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Abstract

Logics of communication should provide accounts of changes in
the state of information of a group of discourse participants, on
the basis of message exchanged within the group. We will give
an overview of the way this is done in dynamic epistemic logics,
focussing on a number of different types of informative actions
with their epistemic effects, and indicating the relevance of this
work for semantics and pragmatics of natural language. At the
end of the talk we will sketch a recent result on translating
logics for generic epistemic updating into PDL (propositional
dynamic logic).

The framework is that of Baltag, Moss and Solecki, The Logic
of Epistemic Actions [1].



Suppose | try saying something.

What way do | have of knowing
that if | say | know something
| don't really not know it?

Or what way do | have of knowing
that if | say | don't know something
| don't really in fact know it?

Chuang Tzu



Four Nasty Notes



Dear A, Your wife is cheating you. Sincerely, B.




Dear A, Your wife is cheating you. Sincerely, B.

Dear A, Your wife is cheating you. Sincerely, NN.




Dear A, Your wife is cheating you. Sincerely, B.

Dear A, Your wife is cheating you. Sincerely, NN.

Dear A, Your wife is cheating you, and you know it. Sincerely, B.




Dear A, Your wife is cheating you. Sincerely, B.

Dear A, Your wife is cheating you. Sincerely, NN.

Dear A, Your wife is cheating you, and you know it. Sincerely, B.

Dear A, Your wife is cheating you, and you know it. Sincerely, NN.
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Riddle of the Muddy Children
“At least one child is muddy!”
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“At least one child is muddy!”
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Reasoning of a and b: Suppose | am muddy. Then ¢ would not have
known in the first round that she was. But she did. So | am clean.
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“At least one child is muddy!”
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Reasoning of ¢(d): Suppose | am clean. Then d(c) would have known
in the first round that she was dirty. But she didn't. So | am muddy.



“At least one child is muddy!”
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Reasoning of ¢(d): Suppose | am clean. Then d(c) would have known
in the first round that she was dirty. But she didn't. So | am muddy.

Reasoning of a(b): Suppose | am dirty. Then ¢ and d would not have
known in the second round that they were dirty. But they knew. So |
am clean.



“At least one child is muddy!”
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“At least one child is muddy!”
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Reasoning of b: Suppose | am clean. Then ¢ and d would have known
in the second round that they are dirty. But they didn't know. So | am
dirty. Similarly for ¢ and d.



“At least one child is muddy!”
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Reasoning of b: Suppose | am clean. Then ¢ and d would have known
in the second round that they are dirty. But they didn't know. So | am
dirty. Similarly for ¢ and d.

Reasoning of a: Suppose | am dirty. Then b, ¢ and d would not have
known their situation in the third round. But they did know. So | am
clean.



Situation of complete ignorance about p and ¢, for a single agent:




Situation of complete ignorance about p and ¢, for two agents a and b:




Situation of complete ignorance about p and g, for three agents a, b
and c:

abe




What happens if it is publicly announced that p V ¢ is the case?



What happens if it is publicly announced that p V ¢ is the case?
We should get:




“Everyone knows that noone knows anything.”
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Seekers: “l know nothing, but my guru might know something.”

Guru: "My disciples know nothing, but | might know something.”




Communicative Actions as Models: Public Announcement

The public announcement that pV g is modelled in BMS style as follows:



The public announcement that pV g is modelled in BMS style as follows:

Worlds after the update are the pairs (w, a) where w is a world before
the update, and a is an action, and where (w, a) is such that w satisfies
the precondition formula of a.

Only those epistemic links are present that are present both in the old
epistemic model and in the action model.



After public announcement p V q.



Private communication is modelled differently. The private message to
a that p has the following model:

O










Suppose in the new situation b is told in private that p.







Oscillating between True and False Nirwana



Private insight about p for a:
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Private insight about p for a:

bc




Public statement of the guru’s ignorance:



Public statement of the guru’s ignorance:

These two communications map from true nirwana to false nirwana and
vice versa (check for yourself).



Public statement of the guru’s ignorance:

These two communications map from true nirwana to false nirwana and
vice versa (check for yourself).

Research question: characterize the updates for which this can happen.



Updates that falsify themselves



Updates that falsify themselves

“Your wife is cheating you, and you don't know it!"



“Your wife is cheating you, and you don't know it!"

Research question: characterize the updates that falsify themselves.



Muddy Children Again



The awareness of the children about the mud on the others:




The initial situation:






Update with the information that at least one child is muddy:






Update with the information that ¢ knows about her state:

G (1)



Three kinds of information updates (there are many others):

e Public announcement
e Public revelation

e Private message



Three kinds of information updates (there are many others):

e Public announcement
e Public revelation

e Private message

Applying the slogan the meaning of a question is the set of its possible
answers yields three kinds of semantics for questions:

PA Question Answered by public announcement
PR Question Answered by public revelation

PrM Question Answered by private message



PDL + Epistemic Updates

o o= T |p|—p|eiApa|[rle][A s]p

o= al|lp|mm | M Um | T



o = T|p|p|oiApa|[mle][A,s]p

T o= al|lp|m;m | M Um | T

e the individual knowledge operator K,y (or O,¢) takes the shape
ale,



o = T|p|p|oiApa|[mle][A,s]p

T o= al|lp|m;m | M Um | T

e the individual knowledge operator K,y (or O,¢) takes the shape
ale,

e the general knowledge operator Ep(p takes the shape [B]y, where
B is shorthand for by U by U - - - U b,,.



o = T|p|p|oiApa|[mle][A,s]p

T o= al|lp|m;m | M Um | T

e the individual knowledge operator K,y (or O,¢) takes the shape
ale,

e the general knowledge operator Ep(p takes the shape [B]y, where
B is shorthand for by U by U - - - U b,,.

e the common knowledge operator C'zy takes the shape [B*]y.



Wwm

{w e Wnm | p € Vm(w)}

Wa — [o]™

[o1]™ N [02]™

{w e W | Yo( if (w,v) € [7]M then v € [p]™M)}
{w e W | if M =, pre(s) then (w, s) € [o]M®4}

{(w,w) € Wy x W | w € [p]M}
[mi]™ o [ma]™

[ ™ U [mo]™
( )



Program transformation [2]:
Tpre(s;);a if 55 — s,
TA _ P 1) 1 7
3 { 71 otherwise

? if 1 =9
A 2 _ @ I
T”('(P) { Y1 otherwise

n—1
T (mi;me) = | J(Ti(m); T (m2))
k=0
T (m Um) = Tij(m) U T (m)
TH(m*) = K, (m)

where K{}k(w) is a (transformed) program for all the 7* paths from

s; to s; that can be traced through A while avoiding a pass through
intermediate states s; and higher.



In particular:

) K;?O(W) is a program for all the 7 paths from s; to s; that can be
traced through A without stopovers at intermediate states, i.e., if
1 = j it either is the skip action or a direct 7 loop, and otherwise
it is a direct 7 step.
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o K;;‘n(w) is a program for all the 7* paths from s; to s; that can
be traced through A, for stopovers at any s; (0 < k <n—1) are
allowed.



In particular:

) K{}O(W) is a program for all the 7 paths from s; to s; that can be
traced through A without stopovers at intermediate states, i.e., if
1 = j it either is the skip action or a direct 7 loop, and otherwise
it is a direct 7 step.

o Kﬁn(w) is a program for all the 7* paths from s; to s; that can
be traced through A, for stopovers at any s; (0 < k <n—1) are

allowed.

e Note that it is immaterial how many times a stopover is made at
a particular intermediate state.



K, () is defined by recursing on k, as follows:

17k
., (T UTH(n) ifi=j,
Kijo(m) = _
| T;;l(ﬁ) otherwise
([ (Kfj(m)* ifi=k=j,
(B ()75 K () ifi=k#j
A _
Kijory(™) = § KA (x): (KA, ()" ifi4k=j
Ky (m) U (K (m); (K ()% Ky (m)) - otherwise
L (i # k # ).



Lemma 1 (Kleene Path)

Suppose (w,w') € [T} (m)]M iff there is a w path from (w,s;) to
(W', s5) in M ® A.
Then (w,w') € [K;}

{in(m)[M iff there is a m* path from (w, s;) to (w', 5;)
inM® A.



Lemma 1 (Kleene Path)

Suppose (w,w') € [T} (m)]M iff there is a w path from (w,s;) to
(W', s5) in M ® A.
Then (w,w') € [K;}

{in(m)[M iff there is a m* path from (w, s;) to (w', 5;)

inM® A.

Lemma 2 (Program Transformation)

Assume A has n states sq, ..., S,—1. [hen:
n—1

M =, [A, sil[nle iff My N [T (][4, s)e.

Jj=0
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e [1] shows in a non-constructive way that logics of finite updates for
particular action signatures can be embedded in PDL.

e [/] shows how generic updates with epistemic actions can be ax-
iomatized in automata PDL [3, Chapter 10.3].

e [7] shows that the detour through automata is not necessary.

e If you are looking for a generic logic of communication, PDL +
Epistemic Updates might be your choice!
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Right is not right, so is not so.

If right were really right, it would differ so
clearly from not right that there would
be no need for argument.

If so were really so, it would differ so clearly
from not so that there would be no need
for argument.

Forget the years; forget distinctions. Leap
into the boundless and make it your home!

Chuang Tzu



