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Abstract. Defeasible Logic is extended to programming languagesdgnitive
agents with preferences and actions for planning. We ddfieeased agent the-
ories that contain preferences and actions, together nfithénce procedures. We
discuss patterns of agent types in this setting. Finallyjllwstrate the language
by an example of an agent reasoning about web-services.

1 Introduction

This paper combines two perspectives: (a) a cognitive adaniuagents that specifies
their mental attitudes; (b) modelling agents’ behaviouni®ans of normative concepts.
For the first approach, our background is the belief-desirntion (BDI) architecture,
where mental attitudes are taken as primitives to give dsedet of Intentional Agent
Systems [16, 3]. This view is interesting especially whemlibhaviour of agents is the
outcome of a rational balance among their (possibly coifti¢tmental states. The nor-
mative aspect is rather based on the assumption that neentatncepts play a role to
characterize the idea of social co-ordination of autonasraments [15]. The combina-
tion of these perspectives leads to an account of agenibedation and behaviour in
terms of the interplay between mental attitudes and noma&tixternal) factors such as
obligations.

Given this background, several rule-based approachesvailalde for program-
ming cognitive agents [5, 9, 4]. In this paper we extend théeBsble Logic (DL) ap-
proach. As is well-known, DL is based on a logic programnlikglanguage and itis a
simple, efficient but flexible non-monotonic formalism atdeleal with many different
intuitions of non-monotonic reasoning and recently agplie many fields. In addi-
tion, several efficient implementations have been devel¢p#, 2]. Here we propose a
non-monotonic logic of agency, based on the framework gfifhiich extends the pre-
liminary work we presented in [7]. Indeed, DL is one of the tregressive languages
that allows for the definition of large sets of patterns chlgent types. Moreover, it
is flexible to incorporate ideas from other languages, ssaxéension generation and
selection from BOID [5], or deliberation languages from 3AB, 6].

However, as we argued in [7], it has two limits. First, DL, aslivas its rival rule
based programming languages, is based on a uniform repaésarof rules, whereas
in artificial intelligence and in practical reasoning otltkemplex structures have been
proposed. Most importantly, rule-based approaches aeglasconditionals, whereas



an alternative approach is based on comparative notiorssnpbes are preference log-
ics and CP nets instead of logics of desires and goals, atdisginctions instead of
default logics, betterness logics instead of logics of liledogics of sub-ideality in
deontic logic, etc. Second, it is not immediate how DL can g@éhh complex actions
discussed in action languages such as 3APL [9] and in receatriations of the BOID
architecture [8].

Some issues on agent programming languages should be sefdtresw to detect
and resolve conflicts that include such preferences, andhakind of agent types can
be introduced to deal with preferences. We contribute tonitivg agent programming
languages by addressing the following question: How to useXended with actions
and graded preferences? This question breaks down in tbevfioy sub-questions: (a)
How to introduce preferences and actions for planning in hyHow to detect and
resolve conflicts using preferences and actions? (c) Howfioelagent types based on
preferences and actions?

We provided in [7] some first intuitions on the question whikithd of preferences
can be introduced in DL. In particular, we reconsidered tivtuction of thex opera-
tor of [11] in DL, given its advantages over other compasmatiotions. First, we argued
that it can be integrated with a rule based formalism (see [A8]). Second, it has
been applied to complicated problems in deontic logic [Thjrd, it allows to clearly
distinguish between conflicts and violations [10, 11]. lotfahough these notions may
conflate, conflicts and violations have in general to be kepagate. Suppose you have
an agent doin@ while an obligation states OBtB. Since the logic for OBL is usually
not reflexive, the scenario does not lead necessarily to a logical cohflic violation:
conflict-resolution strategies may require that G#lis not overridden. This paper pro-
vides a further step as it provides a more extensive treatofeonflict-detection and
-resolution strategies. In addition, it discusses a moregehensive classification of
agent types.

A second substantial step of this work is that it shows how Bth embed a machin-
ery for dealing with planning agents. In this regard, tocktidne questions with respect
to complex actions in BOID, [8] separate conflict-detecfimm -resolution. They ask
the question whether two plans are conflicting or not, and #s# the question how to
resolve conflicts between plans. Analogously, we use thendi®n between conflict-
detection and -resolution for the constructions too. This asks for another way to deal
with the notion of conflict.

We will distinguish between goal (desires, intentions,gdtions) generation and
plan generation. The goal generation generates goals basedsting beliefs, desires,
intentions and obligations, and the plan generation géeesaquences of actions based
on these goals. As for the first aspect, rules will allow théva¢ion of new motivational
factors of an agent. We will divide the rules into rules foltidfs, desires, intentions,
and obligations. Provability for beliefs will not generajeals, since in our view they
concern the knowledge an agent has about the world: beliejsamntribute to derive
goals (desires, intentions, and obligations), but theynatén themselves motivations

5 As is well-known, in a non-reflexive modal logk does not follow fromX A, whereX is a
modal operator.



for action. As for the second aspect, the inference mechawidl be used to deduce
sequences of actions (plans) to achieve goals.

The layout of this paper is as follows. In Section 2 we introelagents with prefer-
ences and actions in DL, and in Section 3 we show how to infal ganclusions from
rules with preferences. In Section 4 we discuss how to iategihe previous frame-
work to reason about plans in DL. Finally, in Section 5 we asieely discuss conflicts
among rules and patterns called agent types.

2 Agents in defeasible logic

We focus on how mental attitudes and obligations jointlgiiptay in modelling agent’s
deliberation and behaviour.

Accordingly the formal language contains modal literatgferences, and actions,
and is defined as follows:

Definition 1 (Language).Let M= {BEL,DESINT,OBL} be a set of modal opera-
tors, P a set of propositional atoms, and Act{a,3,...} a set of basic actions. The
set of literals is defined as & PU{—p|p € P}. If q is a literal, ~q denotes the com-
plementary literal (if g is a positive literal p therq is —p; and if q is—p, then~q is
p).

— The goal language deq is the smallest set containing modal literals XI| anH|
when le Lis aliteral and Xe M is a modal operator, ang-expressions ... ®Iy
when,...,lI, C Laren>1literals.

— The plan language jan is the smallest set containing Act (basic action plaf), |
for all literals | (test action plan), Achie@) for ¢ € L (abstract action plan)g
(empty plan), and ift, 17" € Lpjan, thenrt, 77 (first dorrthenrt), i’ (choose either
ror 1), || 7 (do mand 17’ simultaneously), " (repeat doingrm) are in Lyjan
(composite plans). As usual we assumes Lyjan: €, 771 = TLE = T

An abstract action plarichievé(), can be considered as the representation of a plan
which will achieve the goal when it is executed. Moreover, we call a plam partial
plan if an abstract action occursin A plan in which no abstract action occurs is called
a total plan. When the difference is irrelevant, we use tha fgdanto indicate either a
partial or a total plan.

For X € {BEL,INT,DESOBL}, we have thatp,...,gh —x  is a strict rule
such that whenever the premises..., @, are indisputable so is the conclusign
@, =xuipy Y is adefeasible rulethat can be defeated by contrary evidence.
Arule @,...,¢h ~x Y is adefeaterthat is used to defeat some defeasible rules by
supporting evidence to the contrary.

Definition 2 (Rules). A ruler consists of itsantecedenfor body) A(r) (A(r) may be
omitted if it is the empty set), an arrows(for a strict rule,= for a defeasible rule, and
~» for a defeater), and itsonsequent(r) (or head. In addition the arrow is labelled
either with a modal operator % {BEL,DESINT,OBL} or p (only for defeasible



rules®). If the arrow is labelled withBEL the rule is for belief, and similarly for the
other modal operators; if it is labelled with p, then the rigea planning rule.

— Agoalruleis aruler, where &) is a set of literals or modal literals, and(€) is
a literal for strict rules, and arw-expression for defeasible rules and defeaters.

— Aplanning rule is a defeasible rule of the foxm . ..., ¢h : ¢y =p Twherere Lyjan,
and@, ..., ¢h, P € Lyoa are literals or modal literals.

— Given a set R of rules, we denote the set of all strict rulesliy R,, the set of strict
and defeasible rules in R byRthe set of defeasible rules in R by,Rnd the set
of defeaters in R by f R[g] denotes the set of rules in R with consequent q. For
some il <i<n,suchthatc=q, Rc =g] and ré([ci = g] denote, respectively, the
set of rules and a defeasible rule of type X with the hedd c;.

The purpose of goal generation is to derive modalised Igdraith the exception of
rules for beliefs, which are meant to constitute the reampnoore of the system). For
example, the application gf =~y g permits to infer INT.

Accordingly, modalities will not occur in the consequerftaubes to keep the system
manageable. We also impose that action symbols may occyiroplanning rules.

Definition 3 (Defeasible agent theory)A defeasible agent theory is a structure=D
(F,RBEL RPES RINT ROBL RP ) where F is a finite set of facts BR- is a finite set of
rules for belief, RES is a finite set of rules for desire,"] is a finite set of rules for
intention, FPBL s a finite set of rules for obligation,’Rs a set of planning rules, and
>, the superiority relation, is a binary relation over the sétrules.

The superiority relation> says when one rule may override the conclusion of another
rule. Factsare indisputable statements.

Beside the superiority relation, which is used when we hawgradictory or con-
flicting conclusions, we can establish a preference ovenatiih complex conclusions
by using the operatap.

In fact, the intuitive reading of a sequence l&ke b® cis thata is preferred, but if
—ais the case, thehis preferred; if-b is the case, givena, then the third choice is.

Definition 4 (Preference operator).A preference operato® is a binary operator
satisfying the following properties: (1)@ (b®c) = (a® b) ® c (associativity); (2)
RN 8 = (®1a)® (RN, 1a) where exists j such thata= a, and j < k (dupli-
cation and contraction on the right).

6 We assume that planning rules are only defeasible. Sinidrnhétive role is to infer the plans
that allow the achievement of the goals of their anteceddéntsay seem odd that planning
rules may be defeaters, e.g., rules that only block inferenindeed, it could be argued that
a defeatemp, ..., @ : Y ~ mintuitively can be just used to prevent the conclusion ofanpl
1 that is is incoherent with regard to another plan which wdeéd toy. But the conceptual
plausibility of this reading strongly depends on the preeiscount we provide for the notion of
coherence of plans. Since we do not not commit ourselvesyteecific interpretation of this
notion, we prefer not to consider this case here. We alsavesdhat planning rules cannot
be strict. Suppose to have two planning rules with the sarrezadent but with consequents
a andf. Intuitively, we could expect that these rules generatevande with the antecedent
a and with the consequet|3. However, we will not discuss these cases to keep the system
manageable.



The general idea of degree of preferences@ridrmulas are interpreted as prefer-
ence formulas like in [11] and are here extended to cover ativational components
(but ®-expressions will not occur in planning rules). Let us semes@xamples to see
the intuitive meaning of such extension:

For beliefs, rule ~SunShining=-gg. Raining® Snowingsays that the agent believes
that it is raining, but if it is not raining then it is snowing ¢he sun is not shining;

For desires, rule TimeForHoliday=-pgs GoToAustraliay GoToSpaimrmeans that, if it
is time for holiday, the agent has the primary desire to goustfalia, but, if this is
not the case, her desire is to go to Spain;

For intentions, rule SunShiningsnt Joggingg Walkingsays that the agent intends to
do jogging if the sun is shining, but, if, for some other reasdhis is not the case,
then she will have the intention to have a walk;

For obligations, rule Order =g Pay® Paylnterestsays that, if the agent sends a
purchase order, then she will be obliged to pay, but, in thengthis is not done,
she will have to pay interest.

According to the reading proposed fer suppose we have a rule for obligation such as
a=opL b®c: if ais given, it says thab is obligatory; but, if-b, thenc is obligatory.
A similar intuition applies to the other types of rules.

Example 1. (Running examplg)ippose an agent desires an application server. She can
buy two products fronX orY. She preferX but, for working with Linux, she does not
intend to ordeiX’s product.X requires a payment, within 2 days, of 300$, otherwise
X forbids to download the softwar¥. requires a payment of 600$ within 1 day, or,
as a second choice, a payment of 660$. The agent does nad iatgray toY 660%.
Agent’s financial resources amount to 700$, which are availan 4 days. We also
know that the agent is a Linux user, and has a credit card arahk &ccount. With

X € {BEL,DES INT,OBL}, this piece of theory is used to derive goals.

F = {BAccountCCard, 700In4days UseLinuxDESApplserves
Rx = {r1 : 700BIn4days=-gg —PayY60@&1ldays r, : 7006In4days=pg —PayX30&2days
r3 : DESApplserver= |yt OrderX® OrderY, ry4 : UseLinux=- Nt —OrderX
rs: INTOrderY =\t —PayY66@, rg : INTOrderY =g PayY6081ldaysz PayY66@,
r7 : INTOrderX=-op. PayX30&2daysz —DownloadApplserverX

>= {r4 > r3}

Making an order requires to send the order. However, the thiaory does not specify
how to achieve this goal witiX. On the other hand, sending an ordefvtaequires
to provide agent’s data and send théfrallows to pay either by bank transfer, which
requires to provide a digital signature, bank dat¥ ahd to specify the amount of 660$,
or by credit card, which requires to send credit card dataspedify the amount. It is
not possible to pay by a bank transéerd by credit card. The following piece of theory



is considered for generating agent’s plans (bold symbaistdeactions):

RP = {rg: T : OrderX=-p AchievgéSendOrderX, rq: T : OrderY = AchievéSendOrderY
rip: T : SendOrderY=-p ProvData; SendDataToY
ri1: BAccount PayY66@ = AchievéTransferY668) || —~Achievg¢Pay66@BCCard)
riz: CCard: PayY66@ = ~AchievgTransferY668) || Achievg¢Pay66&CCard)
riz: T : TransferY668 = DigitalSign; ProvBankDataY; Spec66&
ri4: T : Pay66@BCCard = SendToYCreditCardData || Spec66$}

>={r11>rio}

3 Goal generation: inference with preferences

Definition 5 (Proofs).Given an agent theory D, a proofin D is a linear derivatioe, i.
a sequence of labelled formulas of the typéxq, —Axd, +Jxq and—dxq, where the
proof conditions defined in the rest of this section hold.

The meaning of the proof tagsA, —A, +J and—2 is as follows:+Axq means thag

is provable using only facts and strict rules ¥r—Axqg means that it has been proved
thatq is not definitely provable}-dxqthatq is defeasibly provable iB and—dx q that
gis not defeasibly provable.

We start with some terminology. As explained in the previeertion, the following
definition states the special status of belief rules, antldhantroduction of a modal
operator corresponds to being able to derive the assodiaead using the rules for the
modal operator.

Definition 6. Let# e {A,d}, and P= (P(1),...,P(n)) be a proof in D. A literal q is
#-provablen P if there is a line Pm) of P such that either

1. gis aliteral and Pm) = +#gg q Or
2. gis amodal literal X p and fn) = +#xp or
3. gis a modal literab-X p and Rm) = —#xp.

A literal q is#-rejectedn P if there is a line Pm) of P such that either

1. gis aliteral and Pm) = —#gg q or
2. gis amodal literal X p and fn) = —#xp or
3. gis a modal literakX p and Rm) = +#xp.

The first type of tagged literals, denotedy, correspond to strict rules. The definition
of Ax describes just forward chaining of strict rules:

+Ax: If P(i+1) = +Axqgthen —Ax: If P(i+1) = —Axqthen

(1)geFor (1)g¢ F and

(2) 3r € RX[q] Va€ A(r) ais A-provable or (2) Vr € RX[q] Jac A(r) : ais A-rejected and
(3) 3r € RBEL[q] Va € A(r) Xais A-provable.(3) Vr € REEL[q] Ja € A(r) Xais A-rejected.



For a literalq to be definitely provable we need to find a strict rule with hgagthose
antecedents have all been definitely proved previously.tArgtablish thag cannot be
proven definitely we must establish that for every stricemith heady there is at least
one of antecedent which has been shown to be non-provabieiti@m (3) says that a
belief rule can be used as a rule for a different modal openatoase all literals in the
body of the rules are modalised with the modal operator wet ¥eaprove. Thus, for
example, given the rulp,q —peL S, we can derivetAysif we have+Ayp and+Ayg.

Conditions fordyx are more complicated since we have to consiglexxpressions.
We define when a rule is applicable or discarded. A rule forlebie applicable if all
the literals in the antecedent of the rule are provable withappropriate modalities,
while the rule is discarded if at least one the literals indhéecedent is not provable.
For the other types of rules we have to take complex deriratinto account called
conversions [12]. In this paper we say there is a conversiom X to Y if a X rule
can also be used asvarule. We have thus to determine conditions under which a rule
for X can be used to directly derive a litepmodalised byY. Roughly, the condition
is that all the antecedengsof the rule are such thatdya. We represent all allowed
conversions by a conversion relatiofsee also Section 5).

Definition 7. Leta conversion relation c be a binary relation betwd&eL, INT,DES,
OBL}, such that €X,Y) stands for the conversion of X rules into Y rules.

— Arule r in RBEL is applicableiff Va € A(r), +dgeLa € P(1..n) and¥Xa e A(r),
where X is a modal operatof.dxa € P(1..n).
— Aruler € Ryy[ci = q] is applicable in the condition foi-dx iff

1. re R®andvac A(r), +dac P(1..n) andvYac A(r) +dvac P(1..n), or
2. re R andVac A(r), +dxac P(1..n).

— Aruler is discarded if we prove eitherdgg a or —dxa for some a A(r).
Example 2.Rulea,INTb =-gg| cis applicable if we can prove dggLa and+dinth.

Remark 1.The notion of conversion is not strange. In many formalisragan convert
from one type of conclusion into a different one. Take forrapée the right weaken-
ing rule of non-monotonic consequence relations, wherepbssible to combine non-
monotonic consequence with classical consequeresC andA B imply A~ C
[13]. Here, conversions will simply allow to obtain condluss modalised by a certain
X through the application of rules which are not modalise&Xby

Example 3.If we have a type of agent that allows a deontic rule to be caeddanto

a rule for intentionc(OBL,INT), then the definition of applicable in the condition
for +dinT is as follows: a rule € Rgg[c = q] is applicable iff (1)r ¢ RNT andva
A(r), +0a € P(1..n) andvXae A(r), +dxa € P(1.n), (2) orr € R° andva € A(r),
+dnTa € P(1..n). In this second case, for example, given the lg=-op. S, we can
derive+gntsif we have+ont p and+dinT Q.

Proof conditions foe-dx are thus as follows:



+0x: If P(n+1) = +0xqthen
(1)+Axg € P(1..n) or
(2.1)-Ax~ge P(1..n) and
(2.2)3r € Ryy[ci = q] such that is applicable, andi’ < i, —dgg ¢ € P(1..n); and
(2.3)Vse Rcj = ~q, eithersis discarded, afj’ < j such thati-dxcj € P(1..n), or
(2.3.1)3t € Rck = q] s.t.r is applicable and
VK <k, —dgeLCe € P(1..n) andt > s
—0x: If P(n+1) = —dxqthen
(1) —Axq € P(1..n)) and either
(2.1)+Ax~qge P(1..n) or
(2.2)Vr € Ryg[ci = q], eitherr is discarded afi’ < i such that+dgg ¢ € P(1..n), or
(2.3)3s € R[cj = ~q], such thasis applicable andj’ < j, —dxcj € P(1..n) and
(2.3.1)vt € R[ck = q] eithert is discarded, or
3K < k such thatt-dggLce € P(1..n) ort % s

For defeasible rules we deal withformulas. To show that is provable defeasibly we
have two choices: (1) We show thais already definitely provable; or (2) we need to
argue using the defeasible part of a theDry-or this second case, three (sub)conditions
must be satisfied. First, we require that there must be a siridefeasible rule for
g which can be applied (2.1). Second, we need to considerlpessiasoning chains
in support of~q, and show that-q is not definitely provable (2.2). Third, we must
consider the set of all rules which are not known to be ingaplie and which permit
to get~q (2.3). Essentially each such a rudattacks the conclusiog. For g to be
provable s must be counterattacked by a rtior q with the following properties: (i)
must be applicable, and (timust be stronger tham Thus each attack on the conclusion
g must be counterattacked by a stronger rule. In other werded the rules$ form a
team (forq) that defeats the rules —dxq is defined in an analogous manner.

Goals are obtained asdg or +A4g, G € {DESINT,OBL}. As it was said, prov-
ability for beliefs does not directly generate goals.

Example 4 (Running example; continuelgt us assume that the agent is realistic,
namely that beliefs override all motivational componeste(Section 5). Below is the
setC of all conclusions we get using the rulesRf:

C = {—-PayY6081days —PayX30&2days INT OrderY,
INT-OrderX, INT-PayY66&}

Since the agent desires an application server, frgmy, r4 > r3 and ®-elimination,

we have+tgntOrderY. This makesg andrs applicable, whilery is not. However, the
agent will have 700 $ available within 4 days and so, sincejent is realistic, frorm

we get+dgg —PayY6081dayswhich is a violation of the primary obligation 3. We
would obtain+dog PayY66®, but this not the case since the theory does not provide
criteria for resolving the conflict between this concluséonm that ofrs.



4 Plan generation

A planning ruleq, ..., ¢ : ¢ =p ™ may be intuitively read as a rule that allows for
the derivation of a plant that permits to achieve a single gapl) given the beliefs
@, -- -, . Inother words, such a rule can be applieghif. . . , ¢, are believed, i.e. if they
are derivable from the agent’s beliefs, aficdshould be achieved, i.e. i is derivable
from the agent’s goals. This implies that we will have vasaonclusions for goal
formulae and thus the following tagged literalsAg p, —Agp, +9cp, —dcp whereG e
{DESINT,OBL}. Similar to the definition of derivations of tagged literalee define
the notion of provability of plans. In the following, we usé(r) to denote the belief
conditions of the planning rulg andA®(r) to denote its goal condition. For example,
for the planning rule = @: ¢ =, 11, we havep € AB(r) andA®(r) = . A planis
derivable if no plant is derivable which is incoherent wittl. The notion of coherence
of plans is the counterpart of the notion of consistency gidal formulae which is used
for the provability of literals. The notion of coherence dandefined, for example, in
terms of resource conflicts or possibility of plan executhye will not enter here into a
detailed discussion of this issue. However, we can formawdatery minimal condition
for compatible plans in terms of the belief and goal condiiof rules that generate
them. In particular, two plans are compatible iff the befefl goal conditions of the
rules applied to their derivations are consistent. Thi$ ialready embedded in our
framework because the goal generation phase describet$ipaper provides criteria
for deriving consistent goals. The only exceptions are whets (not derived goals) are
inconsistent or, we will see in Section 5, when the agent &gmpted permits to obtain,
for example, thattdogLa and +dnt—a. In these cases, the superiority relation that
may apply specifically to planning rules can be decisiveatt,fgiven the possibility to
obtain+dogLa and+dint —a, two planning rules : a=-, randT : ~a=-p 1 turn out
to be both applicable. However, although for certain aggres$+dog a and+dnt—a
do not correspond to a conflict (ORBland INT—a are not necessarily in contradiction),
it may be argued that the plans leading to acheasd—a are incoherent (intuitively
incompatible). Notice also that the plan language intrediin Section 2 does not admit
the negation of action symbols. So, in theory, logical irgistency is not relevant as
regards the derivation of plans (the consequents of plgmites). However, we may
also have partial plans that include special abstractretmachieve goals. In this case,
logical consistency of derived plans and the correspondimdlict resolution may play
arole as in the phase of goal generation.

Let us see first the basic proof conditions for the generatid¢otal plans, i.e., plans
in which no abstract actions occur.

+M:1f P(i+1) = +mthen
(1) 3r € RP[m] such that
(1.1 @,..., @ € AB(r) andA®(r) = ¢, and
(1.2)Vk,1 <k<n, +dggL ¢k € P(1..i) and+dgy € P(1..i), and
(2) Vs € RP[1T] such that incoherent( 1) either
(2.1)3¢/ € AB(s): —dgeL¢ € P(1..i) or
(22) Y € AS(s): —dgy € P(L..i) or
(2.3)3t € RP[r such that > sandV¢” € AB(t) : +dge ¢’ € P(1..i) and
" e AC(t) : +agy” € P(L..i).



Thus, a total plan is defeasibly derivable if the conditi¢hsand (2) hold. Condition
(1) states that a total plam is defeasibly derivable at derivation stBfi + 1) if there
exists a planning rule withr as its consequent such that its belief and goal conditions
are defeasibly provable at derivatioRgl..i). Condition (2) states that if there exists a
planning rules such that its consequent is the total ptanvhich is incoherent with plan
11, then either the belief and goal conditions of reiee not defeasibly derivable or there
exists a preferred planning ruievith plan T as its consequent for which its beliefs and
goals are defeasibly derivable. Note that we assume thatranipig rule is applicable
if its belief and goal conditions are defeasibly provable. May also consider the case
where the belief and goal conditions are definitely provable

Analogously, we define the non-provability of total plansi 1T as follows:

—M:If P(i+1) = —Imthen
(1) vr € RP[m] either
(1.1)3¢p € AB(r) and—dgeL@ € P(1..i) or
(1.2)AS(r) = g and—dgy € P(L1..i), or
(2) Is€ RP[1T] such that incoherent(,7’) and
(2.1)V¢ € AB(s): +-dgeL¢ € P(1..i) and
(2.2) Y € AS(s): +dgy € P(1..i) and
(2.3)Vt € RP[m] eithert # sor3¢" € AB(t) : —dgeL¢” € P(L1..i) or
W' e ACS(t) : —dgy” € P(1..i).
Thus, a total plan is not defeasibly provable if one of thedittons (1) or (2) holds.
Condition (1) states that a total planis not defeasibly derivable at derivation step
P(i+1) if the belief or goal conditions of all planning rules withas its consequent are
not defeasibly provable at derivatioR§1..i). Condition (2) states that if there exists a
planning rule §) such that its consequent is the total pknwhich is incoherent with
plan m, then its belief and goal conditions are defeasibly detvaimd, moreover, for
all more preferred planning ruléswith the total plan as its consequent it is the case
that their beliefs or goals are not defeasibly derivable.

This definition of plan provability should be modified to alldhe derivation of
plans that are obtained from the application of planningsub refine an existing par-
tial plan. In order to define this notion of plan provabilitye first assume the function
occurgy, i), which returns true if the abstract actidwhievéy) occurs in the par-
tial plan mt, and the functiorsub(y, 17, 1), which returns a plan by substituting the
abstract actiofchievéy) in 77 with plan ii’. For example, consider the partial plan
m= a;Achievéy); . Then,occuny, m) = trueandsub(y, 11, y|d) = a; (y|d); B. The
definition of defeasible provability of plans which involabstract actions, indicated by
+Qm, can be defined as follows:

+Q: If P(i+1) = +Qmthen either
(1)+nmeP(1..i), or
(2) +Qn’ € P(1..i) such that
(2.1)3r e RP[1’"] and
(2.2) @1, ..., € AB(r) andA®(r) = ¢, and
(2.3)Vk,1 <k<n, +dggL ¢k € P(L..i) and+dg € P(1..i) and
(2.4)occurgy, ) andsub(y, ', ") = .
Thus, a plan is defeasibly provable if one of the conditidr)sof (2) holds. Condition
(1) states that a plan is provable if it is provable directyyamplying planning rules.



Condition (2) states that a plan is derivable if there exasgartial plan which can be
refined by applying a rule.

Analogously, for plans that involve abstract actions wergetfine non-provability of
plans—Qmas follows:

—Q:1f P(i+1) = —Qrmthen
(1)-nmeP(1.i),and
(2) +Qm’ € P(1..i) such that
(2.1)occurgy, ') andsul(y, ', ") = mand
(2.2)Vr e RP[1"]
(22.1)@,...,¢h € AB(r)and3k, 1< k< n, —dgeL ¢ € P(L..i) or
(2.2.2)AC(r) = @ and—dg Y € P(1..i).

Thus, a plan is not defeasibly provable if the conditionsal{2) hold. Condition (1)
states that a plan is not provable if it is not directly prdeadnd condition (2) states
that the plan is not provable through applications of plagmules to partial plans.

Example 5 (Running example; continue@)jven the conclusions derived in Section 3,
let us consider the only positive goal, namelgytOrderY. However, assume, as we
will do in Example 6, to have als@¢dog PayY66@& and+d,\tPayY66®. These goals
make planning rulesg, r11 andri, applicable, whereas INTOrderX makesrg non-
applicablerg includes an abstract plan to be specified. This is possiblejyi On the
other hand, the agent has to pay 660% tbut has to choose between two incompatible
plans: paying using the credit card of by bank transfer. Her@ndrq, provide each
simultaneous partial plans that dictate to make a bankfeaaad not paying by credit
card or the opposite. Sinag; > ri», the agent prefers the latter option. The derived
total plans are then

{ProvData; SendDataToY, DigitalSign; ProvBankDataY; Spec66&}

Finer criteria for dealing with provability in plans may berioduced when finer criteria
are used in the goal generation. If the agent is realisticlasthble, as we will see in

Section 5, then-gjytOrderY; thus we cannot derive, too, any plan.

5 Conflict resolution and agent types

At which phase do agent types intervene in the treatmentrfficts, and how can they
be generalised to incorporateformulas? Classically, agent types are characterised by
stating conflict resolution types in terms of orders of oukng between rules [5, 12].
For example, an agentisalistic when rules for beliefs override all other components;
she issocialwhen obligations are stronger than the other motivatioomdmonents with
the exception of beliefs. Agent types can be characterigexidting that, for any types
of rulesX andY, for everyr andr’ such thatr € RX[¢; = g andr’ € R'[d; = ~q], we
have that > r’.

Let us assume to work with realistic agents, namely, withnggéor which, for
everyr andr’, r € RBEL[¢i = g] andr’ € R'[dj = ~q], Y € {DESINT,OBL} we have
thatr > r’. Then let us see the agent types that can be identified in &émeefvork
we have defined so far. Table 1 shows all possible cases andaét kind of rule,
indicates all attacks on it. It should be read as follows Heafche three main columns



identifies a possible kind of conflict between two typé% of applicable rules that
would permit to infer the literalp and~p labelled byX andY respectively. The first
two sub-columns in each main column indicate whether béghdis are derived (i.e.,
there is no real conflict, which is indeed a logical posdip#ince we are dealing with
modalities which do not enjoy reflexivity), or whether we baonflict where one rule
prevails over the other, or where the two rules defeat eduérdtinally, the third sub-
column defines the agent type for which each conflict-deiaaind -resolution policy
is appropriate. Since we have to consider three kinds o fidlegenerating goals, we
have to analyse twelve combinations. (To save space, ireTatd-" is an abbreviation
for “strongly-"; “indep.” abbreviates “independent”.)

(95T = B o = ~p]_ ] 19 e = U 55l = ~p] [ 1 [ = p/ 3=, =~

+0oBLP|+aNT~P| s-indep. ||[+dosLpP|+dbEs~P| indep. ||+dinT P|+dbes~p|unstable

+00BLP|—OINT~pP| s-social ||[+dosLp|—0dbes~p| social |[+dnTPp| —dpesp | Stable

—0oBLP|+INT~Pp| s-deviant||—dogL p|+Ipes~p| deviant ||—dnT p|+Ipes~p| selfish

—doBL P|—AINT ~ P|S-pragmatif —dopL P| —Ipes~ P|Pragmatiq —dint p| —Ipes~ p| slothful
Table 1. Agent Types: Basic Attacks

Independent and strongly-independent agents are freeatdsgly to adopt desires
and intentions in conflict with obligations. As expected, $ocial and strongly-social
agents obligations override desires and intention. Fayrmpedic and strongly-pragmatic,
no derivation is possible and so the agent’s generation afsge open to any other
course of action other than those specified in the rules deresil. Stable and selfish
agents are those for which, respectively, intentions dderdesires or the opposite.
Unstable agents are free to adopt desires in conflict wigmiiins, while, for slothful
agents, conflicting desires and intentions override eduoérot

Table 1 does not cover all possible types of agent. In faet,téble focuses on
possible attacks that involve only two rules; in additionwitt assume that belief rules
are always stronger than intentions, desires and obliggtidhis is motivated by the
intuition that belief rules describe specification of the@iemnment where the agent is
situated. Table 2 completes the scenario and provides sdlifple combinations when
we deal with three rules, in particular, we consider all guesrelationships between
obligation rules on one side and intention and desire ruldh®@other side. For example
we consider agent types where an obligation rule can be wefégy an intention rule
and, at the same time, it can defeat a desire rule (soc@tgir social). This allows for
the specification of new agent types based on the basic tyfieeed in Table 1.

[ rO%fe = e = ~piSa =~ |
+0oBLP|+ANT~P|+ODES~P hyper-independent
+3dogL p|+diNT ~P|—dpES~ p||social-strongly-independgnt
+0doLP|—ANT ~P|+FDES~P social-independent

+00BLP|—dINT ~P|—IDES~P hyper-social
—0oBLP|+ANT~P|+IDES~P hyper-deviant
—0oBLP|+ANT~P|—dpES~p|| social-strongly-deviant
—0oBLP|—ANT ~P|+DES~P social-deviant
—0oBLP|—ANT~P|—DES~P hyper-pragmatic

Table 2. Agent Types: Other Attacks



However, this taxonomy can be enriched thanks to the rolerttey be played
by ®-expressions. In fact, in traditional rules-based systemsflict-detection returns
a boolean: either there is a conflict, or there is not. Boconstructs, it seems that
we may need a finer distinction. For example, we can have dsgrkviolation. Of
course, if we define a conflict detection function that resumo longer booleans but a
more complex structure (e.g., an integer that returns O ifiakation, 1 if violation of
primary obligation, 2 if violation of secondary obligatipthen we have to write conflict
resolution methods which can somehow deal with this. Se&iprovides criteria to
solve conflict between rules includirgconstructions. In this perspective, the roleof
can be made fruitful. In particular, the introductionw®is crucial if we want to impose
some constraints on the number of violations in deriving algdsoal generation can
be constrained, so that provability of a gagis permitted only if gettingy does not
require more tham violations for each rule witlg in the head:

Definition 8 (Violation constraint on goals).Let m and X be an integer and a type of
rule, respectively. A theory D will be m-X-constraineddfifyen the definition of-02,
for all literals g, +dxq iff (1) ' < m; and (2) ifL < j’ < jand se RX, then | < m; and
(3) K < m. Otherwisedxq.

Similar intuitions are applicable to directly constraimeat types, thus introducing
graded agent types: e.g., for any two rutes r§B[ci = p] andr, : rfES[c; = ~p]
we may reframe the type “social” of Table 1 stating thataeocial agent is such that

+0oBLP/ — Fpes~piff i <m

Thus the idea of agent type can also be generalised taking@tbuntz constructs.

It is possible to integrate the above classifications byrriefg to the notion of con-

version [12]. Conversions do not have a direct relation wahflict resolution because
they simply affect the condition of applicability of ruleldowever, they indeed con-
tribute to define the cognitive profile of agents because @iew to obtain conclusions
modalised by a certail through the application of rules which are not modalised by
X. According to this view, for example, we may have agent tyjmeswvhich, given
p =oBL g and+adnT p We can obtaint-dintg. Of course, this is possible only if we as-
sume a kind of norm regimentation, by which we impose thaagéints intend what
is prescribed by deontic rules. This conversion, in paldiGuseems appropriate to
characterize some kinds of social agent. Other conversighigh, on the contrary,
should hold for all realistic agents are, for example, thibse permit to obtaint+dxq,
X € {DESINT,OBL}, from p =-gg. q and—+dx p [12]. Table 3 shows the conversions
and specify the agent types with respect to which each ceimreseems to be appro-
priate. We assume to work at least with realistic agent&eStonversions are used only
indirectly for conflict resolution but are conceptually @sive for characterising agents,
they provide criteria to specify new agent types. Not allvesion types make sense
and so we consider only 9 cases out of 12 possible combirgation

c(BEL, OBL)|realistig|c(BEL,INT) realistic c(BEL,DES) realistic

c(OBL,DES)|c-social|c(OBL,INT)|c-strongly-socid|c(DES, OBL) c-deviant

c(INT,DES) |c-stable|c(DES,INT) c-selfish c(INT,OBL) |c-strongly-devian
Table 3. Conversions

—




At which phase do agent types intervene in the treatmentrdficts? Classic agent
types, violation constraints and conversions play thd& mainly in the goal genera-
tion phase, because all these features mainly contributestiacterize the motivational
profile of the agent. Notice, however, that we could alsooice® in plans. With
plans, in fact, we would need as well a finer distinction thast pssuming that either
two plans conflict or they do not; for example, in [8] no finestdiction was made.
In particular,® in planning rules could express non-deterministic effeftactions.
However, we prefer here not to do this, to keep the system geatde. This does not
mean that we cannot introduce finer criteria for dealing witbvability in plans, but
this can be simply made just referring to derivation of thalgahat occur, as results,
in the planning rules. As we have seen, a planning gyle. ., ¢h : y =p 1T permits to
infer planr, a plan that is meant to produce the ggagiven beliefsg, ..., @. Plant
is conceptually the condition for obtaining Thus, Definition 8 will allow the agent to
obtainmtonly if ¢ or @, ..., @ do not require more tham violations for eaclX rule.
Example 6 (Running example; continue8uppose the agent be strongly-social and
c-strongly-social, namely, that obligations overridesittions and that we accept con-
versionc(OBL,INT). So, we obtain the following additional goals:

{OBLPayY66®, INTPayY666}

Sincerg is now stronger thans, we obtain OBIPayY66@®, while the second goal is de-
rived viarg and conversio(OBL,INT). This second means that we drop the previous
conclusion obtained in Example 4, i.e. that the agent irgehe opposite.
Assume now that the theory is alsoXBeonstrained, foiX € {INT,OBL}. This
means that no violation is permitted. If so, no new intentioabligation can be derived.
Finally, suppose the agent is realistic and 1-stable. LeadsstoRX the ruler’ :
a=-pes —~OrderY, and toF the facta. Thus we would obtain DESOrderY, which is
in conflict with the conclusion that can be obtained frggrindeed this is the case since
an intention overrides a conflicting desire only if the forrgea primary intention.

6 Conclusions

In this paper we extend DL with preferences and actions. We $tow to detect and re-
solve conflicts using preferences and actions. Rule basgdéaes follow the tradition
of production rules in knowledge based systems and logigraroming. The extension
of production rules is based on the use of rule based systecwgnitive attitudes in
practical reasoning. Indeed, the new issue is the interaetinong mental attitudes. Ex-
amples are Thomason’s BDP, programming languages basée &iD architecture,
3APL, etc. In general, conditional approaches and preterérased approaches have
been traditionally defined in terms of each other. For exaniifl A then B” has been
defined as “A and B is preferred to A without B”, and “A is prefl to B” has been
defined as “if A or B, then A’. However, it may be unnatural tdide preferences in
terms of conditionals, and it is more natural to define theraatly. Moreover, special
preference-based formalisms may be more efficient, suchPase®. Finally, the kind
of preferences which can be expressed in terms of condiiananly limited to spe-
cial kinds. This explains why comparative notions are nowegomtopic of concern in
artificial intelligence and practical reasoning.



Let us summarise some requirements for programming cegratjients. First, the
interaction among mental attitudes needs fine-grained amésims to represent and re-
solve conflicts among rules. Second, the programming lagghas to distinguish be-
tween an abstract language that deals with interaction gmuantal attitudes, called
a deliberation language, and low level procedures to ddal définitions of conflicts
based on temporal and causal reasoning, resources, siclgeduid the like. Third,
ways to resolve conflicts must be described abstractly.tRppatterns of ways to deal
with conflicts and more generally patterns of agent behavinust be described. Such
patterns have been called agent types. Fifth, the interatietween mental attitudes
and semantics of MAS communication—as defined e.g. by FliRéud be realised.

In this paper we assumed that we can use the same delibdeatgumge with pref-
erences as has been used by Dastani and van der Torre [8pWoree did not address
the issue of MAS communication, because the mental attageroach to communi-
cation has been attacked recently by social commitmenbagpes; a careful reconsid-
eration of this issue is beyond the scope of this paper [1d jaleft for future research.
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