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Agenda

» |In this presentation, we will showcase recent research
that revolves around the KM-update model of belief
change.

1. The interconnection between KM update and AGM revision.
2. The iteration of update.

3. KM-update assumes that any situation can be updated into
one safistying that input, which is unreadlistic. We propose and

characterize a model where not all the inputs are "reachable".

4. The model's efficacy in accurately capturing changes
occurring in the world.






Belief Revision: Anh example

(Gardenfors & Rott 1995)

Beliefs:
e The bird caught in the trap is a swan
e The bird caught in the trap comes from Sweden
e Sweden is part of Europe

e All European swans are white

Conseq uences:

e The bird caught in the trap is white
New information:
e The bird caught in the trap is black

Which sentence(s) would you give up?




Belief Revision: Anh example

Some Conclusions:

e Consistency

e Minimal Change

e Logic is not enough to make a decision




AGM Model

Belief Set: Set of sentences closed under logical consequence Chn.

Cn satisfies:

inclusion (X € Cn(X))
idempotence (Cn(Cn(X)) = Cn(X))
monotony (Cn(X) cCn(Y)ifXCcY)

as well as supraclassicality, deduction and compactness.

Consequently for every theory K we have that: Cn(K) = K.




AGM Model

Belief Set: Set of sentences closed under logical consequence Chn.

If the language is finite, we can identify K with a formula ¢, such that

Cn(yp) =K.

(we will assume a finite language for the rest of the talk)




AGM Model

Expansion: This operation is in charge of incorporating sentences in the
original set, without eliminating any sentence from it. It allows the
passage from an epistemic state in which a belief is undetermined to
another epistemic state in which the belief 1s accepted or rejected.

Expansion is defined as ¢o+a = ¢ A a.

Contraction: This operation eliminates sentences from the original set with-
out incorporating any new ones. It allows the passage from an epis-
temic state in which a belief is accepted or rejected to another epis-
temic state in which the belief is undetermined.

Revision: This operation incorporates a sentence in the original set, but
it can eliminate some beliefs in order to preserve consistency of the
revised set. It allows the passage from an epistemic state in which
a belief 1s accepted (rejected) to another state in which the belief is
rejected (accepted).




Contraction vs Revision

Levi’s Identity: pxa = p—a A .

Harper’s Identity: p—a = ¢ V p*-a.




Postulates for Revision

(R1) p*xat+a
(R2) fornaw Lthenp*xa=¢Aa.
(R3) If aw Lthenp *a # 1.

(R4) If ¢, = ¢ and a; = a; then @ * a1 = V) * @s.

(RS) (¢*a)ABrex(anp)
(R6) If (p*a)ABr Lthenp* (@ AB) + (@ *a) AB.
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Semantics: Possible Worlds

| +af = le] n el

lo =l = lel v f(l-al)

[+ al = f(lal)

where f(|a|) selects a subset of ||«/|.
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Semantic: Faithful Assignment

Konieczny and Pino Perez's Notation
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Konieczny and Pino Perez's Notation
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Semantic: Faithful Assignment

Konieczny and Pino Perez's Notation
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Semantic: Faithful Assignment

Konieczny and Pino Perez's Notation
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Semantic: Faithful Assignment

Definition [KM91 ]

Let W be the set of all worlds (or interpretations) of a propositional lan-
guage L. A function that maps each sentence ¢ in L to a total preorder <,
on worlds W is called a faithful assignment if and only if:

(1) wi, w2 Egponlyif w =, ws.
(2) w E¢and w; ¥ ¢ only if w; <, ws.
(3) p=¢onlyif <,=%,.
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Semantic: Faithful Assignment 17

An operator * 1s a revision operator that satisfies (R1)-(R6) if and only if
there exists a faithful assignment that maps each base ¢ to a
total pre-order <, such that

mod ¢ * @ = min(mod (), <,)




Iteration



Iteration

An AGM contraction or revision takes us from a belief set to a new belief set.
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Iteration

An AGM contraction or revision takes us from a belief set to a new belief set.
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Iteration

However, it does not provide a new selection mechanism to be used for

further changes of the new belief set.
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Iteration

However, it does not provide a new selection mechanism to be used for

further changes of the new belief set.
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Iteration

The problem of constructing models that allow for iterated change is probably

the most studied problem in the literature on belief change.
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Belief States

Furthermore, the operation of change has to yield a complete such belief state
representation as its outcome, not merely a new belief set.

There are several ways to represent such an extended epistemic state. The most
common of these is a preorder on the set of possible worlds, or equivalently a
complete sphere system.

An operation of change gives rise to a new preorder (sphere system), from which the
new belief set can be inferred, and which can in its turn be subject to further changes.
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AGM Revision Postulates for Belief States

(R*1) B(V=*a)F «
(R*2) If B(V) A att L then B(V *a) = B(V) A a.
(R*3) If at£ L then B(V = «) £ L.

(R*4) If ¥y = ¥y and a; = as then B(Vq * ay) = B(Vs * an).
(R*5) B(V+a)A B BW=*(anap))
(R*6) If B(V*a) A Bt~ L then B(V = (a A f)) + B(V*a)

B.

25



DP Postulates

(C1) If a pthen B((V = p) =) = B(W * ).
(C2) If a+ —p, then B((V * ) *»a) = B(V = «).
(C3) If B(V ) p, then B((W * p) = a) b p.
(C4) If B(V =) t£ —p, then B((V * pu) = ) £ —p.

(
(

poand we = 1, then wy <y wa iff wy <gsy wo.
=~ and wy = —p, then wy <g wy iff w1 <gsy Wo.
— 11 and wy = —p, then wy <g wy only if wy <gw, wo.

= 11 and wy = —u, then wy <g we only if w1 <y, Wo.
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Conservative Revision

Conservative revision, originally called natural revision,

has been studied by Boutilier. This operation 1s conservative

in the sense that it only makes the minimal changes of the preorder
that are needed to accept the input.

In revision by @, the maximal a-worlds are moved to the

top of the preorder which is otherwise left unchanged.

(Nat*) If B(W * @) + -3, then B((¥ * @) = 8) = B(W¥ * ).

(NatR*) If B(W * @) ¢ w,; and B(¥ * @) ¢ w,, then w, <y w, iff w| <y, w)
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Lexicographic Revision

Moderate revision, also called lexicographic revision,
was originally studied by Nayak. When revising by « it
rearranges the preorder by putting the a-worlds at top
(but conserving their relative order) and the -a-worlds
at bottom (but conserving their relative order).

(Lex*) If B -, then B((V¥ * ) * B) + a.

(LexR*)If @ € w; and - € w,, then w, <y,, w>




UP

DATE




Update

In 1992, Katsuno and Mendelzon presented a type of operator of change
that they called update. Whereas revision operators are intended to capture
the change yielded by evolving knowledge about a static situation, update
operators are intrended to mirror the change in knowledge produced by an
evolving situation.

e Update is the process that allows to adapt our beliefs to some trans-
formations that occurred in the world.

e Distinct from Belief Revision that is the process to correct some of our
erroneous beliefs about the world.




Update

e DBelief revision is a selection process

e Update is more than a localized revision

e Update is a transition process




Thanks Sébastien Konieczny for the example!




Thanks Sébastien Konieczny for the example!




pou==tne

Thanks Sébastien Konieczny for the example!
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Update

(Ul) poat a

(U2) If o a, then poa = .

(U3) If ot L and att L, then poa it L.

(U4) If o1 = po and ay = ay then o1 0 a3 = pa 0 as.
(U5) (poa)ABEpo(anpP)

(U6) If poat B and po P a, then poa = pof.

(UT7) If ¢ is a complete formula, then (poa) A (po )+ o (a v B).
(U8) (pvg)oa=(poa)v(poa)

(U9) If ¢ is a complete formula and (¢ © a) A B 1is satisfiable, then
po(anPB)F (poa)Aap




Update

An update operator ¢ satisfies (Ul)-(U8) if and only if there
exists a faithful assignment that maps each interpretation w
to a partial pre-order <., and such that

mod ¢ oyt = Uy, min( mod p. <,,)




Update







Update



Update vs Revision




Update vs Revision




Update vs Revision




Update vs Revision

(U2) If p - «, then poa = p.

(R2) If o A atf L then pxa = ¢ A a.



Update and Revision Unified

BASED ON AN ONGOING WORK WITH GABRIELE KERN ISBERNER,
TOMMIE MEYER AND ABHAYA NAYAK
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Update and Revision Unified

RRAELS

41| |




Update and Revision Unified

In order to represent the partition of ||| syntactically,
we will use a function s such that

s(¢) = {p1...v,} such that

@i A p; = L for 72 + j and

\/:;1 Y = ¢.
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Update and Revision Unified 48

(Unl) oy ®at «

(Un2 ) If o a, then ¢ ® a = .

(Un2’) If s(p) ={p}and p A atf L then p ®a=¢ A «a.
(Un3 ) If pt£ L and a t£ L, then o ® a I~ L.

(Un4 ) If o1 = 9 and a1 = g then ¢ 0 a; = @9 ® as.
(Un5 ) (p@a) A BEe®(anp)

(Un6 ) f p®akfand p ®L - a,then p ®a=p® .
(Un7 ) If s(¢) = {p}, then (¢ ®a) A (p®P) F o® (a v ).
(Un8 ) poa=\V_, ¢ ®a

(Un9 ) If s(¢) = {p} and (¢ ® ) A B is satisfiable,
then o ® (@ A B) F (e®a) A B




Update and Revision Unified

Theorems:

An operator ® satisfied conditions (Unl) — (Un8) if and only if there exists

a faithful assignment that maps s(¢) to a preorders (<, ,. .., <,,) such that

le ®al = | min(lal, <,.)

1=1...n

An operator ® satisfied conditions (Unl) — (Un9) if and only if there exists
a faithful assignment that maps s(¢) to a total preorders (<, ..., <, ) such
that

le ®a = U min(| o), <,,)

i=1...n

49



iteration of Update

BASED ON "ON THE LOGIC OF THEORY CHANGE: ITERATION OF KM-UPDATE”
EDUARDO FERME — SARA GONCALVES.



Key ldea 51

KM-update operators have been defined for all potential belief sets o.

At first glance, iteration does not necessitate special consideration as
(p o a) o B is well-defined.




Key ldea 52

Observation Let ¢ be an update operator. Then ¢ satisfies:

(CUY’) If a b pthen (pop)oa=poan

(CU2) If a b —p, then (popu)oa=poa
(CU3’) If poat u, then (pop)oa b u
(CU4) If poatF —pu, then (pop)oatr —u




Key ldea 53

If changes in preferences are desired as a result of updating by «, a new
operator ¢ must be defined to reflect these changes.

The new operator ¢ not only modifies the belief set ¢, but also impacts the
preferences for future updates.




Update vs lterated UpdGTe

a, B} = {w; o

%a’ ﬁ}{!}” ={ {32} B(¥) o al = {ws}.
{ﬁa,ﬁ}gI = {ws} 1(er0($|)| o a{)wjg” = {w1,ws}.
{—a, =6} = {wa4} (U o) - {wi}. |

I” "
Wi
-0~ —.— o-o-e
W3 Wi W | Wo w3 Wp wy
|" :
wh
B(D) #
1B(W)] o ”B O“”_ ®
w3 Wy Wi | [[B(¥) < al] = . ” Joa)o S]] = @
| = —
|
||B(‘1’)||# J: L W3 Wy

Wo Wa

Wi
”1110(1”*
[[(Lea)es 3] —@ w2




Update operator for belief states

Definition (adapted from [DP97])
An epistemic state ¥ is a tuple ¥ = {p, o), where B(¥) = ¢ is a propositional

formula that denotes the current beliefs of the agent in the epistemic state
U and O(V) = ¢ is a KM-update operator.

Definition

Let ¢ and « sentences of L. Let ¢ be a KM-update operator. Let ¥ = {p,©)
be a belief state. & is an update operator for ¥ if and only if satisfies the
following properties:

(1) B(Vea)=poa
(2) If O(¥y) = O(¥3) then O(¥; ¢ ) = O(Vy ¢ ) for all a € L.

The second property implies that the operator ¢ will modify ¢ indepen-
dently of the belief set.




Properties of the Update Operator

(Uel) B(Vea) «

(Ue2) If B(¥) I a, then B(V ¢ ) = B(7).

(Ue3) If B(V) I~ L and a t£ L, then B(V & o) £ L.

(Ue4) If B(¥) = B(¥Y2), O(¥1) = O(¥2) and a1 = a then
B(\Ill * Ql) = B(\I}z * Ozz).

(Ueb) B(Vea)A B+ B(Ve(anp))

(Ue6) If B(Vea) B and B(V ¢ 3) - a, then B(V e ) = B(V » 3).

(Ue7) If B(V) is a complete formula, then B(Vea) A B(Ve3) - B(Ve(a v f3)).

(UOS) If O(\I’l) = O(\Ifz) = O(\I}g), and B(\Ifl) = B(\Ifg) Vv B(\I’3), then
B(Viea)=B(Vyea)v B(Vsea).
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Postulates for Iteration 57

(CU1) If at pthen B((Vep)ea)=B(Vea).
(CU2) If a  —pu, then B((V e ) ¢ a) = B(V & ).
(CU3) If B(Ve«) p, then B((Vep)ea) b p.
(CU4) If B(V e «) t£ —pu, then B((V & i) & ) £ —p.

(CRU1) If wy = p and we = p1, then wy <qu ) W2 € Wi Sqwepw) Wo.
(CRU2) If w; = —p and wy = —p, then wy <qu ) we < w1 Sqwepw} Wo-
(CRU3) If w; F p and we = —u , then w1 <{ww} we implies
W1 <{Tep,w} W2.

(CRU4) If wy = p and wy = —p, then wy <qw oy wo implies wi <qwepw} Wa-




Theorem

Theorem
An operator e satisfies (Uel)-(Ue8) if and only if there exists a faithful
assignment that maps each possible world w to a partial preorder <y )
such that:

19 ¢ ]l = Unesguy min(lfal, <),

Theorem
Let ¢ be an update operator and let f be a faithful assignment that maps
each possible world w to a partial preorder <¢y ). Then

1. satisfies (CU1) iff <y, satisfies (CRU1)

2. satisfies (CU2) iff <qy ) satisfies (CRU2)

3. satisfies (CU3) iff <qy ) satisfies (CRU3)

4. satisfies (CU4) iff <y, satisfies (CRU4)
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Credible Update

BASED ON "CREDIBLE MODELS OF BELIEF UPDATE".

EEUARDO FERME, SEBASTIEN KONIECZNY, RAMON PINO PEREZ AND NICOLAS
HWIND.



Some fransitions In the world are possible l




Other not




What this meanse

\ 4
(reachability

*
O
+
=@-0-9-
*







Models: Case (Q)

Please Robbie, could you go in the other room
and fill the cup ?”

Thanks (again) Sébastien Konieczny for the example!



Models: Case (a)

(U2) If o+ a, then poa = .

(U3) If ot L and att L, then poa tf L.

(U4) If o1 = 2 and a; = s then ¢ 0 ay = s © s,
(US) (poa)ABH po(anp)

(U6) If poat B and pof I+ a, then poa = ¢ o f3.

(U7) If ¢ is a complete formula, then (poa) A (po ) F po(a v B).
(U8) (pvo)oca=(poa)v (doa)

(RSC) If g is complete, thenp e a @ orp o a = ¢

(SM) Ifa+-pBand p o @+ a, then ¢ ¢ 1+ 3




Models: Case (b)

Thanks (again - again) Sébastien Konieczny for the example!



Models: Case (b)

(Ul) poat a
(U2) If ¢+ a, then poa = .

(U4) If p1 = ©o and a1 = g then @1 0 ) = Y9 © (a.

(U5) (poa) ABEFpo(anp)

(U6) Ifpoatl B and po B+ a, then poa = pof3.

(U7) If ¢ is a complete formula, then (poa) A (po ) F po(a v B).
(U8) (pvo)oca=(poa)v (doa)




The Credible Level

Definition[Credible faithful assignment] A credible faithful assignment is a
mapping associating each world w; € Q with a pair (C;, <;), where {w;} ¢

C; € Q and <; is an ordering over C; such that for each w € C;, if w; # w, then

w; <; W.




Representation Theorems

Definition[Consistent credibility-limited update operator]
An operator ¢ 1s a consistent credibility-limited (CCL) update operator if it
satisfies (U2)-(U8), (RSC) and (SM).

Theorem An update operator ¢ is a CCL update operator if and only if there
exists a credible faithful assignment w; — (<;,C;) such that for all formulae

¢, @,
lpoal="U flw,a),

wie| gl

where for each w; € Q and each formula «, f(w;, @) is defined as

min(|a| nC;,<;), if |a|| nC; # 2,
{wi}, otherwise.

f(w,-,a):{




Representation Theorems

Definition [Credibility-limited update operator]| An operator ¢ is a credibility-
limited (CL) update operator if it satisfies (U1)-(U2), and (U4)-(US).

Theorem An update operator ¢ 1s a CL update operator if and only if there
exists a credible faithful assignment w; — (<;,C;) such that for all formulae

¥, @,

lpoal="U min(ja|nC:<).

wie| |




s KM-Update really a model for
updatee



Example Revisited 72

Example Initially the agent knows that there is either a book on the table
(p) or a magazine on the table (¢), but not both.
Case 1: The agent is told that there is a book on the table. She concludes

that there is no magazine on the table. This is revision.

Case 2: The agent is told that subsequently a book has been put on the
table. In this case she should not conclude that there is no magazine on the
table. This is update.




Another (counter) Examples

Example Initially the agent knows that the wall of the room is white (p).
The agent is told that subsequently that the wall of the room was repainted
white (p) or grey (g) but not both.

(U2) If o+ «, then ¢ o a = .

/3



Another (counter) example 74

Example My initial belief is that either Alice (a) is in the office or Bob
(b) is in the office (but not both). Both tend to stay in the office when they
are in. Now I see Bob going out of the office. What do I believe now?

Since there is at least one possible world g that implies (a) and (—b), it
is not possible to eliminate it in KM-update and, consequently, the agent
cannot belief in (—a) after the update.

le|l = {-a A b,an-b}

{an-b}cpo-bl




Ultimate Question 75

Which conditions do we need to consider to construct a model that represents

real world updates?







Two ongoing works ... 77

Belief Change: Characterization of KM-Erasure
(Extended Abstract)

Eduardo Fermé![0000—0002—9618—2421]
Universidade da Madeira and NOVA-LINCS, Portugal
ferme@uma.pt™”

Abstract. One of the most important models in the literature of belief
change is update, defined by Katsuno and Mendelzon in 1992. In their
work, KM mentioned erasure as the counterpart change of update. How-
ever, erasure was only defined at the basic level. In this paper: (1) we
o S e, o SIMIIATILY-DASEA reasoning

complete the axiomatics of erasure a

via the Levi and Harper Identities,

terms of possible worlds. Submission dates

Keywords: Belief Change - Katsun

- Axiomatic Characterization - possil « Submission of full papers (final extension): January 12th, 2=~

» Notification of acceptance: February 1st, 2024.
= Camera ready copies due: March 1st, 2024.
» Conference: May 12th-15th, 2024.

How to submit




Two ongoing works ...

Constructive Methods for

KM-Update and Erasure

Eduardo Fermé![0000—0002—9618—2421]

Universidade da Madeira and NOVA-LINCS, Portugal
ferme@Quma.pt™”

/8

To be submitted during February ...
now under revisions and updates.






Conclusions

» KM-Update is one of the most important model of belief change in
the literature

» In this talk
» we revisited its relationship with revision
» we infroduced the notion of iteration of update
» we introduced the notion of credibility limit for KM-update

» we analysed some real worlds examples
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Papers

» Fermé, Eduardo, and Sara Gongcalves. "On the logic of theory
change iteration of KM-update." Infernational Journal of
Approximate Reasoning 162 (2023): 109005.

» Fermé, Eduardo, Sébastien Konieczny, Ramon Pino Pérez, and
Nicolas Schwind. "Credible Models of Belief Update." In Proceedings
of the International Conference on Principles of Knowledge
Representation and Reasoning, vol. 19, no. 1, pp. 252-261. 2023.

» Fermé, Eduardo , Gabriele Kern Isberner, Tommie Meyer and
Abhaya Nayak. “Revision by scenarios: An Unified model for Revision
and Update. Ongoing manuscripf.
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