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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 »

aka Variability

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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Software Product
Line Engineering

Factoring out commonalities

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

Managing variabilities

fOF SOﬂwa e |V|aSS 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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Variability in time vs in space

e Variability in Time (releases)

— the existence of different versions of an artifact that are valid
at different times

e Variability in Space (variants)
— the existence of an artifact in different shapes at the same time
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Benefits

Improve product reliability
Improve usability

Improve consistency across
products...




Benefits

Reduce production costs

Reduce certification costs L '100

Shorten time-to-market
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L’/1 Printer Firmware

nnnnn

e Production cost reduced by 75%

S—
‘ |
e Development time reduced by 33% { [ =

e Reported defects reduced by 96%




Objectives

* Variability and Software Product Line
Engineering
— Overview
— Challenges

* The (possible) role of Model-Driven
Engineering

* Overview of techniques
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A Bit of History:
Industrial Revolution

1901
Henry Ford

1698
Thomas Savery
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INes

Product L
Everywhere

Nowaday
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Product Lines of Cars

Exterior | Interior side | Front | Rear

1. Trims/Series 2. Engine/Transmission 3. Colour & Style 4. Options

Choose Your Options

Audio/Comms/Nav Heating/Ventilation Mechanical Safety/Security A-Z

Audio/Comms/Nav

v cp30
- MP3 CD player with MP3 format, stereo radio, steering wheel mounted audio controls

Heating/Ventilation

v| Air conditioning

Mechanical

v| Electronic Stability Programme (ESP)
Safety/Security

v Emergency tyre inflation kit in lieu of space-saver spare wheel
and tyre

Audio/C /Nav Heating/Ventilation |\ ical Safety/Security A-Z

Legend v| Selected Option
Selectable Option

| Option contained in an option pack

—
£7360°

Standard

€923.00

€411.00

Standard

Option contained in an option pack or standard equipment which has been replace by another option

5 Option that is only selectable together with another option. Please click for detalls

This Image may contain optional equipment. %60° 7

Agila, Club
1.21 16v, 5 Speed

Blaze Red, Melt / Elba Charcoal
Total

Pricing Details

Club

1.2i 16v, 5 Speed

Blaze Red

Melt / Elba Charcoal

15-inch steel wheels with 185/60
R 15 tyres and flush wheel covers
Options (2)

You selected:

v| Air conditioning

v| Electronic Stability

Programme (ESP)

Total

€ 15,684.00

€ 14,350.00
€0.00

€ 0.00
€ 0.00

€923.00

€411.00

€ 15,684.00
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?) Miisli individuell online mixen! Bio-Miisli. - Mozilla Firefox

File Edit View History Bookmarks Tools Help

@ c b ¢ Q I'.',‘. Ihttp://www.mymuesli.oom/muesliﬁndex.php?vw=mixer&ec=shep1&nnid=1&11npt=1&type=t0 - I?"Isoﬂwareprodukﬁinien e - a

mymueSIi muesli mixer

custom-mixed cereals

Miislibasis Fruchte

Kostliche Bio-Trockenfriichte, musligerecht aufbereitet. Du
kannst eine Frucht auch mehrmals auswahlen, um deren Anteil

zu steigern.
Ananas
Nisse & Keme lecker, exotisch und wunderbar | 0.65€
(309) .
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mehr Infos
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¥)per Dell Online-Shop: Stellen Sie Ihr eigenes System zusammen - Mozilla Firefox - ll:l|§]
File Edit Yew Go Bookmarks Tools Help
<;§l v [? v @ @ I@ http:,f,fconﬁgurez.euro.dell.comidellstoreﬁconfig.aspx?c=de&cs=dedhs1&kc=3D5&I=de&oc=W06390xp&s=dhs&sbc=prEI @ Go I@
# Getting Started @ Latest Headlines
-~

o Bestellen Sie online oder wahlen Sie 0800 533 55 40 03(gebuhrenfrei)

ML Service = Support  Einkaufsunterstitzung

Dell empfiehit Windows Vista™ Home Premium.

Sie befinden sich hier: ™® Deutschland = PRIVATANAENDER

o Meinen Dell konfigurieren ‘ o Zubehor auswahlen o Elektronik o Software & Service o Bestatigen & zum Warenk g

| Suche o

Sicher Einkaufen mit Trusted
~ Shops und
y U9EB d-zuriick-Garantie.

» Als Symbol anzeigen
* o ELL UUVHZL-DURAM-DPEIChner MIT<4U VB UNd 0D/ MHZ 1L X LU @8 VIMM) [PIUS DY, Y99 € 0der LU EnMonart |

B Grafikkarte

128 MB n¥idia NVS285 DVINVGA-Grafikkarte

@ ~uswanlhilfe

e 256 MB ATi Fire GL W7200-Grafikarte [plus 416,50 € oder 13 €lMonat1]

" 128 MB nVidia Quadro FX550-Grafikkarte [plus 69,02 € oder2 @Monat‘]

" 256 MB nVidia Quadro FX3450- Grafikkarte [plus 547 40 € oder 17 QMonat‘]

(¢ 128 MB nVidia NVS285 DVINGA- Grafikkarte [Im Preis enthalten]

(" Grafikkarte PCle %16 (DVIAVGA) Matrox QID LP PCle, 128 MB, DVI- oder VGA Grafikkarte fiir 4
Monitore [plus 630,70 € oder20 @Monat‘]

" 128 MB ATi Fire GL V3400-Grafikkarte [plus 44,03 € oder 1 €/Monat1]

Festplatte

80 GB Serial ATA-ll-Festplatte (7.200 Uinin) mit NCQ

© Auswahihilfe

(" 180 GB Serial ATA-II-Festplatte (7.200 U/min) mit NCQ [plus 16 66 €]
(¢ 20 GB Serial ATA-I-Festplatte (7.200 U/min) mit NCQ [Im Preis enthalten]

[ |

Dell Precision™ 390
Essential (W06390xp)

inkl. MwSt., zzgl. 19,04
£Yersand
*Ermaligter
Sonderpreis**

Es getten keine
9 1 3 y 92 € zusatzlichen
Preisnachlasse.

Das Angehot gilt far
maximal 5 Systeme

Finanzierung ab 30 €imtl.

Jetzt finanzieren - erst ab Januar 2008
zahlen!

Weitere Informationen zur Ratenfinanzierung

Fiir einen noch umfassenderen Schutz
Ilhres Systems beinhaltet der oben
erwahnte Preis ein Upgrade Service
Paket. Um auf den beworbenen Preis
zu kommen, entmarkieren Sie die
Kategorie " Business Support".

Transferring data from i.dell.com. ..

N L
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Food? Product lines!
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Software intensive systems

are declined in many variants
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Software intensive systems

are declined in many variants




Software Product Lines
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config - Linux Kernel v2

] High Resolution Timer Support]

<Select))
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Features in Microsoft Office

i-s'J Microsoft Office 2003 Setup

Microsoft Office Professional Edition 2003 n
W]

Advanced Customization
Choose installation options for applications and tools.

_X_~| New and Cpen Office Document Shortcuts ~
| Office 2003 Web Components
=T

" ~ | English

2 X _v|French

2 X v | Spenish
| Microsoft Office Download Control

X | Themes

_X_v| Visual Basc for Applications

W
X
4

P

B

|

Description
Tools for proofreading Office documents.

Space Required on C: 342 MB
Space Available on C: 3553 M8

Helo < Back Next > Cancel




The development of a

family of software systems

is much more challenging than the
development of

a single software system






33 features

a unique variant for every

person on this planet



320 features e
“more variants than estimated

atoms m the umverse







Automation?



i I

15 the first time you've seen this Stop err

your computer. If W screen appears ag
eps: < ’ !

If this
restart.

> 4 % % s 1
| w*¥ STOP: 0X00000050 (0XBOOOOSF2,0X00000000, OXBOSEBICS, 0X00000000)
. seginning dump of physical memory : .':.:,

1cal memory dump complete. O'p
rontact your system administrator or technical SUPPOTT Oroup for further
assistance.
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Checking Products

2000 Features
(bﬁ] 100 Printers

30 New Printers per Year

Printer
FiIrmware

—

-~

\
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Checking Products

8 8000 Features
4 . ?Products
D

LinuX
Kernel




Checking Product Line

Implementation with 10000 Features

#tifdef, Frameworks, FOP, AOP, ...

LinuX
Kernel

/\fl
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Software product line engineering

= modeling and managing variability e
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The development of a

family of software systems

differs from the development of

a single software system






« The development of a

family of software systems
differs from the development of
a single software system »

Reuse
Commonality

Customization

Automation Variability

50
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Reuse
and
Mass Customization









“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]

o

Software
Product Lines

[

ve v 0
1C 011
00001110
11010101
10111010
01100100
01010101
11010110
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Software Product
Line Engineering

Factoring out commonalities

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

Managing variabilities

fOF SOﬂwa e |V|aSS CUStomizaﬁon [Bass et al., 1998] [Krueger et al., 2001], [Pohl et al., 2005]
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Domain
Engineering

Application

Software Product-Line
Engineering

Domain Domain Domain Domain
Req. Engineering Design Realization Testing

& . <

Application Application Application Application
Req. Engineering Design Realization Testing

3 3

Engineering
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“Reuse-in-the-large works

. best in families of related
" systems, and thus is domain

dependent.” [Glass, 2001]

Domain engineering

Domain Analysis Domain Implementation

(problem) (solution)

* elicitate requirements and scope the line
e variability modeling: determine i

commonalities and variabilities usually in ]
terms of features '
ode -
model service
Common assets Variants

Variability Model Reusable Assets
(Featu re MOdE') (e.g., models or source code) 58



Domain engineerinfg (development for reuse)

Feature Model

e =
. I mm
“central to-the:software product

|—I1_Tr§parad|gn‘mssth&medelmg

(e.g., models oEFource cogle)

ahd managemen variabilit

ur

tions|

that is, the co alities and
differences in the applications”

Sy

product, product,

product,

Application engineerirfag (development with reuse) ~




Whati IS new?

Family vs single systems
Focus on reuse
Domairér engineering
Factoring éut commonality
Managi;ng variability



« variéability »

Is it really new?



Administrator: C:\Windows\system32\cmd.exe

C:\Users\kaestner.INFORMATIK.B088>dir /7
Displays a list of files and subdirectories in a directory.

DIR [drive:llpathllfilenamel [/ALL:lattributesl] [/B]1 [/C]1 [/D]1 [/L]1 [/N]
[/0[L[:1sortorderl] [/P]1 [~»Q1 [/R]1 [/S] [/TLL[:1timefield]] [ W] [/X]1 [/4]

[drive:llpathllfilename]l
Specifies drive, directory, and/or files to list.

/A Displays files with specified attributes.

attributes D Directories R Read-only files
H Hidden files A Files ready for archiving
S System files I Not content indexed files
L. Reparse Points — Prefix meaning not

/B Uses bare format <(no heading information or summary).

/G Display the thousand separator in file sizes. This is the
default. Use /-C to disable display of separator.

/D Same as wide but files are list sorted by column.

/L Uses lowercase.

/N New long list format where filenames are on the far right.

/70 List by files in sorted order.

sortorder N By name <{(alphabhetic> S By size (smallest first)
E By extension {(alphabetic?> D By date/time <(oldest first)
G Group directories first — Prefix to reverse order

/P Pauses after each screenful of information.
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Parameter —i in grep

int match_icase;

int main (int argc, char **argv)
=E
[...]
while ((opt = get nondigit_ option (argc, argv, &default o
switch (opt)
= {
[...]
case '1':
match icase = 1 ;
break;

static const char *
print_line middle (const char *beg, const char *1lim,
const char *line color, const char *match color)

=1
[...]
if (match_icase)
= {
ibeg = buf = (char *) xmalloc(i) ;
while (--1 >= 0)

buf[i] = tolower (begl[i])

63



Global configuration

class Config {
public static boolean isLogging = false;
public static boolean isWindows = false;
public static boolean isLinux = true;
}
class Main {
public void foo() {
if (isLogging)
log(,,running foo()");
if (isWindows)
callWindowsMethod();
else if (isLinux)
callLinuxMethod();
else
throw RuntimeException();

64



=lBix|

Console  Toos  Window  Plugin  Help

= Encoding iso8859-1 [+ @ [ [genenc iRz

Configuration

httpd.conf -- win32 Apache

Building a Web Server, for Windows

Listen 80
ServerRoot " /www/Apache2™
DocumentRoot " /www/webroot”

ServerName localhost:80
ServerAdmin admin@localhost

ServerSignature On
ServerTokens Full

l_:s
DefaultType text/plain I [=TF

AddDefaultCharset IS0-8859-1 | type filter text General & v NS
= B S
UseCanonicalName Off [+]- Appearance B e
- Compare/Patch I™ Keep next/previous editor, view and perspectives dialog open
HostnamelLookups Off c;"'he"t Types V¥ Show heap status
i [oEs
ErrorLog logs/error.log ~ Network Connections ¢ Double click
Loglevel error - Perspectives " Single dick
zearch ™ Select om hiover
: 2 - ,A 1
PidFile logs/httpd.pid M Sfac:l;gand Shutdown I” | Open when using arraw keys
. Web Browser Note: This preference may not take effect on all views
Timeout 300 [+ Workspace
[+ Ant
KeepAlive On (- Help
- IMP

MaxKeepAliveRequests 100
.- Tnetall A Indate




Conditional compilation
#tifdef (Berkeley DB)

static int __rep _queue_filedone(dbenv, rep, rfp)
DB ENV *dbenv;
REP *rep;
__rep_fileinfo_args *rfp; {
#ifndef HAVE_QUEUE
COMPQUIET(rep, NULL);
COMPQUIET(rfp, NULL);
return (__db _no_queue am(dbenv));
#else
db_pgno t first, last;
u_int32_t flags;
int empty, ret, t_ret;
#ifdef DIAGNOSTIC
DB _MSGBUF mb;
#endif

}
#endif

// over 100 lines of additional code

66



Intentional Code Cloning

~ Copy & Paste



Code Cloning (example, Linux driver)

cyberstorm.c

static void dma_dump_state(struct NCR_ESP *esp)
{
ESPLOG(("esp%d: dma -- cond_reg<%02x>\n",
esp->esp_id, ((struct cyber_dma_registers *)
(esp->dregs))->cond_req));
ESPLOG(("intreq:<%04x>, intena:<%04x>\n",
custom.intreqr, custom.intenar));

}

static void dma_init_read(struct NCR_ESP *esp, _ u32 addr, int
length)
{
struct cyber_dma_registers *dregs =
(struct cyber_dma_registers *) esp->dregs;

cache_clear(addr, length);

addr &= ~(1);

dregs->dma_addr0 = (addr >> 24) & 0xff;
dregs->dma_addr1 = (addr >> 16) & Oxff;
dregs->dma_addr2 = (addr >> 8) & 0xff;
dregs->dma_addr3 = (addr ) & Oxff;
ctrl_data &= ~(CYBER_DMA_WRITE);

cyberstormll.c

static void dma_dump_state(struct NCR_ESP *esp)
{
ESPLOG(("esp%d: dma -- cond_reg<%02x>\n",
esp->esp_id, ((struct cyberll_dma_registers *)
(esp->dregs))->cond_req));
ESPLOG(("intreq:<%04x>, intena:<%04x>\n",
custom.intregr, custom.intenar));

}

static void dma_init_read(struct NCR_ESP *esp, _ u32 addr, int
length)

{
struct cyberll_dma_registers *dregs =

(struct cyberll_dma_registers *) esp->dregs;

cache_clear(addr, length);
addr &= ~(1);
dregs->dma_addr0 = (addr >> 24) & 0xff;
dregs->dma_addr1 = (addr >> 16) & Oxff;
dregs->dma_addr2 = (addr >> 8) & 0xff;
dregs->dma_addr3 = (addr ) & Oxff;

}



Replicate & Specialize

Clone to reuse and adapt existing solutions
+ Less effort needed

- Long-term cost outweighs short-term benefit

~ Cost of refactoring rises over time
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Platform Variations

Clone existing code and fix

low level platform interaction

+ Avoid complexity of virtualization layer
- Hard to propagate bug fixes

~ Ensure consistent behavior of all clones



Hardware Variations

-
[

Clone existing driver

+ No risk of changing existing driver
- Code growth

~ Dead code can creep into system

71



Inheritance (OOP)

Base Class encapsulate commonalities

Derive classes specialize peculiarities

72



Generic Programming

C++ template

template <typename T>
Tmax(Tx, Ty)

{

return x<y?y:x;

}

Generics in Java

public interface List<E> {
void add(E x);
Iterator<E> iterator();

}

public interface Iterator<E> {
E next();

boolean hasNext();

}

73



Design Patterns

Template Method
Factory
Strategy

Decorator

74



Template Method

...
go Something();

Primitive Operationl();
...

Primitive Operationl();
...

doAbs olutely This();
...

Gﬁ AbstactClass

4" PrimitiveOperation] §

& PrimitiveOperation? |

S 4 Template Method
& dotbsolutehThis ()
4 doSomething ()

Q ConcreteClass

A PrmitiveOperation]
4 PrmitiveOperation2 ()
A doSomething )
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API

Framework



Plugin-based systems



httpd.conf -- win32 Apacl

Building a Web Server, for Windows

Listen 80
ServerRoot " /www/Apache2™
DocumentRoot " /www/webroot™

ServerName localhost:80
ServerAdmin admin@localhost

ServerSignature On
ServerTokens Full

DefaultType text/plain
AddDefaultCharset IS0-8859-1

UseCanonicalName Off
Hostnamelookups Off

ErrorLog logs/error.log
Loglevel error

PidFile logs/httpd.pid
Timeout 300

KeepAlive On
MaxKeepAliveRequests 100
KeepAliveTimeout 15

<IfModule mpm_winnt.c>
ThreadsPerChild 250
MaxRequestsPerChild ©

T e A L e e

g 1=

Ele Edit Console Tools Window Plugin  Help

i | Lnefeed R ~ Encoding iso-8859-1

i@ Ao [iR[2H]

¢ 1 karoma)['¢ 2 karoma
f - Lin el v2.6.33.3

.config nux Kern

] High Resolution Timer Support

[

-
[+- Appearance
Compare/Patch
Content Types
- Editors

- Security

- Startup and Shutdown
“Web Browser

- Workspace

[+~ Ant

[+~ Help

- IMP

[+ Install/Update

[+ Java

- LPG

General

@ RENAULT VANS

CARS | VANS | ELECTRIC VEHICLES | REMAULT BUSINESS | USED CARS | OWNER SERVICES | ABOUT RENAULT | RENAULT SHOP

Renault UK > RenaultVans > New Kangoo Van Range >

NEW KANGOO VAN RANGE

01 Preferences 02 Version

|
OPTIONS
> COMFORT
| Central storage console & armrest between
seats
> DRIVING
Electric door mirrors
> SAFETY & SECURITY

| ESC (Electronic Stability Control) with traction
‘and understeer control

& Preferences

It’-,'p:': filter text

Kangoo Van > Build your own Kangoo Van > Select Options

03 Equipment & options

£50.00

£200.00

[~ Always run in background

I~ Keep next/previous editor, view and perspectives dialog open

v Show heap status/® voepadiova | & actionsjava [ mainjove 22

= ) oune TN,

<

&t =t.apply(nev gadvice('g" + layerno));
if (hoa.isSelected() ||

|| ladvice.isSelected() || intro.isSelected()

hoa.setSelected{false);

ladvice.setSelected{false);
intro.setSelected(false);

equation.setText("F" + layerno + "(" + equation.g

+

ol

output. setText (t.toString()); Ao
_qﬁn mode program.setText(t.eval({"")); R
equation. setText (base) ; F) % | & |
updateQuarkPanel(); OC: null
6 Double dick ¥ IERS (1)
N RUCTOR: alse'
i ) apply.addictionlistener (new Actionlistener() { DARAMETERS (0)
S‘nde dd( public void actionPerformed{ictionEvent e) {
if (hoa.isSelected(}) { N_TYPE2
— © = t.apply(new hoa("h" + Vi
I~ Select on he 1 JETERS (1
if {ladvice.isSelected{}} { |_DIMENSIONS: '0'
t = t.applyinew advice("a" + layerno)); VN_EXCEPTIONS (0)
" | Gpenwhen )
if (intro.isSelected()) { bk [4443, 805]
2 t = t.apply(new intro("i" + layerno)); STATEMENTS (5)
Note: This preferer ; J -, EE—
if (gadvice.isSelected()) { = EXPRESSION

[ Ethndlnvncathn
+) THEN_STATEMENT
ELSE_STATEMENT: null
IfStatement [4529, 80]
- IfStatement [4615, 77]
IfStatement [4785, 457]

K] =




Promises of

Software Product Line Engineering

Accumulated
Costs

Up-Front
Investment

Klaus Pohl (2005)

Single Systems

— — — System Family

A

Break-Even
Point - T -
/\ — Lower Costs
- — per System
| >
approx. 3 Systems Number of

(Software Engineering) Different Systems
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Promises of

Software Product Line Engineering

Single Systems

— — — System Family

A
Time to
Market
Time For Building
\ Common Artefacts
\
\
AN
N Shorter Development
\ ~ Cycles due to Reuse
T~ N
>
Klaus Pohl (2005) Number of

Different Systems
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Single Software Development




Software Product Line Development?

Implementation

Time and Effort: not scalable!
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We need an engineering
process specific to

software product lines



Observation: “Reuse-in-the-large
works best in families of related
systems, and thus is domain
dependent.” [Glass, 2001]




Domain Engineering

[...] is the activity of collecting, organizing, and
storing past experience in building systems |[...]
In a particular domain in the form of reusable
assets [...], as well as providing an adequate
means for reusing these assets (i.e., retrieval,
qualification, dissemination, adaptation,
assembly, and so on) when building new
systems.

K. Czarnecki and U. Eisenecker
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Domain Engineering

Product Line Engineering



The conventional software engineering
concentrates on satisfying the
requirements for a single system

Domain Engineering concentrates on

providing reusable solutions for
families of systems.

87



Domains of systems vs subsystems

— vertical domains
e e.g. domain of medical record systems, domain of
portfolio management systems, etc.
— horizontal domains

e e.g. database systems, numerical code libraries,
financial components library, etc.

reusable software
(e.g. framework or
class library)

vertical scope =
portion of an
average application
that is reused
from the reusable
software

application 1 application n

horizontal scope =
Czarnecki (PhD thesis) number of dufferer\f applications that
can be build using the reusable
software
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Key idea: building a reusable
platform during domain
engineering

-




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

+ | Application
Engineering

Amount
of
effort

Domam
Englneerlng |

a
-

More Sophisticated
Jan Bosch et al. (2004) Technology o




The dream for an SPL practitioner

Application
Engineering

Amount
of
effort

/ / i i
s / ! / i
/ /
/ J =
i f
A i
, ! N / Z ; P
;
y s, S - .- Py
; ;
/ ~Engineeri
S , i
A
; /
/ I ; ;i
- >

More Sophisticated
Technology

99% domain engineering, 1% application
engineering

— specifies what you want (click, click, click) a
customized product is automatically built for you

— |terate the process for n products



Specific requirements

product,

5 2

product,

L, =

product,




Domain engineerinfg (development for reuse)

Feature Model

e =
. I mm
“central to-the:software product

|—I1_Tr§parad|gn‘mssth&medelmg

(e.g., models oEFource cogle)

ahd managemen variabilit

ur

tions|

that is, the co alities and
differences in the applications”

Sy

product, product,

product,

Application engineerirfag (development with reuse) *




Mobile

Domain /N

Camera 3G+ 3G GPS

Engineering AN

Domain/Variability Model

Domain Artefacts

h——————— "

Mobile

/4\

Application Camera 3 SG/ GPS/
. . v
Engineering

v
Configuration

Software Generator j‘

« 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)



Activities related to domain
engineering and
application engineering



Domain

Application

Software Product-Line
Engineering

Domain Domain Domain Domain
Req. Engineering Design Realization Testing

2

=

g . . o

=

o

c

I

Application Application Application Application

g’ Req. Engineering Design Realization Testing
| S

8 i

[

c

I
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Domain Analysis

Collect relevant domain information

— domain experts (interviews, workshops)

— system handbooks, textbooks, prototyping, experiments,
— already known requirements on future systems

— Creative activity

Domain Definition

— examples of systems in a domain,

— counterexamples (i.e. systems outside the domain),

— generic rules of inclusion or exclusion (e.g. “Any system
having the capability X belongs to the domain.”).

Domain vocabulary
Domain concepts

and integrate it into a coherent domain model
— more or less formal



Domain Model
Ontology, ER, UML, Feature Model

Analysis of similarity

— Analyze similarities between entities, activities,
events, relationships, structures, etc.

Analysis of variations

— Analyze variations between entities, activities, events,
relationships, structures, etc.

Clustering

Abstraction
Classification
Generalization
Vocabulary construction



Scope

al

Clement et al. (2001)
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Scoping Activities

Proddct Line
Engineer(s)

3 Identify Identify Identify Identify BT 3
2 Products Subdomains Features Assets g %
5_ Assess Assess Prioritize Prioritize @

3 Products Subdomains Features Assets

Optimize
Products

Domain Experts
(Architects, Developers,
Managers, Marketing etc) A concrete scoping process = a combination of these activities

[John+09]

102



Domain/Product Line Scoping

Preparation

v

Pre-assessment
meeting

v

Initialization

v

Assessment Team
Identification

Planning and
scheduling

v

PL-mapping
(Prestudy)

Execution

Y

Opening
Briefing

Domain
Assessment

Preliminary
Results

:

Interviewee
feedback

I

Analysis

I

Final Report
Preparation

On-site final
meeting

L

Schmid 2002

exist. planned potent.

P1 P2 P3 P4

Sub- Feature 1.1.1 X X X X

Domain 1.1 [Feamure 1.12 | — X X X

Feature 1.1.3 X X - X

g_:s Sub- Feature 1.n.1 X - X X
E Domain 1.n

! Sub- Feature 2.1.1 — X X —_
‘s | Domain 2.1

i
Featurem.1.1 —_— X — X
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Domain Design

Presence conditions:

true I MultiLevel I ¢
AssociatedAssets WENEEEM |  MultipleClassification )
PhysicalGoods W 2 Categories & !MultipleClassification M ©
Categories BN’ MultipleClassification | !Categories I
5
1 Product
3 * —subCategories
Asset | —associatedAssets -String name Category
. I _product -float price , —products -
-String weight |* 6 .
_ —categories
* —superCategory
Catalog
—products | - - 4
¥ 7 3

Czarnecki et al. (GPCE’05)
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Domain Implementation

Reusable assets
— e.g. reusable services

Domain-specific languages
Generators
Reuse infrastructure

Many implementation techniques



Domain-specific language (DSL)

Domain-specific abstractions

— a DSL provides pre-defined abstractions to directly
represent concepts from the domain.

Domain-specific concrete syntax

— a DSL offers a natural notation for a given domain and
avoids syntactic clutter that often results when using a

general- purpose language.
Domain-specific error checking
Domain-specific optimizations
Domain-specific tool support

106



DSLs

e textual languages (stand-alone or embedded
in a general-purpose programming language),

* visual, diagrammatic languages

* form-based languages



Czarnecki et al. (2005)

Routine configuration

Creative construction

—

-

What type of apphcation would you lke 1o create?
 Singhe document

@

© Diskog based
P Document/Aow achectuse suppon?

What A you ke your n?

| Denssch [Deutschiand] (APPWZDEU DLL ¥

<ok [ New> | Eren | conce |

Wizard

- e-shop
- ® payment
= A
[#] creditCard
[] debitCard
[] electronicCheque
- # taxCalculation
- # addressResolution
= A
[ country
[#] postalCade
[ streetaddress

] shipping

Feature-based configuration

L

(B W stchtopin strn Alsmtech

S ..,.. Nuwembe: 2. 2000, 14.16
QIISSIST =0 T ]
™3
| i

. r"'f/('j)\ —_—

Show [ on
»

Alwmrftang

.
Active: Noow Grid: 10310 Zoom: 100%

Graph-like language
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-

{sonaz) task sonartask cyclic prio = I evexy = 100 {

1: (i ]— int 3 = ecrobot_get sonar_sensor (SENSOR_PORT T::NXT PORT SZ);
Dllmmy Fea ure Mo e sonarHistory[sonarIndex] = s;

. - . . o Index = so Index + 1;
feature runtimeCalibration : - semasfadex = senasfndes

if ( sonarIndex == 10 ) {
feature bumper : true sonar Index = 0;

)
feature sonar : - int ss = 0;

for (int 1 = 0; 1 <10; L = £ +1; ) {
feature debugOutput : Erue — L i i=4

ss = 33 + sonarHistory[i];
}
currentSonar = ss / 10;

{ {debugOutput}) { debugInt(2, "sonar:", currentSonar); } }

doc This 313 the cyclic task that i3 called every Ims to do the actual control
task run cyclic prio = I every = 2 {
stateswitch linefollowser
state running
{bumper) int bump = ecrobot_get_touch_sensor (SENSOR_PORT_T::NXT_PORT S3);
{emper) if ( bump == 1 ) {
{debugOutput} { debugString(3, *bump:", *BUuMP!"); }
event linefollowsr:bumped
texminate;
Voelter (SPLC‘11) )
{zonar} if ( currentSonar < 150 ) {
event linefollowsr:blocked
terminate;
}
int light = ecrobot_get_light sensor (SENSOR_PORT_T::NXT_PORT_SI1);
if ( light < ( WHITE + BLACK ) J 2 ) {
updateMotorSettings(SLOW, PAST);
} else |
updateMotorSettings(FAST, SLOW);

)
{debugOutput} { debuglnt(d, "light:*, light); }
{zonar} state paused
updateMotorSettings(0, 0);
if ( currentSonar < 255 ) |(
event linefollower:unblocked
}
{umpar} state crash

updateMotorSettings(0, 0);
and Code

<noop>;

Configuring Models




Preprocessor for Java code (Munge)

class Example {
void main() {
System.out.printin(“immer”);
I*if[ DEBUG]*/
System.out.printin(“debug info”);
I*end[DEBUG]*/

java Munge —-DDEBUG —DFEATURE2 Example.java

/

configuration option Kastner’s slide

http://weblogs.java.net/blog/tball/archive/2006/09/munge swings g&ﬂtml




class Graph {

Vector nv = new Vector(); Vector ev = new Vector();

Edge add(Node n, Node m) {

Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
e.weight = new Weight();
return e;

}

Edge add(Node n, Node m, Weight w)
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
e.weight = w; return e;

}

void print() {
for(inti=0; i < ev.size(); i++) {

((Edge)ev.get(i)).print();
}

}

}

class Node {

}

intid = 0;

Color color = new Color();

void print() {
Color.setDisplayColor(color);
System.out.print(id);

}

class Color {

}

static void setDisplayColor(Color c) { ...

class Edge {

}

Node a, b;
Color color = new Color();
Weight weight;= new Weight();
Edge(Node _a, Node b){a=_a;b=_b;
void print() {
Color.setDisplayColor(color);
a.print(); b.print();
weight.print();
}

—

class Weight { void print() { ... } }

Kastner’s slide
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Mapping:

an example

Graph

class Graph {
Vector nv = new Vector(); Vector ev = new Vector();

Edge add(Node n, Node m) {
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);

class Node {

intid =0; Weighted

Color color = new Color(); «—_|
void print() {
Color.setDisplayColor(color); <

e.weight = new Weight();
return e;

} —

Edge add(Node n, Node m, Weight w)
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
e.weight = w; return ¢;

}

void print() {
for(inti = 0; i < ev.size(); i++) {

((Edge)ev.get(i)).print();

}

}

System.out.print(id);
}

class Edge {
Node a, b;
Color color = new Color();
Weight weight;= new Weight();
Edge(Node _a, Node b){a=_a;
void print() {
Color.setDisplayColor(color);
a.print(); b.print();

}

weight.print();

class Color {

}
}

— ]

P

static void setDisplayColor(Colorc){ ... }

}

class Weight { void print(){ ...}} "

Colored
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Kastner’s slide

class Graph {

Vector nv = new Vector(); Vector ev = new Vector();

Edge add(Node n, Node m) {
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
/If(WEIGHT]Y/
e.weight = new Weight();
/*end[WEIGHT]/
return e;

}

/f(WEIGHT]Y/

Edge add(Node n, Node m, Weight w)
Edge e = new Edge(n, m);
nv.add(n); nv.add(m); ev.add(e);
e.weight = w; return e;

}

/*end[WEIGHT]/

void print() {
for(inti=0; i < ev.size(); i++) {

((Edge)ev.get(i)).print();
}
}
}

class Edge {
Node a, b;
/*if[COLORJY
Color color = new Color();
/*end[COLORJ*/
/f(WEIGHT]Y/
Weight weight;
/*end[WEIGHT]*/
Edge(Node a, Node b){a=_a;b=_b;}
void print() {
/*if[COLORJY/
Color.setDisplayColor(color);
/*end[COLORY]*/
a.print(); b.print();
/f(WEIGHT]Y
weight.print();
/*end[WEIGHT]/
}
}

/fWEIGHT]Y/
class Weight { void print() { ... } }
/*end[WEIGHT]Y/

/MiffCOLORJY/
class Color {
static void setDisplayColor(Colorc){ ... }

}
/*end[COLOR]*/

class Node {
intid = 0; 113
/*if[COLORJY/



Adoption and Strategies

* Proactive

e Reactive

e Extractive
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[Krueger 2002]

Proactive

Domain
Analysis
Architecture
Design
Proactive
Implementation

=

N
Declarations

Definitions

ﬁ Actuator

Product 1

>

Product 2

Oom

Automaton

=

Product 3

GEARS Production Line
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Reactive

%
Declarations

Product 1
Definitions
& Actuator
I Product 2
Automaton
Product 3

GEARS Production Line

React

%
Declarations

Definitions

& Actuator

Automaton

[Krueger 2002]

GEARS Production Line

Requirements for a
new product
instance, Product 4
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[Krueger 2002]

Extractive

ANANAN

Product 1 Product 2 Product 3

Extract
@

Declarations
Product 1

EEd Definitions
ﬁ Actuator - A
I Product 2
Automaton A
Product 3

GEARS Production Line
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Software Product Line Engineering

Model-based perspective



Modeling and implementing system
families such that a desired system can be
automatically generated from a
specification written in one or more textual
or graphical domain-specific languages.

-

ccccccccc

(e Jw J(u- [ v ] [:D-S -:JJCJ
:EIEE] [:[j-j -DSD

Models
And
Languages

cccccccccc
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Models
And
Languages

LT et L T e e
5 [[& sty 52

= B Gttt (v, 2 )
- & Aoritms
= fa

1. Trims/Series | 2. Engine/Transmission | 3. Colour & Style
Os

" o |5 S|

Heating/ Ventilation

- Air conditoning with particefite, manual controls

1. Trims/Series | 2. Engine/Transmission | 3. Colour & Style

4. Options
Interior

5. Summery.

Option Packs Sesting
Hesting/Ventiation Mechonical AZ

Safety/Security
 Emergency tire inflation kit

5 Active front seat head restraints

Front and rear parking distance sensors c407.00
4 Tyre Pressure Monitoring System

c155.00

120
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Generative approach

° Programming the generation of programs
* Very old practice

* Metaprogramming: generative language and target
language are the same

— Reflection capabilities

e Generalization of this idea:

— from a specification written in one or more textual
or graphical domain-specific languages

— you generate customized variants
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Solution space

Problem space

implementation—
oriented
abstractions

domain—specific Mapping
abstractions

[Czarnecki and Eisenecker 2000]
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4>‘ system A

implementation

JSystem A
specification

system .B system B
specification ) ( implemen'ra'rion.'
. System C ’. system C
specification / \ implementation
system D*
problem specification system D . solution
space implementation space

[Czarnecki, PhD thesis]
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Solution space

Problem space

domain-specific Transformation implementation

language

language

[Czarnecki and Eisenecker 2000]
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Problem space

domain-specific

concepts and features Mapping
Configuration knowledge h
illegal feature combinations construction rules
default settings optimizations
default dependencies
J

[Czarnecki and Eisenecker 2000]

Solution space

elementary components

(minimum redundancy
and
maximum combinability)
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[Czarnecki et al. 2005]

V=020

a. Chaining of mappings

s
O%o o@%

b. Multiple problem spaces c. Multiple solution spaces

U= —>(

d. Alternative problem spaces e. Alternative solution spaces
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Problem Space Solution Space

. Domain Analysis ,
Domain / Mepping Domain
. . (e.g., domain knowledge, common domain Implementation
Eng meermg requirements, variability modeling) > p
(incl. testing)
Reusable Reusable
requirements Implementation
(e.9., features) artefacts
Configuration Application
Application | Application Requirements | (eg. feature selection) Implementation
Engmeermg g, °“31°m|?’ rteiqulrementls, concrete (product derivation, variant
application scenario) configuration / generation)
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MDE

> i
Metamodel Modeling
H Language
A | Y € v
Model > System Under

Study

X : conformantTo

H : RepresentationOf

€ . ElementOf
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Model in a nutshell

* |n essence, a model is an abstraction of some
aspect of a system under study.

e Some details are hidden or removed to
simplify and focus attention.

A modelis an abstraction since general
concepts can be formulated by abstracting
common properties of instances or by
extracting common features from specific
examples.
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Promises of Model-driven Engineering

Reducing the gap between the problem space

and the solution space
Raising the level of abstraction
Avoiding accidental complexity

Abstraction & Transformations
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Domain
Engineering

Application

Software Product-Line
Engineering

Domain Domain Domain Domain
Req. Engineering Design Realization Testing

& . <

Application Application Application Application
Req. Engineering Design Realization Testing

3 3

Engineering
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Model-driven Engineering
in the SPL framework

* 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



Feature-based

Model Templates



[Czarnecki et al. (GPCE’05)]

Realizing variability:

derivation of models

Refers to features

through annotations
[ Feature model ] ________________

Manual configuration process

[ Feature configuration ]M

- fe Catalog
SR CatalogStructure
= M Categories
[ Multilevel
[ MultipleClassification
- ‘e Productlnformat:on
‘e BasicInformation
E DetailedDescription
[ warrantyInformation
[ CustomerReviews
AssociatedAssests
- . froductTvpe

[#] ElectronicGoods
[ PhysicalGoods
[ services

Model template
expressed in target notation and annotated
with presence conditions and meta—expressions

V

Automatic template instantiation
— Evaluation of presence
conditions and meta—expressions
— Element removal
— Post—processing

w

[ Template instance ]




[Czarnecki et al. (GPCE’05)]

Presence conditions:

Example

true —/—

WishLists I

SendWishList [ - —
. choose activity

Registration W 3

[create wish

T [register]

[order 3'"

(a) Storefront template

choose activity

[create wish
list]

l CreateWishList )

[register]
[order
product]

OrderProduct

( RegisterWithTheStore )

(b) Storefront instance
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[Czarnecki et al. (GPCE’05)]

- -“e Catalog
S fe CatalogStructure
= E Categories
[ Multilevel
[ MultipleClassification
—--*# Productinformation
‘e BasicInformation
[¥] DetailedDescription
[ warrantyInformation
[ customerReviews
+ E AssociatedAssests
-. cProductType
E ElectronicGoods
[ PhysicalGoods

[ services
Presence conditions:
true I MultiLevel E—
AssociatedAssets HENEEEM '  MultipleClassification )
PhysicalGoods MWW 2 Categories & /MultipleClassification M- ©
Categories BN’  MultipleClassification | !Categories -
5
1 Product
3 * —subCategories
Asset | —associatedAssets -String name Category 8
. I _product|~float price ) —products -
-String weightt | * 6 _
_ —categories
e * —superCategory
Catalog
—products | - - :
¥ 7 3




A CatalogStructure (52 configurations) «ML&

=@ Categories
o MultipleClassification
o Multilevel
o Description
o Thumbnails

- # Productinformation
- o Associatedassets

=

subCategories

Catalog

«Multilevel»

*

Category
«Categories»

_’.

-

«Categories & !'MultipleClassification»

.k
«Categories»
tipleClassification | !Categories»

String description «Description»

b1

*

«MultipleClassification | !Categories»

%

Product

o 2DImage+——
o 30Image

String name
float price

* * Image2D
«2DImage» | «2DImage»

* * | Image3D
«3DImage» | «3DImage»
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subCategone: Category
Catalog | «Multilevel» «Categories»
A CatalogStructure (1 configuration) '
=[] Categaries ~ . *
«Categories»
[] MultipleClassification b 5 1
[ Multilevel «MultipleClassification | !Categories» 1.*
[X] Description «MultipleClassification | !Categories»
B Thumbnails * %
= “® Productinformation Product * * | Image2D
- f‘-ssodamd'&sse"s Strs «2DImage» | «2DImage»
= ring name
E 2DImage float price
B<] 3DImage —
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W CatalogStructure (1 configuration)

- 5] Categories

D] MultipleClassification

O] Multilevel
%] Description
U< Thumbnails

--“# Productinformation
- [#] Associatedassets

-

[¥] 2DImage
Bx] 3DImage

Ooops

Catalog

«MultipleClassification | !Categories»

*

L.*

«MultipleClassification | !Categories»

Product

* *

String name
float price

«2DImage»

Image2D
«2DImage»
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A CatalogStructure {52 configurations) «Mﬁ
@ Categories

& ProductInformation
0 Associatedassets

Safe composition? No!

subCategories

& MultipleClassification
o Multilevel

o Description

o Thumbnails

= A

Catalog | «Multilevel»
.

*

Category
«Categories»

-

.k
«Categories»
tipleClassification | !Categories»

String description «Description»

«Categories & !MultipleClassification»

b1

*

«MultipleClassification | !Categories»

%

Product

o 2DImage+——
a 3DImage

String name
float price

* * Image2D
«2DImage» | «2DImage»

* * | Image3D
«3DImage» | «3DImage»
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[Perrouin et al. (SPLC’08)]

Another approach

f—S2Conbg
Q w ne AoV )
= poce ! ) [T G Cotaicg | [
» catalogStructure |-~ R v | ve
s /
O Pode
Preductinformation —
AssociatedAssets
MultipleClassification MultipleLevel IDescrIpllon Thumbnails
2DImage 3DImage ——c!— [7) cgm' E 1
G Coegory _J ‘ [ — 1
: — hf.__--._....!--.q | {1 DeSCRpAcn Mg
v ; I e
tooa] G LT 1| G
— magells " ——g—mg

e
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Composition

catalogStructure
7N\
- AN
Productinformation ICalegories
o ~N
Z 2 / e 4

AssociatedAssets IDoscription MultipleLevel

I

2DImage

® Catalog @ Category
&4 descnphion : MyString

cateqones 1
ye/gmues 0.*| subCategones

0 ~
products . 0.7 ccategones
3 Product 0
01_3‘ name :m > lm&gﬂ‘
& prica : MyFloat image2Ds
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Realizing variability

* Negative Variability (pruning, annotative)

— takes optional parts away from an ,,overall whole”
e Positive Variability (merging, compositional)

— adds optional parts to a minimal core

Negative vs. Positive Variability

“~— Option A T~ Option A

T~ Option B -+ QOption B

e We need both!



Variability Management

Common features

print — connect with computer...
Variable features

fax — scan — USB port...
Product-specific features

serial port

E i

&"W

Ri

|
‘ﬁ
|

|

Lt

»
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Variability modeling is...

e ... about identifying
— common features of concepts
— variable features of concepts
— and their dependencies

 and documenting them in a coherent model,
called a

* Feature modeling is a core activity of
important domain-engineering methods



Feature and Psychology

The Human mind processes lots of information

Important function of human information
processing: reducing the amount of information

e Describing concepts by features, e.g. a bird has
wings, a bill, and can fly

e Classifying a perceptional unit as an instance of
a concept, e.g. Aunt Martha’s bird

Acquisition and evolution of concepts will not be
pursued further in this course



Modeling variability (and
commonality)

Features are a convenient way to think about commonalities
and differences between family members

— e.g. "MP3 player" — some phones have it, some don't

Features are usually coarse-grained abstractions

— Abstract from detailed requirements

* e.g. "when in shuffle mode, the player selects the next track using a
random function"

— Abstract from design/implementation details

* e.g. "MP3_Player is a concrete subclass of Media_Player"

An old but still vague notion



What's a feature? (survey excerpt)

[Kang et al.] “a prominent or distinctive user-visible aspect, quality or
characteristic of a software system or systems”

[Kang et al.] “distinctively identifiable functional abstractions that must
be implemented, tested, delivered, and maintained”

[Eisenecker and Czarnecki]. “anything users or client programs might
want to control about a concept’

[Bosch et al.] “A logical unit of behaviour specified by a set of
functional and non-functional requirements.”

[Chen et al.] “a product characteristic from user or customer views,
which essentially consists of a cohesive set of individual requirements”

[Batory] “an elaboration or augmentation of an entity(s) that introduces a
new service, capability or relationship”



What’s in a ?

e Confusion as to what a feature generally represents
(i.e., blackbox view)

 Redefine “Feature” as a 3-tuple of requirements,
domain assumptions and specifications
— Requirements (R)

* The purpose of the system (optative): ‘Notify the police of the
presence of burglars’

— Domain assumptions (W)

* The given behaviour of the environment (indicative): ‘Burglars
cause movement when they break in” and ‘There is a movement
sensor monitoring the house, connected to the system’

— Specifications (S)

* What the system should do to satisfy R given W holds (optative):
‘Alert the police if the sensor captures movement’

Specification Requirement

S W R

Domain
Assumption




Variability Modelling

Feature model

Optional
feature



Multifunction
printer

VAN

Feature Models
Semantics

Print

Scan Fax

&)

Laser

Inkjet

Connection |

usB

Ethernet

M(d)

{ {MP, Print, Laser, Scan, Fax, Connection, USB, Ethernet},
{MP, Print, Laser, Scan, Fax, Connection, Ethernet},
{MP, Print, Laser, Scan, Fax, Connection, USB},

{MP, Print, Laser, Scan, Connection, USB, Ethernet},
{MP, Print, Laser, Scan, Connection, Ethernet},

{MP, Print, Laser, Scan, Connection, USB},

{MP, Print, Inkjet, Scan, Fax, Connection, USB, Ethernet},
{MP, Print, Inkjet, Scan, Fax, Connection, Ethernet},
{MP, Print, Inkjet, Scan, Fax, Connection, USB},

{MP, Print, Inkjet, Scan, Connection, USB, Ethernet},
{MP, Print, Inkjet, Scan, Connection, Ethernet},

{MP, Print, Inkjet, Scan, Connection, USB} }

#M(d)=0(2")
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SPL Automations

Connection

‘ Ethernet ’ ‘ FTP \

<<requires>>

Photo

<<requires>>

| Email | ‘ Phone l
number
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SPL Automations

F\ uM(d)?

Multifunction
printer

‘ Photo | ‘ Print \ ‘ Scan | ‘ Fax \ Connection

<<requires>>

/v‘ Laser | ‘ Inkjet ‘ usB ‘Ethernet |

Dead
{ {MP, Photo, Print, Inkjet, Scan, Fax, Connection, USB, Ethernet},
{MP, Photo, Print, Inkjet, Scan, Fax, Connection, Ethernet},
{MP, Photo, Print, Inkjet, Scan, Fax, Connection, USB},
{MP, Photo, Print, Inkjet, Scan, Connection, USB, Ethernet},
{MP, Photo, Print, Inkjet, Scan, Connection, Ethernet},
{MP, Photo, Print, Inkjet, Scan, Connection, USB} }
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SPL Automations

M(d)=2 ?
F\ uM(d)?

{f1,....fn} € M(d) ?

M(d1)=M(d2)?



Interactive Configuration

| Weather Station (23 features)

=& Weather Station Configuration Steps [reset]
g Moasuroments 6%
= A3 #Decis| #P ati #SAT checks | SAT ti
- sions ropagations chec me
ot ;g . m Step | Decision (cummulative) | (at step) (at step) (at step)
= © Temperature
=F 30 Wind-Speed t ¥ Weather Station | 6 (26.1%) 5 9 1ms
- e 2 | ¥ Text 10 (43.5%) |3 6 0 ms
E’f\ [1.1] 3 | XDemo 11(37.8%) |0 2 0 ms
v X 9 nternet :
2800 41 | Xwind Speed 12 (52.2%) |0 2 0 ms
B+ X 9 External Services 5 | ¥ Pressure 13 (56.5%) |0 3 1ms
ELdd Output Format) 6 | XTemperature |15 5% |1 3 o
BA[.1) -
Z2Yeo ‘S Auto-completion: Less Features | More Features
=% © © web Server
= #} u o Fie
g Format_
BAM.19]
28 0oy
BV X o yTML

BV X © pjain Text

E"fﬁ\.tﬁrﬁa s o l’ -l- -() -.r )

v X © English Soffware Product Lines Orline Tools

BV X © German

www.splot:research.org

280 ° groeze Point
BV X 9 storm Alert




Product Derivation

variable model and

feature model code assets
7S~ ——— |
| " pruning,
{2)._composition,
configuration = Weaving,
transformation

{ MP, Photo, Print, Inkjet, Scan,
Fax, Connection, USB, Ethernet }

product spec product



Summary

e Software product line engineering

— Mass customization

— Family of software intensive sy M}gms ﬂ *
— Systematic reuse
— Domain engineering

— Variability management

* Variability everywhere

— Applied and applicable to many industries and domains

* Modeling and implementing variability: an overview



