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Current Landscape
Multi-Agent Programming

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

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

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

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

Some are integrating aspects of MAS

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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. abstractions for structuring
and ruling the behaviours and
interactions of agents in shared
environment

. abstractions for the definition
of the decision and reasoning
architectures of autonomous
entities

. abstractions for defining
interactions among entities

. abstractions for defining and

structuring resource/processing
entities shared among the agents

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



Dynamics
Multi-Agent Programming
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| top-down global cycles

A rich palette of dynamics to address applications complexity!!



Approaches

Multi-Agent Programming

[Huhns, 2001]
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Programming 1oeeuers  WIERES | iGRours  RoL !
: g OP |
[Shoham, 1993] ! || Missiol ARDS :
\PercepTioNs  1CTE 1| peonTic piLaTibNS \
1 L NORMS |

|l
Interaction | pomomomooso---kgaTiiziiziiziineg
Oriented e oo | k™
riente | b |
Programming i wOP ' i sntoces EOP !
! INTERACTIONS | | ENVIRONMENTS |
" Ly |

Organisation Oriented
Programming
[Pynadath et al., 1999]

Environment Oriented
Programming
[Ricci et al., 2010]



Platforms
Multi-Agent Programming

» Platforms with a partial cover of multi-agent abstractions:

> JADE [Bellifemine et al., 1999, Bellifemine et al., 2000],
Java-based Intelligent Agent Componentware
[Liitzenberger et al., 2013].

> 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]

» Integrated programming approaches:

» 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 [Garcia 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]

some families of concepts lose their control & visibility!
Difficulty to integrate and keep alive the families of concepts!


http://jade.tilab.com/
http://www.jiac.de/
http://www.agent-software.com/products/jack/
http://jason.sourceforge.net/wp/
https://sourceforge.net/projects/apapl/?source=directory
https://goalapl.atlassian.net/wiki/
https://www.activecomponents.org/#/project/news
https://web.fe.up.pt/~niadr/RESEARCH/ANTE/index.html
http://e-institutions.iiia.csic.es/
http://www.sarl.io/
http://www.ejenta.com/documentation
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Multi-Agent Oriented Programming

_______________ s

TAGENTS

| BELIEFS
I

INTERNAL

| PERCEPTIONS

Multi-Agent Oriented Programming (MAOP) aims at programming
systems:

» as organisation of autonomous agents in interaction with each
other within a shared environment,
> 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/1/O oriented programming approaches



Key features
Multi-Agent Oriented Programming

» Abstraction

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

sharing and calling OO objects
» effective programming models for controllable and observable
computational entities

» Modularity
» away from the monolithic and centralised view
» Orthogonality
» wrt models, architectures, platforms
» support for heterogeneous systems
» Dynamic extensibility
» dynamic construction, replacement, extension of the entities
participating to the system
» support for open systems
» Reusability

» reuse of the entities participating to the system for different kinds
of applications

10



Outline

Multi-Agent Oriented Programming with JaCaMo
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Outline

Multi-Agent Programming

Multi-Agent Oriented Programming

Multi-Agent Oriented Programming with JaCaMo
JaCaMo meta-model overview

JaCaMo platform
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JaCaMo vision

JaCaMo meta-model overview

ORGANISATION

CLOCK
bakery
(,/ ¢

GROUP

RESOURCE [
artifact

WHITEBOARD
artifact

BAKERY
workspace

agents can join
dynamically the workspace
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Seamless integrated conceptual dimensions

JaCaMo meta-model overview

Organisation

Dimension

dynamic relation ..

Environment Agent

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],
rtago [Ricci et al., 2009], ise [Hibner et al., 2009] meta-models

14



Outline

Multi-Agent Programming

Multi-Agent Oriented Programming

Multi-Agent Oriented Programming with JaCaMo

Environment dimension

JaCaMo platform
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Environment dimension — Basic concepts

Environment dimension

o e | [ Dimension

Atifact | Operation

’ Environment

Environment +__Composition

Simplified conceptual view (A&A meta-model [Omicini et al., 2008])

public class Counter extends Artifact {
void init(int initialValue) {
defineObsProperty("count", initialValue);

: : }
Simple artifact
program: @OPERATION void inc() {
ObsProperty prop = getObsProperty("count");
prop.updateValue(prop.intValue()+1);

16



nvironment dimension — Dynamics

nvironment dimension

Environment life-cycle
» Creation/Deletion of Workspaces

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

Artifact life-cycle:

» Atomic execution, Success/Failure, Activation/Deactivation of an
operation

» Creation/Deletion/Update of Observable Properties
» Linking/Unlinking with other artifacts

17



Outline

Multi-Agent Programming

Multi-Agent Oriented Programming

Multi-Agent Oriented Programming with JaCaMo

Organisation dimension

JaCaMo platform
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Organisation dimension — Basic concepts

Organisation dimension

[ Organisation )
Organisation D | mension
’ Role ‘ ’ Norm ‘ ’ Goal ‘ composition
I
S J

Simplified Conceptual View (Moise meta-model [Hibner et al., 2009])

Excerpts from organisation program:

<functional -speci fication>
<scheme id="doAuction">

<normative-specification>

<structural-specification> <norm id="n1" type="permission"

le-definition <goal id="auction"> role="auctioneer"
“Crole ide"auction <argument id="Id" /> mission="mAuctioneer" />
<argument id="Service" /> <norm ide"n2" type="obligation”

<plan operator="sequence">

<goal id="start" /> role="participant

10 seconds” /> mission="mParticipant” />
1 hour" /> </normative-specification>

</role-definitions>

<group-specification id="auctionGroup"> <goal id="decide" tt

<roles> P pog
<role i bin .
<;:2}§5: <nission ide’mAuctioneer” min="1" max="1" Normative spec.
</group-specification> EZZZ{ :Z!‘j:i:;e"/;) norm nl : plays(A, auctionneer, ) ->
</structural-specification> -y for:l;::eve\gsnl, plays(A,participant,G),
ver!).
Structural spec. Functional spec.

program in NPL 19




rganisation dimension — Dynamics

rganisation dimension

Organisation life-cycle

» Creation/Deletion of an
Organisation from an
Organisation specification

» Entrance/Exit of an agent

» Change of Organisation
specification

Organisation structure life-cycle

» Creation/Deletion of a group
» Adoption/Leave of a role

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

mission

» Change of goal state

Normative Regulation activity
life-cycle

» Activation/De-activation of
norms

» Fulfillment/Violation of norms
» Enforcement of norms



Outline

Multi-Agent Programming

Multi-Agent Oriented Programming

Multi-Agent Oriented Programming with JaCaMo

Agent dimension

JaCaMo platform

21



Agent dimension — Basic concepts

Agent dimension

Dimension
Belief

)

| Action ’-,,—0 Agent

composition ) L
e

Agent

Simplified Conceptual View (Jason meta-model [Bordini et al., 2007]):

Simple Agent Program:

happy(bob). // initial belief
IsayChello). // initial goal

/* Plans */

+!say(X) : happy(bob) <- .print(X).
K s

example bob.asl

+happy(A) <- !say(hello(A)).

+!say(A) : not today(friday) <- .print(X); !say(X).
+!say(X) : today(friday) <- .print("stop").
-happy(A) : .my_name(A) <- .drop_intention(say(_)).

example carl.asl



Agent dimension — Dynamics

Agent dimension

Perceive the environment and update belief base
Process new messages

Select event

Select relevant plans

Select applicable plans

Create/update intention

Select intention to execute

© N A D

Execute one step of the selected intention

23
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Multi-Agent Programming

Multi-Agent Oriented Programming

Multi-Agent Oriented Programming with JaCaMo

Integrated Dimensions

JaCaMo platform
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Seamless Integrated Dimensions

Integrated Dimensions

Organisation

Dimension

dynamic relation ..

Environment Agent

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],
rtago [Ricci et al., 2009], ise [Hibner et al., 2009] meta-models



Integrating A & A dimensions — Interacting agents

Integrated Dimensions

dynamic relation...

composition

communicate
PP

‘ Action - Agent = Plan ‘
Agent

Interaction Dimension

based on KQML or Jade/FIPA ACL

Istart. happy(bob) .

+!start <- .send(bob,tell,happy(bob)); Isay(hello).
.send(bob, tell,happy(alice)); +!say(X) : happy(bob) <- .print(X).
.send(bob,achieve,count). +lcount <- ...
example alice.asl example bob.asl



Integrating A & E dimensions — Interacting agents

Integrated Dimensions

_dynamic relation ..

Dimension composition
>~
communicate

Observable

property
Artfact [ operation perceive Acton }_. ‘ Agent
. act I
Environment Agent
Interaction

based on JaCa bridge

Istart. happy(bob).
+count(X) <- .print("counter incremented"). 1say(Chello).
+!start <- .send(bob,tell,happy(bob)); +1say(X) : happy(bob) <- .print(X).

.send(bob, tell,happy(alice));

.send(bob,achieve,count). +lcount : count(@) <- inc.

example alice.as! example bob.asl



Integrating A & O dimensions

Integrated Dimensions

Organisation

Dimension

+!contract("SitePreparation",

GroupBoardId)

. dynamic relation.,. <- adoptRole(site_prep_contractor);
m [[om | [ oon o_COMposition focus(GroupBoardId).

+obligation(Ag,Norm,What, Deadline)

A%%g [artifact_id(ArtId)]

%/C’% : .my_name(Ag) &

©8 (satisfied(Scheme,Goal)=What |

Kl done(Scheme, Goal,Ag)=What)

<- !Goal[scheme(Scheme)];
goalAchieved(Goal)

[artifact_id(ArtId)].

Interaction

based on ORA4MAS [Hiibner et al., 2009]

28



Integrating O & E dimensions

Integrated Dimensions

institution_id : bhInst.
status_functions:
states: play(A,R,G),
responsible(G,S),
Organisation committed(A,Mission,S),
achieved(S,G,A),
done(S,G,A).

constitutive_rules:

currentWinner(auction_for_SitePreparation,Agent)

count-as play(Agent,site_prep_contractor,
"hsh_group")

while nticks(clock,Time)&(Time>=8000).

Dimension

dynamic.relation.,.

composition

<,
oy
iy
8

5
£
$
&

12:
W oy play(A,house_owner,"hsh_group")

count-as committed(A,management_of_house_building,

while responsible("hsh_group","“bhsch").

Environment

22:
count-as achieved("bhsch",site_prepared,Agent)
when prepareSite[sai__agent(Agent)].

Interaction

based on Situated Artificial Institution [de Brito et al., 2015]

29



Outline

Multi-Agent Programming

Multi-Agent Oriented Programming

Multi-Agent Oriented Programming with JaCaMo

Synthesis

JaCaMo platform

30



Multi-Agent Oriented Abstractions

Synthesis

Organisation

Organisation

4

Dimension

dynamic relation ..

Norm Goal composition

v )

Observable
property

._.{ Workspace ‘
:

‘ Environment

Environment

Interaction

31



Multi-Agent Oriented Dynamics
Synthesis

scheme

mission T~
3

@ Agent Control
Cycle

Agent-Agent
Interaction

Cycle

Organisation-Agent

~ N
Cycle
kA’ >
Environment-Agent
N
A~

~" workspace

32






Qutline

JaCaMo platform
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Outline

Multi-Agent Programming
Multi-Agent Oriented Programming
Multi-Agent Oriented Programming with JaCaMo

JaCaMo platform
JaCaMo multi-agent platform

35



JaCaMo multi-agent platform

» Multi-agent technologies currently integrated:
» Agent dimension: Jason agents [Bordini et al., 2007]
>

nvironment dimension: CArtAgO platform [Ricci et al., 2009]
» Organisation dimension: Moise framework [Hiibner et al., 2009]

» Dedicated bridges integrate each of the dimensions altogether:

» Agent — Environment integration: c4Jason, c4Jadex
[Ricci et al., 2009]

» Environment —

rganisation integration: count-as/enact rules
[Piunti et al., 2009] [de Brito et al., 2015]

» Agent — Organisation integration: artifacts dedicated to
organisation management [Hubner et al., 2009]

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


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

Execution Architecture

JaCaMo multi-agent platform

Conceptual
level

o worcpuce |

[ ensronment

‘ Observable

Agent

P |

*
Agent Environment

Organisation

Applicative Workspace

ZWorkspace|
Artifact

Z Applicative|
Artifact

Workspace oradmas

Z Workspace:
Artifact

Z Workspace!
Artifact

ZApplicative]

Artifact

JaCaMo Node Platform
. JaCaMo Node
‘ (CArtAgO, Ja ZSPL Engines + (CAHAGO, Jason, NOPL Engines + bridges) level

Jade, Janus, Java Platforms

‘ mas-grp@ufsc.br

mas-grp@emse.fr




Integration with other technologies
JaCaMo multi-agent platform

> Web 2.0 — http://jaca-web.sourceforge.net

» implementing Web 2.0 applications

» Android Platforms — http://jaca-android.sourceforge.net

» implementing mobile computing applications on top of the Android
platform

Web Services — http://cartagows.sourceforge.net

» building SOA/Web Services applications
Arduino Platforms — http://jacamo.sourceforge.net
JaCaMo with hypermedia environment — (see next slides)
Jason-ROS: modular interface between Jason, CArtAgO, and ROS —
https://github.com/lsa-pucrs/jason-ros-releases/releases
Semantic Technologies

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

JaCaDDM: Distributed Data Mining system founded on the Agents and
Artifacts paradigm — https://sourceforge.net/projects/jacaddm/


http://jaca-web.sourceforge.net
http://jaca-android.sourceforge.net
http://cartagows.sourceforge.net
http://jacamo.sourceforge.net
https://github.com/lsa-pucrs/jason-ros-releases/releases
https://sourceforge.net/projects/jacaddm/

Outline

Multi-Agent Programming

Multi-Agent Oriented Programming

Multi-Agent Oriented Programming with JaCaMo

JaCaMo platform

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

» Available at:

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

» Documentation:

» Getting started guides, tutorials, FAQ),

» 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:

» Examples of codes, of demos

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

» to be done after each installation of the platform

40


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

JaCaMo multi-agent system development

JaCaMo multi-agent system development

» Structure of a JaCaMo project:

> groups all the source code of the project

> groups all the agents’ code (.asl)

> groups all the artifacts’ code (.java)

> groups all the organisations’ code (.xml, .npl)
> one or several JaCaMo project file (.jcm)
> is the log configuration file

» Development environment:

» Use of shell commands:
P> jacamo-new-project projectName: new project creation,
P jacamo projecName: project execution,
P> jacamo-jar fileName: create a jar with all resources to run the
application calling java)
» Use of eclipse IDE (JaCaMo plugin for eclipse)
> Use of Gradle
» Use of Docker

41


https://github.com/jacamo-lang/jacamo/blob/master/doc/tutorials/hello-world/shell-based.adoc
http://jacamo.sourceforge.net/eclipseplugin/tutorial
https://github.com/jacamo-lang/docker

Eclipse JaCaMo plugin

JaCaMo multi-agent system development

il Edit Navigate Search Project

Run Window Help

shift+Alt+N > JaCaMo Project
Open File... 9 Project...
Close Ctrl+w £ Agent Type
Close All Shift+Ctrl+w A¢ CArtAgO Artifact
Save ctrl+s | €& Internal Action
Save As... £ Asl File
Save All shift+Ctrl+S | @ Moise Organization
Revert (3 Interaction Protocol
o e # Package
Rename... F2 | @ Class
2 Refresh F5 | & Interface
Convert Line Delimiters To » & Enum
Print... ctrl+p | € Annotation
&7 Source Folder
Switch Workspace » 14/ Java Working Set
Restart (5 Folder
243 Import... | % File
&4y Export... [ Untitled Text File
Properties Alt+Enter | 9 Example...
Exit [ Other... Ctrl+N

42



Agent’s inspector

JaCaMo multi-agent system development

EXeY:} rre——

‘Agent Inspe

| Ag
‘majordomo i i
Inspection of agent orgmajordomo

- Bellefs commitmen(alian,mitaly,"jacamoPtan’)y
commitmen(french,mFrench, JacamoPtan’) 1
commitment(braziian1, mBrazi, jacamoPtan’),
commitment(braziian2,mBrazi, "JacamoPtan
current_wsp(cobj_1."server" "427dd8d5-408e-431a-a702-7b11ce574e09") .
formationStatus(ok)y

goalState("jacamoPian’.greetings (french],{french] satisfied),
goalState("JacamoPian.greetings_uk_done talian] [talian] satisfied);
B goalState('jacamoPlan’,greetings _italy_done,talian],italian] satisfied) 1
goalState('jacamoPlan".greetings_brazil_done,brazilan1.brazilianz][braziian,brazilian2],satisfied)
goalState(’JacamoPlan" greetings_france_done,[french) french] satisfied)y .
groupsi(jacamoTeam'])

my_group(‘acamoTeam’), .

my_group_id(cobj_2) .

my_ssch(“jacamoPlan”

my_ssch_ld(cob]_3);

Agent History

Cycle 0

viewas: [ html 3]

cycle(s) for | all agents a

B Run

Runs also as an http server




Environment’s inspector

JaCaMo multi-agent system development

ieee Workspace Inspector
zoom + zoom -
o ?
agt2 £ agtl
agtl-body
a n
agt2-body agt3-body
a
agt4-body
©
agt4
°
agt3

IVIFW1 IFRRORI artifact |

il
B
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

s

Runs also as an http server
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Organization structure’s inspector

JaCaMo multi-agent system development

o Organisation Inspector :

800

[jacamotton

Group Board jacamoTeam (acamoG)

‘Structural Specification
Roles

@ greeter extends soc.
. xtends greter
@ greelerb extends greer.
reeter extends greter
@ areeterf extonds orester.

(Group jacamoGr

Possible roles: greetert, greeterl, greelert,

Local links:
» greeter to greeter (ntra-group, d
Gonstraint Formaton
» Cardnalites
 cardinaity of greeter s (2.2

< Corialty of gestet s (11
 carainaity of greetert s (1.1)

 Group Board jacamoTeam (jacamoGn) -

T normative state _normative facts _normative program | specification |

jacamoTeam (group)

e fication jcamer

Formation:
ok

Players
« sztang paye rsstary
‘» brazilan? plays greeterd

@ french plays areetert

‘@ talian plays greeter,

Responsible for the following schemes:
@ jacamoPlan

[jacamorton

History.

Runs also

as an http server
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Organization functioning’s inspector

JaCaMo multi-agent system development

800

.- Scheme Board JacamoPlan (acamoSch) ..

normative facts

Functional Specification

Scheme jacamosch
goal mission  type # it description arguments plan
agents
that
should
satisty
B areetings frar
2 areetngs mFrench  achievement il s
H eslings_uk_d¢
Grestings
areatings_france done
mFrench  achievement il aresine: N
Grastings
areatings brazi_done.
mrazi  achievement il arestooe)
ftaly done  mitaly  achievement ail jotestno N
Greetings
greetings_uk done i achiovement al
tings_uk_dor oy achievement all ety
History
Sacanapen”
1on 1 T, Sacaroplan’) 10115069
1 1, Jacanoplan' ), 14115049
1y, "3 acanopian*) 1 i
3("JacanoPlan” h Erance_done) ach.
7 *Jacanopian” i brazil done) achi

Scheme Board jacamoPlan (jacamosch)

normative facts

normative program

specification

jacamoPlan (scheme instance)

reated from specification jscamaSch
Formation:

ok
Responsible groups: jacamoTeam

Players
braziian1 comitted to mBrazi.
brazilan commited to mBrazi
« irench committed to mFrench
« falan commited to mialy.
£
3| goar state  committed/achieved by arguments  plan
g -
g areetings_rance
greetings satifiea  [frencnyrench] rectings_brazi,
teelings_Taly o
elings_uk_done
areeings_france._gone. satsfied[enchyirench]
‘areetings brazi_done  satisfied[orazitant,braziianz)oraziian’ braziian2]
greetings_faly_done  satsted fallanjtalan]
areetings uk done  satisied [talan/ftalan]
History
reated: T 5, “Jacanoplan
created Lan Liand nbraail,acaforlan’) 1LISO1S
created 1 Lianz,mrasil an" ) 14115049
created ‘Jacam?)av\ Toliistinionn
created: 1 (Sacaroplan® h - eved
ated: Liant acanopian’ ,narazil ge.brazi1. done) achi
aced 1 1 Jacamridn a1 brazil_done) achi
created 1(*jacaro?lan® nrtal italy hldved
created 1(*JacaroPLan” nrtal Ca hioved("ja

Runs also

as an http server
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