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 Importance of non-functional properties
— distributed reactive systems, parallel & asynchronous
— quality of service : security, reliability, latency, performance...

 Variations in functional aspects
— notion of product lines (space, time)
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From OO to Components to Models

» frameworks B
s e A » Changeable software,
[ H from distributed /

unconnected sources,
even after delivery,
or by the end user
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 Guarantees ?
Functional , synchronization, performance, QoS

 Handling variations in cross-cutting concerns?
= Models to represent such assemblies of components
( = Model Driven Engineering to exploit them
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Many Issues Around SPLs
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—| architecture
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o Views [SEI]: evolution software product lines
— business
— organization usage
— process
p development
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Technical Issues In
SPLs:

Managing variability

Example: The Mercure PL

A family of telecom servers
 Delivering, forwarding, and relaying

messages from and to a set of network

Iinterfaces.




Feature Diagram

Mercure

Engine

| GUI 1 || GUIN |

| Engine 1 || Engine N|

NetDriver
PN

| NetDriver 1 | | NetDriver N|

O
Manager
GUI 1 mutual-exclusion Lang Cat 2

( | Manager 1 | | Manager N |
e ;

| Lang Cat 1 | | Lang Cat 2 |

Engine 1 requires NetDriverl

Variants in Software Systems

)
» Hardware Variants * Vi=16
 Heterogeneous processors e Vp=4
 Peculiarities in Target Operating System
« Compiler Differences
» Range of Functionalities (Engines) e Vn=8
 User Interface * Vg=5
* Internationalization. e VI= 24

, » Number of Variants = Vp*Vn*\Vg*2 Vi+VI-2
96 — That’s 43,980,465,111,040 possible variants
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Traditional Approaches

Patch the executable
Device Drivers

— source level, link time, boot time, on demand at runtime

Static Configuration Table

Conditional Compilation / Runtime Tests

If (language == french) {
#ifdef MSW
io_puts(0,”Bonjour”,7);
#elsif TEXT
printf(*Bonjour\n”);
#endif
}else{
#ifdef MSW
io_puts(0,”Hello” ,5);}
#elsif TEXT
printf(*Hello\n");}
#endif

— Static and Dynamic
configuration information
intermingled

— Hard to change your mind on
what should be static or

dynamic...
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Modeling for

managing complexity
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Modeling in Science & Engineering

» A Model is a simplified representation of an aspect
of the World for a specific purpose

Specificity of Engineering:
Model something not yet
M existing (in order to build it)
1

(modeling
space)

Mo

I\&he world)

L.

Modeling and Weaving

Ul
QoS - M
Securit odel
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Challenges:
-Product Families
-Reuse of

Weaving Process
-Automatic Weaving

Design
Model
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Basic ldea: model variability

—
* Abstract the Intent
— io.write_line(language.hello)
* Rely on Dynamic Binding for the Details
— Don’t care now for static/dynamic distinction

10 Language
Write_line() hello()
MSW TEXT French Basic
W Write_line(OH] o puts(0,5.stlen(s) hello() hello()

lo_puts(0,s.strlen(s))

( » Uncouple the variations from the selection process

7

— Automatically derive a product using executable meta-modeling
(aka model transformations) 15

Kernel Meta-modeling Language:
Kermeta

» Kermeta is a Model-Oriented Language

— based on an AO/OQ executable meta-modeling paradigm
* Static typing, generics, functions objects, reflection...

— First language where models are first class entities
 Allows interesting questions to be asked: e.g.; what is the type of a model?

» Executable meta-modeling allows:

c

— specification of abstract syntax, static semantic (OCL) and
dynamic semantics, connection to the concrete syntax.

— model and meta-model simulation and prototyping
— model transformation, design level aspect weaving

D .




Kermeta: Breathing life into Meta-Models

owningFSM ()& * | ownedstate Transition
currentState i .
FSM State source  outgoingTransition input: EString
0.1 . vl .| output: EString
run() initialState | "aMe: EString target incomingTransition fireQ
reset|
0 1 step0 1 0.1

I MyKermetaProgram.kmt
I An E-MOF metamodel is an OO program that does nothing

require "StateMachine.ecore" // to import it in Kermeta

/I Kermeta lets you weave in aspects
Context FSM
" Co_ntra}‘cts (QCL WFR)_ " inv: ownedState->forAll(s1,s2|
require “StaticSemantics.ocl sl.name=s2.name implies s1=s2)

// Method bodies (Dynamic semantics)

require “DynamicSemantics.kmt”

/I Transformations aspectclass FSM{
operation reset() : Void {

class Minimizer { currentState := initialState

=

operation minimize (source: FSM):FSM {...}

4 } "

Application
Examples

D ;




Expl. 1: Derivation of products from
product-lines: structural issues

Model a full product-line instead of a single product
— Using OO inheritance & templates for modeling variability
— Stereotypes for modeling optionality, mutual exclusion etc.

The Variants selection:
— Using operation factory stereotypes

The Model specialization:

— Removes all optional classes which have not been selected

The Model optimization:

— Deletes unused factories, Optimize inheritance

19

Mercure

<<optional>>
Engine 1

Engine <<optional>>

+Use

CustomMercure

S<<GUI1>> <<GUI2>>new_gui() : GUI

Engine N S<<<lLanguage2-1>> new_language() : Language
S<<Managerl>> new_network_manager() : Manager
1 <<optional>> S<<NetDriver1>> <<NetDriver2>>new_netdriver() : Net Driver
Net Driver <= Net Driver 1 %<<Engine1>> new_engine() : Engine
T
" <7 aee
1. » <<optional>>
Net Driver N
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<<optional>>
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<<optional>>
Manager N
+o
*
ul <<optional>>
GUI'1
<<optional>>
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<<optional>> <<optional>>
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<<optional>>
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20
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<<optional>>
Engine 1 CustomMercure
Engine <<optional>> S<<GUI1>> <<GUI2>>new_gui() : GUI
Engine N S<<<lLanguage2-1>> new_language() : Language
S<<Managerl>> new_network_manager() : Manager
Mercure <<optional>> S<<NetDriverl>> <<NetDriver2>>new_netdriver() : Net Driver
Net Driver 1 ’<<Engine1>> new_engine() : Engine
1 T
<<optional>>
Net Driver N
|
* <<optional>>
ager Manager 1
<<optional>>
Manager N
+...
*
Ul GUI'1
+avail Language 1-1
+Use Language 1 LanguageCat 1 <<optional>>
Language 1-N
<<optional>> <<optional>>
Language Cat2 [ Language 2-1
Q <<optional>>
Language 2-N
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<<optional>>
Engine 1 CustomMercure
Engine <<optional>> S<<GUIL>> <<GUI2>>new_gui() : GUI
Engine N Y<<<Language2-1>> new_language() : Language
%<<Manager1>> new_network_manager() : Manager
Mercure 1 <<optional>> S<<NetDriverl>> <<NetDriver2>>new_netdriver() : Net Driver
Net Driver Net Driver 1 ‘<<Engine1>> new_engine() : Engine
1 T
1 <<optional>>
Net Driver N
erve
b o]
* <<optional>>
ager Manager 1
<<optional>>
Manager N
+...
ix
ul GUI'1
+available Gur2 Language 1-1
+Use Language LanguageCat 1 <<optional>>
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Q <<optional>>
Language 2-N
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<<optional>>
Engine 1

CustomMercure

<<optional>>

Y<<GUI1>> <<GUI2>>new_gui() : GUI

Engine N S<<<lLanguage2-1>> new_language() : Language
01 %<<Manager1>> new_network_manager() : Manager
0 <<optional>> S<<NetDriverl>> <<NetDriver2>>new_netdriver() : Net Driver
R Net Driver 1 %<<Engine1>> new_engine() : Engine
1 T
<<optional>>
Net Driver N
1> Message
<<optional>>
Manager 1
<<optional>>
Manager N
GUI 2
+available Language 1-1
+Use Language | LanguageCat 1 o
N
-
<<optional>>
Q Language Cat2 [<t | Language 2-1
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<<optional>>
Engine 1 CustomMercure
<<optional>> %<<GUIL>> <<GUI2>>new_gui() : GUI
Engine N Y<<<Language2-1>> new_language() : Language
Q1 %<<Manager1>> new_network_manager() : Manager
0 <<optional>> S<<NetDriverl>> <<NetDriver2>>new_netdriver() : Net Driver
AR Net Driver 1 ‘<<Engine1>> new_engine() : Engine
1 T
<<optional>>
Net Driver N

e

<<optional>>
Manager 1

<<optional>>
Manager N

GUI'1

GUI 2
+availpble

1.*

Language 2-1

*
1. Message

optimize
Inheritance
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CustomMercure

S<<GUI1>> <<GUI2>>new_gui() : GUI

‘<<<Language2-1>> new_language() : Language
‘<<Manager1>> new_network_manager() : Manager
S<<NetDriver1>> <<NetDriver2>>new_netdriver() : Net Driver
S<<Enginel>> new_engine() : Engine

I

Q1 1
[
N Net Driver 2
1
Net Driver 1

k GUI'1

GUI 2

+availpble
1.+
+Use | 1 Language 1 Language 1-1

Language 2-1

*
1. Message
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Expl. 2: Derivation of products from product-lines:
behavioral issues based on Sequence Diagrams

w sd EnterPassword
‘ H ser‘ ‘ :ATM ‘ ‘ :Con\sortium‘ ‘ :Bank‘ ‘ :User‘ ‘ :ATM ‘ ‘ :Consnr!ium‘ ‘ :B: nk‘
displayMainScre ; ; enterPassword
ST i
insertCard verifyAccount
requestPassword § verifyAcountWithBank
= — - : i
sasadrasswo] A COllection of events
rather that collection of |
messages. badBankAccount
Tz H
H
requestPassword E badAccountMessage
E ejectCard
sd UserCancel requestTakeCard
takeCard
‘ :User‘ ‘ :ATM ‘ ‘ :Consortiuﬁ ‘ :B;\nk‘
cancel ; |
—
( { cancledMessage |
< —
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HMSCs & UML2.0 SDs:
Combined SDs

» A combined SD: refers to a set of interactions
and composes them by means of operators:

— Sequence (seq): weak sequential composition.

— Alternative (alt): choice between interaction
operands.

— Loop (loop): iteration of an interaction.

» Extended with operators to model variability
— Optional, variation, virtual...

D .

sd WithdrawFromAccount
Clerk Account Clerk Bank - Account

<<variatigp=" |

<optionalL feline>:
c
[foop J 1 — =
f CreateAgcount ithdraw
alt ] ‘
: S<variant>;
e

Egp. = lOOp (Deposit alt (CreateAccount seq
(CreateAccountOk seq optional settingLimit [ SetLimit ]
seq optional settingCurrency [ SetCurrency ])) alt
CreateAccountFailed) alt (variation withdraw [
WithdrawWithLimit, WithdrawWithoutLimit ] seq
(WithdrawOk alt WithdrawFailed)) alt

I« (optional fromEuro [ ConvertFromEuro ] ) alt

[ ——— —

(optional toEuro [ ConvertToEuro ]))

I i i

~ ] ‘ opuionaimteraction Gptionaimteraction

settingLimit settingCurrency

<<optionallnteraction>> <<optionalinteraction>> <<variation>>
toEuro fromEuro withdraw

96 28
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STEP 1: Behavioral derivation

Product | Decision model instance (DMI) s

BS1 DM1 ={(settingLimit, TRUE), (settingCurrency, FALSE),
(withdrawAccount, 1), (fromEuro, FALSE), (toEuro, FALSE)}

BS2 DM2 ={(settingLimit, FALSE), (settingCurrency, FALSE),
(withdrawAccount, 2), (fromEuro, FALSE), (toEuro, FALSE)}

BS3 DM3 ={(settingLimit, FALSE), (settingCurrency, FALSE),
(withdrawAccount, 2), (fromEuro, TRUE), (toEuro, TRUE)}

BS4 DM4 ={(settingLimit, TRUE), (settingCurrency, TRUE),
(withdrawAccount, 1), (fromEuro, TRUE), (toEuro, TRUE)\}

¢ RESD = [[PL-RESD]] ppi
96 29

Behavioral derivation rules

E IF (name, TRUE) € DMi
+ [[optional name [E]]] oy =
E, IF (name, FALSE) € DMi

E, is the empty SD: neutral element for seq, alt ; idempotent for loop

o [[variation name [EL, E2,..]]] oy = Ei IF (name, i) € DMi

( [[virtual name [E]]] o\ = Ereff IF (name, Ereff) e DMi, E ELSE

96 30
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DM2 ={(settingLimit, FALSE), (settingCurrency, FALSE), (withdrawAccount, 2),

(fromEuro, FALSE), (toEuro, FALSE)}

Egsz = [ Egeull omz

Egs, = loop (Deposit alt (CreateAccount seq
(CreateAccountOk seq =

seq Ex )) alt
CreateAccountFailed) alt ( WithdrawWithoutLimit seq
(WithdrawOk alt WithdrawfFailed)) alt

( Eyz )att
(Ez))

« E, is the empty SD: neutral element for seq, alt ; idempotent for loop

= expression reduction

D .

DM2 ={(settingLimit, FALSE), (settingCurrency, FALSE), (withdrawAccount, 2),

(fromEuro, FALSE), (toEuro, FALSE)}

Egsz = [[ Egpll omz

Egs, = loop (Deposit alt (CreateAccount seq
(CreateAccountOk)) alt CreateAccountFailed) alt (
WithdrawWithoutLimit seq (WithdrawOk alt
WithdrawFailed)))

Step 1 result : One expression (RESD) for each product

5, |
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Expl. 1: Derivation of products from product-lines:
behavioral issues based on Sequence Diagrams

sd UserArrives sd EnterPassword
‘ :User ‘ ‘ :ATM ‘ ‘ :Consort t\um‘ ‘ :Bank ‘ ‘ :User‘ ‘ :ATM ‘ ‘ :Consnr!ium‘ ‘ :Bank ‘
displayMainScrear enterPassword
insertCard verifyAccoun it
requestPassword verifyAcountWithBank
sd BadPassword sd BadAccount
\_‘:U§er \—:A-‘JM \;:Congortium \_'_I:Bank ‘ :User ‘ ‘ ATM H :Consonium‘ ‘ :Bank ‘
i
} badBankPassword: badBankAccount
1
badPassworg badAccount
1
f requestPassword badAccountMessage
H
j ejectCar d
sd UserCancel requestTakeCard
keCard
[ user | :

HMSCs & UML2.0 SDs:
Combined SDs

)
» A combined SD: refers to a set of interactions
and composes them by means of operators:
— Sequence (seq): weak sequential composition.

— Alternative (alt): choice between interaction
operands.

— Loop (loop): iteration of an interaction.

» Extended with operators to model variability
— Optional, variation, virtual...

D ’

17



sd BankPL

Clork

Accou

M AccountCreation| sd WithdrawFromAccount
<optionalLifeline>
Convertor Clerk Account Clerk Bank - Account

toop 1 ref <<variatigh>"" |
It CreateA¢count ithdraw
: \ : N
e —————— <<Var@nl>

[ ——

T
A 1

Egp. = lOOp (Deposit alt (CreateAccount seq
(CreateAccountOk seq optional settingLimit [ SetLimit ]
seq optional settingCurrency [ SetCurrency ])) alt
CreateAccountFailed) alt (variation withdraw [
WithdrawWithLimit, WithdrawWithoutLimit ] seq
(WithdrawOk alt WithdrawFailed)) alt

(optional fromEuro [ ConvertFromEuro ] ) alt

(optional toEuro [ ConvertToEuro ] ))

T T~ i H
™ ‘ ‘ <<0pf|ona nteraction <<0pf|ona nteraction :
: : N settingLimit settingCurrency H

<<optionallnteraction>> <<optionalinteraction>> <<variation>>
toEuro fromEuro withdraw

e
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STEP 1: Behavioral derivation

Product | Decision model instance (DMI) s

BS1 DM1 ={(settingLimit, TRUE), (settingCurrency, FALSE),
(withdrawAccount, 1), (fromEuro, FALSE), (toEuro, FALSE)}

BS2 DM2 ={(settingLimit, FALSE), (settingCurrency, FALSE),
(withdrawAccount, 2), (fromEuro, FALSE), (toEuro, FALSE)}

BS3 DM3 ={(settingLimit, FALSE), (settingCurrency, FALSE),
(withdrawAccount, 2), (fromEuro, TRUE), (toEuro, TRUE)}

BS4 DM4 ={(settingLimit, TRUE), (settingCurrency, TRUE),
(withdrawAccount, 1), (fromEuro, TRUE), (toEuro, TRUE)\}

P

RESD = [[PL-RESD]] gy

36
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Behavioral derivation rules

E IF (name, TRUE) € DMi
 [[optional name [E]]] oy =
E, IF (name, FALSE) € DMi

E, is the empty SD: neutral element for seq, alt ; idempotent for loop

o [[variation name [EL, E2,..]]] oy = Ei IF (name, i) € DMi

'\Q. [[virtual name [E]]] o\ = Ereff IF (name, Ereff) e DMi, E ELSE

D .

DM2 ={(settingLimit, FALSE), (settingCurrency, FALSE), (withdrawAccount, 2),
(fromEuro, FALSE), (toEuro, FALSE)}

Egsz = [ Egpull omz

Egs, = loop (Deposit alt (CreateAccount seq
(CreateAccountOk seq =

seq Ex )) alt
CreateAccountFailed) alt ( WithdrawWithoutLimit seq
(WithdrawOk alt WithdrawfFailed)) alt

( Eyz )att
(Ez))

« E, is the empty SD: neutral element for seq, alt ; idempotent for loop

= expression reduction

96 38
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DM2 ={(settingLimit, FALSE), (settingCurrency, FALSE), (withdrawAccount, 2),
(fromEuro, FALSE), (toEuro, FALSE)}

Egse = [[ Egpll oz

Egs, = loop (Deposit alt (CreateAccount seq
(CreateAccountOk)) alt CreateAccountFailed) alt (
WithdrawWithoutLimit seq (WithdrawOk alt
WithdrawFailed)))

Step 1 result : One expression (RESD) for each product

5, 39

STEP2: UML Sequence Diagrams
(SDs). =» Statecharts

- Synthesis |( %, 1. s
< ,  —
. m
Inter-object view: Many Intra-object view: Single
objects, one example. object, a complete behavior.

» Related work:

— Kriss et al [UML 98],
— Kaoskimies et al [IEEE Software 98]
— Whittle et al [ICSE 00] ,

( Makinen et al [ICSE 01]..etc
96 40
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From combined SDs

sd UserArrives

seq

P(UserArrives, ATM)

rrrrrrr

sd EnterPassword

:ATM

P(EnterPassword, ATM)

enterPagsword

! veri% ccount

>

SDs STs

seq Eﬁ seq

alt '5|:> alt;

loop # loop,

41

Statecharts operators

« 1) Sequence (seq;)

ST2
STl e e2'/a2
[} seq, *t': O

ST1 seq, ST2

Va el' e2'a;
». @)

42
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Statecharts operators(contd.)

— 2) Alternative (alt,)

ST1
o(FHORO) | o

ST1 alt, ST2

el e2'/az;

43

Statecharts operators(contd.)

loop, (ST2) h
e2'/a2'
/a3' /
) u
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From combined

SDs (contd.)

alt UserCancel) alt UserCancel))

E = loop (UserArrives seq ( loop (EnterPassword seq
BadPassword) seq EnterPassword seq (BadAccount

iy

E = loop, (P(UserArrives, ATM) seq; (

loop,

(P(EnterPassword,ATM) seq, P(BadPassword, ATM))
seq, P(EnterPassword,ATM) seq, (P(BadAccount,ATM)
alt, P(UserCancel ATM)) alt, P(UserCancel, ATM)))

P

45

Result: Bank StateChart for BS2

Bank
[/ \withdrawOkMessage
2sufficientBalance ['withdraw __/ 'withdrawOk
I verifyBalance
?WwithdrawFromAccount
?insufficientBalan
y | N 2createAccount I lcreate
?insufficientMessage
2depositOnAccount
4>( )
1
[ 'deposit it e

46
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Result: Bank StateChart for BS4

Bank

/ \withdrawOkMessage

?sufficientBalance

/withdraw ___/ !withdrawOk

I werifyBalance

1 WerifyLimit

2pithdrawFromAccount
2insufficientBalanc
ithdrawFai

i ?createAccount I create / deposit /1setLimit

-

CO—CO—C)

2insufficientMessage

2depositOnAccount IsetCurrency

/ ideposit

2 convertFromEuro

/ 'fromEuro

2 convertToEuro

1 'toEuro

a7

Conclusion

Perspectives

48
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Conclusion

» Handling variability in SPL is complex
— Exponential number of configurations

» Use models (& aspects) to manage complexity
— Abstract away from #IFDEF & diff

» Executable Meta-Modeling to Automate
Product Derivation from SPL Models
— Both from Static & Dynamic aspects

$s 49

Perspectives on SPL Research

« Composition of models

— New ways of composing software from modeling
elements
* at both model and meta-model levels
» Unifying MDE, AOSD, SPL, Generative
Programming...
— Composing models at runtime: dynamic
adaptation
« FP7 STREP: DiVA (03/2008-03-2011)
£ 50
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