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Mixed clause types

Eat that tomato and you will choke.

Eat that tomato or you will starve.

Choke or starve and you will die.

Therefore: you will die.
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Combining different modalities in one sentence

Compare

• Maybe you should stop judging books by their cover.

• Clearly, he must be a spy.

with

• It ought to be case that he might be ill. (??)

• Maybe he is clearly a spy. (??)
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Ross’s paradox

The cheapest logical theory of imperatives:

• If ϕ is a declarative sentence, then !ϕ is a sentence.
(Read !ϕ as ‘See to it that ϕ!’ )

• The logic of imperatives is given by:
!ϕ1, . . . , !ϕn |=!ψ iff ϕ1, . . . , ϕn |= ψ

This way, we get

• !ϕ |=!(ϕ ∨ ψ)
So, Post the letter! implies Post the letter or burn it! .
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Free choice permission

• In none of the standard systems of deontic logic we have:

permitted (p ∨ q) |=permitted p.

• Yet, intuitively, You may take an apple or a pear implies

You may take an apple.
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Dynamic Semantics

Slogan: You know the meaning of a sentence is if you know

the change it brings about in the cognitive state of anyone who

wants to incorporate the information conveyed by it.

• The meaning [ϕ] of a sentence ϕ is an operation on cognitive

states.

Let S be an information state and ϕ a sentence with meaning

[ϕ]. We write

S[ϕ]

for the information state that results when S is updated with ϕ.
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Key notions

Support
Sometimes the information conveyed by ϕ will already be
subsumed by S. In this case, we say that ϕ is accepted in S,
or that S supports ϕ, and we write this as S |= ϕ.

In simple cases this relation can be defined as follows:

• S |= ϕ, iff S[ϕ] = S

Logical validity
An argument is valid if updating any state with the premises,
yields a state that supports the conclusion.

• ϕ1, . . . , ϕn |= ψ iff for every state S, S[ϕ1] . . . [ϕn] |= ψ.
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A first example: might

We add one new operator, might, to the language of proposi-

tional logic.

The basic idea behind the analysis of might is this: one has to

agree to mightϕ if ϕ is consistent with ones knowledge – or rather

with what one takes to be ones knowledge. Otherwise mightϕ is

to be rejected.
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States

Let W be the set of possible worlds.

(i) S is a state iff S ⊆W ;

(ii) The minimal state is the information state given by W ;
The absurd state, is the information state given by the
empty set ∅.

• A state S represents the agent’s knowledge of the facts.
It contains those worlds which – for all the agent in state
S knows – may yet turn out the real one. As the agent’s
knowledge increases, S shrinks.
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Updating a state S with a sentence ϕ

atoms : S[p] = S ∩ {w ∈W |w(p) = 1}
¬ : S[¬ϕ] = S \ S[ϕ]
∧ : S[ϕ ∧ ψ] = S[ϕ][ψ]
∨ : S[ϕ ∨ ψ] = S[ϕ] ∪ S[ψ]

might: S[mightϕ] = S if S[ϕ] 6= ∅
S[mightϕ] = ∅ if S[ϕ] = ∅

• If S[ϕ] 6= ∅, ϕ is acceptable in S.

• If S[ϕ] = ∅, ϕ is not acceptable in S.

• These notions are normative.

• We are not dealing with revision here!
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Sentences of the form mightϕ provide an invitation to perform a

test on S rather than to incorporate some new information in it.

Examples

• S[might p] [¬p] 6= ∅

• S[¬p] [might p] = ∅

• The logic is nonmonotonic: might p |=might p,

but might p,¬p 6|= might p.
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Proposition

Let ϕ be a sentence in which might does not occur. Set [[ϕ]] =

W [ϕ], and call [[ϕ]] the proposition expressed by ϕ. Then

S[ϕ] = S ∩ [[ϕ]]

If ϕ is a sentence of ordinary propositional logic, we can speak

of the ϕ-worlds, the worlds in which the proposition expressed

by ϕ holds. It would be nonsense to speak of the mightϕ-worlds.

Sentences of the form mightϕ do not express a proposition.
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Shortcomings

• might ϕ gives second-order information. It tells the hearer
something about the information of the speaker.
(See work of Jelle Gerbrandy and Willem Groeneveld.)

• The eliminative set up does not do justice to the fact that
we sometimes discover that a certain possibility is still open.

• Updating might ϕ does not change the state. Given this, it is
a riddle how such a sentence can create a proper context for
a sentence of the form would ψ, as in ‘A tiger might come
in. It would eat you first’.
(See Stefan Kaufmann’s Context Inheritance in Discourse
Processing )
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Imperatives

Basic idea: Let α be an expression which denotes an activity.

Then the the imperative α! induces a change of plans in the

cognitive state of the addressee.

(For English, α is just an uninflected verb phrase).
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Do imperatives have a subject or an addressee?

Example

• Hey, you, get off of my cloud!

• Bello, sit!

• Everybody clap your hands!

• God, save the queen.
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But then, how about

• Whoever wants to dance get himself a partner.

• Nobody go in there!
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Adhortatives and/or first person imperatives?

Compare

(a) Let me go

(b) Let me think

(c) Let us leave in peace

(d) Let us get started

(e) Let’s leave in peace

(f) Let’s get started
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Complex imperatives?

How about a disjunction of imperatives !α∨!β, a conjunction of

imperatives !α∧!β, a negation of an imperative ¬!α

versus

an imperative disjunction !(α ∨ β), an imperative conjunction

!(α ∧ β), and imperative negation !¬α?
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Shut up or leave!

Shut up! ... or... leave! (??)

John, stand here and Mary, stand there!

John stand here or Mary stand there! (??)

Everybody, clap your hands or leave!

Everybody clap your hands or everybody leave! (??)

My advice to you is: keep together. Either everybody stay or

everybody leave.
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You may take an apple or a pear, I don’t care which.

You may take an apple or a pear, I don’t know which.

You may take an apple or you make take a pear, I don’t know

which.

You may take an apple or you may take a pear, I don’t care

which.(??)

20



Performative and descriptive use

Compare

• Go!

• John had to go.

• You must go.

The last sentence is ambiguous between a performative and a

descriptive reading.
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Likewise?

Compare:

(i) I think they have run out of fuel.

(ii) John thinks they have run out of fuel.

(iii) I thought they had run ou of fuel.

Nuyts (2001): (ii) and (iii) are reports. (i) involves the speaker’s

own current evaluation of a state of affairs, the speaker’s com-

mitment.
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Plans

Fix a finite set A of atomic activities.

(i) A scenario s is a partial function with domain A and range

{do,don′t}; a plan is a set of scenario’s.

(ii) Let P , P ′ be plans. P ′ � P (P ′ extends P ) iff if for every

scenario s ∈ P there is some scenario s′ ∈ P ′ such that s ⊆ s′.

(iii) {∅} is the minimal plan, ∅ is the absurd plan.
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Planning

atoms : P ↑a = {s′ | s′ = s ∪ {〈a,do〉} for some s ∈ P}
P ↓a = {s′ | s′ = s ∪ {〈a,don′t〉} for some s ∈ P}

¬ : P ↑¬α = P ↓α
P ↓¬α = P ↑α

∧ : P ↑(α ∧ β) = P ↑α↑β
P ↓(α ∧ β) = P ↓α ∪ S ↓β

∨ : P ↑(α ∨ β) = P ↑α ∪ S ↑β
P ↓(α ∨ β) = P ↓α↓β
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Updating a state S with an imperative !α

S[!α] = S′, where S′ is given by

If PS ↑α � PS, PS′ = PS ↑α
Otherwise, PS′ = ∅

Updating a state S with a permission mayα

S[mayα] = S′, where S′ is given by

If PS ↑α � PS, PS′ = PS ∪ PS ↑α
Otherwise, PS′ = ∅
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Support

Define

P |= ϕ iff (P [ϕ])∗ = P ∗

where, s ∈ P ∗ iff

(i) there is some s′ ∈ P such that s′ ⊆ s.

(ii) s ⊆ ∪P ′ for some coherent P ′ ⊆ P .
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Recall

• S[might p] [¬p] 6= ∅

However

• S[may a] [!¬a] = ∅
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Free Choice Permission

It is valid to conclude mayα from may (α ∨ β)
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We have:

may (α ∨ β) |= mayα ∧ mayβ

Provided α and β are compatible, we even have:

may (α ∨ β) |= may (α ∧ β)

However:

may (α ∨ β), !¬(α ∧ β) 6|= may (α ∧ β)

(Proofs on whitebord)
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Mixing modalities

A state should comprise

1. the adressee’s plan

2. the adressee’s information about the world

3. the adressee’s information about the speaker’s information
about the world

4. the adressee’s information about the speaker’s plan

5. . . .
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There is such a thing as ‘information about plans’ but ‘plans

about information’, that ’s nonsense. That’s why

Maybe I ought to stop now

is okay and

I ought to maybe stop

is not.


