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+ Context — Variability and Software Product Line Engineering
(20 minutes) =

+ 3Formalisms:
~ + Feature Models (30 minutes)

- W'B'eha_vioural Models: Feature Transition Systems and f
~ Feature Petri Nets (1 hour)

e Codé'_:"Dél.t‘aModelling (1 hour)
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- Variability and

‘Software Product Line Engineering
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~ Motivation: Reflection

- -

Why are there so many products from a single
company that are more or less all the same?

—_—

+ Different customer requirements (market needs)
~+ features vs price .
~ » Innovation to distinguish products from competitors’
. Products sell and earn money (customers want new Version). .

. The company carmot afford to develop each system from
i scratch |




A software product line (SPL) is a set of pregrams
that share szgmﬁcant common functzonalzty and
Structure =

The drfferences between the set of programs are
- well- understood and organised in some form.

" Supports systematic re-use of configurable artefacts
- across development activities

|+ Product line targets specific market segment.




- Software Product Line Engineering

“a paradigm to develop software apphcatlons (software
intensive systems and software products) using
platforms and mass customisation” [Pohl et al "05]
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a set of software building blocks with
common interfaces that can be combined to
der1ve a variety of products




| Variability Mechanisms ”

. adaptation

00

One core
implementation.

 Adaptable behaviour. -

replacement

- Multiple Component |
Implementations. |
Choose one or

develop product
specific.

extension

Generic Interface |
for
adding
components







- Feature \Yile d = 1 S

¢ Descnbe the Var1ab111ty of a system at a hlgh—
level of abstractlon '

| * Exp‘ressed in terms of features (names) and
~ sometimes attributes and cardinality




- Abstract and Concrete Features

concretfe Feature of product line

- H abstract - For structuring model | _ |




* Abstract & Concrete Features




 Mandatory and Optional Features

© Mandaoy  Optiona

) - | P




~ Subfeatures (AND) .

Generalises
- previous slide




 Alternative (XOR)
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* Feature Model for Embedded Data
Management .

ﬁ o
tream-based Aggregation

Queries queries

. Relational
SQL Engine ) Select
queries queries

put

Optimizer

remove

update

update

Transaction
remove

B+-Tree

Storage Index

List

Data Types

Tables

X : FAME-DBMS Dt
Dictionary

Columns

LFU
Replacement

LRU

Buffer Manager

Memory Alloc
Dynamic

Linux

Static

OS-Abstraction

Win32

NutOS




Mobile Phone

Screen

. =

Colour || High resolution Camera

‘ Mandatory /O\ Alternative - —— Requires
$ Optional /’\ Or <«— —+» Excludes




‘Semantics

root(f) = £
mandatory(p,f) = £ & p
optional(p,f) =f =p
alternative(p, {f1, ...fn) = ((f1 V...V £,)) & p) A
/\ —(£5 A £5)
1<]

or(p, {f1,...fr}) = (£, V...V £f)) & p

What are the semantics of “implies” and “mutual exclusion”?




~ Analysis of Feature Models

- Void feature model = - (:. - prod.u -
. ~ for partial selection)

P - * Dead features
| sl s - False optional features | .
~ e -~ Redundancies .
b ofproducts | Obligatory features ‘




- 1 e rCis e:e Velop Fe ature odel |

+ Identify features and interactions, conflicts and
dependencies between features

B Design a feature model to capture the variability
~ + Use abstract features to structure model better

~  » Try to minimise cross-tree constraints
- (excludes and requires)




Return

+ Experiences?

~+ What difficulties were experienced?




‘Behavioural Models
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+ Capture the behaviour of the entire software
product line in a model

"+ Verify properties of model
~ + Absolute
- # Feature-dependent

- » Which products satisfy property P?




ffabelled Trans1t1on Systems
Example Vendmg Machme

~ get_sprite = - get_beer

insert_coin
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' Labelled Transition Systems

A labelled transition System is a 4-tuple (S ,A.ct, —, 1), where
e S is a set of states - .

o Actis a set of actions
o — C S x Act x S is a transition relation, and

e ] C S is a set of initial states. .

' ‘(Saa, S/) = % is written s — s’




return /c ¢y _cancel/c

soda /s @ serveSoda / s
~Open A /\;f@take /»v

tea/t\&servelea/t
take / f

close /v

Featured Transmon Systems: Foundations for Verlfylng Vanablhty -Intensive Systems and Their Appl1cat1on to LTL Model Checkmg
Andreas Classen, Maxime Cordy, Pierre-Yves Schobbens, Patrick Heymans, Axel Legay, and Jean-Francois Raskin
IEEE TRANSACTIONS ON SOFTWARE ENGINEERING, VOL. 39, NO. 8, AUGUST 2013
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B2 LTL model checkmg tools have successfully
been apphed to FIS

’ W_ Featured transitionsystems tend to be very
 low level
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~ Definition 2 (Petri Net) A Petri net is a tuple (S, 7T, R, My), where S and T are two
- disjoint finite sets, R is a relation on SUT (the flow relation) such that RN (S x S) =
RN(TxT) = 0, and My is a multiset over S, called the initial marking. The elements of =
S are called places and the elements of T are called transitions. Places and transitions |
~are called nodes. i ' |

SERVE

BREW COFFEE

- COFFEE . COFFEE
FPURL ST : REFILLABLE

REFILL COFFEE




Semantics: Enabling

e _' Deﬁnitibri 4‘ (Pre-sets'and post-sets) Given a node « of a Petri net, the set *z =
{y | (y,a:) = R} is the pre-set of z and the set z°* = {y | (2,y) € R} is the post-set
of z. =

, Deﬁnltlon 5 (Enabling) A marking M enables a transition ¢t € T if it marks every
'place 1% that is, if M > °¢.




 Semantics: Transitions

-3 Definition 6 (Tr.ansitﬂit()n occurrence rule) Given a Petri net N = (S,T,R), a
transition ¢ € T occurs leading from a state with marking M; to a state with marking

Mz+1, denoted M; = M; 1, iff the following two conditions are met:

M; > °t 7 (enabling)

M1 = (M; —°t) +t° (computing)
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Definition 7 (Petri net trace) Given a Petri net N = (S, 7T, R, My), the behaviour
the net exhibits by passing through a sequence of states with markings Mo, ..., Mn,

where each change of marking is triggered by a transition occurrence M; — M; 1, is

= o : : t t tr—
called a trace. A trace is written Mg — M; - - -- i M,,.

Definition 8 (Petri net behaviour) The behaviour of a Petri net is given by the
- set of all traces from a given initial marking.

 Beh(M) (M B M M CSicla M B M)
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Coniiert Petri net into LTS, -




* Feature Petri nets.

* A Petri net extens1on to deserlbe software
_ product lmes ‘

B Extends Petri nets in the same way that FTS
. '} extends LTS

» Two variants: app11cat10n conditions on
. tran81t10ns or on arcs '
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-:-li_t;~~*__11cat1on ;Ond1t1ons

Definition 2 (Application condition [21]). An.applicat_ion COndition © 1S a
propositional formula over a set of features F', defined by the following grammar:

p = a | pAe | Ty,

where a E F. Write ®g to denote the set of all application conditions over F'.

Definition 3 (Satisfaction of application conditions). Given an applica-
tion condition ¢ € ®p and a set of features F'S C F', called a feature selection,
we say that F'S satisfies @, written as FS = @, defined as follows:

DOE : . iff a € ES
FSE-p  iffFSFo.
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Definition 12 (Featur'e: Net) A Feature Net is a tuple N = (S, »T, R, My, F, f),
where (S, T, R, Mp) is a Petri net, I is set of features, and f : T — @ is a function

associating each transition with an application condition from @ .

Coffee N\ Milk

SERVE COFFEE W /MIL
Coffee N Milk
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N A o v - Coffee N Milk '
COFFEE ‘ COFFEE MILK

FULL . » - REFILLABLE NG REFILLABLE
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* Semantics: Transition Occurrence

Definition 13 (Tfan51t10n' occurrence rule for FN) Given a Feature Net N =
(S, T, R, MO, F, f) and a feature selection FS C F, a transition ¢t € T' occurs, leadmg

~ from a state with marking M; to a state with markmg M1, denoted (M;, F'S )
"A(Mz—kla s iff the following three conditions are met:

M; > °t | (enabling)
My =AM, ="+ ¢ (computing)
FS = ot (satisfaction)




 Semantics

Deﬁnitibﬁl4 (FN Tface) Given a Feature Net N = (S, T, R, Mo, F, f) and a fea-
ture selection FS C F, the behaviour the net exhibits by passing through a sequence
of markings My,..., My, where each change of marking is triggered by a transition

occurrence (M;, F'S) = (M;11,FS), is called a trace over FS. A trace is written

(Mo, FS) % (M3, FS) 2 --- 2= (M, FS).




Definition 15 (FN behaviour for a given feature selection) Given a Feature

Net N = (S,T,R, Mo, F, f) and a feature selection F'S C F, the behaviour of N for
F'S, denoted Beh(/V, F'S) is the set of all traces over F'S from the initial marking Mo.

. Definition 16 (FN Behaviour) Given a Feature Net N = (S,T,R, My, F, f), we
~ define Beh(N ) to be the combined set of behaviours for all feature selections over I

‘Beh(N)= | ] Beh(,Fs).
S FSEPF o




, PO]eCtln_ ased _ semantics

~ Definition 17 (Projection) Given a Feature Net N = (S, T, R, My, F, f) and a fea-
ture selection»'FS C F, the projection of N onto FS, denoted N | FS, is a Petri

net (S,T',R',My), with T" = {t € T | FS = ¢;} and the flow relation R' = @
RS UTI) X (SUT ) | |
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SERVE

WAIT

. BREW COFFEE
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Equivalence of Semantics

Theorem 1 Given a Feature Net N and FS C F, then: -

Beh(N, FS)|FS = Beh(N |FS).
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| - This is a feature transition system.
~ Cannow use model checkers for those!




~ + Apply Featured Transition Systems or
~ Feature Petri nets to handed-out examples

~# One strategy: model each feature
| independently, then combine.




- Return

+ Experiences?

+ Pros and cons of each approach?







éun ;m g Example -
. Mu1t1 lmgual Hello World

* Enghsh ”Hello World” _
' German - ”Hallo Welt” | -
] - Dutch ”Hallo Wereld”
- Swed1sh: ”He]san Allihopa”

77

~#» French: “Bonjour tout le monde

;_ Possibly with repetition



Deltas - implementing variability

Configuration Language

. Dave Clarke, Nikolay Diakov, Reiner Hihnle, Einar Broch Johnsen, Ina Schaefer,
~Jan Schifer, Rudolf Schlatte, and Peter Y. H. Wong
- Modeling Spatial and Temporal Variability with the HATS Abstract Behavioral Modeling Language
Proc. 11th Intl. School on Formal Methods for the Design of Computer, Communication and Software Systems (SFM 2011).
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interface Greetlng {
| Strlng say hello()

- . English by default

= - class Greeter implements Greeting {_ |
= oSt i g s save he b hodjot

~return "Hello world";

.

A tully functioning appl1cat10n
| (mmus main)







Delta-oriented Programming

o 'Modi fications on Class Level:
s Addition, Removal and Modification of Classes
G * Modiﬁcatioﬁs of Class Structure:
= .Changing interfaces
. . Adding / Removing Fields/Methods

. Modi.fyihg;Methods (wrapping original call)

N Délfa-brieﬁted Programming of Software Pfoduct Lines. Schaefer, Bettini, Bono, Damiani, Tanzarella. SPLC 2010..'




by I o
- g N ks

~ The Repeat Delta

~delta Rpt (Int times) ({
Somodities Groeter e
. omodifies Stringisay-hellol(;
S ing e an e e
SEmtEme e =

white (f < times) | |
resutE = result-+ original{);

e ne e

return result;




- The German Delta

R delta De { |
ey modlfles Greeter B | S |
S modlfles Strlng say hello() e
_ o return i HE IS Welt" =
| } -




~ The Dutch Delta

delta Nl {
' modlfles Creater { -
| modlfles String say hello() {
return "Hallo wereld";

3




| Product Line Configuration




Configuration

product llne HelloMultlLlngual {
features Repeat German, French Dutch Swedish;
ol > _ application cond1t1on
| delta De when(éerman && not Repeat)
, deltavFr when French;
delta NI when Dutchs
‘delta Sv , | & Repeat;

delta Rpt{ (Repeat.times) parameter passmg
(after)ue, FT, NI; Sv when Repeat;

ordering







| - Featur e Sele CtiOI'l _ W

Feature Selection | ~Attribute Specification

~// apply deltd,Fr Repeat /
- product P3 (French, Repeat{tgmes=10}) {
= S Gyeeting bobs '
= bob = Hew Greeteriys S .
.~ String s = ""; Initialisation

5 = bob.say hello(}); (aka main)







b bresec

// apply delta Fr and Repeat'
SIS product P3 (French Repeat{tlmes lO})
SRR Greetlng bob |
bob = new Greeter()
Strlng SRS

S = bob.say hello();




Apply Delta Fr

class Greeter implements Greetlng {
Strlng Savohe el of= =
return "Hello world";

f -
 delta Ptk

- modifies Greeter {
modifies String say hello() {
= return_"Bonjour b e S e AR e

.




Apply Delta Fr

o alags Greeter”implements Gteéting {
String say hello() o e
return "Bonjour tout le monde";

)




by I o
- g N ks

- Configure Repeat

~ times=10

delta Rpt (Int times) {
= SocTEieY Creeter o =
SisaamodiEies String say hello b
N oo i e oen s e U
PRE ST e Oty :
while (i < times) {
reoull Sorcsu b eriginal )
o
}

return regsultts s




~ Configure Repeat

delta Rpt £
_modlfles Greeter - = |
semodifies String say . hello() {
e SYEing reapites Wi
PRt S '
while (i
’ #sult + original () ;
o= "ol
J

return-resuttss




Apply Repeat

_class‘Greeter implementé~Greetiﬁg_{
Sbtning say hedt o f -
' SPebuen "Bonjour tout le monde"°

_-.: .

delta lote gEan _l_
| mMoarEices Greaten { ,
modifies String say hello() {
CSEring Teou e
ot 1 =07~
whalee G g e | .
result = result + original ()
i e '

return restibt o
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class Greeter implements Greeting {
SStringiasay heldo original )l
. teturn "Bonjour tout le monde;

-

String say hello() {
ostring respi o= TR
lntege

while (i < 10) { , _
resutt-+ - Say-hello original();

result =
| e e S N e
}

- return result;




- Adding Initialisation

class Grecken 1mplements Crecbine
String say hello original() ({
return "Bonjour tout le monde";

}

String say heliol)

o String result = "";
S SrigE y :
AT Te T IO
e e result F
B e i A

__say hello original();

}

ot resarts

Greeting bob;
;bObAZ new‘Greéter();
Strlng S f-""; S
bob Say hello() Rk




Another Example




Delta Modelling Example -

interface IAccount { Unit deposit(Int x); }

class Account implements IAccount { // Core Product
= It chadangoes =By | '
Unit depositiint zx) |

- balance = balance + x;

‘delta DFee(Int fee) { // Implements Feature Fee
modifies class Account { | s
3modifies Bt deposa b tiat 2

1f (x >= fee) original (x-fee);

-




 Delta Modelling Example (cont'd)

delta DOverdraft() B Implements Feature Overdraft
modifiles class Locotnt T
addseint Shimit ~ | -
modlfles Unit deposrt(Int S S RS
Sea (balance s> M b o rTgana o)

}
b

productline AvcountPL {-// Product Line Declaration
Pentires Bodic, Ouerdrgft, Feey

cdelktas DFee(Fee‘amount) when -Fee;

~delta DOverdraft after DFee when Overdraft;




W Apply delta modellmg or #1fdefs to handed
outcode .

| % Currently code includes only two products
_ from product line. Can you make it express
- all’? |




+ Experiences?
# Pros and cons of each approach?

B How would selected approach scale to larger
' pro]ect’? .




Concluding Remarks
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