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Context

In a multi-agent system (MAS), agents can be governed by regulations.
Regulation management denotes the capabilities (i.e., functionalities, procedures,

mechanisms) and the representations (e.g., norms, rules, sanctions) used to
regulate MAS.
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Conte et al., 2013]
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Problematic

Regulation management has been studied from various perspectives:

top—down approach [Cliffe et al., 2006, Noriega and de Jonge, 2016] (- bottom—up
approach [Andrighetto et al., 2013, Savarimuthu et al., 2007

collective mechanism B 2% or individual mechanism [cone et el 2013

centralized architecture [Moree and ¢ Jonee 2000 or decentralized
arChIteCtUl’e [Cliffe et al., 2006, Conte et al., 2013, Vasconcelos et al., 2012]
regimented with rigid constraints or enforced with soft
COHStI’aIntS [Jones and Sergot, 1994, Pasquier et al., 2006]

Challenging to grasp the range of design options available and identify the most
suitable to regulate MAS!
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Objective

Propose a unified view on regulation management in MAS based on

three perspectives and discuss the possible design options to govern
MAS.
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MAOQOP Dimensions Perspective

scheme __ mission

o MAOP Dimensions Perspective
(DIM)
o Organization Dimension
o Agent Dimension
o Environment Dimension
o Interaction Dimension

artifact

Environment Dimension

[Demazeau, 1997, Boissier et al., 2019]
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Perspectives on Regulation Management MAOP Dimensions Perspective on Regulation Management

Multi-Agent Oriented Views on Regulation Management

Organization-Centric Regulation Management

The regulation management representations and capabilities are made with
abstractions (e.g., roles, groups, norms) and mechanisms of the Organization
dimension of the MAOP paradigm
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Multi-Agent Oriented Views on Regulation Management

Agent-Centric Regulation Management

The regulation management representations and capabilities are made with
abstractions (e.g., beliefs, goals, plans) and mechanisms of the Agent dimension

of the MAOP paradigm
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Perspectives on Regulation Management MAOP Dimensions Perspective on Regulation Management

Multi-Agent Oriented Views on Regulation Management

Hybrid Organization-centric and Agent-centric Regulation
Management

The regulation management representations and capabilities are made with
abstractions and mechanisms of both the Organization and Agent dimensions

of the MAOP paradigm
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Architectural Perspective on Regulation Management
Architectural Perspective
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Conclusions and Future Work

Conclusions

The unified view serves as a reference grid to
@ identify possible design options (e.g., to support
choosing regulation management for a particular
system)
@ explore opportunities and challenges (e.g.,
hybrid-centric regulation management and
adaptation on the regulation management system)
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Future Work

On the unified view:

@ complete the unified view on regulation management
(i.e., including the environment-centric and
interaction-centric perspectives and their hybrid DIM
combinations)

ECR ICR

/—|—|—|ARC

CA

Elena Yan (elena.yan@emse.fr) A Unified View on Regulation Management in MAS 20 May 2025 18 /19



Future Work

On the unified view:

@ complete the unified view on regulation management
(i.e., including the environment-centric and
interaction-centric perspectives and their hybrid DIM
combinations)

@ evaluate formally the benefits and limitations of the
design options

ARC

CA

Elena Yan (elena.yan@emse.fr) A Unified View on Regulation Management in MAS 20 May 2025 18 /19



Future Work

On the unified view:

@ complete the unified view on regulation management
(i.e., including the environment-centric and

interaction-centric perspectives and their hybrid DIM
combinations) «[REA]
@ evaluate formally the benefits and limitations of the *[REA]

design options [EA]

Practically:

@ investigate the adapt capability in the Jason
normative agent and integrate it into a
hybrid-centric regulation with JaCaMo

ARC

Elena Yan (elena.yan@emse.fr) A Unified View on Regulation Management in MAS 20 May 2025 18 /19



Future Work

On the unified view:

@ complete the unified view on regulation management
(i.e., including the environment-centric and
interaction-centric perspectives and their hybrid
combinations)

@ evaluate formally the benefits and limitations of the
design options
Practically:

@ investigate the adapt capability in the Jason
normative agent and integrate it into a
hybrid-centric regulation with JaCaMo

@ investigate the adaptation of the regulation
management system in JaCaMo

Elena Yan (elena.yan@emse.fr) A Unified View on Regulation Management in MAS

DIM

E,A]
o [R,EA]

o [E,A]

ARC

CAP

20 May 2025 18 /19



Future Work

On the unified view:

@ complete the unified view on regulation management
(i.e., including the environment-centric and

interaction-centric perspectives and their hybrid DIM
combinations) «[REA]
@ evaluate formally the benefits and limitations of the *[REA]
design options ]
Practically:

@ investigate the adapt capability in the Jason
normative agent and integrate it into a
hybrid-centric regulation with JaCaMo

ARC

@ investigate the adaptation of the regulation
management system in JaCaMo

Elena Yan (elena.yan@emse.fr) A Unified View on Regulation Management in MAS 20 May 2025 18 /19



Future Work

On the unified view:

@ complete the unified view on regulation management
(i.e., including the environment-centric and
interaction-centric perspectives and their hybrid DIM
combinations)

@ evaluate formally the benefits and limitations of the
design options o [EA]

Practically:
@ investigate the adapt capability in the Jason

normative agent and integrate it into a
hybrid-centric regulation with JaCaMo

ARC

@ investigate the adaptation of the regulation
management system in JaCaMo

Elena Yan (elena.yan@emse.fr) A Unified View on Regulation Management in MAS 20 May 2025 18 /19



Pl 4% A IS LiM0s

INES Institut Mines-Télécom LABORATOIRE D'INFORMATIQUE,
Saint-Etienne

DE MODELISATION ET D'OPTIMISATION DES SYSTEMES

Thank you for your attention!

For further information:

Elena Yan, Luis G. Nardin, Olivier Boissier, Jaime S. Sichman.

A Unified View on Regulation Management in Multi-Agent Systems.
International Workshop on Coordination, Organizations, Institutions, Norms and
Ethics for Governance of Multi-Agent Systems (COINE 2025), May 2025.

This study is partially funded by ANR-FAPESP NAIMAN project (ANR-22-CE23-0018-01, FAPESP
2022/03454-1)

anr®  AFapesp|0

Elena Yan (elena.yan@emse.fr) A Unified View on Regulation Management in MAS 20 May 2025 19/19



References |

[Aldewereld et al., 2016] Aldewereld, H., Alvarez—Napagao, S., Dignum, V., Jiang, J.,
Vasconcelos, W., and Vazquez-Salceda, J. (2016).

OperA/ALIVE/OperettA, pages 173-196.
Springer International Publishing, Cham.

[Andrighetto et al., 2013] Andrighetto, G., Castelfranchi, C., Mayor, E., McBreen, J.,
Lépez-Sdnchez, M., and Parsons, S. (2013).

(social) norm dynamics.

In Andrighetto, G., Governatori, G., Noriega, P., and van der Torre, L. W. N., editors,
Normative Multi-Agent Systems, volume 4 of Dagstuhl Follow-Ups, pages 135—-170. Schloss
Dagstuhl - Leibniz-Zentrum fiir Informatik.

[Bicchieri, 2005] Bicchieri, C. (2005).
The Grammar of Society: The Nature and Dynamics of Social Norms.
Cambridge University Press.

[Boissier et al., 2020] Boissier, O., Bordini, R. H., Hubner, J., and Ricci, A. (2020).
Multi-agent oriented programming: programming multi-agent systems using JaCaMo.
Mit Press.

Elena Yan (elena.yan@emse.fr) A Unified View on Regulation Management in MAS 20 May 2025 19 /19



References |l

[Boissier et al., 2019] Boissier, O., Bordini, R. H., Hiibner, J. F., and Ricci, A. (2019).
Dimensions in programming multi-agent systems.
The Knowledge Engineering Review, 34:e2.

[Boissier et al., 2016] Boissier, O., Hiibner, J. F., and Ricci, A. (2016).
The JaCaMo Framework, pages 125-151.
Springer International Publishing, Cham.

[Cliffe et al., 2006] Cliffe, O., Vos, M. D., and Padget, J. A. (2006).
Specifying and reasoning about multiple institutions.
In Noriega, P., Vazquez-Salceda, J., Boella, G., Boissier, O., Dignum, V., Fornara, N., and
Matson, E., editors, Coordination, Organizations, Institutions, and Norms in Agent Systems Il
- AAMAS 2006 and ECAI 2006 International Workshops, COIN 2006 Hakodate, Japan, May
9, 2006 Riva del Garda, Italy, August 28, 2006. Revised Selected Papers, volume 4386 of
Lecture Notes in Computer Science, pages 67—85. Springer.

[Conte et al., 2013] Conte, R., Andrighetto, G., and Campennl, M. (2013).
Minding Norms: Mechanisms and dynamics of social order in agent societies.
Oxford University Press.

Elena Yan (elena.yan@emse.fr) A Unified View on Regulation Management in MAS 20 May 2025 19 /19



References 1l

[Criado et al., 2010] Criado, N., Argente, E., Noriega, P., and Botti, V. J. (2010).
Towards a normative BDI architecture for norm compliance.

In Boissier, O., Seghrouchni, A. E. F., Hassas, S., and Maudet, N., editors, Proceedings of
The Multi-Agent Logics, Languages, and Organisations Federated Workshops (MALLOW
2010), Lyon, France, August 30 - September 2, 2010, volume 627 of CEUR Workshop
Proceedings. CEUR-WS.org.

[Demazeau, 1997] Demazeau, Y. (1997).

Steps towards multi-agent oriented programming.
In First International Workshop on Multi Agent Systems, Boston, Mass.

[Garcia et al., 2016] Garcia, E., Valero, S., and Giret, A. (2016).
ROMAS-Magentix2, pages 153-171.
Springer International Publishing, Cham.

[Huhns, 2001] Huhns, M. N. (2001).
Interaction-oriented programming.

In Ciancarini, P. and Wooldridge, M. J., editors, Agent-Oriented Software Engineering, First
International Workshop, AOSE 2000, Limerick, Ireland, June 10, 2000, Revised Papers,
volume 1957 of Lecture Notes in Computer Science, pages 29-44. Springer.

Elena Yan (elena.yan@emse.fr) A Unified View on Regulation Management in MAS 20 May 2025 19 /19



References IV

[Jones and Sergot, 1994] Jones, A. J. I. and Sergot, M. (1994).

On the characterization of law and computer systems: the normative systems perspective,
page 275-307.

John Wiley and Sons Ltd., GBR.

[Lopes Cardoso et al., 2016] Lopes Cardoso, H., Urbano, J., Rocha, A. P., Castro, A. J. M., and
Oliveira, E. (2016).

ANTE: A Framework Integrating Negotiation, Norms and Trust, pages 27—45.
Springer International Publishing, Cham.

[Lépez y Lépez et al., 2006] Lépez y Lépez, F., Luck, M., and d’'Inverno, M. (2006).
A normative framework for agent-based systems.
Computational & Mathematical Organization Theory, 12(2-3):227-250.

[Marir et al., 2019] Marir, T., Silem, A. E. H., Mokhati, F., Gherbi, A., and Ahmed, B. (2019).

NorJADE: An open source JADE-based framework for programming normative multi-agent
systems.

International Journal of Open Source Software and Processes, 10(2):1-20.

Elena Yan (elena.yan@emse.fr) A Unified View on Regulation Management in MAS 20 May 2025 19 /19



References V

[Noriega and de Jonge, 2016] Noriega, P. and de Jonge, D. (2016).
Electronic Institutions: The El/EIDE Framework, pages 47—76.
Springer International Publishing, Cham.

[Padget et al., 2016] Padget, J., EIDeen Elakehal, E., Li, T., and De Vos, M. (2016).
InstAL: An Institutional Action Language, pages 101-124.
Springer International Publishing, Cham.

[Pasquier et al., 2006] Pasquier, P., Flores, R. A., and Chaib-draa, B. (2006).
An ontology of social control tools.
In Nakashima, H., Wellman, M. P., Weiss, G., and Stone, P., editors, 5th International Joint

Conference on Autonomous Agents and Multiagent Systems (AAMAS 2006), Hakodate,
Japan, May 8-12, 2006, pages 1369-1371. ACM.

[Pynadath et al., 1999] Pynadath, D. V., Tambe, M., Chauvat, N., and Cavedon, L. (1999).
Toward team-oriented programming.
In Jennings, N. R. and Lespérance, Y., editors, Intelligent Agents VI, Agent Theories,
Architectures, and Languages (ATAL), 6th International Workshop, ATAL '99, Orlando,

Florida, USA, July 15-17, 1999, Proceedings, volume 1757 of Lecture Notes in Computer
Science, pages 233-247. Springer.

Elena Yan (elena.yan@emse.fr) A Unified View on Regulation Management in MAS 20 May 2025 19 /19



References VI

[Ricci et al., 2011] Ricci, A., Piunti, M., and Viroli, M. (2011).
Environment programming in multi-agent systems: an artifact-based perspective.
Auton. Agents Multi Agent Syst., 23(2):158-192.

[Savarimuthu et al., 2007] Savarimuthu, B. T. R., Purvis, M., Cranefield, S., and Purvis, M. K.
(2007).

Mechanisms for norm emergence in multiagent societies.

In Durfee, E. H., Yokoo, M., Huhns, M. N., and Shehory, O., editors, 6th International Joint
Conference on Autonomous Agents and Multiagent Systems (AAMAS 2007), Honolulu,
Hawaii, USA, May 14-18, 2007, page 173. IFAAMAS.

[Shoham, 1993] Shoham, Y. (1993).
Agent-oriented programming.
Artif. Intell., 60(1):51-92.

[Vasconcelos et al., 2012] Vasconcelos, W. W., Garcia-Camino, A., Gaertner, D.,
Rodriguez-Aguilar, J. A., and Noriega, P. (2012).

Distributed norm management for multi-agent systems.
Expert Systems with Applications, 39(5):5990-5999.

Elena Yan (elena.yan@emse.fr) A Unified View on Regulation Management in MAS 20 May 2025 19 /19



Bibliography

References VII

[Yan et al., 2025] Yan, E., Nardin, L. G., Hiibner, J. F., and Boissier, O. (2025).
An agent-centric perspective on norm enforcement and sanctions.
In Cranefield, S., Nardin, L. G., and Lloyd, N., editors, Coordination, Organizations,
Institutions, Norms, and Ethics for Governance of Multi-Agent Systems XVII - International
Workshop, COINE 2024, Auckland, New Zealand, May 7, 2024, Revised Selected Papers,
volume 15398 of Lecture Notes in Computer Science, pages 79-99. Springer.

Elena Yan (elena.yan@emse.fr) A Unified View on Regulation Management in MAS 20 May 2025 19 /19



	Introduction
	Perspectives on Regulation Management
	Regulation Management Capabilities Perspective on Regulation Management
	MAOP Dimensions Perspective on Regulation Management
	Architectural Perspective on Regulation Management

	A Unified View on Regulation Management
	Analysis of Frameworks
	Conclusions and Future Work
	
	Bibliography

