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family of software products: “Clone-And-Own”
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Opportunistic Reuse Does Not Work
 ◮  Common scenario:

version the code, reuse when opportunity appears

 ◮  If the file to be reused needs change, copy it
You clone-and-own it

 ◮  Benefit from quickly available funtionality 

 ◮  But have to test, debug, change and evolve 
the file yourself

 ◮  Product specific code grows

 ◮  Platform code diminishes and degrades
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SUCCESSFUL REUSE IS

PROACTIVE 
PLANNED 
MANAGED



Domain vs Application Processes
Pohl et. al. Software Product Line Engineering
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Exploit commonality 
Manage variability
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Spectrum of Variability Architectures

feature models + product specific code 

feature models + build system

property & configuration files + build system

only product specific code (no reuse) 

frameworks + framework completion code

domain specific languages + code generation
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Problem Space Solution Space

SMS notification on transaction variation points
SMSLoggerAspect

features

invoice code.cs
int sort (int[] A, comp ope)

{

if (A ==  null) 

return -1;

for (int i =  0; i <  A.size(); I++)

{

print (A[i].toString());

}

}
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Feature Modeling (I)

feature:
a single variability increment in the problem domain (~decision)

variation point:
a single variability increment in the solution space

 c   Andrzej Wa˛sowski, IT University of Copenhagen     



Feature Modeling (II)
Example from Czarnecki’02

 mandatory

 optional

exclusive choice
pulls trailerenginebody

car

electric gasoline automatic manual
inclusive choice

transmission

 ◮  Hierarchy constraints, for example:
manual requires transmission (each child node requires its parent node)

 ◮  Groups constraints: engine is electric or gas driven or both
 ◮  Not all constraints in hierarchy & groups, cross-tree constraints in text:

electric requires automatic

 ◮  Attributes are added like to classes (eg. engine volume)
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Feature Modeling (III)
Configuration

 mandatory

 optional

exclusive choice
pulls trailerenginebody

car

electric gasoline automatic manual
inclusive choice

transmission

electric requires automatic

+ +

+ +

+ + +
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 commonality and variability (C&V)

product features  = 
“stakeholder visible characteristics of products” 

Feature Oriented Domain Analysis (FODA) 

feature models: features are organized using 
“consists of” and “generalization/specialization” relationships
(extensions with XOR etc. exist)

problem domain vs. solution domain (is relative)
 
basis for: formal analysis of feature model, feature configuration, generative programming, …





 Elevator Control System (ECS) product line

Software Product Line engineering (SPL)

 problem space feature models of the ECS product line





 solution space feature model of the ECS product line



Feature Binding Time

A feature can be included in the asset or a product 
at any product line lifecycle phase, 
but their availability for use 
can be determined at the time of inclusion or at any time after by
enabling or disabling the included feature.



Feature Modeling vs Class Modeling
A feature model in Product Variant Master Notation (Hvam)

A feature model

A roughly equivalent class diagram

More  on  this:   Ba˛k.   Czarnecki.   Wa˛sowski.   Feature  and  Meta-Models  in  Clafer:   Mixed,  
Specialized, and  Coupled.   SLE  2010

Above  models  from:   Haug.   Degn.   Poulsen.   Hvam.   Creating  a  documentation  system  to  
support the  development  and  maintenance  of  product  configuration  systems
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How To Build Feature Models?
Two strategies...

 ◮  Big-bang adoption

 ◮  Perform careful 
domain analysis

 ◮  Document concepts, 
abstractions and relations 
between them in a FM

top-down bottom-up
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 ◮  Identify a cloned component

 ◮  Find the patches that describe 
differences

 ◮  Translate diffs to 
variation points

 ◮  Organize variation points into 
features, and a hierarchy

 ◮  Works well with incremental 
adoption

◮

Hans Peter Jepsen, Jan Gaardsted Dall, Danilo Beuche. Minimally Invasive Migration to Software Product 
Lines. SPLC 2007



Variability Modeling is

The Success Story of Modeling
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A Laboratory Feature Model

Czarnecki, Wa˛sowski. Feature Diagrams and Logics: There and Back Again. In: 11th International
Software Product Line Conference (SPLC 2007) Kyoto, Japan, 10-14 September, 2007   IEEE Press.
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A Healthy Wild Feature Model Cub
ToyBox project, 71 features

ToyBox

Global  settings Toys

DEBUG           FREE           TOYBOX           ON EIT            D IRN AM E           M K FIFO           PATCH              TTY             TOYSH            BASENAM E           UN AM E           M KSW AP           BZCAT            SLEEP           CKSUM            CH ROOT              TEE             EC HO            SED                 CP              W HICH             PW D              SEQ             R M D IR            M KE2FS          FALSE          COUN T           SH A1SUM            TRU E           TOUC H               DF                 CAT              CH VT            HELP           SORT            READLINK           DM ESG            HELLO           NETCAT              YES             SYN C            M DEV           CATV

PIPES           FLOW C TL              CD                EXIT                  P               QU OTES           BU ILT INS                TTY GEN            EXTEN DED           JOU RN AL           LABEL PED AN TIC LON G               BIG                         F LISTEN CONF

WILDC ARD S          PR OCARGS           EN VVARS            JOBCTL           PR OFILE

LOC ALS

AR RAYS

The Linux Kernel has 6-12K features, depending how you count! 
But maximum depth is 8, most leaves are at 4!

↓ this is the Linux kernel model fit to the slide width ↓
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Berger, She, Lotufo, Wa˛sowski, Czarnecki. A Study of Variability Models and Languages in the Systems 
Software Domain. IEEE Transactions in Software Engineering, 2013



Is FODA special? Not really!
eCos configurator

 ◮  Linux kernel and eCos operating system use similar configurator, 
controlled by textual variability models

 ◮  Trees become unwieldy very fast

 ◮  Many tools used linearized trees, like above

 ◮  Nice trees are good for PowerPoint, whiteboard and brainstorming
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It is easy to design a textual syntax
Kconfig of Linux kernel, designed by non-experts, with no tools 

CDL of eCos, designed by non-experts, with no tools
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CVL Architecture for Dummies
The degree of coupling can be controlled by moving the mapping

Variability Abstraction

Variability Realization

Base (model)

Feature/Decision Models

Feature Mapping

Source Code

CVL submitters. Common Variability Language, OMG Revised Submission. 2012
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CVL Architecture for Linux 

Variability Abstraction

Variability Realization

Base (model)

KConfig files

KBuild files + CPP

C-code
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Grid View in PureVariants

 ◮  Commercial tools support multiple views of the same model

 ◮  Some vendors:  Pure Systems (DE), Big Lever (US), most PLM tools

 ◮  Clafer also has the grid view
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https://www.ptc.com/en/products/pure-variants 

https://www.ptc.com/en/products/pure-variants


Are all variability models trees?
A Fire Alarm System

 ◮  detection zones

 ◮  alarm zones

 ◮  wiring

 ◮  three different 
structures

 ◮  Modeled as 
constrained class 
diagrams!

 ◮  Sometimes called 
topological 
variability
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Berger.   Stanciulescu.   Øgård.   Haugen.   Larsen.   Wa˛sowski.   To  connect  or  not  to  connect:   
experiences from  modeling  topological  variability.   SPLC  2014
Fantechi.   Topologically  configurable  systems  as  product  families.   SPLC  2013



Modeled using class diagrams in Papyrus
A model view showing two model hierarchies

AL_ComInterface

ExternalComs

IO_Module

OperationPane AutroFieldBus

OperationZoneDomain Group

AutroSafePanel

AFB_PowerContro

Installation

AFB_Unit

AlarmZone DetectionZone
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A home grown 
configurator used 
to instantiate mod- 
els
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Spectrum of Variability Architectures
Stay as close to the left as possible

feature models + product specific code 

feature models + build system

property & configuration files + build system

only product specific code (no reuse) 

frameworks + framework completion code

domain specific languages + code generation
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Krzysztof Czarnecki: Overview of Generative Software Development. UPP 2004: 326-341.





Advice on Realization
[Stahl and Völter]

 ◮  Choose functional domain concepts as features / DSL concepts

 ◮  Start a small domain model and grow it iteratively

 ◮  Keep the build automatic at all times

 ◮  Generate/synthesize legible code/models
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