Goal Revision for a Rational Agent
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Abstract. We propose a general framework to represent changes
in the mental state of a rational agent due to the acquisition of new
information and/or to the arising of new desires; fundamental postu-
lates and properties of the function which generates the goal set are
also provided.

1 Introduction

While constructing plans is central in planning, the problem of how
goals arise also needs to be addressed. That problem may be ap-
proached as in over-subscription planning [8],or as a revision prob-
lem, in a spirit akin to belief revision.

Although there has been much discussion on belief revision [6, 5,
10], goal revision has not received much attention. The few works on
goal change [4, 9, 7] do not build on belief revision. Their main lack
is that agents do not use their own knowledge for revising goals.

We propose an approach for dynamically constructing the goal set
to be pursued by a rational agent, by considering changes in its men-
tal state. The key to understanding goal change lies in the fundamen-
tal assumption, which is a consequence of agent rationality, that the
set of desires an agent pursues must only depend on the agent’s state,
and not on the history of its previous states.

2 Preliminaries

Following [3], we distinguish two disjoint sets of formulas: the set D
of all possible desires of agents and the set /C of all possible knowl-
edge items.

Definition 1 (Desire-generating Rule) A desire-generating rule is
an expression of the form by N ... ANby, Adi A ... Ndm = d, where
b; € Kand dj,d € D, with d # dj for all j.

Definition 2 (Planning Rule) A planning rule is an expression of
the formdi N ... Nd, — d, where d;,d € D, d # d; for all .

We shall denote lhs(R) the set of literals that make up the con-
junction on the left-hand side of a rule R, and rhs(R) the literal on
the right-hand side of R. Given a set S of rules, rhs(S) = {rhs(R) :
R e S}.

Definition 3 (Agent’s bases) An agent is equipped with four bases:

belief base: B C K;
desire base: 7 C D ;
desire-generating rule base: R j;
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The state of an agent is completely described by a 4-tuple S =
(B,Rj,J,P). For the sake of simplicity, we assume here that the
planning rules are given and fixed.

Definition 4 (Active Desire-generating Rule) A desire-generating
rule R is active in S iff S |= lhs(R).

The activation of a desire-generating rule brings about changes in
the desire base of an agent. These changes, in turn, may cause the ac-
tivation/deactivation of other rules. Let ActS be the set of all desire-
generating rules activated by belief or desire z in S, and Deact? the
set of all desire-generating rules deactivated by belief or desire z in
S.

We do not expect a rational agent to formulate desires out of whim,
but based on some rational argument. To model that state of affairs,
desire-generating rules play the role of rational arguments and we
define a desire to be justified as follows.

Definition 5 (Justified Desire) A desire d is justified in state S iff d
is in J, i.e, there is an active desire-generating rule R in Ry such
that ths(R) = d.

3 Changes in the State of an Agent

The state S of an agent may change either because of the acquisition
of a new belief b, in which case the well known AGM operator *
for belief revision [1] is applied to 3, or because a new desire d
arises. A desire d is retracted from the desire set J if and only if d
becomes not justified, i.e., all active desire-generating rule such that
rhs(R) = d become inactive. A desire d is added to a desire set 7 if
and only if the new information activates a desire-generating rule R
with rhs(R) = d.

If AY be the set of desires acquired because of the new belief b,
AS = rhs(Act?); if L] is the set of desires lost because of the
acquisition of the new belief b, L{ = {d : d € rhs(Deacty) A
-3R (S E1hs(R) A R ¢ Deacty Aths(R) = d)}.

Let us denote by & a desire revision operator. Then, 7 & b =
(J U AP)\ L. Tt is easy to verify that A5 N L5 = @, for all state
S.

Proposition 1 The order in which two different pieces of informa-
tion b; and b; are acquired does not affect the content of the final set
of desires: (J @ b;) ®b; = (J ® bj) @ bs.

For the sake of simplicity, we consider that a new desire arises
when a desire-generating rule with an empty left hand side is in-
serted into Ry. Let us denote by ® the operator for updating a
desire-generating rule base. When a new desire d arises, the desire-
generating rule = d is added to R, d is added to J, all desire-
generating rules R in Act$ become activacted, and all desires in the
right hand side of these rules are also added to 7. Therefore, 7 ©d =
J U{d} U {rhs(R),VR € Act$},and Ry ® d = Ry U {= d}.



Proposition 2 The order in which two different desires di and d2
arise does not affect the final state S of an agent: J ® d1 ® d2 =
J®de®di,and Ry ®d1 ®de =Ry ®d2 ®ds.

Proposition 3 Let b be a new piece of information and let d be a
new desire for an agent. The new set of desires obtaining from the
old set of desires J by considering b and d does not depend of the
order in which these two news components are known by the agent:
TJobdd=JddebandR; bR@d=R;R2dRb.

4 Comparing Desires and Sets of Desires

An agent may have many desires. However, it is essential to be able
to represent the fact that not all desires have the same importance
or urgence for a rational agent. One approach would be to define a
function v : D — IR which associates a real value, utility, to all
desires. An alternative approach would be to establish a (partial or
total) ordering among desires. In either case, we can define a reflexive
and transitive preference relation >~ between desires, by saying that
d > d' iff the agent desires d at least as much as it desires d’. If
utilities are defined, d >= d’ iff u(d) > u(d’). The = relation can be
easily extended from desires to sets of desires: we omit the details
due to lack of space.

5 Revising Goal Sets

The main point about desires is that we expect a rational agent to
try and manipulate its surrounding environment to fulfill them. In
general, not all desires can be fulfilled at the same time, especially
when they are conflicting [2]. Therefore, a rational agent will select
a justified, coherent and feasible set of desires to realize.

Definition 6 (Coherence of a Desire) A desire d is coherent, w.r.t.
S, with a set of desires J iff 3T = S, s.t. Vw € J,Z = d A w.

Definition 7 (Partial plan) A partial plan for acheiving desire d is
apair (H,d) suchthat: d € J and H = {du, ..., dy} if there exists
aplanning rule P =dy A ... Ndy, — d.

Definition 8 (Complete Plan) A complete plan [2] for achieving a
desire d is a pair (C,d) withd € J and C' is a finite tree such that its
root is a partial plan (H, d), anode ({d1, . ..,d,},d’) has exactly n
children (H1,d1),...{Hy,dn), where (H;,d;) is a partial plan for
d;, and the leaves are partial plans of the form (0, d;). The function
Des(C') returns the set of all desires in C.

Definition 9 (Feasible Desire) A desire d is feasible if there exists a
complete plan (C,d) to achieve it.

Definition 10 (Conflict between complete plans) Two  complete
plans (C,d) and {C',d') are conflicting in a state S, denoted as
(C,dy s (C',d"), iff VI = S,T = Des(C') U Des(C") U B.

Definition 11 (Feasible set of Desires) A set of  feasible
desires {dy,...,dn} with the respective complete plans
(C1,d1),...,{(Cn,dy), is said to be feasible in state S iff the
plans C; are not conflicting, i.e., iff there is an interpretation I such
that T =S and T |= Des(Ch) U ... U Des(C,) U B.

Definition 12 (Consistency of a desire with a set) A feasible de-

sire d is consistent, w.r.t S, with a set J of desires, cons(d|J), iff

d is coherent with J, justified and {d} U J is a feasible set.

Definition 13 (Goal Set) A goal set is a set of desires G C J such
that, Vd € G, cons(d|G).

5.1 Postulates for Goal Revision

In general, given a set of desires 7, there are many possible goal sets
G C J. However, a rational agent in state S will elect as the set of
goals it is pursuing one precise goal set G*, which depends on S.

Let us call G the function which maps a state S into the goal set
elected by a rational agent in state S: G* = G(S). Let © be the
goal revision operator. The goal election function G must obey three
fundamental postulates:

e (G®1)VYS,G(S)isagoal set;
e (GO2)VS,if G C Jisagoal set, then G(S) > G, ie., a
rational agent always selects the most preferable goal set.

A new desire d may become a goal in state Sq = (B, 7 ®d, Rs ®
d, P) either if d is consistent with G(S) or if d is not consistent with
G(S), but it is preferred to all goals whose complete plans are all
conflicting with all its complete plans. Therefore, revising the goal
set G(S) must be equivalent to updating the state of the agent, in
particular J and R, then electing the new goal set by means of
function G.

Proposition 4 G(S) © d = G(Saq).

6 Conclusion

Goal revision is more complex than AGM belief revision, because the
last desire does not always prevail on previous desires, and a com-
pletely different approach is required for a satisfactory treatment.

Many simplifying hypotheses have been made, but we plan on re-
laxing them in future work.
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