1Institute for Logic, Language and Computation. University of Amsterdamis the human communication. But the information flow questions, answers, or more is from completely a simple these explains some issues ’informatics’ raised by this at the interface of linguistics, philosophy, logic, and computer science.1A question—answer episodeIn .non-nonsense UN I you busy on QAI you I do you by you do you II you I of ofI run off —

2uses of of is up isprocess. of our story 2A dynamic turn: from knowledge to cognitionseesas or Thus of is by of of use. of such as processes — of is In ofby In — as is for as as is 3 One-way update and individual knowledgeperson’s as she is a�´B

3 4 for ofby Inis a � � �for marks for correct colours at incorrect positions. This eliminates all options incompatible with information received. The aim is to narrow down one’s options to one single situation. agame with 4 colours and 3 pegs, with no colour repeated. Let the actual sequence bered, white, blue> with a total colour set also including .Here is a game table, with numbers of open possibilities indicated.open options24 o6white, orange, blue o2o o1 round our Mind�blue occur�. Such 4Two-way information flow in communicationOur or such

4— good of is of a — you you isdo you you your honour by aof is isof as has by has 5Uncertainty models and update for group informationis sure do for group our � �, is We as In f ´fis our for no for . ais no ’s of

5has of for In you use of — by6Updates in card games rwb 2 2 3 3 3 1 1 26 of of 1 2 3 In says (as no group 6 2 asks 1 �Do other Player 2can figure out the facts: he has white, so 3 must have blue, and 1 red. Player 3 already 1 not blue, so he less — 1 less by telling the truth has out he is: an in contrast, 1 only that one of 2 or 3 must be the knower — but cannot tell which one, because of the obvious symmetry.We

6 1 2 3 1In rwb of We of common byIn no by . 2 3 1 2 3 used . B 3 B of7A classical puzzle: �Muddy Children�

7playing, two of got on their They all others, but not themselves, so they do not know their own status. Father comes along says: �At least one of you is dirty�. He then asks: �does anyone know if he is for is muddy is of our ofis turns — 8Uncertainty models as group information statesaor , is or Muddy of assigns Dor 8 In of has

8DDDCDDDDCDCDCCDCDCDCCCCC

132222311313*story by as DDDCDDDDCDCDCCDCDCDCC

132221313* say 3 she 9 A language of facts, knowledge and ignorance f a´f )f ´f of a ´ Kb ff� : ? : Yes. �

9 & ´Kf By she QQ, A f10Knowledge as truth in all open alternatives knows worlds she from af for has no a f of of for of group G .as for ourholds of 11Public update definedof group f

10 f s sfis group as for is is upon12Fine-structure of communicationOur AQ as is so costs sums issue is What is the maximal correct information they can give each other via successive updates — and what does the resulting ’communicative core model’ look like?

11Q AQ AQQ Aconsists ofhasgroup of shows 2 rounds common is 13Valid laws of reasoning with knowledge: the staticsdo our �logic� Its do for for group for group of — our — for Ka() (KaKay)af Kaf KaKaf´Kaf fi Ka´Kaf

12In is for our — is is common EG as of G f « & EG G ff & CG (EG f) fi CG fby a14Dynamic logic of information updateis of used sort. Its is do issue.group as our story.good is Muddy of is We processes of processes. of sort [A!] f saying that �after a truthful public update with A , holds�

13For of of of sort for « p« « y« a« y;Systems for of using15More complex types of communicationis of of so for you — I or passed. — of is

1416 Screened actions and semi-private updatesWe have just closed envelope. knowledge between one envelope invitation lecture logic, the other wild Amsterdam. Clearly, we are the fate store us. Now open envelope, read the contents, without them you. Yours remains Which information passed exactly because action? certainly know which fate store me. you have learnt viz. know —what know. Likewise, just learn what envelope. learnt you, viz. you know know. The latter fact become knowledge between us. And these �cognitive overtones� can relevant to our further interactions. What is a general principle behind this? of youIn our story precise answer, the public update effect is the cutting of all your uncertainty links ofMore by — as you sure for proposed by of Ph.D. 17The broader settingis of of us ofcosts of of of

15used of of usefor18Hidden manoevres and securityaWhich of (In Just is used

Public-Key keys for a session of communication which others should not be able to penetrate. (1) A sends B message A (name) + #A (session key), encrypted with B’s public key: ENCRB ( A, # A) .

(2) B acknowledges by sending back ENCRA (#A, # B) , where # B is a new number only known to him so far.

(3) A acknowledges that by sending ENCRB (#B) .

19Updating other aspects of informationuse of does

1620Unreliable communicationIf sure Two generals want to co-ordinate an attack in the enemy can only defeat conjunction. Their camps are different hilltops. The area between infested by enemy soldiers. General sends messenger attack at dawn. As he cannot be sure that the message arrived, he asks General receives the message, sends the confirmation. he cannot be either the confirmation arrived, he asks confirmation, etc. Even messengers arrive safely, no coordination and common knowledge will be achieved! of sort Arrian�s Great. �Rock of Aornus� of his his — of — on of Only us) hands of his In has has our 21has of using use.Most of our We as of ofour is do

1722The following publications contain many to the work of authors in the J. van & A. ter Meulen, eds., 1997, and, Elsevier, Amsterdam. (b) J. van 2001, Delights’,

— or its tutorial version in TARK Siena Morgan Kaufmann, San Francisco. Good general links to organisations in the world of

, , .