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Software Variability in MAS

Intrinsic properties of MAS, such as modularity,
make them variability-rich systems
» Software variability

* the ability of a software system to be changed,
customized or configured for use in a particular
context

» Software Product Line Engineering (SPLE)

> a systematic approach for variability management
proposed by the Software Engineering community
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Software Product Line Engineening is
inspired in Product Lines
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Software Product Line Engineering

Domain
engineering

Development
for reuse

Application
engineering

Development
with reuse

Domain analysis

Domain implementation

Requirements analysis

Configu-
rations
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Software Product Line Engineering
Main Activities

» Define domain » Implement reusable
scope Development artifacts

> Specify variabilities for reuse > Organize artifacts
among members of |, e e according to the
a same fam||y engineering s ol Implemenyetir domain variabilities

Application
engineering

Y

» Select the required
variabilities for a Development g S:r?ve;)a :ﬁe(?irna
particular product with reuse oroduct
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Software Product Lines for MAS
Development

MAS- Product Lines

v Define a family of multiagent systems
according to their variabilities

= similarities and differences among MAS
belonging to the same family

v’ Derive single MAS applying these variabilities
according to project needs




Software Product Lines for MAS
Development

Only few AOSE methods that support the development of
MAS-PL

» How can we integrate the different SPLE activities with
any AOSE method, concerning both MAS-PL domain and
application engineering?

» How can we automatically generate a new MAS-PL
based on any AOSE method and SPLE best practices
according to project needs?
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Our proposition
Meduse for MAS-Product Lines

v Automated approach to manage methods for developing
MAS-Product Lines

v Provide steady methodological support for MAS-Product
Line development following SPLE best practices
= Capitalize knowledge on SPLE activities
v Extend AOSE methods to explicitly support MAS-PL

development by integrating SPLE activities with them
according to project needs

5
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Meduse for MAS-PL

Meduse for MAS-PL uses SPLE principles in
two levels

v SPLE principles are used in a meta-level fashion to
generate method variants to develop MAS-PL

v" These method variants are used to develop MAS-PL
and then to generate MAS variants, i.e. product
variants




Applying Software Product Line to Build
Families of Methods for MAS-PL

Development
for reuse

Domain

MAS'PL MEthOd engineering
Domain

Knowledge

Domain implementatio
" Reusablé
assets 'J
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Domain analysis

MAS-PL Methods

/ Requirements analysis Product derivatit)v
MAS-PL enginegring Configu- l! Derivation
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2. Build Artifacts: Reusable

1. Specify MAS- Method Fragm_ents

PL methods
variability using
a Feature model
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Meduse for MAS-PL: Applying Software
Product Line to Build Families of Methods

»Set of method fragments for MAS-PL that we can
reuse

»3Sourced from AOSE methods and SPLE approaches

Build Artifacts: Reusable Method Fragments _ [~ -

o212 | Tropos | ‘Synthesis | T other spL

Other MAS | — | | Foda | Apeletal. | methods !

methods | approach —ee
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Meduse for MAS-PL: Applying Software
Product Line to Build Families of Methods

Domain

Domain analysis
engineering

MAS-PL Method
Domain Knowledge

>

MAS-PL
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2. Specify MAS-
PL methods

variability using
a Feature model
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Development
with reuse

Domain implementation

Reusable
assets
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MAS-PL Methods

v

Product derivation

Derivation

mechanism_ ()
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3. Select required MAS-PL
method variabilities using

a Method Configuration
AMethodFamily

« A FHHA
o HH F4
e [l Fs

A = F2

a A FHF3
e [F F6




Meduse: Applying Software Product Line to
Build Families of Methods

Development

Domain Domain analysis Domain implementation With re use
MAS-PL Method engineering

Domain Knowledge

Application roduct derivation
M AS' P I. engineering S i
Project

Needs

Reusable

assets
\,{'\ﬂ
&

>

MAS-PL Methods
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3.Select required

method variabilities 4. Generate a particular
using a Method MAS-PL method using a
Configuration Method Derivation tool
AMethodFamily
a A FHFR

o BH F4 Meduse
o [ Fs
Composer
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Case study: A family of MAS-PL methods
using Gaia and Tropos

1) Specifying method variability using a Feature Model
18 features

MAS_PL_Method Legend:
— ] . Mandatory
- o—— R — — - <" Optonal
MASComponent MASMethod SPLEngineering A Atemnative
o e O Fe— AP, o : ~
Agent | | Interaction | | Environment | | Organization | Tropos | | Gaia | | DomainEngineening ApplicationEngineening

Analysas » Design | Implementation [ | ProductAnalysis | ProductDenvation
 FeatureModel | | DecisionModel

Environment v Organization = Gaia
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Case study: A family of MAS-PL methods
using Gaia and Tropos

2) Building Artifacts: Reusable Method Fragments for MAS-PL

Y
Develop source code for MAS components using feature criented programming
ESS
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[__\;—'\\ L] Engineering
§ [Domain MAS
Perform Feature to Design Mapping  gngineering Components
MAS Design
Components slot]
Design Lt)
slot] [Domain
258 Modeling
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Case study: A family of MAS-PL methods

3) Selecting required variabilities using Method Configuration

16 possible method
configuration using Gaia

4 possible method

configuration using Tropos

MAS_PL_Proces@w possible configuraf@
a ® MASComponent
L Agent
o || Environment
o [F Interaction
o || Organization
a © MASProcessSource
A = Tropos
| Gaia
a @ SPLEngineering
a4 o [} DomainEng
] Analysis
L Design
* Implementation
a O D ApplicEng
A [ ] ProdAnalysis
I A [ ] ProdDerivation
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Case study: A family of MAS-PL methods

4) Generating variants of MAS-PL method based on Tropos

=

=

=

#s Tropos PL Variant 1

96y

Domain Engineering Iteration 1..n
¢ Domain Analysis Phase
(5% Gather MAS-PL Requirement with Tropos

=

*s Tropos PL Variant 4

96

v’ 2 iterations

Domain Engineering Iteration 1..n
£% Domain Analysis Phase
(5% Gather MAS-PL Requirement with Tropos

| (5 Define MAS-PL Domain Feature Model

(3 Define MAS-PL Decision Model

¢35 Domain Design Phase
B_@ Analyze Architectural Style with Tropos
(&3 Analyze Agent with Tropos

¢5 Domain Design Phase
(Bj] Analyze Architectural Style with Tropos
(Bj] Analyze Agent with Tropos

(& Design Agent with Tropos
(&3 Design Interaction with Tropos

Similariti

esS

#1f55 Design Agent with Tropos
(55 Design Interaction with Tropos

ol

3 Refine Commonalities and Variabitities

B_@ Map Comm&Variability to Design Artifacts

£% Domain Implementation Phase

(5 Develop Source Code for MAS-PL Components
(5 Test MAS-PL components

B;;] Map Comm&Variability to Impl. Artifacts

v' 1 iteration

v' 3 phases
v" 11 activities

Sao Paulo

#55 Refine Commonalities and Variabilities

(Bj] Map Commé&Variability to Design Artifacts

£% Domain Implementation Phase

(3 Develop Source Code for MAS-PL Components
(3 Test MAS-PL components

(55] Map Commé&Variability to Impl. Artifacts

=

Differences

=

R
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Application Engineering lteration 1..n

£% Requirement Analysis Phase

(5:;1 Perform MAS Application Requirement Analysis
£% MAS Product Derivation Phase

(3 Generate MAS Final Product

(53 Test MAS Final Product

v' 5 phases
v' 14 activities



Case study: A family of MAS-PL methods
4) Generating variants of MAS-PL method based on Gaia

% Gaia PL Variant 1

= l?%. Domain Engineering lteration 1..n
=l @5 Domain Analysis Phase

v’ 2 iterations

v 5 phases
=l €3, Domain Engineering lteration 1.n v" 16 activities

=l @& Domain Analysis Phase

(53 Design Interactions with Gaia
(5% Design Agent with Gaia
(53 Refine Commonalities and Variabilities

G.'";_':l Define MAS-PL Domain Feature Model 2 Define MAS-PL Decision Model |
=l &5 Domain Design Phase =l g5 Domain Design Phase
(53 Analyze Interactions with Gaia | ® 7 Analyze Environment with Gaia |

(&3 Analyze Interactions with Gaia
Analyze Organization with Gaia
(53 Design Organization with Gaia

(5% Map Comma&Variability to Design Artifact

(53 Develop Source Code for MAS-PL Components

=l &5 Domain Implementation Phase - 1 - ' ) Design Agent with Gaia
Similaritigs:

(55 Design Interactions with Gaia

refine Commonalities and Variabilities

(53 Test MAS-PL components
(5% Map Comm&Variability to Impl. Artifacts

v’ 1 iteration
v' 3 phases

(55 Map Comma&Variability to Design Artifacts
=l g5 Domain Implementation Phase
(53 Develop Source Code for MAS-PL Components
(57 Test MAS-PL components
(52 Map Comm&Variability to Impl. Artifacts

v" 10 activities

Differences

Universidade de
Sao Paulo
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_fi—‘:'. Application Engineering Iteration 1..n
=l g5 Requirement Analysis Phase

E{; Perform MAS Application Requirement Analysis
=l @& MAS Product Derivation Phase

&3 Generate MAS Final Product

(23 Test MAS Final Product




Conclusion and perspectives

» Meduse for MAS-PL provides steady methodological
support for MAS-PL development by integrating AOSE
methods & state-of-art SPLE development approaches

» Case Study
— 20 MAS-PL method variants based on Tropos & Gaia

— Some methods were used by Master students in the
University Pierre et Marie Curie (Paris 6) to generate
a family of multiagent teams to the Agent Contest.

» We plan to propose another MAS-PL case study and
some criteria to measure the quality of generated
method variants
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Thanks for you attention

Meduse for MAS-PL is available at:
https://pages.lip6.fr/Tewfik.Ziadi/lemas2017/
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Building Family of M

ethods for MAS-Product Line

with Meduse

1.Domain Analysis

Feature Model

2. Domain Implementation

Features &
MAS-PL Pr— Delta Mogdules Connection .
Method | T | <€ S List of Delta Modules,
Domai = 1 Conditions & MAS & SPL
omain o i o F
/\ ragments
Knowledge (=& &
¢ ¢ MAS-PL Method
MAS-PL _ Feature Variant
o S : £ MyMethodVariant
Project |- A7, | —=CtD / yeaus B
Nee S A= F.2 & Composer - (55 Develop Test Cases
4 s AR 4 5 Implementation Phase
o [JF6 % Develop Source Code
4 5 Test Phase

MAS-PL Method Configuration

MAS-PL Method Variant Derivation

@Q Execute Tests

4. Method Implementation

3. Requirement Analysis
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Domain Analysis
Family of Methods for MAS-Product Line

1.Domain Analysis 2. Domain Implementation

List of Delta Modules, Conditions & MAS &
SPL Fragments

Feature Model dhtures &

MAS-PL - Fomdy | Delta Maglules Connection
| AMethod J Delta Modules

Method
. LN Propose method modifications specified as
Domain |F1|[F2|[F3] method fragments

Knowledge . l v Reusable Method Fragments

& Mandatory

[ ?—i' : f‘:s & </ Optional Provide reuse of Method Elements
_ EEIEE ERIA o (Activities, Tasks, Roles, Work Products...)

{

_ . MAS-PL Method
AMethodFamily .
MAS-PL |- AHFA - F Variant
. © F4 1 258 odVariant
Project o [lFs 2election Meduse . g::':y;\:phase
5 Gather Requiremen
Needs , i E g Composer Bﬁ Eettlo:;smasest
g M— | - & it
MAS-PL Method Configuration MAS-PL Method Variant * B2 brecue Tests
Derivation
3. Requirement Analysis 4. Method Implementation
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Domain Analysis
Family of Methods for MAS-Product Line

Commonalties and variabilities in a method family through the use of
feature model

| MAS_PL_Method Legenct
e [T Te— . Mandatory
| " ’ [ —_ ‘ O Optional
' MASComponent ' MASMethod | SPLEngineering A4 Aternative

. .-".'-,-- ;‘:*_."".. . = . . --h"‘-.j:_. . J"' . ) S\ . B .-"'__‘ . . —_-"‘-. .
»Agent‘»Enviromnent.»Interacﬁon‘_Orgaizaﬁon“Tropos“GaiaHDanahEng’meemg‘ AppicatnonEngmeemg

»N\alysisHDesign“Implanentaﬁon“PmdNﬂysis“PmdDeﬁvaﬁon‘
: FeatureModel DecisionModel

Environment v Organization = Gaia
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Domain Implementation
Family of Methods for MAS-Product Line

1.Domain Analysis 2. Domain Implementatio
List of Delta Modules, Conditions & MAS &

Feature Model _
MAS-PL , ‘ Feiures & SPL Fragments
"MethodFamiy Delta Moflules Connection
Method ' ' Delta Modules
. _/ T N\ Propose method modifications specified as
Domain F1 F2 F3 method fragments
T
& Mandato Reusable Method Fragments
KnOWIedge l(=: - l e Ooxa:nry Provide reuse of Method Elements
4 |F5 F6 |4 or o
— — (Activities, Tasks, Roles, Work Products...)
‘1' . MAS-PL Method
AMethodFamily .
MAS-PL |- AHF - Feature Variant
. O i F4 ; T MyMethodVariant
PrOJECt L F5 Se eCtIon Meduse PR Arr;alysysphase
(52 Gather Requirement
Needs P i E :;;- Composer (5:>r>’ Develop T‘:st Cases
4 Implementation Phase
[ F6 ‘ Q@pDevelop Source Code
o o . 4 £ Test Phase
MAS-PL Method Configuration MAS-PL Method Variant ~ BR bvcute Tests
Derivation
3. Requirement Analysis 4. Method Implementation
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Domain Implementation for MAS-PL Methods

Associate Features to Method fragments
through Delta Modules and Conditions

Feature Model
AMethodFamiy

?

F1 F2 |F3

Features &
Delta Modules Connection

Legend:
@  Mandatory

O < Optonal
F4 | | F5 F6 | A or

List of Delta Modules & Attached Conditions

Delta Modules
Propose method modifications specified as
method fragments

Reusable Method Fragments

Proyide reuse of Method Elements
ivi Tasks, Rol

List of Delta modules & Attached conditiA

@oposFMAna@ihen[Tropos and FeatureModeI]]

[ D_GaiaDMAnalysis when Gaia and DecisionModel]

[ D_TroposDMAnalysis when Tropos and DecisionModel ]
[ D_GaiaFMAnalysis when Gaia and FeatureModel ]

[ D_ApplicEnglteration when ApplicationEngineering ]

Universidade de

(=N Lists of Delta Modules

4 €D TroposFMAnalysi

€& Domain Engineering Iteration 1..n

5 Gather MAS-PL Requirement with Tropo:
73 Define MAS-PL Domain Feature Model

4 = D_GaiaDMAnalysis

€& Domain Engineering Iteration 1..n

% Domain Analysis Phase
%) Define MAS-PL Decision Model
> =) D_TroposDMAnalysis

ao Paulo
Escola Politécnica
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Requirement Analysis & MAS-PL Method
Variant Derivation

1.Domain Analysis 2. Domain Implementation
Feature Model Feht 2 List of Delta Modules, Conditions & MAS &
MAS-PL , Dol ephires . SPL Fragments
AMethodFamly Delta Mogules Connection
MethOd » A M Delta Modules
. _/ T N\ Propose method modifications specified as
Domain F1||F2| F3 method fragments
B B B e
/ \ & Mandat Reusable Method Fragments
Kn_owledge | F8] ;;' S optons Provide reuse of Method Elements
=ie EHlA o (Activities, Tasks, Roles, Work Products...)

MAS-PL Method

AMethodFamily

MAS-PL |- AHF ature Variant

. © E F4 i £ MyMethodVariant
PrOJECt * F5 gction MEdUSE : £5 Analysys Phase

(52 Gather Requirement

NEEdS A E ° Composer 7 Develop Test Cases

4 A m F3 ‘ 4 £5 Implementation Phase
o [l F6 -

&7 Develop Source Code

4 £5 Test Phase

MAS-PL Method Configuration MAS-PL Method Variant B2 bxecute Tests
Derivation

3. Requirement Analysis 4. Method Implementation
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Case study: MAS-PL methods configuration
and variants

MAS-PL Method Configuration

MAS-PL Features

(%2}
[¢«5]
>
H*|F1|{F2|F3|FA|F5|F6 |F7|F8|F9 (F10|F11|F12|F13|F14|F15|F16|F17|F18 _,g
S L
HEREREE HEREIETREI G MAS-PL Method Variants
2lelelEls|E|B| |8l E|2|2|2(2|8|E|2|2|5]=
B EHEEEE S EE R R R EEI N ELE-
olof<z2|8|2| [~|ols|<|2|2|o|e|s|3|E]°C
2| 1515|512 |7 I2IETIE| 8] 25| 3|E]
= o | =) —|l<|lala] e
1 *{*] |* * x| *[*] x| |*]* 11| ,JV1:DomainEng. w/FM &A.l.
2 <0 [* [ *] [x|*|*|*]|_ o 11|v g/v2:Domain Eng. w/DM&A.I.
sl * x| [ *] | *| [x|*|*[*]x] |[*]* x | x [14|8 5 v3: Domain&Application Eng. w/FM &A.l.
af == Ll 1 I x[*] ] [ x]*]*]x 14|~ ~|v4:Domain&Application Eng. w/ DM & A.I.
5| *| * * x| | *[*]* x| |*]* 11 V1: Domain Eng. w/ FM & A.I.
6| *| * * x| [ *[**| [ x]*]* 11 2 V2: Domain Eng. w/ DM & A.l.
71 *] *[x|* x| [ *]* x| [ *]|* 121 .2 |v3:Domain Eng. w/FM & A.E..
----- p
7] *| * x| * x| | *]**[ x| | *]*]|x|x|x|15] & |V13:Domain&Application Eng. w/FM & A.1.O.
18] *| * x| > x| | *]*]*| [x]*]*]x|x|x[15 '% V14: Domain&Application Eng. w/ DM & A.I.O.
o *| * x| * x| * x| | *|*]*[x| |*]*| x| x| x][16] O |vis:Domain&Application Eng. w/ FM & A.I.E.O.
200 *| *| x| *| x| *|x e s x| *]*| x| x| x]|16 V16: Domain&Application Eng. w/ DM & A.I.E.O.

FM =Feature Model

DM =Decision Model A =Agent

| =Interaction E=Environment O =Organization

(*) mandatory feature

(x) optional selected featured

(-) optional disable feature

() optional unselected feature
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Requirement Analysis & MAS-PL Method
Variant Derivation

Step1: Create MAS-PL Step2: Compose MAS & SPL
Method configuration method fragments to derive

specific variant

rhe AMethOdFam”y 7% MyMethodVariant
- A - F1 a4 5 Analysys Phase
O M+ F4 Qr\] Gather Requirement
e [ F5 (55 Develop Test Cases
4 5 Implementation Phase
A = 2 =
55 Develop Source Code
- A - F3 4 5 Test Phase
® | Fb 3 Execute Tests

1. Find all delta modules that shall be applied to
the method variant.

2. Method fragment composition using model
transformations

UPmc Ip
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Variability in Software Development
Methods

« A software development method:

A structured set of steps required to
develop a software system.

Escola Politécnica



Variability in Software Processes

* A software process (SP):
A structured set of steps required to

develop a software system.
— fine-grained elements:
 tasks, work products, and roles,
— coarse-grained:
 activities, phases, iterations,
process patterns, and delivery process

Escola Politécnica



Variability in Software Processes

* A software process (SP): &8 Write Story Phase
/5 Define Vision Activity
A structured set of steps required to &5 Write User Story Activity
5 Write Code Phase
develop a software system. 2 Implement Spike Activity
fi . d el ts- 7 Develop and Test Code Activity
_ Ine-gralne elements. ru; Refactor Code Activity
* tasks, work products, and roles, ) Wbegration Test Phase
_ Y Integration Test Activity
— coarse-grained:

SPEM notations

 activities, phases, iterations,
process patterns, and delivery process

JLDP 2012 J M

Escola Politécnica
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Variability in Software Processes

« A software process (SP): & Write Story Phase
{-LQ Define Vision Activjty
— fine-grained elements: &) Write User StoryActivity
5 Write Code Pha
 tasks, work products, and roles, > B2 Implemepf Spike Activity
— coarse_grained: Q@ Develgp and Test Code Activity
T _ ] (A Refdctor Code Activity
 activities, phases, iterations, % IntgGration Test Phase
. ’Fi‘ . .- .
process patterns, and delivery process > Integratiogy Test Activity

M notations

Optional
activities

JLDP 2012 uPmc [Ip

Universidade de AAA{M PARIS
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Variability in Software Processes

« A software process (SPs):
— fine-grained elements:

* like tasks, work products, and roles,

— coarse-grained:

 activities, phases, iterations,
process patterns, and delivery process

&5 Write Story Phase
Define Vision Activity

3 Write User Story Activity

( ‘,
f »
5 Write Code Phase
f =]
&5
r »

o/

75 Implement Spike Activity

&5 Develop and Test Code Activity

(

o)
oS

7 Refactor Code Activity
€5 Integration Test Phase
&% Integration Test Activity

SPEM notations

* The need of tailoring software processes

Universidade de
Sao Paulo

IS H
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Variability in Software Processes

« A software process (SPs):
— fine-grained elements:

* like tasks, work products, and roles,

— coarse-grained:

 activities, phases, iterations,
process patterns, and delivery process

€3 Write Story Phase
3 Define Vision Activity
&) Write User Story Activity
5 Write Code Phase

7 Implement Spike Activity

7 Develop and Test Code Activity
(07 Refactor Code Activity

€5 Integration Test Phase

7 Integration Test Activity

SPEM notations

* The need of tailoring software processes

— The need to manage variability in SPs.

RQ: How can we tailor Software Processes”?

Escola Politécnica
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Variability in Software Processes

« A software process (SPs):
— fine-grained elements:

* like tasks, work products, and roles,

— coarse-grained:

 activities, phases, iterations,
process patterns, and delivery process

&5 Write Story Phase

7 Define Vision Activity

) Write User Story Activity

&5 Write Code Phase

7 Implement Spike Activity
7 Develop and Test Code Activity
’uj Refactor Code Activity

€5 Integration Test Phase

&% Integration Test Activity

* The need of tailoring software processes

— The need to manage variability in SPs.

How can we tailor Software Processes?
Idea: The use of Software Process Lines

Escola Politécnica
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