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Current Landscape
Multi-Agent Programming

I Many Agent Oriented Software Engineering (AOSE) methodology
(Prometheus, Gaia, Tropos, ...) exist!

; Use at least one of these methodologies for analysing and designing
your MAS application

I Many agent languages have efficient and stable interpreters —
used extensively in teaching

I All have some programming tools (IDE, tracing of agents’ mental
attitudes, tracing of messages exchanged, etc.)

I Some are integrating social aspects of MAS
I However, there are not yet proper tools to program multi-agent

systems!

; some reasons and motivations follow!
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Concepts
Multi-Agent Programming

VOWELS’ perspective [Demazeau, 1995]:
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I O: abstractions for structuring
and ruling the behaviours and
interactions of agents in shared
environment

I A: abstractions for the definition
of the decision and reasoning
architectures of autonomous
entities

I I: abstractions for defining
interactions among entities

I E: abstractions for defining and
structuring resource/processing
entities shared among the agents

; A rich set of abstractions to address applications complexity!
However no consensus on the concepts, on their grouping, on the boundaries 4



Dynamics
Multi-Agent Programming
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I Various life/control cycles among
the concepts exist

I Coordination of the system may
be programmed using one or
several families of concepts
[Boissier, 2003]

; Interlacement of the various
dynamics into bottom-up /
top-down global cycles

; A rich palette of dynamics to address applications complexity!!
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Approaches
Multi-Agent Programming

Agent Oriented
Programming
[Shoham, 1993]

Interaction
Oriented
Programming
[Huhns, 2001]
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AOP OOP

EOPIOP

Organisation Oriented
Programming
[Pynadath et al., 1999]

Environment Oriented
Programming
[Ricci et al., 2010]
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Platforms
Multi-Agent Programming

I Platforms with a partial cover of multi-agent abstractions:
I JADE [Bellifemine et al., 1999, Bellifemine et al., 2000],

Java-based Intelligent Agent Componentware
[Lützenberger et al., 2013].

I JACK [Winikoff, 2005, Howden et al., 2001] Jason [Bordini et al., 2007]
2APL [Dastani et al., 2003], GOAL [Hindriks, 2009]
Jadex [Pokahr et al., 2005, Pokahr et al., 2014]

I Integrated programming approaches:
I Volcano platform [Ricordel and Demazeau, 2002], MASK

platform [Occello et al., 2004], MASQ [Stratulat et al., 2009], Situated
E-Institutions [Campos et al., 2009], MANET [Tampitsikas et al., 2011],
ANTE [Cardoso et al., 2016], Electronic Institutions - EI/EIDE
[Noriega and de Jonge, 2016], InstAL [Padget et al., 2016],
ROMAS/MAGENTIX2 [García et al., 2016], RTEC [Artikis et al., 2016],
SARL [Rodriguez et al., 2014] BRAHMS[Sierhuis et al., 2003]

; Socio-cognitive systems [Aldewereld et al., 2016]

However some families of concepts lose their control & visibility!
Difficulty to integrate and keep alive the families of concepts!
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Multi-Agent Oriented Programming
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Multi-Agent Oriented Programming (MAOP) aims at programming
systems:
I as organisation of autonomous agents in interaction with each

other within a shared environment,
I by keeping alive from design to execution, concepts pertaining to

each of the A/E/I/O families as well as their control/life cycles.
; Going beyond each of the A/E/I/O oriented programming approaches
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Key features
Multi-Agent Oriented Programming

I Abstraction
I keeping the concepts alive from design to execution, e.g. no agents

sharing and calling OO objects
I effective programming models for controllable and observable

computational entities
I Modularity

I away from the monolithic and centralised view
I Orthogonality

I wrt models, architectures, platforms
I support for heterogeneous systems

I Dynamic extensibility
I dynamic construction, replacement, extension of the entities

participating to the system
I support for open systems

I Reusability
I reuse of the entities participating to the system for different kinds

of applications
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JaCaMo vision
JaCaMo meta-model overview
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Seamless integrated conceptual dimensions
JaCaMo meta-model overview

dynamic relation

Agent

Organisation

Dimension

Environment

Interaction

Simplified view on JaCaMo meta-model [Boissier et al., 2020, Boissier et al., 2011]

A seamless integration of three dimensions based on Jason [Bordini et al., 2007],

Cartago [Ricci et al., 2009], Moise [Hübner et al., 2009] meta-models
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Environment dimension – Basic concepts
Environment dimension
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Simplified conceptual view (A&A meta-model [Omicini et al., 2008])

Simple artifact
program:
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Environment dimension – Dynamics
Environment dimension

Environment life-cycle
I Creation/Deletion of Workspaces

Workspace life-cycle:
I Creation/Deletion of Artifacts
I Creation/Deletion & Entry/Exit of Agents

Artifact life-cycle:
I Atomic execution, Success/Failure, Activation/Deactivation of an

operation
I Creation/Deletion/Update of Observable Properties
I Linking/Unlinking with other artifacts
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Organisation dimension – Basic concepts
Organisation dimension
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Simplified Conceptual View (Moise meta-model [Hübner et al., 2009])

Excerpts from organisation program:

Structural spec. Functional spec.

Normative spec.

program in NPL 19



Organisation dimension – Dynamics
Organisation dimension

Organisation life-cycle
I Creation/Deletion of an

Organisation from an
Organisation specification

I Entrance/Exit of an agent
I Change of Organisation

specification

Organisation structure life-cycle
I Creation/Deletion of a group
I Adoption/Leave of a role

Coordination activity life-cycle
I Creation/End of a schema
I Commitment/Release of a

mission
I Change of goal state

Normative Regulation activity
life-cycle
I Activation/De-activation of

norms
I Fulfillment/Violation of norms
I Enforcement of norms
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Agent dimension – Basic concepts
Agent dimension
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Simplified Conceptual View (Jason meta-model [Bordini et al., 2007]):

Simple Agent Program:

example bob.asl example carl.asl
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Agent dimension – Dynamics
Agent dimension

1. Perceive the environment and update belief base

2. Process new messages

3. Select event

4. Select relevant plans
5. Select applicable plans

6. Create/update intention

7. Select intention to execute

8. Execute one step of the selected intention
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Seamless Integrated Dimensions
Integrated Dimensions

dynamic relation

Agent
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Simplified view on JaCaMo meta-model [Boissier et al., 2020, Boissier et al., 2011]

A seamless integration of three dimensions based on Jason [Bordini et al., 2007],

Cartago [Ricci et al., 2009], Moise [Hübner et al., 2009] meta-models
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Integrating A & A dimensions – Interacting agents
Integrated Dimensions
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based on KQML or Jade/FIPA ACL

example alice.asl example bob.asl
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Integrating A & E dimensions – Interacting agents
Integrated Dimensions
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Integrating A & O dimensions
Integrated Dimensions
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based on ORA4MAS [Hübner et al., 2009]
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Integrating O & E dimensions
Integrated Dimensions
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based on Situated Artificial Institution [de Brito et al., 2015]
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Multi-Agent Oriented Abstractions
Synthesis
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Multi-Agent Oriented Dynamics
Synthesis
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Multi-Agent Oriented Programming
The JaCaMo platform
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JaCaMo multi-agent platform

I Multi-agent technologies currently integrated:
I Agent dimension: Jason agents [Bordini et al., 2007]
I Environment dimension: CArtAgO platform [Ricci et al., 2009]
I Organisation dimension: Moise framework [Hübner et al., 2009]

I Dedicated bridges integrate each of the dimensions altogether:
I Agent – Environment integration: c4Jason, c4Jadex

[Ricci et al., 2009]
I Environment – Organisation integration: count-as/enact rules

[Piunti et al., 2009] [de Brito et al., 2015]
I Agent – Organisation integration: artifacts dedicated to

organisation management [Hübner et al., 2009]

; http://jacamo.sourceforge.net,
https://github.com/jacamo-lang/jacamo/

Open to integrate other multi-agent technologies

36
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Execution Architecture
JaCaMo multi-agent platform
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Integration with other technologies
JaCaMo multi-agent platform

I Web 2.0 – http://jaca-web.sourceforge.net
I implementing Web 2.0 applications

I Android Platforms – http://jaca-android.sourceforge.net
I implementing mobile computing applications on top of the Android

platform
I Web Services – http://cartagows.sourceforge.net

I building SOA/Web Services applications
I Arduino Platforms – http://jacamo.sourceforge.net
I JaCaMo with hypermedia environment – (see next slides)
I Jason-ROS: modular interface between Jason, CArtAgO, and ROS –

https://github.com/lsa-pucrs/jason-ros-releases/releases
I Semantic Technologies

I JaSA: Semantically Aware Agents
I JASDL: Combining agent-oriented programming and semantic web

technologies
I JaCaDDM: Distributed Data Mining system founded on the Agents and

Artifacts paradigm – https://sourceforge.net/projects/jacaddm/
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JaCaMo multi-agent system development

I Available at:

I http://jacamo.sourceforge.net/
I https://github.com/jacamo-lang/jacamo

I Documentation:

I Getting started guides, tutorials, FAQ,
I Reference documentation on “JaCaMo project files”, on debugging

in JaCaMo, on Agent Programming Language, on Organisation
Programming Language (most of the JaCaMo documentation is
available in the doc folder of the distribution)

All the documentation is available at: http://jacamo.sourceforge.net/

I Examples of codes, of demos

I Configuration of the platform (.jacamo file in the home directory):

I to be done after each installation of the platform

40
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JaCaMo multi-agent system development
JaCaMo multi-agent system development

I Structure of a JaCaMo project:

I src groups all the source code of the project
I agt groups all the agents’ code (.asl)
I env groups all the artifacts’ code (.java)
I org groups all the organisations’ code (.xml, .npl)

I one or several JaCaMo project file (.jcm)
I logging.properties is the log configuration file

I Development environment:

I Use of shell commands:
I jacamo-new-project projectName: new project creation,
I jacamo projecName: project execution,
I jacamo-jar fileName: create a jar with all resources to run the

application calling java)
I Use of eclipse IDE (JaCaMo plugin for eclipse)
I Use of Gradle
I Use of Docker

41
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Eclipse JaCaMo plugin
JaCaMo multi-agent system development
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Agent’s inspector
JaCaMo multi-agent system development

Runs also as an http server
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Environment’s inspector
JaCaMo multi-agent system development

Runs also as an http server
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Organization structure’s inspector
JaCaMo multi-agent system development

Runs also as an http server
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Organization functioning’s inspector
JaCaMo multi-agent system development

Runs also as an http server
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