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Introduction

In this overview we tell you the story of the rise of dynamic epistemic logic. It is of course a
bit presumptious to call it a rise, but we can only observe this rather peculiar phenomenon. The
number of active researchers in these logics seem to grow strongly every year, possibly because
there are so many relations to computer science, to multi-agent systems, to philosophy, and to
cognitive science. It all began with the logic of knowledge, way back in the 1960s, and much of
it was motivated by puzzles and paradoxes. Let us start.
Dynamic logic is the logic of changing knowledge. The starting point of dynamic epistemic
logic (DEL) is therefore the logic of knowledge. A founding publication is [42] — we refer
to [41] for an overview of epistemic logic and references. A key feature of epistemic logic is
that the information state of several agents can be represented by a Kripke model. Given a set
of agents and a set of propositional variables, a Kripke model consists of a set of states, a set of
accessibility relations (each one a binary relation on the domain), namely one for each agent, and
a valuation (that tells you which propositional variables are true in which states). In epistemic
logic the set of states of a Kripke model is interpreted as a set of epistemic alternatives. The
information state of an agent consists of those epistemic alternatives that are possible according
to the agent, which is represented by the binary accessibility relation Rα . An agent α knows
that a proposition ϕ is true in a state a of a Kripke model M (M, a |= Kα ϕ), if and only if that
proposition ϕ is true in all the states that agent α considers possible in that state (i.e. which are
Rα -accessible from a). A proposition known by agent α may itself pertain to the knowledge of
some agent (for instance if one considers the formula Kα Kβ ψ). In this way, a Kripke model with
accessibility relations for all the agents represents the (higher-order) information of all relevant
agents simultaneously.
In DEL, information change is modeled by transforming Kripke models. Since DEL is
mostly about information change due to communication, the model transformations usually do
not involve factual change. The bare physical facts of the world remain unchanged, but the
agents’ information about the world changes. In terms of Kripke models that means that the accessibility relations of the agents have to change (and consequently the set of states of the model
might change as well). Modal operators in dynamic epistemic languages denote these model
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transformations. The accessibility relation associated with these operators is not one within the
Kripke model, but pertains to the transformation relation between the Kripke models, as the
example in the next section will show.
In Section 2 an example scenario is presented which can be captured by DEL. In Section 3 a
historical overview of the main approaches in DEL is presented, with details on their modelling
techniques. Section 4 discusses how to model belief revision in DEL. Section 5 connects ideas
between speech act theory and DEL. Finally, Section 6 is on the relation between DEL and
philosophy: we deal with Moore-sentences, the Fitch-paradox, and the Surprise Examination.
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An example scenario
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Figure 1: A Kripke model for the situation where two agents are each given a red or a white card.
Consider the following scenario: Ann and Bob are each given a card that is either red or white
on one side (the face side) and nondescript on the other side (the back side). They only see their
own card, and so they are ignorant about the other agent’s card. There are four possibilities: both
have white cards, both have red cards, Ann has a white card and Bob has a red card, or the other
way round. These are the states of the model, and are represented by informative names such as
rw, meaning Ann was dealt a red card (r) and Bob was dealt a white card (w). Let us assume
that both have red cards, i.e. let the actual state be rr. This is indicated by the double lines
around state rr in Figure 1. The states of the Kripke model are connected by lines, which are
labeled (α or β, denoting Ann or Bob respectively) to indicate that the agents cannot distinguish
the states thus connected. (To be complete it should also be indicated that no state can ever be
distinguished from itself. For readability these “reflexive lines” are not drawn, but indeed the
accessibility relations Rα and Rβ are equivalence relations, since epistemic indistinguishability
is reflexive, symmetric and transitive.) In the model of Figure 1 there are no α-lines between
those states where Ann has different cards, i.e. she can distinguish states at the top, where she
has a red card, from those at the bottom, where she has a white one. Likewise, Bob is able to
distinguish the left half from the right half of the model. This represents the circumstance that
Ann and Bob each know the colour of their own card but not the colour of the other’s card.
In the Kripke model of Figure 1 we also see that the higher-order information is represented
correctly. Both agents know that the other agent knows the colour of his or her card, and they
know that they know this, and so on. It is remarkable that a single Kripke model can represent
the information of both agents simultaneously.
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Figure 2: A Kripke model for the situation after Ann tells Bob she has a red card.
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Figure 3: A Kripke model for the situation after Ann might have looked at Bob’s card.
Suppose that after picking up their cards, Ann truthfully says to Bob “I have a red card”.
The Kripke model representing the resulting situation is displayed in Figure 2. Now both agents
know that Ann has a red card, and they know that they know she has a red card, and so on: it is
common knowledge among them. (A formula ϕ is common knowledge among a group of agents
if everyone in the group knows that ϕ, everyone knows that everyone knows that ϕ and so on.)
Hence there is no need anymore for states where Ann has a white card, so those do not appear
in the Kripke model. Note that in the new Kripke model there are no longer any lines labeled β.
No matter how the cards were dealt, Bob only considers one state to be possible: the actual one.
Indeed, Bob is now fully informed.
Now that Bob knows the colour of Ann’s card, Bob puts his card face down on the table, and
leaves the room for a moment. When he returns he considers it possible that Ann took a look
at his card, but also that she didn’t. Assuming she did not look, the Kripke model representing
the resulting situation is the one displayed in Figure 3. In contrast to the previous model, there
are in this model lines for Bob again. This is because he is no longer completely informed about
the situation. He does not know whether Ann knows the colour of his card, yet he still knows
that both Ann and he have a red card. Only his higher-order information has changed. Ann on
the other hand knows whether she has looked at Bob’s card and also knows whether she knows
the colour of Bob’s card. She also knows that Bob considers it possible that she knows the
colour of his card. In the model of Figure 3 we see that two states representing the same factual
information can differ by virtue of the lines connecting them to other states: the state rr on the
top and rr on the bottom only differ in higher-order information.
In this section, we have seen two ways in which information change can occur. Going from
the first model to the second, the information change was public, in the sense that all agents
received the same information. Going from the second to the third model involved information
change where not all agents had the same perspective, because Bob did not know whether Ann
looked at his card while he was away. The task of DEL is to provide a logic with which to
describe these kinds of information change.
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A history of DEL

DEL did not arise in a scientific vacuum. The “dynamic turn” in logic and semantics ([72], [34]
and [60]) very much inspired DEL, and DEL itself can also be seen as a part of the dynamic
turn. The formal apparatus of DEL is a lot like propositional dynamic logic (PDL) [40] and
quantified dynamic logic (QDL) [39]. There is also a relation to update semantics (US) [36, 93]
— not all formulas are interpreted dynamically, as there, but formulas and updates are clearly
distinguished.
The study of epistemic logic within computer science and AI led to the development of
epistemic temporal logic (ETL) in order to model information change in multi-agent systems
(see [25] and [55]). Rather than model change by modal operators that transform the model,
change is modeled by the progression of time in these approaches. Yet the kinds of phenomena
studied by ETL and DEL largely overlap.
After this brief sketch of the context in which DEL was developed, the remainder of the section will focus on the development of its two main approaches. The first is public announcement
logic, which will be will be presented in Section 3.1. The second, presented in Section 3.2, is the
dominant approach in DEL (sometimes identified with DEL).

3.1

Announcements

The original publication: Plaza The first dynamic epistemic logic, called public announcement logic (PAL), was developed by Plaza in [61]. This was published in 1989. The example
where Ann says to Bob that she has a red card is an example of a public announcement. A public
announcement is a communicative event where all agents receive the same information and it is
common knowledge among them that this is so. The language of PAL is given by the following
Backus-Naur Form:
ϕ ::= p |⊥| (ϕ1 → ϕ2 ) | Kα ϕ | [ϕ1 ]ϕ2
Besides the usual propositional language, Kα ϕ is read as agent α knows that ϕ, and [ϕ]ψ is read
as after ϕ is announced ψ is the case. In the example above, we could for instance translate
“After it is announced that Ann has a red card, Bob knows that Ann has a red card” as [rα ]Kβ rα .
An announcement is modeled by removing the states where the announcement is false, i.e.
by going to a submodel. This model transformation is the main feature of PAL’s semantics.
(i)
(ii)
(iii)
(iv)
(v)

M, a |= p
M, a 6|= ⊥
M, a |= ϕ → ψ
M, a |= Kα ϕ
M, a |= [ϕ]ψ

iff a ∈ V (p)
iff if M, a |= ϕ, then M, a |= ψ
iff M, b |= ϕ for all b such that ha, bi ∈ Rα
iff M, a |= ϕ implies that M |ϕ, a |= ψ

In clause (v) the condition that the announced formula be true at the actual state entails that only
truthful announcements can take place. The model M |ϕ is the model obtained from M by removing all non-ϕ states. The new set of states consists of the ϕ-states of M . Consequently, the
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accessibility relations as well as the valuation are restricted to these states . The propositional letters true at a state remain true after an announcement. This reflects the idea that communication
can only bring about information change, not factual change.
Gerbrandy and Groeneveld’s approach A logic similar to PAL was developed independently
by Gerbrandy and Groeneveld in [32], which is more extensively treated in Gerbrandy’s PhD
thesis [30]. There are three main differences between this approach and Plaza’s approach.
First of all, Gerbrandy and Groeneveld do not use Kripke models in the semantics of their
language. Instead, they use structures called possibilities which are defined by means of nonwellfounded set theory [1], a branch of set theory where the foundation axiom is replaced by
another axiom. Possibilities and Kripke models are closely linked: possibilities correspond to
bisimulation classes of Kripke models [18]. Later, Gerbrandy provided semantics without using
non-wellfounded set theory for a simplified version of his public announcement logic [31].
The second difference is that Gerbrandy and Groeneveld also consider announcements that
are not truthful. In their view, a logic for announcements should model what happens when new
information is taken to be true by the agents. Hence, according to them, what happens to be true
deserves no special status. This is more akin to the notion of update in US. In terms of Kripke
models this means that by updating, agents may no longer consider the actual state to be possible,
i.e. Rα may no longer be reflexive. In a sense it would therefore be more accurate to call this
logic a dynamic doxastic logic (a dynamic logic of belief) rather than a dynamic epistemic logic,
since according to most theories, knowledge implies truth, whereas beliefs need not be true.
Thirdly, their logic is more general in the sense that subgroup announcements are treated
(where only a subgroup of the group of all agents acquires new information); and especially
private announcements are considered, where only one agent gets information. These announcements are modeled in such a way that the agents who do not receive information do not even
consider it possible that anyone has learned anything. In terms of Kripke models, this is another
way in which Rα may lose reflexivity.
Adding common knowledge Semantics for public, group and private announcements using
Kripke models was proposed by Baltag, Moss, and Solecki in [14]. This semantics is equivalent
to Gerbrandy’s semantics (as was shown in [58]). The main contribution in [14] to PAL was
that their approach also covered common knowledge, which is an important concept when one is
interested in higher-order information and plays an important role in social interaction (cf. [92]).
The inclusion of common knowledge poses a number of technical problems.

3.2

Other informative events

Groeneveld and Gerbrandy’s approach In addition to a logic for announcements Gerbrandy
also developed a system for more general information change involving many agents, each of
whom may have a different perspective. This is for instance the case when Ann may look at
Bob’s card.
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In order to model this information change it is important to realize that distinct levels of
information are not distinctly represented in a Kripke model. For instance what Ann actually
knows about the cards depends on Rα , but what Bob knows about what Ann knows about the
cards depends on Rα as well. Therefore changing something in the Kripke model, such as cutting
a line, changes the information on many levels. In order to come to grips with this issue it really
pays to use non-wellfounded semantics. One of the ways to think about the possibilities defined
by Gerbrandy and Groeneveld is as infinite trees. In such a tree, distinct levels of information
are represented by certain paths in the tree. By manipulating the appropriate part of the tree, one
can change the agents’ information at the appropriate level. This insight stems from Groeneveld
[37] and was also used by Renardel de Lavalette in [62], who introduces treelike lean modal
structures using ordinary set theory in the semantics of a dynamic epistemic logic.
Van Ditmarsch’s approach Inspired by Gerbrandy and Groeneveld’s work, Van Ditmarsch
developed a dynamic epistemic logic for modeling information change in knowledge games,
where the goal of the players is to obtain knowledge of some aspect of the game. Clue and Battleships are typical examples of knowledge games. Players are never deceived in such games and
therefore the dynamic epistemic logic of Gerbrandy and Groeneveld in which reflexivity might
be lost, seems unsuitable. In Van Ditmarsch’s Ph.D. thesis [86], a logic is presented where all
model transformations are from Kripke models with equivalence relations to Kripke models with
equivalence relations, which is thus tailored to information change involving knowledge. This
approach was further streamlined by Van Ditmarsch in [87] and later extended to include concurrent actions (when two or more events occur at the same time) in [90]. One of the open problems
of these logics is that a completeness proof for the axiom systems has not been obtained.
The dominant approach: Baltag, Moss and Solecki Another way of modeling complex informative events was developed by [14], which has become the dominant approach in DEL.
Their approach is highly intuitive and is lying at the basis of many papers in the field: indeed,
many refer to this approach simply as DEL. Their key insight was that information changing
events can be modeled in the same way as situations involving information. Given a situation,
such as when Ann and Bob each have a card, one can easily provide a Kripke model for such a
situation. One simply considers which states might occur and which of those states the agents
cannot distinguish. One can do the same with events involving information. Given a scenario,
such as Ann possibly looking at Bob’s card, one can determine which events might occur: either
she looks and sees it is red (she learns that rβ ) or she sees that it is white (she learns that wβ ), or
she does not look at the card (she learns nothing new, indicated by the tautology >). It is clear
that Ann can distinguish these particular events, but Bob cannot. Such models are called action
models or event models.
An event model A is a triple hE, {Qα | α ∈ Ag}, prei, consisting of a set of events E, a
binary relation Qα over E for each agent, and a precondition function pre : E → L which
assigns a formula to each event. This precondition determines under what circumstances the
event can actually occur. Ann can only truthfully say that she has a red card, if in fact she does
have a red card. The event model for the event where Ann might have looked at Bob’s card is
6
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Figure 4: An event model for when Ann might look at Bob’s card.
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Figure 5: The product update for the models of Figure 3 and Figure 4.
given in Figure 4, where each event is represented by its precondition.
The Kripke model of the situation following the event is constructed with a procedure called
a product update. For each state in the original Kripke model one determines which events could
take place in that state (i.e. one determines whether the precondition of the event is true at that
state). The set of states of the new model consists of those pairs of states and events (a, e),
which represent the result of event e occurring in state a. The new accessibility relation is now
easy to determine. If two states were indistinguishable to an agent and two events were also
indistinguishable to that agent, then the result of those events taking place in those states should
also be indistinguishable. This implication also holds the other way round: if the result of two
events happening in two states are indistinguishable, then the original states and events should
be indistinguishable as well. (Van Benthem [73] characterizes product update as having perfect
recall, no miracles, and uniformity.) The basic facts about the world do not change due to a
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Figure 6: The product update for the models of Figure 1 and Figure 4.
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merely communicative event. And so the valuation in ha, ei simply follows the old valuation in
a.
More formally, the product update M ⊗ A of Kripke model M = hS, {Rα | α ∈ Ag}, V i
and event model A = {E, {Qα | α ∈ Ag}, pre} yields Kripke model hS 0 , {Rα0 | α ∈ Ag}, V 0 }
where:
(i) S 0
(ii) Rα0
(iii) V 0 (p)

=
=
=

{ha, ei | M, a |= pre(e)}
{hha, ei, hb, f ii | ha, bi ∈ Rα and he, f i ∈ Qα }
{ha, ei | a ∈ V (p)}

The model in Figure 5 is the result of a product update of the model in Figure 2 and the event
model of Figure 4. One can see that this is the same as the model in Figure 3 (except for the
names of the states), which indicates that product update yields the intuitively right result.
One may wonder whether the model in Figure 4 represents the event accurately. According
to the event model Bob considers it possible that Ann looks at his card and sees that it is white.
Bob, however, already knows that the card is red, and therefore should not consider this event
possible. This criticism is justified and one could construct an event model that takes this into
account, but the beauty of the event model is precisely that it is detached from the agents’ information about the world in such a way that it provides an accurate model of just the information
the agents have about the event. This means that product update yields the right outcome regardless of the Kripke model of the situation in which the event occurred. For instance taking the
product update with the model of Figure 1, yields the Kripke model depicted in Figure 6, which
represents the situation where Ann might look at Bob’s card immediately after the cards were
dealt. The resulting model also represents that situation correctly. This indicates that in DEL
static information and dynamic information can be separated.
In the logical language of DEL these event models appear as modalities [A, e], where e is
taken to be the event that actually occurs. The language is given by the following Backus-Naur
Form
ϕ ::= p | ⊥ | ϕ1 → ϕ2 | Kα ϕ | CΓ ϕ | [π]ϕ
π ::= A, e | π1 ∪ π2 | π1 ; π2
Formulas of the form CΓ ϕ are read as: it is common knowledge among the members of group
Γ that ϕ; [A, e]ϕ is read as: after event A, e occurs, ϕ is the case. The semantics for the event
modalities uses product update.
(i)
(ii)
(iii)
(iv)
(v)
(vi)

M, a |= p
M, a 6|= ⊥
M, a |= ϕ → ψ
M, a |= Kα ϕ
M, a |= CΓ ϕ
M, a |= [π]ϕ

(vii) ||A, e||
(viii) ||π1 ∪ π2 ||
(ix) ||π1 ; π2 ||

iff a ∈ V (p)
iff
iff
iff
iff

M, a |= ϕ implies that M, a |= ψ
M, b |= ϕ for all b such that ha, bi ∈ Rα
M, b |= ϕ for all b such that ha, bi ∈ RΓ∗
M 0 , a0 |= ϕ for all M 0 , a0 such that h(M, a), (M 0 , a0 )i ∈ ||π||

=
=
=

{h(M, a), (M ⊗ A, ha, ei)i | M, a |= pre(e)}
||π1 || ∪ ||π2 ||
||π1 || ◦ ||π2 ||
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Clauses (i)–(iv) are the same as for PAL. In clause (v) RΓ∗ is the reflexive transitive closure of
the union of the accessibility relations of members of Γ. Clause (vi) is a standard clause for
dynamic modalities, except that the accessibility relation for dynamic modalities is a relation on
the class of all Kripke models. In clause (vii) it is required that the precondition of the event
model is true in the actual state, thus ensuring that ha, ei, the new actual state, exists in the
product update. Clauses (viii) and (ix) are the usual semantics for non-deterministic choice and
sequential composition.
Not only informative events where different agents have a different perspective can be modeled in DEL, but also public announcements can be thought of in terms of event models. A public
announcement can be modeled by an event model containing just one event: the announcement.
All agents know this is the actual event, so it is the only event considered possible. Indeed, DEL
is a generalization of PAL.
Criticism, alternatives, and extensions Many people feel somewhat uncomfortable with having models as syntactical objects. Baltag and Moss have tried to accommodate this by proposing
different languages while maintaining an underlying semantics using event models [10, 13]. This
issue is extensively discussed in [91, Section 6.1]. There are alternatives using hybrid logic [70],
and algebraic logic ([11], [12]). Most papers just use event models in the language.
DEL has been extended in various ways. Operators for factual change [85, 81] and past
operators from temporal logic have been added [64, 5]. DEL has been combined with probability [45], justification logic [63] and extended such that belief revision is also within its grasp.
Connections have been made between DEL and various other logics. Its relation to PDL, ETL
[80], AGM belief revision, and situation calculus [83] has been studied. DEL has been applied
to a number of puzzles and paradoxes from recreational mathematics and philosophy. It has
also been applied to problems in game theory (see [79] for a very detailed survey), as well as
issues in computer security [94]. Complexity and succinctness of DEL has been investigated in
[54, 69, 6]. Two recent overviews of DEL are [17, 78]. In the next section we pay attention to
DEL and belief revision.

4

DEL and belief revision

Something you cannot model in DEL is changing your mind. Once you know a fact, you know
it forever, i.e., once Kα p is true, it remains true after every update. Even when we have weaker
constraints on the accessibility relations (for belief, or even general accessibility), this remains
the case. But sometimes, when you believe a fact, you change your mind, and you may come to
believe the opposite. This is not shocking or anything, it might have been that you merely did
not believe it firmly. This means a change of Kα p into Kα ¬p, or, using the better suited belief
modality Bα for that: a change of Bα p into Bα ¬p. In a different community, that of (AGM)
belief revision, this is the most natural operation around—indeed called ‘belief revision’. In this
section we shortly survey interactions between such AGM belief revision and dynamic epistemic
logic.

9

Belief revision has been studied from the perspective of structural properties of reasoning
about changing beliefs [29], from the perspective of changing, growing and shrinking knowledge bases, and from the perspective of models and other structures of belief change wherein
such knowledge bases may be interpreted, or that satisfy assumed properties of reasoning about
beliefs. A typical approach involves preferential orders to express increasing or decreasing degrees of belief [48, 56], where these works refer to the ‘systems of spheres’ in [51, 38]. Within
this tradition multi-agent belief revision has also been investigated, e.g., belief merging [46].
Belief operators are normally not explicit in the logical language, so that higher-order beliefs (I
know that you are ignorant of a certain proposition) cannot be formalized. Iterated belief revision
may also be problematic.
The link between belief revision and modal logic, i.e., explicit belief modalities and belief
change modalities in the logical language, was made in a strand of research known as dynamic
doxastic logic. This was proposed and investigated by Segerberg and collaborators in works
such as [68, 52, 67, 22]. These works are distinct from other approaches to belief revision in
modal logics, without dynamic modal operators, such as [19, 50, 20], that also influenced the
development of dynamic logics combining knowledge and belief change. In dynamic doxastic
logics belief operators are in the logical language, and belief revision operators are dynamic
modalities. Higher-order belief change, i.e., to revise one’s beliefs about one’s own or other
agents’ beliefs and ignorance, are considered problematic in dynamic doxastic logic, see [52].
In [68, 67] belief revision is restricted to propositional formulas (factual revision). There are
dynamic doxastic logics wherein [∗ϕ] merely means belief revision with ϕ according to some
externally defined strategy, as in AGM style (this is the general setup in [68], not unlike the nonepistemic/doxastic modal setup in [71]), but there are also dynamic doxastic logics, such as [67],
wherein [∗ϕ] is a recipe operating on a semantic structure and outputting a novel structure, the
standard approach in dynamic epistemic logic.
Belief revision in dynamic epistemic logic was initiated in [4, 88, 77, 15]. From these, [4, 88]
propose a treatment involving degrees of belief and based on degrees of plausibility among states
in structures interpreting such logics, so-called quantitative dynamic belief revision; whereas
[77, 15] propose a treatment involving comparative statements about plausibilities (a binary relation between states denoting more/less plausible), so-called qualitative dynamic belief revision.
The latter is clearly more suitable for logics of belief revision, and for notions such as conditional belief. The analogue of the AGM postulate of success must be given up when one incorporates higher-order belief change as in dynamic epistemic logic, where again a prime mover are
Moore-sentences of the form ‘proposition p is true but you don’t know it’, which cannot after
acceptance be believed by you. Many more works on dynamic belief revision have appeared
since, e.g. [33, 53, 24]. A prior, independent, strand to model belief revision was in temporal
epistemic logic, and was initiated in the mid 1990s in [28]. Their integrated treatment of belief,
knowledge, plausibilities, and change is similar to the more recent developments to model belief
revision in dynamic epistemic logic, and the relation between the two approaches is incompletely
understood.
For an example of belief revision in dynamic epistemic logic, consider one agent and a proposition p that the agent is uncertain about. The agent could be Ann, who is uncertain whether Bob
has a red card, as in the proposition rβ before. We get a Kripke model depicted in Figure 7,
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not dissimilar from that in Figure 2. There are two states of the world, one where p is false and
another one where p is true. Let us suggestively call them 0 and 1, respectively. The agent has
epistemic preferences among these states. Namely, she considers it most plausible that 1 is the
actual state, i.e., that p is true, and less plausible that 0 is the actual state. We write 1 < 0 where,
as common in the area, the minimal element in the order is the most plausible state (and not, as
maybe to be expected, the least plausible state). Let us further assume that p is false.
p

<
α

¬p

Figure 7: Ann believes p but considers ¬p epistemically possible.
The agent believes a proposition when it holds in the most plausible states. For example, she
believes that p is true. This is formalized as
Bα p
We write Bα (for belief) instead of Kα (for knowledge) as beliefs may be mistaken. Indeed, the
agent believes that p but in fact p is false! But we also distinguish a modality for knowledge.
The agent knows a proposition when it holds in all plausible states. These are her strongest
beliefs, or knowledge. In the case of this example her factual knowledge only involves tautologies
such as p ∨ ¬p. This is described as
Kα (p ∨ ¬p)
Now imagine that the agent wants to revise her current beliefs. She believes that p is true,
but has been given sufficient reason to be willing to revise her beliefs with ¬p instead. We can
accomplish that when we allow a model transformation that makes the 0 state more plausible
than the 1 state. There are various ways to do that. In this simple example we can simply observe
that it suffices to make the state satisfying the revision formula ¬p, i.e. 0, more plausible than the
other state, 1. See Figure 8. As a consequence of that, the agent now believes ¬p: Bα ¬p is true.
Therefore, the revision was successful. This can already be expressed in the initial situation by
using a dynamic modal operator [∗¬p] for the relation induced by the program “belief revision
with ¬p”, followed by what should hold after that program is executed. In this dynamic modal
setting we can then write that
¬p ∧ Bα p ∧ [∗¬p]Bα ¬p
was true at the outset already.
p

<
α

¬p

∗¬p

⇒

p

>
α

Figure 8: Ann revises her belief with ¬p.
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¬p

In dynamic epistemic logic, unlike in the original AGM or the subsequent DDL setting,
beliefs and knowledge can also be about modal formulas. For example, we not only have that
Bα p, but we also have that Bα (¬Kα p ∧ ¬Kα ¬p): the agent believes that she does not know
whether p. We might say: Ann is aware that her belief in p is not very strong, that it is defeasible.

5

DEL and language

We summarily discuss the connection between DEL and speech act theory. Speech act theory
started with the work of [7], who argued that language is used to perform all sorts of actions;
we make promises, we ask questions, we issue commands, etc. An example of a speech act is a
bartender who says “The bar will be closed in five minutes” [8]. Austin distinguishes three kinds
of acts that are performed by the bartender (i) the locutionary act of uttering the words, (ii) the
illocutionary act of informing his clientele that the bar will close in five minutes, and (iii) the
perlocutionary act of getting the clientele to order one last drink and leave.
Truth conditions, which determine whether an indicative sentence is true of false, are generalized to success conditions to determine whether a speech act is successful or not. In speech
act theory there are several distinctions when it comes to the ways in which something can be
wrong with a speech act [7, p. 18]. Here we do not make such distinctions and simply speak of
success conditions. Searle gives in [66, p. 66] the following success conditions, among others,
for an assertion that p by speaker S to hearer H:
• S has evidence (reasons, etc.) for the truth of p.
• It is not obvious to both S and H that H knows (does not need to be reminded of, etc.) p.
• S believes p
Speech act theory has been embraced by the multi-agent systems community, for example, by the
Foundation for Intelligent Physical Agents (FIPA). FIPA is an IEEE Computer Society standards
organization that promotes agent-based technology and the interoperability of its standards with
other technologies. It published a Communicative Act Library Specification [26] that includes a
specification of the inform action, which is similar to Searle’s analysis of assertions.
It is worthwhile to join this analysis of assertions to the analysis of public announcements
in PAL. It is clear from the list of success conditions that one usually only announces what one
believes (or knows) to be true. So, an extra precondition for an announcement that ϕ by an agent
α, should be that Kα ϕ. Public announcements are indeed modeled in this way in [61].
As an example, consider the case when Ann tells Bob she has a red card: it is more appropriate to model this as an announcement that Kα rα , rather than the announcement that rα .
Fortunately, these formulas were equivalent in the model under consideration. Suppose that Ann
had said “We do not both have white cards”. When this is modeled as an announcement that
¬(wα ∧ wβ ), we obtain the model in Figure 9(a). However, Ann only knows this statement to be
true when she in fact has a red card herself. Indeed, when we look at the result of the announcement that Kα ¬(wα ∧ wβ ) we obtain the model in Figure 9(b). We see that the result of this
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(d) A Kripke model for
the situation after Ann
says she does not know
that Bob has a white card.

Figure 9: An illustration of the difference between the effect of the announcement that ϕ and
the announcement that Ka ϕ and an announcement that only changes the agents’ higher-order
information
announcement is the same as when Ann says that she has a red card (see Figure 2). By making
presuppositions part of the announcement, we are in a way accommodating the precondition (see
also [44]).
The second success condition in Searle’s analysis conveys that an announcement ought to
provide the hearer with new information. In the light of DEL, one can revise this second success
condition by saying that p is not common knowledge, thus taking higher-order information into
account. It seems natural to assume that a speaker wants to achieve common knowledge of
p, since that plays an important role in coordinating social actions; and so lack of common
knowledge of p is a condition for the success of announcing p.
Consider the situation where Ann did look at Bob’s card when he was away and found out that
he has a red card (Figure 9(c)). Suppose that upon Bob’s return Ann tells him “I do not know
that you have a white card”. Both Ann and Bob already know this, and they also both know
that they both know it. Therefore Searle’s second condition is not fulfilled, and so according
to his analysis there is something wrong with Ann’s assertion. The result of this announcement
is given in Figure 9(d). We see that the information of the agents has changed. Now Bob no
longer considers it possible that Ann considers it possible that Bob considers it possible that Ann
knows that Bob has a white card. And so the announcement is informative. One can give more
and more involved examples to show that indeed change of common knowledge is a more natural
requirement for announcements than Searle’s second condition, especially multi-agent scenarios.
Van Benthem [76] analyzes question and answer episodes using DEL. One of the success
conditions of questions as speech acts is that the speaker does not know the answer [66, p. 66].
Therefore posing a question can reveal crucial information to the hearer in such a way that the
hearer only knows the answer after the question has been posed ([74],[91, p. 61],[82]).
Professor a is program chair of a conference on Changing Beliefs. It is not allowed
to submit more than one paper to this conference, a rule all authors of papers did
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abide to (although the belief that this rule makes sense is gradually changing, but
this is besides the point here). Our program chair a likes to have all decisions about
submitted papers out of the way before the weekend, since on Saturday he is due
to travel to attend a workshop on Applying Belief Change. Fortunately, although
there appears not to be enough time to notify all authors, just before he leaves for
the workshop, his reliable secretary assures him that she has informed all authors of
rejected papers, by personally giving them a call and informing them about the sad
news concerning their paper.
Freed from this burden, Professor a is just in time for the opening reception of the
workshop, where he meets the brilliant Dr. b. The program chair remembers that b
submitted a paper to Changing Beliefs, but to his own embarrassment he must admit
that he honestly cannot remember whether it was accepted or not. Fortunately, he
does not have to demonstrate his ignorance to b, because b’s question ‘Do you know
whether my paper has been accepted?’ does make a reason as follows: a is sure that
would b’s paper have been rejected, b would have had that information, in which case
b had not shown his ignorance to a. So, instantaneously, a updates his belief with
the fact that b’s paper is accepted, and he now can answer truthfully with respect to
this new revised belief set.
This phenomenon shows that when a question is regarded as a request [49], the success condition
that the hearer is able to grant the request, i.e. provide the answer to the question, must be fulfilled
after the request has been made, and not before. (However, it is not commonly agreed upon
in the literature that questions can be regarded as requests (cf. [35, Section 3].) This analysis
of questions in DEL fits well within the broad interest in questions in dynamic semantics [3].
Recent work on DEL and questions is [2, 59, 23].

6

DEL and philosophy

The role of public announcements as typical informative speech acts focussed the attention on
a number of situations wherein that form of success cannot be achieved. This has been investigated mainly within philosophical logic, under the heading of ‘Moore sentences’ and the ‘Fitch
paradox’. The ‘Moore sentence’ was introduced by Moore in [57] and his original analysis is
that p ∧ ¬Kp (p is true and I don’t know/believe it) cannot sincerely be uttered. As this is an
informative speech act, you are supposed to believe your beliefs. It seems incoherent, and maybe
even paradoxical, to believe a proposition stating that you do not believe it. In the DEL setting
we can give this a dynamic interpretation. It is then no longer paradoxical.
If I tell you “You don’t know that I play cello”, this has the conversational implicature “You
don’t know that I play cello and it is true that I play cello”. This has the form p ∧ ¬Kp. Suppose
I were tell you again “You don’t know that I play cello.” Then you can respond: “You’re lying.
You just told me that you play cello.” We can analyze what is going on here in modal logic. We
model your uncertainty, for which a single epistemic modality suffices. Initially, there are two
possible worlds, one in which p is true and another one in which p is false, and that you cannot
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distinguish from one another. Although in fact p is true, you don’t know that: p ∧ ¬Kp. The
announcement of p ∧ ¬Kp results in a restriction of these two possibilities to those where the
announcement is true: in the p-world, p ∧ ¬Kp is true, but in the ¬p-world, p ∧ ¬Kp is false.
In the model restriction consisting of the single world where p is true, p is known: Kp. Given
that Kp is true, so is ¬p ∨ Kp, and ¬p ∨ Kp is equivalent to ¬(p ∧ ¬Kp), the negation of the
announced formula. So, announcement of p ∧ ¬Kp makes it false! Gerbrandy [30, 31] calls this
phenomenon an unsuccessful update; the matter is also taken up in [89, 43, 84].
We continue with some words on the Fitch paradox [27]. A standard analysis of the Fitch
paradox is as follows – see the excellent review of the literature on Fitch’s paradox in the Stanford
Encyclopedia of Philosophy [21], and the volume dedicated on knowability [65]. The existence
of unknown truths is formalized as ∃p (p∧¬Kp). The requirement that all truths are th-knowable
is formalized as ∀p (p → 3Kp), where 3 formalizes the existence of some process after which
p is known, or an accessible world in which p is known. Fitch’s paradox is that the existence of
unknown truths is inconsistent with the requirement that all truths are knowable.
The Moore-sentence p ∧ ¬Kp witnesses the existential statement ∃p(p ∧ ¬Kp). Assume that
it is true. From ∀p(p → 3Kp) follows the truth of its instance (p ∧ ¬Kp) → 3K(p ∧ ¬Kp),
and from that and p ∧ ¬Kp follows 3K(p ∧ ¬Kp). Whatever the interpretation of 3, it results
in having to evaluate K(p ∧ ¬Kp). But this is inconsistent for knowledge and belief.
We now get to the relation between knowable and DEL. The suggestion to interpret ‘knowable’ as ‘known after an announcement’ was made by van Benthem in [75], and [9] proposes a
logic where ‘ϕ is knowable’ is interpreted in that way. In this setting, 3p stands for ‘there is an
announcement after which p (is true)’, so that 3Kp stands for ‘there is an announcement after
which p is known’, which is a form of ‘proposition p is knowable’.
For example, consider the proposition p for ‘it rains in Liverpool’. Suppose you are ignorant
about p: ¬(Kp ∨ K¬p). First, suppose that p is true. I can announce to you here and now
that it is raining in Liverpool (according to your expectations, maybe...), after which you know
that: hpiKp stands for ‘p is true and after announcing p, p is known’ (hϕi is the dual of [ϕ],
i.e., hϕiψ is defined by abbreviation as ¬[ϕ]¬ψ). Now, suppose that p is false. In a similar way,
after I announce that, you know that; so that we have h¬piK¬p. If you already knew whether
p, having its value announced does not have any informative consequence for you. Therefore,
hpiKp ∨ h¬piK¬p is a validity. Therefore we also have hpi(Kp ∨ K¬p) ∨ h¬pi(Kp ∨ K¬p).
We can generalize the statement ‘there is a proposition p such that after its announcement, p is
known’, to ‘there exists a proposition q, such that after its announcement, p is known’, where q is
not necessarily the same as p. Then we have informally captured the meaning of 3Kp. In other
words, this operator is a quantification over announcements. But we have then just proved that
3(Kp ∨ K¬p) is a validity. For more on such matters, see [9, 84].
Another paradox in philosophical logical circles that has been analyzed with DEL methods
(and that has similar ‘Moore sentences’-like symptoms) is the Surprise Examination. This has
been investigated in works as [30, 31, 89], and more recently by Baltag and Smets using plausibility epistemic structures, along the lines of [16].
This concludes our overview of dynamic epistemic logic.
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