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Abstract. Various tasks need to consider preferences in a dynamic way.
To evaluate and classify methods for preference change, we introduce
eight properties for preferences evolving after some new fact has been
learned. Four properties are concerned with persistence of preferences
when something being preferred is (partly) satisfied or dissatisfied, and
formalize that preference change indicates that the ideal state has not
been reached or has become unreachable. Four other properties are con-
cerned with persistence of preferences when, roughly, the agent learns
something she already expected to hold, and formalizes that preference
change is due to surprise. We define a family of preference change op-
erators, parameterized by a revision function on epistemic states and a
semantics for interpreting preferences over formulas, and we give condi-
tions on the revision function and the semantics of preference for each
of the eight conditions to hold.

1 Introduction

The behaviour of a rational agent — namely, the actions she decides to perform
— is a function of her beliefs about the current state of the world and the pre-
dicted state of the world after performing such or such course of action, and of
her preferences about those states of world she wants to bring about (or avoid to)
and the actions she wants to perform (or avoid to). This classical distinction be-
tween beliefs and preferences comes from practical reasoning and decision theory,
where the most common approach consists in modelling beliefs by probability
distributions, and preferences by utility functions. Also in cognitive approaches
one can find concepts corresponding to beliefs and preferences as they are used
in decision theory, typically referring to concepts like knowledge or belief on the
one hand, and preference, desire or goals on the other hand, together with other
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cognitive and social concepts like intentions, commitments, obligations, and so
on. In this introduction we use this terminology “beliefs” and “preferences” with
the meaning conveyed by practical reasoning and decision theory: beliefs refer to
the uncertainty the agent has about the current and future states of the worlds,
and preferences refer to her satisfaction when performing an action sequence
and obtaining a sequence of states. For the formal framework and results in this
paper, we discuss our assumptions in more detail in Section 1.3.

Thus, in contrast to some papers, we do not use “preferences” as a mere syn-
onym of “ranking”, independently of whether this ranking expresses relative plau-
sibility of relative satisfaction. For example, Freund [13,14] investigates preference
revision in the following meaning: how should an initial ranking (a “chain”) over
a set of worlds be revised by the addition, retraction of modification of the links of
the chain? See also Chomicki [9] for a similar approach to preference revision, in
a database querying context. In these papers, “preference” has to be understood
as “ranking over a set of worlds” rather than its decision-theoretic sense, and the
results apply indifferently whether the ranking is interpreted in terms of decision-
theoretic preferences or in terms of comparative plausibility.

Our work is based on the fundamental distinction between belief and prefer-
ence, since changes of preferences are often the repercussion of changes of beliefs.
Beliefs are dynamic, because they change every time the agent learns something
about the state of the world (notably via observations) or performs an action.
The effects of learning some information or performing some action on the agent’s
beliefs has been extensively studied, not only in the classical Bayesian setting
(where learning an information amounts to Bayesian conditioning) but also in
logical and ordinal settings, where beliefs most often consist of rankings over
worlds rather than probability distributions. Started by Alchourròn, Gärdenfors
and Makinson [1], families of theory change operators have been axiomatically
characterized, by means of representation theorems. There is now a huge litera-
ture on belief change (see, e.g., Rott’s recent survey [25]), and, to some extent,
a general agreement about the meaning of the various classes of belief change
operators such as revision or update.

Now, the question of whether preferences evolve, and how, is just as relevant,
and yet the literature on preference change is much sparser than the one on
belief change. A few recent articles have focused on this issue (see [4] for a
recent overview) but much remains to be done. This particular paper provides
an AGM-style approach to preference and preference change. A lot of the work
in this paper is conceptual and programmatic, in the sense that we are searching
for the right formulation of AGM-style axioms for preference change. Before we
discuss the need for our approach, and how our approach can deal with problems
that are not accessible to other approaches, we start with an overview of the work
in preference change.

1.1 Kinds of Preference Change

While what “belief change” conveys is fairly agreed upon, the recent literature
describes a variety of very different processes that can be called “preference
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change”, which roughly can be clustered in three groups, depending mainly on
the nature of the mathematical object that changes and the nature of the input
that leads this object to change.

“Direct” preference change, or revision of preferences by preferences

The first group consist in approaches viewing preference change as parallel to
belief change: just as belief revision aims at incorporating newly acquired be-
liefs into an old belief state, this kind of preference change (that we may call
intrinsic preference revision) consists in incorporating new preferences into an
old preference state: preferences are revised by preferences so as to lead to new
preferences. This kind of preference change can be modelled in a way that mir-
rors belief change, in the sense that preferences are revised by preferences, and
lead to new preferences, without beliefs to intervene in the process. This kind of
preference change has been given an in depth analysis by Hansson [17,18]. He
addresses not only preference revision and contraction, but also preference addi-
tion (respectively subtraction), where preference evolves after an alternative is
added to (respectively removed from) the set of alternatives. Preference change
triggered by “commands” or “suggestions”, as considered in van Benthem and
Liu [5], can be seen as a variant of the former class of approaches, the difference
being that the “input” is exogeneous: a command is an imperative from an au-
thority (“see to it that ϕ!”) whose effect is that the agent now prefers ϕ-worlds
over ¬ϕ-worlds, and a suggestion is a milder kind of preference upgrade.

Example 1. [5] Let’s take a trip!

Example 1 is a command or a suggestion, depending of whether the preference
for a trip must hold in the resulting preference state or not. Van Benthem and
Liu [5] build an extension of dynamic epistemic logic for reasoning both with
beliefs and preferences, in which these two kinds of preference change are defined
and studied. See also Girard [15] for a more extensive study of preference change
in modal logics and [27] for preference-based deontic logic.

Preference change trigerred by belief change

The second group consist in approaches where preferences change in response to
changes in belief.

Example 2. Initially, I desire to eat sushi from this plate (e). Then I learn that
this sushi has been made with old fish (¬f). Now I desire not to eat this sushi.

The event that trigerred the preference change does not primarily concern pref-
erence, but beliefs. Learning that the sushi was made from old fish made me
believe that I could be sick, and as a consequence my initial preference for sushi
has been replaced for the opposite preference.

A different kind of preference can be put in the same group: preferences that
change when the world changes:
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Example 3. It is a nice afternoon and I would like to have a walk. Then it starts
to rain. I do not want to have a walk anymore.

Here the change in preferences is triggered by a change of the world, because it
was not raining and now it does. Things are quite similar to change trigerred by
belief revision as discussed just above, with the difference that the belief change
process is not a revision, but an update [20].

Preference change as a result of belief change has been considered only re-
cently. Bradley [8] argues that changes in preference can have two sorts of possi-
ble causes: “what might be called change in tastes” (cf. Example 5) and change
in beliefs, where “preference change is induced by a redistribution of belief across
some particular partition of the possibility space.” Then he develops a Bayesian
formalization of this principle. De Jongh and Liu [19] (see also Sections 3.4 and
3.5 of [24]) consider also preference change due to belief change. Preferences
are induced from priorities (over formulas) and beliefs, using various possible
strategies, as illustrated on their following example.

Example 4. [19,24] Alice is looking for a flat. She considers price more important
than neighbourhood. She believes that flat d1 has a low cost and is in a bad
neighbourhood. She has no information about the price of flat d2, and believes
it is in a good neighbourhood.

For instance, the so-called “decision stategy” compares two alternatives by fo-
cusing on the most important criterion that one alternative is believed to satisfy
and the other one is not, and here would lead to preferring d1 over d2. When
beliefs change, preference may change as well: for instance, if Alice learns that d2

has a low cost, she will now prefer d2 over d1. This preference change trigerred
by belief change contrasts with preference change due to changes in her priorities
(see also Example 6).

Preferences that change when the agent evolves

Example 5. [18] I grow tired of my favourite brand of mustard, A, and start to
like brand B better.

Here, a change in preference reflects a modification of the agent’s tastes, possibly
due to an event the agent is subject to.

It could be discussed whether it is relevant to distinguish preference change
due to the evolution of the rational agent to preference change due to the evo-
lution of the world. This is primarily a choice to be made when we model the
process, and it thus comes down to deciding whether the rational agent should
be part of the world of not. Consider the following example from Liu [24], a
variation of Example 4:

Example 6. [24] Alice is looking for a flat. She considers price more important
than quality. After she wins a lottery prize of ten million dollars, she considered
quality most important.
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Depending on whether the agent is part of the world, this is an instance of a
preference change triggered by a change in the world or by an evolution of the
tastes of the agent.

1.2 Evaluating and Classifying Preference Change Methods

Our survey of the three kinds of preference change illustrates a wide variety in
the kinds of preference change studied in the literature, even when we restrict
ourselves to the notions of preference and belief studied in practical reasoning
and decision theory. Our central research question is therefore:

How should we evaluate and classify preference change methods?

This breaks down in the following research questions:

1. Which language do we need to represent postulates of preference change?
2. Which postulates should we use to evaluate and classify methods for prefer-

ence change?
3. How to use the postulates to evaluate or classify existing or new approaches

to preference change, or to develop new approaches?

The success criterium of our postulates is that they are able to distinguish a
variety of approaches. To illustrate our postulates and their use to evaluate or
classify preference change methods, we propose a general family of operators
for preferences evolving after a new fact has been learned, parameterized by a
revision function on epistemic states and a semantics for interpreting preferences
over formulas, and we give sufficient conditions on the revision function and the
semantics of preference for each of these axioms to hold.

Our overall methodology is inspired by the so-called AGM framework of the-
ory change [1], a formal framework to evaluate and classify change methods,
originally developed as a framework to describe and classify both normative
systems and belief change (though only normative system change is mentioned
explicitly in [1] as an example of theory change). The AGM framework studies
how a set of propositions should change in view of possibly new conflicting in-
formation, by providing a set of postulates that the new theory should satisfy.
Typically there are several operators that satisfy the conditions and no solution
about which one to chose is provided.

Summarizing, we are searching for the right formulation of AGM-style postu-
lates for preference change. AGM theory respects a number of postulates which
may be useful in the setting of preference change, like minimality. However, it has
been used for belief change only, not for preference or norm change. We might
wonder whether the AGM postulates can still be of any use for preference change.
Unfortunately, they do do not seem very helpful to define properties for prefer-
ence change. For example, the most often discussed postulates, like success, do
not make sense in a preference change setting when the trigger of the preference
change is a belief change. We are therefore looking for other postulates.
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Our ultimate goal is to characterize classes of preference revision operators
by AGM-like axioms. Even if the revision of preferences by beliefs has been con-
sidered in several places, there exists so far no principled study. Such a study
would allow to shed light on what these operators mean. Obtaining a full char-
acterization is an ambitious goal, that we do not aim at reaching in this paper.
Another long term goal is to use our theory to develop new preference change
methods.

1.3 Three Assumptions of Our Language for Preference Change
Postulates

The evaluation and classification of preference change methods are not accessible
to other approaches discussed thus far, because most papers aim to define a
precise notion of preference and preference change by fixing the meaning of
the concepts. The AGM approach to theory change can be used to evaluate
and classify belief change methods, because it is based on a minimal number
of assumptions: a belief base is represented by a theory, the belief change is
triggered by new incoming information, and the result is again a theory. The
AGM theory is abstract, there is not even a reference to belief in the AGM
approach to theory change. However, it is not the case that the most general
framework is the best one to evaluate and classify methods, but there is a trade-
off in generality: on the one hand we want to be general to cover a large class of
approaches, on the other hand specialized enough to be able to represent useful
properties. For example, the AGM postulate of success implies that unsuccessful
revisions cannot be represented.

In the case of preference change, we have to make some additional assumptions
on the language we use to represent the postulates, though we should not limit
applicability by fixing the meaning of the concepts. The first assumption we
make is that we accept a distinction between beliefs and preferences. This is
a very weak assumption, which holds in most models that use the notion of
preference. More precisely, we assume a language in which we can talk about
beliefs and preferences. These two classes can be found in decision theory by
probabilities and (expected) utilities, but also in cognitive science or in agent
theories in computer science, which makes our postulates generally applicable.
For example, whereas in decision theory there are additional assumptions on how
utility and probability can be combined to calculate expected utilities, which are
not made in cognitive science, we do not make any assumptions on the way belief
and preference can be combined. Moreover, whereas in cognitive approaches it is
assumed that belief and preference interact with other social-cognitive concepts
like intentions or obligations, which is not assumed in decision theory, we do not
make such assumptions either. Summarizing, in our approach it is not important
what belief or preference precisely mean, since we give a general framework to
compare existing methods, and to guide the development of future preference
change methods.

The second assumption of our framework is that preference change is due
to belief change. In other words, we focus on the second group of approaches,
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namely, preference change trigerred by belief revision. The first reason is that we
find it more natural and more widely applicable than other types of preference
change. What triggers changes in the mental state of an agent (hence changing
her present or future behaviour) generally consists of inputs that come from the
world or from other agents (via observations, communication etc.) and primarily
affects the agent’s beliefs. We do not mean that these inputs do not affect in any
way the agent’s preferences, but that they often do so because they change her
beliefs in the first place. The second reason that we consider only change of belief,
is that we think that in most cases, and in particular in the class of situations
that we consider here, preferences can be assumed to be static. This is analogous
to approaches in decision theory, that assume that the utility function is fixed
while probabilities change.

The third assumption we make is that belief change can be appropriately
represented by the AGM approach to theory change, together with some more
recent extensions to deal with iterated theory change (we do not need iteration
stricto sensu, but we need to refer to revision operators acting on belief states,
i.e., plausibility or normality rankings on worlds). The reason of this assumption
is that we need a framework of belief change, and the AGM framework is the
most generally accepted one.

1.4 Postulates

In the AGM approach to theory change, an important guideline for finding pos-
tulates is to formalize the idea of minimal change, as, for example, formulated
in the Ramsey test. This is also our first guideline, in the sense that all prop-
erties we consider in this paper are of the form: if there is a preference for α,
and some other conditions hold, then after learning β, the preference for α still
holds. They are therefore a kind of persistence properties, explaining a kind of
minimal change properties for preference change.

Moreover, our second guideline to find the properties discussed in this paper
is the interaction between belief and preference change. In belief change, an
important distinction between so-called revision and expansion is that the former
not only adds some new facts to the belief base, but when the new information
is inconsistent with the previously held beliefs, it also has to drop some beliefs.
Thus, we may say that revision also handles the surprise of learning something
which the agent expected to be false. In the case of preference change, our
properties represent whether preference change is due to surprise, where we
distinguish between weak surprise (something new is learned as handled by both
expansion and revision) and strong surprise (something is learned which was
believed to be false, as handled by revision only).

The first four properties (P1 to P4) consider the case in which we learn that
our preferences are (partly) satisfied or dissatisfied:

(P1) Pα→ [�α]Pα

(P1) intuitively means that learning something that is preferred leaves this
preference unchanged. For instance, if I already prefer to have my paper accepted
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then I still prefer this state of fact to the opposite after learning that it has actu-
ally been accepted. Alternatively, as another example, if I desire to be rich, then
after becoming rich, this state does not become undesirable. This persistence of
preference seems natural in most contexts (except perhaps for some pathological
agents who are always unhappy with what they have).

This principle should not be confused with the dropping of so-called achieve-
ment goals, once they are fulfilled. Consider an agent who has the goal to run
the marathon once in her life. After she achieves this goal, we may expect her to
drop the goal from her goal base (this kind of reasoning is common in planning
and BDI theories of agent action, see, e.g., [10]). This, however, does not conflict
with our preference persistence postulate. In our setting, preferences bear on
propositions, not on actions. “Run the marathon” is an action, whereas “having
already run the marathon in one’s life” is a proposition (denote it by m). If
the agent initially has a preference for m, and m becomes true, then she keeps
preferring m over ¬m (which has now become unacessible). In other words, once
she has run the marathon, she’s happy with this state of fact and does not wish
she had never done it.

By symmetry, things are similar when revising by a dispreferred formula:

(P2) Pα→ [�¬α]Pα

Suppose now that we learn that what we want to hold, in fact partially holds.
In that case, it would be intuitive that the preference persists.

(P3) Pα ∧ ¬N(¬β|¬α) → [�(α ∨ β)]Pα

(P3’) Pα ∧ ¬N(¬β|¬α) ∧ ¬N(α|α ∨ β) → [�(α ∨ β)]Pα

The following example illustrates the normality condition in (P3).

Example 7. Consider the following version of property (P3) without normality
condition: (P3*) Pα→ [�(α ∨ β)]Pα. Assume there is a lottery in which you
can win a car, and let α be “you win a BMW in the lottery” and let β be “you
win a Mercedes in the lottery.” Moreover, assume that it is unlikely that you
win a car, but you desire to win one without a preference of either brand. Now
if you receive the information that you win a car in the lottery, then you still
do not care whether it is a BMW or a Mercedes. Before, you preferred to win
a BMW since you compared the alternatives of winning a BMW and winning
nothing, but with this new information that you won a car, you compare the
alternatives of winning a BMW and winning a Mercedes. It satisfies the property
(P3), since of the normal worlds in which you do not win the BMW, there is no
world in which you win the Mercedes. In other words, normally you do not win
the Mercedes but you win nothing, which explains why the preference does not
persist. Therefore (P3*) is too strong.

(P4) and (P4’) are similar to (P3) and (P3’):

(P4) Pα ∧ ¬N(¬β|α) → [∗(¬α ∨ β)]Pα
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(P4’) Pα ∧ ¬N(¬β|α) ∧ ¬N(¬α|¬α ∨ β) → [∗(¬α ∨ β)]Pα

The next four properties are concerned with the case in which we learn something
we expected to hold.

(P5) Pα ∧Nβ → [�β]Pα

Property P5 is logically equivalent to the principle that preference change implies
surprise: Pα∧¬[�β]Pα → ¬Nβ. Note that this is only a weak notion of surprise,
since it does not imply that β is exceptional, only that β is not normal (a stronger
notion of surprise is considered in (P8) below). Property (P5) expresses that if
we learn something we already expected to hold, then none of our preferences
should change. While this property seems intuitively satisfactory, it is sometimes
too strong. Consider the following example.

Example 8. Take α to be “my paper is accepted” and β to be “my paper is bad”,
because, for instance, the proof of the main result is flawed (and I am not good
enough to detect it myself). I initially prefer α, and since I hold myself in a bad
self-esteem I believe β. Now, suppose there is a strong correlation between ¬α
and β: if my paper is bad, then it is very likely that it will be rejected. I prefer
my paper to be accepted (and in case I learn this I will revise my belief that
the paper is bad and start believing the opposite), but I would surely not want
my paper to be accepted if the main result is false; this is consistent with β
being normal, provided that states where β ∧ α hold are at least as exceptional
as states where ¬β hold.

A weaker form of (P5) is that preference for α should remain unchanged if we
learn something that is normal both given α and given ¬α.

(P6) Pα ∧N(β|α) ∧N(β|¬α) → [�β]Pα

While Example 8 conflicts with (P5), it does not conflict with (P6), because
N(β|α) does not hold (if my paper is accepted then it is likely that it is good).
Having β normal both given α and given ¬α ensures that when comparing α
and ¬α, the most normal worlds, that is, the ones I focus one, remain the same,
which is a strong reason for α to remain preferred.

Another weaker form of (P5), which is when one learns something which is
believed (normal), and the preference bears on a proposition α such that neither
α nor ¬α is exceptional.

(P7) Pα ∧Nβ ∧ ¬Nα ∧ ¬N¬α→ [∗β]Pα

Again, the reason why we need α and ¬α to be non-exceptional is that together
with β being believed, it guarantees some stability of the most normal α-worlds
and most normal ¬α-worlds before and after revision by β. Consider Example 8
again; it does not contradict (P7), because Nα does not hold (Nβ and N(¬α|β)
imply N¬α).
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This condition that both β and ¬β are non-exceptional is intuitively desirable
in many contexts, especially when β (and ¬β) refers to something that is control-
lable by the agent. For instance, on Example 2: M |= Pe∧¬N¬e∧¬N¬e∧Nf :
the agent initially believes that the fish is fresh and, of course, does not considers
eating, nor not eating, as exceptional. As a result, after learning that the fish is
fresh, she still prefers eating the sushi.

Now, when revising by something that is not exceptional (not disbelieved),
we would expect some form of preservation of preference as well.

(P8) Pα ∧ ¬N(¬β|α) ∧ ¬N(¬β|¬α) → [�β]Pα

(P8) means that if α is initially preferred and is no longer preferred after learning
β, then not only β should not be normal, but it should be exceptional, either
given α or given ¬α.

Again we need these two conditions ¬N(¬β|α) and ¬N(¬β|¬α). Suppose for
instance that ¬N(¬β|¬α) holds (as in Example 8). Then revising by β may
change radically the meaning of ¬α.

There are dependencies between the postulates. However, stating and proving
them formally needs us to be more precise anout the semantics of normality,
hence we leave this to Section 3. We just state here informally that under the
usual semantics for normality, the following relationships hold: (P5) implies (P6),
(P5) implies (P7) and (P8) implies (P6). (For any other pair of postulates (Pi),
(Pj) than these three, (Pi) and (Pj) are independent.)

1.5 Using Our Postulates

To illustrate our postulates and their use to evaluate or classify preference change
methods, we propose a general family of operators for preferences evolving after
some new fact has been learned, parameterized by a revision function on epis-
temic states and a semantics for interpreting preferences over formulas, and we
give conditions on the revision function and the semantics of preference for each
of our postulates to hold. We give here an informal presentation of the operators
(formal details will be given in Section 2). In order to express preference revision
trigerred by belief revision we need to consider both relative plausibility be-
tween worlds (or normality) and preference between worlds in our model. While
a classical decision-theoretic approach would model plausibility and preference
by probability distributions and utility functions respectively, we stick here to a
purely ordinal modelling, following a long-standing tradition in the belief change
community. Our models consist of two orderings on a set of worlds, one for nor-
mality and one for preference, as illustrated on Figure 1. On the left hand side,
the mental state of the agent is represented by two complete weak orders ex-
pressing respectively normality and preference, and new incoming information
f results in the shift of f worlds towards normality, leaving the preference order
unchanged. On the right hand side, the two complete weak orders are visualized
more compactly by a two-dimensional structure. The striking out parts of the
right hand side show the normality shift of the f̄ -worlds.
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Fig. 1. Learning f : f becomes most normal, preference remains unchanged

The layout of the rest of the paper is as follows. In Section 2 we define the
general model for the evolution of an agent’s preferences after revision by a
new fact. In Section 3 we investigate the range of validity of our postulates
within this family of preference change operators. We conclude and evoke further
developments in Section 4.

2 Preference Change Triggered by Belief Change: A
General Model

2.1 Notations

Throughout the paper we consider a propositional language L formed from a
fixed, finite set of propositional symbols and the usual connectives (this language
is enriched with modalities in the following subsection). Propositional symbols
are denoted by p, q, etc. Propositional formulas of L are denoted by α, β, ϕ etc.
The set of all truth assignments (or valuations) satisfying a formula ϕ is denoted
by Mod(ϕ). Valuations are denoted by w, w′ etc. We use the following notation
for valuations: ab̄c denotes the valuation where a and c are assigned to true and
b to false. The set of all valuations is denoted by W .

A complete weak order is a reflexive, transitive and complete relation � on
the set of valuations. L(W ) denotes the set of all complete weak orders on W .
The relations ∼ and � are defined from � in the usual way: for any valuations
s, s′, s′′, we have s ∼ s′ iff s � s′ and s′ � s and s � s′ iff s � s′ and not
(s′ � s). If X ⊆W , Max�(X) is the set of maximal elements in X : Max�(X) =
{w ∈ X | there is no w′ such that w′ � w}.

Below we shall make use of two complete weak orders on the set of worlds: a
normality relation �N and a preference relation �P (where ‘preference’ is here
employed in its decision-theoretic meaning, cf. the first paragraph of Section 1).

2.2 Beliefs and Preferences

We now consider in more detail the scenario illustrated informally on Example 2.
Whether preferences have really changed is a complicated question. This

primarily depends on what we mean by “preference”. The preference relation
on complete states of the worlds remains static – only the relative plausibil-
ity of these states of the world change, and thus the agent’s beliefs. Let S =
{ef, ef̄, ēf, ēf̄} be the set of possible states of the world. Some may argue that
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e is an action rather than a static proposition. To resolve this ambiguity, just
consider that e precisely refers to “being in the process of eating”.

At first, it is reasonable to assume that I believe the sushi to be made out of
fresh fish, or, at least, to assume that I do not believe that the fish is not fresh,
even if this is not said explicitly. The reason is that if I already believed that
the fish is not fresh, then the new information would have had no impact on my
beliefs, and likewise, no impact on my future behaviour. After I am told that the
fish is not fresh, it is reasonable to expect that my belief that the fish is fresh
gets much lower.

As for my preferences, they may initially be

ef �P ēf ∼P ēf̄ �P ef̄

i.e., I prefer eating fresh sushi over not eating sushi, and I prefer not eating sushi
over eating sushi made out of old fish; if I do not eat the sushi, then I do not
care whether the fish is old or not. Now, my preferences after learning that ¬f
is true or likely to be true are exactly the same. even if I now consider ef hardly
plausible, I still prefer this world to ēf and ēf̄ , and these two to ef̄ . Thus, beliefs
change, but preferences remain static.

Still, it is no less true that I used to prefer e over ¬e and I no longer do.
However, e and ¬e are not single states, but formulas or, equivalently, sets of
states (e corresponds to the set of states {ef, ef̄}) and ¬e to {ēf, ēf̄}). When
expressing an initial preference for e I mean that when I focus on those states
where e is true, I see ef as the most plausible state, and similarly when I focus
on those states where ¬e is true, I see ēf as the most plausible state. Because I
prefer ef to ēf , I naturally prefer e to ¬e: in other terms, I prefer e to ¬e because
I prefer the most plausible state satisfying e to the most plausible state satisfying
¬e. Of course, after learning the information about the fish, these typical states
are now ef̄ and ēf̄ , and after focusing, I now prefer ¬e to e.

One may argue also that whether preferences over states change or not is a
question of language granularity. If both e and f are in the language, then prefer-
ence over states do not change, but if the language contains only the propositional
symbol e, then they do change, and in this case, it is not possible to express that
we learn ¬f , therefore the only way of modeling the input is a “direct preference
change”: the world sends a “command” to the user, asking her to now prefer ē
to e.

This informal discussion on Example 2 allows us state the general principle
of preference change triggered by belief change:

– the agent has some initial beliefs and preferences over possible states of the
world; these preferences over states can be lifted to preferences over formulas;

– then she learns a new piece of information α about the world;
– therefore she revises her prior beliefs by α and keeps the same preference

on states; however, preferences over formulas may change in reaction to the
change of beliefs.

We see that a formalization needs at least two semantical structures: one for
beliefs and one for preferences. For the sake of simplicity, and because we have
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to start with some specific assumptions, we stick to the ordinal way of modeling
beliefs and preferences, which is common in the belief change literature. Thus,
as in Boutilier [7] and subsequently in Lang, van der Torre and Weydert [23], we
use a normality ordering together with a preference ordering.

Definition 9. A model M is a triple 〈W,�N ,�P 〉, where W is a set of valua-
tions of a set of propositions, and �N and �P are total pre-orders on W . We do
not distinguish worlds from valuations, so each valuation occurs precisely once,
and W is finite.

s �N s′ means that s is at least as plausible (or normal) as s′, whereas s �P s′

means that s is at least as preferred as s′.
The model for Example 2 is visualized in the figure below. The normality

ordering is visualized vertically, where higher worlds are more normal. The most
normal worlds are worlds in which the fish is fresh, and exceptional worlds are
worlds in which the fish is not fresh: fe ∼N f ē �N f̄ e ∼N f̄ ē. Preferences
are visualized horizontally, where the more to the right are the more preferred
worlds. Eating fresh sushi is preferred to not eating sushi, which itself is preferred
to eating not fresh sushi: ef �P ēf ∼P ēf̄ �P ef̄ .

�

�normality
efēf

ēf̄ef̄

preference

As in Boutilier [7] and Lang, van der Torre and Weydert [23], we extend the
propositional language with two dyadic modalities: N for normality and P for
preference.

As usual, N(ψ|ϕ) is true if the most normal ϕ-worlds are ψ-worlds. N(ϕ|)
is abbreviated as N(ϕ).

Definition 10 (normality)

M |= N(ψ|ϕ) iff Max�N (Mod(ϕ)) ⊆ Mod(ψ)

Things are less easy with preference, for two reasons.
First, there are several ways of lifting preferences from the level of worlds to

the level of sets of worlds. A canonical family of lifting operators is obtained by
comparing two sets of worlds A and B by comparing the best (or the worst)
elements of A with the best (or the worst) elements of B – this gives four
ways of alternating quantifiers, henceforth, four lifting operators. This principle
is classical, as it has been used in many places, including [16,2,22,5]. There
are other families of lifting operators, notably ceteris paribus preferences [28,6]
and other kinds of similarity-based preferences [18]. While these would also be
worth considering, in this paper we restrict our study to the “canonical” lifting
operators defined below.
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strong lifting
W1 �str W2 if W1 �= ∅,W2 �= ∅, and ∀w ∈ W1 ∀w′ ∈ W2 : w �P w′: the
worst worlds in W1 are preferred to the best worlds in W2, or equivalently,
every world in W1 is preferred to every world in W2.

optimistic lifting
W1 �opt W2 if W1 �= ∅,W2 �= ∅, and ∃w ∈W1 such that ∀w′ ∈W2, w �P w′:
the best worlds in W1 are preferred to the best worlds in W2 (or equivalently,
the best ϕ ∨ ψ worlds are ¬ψ worlds).

pessimistic lifting
W1 �pess W2 if W1 �= ∅,W2 �= ∅, and ∀w ∈W1∃w′ ∈W2 such that w �P w′:
the worst worlds in W1 are preferred to the worst worlds in W2.

We deliberately omit to define the fourth case, corresponding to two existential
quantifiers, because the resulting lifting operator is much too weak, as it makes
Pϕ ∧ P¬ϕ consistent. This weak lifting operator is left out of our study.

Recall that the set of truth assignments is finite; therefore, there cannot be
any infinite ascending or descending chains of worlds, and the last two definitions
always make sense. An equivalent definition of �opt, which does not need the
finiteness assumption, is: ∀w′ ∈ W2∃w ∈ W1 such that w ≺P w′.

Second, as argued in [7,23], in the presence of uncertainty or normality ex-
pressed by �N , preferences cannot be interpreted from �P alone, but from �P

and �N . There are at least two ways of interpreting a preference for ϕ over ¬ϕ
in this context, that we name B and LTW after their authors.1 Let � be one of
�str, �opt, or �pess.

B
“among the most normal φ-worlds, ψ is preferred to ¬ψ”[7]:

M |= P�(ψ|ϕ) iff
Max�N (Mod(ϕ)) ∩ Mod(ψ) � Max�N (Mod(ϕ)) ∩ Mod(¬ψ))

LTW
“the most normal ψ ∧ φ-worlds are preferred to the most normal ¬ψ ∧ φ-
worlds” [23]:

M |= P�(ψ|ϕ) iff
Max�N (Mod(ϕ ∧ ψ)) � Max�N (Mod(ϕ ∧ ¬ψ))

P�(ϕ|) is abbreviated in P�(ϕ).
Note that B and LTW are not equivalent, because either the most normal ψ∧φ

worlds or the most normal ¬ψ∧φ worlds may be exceptional among the φ worlds.
The two approaches are based on distinct intuitions. In LTW, the intuition
is that an agent is comparing two alternatives, and for each alternative he is
considering the most normal situations. Then he compares the two alternatives
and expresses a preference of the former over the latter. The difference between
1 Another way, for example, is to compare all worlds in the preference ranking up to

minimal rank of Max�N (ψ ∧ φ) and Max�N (¬ψ ∧ φ).
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both approaches, already discussed in [23], is a matter of choosing the worlds to
focus on. The two approaches coincide if there exist both most normal ψ ∧ φ-
worlds and most normal ¬ψ ∧ φ-worlds, that is, if ¬N(ψ|φ) ∧ ¬N(¬ψ|φ) holds.

We have thus defined six semantics for interpreting P (.|.), since we have three
ways of lifting preference from worlds to formulas, and two ways of focusing on
normal worlds. We denote the corresponding six modalities using the superscript
B or LTW, and one of the three subscripts str, opt or pess. For instance, PLTW

opt

refers to the semantics in [23] and the optimistic way of lifting preferences.
However we shall try to avoid using these subscripts and superscripts when it
is clear from the context. From the P modality we may also define a dyadic >
modality, where ϕ > ψ means “I prefer ϕ to ψ”, defined by

(ϕ > ψ) ≡ P (ϕ|(ϕ ∧ ¬ψ) ∨ (ψ ∧ ¬ϕ))

P (.|.) and . > . are interdefinable (see [18]).

2.3 Revision Functions

Given a model M = 〈W,�N ,�P 〉, its revision by belief α is a new model

M′ = M � α

consisting of the same W , the same �P (since preferences over worlds do not
change), and the revision of the initial plausibility ordering �N by α. This re-
quires the prior definition of a revision function � acting on plausibility orderings.
Such functions have been extensively considered in the literature of iterated be-
lief revision (e.g., [11,26]).

Definition 11. A revision function � is a mapping from L(W ) × L to L(W ),
i.e., it maps a complete weak order over W and a formula α into a complete
weak order over W .

For the sake of notation we note ��α
N instead of �N �α.

Revision functions on plausibility orderings are usually required to obey some
properties. For example, � satisfies success iff for every �N and every satisfi-
able α, Max(��α

N ,W ) ⊆ [α]. Hence, the most normal worlds after revising by α
satisfy α. In the rest of the paper we need the following properties. A revision
function � satisfies

– positive uniformity iff for any two worlds w, w′ such that w |= α and w′ |= α,
w ��α

N w′ iff w �N w′;
– negative uniformity iff for any two worlds w, w′ such that w |= ¬α and
w′ |= ¬α, w ��α

N w′ iff w �N w′.
– responsiveness iff for any two worlds w, w′ such that w |= α and w′ |= ¬α,
w �N w′ implies w ��α

N w′.
– stability iff the following holds: if all most normal worlds in �N satisfy α

then ��α
N =�N ;
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– top-stability iff the following holds: if all most normal worlds in �N satisfy α
then Max(�α

N ,W ) = Max(�N ,W );

Positive and negative uniformity are named respectively (CR1) and (CR2) by
Darwiche and Pearl [11]. Note that success implies that M � α |= Nα. Top-
stability is weaker than stability, and top-stability is implied by positive unifor-
mity together with responsiveness.

Definition 12. Given a model M = 〈W,�N ,�P 〉, a revision function �, and a
formula α, the revision of M by α, is the model M � α defined by

M � α = 〈W,��α
N ,�P 〉

3 Back to the Postulates

As explained in Section 1.4, perhaps the easiest way to describe the behavior of
preference change, is to aim for an AGM style representation with postulates.
To do so, we use dynamic modalities to refer to revisions, as by van Ditmarsch,
van der Hoek and Kooi [12] and van Benthem [3].

M,w |= [�α]ϕ iff M � α,w |= ϕ

In Section 1 we introduced the following eight postulates that preference change
may fulfill. All properties are concerned with conditions in which a preference
for α persists when new information is learned. The first four properties P1-P4
consider the case in which we learn that our preferences are (partly) satisfied or
dissatisfied, and the following four properties P5-P8 are concerned with the case
in which we learn something which we expected.

(P1) Pα→ [�α]Pα
(P2) Pα→ [�¬α]Pα
(P3) Pα ∧ ¬N(¬β|¬α) → [�(α ∨ β)]Pα
(P3’) Pα ∧ ¬N(¬β|¬α) ∧ ¬N(α|α ∨ β) → [�(α ∨ β)]Pα
(P4) Pα ∧ ¬N(¬β|α) → [∗(¬α ∨ β)]Pα
(P4’) Pα ∧ ¬N(¬β|α) ∧ ¬N(¬α|¬α ∨ β) → [∗(¬α ∨ β)]Pα
(P5) Pα ∧Nβ → [�β]Pα
(P6) Pα ∧N(β|α) ∧N(β|¬α) → [�β]Pα
(P7) Pα ∧Nβ ∧ ¬Nα ∧ ¬N¬α→ [∗β]Pα
(P8) Pα ∧ ¬N(¬β|α) ∧ ¬N(¬β|¬α) → [�β]Pα

The relationships between the postulates are the following. When saying that
(Pi) implies (Pj) we mean that (Pi) implies (Pj) whatever the chosen semantics
for preference, provided that the semantics for normality is fixed to the classical
semantics for normality (as defined above). We state these relationships without
proof (they are straightforward).

– (P5) implies (P6) and (P7);
– (P8) implies (P6).
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Any two properties (Pi) and (Pj) other than the ones above are independent.
We are now going to look for sufficient conditions, on the belief revision oper-

ator � used and the choice of the semantics for interpreting preference, for each
of these postulates to be satisfied.

3.1 Preference Satisfaction (or Dissatisfaction)

We first consider (P1).

(P1) Pα→ [�α]Pα

or, equivalently: if M |= Pα then M � α |= Pα.

Proposition 13. (P1) is satisfied:

– if � satisfies positive and negative uniformity, and
– for any lifting operator �∈ {�str,�opt,�pess}, with the LTW semantics.

Proof. Positive uniformity implies that Max(��α
N , [α]) = Max(�N , [α]), and neg-

ative uniformity that Max(��α
N , [¬α]) = Max(�N , [¬α]): the most normal α-

worlds are the same before and after revision by α, and similarly for the most
normal ¬α-worlds. Now, for any lifting operator, whether Pα holds in the LTW
semantics depends only on the preference between the most normal α-worlds and
the most normal ¬α-worlds, from which the result follows. Let us give the details
for �opt (things are similar for the proof for �str and �pess, and for any lifting
operator). We have (1) Max(�P ,Max(��α

N [α])) = Max(�P ,Max(�N , [α])) and
(2) Max(�P ,Max(��α

N [¬α])) = Max(�P ,Max(�N , [¬α])). Suppose M |= Pα,
i.e., (3) Max(�P ,Max(�N , α)) �opt Max(�P ,Max(�N ,¬α)). From (1), (2)
and (3) we get Max(�P ,Max(��α

N , α)) �opt Max(�P ,Max(��α
N ,¬α)), that is,

M � α |= Pα follows. ��
Positive and negative uniformity are necessary. Consider for instance the drastic
revision operator that preserves the relative ranking of α-worlds and then pushes
all ¬α-worlds towards the bottom, irrespectively of their relative initial ranking:
w ��α

N w′ iff (a) w |= α, w′ |= α and w �N w′; or (b) w |= α and w′ |= ¬α. ∗
satisfies positive uniformity, but not negative uniformity. In Figure 2 we initially
have pq �N p̄q̄ � pq̄ � p̄q and p̄q �P pq �P p̄q̄ � pq̄. After revision by p we have
pq ��p

N pq̄ � p̄q ∼ p̄q̄, therefore, with the optimistic lifting we have M |= Pp and
M |= [�p]P¬p.

(P1) is meaningless or arbitrary for Boutilier’s semantics, because we have the
property ¬[�α]Pα for satisfiable α: If the most normal worlds become α worlds,
then the intersection of most normal worlds and ¬α worlds is empty. Moreover,
this property also suggests that there is no other property in the spirit of (P1)
we can define for B semantics.

By symmetry, things are similar when revising by a dispreferred formula:

(P2) Pα→ [�¬α]Pα
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Fig. 2. Learning p: p becomes least normal, preference remains unchanged

Proposition 14. (P2) is satisfied:

– if � satisfies positive and negative uniformity, and
– for any lifting operator with the LTW semantics.

Proof. Positive uniformity implies that the most normal ¬α-worlds are the same
before and after revision by ¬α, and negative uniformity that the most normal
α-worlds are the same before and after revision by ¬α. The rest of the proof is
exactly as in the proof of Proposition 13. ��
(P2) does not hold for B semantics, for similar reasons as (P1) does not hold:
we have the property ¬[�¬α]α for satisfiable ¬α.

We now consider (P3), (P3’), (P4) and (P4’).

(P3) Pα ∧ ¬N(¬β|¬α) → [�(α ∨ β)]Pα

(P3’) Pα ∧ ¬N(¬β|¬α) ∧ ¬N(α|α ∨ β) → [�(α ∨ β)]Pα

(P3) is equivalent to Pα∧¬[�(α∨ β)]Pα→ N(¬β|¬α), which expresses that
preference change in case of partial preference satisfaction is due to abnormality
of β in case of ¬α.

Proposition 15. (P3) is satisfied:

– if � satisfies positive and negative uniformity, and responsiveness, and
– for strong or optimistic lifting with the LTW semantics.

(P3’) is satisfied:

– if � satisfies positive and negative uniformity, and responsiveness, and
– for strong or optimistic lifting with the B semantics.

Proof. Consider first the proof of (P3). By positive uniformity, α∨ β-worlds are
shifted uniformly when revising by α∨β. This applies in particular to α-worlds,
therefore (1) the most normal α-worlds remain the same.

Assume M |= ¬N(¬β|¬α): then at least one most normal ¬α-world satisfies β.
Let w be such a world. After revision by α∨β, w is still a most normal ¬α-world.
To see this, assume there exists a world w′ such that w′ |= ¬α and w′ ��(α∨β)

N w.
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If w′ |= ¬α∧β then by positive uniformity, w′ �N w, which contradicts w being
a most normal ¬α-world. If w′ |= ¬α ∧ ¬β then by responsiveness, w′ �N w,
which again contradicts w being a most normal ¬α-world. Analogously, for any
other most normal ¬α-world w′, i.e. w′ ��(α∨β)

N w, if w |= ¬α∧β then w′ �N w
by positive uniformity, and if w |= ¬α ∧ ¬β then w′ �N w by responsiveness.
Therefore, (2) the set of most normal ¬α-worlds in ��(α∨β)

N is contained in the
set of most normal ¬α-worlds in �N .

Therefore, if w1 is a most normal α-world in ��(α∨β)
N and w2 is a most normal

¬α-world in ��(α∨β)
N , then (1) implies that w1 is a most normal α-world in �N ,

and (2) implies that w2 be a most normal ¬α-world in �N .

�=�str

Assume M |= Pα. Let w1 ∈ Max(��(α∨β)
N , [α]) and w2 ∈ Max(��(α∨β)

N

, [¬α]), which implies w1 ∈ Max(�N , [α]) and w2 ∈ Max(�N , [¬α]). From
M |= Pα, we now have w1 �P w2. Therefore, every most normal α-world
in ��(α∨β)

N is preferred to every most normal ¬α-world in ��(α∨β)
N , that is,

M |= [�(α ∨ β)]Pα.
�=�opt

Assume (3) M |= Pα. Let (4) w1 ∈ Max(�P ,Max(��(α∨β)
N , [α])) and (5)

w2 ∈ Max(��(α∨β)
N , [¬α])). Again, from (4) and (5) we get (6) w1 ∈ Max(�N

, [α])) and (7) w2 ∈ Max(�N , [¬α]). Suppose now that w1 is not a most pre-
ferred world in w1 ∈ Max(�N , [α])), that is, that there exists w3 ∈ Max(�N

, [α])) such that (8) w3 �P w1. Because w1 and w3 are both most normal
in �N , we have w1 ∼N w3, which by positive uniformity (and because w1

and w3 both satisfy α ∨ β) implies w1 ∼�(α∨β)
N w3, which, together with

(8), contradicts (4). Therefore we have (9) w1 ∈ Max(�P ,Max(�N , [α])).
Now, from (3), the most preferred worlds in Max(�N , [α]) are preferred to
the most preferred worlds in Max(�N , [¬α]), therefore they are preferred to
all worlds in Max(�N , [¬α]), which implies that w1 �P w2, from which the
result follows.

Consider now the proof of (P3’). Assume in addition that M |= ¬N(α|α ∨ β),
i.e. there is a ¬α ∧ β world among the most normal α ∨ β worlds - let us call
it w′′. The proof is analogous, with the extra condition that from M |= Pα it
follows that the most normal α worlds of M and the most normal ¬α worlds
of M are among the most normal worlds of M, and we have to prove that a
similar condition holds for M � (α ∨ β). Due to positive uniformity and strong
responsiveness, it follows that the most normal α worlds of M � (α ∨ β) as well
as w′′ are among the most normal worlds of M � (α ∨ β). From the inclusion
of w′′ it follows that the most normal ¬α worlds of M � (α ∨ β) are among the
most normal worlds of M � (α ∨ β). ��
Note that (P3) does not hold for the pessimistic semantics, since if the worst
world used to be an ¬α-world, then after the revision the worst world may be
an α-world. Nor does it hold for the B-semantics, because after revision by α∨β
the ¬α-worlds may disappear from the top cluster.
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The case for (P4) and (P4’) is similar.

(P4) Pα ∧ ¬N(¬β|α) → [∗(¬α ∨ β)]Pα

(P4’) Pα ∧ ¬N(¬β|α) ∧ ¬N(¬α|¬α ∨ β) → [∗(¬α ∨ β)]Pα

Proposition 16. (P4) is satisfied if:

– � satisfies positive and negative uniformity, and responsiveness, and
– � = strong or pessimistic lifting with the LTW semantics.

(P4’) is satisfied if:

– � satisfies positive and negative uniformity, and responsiveness, and
– � = strong or pessimistic lifting with the B semantics.

The proof is similar to the proof of Proposition 15.

3.2 Preference Change Implies Surprise

We start by (P5).

(P5) Pα ∧Nβ → [�β]Pα

Proposition 17. (P5) is satisfied:

– if � satisfies stability, and
– for any lifting operator with the LTW semantics.

or

– if � satisfies top-stability, and
– for any lifting operator with the B semantics.

Proof

1. take any lifting operator with the LTW semantics. and assume that � satisfies
stability. Assume M |= Nβ. Then stability implies that �N does not change
after revision by β, that is, ��β

N =�N . Therefore, most normal α-worlds are
the same before and after revision by β, and similarly for ¬α-worlds, from
which we get that M |= Pα implies M |= [�β]Pα.

2. take any lifting operator with the B semantics. and assume that � satisfies
top-stability. If M |= Nβ then all most normal worlds in �N satisfy β,
therefore revising by β leaves these most normal worlds (that is, Max(�N ,
W )) unchanged; since the truth of P (.|.) depends only on Max�N (W ), pref-
erences remain unchanged after revision by β, therefore M |= Pα implies
M |= [�β]Pα. ��
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Figure 3 illustrates that item 1. of the proof of Proposition 17 no longer holds if
� does not satisfy stability, because revising by β may change the most normal
α-worlds or the most normal ¬α-worlds. We have �N : pq � pq̄ � p̄q̄ � p̄q; �P :
p̄q � pq � p̄q̄ � pq̄; and � such that that in ��β

N , all β-worlds are ranked above
all ¬β-worlds. That is: ��q

N : pq � p̄q � pq̄ � p̄q̄. Before learning q, the most
normal p-world is pq and the most normal ¬p-world is p̄q̄, therefore M |= Pp for
any kind of lifting. After learning q, the most normal p-world is still pq and the
most normal ¬p-world is p̄q, therefore M |= P¬p, again for any kind of lifting.
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Fig. 3. Learning q: q becomes least normal, preference remains unchanged

We now consider (P6).

(P6) Pα ∧N(β|α) ∧N(β|¬α) → [�β]Pα

Proposition 18. (P6) is satisfied:

– if � satisfies positive uniformity and responsiveness, and
– for any lifting operator with the LTW semantics.

or

– if � satisfies top-stability, and
– for any lifting operator with the B semantics.

Proof
1. take any lifting operator with the LTW semantics, and assume that � satisfies

positive uniformity and responsiveness. Moreover, assume
M |= N(β|α)∧N(β|¬α). Because M |= N(β | α), the most normal α-worlds
in �N are β∧α-worlds. This, together with positive uniformity, implies that
(1) the most normal β ∧ α-worlds are the same before and after learning
β. Indeed, let w ∈ Max(�N , [β ∧ α]) and w′ |= β ∧ α. We have w �N w′,
therefore, by positive uniformity, w ��β

N w′. Similarly, again using positive
uniformity, (2) the most normal β∧¬α-worlds are the same before and after
learning β.

Now, the most normal α-worlds are also most normal β ∧ α-worlds (be-
cause M |= N(β | α), therefore, these worlds remain among the most normal
α-worlds after revising by β. We now have to prove that no other world can
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become a most normal β ∧ α-world after learning β. Let w ∈ Max(�N , [α])
and assume there is a w′ ∈ Max(��β

N , [α]) such that w′ �∈ Max(�N , [α]). Ei-
ther w′ |= β ∧ α or w′ |= ¬β ∧ α. If w′ |= β then by (1), w′ ∈ Max(�N , [α]),
a contradiction. If w′ |= ¬β ∧ α then w �N w′, because M |= N(β | α).
Then, we have w |= β, w′ |= ¬β and w �N w′, therefore by responsiveness
we get w ��β

N w′, which contradicts w′ ∈ Max(��β
N , [α]). Therefore, the most

normal α-worlds before and after revision by β are the same. Similarly, we
show that the most normal ¬α-worlds before and after revision by β are the
same. The result then follows.

2. consequence of the second part of Proposition 17, using the fact that (P5)
implies (P6). ��

We now consider (P7).

(P7) Pα ∧Nβ ∧ ¬Nα ∧ ¬N¬α→ [∗β]Pα

Proposition 19. (P7) is satisfied:

– if � satisfies top-stability, and
– for any lifting operator with the LTW semantics.

or

– if � satisfies top-stability, and
– for any lifting operator with the B semantics.

Proof. The second part (with the B semantics) is a direct consequence of Propo-
sition 17 together with the fact that (P5) implies (P7). As for the first part, take
any lifting operator with the LTW semantics and let � satisfying top-stability.
Assume M |= Nβ ∧ ¬Nα ∧ ¬N¬α ∧ Pα. Top-stability and M |= Nβ imply
that (1) the most normal worlds are the same in �N and in ��β

N . Now, all
most normal worlds satisfy β; moreover, because M |= ¬Nα ∧ ¬N¬α, at least
one of these satisfy α and one of these satisfies ¬α. Therefore, Max(�N , [α]) =
Max(�N , [β∩α]) ⊆ Max(�N , [β]) and similarly Max(�N , [¬α]) ⊆ Max(�N , [β]).
This, together with (1), implies that the most normal α-worlds are the same be-
fore and after revision by β, and similarly for ¬α-worlds, from which the result
follows. ��
This condition that both β and ¬β are non-exceptional is intuitively desirable in
many contexts, especially when β (and ¬β) refers to something that is control-
lable by the agent. For instance, on Example 2: M |= Pe∧¬N¬e∧¬N¬e∧Nf :
the agent initially believes that the fish is fresh and, of course, does not considers
eating, nor not eating, as exceptional. As a result, after learning that the fish is
fresh, he still prefers eating the sushi.

Lastly, we consider (P8).

(P8) Pα ∧ ¬N(¬β|α) ∧ ¬N(¬β|¬α) → [�β]Pα
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Proposition 20. (P8) is satisfied:

– if � satisfies positive uniformity and responsiveness, and
– for the strong lifting operator with either the LTW or the B semantics.

Proof
1. Take first the strong lifting operator with the LTW semantics, and assume

(1) M |= ¬N(¬β | α), (2) M |= ¬N(¬β | ¬α) and (3) M |= Pα. (1) implies
that there exists a world w1 in Max(≥N , [α]) ∩ [β]. (2) implies that there
exists a world w2 in Max(≥N , [¬α]) ∩ [β]. Let w3 ∈ Max(≥�β

N , [α]), which
implies w3 ��β

N w1. Two cases:
– w3 |= β. In this case, w3 ��β

N w1, together with w1 |= β and positive
uniformity, implies w3 �N w1.

– w3 |= ¬β. In this case, w3 ��β
N w1, together with w1 |= β and respon-

siveness, implies w3 �N w1.
Therefore, w3 �N w1. Together with w1 ∈ Max(≥N , [α]), this implies (4)
w3 ∈ Max(≥N , [α]).

Similarly, let w4 ∈ Max(≥�β
N , [¬α]), then we show in the very same way

(using (2) instead of (1)) that (5) w4 ∈ Max(≥N , [¬α]).
Lastly, from (3), (4) and (5) we get w3 �P w4. This being true for

any w3 ∈ Max(≥�β
N , [α]) and any w4 ∈ Max(≥�β

N , [¬α]), we conclude that
M |= [�β]Pα.

2. Take now the strong lifting operator with the B semantics, and assume (1), (2)
and (3) hold. Again, (1) and (2) imply Max(≥N , [α ∧ β]) �= ∅ and
Max(≥N , [¬α ∧ β]) �= ∅. Moreover, let w ∈ Max(��β

N ) ∩ [α] and
w′ ∈ Max(��β

N ) ∩ [¬α]. From positive uniformity, responsiveness, and the
nonemptiness of Max(≥N , [α ∧ β]) and of Max(≥N , [¬α ∧ β]) (which follows
from (1) and (2) respectively), we have that w ∈ Max(≥N , [α ∧ β]) and w′ ∈
Max(≥N , [¬α ∧ β]); from (3) we have w �P w′, and the result follows. ��

However this no longer holds with the other kinds of lifting, as can be seen on
the following example: �N : pq ∼ pq̄ � p̄q ∼ p̄q̄ and �P : pq̄ � p̄q � pq � p̄q̄.
We have M |= Pp for any of �=�opt or �=�pess. After learning q, for any
“reasonable” revision operator �, including drastic revision, we have pq ��q

N pq̄
and p̄q � p̄q̄. Therefore, the most normal p-world is pq and the most normal
¬p-world is p̄q, which implies that we have M |= [�q](P¬p ∧ ¬Pp).

4 Conclusion

There is a wide variety in the kinds of preference change studied in the literature,
even when we restrict ourselves to the notions of preference and belief studied
in practical reasoning and decision theory. Since the AGM approach to theory
change can be used to evaluate and classify belief change methods, because it is
based on a minimal number of assumptions, we propose an analogous approach
to evaluate and classify preference change methods. We assume a distinction
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between beliefs and preferences, without assuming that they can be combined
(like probabilities and utilities can be combined in expected utility) or extended
with other concepts (like beliefs and desires can be extended with intentions
in cognitive theories). Moreover, we assume that preference change is due to
belief change, because we find it more natural and more widely applicable than
other approaches we discussed in the introduction of this paper, and because
we think that in most cases, preferences can be assumed to be static (like the
utility function is fixed while probabilities change). Finally, we assume that belief
change can be appropriately represented by the AGM approach to theory change,
together with some more recent extensions to deal with iterated theory change,
because the AGM framework is the most generally accepted one for belief change.

We introduce a standard language to represent postulates for preference change
triggered by belief change, based on a dyadic modal operator for normality or
belief operator, represented by N(α | β) for “α is normal or believed given β,”
and P (α | β) for “α is preferred given β.” Moreover, to represent the updates,
we extend this modal language with an update operator, represented by [∗α]β
for “after learning the new information α, β holds.”

We introduce the following eight postulates to evaluate and classify prefer-
ence change methods. All properties are concerned with conditions in which a
preference for α persists when new information is learned. The first four proper-
ties P1-P4 consider the case in which we learn that our preferences are (partly)
satisfied or dissatisfied, and the following four properties P5-P8 are concerned
with the case in which we learn something which we expected or which did not
surprise us.

(P1) Pα→ [�α]Pα
(P2) Pα→ [�¬α]Pα
(P3) Pα ∧ ¬N(¬β|¬α) → [�(α ∨ β)]Pα
(P3’) Pα ∧ ¬N(¬β|¬α) ∧ ¬N(α|α ∨ β) → [�(α ∨ β)]Pα
(P4) Pα ∧ ¬N(¬β|α) → [∗(¬α ∨ β)]Pα
(P4’) Pα ∧ ¬N(¬β|α) ∧ ¬N(¬α|¬α ∨ β) → [∗(¬α ∨ β)]Pα
(P5) Pα ∧Nβ → [�β]Pα
(P6) Pα ∧N(β|α) ∧N(β|¬α) → [�β]Pα
(P7) Pα ∧Nβ ∧ ¬Nα ∧ ¬N¬α→ [∗β]Pα
(P8) Pα ∧ ¬N(¬β|α) ∧ ¬N(¬β|¬α) → [�β]Pα

Moreover, we show how to use our postulates to evaluate and classify preference
change methods. We define a family of operators for preferences evolving after
some new fact has been learned, parameterized by a revision function on epis-
temic states and a semantics for interpreting preferences over formulas. More-
over, we give conditions on the revision function and the semantics of preference
for each of these conditions to hold, as listed in Table 1. Roughly, all of them
hold for LTW semantics under some conditions, whereas (P1) and (P2) are not
meaningful for B semantics, whereas some of the others need stronger or other
conditions.

Summarizing, in this paper we have given an investigation of the properties
of preference change in reponse to belief change, depending on the choice of
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Table 1. Results for some operators: PU = positive uniformity, NU = negative uni-
formity, R = responsiveness, S = stability, TS = top-stability

LTW B

(P1) PU, NU �str,�opt,�pess not applicable
(P2) PU, NU �str,�opt,�pess not applicable
(P3) PU, NU, R �str,�opt

(P3’) PU, NU, R �str,�opt

(P4) PU, NU, R �str,�pess

(P4’) PU, NU, R �str,�pess

(P5) S �str,�opt,�pess TS �str,�opt,�pess

(P6) PU, R �str,�opt,�pess TS �str,�opt,�pess

(P7) TS �str,�opt,�pess TS �str,�opt,�pess

(P8) PU, R �str PU, R �str

a revision operator and the choice of a semantics of semantics for preference.
Even if we have obtained sufficient conditions for several significant properties
of preference change, what is still missing is a series of representation theorems of
the form: this list of properties is satisfied if and only if � satisfies this set of
properties and � this other set of properties. Obtaining such a result is a long-
term goal due to the high number of parameters that can vary.
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Yanoff, T., Hansson, S.O. (eds.) Preference Change. Approaches from Philosophy,
Economics and Psychology. Theory and Decision Library A, vol. 42, pp. 57–84.
Springer, Netherlands (2009)

5. van Benthem, J., Liu, F.: Dynamic Logic of Preference Upgrade. J. Appl. Non-
Class. Log. 17(2), 157–182 (2007)

6. van Benthem, J., Roy, O., Girard, P.: Everything Else Being Equal: A Modal Logic
Approach to ceteris paribus Preferences. J. Philos. Log. 38(1), 83–125 (2009)

7. Boutilier, C.: Toward a Logic for Qualitative Decision Theory. In: Doyle, J., Sande-
wall, E., Torasso, P. (eds.) KR 1994, pp. 75–86. Morgan Kaufmann, San Francisco
(1994)

8. Bradley, R.: The Kinematics of Belief and Desire. Synthese 156(3), 513–535 (2007)

9. Chomicki, J.: Database Querying under Changing Preferences. Ann. Math. Artif.
Intell. 50(1-2), 79–107 (2007)

10. Cohen, P., Levesque, H.: Intention is Choice + Commitment. Artif. Intell. 42(2-3),
213–261 (1990)



Preference Change Triggered by Belief Change: A Principled Approach 111

11. Darwiche, A., Pearl, J.: On the Logic of Iterated Belief Revision. Artif. Intell. 89,
1–29 (1997)

12. van Ditmarsch, H., van der Hoek, W., Kooi, B.: Dynamic Epistemic Logic. Synthese
Library, vol. 337. Springer, Heidelberg (2007)

13. Freund, M.: On the Revision of Preferences and Rational Inference Processes. Artif.
Intell. 152(1), 105–137 (2004)

14. Freund, M.: Revising Preferences and Choices. J. Math. Econ. 41, 229–251 (2005)
15. Girard, P.: Modal Logic for Belief and Preference Change. Ph.D. thesis, Stanford

University, ILLC Publications DS-2008-04 (2008)
16. Halpern, J.: Defining Relative Likelihood Inpartially Ordered Preferential Struc-

tures. J. Artif. Intell. Res. 7, 1–24 (1997)
17. Hansson, S.O.: Changes in Preferences. Theory and Decision 38, 1–28 (1995)
18. Hansson, S.O.: The structure of Values and Norms. Cambridge University Press,

Cambridge (2001)
19. de Jongh, D., Liu, F.: Optimality, Belief and Preference. In: Artemov, S., Parikh,

R. (eds.) Proceedings of the Workshop on Rationality and Knowledge. ESSLLI,
Malaga (2006)

20. Katsuno, H., Mendelzon, A.: On the Difference Between Updating a Knowledge
Base and Revising it. In: Allen, J.F., Fikes, R., Sandewall, E. (eds.) KR 1991, pp.
387–394. Morgan Kaufmann, San Francisco (1991)

21. Lang, J., van der Torre, L.: From Belief Change to Preference Change. In: Ghallab,
M., Spyropoulos, C.D., Fakotakis, N., Avouris, N.M. (eds.) ECAI 2008, pp. 351–
355. IOS Press, Amsterdam (2008)

22. Lang, J., van der Torre, L., Weydert, E.: Utilitarian Desires. J. Auton. Agents
Multi-Agent Syst. 5, 329–363 (2002)

23. Lang, J., van der Torre, L., Weydert, E.: Hidden Uncertainty in the Logical Rep-
resentation of Desires. In: Gottlob, G., Walsh, T. (eds.) IJCAI 2003, pp. 685–690.
Morgan Kaufmann, San Francisco (2003)

24. Liu, F.: Changing for the Better. Preference Dynamics and Agent Diversity. Ph.D.
thesis, Universiteit van Amsterdam, ILLC Publications DS-2008-02 (2008)

25. Rott, H.: Change, Choice and Inference: A Study of Belief Revision and Nonmono-
tonic Reasoning. Oxford University Press, Oxford (2001)

26. Rott, H.: Shifting Priorities: Simple Representations for Twenty-seven Iterated
Theory Change Operators. In: Makinson, D., Malinowski, J., Wansing, H. (eds.)
Modality Matters: Twenty-Five Essays in Honour of Krister Segerberg. Uppsala
Philosophical Studies, vol. 53, pp. 359–384. Uppsala Universitet (2006)

27. van der Torre, L.: Reasoning About Obligations: Defeasibility in Preference-based
Deontic Logic. Ph.D. thesis, Erasmus University Rotterdam (1997)

28. von Wright, G.: The Logic of Preference. Edinburgh University Press (1963)


	Preference Change Triggered by Belief Change: A Principled Approach
	Introduction
	Kinds of Preference Change
	Evaluating and Classifying Preference Change Methods
	Three Assumptions of Our Language for Preference Change Postulates
	Postulates
	Using Our Postulates

	Preference Change Triggered by Belief Change: A General Model
	Notations
	Beliefs and Preferences
	Revision Functions

	Back to the Postulates
	Preference Satisfaction (or Dissatisfaction)
	Preference Change Implies Surprise

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




