lhis s chion and taken again
o more deplh i scetion 8

The general framework 15 1hat of a ranked model de
timed 1 [l ebrmann and Magidor 1992] The igent uses
r plausiblity ranking over possible state ol aflairs Fachi
state of affawrs 1s labelled with a proposiliona mod|
After any stquence of revisions the agent sees atself at
a certan mmplausitbiity rank n and eonsiders plausible a
non-emply sel of stales of aflurs of rank 7 W hen revis
ing then by a forimula e, the agont exammes whether
there 18 a state of affairs among the ones 1 conside e~
plausible that satishes @ Il there 1« one 1t continues (o
see Hwell at the sane anplausibility rank 7 hat down
sizes s wet of plansible statrs 1o those thal satesly o 1l
on the contrary thiope 15 no state (hal sabishies @ anong
the plausible states 1 jnere ases 1ts implausibility rink
to the smallest rank mn above #oat wliel there 15 a stan
of affairs that satishes 5 Ir considors plauseble sy stale
of rank in that satisfics e

Iwe additionadl rosinictions are put on the rauheid
modiel Farst the <et of possible <1 alis of atfars (1
propositicnal models) a1 ap mmiplagsible rank 1< a super-
sct of the set at a more plavable rauk  the s of
peopositional models widons with lugher nnplausibihity
ranhs  Tlos enforees (Jie condition that less assump
tions leas defuult thfermaiion s woulable al leas plaoa
ble panks 2 ~oyuenesy of contradicting revisions [by b and
b suceessively ) essenuially cannot give the agent new 1o
formatbion  Secondly  any propositional model must ap
prar at some Implausibiliny rank and therefore al an
ranhk of sufficient implausibiity  1he purpose of this lasi
requirement 15 1o ensure thal the agont alwenys ¢ after
us sequence of revisions ends up with 4 non amply sl
ol plausibsle «t1tes of affairs

Even though the underlving language considered 1= i
nle we cannol resttiet our attention 1o moddls m wlich
the raihs are natural numbers we need to allow ordi
nals as rankhs {onsider for example a rovision svetem
w wlich b€t -a a al and bE[a —a a —¢)
T any sequence of revicions by a and 1ts negation alter
natively  1he rank corresponding te (-] must be jofi
mile The Tormal defiintion of a widemng canked odel
will be given now A« explained above  the ranks are
ordinals Notc Lthal since the ranks are ordinals (1 well
ordered fammily) the sinanthness condition of [Lelimann
and Magidor, 199.2] becomes superfluous  Some untial
segment of the class of ordinals will be denoted by A
and the set of all propositinnal models by W [l 15 casy
16 see that the 1mual segrient A dees not necd to be very
long w+ w s Adwave auflicient, (fihe language 1s finute

Definition 1 An uudening ranked model ronsinds of s

a function U\ — 2 _ @ such that

I foranym mme€ N zf n < m then M(n) C M{m)
and

d for ony w €W dhcre 15 some nE N such tha!
uw € M(n)

The value ol M(n) & the el of all models that re present
some stale of affairs of implausibihtv n Notice that, on
a finite Janguage, in any widcning ranked model, Lhere 1»



s14nh vt thal foreveey s 2= W) =31 Al
widommg rahed muodel Mo odolnes vasalom of thoratid
rovisions i Uee following w v Ay sequeonre of oy spons
o defines a ranh 7 (@) and sonie st ol proposiiioual innod-

v ey C V(o))

Defuimtion 2 [ Ay
lengih of @

o 1(A)=0 and p(A) = W)

o [fihereawm pla) some element thaf satsfies o one
has rlo a)y=1{a) and pla ) o defined ta be the
fnon cmply) subsed of pla) contamag all modils of
pim) that sutesjy o Ifwo element of ple) seticfies o
(@ a) i rfrﬁmd fo e the smallesi n . ) such
that some cloment of Min) safishies a0 Note that
defonrtron Foomplies ete v such an v The wd
pla a) s defined do bo e fnon cuply) subsct of
iny contarmamg atl models thet saiinfy o

defrmiteon v by anduction on the

Nowoopven aty widemmg ruthed model A 4 svstom ol

Merated resispons may he defined

Dchmeron 3 Jor any sequence @ [a] as the st of for
nnwlos that are safisfiod 0 oall modeds of plo)

[he tollomomg soundness resull gs straghiiors 1rd

Theovem 3 Fhe ormoagaren procodire defored fas in defy
wttten 1 by any wrdening ranbed model satrofies postu
h”! . I] IT

Ho sevmdness of I7 [ollows Tean paet 1ol dolutien |
[he Tact thoat [o] 1s consastenl as ensural In the Tt that
PLE) s never eply

The widcnng rarked modo s are techiealy muuchiv s
Wt to o unpubate ad grasp than 15 rouadhty pos
tulates I1 16 It s thercfore amportant 1o prove the
cobive tse of theorem 3

Thootem 4 Any rerrveen procedure that safesfres I1-1I7
s e frned by soine wediwmg ranked modid

[he prool of dus result has booy obtamad <o Tar ouly
wiede 7 e assinptian of @ limte nomiber of Atonue prapo-
sttions unl s oo Jong to e prosented lere

Siner e ol widenmg, tanhed modid that defines
1 revsion (hat satshos the pnon postalate s the 1ry
t1l widoung ranked woded e which 4l ranhs contam all
proposttiomal models we have the following,

Theorem 5 ThAc only riveseon that selesfies I1 IT and
the nen-postodaic s the Iriiref reriaen

Phe trivial revision 1s dofined Iny

e o] = { Ca(a) of ~a €[]

{n([e] e} otherwise

A= noled above on 1 hmte gy any widenlny,
tanhed model w trvial from a ecetain rank onw uds
W ranks are Mall they coutain ddl possible proposition sl
models  Thorfore any revision satisfyinglIl IT heconmes
trivial for long enough sequences of re visions

[l «erns al (he present stage of this work that 17
correspotids exaclly (o the wilonmg property of ranhed
maodels TS clear (hat any ranhed model o whicl overy
[rropositional tods | appears 2t auboundead ranks defines
a revieion thal salisfies T1-16 1he convers seems 1o
hold bul has not becn fully proved yel

[ exprinscd al the beginnmg ol thisseciron 1he leeling
Urat 1l revisions de Tl by wade g, ranked imodels are
prabably not The rovisions one would Ithe toouse hec quse
thes seenn 1o provide sovore revisions that e tiadiealls
weplect e Prnewple of Monmcd ¢ hange  Tlos pomd
will he diseussed b scclion b but two prelmiminsy o
warks may T made liere  Lirsl 08 mav I tlie case
that switable rostrections on the ranked models csun
tompliance with the 'ouciple of Mmnnal ¢ hange The
trivial ranhec merdel 1o whieh evory proposilonal wiodcl
s al overy rauh cerlunly doos Sceondls s
dairy revision satsfving I1 I7 way be defiped Ty such o
modd! (he condlusion could be (hat 1o reasonable e
viston procedurs el satsly the Prmaople of S 4l
Changr o o gl w oe Sice postnl s I1 I7 are
viry close v reltid 1o the AGM orrgon 4 postulatis 1his
would probably apnals that no reasonable 1ovising ot
Isfving the AGA postid des comnphies with the Primeipl
of Mnnmal ¢ hanpe

8 Conclusion

A ucw frameworh <vntas semanties and postnlat = for
theory revsion has been presented Muach of what has
heew dane ny the new framework may be translated hack
mbo the nngmal AGM framenork but tlus pew frane
WOrk ~ee111s nre condneve oo S r neon with new
postul ates ot oxunple the strength of postulve €1 or
the tervaduy resdt of scction oy were oy distovered 1y
the uen franvwork % s of naturad rdonalit posia
fales has hern propose d 10as surprinsingly powerful 4
mumher of (uistions have reeonved only parnsl anaarrs
Represenlalton theorems for weoaher systens shiould he
songht [or Lhe quest for a suitable svstema for belyel
update i~ probalily the most mtrgning question ol (s
tvpe Sueh Losystern s reject 14 and st theorcfore
be essentially different frotn [Ratsune and Mendelzon
(992]  Lhe postulate I provides w anriguing nes -
win o b o ed e Conditian al Lagere ap equn,
ety o the treatmend ol cmbedded canditional asser
Hots a>{b »¢) —b = fhfEu

10 s probably te opunon of niest rcadies thal rew
stons defimed by wpdcnimg rahed models (or pust rankd
models for that cHect) e ot sahsfactory beeaus they
do not proporls mplement the Prineiple of Atinnmal
{ hanee  Thi work shows that this delect 1~ 4 nec
cwany couse quence ol two postulates I and 16 thal
cmbody some ather privciple of informational economy
Hie propeer conclusion s probably 1hal not all re asomahlo
principles of rovison 4 compatible

Fhe underly up plidosoplucal assuinplions of A0A]
soctn to tply that contraction s tlie more basic oo a
ton rovision bog only a derned operatiom conststimyg,
al a4 rctraction followad Iy an espansiem (the Tevidon
1ty) Al researchors will proh bly fiod Hns thess gies
tionable 1t scomis the opceertion of revising a theory
view of new iwformation s more basic to Al than thal of
retracting previously recenved wilotmation upon learniug
thal tlis previous wformation way obtanud from sowe
anrchable source  If such a roirsction has 1o be po
furned 11 seemms that 110 wall be because new inforn 1on
mnphving the unedhiabiality of the source has bean ganed
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ueed (hierefore this retraction 1s really 1 revision by this
wew iformation The questhion of (he meaning of the
new rationality postulates for retraction nceds further
studdy

lo ronciude 1T would hike wsing o remark of P
Schobbens to give an example of the hind of philosoph-
1enl queshions that are rased by this work but do not
s~ Lo have been remarked hofore Suppose an agent
learus first, a long conjunction a Adé A Az and then
s egation eV by Wz Postulate IT unplies n
will forget about the firet inforniibion smce it has heen
contradicted by the second one But one rould argue
hat this 1w not the right tnng to do Cranted the first
indarmation 1 ipcerreet bul 1l coutdd be almaost correet
It one maks ~ thas assumptien upon reer nang the secand
mformtion vne will condude that few components per-
haps onlt one of the congunction are [ilse most of them
sUll believed to hold trae This analvears dislimguishes T
Huuh hetwoon two kinds of redractione [y the Arst one
upe relracts 1 proposilion hecause Lhe ~ourcr trom wlich
1 has heen obianed 15 now knowu to he nurchable In
this case therc 1s no reason (o suppose Lhe proposition 1s
approximately correcl  In the sceond hipd of retraction
ol molracls 4 proposiion becaust sonw new mfornia-
tion car 1o comtrdadict it In tlis case  one may lhave
re aneml 16 boliese the proposition 1 still approsimaiily
corrc ot This distinetion should Jead (o two differont wets
of postulates for rolractions
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