INFERENCES IN COGNITON CALCULUS

G.S. Plesniewicz

"MATI"-Tsiolkovsky Russian State University of Technology, Moscow

olples@mail.ru
and

V.B. Tarassov

Bauman Moscow State Technical University

tarasov@rk9.bmstu.ru
In our paper [1] the important role of intentional characteristics, in particular cognitons, in agent-based approaches is shown. The concept of cogniton is discussed and different cognitons classes are specified. This paper is devoted to the development of basic formal language called cognitons calculus to provide a natural background for building logical theory of agents and agency.

There exist a few well-known logical approaches to agents modeling, for example, theory of actions by von Wright, agents believes modeling by Halpern and Moses, intentions model by Cohen and Levesque, BDI-model by Georgeff and Rao, etc (see, for example, the overview, in [2]). Our work is mainly based on the approach proposed by M Nowakowska [3] who made the attempt to formalize various mental states as intentions, emotions, will, and so on. She constructed a sort of motivational calculus, which included emotional functors ("I am happy that", "I am glad that", "I am afraid that", "I am worried" et al..), epistemic functors ("I can", "I know that", "I know how to", "I think that" et al.), proper motivational functors ("I wish that", "I want", "I like", "I prefer" et al.), normative motivational functors ("I must', "I ought", "It is necessary that" et al.)

In general, let F(a, p1,...,pn) denote that the functor F takes place between the agent a and the statements p1,....,p n. For example, we may denote by Know(a,p) the functor "agent a knows p" and by KnowN(a,p,q) the functor "agent a do not know whether p or q".

There are semantic relations between the functors. If ( and ( are logical combinations (with usual propositional connectives) of any functors, then ( |= s ( means that it is not possible that ( takes the place but ( does not. In other words, both ( and ( cannot be consistent (or admissible). We also can say that ( semantically follows from ( . For example,

                             ~Know n(a,p,q)  |=s  Know(a,p) ( Know(a,q).                              (1) 

Indeed, the situation "agent a knows p or knows q but it not true that a does not know whether p or q" here is not admissible. Other example is: 

                             Glad(a,p)  |=s  Know(a,p) ( Think(a,p).                                        (2)

Indeed, if agent a is glad that statement p is true then a knows that p takes place or a thinks that p takes the place.

Furthermore, M.Nowakowska in [3, 4] specified a rather large list of semantic relations like (1) or (2). She considered these relations as axioms of the motivational calculus together with logical axioms of the Russel-Whitehead system. 

Motivational calculus equipped with these axioms can be considered as a deductive Hilbert-type system which explicates the concept of common-sense reasoning in psychologically oriented situations. In our studies we consider motivational calculus in the scope of cognitons theory [1]. In particular, we shall pay attention to representation cognitons.

Nevertheless, M.Nowakovska did not consider any issues of developing practical effective algorithms for proving correctness of reasoning in motivational calculus. Here we are focused on such issues and apply the well-known method of analytic tableau [5] to design the algorithm for proving correctness.

Deduction by analytical tableau method consists in step-by-step expansion of current tree of signed formulas placed in vertex of trees. For example, suppose that the current tree contains the vertex ( with the formula -Know n(a,p,q) (it means that formula Know n(a,p) is false). Then a "fork" of two formulas +Know(a,p) and +Know(a,q) is added to each vertex ( such that ( is a leaf in the current tree and there is a path from ( to (. Here the following rule of inference works: 

                                          -Know n(a,p,q)                               

                                 -------------------------------                                                           (3)                             

                                +Know(a,p) |  +Know(a.q)

This rule (3) corresponds to semantic relation (1). 

Let us consider the following semantic relation which formalizes the transitivity property of the functor "agent a prefers statement p to statement q".

                          Prefer(a,p,q) & Prefer(a,q,r)  |=s  Prefer(a,p,r)
                                (4)

Then rule (5) corresponds to semantic relation (4).      

                                       -Prefer(a,p,q)

                          ------------------------------------                                                           (5) 

                         -Prefer(a.p,X) | -Prefer(a,X,q)

In the rule (5), there is the parameter X which can be unified during the inference.

Here rules (3) and (5) belong to so-called branching rules; in other words, such rules introduce alternatives. The following rule is non-branching.

                                      +Know n(a,p,q)                                                       

                                      -------------------                                                                      (6)             

                                        -Know(a,p)

                                        -Know(a,q)
This rule (6) corresponds to the following semantic relation.

                   KnowN(a,p,q)  |=s  ~Know(a,p) & ~Know(a,q).  

If the current tree contains in the vertex ( the formula +KnowN(a,p,q) then the path of two formulas -Know(a,p) and -Know(a,q) is added to each vertex ( such that there is a path from ( to (.

Translation of axiomatic semantic relations into inference rules results in the rule base which is used in the procedure of constructing inference trees. Note that in this rule base the standard rules for propositional connectives are also inserted. Also in the rule base we insert the following rule:

         
Q(()

       
---------

     
  Q(#[(])

where Q is any signed functor, ( is any formula and #[(] is disjunctive normal form DNF which is equivalent to ( (w.r,t - outer propositional connectives).

To prove a given semantic relation ( |=s ( , we start with the path of two signed formulas +( and -(. Then the inference procedure is applied until the final tree is obtained. Relation ( |=s( is true if and only if the resulting tree is closed, i.e. its every complete path contains a contrary pair of formulas. 

We considered a certain fragment (sufficiently large) of cognitons calculus and designed the rule base corresponding to axiomatic semantic relations. Also we developed the procedure of applying rules for constructing trees (analytical tableaux) and proving semantic relations. Our system can be used for automatic reasoning in psychologically oriented contexts.
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