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1 Motivation

In dynamic epistemic logic of questions(DELQ)[van Benthem and Minica 2010], ques-
tions are taken as explicit events of triggers for issue and knowledge management. In
this paper, we bring issue-management into the preference change in dynamic prefer-
ence logic (DPL). We propose a new dynamic preference logic with issue-management
(DPLI). We argue that by introducing questions1 into the setting of ceteris paribus logic
[van Benthem et.al. 2009], it will make the procedure of lifting ordinary preference to
ceteris paribus preference dynamically and explicitly.

We will compare the model and the language of DPLI with with the ceteris paribus
preference logic (CPL) and dynamic logic of preference upgrade [Liu 2008] respec-
tively. In the end, we make some conclusions and give some directions for future work.

2 Introduction

We take an example to show the link between preference and issue management, which
is similar to one given in [Liu 2008].

Example 1 Alice wants to buy a house. For her there were several things in her mind
for consideration: the cost, the quality, and the neighborhood. There are some other
conditions that she has not realized yet2. Considering the scenario below:

Alice was asked the question: “Do you want a big garden?” Then she was
aware of the issue of having a big garden. It happened that the house she
preferred at that moment didn’t have a big garden. So her preference changed.

In this example, Alice decides which house is better by her knowledge of those condi-
tions of house. But due to the limited knowledge, she might not know all the conditions
about the house. Her preference was changed when she was asked a question which
comes with a new information about the house. And her preference might be changed
again as she realized more important factors brought by new questions that she might
have not been aware of it before. In this example, we can see that new issues brought by
questions have contributions to preference change. We will return to this example later
when the language of DPLI is given.

1 As in [van Benthem and Minica 2010] we restrict ourselves to YES/NO questions.
2 Different from [Liu,2008], we do not discuss the priority order and its change between things

in the agent’s consideration, instead we take all things in her consideration being equal like
CPL.



3 A dynamic preference logic with issue management

3.1 Language and Semantics

Definition 1. Given a set Φ of atomic propositions and a set N of nominals such that
Φ ∩ N = ∅, the preference language LPLI is defined as follows in Backus-Naur form:

⊥| p | i | ¬ϕ | ϕ ∧ ψ | @iϕ | Qϕ | Pϕ | Uϕ | CPϕ

Each nominal i is a name of a single world. The operator @i is called the satisfaction
operator. A formula @iϕ is true at a world iff ϕ is true in the world named i. A formula
Qϕ can be read as ϕ is a settled issue in the current model. In our Example 1, “want a
big garden or not” is a settled issue. Pϕ means that ϕ is true in all preferred worlds. Uϕ
can be read as that ϕ is true in all worlds of the model, and CPϕ as that ϕ holds in all
preferred and issue-equivalent worlds3.

Other propositional connectives are defined as usual and the dual existential modali-
ties of Q, P, U and CP are denoted by Q̂, P̂ 4, E and ĈP respectively. Note that in
this paper,we distinguish two notion of preference, one is called ordinary preference,
or preference, which is denoted by P̂, and the other is called ceteris paribus preference
which is denoted by ĈP.

Next we introduce an issue-management relation into the model as [van Benthem and
Minica 2010]. But we take a set of formulas as an agenda to encode the current issues
of the agent.

Definition 2. Given a preference language LPLI and a nominal set N, a preference-
issue management model is a tuple M = 〈W, Γ,≈Γ,�,�Γ,V〉 where

– W is a set of possible worlds or states.
– Γ is a set of formulas, called an agenda. In this paper, it’s same as the set of issues5.
– ≈Γ= {(w, v) | ∀ϕ ∈ Γ(~ϕ�M

w = ~ϕ�M
v )}, which is an issue-equivalence relation on Γ.

– � is a preference relation on W which is reflexive and transitive.
– �Γ=� ∩ ≈Γ.
– V : Φ ∪ N → ℘(W) is a valuation which assigns a subset of W to each atomic

proposition p ∈ Φ and a singleton to each nominal i ∈ N.

3 Assume the settled issue is “Alice want a big garden”, the issue-equivalent worlds are all
possible worlds with a big garden. If ϕ holds in all preferred and issue-equivalent worlds then
Alice prefer ϕ (CPϕ).

4 Although the preference we study in this paper is a weak one, it can be used to define binary
preference comparison relation between propositions as [van Benthem et.al. 2009]. This notion
also enables us to see the influence of some questions.

5 We assume the initial issues is Γ. In Example 1, the cost, quality, and neighborhood are initial
issues, we call it agenda (Γ).



Definition 3. Given a preference language LPLI and its model M, a formula ϕ ∈ LPLI

being true in M (notation: M |=w ϕ) can be defined inductively as follows:

M |=w p iff w ∈ V(p)
M |=w i iff w ∈ V(i)

M |=w ¬ϕ iff not M |=w ϕ

M |=w @iϕ iff M |=v ϕ, where v is the denotation of i under V

M |=w Eϕ iff ∃v,M |=v ϕ

M |=w P̂ϕ iff ∃v,w � v & M |=v ϕ

M |=w Q̂ϕ iff ∃v,w ≈ v & M |=v ϕ

M |=w ĈPϕ iff ∃v,w �Γ v & M |=v ϕ

Technically, by taking the intersection between preference and issue relations, we can
use the operator ĈP to talk about what the agent will prefer by taking her current is-
sues relations into her consideration. This intersection is exactly the essence of ceteris
paribus preference.

We take being asked a question as an action of adding an issue. Next we introduce
a dynamic action +ϕ?. When ϕ is asked in the model M, we get a changed model
M+ϕ? = 〈W, Γ′,≈Γ′ ,�,�Γ′ ,V〉 where

Γ′ = Γ ∪ {ϕ} and ≈Γ′=≈Γ ∩
ϕ
≡M

in which
ϕ
≡M is defined by

ϕ
≡M= {(w, v) | ~ϕ�M

w = ~ϕ�M
v }.

6

The set of worlds, valuation and preferences will not change. Only the issue-management
relation and the intersection relation are changed in this new model M+ϕ?. Intuitively,
questions will not affect the ordinary preference but the ceteris paribus preference.

Now with the model of preference issue-management and the static language, we can
add a dynamic modality to talk explicitly about the changes of ceteris paribus pref-
erence. We only need to add question modalities [ϕ?] to LPLI and get the dynamic
language LDPLI . Formulas of the form [ϕ?]ψ are interpreted as follows:

M |=w [ϕ?]ψ iff M+ϕ? |=w ψ.

Now let us go back to example 1. Suppose that i is the name of the world that Alice
prefer. We use p, q and r to denote that the house has a good price, good quality and
neighborhood respectively . S ? is the question “Did you want a big garden?”.7 And

6 The set of worlds in which ϕ or ¬ϕ holds.
7 We don’t consider the answer now, we just assume that if Alice know the issue of garden, then

ĈP is possible to change.



“The house has a big garden” can be denoted by s.8

As we can see in the example 1 that after the question S ?, Alice changed her pref-
erence and did not prefer the world i of buying the house anymore, since she knows
that the house in the world i doesn’t have a big garden. Then the scenario can be de-
scribed formally with our DPLI language as follows:

P̂(@i(p ∧ q ∧ r))→ [S ?](@i(p ∧ q ∧ r ∧ ¬s)→ ¬ĈPi) (1)

This formula means that after the question S ? , the preference of the agent was changed
when she combined her new issue information with her former preference. It is clear
that the scenarios like example 1 can be described in our formal language.9 Thus it is
possible for us to track the ceteris paribus preference change when questions were
asked.

3.2 Agenda contraction

In the setting of ceteris paribus preference change produced by new issues, it is possi-
ble that the incoming issue is conflict with the existing agenda. So it is meaningful to
consider the agenda contraction, which means the agent excludes some factor from her
consideration.

We then consider an action of withdrawing a question −ϕ?. When a question ϕ is with-
drawn in the model M, we get a changed model M−ϕ? = 〈W, Γ′,≈Γ′ ,�,�Γ′ ,V〉 where

Γ′ =

Γ \ {ϕ}, if ϕ ∈ Γ.
Γ′ = Γ, Otherwise.

4 Discussion

The purpose of this paper is to explore the relationship between issue management and
preference change. As we have seen, the agent could change her ceteris paribus prefer-
ence when she was asked a question or withdrew a question.
Although the technique in this paper is very similar to [van Benthem et.al. 2009],in
which a dynamic logic of ceteris paribus preference, namely agenda logic, was pro-
posed, the difference is that we make the issue relation explicit in the preference-issue
management model so that we can talk about both the change of issues and ceteris
paribus preference. Furthermore, by introducing questions into the setting of prefer-
ence logic, we can see how questions and preference can interact in a delicate way.

8 Now, we only assume that if Alice wants a big garden, then she will prefer the house has a big
garden. If not, she will prefer the house didn’t have a big garden.

9 If Alice wants a big garden but the house she preferred doesn’t have it, the CP preference will
change, and the preference is possible to change.



Finally, our language seems to be more powerful to track the change of ceteris paribus
preference in a precise way.

In the dynamic logic of preference upgrade [Liu 2008], the ceteris paribus preference
has not been considered and the ordinary preference can be changed by public sugges-
tion. The upgrade model (M]ϕ, s) is the same as the original preference model (M, s),
but the new preference relation is changed:

�=� −{(s, t) | M |=s ϕ & M |=t ¬ϕ}

In this new model, preference can be changed by public suggestion ]ϕ. The preference
between ϕ-worlds and ¬ϕ-worlds are eliminated when a suggestion ϕ is given. While in
our model, by asking a question ϕ?, the preference relation is the same as before, but it
does effect on ceteris paribus preference. Here we can see that a suggestion which can
be expressed by an imperative sentence can produce more information and hence a more
radical change on the preference model. In this sense, we can say that an announcement
of an imperative sentence is stronger than a YES/NO question.

5 Conclusion and future work

In this paper, we adapt the tools developed in the dynamic logic of questions [van Ben-
them and Minica 2010] to explore the interaction between YES/NO questions and pref-
erence. By using a hybrid preference language, we can describe that how questions can
effect ceteris paribus preference delicately. We leave the study of inference system and
expressive power of this language as open for future work. It seems that ceteris paribus
preference provides a very good setting for dynamics related to questions.
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