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A new proposal is presented in this paper in the per-spective of �nding a tradeo� between the expressivepower of the formalism and the possibility to design arealistic implementation. That is why we have selectedthe Situation Calculus.Intention is the more complex concept in the BDI ar-chitecture. Intentions are determined by a rational anal-ysis of the current situation and of the future possiblesituations, and by the analysis of the actions that allowto change the situation. Cognitive agents have the abil-ity to predict, to some extend, the consequences of theactions they have chosen to perform. They select the ac-tions in function of the causal links between the actionsand the situations. In other words they can foresee thefuture.To design a rational agent the BDI architecture de-�nes the roles played by the beliefs, the desires and theintentions. Bratman treats intentions as sets of actionsthat an agent has committed to perform in order to ful-�ll her goals. If an agent takes the decision to perform asequence of actions that is because they allow to reachher goal. Then, a theory of intention requires a well de-�ned theory of action, that is a theory of the evolutionof the world. This has been formalised in the SituationCalculus, and that is one of the reasons why we haveselected this formal framework.It is possible in the Situation Calculus to represent in asimple way the evolution of the world [Reiter, 1991] andthe evolution of beliefs [Demolombe and Pozos-Parra,2000]. The later has been restricted to beliefs about thepresent situation. For instance, it can be representedthat it is believed that it rains, but it cannot be repre-sented that it will rain or that it has been raining. In theBDI architecture agents must to reason about the future.A signi�cant contribution of this work is an extension tobeliefs about the past and about the future. However,in the context of intention formalisation we only have toconsider beliefs about the future.Another contribution is the representation of evolutionof goals (consistent with achievable desires) in the samestyle as the evolution of beliefs which has been presentedin [Demolombe and Pozos-Parra, 2000].The paper is organised as follows. We start with a briefintroduction to the Situation Calculus and to the corre-



sponding representation of the evolution of the world,and of the agents' beliefs. Then, an extension of be-liefs about the past and about the future is presented,The next step is to present the evolution of goals and ofintentions. Finally, the proposed formalisation is com-pared with other ones.2 Situation CalculusReiter in [Reiter, 1991] has proposed to represent theevolution of the world in the framework of Situation Cal-culus which is a classical �rst order logic with equality1. In this logic predicates whose truth value can dy-namically change are called \
uents". They have oneargument (the last argument) which is of the type sit-uation. It is assumed that every change is caused byan action which is represented by a term (e.g. advance,move(x; y)).For instance, the fact that a robot is at the position xin the situation s is represented by position(x; s). Situ-ations are denoted either by constants (for instance, S0for the initial siutation), or by variables (they are usu-ally denoted by s, s0, s00 : : :), or by terms of the formdo(a; s), where the �rst argument is of the type actionand the second argument is of the type situation. Ifadvance and reverse have the type action, the follow-ing terms have also the type situation: do(advance; S0),do(reverse; do(advance; S)), ...The intuitive meaning ofthe formula position(x1; do(advance; S0)) is that in thesituation that results from the performance of the actionadvance from the situation S0, the robot is at the posi-tion x1. The variables of the type action and situationcan be quanti�ed like in: 9a9sposition(x1; do(a; s)).The formalisation of the evolution of the world will bepresented �rst through an example. It is assumed that inevery situation a robot is at the position x after perfor-mance of the action advance from the position x� 1, orafter performance of the action reverse from the positionx + 1. Moreover, the robot is no more at the positionx after performance of one of the actions adavance orreverse from the position x. In formal terms we have:8s8a8x[(a = advance ^ position(x � 1; s)) _(a = reverse^position(x+1; s)) ! position(x; do(a; s))]8s8a8x((a = advance _ a = reverse) ^ position(x; s)! :position(x; do(a; s))).It is also assumed that the actions in the antecedentof the �rst formula (respectively the second formula) arethe only actions that have the e�ect that the robot in thesituation do(a; s) is at the position x (respectively is notat the position x). Form these completeness assumptionswe can infer the following successor state axiom for the
uent position(x; s) [Reiter, 2001]:8s8a8x(position(x; do(a; s)) $ [(a = advance ^position(x� 1; s))_ (a = reverse^ position(x+1; s))]_1Some limited fragments of Situation Calculus require todeal with second order logic and with three types of terms:situation, action and object.

(position(x; s) ^ [:a = advance ^ :a = reverse]))This axiom allows to know the truth value ofposition(x; do(a; s)) for every action a and every situ-ation s, provided we know in the situation s the truthvalues of the conditions in the right hand side in theabove equivalence.For instance, from position(5; S0) we can infer:position(5; do(advance; S0)) andposition(6; do(advance; S0)). This means that after toadvance the robot is at the position 6 and it is no moreat the position 5.In general, to represent the evolution of the world, foreach 
uent p we need a successor state axiom like (Sp).To make the notations simpler we have only explicitedthe arguments of the type situation and action:(Sp) 8s8a(p(do(a; s))$ �+p (a; s) _ p(s) ^ :��p (a; s))The conditions �+p (a; s) and ��p (a; s) mention the ac-tion a and the situation s, but they do not mention thesituation do(a; s). In addition it is assumed that there isno situation and no action that can cause p to be bothtrue and false. This assumption is formally representedby: :9s9a(�+p (a; s) ^��p (a; s)).The set of axioms of the form (Sp) for all the 
uentsde�nes the truth values of the atomic formulas in anycircumstances, and it indirectly de�nes the truth valueof any formula.In [Scherl and Levesque, 1993] the authors Scherl andLevesque have extended the formalism to represent be-liefs and their evolution. The notation Bel(p; s) meansthat in the situation s an agent believes p. This nota-tion denotes the following formula: 8s0(K(s0; s)! p[s0]),which expresses that in every epistemic variant s0 of sthe property p holds. In their de�nition there is norestriction about the formula p. In particular p mayalso include beliefs. The de�nition of belief evolution israther complex and we have no room to present it here.This approach though it is very general raises theoreti-cal problems in the case of belief revision, and practicalproblems if one intents to implement it.In [Demolombe and Pozos-Parra, 2000] we have pre-sented another approach which is less general but it canbe rather easily implemented 2. In this approach a no-tion similar to modal operator is introduced. In fact astatement Bi(p(s)), where Bi is a modal operator whichrepresents what the agent i believes and p(s) is an atomicformula, is represented by the 
uent Bip(s). Neverthe-less, for convenience, we adopt the notation Bi(p(s)) todenote Bip(s). In the same way Bi(:p(s)) is used todenote Binotp(s). In particular the 
uent Biposs(a; s)(or Bi(Poss(a; s))) represents the fact that the agent ibelieves in s that it is possible to perform the action a.In general an agent may have four di�erent mental at-titudes with respect to his belief about a given property.Let us consider, for example, that the pilot of the robotcan observe in a screen the position of the robot. If itdisplayed that the robot is at the position x , the pilot2A comparison of the two approaches can be found in[Petrick and Levesque, 2002].



believes that it is at the position x and he does not be-lieve that it is not at the position x. In formal terms wehave:8s8a8x(a = obs:pos ^ position(x; s) !Bp(position(x; do(a; s))))8s8a8x(a = obs:pos ^ position(x; s) !:Bp(:position(x; do(a; s))))If the pilot observes that the robot is not at the posi-tion x, then he does not believe that it is in the positionx and he believes that it is not in the position x. Informal terms we have:8s8a8x(a = obs:pos ^ :position(x; s)!:Bp(position(x; do(a; s))))8s8a8x(a = obs:pos ^ :position(x; s)!Bp(:position(x; do(a; s))))In general the four possible formal attitudes of anagent i are represented by: Bi(p(s)), :Bi(:p(s)),:Bi(p(s)) and Bi(:p(s)). If it assumed, in the same wayas we did for the evolution of the world, that the condi-tions that cause each attitude are complete conditions,therefore we have the two following successor belief stateaxioms that de�ne the evolution of pilot's belief aboutposition(x; s) and about :position(x; s):8s8a8x(Bp(position(x; do(a; s)))$a = obs:pos ^ position(x; s) _Bp(position(x; s)) ^ :(a = obs:pos ^ :position(x; s)))8s8a8x(Bp(:position(x; do(a; s)))$a = obs:pos ^ :position(x; s) _Bp(:position(x; s)) ^ :(a = obs:pos ^ position(x; s))).In general, to represent the evolution of agents' be-liefs for each agent i and for each 
uent p we have twosuccessor belief state axioms of the following form:(SBip ) 8s8a(Bi(p(do(a; s)))$ �+Bip(a; s) _Bi(p(s)) ^ :��Bip(a; s))(SBi:p) 8s8a(Bi(:p(do(a; s)))$ �+Bi:p(a; s) _Bi(:p(s)) ^ :��Bi:p(a; s))Like for successor state axioms we have to impose con-straints to prevent the derivation of inconsistent beliefs(see [Demolombe and Pozos-Parra, 2000]). Moreover ithas been shown that if the initial representation of theworld and of agents' beliefs is consitent, then it is con-sistent after performance of any sequence of actions.3 Evolution of general beliefsIn the axiomatisation presented in the previous sectionthe situation s in sentences of the form Bi(p(s)) refersboth to the situation where p holds and the situationwhere the belief holds. That means that beliefs are aboutthe present.As far as we know there is no proposal in the SituationCalculus to represent beliefs about the past and aboutthe future. A natural extension of [Scherl and Levesque,1993] in this direction might be de�ned as follows.

Let us adopt the notation do�1(a; s) to denote thesituation s0 such that s = do(a; s0). Intuitively do�1(a; s)represents the situation where we are before to performa. Then, it can be noticed that we have the followingproperties:p(do(a; s))$ 8s0(s0 = do(a; s)! p(s0))p(do�1(a; s))$ 8s0(s = do(a; s0)! p(s0))Now we can represent the fact that it is believed inthe situation s that p holds in do(a; s) (respectively indo�1(a; s)) by the following formulas:Bel(p(do(a; s); s) def= 8s0(K(s0; s)! p[do(a; s0)])Bel(p(do�1(a; s); s) def= 8s0(K(s0; s)! p[do�1(a; s0)])These de�nitions could be easily extended in the casewhere instead of the action a we have any sequence ofactions. Even if these de�nitions are acceptable froma theoretical point of view, they would be too complexto be implemented, and we prefered to go in a simplerdirection which is presented below.To represent beliefs about the past, the present andthe future we use the notation Bi(p(s1); s2) to denoteatomic formulas of the form Bip(s1; s2) (Binotp(s1; s2)has similar intuitive meaning). This notation can beintuitively read: in the situation s2 the agent i believesthat p is true in the situation s1. This extension allows torepresent beliefs about the future when we have s2 < s1,beliefs about the past when s1 < s2, and beliefs aboutthe present when s1 = s2. 3The successor belief state axioms (SBip ) and (SBi:p ) areextended as follows:(Bpi ) 8s8a(Bi(p(s1); do(a; s)) $ �+Bip(a; s1; s) _Bi(p(s1); s) ^ :��Bip(a; s1; s))(B:pi ) 8s8a(Bi(:p(s1); do(a; s)) $ �+Bi:p(a; s1; s) _Bi(:p(s1); s) ^ :��Bi:p(a; s1; s))The conditions �s may contain communication ac-tions which are a generalisation of sensing actions thatcause belief change in [Scherl and Levesque, 1993]. Forinstance, if in 1990 an agent believes that the soccer cup-world in 1986 happened in Italy, which is represented byBi(cupworld(Italy; 1986); 1990) 4, and in 2002 this agentlearns from a newspaper that it happened in Mexico,then his new belief is Bi(cupworld(Mexico; 1986); 2002).Then, if until 2003 he gets no more information aboutthis event we have Bi(cupworld(Mexico; 1986); 2003).Since in the followingwe shall use mainly beliefs aboutthe future, we adopt the notation:Bfi(p(s1); s2) def= s2 < s1 ^Bi(p(s1); s2)4 Evolution of goalsTo represent the evolution of goals the language is ex-tended with predicates of the form Gip(s) which are de-3The predicate s < s0 represents the fact that the situa-tion s0 is obtained from s after performance of one or severalactions.4Here, we have identi�ed the dates as the situations tomake the example easier to understand.



noted by Gi(p(s)), and whose intuitive meaning is thatin the situation s the agent i has the goal that p becametrue in the future (similarly for Ginotp(s)). Here p isretricted to be an atomic formula or the negation of anatomic formula.In the same way as for beliefs an agent may havefour di�erent attitudes in terms of goals with re-gard to a proposition. For example, we may haveGi(position(5; s)): in the situation s the agent i has thegoal to be at the position 5, Gi(:position(5; s)): in thesituation s the agent i has the goal not to be at the posi-tion 5, :Gi(position(5; s)): in the situation s the agenti does not have the goal to be at the position 5 and:Gi(:position(5; s)): in the situation s the agent i doesnot have the goal not to be at the position 5.The evolution of goals is determined by actions of thekind select, whose e�ect is to adopt a goal, or of the kindabandon, whose e�ect is to give up a goal. Then, in thecase of our robot example we have:8s8a8x(a = select:pos(x) !Gr(position(x; do(a; s))))8s8a8x(a = select:not:pos(x)!Gr(:position(x; do(a; s))))8s8a8x(a = abandon:pos(x)!:Gr(position(x; do(a; s))))8s8a8x(a = abandon:not:pos(x)!:Gr(:position(x; do(a; s))))These axioms de�ne the four possible attitudes of therobot. If, in addition, it is assumed that the conditionsin the antecedents of each axiom represent all the cir-cumstances that cause each attitude, then with the samereasoning as for beliefs we have the successor goal stateaxioms:8s8a8x(Gr(position(x; do(a; s))) $ a = select:pos(x) _Gr(position(x; s)) ^:(a = abandon:pos(x)))8s8a8x(Gr(:position(x; do(a; s)))$a = select:not:pos(x) _Gr(:position(x; s)) ^ :(a = abandon:not:pos(x)))In general for each agent i and for each 
uent p wehave two successor goal state axioms of the form:(SGip ) 8s8a(Gi(p(do(a; s)))$ �+Gip(a; s)_Gi(p(s))^:��Gip(a; s))(SGi:p ) 8s8a(Gi(:p(do(a; s))) $ �+Gi:p(a; s) _Gi(:p(s)) ^ :��Gi:p(a; s))Notice that the fact that an agent has no goal withrespect to the fact that it is at the position x can be rep-resented by :Gr(position(x; s)) ^:Gr(:position(x; s)).To prevent situations where an agent has inconsistentgoals, like in Gr(position(x; s))^Gr (:position(x; s)), wehave to impose constraints to the conditions �s as we didfor beliefs in [Demolombe and Pozos-Parra, 2000].5 IntentionsIn the context of Multi Agent Systems, intention is aconcept that allows to relate goals with beliefs and com-mitments. Also, we can see intention as the concept

that motivates agents' actions. Most of the works in the�eld of intention are based on the proposal by Cohenand Levesque [Cohen and Levesque, 1990] which itself isbased on Bratman's proposal [Bratman, 1987]. In theseapproaches intention is oriented to the future and it gen-erates subintentions to reach to satisfy the initial goal.In fact, intention is implicitly based on a plan gener-ation technique, or on a prediction of future situations,which is one of the characteristics of rational agents.Bratman [Bratman, 1987] says that intentional actionshave the following properties: intentions are originallypart of the problems that an agent has to solve, andintentions must be consistent.The fact that an agent has the intention to perform thesequence of action T = [a1; a2; : : : ; an] in the situation sin order to satisfy the goal p (resp. :p) is representedby Iip(T; s) (resp. Iinotp(T; s)) and it is denoted byIi(T; p(s)) (resp. Ii(T;:p(s))). Here p is restricted tobe an atomic formula. This fact presupposes that thefollowing conditions are satis�ed:1)the agent i does not believe that p (resp. :p) is thecase now, i.e. we have :Bi(p(s)) (resp. :Bi(:p(s))),2) the agent i believes that after performance of T p(resp. :p) will be the case, i.e. Bfi(p(do(T; s)); s) (resp.Bfi(:p(do(T; s)); s)),53) the agent i believes that it is possible to perform Tin s, i.e. Bi(Poss(T; s); s); this last sentence is taken asan abreviation for the belief that it is possible to performthe action aj in the situation sj , i.e. Bi(Poss(aj ; sj); si),where s1 = s and for j in [1,n] sj = do(aj�1; sj�1),4) the agent i believes that some agent (it may behimself) has the ability to perform each action aj in T .To express the condition 3) we need to solve the qual-i�cation problem in the context of beliefs. Our proposalis an extension of the formalisation of the quali�cationproblem presented by Reiter in [Reiter, 2001]. That isthe action precondition belief axiom here has the form:Bi(Poss(a; s)) $ �Bia (s)To express the conditions 2) and 3), we have intro-duced predicates of the form Bfpossip(do(T; s); s) (thatis denoted by Bfpossi(p(do(T; s)); s)) whose meaningis represented by the formulas Bfi(p(do(T; s)); s) ^Bi(Poss(T; s)). Their intuitive meaning is that theagent i believes that p holds in the situation do(T; s)and that it is possible to perform T .The condition 4) is implicitly satis�ed by the successorbelief state axioms and by the above precondition axiom,because if an action occurs in a successor belief stateaxiom the agent believes that it is possible to performit.Another important property of intention is persis-tence, which means that an intention persists as longas the above conditions are satis�ed.This de�nition of intention is supported by the factthat an agent has to �nd a sequence of actions which isexecutable and which allows to satisfy his goal. But the5do(T; s) is an abreviation fordo(an; do(an�1; do(: : : ; do(a1; s)) : : :)).



world may change because other agents perform actionsor because the environment changes, and the precon-ditions to perform actions may be invalidated indepen-dently of the plani�cation performed by the agent. Then,the agent is not guaranteed to realise his intention.To solve this problem it might be possible to takeinto account the information the agent has about theother agents' intentions. A naive solution to this prob-lem might be to characterise the evolution of facts of theform Bi(Ij(T; p(s))) which denote predicates of the formBiIjp(T; s), and whose meaning is that the agent i be-lieves that the agent j has the intention to perform T inorder to reach the goal p.It has been seen that the de�nition of intention isbased on the possibility to generate plans, but right nowwe are not guaranteed that the agent will perform theplaned actions. Indeed, to have the intention to performsome action is not just to have the ability to plan thisaction but also to commit himself to do this action.Finally, our proposal to de�ne the evolution of inten-tions is de�ned by axioms of the form:(SIip ) 8s8a(Ii(T; p(do(a; s))) $ Gi(p(do(a; s))) ^ [(a =commit ^ Bfpossi(p(do(T; s)); s)) _Ii([a; a1; : : : ; an]; p(s)) _ �+Ip _ Ii(T; p(s)) ^ :��Ip])(SIi:p) 8s8a(Ii(T;:p(do(a; s))) $ Gi(:p(do(a; s))) ^[(a = commit ^ Bfpossi(:p(do(T; s)); s)) _Ii([a; a1; : : : ; an];:p(s)) _ �+I:p _ Ii(T; s) ^ :��I:p])The intuitive meaning of these axioms is that the agenthas the intention to perform the sequence of action T =[a1; : : : ; an] in order to have p (resp. :p), and one of thefollwing condition holds:1) The action which has been performed is a com-mitment action and the agent believes that after perfor-mance of T p (resp. :p) holds. This condition meansthat if the agent has not performed the commitment ac-tion, even if he has a goal he has not the intention tosatisfy his goal.2) In the previous situation he had the intention toperform [a; a1; : : : ; an] and his intention does not includeany more a because a has just happened.3) Possibly other conditions �+p holds which causesthat he adopts the new intention (for instance the per-ception of the presence of an obstacle may cause theintention to change his path).4) In the previous situation he has the same intentionand it is not the case that some conditions represented by��p holds; these conditions have the e�ect to abandon hisintention (for instance the perception of the presence ofan obstacle may cause the agent to abandon his intentionto advance).6 Comparison with other worksIn the theory of intentional actions proposed by Cohenand Levesque an action is considered as a sequence ofevents, where an event is a primitive concept, and aproposition can be satis�ed after performance of an ac-tion.

Action performance is denoted by the operatorDONE, and DONE(a) means that performance ofthe action a has just happened. In the Situ-ation Calculus this infromation is implicitly repre-sented by the de�nition of situations. For instance,position(2; do(advance; S0)) means that the robot is atthe position 2 in the situation that immediately followsthe performance of the action advance.They introduce formulasof the form 9x(HAPPENS x;�?), which are denotedby 3�, whose meaning is that there exists a sequence ofevents x such that after performance of x � holds. Wehave a similar notion in the Situation Calculus whichis represented by Bfi(p(do(T; s)); s), whose meaning isthat agent i believes that after performance of T p holds.Notice that the di�erence is that this property is explic-itly part of the agent's set of beliefs. That is the agentcan reason about this property.Goals are a subset of beliefs that obey the logic(KD), in particular they are consistent. In our pro-posal we have presented an axiomatics of the evolu-tion of goals, which are restricted to literals, and sat-isfy (D). That is, we have Gi(p(s)) ! :Gi(:p(s)),where p is an atom. If in addition we impose theaxiom schemas Gi(p(s)) ! 9TBfi(p(do(T; s)); s) andGi(:p(s))! 9TBfi(:p(do(T; s)); s) goals are restrictedto what we believe that it can happen in the future.Cohen and Levesque make use of the operator LATERto represent properties that may hold in the futureand do not hold at the present time. They haveLATER(p) = :p^3p. Then, they can de�ne an achieve-ment goal as a property that it believed not to hold nowand can hold in the future. An achievement goal is de-noted by A � GOAL and we have A � GOAL(p) =GOAL(LATER(p)) ^ BEL(:p)6. This notion is notnecessary in our approach, given our de�nitions of Gi,Bfpossi and Bi.An agent may eventually abandon his goal. This is for-mally represented by ` 3:(GOAL(LATER(p))). Thisidea to have the possibility to abandon a goal is repre-sented in our approach by the action abandon in the suc-cesor goal state axioms. In the situation do(abandon; s)a goal has been abandoned.Persistent goals capture the notion of fanatic com-mitment, that is a goal that persists until it issati�ed or it is believed that it will never bepossible to satisfy it. In formal terms persis-tent goals are represented by P � GOAL(p) =A � GOAL(LATER(p)) ^ [BEFORE((BEL(p) _BEL(2:p)) :GOAL(LATER(p))].In other words a persistent goal is a goal to be satis�edor that it will never be satis�ed. In our proposal thenotion of persistence can be directly expressed in thesuccessor goal state axioms. For that purpose, successorgoal state axioms must take the form: Gi(p(do(a; s)))$�+p _Gi(p(s)) ^ :[��p _Bi(p(s)) _ 8s0Bfi(:p(s0); s)].6For simplicity we have omited the reference to the agentunlike in the original paper.



This form of the axioms expresses the idea that anagent abandon a goal p only if he believes that it is sat-is�ed (i.e. Bi(p(s))) or if he believes that it will be im-possible to satisfy it (i.e. 8s0Bfi(:p(s0); s)). Of course,they may be other circumstances that cause that a goalis abandoned. These circumstances are represented by��p . For example, when the agent has received the orderto abandon his goal.Finally, they de�ne the intention to perform an ac-tion a interms of persistent goals as follows: INTEND1(a) =P � GOAL[DONE(BEL(HAPPENS a))?; a]. Thatmeans that the intention to perform a is the fanatic goalto perform this action when the agent believes that theaction can be performed. This de�nition is captured inthe proposal we have presented in the previous section.Moreover, in the de�nition of the intention to perform T ,it must be explicit which is the associated achievementgoal p. In that case it is clear why the agent have herintention.Their approach include commitment in the core se-mantical de�nition of intentions. Another contrastingapproach is [Rao and George�, 1991] that consider inten-tion as a basic attitude and treat it like beliefs and goals.This approach considers commitment as constraint forthe intention revision and intention. Our approach con-sider too commitment as a constraint for the intentionrevision.7 ConclusionWe have presented an extension of Situation Calculusin which are formalised the BDI concepts. The generalidea was to avoid to deal with modal logic and ratherto represent modal concepts in terms of 
uents. Thatwas possible thanks to strong restrictions about the ex-pressive power of the formulas. In fact these formulasare restricted to literals. The bene�t of this approachis that the evolution of beliefs, goals and intentions canbe easily de�ned by successor axioms. That is, we havefollowed the initial simple idea proposed by Reiter forsuccessor state axioms. By doing so we have avoideddi�cult theoretical problems, like belief, goal and inten-tion revision. Moreover, it has been possible to imple-ment this approach and to run simple examples to checkthe validity of our ideas.References[Bratman, 1987] M. E. Bratman. Intentions, Plans andPractical Reason. Harvard University Press, 1987.[Cohen and Levesque, 1990] P.R. Cohen andH. Levesque. Intention Is Choice with Commitment.Arti�cial Intelligence, 42, 1990.[Demolombe and Pozos-Parra, 2000]R. Demolombe and M. P. Pozos-Parra. A simple andtractable extension of situation calculus to epistemiclogic. In Z. W. Ras and S. Ohsuga, editors, Proc. of12th Internatioonal Symposium ISMIS 2000. Springer.LNAI 1932, 2000.
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