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Today’s lecture is based on

= Parts of Lecture notes ,,EPISTEMIC LOGICS® by Andreas Herzig, 2017
https://www.irit.fr/~Andreas.Herzig/Cours/epilogics.pdf

= 0.0: Doxastic Logic, Lecture 07 of Course ,Intelligent Agents“, winter term
2023/2024, University of Luebeck

= 0.0: Ontology change, Lectures 10 and 11 of Course ,,Information systems
CS4130%, summer term 2023, University of Luebeck
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Beyond AGM

= AGM change operators have been criticized on different grounds
* This shows the importance of AGM rather than its weakness

= In this lecture, we will mainly deal with the fact that AGM does not
support repeated applications of the operator

» And discuss the post-AGM developments in iterated change/revision

= At the end we give a very short overview over other Criticicsms and
associated Solutions & new development in the area of belief revision
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Purpose of today’s lecture & Agenda

= Understand the limits of = Darwiche/Pearl
AGM revision postulates for Iterated

o Revision |
= Learn how to cope with it

= Darwiche/Pearl
postulates for Iterated
Revision I

= Gettoknow some new
developments in belief
revision
= Other criticisms and
post-AGM research
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Iterated Revision
= Apply revision operator on sequence of triggers Fy, F5, ..., F,

= Static approach: same operator in every step on revision result
(..((B xF) xF,)* ..)xF, (Considered in the following)

» Dynamic approach: Operator may change depending on history

= Systematic study of iterated revision starts with papers of Darwiche and
Pearl (94,97)

Winter term 25/26 AlL | Ozgir L. Ozcep 6
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Iterated belief revision with AGM?

= AGM revision not tailored towards iteration: belief set X fixed!

= Only one interesting result for AGM revision

If « fulfills all AGM revision postulates (R1)—(R8), then it fulfills
f-G&X «sFthen(X *F)«G =X *x(FAG)

= If second trigger compatible with revision result with first trigger, then
iterated revision amounts to revision with conjuncts of triggers

Winter term 25/26 AIL | Ozgiir L. Ozcep 7
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Need for Iteration Postulates (Example)

Agent hears an animal A bark like a dog
So he believes 4 is not a bird and cannot fly.
X = =bird A =fly
But if he were told that X is a bird, he would assume that it flies.
X * bird = bird A fly
If agent were to come to believe that A can fly, then he should
still believe: If A were a bird, then A would fly.
(X * fly) * bird & bird A fly.
But one can construct AGM-conform revision with unintuitive
result (X = fly) = bird = bird

Winter term 25/26 AlL | Ozgir L. Ozcep 8
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Need for Iteration Postulates (Example)

= Butone can construct AGM-conform revision with unintuitive
result (X * fly) * bird = bird

= Forexample, you could define * just as the amnesic revision
operation defined by X * F = Cn(F)
(= see discussion on relevance)

= Remark: The wording of the example suggests connections to

counterfactuals/conditionals (= Ramsey test)
ALY Uncertainty, Causality, and Conditionals)

Winter term 25/26 AIL | Ozgiir L. Ozcep
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Desiderata for iterated revision * (Darwiche/Pearl 94)

= (DP1) If F € Cn(G) = “If second trigger stronger than first,
then(X*F)+«G =X G then second trigger overrides effects

of first”.
= (DP2) If —F € Cn(G) = For incompatible triggers the second

then X «F)xG =X G one overrides the first one’s effects”

Winter term 25/26 AlL | Ozgir L. Ozcep 10



v
[T:
m N m
4N Universitdt Hamburg CHAI "7, 0
DER FORSCHUNG | DER LEHRE | DER BILDUNG ities-

Desiderata for iterated revision * (Darwiche/Pearl 94)

=(DP3) If FEX *G = “If revision only by second trigger
thenF e (X *F)*G entails first trigger, then the
sequential revision with both

triggers does too.”

(DP4) If -F & X G = “If revision by second trigger only is
then—F & (X *F)*G compatible with first trigger, then
sequential revision with both
triggers is too.”

Winter term 25/26 AlL | Ozgir L. Ozcep 1
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Preventing unintuitive effects of example

= (DP1) If F € Cn(G) » X = —bird A —fly

then X« F)«G =X *G _ _
* X *bird = bird A fly

= (DP2) If =F € Cn(G)

then X« F)«G =X *G = Undesired:
(X = fly) * bird = bird

«(DP3) If FEX %G

thenFe (X« F) =G " Desired

(X = fly) = bird = bird A fly
= (DP4) If =F & X %G
then—-F¢ (X *xF) =G

Winter term 25/26 AlL | Ozgir L. Ozcep 12
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Preventing unintuitive effects of example

= (DP1) If F € Cn(G) » X = —bird A —fly

then X« F)*G =X *G _ _
* X *bird = bird A fly

= (DP2) If =F € Cn(G)

then X« F)«G =X *G = Undesired:
(X = fly) * bird = bird

«(DP3) If FEX %G

thenFe (X« F) =G " Desired

(X = fly) = bird = bird A fly
«(DP4) If =F & X =G
= A: Postulate (DP3)

then—-F¢ (X *xF) =G

Winter term 25/26 AlL | Ozgir L. Ozcep 13
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However, DP postulates not compatible with AGM!

= More concretely, we have:

Proposition (Lehmann& Freund 94)

If « fulfills all AGM revision postulates (R1)—(R4), then * does not
fulfill (DP2).

= Reason is mainly: AGM allows for inconsistent belief set as a special case.
Take G as a tautology and F as a contradiction
Leads to all every consistent theories X being equal.

Winter term 25/26 AIL | Ozgiir L. Ozcep 14
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However, DP postulates not compatible with AGM!

= (R1)X *F € BS; = Proof
«(R)FEX *F = G =T (tautology)
» [ = 1 (contradiction)
"(R3)X «F < Cn(X U {F}) " As —F € Cn(G), with (DP2):
= (R4) If —F ¢ X then (X «L)*+T=X =T
C(n(XU{F}) € X «F = Due to (R1), (R2) X x L= L is the

unique contradictory belief-set L
= (DP2) If =F € Cn(G)

then(X*F)+«G =X *G

Winter term 25/26 AlL | Ozgir L. Ozcep 15



UH

ii..l . oy ee

L2 Universitdit Hamburg
DER FORSCHUNG | DER LEHRE | DER BILDUNG

However, DP postulates not compatible with AGM!

R1) X =F € BS,

R3

(

*(RA)FEX xF
(R3) X *F C Cn(X U {F})
(

= (R4) If =F ¢ X then
Cn(XU{F}) S X *F

= (DP2) If =F € Cn(G)

then(X*F)+«G =X *G

Winter term 25/26

= Proof (continued)
* As —F € Cn(G), with (DP2):
(X *L)*T=X=*T
= Due to (R1), (R2) X * L= L is the
unique contradictory belief-set L
"L xT=X*T
= X « T = X by (R3), (R4) for all cons. Xs

= .« T = X for all consistent X, so all
consistent X identical, contradiction

AlL | Ozgir L. Ozcep 16
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The reaction of Darwiche and Pearl (97)

= Belief sets are not sufficient to represent what is going

= Rather: Use epistemic states W and associate set BS(W) of beliefs
holding in ¥ (> Compare with epistemic logics )

= Allows history to be encoded in state — rather than by the logic of
belief sets alone

Winter term 25/26 AIL | Ozgiir L. Ozcep
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The reaction of Darwiche and Pearl (97)

= Here further (not necessary) assumption:
BS(W) is (finitely) representable by a propositional formula.

= With that assumption, e.g., we can write BS(W) A F

= And, where before, e.g., the success postulate for revision read:
FeX xF
now has to be written as:

Fe Cn(BS(Y *F)) or alternatively BS(W*F)EeF

= Due to this, also we have less revision postulates (6 than 8 before)

Winter term 25/26 AIL | Ozgiir L. Ozcep
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Revision postulates with epistemic states
= The full revision postulates are given in the

= The main weakening is reflected in a different extensionality postulate
(named (R’4) here, whereas in AGM it is (R6))

(R'4) If ¥, =W, and F, = F,, then BS(W; = F,) = BS(¥, * F,)
= Extensionality w.r.t. the right argument is as before

= But w.r.t. the left argument it is required to have the same epistemic
states (not just the identity of the associated belief sets)

Winter term 25/26 AIL | Ozgiir L. Ozcep
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Iteration postulates with epistemic states

DP1) If G  F,then BS(¥ *F)*G = BS(¥ *G)

DP2) If G = —F, then BS((W¥ * F) * G) = BS(¥ * G)

(
(DP2)

(DP3) If BS(W x G) E F,then BS((W*F)*G) = F
(

= (DP‘4) If not BS(W = G)) E —F , thennot BS((X x F) * G)) £ =F

Note here, e.g., in DP2, we consider really iterated revision on states (the BS
operator is applied after the two applications of *)

Winter term 25/26 AlL | Ozgir L. Ozcep 21
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Ordinal conditional functions

The switch to epistemic states works out as
intended

» There are concrete instances of ¥ and
there is a concrete revision operator ©
fulfilling all (adapted) revision and
iteration postulates

= In the paper, Darwich and Pearl rely on

important work of Wolfgang Spohn on
ordinal conditional functions for the ¥ (Spohn 12)

Ranking Theory & Its Philosophical Applications

WOLFGANG SPOHN

Winter term 25/26 AlL | Ozgir L. Ozcep 22
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Ordinal conditional functions

= Ordinal numbers (from set theory)

generalize ordinal numerals (first,

" Givena setof possible second, third, ...) to infinity
worlds W = {w, wy, ... }

= An ordinal conditional "0,L,2.0ow+1l,w+2,.0+w=
function (ocf) ¥ maps worlds w-2,w2+1,..,w?
to ordinal numbers ORD

= Two different (infinite) ordinal
numbers my have the same
cardinality (e.g., w, w + 1)

Y :W - ORD
= AndsomeofthemtoO

Winter term 25/26 AlL | Ozgir L. Ozcep 23
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Ordinal conditional functions

1 = Ordinal numbers (from set theory)
2N 2 generalize ordinal numerals (first,
w: . . o
s e second, third, ...) to infinity
w23 ,@*‘«“w"’i% (jl—Q
;»t:}»m««f;i,,' V,:if » 01,2, .0w+1l,w+2,..0w+w=
3 '3 v » ww “ 2
Pt A G{“‘m‘*‘” B 0 w-2,w2+1,..,w
LAY | % ,
- g‘ 3'51"“\ ,// / : ° M M
5,“'5‘?;;”5:%71,#-" ; = Nice spiral representation, where
4 -y, AT each turn is specified by function
w-6 '
w7 \ —_—
5 N ! (Burghardt 25) f((l) =W (1 T (X)
6 7

Winter term 25/26 AlL | Ozgir L. Ozcep 24
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Ordinal conditional functions

= So, OCFs are just considered as

. , instances of epistemic states W
+ LvEn @ se e pesalblie where the ordinals represent

worlds W .
= Anordinal conditional degrees of plausibility
function (OCF) maps worlds = The worlds ranked lowest (at 0)
to ordinal numbers ORD have highest plausibility: These
W:W - ORD correspond to the believed
= And some of themto O propositions

Mod(BS(¥)): = {¥(w) = 0}

Winter term 25/26 AIL | Ozgiir L. Ozcep
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Rankings of sentences

= OCF functions can be naturally

= Given a set of possible
worlds W
= Anordinal conditional
function (OCF) maps worlds
to ordinal numbers ORD
Y:W — ORD
= AndsomeofthemtoO

Winter term 25/26

extended to sentences F
WY(F): = min ¥(w)
wEF

= An OCF accepts a sentence F iff
its negation —F is implausible:
Y(=F) > 0.

= In other words: W accepts F
precisely iff BS(W) & F

AlL | Ozgir L. Ozcep

26



UH

ii..l . oy ee

L2 Universitdit Hamburg
DER FORSCHUNG | DER LEHRE | DER BILDUNG

Revision of Epistemic States

The Darwiche/Pearl revision operator © on
OCFs V¥ is defined by

Y(w) — Y(F), wEF

YOFW) = { Y(w) + 1, w E =F

Winter term 25/26 AIL | Ozgiir L. Ozcep

Intuition

= Worlds which accepted
F get increased degree
according to degree of
plausibility of F

= Worlds which did not
accept F are punished by
decrementing belief
degree

27
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Revision of Epistemic States

" motivated by Spohn-
ETIAIEON motivated by Spohn’s

The Darwiche/Pearl revision operator ® on change operator
OCFs W is defined by (not shown here)
= Basic desideratum for
YOF(w) = { ) — 1) LAL=2 Darwiche/Pearl: Revision
¥w) +1, v = =l by F should always lead to

strengthening of degree of
belief in F

Winter term 25/26 AlL | Ozgir L. Ozcep 28
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Revision of Epistemic States

The Darwiche/Pearl revision operator © on Operator O fulfills

OCFs ¥ is defined by (R'1)-(R’6) and (DP’1)-(DP’4)
- Y(w) — Y(F), wkEF

eI = { Y(w) + 1, wE —F

Winter term 25/26 AlL | Ozgir L. Ozcep 29
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Why the weakening of extensionality?

= Lehmann has shown: (R1)-(R8), Theorem (Darwiche&~Pearl 97)
(DP1) entail (DP3) and (DP4) : -
There is a revision operator

= This casts also a bad light on the fulfilling (R'1)- (R'6) and (DP1)
iteration postulates: they become but not (DP3) or (DP4)
dependent under AGM revision

= Using OCFs on epistemic and the
weakened extensionality axiom
(R’4) mitigates this problem

Winter term 25/26 AlL | Ozgir L. Ozcep 30
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C: Idealization | ->

» We mentioned this point already
when discussing epistemic logic
(logical omniscience)

* Finite capacities of agents

= Need revision on possibly non-
closed set of beliefs & belief base

= Larger variety of revision
operators

S: Belief Base (Hansson 99)

"B, ={p.q}, B, ={pAq}
= Syntax sensitive
By x—p={q} #B,*x—p=1{}
= VVia consolidation
B+, F=(BU{F}) —~F
= Semantic revision

B xF
= Sent(Mod(B) *spm Mod(F))

Winter term 25/26 AlL | Ozgir L. Ozcep 32
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C: Idealization I -  S:Resource-bounded revision

» We mentioned this point already = Model of Wassermann (99)

when discussing epistemic logic = Explicit (E) vs. implicit (I) w.r.t. Cn;

(logical omniscience) = Active (A) vs. inactive

= Agent has bounded resources
(e.g., short-term memory) w.r.t.
the calculation of entailed beliefs

= Revision on A, possibly affecting E

= Requires refined model of beliefs
w.r.t. some (agent i specific)
consequence operator Cn;

Winter term 25/26 AlL | Ozgir L. Ozcep 33
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C: Complex Triggers

= The trigger may be a whole set

= S: Multiple revision

= Multiple revision (Hansson 99)

* This is the case, e.g., if two belief = Belief merge

bases have to be merged

= Or even, more concretely, two

(Konieczny & Perez 02) -

= Ontology merge as a specific

ontologies (in the CS sense) have ontology change operation

to be merged

Winter term 25/26

(Flouris et al 08)

AlL | Ozgir L. Ozcep
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C: Relevance

- S: Relevance-sensitive revision

= AGM operators may through out = Relevance postulate for base
too much to restore inconsistency revision (Hansson 99)

= E.g., amnesic operator defined by

X *F =Cn(F)
fulfills all AGM axioms

= |dentify propositions that are
relevant for consistency
restorement

Winter term 25/26

= A semantic approach based on

propositional knowledge base
modules by Parikh (Parkih 99)

* Generalized to FOL
(Makinson & Kourousias 07)

AlL | Ozgir L. Ozcep
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C: Success postulate =  S: Non-prioritized revision
= Example = No priority for trigger = non-
= Child tells home-coming father : prioritized base revision
“There was a dinosaur in our flat (Hansson 99a)

who broke the vase” = Types

= Revise only with credible triggers

= Decide which part f(F) of trigger
F to trust

= Father trusts only some parts of
information (indeed, a glass was
broken) but not all (the dinosaur
is not responsible)

Winter term 25/26 AlL | Ozgir L. Ozcep 36
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C: Inconsistency diagnosis | = S: Update operation
= Inconsistency due to previously acquainted = Update operators o first
false beliefs = revision discussed for databases
, , , with integrity constraints
* Inconsistency due to change in environment? (Winslett 88)
) = Alternative to
= There is either book on the table or a vacuity postulate:
magazine IfF €X,thenXoF =X

= Trigger: Book put on table
= Revision: Book on table and no magazine!?

Winter term 25/26 AlL | Ozgir L. Ozcep 37
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C: Inconsistency diagnosisll = S: Reinterpretation

= Inconsistency due to difference in = Sender S agent’s beliefs:
terminology Cheap = costs less than 6€

o : ‘Faust’ costs less than 6€.
= Assume: Book ‘Faust’ costs 5,50 € = Sends: ‘Faust’ is cheap

= Receiver R agent’s beliefs:

= Reinterpret use of receiver’s use
Cheap = costs less than 5€ P

of ‘cheap’ and relate via

‘Faust’ costs more than 5 € bridging axioms: cheap; under
cheap (O. 09, Eschenbach/0. 10)

Winter term 25/26t AlL | Ozgir L. Ozcep 38



v
[T:
m N m
4N Universitdt Hamburg CHAI "7, 0
DER FORSCHUNG | DER LEHRE | DER BILDUNG ities-

C: Learning not captured @ - S: Learning Theory

= Thm (Kelly 98): = New criteria: Reliability (Kelly 96)
Revision operators

implementing a minimal = Formal learning theory (Martin &

(one-step) revision suffer Osherson)

from inductive amnesia, = Ontology learning

€. (O. 09), (Eschenbach & ©.10)

stabilization iff some of

past IS forgotten = Truth Tracking (Baltag, Gierasimczuk &
Smets 19) - Course

Winter term 25/26t AIL | Ozgiir L. Ozcep
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C: Capturing Conditionals

= Belief revision seems to have
connections to conditionals

= Ramsey Test: Is there a
conditional = s.t.
F=GeX iffGeXxF

= Negative result for AGM revision
(Gardenfors 86)

Winter term 25/26t

=  S: Ramsey Test

= Interdisciplinary research around
the Ramsey Test in the areas of
belief revision, causality, and

conditionals (counterfactuals)
(Andreas & Guinther 25)

= Probabilistic Ramsey (Adams 75)
- Course

AlL | Ozgir L. Ozcep
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C: Relation to Abduction = S: Abductive Revision

* Finding culprits of inconsistency in = Revision via abduction
belief revision highly similar to (Pagnucco 95)

explanations in abduction
P = Abductive expansion for belief

= Abduction: Given observations, bases
find (minimal set) of explanations (Bayerkuhnlein, O., & Wolter 26)
entailing the observation

Winter term 25/26t AIL | Ozgiir L. Ozcep
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C: Assumptions on Logics = S: AGM (non)compliant logic

»= AGM has strong assumptions on = AGM compliant logic: There is a
the logic contraction operator over the logic

fulfilling all AGM postulates
= Some of them do not hold, e.g., for (Flourisget al. 04) P

description logics
= Simple characterization of such

= Under what circumstances can logics by decomposition possible

results of AGM be applied to other
logics? = Different postulates (for non-
classical logics)
(Ribeiro & Wassermann 14)

Winter term 25/26t AlL | Ozgir L. Ozcep 42
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Conclusion & Outlook

= Classical AGM revision is the = Overall conclusion over the course
starting point for much (ongoing) contents
research in the field of belief
revision

= [terated revision is one of them

Winter term 25/26 AlL | Ozgir L. Ozcep 43
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Thanks for your attention!

PROF. DR. RER. NAT. HABIL. OZGUR L. OZCEP

Professor
Anschrift

Universitat Hamburg
Fakultat fiir Geisteswissenschaften

Fachbereich Philosophie
CHAl-Institut
WarburgstraRe 28
20354 Hamburg

Biiro
Raum: 4012
Kontakt

Tel.: +49 40 23952 9651
E-Mail: oezguer.oezcep@uni-hamburg.de

https://www.philosophie.uni-hamburg.de/chai/personen/oezcep.html
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AGM postulates for revision *

= (R1)X «F € BS; (closure)
= RAJFE€X «F (success)
= (R3) X *F<S Cn(X U{F}) (inclusion)
= (R4) If —-F & X then

Cn(XU{F})) € X «F (vacuity)

= (R5) If Cn(X = F) =L then
—FeCn(®) (consistency)

Winter term 25/26

» (R6)If G & F € Cn(0), then

X *G=X*F (extensionality)

= (R7) X (G AF) C Cn( (X =G) U{F})

(conjunction 1)

= (R8)If =F ¢ X = G, then

cn((X *G)U{F}) €X = (GAF)
(conjunction 2)
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Revision postulates with epistemic states

*(RNY xFEF

= (R'2) If W A F is satisfiable, then BS(W * F) = BS(W) A F

= (R’3) If F is satisfiable, then so is BS(W * F)

« (R'4)If ¥, =¥, and F; = F, then BS(¥, * F,) = BS(¥, *F,)

* (R'5)BS(W « F)AG E W = (F AG)

= (R6) If BS(W * F) AG is satisfiable, BS(W « (FAG)) EBS(¥Y *F)AG
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Revision and iteration postulates with epistemic states

DP'1) If G  F,then BS(¥ *F)*G = BS(¥ *G)

DP2) If G E —F, thenBS((W *F) *G) = BS(W * G)

(
(
(DP3) If BS(W x G) E F,then BS((WxF)*G) = F
(

DP’4) If not BS(W * G)) = —F, thennot Bs((X «x F) *G)) & =F
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