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Abstract. This paper presents some preliminary results obtained in the model-
ing of a multiagent system for the simulation of the social production and man-
agement of a urban ecosystem, in particular, the project of the San Jerónimo
Vegetable Garden of city of Seville, Spain. We introduce a study regarding the
interactions between agent roles in this particular social organization. For that,
we use Activity Diagrams of UML , which provide a clear visualization of the
communication between agent roles and allow the identification of communi-
cation protocols used by the agents. Furthermore, we show an initial proposal
for the encapsulation of those protocols in CArtAgO artifacts, presenting a more
modular approach for agent communication in multiagent systems.

1 Introduction

This work addresses, in an interdisciplinary approach, some preliminary results ob-
tained in the modeling of a multiagent system for the simulation of the social produc-
tion and management of a urban ecosystem – a joint effort for interrelating knowl-
edge, seeking collective interpretations, adopting as case study the current tendency
of (re)approaching the countryside to the city through urban vegetable gardens. The
chosen organization is the project of social vegetable gardens conducted at the San
Jerónimo Park (Seville/Spain), driven by the NGO “Ecologistas en Acción”.

The general objective is to develop a MAS-based simulation tool for the analysis of
the current reality of the project, allowing discussions on the adopted social manage-
ment processes, and also for investigating how possible changes in actions, behaviors,
and roles assumed by the agents in the organization, especially from the point of view
of their participation in the decision making processes, may transform this reality, from
the social, environmental and economical point of view, then contributing for the sus-
tainability of the project.
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In previous works [1, 2], we presented the first phase of the MAS organization mod-
eling, developed using the organizational model MOISE+ [3, 4], identifying the orga-
nizational roles of the San Jerónimo vegetable garden and their routines, the social
interactions, the regulative and constructive norms.

However, we noticed that, although the MOISE+ model allowed the visualization
of the system organizational structure (and also its schemes), allowing to easily see,
for example, the order in which the goals must be achieved, the interactions between
the organizational roles cannot be either modeled or visualized. In the actual version
of MOISE+ model, it is not provided any means to represent the interactions between
organizational roles.

Then, in the present work, we use UML’s activity diagrams in order to identify
such role interactions and communication, overcoming the shortcomings found in the
MOISE+ model. This study allows the analysis of how the different roles may interact
and communicate in their routines in the organization. Having defined such interactions,
we propose an approach to deal with agent communication in role interactions using
CArtAgo artifacts [5].

The aim is to move away from the agents playing organizational roles the logics
of the messages they exchange using a certain protocol, obtaining a more modular ap-
proach of agent communication. For that, we create CArtAgo “artifacts of speech acts”
and “artifacts of protocols”, which form a communication layer for the JaCaMo plat-
form [6]. The use of communication artifacts provides a mediation of the multiagent
communication, such that it is possible to abstract both implementation language and
localization of the agents.

The paper is organized as follows. Section 2 discusses the social foundation that mo-
tivates this work in a general view. Section 3 presents briefly the roles and role routines
in the social organization of San Jerónimo vegetable garden. In Section 4, we present
the modeling of role interactions using Activity Diagrams. Sections 5 and 6 present
the communication protocols and how we propose to encapsulate them in CArtAgO
artifacts. Section 7 presents the conclusion and further works.

2 Foundation and Motivation

In order to tackle the different problems caused by the industrial society, it is necessary
to use paradigms that are able to deal with the new social agents and new conflicts that
emerge from the flexibility generated by the industrial civilization of the information
era, including, obviously, themes encompassing the ecological and economical issues
of this society [7]: a reformation in the scientific reasoning producing a “thinking about
the context and the complex” [8], that is, unifying which was before compartmental-
ized, respecting the diversity and, at the same time, recognizing the unity, a thinking
that does not isolate, but that considers the object of study for its relation with the so-
cial, economical, political, environmental surroundings, accepting the uncertainty of its
actions.

When analyzing this complex thinking, considering a more ecological and systemic
point of view, an alternative for diminishing the social, environmental and economical
degradation of our present life emerges, related to the concept of sustainability. Al-
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though many authors estimate that the success of this “new” terminology is due to its
own conceptual ambiguity that accompanies it [9], it is possible to guide its applica-
tion from a complex approach. There are many claims other than those suggested by
the Brundtland Report3, and, thus, one starts to consider that sustainability does not re-
fer to the type of human interaction with the world that preserves the environment for
not compromising the natural resources of future generations. The application of such
concept under the complexity approach includes the reflections of the social and urban
ecology, which consider, respectively, the holistic relation among the human beings and
the environment – specially, how the human activity frequently causes great damages
on the nature [10] – and the application of the scientific ecology, social and environ-
mental simulation, artificial intelligence, multiagent systems (MAS), etc., in order to
understand and to interpret the urban reality [11, 12].

To repair environmental damages it is necessary to solve social and economical
issues, which imply mental and behavioral changes, increasing the participation and
involvement of citizens in the defense of their surroundings. It is at this point that it
is possible to make a connection between the urban ecology and the social production
and management of the habitat [13–16]. To transpose the sustainability from the theory
to practice means to conceive the human being and the territory where the majority of
the species develops – the cities – as taking part of the nature, under the concept of
“urban ecosystem” [17, 18]. A urban ecosystem is not a simple aleatory aggregation of
spaces, but a total connected to networks inside networks with causes and effects; an
habitat with a structure coherent with the cultural paradigms and specific necessities of
a certain group and context; a process of constant increment of information; a physically
closed territory, but open to energy and resource flows.

The concept of social production and management of urban ecosystems may be
understood as the generation of new physical or relational situations, by constructing,
transforming or eliminating physical objects and/or relational objects with the objective
of ensuring, in the new produced situations, the fulfillment of their social and environ-
mental functions [14, 19, 15]. This includes the citizen participation in the process of
urban planning and transformation, articulating the different involved agents (govern-
ment, institutions, technicians, citizens), forming a network structured and supported by
mechanisms and tools that allow the equal distribution of power in the decision mak-
ing, so that all agents can participate and dialogue actively in the whole process of a
certain project, from its planning to its management. The social production and man-
agement of urban ecosystems contribute to the strengthening of community practices,
to the increasing of responsibility for a collective project, to the exercise of democracy,
to the development of more supportive actions, including both productive and economic
issues, as well as environmental issues.

3 Document entitled “Our Common Future” (1987), which defines Sustainable Development as
the one that satisfies the actual necessities, without compromising the capacity of the future
generations of supplementing their own necessities.
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3 Identification of roles, norms and routines of roles

The Urban Vegetable Garden San Jerónimo (in Spanish: Huerta San Jerónimo - HSJ) is
an initiative of the NGO Ecologists in Acción in order to promote social participation in
organic farming practices through the use of urban vegetable gardens to recreation, and
conducting activities related to environmental education. It occupies about 1.5 hectares
of the San Jerónimo Park and it is divided into individual plots cultivated (around 42
units with sizes ranging from 75 to 150m2) assigned to gardeners for a period of two
years - - they must comply with the standards and rules set defined by the NGO. The
main feature is this urban ecosystem is a nonprofit, social urban vegetable garden, that
is, the production is dedicated to its own participants and it is economically supported
by their collaboration and municipal funding as well.

To organize and establish the behaviors of the different roles and routines, as well
as the frequency of these routines were used ellipses as Venn diagrams. The use of
ellipses helps us to see the routines of each role, which facilitates the understanding of
the agents’ behavior, as well as the identification of interactions between them and the
environment. As an example, Figure 1 shows the ellipses of the routines of the NGO’s
Secretariat, described as:

– Daily routines: to receive candidates documentation to participate in the project,
called the Aspiring Vegetable Gardener, registering them; to receive transfer re-
quest to plot possession.

– Monthly routines: to receive monthly fees paid by the Vegetable Gardener to cover
costs with water (drip), pest control material, use of common tools, etc., to inform
the meetings; to register Auxiliar Vegetable Gardener (informed by Vegetable Gar-
dener).

– Biennial routine: to receive a request from gardener to continue in the project.

– Seasonal routine: to sent the received documentation for the NGO Administration.

After that, we use the MOISE+[3, 4] organizational model to model the organiztion.
The modeling consists of the specification of three dimensions: the structural, where
roles and inheritance links and groups are defined; the functional, which establishes
a set of comprehensive plans and missions to achieve; and the deontic, which is the
dimension responsible for defining what role or permission is required to accomplish
each mission.

The representation of the organization of HSJ in the MOISE+ organizational model
is shown in Figure 2. Observing the relationship between the roles, an example of inter-
group communication is the one observed between the gardener (included in the group
"plot") and the technician (included in the group "NGO"). More information about the
MOISE+ modeling of HSJ can be seen in [2].
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Fig. 1. Ellipses of the routines of the NGO Secretariat.

4 Activity Diagrams

An Activity Diagram is a diagram defined by the Unified Modeling Language (UML),
representing the flows driven by processes. It is essentially a flow chart that shows
the flow of control from one activity to another. Usually this involves the modeling of
sequential steps in a computational process.

The diagrams allow a clear visualization of the interactions between instances of
classes. In our work, we use these diagrams to visualize the interactions between roles
of the HSJ organization.

Sociability is an inherent characteristic to any agent, which is its capability of com-
municating with other agents, for example, as a means of mutual cooperation. The activ-
ity diagrams allow the visualization of communication between agents and, therefore,
identification of protocols used by them.

Figure 3 is an activity diagram showing interactions between the the roles of Aux-
iliar Vegetable Gardener, Vegetable Gardener and Technician. In the following we ex-
plain it briefly.

Initially, the agent that assumes the Auxiliar Vegetable Gardener role arrives at the
NGO’s building, and it listens to a lecture. This lecture is given by another agent, play-
ing the Technician role, and teaches some rules on how to harvest adequately. This
activity is executed as soon as the Technician agent perceives that everyone has arrived
at the hall. The interaction between each role is accomplished through oral communi-
cation, in which the latter agent talks to everyone.

Following this interaction, another one is performed between the Auxiliar Vegetable
Gardener and the Vegetable Gardener agents. The former one requests authorization to
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Fig. 2. Structural Specification of HSJ with MOISE+ model.

use a cabinet, using oral communication. Finally, the latter answers the request giving
the other agent permission to use the requested cabinet, giving it the key to access that
object.

Many other interactions follow these, as Figure 3 presents. Our goal in this section
is to briefly show how activity diagrams can be used to study interactions in multi-agent
systems.

5 Communication protocols

A communication protocol can be understood as a sequence of messages exchanged
between agents, following some standard. This standard concerns the types of the mes-
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Fig. 3. Activity Diagram - Auxiliar Vegetable Gardener - First Day
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sages accepted by the protocol and when they can be used, as well. Every protocol must
have a state where the communication ends and this state must be reachable.

Through communication, a group of agents can increase its chances of achieving an
objective, because they can cooperate to reach it. This communication happens through
a protocol, defined for that group of agent roles.

The Figure 4 presents a communication protocol used for getting seeds, called
Seeds protocol. It is used between agents playing the roles Vegetable Gardener and
Secretariat.

The first agent initially wants to achieve the goal of getting some seeds. To do that,
it initiates a communication with the second agent, eventually achieving its desired
objective. In this way, we can link the accomplishment of the goal “getting some seeds”
with the execution of the Seeds protocol.

On the Seeds protocol there are only three different types of messages:

– request (“Secretariat”, “Seeds”): indicates a request for seeds, aimed at the agent
playing the Secretariat role;

– inform(“Vegetable Gardener”, “Take Seeds”): indicates a notification aimed at the
agent playing the Vegetable Gardener role, telling that it can take its desired seeds;

– inform(“Vegetable Gardener”, “There are no Seeds”): informs the agent playing the
Vegetable Gardener role that currently there are no seeds to get.

Since the existing communication protocols in a multiagent system are linked to
agent roles (agent types) and not to individual agents, they must be outside the popu-
lation. In the Seeds protocol the communication protocol is connected to the Vegetable
Gardener and Secretariat roles (not to the agents that execute it). An approach regarding
this issue can be found in [20].

6 Encapsulating communication protocols in artifacts

Usually, when using the multi-agent oriented programming paradigm, it is considered a
conceptual division which separates the system into four dimensions. Each one handles
a different aspect of the system: organizations, agent populations, environments and
interactions [6]. A promising tool used for this end is the JaCaMo platform.

JaCaMo is constituted by three programs/models: Jason (an AgentSpeak interpreter
and responsible by programming the agent population), CArtAgO (responsible by pro-
gramming the environment) and MOISE+ (responsible by the organization specifica-
tion).

The CArtAgO framework provides a set of abstractions over the environment called
artifacts. An artifact encapsulates functionalities and services that can be used by agents
during runtime. It is possible to create distributed workspaces (sets of artifacts), also [6].

Until now, the JaCaMo platform treats the interactions’ dimension making use of
ad hoc, direct communication between agents using speech act facilities provided by
Jason or using existing mediated communication support based on artifacts provided by
CArtAgO [6].

We propose another way to treat interactions, encapsulating in artifacts the logics of
each protocol. In other words, each protocol would be mapped into an artifact.
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Fig. 4. Activity Diagram: Get Some Seeds

Figure 5 presents a simple outline of our initial approach, showing an artifact that
encapsulates the Seeds protocol. Two operations are present: request and inform. These
operations will be used by agents to execute the protocol, thus avoiding the usage of
direct communication to send messages.

Each operation makes the artifact send a corresponding signal, which allows the
identification of what message has been sent. Through the request operation, the re-
ceiver agent perceives a newRequest signal, by which is possible to know a request has
been made and also who made it. The inform operation sends a newInformation signal,
which is used by the receiver agent to know who sent the message and what has been
informed.

To allow a formal specification of protocols, we base ourselves on the approach sug-
gested in [20]. Our proposed protocol artifacts will be used together with the protocols’
definition found on the organizational specification, which keeps them linked to agent
roles and not to individual agents.

7 Conclusion and Further Works

This paper constitutes the second phase of the developing of a MAS-based simulation
tool for the analysis of the social production and management of urban ecosystems, in
particular, the case of the project San Jerónimo Vegetable Garden of Seville, Spain.
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Fig. 5. Diagram - Simple Outline - Protocol Artifacts

Many technologies can be used to model a computational system. In our work, we
have already used Venn Diagrams, MOISE+ Organizational Model and UML’s Activity
Diagrams. With that, we can analyze the different roles, routines and interactions in
social organization of San Jerónimo Vegetable Garden.

Based in this information, we have proposed an approach to encapsulate commu-
nication protocols within CArtAgO artifacts. That way we can keep the artifacts (and
therefore the interactions) related to roles, and not to individual agents. In this way, the
implementation of the protocols is treated in a independent/modular form in relation to
the application.

As further works, we intend to define all the protocols and artifacts needed by our
case study, as well as to implement them in a multiagent system.

References

1. Santos, I.S., Rodrigues, T.F., Dimuro, G.P., Costa, A.C.R., Dimuro, G., Manuel, E.: Towards
the modeling of the social organization of an experiment of social management of urban
vegetable gardens. In: WESAAC 2010 Post-Proceedings. IEEE, Los Alamitos (2012) (to
appear).

2. Santos, F.C.P., Dimuro, G., Rodrigues, T.F., Adamatti, D.F., Dimuro, G.P., Costa, A.C.R.:
Modelando a organização social de um SMA para simulação dos processos de produção e
gestão social de um ecossistema urbano: o caso da Horta San Jerónimo da cidade de Sevilla,
Espanha. In Hübner, J.F., Brandão, A.A.F., Silveira, R., Marchi, J., eds.: J. F. Hübner, A. A.
F. Brandão, R. Silveira, J. Marchi (Eds.), Anais do WESAAC 2012 - VI Workshop-Escola
de Sistemas de Agentes, seus Ambientes e Aplicações, Florianópolis, UFSC (2012) 93–104
(in Portuguese).

3. Hübner, J.F.: Um Modelo de Reorganização de Sistemas Multiagentes. PhD thesis, Univer-
sidade de São Paulo, São Paulo (2003)

4. Hübner, J.F., Sichman, J.S., Boissier, O.: A model for the structural, functional, and deontic
specification of organizations in multiagent systems. In: Brazilian Symposium on Artificial
Intelligence - SBIA 2002, Porto de Galinhas. Number 2507 in LNAI, Berlin, Springer (2002)
118–128

5. Ricci, A., Santi, A., Piunti, M.: (CArtAgO (common atifact infrastructure for agents open
environments)) (available at http://apice.unibo.it/xwiki/bin/view/CARTAGO/).



Modeling Role Interactions in a Social Organization 11

6. Boissier, O., Bordini, R.H., Hübner, J.F., Ricci, A., Santi, A.: Multi-agent oriented program-
ing with JaCaMo. Science of Computer Programming (2011) (in press, corrected proof,
available online only).

7. Touraine, A.: Un nuevo paradigma para comprender el mundo de hoy. Ediciones Paidós
Ibérica S.A., Barcelona (2005)

8. Morin, E.: ¿Hacia el abismo? Globalización en el siglo XXI. Paidós, Madrid (2010)
9. Naredo, J.M.: Sobre el origen, el uso y el contenido del término sostenible (1996) Disponível

em http://habitat.aq.upm.es/cs/p2/a004.html.
10. Vieria, L., Bredariol, C.: Cidadania e política ambiental. Editorial Record, Rio de Janeiro

(1998)
11. Bettini, V.: Elementos de Ecología Urbana. Editorial Trotta, Madrid (1998)
12. Gilbert, N., Troitzsch, K.G.: Simulation for the social scientist. Open University Press,

Philadelphia (1999)
13. Lobo, C.G.: Vivienda y Ciudad Posibles. Escala, Bogotá (1998)
14. Ortiz, E.: Derecho a la ciudad, producción social y gestión participativa del hábitat. la pro-

moción de iniciativas comunitarias incluyentes en la ciudad de méxico. Hábitat y Sociedad
1 (2010) 55–70 Disponível em http://habitatysociedad.us.es.

15. Pelli, V.: La gestión de la producción social del hábitat. Hábitat y Sociedad 1 (2010) 39–54
Disponível em http://habitatysociedad.us.es.

16. Romero, G., Mesías, R., Enet, M., Oliveras, R., García, L., Coipel, M., Osorio, D.: La par-
ticipación en el diseño urbano y arquitectónico en la producción social del hábitat. CYTED-
HABYTED-Red XIV.F, Mexico (2004)

17. Terradas, J.: Ecología urbana. Rubes Editorial, Barcelona (2001)
18. Dimuro, G., Jerez, E.M.: La comunidad como escala de trabajo en los ecosistemas urbanos.

Revista Ciencia y Tecnologia 10 (2011) 101–116
19. Pelli, V.: Habitar, participar, pertenecer. Acceder a la vivienda - incluirse en la sociedad.

Nobuko, Buenos Aires (2007)
20. Hubner, A., Dimuro, G.P., Costa, A.C.R., Mattos, V.L.D.: A dialogic dimension for the

moise+ organiztion model. In Boissier, O., Seghrouchni, A.E.F., Hassas, S., Maudet, N., eds.:
Proceedings of The Multi-Agent Logics, Languages, and Organisations Federated Work-
shops (MALLOW 2010), Lyon, Aachen, Sun SITE Central Europe/ RWTH Aachen Uni-
versity/Tilburg University (2010) 23/21–23/26 (CEUR-WS Workshop Proceedings Series,
volume 267).


