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Abstract. In this paper we propose a practical extension to some recent
work on the progression of action theories in the situation calculus. Based
on the notion of safe-range queries from database theory and just-in-time
action histories, we present a new type of action theory, called range-
restricted, that allows actions to have non-local effects with a restricted
range. These theories can represent incomplete information in terms of
possible closures for fluents and can be progressed by directly updating
the database in an algorithmic manner.

1 Introduction

One of the requirements for building agents with a pro-active behavior is the
ability to reason about action and change. The ability to predict how the world
will be after performing a sequence of actions is the basis for offline automated
planning, scheduling, web-service composition, etc. In the situation calculus [1]
such reasoning problems are examined in the context of the basic action theories
(BATs), i.e., logical theories that specify the preconditions and effects of actions,
and an initial knowedge base (KB) that represents the initial state of the world.

A BAT can be used to solve offline problems as well as to equip a situated
agent with the ability to keep track of the current state of the world. In those
cases, it is mandatory that the BAT be (periodically) updated so that the initial
KB is replaced by a new one reflecting the changes due to the actions that have
already occurred. This is identified as the problem of progression for BATs [2].
Unfortunately, the updated KB requires second-order logic in the general case
[2]. For this reason, restrictions on the BATs have been proposed so that the
updated KB is first-order representable. It was recently shown that progression
is practical provided actions are limited to have local effects only [3].

The local-effect restriction essentially means that all the properties of the
world that may be affected by an action are directly specified by the arguments
of the action. This assumption is too restrictive for many realistic scenarios. For
instance, the action of moving a container which causes all objects in it to be
moved as well cannot be represented. In this paper, we extend local-effect BAT's
to account for actions that are non-local but have a restricted range. Based on
the same techniques that are used in [3] we describe a method for progression
such that the new KB is first-order and finite.



2 Formal preliminaries

The situation calculus [1] is a first-order logic language with some limited second-
order features, designed for representing and reasoning about dynamically chang-
ing worlds. The constant Sy is used to denote the initial situation where no action
has been performed and sequences of actions are built using the function do so
that do(a, s) denotes the situation resulting from performing action a in situa-
tion s. Relations whose truth value varies from situation to situation are called
fluents and are denoted by predicate symbols taking a situation term as their last
argument. The predicate Poss(a, s) is used to state that action a is executable
in situation s. Finally, often we will focus on sentences that refer to a particular
situation. For this purpose, for any o, we define the set of uniform formulas in
o to be all those formulas that do not mention any other situation terms except
for o, do not mention Poss, and where o is not used by any quantifier [2].
Within the language we can formulate theories that describe how the world
changes as the result of the available actions. We focus on the basic action
theories (BATs) [1] of the form D = Dgp U Dss U Dyng U Do U Dfnd’ where:

1. Dgp is the set of action precondition axioms (PAs), one per action symbol
A, of the form Poss(A(y),s) = IIa(y, s), where II4(y, s) is uniform in s.

2. Dgs is the set of successor state axioms (SSAs), one per fluent symbol F,
of the form F(z,do(a,s)) = vi(x,a,s) V (F(z,s) A ~yp(x,a,s)), where
Yz, a, s) is uniform in s and captures the positive effects of actions. Simi-
larly, yz(x, a, s) captures the negative effects.

3. Dynaq is the set of unique-names axioms for actions.

. Dy, the initial knowledge base (KB), is a set of sentences uniform in Sy.

5. Dfnd is a set of domain independent axioms that define the legal situations.

S

We follow the definition of a strong progression [3] that is based on the second-
order sentence Pro(a, D). In particular, a set D, is a progression of a finite Dy wrt
« and D iff it is logically equivalent to Pro(«, D). Although a strong progression
is defined in second-order logic we are interested in cases where we can find a
D, that is first-order representable. In the sequel, we shall present a restriction
on D that is a sufficient condition for doing this.

3 Range-restricted basic action theories

We present a new type of basic action theories such that Dy is a database of
possible closures and the SSAs in Dgg are built on range-restricted formulas.

3.1 A database of possible closures

We treat each fluent F'(x,w,s) as a multi-valued function, where the w is con-
sidered as the “output” and x as the “input” of the function. This distinction
is important as we require that Dy contains sentences expressing disjunctive
information only about the output of fluents.



Definition 1. Let V = {ey,...,en} be a set of constants and T a fluent atom
of the form F(c,w,Sy), where ¢ is a vector of constants. The (atomic) closure
of T on {e1,...,en} is the sentence:

Vw.F(e,w,Sp) = (w=e1 V- Vw=ey).

The notion generalizes to the vector T of atoms of this form and the vector of
sets of constants V', as the conjunction of each of the atomic closures of T; on
V;. A possible closures axiom (PCA) for T is a disjunction of closures of 7. We
say that each disjunct of the PCA is a possible closure of 7.

A closure of T expresses complete information while a PCA for 7 expresses
disjunctive information about 7. For example, let Near(x,y, s) represent that y
is near the object x, and x; be Yw.Near(bomb, w, Sp) = (w = agent V w = boxy).
Then, x1 is the atomic closure of Near(bomb, w, Sy) on {agent, box; } which along
with the unique-names axioms for constants implies that there are ezactly two
objects near the bomb, namely agent) and boz;. Similarly, let y2 be the closure of
Near(bomb, w, Sy) on {agent, boxs}. Then, x1V x2 is a PCA for Near(bomb, w, Sp)
expressing that there are exactly two objects near the bomb, one being the agent
and the other being either box; or box,.

We say that an initial database Dy is a database of possible closures (DBPC)
iff it is a finite set of PCAs uch that there is no fluent atom F’ with ground input
c that appears in more than one PCA. Our method for progressing a DBPC is
based on computing the possible answers to certain formulas in Dgs.

Definition 2. Let Dy be a DBPC and ~v(x) a formula uniform in Sy. The pos-
sible answers of v wrt Dy, denoted as pans(y,Dy), is the smallest set of pairs
(e, x) such that:

— X is a closure of some vector T such that £U{x} | v(¢), where & is the set
of unique-names azxioms for objects in L;

— x 18 consistent with Dy and minimal in the sense that every atomic closure
m X 1S necessary.

Intuitively, pans(y,Dg) characterizes all the cases where the formula ~(x) is
satisfied in a model of Dy for some instantiation of x. For example, let Dy be
X1V x2 and y(z) the query Near(bomb, 2, Sy). Then, pans(y, D) is the set

{(agent, Xl): (bOIl, Xl)a (agent, X2)7 (bO-TQy XQ)}

It is important to observe is that possible answers may be infinite. We now
proceed to specify two conditions that ensure that pans(y,Dy) is a finite set.

3.2 Range-restricted and just-in-time formulas

We distinguish two ways that the possible answers can be infinite. Let Dy be x1V
X2. In the case of pans(Near(agent, x, Sy), Do) this happens because what is being
queried is completely unknown in Dy. In the case of pans(—Near(bomb, w, Sp), Do)
though, this happens because the DBPC is queried for negative information. The
first case can be avoided when the formula is just-in-time in the following sense:



Definition 3. Let Dy be a DBPC. A formula v is just-in-time (JIT) wrt Dy iff
for all (e, x) in pans(y,Dy), x consists of atomic closures from Dy.

This essentially means that all the possible answers to v rely on fluent atoms
that are mentioned in the DBPC. In order to avoid an infinite set of possible
answers we also need to ensure that it is range-restricted in the following sense:

Definition 4. The formula v uniform in Sy is safe-range wrt a set of variables
X according to the following rules:
1. for the atomic case let t be a vector of variables and constants:
— x = ¢ is safe-range wrt {x};
— F(t,c,So) is safe-rage wrt {}, F(t,x,Sy) is safe-range wrt {x} provided
that x € t, and safe-range wrt {} otherwise;
2. if ¢ is safe-range wrt Xy, 1 is safe-range wrt Xy, then,
— ¢V and ¢ A are safe-range wrt Xy N Xy and Xy U Xy, respectively;
— ¢ is safe-range wrt {};
— Jx¢ is safe-range wrt Xy /{x} provided that x € Xy;
3. no other formula is safe-range.
A formula is range-restricted iff it is safe-range wrt the set of its free variables.

For example, Near(z,y,Sp) is safe-range wrt {y}, but not range-restricted and
not JIT wrt the Dy of our example. On the other hand, Near(bomb,y, Sy) and
Near(bomb,y, So) A Status(y, z, Sy) are range-restricted as well as JIT wrt Dy. We
now state our main result which forms the basis of our progression mechanism.

Theorem 1. Let Dy be a DBPC, and ~(x) be a formula uniform in Sy that
is range-restricted and just-in-time wrt Dy. Then, pans(vy,Dy) is a finite set
{(e1,x1),---,(€nyXn)} such that the following holds:

n
DyUE EVzy(x) = \/(a: =ci N Xi)-

i=1
Now let v be the formula vg(w, a, Sp) of some SSA in Dgs, instantiated for the
ground action « and the initial situation Sy. Note that this result is similar to the
one in [3] that specifies the context set of a and forms the basis for a progression
method. The idea then is to build SSAs from range-restricted formulas and allow

progression to take place only when the JIT assumption also holds.

3.3 Progression

A BAT is range-restricted iff it includes the set £ of the unique-names axioms
for objects, Dy is a database of possible closures, and for all F', the formulas
vz, a,s) and vn(x,a,s) are disjunctions of the form:

dz(a = A(y) A ¢(x, 2, 5)),

where y may contain some variables from x, z corresponds to the remaining
variables of y, and the formula ¢ is such that ¢(x, z,S)) is safe-range wrt the
variables in z. It follows that whenever vj(z, o, So) and v (z, a, Sp) in Dgs are
also just-in-time wrt Dy then there is a finite set of ground fluent atoms that
may be affected and we can progress Dy by using the same technique as in [3].



4 Related and future work

The notion of progression for BATs was first introduced by Lin and Reiter [2].
The version we use here is due to Vassos et al [3] which we extended slightly to
account for sensing. Liu and Levesque [4] introduced the local-effect assumption
for actions when they proposed a weaker version of progression that is logically
incomplete but remains practical. Vassos et al. [3] later showed that under this
assumption a correct first-order progression can be computed by updating a finite
Dy. Our restriction of a range-restricted BAT is similar. The main difference is
that we do not require that the arguments @ of the fluent F are included in the
arguments y of the action, thus handling cases like the bomb example. To stay
practical though we had to restrict the structure of Dy.

The notions of the safe-range and range-restricted queries come from the
database theory where this form of “safe” queries has been extensively studied
[5]. The notion of just-in-time formulas was introduced for a different setting
in [6] and, in our case, is also related to the active domain of a database [5].
Outside of the situation calculus, Thielscher [7] defined a dual representation for
BAT'Ss based on state update axioms that explicitly define the direct effects of
each action, and investigated progression in this setting.

5 Conclusions

In this paper, we proposed a new type of basic action theories, where the initial
description is a set of possible closures and the effects of actions have a restricted
range. For these theories we presented a method that computes a finite first-
order progression by directly updating the initial database. To the best of our
knowledge, it is the first result on the progression of basic action theories with
an infinite domain, and incomplete information that goes beyond the local-effect
assumption.
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