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Abstract

Methodologies for multiagent system development should
assist the developer in making decisions about those aspects
of the analysis, design and implementation, that are crucial
for multiagent systems, namely, social and cognitive con-
cepts (e.g. norms and goals). In this paper, we review exist-
ing agent-oriented methodologies. We conclude that there
is a big gap between the analysis and design models and
the implementation. We identify some open issues for mul-
tiagent system development. We introduce our vision of a
development methodology for multiagent systems, based on
the OperA analysis models and the agent-oriented program-
ming language 3APL.

1. Introduction

Development methodologies for multiagent systems have
received a lot of attention recently [15]. These methodolo-
gies differ from each other in many respects. They differ on
the software development phases they capture (analysis, de-
sign, implementation). Some of them focus on inter-agent
aspects, while others also provide support for the internal
workings of an agent. Finally, some methodologies explic-
itly deal with the environment, while others do not.

We are interested in developing multiagent systems for
applications that are best understood in terms of social
and cognitive concepts like norms, organization structures,
beliefs and goals. Such applications usually include re-
sources and services that are part of the multiagent envi-
ronment. Therefore a methodology should account for the
environment too. Moreover, the methodologies should pro-
vide, besides guidelines for the analysis and design phase,
also guidelines for implementation phase, and explain how
the design concepts can be mapped onto instructions of
an available programming language. This implies that a
methodology should indicate in which ways norms can be
designed and implemented. For example, a general norm
can be hardwired into the environment, but can also be
translated into norm-abiding goals of the individual agents.

This choice has important consequences for the internal de-
sign of an agent. Therefore we believe that a methodology
should not only consider inter-agent, but also intra-agent as-
pects.

With these starting points we selected four dedicated
agent-oriented software methodologies and made a review.
The methodologies are Gaia [16], AAII [11], SODA [12],
and Tropos [1]. These methodologies, except AAII, were
selected because they are not based on existing object-
oriented development methods, or methods for knowledge-
based systems. AAII was selected because it does provide a
model for intra-agent aspects.

Given our interest in the development of multiagent sys-
tems using social and cognitive concepts, and our concern
for implementation, we identified a number of issues that
are problematic for these methodologies.

– There is no agreement on how to identify and charac-
terizerolesin the analysis phase andagent typesin the
design phase.

– The concepts used in the methodologies, like respon-
sibility, permission, goals and tasks do not have afor-
mal semanticsor explicit formal properties. This be-
comes an important issue when these concepts are im-
plemented; implementation constructs do have exact
semantics.

– There is agap between thedesign modelsof the
methodologies and the existingimplementation lan-
guages. It is unreasonable to expect a programmer to
implement the proposed complex design models. To
bridge the gap, a methodology should either intro-
duce refined design models that can be directly im-
plemented in an available programming language, or
use a dedicated agent-oriented programming language
which provides constructs to implement the high-level
design concepts.

– The methodologies that include an implementation
phase, such as Tropos, propose an implementation lan-
guage in which it is not explained how to implement
reasoning aboutbeliefs, reasoning aboutgoals and
plans, reasoning aboutplanning goals, or reasoning
aboutcommunication.



– It is widely recognized that an agent may enact several
roles. None of the methodologies addresses the imple-
mentation of agents that need to represent and reason
aboutplaying different roles.

– The methodologies, with the exception of the organi-
sational rules of [18], ignoreorganizational normsand
do not explain how to specify and design them. And
even in [18] implementation is not explained.

– Open systemsare not really supported. The methodolo-
gies implicitly suppose that agents are purposely de-
signed to enact roles in a system. But as soon as agents
from the outside may enter, the analysis, design and
implementation needs to treat agents as given entities.

– In the analysis, methodologies do not consider theen-
vironmental embeddingof a system. The structure of
the organization in which a system will be embed-
ded, has a large influence on the type of organizational
structure of the system, at least when it interacts with
more than one person.

To overcome some of these problems, we propose an alter-
native multiagent methodology. The analysis phase is based
on OperA [4, 6], which captures the notion of norms and
organisation structure. The design phase is based on the
design models of the methodologies discussed above, ex-
tended with design models of individual agent types (intra-
agent design). The implementation phase is based on the
3APL programming language [9, 3, 5], which captures the
intra-agent issues, social and cognitive concepts, and the
multiagent environment. Note that our ideas are not spe-
cific to OperA or 3APL; they could well be implemented in
a different BDI-based agent programming language, as long
as it supports reasoning with and about beliefs and reason-
ing with and about goals.

The paper is structured as follows. In section 2 we dis-
cuss four existing methodologies and their shortcomings.
In section 3 we propose an alternative multiagent system
methodology. Section 4 contains conclusions and future re-
search.

2. Existing Agent-oriented Methodologies

In this section, we study four dedicated agent-oriented
software methodologies. The methodologies are com-
pared along three dimensions: (1) the development
phases that they capture (analysis, design, implementa-
tion), (2) the inter-agent and intra-agent aspects they cap-
ture, and (3) whether they capture the environment explic-
itly. The comparison is summarized in table 1. The selec-
tion of these comparison criteria is motivated by our focus
on social and cognitive concepts, and our concern for im-
plementation. In the discussion of each methodology we
indicate the most important issues that we felt to be lack-
ing.

Phases Int./Ext. Env.
A D I Int. Ext. Env.

Gaia y y n n y n
AAII y n n y y n

SODA y y n n y y
Tropos y y y y y n

Table 1. Methodologies compared

2.1. Gaia

Gaia [16] comprises an analysis and design phase and ex-
plicitly refrains from including an implementation phase.
Analysis is driven by a set of requirements and aims at un-
derstanding the system and its structure. It provides two
models: a role model and an interaction model. The role
model specifies the key roles in the system and character-
izes them in terms of permissions (the right to exploit a
resource) and responsibilities (functionalities). The inter-
action model captures the dependencies and relations be-
tween roles by means of protocol definitions. Gaia is only
concerned with the society level; it does not capture the in-
ternal aspects of agent design. The design phase provides
three models: the agent model, the service model, and the
acquaintance model. The agent model identifies so called
agent types, which are sets of roles. The service model iden-
tifies the services (or functions) associated with a role. Fi-
nally, the acquaintance model identifies the communication
links between agent types. This model can be used to detect
potential communication bottlenecks. The method has been
extended with a model of organizational rules and organi-
zational structure [18]. This allows the developer to spec-
ify global rules that the organization should respect or en-
force. Like norms, such rules are typically formulated at a
high conceptual level. Little is said about ways of imple-
menting them. The interaction of agents with the environ-
ment is not treated separately.

DiscussionGaia does not support the implementation
phase. However, the type of design choices, concepts and
their relations are at least partly driven by the type of im-
plementation language one has in mind. In Gaia it is
clear that implementing the system in a procedural lan-
guage that could be easily described using MetateM
would fit best. However, Gaia provides very little sup-
port for building BDI agents that reason about their dif-
ferent responsibilities, plans and beliefs. Although aspects
like permissionand responsibilityhave a formal descrip-
tion, they do not have a formal semantics. Therefore it is
difficult to check whether agents really implement a cer-
tain role. Especially when different roles containing several
responsibilities are joined into an agent type. Although per-
missions seem to be norms, it is unclear how they are



actually translated to the system itself. Should the agent it-
self make sure that it will only perform actions it is per-
mitted to do? Do the resources force the agent to refrain
from forbidden actions? Does the agentknowabout its per-
missions,...? Finally, Gaia cannot support open agent
systems, because it does not treat agents as given enti-
ties.

2.2. AAII

The AAII methodology proposed by David Kinny [11]
makes no distinction between the analysis and design phase.
The methodology generates a set of models, based on ex-
isting object-oriented models. From an external viewpoint
(inter-agent), the system is decomposed into agents, which
are modeled as complex objects characterized by their pur-
pose, their responsibilities, the services they perform, the in-
formation they require and maintain, and their interaction.
This leads to two models: an agent model and an interac-
tion model. From an internal viewpoint (intra-agent) the el-
ements required by a computational BDI architecture are
modeled for each agent. This leads to a belief model, a goal
model and a plan model. The development of an intra-agent
model starts from the services provided by an agent and the
associated events and interactions. This leads to an identifi-
cation of plans. The belief model is constructed by analyz-
ing the conditions that control the execution of actions and
decompose them into basic components: beliefs. The envi-
ronment is not modeled separately.

DiscussionDavid Kinny’s AAII is one of the few ap-
proaches that takes the intra agent perspective seriously.
Roles can be considered as responsibilities, which can in
turn be considered as sets of services. Services are activities
that are not natural to decompose any further. However, be-
cause of this nice hierarchical decomposition, the potential
power of the BDI concepts is not realized. It leads to goal
models that are simple AND/OR graphs. Hardly any rea-
soning is required by the agents. The methodology is very
practice-oriented which leads to graphical models, but with-
out much semantics of the concepts. It is left to the program-
mer to fill in the gaps. Like Gaia, AAII does not support
open agent systems. The organization of the system is al-
most completely hierarchical in a truly object-oriented man-
ner. No norms or rules are specified as such.

2.3. SODA

The SODA methodology [12] has a clear distinction be-
tween analysis and design. The methodology is only con-
cerned with the inter-agent viewpoint.

The analysis phase provides three models: the role
model, the resource model, and the interaction model. The
role model defines global application goals in terms of

the tasks to be achieved. Tasks can be individual or so-
cial. Individual tasks are assigned to roles while social
tasks are assigned to groups. A group is an abstract con-
cept that can be analysed as a set of roles. The resource
model captures the application environment and identi-
fies the services that are available. The resource model de-
fines abstract access modes (permission), modeling the
different ways in which the services associated with a re-
source can be exploited by agents. The interaction model
defines the interaction between roles, groups and re-
sources in terms of protocols.

The design phase refines the abstract models from the
analysis phase and provides three models: the agent model,
the society model and the environment model. The agent
model specifies the mapping from roles onto agent classes.
An agent class is characterized by the tasks, permissions
and interaction rules associated to a role. It also specifies the
cardinality (the number of agents in that class), their loca-
tion (fixed for static agents and variable for mobile agents)
and their origin (inside or outside the system). The soci-
ety model specifies a mapping from groups onto societies of
agents. An agent society is characterized by the social tasks,
the set of permissions, the participating social roles, and the
interaction protocols. Finally, the environment model spec-
ifies a mapping from resources onto infrastructure classes.
Infrastructure classes are characterized by the services, the
access modes for roles and groups, and the protocols for in-
teracting with the environment.

DiscussionSODA is a very usable development methodol-
ogy. The inter-agent aspect is well developed. The interac-
tion among agents, but also the interaction between agents
and the environment is taken seriously. However, SODA
does not specify the design of the agents themselves. There-
fore it too leaves a gap between the design and implemen-
tation of the multiagent system.

Due to the fact that SODA recognizes explicit organiza-
tional structures and rules, it becomes applicable for open
agent systems. However, in SODA, agents are conceived of
as pieces of software designed for one purpose only: to ful-
fill their roles. The assignment of agents to roles is done at
design time, and remains stable. We have a much more dy-
namic picture of role assignment. Agents are conceived of
as entities that are given. Agents may enter a society, and
start acting through some API. This means that the roles or
tasks of an agent may start to conflict, and that the agent
must have the means to resolve such conflicts.

Although many concepts are used for the inter-agent
specification, they are not formalised. Therefore it becomes
difficult to check whether agents fulfilling a role comply to
all the organizational rules. Another worry is that the use
of procedural specifications of behavior, like standardized
tasks, will bias the design. It suggests traditional impera-
tive programming constructs. Such a simple choice is nice,



when it is enough. However, such a view may limit the po-
tential benefits of multiagent systems, such as flexibility and
robustness, because it does not take advantage of the au-
tonomy and possible intelligence of the agents. A declara-
tive specification in terms of goals, objectives or landmarks,
would leave the manner in which it is to be achieved up to
the individual agent.

2.4. Tropos

The Tropos methodology [1] distinguishes between an early
and a late requirements phase, and between architectural de-
sign and detailed design. It considers both inter-agent and
intra-agent issues.

The early requirements phase, which is based on the
i∗ organizational modeling framework [17], is concerned
with understanding an application by studying its organiza-
tional setting. This phase generates two models: a strategic
dependency model and a strategic rationale model. These
models specify the relevant actors, their respective goals
and their inter-dependencies. In particular, the strategic de-
pendency model describes an ‘agreement’ between two ac-
tors: the depender and the dependee. The strategic rationale
model determines through a means-ends analysis how an
actor’s goals (including softgoals) can actually be fulfilled
through the contributions of other actors. The late require-
ments phase results in a list of functional and non-functional
requirements for the system.

The architectural design defines the structure of a sys-
tem in terms of subsystems that are interconnected through
data, control and other dependencies. The detailed design
defines the behavior of each component. Agent communi-
cation languages like FIPA-ACL or KQML, message trans-
portation mechanisms, and other concepts and tools are
used to specify these components. Moreover, communica-
tion protocols are used to specify communication patterns
among actors, as well as constraints on the contents of the
messages they exchange. Finally, the internal processes that
take place within an actor are specified by plan graphs.

The implementation phase maps the models from the de-
tailed design phase into software by means of Jack Intelli-
gent Agents [10]. Jack extends Java with five language con-
structs: agents, capabilities, database relations, events, and
plans. It is claimed that these constructs implement cogni-
tive notions such as beliefs, desires, and intentions.

DiscussionOf all the methodologies considered, Tropos
comes closest to a complete development methodology for
multiagent systems. It treats most development phases, and
it treats both inter-agent and intra-agent perspectives. The
use of means-end analysis to determine the goals of an agent
and to determine for what goals an agent depends on other
agents, leaves enough room for the agents to fill in the plans

for the goals, but is specific enough to give some handles on
its implementation.

We noted some drawbacks and omissions in Tropos too.
First of all the models of Tropos do not have a formal se-
mantics and therefore it is hard to specify an implementa-
tion for the design models. It also neglects the environment,
and fails to notice that roles affect the access modes or per-
missions for executing certain actions, or for accessing re-
sources.
Also Tropos is meant to design closed systems, in which the
designer has control over the agents that enter. However, if
a system would allow external agents to enter and interact,
an interface between such external agents and the environ-
ment and the other agents is required. Such an interface can
be thought of as a specific governor agent, as in Islander
[7], a social contract, as in OperA [6], or an agent coordi-
nation context (ACC) [13] as developed in the research on
coordination languages.

A final drawback is that processes internal to an agent
are specified by plan graphs. It shows a bias towards a very
procedural implementation of the BDI agents, which are re-
alized by the JACK system. Although JACK agents do have
representations for beliefs (database), intentions (plans) and
desires (triggers) these implementations are very simple
versions of the concepts used in the specification. JACK
agents lack the ability to reason with their beliefs and/or
about their desires and intentions. Instead, JACK agents
have essentially an event-based architecture.

3. An Alternative Multiagent Methodology

In the previous section we discussed some well-known
methodologies and how they handle the issues we men-
tioned in the introduction. In this section we show an al-
ternative methodology that tackles most of the issues. For
the analysis phase we use OperA [6], as an example of a
methodology that uses organisation structures and provides
for open agent systems. For the implementation phase we
show how 3APL can be used, as an example of a strong
BDI-based agent-oriented programming language.

3.1. The Analysis Phase: OperA + Environment

The OperA approach does not distinguish between analy-
sis and design models. For the purpose of this paper, it is
best classified as an analysis model. OperA contains three
models.

Thesocial modeldescribes roles and their dependencies.
Roles have objectives: the goals the organization expects an
agent to fulfill when enacting that role. OperA allows for
agents to have their own goals which should be combined
with those of a role when enacting that role [4]. Therefore
OperA caters for open agent systems. A role can be depen-



dent on another role to fulfill (part of) its objective. What
is crucial for OperA, is that the form of these dependen-
cies is determined by the organization type. In a hierarchi-
cal organization dependencies are often translated to dele-
gation relations, whereas in markets they translate to inter-
actions such as the Contract Net.

The interaction modeldescribes the process flow of the
system, in terms of scenes and transitions between scenes.
This is similar to the Islander approach [7]. The scope of
a role is limited to a scene. Each scene contains an ab-
stract and declarative specification of the landmarks to be
achieved during interaction. Scenes do not (have to) spec-
ify complete protocols; they specify landmarks that can be
reached in many different ways. Transitions between scenes
are subject to constraints, and to a temporal ordering. E.g.
an agent cannot enter a ‘conference presentation’ scene as a
presenter if its paper was never accepted.

The normative modelcontains all the different types of
norms that regulate behavior in the system. We distinguish
the following types of norms. (1) Norms for roles; e.g. a
PC member should not review a paper submitted by another
member of the research group he is working in. (2) Norms
for scenes; e.g. the reviews have to be returned to the PC
chairs before a certain deadline. (3) Norms on scene transi-
tions; e.g. a delegate should pay the registration before com-
ing to the conference.

Norms cannot be translated into a design model directly.
They will be distributed over the various models of the de-
sign phase. Although normative concepts are found in most
of the methodologies discussed in this paper, they are usu-
ally immediately associated with roles. They are not for-
mulated in a general way, or associated with activities or
scenes. Therefore, norms for roles already bias the design
of a system. By contrast, OperA allows one to first formu-
late norms, and then discuss the various ways of translating
them in a society.

The final model of the analysis phase, which is not in-
cluded in OperA, is theenvironment model. In this model
we specify the resources that are available for the agents,
like databases, etc. We also specify the available services.
These can be like white or yellow pages, but also the Math-
ematica package that supports all kinds of calculations. In
the model we also specify the way the system can interact
with the environment. E.g. through the use of SQL queries
with a database.

3.2. The Design Phase: Four Models

The design phase builds on the models from the analysis
phase to define the inter- and intra-agent architecture of the
multiagent system. In this phase, we make use of the de-
sign models from the existing approaches mentioned in sec-
tion 2. In particular, the approach provides four design mod-

els: the agent model, the organizational model, the interac-
tion model, and the infrastructure model.

The Agent ModelDuring the design phase, the roles of the
social model from the analysis are refined by modifying
their responsibilities, capabilities, knowledge, and permis-
sions. For example, if the normative model from the analy-
sis phase specifies that PC members should deliver their re-
views before a deadline, then this norm can be incorporated
in the specification of a PC member role by refining the goal
specification of the PC member role with a deadline specifi-
cation. Deciding on a specific organizational structure in the
design phase may influence the specification of agent roles
since in the decided organizational structure the functional-
ities of agent roles become concrete. For example, accord-
ing to a certain organizational structure the PC chair may or
may not be able to interact with the reviewers.

PR-rules

Message
rules

base
Message-

role 1

nrole 

Deliberation
ProcressObservation Action

Capabilities

Plan revision
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Goal revision
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Beliefbase

Planbase
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Figure 1. Agent Type Architecture

Based on the refined role models, an agent model is gen-
erated to specify the agent types that will be instantiated in
the multiagent system. An agent type is generally an ag-
gregation of refined roles that are identified at the analysis
phase, together with a specification of the agent’s decision
making reasoning process. This reasoning scheme is also
called thedeliberation process. It indicates how an agent
can reason about the contents of its mental state and about
the role it plays. For example, the deliberation process could
indicate if an agent should first generate all its (sub)goals
before planning them, or first execute all plans before gen-
erating new plans. It may also specify when to play a certain
role. The set of roles that constitute an agent type is decided
by considering several issues such as efficiency, coherence,
and reusability [16, 12]. The architecture of an agent type,
defined by the agent model, is illustrated in figure 1. An



agent type consists of a deliberation process together with
a number of roles each of which is characterized in terms
of beliefs, goals, plans, capabilities, messages, and rules to
reason about goals, plans, and communication. The deliber-
ation process indicates how and in what order these entities
should be processed. Details can be found in [3].

The Organizational ModelThe organizational model spec-
ifies the topology of a system [18]. For example, an organi-
zational model for a certain conference may involve agent
types such as PC member and PC chair and indicate that
these two agent types are related. The generation of the or-
ganizational model is guided by existing organizational pat-
terns indicating a set of agent types, resources, and services
within a certain topological structure. Organizational pat-
terns from a library can be refined by adding agent types, re-
sources or services, by modifying its topology, or by adding
constraints. In the conference example, constraints on the
relation between PC chair and PC members may state that
any communication should go through a secure channel.
Such constraints are derived from the normative model of
the analysis phase. In this way, the norms that a multia-
gent system should respect or enforce are incorporated in
the topology of the organizational structure.

The Interaction ModelThe interaction model at the design
phase refines the interaction model from the analysis phase
by specifying the relations that are derived from the orga-
nizational model, i.e. it specifies the relations among agent
types, between agent types, resources, and services, and be-
tween resources and services [16, 12]. These relations are
specified in terms of interaction protocols which are in turn
defined in terms of various attributes such as the goal of the
interaction, the initiator of the protocol (i.e. the agent type
that starts the interaction), the responder (i.e. the agent type
that accepts to interact with the initiator), and the type in-
formation exchanged during the interaction. For example,
the PC chair may want the papers to get reviewed, and ini-
tiates an interaction with PC members by sending papers to
them. After this the PC members must respond with a rejec-
tion or an acceptance, indicating whether or not they will re-
view the papers. Specific permissions and constraints may
be added, to delimit the scope of the interaction. For exam-
ple, a PC member can access the reviews of all papers ex-
cept his own.

The Infrastructure ModelThe infrastructure model consists
of a resource model, a service model, and a model of coordi-
nation facilities [16, 12, 13]. Each resource model contains
a specification of the resource (e.g. document, database, or
library) in terms of various qualities and quantities, access
permissions, and admissible actions. The service model de-
fines which services (e.g. any activity that processes infor-
mation) can be delivered to a certain service request. The
services can be defined as abstract operations in terms of

input and output functionality. For each service, the model
specifies the permissions needed to use the service by an
agent playing a certain role. It also specifies the quality of
service, such as the maximal delay in providing the service,
the format of messages it can process, and the protocols it
can support. Finally, coordination facilities are mechanisms
that can be used by the agents to coordinate their activi-
ties. Examples are synchronization, tuple spaces, subscribe-
notify design pattern, or various types of protocols.

3.3. The Implementation Phase: 3APL

The implementation phase is based on the 3APL language
and environment. In this section we describe the most im-
portant features of 3APL [9, 3, 5] and the various facilities
that are part of the 3APL development platform1. Together
they suffice to implement in a direct way all aspects of the
models of the design phase.

3.3.1. 3APL Platform In figure 2 an overview is given
of the 3APL platform. The platform provides (access to)
the facilities defined in the infrastructure and environment
model of the design phase, such as communication and co-
ordination facilities, access to knowledge sources external
to an agent, a way of mediating between different agents,
and an underlying architecture that supports low level pro-
gramming facilities, such as arithmetic and a user inter-
face. Many of these facilities are accessed through theagent
management system, based on the FIPA Agent Management
Specification. The platform can be used through a graphical
user interface (GUI) which enables the programmer to load
agents from a library, implement and execute them, and ob-
serve their behavior.

Communication ManagementThe 3APL agent platform
provides communication by means of message passing. A
message will be delivered by the underlying transport layer,
provided the agent management system knows the identi-
fier of the agent being addressed. The agent can be located
on a different platform running on a different machine as
long as the address is recognized and unique. The messages
themselves have the structure of communicative acts, with a
sender, receiver and a content, which is compliant with the
FIPA standards for agent communication [8].

EnvironmentIn the current 3APL platform an agent can
only interact with an environment through a Java class
called aplug-in. Consider for example a Blockworld en-
vironment, in which agents can move along a grid, perceive
and avoid obstacles or other agents, pick up and drop boxes
etc. For each plug-in a detailed API is used to specify which
actions an agent playing a certain role can perform. These
actions are interpreted as methods in the Java plug-in. In the

1 The software can be found athttp://www.cs.uu.nl/3apl/ .
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3APL source code, an external action is identified with the
keywordJava and a label indicating the particular plug-in.

Service facilitatorThe platform contains a very simple ser-
vice directory facility. Agents can register the services that
they offer with the AMS. If they are interested in the ser-
vices offered by other agents, they can query the AMS. This
functionality of the agent platform may be extended in the
future with more elaborate directory services (yellow pages)
that allow more intelligent searching and matching.

Agent library The most important development support, is
a library of software templates for common tasks and ap-
plications. In this library the templates for the facilitation
agents belonging to different organizational structures can
be found. E.g. templates for matchmaker agents, notary
agents, etc. Thus it implements parts of the organizational
model of the design phase. Typically a template will imple-
ment a particular kind of behavior that is part of an interac-
tion pattern. A template consists of an initial beliefbase and
goalbase, a set of capabilities and a set of practical reason-
ing rules. As such they are the implementation counterparts
of the agent types.

3.3.2. Individual Agents A 3APL agent program closely
follows the theoretical BDI paradigm [2, 14]. It contains an
initial declarativegoalbase, representing desired states of
affairs and implemented by boolean combinations of basic
formulas. The agent program also contains an initialbelief-
baseand aplanbaserepresenting the beliefs and intentions
of the BDI models. These constructs together represent an
agent’s mental state throughout the execution of the pro-
gram. Besides these BDI elements, a 3APL program must
also specify the internalcapabilitiesof the agent that are
used to transform the beliefbase. The beliefbase is currently
implemented using a Prolog interpreter. It allows one to rea-

son, and match queries to beliefs. Capabilities are of the
form {Pre }Capability {Post }, where bothPre and
Post are formulas representing beliefs.

In order to reason with these mental attitudes a number
of rules are introduced. These rules generally are of the form
Head ← Guard | Body , where the guard is a test on
the beliefbase. The content of the head and body of a rule
depend on the kind of rule.Goal revision rulesare used to
reason about the dependencies among goals. In that case,
both the head and the body consist of goal formulas.Plan
selection rulesare used to relate declarative goals to plan
recipes. In that case, the head is a goal formula and the body
is a plan. A plan may consist of capabilities or combinations
of these using sequential composition, a while-loop, an if-
then-else or a test. Such a test succeeds if a Prolog query to
the beliefbase succeeds. Finally,plan revision rulesare used
to reason about plans by indicating how and under which
belief conditions plans can be revised. By making either the
guard or the body of such rules trivial (true or skip) we get
a rich representation format which can express goal adop-
tion, goal reconsideration, and re-planning. Details can be
found in [5].

For some applications, an agent needs general back-
ground knowledge or skills. Therefore a program can load
an external Prolog file. The agent behaves as if the clauses
in the Prolog file are part of its personal beliefbase.

Deliberation CycleThe constructs in an agent program are
interpreted and manipulated by a meta-level program, called
the deliberation program. A deliberation program can, for
example, be implemeted as a while loop, in which a goal is
selected from the goalbase, and matched against the practi-
cal reasoning rules. If there is a rule whose guard can be
satisfied against the beliefbase, this rule may be applied,
which leads to an expansion of the goalbase. Alternatively,
an atomic goal from the goalbase can be selected to generate
a plan which can subsequently be executed. In this way var-
ious deliberation strategies may be implemented. The ba-
sic instructions of a deliberation program are, for example,
planning goal, plan execution, rule selectionand rule ap-
plication. The instructions have been given a formal seman-
tics [3]. Because different kinds of applications (static, dy-
namic) demand different kinds of agents, the deliberation
cycle can be adapted.

4. Conclusion

Given a number of strong assumptions, existing multia-
gent software development methodologies were found to be
wanting. We raised some issues for multiagent system de-
velopment. Some of these issues are addressed in the OperA
analysis models, and the 3APL development platform. The
issues can be summarized as follows:



– allow open systems; as a consequence, specify inter-
faces or contracts that regulate the behaviour of exter-
nal agents

– specify norms first, and then consider how to imple-
ment them: as agent’s goals, in the social or interac-
tion structure, or in the environment.

– specify exactly what you mean by a role, and by an or-
ganisation structure; different usages lead to different
semantics, and therefore different implementations.

– take the use of BDI concepts seriously, by grounding
them in design or in a dedicated implementation

Note that these issues do nothave to be dealt with by
OperA or 3APL. We just used these approaches as an illus-
tration of our ideas. These issues could in fact be connected
with any sufficiently rich modeling method that supports
organizational structures instead of OperA, any agent pro-
gramming language that really makes use of the BDI con-
cepts, i.e. supports reasoning about goals on the basis of be-
liefs.

The development of the 3APL programming language
and platform is an ongoing activity. In particular, we are
extending the 3APL programming language to implement
nested beliefs and goals which are crucial for grounded
agent communication. In case of open agent systems, where
agents are allowed to enter from the outside, we need to
manage dynamicity. In our current research, we are extend-
ing the deliberation language with explicit programming in-
structions for reasoning about dynamic role changes. We are
experimenting with ways to allow agents toenactand ‘de-
act’ specific roles. Enactment means that an agent adds the
objectives associated with the role to its own objectives. De-
actment, means that an agent is again released from those
objectives. Similar to Islander [7], when an agent enters a
‘scene’ in a particular role, not only does the agent need
to start enacting the role, but also the environment or so-
cial institution needs to approve of its entering in that role.
Note that this is an example of how to implement norms di-
rectly in the environment as mentioned above. Finally, the
3APL platform will be extended with more sophisticated di-
rectory services (yellow pages) and debugging facilities.
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