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Preface

The workshop on Declarative Agent Languages and Technologies is a well-
established venue for researchers interested in sharing their experiences in the
areas of declarative and formal aspects of agents and multi-agent systems, and
in engineering and technology. Today it is still a challenge to develop technolo-
gies that can satisfy the requirements of complex agent systems. The design
and development of multi-agent systems still calls for models and technologies
that ensure predictability, enable feature discovery, allow for the verification of
properties, and guarantee flexibility. Declarative approaches are potentially a
valuable means for satisfying the needs of multi-agent system developers and for
specifying multi-agent systems.

DALT 2005, the third edition of the workshop, was held in Utrecht, The
Netherlands, in July 2005, in conjunction with AAMAS 2005, the Fourth Inter-
national Joint Conference on Agents and Multiagent Systems. Over 30 persons
attended the workshop confirming the success of the previous editions in Mel-
bourne 2003 (LNAI 2990) and New York 2004 (LNAI 3476). The workshop
series is a forum of discussion aimed both at supporting the transfer of declara-
tive paradigms and techniques into the broader community of agent researchers
and practitioners, and at bringing the issues of designing real-world and complex
agent systems to the attention of researchers working on declarative program-
ming and technologies.

A twofold process led to this volume. On the one hand, the best papers
presented at the workshop were selected after a further, meticulous reviewing
process. On the other hand, an open call was issued for contributions that were
not submitted to the original workshop call for papers, that resulted in a few
other papers added, chosen through a very strict reviewing process. As a result,
this volume contains 14 papers and it is organized in four parts corresponding
to the main topics of DALT: agent programming and beliefs, architectures and
logic programming, knowledge representation and reasoning, and coordination
and model checking. Each paper was reviewed by at least three members of the
Programme Committee in order to supply the authors with rich feedback that
could stimulate the research.

Part I - Agent Programming and Beliefs

The first part of this volume contains three papers. The first work, “Beliefs in
Agent Implementation”, by Winkelhagen, Dastani, and Broersen, extends the
language 3APL with beliefs represented as explicit modal operators. A proof
procedure is also presented which is shown to be sound. The second work, “Mod-
elling Uncertainty in Agent Programming”, by Kwisthout and Dastani, tackles
the uncertainty of agent beliefs modelling it by means of Dempster-Shafer the-
ory, reporting complexity results. The last work, “Complete Axiomatizations
of Finite Syntactic Epistemic States”, by Agotnes and Walicki, discusses a for-
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mal model of knowledge as explicitly computed sets of formulae, extending the
epistemic language with an operator which expresses what an agent knows at
most.

Part II - Architectures and Logic Programming

The second part contains four papers. The first, “An Architecture for Rational
Agents”, by Lloyd and Sears, proposes an agent architecture in which agents have
belief bases that are theories in a multi-modal, higher-order logic. Machine learn-
ing techniques are used to update the belief base. The second paper, “LAIMA: A
Multi-Agent Platform Using Ordered Choice Logic Programming”, by De Vos,
Crick, Padget, Brain, Cliffe, and Needham, introduces a deductive reasoning
multi-agent platform based on an extension of answer set programming. Agents
are represented as ordered choice logic programs. The third work, “A Distributed
Architecture for Norm-Aware Agent Societies”, by Garcia-Camino, Rodriguez-
Aguilar, Sierra, and Vasconcelos, describes a distributed architecture that ac-
counts for a “social layer” in which rules are used for representing normative po-
sitions. Last but not least, “About Declarative Semantics of Logic-Based Agent
Languages”, by Costantini and Tocchio, provides a declarative semantics to logic-
based agent-oriented languages, focussing on DALI as a case of study and paying
particular attention to communication among agents.

Part IIT - Knowledge Representation and Reasoning

This part consists of five papers. The first paper, “Goal Decomposition Tree: An
Agent Model to Generate a Validated Agent Behaviour”, by Simon, Mermet, and
Fournier, presents the Goal Decomposition Tree agent model, which allows both
the specification and validation of agent behavior. The second paper, “Resource-
Bounded Belief Revision and Contraction”, by Alechina, Jago, and Logan, is set
in the context of the AGM postulates and presents a linear time belief contrac-
tion operation that satisfies all but one of these postulates for contraction. The
third paper, “Agent-Oriented Programming with Underlying Ontological Rea-
soning”, by Moreira, Vieira, Bordini, and Hiibner, defines a version of the BDI
agent-oriented programming language AgentSpeak which is based on descrip-
tion logic. The authors use as a running example the well-known smart meeting-
room scenario. The fourth paper, “Dynagent: An Incremental Forward-Chaining
HTN Planning Agent in Dynamic Domains”, by Hayashi, Tokura, Hasegawa,
and Ozaki, presents an agent algorithm that integrates forward-chaining HTN
planning, execution, belief updates, and plan modifications. By this approach
agents are enabled to deal with dynamic worlds. The fifth paper, “A Combina-
tion of Explicit and Deductive Knowledge with Branching Time: Completeness
and Decidability Results”, by Lomuscio and WozZna, introduces a combination
of Computational Tree Logic and an epistemic logic, which encompasses an epis-
temic operator to represent explicit knowledge. The properties of the obtained
logic, such as decidability, are presented.
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Part IV - Coordination and Model Checking

The last part of the volume contains two papers. “An Intensional Programming
Approach to Multi-agent Coordination in a Distributed Network of Agents”, by
Wan and Alagar, presents an extension of Lucx and discusses the Intensional
Programming Paradigm, with the aim of providing a programming model for
coordinated problem solving in a multi-agent system. The last work in this col-
lection, “A Tableau Method for Verifying Dialogue Game Protocols for Agent
Communication”, by Bentahar, Moulin, and Meyer, proposes a tableau-based
model checking technique for verifying dialogue game protocols, defined using a
social commitment-based framework for agent communication called Commit-
ment and Argument Network.

DALT is now looking forward to its fourth meeting, which will take place in May
2006 in Hakodate, Japan, again as an AAMAS workshop, and will be chaired
by Matteo Baldoni and Ulle Endriss. Besides the traditional DALT topics, the
next edition will pay particular attention to the impact of the development
of declarative approaches to application areas such as the semantic web, web
services, security, and electronic contracting.

January 2006 Matteo Baldoni
Ulle Endriss

Andrea Omicini

Paolo Torroni
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Beliefs in Agent Implementation

Laurens Winkelhagen, Mehdi Dastani, and Jan Broersen

Institute of Information and Computing Sciences,
Utrecht University, P.O. Box 80.089,
3508 TB Utrecht, The Netherlands
{lwinkelh, mehdi, broersen}@cs.uu.nl

Abstract. This paper extends a programming language for implement-
ing cognitive agents with the capability to explicitly represent beliefs
and reason about them. In this programming language, the beliefs of
agents are implemented by modal logic programs, where beliefs are repre-
sented by explicit modal operators. A distinction is made between a belief
base language that can be used to represent an agent’s beliefs, and a be-
lief query language that can be used to express queries to the agent’s
belief base. We adopt and modify a proof procedure that decides if a
belief query formula is derivable from the belief base of an agent. We
show that the presented proof procedure is sound.

1 Introduction

This paper presents an extension of the agent programming language 3APL [1].
This programming language provides data structures such as beliefs, goals, plans
and reasoning rules, as well as programming constructs to manipulate these data
structures. Examples of such constructs are updating the beliefs, planning a goal
and executing a plan. In multi-agent settings, agents are assumed to have the
ability to communicate. Several specifications have been proposed to facilitate
agent communication, amongst these, the FIPA! standards are important to
3APL. According to FIPA, agents can communicate by sending each other mes-
sages that contain, amongst other things, a communicative act and the message
content. The communicative acts specified by FIPA [2] require that a message
with a certain performative can only be sent if certain belief formulae, the precon-
ditions of the act, hold. This necessitates capabilities in the agent programming
language to implement agents that can reason with beliefs. These beliefs can
be about the beliefs of the agent that wants to send the message, or about the
beliefs of the receiver of the message. For example, the INFORM act specifies
that the sender believes that receiver has no beliefs about the message content.

The programming language 3APL implements agent belief in terms of a set
of Horn clause formulae and uses a Prolog-engine to verify if the agent has a
certain belief. However, 3APL lacks (1) the possibility to represent beliefs of
agents about their own beliefs and the beliefs of other agents. It also lacks (2)
the possibility to reason with these beliefs.

! The Foundation for Intelligent Physical Agents: http://www.fipa.org/
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In this paper we show how we can extend the language of 3APL and the
underlying Prolog mechanism in order to implement these two features. We take
existing work [3, 4] on adding modal reasoning capabilities to logic programming,
and investigate how to use this in combination with 3APL. We extend the pro-
gramming language with an explicit modal operator of belief and provide a proof
method that allows 3APL agents to function correctly with this modal operator.
We show that this proof method is sound.

In sections 2 and 3 we give a quick introduction to 3APL and modal logic
programming respectively. The bulk of the paper is section 4 in which we com-
bine one approach to modal logic programming with the 3APL programming
language, first discussing the syntactical changes, then the semantical interpre-
tations and finally giving a soundness proof for these semantics. Section 5 is the
conclusion, in which we will also point out some areas for further research.

2 3APL

Like other agent programming languages, 3APL provides data structures and
programming constructs to manipulate them. Since 3APL is designed to imple-
ment cognitive agents, its data structures represent cognitive concepts such as
beliefs, goals, plans, and reasoning rules. These data structures can be modified
by programming constructs, also called deliberation operations, such as select-
ing a goal, applying a planning rule to it, or executing a plan. These operations
constitute the deliberation process of individual agents which can be viewed as
the agent interpreter. The formal syntax and semantics of 3APL are given in
[1]. In this section, we will explain the ingredients of this programming language
and give the formal definition of only those ingredients that are relevant for the
research problem of this paper, i.e. the belief of 3APL agents.

The beliefs and goals are logical formulae representing the current and desirable
state of the world, respectively. The goals of the agents are represented as logical
formulae which are conjunction of atomic ground? formulae. The beliefs of 3APL
agents can be specified by formulae in the following belief base language:

Definition 1. (base language and belief base language) Let Var, Func and Pred
be the sets of domain variables, functions and predicates, respectively. Let Term
be the set of terms constructed from variables and functions in usual way. The
base language L is defined as the set of atomic formulae built on terms Term
and predicates Pred in the usual way. Let ¢ € L be ground (atomic) formulae
of the base language and let ¢,¢1,...,¢n € L. The belief base language Lpg,
which represents the beliefs of agents, is defined as follows.

1/1, vzl,m,:tn (¢l AN (bn =3 ¢) € LpB

where Yz, ...z, (@) denotes the universal closure of the formula ¢ for every vari-
able x,,...,x, occurring in .

2 Throughout this paper we will use such standard terminology. In case of doubt, we
will use the same terminology as used in [1].
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In order to reach its goals, a 3APL agent adopts plans. A plan is built from basic
elements that can be composed by sequence operators, if-then-else constructs,
and while-do loops. The basic elements can be basic actions, test actions, or
abstract plans. A test action checks whether a certain formula is derivable from
the belief base. An abstract plan is an abstract representation of a plan which can
be instantiated with a plan during execution. Thus, an abstract plan cannot be
executed directly and should be rewritten into another plan, possibly (and even
probably) containing executable basic actions, through application of reasoning
rules (see below).

There are three types of basic actions. The first type of basic action is the
mental action. This action modifies the beliefs of the agents and is specified in
terms of pre- and post-conditions in the form of belief formulae. A mental ac-
tion can be performed if the pre-condition is derivable from the agent beliefs
after which the post-condition must be derivable. The external actions can be
performed in the environment of the agents. The effect of these actions is deter-
mined by the environment and can be perceived by the agent through sensing.
The communication actions pass messages to another agent. A message contains
the name of the receiver of the message, the speech act or performative (e.g. in-
form, request, etc.) of the message, and the content. The content of the message
is a belief formula.

In order to reason with goals and plans, 3APL has two types of reasoning
rules: goal planning rules and plan revision rules. A goal planning rule, which is
a tuple consisting of a goal formula, a belief formula and a plan, indicates that
the state represented by the goal formula can be reached by the plan if the belief
formula holds. Such a rule is applicable when the agent has a goal unifiable with
the goal formula of the rule and when the belief formula of the rule is derivable
from the belief base. Application of such a rule will add the plan to the set of
plans of the agent.

A plan revision rule, which is a tuple consisting of a belief formula and two
plans, indicates that the first plan can be replaced by the second plan if the belief
formula holds. Such a rule is applicable when the agent has a plan unifiable with
the first plan of the rule and when the belief formula of the rule is derivable from
the belief base. The application of the rule will replace the unifiable plan of the
agent with the second plan. The plan revision rules are powerful way to handle
failed or blocked plans as well as adapting and removing plans of the agent.

A 3APL agent starts its deliberation with a number of goals to achieve. Plan-
ning rules are then applied to generate plans for the goals after which the plans
are executed to achieve the goals. Plans may start with mental actions for which
the pre-conditions are not true. In this case, the plan revision rules are applied
to generate alternative plans. During the execution of 3APL agents, there are
four cases where it is checked if a certain formula is derivable from the beliefs
of the agent. These cases are related to the execution of test actions and mental
actions, and to the application of the goal planning rules and plan revision rules.
In fact, the content of test actions, the pre-condition of mental actions, and the
guard of the rules are logical formulae which should be derivable before these
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actions and rules can be executed or applied. We define the language of these
formulae, the belief query language (Lp).

Definition 2. (belief query language) Let L be the base language. Then, the
belief query language Lp with typical formula B is defined as follows:

if » € L, then B(¢),-B(¢) € Disjunction,

— T € Disjunction,

— if 6,8’ € Disjunction, then § V §' € Disjunction,
— if § € Disjunction, then § € Lp,

if 3,3 € Lp, then BAB' € Lp.

The bold ‘B’ is not a modal operator, but is used to represent a query expression.
For example By represents the query whether ¢ is derivable from the belief base.
We use -Byp to represent the query whether ¢ is not derivable from the belief
base. This interpretation of — corresponds with the interpretation of negation as
failure in logic programming. The B operator prevents the distribution of this
negation over the belief query.

The 3APL semantics is based on an operational semantics which is defined
in terms of a transition system. A transition system is a set of derivation rules
for deriving transitions. A transition is a transformation of one configuration (or
state) into another and it corresponds to a single computation step. In the case
of the operational semantics for 3APL agents, the configurations are the mental
states of the 3APL agents defined in terms of the belief base, goal base, plan
base, and a substitution which assigns terms to variables.

Definition 3. (configuration) Let Lo p be the goal language and Lp be the plan
language®. A configuration of an individual 3APL agent is a tuple (1, 0,7, II,0),
where 1 is an agent identifier, o C Lpp is the belief base of the agent, v C Lap
is the goal base of the agent, II C Lp is the plan base of the agent and 6 is a
ground substitution that binds domain variables to domain terms.

In order to check whether an agent in a certain state has a certain belief or
not, one must check if the corresponding belief query formula is derivable from
the agent configuration that represents the state of the agent. In the 3APL
transition semantics, this is formally expressed through an entailment relation
-1 In particular, to check if agent ¢ believes 3 € L5 (a belief query formula)
in state (¢, 0,7, I1,0) is specified as (¢, 0,7, I1,0) &=, 5.

The entailment relation = is defined recursively for the compound formulae.
At the level of atomic formulae the satisfaction relation is defined in terms of
propositional satisfaction relation. In particular, if 8 is of the form B¢, the
satisfaction relation is defined as follows:

(t,,0,7,11,0) =r B & o = o1

3 Since the focus of this paper is the beliefs of the 3APL agents, the goal and plan
language are not presented. For a detailed specification of these languages, see [1].
4 The subscript 7 is a substitution under which a formula is derivable from the state.



