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Abstract. Agent UML is a graphical modeling language based on UML.
Like UML, Agent UML provides several types of representation cover-
ing the description of the system, the components, the dynamics of the
system and the deployment. Multiagent system designers already use
Agent UML to represent interaction protocols [12] [2]. Since agents and
objects differ on several points, UML class diagram has to be modified
for describing agents. The aim of this paper is to present how to extend
UML class diagrams in order to represent agents. We then compare our
approach to Bauer’s approach [1].

1 Introduction

Multiagent system designers like object-oriented system designers need method-
ologies and tools to design their systems. Several methodologies are available
for multiagent system design (see [9] for a helpful survey). We are particularly
interested in the graphical modeling language Agent UML [12] [2]. This language
is used for the analysis and design of multiagent systems and is an extension of
the well known UML [3]. As Odell and Bauer noted it [12] [2], it is important to
make profit of previous work (here UML) since it steeps the learning curve for
software designers and several industrial-strength tools are available for UML.
UML is not directly used since agents differ from objects. They present some
features that are not available in objects such as autonomy, enriched commu-
nication or rationality [11] [15]. When agents match objects, multiagent system
designers use UML diagrams and when it is not the case, specific Agent UML
diagrams are provided. Sequence diagrams and class diagrams are two examples
of specific diagrams tailored to agents.

A first extension of Agent UML class diagrams was proposed by Bauer in [1].
This paper presents a prolongation of this work.

The remainder of this paper is as follows. Section 2 presents our proposal of
class diagrams. Section 3 gives a comparison between our approach and Bauer’s
approach [1]. Section 4 concludes the paper and gives some information about
future work. We do not give a long example but several small examples are in
Section 2.



2 Our Proposal of Agent UML Class Diagrams

Class diagrams in UML are used in order to represent the relationships between
classes and to define attributes and operations for these ones. It is possible,
in UML, to consider different levels of abstraction for the description of class
diagrams. Actually, at some levels, it is not interesting to have an accurate view
of all classes but just the name of classes. These different levels of abstraction
help designers to tackle the complexity of the system. For instance, in software
engineering, a particular view can only consider the connection to a data server.
Description of UML class diagrams is in [3]. Most of these elements are present
in our proposal.

Agent UML class diagrams may contain both agents and classes. Actually,
agents could be defined as a set of classes or could use classes. For instance, when
one considers ants and pheromones, ants are defined as agents and pheromones as
instances of classes. Thus, we have to distinguish agents from classes on diagrams.
We propose to prepend the agent name by the stereotype «agent» as shown on
Figure 3.

UML considers several levels of abstraction: from low level of abstraction to
high level of abstraction [3]. This range of levels of abstraction allows designers
to have different views of the system. They are particularly interesting when
the system is complex. Two levels of abstraction are usually in use in UML:
conceptual level and implementation level. The conceptual level corresponds to
high level of abstraction. The implementation level corresponds to low level of
abstraction. Section 2.1 presents the conceptual view of the system. Section 2.2
describes the implementation level.

2.1 Conceptual Level

The conceptual level allows designers to have a bird’s eye view of both the
agents and the classes. The conceptual level is especially used to represent the
different agents and classes used in the system and the relationships between
these elements. Since agents and classes are mixed on the same diagrams, we
have to consider what the four relationships in UML (association, generalization,
aggregation and dependency) mean when they are applied between agents or
between an agent and objects.

In UML, an association is a structural relationship, specifying that objects of
one thing are connected to objects of another. Given an association connecting
two classes, it is possible to navigate from an object of one class to an object of
the other class, and vice-versa. An association that connects exactly two classes is
called a binary association. For instance, if an association is defined between one
class company and one class employee, it is then possible to know the company
while one employee is considered and it is possible to know the employees while
the company is selected. An association is rendered as a solid line connecting
the same or different classes (see Figure 1). There are four basic adornments
that apply to an association: a name, the role at each end of the association, the
multiplicity at each end of the association and aggregation.



In UML, a generalization is a relationship between a general thing (called
the superclass or parent) and a more specific kind of that thing (called the
subclass or child). Generalization is sometimes called “is-a-kind-of” relationship:
a thing is-a-kind-of a more general thing. The child inherits the properties of its
parents: attributes and operations. Graphically, a generalization is rendered as
a solid directed line with a large open arrowhead pointing to its parent as shown
on Figure 1.

In UML, an aggregation is a plain association between two classes that rep-
resents a structural relationship between peers, meaning that both classes are
conceptually at the same level, no one more important than the other. An ag-
gregation is a “whole/part” relationship, in which one class represents a larger
thing (the “whole”), which consists of smaller things (the “parts”). It is for in-
stance, the case for the class car which is composed of wheels, bodywork, doors,
etc. Graphically, an aggregation is rendered a solid directed line with an open
diamond as shown in Figure 1. The diamond points to the class which merges
parts together.

In UML, a dependency is a using relationship, specifying that a change in the
specification of one thing may affect another thing that uses it but not necessarily
the reverse. Graphically, a dependency is rendered as a dashed directed line,
directed to the class being depended on as shown in Figure 1.
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Fig. 1. Relationships in UML
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The relationships as defined above correspond to the relationships between
classes. Some modifications have to be done when these relationships deal with
agents and classes.

The relationships have the following meaning while they are used between
agents:

association: the association means that there is a relation of acquaintance
between the linked agents. An acquaintance corresponds to a relationship



where two agents know each other. This relationship is used when agents are
not in a context of cooperation or coordination. As a consequence, agents
may exchange messages.

generalization: the generalization has the same meaning as for UML classes.
The definition of an agent can be derived from another one.

aggregation: the aggregation seems to be only possible in one situation: recur-
sion [6]. For instance, if the agent has a recursive architecture, i.e. an agent
is an aggregation of several agents.

dependency: the dependency relationship in UML corresponds to a unilateral
dependency in multiagent theory. We propose to extend this relationship to
mutual dependency. If A has a dependency over B, B has also a dependency
over A. It is the case if A needs a result that B can provide to it but B needs
information that A has.

A new relationship between agents has to be considered: the relationship
of order. This relationship is particularly used in hierarchies to exhibit that an
agent higher in the hierarchy commands an agent lower in the hierarchy to do
something.

The relationships have the following meaning while they are used between
agents and classes:

association: the association relationship connects an agents and several classes.
It means that this agent use the connected classes for their execution. It
might be a specific class for messages, for goals, for plans. We see further the
example of beliefs which are defined as an associated class to agents. This
relationship is unidirectional from agents to classes.

generalization: since agents and objects present many differences, it is then
impossible that the agents are derived from objects.

aggregation: the aggregation between agents and classes implies that agents
are defined as an aggregation of several classes. It is frequently the case when
designing agent architectures: an agent architecture contains a reasoning
part, an interaction part and a perception part such as InteRRaP [10]. All
these parts are implemented as objects.

dependency: the dependency between agents and classes is possible and means
that one agent needs this class either in its code or during its execution since
an instance of this class corresponds to an object that the agent can use.

Such an example of conceptual level is given in Figure 3. This is the example
of supply chain management [13] where it is represented clients, the company
and providers as shown on Figure 2.

Briefly, we consider nine types of agents: one type for the client, one type
for the provider and seven types for the company. The agent Order Acquisition
who receives the orders and negotiates the delays and the prices. Orders are
negotiated with the agent Logistics. As soon as orders are accepted, these orders
are sent to the agent Logistics. It asks the agent Scheduler to generate a plan
for this order to allocate materials, workers and transportation. As soon as the



Agent
Logistics Agent
Scheduler

Agent Provider

Agent Provider

Agent Client Agent Agent
Order Acqisitios Resource

Agent \
Dispatcher
A Provi

o gent Provider
Agent Worker
Transporter

Agent

Worker

Agent
Worker

Fig. 2. A Multiagent Approach of the Supply Chain Management

plan is available, it is sent to the agents Transporter, Dispatcher and Resource.
The agent Transporter is responsible for the transportation of the materials and
the final product to the client. The agent Dispatcher is responsible for finding
agents Workers who have to do the allocated tasks. The agent Resource has

to provided materials when needed. If the materials are not available, it has to
order these materials to providers.
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Fig. 3. Conceptual Level of the Supply Chain Management

This example points out that no attributes nor operations are defined in this
diagram. It allows designers not to be drowned by numerous information which
are not important at this level of abstraction. Figure 3 gives one package called
Company containing all the agents working in the company. It is interesting to

merge together agents working in the same entity. A package is mechanism in
UML which organizes objects into groups [3].



It is clear in this example that several levels of abstraction are possible.
Actually, in Figure 3, no classes are given even if these classes are used. One of
the great advantage of UML class diagrams is that designers are not required to
represent all the information. They can decide what kind of data is important
on a particular diagram.

Generalization is not considered in this example. However, it could be used
if we consider different kinds of orders. In this case, we have one agent broker
who receives the orders and dispatches them to the relevant Order Acquisition
agent. These agents have the same behavior but different properties according
to the different lines of products of this company.

2.2 Implementation Level

The conceptual level defined in the previous section is too abstract to be con-
sidered for an implementation. As soon as designers want to implement their
systems, they need to have an accurate view of their systems. The implemen-
tation level is given for this purpose. Obviously, designers can define as much
diagrams as they want in order to point out different views of the system.

This level is the most difficult one. Actually, it is required to give all the
elements which define the agents and the classes. The description of agents might
be really difficult if the application domain is complex. In order to help designers,
we propose to follow the Vowels approach [4] [5] for the definition of agents. The
Vowels model considers four elements in multiagent systems: agent, environment,
interaction and organization. These four elements represent the four different
views that designers could have when designing agents: (1) an agency view where
it is given agents’ knowledge, beliefs, intentions, plans and behaviors, (2) an
environmental view where it is given how agents react to the events coming from
the environment and other agents, (3) an interactional view where it is given
how agents interact with other agents and (4) an organizational view where it
is given the organizations in which the agents evolve and what are their roles in
these organizations.

We add several new compartments to UML class diagrams as shown on Fig-
ure 4. UML class diagrams only consider attributes and operations. These two
compartments are insufficient to represent the agent complexity. Figure 4 sum-
marizes the information defined below.

Agency View Several information have to be supplied according to the agency
view. An agent is represented by a name which could be a generic name if this
agent class is a pattern for agents. An agent class is denoted by the stereotype
<agent» and a unique agent name. Agent name is insufficient to represent the
role of the agent in the multiagent system. We add the compartment Role for
this purpose. This compartment describes what roles are played by this agent.
This information is then used for interaction protocols and organizations.

Like UML classes, agents are characterized by several attributes. These at-
tributes correspond to data used during the agent execution. Common attributes
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are for instance, the agent identifier, its physical address, its profile if it acts on
behalf of users, etc. These attributes are stored in the compartment Attribute.

We propose to store beliefs, desires, intentions and goals not as attributes but
as objects. An object in UML is an instance of a class with well defined bound-
ary. This approach allows designers to represent concrete data within agents.
For instance, it is difficult to represent a belief such as believe(Melbourne sunny)
directly within agent class particularly if we need to modify it after. As a con-
sequence, it is easier to handle these information. When considering a goal, it is
then possible to retrieve a part of the goal or to modify it. As far as we are con-
cerned this approach brings flexibility to the management of BDI information.
Moreover, it helps designers in the context of mutual beliefs and joint intentions
[14] since it is easier to share beliefs or intentions if they are defined outside
agents.

Operations are stored in the compartment Operation. Operations correspond
to actions performed by agents. We divide operations in three categories: inter-
nal operations, pro-active operations and reactive operations. Internal operations
correspond to operations that are not visible by other agents. For instance, if
agents have a specific interaction module for communication [8], such opera-
tions could be used to retrieve messages. Pro-active operations correspond to
operations that are fired given some conditions such as timer, exceptions or con-
ditions. An usual example is a server which informs agents of a specific value
every t units of time. Reactive operations are actions linked to modifications of
the environment or in reaction of other agents’ actions. These operations are
associated to the statecharts corresponding to agent behaviors.

These three kinds of operations are distinguished on class diagrams by a
keyword: int for internal operations, pro for pro-active operations and reac for
reactive operations.

Environmental View The environmental view deals with what agents do as
soon as the environment is modified. In order to represent the modifications and
actions, we use statecharts [7]. These statecharts allow designers to represent the
agent states and actions needed for going from state to state. Statechart diagram
is the solution that we follow even if statecharts are not the only possibility. We
can also use activity diagrams or state machines.

Here follows a small example of an agent monitoring the temperature room.
The resulting statechart is given in Figure 5.

Statecharts are not defined within class diagrams but outside, only the name
of statecharts is given in class diagrams.

Interactional View The interactional view gives the interaction protocols used
by this agent. Interaction protocols are represented by sequence diagrams [12]
[2] and extends UML sequence diagrams. Sequence diagrams allow designers to
represent agents by their role in this interaction. The messages are sent between
roles. The example of the English auction protocol is given in Figure 6.



monitoringTemp

tooCold/warming CD tooHot/cooling

Fig. 5. Statechart Diagram for Agent Monitoring Room Temperature

AuctionParticipants:
Consumer

departure, arrival)

{m > 0} not-understood(syntax-error)

{m > 0} not-understood(ontology}

1 ice, departure, arrival)

reject—proposal(wrong—price)

accept-proposal(correct-price)

1 {k>=2} cfp(new—price)
1 inform(end-of-auction, n
eparture, arrival)
i d_price}
1 request(pay—price) 1

Fig. 6. English Auction Protocol in Agent UML



Sequence diagrams are not defined within class diagrams but outside, only
the name of the protocol diagrams are given in class diagrams. The roles played
by the agent are given for each sequence diagram.

Organizational View Agents are represented in multiagent systems by their
roles and their actions. Several information are provided according to the orga-
nizational view: capabilities, services and organizations in which agents involve.

Capabilities describe what agents are able to do. Capabilities are written
as a free-format text. Capabilities are stored in the compartment Capability.
Capabilities are derived as services to agents. These services are not rendered
within agent class diagrams but as lollipops linked to agent class diagrams.
We add the name of the service and the conditions under which the service is
available.

The last information in the organizational view is the list of organizations,
the agents belong to. This list of organizations is stored in the compartment
Organization. Agents play roles in organizations. Designers insert the roles played
for each organization. We also add the constraints imposed for entering into,
belonging to and leaving this organization.

3 Comparison with Bauer’s approach

Only one work (except ours) exists in the domain of Agent UML class diagrams
[1]. In this section, we compare our approach to Bauer’s approach.
Several information are considered in Bauer’s approach:

. Agent class description and roles

. State description

. Actions

Methods

. Capabilities, services and supported protocols
. Organization

. Agent head automata

N T A W

Agent class description and roles merges two information that we have in
our proposal: the agent class name and the roles played by this agent.

State description corresponds to our compartment Attribute. The difference
between our compartment Attribute and this compartment State description is
for the computation of beliefs, desires, intentions and goals. Bauer considers
these information as well formed formulas. As far as we are concerned, we think
that it is better to represent beliefs, desires and intentions as objects linked to
the agent class. As a consequence, it is easier to modifiy the belief or to handle
information. For instance, if the agent learnt that the value of b is no longer 5
but 10. It is easier to modify the associated belief since the agent has just to
modify the attribute value of the belief. This approach is also more efficient for
retrieving parts of goals or to merge different sub-goals. Last advantage of such



a method is in the context of mutual beliefs, joint intentions and shared plans.
It is easier to share these elements since they are defined outside agents.

Actions corresponds to two kinds of actions in Bauer’s approach: pro-active
actions and reactive actions. Pro-active actions correspond to actions fired by the
agent itself such as exceptions or triggered actions. Reactive actions are linked to
the modification of the environment. These two kinds of actions are equivalent
to ours. We also propose internal actions.

Methods corresponds to our compartment Operation when operations are
internal ones.

Capabilities corresponds to our compartment Capabilities. Services are de-
scribed within agent class diagrams. It is not explained how these services are
described. In our proposal, we follow the approach used in UML for interfaces
for rendering services.

Supported protocols corresponds to our compartment Protocol. However, we
add the roles played by the agents. Actually, it is possible that agents play several
roles in the same protocol.

Organization corresponds to our compartment Organization. One more time,
we add the notion of roles played by the agents. Moreover, it is not clear what
the piece of information constraeint means. In our case, we have the information
about the conditions to enter the organization, the conditions to stay in it and
the conditions to leave it.

The main difference between Bauer’s approach and ours remain in the Agent
head automata. Bauer proposes to render on agent class diagrams, the match-
ing of communicative acts. This approach seems to be unrealistic as soon as
agents encompass several complex protocols. This agent head automata con-
tains communicative acts as well as actions triggered by the receipt of messages.
In our opinion, this rendering must not be done within agent class diagrams
but outside. It is better to use sequence diagrams if designers want to represent
protocols or activity diagrams if they want to represent the actions triggered
by the messages. Moreover, if designers insert an agent head automata within
agent class diagrams, they break one principle of UML saying that one diagram
is only performing one kind of view of the system: agent class diagrams are used
to represent the content of agents and not how they perform actions linked to
messages.

To sum up

Several elements are present both in Bauer’s approach and in our approach
even if sometimes, the term used is not the same: roles, attributes, operations,
actions, capabilities, protocols or organizations. The main differences between
our two approaches are located in the management of beliefs, desires, intentions
and goals; and in the agent head automata. Beliefs, desires, intentions and goals
are stored as objects. This approach makes the handle ease. The second main
difference is the agent head automata. In our opinion, this agent head automata
is inefficient as soon as agents encompass complex protocols and that several
actions have to be done between the receipt of messages and the sending of



messages. Moreover, this approach is contrary to one principle in UML saying
that one diagram is designed to perform only one view of the system.

4 Conclusion

Following the example of software engineering where designers have modeling
languages for describing elements used in their software, it is important that mul-
tiagent system designers have modeling languages too. The modeling language
Agent UML [12] seems to be an answer to this need. This modeling language
extends UML in order to consider special features encompassed in agents such
as autonomy, cooperation and richer interactions.

Since objects and agents are not the same, some UML representations have
to be modified. The aim of this paper is to rethink the class diagrams which allow
designers to define the structure of the system and the elements. In our proposal,
class diagrams contain agents as well as classes. Several compartments are in-
serted in these diagrams in order to represent agent features such as behaviors,
capabilities, services or protocols.

Bauer has also considered how to augment class diagrams in order to rep-
resent agents [1]. His approach presents several similarities with ours but inter-
action is managed according to a different approach. Bauer proposes to render
incoming messages, resulting actions and outgoing messages on class diagrams.
This approach tends to reduce the readability of the class diagrams if designers
have to represent numerous messages and actions.

Several different future directions are possible for future work: (1) until now,
designers use UML tools in order to represent their Agent UML diagrams. Since
we have modified deeply the class diagrams, we have to design specific tools for
Agent UML, (2) the design of class diagrams is really difficult since designers
have to consider a really accurate view of the agents and multiagent systems. It
seems to be useful to propose a methodology or recipes in order to help designers
in managing this task. Finally, (3) it might be interesting to consider how to
generate code for class diagrams giving the skeleton of a multiagent systems.
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