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The Objective

 Developing a Smart CPS
- flexible solutions
- heterogeneous technologies and frameworks

e (Case study application:
Shipboard Power System (SPS) reconfiguration
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The Problem
Shipboard Power System (SPS) Reconfiguration
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The Problem

Requirements

The CPS here developed for a SPS should:

be smart, i.e. the system should show a reasoning aptitude (agent-oriented
paradigm)

be adaptive, that means the system can efficiently adapt to environmental
changes

be predictive, i.e. it can foresee changes in its behavior for possible changes
in the context

be distributed: the system is heterogeneous and its parts are located in
different places so it is able to maintain the connection

face realtime event, so the system is able to promptly react to changes
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Agents and Actors

Which framework is better choosing?
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Use each framework strength points for the most suitable task.
Then, choose all!




Jason, Jade, Akka, Cartago, Moise.
Why these frameworks and not others?
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@ Why these frameworks and not others?

long-time experience

Java-based

Open-source

Both academic and industrial development
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@ Multi-paradigm Strategy

———————————————————————————————————————————

Jason’s reasoning

* BDI reasoning

* The communication

- among Agents is an
action that has a
Propositional Content
and a Performative

Cartago’s environment

_______________

_______________________________________________

Jade’s communication
protocols

Fully FIPA compliant
Specific aptitude to finite
state-machine and
interoperability due to
protocols-oriented
communications

________________________

Moise’s organization

Akka’s hierarchy

Father-sons hierarchy
Reactive Actor

Parallel, asynchronously
communication
efficiency, distribution,
scalability and failures
control

~* Executing artifact-based e Strong organization to

- environments
'+ Human-based |
cooperative environment |

~ pursue a goal
~* Social scheme



How Is it possible to make different frameworks
communicate?
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The H-Entity

The H-Entity, where ‘H’ stands for
heterogeneous, holds the entire philosophy here
proposed.

It can be considered as a polyhedral organism composed
of frameworks that cooperate by exploiting their best
qualities and winning sKills.




The Meta-model
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@ The Proposed Framework
The Meta-model: top-down perspective
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@ The Proposed Framework
The Meta-model: top-down perspective

~__ Cyber-Physical | CPS
World - |Organization

Organization

Environment

MOISE

CARTAGO
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@ The Proposed Framework
The Meta-model: top-down perspective

Workspace (<

Operation

generates

Observable Observable
Prope Event
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@ The Proposed Framework
The Meta-model: top-down perspective

Moise
Organization
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@ The Proposed Framework
The Meta-model: top-down perspective

~__ Cyber-Physical | CPS
World - |Organization

Organization

Environment

MOISE

CARTAGO
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@ The Proposed Framework
The Meta-model: top-down perspective

___ Cyber-Physical | CPS

Environment Worid | Drganzation Organization
: CPS
[ H-Ent —
CARTAGO noe MOISE
[Entity ]
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@ The Proposed Framework
The Meta-model: top-down perspective

Cyber-Physical | CPS
World - |Organization

Organization

Environment

[ HEnti - gzse ‘

Horde} = (Entty]
[ T I 1

Manager| Worker| Diplomat] tertace

MOISE

CARTAGO
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@ The Proposed Framework
The Meta-model: top-down perspective

Cyber-Physical | CPS
World - |Organization

Organization

Environment

[ HEnti - gzse ‘

—  Entity |
W Role

[ T I

MOISE

CARTAGO
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@ The Proposed Framework
The Meta-model: top-down perspective

| CPS
Role

~ Cyber-Physical | CPS
Envi World Organization
nvironment i T
. [
CARTAGO H'Eiltlty PR
H-Role —**—{ Entity [—22*
I | | |
Manager |Worker| Diplomat| |Interface

Entity
Role

Organization

MOISE




@ The Proposed Framework
The Meta-model: top-down perspective

—[oeom]
Environment [ H-Enti Role | Organization
CARTAGO  JENFE-SEe R i MOISE
e o Ot
=
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@ The Proposed Framework
The Meta-model: bottom-up perspective




@ The Proposed Framework
The Meta-model: bottom-up perspective

Communication
protocols

JADE JASON AKKA

BDI reasoning Hierarchy
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Parma, June 26th-28th 2019

model: bottom-up perspective
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The Proposed Framework

The Meta
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model: bottom-up perspective
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model: bottom-up perspective
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@ The Proposed Framework
The Meta-model: bottom-up perspective

-3
Agent

schedules

CompositeBehaviours || SimpleBehaviours

expressed in

Agent-

communication

Language

A

FIPA-ACL KQML
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@ The Proposed Framework
The Meta-model: bottom-up perspective

communicates

| :-i1
Trigger iIII "
—Alir

Jason
Performative
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The Proposed Framework
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The Meta-model: bottom-up perspective
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@ The Proposed Framework
The Meta-model: bottom-up perspective

&

In/out

fatl

influences
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The Proposed Framework
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The Meta-model: bottom-up perspective
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The Proposed Framework
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The Meta-model: bottom-up perspective

[Entity |
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The linking Entities
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@ The h-entity communication

T ew hrentity
] | OQOO o
080 -

ARTIFACT

ARTIFACT

Jade/Akka Jason JADE JADE
wrapper actor agent agent agent
N
Workspace JADE Container JADE Container
i >l A Z
CArtAgO Node JADE Message Transport Service
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@ The H-Entity architecture

M=Manager ~ Jason Agent
|I=Interface  Cartago/Jason
. W=Worker Akka Actor
S=Simulator ~ Akka Actor
D=Diplomat Jade Agent
Artifact Cartago

e
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The Application




@ The Application

Proof of concepts
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@) The Hardware
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The Solution
The SPS reconfiguration Scenario




The Solution

<<worker>>
CircuitMonitor
[Akka] e

<<worker>> <<worker>> App;'ove <<interface>> i

=3 SensorMonitor —® SensorArrayMonitor 2. Electric CaptainInterface
Solution 7.
[Akka] [Akka] [Cartago]
Current Propose
Sensors /, gkdlon 1. Set missio

- <<worker>> : n

—i Sens[oAl:I:aT tor <<manager>>
c SPSManager

urrent [Jason]
Sensors 9. Appl n ; 6. Negotiate Resources
< <Workers> coar g 5 P;I:: ;)1 rF:eI:'.ﬂt;'I natta:’t)“i ve
€— SWitchArtifact g Reconfiguration <<worker>> Reconfiguration [JADE]
[Cartago] Enactor SPSPlanGenerator
Switchers [rkkal [Akke)
/ / 4. Validate Solution
g SWitchArtifact
[Cartago] ¥ T Rerss f L <<diplomat>>
. Feasl uticn Emergency
Switchers ‘ SPS”?::EH"““' Representative
MatLab i
| <<interfaces> Simulink
&gﬂ. - — CrewInterface
[Cartago]
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@ whorwhy

smartness

Human Layer

TECHNOLOGY

Jason BDI

interaction norms,
MOISE, JADE  ontology and protocols

functional decomposition

Physical Layer

Akka and scalability

I cyber

CANAgO, Akka environment

HW reactiveness
sensors/actuators

physical

Hardware environment
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Future Works

* Developing a methodology and a tool

* Extending to other development paradigms (e.g.
Simulink)

* developing a Smart Ship solution (the SPS
reconfiguration system prototype is now under
test)
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Thank you for your attention

Any questions?

Contacts:

- flavia.zaffora@icar.cnr.it
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