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Context and Motivation

m Several application domains

s Smart grids
= Smart cities
= Simulations of complex systems

m Agent-oriented Software Engineering(AOSE)

s MAS methods and meta-models: Gaia, Ingenias, PASSI, ADELFE,
ASPECS, TROPOS, Prometheus...

= MAS tools and languages: Jade, Jason, JaCaMo, Netlogo, Repast



Context and Motivation

m AOSE approaches are not suitable to develop similar
applications (a.k.a; MAS families)

m MAS families present similarities (i.e. commonalities) and
differences (i.e. variabilities)

m Managing MAS variability in MAS families

m key solution to capitalize MAS implementation expertise.



Context and Motivation

m Software Product Line Engineering (SPLE)
m an interesting solution to manage MAS variability

m Software product line (SPL)

set of software-intensive systems sharing a common,
managed set of features that satisfy the specific needs of a
particular market segment and that are developed from a
common set of core assets in a prescribed way. It focuses on
capturing commonality and variability between several
software products (Clements01).



Context and Motivation

mSoftware Product Line Engineering framework
[Apel et al, 2013]
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Context and Motivation

m Several MAS-PL Approaches (Pefia et al, 2006, 2007; Nunes
et al, 2009, 2010, 2011; Dehlinger et al, 2011; Ayala et al, 2015)

+ introduce the notion of variability for a reuse issue within a MAS
family.

+ often built as extensions of existing methods.

- introduce complex notations to specify variability at domain
engineering.

- only address an specific domain

- focus on the domain analysis



Our MAS-PL approach

Application Requirements Analysis
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Our MAS-PL approach

Application Requirements Analysis

" Domain Analysis : Domain Implementation
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S-PL approach

Application Requirements Analysis

Domain Implementation
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Our MAS-PL approach

Domain Engineering
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MAS Analysis

m Generic MAS FM

Architecture

Perception

uuuuuuuu

/

m Deleate || Reshe
e s

Knowledge_representation |

Reasoning_component

] [

Mono_Plan

13-

MAS_ProtuctLie Legen:
¢ Mandatory
of Optional
Environment Tt S A or
nteraction
/ /O\ A Altenative
O \ | Abstract
Physical_Environment Deployment_Environment} Direct || Indirect || Norm | | Structure | | 71 Concrete
/g’\Barganing Request  Auction Centralised Decentralised
erated_Contract_ Net | Contract Net ' English_auction | Dutch_auction /X\ \
MulPln Contact_Stitegy | Contact Herarchical || Holon || Non_ Herarchca




MAS Analysis

m Specific MAS FM

= Multiagent Programming Contest 2016: agent in the cities
R \;‘ 2R
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MAS Analysis

m Specific MAS FM

= Multiagent Programming Contest 2016: agent in the C|t|es

Car Speed: 3

Houtes: roads

Battery capacity: 50

Load capacity: 5900

Tools: tooll, tool2
Drone Speod: 5

Routes: air (moves in straight line from one place to another),; r'“

Battery capacity: 250

Load capacity: 10O

Tools: tooll
Motorcycle Speod: 4

Houtes: roads

Battery capacity: 350

Load capacity: 300

Tools: tooll, tool3
Truck Spead: 1

Routes: roads

Battory capacity: 3000

Load capacity: 1000

Tools:

tool2, tool3
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MAS Analysis

m Specific MAS FM

MAS_Product_Line
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MAS Implementation

m Generic MAS FM implementation

m Four types of artifacts: Agent, Interaction, Environment and
Organization artefcats

Agent artifacts Interaction artifacts
(ex: Java BDI packages ) (ex: Java Protocol packages)
Environment artifacts Organization artifacts
(ex: Java EIS packages) (ex: Java Structure packages)
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MAS Implementation

m Specific MAS FM implementation

Generic MAS Features

{

e o o

Contest Specific MAS Features

ipnbltc void GettingPercepts()

public void createBeliefsFromPercept()

{
public void CheckAllBeliefsForiInsertGoals() l .
— Reusing|

code

public Action PerformiActionGoal ()
{

//Reusable

Generic MAS
reusable artifacts

{

feature

e
Buyltem_Goal
'y

S S S S S S S S e s s e s el o -

'
'
'
|
|
!
'
'
'
b

public Action PerformActionGoal ()

Vector<String> paramGoal = new Vector<String>()
if (!myGoals.isEmpty())
{String pred=myGoals.peek() .getPredicate()
switch (pred) {
//BuyItem Geoal
case'"Buyltem" :paramGoal=myGoals.peek() .getParameters() ;
myCurrentPlan=CreateBuyIlItemPlan() ;
ReplaceGoalByActionPlan (myGoals.peek (), myCurrentPlan) ;
return CityUtil.action("skip");
//gotoShop/gotoStorage action
case"gotoShor case''gotoStorage":
return PerformActionAccordingChargeUtility():
//buy item action
case"buy": LogicGoal buyltem=myGoals.peek():
//rest of code ...
return CityUtil.action("buy","item="+buylItem.
getParameters () .get (0) .toString()
+" amount~"+ String.valueCf (new_amount)) ;}}

o'
|8 .

return CityUtil.action("skip"):}

Contest Specific MAS

reusable artifacts
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MAS Implementation

m Application engineering

valid, more than 5948 possible configurations
MAS_Product_Line

o [ utis
o [ Agent
> o [ Action
3 o [l Perception
v e [ Architecture
v A [ Deiberative
v o [l Reasoning_component
v o [ Goal
v A B8 Mono_Goal
o [} Buyttem_Goal
> A [] Muk_Goal
v ® - Plan
v A B8 Mono_Plan
o [l Buyttem_Pian
> A [_] Mur_Pian
v o [ utiity
> @ Bl Looking_for_Job_utilty
> o [l Charge_utiity
> P - knowledge_representation
A [] Reactive
o [ Basic

o [ Environment
o [l interaction

e [l Organization

(a) Configuration

GoTo =
Buy (b) Set of literals

Shops_Percept (propositional
PricedJob_Percept expression)
Mono_Goal

BuyItem Goal

Mono_Plan

BuylItem Plan

Utilicy

Priced_Job

Composed_Job
No_Charge_Utility

knowledge_ representation
Shops_Belief

Job_Belief

Car

Basic

City Map

= MAS_Product_Li_ne (c) Agent
> = JRE System L{bral}.' Contest
> = Referenced Librarie
v 2 src/confl
> 48 massim javaagents
v 5 massim.javaagents.agents
> 1J] AgentMinimaliste.java
> 8 massim.javaagents.agents.util.map|
> 3 myenv.Environment.Vehicle

Variant




Evaluation

MAS-PL Features

Metrics

Contest MAS features

Generic MAS features
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Saved development
effort: 354 lines of code

Evaluation
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Conclusion and Future Work

mA New MAS-PL approach

sfacilitates the reuse in MAS engineering

sfacilitates the development of MAS families

nls based on Feature Composition (Feature House)
mSeveral examples

m Book trading with jade
= Multiagent Programming Contest
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Conclusion and Future Work

m Extend the Generic MAS FM

m Refine the Organizational features
m Refine the Interactional features

mEnrich the set of reusable artifacts with reusable components
extracted from multi-agent frameworks (JaCAMO, JADE .etc)

mExperiment other specific application domains
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