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Distributed Intelligent Systems: Requirements

Distribution of data, knowledge, decision, intelligence
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Distributed Intelligent Systems: Requirements

Adaptation, Resilience, Agility

Openness, Long liveness, Heterogeneity

Autonomy, Loose coupling, No centralization

Distribution of data, knowledge, decision, intelligence
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Distributed Intelligent Systems: Engineering

Self-* capabilities

Cognitive, Situated, Interactive, Social Systems

Separation of concerns between autonomous and
non autonomous entities, Modularity, Reusability

Use the right abstraction from design to programming
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[reasoning cycle]
while true do

K ← K ± perception()

P ← deliberation(K)

act(P )
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to program an agent is to define K

deliberation⇝ autonomy
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Agent Knowledge (in JaCaMo)

Beliefs : information about the environment, other agents, itself,
application, ....

temperature(20).
happy(bob).

Goals : the agent objectives
!temperature(20).
!happy(bob).

Plans :
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Agent Knowledge (in JaCaMo)

Beliefs : information about the environment, other agents, itself,
application, ....

temperature(20).
happy(bob).

Goals : the agent objectives
!temperature(20).
!happy(bob).

Plans : specifies how goals can be achieved
+!temperature(20) <- turn_on(ac).
+!happy(bob) <- kiss(bob).

specifies reactions to mental state changes
+temperature(10) <- !temperature(20).
-happy(bob) <- !happy(bob).
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Knowledge Sources

Beliefs, goals, and plans are provided by

• perception: in the case of beliefs

• developers: initial mental state of the agent

• other agents: by communication

• the agent itself: by reasoning or learning
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Agent Programming (in JaCaMo) i

temperature turn_on
turn_off

temperature(.)

!temperature(.)

+temperature(.) <- …
+!temperature(.) <- …

deliberation

8



Agent Programming (in JaCaMo) ii

+temperature(30) <- !temperature(20).
+!temperature(20) <- turn_on(ac).
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Agent Programming (in JaCaMo) iii

+temperature(30) <- !temperature(20).
+temperature(20) <- turn_off(ac).

+!temperature(20) <- turn_on(ac).
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Agent Programming (in JaCaMo) iv

// initial belief, given by the developer
preferred_temp(20).

// reaction to changes in the temperature
+temperature(T) : preferred_temp(P) & math.abs(P-T) > 2

<- !temperature(P).
+temperature(T) : preferred_temp(T)

<- turn_off(ac).

// plans to achieve some temperature
+!temperature(P) : temperature(T) & T > P

<- turn_on(ac).
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Agent Programming (in JaCaMo) v

// initial belief, given by the developer
preferred_temp(20).

// initial goal, given by the developer
!keep_temperature.

// maintenance the goal pattern
+!keep_temperature

: temperature(T) & preferred_temp(P) & T > P
<- turn_on(ac);

!keep_temperature.
+!keep_temperature

: temperature(T) & preferred_temp(P) & T <= P
<- turn_off(ac);

!keep_temperature.
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Main Features

• reactivity: even when achieving some goals

• pro-activity: new goals can be created

• long-term goals: agents are committed to achieve goals

• context awareness: plans are selected based on the circumstances

• transparency: we can trace back the reasons for an action

• sound theoretical background for agent architectures:
• practical reasoning [Bratman, 1987]
• intentions [Cohen and Levesque, 1987]
• BDI [Rao and Georgeff, 1995]
• ...
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A note about “Control”

Agents encapsulates and control their own (and influence the others)

• beliefs

• goals

• plans

By doing so they control their behaviour⇝ autonomy

The developer provides initial values of these elements and thus also
influence the behaviour of the agent
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Agent–Agent Communication

K
agent 

communication
language
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Semantic of messages

AliceBob tell preferred_temp(20)

preferred_temp(20)[source(bob)]

A message has:

• an intention (tell, ask, achieve, ...)

• a content (belief, goal, plan)
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Semantic of messages

AliceBob achieve temp(20)

!temp(20)[source(bob)]

A message has:

• an intention (tell, ask, achieve, ...)

• a content (belief, goal, plan)
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Semantic of messages

AliceBob ask temp(_)

temp(20)[source(percept)]

A message has:

• an intention (tell, ask, achieve, ...)

• a content (belief, goal, plan)
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Semantic of messages

AliceBob tell temp(20)

temp(20)[source(percept)]temp(20)[source(alice)]

A message has:

• an intention (tell, ask, achieve, ...)

• a content (belief, goal, plan)
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Semantic of messages

AliceBob tell temp(20)

temp(20)[source(percept)]temp(20)[source(alice)]

• we are not programming computers,
we are programming agents, which are based on knowledge

• communication is not about data exchange, but
knowledge sharing
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Environment
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Environment
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EXTERNAL ENVIRONMENT
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Environment Programming (in JaCaMo)

room

rc

hvac

temperature/1

state/1
turn_on

turn_off
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Environment Programming (in JaCaMo)

room

rc

hvac

temperature/1

state/1
turn_on

turn_off
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Features of MAS Environment

• shared among agents: indirect interaction

• situatedness: agents can move to different places and so change
available actions and perception

• agents can build their (virtual) environment

• separation of concerns: autonomous entities vs tools

• artifacts are not objects: atomic and transactional operations,
conceived for agents
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Organisation
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Organisation
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Declarative Organisation Programming

temp_r1: decide_temp
voting

preferences open_voting

<<and>>

mAssistant mVote

committed to

committe
d to

ballot

1..2 1..*

pa1 pa2 pa3 rc

mController
1..*

co
mmitte

d to

committed to
co

mmitte
d to

committed to

close_voting

depends on depends on

responsible 
for

r1:room

assistant
1..5

plays

controller
1..1

plays

plays

plays

• Structural patterns (groups (r1:room), roles (assistant, controller),
links)

• Coordination patterns (goal decomposition trees (voting, preferences,
ballot, ...), missions (mAssistant, mVote,mController)

• Rights and duties (norms)
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Organisation Programming

• Including organisation-reasoning abilities into agents

+play(Ag,assistant,GrId) <- .send(Ag,tell,hello).

+goalState(_,close_voting,_,_,satisfied) <- ...

• Including norm-reasoning abilities into agents

+obligation(Ag,Norm,achieved(_,Goal,_),DeadLine)
: .my_name(Ag) & good(mood)

<- !Goal.
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Multi-Agent Oriented Programming: Global View
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Mainstream Application Domains and Technologies

• ChatBot [Engelmann et al., 2021]

• Mobile and Wearable Apps [Croatti and Ricci, 2021]

• IoT, IIoT, Web of Things and Web technologies: Hybrid
Communities of Agents and Humans on the Web
[Ciortea et al., 2019b, Ciortea et al., 2019a] (HyperAgent project –
ANR-FSF Project)

• Robotics and Drones (embedded agents) [Menegol et al., 2018]

• Agent-Based Mixed Reality Environments in Healthcare
[Croatti et al., 2020]

• Multi-Agent for Industry of the Future [Ciortea et al., 2018]

• Multi-Agent for Collaborative Learning
[da Silveira Colissi et al., 2021]
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Take Away

• A Multi-Agent System is not only agents, or only organization, or
only environment, or only interaction! It has all these dimensions!
All are first class entities!

• MAOP proposes a separation of concerns between Agent,
Environment, Interaction and Organization that brings rich
features to engineer open, long lived, agile, non centralized,
distributed intelligent systems

• MAOP paves the way to the inclusion of physical, digital, human
and social worlds to define socio-cognitive, physical and digital
systems

• JaCaMo proposes a seamless integration of these different
abstractions interfacing to mainstream technologies
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Challenges and Some directions

• Explainability for all dimensions: going beyond the agents

• Ethics of intelligent system at the individual level but also
considering the collective level w.r.t. organizational values, norms,
cultures

• Hybrid communities of people and agents interconnecting physical
and virtual environments, laws in the social world with laws in the
digital world

• Scalability - distributed environment: agents on the Web, agents in
industrial environments, in smart cities
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Further information

• http://jacamo.sourceforge.net/

• JaCaMo Book, MIT Press
[Boissier et al., 2020]

• Jason Book, Wiley
[Bordini et al., 2007]
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