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Introduction
The present work introduces a certain new research current into the problem of public announcement logic ([1], [2] and [5]), that is a search for the logical structure of having a knowledge about objects by epistemic subjects on the basis of reliable and credible sources of this knowledge. The current of the research makes reference also to the problem area dealt with in [3], [4], [6], [7] and [8]. 
Knowledge is understood here as what man knows, what he learns about in an intersubjective manner or in an interaction with some subjects and/or objects, and – moreover – what can represent public announcement and may be expressed by means of propositions. In order to simplify the considerations, we will associate knowledge with the subject-distinguished class of data expressed with the aid of propositions, and we will say about the propositions that they represent this knowledge. The epistemic subject, making reference, through propositions, to data from this class, has knowledge about objects. In this sense, having knowledge at one’s disposal is relativized to cognitive procedures, language-based communication procedures and practical activity, and as such points to objects which are necessary for human being. Having knowledge at one’s disposal takes place within limits of certain realities, at a certain stage of development of culture and civilization, in which the subject possessing the knowledge participates. This participation leads to satisfying his cognitive needs. He takes advantage of certain objects about which he possesses relevant data – the knowledge. Carrying out changes by man in the variety of references to objects about which he has some given knowledge is processing this knowledge into another knowledge, since a change of references to objects leads to a change of the class of data about these objects. The subjects of processing knowledge are not only people, but all means of information technology as these means process data, including transmission of them in the communication process.
The epistemic subject of processing knowledge is called an agent. Agents: people, the media, social and economic subjects, computers and computer networks, knowledge bases, websites, and the like, are connected within nets that transfer knowledge. We consider only such groups of agents communicating with one another and such a knowledge that each agent in the group can possess. Thus, this knowledge is, in this sense, a public knowledge (cf. [1], [2], [5]). In the network of links between agents there are paths of connections which establish the origin of knowledge being passing, that is ones that allow obtaining an answer to the question where this knowledge comes from. Departing from any randomly chosen agent within the examined group of agents who communicate with one another, it is possible to establish paths linking this agent with data about objects intermediating in transfer of knowledge (information) and other agents. These paths form a structure of trees, whose leaves point to objects that are indispensable to the agent, providing the latter with an access to a piece of information. We associate the tree-like connections distinguished in this way between the agent and objects and other agents of the given group with sources of knowledge (see Fig.1). Thus, acquiring, processing or transmitting (announcing) knowledge about objects of a certain fragment of the reality, the agent must make reference to the sources of this knowledge. Reference to credible and reliable sources of knowledge means that the sources are publicly available to the given group of agents. Such references to sources of knowledge and the very sources themselves must be verified by agents belonging to this group.

The truthfulness of propositions publicly available in a certain epistemic state, i.e. a state of activity of an agent who verifies these propositions on the basis of atomic ones announced earlier, occurs when the agent can verify the propositions as true in this state.

 In the present paper, an instance of agents’ having knowledge about objects on the basis of sources of knowledge is discussed. Then the sources-bounded epistemic logic 
(S-bEL) is presented as a particular case of public announcement logic (PAL). Accordingly, 
1) the base language PAL is extended by indexing the family of atomic propositions
(the indexes are symbols of: agents, sources of knowledge and objects); 
2) the notion of parametrized agent is introduced, i.e. one relativized to being an agent,    source of knowledge and object of knowledge; 
3) the semantics is extended by interpretations of suitable indexed families of atomic      propositions and by interpretations of having the propositions at the disposal by      parametrized agents; 
4) for the postulated logic S-bEL additional axioms are introduced beside those      standard ones for PAL.
1. How does an agent administer (use) knowledge about an object on the basis of the source of knowledge?

An answer to the above-mentioned question is illustrated by the following example of an agent’s using the knowledge. Let the distinguished group of agents be all users and service providers of the Polish State Railways, who can use the knowledge about the schedule of trains departures and arrivals. Let Agent a be a tourist staying in a Warsaw hotel, who intends to leave for Krakow and wishes to acquire knowledge about night Krakow-bound trains departing from Warsaw Central Station. Datum about object c – the datum about the time of arrival of the earliest after midnight train c, going via Warsaw Central to Krakow. Knowledge will be considered as a set of data about the arrivals of all night trains going via Warsaw Central to Krakow. Let us accept that ( is a sentence expressing a datum about object c (e.g. ‘Train c arrives at Platform One at 045’).

 
Fig.1  Agent a administering knowledge ( about objects c on the basis of source of knowledge b
Components of source of knowledge b about object c are:
1. the first route of searching, leading to knowledge expressed by ( – < the agent – a telephone directory, the datum – the telephone number to reach the railway information centre, the agent – a telephone, an employee at the railway information centre>,

2. the second route of searching, leading to knowledge expressed by( – <Internet connection – Internet network as an agent possessing sources of knowledge, a webpage – as an agent possessing schedules of trains departures and arrivals>,

3. the third route of searching, leading to knowledge expressed by ( – <the hotel, a taxi, the train station as an agent possessing knowledge about trains departures and arrivals, the railway schedule at the train station>.
Due to the semantics of PAL defined in the further part of this paper, in our example illustrating possessing knowledge by the agent, we can distinguish the following: 
1) certain two states, in which this knowledge can be interpreted, and also 
2) a relation between these states corresponding, in interpretation, to accessibility relation. State 1: placement of the first type of administering knowledge expressed by ( on the very same day, and 
State 2: placement of the second type of administering knowledge expressed by ( on the following day. 
Accessibility of knowledge of Agent a in State 2 from State 1: knowledge expressed by ( is a public knowledge and no correction of the source and object is necessary, i.e. the train schedule has not been changed and in State 2 agent a can obtain knowledge about object c on the basis of the same source as in State 1.
Further in the paper, we will make the terms rendered in the above example more precise within PAL (cf. [1] and [5]), imposing certain limitations on the semantics of the logic, and in this way – on the class of its models.
2. Sources-bounded epistemic logic as a limitation of PAL
The basic epistemic operator of PAL is operator Ka of public administering the knowledge by agent a. This operator – for the given representation of knowledge ( – establishes that agent a has at his disposal the knowledge represented by(. The syntax of PAL is defined in the following way:

Definition 1 (base language LPAL): Let P be a set of atomic propositions and A be a finite set of symbols of agents, such that A is nonempty set. The language LPAL, is inductively defined by the BNF: 

( ::=  p | (( | (  ( ( | Ka( | [(](,

where p(P, a(A, the operators Ka are called epistemic operators and formulas in the form [(]( are called announcement formulas.
The expression: “Ka(” is read: “agent a has knowledge ( at his disposal”, whereas expression: “[(](” is read as “after a public announcement of (, it holds that (”.
If ( and ( are formulae of the language LPAL, we also define the following abbreviations: ( ( ( =df (((( ( ((), ( ( ( =df ((( ( ((), ( ( ( =df (( ( () ( (( ( (). 

The language of logic S-bEL is defined in the following way:

Definition 2 (language LS-bEL): Let LPAL be the language of PAL, let P be a set of atomic propositions, and we will replace the set of agents by a certain set A ( A(B(C, where A is a finite nonempty set of symbols of agents, B – a finite nonempty set of symbols of sources of knowledge, and C – a finite nonempty set of objects being learned about, with the provision that B ( C = (. The elements of sets A, B, C are called parametres. We call the system <a,b,c>(A parametrized agent determined by agent a, source of knowledge b and object c. 

Let us expand the language of logic PAL with the symbol of generalized conjunction. For any nonempty set F ={p1, p2,…, pk} ( P, we write: /\ F =df  p1 ( p2 (…( pk. 

We call language LPAL language LS-bEL sources-bounded epistemic logic, when beside the above-mentioned conditions it additionally satisfies the following conditions (C1–C6):
A. Parametrization of sets of the atomic formulas of language LPAL :

(C1) Let {F( : ( = <a, b, c>(A(B(C } be a family of subsets of P such that P = (({ F( : ( ( A} and let F( be a finite set of atomic propositions announced publicly by agent a and representing knowledge about object c on the basis of source of knowledge b. 

Furthermore, we accept that 
(C2) Sets of propositions representing knowledge publicly announced by agents about the same object c on the basis of the same source of knowledge b are the same. Thus, if Fb,c = (({F( : ( = <a,b,c>(A(B(C}, for parametres b(B and c(C, irrespective of the choice of the agent, then for any agents a, a’ we put: Fb,c =F( =F( ’, where ( = <a,b,c>, (’ = <a’,b,c>. 
The given equality is a condition of the public accordance of sources of knowledge.

(C3) Fa = (({F( : ( = <a,b,c>(A(B(C}, for a(A – the set of all atomic formulas which are at agent a’s disposal, irrespective of the selection of sources of knowledge and object of knowledge, 
(C4) Fb = (({F( : ( = <a,b,c>(A(B(C}, for b(B – the set of all atomic formulas which are at the disposal of agents on the basis of source of knowledge b, independently of the choice of an agent accepting this knowledge, as well as the choice of a object of knowledge,

(C5) Fc = (({F( : ( = <a,b,c>(A(B(C}, for c(C – the set of all atomic formulas, which agents refer to object c, independently of the choice of an agent accepting this knowledge, as well as the choice of a source of knowledge.

(C6) Fa ( Fb ( Fc = P.
We will call the set of formulas P, with the parametrization defined in (C1–C6), the set of atomic formulas parametrized by elements of sets A, B, C.
B. Parametryzation of the set of agents:

(Ag1)
for any agent a(A there are such b(B, c(C,  that <a,b,c>(A,

(Ag2)
for any ( = <a,b,c>(A, set F(  is a nonempty set.
We call the set of agents A ( A(B(C, satisfying (Ag1) and (Ag2), the set of parametrized agents.
Definition 3 (Kripke model for S-bEL): Let P and A be as above. A Kripke model for S-bEL is a structure M = <S, RA, VP>, where S is a set of epistemic states, RA is a function: RA: A ( ((S(S), which describes accessibility relation RA(() ( S(S for every ((A, and VP: P ( ((S) is a valuation function such that for any  p(P yields the set VP(p) ( S of states in which p is true.


The semantics of logic S-bEL is determined by:
Definition 4 (semantics of S-bEL): Let M = < S, RA , VP> be a Kripke model for S-bEL. The formulas are interpreted on pairs <M, s>, where s(S. The truthfulness of formula ( in the model M in the interpretation <M,s> (symbolically: M,s |= (), is determined as follows:
Interpretation of knowledge publicly announced by the agent:

M1.
M,s |= p
  iff    s(VP(p),
M2.
M,s |= (( (()   iff    M,s |= (  and  M,s |= (,

M3. 
M,s |= ((         iff    not M,s |= (,

M4. 
M,s |= [(] (      iff    M,s |= (  and  if  M,s |= ( , then M|(, s |= (,

M5. 
M,s |= K( (       iff    for all t(S such that <s, t>(RA((),  M,t|= (.

Interpretation of parametrized sets of atomic formulas:
M6.
For any b(B, c(C, such that Fb,c ( (

M,s|= /\ Fb,c   iff   for any agent a(A, if ( = <a,b,c> then M,s|=  /\ F( ,
M7.
For any a(A such that Fa ( (

M,s|= /\ Fa     iff   for any b(B, c(C, if ( = <a,b,c> then M,s|=  /\ F( ,
M8.
For any b(B such that Fb ( (

M,s|= /\ Fb     iff   for any a(A, c(C, if ( = <a,b,c> then M,s|=  /\ F( ,
M9.
For any c(C such that Fc ( (
 
M,s|= /\ Fc     iff   for any a(A, b(B, if ( = <a,b,c> then M,s|=  /\ F( .
Interpretation of possessing publicly announced knowledge by the parametrized agent:

M10.
M,s|= K( [ /\ F( ] (   iff   there is t(S such that <s, t>(RA(() and 
                                           M,t|= (( ( [ /\ F( ] () ,

M11.
For any a(A such that Fa ( (

M,s|= K( [ /\ Fa ] (   iff   there is t(S such that <s, t>(RA(() and 

     M,t|= /\ Fa  and  M,t|= [/\ Fa ] ( ,
M12.
For any b(B such that Fb ( (

M,s|= K( [ /\ Fa ( /\ Fb ] (   iff   there is t(S such that <s, t>(RA(()  and 
            M,t|= ( /\ Fa ( /\ Fb )  and  M,t|= [ /\ Fb ] ( ,
M13.
For any c(C such that Fc ( (

M,s|= K( [ /\ Fa ( /\ Fb ( /\ Fc ] (   iff   there is t(S such that <s, t>(RA(() and 

            M,t|= ( /\ Fa ( /\Fb ( /\ Fc )  and  M,t|= [ /\ Fc ] ( ,
M14.
For any b(B, c(C such that Fb,c ( (

M,s|= K( [ /\ Fb,c ] (   iff   there is t(S such that <s, t>(RA(() and 



                                     M,s|= /\ Fb,c  and  M,t|= [ /\ F( ] ( .
3. Dynamics of sources-bounded epistemic logic
The proposed parametrization of propositions and parametrization of agents possessing knowledge expressed by the propositions and announced publicly allow examining – within PAL – certain aspects of the dynamics of the agents’ possessing the knowledge. This dynamics includes aspects of extension of the scope of this disposal with propositions referred both to sources of knowledge and certain objects which given agents are interested in. Logic S-bEL originates from PAL as a result of broadening the range of the agents’ having the knowledge at their disposal with the following dispositions: being an agent, access to the source of knowledge, as well as cognition of a certain object. This dynamics, in a more precise manner, is expressed by laws M6-M14 of interpretation of propositions and axioms 
S-bEL.

References 

[1] A. Baltag, L. Moss, S. Solecki: The Logic of Common Knowledge, Public Announcements and Private Suspicions, in: I. Gilboa (ed.) Proceedings of the 7th Conference on Theoretical Aspects Rationality and Knowledge (TRAC 98), 1998, 43–56.  
[2] J. van Benthem: Merging Observation and Access in Dynamic Epistemic Logic, Studies in Logic 1(1) (2008), 1–16. 

[3] J. van Benthem, M. Martinez: The Logical Stories of Information, in: J. van Benthem and P. Adriaans (eds.) Handbook of the Philosophy of Information, Elsevier Science Publishers, Amsterdam 2008, 217–270. 

[4] J. van Benthem: Logical Dynamics of Information and Interaction, Cambridge University Press, Cambridge (to appear).
[5] H. van Ditmarsch, W. van der Hoek, B. Kooi: Dynamic Epistemic Logic. Synthese Library 337, Springer, Dordrecht 2008.
[6] X. He, J. Horty, E. Pacuit (eds.): Logic, Rationality and Interaction, Proceedings of the Second International Workshop (LORI), Chongqing, China, October 2009, Springer-Verlag, Berlin-Heidelberg 2009.

[7] W. H. Holliday: Trust and the Dynamics of Testimony, in: D. Grossi, L. Kurzen, F. Velázquez (eds.) Logic and Interactive Rationality. Seminar’s yearbook 2009, Institute for Logic, Language and Information, University of Amsterdam (to appear).

[8] J. Waldmajer: Adequacy of Knowledge Representation, Doctoral dissertation (in Polish), Lublin 2009.



   agent  a’’











 datum about  c ’’





   datum about  c’











    agent  a





( – proposition expressing datum about object c wyrażające daną o obiekcie c





   agent  a’





datum about  c2 2’





 datum about  c ’





datum about  c1 



































