Reasoning about Concurrent Actions and Observations^∗

Renwei Li and Luís Moniz Pereira Department of Computer Science Universidade Nova de Lisboa 2825 Monte da Caparica, Portugal {renwei | lmp}@di.fct.unl.pt

Abstract In this paper we present an experiment by using abductive logic pro-

gramming to reason about concurrent actions and observations. Technically, we extend Gelfond and Lifschitz’ action description language A with concurrent actions and observation propositions to describe the ideal behaviour of domains of (concurrent) actions and practically observed behaviour, respectively, without requiring that the practically observed behaviour of a domain of actions be consistent with its ideal behaviour. We present a translation from domain descriptions and observations in the new action language to abductive normal logic programs. The translation is shown to be both sound and complete. From the standpoint of diagnosis, in particular, we discuss the temporal explanation of inferring actions from fluent changes at two different levels, namely, at the domain description level and at the abductive logic programming level. The method is applicable to the temporal projection problem with incomplete information, as well as to the temporal explanation of inferring actions from fluent changes.

1 Introduction

The main tasks involved in reasoning about actions and changes are as follows: Given a domain description with fluents holding and actions happening at certain times or states, we want to reason forward and backward in time, inferring actions from changes of fluents and inferring changes of fluents from actions. This paper is in line with the work related to the action description language A. Now let’s consider the Stolen Car Problem (SCP) [8]. Let the SCP domain have one fluent name Stolen and two action names W ait and Steal. Then, its description D_1 in A is as follows: initially ¬Stolen Stolen after W ait; W ait; W ait Steal causes Stolen �Published in Proc. of APPIA{GULP{PRODE’96, Joint Conference on Declarative Programming, San Sebastian, Spain, July 15 - 18, 1996, pp. 549 – 560

It can be shown that D_1 is inconsistent in A , and thus has no model. However, it seems that the above three propositions roughly correspond to a stolen-car story. There is nothing wrong with the above story, and we should have a model for the SCP domain. Our stance is that what is wrong with the domain description D_1 is that we only have incomplete knowledge about what has happened in the past. The action Steal has happened at the same time as one of the three W ait actions. Thus, at least one of the situations Result(W ait, S_0), Result(W ait; W ait, S_0), Result(W ait; W ait; W ait, S_0) does not correctly represent the real situation.

In order to solve the problems such as SCP, we need to extend the action language A with concurrent actions, and to express incomplete knowledge about the past history. On the other hand, extension of A with concurrent actions has its own right in domain descriptions as argued in [2]. In this paper we will extend A with concurrent actions, but in a different way from that of [2] in the semantics and the translation into logic programs. For representation of incomplete knowledge about the past history we need to extend the action language A. We will introduce a new kind of propositions, called observation propositions, whose syntax is as follows: observed F after A_1; . . . ; A_m. The observation proposition of the above form simply means that F is true after performance of actions A_1; A_2; . . . ; A_m are observed. Because of the incomplete observation, some other actions may have also been done while actions A_1, A_2, . . . , A_m are done.

The rest of this paper is organized as follows. In Section 3 we give a modification of A and its semantics and enrich it with concurrent actions and observation propositions. In Section 4 we present a translation from domain descriptions in the new action language into abductive logic programs. In Section 5 we discuss the temporal explanation from the standpoints of diagnosis. The first part of the paper concerning concurrent actions has been reported in [10]. All the proofs of the technical results are omitted, but can be found in its longer version.

2 Concurrent actions

A concurrent action is understood as a finite nonempty set of atomic actions, which happen at the same time. A nonempty subset of a concurrent action is called a subaction of the concurrent action. For example, opening a door and switching on a light at the same time is a concurrent action consisting of two atomic actions: opening a door and switching on a light. In common sense, the effect of a concurrent action is the aggregation of those of its subactions. For example, after one opens a door and switches on a light at the same time, the door is open and the light is on, which is the aggregation of the effects of opening the door and switching on the light.

The effect relationship between an action and its subactions has been explored by Lin and Shoham [11], and Baral and Gelfond [2].

Let Open and Close to denote two atomic actions: to make sure to open and close the door, respectively. In common sense, Open and Close have conflicting effects. Now consider a concurrent action {Open, Close}. How should we evaluate and deal with concurrent actions with conflicting effects? Lin-Shoham and Baral-Gelfond give two different methods.

In Lin and Shoham’s solution [11], it is required to be able to derive whether or not the door is closed in the next situation in order to guarantee the epistemological completeness. The epistemological completeness implies that in any situation one can always decide whether a fluent is true or not. Thus, if the door is initially closed, then the door will still be closed after {Open, Close} is done; if the door is initially open, then the door will still be open after {Open, Close} is done. This is true when both actions use exactly the same force according to mechanics. But it is not the case in common sense, and it does not seem to be well justified that we could predict a complete description of the resulting situation after the concurrent action {Open, Close} is done. In Baral and Gelfond’s solution [2], after {Open, Close} is done, the resulting situation does not exist and {Open, Close} is not executable. Baral and Gelfond define the state (situation) transition by doing actions as a partial mapping. For those concurrent actions with conflicting effects such as {Open, Close}, the state transition is not defined. By [2], any successive actions are not executable after {Open, Close} is done. Now assume we have an additional action, Switch, which denotes switching a light. According to [2] the action sequence {Open, Close}; Switch is unexecutable. In common sense, the status of the light should change, although the status of the door is not known. Now consider another concurrent action {Open, Close, Switch}. According to [2] the concurrent action {Open, Close, Switch} is not executable, and the resulting situation is not defined. Although Open and Close have conflicting effects, we can at least infer that the status of the light will be changed after {Open, Close, Switch} is done.

In this paper we will give a new semantics to concurrent actions. When subactions of a concurrent action do not have conflicting effects, our semantics coincides with Lin- Shoham’s and Baral-Gelfond’s. When two subactions of a concurrent action have conflicting effects, the truth value of all fluents affected by the two subactions will be left undefined. For example, the fluent denoting the status of the door will be left undefined after {Open, Close} is done. In our new semantics, we can infer, for example, the door will be closed after the sequence of actions {Open, Close}; Close is done, the sta- tus of the light will be changed after {Open, Close, Switch} or {Open, Close}; Switch is done. Reasonign about effects of (concurrent) actions is automated with abductive logic programming, and temporal reasoning amounts to abductive query evaluation.

3 An action description language

Given a domain, we will make a distinction between its description and its observation. A domain description tells how the domain should behave, while an observation of it tells some incomplete past history. In this section we will only consider the domain description part of A_{CO}.

3.1 Domain descriptions

We begin with the alphabet Σ of a domain, which consists of two disjoint non-empty sets of symbols Σ_f and Σ_a, called fluent names and atomic action names, respectively. We will often use self-explanatory fluent names and atomic action names when no confusion arises. A fluent expression is a fluent name possibly preceded by ¬. A fluent expression is also called a positive fluent if it only consists of a fluent name; otherwise it is called a negative fluent. An action expression is a non-empty finite set of atomic action names. We say that an action expression A is a subaction expression (proper subaction expression) of B iff A ⊆ B (A ⊂ B). If A is a subaction expression of B, we often say that B contains A. We will simply write A for {A} if A is atomic. Fluent expressions and action expressions will simply be called fluents and actions, respectively, if no confusion arises.

In A_{CO} there are two kinds of propositions: value propositions and effect propositions, simply called v-propositions and e-propositions. A v-proposition is a statement of the form F after A_1; . . . ; A_m (1)

where F is a fluent expression and A_1, . . . , A_m(m ≥ 0) are action expressions. If m = 0, then we will write it as initially F. An e-proposition is a statement of the form A causes F if P_1, . . . , P_n (2)

where A is an action expression, and each of F, P_1, . . . , P_n(n ≥ 0) is a fluent expression. If n = 0, then we will write it as A causes F.

A domain description is a set of v-propositions and e-propositions. For example, Hanks-McDermott’s Yale Shooting domain is described as follows: D_{Y SP} = { initially ¬Loaded. initially Alive. Shoot causes ¬Alive if Loaded. Shoot causes ¬Loaded. Load causes Loaded}. 3.2 Semantics

The semantics of A_{CO} is defined by using states and transitions. A state σ is a pair of sets of fluent names ⟨σ^+, σ^−⟩ such that σ^+ and σ^− are disjoint, i.e., σ^+ ∩ σ^− = ∅. Given a fluent name F and a state σ, we say that F holds in σ if F ∈ σ^+, F does not hold in σ if F ∈ σ^−, and it is not known whether F holds in σ otherwise. Given a fluent name F , we also say that ¬F holds in σ if F does not hold in σ. A transition function Φ is a mapping from the set of pairs (A, σ), where A is an action expression and σ is a state, into the set of states.

A structure is a pair (σ_0, Φ), where σ_0 is a state, called the initial state of the structure, and Φ is a transition function. For any structure M = (σ_0, Φ) and any sequence of actions A_1; . . . ; A_m in M, by Φ(A_1; . . . ; A_m, σ_0) we denote the state Φ(A_m, Φ(A_{m−1}, . . . , Φ(A_1, σ_0) . . .)).

A v-proposition of the form (1) is satisfied in a structure M = (σ_0, Φ) iff F holds in the state Φ(A_1; . . . ; A_m, σ_0).

We say that the execution of an action A in a state σ immediately initiates a fluent expression F if there is an e-proposition A causes F if P_1, . . . , P_m in the domain description such that for each 1 ≤ i ≤ m, P_i holds in σ. Moreover, we say that the execution of A in σ initiates a fluent expression F if A immediately initiates F , or there is a B ⊆ A such that execution of B in σ immediately initiates F and there is no C such that B ⊂ C ⊆ A, where execution of C in σ immediately initiates ¬F .

Let F be positive. When A initiates ¬F , we will say that A terminates F . We define two set-ranged functions as follows: Initiate(A, σ) = {F : F ∈ Σ_f and A initiates F in σ} T erminate(A, σ) = {F : F ∈ Σ_f and A initiates ¬F in σ} Note that Initiate(A, σ) and T erminate(A, σ) are not necessarily disjoint. We also need a set-ranged function Cause(F, σ, A), (for fluent name F , state σ, and action expression A), which is defined to contain and only contain all the set-inclusion minimal subactions B of A satisfying: B immediately initiates F (or ¬F , resp.) in σ and there is no C such that B ⊂ C ⊆ A, where C immediately initiates ¬F (or F , resp.) in σ. If B ∈ Cause(F, σ, A), we will say that B is a cause for the change in truth values of the fluent name F in σ when A is done. The truth value of the fluent name F may change in two ways: from true to false and from false to true. Note that the subaction B is set-inclusion minimal among all subactions which satisfy one of the two conditions above. For later purpose we also need one more auxiliary functions:

Δ(A, σ) = [ B∈W (Initiate(B, σ) ∪ T erminate(B, σ)) where W = S_{F ∈Initiate(A,σ)∩T erminate(A,σ)} Cause(F, σ, A). Intuitively speaking, the set Δ(A, σ) denotes those fluents influenced by subactions of A which have conflicting effects. All of the fluents influenced by these subactions will be made undefined in the new situation resulting from doing A.

Definition 3.1 (Model) A structure (σ_0, Φ) is a model of a domain description D iff (i) Every v-proposition of D is satisfied in (σ_0, Φ). (ii) For every action expression A and every state σ, Φ(A, σ) = ⟨S^+, S^−⟩ where S^+ = (σ^+ ∪ Initiate(A, σ)) \ T erminate(A, σ) \ Δ(A, σ), and S^− = (σ^− ∪ T erminate(A, σ)) \ Initiate(A, σ) \ Δ(A, σ). A domain description is consistent if it has a model. A domain description is complete if it has exactly one model. We will use Mod(D) to denote the set of all models of D.

Definition 3.2 (Entailment) A v-proposition is entailed by a domain description D if it is satisfied in every model of D.

4 Translation into logic programs

An abductive normal logic programming framework [6] is a triple (P, A, I), where P is a set of normal logic programming rules, A a set of abducibles, and I a set of integrity constraints. The semantics of an abductive normal logic program is defined to be the union of the integrity constraints and the first-order theory by completing the non-abducible predicates together with Clark’s Equality Theory (CET). For all the acyclic logic programs [1], the predicate completion semantics coincide with other semantics such as the stable model semantics and the well-founded model semantics. In the case of abductive logic programs, the semantical coincidence still holds, as shown by Denecker [4]. In the following translation, all the predicates will be selfexplanatory, where imm stands for immediate. Let D be a domain description in AC. The translation πD is defined as follows:

1. Auxiliary predicates about subactions: Assume that we have standard rules for set-related predicates Subseteq(S_1, S_2) and Member(A, S), by which we can define subacteq(S_1, S_2) and subact(S_1, S_2) about subactions.

2. Initialization: Let s_0 be a new symbol to denote the initial situation. is true(F, s_0) ← initially true(F ). is false(F, s_0) ← initially false(F ). 3. Auxiliary Predicates: These auxiliary predicates will be used to define the two main predicates is true(F, S) and is false(F, S), which indicate whether fluent F is true or false in situation S. initiates(A, F, S) ← imm initiates(A, F, S) initiates(A, F, S) ← subacteq(B, A), imm initiates(B, F, S), not clip initiates(F, B, A, S) terminates(A, F, S) ← imm terminates(A, F, S) terminates(A, F, S) ← subacteq(B, A), imm terminates(B, F, S), not clip terminates(F, B, A, S) causes(F, S, A, B) ← subacteq(B, A), imm initiates(B, F, S), not clip initiates(F, B, A, S), not clip Cause1(F, B, A, S) causes(F, S, A, B) ← subacteq(B, A), imm terminates(B, F, S), not clip terminates(F, B, A, S), not clip Cause2(F, B, A, S) delta(A, S, F ) ← initiates(A, G, S), terminates(A, G, S), causes(G, S, A, B), initiates(B, F, S) delta(A, S, F ) ← initiates(A, G, S), terminates(A, G, S), causes(G, S, A, B), terminates(B, F, S) 4. Main Predicates: The following predicates are used to determine whether a fluent is true or false in a situation. is true(F, result(A, S)) ← is true(F, S), not delta(A, S, F ), not terminates(A, F, S).

is true(F, result(A, S)) ← initiates(A, F, S), not delta(A, S, F ), not terminates(A, F, S). is false(F, result(A, S)) ← is false(F, S), not delta(A, S, F ), not initiates(A, F, S). is false(F, result(A, S)) ← terminates(A, F, S), not delta(A, S, F ), not initiates(A, F, S). 5. Domain-Specific Predicates

The syntax and semantics of the following predicates depend on domain descriptions. Let F ∈ Σ_f be a fluent name. We write holds(F, S) and holds(¬F, S) to stand for is true(F, S), and is false(F, S), respectively.

• For each effect proposition a causes f if p_1, . . . , p_n in D, where f is positive, we have a logic programming rule: imm initiates(a, f, S) ← holds(p_1, S), . . . , holds(p_n, S). • For each effect proposition a causes ¬f if p_1, . . . , p_n, where f is positive, we have a logic programming rule: imm terminates(a, f, S) ← holds(p_1, S), . . . , holds(p_n, S). The integrity constraints, denoted by IC_D, are defined as follows: For each value proposition F after A_1; . . . ; A_m, we have: holds(F, result(A_1; . . . ; A_m, s_0)) (3) As we will use the predicate completion semantics, the above integrity constraint can be equivalently transformed into false ← not holds(F, result(A_1; . . . ; A_m, s_0)). Note that we cannot abduce a fluent to be both true and false. For this purpose we add the following domain-independent constraint: false ← is true(F, s_0), is false(F, s_0). (4) The literal false is always interpreted as logical falsity, and all rules with false as heads function as integrity constraints. The abducible predicates are defined to be initially true(F ) and initially false(F ) to capture the incomplete knowledge about the initial situation. If a fluent name F is abduced to be true (false, resp.) initially, then it is true (false, resp.) in the initial situation s_0. The semantics of πD is defined to be the union of the integrity constraints, the Clark Equality Theory, and the first-order theory obtained by completing all the non-abducible predicates [4]. The definition for abducible predicates initially true(F ) and initially false(F ) are left open. We will write COMP (πD) to denote the semantics of of πD. The following two results justify the above semantics definition.

Proposition 4.1 πD is an acyclic program with first-order constraints in the sense of [1].

Corollary 4.2 For abductive program πD, COMP (πD) coincides with its generalized stable model semantics [7] and generalized well-founded model semantics [12].

Theorem 4.3 (Soundness) Let D be any domain description. For any value proposition Q, if COMP (πD) |= πQ, then D entails Q.

Theorem 4.4 (Completeness) Let D be a domain description. For any value proposition Q, if D entails Q, then COMP (πD) |= πQ.

Thus, proof of entailments in A_{CO} is reduced to queries in logic programming. In our work we have experimented it with our belief revision system REVISE [3] which uses the WFSX semantics [13]. The use of REVISE is not essential, since the major semantics of πD coincide.

5 Observations and explanations

In what follows we study, from the standpoints of diagnosis, a class of problems related to observations and explanations, of which the Stolen Car Problem (SCP) is an instance. The problem is as follows: Given a domain description D which describes the ideal behaviour of a domain of actions and changes, and an observation O which tells some fluents hold after performance of some actions are observed, we want to infer what other actions have also happened during the course of occurrences of known actions.

5.1 Diagnostic explanation in ACO

A domain description describes how the domain should behave, while domain observation tells how the domain actually behaves. Whenever there is a discrepancy between them, a diagnosis problem arises (Fig. 1). The task of diagnosis is to find the cause for the behavioural discrepancy. For the Stolen Car Problem, the proposition Stolen after W ait; W ait; W ait should not be part of the domain description. Instead it is better regarded as an observed behaviour of the domain. Hence we write it as observed Stolen after W ait; W ait; W ait. Let Q = f after a_1; a_2; . . . ; a_m be a value proposition. Then, the following statement is called an observation proposition:

observed Q

where Q will simply be called an observed value proposition. Given the alphabet of a domain, an observation OBS of it is a finite set of observation propositions of the form (5.1). For example, for the SCP domain, the observation OBS_{scp} = { observed Stolen after W ait; W ait; W ait}, while its domain description D_{scp} = { initially ¬Stolen. Steal causes Stolen}.

       - œ

           6

? ?

Predicted Value Propositions

Differences of Propositions

Observed Value Propositions

Domain Description

Diagnostic Explanation

Actual Domain

Figure 1: Diagnosis for Domains of Actions and Changes

Definition 5.1 (Diagnosis Problem) Let D be a domain description, and OBS = { observed Q_1, . . . , observed Q_m} an observation. Let OV P = {Q_1, . . . , Q_m}. We call (D, OBS), or simply (D, OV P ), a diagnostic domain. We also say that there is a diagnostic explanation problem, or simply diagnosis problem, for the domain iff D ∪ OV P is inconsistent.

For example, as D_{scp} ∪ {Stolen after W ait; W ait; W ait} is inconsistent, there is a diagnostic explanation problem for SCP.

Notice that there is always a diagnostic explanation problem for the domain if the domain description D itself is inconsistent. If D is inconsistent, we may think that the domain is not well-described. In this paper, we assume a domain description is well-described. Further we will restrict ourselves to complete domain descriptions for convenience. Recall that a domain description is complete iff it has one and only one model.

When there is a diagnostic explanation problem, we need to find the cause for the inconsistency of the diagnosis problem. In the rest of the paper, we develop a methodology which is suitable for SCP-like problems. Since we assume the domain description is correct and describes the ideal behaviour of the domain, what is wrong with the difference between predicted behaviour and observed behaviour is that some unobserved actions have happened.

Definition 5.2 Let f after a_1; . . . ; a_m and f after b_1; . . . ; b_m be two value propositions. The latter is an expansion of the former iff for every 1 ≤ i ≤ m, a_i ⊆ b_i. Let P_1 and P_2 are two sets of value propositions. P_2 is said to be an expansion of P_1 iff (i) for every value proposition Q_1 of P_1 there is a value proposition Q_2 in P_2 which is an expansion of Q_1; and (ii) every value proposition Q^′_2 of P_2 is an expansion of a value proposition Q^′_1 of P_1.

Definition 5.3 (Diagnostic explanation) Let (D, OV P ) be given. A diagnostic explanation for it is a set of value propositions E such that (i) D ∪ E is consistent;

(ii) E is an expansion of OBS.

For example, the following three sets are diagnostic explanations for the SCP diagnostic domain D_{scp} ∪ OBS_{scp}: E_1 = {Stolen after {Steal, W ait}; W ait; W ait} E_2 = {Stolen after W ait; {Steal, W ait}; W ait} E_3 = {Stolen after W ait; W ait; {Steal, W ait}} Any of E_1, E_2, E_3 will explain why the car is missing in the parking lot. Now suppose that we have an additional action symbol, say Drink. Then, the following set of value explanations is also an diagnostic explanation for D_{scp} ∪ OBS_{scp}: E_4 = {Stolen after {Steal, W ait, Drink}; W ait; W ait} Comparing E_4 with E_1, we may prefer E_1, since it provides a parsimonious explanation.

Definition 5.4 (Preferred Explanation) Suppose E_1 and E_2 are two diagnostic explanations for a given diagnostic domain (D, OV P ). We say that E_1 is preferred to E_2 iff E_2 is an expansion of E_1. A diagnostic explanation E for a diagnostic domain (D, OV P ) is said to be most preferred iff for any diagnostic explanation E^′ for (D, OV P ) if E^′ is preferred to E, then E = E^′.

For example, E_1 is a preferred explanation to E_4 for SCP diagnostic domain D_{scp} ∪ OBS_{scp}. Moreover, all of E_1, E_2 and E_3 are most preferred diagnostic explanations.

5.2 Diagnostic explanation in abductive logic programs

Now we want to compute preferred diagnostic explanations by abductive logic programs. First of all, we have to translate observation propositions into rules of abductive logic programs. Although an observation proposition consists of a value proposition, the translation is not the same, as we do not exclude the possibility of occurrences of other actions in the course of W ait; W ait; W ait when we say observed Stolen after W ait; W ait; W ait. As Result(A, S) is used to denote the new situation obtained by only doing A in S, we cannot simply translate observed Stolen after W ait; W ait; W ait into something like holds(Stolen, Result(W ait; W ait; W ait, s_0)). Suppose that we know the action A is being done, we cannot use happens(A, S) to denote it as in the event calculus [9]. The reason is that the underlying time structure in A_{CO} is branching, while in the event calculus the time structure is essentially linear. In order to keep the branching time structure, we use occ(A, S_1, S_2) to denote the action A occurs in situation S_1 and leads to the situation S_2 possibly together with some other actions. For diagnostic purpose we introduce another abducible predicate happens/3. The atom occ(A, S_1, S_2) and happens(A, S_1, S2) have the same meaning and could be denoted by only one predicate. The reason that we have deliberately introduced such two predicates is that we want to make abducible predicates explicit. The predicate happens/3 is abducible.

Let OBS be a set of observations, we write πOBS to denote its translation into abductive logic programs. πOBS consists of a set of logic programming rules P_{OBS} and a set of integrity constraints IC_{OBS} , which are defined as follows:

1. For each o-proposition observed f after a_1; a_2; . . . ; a_m, we have the following m logic programming rules:

occ(a_1, s_0, s_{a1} ) ← . . . occ(a_m, s_{a1;a2;...;a}m�_1 , s_{a1;a2;...;a}m) ← And adding the following into IC_{OBS} as a constraint: false ← not holds(f, s_{a1;a2;...;a}m) 2. We add the following additional rules for occ/3: occ(A, S_1, S_2) ← atomic(A), happens(A, S_1, S_2) where atomic(A) denotes that A is an atomic action, i.e. A ∈ σ_a.

Then, for a given diagnostic domain (D, OBS), its translation is defined to be πD ∪ πOBS. For example, for the SCP domain description D_{scp} and observation O_{scp}, it can be shown that COMP (P_{scp}) ∪ IC_{scp} ∪ {happens(Steal, s_0, s_1)} is consistent, and the set of abducibles {happens( Steal, s_0, s_1)} can be obtained by executing the underlying abductive query evaluation procedure such as REVISE [3]. Actually, {happens(Steal, s_0, s_1)} corresponds to the diagnostic explanation E_1. Note that it can be shown that πD ∪ πOBS is still an acyclic program with first-order constraints. Thus, we will still define its semantics as the completion of defined predicates with first-order constraints as for πD before. Thus, we can use an abductive query procedure to generate abductive answers to queries. In particular, an abductive answer, if any, may be generated for the query ← ¬false. If such an answer Δ exists, the theory COMP (P_D ∪ P_{OBS}) ∪ IC_D ∪ IC_{OBS} ∪ Δ is consistent.

5.3 Soundness and completeness of explanations

Our translation π is said to be sound in diagnostic explanation if for every abductive answer to ← ¬false there is a diagnostic explanation, and π is said to be complete in diagnostic explanation if for every diagnostic explanation there is an abductive answer to ← ¬false. Theorem 5.5 (Explanation Soundness) Let (D, OBS) be a diagnostic domain. If there exists Δ_H such that πD ∪πOBS ∪Δ_H is consistent, then there is a diagnostic explanation E for (D, OBS).

Theorem 5.6 (Explanation Completeness) Let (D, OBS) be a diagnostic domain. Let E be a diagnostic explanation. Then, there is a Δ_H such that πD ∪ πOBS ∪ Δ_H is consistent.

Corollary 5.7 If D ∪ OV P is consistent, then there is an abductive answer Δ to ← ¬false such that no atoms of the form happens(a, s_i, s_j ) appear in Δ.

Acknowledgements

This work was partially supported by a post-doctoral fellowship from JNICT under PRAXIS XXI/BPD/4165/94 to the first author, and JNICT PROLOPPE project under PRAXIS/3/31/TIT/24/94.

References

[1] Apt, K.R. and Bezem, M., Acyclic programs, Proc. of ICLP 90, 579–597

[2] Baral, C. and Gelfond, M., Representing concurrent actions in extended logic programming, IJCAI, 1993, 866–871

[3] Damásio, C. V., Nejdl, W. and Pereira, L.M., REVISE: An Extended Logic Programming System for Revising Knowledge Bases, KR’94, 1994

[4] Denecker, M., Knowledge Representation and Reasoning in Incomplete Logic Programming, Department of Computer Science, K.U.Leuven, 1993

[5] Gelfond, M. and Lifschitz, V., Representing action and change by logic programs, Journal of Logic Programming, Vol.17, 1993, 301–322

[6] Kakas, A.C., Kowalski, R.A., Toni, F., Abductive logic programming, J. of Logic and Computation, 2;6, 1993, 719-770

[7] Kakas, A.C., Mancarella, P., Generalized stable models: A semantics for abduction, Proc. of ECAI’90, 1990

[8] Kautz, H.A., The logic of persistence, Proc. of the AAAI86, 1986, 401–405

[9] Kowalski, R.A. and Sadri, F., The situation calculus and event calculus compared, Proc. of ILPS 94, 1994, 539–553

[10] Li, R. and Pereira, L. M., Temporal Reasoning with Abductive Logic Programming, ECAI’96, 13 – 17

[11] Lin, F. and Y. Shoham, Concurrent actions in the situation calculus, Proc. of AAAI-92, 1992, 590–595

[12] Pereira, L. M., Aparício, J. N., and Alferes, J. J., Hypothetical reasoning with well-founded semantics, In: B. Mayoh (ed.), Proc. of the 3rd Scandinavian Conference on AI, IOS Press, 1991

[13] Pereira, L. M., Aparício, J. N., and Alferes, J. J., Non–monotonic Reasoning with Logic Programming, Journal of Logic Programming 17(2,3 & 4), 1993, 227–263