Plan Patterns for Declarative Goals in AgentSpeak
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1. INTRODUCTION

In this paper, we consider the use aéclarative goalsn the +1g2(t): ct
AgentSpeak programming language, originally introduced in [6]. <= .
By a declarative goal, we mean a goal tleaplicitly represents 1g3(t);
a state of affairs to be achieved, in the sense that, if an agent - -
has a goalp(t1,...,tn) then it expects to ever]tually beligve +1g1(t):  ct “1g0(D): ot
p(t1,...,tn), and only then can the goal be considered achieved. _l i f1gact): ct < .
Currently, although goals form a central component of AgentSpeak < 1e2(D; <~ ... 190(0) ;
programming, they are onlymplicit in the plans defined by the o 195(1) ; .- -
agent programmer. For example, there is no explicit way of ex- | +!go(t): ct R F1g0(D): ot
pressing that a goal should be maintained until a certain condition <= 1g1(1); ; - '2_ 191(D);
holds; such temporal goal structures are hidden within the plan 194(1); 1900y ct , ;

<= 1g4(t); 1g4(D);

structures themselves. While one possibility would be to extend SRR o .
the language to introduce an explicit construct for declarative goals
and a goal base, we show that this is unnecessary. We introduce | ~~ - -
a number oplan patterns corresponding to common types of ex-
plicit temporal/conditional (declarative) goal structures, and show (a) Initial Intention (b) Atter (c) After
how these can be mapped into AgentSpeak code. Thus, a program- .dropGoal(gl(t)true)  .dropGoal(gl(t) false)

mer or designer can conceive of a goal at the declarative level,
and this goal will be “translated” via these patterns into standard
AgentSpeak code.

Figure 1: Internal Actions for Dropping Goals

In the next section, we also make use of the following pre-
defined internal actions. The firsgropGoal( g,true) , ter-
minatesg successfully, as ify were somehow achieved, while
.dropGoal( g,false) terminateg with failure, meaning that
specificinternal actionsused for dropping goals need to be pre-  ;wasimpossible to achieve (in this case, a failure event for the plan
sented. that generated goal is generated). It is perhaps easier to under-

We |dent|fy thl’ee cases Of p|an failure. The fiI’St cause Of failure stand how these actions work with reference to Figure 1. The f|g_
is alack of relevant or applicable plansvhich can be understood  yre shows the consequence of each of these internal actions being
as the agent “not knowing how to do something”. The second is executed (the plan where the internal action appeared is not shown;
where a test goal fails; that is, where the agent “expected” to be- it is Jikely to be within another intention). Note that the state of the
lieve something about the world, but that did not hold as expected. jntention affected by the execution of one of these internal actions,
The third is when an action within a plan fails. Regardless of the a5 shown in the figure, is not the immediate resulting state (at the
reason for a plan failing, the interpreter generates a goal deletionend of the reasoning cycle where the internal action was executed)

event (represented by ) if the achievement of the goglhas  pyt the most significant next state of the changed intention.
failed. This event may be handled by a plan written to deal with

such failure; e.g., the plan!* g : true <- !  g. " will attempt
the achieve goaj again when a plan to achieyehas failed.

2. PLAN FAILURE

In order to present plan patterns for declarative goalsptae
failure handling mechanism implemented Jason|[2], and some

3. DECLARATIVE GOAL PATTERNS

Although goals form a central component of the AgentSpeak
conceptual framework, the language itself does not provide any ex-
plicit constructs for handling goals with complex temporal struc-
Permission to make digital or hard copies of all or part of this work for tures. For example, a system designer and programmer will often
personal or classroom use is granted without fee provided that copies arethink in terms of goals such as “maintafhuntil Q becomes true”,
not made or distributed for profit or commercial advantage and that copies or “prevent P from becoming true”. Creating AgentSpeak code
bear this notice and the full citation on the first page. To copy OtherWiSe, to to realise such Complex goals hasy to date’ been |arge|y an ad hoc
repuphsh, to post on servers or to redistribute to lists, requires prior specific process, dependent upon the experience of the programmer. Below,
permission and/or a fee. . . .

we define a number gflan patterngor declarative goals — that is,
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Copyright 2006 ACM 1-59593-303-4/06/000%55.00. complex combinations of plan structures which frequently occur in



actual scenarios — and to show how these can be realised in terms +Hg: o a < p.
of AgentSpeak code. As we shall see, such patterns can be used to +Hg: ca < poa.
implement, in a systematic way, certain types of declarative goals .

and the types of commitments they represent, as discussed e.g. by +Hg: ¢cn < pn.

Cohen and Levesque [4]. DGy, (n>1)
As an initial motivational example for declarative goals, consider +' g g <- true.

a robot agent with the goal of being at some location (represented +Hg: e < p1; ?g.

by the predicatd{ X, Y) ) and the following plan to achieve this +H g co < p2; ?g.

goal, provided the battery charge is greater than 20% (the predicate e

bc/l stands for “battery charge”, argb identifies an action that +Hg: cn < pn ?g.

the robot is able to perform in the environment): +g @ true <- .dropGoal( g, true).

Essentially, this rule addag to the end of every plan in the plan li-

brary that has! g as triggering event, and creates two extra plans.

] ] The first additional plan checks whether ggahas already been
Sometimes, using an AgentSpeak plan as a procedure can be gchjeved — in such case, there is nothing else to do. The sec-

quite useful programming tool. Thus, in a way, itis important that 5q additional plan is triggered when the agent perceivesjthas

the AgentSpeak interpreter does not enforce any declarative semanyeen achieved while it is executing any of the courses of agtion

tics to its only (syntactica]ly defined) goal construct. However, in (1 < i < n) which aim at achieving; if that occurs, the plan be-

the plan abovel( X, Y) is clearly meant as declarative gog| ing executed in order to achieyecan be immediately terminated

that is, the programmer expects the robot to bellév&(, Y) (by (with success). The internal actiotropGoal( g, true) can

perceiving the environment), if the plan executes to completion. If pa sed for this.

this does not _happen because, e.g., the er_wironment_ is dynamic or | this pattern, when one of the plans to achievéails, the

non-deterministic, the goal cannot be considered achieved. agent gives up achieving the goal altogether. However, it could
This is where our plan patterns for declarative goals help to ex- e the case that for such a goal, the agent should try another plan

press this type of situation without adding new syntactic/semantic 1o achieve it, similarly to the “backtracking” plan selection mech-

constructs to_AgentSpeak. We can easily t_ransform the abo_ve Pro-anism available in platforms such asck [9] and 3APL [5]. The

cedural goal into a declarative goal by adding a correspon@sty  packiracking Declarative Goalule (BDG), defines this pattern

goalat the end of the plan’s body, as follows: based on a set of AgentSpeak plangransformed by th®G pat-

tern (each plan irP is of the form+! g : ¢ <- p):

+I(X,Y) : bc(B) & B > 0.2 <- go(X,Y).

+I(X,Y) : bc(B) & B > 0.2
<- go(X,Y); P
2X,Y) . 5G. () BDG,
g
g otrue <- ! g

This plan only succeeds if the goal is actually achieved; if the
given (procedural) plan executes to completion (without failing) but Thg |55t plan of the pattern catches a failure event, caused when
the gpal happens not to be achieved, the test goal at the end will fail. 5 plan from? fails, and then tries to achieve that same ggal

This solution forms eplan pattern and other patterns can be  54ain Notice that it is possible that the same (failed) plan is se-
applied to solve other similar problems. Our approach to the in- |ected again, causing a loop if the plan contexts have not been care-
clusion of declarative goals in the AgentSpeak programming lan- fully programmed (and the environment does not change).
guage is inspired by the successful adoption of design patterns in | the pattern above, despite the various alternative plans, the
object-oriented design. To represent such patterns for AgentSpeakagem can still end up dropping the intention with the ggain-
we will define skeleton programs with meta variables. For exam- chieved if none of those plans happen to be applicable. Con-

ple, the pattern for a simple declarative goal, as the one used in theversely, with ablind commitment goathe agent can drop the goal
robot’s location goal, is defined by the following AgentSpeak plan: only when it is achieved:

+Hg: c<- p ?g. P BCG
g
. . . BDG(P)
Here, g is a meta variable that represents the declarative goal, +g o true < | g

is a meta variable that represents the context expression stating in
which circumstances the plan is applicable, ancepresents the

procedural part of the plan body (i.e., a course of actions to achieve The BCG pattern is based on tH@DG pattern and extends it by
¢). Note that, with the introduction of the final test goal, this plan adding a plan that ensures that the agent will still pursue goal

to achievey finishes successfully only if the agent believesfter even when all known plans to achieyere not applicable.
the execution of plan body. For most applicationsdBCG-style fanatical commitment is too
To simplify the use of the patterns, we introdysattern rules strong. For example, if a robot has the goal to be at some location,

which rewrite a set of AgentSpeak plans into a new AgentSpeak it is reasonable that it can drop this goal in case its battery charge
program according to a given pattern. The following pattern rule, is getting very low; in other words, the agent has realised that it
called DG (Declarative Goal), shows how procedural goals are has become impossible to achieve the goal, so it is useless to keep
transformed into declarative goals. The pattern rule name is fol- trying. This is very similar to the idea of a persistent goal in the
lowed by the parameters which need to be provided by the pro- work of Cohen and Levesque: a persistent goal is a goal that is
grammer, besides the actual code (i.e., sequence of plans) on whichmaintained as long as it is believed not achieved, but still believed
the pattern will be applied. possible [4]. The drop conditioffi (e.g., “low battery charge”) is



used in the Single-Minded Commitmer8NIC) pattern to allow forming certain patterns for each type of goal and commitment to-

the agent to drop a goal if it becomes impossible: wards goals that agents might have. Our approach is to take advan-
tage of the simplicity of the AgentSpeak language, using only its
P well-known support for procedural goals plus the idea of patterns to
SMC, ¢ support the use of declarative goals in AgentSpeak programming.
BCGy,5pc(P) Despite the use of pre-defined internal actions such as
+f @ true <- .dropGoal( g, false). .dropGoal (which had already been conceived for use with pro-

cedural goals iddason), our approach requires neither syntactical

This pattern extends tH2CG pattern by adding the drop condi-  nor semantical changes in the language (as done, for example, in
tion represented by the literdlin the last plan. If the agent comes [10, 3]), nor the usual addition of a goal base (see e.g. [7]). Van
to believef, it can drop goap, signalling failure. This effectively  Rijemsdijk et al. [8] also pointed out that it is possible to build
means that the plan which generated gpalust itself fail (asy is declarative goals using the procedural goals available in 3APL.
now impossible to achieve). However, there might be an alternative Their idea correspond to oDG pattern. In this paper, we have
for that plan which does not depend gnso failure handling for  defined various other types of declarative goals and represented
that plan may take care of such situation. them aspatternsof AgentSpeak plans. Another advantage of our

As we have a failure drop condition for a goal, we can also have a approach is that, as complex types of goals are mapped down to
success drop condition, e.g., because the motivation to achieve thq)|a|n AgentSpeak code using patterns, programmers can Change

goal has ceased to exist. Suppose a robot has the goal of going tqhe patterns to suit their needs, or indeed create new patterns easily.
the fridge because its owner has asked it to fetch a beer; if the robot

realises that its owner does not want a beer anymore, it.sho.uld drOPAcknowledgements
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