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Modern Software Problems

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

• Flexibility of functional aspects: Product Lines
• notion of product lines (space, time)

Versions
(Time)

Variants (Functionalities)

Time
to

Market!

Time
to

Market!1.1

1.2

1.01.0 1.0 1.0 1.0 1.0

1.1 1.1 1.1 1.1 1.1

1.2 1.2 1.2 1.2 1.2

1.3 1.3 1.3 1.3 1.3

1.4 1.4 1.4 1.4 1.4
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« A set of programs is considered to constitute a family, 
whenever it is worthwhile to study programs from the 
set by first studying the common properties of the set 
and then determining the special properties of the 
individual family members »

David L. Parnas — ‘‘On the design and development of program families’’ in 
Transactions on Software Engineering, SE-2(1):1–9, 1976 
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aka Variability

4
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Software-intensive systems

come in many variants
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Software Reuse

• drastically decrease cost of software development and 
maintenance

• increase quality of software
• reuse of existing software is one of the most promising 

approaches
• construct applications by composing reusable software 

pieces

(cost - TTM - staff)

8

Two approaches to reuse

• Opportunistic: 
• the software engineer reuses pieces of software that fit the current problem 

and adds them to the software.

• Planned: 
• the organization puts explicit effort in developing reusable artifacts that 

provide the ‘right’ abstractions, ‘right’ level of variability and that fit into an 
higher level structure.

• Opportunistic reuse does not work in practice
• As in automotive and other industries, build on the notion of Product Line
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Software Product Lines

product-line
architecture

component set

product 1 product 2 product n

external

internal

...
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Many Issues Around SPLs
• Assets [Jacobsen]:

• architecture
• components
• systems

• Views [SEI]:
• business
• organization
• process
• technology

• Lifecycle [Bosch]:
• development
• usage
• evolution
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Technical Issues in SPLs:
Managing variability

12

Software Product 
Line Engineering

Factoring out commonalities
for Reuse [Krueger et al., 1992] [Jacobson et al., 1997]

Managing variabilities
for Software Mass Customization [Bass et al., 1998] [Krueger et al., 2001], [Pohl et al., 2005]
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Variability 
“the ability of a system to be efficiently 

extended, changed, customized or 
configured for use in a particular context” 

Mikael Svahnberg, Jilles van Gurp, and Jan Bosch (2005)
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1414

External Variability
Internal Variability
Variability @ run.time
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Initiating a Product Line

Evolutionary Revolutionary

Existing
product line

Develop vision for
PLA
Develop one comp.
at a time by evolving
existing components

Develop PLA,
components and products
based on requirement
super set

New
product line

PLA and components
evolve based on
requirements posed
by new PL members

PLA and components
developed to match
requirements of all PL
members
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Evolving Existing Products

• Advantages
• reduced risk due to

• small up front investment
• early return on first shared components

• relatively small effect on production schedule
• Disadvantages

• larger total investment

21

22

Replace Existing Products

• Advantages
• shorter conversion time
• smaller total investment

• Disadvantages
• higher risk
• negative effect on production schedule

Warning: role of hardware and mechanical parts
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Applicability of SPL concepts

• context: consultancy company or IT department performing projects 
with partially overlapping requirements

• define common architecture and common components/subsystems
• develop (slightly) more general components in normal projects
• increase the variability and generality of the component in 

subsequent projects
• balance investment and risk!

A Bit of History: 
Industrial Revolution

24

1901
Henry Ford

1980s

1698
Thomas Savery
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Nowaday: Product Lines 
Everywhere

25
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Product Lines of Cars

27
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Food? Product lines!
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What about 
software?

34

Product lines of 
software intensive systems
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Software intensive systems 

are declined in many variants

36

Software intensive systems 

are declined in many variants
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Software Product Lines

37

Car
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Database
Engine

Printer 
Firmware
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Linux
Kernel

Features in Microsoft Office

42
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Variability 
“the ability of a system to be efficiently 

extended, changed, customized or 
configured for use in a particular context” 

Mikael Svahnberg, Jilles van Gurp, and Jan Bosch (2005)

43

Variability = Complexity
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a unique variant for every

person on this planet

33 features
optional, independent

320 features

more variants than estimated

atoms in the universe

optional, independent
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Yielding a huge number of possible 
configurations for a Linux Kernel

215000 ≈ 105000

1014 1028 1038 1050 1080

Plank length: 10-35m
Volume of the observable Universe: 1080m3

=> #places in Universe: 10115

#configurations of Linux Kernel: 105000

#universes to store configurations of Linux Kernel: 1043
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« The development of a
family of software systems
differs from the development of
a single software system »

Reuse
Customization
Automation

49

Commonality

Variability

50

Software 
Product Lines

“a set of software- intensive systems that share a common, managed 
set of features satisfying the specific needs of a particular market 
segment or mission and that are developed from a common set of 
core assets in a prescribed way” [Clements et al., 2001]
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Variability Abstraction 
Model (VAM)

Configuration
(resolution model)

Domain Artefacts 
(e.g., models)

Software Generator
(derivation engine)

 

Variability 
Realization 

Model 
(VRM)
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Domain/Variability Model

Configuration Software Generator

Domain Artefacts 

Domain 
Engineering

Application 
Engineering

« the investments required to develop the reusable artifacts during
domain engineering, are outweighed by the benefits of deriving the 
individual products during application engineering »

Jan Bosch et al. (2004)  

Variability Management, the Good Old Way

• Conditional compilation, e.g. in C with CPP
#IFDEF feature
xxx
#ELSE
yyy
#ENDIF

• Hard to manage, hard to change mind of what is static/dynamic
• J.-M. Jézéquel. Reifying Configuration Management for Object-Oriented Software. ICSE 1998

• Recall: Linux Kernel has 15000 such « features »
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Inheritance (OOP)

Base Class encapsulate commonalities

Derive classes specialize peculiarities

55

IO

Write_line()

MSW

Write_line()

TEXT

Write_line()

Io_puts(0,s,strlen(s))

Io_puts(0,s,strlen(s))

Language

hello()

French

hello()

Basic

hello()

Basic Idea
• Abstract the Intent

• io.write_line(language.hello)

• Rely on Dynamic Binding for the Details
• Don’t care now for static/dynamic distinction

• Uncouple the variations from the selection process
• Automatically derive a product using OCL 2 meta-model transformation
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The Mercure PL as example

• A family of SMDS[Jezequel 96] (Switched Multi-Megabits Data Service) 
servers.

• Delivering, forwarding, and relaying messages from and to a set of 
network interfaces.

58

Variability in UML class diagrams

Abstraction
Inheritance, Abstract Factory

• Parameterization
UML class templates

• Optionality
UML extensions mechanisms (Stereotype « Optional »)

• Alternatives
Optional + Constraint

Tewfik Ziadi, Jean-Marc Jézéquel:
Software Product Line Engineering with the UML: 
Deriving Products. Software Product Lines 2006
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Engine 1
<<optional>>

Engine N
<<optional>>

Net Driver N
<<optional>>

Net Driver 1
<<optional>>

Manager N
<<optional>>

Manager 1
<<optional>>

Message

LanguageCat 1

Language Cat 2
<<optional>>

Language 2-N
<<optional>>

Language 2-1
<<optional>>

Language 1-N
<<optional>>

Language 1-1GUI N
<<optional>>

GUI 1
<<optional>>

Engine

Net Driver

*

1..*

*

1..*buffers

Mercure

1
1

1
1

1...

1

1...

1

Manager
1..*

1

1..*

1

1..*

1..*

1..*

1..*

observe

Language

GUI

1..2

1

1..2

1

1..*

1..*

+...
1..*

1..*

1..*

1

+available

1..*

1

1+Use 1

{Presence 
constraint}

{Mutual 
exclusion}

…

…

…

…

…

…

Abstraction 
Variability 
Pattern

60

Product Line Derivation 

VPs

Products

GUI Language Manager NetDriver Engine

CustomMercure GUI1, GUI2 Language 2-1 Manager1 NetDriver1 Engine1

MiniMercure GUI1 Language 1 Manager1 NetDriver1 Engine1

FullMercure all all all all all

GUI 1 mutual-exclusion Lang 
Cat 2
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Dynamic Configuration

read()

GuiX

LanguageX

LanguageY

make(Current)

aMercureConcreteFactory

aDynamicConfiguration

get_gui_type()

make()

new_gui(type)

get_language_types()

make()

new_language(typeX)

make()

new_language(typeY)

ManagerX

get_manager_type()

make()

new_manager(type)

NetDriverX

NetDriverY

get_netdriver_types()

make()

new_netdriver(typeX)

make()

new_netdriver(typeY)

EngineX

get_engine_type()

make()

new_engine(type)

run()

Mercure
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The PL derivation
• Manipulate the UML meta-model to automatically derive a product model using a 

Model Transformation Language (MTL)

DeriveProductLine
Input:    PL_model: Model

aConcreteFactory: Class
pre : -- check Generic Constraints on PL_model

Output :      Product_model: Model
post :-- check Specific Constraints on the PL_model

Model Transformation

• By limiting the range of variants available from a given Concrete 
Factory:

• The transformer may know the set of living classes
• special case of Partial Evaluation

• Generate a specialized model for the product
• When only one living class for an abstract varying part:

• Dynamic binding replaced with direct call (and even inlining)
• When only a few living classes

• Dynamic binding replaced by if then … else
• Implemented in e.g., GNU SmallEiffel

• All static configuration issues kept encapsulated and do not pollute 
the model
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The PL derivation

• 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

66

DerivePL (PL_model: Model, aConcreteFactory: Class) : Model {

selectedVariants: Set;
Result := clone(PL_model);
selectedVariants := getSelectedVariants(aConcreteFactory);
// Model specialization

for each optional class C in PL_model do
if     (the class name of C not in selectedVariants)

and  names of all subclasses of C not in selectedVariants)
then

delete the class C from Result;
endif

done
// Model optimization

replace abstract classes with only one subclass S by S
delete all other factories

}
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Message

LanguageCat 1

Language 1-1

GUI 1
<<optional>>

Net Driver

*

1..*

*

1..*buffers

Mercure

1
1

1
1

1...

1

1...

1

1..*

1

1..*

1

1..*
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1..*

observe

Language

GUI

1..2

1

1..2

1

1..*

1..*

+...
1..*

1..*

1..*

1

+available

1..*

1

1+Use 1

Engine

Engine 1
<<optional>>

Engine N
<<optional>>

…

Net Driver 1
<<optional>>

Net Driver N
<<optional>>

…

Manager

Manager N
<<optional>>

Manager 1
<<optional>>

…

GUI N
<<optional>>

…

Language 1-N
<<optional>>

…

Language 2-1
<<optional>>

Language 2-N
<<optional>>

…
Language Cat 2

<<optional>>

CustomMercure

<<GUI1>> <<GUI2>>new_gui() : GUI
<<<Language2-1>> new_language() : Language
<<Manager1>> new_network_manager() : Manager
<<NetDriver1>> <<NetDriver2>>new_netdriver() : Net Driver
<<Engine1>> new_engine() : Engine
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Message

LanguageCat 1

Language 1-1

Net Driver

*

1..*

*
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Net Driver 1
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Net Driver N
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Manager

Manager N
<<optional>>

Manager 1
<<optional>>

…

Language 1-N
<<optional>>

…

Language 2-1
<<optional>>

Language 2-N
<<optional>>

…
Language Cat 2

<<optional>>

CustomMercure

<<GUI1>> <<GUI2>>new_gui() : GUI
<<<Language2-1>> new_language() : Language
<<Manager1>> new_network_manager() : Manager
<<NetDriver1>> <<NetDriver2>>new_netdriver() : Net Driver
<<Engine1>> new_engine() : Engine

GUI 1

GUI 2
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Message

LanguageCat 1

Language 1-1

Net Driver

*

1..*

*

1..*buffers

Mercure
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GUI
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Engine

Engine 1
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Engine N
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Net Driver 1
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Net Driver N
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Manager 1
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Language 1-N
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…
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Language 2-N
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…
Language Cat 2

<<optional>>

CustomMercure

<<GUI1>> <<GUI2>>new_gui() : GUI
<<<Language2-1>> new_language() : Language
<<Manager1>> new_network_manager() : Manager
<<NetDriver1>> <<NetDriver2>>new_netdriver() : Net Driver
<<Engine1>> new_engine() : Engine

GUI 2

GUI 1

70

Message

LanguageCat 1
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Net Driver
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Engine
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<<optional>>

Engine N
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…

Net Driver 1
<<optional>>

Net Driver N
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…

Manager

Manager N
<<optional>>

Manager 1
<<optional>>

…

Language 1-N
<<optional>>

…

Language 2-1

Language 2-N
<<optional>>

…
Language Cat 2

<<optional>>

GUI 1

GUI 2

CustomMercure

<<GUI1>> <<GUI2>>new_gui() : GUI
<<<Language2-1>> new_language() : Language
<<Manager1>> new_network_manager() : Manager
<<NetDriver1>> <<NetDriver2>>new_netdriver() : Net Driver
<<Engine1>> new_engine() : Engine
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Message

Language 1-1

Net Driver

*

1..*

*

1..*buffers

Mercure

1
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1
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GUI
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1
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1

+available
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Engine

Engine 1
<<optional>>

Engine N
<<optional>>

…

Net Driver 1
<<optional>>

Net Driver N
<<optional>>

…

Manager

Manager N
<<optional>>

Manager 1
<<optional>>

…

Language 2-1

GUI 1

GUI 2 optimize
Inheritance

CustomMercure

<<GUI1>> <<GUI2>>new_gui() : GUI
<<<Language2-1>> new_language() : Language
<<Manager1>> new_network_manager() : Manager
<<NetDriver1>> <<NetDriver2>>new_netdriver() : Net Driver
<<Engine1>> new_engine() : Engine
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Manager 1

Message

Net Driver
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GUI 1

GUI 2
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<<GUI1>> <<GUI2>>new_gui() : GUI
<<<Language2-1>> new_language() : Language
<<Manager1>> new_network_manager() : Manager
<<NetDriver1>> <<NetDriver2>>new_netdriver() : Net Driver
<<Engine1>> new_engine() : Engine

Language 1-1

Language 2-1

Net Driver 2

Net Driver 1

Engine1
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(total)
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Type
Inference
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FullMercure
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Hello World

Type inference score for 
MiniMercure is 99.7%

Code size

Runtime Performances
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Footprint
Linux (k)

Footprint
Sparc (k)

Runtime
Linux

Runtime
Sparc

FullMercure
CustomMercure
MiniMercure

Dead code removal Automatic static binding
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API

Framework

75

Plugin-based systems

76
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(Active) Annotations

can have parameters

77

Metamodeling and Domain-Specific
Languages

78
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Unused flexibility
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Illegal variant
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Variability Model

Configuration

Domain Artefacts (e.g., source code)

Software Generator

Modeling 
variability 
is crucial 

Feature Model

Communicative

Analytic

Generative
84

not, and, or, implies
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Feature Modeling

86

Mercure

Engine

Engine 1 Engine N

NetDriver

NetDriver 1 NetDriver N

Manager

Manager 1 Manager N

GUI

GUI N

Language

Lang Cat 1 Lang Cat 2

GUI 1

..

..

..

..

Engine 1 requires NetDriver1

GUI 1 mutual-exclusion Lang Cat 2
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excludes
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Feature Models

90
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Feature Models (Background)

91

Hierarchy: rooted tree 

Variability: 
• mandatory, 
• optional, 
• Groups: exclusive or inclusive features
• Cross-tree constraints

92

Hierarchy + Variability 
= 

set of valid configurations

{CarEquipment, Comfort, DrivingAndSafety, Healthing, AirConditioning, FrontFogLights}

configuration = set of features selected
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Hierarchy + Variability 
= 

set of valid configurations

{CarEquipment, Comfort, DrivingAndSafety, Healthing, AirConditioning}

configuration = set of features selected

94

Hierarchy + Variability 
= 

set of valid configurations

{CarEquipment, Comfort, DrivingAndSafety, Healthing, AirConditioning,
AutomaticHeadLights}

configuration = set of features selected
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Hierarchy + Variability 
= 

set of valid configurations
{AirConditioning, FrontFogLights}
{AutomaticHeadLights, AirConditioning, FrontFogLights}
{AutomaticHeadLights, FrontFogLights, AirConditioningFrontAndRear}
{AirConditioningFrontAndRear}
{AirConditioning}
{AirConditioningFrontAndRear, FrontFogLights}

{CarEquipment, Comfort, 
DrivingAndSafety, 
Healthing} X

Orthogonal Variability
+Applicant()
+ApplicantInfo()
+MakeApplicat ion()

-companyName : CString
-experience : CString
-reference1 :  CString
-reference2 :  CString
-reference3 :  CString

Applicant

+Person()
+PersonInfo()

-personID :  unsigned long
-surname : CString
-givenName : CString
-middleInitial : char
-streetAddress : CString
-postCode : CString
-countryname : CString
-eMailAddress : CString

Person

-is taught by

1

-teaches

0..*
+CourseSession()
+CourseSessionInfo()

-courseSessionID :  unsigned long
-courseDate : unsigned long
-courseID :  unsigned long
-courseLocation : CString

CourseSession

+AppStatus()
+AppStatusInfo()

-statusCode : char
-statusName :  CString

AppStatus

+CourseRegistration()
+CourseRegistrationInfo()

-registrationDate : unsigned long
-completionFlag : bool
-conf irmedDate : unsigned long

CourseRegistration

+Test()
+TestInfo()

-testScore : unsigned long

Test

+Application()
+ApplicationInfo()

-productNr :  unsigned long
-cert ificationLevel : unsigned long
-applicationDate : unsigned long

Application

+PermittedStatusChange()
+StatusChangeInfo()

-fromStatus : char
-toStatus : char

PermittedStatusChange

+ExamSession()
+ExamSessionInfo()

-examSession : unsigned long
-examlocat ion : CString
-examDate : unsigned long

ExamSession

-gives0..*

-is achieved1

-is made by

1

-makes

0..*

-allows change in

0..*

-has a

1..*

-is taken by1

-takes0..*

-is made by a1

-made a1.. *

-is in1

-is f illed by0..*

-uses

1

-is used in

0..*

-applies to a0..*

-is for a1

+Exam()
+ExamInfo()

-examID : unsigned long
-certificationLevel : unsigned long

Exam

+Employee()
+GetCurrentAge()
+EmployeeInfo()

-jobType : CString
-roomNr : unsigned long
-department : CString
-division : CString
-jobTitle : CString
-manager : unsigned long
-headsDept : CString
-headsDivision : CString
-mobileNr : CString
-birthDate : unsigned long

Employee

+registrationform()

RegistrationForm

-uses*
*
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Derivation of products from product-lines: 
behavioral issues based on Sequence Diagrams

:User :ATM :Consortium :Bank

displayMainScrean

insertCard

requestPassword

sd UserArrives

enterPassword

verifyAccount

verifyAcountWithBank

:User :ATM :Consortium :Bank

sd sd EnterPassword

requestPassword

badBankPassword

badPassword

:User :ATM :Consortium :Bank

sd BadPassword

requestPassword

badPassword

:User

badAccountMessage

badBankAccount

badAccount

:User :ATM :Consortium :Bank

sd BadAccount

ejectCard

requestTakeCard

takeCard

:User :ATM :Consortium :Bank
cancel

cancledMessage

sd UserCancel

A collection of events 
rather that collection of 
messages.
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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… 
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<<optionalInteraction>>

toEuro

<<optionalInteraction>>

fromEuro

<<optionalInteraction>>

settingLimit

<<optionalInteraction>>

settingCurrency

<<variation>>

withdraw

:Clerk :Bank :Account

sd BankPL

: : :

Deposit
ref

alt

loop

AccountCreation
ref

WithdrawFromAccount
ref

ConvertFromEuro
ref

ConvertToEuro
ref

<<optionalInteraction>>

<<optionalInteraction>>

:Clerk :Bank :Account

sd AccountCreation

: : :

CreateAccountOk
ref

alt

SetLimit
ref

SetCurrency
ref

CreateAccountFailled
ref

<<optionalInteraction>>

CreateAccount
ref

<<optionalInteraction>>

:Clerk :Bank :Account

sd WithdrawFromAccount

: : :

WithdrawWithoutLimit
ref

WithdrawWithLimit
ref

<<variant>> 

<<variation>>
sd Withdraw

<<variant>> 

WithdrawOk
ref

alt

WithdrawFailled
ref

:
<<optionalLifeline>>
: Convertor:

EBPL = 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 ] ))

100

STEP 1: Behavioral derivation
Product Decision model instance (DMI)

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]] DMi
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Behavioral derivation rules

• [[optional name [ E ] ]] DMi =
E  IF (name, TRUE)  DMi

E IF (name, FALSE)  DMi

• [[variation name [ E1, E2,.. ] ]] DMi = Ei  IF (name, i)  DMi

• [[virtual name [ E ] ]] DMi = Ereff  IF (name, Ereff)  DMi, E ELSE

E is the empty SD: neutral element for seq, alt ;  idempotent for loop
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EBPL = 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 ] ))

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

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

EBS2 = [[ EBPL]] DM2

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

 expression reduction

EBS2 = loop (Deposit alt (CreateAccount seq 
(CreateAccountOk seq E
seq optional settingCurrency [ SetCurrency ] )) alt
CreateAccountFailed) alt (variation withdraw [ 
WithdrawWithLimit, WithdrawWithoutLimit ] seq
(WithdrawOk alt WithdrawFailed)) alt
(optional fromEuro [ ConvertFromEuro ] ) alt
(optional toEuro [ ConvertToEuro ] ))

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

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

EBS2 = [[ EBPL]] DM2

EBS2 = loop (Deposit alt (CreateAccount seq 
(CreateAccountOk seq E
seq E )) alt
CreateAccountFailed) alt (variation withdraw [ 
WithdrawWithLimit, WithdrawWithoutLimit ] seq
(WithdrawOk alt WithdrawFailed)) alt
(optional fromEuro [ ConvertFromEuro ] ) alt (

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

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

EBS2 = [[ EBPL]] DM2

EBS2 = loop (Deposit alt (CreateAccount seq 
(CreateAccountOk seq E
seq E )) alt
CreateAccountFailed) alt ( WithdrawWithoutLimit seq

(WithdrawOk alt WithdrawFailed)) alt
(optional fromEuro [ ConvertFromEuro ] ) alt
(optional toEuro [ ConvertToEuro ] ))

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

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

EBS2 = [[ EBPL]] DM2

EBS2 = loop (Deposit alt (CreateAccount seq 
(CreateAccountOk seq E
seq E )) alt
CreateAccountFailed) alt ( WithdrawWithoutLimit seq
(WithdrawOk alt WithdrawFailed)) alt
(      E ) alt
(  E )  )

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

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

EBS2 = [[ EBPL]] DM2
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EBS2 = loop (Deposit alt (CreateAccount seq 
(CreateAccountOk )) alt CreateAccountFailed) alt (
WithdrawWithoutLimit seq (WithdrawOk alt
WithdrawFailed)))

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

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

EBS2 = [[ EBPL]] DM2

Result : One expression (RESD) for each product
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[Czarnecki and Eisenecker 2000]
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[Czarnecki, PhD thesis]

Developing Product Lines
Metamodels, DSLs, and Transformations to the rescue

• Domain Engineering
• Domain Models
• Level of abstraction
• Domain-specific modeling languages

• (visual or textual) syntacs, precise semantics
• analyzed (verification) 

• Traceability between the artefacts

• Application Engineering
• Model transformations (automation)

• Reduce the gap 
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Summary
• Software product line engineering

• Mass customization
• Family of software intensive systems
• Systematic reuse
• Domain engineering
• Variability management

• Variability everywhere
• Applied and applicable to many industries and domains

• Modeling and implementing variability: an overview
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