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Preliminaries

A Propositional Language £ build from:

= A set of propositional variables P = {a, b, c, ...}
= And a set of logical connectives A, V, =, —, ...

An interpretation w € W is a function from P to {0, 1} (False/True)

A model of a formula ¢ € £ is an interpretation that makes the formula
true:

mod(p) = {w e Ww = ¢}

A belief base is a set of propositional formulas that represent the beliefs
of the agent

In the following we will consider that a belief base is a unique
propositional formula (the conjunction of the set)
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= The new information must be believed after the revision
« Weak primacy of update (—— Improvement)

m The plausibility of the new information must be increased after the
improvement
= Non-prioritized revision [Theoria 98]
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Revision [Alchourrén-Gardenfors-Makinson 85]
(R1) pxat «
(R2) If o A s consistentthen pxa=¢p A a
(R3) If « is consistent then ¢ x « is consistent
(R4) If o1 = ¢ and a1 = az then 1 x a1 = pox az
(R5) (pxa)ABEpx(anp)
(R6) If (¢ * ) A fis consistentthen o x (e AB) F (pxa) A B
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Revision [Alchourron-Gérdenfors-Makinson 85]

(R1) pxat « Primacy of Update
(R2) If o A is consistentthen pxa=p A« Vacuity
(R3) If « is consistent then ¢ x « is consistent Consistency
(R4) If o1 = ¢ and a1 = az then 1 x a1 = pox az Irrelevance of Syntax

(R5) (pxa) ABEpx(anp)
(R6) If (¢ * @) A B is consistent then ¢ x (o A B) F (¢ x @) A G|Arrow’s Principle

An operator x is a revision operator (ie. it satisfies (R1)-(R6)) if and only if
there exists a faithful assignment that maps each base  to a total pre-order
<, such that

mod(y * o) = min(mod(«), <,,).

A faithful assignment is a function mapping each base ¢ to a pre-order <,
over interpretations such that:

e fwkEypanduw = ¢, thenw ~, W'

o fwlEpandw ¢, thenw <, W’

o If p = ¢/, then <, =<,
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AGM
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Admissible operators:

(CR5) Ifw Eaandw’ E —a,
then w <y ' only if w <ysia W’

o Boutilier's natural revision [Boutilier 96]

» Nayak’s lexicographic operator
[Nayak 94, Spohn 88]
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Weak Improvement Operators

Definition

An operator o is said to be a weak improvement operator if it satisfies (11-16):

(I1) There exists nsuch that W o" a - «

(12) fVAal LithenVUxa=V A«

(I13) Ifa¥ L,thenWoak L

(14) For any positive integer n if «; = g; for all i < nthen
Voajo--roap=Wofio---00,

(15) (Wxa)ABFWVx(aAp)

(16) If (Wxa)ABY L,thenVx(aAB)F (Vxa)Af

» More on (14)
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Weak Improvement

Theorem

A change operator o is a weak improvement operator if and only if there exists
a strong faithful assignment that maps each epistemic state V to a total
pre-order on interpretations <y such that

mod(V x o) = min(mod(«), <)

Corollary

If o is a weak improvement operator, then x is an AGM/DP revision operator,
i.e. it satisfies (R*1)-(R*6).

11/18



Towards Improvement Operators

V% Or

VUx(aVp)=¢ VxGor
UxaVV¥xs

Definition

» We say that « is below § with respect to W, given o, denoted o <y, § if
andonlyif UxakFVx(avp)and VxS H Wx(aV i)

» The pair («, 8) is V-consecutive, denoted o <y, £ if and only if o <y 3
and there is no formula v such that o <y v <y 3.
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and there is no formula v such that o <y v <y 3.
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Improvement Operators

A weak improvement operator is said to be an improvement operator if it
satisfies (17 - 111):

(I7) fakgthen (Vo) xa=Vx*a

(18) If a-—pthen (WopB)xa=Vxa

(19) fWxal/-Gthen (WofBxa)k

(M0) fVxak -gthen (WopBxa)l/p

(1) FVxabk -0, anpl/ Land a <y aAgthen (Wo ) xal/ =

Let o be a weak improvement operator and ¥ — <y its corresponding strong
faithful assignment. A gradual assignment satisfies:

(S1) If w,w’ € mod(a) then w <y W & w <yoq W

(S2) If w,w’ € mod(—a) then w <y W’ & w <yoq W’

(S3) If w € mod(a),w’ € mod(—«) then w <y W' = w <yoq W’
(S4) If w € mod(a),w’ € mod(—a) then W’ <y w = W' <yoq W
(S5) If w € mod(a),w’ emod(—«) then w’ <y w = w <yoq W'

13/18



Improvement Operators

A weak improvement operator is said to be an improvement operator if it
satisfies (17 - 111):

(I7) fakgthen (Vo) xa=Vx*a

(18) If a-—pthen (WopB)xa=Vxa

(19) fWxal/-Gthen (WofBxa)k

(10) If W xaF —Bthen (Vo fBxa)lt/ S small change
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Improvement Operators

A weak improvement operator is said to be an improvement operator if it
satisfies (17 - 111):

(I7) fakgthen (Vo) xa=Vx*a

(18) If a-—pthen (WopB)xa=Vxa

(19) fWxal/-Gthen (WofBxa)k

(M0) fVxak -gthen (WopBxa)l/p

(1) FVxabk -0, anpl/ Land a <y aAgthen (Wo ) xal/ =

Let o be a weak improvement operator and ¥ — <y its corresponding strong
faithful assignment. A gradual assignment satisfies:

(S1) If w,w’ € mod(a) then w <y W & w <yoq W (CR1)
(S2) If w,w’ € mod(—a) then w <y W’ & w <yoq W’ (CR2)
(S3) If w € mod(a),w’ € mod(—«) then w <y W’ = w <yoq w'  ([JTO7,BMO6])
(S4) If w € mod(a),w’ € mod(—a) then W’ <y w = W' <yoq W

(S5) If w € mod(a),w’ emod(—«) then w’ <y w = w <yoq W' W Myoq W
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Representation Theorem

A change operator o is an improvement operator if and only if there exists a
gradual assignment such that

mod(V x a) = min(mod(«), <)
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Representation Theorem

A change operator o is an improvement operator if and only if there exists a
gradual assignment such that

mod(V x a) = min(mod(«), <)

Proposition

Let o be an improvement operator and W — <y, its gradual assignment. Then
for every formula «, the pre-order <., is completely determined by <y and
mod(a).
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V oaoa
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V oaoaow =V — -
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VYV oagoaoaoa« =V x «

15/18



V oaoowoaoaow
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YV oaogoaoaxoaoaow

» Fix point:
Nayak’s lexicographic operator
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YV oaoxoaoaowoqow

» Fix point:
Nayak’s lexicographic operator
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YV oagoaoaoaxoaoaoqon

» Fix point:
Nayak’s lexicographic operator
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Long Term Behaviour

« None of the iterated revision operators has a good long term behaviour
= Leads to full meet revision
» [Lehmann 95]
= Leads to maxichoice revision

> [Darwiche & Pearl 97, Nayak 94, Boutilier 96, Konieczny & Pino Pérez 00,
Jin & Thielscher 07, Booth & Meyer 06]
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Long Term Behaviour

« None of the iterated revision operators has a good long term behaviour
= Leads to full meet revision
» [Lehmann 95]
m Leads to maxichoice revision
> [Darwiche & Pearl 97, Nayak 94, Boutilier 96, Konieczny & Pino Pérez 00,
Jin & Thielscher 07, Booth & Meyer 06]
¢ Only OCF operators [Spohn 88] have a good long term behaviour
m Thanks to the additional input data

« Improvement operators have a good long term behaviour

= Avoid full meet and maxichoice revision
m In some iterations new “levels” are created,
in some iterations some “levels” are removed.
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Conclusion

« New familly of change operators

= Increase of the plausibility of the new information
= No Primacy of Update

» Representation Theorem
» Good long term behaviour

» Others weak improvement operators

« Links with the good day/bad day approach [Booth, Meyer, Wong 06,
Booth & Meyer 07]
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Good Day / Bad Day [Booth, Meyer, Wong 06]
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Good Day / Bad Day [Booth, Meyer, Wong 06]
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Good Day / Bad Day [Booth, Meyer, Wong 06]

o o » lteration ?

= [Booth & Meyer 2007]
© = Requires to maintain (<,<<,<<<)
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Good Day / Bad Day [Booth, Meyer, Wong 06]
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Good Day / Bad Day [Booth, Meyer, Wong 06]

case of good day / bad day Revision

= More general
I = Requires more information

I I I « Improvement operator is a particular
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From <y t0 <yoq

w € mod(«) w’ € mod(a) W<y W & W <yon W (S1)
w € mod(—a) w € mod(—a) W<y W & W <yoa W (S2)
W<y W & W <yoo W (S3)
, Wy W= W <yoo W (S3)
w € mod(«) w’ € mod(—«) W <o W= Wy W (S4) & (S5)
W <y WAW €Ly W= W <yoo W  (Lemma)
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Irrelevance of Syntax

Darwiche and Pearl (R*4):
If « = 3,then B(V o) = B(V o 3)
Booth and Meyer [06]:
f(a=p&y=0),then B(Woaoy)=B(WVofo0) (2)

(14):
For any positive integer n if a; = g; for all i < nthen (3)
B(Woajo---oan)=BWoBio---00)

Example (Modification of [Booth & Meyer 06])

Let o1 = pV —pand po = gV —q. Let ¥ such that Vo ¢y # Vo po. Note that
this is compatible with RAGM plus (2), because the only constraint imposed
by (2) is that <wop, =<wo,, but not that W o 1 = W o w». Moreover we can
take B(Wop1) =pAg= B(Vops). Let Wy, U, be two epistemic states such
that B(W1) = p = B(V2), 00 <y, 01 and 01 <y, 00. Now, it is compatible with
RAGM plus (2) to put <woe,op=<w, and <woyp,o--p==<uw,. But then, by the
representation, we have B(VW o ¢4 o po -p) = -p A =g and

B(V o vz 0o =po —p) = —=p A g, what clearly is a counter-example to (14).
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Plausibility pre-order

Consider P = {b, f,r}
b : the animal is a bird

. . ® 4
f : the animal flies 010 011
r : the animal is red o
101 100
B(V)=-bA-fAT ®
110
®
111 000
®
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Plausibility pre-order

Consider P = {b, f, r}
b : the animal is a bird PN ®

f . the animal flies 0 011
r . the animal is red -

/101 100\
B(W) = ~bA~fAT
\ 110 /
®
111 000
®

o Uxbhkf

* Ramsey test:
“First add the antecedent (hypothetically) to your stock of beliefs ; second
make whatever adjustments are required to maintain consistency (without
modifying the hypothetical belief in the antecedent); finally, consider
whether or not the consequent is true.”
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b : the animal is a bird P ®
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r : the animal is red ./ﬂ\
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\ 110 /
@
111 000
@

Vxbtkf — flbew

Ramsey test:

“First add the antecedent (hypothetically) to your stock of beliefs ; second
make whatever adjustments are required to maintain consistency (without
modifying the hypothetical belief in the antecedent); finally, consider
whether or not the consequent is true.”

Conditional information



Consider P = {b,f, r}

b : the animal is a bird P ®
f : the animal flies 0 011
r : the animal is red ./ﬂ\
/ 101 100\
B(W)=-bA—fAT
\ 110 /
@
111 000
@

Vxbtkf — flbew

Ramsey test:

“First add the antecedent (hypothetically) to your stock of beliefs ; second
make whatever adjustments are required to maintain consistency (without
modifying the hypothetical belief in the antecedent); finally, consider
whether or not the consequent is true.”

Conditional information

Part of the agent’s epistemic state
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