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Variability and
Software Product Lines

Perhaps, you ignore the names of someThing
omnipresent in numerous contexts



The three ways to build a (software) product

»Shared” (reusable) Assets

Software Product Lines

Product Configuration
Variability Modeling
Components
Domain-specific Languages
Generators

Preprocessors

Design Patterns

(credits: Thorsten Berger’s slide) 4
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Software-intensive systems
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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



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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Power Matte 1.3 update

lugin that can extract

.1 update

Helps you generate perspective grids

[read more >]

Picture Frame 2.2 update

Quickly generate multi-frame photos using
your Mac

[read more >]

FashionLab Studio 1.1 urdate

PAGES >>
CHIVE >>

REVIEWS >>
E EDITORS >>

Makes It easy to design your own T-shirt
using a Mac

[read more >]

Size:
Platform:
License:
Rating:

Downloads:

Updated:

Size:
Platform:
License:
Rating:

Downloads:

Updated:

Size:
Platform:
License:
Rating:

Downloads:

Updated:

Size:
Platform:
License:
Rating:

Downloads:

Updated:

13.20 MB

Mac OS5 X 10.5 or later
Trial

Good (3.0/5)

1,504

June 20th, 08:21 UTC

102 KB

Mac OS5 X 10.8B or later
Commerclalware

NOT RATED

21

June 20th, 07:56 UTC

716 KB

Mac 05 X 10.6.6 or |...

Commerclalware
Excellent (5.0/5)

287

June 20th, 07:53 UTC

3.10 MB

Mac 05 X 10.6.6 or ...

Commerclalware

NOT RATED

3

June 20th, 07:4% UTC
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RENAULT VANS

¥

CARS | VANS | ELECTRIC VEHICLES | RENAULT BUSINESS

Renault UK > RenaultVans > New Kangoo Van Range

NEW KANGOO VAN RANGE

01 Preferences

OPTIONS

> COMFORT

+ Cenfral storage console & armrest between
seals

> DRIVING
Elecltric door mirrors
> SAFETY & SECURITY

v ESC (Electronic Stability Control) with traction
and understeer control

| USED CARS | OWNER SERVICES | ABOUT RENAULT | RENAULT SHOP

» Kangoo Van > Build your own Kangoo Van > Select Options

02 Version

oW

03 Equipment & options

£50.00

£0.00

£200.00
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config - Linux Kernel v2

] High Resolution Timer Support]

<Select))

Kernel




Features (C)
¢ ¢

= = = =
R client E-mail Domain Interface
| Automatic - 14 _ ) _ )
Service nam A di E-mail client access for other Integration with IM service Name script
orwardin
A 9 server customization technique
Yes ) 1
AOL Mail No Yes No
(POP3, IMAP, SMTFP)
Premium
Bigfoot Yes Yes
account Yes
ommunications| by (POP3, IMAP, SMTF) (POF3 only)
only
@ Paid
Paid HTMU/ JavaScript/ CSS/Ajax
Yes accounts . Enhanced and group (Business/ Famil
FastMail.FM accounts - N XMPP (Optional user supphed custom
(Imar)’ ( 3 acoounts
only css+JavaScript)
Yes
Yes
(POP3, IMAP) Yes Google Talk stant 2
Gmail Yes (Google Apps $5.00 monthly/ $50.00 HTMU/ JavaScript/ Ajax<
SSUTLS supported (POP2 only) W -
@ annualty)
SMTP restricted '
Yes Y
GMX Mail No POP3, IMAP!7, SMTP! XMPP Yes HTML/ JavaScript/ Aja
i (PO A SMTF) (FOP2 only) ava jax
SSUTLS supported
~ 8 $1.95/83.99 monthly through Hushma
Hushmail No Extra cost® ? No Java or HTML
(5] Business
Yes
Yes -
Mail.com No (POP3, IMAP, SMTF) Google Ta MPP No HTMU/ JavaScript/ Ajax“
(POP3 only)
SSUTLS supported
Yes Yes 7
Mail.ru Yes custom ? HTMU/ Ajax (Beta)
(POP3, IMAP) (POP3 only)
rediff No Plus members only ? Redit! B Yes avaScrip Ajax?
Yes
(POP3,
Yes
Hotmail,
Runbox Yes (IMAP, POP, SMTF) Yes HTML/ JavaSc
SSUTLS supported Omal
L/ U
SSUTLS
supported
Yes
Yes
Seznam.cz Yes (POP3, IMAP, SMTF) No No HTMU/ JavaScrip
(POP3 only)
SSUTLS supported
Windows Live Partial Yes 4
Yes Vindows L Yes HTML/ JavaScript/ CSS/Ajax
Hotmail (POP3, SMTP (POP3 only)
Yes
Plus (FOPZ-Plus members
Yes Yahoo! Live
Yahoo! Mail accounts only, but free in some $35 yearly
(POP3 only)
only countries, IMAP
SSUTLS supported)
Yes (Free, Yandex PDD supports up to
Yes (POP3, IMAP, SMTP, Yes ( d
Yandex Mail Yes Ya Online, any XMPP IM 1000 mailboxes without verification of HTMU JavaScript/ CSS/Ajax
ssL) (POP3 only)
legal use)

Variability
Patterns

1.
2.

Boolean yes/no answers

Partial/constrained yes/no
answers

3.
Multiple values answers
5.

Single-value answers
4,
“Unknown” answers

6.
Inconsistent cells

Empty cells
7.
Additional / Extra information

— 3
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Variability

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

Colored

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(){ ...}} "

16




(credits: Christian Kaestner’s slide)

Food? Product lines!

y VYVY Vv







el e

S 0 O

o e ——

RanaulUK > RanautVans > NewKangoo Ven Rarge > KangooVen > Buidyourown Kangoo Van > Select Optns

NEW KANGOO VAN RANGE

_~Configurato”™

OPTIONS
> couror
| Cartalsorago conole & areos btwoon 000
P
> bRVING
Becticdoa mirars 000

> SAFETY & SECURITY

| E5C (Backonic Subity Convo) wah racson 2000

‘Gompare Adobe Creative Sute 4 editons.

20701 untro 5 o 40 75

‘Sandardsqupment | Technicalsata

Q3 - Detalls and comparison

httpd.conf -- win32 Apache

Building a Web Server, for Windows

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

ServerName localhost:80
ServerAdmin admin@localhost

z::“:iis::‘“":ﬁgurat'\on
uecge text/platn

AddDefaultCharset ISO-8859-1

i3
Usel s 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 0

</IfModule>

(=101)
Type fiter text General -
- ™ Always run in background
c L] ne i
Content Types I Show heap status
Editors
Keye Open mode
1 Network Connections € Double dick
Perspectives € single dick
Search I | Sefect o over
Seaurity
Sty ared Shutclown T Open when using arrow keys
Web Browser Note: This preference may not take effect on all views
Workspace
4 Ant
e ste
™
+- Install Update
5 o ces
= re
£ Plug-n Development e
- Run/Debug
4 Tasks
4 Team
4 Usage Data Collector
Valdation
4 XML

Restore Defaults Apply.

@

[ ] conwt |

o) G o)

¥ Ercodng sosesst ¥ @ Dfoenec [ B2

ution Tiner Suppartl

Extens
(eg IV

ssembly Factory

Run-time

B Notepad.java | Actionsjava | EB Mainjava 52 = O |[outine. ==
output. setText (c.toString(l); alm 7
progran. setTexe (t.eval(" ")) ;
equation. secText (base) ; 3 L AR = =Y
updateQuarkPanel () ; OC: null S

¥ IERS (1)
i n: “RUCTOR: false'

N apply. add (newr 0t SARAMETERS (0)

7 public void actionPerformed(ActionEvent ) ( NLTYRE2

ETERS (1)

]
1t (advice tsselect
S ‘qeeue, =,

© = t.apply(new intro("i' + layerno));
}

if (Hoaldsseleceed(l 1
|| ladvice.isSelected() || intro.isSelected()

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

_DIMENSIONS: ‘0’
¥N_EXCEPTIONS (0)

bck [4443, 8051
STATEMENTS (5)
&

IfStatement [4529, 80]
[ IfStatement [4615, 7]
B IfStatement [4785, 457]

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




=lolx|
General v
mwﬁumbly Factory e F M"j"!'"b‘_'dq e

ST TS IV show heap status

Editors N

Nemwerk Conectons ¥ Double cick

Perspectives  Single dick

Search I~ Select on oy

z’.fr";fam smwows1 ﬂem ez _

. Web Browser Nadlt: Wis Dreference may not take effect on all views
httpd.conf -- win32 Af ;- rences
Building a Web Server, for Winda Pre"e
InstalUpdate

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

ServerName localhost:80
ServerAdmin admin@localhost

— Ele Edt Console Toos Window Plugin Help

ServerSignature On
ServerTokens Full

DefaultType text/plain

Configuratioshs

UseCanonicalName Off
° eS
Hts‘t‘nameLookups Off

ErrorLog logs/error.log
LoglLevel error

PidFile logs/httpd.pid
Timeout 300

KeepAlive On
MaxKeepAliveRequests 100
KeepAliveTimeout 15

<IfModule mpm_winnt.c>
ThreadsPerChild 250
MaxRequestsPerChild ©

</IfModule>

Java
PG

Plug-in Development
Run/Debug

Tasks

Team

Usage Data Collector
Validation

XML

(@M >+ karoma - Poderosa

i G || Lnefeed R

~ Encoding iso-8859-1

(4 1 karoma)['4 2 karoma
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CARS | VANS | ELECTRIC VEHICLES | REMAULT BUSINESS | USED CARS | OWNER SERVICES | ABOUT RENAULT | RENAULT SHOP'

Y/ ‘RENAULT VANS
RENAULT

Renault UK > RenaultVans > New Kangoo Van Range > Kangoo Van > Build your own Kan%oo Van SSeIed Options

igura
NEW KANGOO VAN RANGE config

01 Preferences 02 Version 03 Equipment & options

B el

OPTIONS

£50.00 /
/

Compare Adobe Creative Suite 4 editions

-
Dwsen owon weo o Producton  Master

Sundard  Promiom  Standard Promium Collection

ronic Stability Control) with traction  hsses wech easenis vy """ USSLTS  Ussiam  Ussiess  Ussao usstes uss24s
d understeer control COMPONENTS
‘Adobe® InDosign® CS4 B . B usse
Acabo Protoshop® G54 Exended . duct. ussmm
S - pPro D
o Bt G54 . n (o) ; . e
. . . . . Usseo9
. . . . ussio
‘Adobe Froworks CS4 . . . . ussom
Adobe Contributed CS4 . . . ussi
Adobe Atter Eficts® CS4 . . Usso
Agobe Pramieres Pro CS4" . . st
‘Adabe Soundbooth® C34 . . . ussi
Adobe OnLocation™ CS4* . .
Adobe Encore® CS4* . .
[ shanep reaTumes, semvices, ano APPLCATIONS
/Adobe Bridge CS4 . . . . . .
‘Adabe Device Contral CS4 . . . . . .
‘Adobe Dynamic Link . .
Adobe Version Cus® CS4 . . . . .
( 7 ~
| EE Notepad.java ‘ EE Actions.java l B Main.java EZ\ = O ||outline =0
output. setText (t.toString()); alo -
program. setText(t.eval(""});
equation. setText (base) ; 3 % | & | = =Ry
updateQuarkPanel () ; OC: null 4|
} IERS (1)
pe RUCTOR: false'
apply. addActionlistener {new ActionListener() { de SARANETERS (0)
= actionPer formed(Actjopige
“co N_TYPEZ
— IETERS (1)
if (ladvice.isSelected()) { -DIMENSIONS: 0
t = t.apply(new advice("a" + layerno)); VN_EXCEPTIONS (0)
}
if (intro.isSelected(})) { bk [4443, 805]
t = t.apply(new intro{"i" + layerno)}); STATEMENTS (S)
} J = IfStatement [4450, 73]
if (gadvice.isSelected(}) { =) EXPRESSION
£ =ct.apply(nev gadvice("g" + layerno)); = [Viethodinvocation [4454, 161}
] Em-_smrzwmﬂ
if (hoa.isSelected() || LSE_STATEMENT: null
|1 ladvice.isSelected() || intro.isSelected() & IfStatement [4529, 80]
Boadsecselactadiiatseil IfStatement [4615, 7]
ladvice.setSelected(false) ; & IfStatement [4785, 457]
intro.setSelected(false) ; g —
equation.setText{"F' + layerno + "{" + equation.g
+ o & &
« i | _»IJ Kl w




Variability Engineering

Challenges, Promises, and
Benefits



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

NDKw'A Know our past. Create the futur

1982 .1984 1985 1986 _1987 _1988 _1989 ___ 1990 1991 1992 1993 1994

c ‘ln ‘8 éléﬂ “Q'Zi":lln

1995
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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

24



Hall of Fame

splc.net/fame.html

¥311.0GIC)

) BOSCH

Invented for life

o
PHILIPS  ERICSSON Z
@ﬂﬂflﬂﬂ @K\ET MAKER?

NOKIA

Connecting People

CelsiusTech Lucent Technologies

Bell Labs Innovat

25



L’/1 Printer Firmware

nnnnn

e Production cost reduced by 75%

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

e Reported defects reduced by 96%




A Bit of History:
Industrial Revolution

1901
Henry Ford

1698
Thomas Savery

27



INes

Product L
Everywhere

Nowaday

28






(credits: Christian Kaestner’s slide)

33 features

a unique variant for every

person on this planet



320 features e
“more variants than estimated

atoms m the umverse







Software Product Line and
Variability Engineering

A revisit of your cursus



Whati IS new?

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



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

37



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



« 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.




O W o J 6 & W

17

19
20
21
22
23
24
25
26
27

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])

41



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();

42



=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

44



Inheritance (OOP)

Base Class encapsulate commonalities

Derive classes specialize peculiarities

45



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();

}

46



Design Patterns

Template Method
Factory
Strategy

Decorator

47



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 )

48



The decision model

m [he Abstract Factory Design Pattern

— [Gamma et al 95]

call_back

Mercure Factory

fhew_qui() : GUI

<<Abstract>> <
Mercure_Factory

builds

‘new_language() - Language
Snew_network_manager() : Manager

‘new_netdriver() - Net Driver I

|

Snew_engine() : Engine FullMercure MinMercure

CustomMercure

CustomMercure

S.<GUI1>> <<GUI2>>new_gui() : GUI
’<<<LanguageZ-1>> new_language() : Language
‘<<Manager1>> new_network_manager() : Manager

’<<Engine1>> new_engine() : Engine

®<<NetDriver1>> <<NetDriver2>>new_netdriver() : Net Driver

Mercure

R/

49




API

Framework



Plugin-based systems



(Active) Annotations

can have parameters



Metamodeling and Domain-
Specific Languages



Variability
(general approach)



Variants of code (e.g., Java ou C)
Variants of user interfaces

Variants of video sequences

Variants of models (e.g., UML or SysML)

A Or \ Mandatory

AXor \ Optional

not, and, or, implies

Va rla bi I ity M OdElS (feature models)



Feature Models

@romm)

Vorsprung durch Technik

e
S \‘h oy 1 R _‘ Prix total

V¥ CarEquipment
v ® Healthing { h— B e
AirConditioningFrontAndRear =l
AirConditioning s i i
v ® Comfort
O AutomaticHeadLights
¥ ® DrivingAndSafety
© FrontFoglLights
¥ Constraints
AutomaticHeadLights = FrontFogLights

oysemes dossstance
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Feature Models (Background)

V¥ CarEquipment
v ® Healthing
vA
AirConditioningFrontAndRear
AirConditioning
v ® Comfort
O AutomaticHeadLights
v ® DrivingAndSafety
O FrontFogLights
¥ Constraints
AutomaticHeadlights = FrontFogLights

Hierarchy: rooted tree L Optional /é\ Xor-Group
Varlablllty - /A\ Or-Group
mandatory, ¢ Vanaatory

. optional,
. Groups: exclusive or inclusive features
. Cross-tree constraints
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4% SPLC12Scripts Model ¢ SPLC12Scripts.config 22 [

v [F|CarEquipment (valid, 1 possible configurations)
v [/ Healthing
|=| AirConditioningFrontAndRear
|4+ AirConditioning
v [|Comfort
|= AutomaticHeadLights
v || DrivingAndSafety
FrontFogLights

V¥ CarEquipment
v ® Healthing
vA
AirConditioningFrontAndRear
AirConditioning
v ® Comfort
O AutomaticHeadlights
¥ ® DrivingAndSafety
O FrontFoglights
¥ Constraints
AutomaticHeadLights = FrontFoglLights

l Optional /0\ Xor-Group

Or-Group

configuration = set of features selected

{CarEquipment, Comfort, DrivingAndSafety, Healthing, AirConditioning, FrontFogLights}
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V¥ CarEquipment
| ¥ ® Healthin
& SPLC12Scripts Model | [¢] SPLC12Scripts.config 52 v A g
v [ CarEquipment (valid, 1 possible configurations) AirConditioningFrontAndRear
v [|Healthing AirConditioning
|=| AirConditioningFrontAndRear v ® Comfort
[+ AirConditioning © AutomaticHeadLights
v [ Comfort ¥ ® DrivingAndSafety
- [=|AutomaticHeadLights °. FrontFogLights
v [| DrivingAndSafety ¥ Constraints
El FrontFogLights AutomaticHeadLights = FrontFoglLights

l Optional /0\ Xor-Group

Or-Group

configuration = set of features selected

{CarEquipment, Comfort, DrivingAndSafety, Healthing, AirConditioning}

A .




¥ CarEquipment \/
v ® Healthing v/
vA
AirConditioningFrontAndRear x
AirConditioning ./
v ® Comfort
© AutomaticHeadlights /
¥ ® DrivingAndSafety v/
O FrontFoglights x
¥ Constraints
AutomaticHeadLights = FrontFogLights

(L Optional /é\ Xor-Group
l Mandatory /A\ CIFEIRI

configuration = set of features selected

{CarEquipment, Comfort, DrivingAndSafety, Healthing, AirConditioning,

AutomaticHeadLights}




Feature Model

Variability
Realization
Model
(VRM)

v v

X

Configuration

(resolution model)

X

Base Artefacts (e.g.,
models)

G










Variability and
Standardization



Three pilars of CVL

* Feature Models with attributes and multi-features
* Base "model” (eg UML or SysML model)
» Variability Realization Model (VRM)

Base Artefacts

Feature Model

I T )

v Cie
Configuration +—> (
x x Derivation Engine @




~

|

Printer ]
HighSpeed EmergencyPower (Att rl b u ted )
HighSpeed & threshold>100 =
e Feature Model
e — /
| :ObjectExistence | | :ObjectExistence | | SIotVaIueA55|gnment || ObjectEX|stence | Varlatlon
points
= (VRW)
Cm—
s inpupl::cttei:)ll
o 1 highSpf::onnector
Based Model
v




Configuration and Product Derivation

-

HighSpeed & threshold>100 =

Printer ] \

nghSpeed

EmergencyPower

EmergencyPower
/ / threshold: 'D

:ObJectEX|stence | | .ObJectEX|stence | | .SIotVaIueA55|gnment || .ObJectEX|stence |

Variation points

“Block?
MainPower

Valves.

Opesatins

“ Block]

LJ] powerctr

Vats|

A

“Block®
EmergencyPower

“Block?

Printer

1 inputSection

1 highSpeedConnector

v

Atrbutes

Operations

1

Atrbutes

 thveshoiznt

Atputes

- m.w.m.w|dzgo

Atwbutes

Operations

Opesations

operatons

Atrbutes
H threshoig:int=50

operations

powercl
1

EmgPowerCtl
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Web Configurators
(visualization aspect)



How to render a product visualization
given a set of options selected?

Design

Monogram Sizing

Extra

Review

Choose a fabric

Choose your shirt's fabric using the drop-down menu.
Then click on a fabric swatch to see it on the shirt designer.

Configuration steps

Collection & Price:

<

il

i
ifi |

ssssssssed

P s e NS

o

Work Shirt
Autograph Design Exeter

Exeter is a Easy-Iron.Easy-Care, 100% Cotton

fabric from the Autograph Design collection.

This Stitch Stripe Poplin fabric has a Black mix

i

-

Density: [ 40/1*40/1
Weight: C————— 1 128 g/m?

colour.

Configuration option

40 £

{ Product visualisation

Marks & Spencer web configurator




Fabric

Change

sizing
Person's
name:
Height
Collr size:
Weight:
Age:
Fit:
Change

Monogram
Text:
Colour:
Font:
Position;
Change

Design
Work Shirt Collar: Clssic Point
Exeter Sleeve:  cuff2Butons
Autograph Desion (5
‘ ° ¢ NoPocket
Easy-ron Easy-Care "O°KeE o Pocke:
100% Cotion Placket &
Stech Strpe Buttons:
Popin
Black mix
BaseHem:  Curved
Contrasting:
Extra:
fm Change
4teet80nch
1400 inch
9 bsistone
1
Regular Fi




Variability
Realization
Model

Feature Model

(VRM)

l

v

Configuration

(resolution model)

X X sofware




Variability in
the Video Domain









We synthesize video
sequence variants with
variability techniques

A

/A\Xor \ Optional
not, and, or, implies

Variability
IVI Od e | S (feature models)




Why?

Industrial needs:
consumer and provider of
video algorithms have severe

difficulties to tESt their

algorithms on different kinds
of inputs.




Why?

Problem: collecting videos is a
key economic problem.

Solution: hundreds of video
sequences with different
characteristics.




Feature Model

auunt®
----“lllll
per"

Variability
Realization
Model

(VRM)

v

Configuration

(resolution model)

X

X




Old Approach

‘@Developers

modify
N times

N Video
Sequences

N Configuration Files

,:,n\ Processing

VM Approach
® ®
Developers and
Domain Experts tﬁ) tD
generates model
e ‘ﬁ <0 1time
A Yo,
VM interpreter, and —
configuration fles "~ |
customizer 0 e
VM model
' ...... Artifact(s)

.
.......

% tool(s)

4
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©,

© 0O O Resource - fr.inrialang.vm.examples.MOTIV/ vm - Eclipse P... e - U P e P 1S
DiQuei e h:‘! - s p. "‘\ - u—v] [ Heketica — I Reaular = J(l) vl Iillf‘_z"l R
a . = ey _— Fle Edt View Obects VPPhgns Vanables Constants Help
o 2 ~"“’“; (97 ) [Heiverica = [ Reaular D ErEEA ([ TTF o PR S ———
munfxar wm - _— p e -
;,-_,::.._,,B 0 -!Y-_ 9 | [ Helvetica 3 [ Regular 212 [« ) (mLC Fles et S
- sequence { < —iev8", "COLOR TNTO” 4
. Y s veicte e 0 S S S S S S S
) :;g—slo T I T Ta " Tg ' Tg ' I
ﬁv"“‘*““ - sig Sig _ Signal quality
BT ot 1o 1603] defot 1sa S sig ::g signal_quality.picture_width = 1920
( real signal_quality. luminancemean (9.0 3 ;e::sm 0 “ - iq ?wwmlwwwuﬂm_ - I
~ . [ 1) delta —-,/ %gnal quality.luminance_mean = 72.532 -~ o ————
o Descript (T S sig ;o SIOMEIGIaIny. leminarce: dev= 5599
¢ Constretnts sig %9 signal_quality.chrominance_U_mean = 131.81
CRISCHVES:  ete.Lom_cont_configurations { sig ! signal_quality.chrominance_U_dev = 16.91 £
Cmin (sem (*.cost)) sig sig signal_quality.chrominance_V_mean = 119.41 o
o Canfigurotions Sig signal_quality.chrominance_V_dev = 8.07 S s atua st = paco 7 cox
SI8 signal_quality.blur_level = 0 : - =
Writable Insert 15:1 signal_quality.static_noise_level =0 e T E—— - :
' 1
VM Model N Video Sequences Configurations Video Sequences Generator :
(VM Eclipse Editor) (Lua Configuration Files) (PixKit - proprietary Lua framework) :
]
]
{
I
I

@

VM interpreter and configuration files customizer

(Java Eclipse plugins)

VM Parser

Pair-wise covering set
Multi-optimization
(Choco CSP encoding)

Lua Conf.
Files.
Composer
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-— Distractors

o o distractors.butterfly level = 0.2 -- Floating point number from 0
(Conﬁgu ration o icved) to 1 (high tevel)
distractors.bird level = 0.3 -- Floating point number from 0 (low
° level) to 1 (high level)
ﬁIE) distractors.far moving vegetation = 0.2 -- Floating point number
from 0 (low level) to 1 (high level)
distractors.close moving vegetation = 0.2 -- Floating point number
from 0 (low level) to 1 (high level)
distractors.light reflection = 0 -- Floating point number from O
(Low level) to 1 (high level)
distractors.blinking light = 0 -- Floating point number from 0

(lLow level) to 1 (high level)

print("->Step9")
if (CEG.distractors.close moving. vegetation~=0) then

windvect5, precwindvect5, newwindvect5 =
generate_wind_vector_field2(workwidth, workheight, 256, 1, 1, 35, picnum,
precwindvect5, newwindvect5)

windvectmul =
windvect5:mul(24*CEG.distractors.close moving. vegetation)

globalvect = compose vect(masque feuilles sombres, windvectmul, globalvect

hfvx, hfvy =
windvect@:mul(6*CEG.distractors.close moving. vegetation):to matrix()

hfvx = MATRIX.multermChfvx, invdepthmat)

hfvy = MATRIX.multermChfvy, invdepthmat)

lfvect = windvect2:resize_bilinear(windvect2.Width, windvect2.Height/16)

1fvect = lﬁxggxﬁgggl;g,nlllnggggw1ndveth Width, windvect2.Height)

12*%@%&&&%@:%0 (Lua COdE)

lfvy = MATRIX.multerm(lfvy, depthmat*@.1)

windvectcomp = VECTZD.new_from_matrices(MATRIX.addterm(lfvx, hfvx),
MATRIX.addterm(lfvy, hfvy))

globalvect = compose vect(masque.ble, windvectcomp, globalvect)

globalvect = compose vect(masque.orge, windvectcomp, globalvect)
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We synthesize video
sequence variants with
variability techniques

A

/A\Xor \ Optional
not, and, or, implies

Variability
IVI Od e | S (feature models)




Take Away Messages

e Variability is everywhere
— Like software is everywhere
— Numerous artefacts, domains, kinds of systems are subject to
customization
* Engineering variability can be hard
— Exponential number of products

— Basic or sophisticated techniques (than span your entire
cursus) exist

* You're now aware of that!
— #el Recognize variability

— #e?2 Re-visit your cursus and body of knowledge under the
angle of variability

— #e3 Apply state-of-the-art techniques



Compose/Decompose
Configure
Analyse
Generate

Reverse Engineering

Component "Ba BE

Models )

Dependencies
Files |

Source Code

Product
descriptions

Regulatory
Requirements

Web
Configurators




FAMIliAR

(FeAture Model script Language for manlpulation and Automatic Reasoning)

http://familiar-project.github.com/

COMMON @

VARIABILITY
LANGUAGE

not, and, or, implies

« Fluent » API (Java, for an integration into JVM-based applications)
Dedicated language and environment (Web, Eclipse)




