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Preface

This is the eighth year that the Agent-Oriented Information Systems (AOIS)
workshops have been held. Papers submitted to AOIS show an increase in quality and
maturity as agent technology is being increasingly seen as a viable alternative for
software and systems development. In AOIS, we focus on the application of agent
technology in information systems development and explore the potential for
facilitating the increased usage of agent technology in the creation of information
systems in the widest sense.

This year’s workshops were held in conjunction with two major, international
computing research conferences: the first, in May 20006, was affiliated with the AAMAS
conference in Hakadote, Japan and chaired by Garcia, Ghose and Kolp. The second was
held in conjunction with the international CAiSE conference held in Luxembourg (June
2006) and chaired by Bresciani, Henderson-Sellers and Mouratidis. (Details of all
preceding workshops are to be found at http:// www. aois. org.)

The best papers from both these meetings were identified and authors invited to
revise and extend their papers in light of the reviewers’ comments and feedback at the
workshop. Following submission to this compendium volume, another round of
reviews was undertaken resulting in what you can read here. These re-reviews were
undertaken by three members of the Programme Committee — we wish to thank both
the authors for undertaking the necessary revisions and the reviewers for this extra
call on their precious time.

We have grouped these papers loosely under four headings: Modelling; Methodologies;
Agent-Oriented Software Engineering; and Applications. These categories represent fairly
the breadth of current AOIS research as well as encompassing the papers presented at the
two AOIS workshops. We trust you will find the content of these selected and revised
papers to be of interest and utility.
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Modeling MAS Properties with MAS-ML
Dynamic Diagrams

Viviane Torres da Silval, Ricardo Choren?, and Carlos J.P. de Lucena®

! Dept Sist Informéticos - UCM, C/ Prof J.G. Santesmases s/n, Madrid 28040, Spain
viviane@fdi.ucm.es
2 Computer Engineering Dept - IME, Pca Gen Tibtrcio 80, RJ 22290-270, Brazil
choren@ime.eb.br
3 Computer Science Dept - PUC-Rio, Rua M. de S. Vicente 225, RJ 22453-900, Brazil
lucena@inf.puc-rio.br

Abstract. A crucial part of a multi-agent system (MAS) design is the
specification of agency properties. Traditional approaches to agent sys-
tems modeling use diagrams that focus on defining the set of structural
and interactive elements such as agents, organizations, actions and mes-
sages. Such approaches do not exhibit a proper notation to show agent
behavioral properties such as adaptation, mobility and concurrency. The
MAS-ML approach to designing agent systems proposed an extension to
UML 2.0 to provide a proper notation to model structural and dynamic
characteristics of a MAS. In this paper we enhance MAS-ML dynamic
diagrams, the extended sequence and activity diagrams, to describe the
basic guidelines to model behavioral properties and we show some ex-
amples of how these diagrams support the behavioral properties specifi-
cation, allowing a flexible and easier modeling of agency characteristics.

1 Introduction

Agents are goal-oriented entities that have beliefs, plans, actions and interac-
tions. To specify a MAS, a designer must elicit and describe these entities.
However, agents can have intrinsic properties such as adaptation, mobility and
concurrency. These properties are usually introduced later in the application de-
velopment, e.g. in the detailed design or in the implementation phases. There is
little support to describe these properties while modeling the application.

Currently, there has been an increasing effort to use UML to specify MAS (e.g.
[1BIAI6I7U8] ). Nevertheless, these efforts focus on the structural and interactive
aspects of the system. To overcome these limitations, we proposed the MAS-ML
[12] modeling language, which extended the UML metamodel to introduce new
notation elements and diagrams to model agent-specific features.

In two previous papers [I3I14] we introduced the MAS-ML dynamic diagrams,
which are extensions to the UML 2.0 sequence and activity diagrams. This ex-
tension proposes the basic definitions of agent-oriented behavioral concepts, in-
cluding the creation of proper notation elements. These diagrams were discussed
and we showed the modeling language potential by examining some case studies.

M. Kolp et al. (Eds.): AOIS 2006, LNAT 4898, pp. 1 2008.
© Springer-Verlag Berlin Heidelberg 2008



2 V.T. da Silva, R. Choren, and C.J.P. de Lucena

In this paper, we use these basic definitions to consider the problem of how
to clearly model some of the agents’ properties that may appear on a MAS
(goal-orientation, interaction, adaptation, distribution, mobility and concurrent
execution). Our goal is to show how the modeling language can be used to model
these properties on dynamic diagrams. We believe that providing a consistent
way to describe agent properties while modeling the system actions and pro-
tocols shall support an effective communication between stakeholders, increase
traceability and ease the design.

This paper is structured as follows. Sections 2 and 3 describe the MAS-ML
extended dynamic diagrams. Section 4 presents some sample scenarios that will
be used to show how MAS-ML dynamic diagrams support agent properties mod-
eling. Section 5 discusses how each property should be modeled using MAS-ML.
Section 6 describes the related work, and Section 7 concludes and presents some
ongoing work.

2 MAS-ML Extended Sequence Diagram

A sequence diagram shows how cooperating objects interact with each other by
emphasizing the time ordering of messages being sent and received [10]. This
diagram is used to identify objects, their interactions (objects calling methods)
and their internal execution (objects executing the methods). MAS-ML extends
the UML sequence diagram [13] to be possible to also model the following multi-
agent entities: agents, organizations, sub-organizations and environments. Below
we briefly present the MAS-ML extended sequence diagram.

2.1 Entity Representation

A MAS entity (e.g. an agent or an organization) is immersed in an environment
[5] and is able to play several roles in different organizations [9]. Thus the MAS-
ML sequence diagram provides notation to model the entity itself, its roles, the
organizations these roles are being played, and the environment it executes. Table
[Mshows a summary of the entity identification in MAS-ML sequence diagram. For
example, in order to completely identify an agent it is necessary to identify the
environment where the agent is immersed in, the organization where the agent in
playing, and the role being played by the agent. Organizations, environments and
roles are instances of organization classes, environment classes and role classes,
respectively.

2.2 Interaction Representation

Interaction between agents and organizations is characterized by sending and
receiving messages and not by calling methods. Therefore, a speech act message
type (different from a method call) to indicate the message semantics and con-
tents was defined [I3]. Figure [l illustrates two agents interacting by sending a
Proposal message. Agent Agl playing role R1 in organization O1 and inhabiting
environment E1 sends a proposal message to agent Ag2 playing R2 that is in
the same organization and environment.
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Table 1. Entity pathnames

Entity Pathname

Environment envInst : EnvClass
Organization orglnst/envInst : OrgClass/EnvClass
Sub-organization subOrglnst/roleInst/orglnst/envInst:
subOrgClass/RoleClass/OrgClass/EnvClass
Agent agentInst/rolelnst/orglnst/envInst:
agentClass/RoleClass/OrgClass/EnvClass
Object objectInst/envInst : Class/EnvClass

[Aglx’leOl/El: AclchlfocleCl] [AgZ.fRZ/Ol/El: ACZ/RCZ/0CL/ECL

T
i H
H H
H H
[} Proposal (Item Price) \[}
Lal
H H
i i
i i
Legend:
Ag:agent O:organization AC:agentClass OCiorganizationClass
R:role E:environment RC:roleClass EC:environmentClass

Fig. 1. New message type: speech act message between agents

Ag1l/R1/01/E1: ACl/RC1/0C1/ECL ] lAgZ/Rz/ O1l/E1l: ACZ/RCZ/0OCL/ECL

S8elling

Fecelving request gending request

Fequest (ITtem Erice)

Sending proposal
Proposal (Item Price)

Recelving proposal

e

action

Fig. 2. Agents executing plans and their actions

2.3 Internal Execution Representation

The internal execution of agents and organizations is represented by the execu-
tion of plans and actions. While executing their plans and actions, agents and
organizations may interact with other entities. Figure Bl illustrates two agents
executing their plans (Selling and Buying) and associated actions (receiving re-
quest, sending proposal, sending request and receiving proposal).

In MAS-ML, it is possible to represent agents committing to, changing and
canceling roles. The diagram was extended with a set of stereotypes to show the
dynamic behavior related to roles (Table [2]).
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Table 2. Role stereotypes

role committment Commit to a new role

role cancel Cancel one of its roles

role change Change from one role to another
role deactivate Deactivate one of its roles

role activate Activate an inactive role

[ Agl/R1/01/ELl: ACL1l/RC1/0OCL1/ECL

<<role change>>

ﬁ{Agl.f R3/0Z/E2 :“: ACL/RCZ/0OCZ/ECE

]

Fig. 3. Sequence diagram showing an agent changing its role

Figure [3 illustrates the use of the stereotype role change. Agent Agl playing
R1 in O1 and inhabiting E1 changes its role to play R3 in O2 that is in E2.
Besides illustrating the agent changing its roles (from R1 to R3), Figure [ also
shows the agent moving from an organization to another (from O1 to 02) and
moving from an environment to another (from E1 to E2).

3 MAS-ML Extended Activity Diagram

Activity diagrams illustrate the dynamic nature of a system by modeling the
flow of control from activity to activity. These diagrams are flow diagrams that
are used to model the business workflow and the algorithmic workflow that
represents the execution of an operation.

MAS-ML proposed an extension [I4] to the UML 2.0 activity diagram to
represent the execution of plans and actions using activities and actions, respec-
tively. Agents execute plans to achieve their goals, thus a stereotype was defined
to relate goals with plans. Since a goal can be achieved by several plans, the
designer can create several activity models to model all plans that achieve the
same goal. Figure M illustrates the use of an activity diagram to represent a
plan P, its actions (Al and A2) and the goal (G1) the agent intends to achieve
by executing the plan. Similarly to sequence diagrams, activity diagrams were
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=] <<goal>> 1
<<rofez>R1

@

Fig. 4. Activity diagram describing plan P1

extended to represent agent messages. In figure [l the agent sends the message
M1 after executing action A2 in plan P1.

The extended activity diagram includes information to represent roles played
by agents while executing plans. Roles can be represented in two different ways:
(a) the role is identified in the context of a plan if it is possible to guarantee
that an agent will always play the same role during the plan execution, and; (b)
the role is associated with an action if an agent commits to, changes, cancels,
deactivates or activates a role while executing a plan. For instance, figure[d shows
the role R1 related to the plan P1, which means the agent will always be playing
R1 while executing P1.

To relate actions to different roles, MAS-ML proposes the use of partitions or
action annotations to identify the roles. Figure [ illustrates the use of partitions.
The agent is playing role R1 while executing action A3 and playing role R3 while
executing action A4. To represent the dynamic behavior related to roles (com-
mitment, activation, deactivation, changing and cancellation), the same set of
stereotypes used in the sequence diagrams can be used in the activity diagrams.
Figure Bl shows an agent changing its roles while executing the action A3.

Partitions are also used to model the organizations in which the agents are
playing roles and the environments in which they inhabit. Figure [ depicts an
agent changing its roles by stopping playing role R1 in organization O1 and

s s
Aol
g 32 62
o
b = R <=role_change=>
gw| 50| o> e g
&= o
5 g
N M
v Y
A A
403
g g ¥
g = ()
(] [ aes
S|l 20| Ad
H &
& i
g =] \ /
N M
v W

Fig. 5. Activity diagram describing an agent changing its role
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beginning playing role R3 in organization O2. This figure also shows that the
roles are played in different environments. R1 is played in E1 and R3 in E2.
Figure [l illustrates exactly the same agent behavior shown in Figure

4 Sample Scenarios

In order to illustrate how the agent properties are modeled using MAS-ML
sequence and activity diagrams, four scenarios were defined.

Scenario I. Agent Bob wants to buy a new laser printer. After entering a mar-
ketplace of brand new goods, Bob negotiates with a seller. Laser printers are
expensive items, so Bob bargains for a discount. The seller asks his manager for
the available discount and informs Bob. If Bob accepts the final price, Bob pays
for the printer.

Scenario II. Suppose Bob accepts the final price of the new printer and decides
to sell its old one. Bob does not need to finish the negotiation in which he is
buying the new printer in order to sell its old one. Immediately after deciding to
buy the new printer, Bob can announce its old one in a market of second-hand
goods.

Scenario III. After buying the new printer, Bob decides to buy a toner. Al-
though, Bob usually bargains when negotiating an item, in such situation it uses
a different strategy since, historically, toners do not have discounts.

Scenario TV. Suppose Bob receives a buying proposal for its old printer while
negotiating the toner and, in order to negotiate its printer, Bob needs to move
to the market of second-hand goods. Bob has two alternatives: finish the toner
negotiation or move immediately to the market of second-hand goods. In this
example, we will suppose that finding a buyer for an old printer is a difficult
task, so Bob decides to stop negotiating the toner and to move to the other
market to negotiate the printer.

5 Modeling MAS Properties

By analyzing the extended sequence and activity diagrams it is possible to verify
that the main properties of multi-agent systems can be successfully modeled. In
this paper we focus on some of MAS properties to stress how they can be modeled
by using each diagram. The properties presented here are: goal orientation, social
behavior, adaptation, mobility, distribution and concurrent execution.

5.1 Goal Orientation

Agents as well as organizations are goal-oriented entities [I5]. Goals are used
as the basis for identifying agent functionalities, i.e. specific blocks of behavior.
These blocks of behavior are implemented as action plans. Thus, a plan is de-
signed to achieve a goal. We have extended the UML activity diagram to model
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plans, and the goals achieved while executing the plan. We enhanced this dia-
gram with a goal stereotype that semantically means that a plan is designed in
the context of a goal and reaching one of its final states means that the goal
may have been achieved. It is important to mention that an activity diagram
may have several final states, and some of those states may not achieve the goal.
Final states related to the achievement of the goal should be highlighted by the
goal stereotype.

Figure [ shows an activity diagram that models the plan executed by sellers
in scenario I. The Selling plan is executed by sellers to achieve the To have an
item sold goal. Note that only one final state indicates that the goal has been
achieved.

(r - . bk %
st gt te b oo

<<rofle==5eller

._.{ Infornung Price A-\ H Infornung proposal fl‘\ }

[proposal
accepted] &

Receivin
Position

¥
12 Final f‘l‘w

[proposal

Fig. 6. Activity diagram modeling the goal achieved by a plan

5.2 Interaction

The interaction between the entities can be modeled in both sequence and activ-
ity diagrams because both diagrams can model messages being sent and received.
Sequence diagrams focus on the time order of the messages exchanged between
entities, on the other hand, activity diagrams focus on an agent plan workflow.
The sequence diagram allows tracking a message and finding out how such mes-
sage influences the execution of the agent that receives it. An activity diagram
focuses on modeling the messages sent and received by a single agent in the con-
text of the plan being modeled. It is not possible to model the how a message
sent by an agent will affect the execution of the agent that receives it.
Therefore, if it is important to focus on modeling numerous agents interacting,
sequence diagrams should be used. However, if it is important to picture the
messages sent and received by one agent without concerning about the execution
of other agents, activity diagrams should be used. Figure [0 illustrates scenario
I by using a sequence diagram. Such diagram models the interaction between
agent Bob that wants to buy a printer, agent John that is selling it and agent
Mary that is the manager of the marketplace. The sequence diagram was chosen
since it is important to see all the messages being sent and received by all the
agents involved in the interactions in order to understand such complex scenario.
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Fig. 7. Sequence diagram modeling an interaction (buyer and seller)

5.3 Social Behavior

While specifying a system as a set of autonomous agents, the designer needs
a way to specify the agents’ expected behavior without exactly knowing which
agents enact that behavior. Roles solve this problem and they are used to design
social structures in multi-agent systems.

In sequence diagrams, roles and organizations are associated with the path-
name of the entity (table[D). In activity diagrams, agent roles are illustrated in
two different occasions. The plans modeled in these diagrams can be associated
with the roles played while executing the plan. Figure [0 identifies the role that
will be played by the agent while executing the plan.

As mentioned before, roles can be associated not only be with a plan as a
whole, but also with specific actions. To associate a role with an action, parti-
tions and action annotation can be used. Figure [§ shows the use of partitions
and stereotypes in the activity diagram of scenario II. The role commitment
stereotype pictures an agent committing to a new role. The Preparing to sell
action is decorated with the role commitment stereotype to indicate that the
agent playing the buyer role is committing to the seller role. After accepting the
proposal, the buyer sells its old printer while paying for the new one.

Such scenario can also be modeled in a sequence diagram. Figure @ illustrates
the slice of the buying plan that shows a user agent, playing the buyer role,
committing to the seller role after accepting the proposal sent by a store agent.
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Fig. 8. Activity diagram modeling an agent committing to another role
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Fig. 9. Sequence diagram modeling an agent committing to another role

5.4 Adaptation

Agents typically operate in dynamic environments. If the context (e.g. the social
environment) of an agent changes to the extent that an agent is unable to cope
with its current goal, the agent needs to adapt. In this paper, adaptation refers
to the ability of an agent to abandon a previous goal or plan and adopt a new
goal or plan that better fits its current situation.
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Fig. 11. Activity diagram modeling a goal adaptation
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Models that specify adaptation should express preference relations among
goals or plans. The designer must have a deep knowledge in the application
domain to guide the adaptation process, both in deciding which goals to pursue
or how to indicate the change of plans. In an adaptation process, either the goal
an agent was trying to achieve is no long the highest priority goal to pursue in
the given context (goal adaptation) or the plan an agent was executing is no long
the best fit to achieve its current goal (plan adaptation). In both cases, neither
the goal nor the plan is changed; in the adaptation context, they are replaced
by another goal or plan respectively.

Scenario 111 describes a situation in which agent Bob presents a plan adapta-
tion. Usually, its strategy is to bargain for an item. Yet, while buying toners, Bob
knows that it should not spend its time bargaining for toners that never have
discounts. This is an illustration of an agent executing a behavior (not bargain)
that is different from its usual (bargain). This behavior adaptation only takes
place in this particular context. This scenario is modeled in Figure [0 using a
sequence diagram. The Buying plan that presupposes the agent will bargain is
not select if the item to buy is a toner.

Scenario IV gives an example of goal adaptation. In this scenario Bob dynam-
ically changes its goal priorities. In the beginning, the goal that has the high-
est priority is the To have an item bought (the toner) goal. However, when Bob
receives a proposal of an agent that wants to buy the old printer, the priorities of
the goals change. The goal with the highest priority becomes To have an item sold
(the old printer). After achieving the To have an item sold goal, the agent may
resume the To have an item bought goal, if the developer indicates so. Figure [IT]
illustrates scenario I'V by using an activity diagram.

The diagram element Interruptible Activity Region proposed in the UML 2.0
meta-model is used to indicate an interruption in the execution of the Buying
plan. If the condition identified in the diagram element holds, i.e. if the agent
is informed that another one is interested in buying the old printer, the agent
stops the execution of the Buying plan and starts the execution of the Selling
plan. This notation serves the purpose of modeling that the priority of the To
have an item bought goal decreases and the priority of the To have an item sold
goal increases.

Although we have used a sequence diagram to model plan adaptation, an
activity diagram could also be used. In this case, both diagrams perfectly rep-
resent the same situation. On the other hand, the goals adaptation is not eas-
ily represented in sequence diagrams. The goals’ adaptation interrupts the
sequence of the actions being executed at any time. Such interruption cannot
be easily represented in sequence diagram. However, the diagram element In-
terruptible Activity Region, used in activity diagrams, entirely represents such
situation.

5.5 Distribution

UML 2.0 sequence and activity diagrams do not provide explicit support for mod-
eling distribution. Sequence diagrams could be used to model the interaction
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Fig. 12. Sequence diagram modeling agents inhabiting different environments

between objects that inhabit in different environments, but it provides no graph-
ical notation to explicitly indicate this situation. MAS-ML extended sequence di-
agram identifies the environments that the entities inhabit. So, it is possible to
explicitly model two entities interacting and inhabiting different environments.
For instance, figure[I2illustrates scenario IV where Bob receives a messages from
an agent that is executing in another marketplace.

Agent Daniel, which is executing in a market of second-hand goods, informs
that wants to buy Bob’s old printer. The activity diagram was also extended to
represent environments where the agents execute. While modeling the plan of
an agent, it is possible to indicate the environment that the agent will inhabit
while executing the plan. As stated before, we propose the use of partitions to
illustrate environments.

5.6 Mobility

Both diagrams were extended to model agents moving. In the extended sequence
diagram, we propose the use of the role change stereotype to model a mobility
process. Mobility refers to a two-step process: leaving the current environment
and entering a new one. To leave an environment, the agent must quit all its
roles, which means that the agent is stopping all its plans. To execute in a new
environment, the agent must start playing a role. Thus even if the roles (the old
and the new ones) are the same, there is a change of roles. Mobility is modeled
through the entity pathname which indicates that the new role is played in
another environment.

In scenario IV agent Bob moves from an environment to another when he is
informed that Daniel is interested in buying its old printer. Figure [[3] illustrates
Bob receiving a message from Daniel saying the he is interested in the printer.
Then, Bob moves to the market of second-hand goods that is localized in a
machine in Brazil to negotiate with Daniel.

The same mobility process can be modeled using the extended activity dia-
gram. The role change stereotype is used to show the leave/enter process and
partitions are used to show that the environments are different. Figure[I4] depicts
the same scenario illustrated in figure [[3] by using an activity diagram.
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Fig. 14. Activity diagram modeling agents moving to another environment

5.7 Concurrent Execution

The UML 2.0 sequence diagram provides support for annotating messages with
a parallel symbol (//) to indicate that they will be executed concurrently. We
extended this diagram to model different MAS entities executing concurrently
and the same agent concurrently executing different roles. Figure [[3] illustrates
three agents executing concurrently, Bob, John and Mary.
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Fig. 15. Sequence diagram modeling three agents executing concurrently
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Fig. 16. Activity diagram modeling an agent executing two actions concurrently

The UML 2.0 activity diagram provides support for modeling actions exe-
cuting concurrently by using graphic symbols that represent forks and joins.
Therefore, by using the extended activity diagram and these available symbols
it is possible to model an agent executing several concurrent actions while ex-
ecuting the same plan. The extended activity diagram also provides support
for modeling the same agent executing different plans concurrently. Figure
illustrates an agent executing concurrently the Payment action of Buying plan
and Send announce to manager action of Announcing item plan.
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6 Related Work

In this section, we will compare MAS-ML to several works that use UML se-
quence and activity diagrams to model MAS properties ([TU2I3J4U6I7IRIOUTT]).

Goal-orientation: Only one approach [7] relates the plan being modeled to a
goal. However, it simply treats goals as events that trigger plans. In the MAS-
ML activity diagram a plan can always be associated with the goal it pursues.

Goal Orientation

[T2131A16ISI9ITT] not present

7 goal is event that triggers plan
MAS-ML direct association in activity diagram

Interaction: No other approach represents the environment where agents are exe-
cuting in sequence and activity diagrams. Therefore, the main difference between
our approach and those ones it that by using MAS-ML sequence and activity
diagrams it is possible to model agents from different environments interacting.

Interaction

:

agents/roles interacting

3 not present

[ distinct roles in distinct organizations interacting
[6] ACL and signals to represent messages

[ agents interaction

8] send and receive stereotypes in activity diagram
MAS-ML notation on both diagrams

Social behavior: Most analyzed approaches model the relationship between agents,
roles and organizations that characterize the social behavior of agents.

Social behavior

roles in sequence diagrams

roles in action annotations

not present

roles and organizations on sequence diagrams
swimlanes for roles

stereotypes for dynamic aspects of roles
organizations on both diagrams

AS-ML notation on both diagrams (also using partitions)

EEEE%EE

=

Adaptation: None of the proposed approaches demonstrates the adaptation of
goals and plans illustrated by using the MAS-ML sequence and a