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Rl Context - Software providers SP

= Software companies provide dozens of products to customers.

----------------------------------------

School
Software as a Service
(SaaS)
:  Software Provider goooooooonao
______________ | ooon TE 1000
RRRbeheedll 0 0Ol L IO00D
Bank City hall
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Rl Context - Software providers SP

= Software companies provide dozens of products to different customers.

School
Software as a Service
(SaaS)
:  Software Provider goooooooonao
; Illlllll 1000
""""" dooonlLloonn
Bank City hall

= Products can share common characteristics.

Component A

Component B Component C

Component D
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PevRsIt Context - Constantly evolving systems Sp

= Products represent business applications and technical components.

L Component .
Application A < l<< Connector >>4 > Application B
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PevisUlt Context — Constantly evolving systems Sp

= Products represent business applications and technical components.

L Component .
Application A < F<< Connector >>4 > Application B

= Systems and components are constantly evolving.
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PevisUlt Context — Constantly evolving systems Sp

= Products represent business applications and technical components.

L Component .
Application A < F<< Connector >>4 > Application B

= Systems and components are constantly evolving.

= We need to increase the reusability of functionality across multiple products.
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PErRellt Context - Common reuse approach SP

= Clone-and-Own (CaO)

Clone Manual

. _F,_r_oj_e_c_t ________ » 0 e yp_d_a_tl_n_g_ _________ > New Software

Existing project New project Git
Git repository repository
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PErRellt Context - Common reuse approach SP

= Clone-and-Own (CaO)

Clone Manual

. _F,_r_oj_e_c_t ________ » 0 e yp_d_a_tl_n_g_ _________ > New Software

Existing project New project Git
Git repository repository

= Component-Based Software Engineering: limited possibility

..........................
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RSl Context - Common reuse approaches S"P

= Clone-and-Own (CaO)

Clone Manual

. _F,_r_oj_e_c_t ________ » 0 e yp_d_a_tl_n_g_ _________ > New Software

Existing project New project Git
Git repository repository

= Component-Based Software Engineering: limited possibility

..........................

Software 1 /
>

» Software Product Line N

L L Sﬂwz ______ .y
C <00 C 100

Software Product Line |:| |:|

>
o T @
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SR, Context - Software Product Line SP

= Software Product Line
A set of products with common
Variability is applied to create a specific software

Software 1

/ / Software 2

Software Product Line

------ >
Software 3 Q
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Problem Space Solution Space
2| |Variability analysi
= arlafl vy :ina ysIs Variability Design of the Create the set of
g2 S orexistng Ly modeling of the ———>» | connectors' core | =+ reate the Set o
o -= interoperability delta modules
a2 : connectors model
S mechanism
s 2
= 5 Requirement of Configuration for Resulting model of 3 g ¢
o2 the desired —>»| the expected |——>» the expected ———> ource codes o
a5 the connector
<Q_ o connector connector connector
L
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Berger : : 1
Cevrault Context - SPL implementation SP
= Paradigms
Paradigms Approaches Approaches comment
Feature oriented programming (FOP) [Ferreira et al., 2014] * Implement feature as distinct
Aspect-Oriented Programming (AOP) [Kiczales et al., 1997] Somisesifensl . ((;()e?weerlcjjr’:gsé SreEluE] for 6
(positive feature selection, the
Delta-Oriented Programming (DOP) [Schulze et al., 2013] variability) ggfrreersrgi(r)] gﬂ'r;%g%%inugéfse%re
Implement features with some
Annotative form of explicit or implicit
Preprocessor [Kastner 2013] (Negative annotations in the source code
variability) (Preprocessor #ifdef...endlf)
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Berger : : 1
Cevrault Context - SPL implementation SP
= Paradigms
Paradigms Approaches Approaches comment
Feature oriented programming (FOP) [Ferreira et al., 2014] * Implement feature as distinct
Aspect-Oriented Programming (AOP) [Kiczales et al., 1997] Somisesifensl . ((;()e?weerlcjjr’:gsd SreEluE] for 6
(positive feature selection, the
Delta-Oriented Programming (DOP) [Schulze et al., 2013] variability) gg;reersrgi?] gﬂ'r;%g%%inugéfse%re
Implement features with some
Annotative form of explicit or implicit
Preprocessor [Kastner 2013] (Negative annotations in the source code
variability) (Preprocessor #ifdef...endlf)

= We opt for DOP paradigms
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PPt Positioning - DOP paradigms Sp

= Delta-Oriented Programming
« Arecent paradigm for the implementation of software product lines.
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PEIBEt Positioning - DOP paradigms SP

= Delta-Oriented Programming
« Arecent paradigm for the implementation of software product lines.

= Delta-Oriented Programming principle

Apply v
............................ Delta 1
o Deftat i Delta2 . ______
i<<remove>> Entity ! '<<remove>> Attibute
'‘from core model Efrom core model
L Core Product  f------------- » Expected Product
JDeltad i Deltad . Apply
i<<add>> Attribute | i<<add>> Entityto || Delta 4
ito core model | icore model N >
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sarn Positioning — DOP paradigms S"P

= Delta-Oriented Programming
« Arecent paradigm for the implementation of software product lines.

= Delta-Oriented Programming principle

Apply v
............................ Delta 1
o Deftat i Delta2 . ______
i<<remove>> Entity ! '<<remove>> Attibute
'‘from core model Efrom core model
L Core Product  f------------- » Expected Product
JDeltad i Deltad . Apply
i<<add>> Attribute | i<<add>> Entityto || Delta 4
ito core model | icore model N >

= Motivation for using Delta-Oriented Programming
« Its ability to introduce variability into an existing software product
« Interesting for ensuring the scalability of software and systems.

Maodifier Titre : Insertion>En-téte/Pied>Compléter le titre puis "Appliquer Partout"


https://www.berger-levrault.com/fr/
https://www.berger-levrault.com/fr/

PEIBEt Problem

= Not many examples of concrete implementations the DOP
* Lack of tools
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PEIBEt Problem

= Not many examples of concrete implementations the DOP

 Lack of tools

= There two main tools

ADeltajava
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Berger DeltalJava SP

public class CoreClass {
public String sendMessage (String header, String protocol, String payload) {
Map<String, String> values = new HashMap<>():;
StringBuilder container = new StringBuilder(); Core ClOSS
container.append (header) .append (protocol) . append (payload) ;
return String.valueOf (container);

1
: delta Deltal {
1 modifies com.bl.connector.these.delta].example.CoreClass {
: adds private String cibledProtocol="ZMOP";
[)fBlTC] C)F)EBFC]T]C)F\ E adds protected String changgTrameProtocol{String header, String message) {
! return header+message+cibledProtocol;
:
1
1
1

configuration delta "Deltal”
dialect <http://www.emftext.org/java>
modifies <../src/com/bl/connector/these/deltaj/example/CoreClass.java>

addMember(<class:com.bl.connector.these.deltaj.example.CoreClass>,
"private String cibledProtocol=\"AMQP\";"}; ‘I‘
addMember(<class:com.bl.connector.these.deltaj.example.CoreClass>, DecorO Or
"protected String changeTrameProtocol(String header, String message) {
return header+message+cibledProtocol;
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RSl Use case - Variability in connectors S"P
— \

Data Enricher

File Transfert connector

File system
| AMQP E | ANQP E
Sociale network P % : Information
D S— REEE—
scrapper UserAccesTopic [« »|UserAccesTopic AnalyZer
A
Rabbit =XE Rabbit DataTopic
Format Translator
Scrapper BDD ) f‘_M_Q_p _' - | Event-Driven connector Analyzer BDD
UserAccesTopic

SaaS-Console

Publisher
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PSvRSit Use case - Variability in connectors Sp

[ S
L OFTP : AMQP E
S FTP o—0  (AMOP)€¢—————————==c-==
Data Enricher
File system File Transfert connector

| AMQP ! | ANQP !

Sociale network 1y - TTTTTT : Information

<> <«
scrapper UserAccesTopic < »>|UserAccesTopic AnalyZer
A

Rabbit =XE Rabbit DataTopic
Format Translator
Scrapper BDD ) f‘_M_Q_p _' - | Event-Driven connector Analyzer BDD
UserAccesTopic
2 Event 3 G
Q Q. =
SaaS-Console |2 » ClientContractTopic ———— > 2 W = > O Heallthc:l:]re
o i i & T iy . o | Application
S 1 MQTT 1 HTTP 1 Q
o EEEEEEE Data filter eoa--d ' o

New connector for user acces
information synchronization
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PRt Details of the process - Domain Engineering SP

= Variability analysis

Git repositories of

Expert
connectors source code

knowledges

<

Static
analysis

Varibility analysis —>
@ i Processor

-,

Specification Litterature:
documents articles, EIPs, etc

Identified features
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Pvstlt Details of the process — Domain Engineering Sp

= Variability modeling

| Source ®
SrcAmgp "

----------------- » SnkHitp
1 Sink®

: i - - i Connector
: v SnkFtp — /

! Processor SrcRabbitf =+ =--=--=-----

| @ Translator

i Filter —@ Processor

Identified features :
Enricher

Feature model of the connector
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PRt Details of the process - Domain Engineering SP

= The software product line implementation using the Delta-Oriented Programming.

£ srcRabbit t srcAmgp H SnkHttp Ll snkFTP
= host : EString _, pathPattern : = name : EString _, consumerCharset :
= port : EString EString = level : EString EString
© addresses : EString _, serverPort : _, expression : _, consumerDirectory :
= supplierQueue : EString EString EString EString
_, enableRetry : EBoolean _, allowedOrigins : _, consumerName :
= false EString EString
= routingKey : EString _, allowedHeader : © consumerSuffix : EString
| = exchange : EString EString _, consumerModeTest :
[ - ~ EString
T £J Connector 1 -
[ H Source < groupeld : EString -
: : © artefactid : EString H sink
Cid:ESting | o o description:EString | [1..1] sink | < id : EString
= username : ESV!"Q [1..1] source | & context : EString > > © ysername : Estrirg
= password : EString © moduleld : EString © password : EString
© teantld : EString
i 5 0..*] processor L] Enricher
L] Filter aales [ — -
- - g Y = AdditionalData : EString
< expression : EString t] Processor
L
{ Tranlator

= sourceFormat : EString
© targetFormat : EString
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Details of the process - Domain Engineering SP

= The software product line implementation using the Delta-Oriented Programming.

_______________________________________ .
v .
£ srcRabbit t srcAmgp H SnkHttp Ll snkFTP ' Detta ;
© host : EString _ pathPattern : © name : EString consumerCharset : \<<remove>> Entity -s‘;r_c_A;ﬁc_qb"I
= port : EString EString = level : EString EString ifrom core model !
© addresses : EString serverPort : _, expression : consumerDirectory: |  TTTTTTTTTTTTTTomToomomoomoons
= supplierQueue : EString EString EString EStnomg | .
_, enableRetry : EBoolean _, allowedOrigins : consumerName : 1 Deta2 .
= false EString EString i<<remove>> Entity SnkFtp:
= routingKey : EString _, allowedHeader : = consumerSuffix : EString 1 - “from core model
| = exchange : EString EString consumerModeTest: | ~ ~TTTTTTTTTTTTTTTTTTTTTTomToos
f 2 EString E"'b"n"é""i
L r | t] Connector — - S R
- = — v v 1<<adds>> Attribut level: from
£ source groupeld : EString g sink 'SnkHitp :
- - = artefactid : EString ' ;
CidiESting L o cdescription:ESting | [1.1]sink |=id:ESting | 0170 .
usernam: . EStr!ng [1..1] source | & context: EString ®—>| O ysername : EString i Delta4d '
- . 2 - o il 1
password : EString = moduleld : Es_;trmg L © password : EString \<<remove>> Entity: Enricher |
— teantid : EString ifrom core model !
r e . [0..*] processor [ £} Enricher |
- - r 2 o AdditionalData : EString (- - - - - - - - - - - !
© expression : EString t] Processor
oid: Estﬁ'g T
N - (N
( i Delta5
t Tranlator Prommmmmm oo

© sourceFormat : EString
© targetFormat : EString

! .
'<<remove>> Entity: Translator
ifrom core model
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PPt Details of the process - Application Engineering <SP

Connector
specification in
natural language
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Cvstlt Details of the process — Application Engineering ISP

______________________

v [m] Source
SrcRabbit -

[] SreAmap |

Connector v [m] Sink

specification in |~ = =====~= » SnkHttp !
natural language Configuration [] SnkFt '
operated by user |

v E Processor |
|:| Translator
.

Filter
[] Enricher :

Selected feature
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PErPe it Details of the process — Application Engineering S"P

Feature Model

: - SrcRabbit 5

#Source <1 :
| ' ~ - SrcAmgp
5 | SnkHtp |
! /- @Sink = ;
: Connectar — [ SnkEp :
‘_ | Translator !
" Processor 4— Filter
|Enricher !
I Constraints for
: configuration
---------- Y— il |
w [m] Connector '
i [m] Source ;
5 SrcRabbit :
. O SeAw |
Connector bV (m] Sink .
specificationin |- == ====~- SnkHttp
natural language Configuration [] SnkFt
operated by user |
oW E Processor

Filter
|:| Enricher

Selected feature

[] Translator
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PEIBelt Details of the process — Application Engineering SP

Delta modules

; Delta 1 1 i
Feature Model 1 '<<remove>>Entity | !
et ettt v SreHttp v
: __— SrcRabbit m———-- - '
#Source <1 © 1, _Detaz 1
' ' T SrcAmgp b I<<remove>> Entity | |
E Lol SnkRle '
: 1 SnkHttp | 1 oo . !
: / _®Sink = P Delta2 1 :
+ Connector < 95ink T SnkFt P T heem e
i Loy - | ! I<<remove>> Entity I}
: |+ 1 YEnricher "
] ‘_ ' Translator |¢ - - - - - - = 1
‘ ' E - - =-==- - :
! " Processor 4— Filter ¢y _Detad '
! ' i1 I<<remove>> Entity |
: [Enricher & Comerer I
. e R X
I Constraints for 1
: configuration NG :
o0 0
. Yo . : g E !
w [m] Connector ' g oI
' : @ O |1
Lo [m] Source ' 5o
' =
; it | o !
! SrcRabbit ' T 2
‘ ~Amap | Lo
: L] sreAmae 8%,
' Sink H @©
Connector b (w] : :
specification in |- == === == > SnkHItp 1= e e ma
natural language Configuration [] SnkFt
operated by user
v E Processor

Filter
|:| Enricher

[[] Translator

Selected feature
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PEIBelt Details of the process — Application Engineering SP

Delta modules Core model
___________________ ) e — e e e R e —— ]
E- ------ - v ] srcRabbit [ srcamap [ snktittp [ snkeTP ]
! _ EEEHJ _ _l_ ! 3 < host : EString _ pathPattern : = name : EString ., consumerCharset !
Feature Model i <<remove>> Entity | | Zm;sm:esmg _ serverport: :M:E-s“? :m o
R R PP EP PP LL P ' 1 SrcHttp el By = '
] N ' N [ =] 1| . enableRetry n _, allowedOrigins : = )
; _— SrcRabbit | - ----- - s :
' . ' i © routing El © consumerSuffix
! ,SOUI’CE <L ' 'L _ Delta2 1~ E 1 | & exchange Esm"v:g EString _ consumerModeTest: | ,
! ) Src_.d\mqp ! 1 l<<remove>> Entity | : \ ‘ {J Connector :
\ ' ] ) I . - A - '
: ' i SnkFile [ 5o < groupeld : Estring ]
i / {SnkHtp | i TSI e e I
i = | __v——”“r P , B - : i S userna mr:EString [1..1] source me-gs;;;m 111 sheic ZId:ESU‘I@‘ i ;
:[ Connector -—9Sink [=—___ b o Dete2 f 0 i|Sesswerdiesung | = modulei : Estring B |
' - SnkFtp - ST < teantid : EStri CEE—
: ‘ , I<<remove>> Entity ! ' VeTE T [0.] processor £ Enricher :
: | 1 'Enricher H ! B.ﬁm - < AdditionalData : EString | |
: {Translator |1 oo 22 - _ 1) [EeEeea L eimeessog -
] [ U e - - [ © id : EString ]
] ! [ [ .
' \L . ' 1 ' ' '
! " Processor 4— Filter T S : -
' ’ \ ! 1 l<<remove>> Entity , + | [ Traniator !
. B ! . |C rte ' 1 | = sourceFormat : Estri '
: {Enricher | | o200 O C L' (S getrome ssving :
' 1 1 ]
------------------------ e N el
I Constraints for 1 1_ _ Apply to the core model _
: configuration 5!
oo |
Y cE
v [m] Connector : gl
' 1 @ O |1
E v [m] Source ' 5o
' =
; SrcRabbit | T e :
] =i o]
] a0 o @
. OS] 8%
i : N ©
Connector P [m] Sink . :
specification in |~ = === --- SakHp - - - - a - e -
natural language Configuration [] SnkFt
operated by user
v E Processor

Filter
|:| Enricher

[] Translator

Selected feature
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PEIBelt Details of the process — Application Engineering SP

Delta modules Core model
................... ) | e e—— e e e g e S e ey o e o] ]
E- """ - vy [ SrcRabbit [ Srcamap [ snittp [ snikeTe ]
! _ EEEHJ _ _l_ ! 1 [ = host: estring ., pathPattern : = name : EString ., consumerCharset : :
Feature Model » <<remove>>Enfity | ¢ 1 LR g || senertort: il o R
R e | 1 jSrcHttp 1 11| supplierQueve : EString Estring EString EString '
! S y Pe7a’S = m = = =7 1 ! enableRetry: EBoolean || . allowedOrigins : = '
: _— SrcRabbit | - ----- ~ O s ‘ .
E ,Source ""-_J: . : y ! E L EELta_Z _ _'_ - E E Dwunge:.estrhg “ Estring . Dmunelnode:rest: E
! 1 SrcAmgp E i l<<remove>> Entity , | \ ! (] Connector = )
| [ | . ! —_— =
' ' SnkFile 1 < groupeld : EString ]
: SnkH L Ve e - . © artefactd : Estring 5 sink -
] /o ! 1 =nkHittp e - P ;"‘*‘5‘;'!"!{!5““9 T | e SRy | 1.1, sk [ SESR !
. . | — L J ' ' 1 [t .. = context : < username : EStri '
:[ Connector SNk =—___ Con o Dete2 b | pesswerd:esting ~ moded: £Svng S gt st | °
' \ — i H ' ! © teantid : EStri '
: SnkFtp E ! I<<remove>> Entity ! E : — pp— T Envicher '
| ‘ r v 'Enricher o — < AdditionalData : Estring |
' ' Translatar ! [ 11| | = expression: Estring [ processor !
| oy oo oC - ;o =1id: Estring )
] ] ' v !
' \L . ' 1 ' ' '
! " Processor 4— Filter T S : -
' ’ N ! 1 l<<remove>> Entity , + | [ Traniator !
' : | ' 1 IConverter ' | sourcerormat: 1
: {Enricher | 0 e o e - o S 1 | = trgetrormat: estring ]
1 Ll 1 1 B N | i1
""""""""""""""" ol TR Al
! Constraints for 1 1_ _ Apply to the core model 7
1 ' : I y Product derivation
, configuration T
\ 4 83! \ 4
------------------- . R P T P S R B B i SR B S N AN S SR ER
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Rl Tool Perimeter Sp
= Software Product Line steps covered by the process.
Problem Space Solution Space
ST , e — K
% % Vanil?lgzi/s?irr]]alyas variability : Design of the Create the set of :
g2 : 9 —>»| modeling of the ———» | connectors' core | == !
o .= interoperability I delta modules I
o2 : connectors | model :
S mechanism : :
i | |
_______________ I .
| |
| ¢ |
c O I I
o £ : : : :
=5 Requirement of ! Configuration for Resulting model of ! Source codes of
o Q the desired ———>» the expected |——>» theexpected ——1>»
a5 ! ! the connector
<Q_ 0 connector connector connector
L
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de el The tool prototype

Pharo environment

Moose Platform
Orion framework
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de el The tool prototype

Pharo environment

Moose Platform

Feature Orion framework
model

Expected
product
specification
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de el The tool prototype

Pharo environment

Moose Platform
Feature > XML Parser Orion framework

model Y @ .@
@ Transformation Product core model

Y

EPL - ‘l'

@ Validation <.5> Model dlﬁerence
) 4 engine C)
8
A

EPL validator 4 A 1

Model versions A
@ Features and @
N Constraints l 1
Expected @
product » Configurator

specification .

Legend: O Automated step <> Manual step

Derivation

Delta actions .
engine

A
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de el The tool prototype

Pharo environment

Moose Platform
Feature > XML Parser Orion framework

model Y @ .@
@ Transformation Product core model

Y

! ( \

o @ Expected
Derivation —> product

model
A \ /

Delta actions

@ Validation <.5> Model dlﬁerence
A 4 engine C)
8
A

EPL validator 4 A 1

Model versions )
@ Features and @
N Constraints l 1
Expected @

product » Configurator

specification )

Legend: O Automated step <> Manual step

engine
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= Ongoing work
« Parser

— Metamodel of feature model
— Population of the metamodel and generating the Expression Product Line (EPL)

« Generation of the EPL
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PEIBelt Progression SP

= Ongoing work
« Parser

— Metamodel of feature model
— Population of the metamodel and generating the Expression Product Line (EPL)

« Generation of the EPL

= Future work
« Validation of the Expression product Line
« Configurator interface
+ The model difference calculation engine
— Plan to exploit Orion and the FamixDiff Project
« Derivation engine
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PEIBellt Thank you. Question? Sp

Pharo environment

Moose Platform
Feature > XML Parser Orion framework

model Y @ .@
@ Transformation Product core model

Y

)
EPL l
. L @ Expected
@ Validation <‘5> Model dlﬁerence Delta actions Denvgtlon —>» product
v engine 8) engine -
EPL validator 4 A A A \ /
Model versions )

@ Features and @
N Constraints l 1
Expected @

product » Configurator

specification Y.

Legend: O Automated step <> Manual step

Boubou Thiam Niang, Giacomo Kahn, Nawel Amokrane, Yacine Ouzrout, Mustapha Derras and Jannik Laval
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