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

A Common scenario:

version the code, reuse when opportunity appears
A If the file to be reused needs change, copy it

You clone-and-own it

A Benefit from quickly available funtionality
A But have to test, debug, change and evolve

the file yourself
A Product specific code grows

A 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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A Simple Product Line Architecture
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> Less product specific =-more reuse: déveIopment/tests/debugg|ng/bU|Id
» Model of commonallty and var/ab/I/ty
». Scope under control. Explicit.feature life cycle
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Spectrum of Variability Architectures
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Implementation Technologies

» Variability abstraction: FMs, DSLs, or none
» Variability resolution:

m XML property file

m FM configuration

m Domain specific model (DSM)
» Variability realization:
general purpose code
m w/ variability techniques
m code generators
m model transformers
[
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Problem Space Solution Space

features

Problem space Solution space

mapping
Domain specific / Implementation-

abstractions oriented
abstractions

SMS notification on transaction variation points
@ SMSLoggerAspect
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Feature Modeling ()




Feature Modeling (Il)

Example from Czarnecki'02

e mandatory
o optional
bod ne 1 [Tansmiss s trail
[ body || engine || transmission | [pulls trailer | P exclusive choice

/‘\ /L>\ /‘\ inclusive choice

|electrlc | asoline | |automat|c manual |

>

Hierarchy constraints, for example:
B 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:
B electric requires automatic

Attributes are added like to classes (eg. engine volume)

>

>




Feature Modeling (Ill)

Configuration
car
e mandatory
optional
body engine || transmission | |pulls trailer
l ” ” ” l P\ exclusive choice

/‘\ inclusive choice

[ electic | |gaso|ine | |automatic| | manual |

electric I'EC[UII’GS automatic

© Andrze] Wa,sowski, IT
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Feature Models (IV)

An example meta-model from Janota’08

meta-model (abstract syntax)
Sub-feature
Relation Type

| \ | 2o |

Grouped Solitary Mandatory
Feature Feature Sub-feature

ﬁ
E

s sub-fi

Optional

Root Feature Sub-feature

‘ OR-group ‘ ‘ XOR-group ‘ 2*‘

v

Note a single generic kind of relations: subfeature

No distinction between kind-of (inheritance) and part-of (containment),
like class modeling does

A characteristic feature of configuration and constraint languages
(as opposed to structural modeling languages)

Clafer (as a structural modeling langauge) supports the distinction,

but so do other feature modeling languages

v

v
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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, ...
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Software Product Line engineering (SPL)

Elevator Control System (ECS) product line

a b
Goals/Objectives Usage Contexts
ECS Usage Context
ECS Goal/Objective T R
Carrying Object )
Moving Object \_)'
Verticall g ;
d Passenger ' reight
Minimum %, LYy
Space ot e ;N
Occupancy \ RNy,

Hospital Apartment

—— Legend —
Mandatory

Optional

o
Pl
p s

Alternative

Composed-of

Generalization
/Specialization

problem space feature models of the ECS product line



ECS Quality Attribute

— Legend —
W Mandatory

Smooth and - Freight Optional
Comfortable Usability Safety Damage g,
Run /\ Prevention Alternative
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Usability for Usability Generalization
Visual  for Senior Fpeciakzation
Impairments Citizens




(2]

Capabilities/Services ECS Capability

Operations
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------- . O -
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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

© Car Typel

) Chingei --:-ssuimemissss s csssimaiss s Type2
Length: [4200; 4300] mm
Wictth: [1400; 1450] mm

——O Wheel " "
oes A roughly equivalent class diagram
—O Cap Car

Type: [TF1; TF2]

L—Q Tire
CQualty: [Q15; @21)
§1: IF Qualty = @21 THEN Cap.Type = TF2

——Q BodyAssembly Bod Assemb\ Engine
: Spor I it
Size : {1,6: 1.8 2,0}
Body ] Station O
Matena( [Plasﬂ Piast2
——Q@ Door l l
Sicle: [Left; Right] Body
Fire 015 Qz1, Cergth - m HJIJn 1200 | (S Lev? Colour - [Fed; White ; Bia
© SideSticker --rvrverrrrveeeerrsnnnees \Waterial : fPlast; Plast2
Length: [1000; 1200] mm Wave
§2: IF Body = Sport THEN SideSticker = Fire A
L— Engine
Fuel: [Gasoline; Diesel] 56

Size: [16; 1.8; 20] Litre
§3: IF Fuel
54: IF Fuel =

More on this: Bak. 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

© Andrze] Wa,sowski, IT University of Copenhagen



Applications of Feature Models

Design & Management

f domain
modeling

code generation
driving build system

Development & Test

product line scoping
product line mngmt

driving
testing

iversity of Copenhagen 21



How To Build Feature Models?

Two strategies...

A Big-bang adoption

A Perform careful
domain analysis

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

A ldentify a cloned component
A 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

© Andrze] Wa,sowski, IT Universi




Variability Modeling is
The Success Story of Modeling









A Laboratory Feature Model

C

ar
body @:’Q/ gear

‘ electric ‘ ‘ gas ‘ ‘ manual ‘ ’ automatic ‘

O
keyless
entry

keyless_entry — power_locks

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

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 |

Berger, She, Lotufo, Wa_ sowski, Czarnecki. A Study of Variability Models and Languages in the Systems
Software Domain. |EEE Transactions in Software Engineering, 2013




Is FODA special? Not really!

eCos configurator

i e, IES =
[ ROM filesystem ffrem Conflict !
it CYGPKG_POSIX_CLOCKS Unsatisfied R
¥ 4% JFFS2 filesystem S e
b b " SRS CYGHWR_10_FLASH_DEVICE Unsatisfied R
[l Support garbage-collection background threa CYGPKG_FILEIO_FNMATCH Unsatisfied R
[¥ Include write support for JFFS2
[~ Support for NAND flash ekt 2]
[38] Debug level 0 Property Value
S Compre: URL refffileio_html
[l Compress data using 2iib Macro CYGOPT FS JFFS2_COMPRESS
[ Coempussn itk i i File fhome/shshe/Deviecos/ecos-3.0/
[T Compress data using rubin Enabled Aur
B Set the default compression mode prioRTy | ||F2ver ool
B Define |FFS2_COMPRESSION
[sB) Memory poal size 0 T . 5
[2B] Additional compiler flags _Ecos
[sB] Suppressed compiler flags I z
= Compression and decompression are enfirely
handled by the file system and are fully
[88] JFFS2 FS tests ransparent to applications. However, selecting
ST s his option increases the amount of RAM required
i 15 Linux compatibilty fayer and slows down read and write operations
P 43" Zlib compress and decompress package lconsiderably if you have a slow CPU.
P % WNC Server Iv

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

A Trees become unwieldy very fast
A Many tools used linearized trees, like above
A Nice trees are good for PowerPoint, whiteboard and brainstorming

© Andrze] Wa,sowski, IT University of Copenhagen



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

k-1 menuconfig MISC_FILESYSTEMS ¢-1 cdl_component MISC FILESYSTEMS

k-2 bool "Miscellaneous filesystems" ¢-2 display "Miscellaneous filesystems"

k-3 ¢-3  flavor none

k4  if MISC_FILESYSTEMS c4

k-5 c5

k-6 config JFFS2_FS ¢-6 cdl_package CYGPKG_FS_JFFS2 |

k-7 tristate "Journalling Flash File System" if MTD c¢-7 display "Journalling Flash File System"
k-8 select CRC32 if MTD c-8 requires CYGPKG_CRC

k-9 c9 implements CYGINT IO FILEIO

k-10 c-10 parent MISC FILESYSTEMS

k11 c-11 active if MTD

k-12 c-12

k13  config JFFS2 FS_DEBUG c-13 edl_option CYGOPT FS JFFS2 DEBUG ¢

k-14 int "JFFS2 Debug level (0=guiet, 2=noisy)" c-14 display "Debug level®

k-15 depends on JFFS2 FS c-15 £lavor data

k-16 default 0 c-16 default_value 0

k-17 range 0 2 c-17 legal wvalues Qg 2

k-18 - e —— c-18 define CONFIG_JFFS2 FS DEBUG
k-19 Debug verbosity of ... c-19 description "Debug verbosity of...."
k-20 c-20 +

k-21 c-21

k22  config JFFS2_FS_WRITEBUFFER c-22 cdl_option CYGOPT_FS_JFFS2_NAND {

k-23 bool c-23 £flavor bool

k-24 depends on JFFS2_FS c-24 define CONFIG_JFFS2_FS_WRITEBUFFER
k-25 default HAS |IOMEM c-25 calculated HAS _IOMEM

k-26 c-26 t

© Andrze] Wa,sowski, IT University of Copenhagen



CVL Architecture for Dummies

The degree of coupling can be controlled by moving the mapping

Variability Abstraction [F—{Feature/Decision Models

Variability Realization |—{Feature Mapping

Base (model) ——| Source Code

CVL submitters. Common Variability Language, OMG Revised Submission. 2012



CVL Architecture for Linux

Variability Abstraction

Base (model)

Variability Realization




Grid View In Pure\Eleriants

=

= Variant Management - CarLight/Configs/configspacexmi - Eclipse Platfarm

File Edit Mavigste Search Project Run Variant Window Help

A== aBVL- Q-io- = B & e =
[B) Functional_Featuresxfm |2 *Canfigs &3
a8 o — -
S ‘ gls|8|¢s g2l g s ‘ = ‘ = | & ‘ A= =2
z2| 2 & g g2 lE| 2= 2 2|E =
Model Elerents leel | 2| 2| 5| 8 o2 E | s ElEEls|H =
S = [B Functional_Features I3
= 0 (®) Extemal Car .. B O = R - I R 2 N = = N = O = S = N =2 B~ N = I
ér| 7] 1 ® Regions 1 == I = = = = R~ = N = I~ R = N =7 B~ R = R~ N = = =
| eEme 11 < ] D= ] D= T > > I = I < I < I < B~ A = I =
| x®e 111 < | DR o< E N > > RO = R < < O > I~ I = I 7 =
[ | %®susti 111 0 @ B B W 4 | DX TR < T~ R < R < R R = R =
[| %®0ewex 1112 0O B B B B A @ < I = N >< N < A = O >< N > A > IO~ I =~ I~
|| =xew 13 ¥ 8 B M H OB PR T > > A = B > I >~ A = I
@ © North Ameri., 12 (<= R = B < I = < I~ B> N = T~ RO >< =2 B = R = < I < I <
[ %@ cme 121 H @A ¥ @@ @O B > R = Y >< T = S = O =< < F >< IR >
| R Meike 122 o< PR~ O = < R O < R ] < N = T~ R >< T =2 R = R =< < R >< IR >l
| xeuw 123 H 8 ¥ E @8 # [z I = = I >< I = A = R R < I < <
] 0 Beam Confi., 2 = R~ N~ RO~ R =~ R R~ 2= T~ RO = A ~ N = R~ [ = N - N =~ W~ R+
[] 0 ® lowBeam 21 T O w2 = R - R ] 2 S = B~ N = O =2 B = I =B~ R o [
[ | @®xenon 211 M B B F B & B o< N > TN ¢ R = RN = N~ N~ I ~ N = [ = R
[] @@t 212 [ IR~ N = B < R = [ < R = = N = > >< < B < I > < O >< I
[ U ¥ High Beamn 2.2 M ™ M MM &~ [ ) 1] Mo M M Vi MM Mo M vl =
N [ ] v
| 5 Matrix -
o*® Synchronize ClearQuest Defects [ =)

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

A Commercial tools support multiple views of the same model
A Some vendors: Pure Systems (DE), Big Lever (US), most PLM tools
A Clafer also has the grid view

© Andrze] Wa,sowsKi, IT University of Copenhagen
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Are all variability models tregs?.

A Fire Alarm System o
_ A detection zones
Operation Panel
[— A alarm zones
Operation Zone : : A Wiring
A

Detection Zone 1 three different
Alarm Zone 1
structures
Room 1 Y A Modeled as

. constrained class
diagrams!
Detection Zone 2 Detection Zone 3 .
Alarm Zone 1 Alarm Zone 2 A Sometimes called
Room 2 (3" ‘ Room 3 ) t0p.o Io.g.lcal
I variability
‘ 3

Berger. Stanciulescu. @gard. Haugén. 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

Installation

A home grown

o logical structure configurator used
to instantiate mod-

*1

Domain OperationZond [_Grow els
m

By 7
] @2 (] 5]
; B2 NET. Installalion
(-1 N Ramzone Detectionzons B4, DOM_EQ, Domain Network
physical Autrosafepane] U7 caon

BS420, BS-420
structure BSD310, B5D 310
[EHC? LOOP_CLOSED, Closed Loop

& BN-320, Detector 1
External OperationPane| AutroFieldBug AFB_Unit
o 1]

L{D) pz.0z1
[l
1.32]

G BN-320, Detector 2
10_Module AL_Cominterfac |AFB_PowerContre i Powerl|
)

Lfi) pz,0z3

G BN-320, Detector 4

i) bz.021

e
Ly A2 Alam Zore 1

i BBR-130, Alam 2

Ly 42, Alam Zare 1

e BBR-130, Alam 3

LEy 42 Alam Zone 2

Ll pz.0z2
& BN-320. Detector 3
o oopDri
ver

© Andrze] Wa,sowski, IT University of Copenhagen



Connect Abstraction to Realjzation

e
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>0 2\ — L L
— o \
=3} %o
Sc
- §- o5 | 4
25 @ -
co t?n E
> = T

S & Al

= O O

>C 4
=2 zm;::;:zz;z?f’*"w 5 ) ==
a5 NI XBe SPEEDSTER CENTRING TABLE=y 4 7 |-
o —= CONFIG_X86_SPEEDSTEP_ K, 7 >
= O CouFTe xe i Lotk X '
=0 CONFIG o CrUrREQ Nror g 4
co CourTe_yse_LonuL
> - CONFIG 66 E. POMERSAVER-n | o |
T
25 | coreassets 2
=<5 | platform product ; N
. i specific
e @ assets -
[}
S¢

irzej Wasowski, IT University of Copenhagen 37



Spectrum of Variability Archijtectures
Stay as close to the’left as possible :r? :
> ;_,.aohlyf;ﬁ;‘f‘_éguct'spet’:'ﬁié:vCode (no reuse) - '
frameworks + .frgr@work (:"__o"mpletiop code

domain specific languages +E‘o\dé generation

-
o

Ay S feature models,Aﬁ);uct specific code
- = feature models + build syﬁem '

- property & 'C,aniguratiq_r_{ files + build system
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Routine configuration

Creative construction

= A e-shop
- ® payment
ET— e [ creditCard
= = i [ debitCard
[ © bt [ electronicCheque
e i - # taxCalculation
e e S - ® addressResolution
| YR T | =]
O country
& postalcode
D e | B [ streetaddress
shipping

Wizard Feature-based configuration

Path through decision tree

Subtree of feature model

Graph-like language

Subgraph of (infinite) graph

Krzysztof Czarnecki: Overview of Generative Software Development. UPP 2004: 326-341.



Feature Models vs DSLs

Feature
Model
DSL Meta-
Model

conforms to

.\\

=] =\
=

<]

1 Configuration
r1 DSL Model

» Feature models are ready and simple (no design effort, deep insight)
» DSL requires design effort, but rewards with more expressiveness
» Effort also translates to maintenance

» FM effort is offset by existing feature modeling tools

» DSL development effort is offset by language workbenches

IT University of Copenhagen 38




Advice on Realization
[Stahl and Volter]

© Andrzej Wa,sowski, IT University of Copenhagen



Generative
Programming

Methods,

”‘ Tools, and

‘} Applications
)

y 4

Krzysztof Czarnecki y 4
Ulrich W. Eisenecker

TIMELY. PRACTICAL. RELIABLE

Model-Driven
Software
Development

Technology,
Engineering,
Management

Thomas Stahl,
Markus Vilter
i
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