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Variability

® (Customized and Affordable

Maximize reuse of common features
e.g. reuse hw. customize with sw.

e.g. sw families = { similar apps with shared
provenance }

e.g. context-aware, fault tolerant and intelligent
apps
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Why mining for variability?

- Scattering & tangling of vp’s & Fs
- pull-up Fs to the core or push down Fs because they are variable

® To recuperate from architectural degradation %ae

® To expand a successful single product to new

mal"l(ets (—)i possible variable features
7

® COSt-bene' -over-generalization vs. over-trivialization (cost of a making a F variable)
-Evaluate != variability mechanisms (flexibility vs. performance

® Effect of a variation in the development of the

. - Trace variability REQ -> IMPL
- Explicit dependencies
- Appropriateness of binding times & variability mechanisms (flexibility vs.

product
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some products of the same domain

Feature: unit/increment of functionality
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Mining products of
the same domain

Which parts of

#ifdef UNIX

T code are chosen
enail
#if defined(X_Win) * by which triggers:
COde that 8e&e !defined(BSD) yl t fgg
varies ;(;iiié se eF ion O
#ifdef DOS variants
. #ifdef X_wWin |
Variables L Which trigers
. #endif

that trigger * #ifder BSD s are subsumed by
Chan es .IV... * .

& pondit o ‘ other triggers:

dependencies

[Snelting TOSEM 96]

X: No relation with features
X: Need a specific syntax for the configuration of the products
X:A trigger does not necessarily store the selection of a variant
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Mining products of
the same domain

Count same signatures for classes

Name of a with similar names 'MlslimglmethOdS
N (S .
C Iass Search Term(s) Aveyéged Interface t class
Deck Deck common
~ 50 msec shuffle() :void; f I
3,238 results dealCard() :Card; . .
: methods toStrin : trir’l ; unCtlona It
Database - thed geiCard%)():éastrd; o y
cardsLeft () :int;
Of Classes CreditCard Creziigiizrlng = :\.IOId;
&their M| | Thum. | mmemos .
h d 229 methods toSgrigﬁ();Stiéng S Some OccaSIOnaI
met O S getCardType () :String; . ’ methods,
(OSS) setNumber (String) :void; .
variants?

[Hummel RSSE 10] «J

X: Business-specific concepts are likely to be missing in the database.
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Feature: unit/increment of functionality

LRequired in all (Mandatory) or in some (Optional) products
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Car | 0/ 3
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Feature: unit/increment of functionality

LP\equired in all (Mandatory) or in some (Optional) products

—>Variable: if customization is required
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Feature: unit/increment of functionality

LRequired in all (Mandatory) or in some (Optional) products

—»Variable: if customization is required

Variant: option available for a variable feature
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Feature: unit/increment of functionality

LRequired in all (Mandatory) or in some (Optional) products

—»Variable: if customization is required
Can a variable feature have several variants!?

YES: Multiple / NO: Single

Varfant: option available for a variable feature

. YES: Mutually inclusive / NO:Mutually exclusive
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Mining for variable &
mandatory features

Several
products of
the same
domain

Their
source
code
repository

>

>

Car I 3/3 U
(Transmission [ Engine ( Extras )
A

Utilization = Users of the SCE

Length = LOC

Complexity = McCabe

Volatility = 0.7 * changes last year
+ 0.8 * exp. changes this year

Specificity = LOCs per variation

IMitosis = % clone differences

local layer
C

regional layer
C

global layer

[Faust SPE 03]

X: Cannot identify dependencies
X: No support for refactoring

Metrics per SCE
- Placement of a
SCE:

mandatory/
optional features,
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(Transmission [ Engine ( Extras )

Mining for variable & ...+ =
mandatory features

clone detection — candidate functions

One Metrics per SCE -
product of * sim(¢1,£2) =R R SIBCLED How to merge a
the domam LD = Levenshtein Distance variant into the
A b . FI: Identical Functions (sim=1) * baSIC PI’OdUCtZ

PP- W. basic FS: Similar Functions (O<sim<1) mandatory/

I I FI| = 1: Identical correspondence . .
f;nc;c;onal.lty Of FI| > 1: Multiple correspondence optlonal functlons,
the domalin * FI| =0 & |FS| = 1: Single variant . .

f h FI| =0 & |FS| > 1: Multiple variant Smgle/mUItIPIe
I(.CO;e or the FI| =0 & |FS| =0: No correspondence variable features
Ine

[Mende CSMR 04]

X: No support for non-corresponding code
X: Cannot identify dependencies
X:No link to feature diagram
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Car 15/30

[Transmlssmn ( Engine ( Extras )
Mining for variable & e
(Automatlc (I\/Ianual) (Electrlc [Gasollne) Conditioning W

mandatory features

LD(f1.£2) Metrics per SCE -
max(|f1], [fR]) How to merge

sim(sl,s2)=1-

. IF entities are identical->‘kernel’ several variants into
the domain IF variant in all products -> ‘variant’
IF variant in some products -> ‘optional’ d PI"OCl uct line
App. w. basic __MninMnj _ = DninDn * (UML-like diagram):

Mn,i U Mn,j o1y D mandatory/optional

functionality

. Mni = Modules for variant i at I I
of the domain nostingn funct.|0n5, smgle/
(core Of the Dni = Dependencies for multlple vamable

variant i at nesting n

features

line)
[Frenzel WCRE 07]

X: No support for non-corresponding code
X: Can identify mutually exclusive variants, but no feature dependencies
X:No link to feature diagram
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Is the corresponding
variable feature required?! YES: Optional / NO:Alternative variants

Feature =u—
Mandatory ——®@ (Transmission
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Mining for (

feature diagrams ----------------------------------------------

Mapping of entities = operations

Several
PI’OdUCtS Of* done over the Aata (SC anariac) Feature diagram
Essential features, therefore, TR

the domain s ' are the minimum Of the domain:

[0..*] Action <class> 23l .

. ~ characteristics regulred to man d ato ry /
I[1] extendsAction <ass: match a concept instance.
: A parent feature cannot exist ’ I
[0..1] extendsDispatch without all of its essential O Ptl O nal .

, [0..%] actionMethod <  Subfeatures. features, single/
Starting | " Htip] bl
S C E S E(]?] El a?gggig?; A mandatory missing from its muiti P € variabicC

. ) , parent =config. error.
l[?i‘.ss]eé t[é,l I FantELEmells A essential missing from its featu res

parent = no parent feature.
7 7

[Antiweckz |JASE 0919, 2@~

X: Low-level diagram
X: Cannot identify dependencies
X: Results depend on the variety of the products of the domain
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M i n i ng fO r (Transmission (Engine [ Extras )

Air
(Automatlc) (I\/Ianual) [Electnc) [Gasollnej Conditioning W

feature diagrams -----------------------------------------------

Mapping of entities = operations

ral
Severa done over the data (DB access) + ,
products Of* FCA user functions Feature diagram
the domain — ' of the domain:

. mandatory/
Mapping of report threatening * optional features,
concepts 0 exclusive/

threads send private message

inclusive variants

post thread

/ ,
%elete attachment split to send send with saving

new thread message  sent message

Consolidate
features

[Yang WCRE 09]

X: Cannot identify dependencies
X: Results depend on the variety of the products of the domain
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Car 2|/3O
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Are there constraints Requires: |st = 2nd one /
(dependencies) among them ? Excludes: | st or 2nd

Feature oo —:

= oludos <o ( Extras ) Suspension)
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. . re (ransmission§( Engine
Mining for variability ...+
dependencies

[
ditioning

Metrics per feature

Single app. *

* x 500

Spread (f) = 5 / 20 Variability analysis:

Mapping of Tangle(f) =250/500 *(un)acceptable
tokens to Density(f) = 500/ feature tangling
features & ’

files to

features

[Lai OOPSLA 99]

X: Cannot mine for require & exclude relations
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Mining for variability
dependencies

Traces of
several
scenarios
(execution
of feature)

Car 23/30
(Transmission [ Engine ( Extras )

Overlap Sub-feature Equivalence

Classy Scenario—»
CAboutDIg
CILLDB
* CILLDBSet
mailreader
parsing
POP3
CPOP3DIg
CAPP

CMainWin
CSettingsDlg

OO |N(O|O|BR|WIN|=|O

[Egyed ICSE O1]

tic] (Manual] [Electric) [Gasoline] Alr Cruise ) [ Horsepower
Conditioning T
r——

|

Variability analysis:
*Overlap, sub-

features,

equivalence

X: Cannot mine for require & exclude relations
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representing*
variants (vsm vyn)

Variables

representing*

variation points
(VPX VPY)

Car 24/30
[Transmission ( Engine ( Extras )

- T = Ce
Mining for variability ... = =

dependencies ‘
Code that
T Dependencies
Variables

variation points -
variants: Variability analysis:

IF |vpx — VDy * configuration

IF vpx = (VDy,Vyn) dependencies
IF (vpx,vxm) — |vpy

IF (vpx,vxm) — (VPy,Vyn)

[Jaring PhD 05]

X: Need a specific syntax for the configuration of the products
X: Just define when the relations occur. No mining proposed.
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Car 25/30
[Transmission ( Engine ( Extras )

Mining for variability e e o e
dependencies

Association rules = belief

Several (frequent interpretation)

products of * }t\ Feature diagram of

the domaln pamt [75%] | | start [59%] init [97%] the domaln: .

T~ mandatory/optional

destroy [42%] | | stop [53%] featu res,

Mapplng Of stop given start [84%] eXCIUSive/inCIUSive

start given stop [97%] .
?CES to * paint given destroy [88%] va‘rla’nts
eature =
. req = p(A|B) D (A|B) =D (AB)/ D(A)
diagram exc = p(!A|B) =(ANB/A UB)/ (A)

[Czarnecki PLC 08]

X: Results depend on the variety of the products of the domain
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° ° ° oll o (Transmission [ Engine [ Extras )
M I n I ng fO r va rl a b I I Ity [Automatic) [I\/Ianual) [Electré‘[G\asoline) Condﬁii:)ning
| A 4 A

________ i

dependencies
Variable
features impl. =
as aspects = Feature diagram
A model of the — of the domain:
aspects — mandatory/

-SCEs affected

* optional

Var. points | features, single/

impl. as ’ A reqgs B = pointcut (A) N model(B) muItipIe variable
ointcuts

P B exc C = pointcut(B) N pointcut(C) features

Variants impl.
as advices [Parra ECSA 10]

X:Assumes implementation with aspects.
X: Focuses on composition of features
i.e. used to detect order or invalid configs.
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Optional —©
Mandatory ——# [Transmlssmn Enqme Extras Suspen3|on

Excludes «--» CP

Requires ---- " .
H

Exclusive A [Automatlc] [Manual) [Electrlc] [Gasolme] [Con dltlonlngjm orsepower

Inclusive .

Feature: unit/increment of functionality

Mandatory: required in all products

Variable: customization required

Variant: option available for a variable feature

Variation point: placeholder that stores the variant of a variable
feature

Binding: assigning a variant to a variation point
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Car 29/3 U
Transmission @aine [ Extras j

Mining for variation ..
points and variants

rank & classify SCEs in the
framework based on metrics:

Several
. class C14
products using IN=instantiations FIN = 10,EX=0,IM = 0*/
EX=extensions

the same OV=overrides d /()”2_1} OV=0.IM = 0*
framework IM=implementations = 10,0V=0,IM =0
(i.e. of the same UMusages (+above) 1 1 (caargn)(...)

. [*IN =8,0V =0,IM = 0*/
domain)

m1 2(0{...}
/*IN = 3, OV=0,IM=0%/

[Thummalapenta MSR 08]

/<4 . . Air .
c] (Mar;ual] [Eleitrlc) (Gasollne) Conditioning

How to extend a

framework:

hotspots/hooks —
variation points

cold-spots/templates —
mandatory part of the
variable feature

users of hooks —
variants

X: Requires several applications using the same framework.
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Gaps to fill

® Current mining approaches depend on specific implementation
techniques

® FE.g. variation points as configuration variables, variable features as
framework usage

® The amount of information required sometimes outweigh the benefits

® No support for newcomers (mining to introduce variability to single
apps)
® No support for a-priori analysis of variability decisions (cost-benefit
of a variant feature)

® |mplementation issues as business opportunities e.g.“compulsive
branching”

30/30

Monday 5 December 2011



A.Lozano
An overview of techniques for detecting software variability
concepts in source code
In Proc. Int'l Workshop on Software Variability Management

pp. |41-150
variability @ER, 201 I.

Monday 5 December 2011



