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Abstract-—This paper analyses the main issues that should
be addressed in order to develop open multi-agent systems.
Social concepts, such as norms, roles, eic, have been tra-
ditionally employed as a coordination mechanism in the
design of this kind of systems. However available tools
rarely give support for these organizational abstractions
and, consequently, they are not suitable for the development
of real open multi-agent applications. The THOMAS multi-
agent framework has been proposed in order 1o tackle with
all these open issues. It provides a useful framework for
the development of virtual organizations, on the basis of a
service-based approach.

Keywords: Service-Oriented Architecture, Open Multi-Agent
Systems, Virtua! Organizations.

1. Introduction

Virtual Organizations (VOs) are a set of individuals and
institutions that need to coordinate resources and services
across institutional boundaries {11, [2]. Thus, they are open
systems formed by the grouping and collaboration of hetero-
geneous entities and there s a separation between form and
function that requires defining how a behaviour will take
place. The technology of multi-agent systems (MAS) and
dynamic agent organizations is particularly well suited as a
support for these open systems.

The main features of VOs are: (i) they are populated by
heterogeneous agents which can enter or leave the system
dynamicalty; and (ii) they are situated in dynamic environ-
ments. As a consequence of the heterogeneity feature, orga-
nizational concepts are needed for achieving the coordination
in the system. In addition, system functicnalities should be
modelled as services in order to allow heterogencous agents
or other entities to inferact in a standardized way. Moreover,
the potential changes on the dynamic environment might
require the adaptation of the structure and functionality of
the organization. Furthermore, the likely adaptive needs of
the system to be developed requires the application of knowi-
edge discovering techniques and reasoning and planning
mechanisms to resolve problems in an dynamic way.

The integration of MAS and Service Technologies has
been proposed as the basis for these new and complex
systems [3]. In this sense, both technologies can complement
the strengths of each other: {i) service standards provide an
infrastructure for the interaction among agents; (i) MAS

offer a more general and complex notion of Service Ori-
ented Architectures (SOA); and (iii) intelligent and social
capabilities of agents allow defining complex services.

Moreover, according to current approaches, it is necessary
to improve the coordination methods in VOs by means of lo-
cating techniques and composition of services, both syntactic
and semantic. The existence of adaptive mechanisms for
creating organizational structures that allow optimizing the
coordination in VOs, taking into account the heterogeneity
of agents and services, is also an essential issue. Thus, it
is necessary to employ basic mechanisms that, based on
certain desirable criteria, would be able to find adequate
services in VOs and, if necessary, to construct new services
through service composition. Furthermore, VOs need the
existence of regulatory mechanisms that guarantee a giobally
efficient coordination in open systems taking into account the
impossibility of controlling (the majority of) the agents and
services directly.

The present paper represents a step forward on these open
issues, providing a service-criented framework specifically
designed for the execution of virtual organizations and based
on the THOMAS architecture {4].

The paper is structured as follows: Section 2 makes a short
review of related works, Section 3 describes the THOMAS
architecture. Section 4 details the THOMAS framework, in-
cluding an explanation of its implementation. An application
example of the THOMAS framework is shown in Section 3.
Finally, conciusions are presented in Section 6.

2. Related Work

Virtnal Organization design and implementation. Re-
cently, researchers have carried out several studies that offer
new procedures and methodolegies to enable designing open
MAS, focused on the organizational aspects of the agent
society. Some examples of these approaches are AGR [5],
Tropos 6], Gaia2 [71. Many of the recent works do not
only focus on the employment of organizational structures
during the design process, but also on the regulation of open
MAS (standing out E-Institutions [8], Moise [9]). However,
the abstractions and tools currently available are still not
enough for many kinds of open MAS that deal with real
world problems. Most of these works are, in a certain
way, incomplete as they do not include all the phases and
requirements for the entire development of systems of this
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The new client agent (Cl) requests the SearchService
to the SF component so as to find services of ifs interest
(message 3). The result of this service is shown in message
4, Then, C1 employs InformService in order to know inside
which organizational unit this SearchTravel service is pro-
vided (messages 5 and 6). C must acquire the Customer role
to demand this service (messages 7 and 8). Once C1 plays
this customer role, it employs the SearchProvider service in
order to know who the service providers are and how this
service can be requested (messages 9 and 10). As shown in
message 10, one implementation of the SearchTravel service
has been previously registered. This implementation has two
different providers (CH1 and CH2). Cl chooses to make
a service petition to CH1 agent, so then according to this
service ptocess, C1 sends a message for requesting this
SearchTravel service to CH1 agent {messages 11 and 12).

6. Conclusions

As explained in this paper, the available agent platforms
seem to be not suitable for the development of large scale
open multi-agent systems, as they are not capable of man-
aging their complexity, uncertainty and dynamic features in
an efficient way, Thus, a new service-oriented execution
framework for supporting the development of real VOs,
named THOMAS framework, has been proposed.

It extends the previous proposals taking as a reference
the challenging development of open systems. Therefore, the
main contributions of the THOMAS framework are:

+ It gives support to virtual organizations as a social
abstraction for coordinating the autonomous behaviours
of agents.

o Systern functionalities are described and provided as
services in order to make possible the interaction among
heterogeneous entities in a standardised way.

o It provides discovering and composition services for
allowing exsernal agents, which have been designed in-
dependently of the THOMAS framework, to participate
inside it,

» It provides mechanisms, i.e. services, for the adaptation
and modification of both the structure and functionality
of the organization in response to the environmental
changes. In this sense, it allows agents to reorganize
the system dynamically.

This paper contains a general overview of the THOMAS
framework and a detailed description of its two main com-
ponents: SF and OMS. A case study, which illustrates how
an external agent is capable of discovering and employing
functionalities in THOMAS, is also provided. All this work
has been included in an available prototype of the THOMAS
abstract architecture.

Acknowledgment

This work s supported by TIN20605-033935 and TIN2006-
14630-C03-01 projects of the Spanish government, FEDER

intl Conf. Artificial Intelfigence | ICAI09 |

funds and CONSOLIDER-INGENIO 2010 under grant
CSD2007-00022, FPU grant AP-2007-01236 awarded to
N.Criado.

References

[1} 1. Foster, C. Kesselman, and S. Tuecke, “The anatomy of the grid:
Enabling scatable virtual organizations,” Int. J. High Perform, Comput.
Appl, vol. 15, no. 3, pp. 200222, 2001

[2] G. Beella, J. Hulstijn, and L. van der Torre, “Virtual organizations
as normative multiagent systems,” in HICSS IEEE Computer Society,
2005,

{3} M. Luck and P. McBurney, “Computing as interaction: Agent and
agreement techrologies,” in Proc. IEEE SMC Conf Distributed
Human-Machine Systems, 2008, pp. 1-6.

[4] C. Carrascosa, A. Giret, V. Julian, M. Rebollo, E. Argente, and
V. Botti, “Service Oriented MAS: An open Architecture (Short
Paper),” in Prac. AAMAS 09, 2009, p. In Press.

[5% 3. Ferber, O. Gutknecht, and E Michel, *From Agenis to Organi-
zations: an Organizational View of Multi-Agent Systems,” in Proc.
AGSE Vi, vol. LNCS 2933, 2004, pp, 214-230.

(6] P Giorgini, M. Kolp, and J. Mylopoulos, “Multi-agent architectures
as organizational structures,.” Proc, AAMAS, vol. 13, ro. 1, pp. 3-2§,
2006,

[7] F. Zambonelli, N. R. Jennings, and M. Wooldridge, “Developing
Multiagent Systems: the Gala Methodology,” ACM Trans. Softw. Eng.
Methodol., vol. 12, no. 3, pp. 317-370, 2003.

[8) P. Noriega and C. Sierra, “Electronic institutions: Future trends and
chalienges,” in Cooperative Information Agenss VI, vol. LNCS:2446.
Springer, 2002,

[91 3. F. Hubner, J. Sichman, and Q. Boissier, “Electronic institutions:
Future trends and challenges,” in Advances in Artificial Intetligence.
Springer, 2004, pp. 506-515.

[10] E. Argente, A. Giret, 8. Valero, V. Jutian, and V. Botti, “Survey of
MAS Methods and Platforms focusing on organizational concepts,” in
Recent Advances in Artificial Intelligence Research and Development,
val, [13. 0§ Press, 2004, pp. 309-316.

[11] D. Greenwood and M. Calisti, “Engineering web service - agent
integration,” in JEEE Int. Conf. on Systems, Man and Cybemetics,
no. Vol 2, 2004, pp. 1918~ 1925.

[12] T. Nguyen and R. Kowatczyk, “Ws2jade: Integrating web service with
jade agents,” Swinburne University of Technology, Tech. Rep., 2005.

[13} A.'T. Porce, “Integrating web services into agenteities recommmenda-
tion,” http:/fwww.agenteities.org/rec/00006/actf-rec-00006a.pdf, 2003.

(14} E. Asgente, J. Palanca, G. Aranda, V. Julian, V. Botti, A, Garcia-
Fornes, and A. Espinosa, “Supporting agent organizations,” in Proc.
CEEMAS07, 2007, pp. 236-245.

{151 G. Boeila, L. van der Torre, and H, Verhagen, “Introduction to the
spacia issue on normative multiagent systems,” Auton. Agents Multi-
Agent Syst, vol. 17, pp. 1-10, 2008,

{16] 8. Argente, N. Criado, V. Julian, and V. Boui, “Norms for agent
service controdting,” in Proe. EUMASDS, 2008.

{173 1 Rao and X. Su, “A survey of automated weh service composition
methods,” in LNCS.  Springer, 2003, vol. 3387, pp. 43-54,

(18] A. Gerevini and L Serina, “L.pg: A planner based on local search for
planning graphs with action costs.” in AJPS, 2002, pp. 13-22,

£19] G. Boella and L. van der Torre, “Permissions and obligations in
hierarchical normative systems,” in Proe. ICAIL, 2003, pp. 109-118.

[20] A. Garcia-Camino, P. Noriega, and §. Rodriguez-Aguilar, “Implement-
ing norms in electronic institutions,” in EUMAS, 2003, pp, 482-483.

[21] V. Tores, “Implementing norms that govern non-dialogical actions,”
in Proc. of COIN, ser. LNCS:4870. Springer, 2008, pp. 232-244.

[22] E Digaum, V. Dignum, J, Thangarajab, L. Padgham, and M. Winikoff,
“Open Agent Systems??” in Proe. AOSE, 2007,

[23] C. Sierra, §. Thangarajak, L. Padgham, and M. Winikeff, “Designing
institutional multi-agent systems,” Ageni-Oriented Software Engineer-

ing VI, vol. LNCS 4403, pp. 84--103, 2007.




