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Feature-based Testing of SPLs:
Pairwise and Beyond

Gilles Perrouin

(and many others :))
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* The SPL paradigm promises high quality software
through systematic assets reuse
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Context

* The SPL paradigm promises high quality software
through systematic assets reuse

* Q: How to ensure such quality 7

* Need for SPL QA

» Model checking [Asirelli2011, Classen2010, Classen2011,
Fischbein2006, Gruler2008, Lauenroth2009, Li2002]

y - Testing [Oster20:1 0, Perrouin2011; Weipleder2010]




Features: Render unto Caesar...




S R B B B A A L 8 "
.....o.oo.oo_-.-..-‘-a....-4........

L : SO OO T Y L,
SR o MM |

‘1((0

t/’b» .. A . .

w CWN—-_.r. )

<fv- c-a-.c -4 AR AR AN
'y

jJHf.-...q..huq... |

.o.onoo W.Ww_:x. AL .

‘4'¢-¢-¢-<-.
.

JJJJAJ.;..
.ﬁ -.—-<..

. <4¢¢F_ -

LLLLALL LYY

—_..._.
‘41410141-.

A R R R B R B B
AR R R AR B

ds

B2 B B 2 24

H.._.”.“.”.“.“n

AR 2R B
B R R AR 0 N
28 B B B

l--..."'b
AR AR R R A B AN
EEEREEEEREEERER.
B N R N B T
EREE R R N

2R ER R E_ r'iv
22 R R Rl

ol..ll"'\

ERENFEERENRE R/
A B R B B
AEREE R R
.oocll.‘
‘ST R RT
2 A2 RN

AATE R J V)
AR R R B
EAEAE L] ‘EAERR
SA0 AR AREARDS
24480 ' a8 ann
NALMARL L AN
AR AR LA

AL LY

PARARNY
2R AR RN TR
2R AR R R

B 3 :
SRR ARAS OO
cno 000“000“'00? .Jwﬂ.n.. ”/J./ ”/N .

AN AANANAS TN NNNNS
) . .n. o‘.ludtJﬂ 9 Cmdcdﬁﬂco.-. .

> . vy . a L v B
AR ) .."‘...O‘. ﬂll<4 LY
“ I/r/,
AEARALAL LR} ,.,
......./H‘¢.‘¢444/ Y Y YY Y Y
" B . ¥ AAARRRARAN -Jr\iaiiwc JJJJ Jddi.a: </. 'y

RN NN VYN VYNINSNIYSNSNS '0!04‘000‘.
- ‘)41 (JIJJJIJ‘. '
SN . LN
_/‘1_1,,/;,—,.




20-22 years of features...

* As many meanings as there are SPL researchers
[Classen2008] :)



20-22 years of features...

* As many meanings as there are SPL researchers
[Classen2008] :)

* Distinguishable units of interest => abstract

» Mapping features to models if needed



20-22 years of features...

* As many meanings as there are SPL researchers
[Classen2008] :)

* Distinguishable units of interest => abstract
» Mapping features to models if needed
* Organised in Feature Models (FM)

» Graphical Notation: FODA-style [Kang1990]
» Textual: Guidsl [Batory2005], TVL [Classen20100b]...



20-22 years of features...

* As many meanings as there are SPL researchers
[Classen2008] :)

* Distinguishable units of interest => abstract
» Mapping features to models if needed
* Organised in Feature Models (FM)
» Graphical Notation: FODA-style [Kang1990]
» Textual: Guidsl [Batory2005], TVL [Classen20100b]...

% Formalisations exist [Batory2005,Czarnecki2007,
Schobbens2007]



20-22 years of features...

* As many meanings as there are SPL researchers
[Classen2008] :)

* Distinguishable units of interest => abstract

» Mapping features to models if needed

* Organised in Feature Models (FM)
» Graphical Notation: FODA-style [Kang1990]
» Textual: Guidsl [Batory2005], TVL [Classen20100b]...

% Formalisations exist [Batory2005,Czarnecki2007,
Schobbens2007]

* Automatedianalyses: [Benavides2010]



20-22 years of features...

* As many meanings as there are SPL researchers
[Classen2008] :)

* Distinguishable units of interest => abstract

» Mapping features to models if needed

* Organised in Feature Models (FM)
» Graphical Notation: FODA-style [Kang1990]
» Textual: Guidsl [Batory2005], TVL [Classen20100b]...

% Formalisations exist [Batory2005,Czarnecki2007,
Schobbens2007]

* Automatedianalyses: [Benavides2010]
* Enables Model-Driven QA of SPL )
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Once upon a time... (2009)

* There was a postdoc working on (structural) product
derivation for SPLs...

» CompositionalkapproachiPerrotin2008]

* Q: How to design model fragments so that they
compose well together 2

» Methodological hints are insufficient

» Need for an-automated approach to validate SPL models...

* [esting view: Extract relevant configurations of the SPL
and build-them: (composition = oracle)
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Initial Requirements S
* Model-based Testing (FM = Model) [Utting2006]

» Integration in:the-whole:SPLEHifecycle

»  Automation-taroughimodel-transiormations

* Product-by-Product: 2" tests for N features )

* Assumed no a priori knowledge of the SPL

4

4

ncremental testing

Needed to-cope: Wit
interactions

Uzu08] infeasible (where to start ?)

n-compinatorial explosion and



INnitial Vision

GTRING THEORY GUMMARIZED:

‘ :.,":-' MAD AN A\‘lf. SOME IDEA
C'--‘.‘J.-f‘:.: &L r'\:|-'.ER 'A\"D [\.“: "\4.—‘\7
IS MADE OF TINY, VIBRATING STRINGS.

' :“‘ 41_.1 Y .ﬂ'-"_ A" W A .\. o
.‘ mn." e LY ’

] J
' ') .'.."\l‘:.' "

i /

T




L L L L) i | A L
T T TN T T T T T T Ty
AR R R R R R R RRRARAL IR T
SABABRABRAREAALEN

N _,..
TreYrTY
sesesnb

.....

AR AR R R R R R R B 0
' T rTreE -

.Wmmmmmmwmw ” JNW .
”...H......ﬂ”o“. q

]

nnnnnnnn

A R R N R N B
EEE R E R B
o‘-.l..

mmmwmwwgwmmm

ETEERERER N
2222 E 2 s
ERERARR AR
A8 BANN/
EEENFEE R
" EE R R RN
AR ERERETERERAT
AR R R T
A R R ASS
AR AR RN
ERERERERE
LA A R A R B
AAATER TR
RERRAES

_....-......P“ﬁ.o e
A8 i8ananann 0.!'0

OO0
| -.-....u-.ﬂ.ﬁ-'

L S

.c, ... L AN A b ...c ..,c ..ll-l—m - .
(D) AR
' ,.. e . ~ . ~ »

v v v v ie i AN A

¥ v Jl.cla.«

Y YN

™

o

', X
J___,.
T

FEYTETT YT T Y "y

I
a A
L U OO

PR NYNYRNSYYYY Y YSS Y Y Y Y Y Y
" YT T T T YT T T YT NYNYNYNY YN »

NN YR ANSYSYNSNSSSS

:
:

o

)
:

shabhabhbhh

~¢

L

A
\

.....

|
~1

LA

o

N

-

G,Z

A
YYYTYH-

AT
.f.../..,.._..
./.J OO

AARARN

|
TTTT
Yy

v

YN NYNNNS
Y Y Y Y Y Y
o'y 'wy'y
Y Y Y Y Y Y Y Y
L E A B
M

-



Combinatorial Interaction Testing

* Most bugs are provoked by a small number of
interactions [Kuhn2004]

* T-wise coverage criteria: “all interactions of size t must
be covered In test cases at least once”

* = [1..6]. T=2 (pairwise) often enough (>70%)
* Pros:

y “Addresses:thereattre interaction:problem

y “Smalltestsuitesicompared-to- 102X possible tests)
* Cons (for SPL)

4

4

POor:support:for-constraints

Limited SPL support (2009) [Cohen2006,Cohen2007]
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T-wise SPL Testing as a SAI problem

* MBT approach considering FMs as inputs
» Viewed as a set-of:constraintsioetween:-boolean:features
* T-wise

» Can be seen as a SAT problem: “Set of valid products that
satisty the conjunction of all t-tuples of features”

*  Rely-on:SAlEsolverstorsPERwise testing
* Questions

y “How:torencodethe ENM:+ = 1-wise-problems from higher
modadels:=?

y “Scalability (NP=-Complete problem) 7
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Appr N Nverview [Parroiun?2(C .

Software Product Line
Feature Diagram Value of T

//f
»

1. Transformatnon 2. Generatuon of \
FeatureDiagramZAlloy mtlal T—wise tuples I/

r—A—“Oy / Y .
Feature Diagram |— —» 3. Detection of >

| Ag \ Valid tuples

4. Creating and Solving Set of Valld Tuples

Conjunctions of Tuples { v

[ | |incr l ik
| BinarySplit chgcft?\ta | [Min ,Max] Scope
| j | [Min,Max] Duration
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Evaluating T-wise Generation

* (Generation time
* (Generated test suite size

* [-tuple occurrence: how: many-times a given T-tuple
appears ?

* Number of duplicates (engendered by “divide and
compose’” strategies)

* Similarity: how: different are my generated test cases ?

Tci, NTcy,
Sim(tc;, tc;) = ” s ||

" T ciy UTcj|

* [ciy. Variant features [Benavides2010] of test case ‘I’
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Comparing Pairwise Approaches

* Comparing two radically. different approaches to give
insights to the tester [Perrouin2012]

» Alloy-based solution [Perrouin2010]
» CSP-based solution [Oster2010]
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Comparing Pairwise Approaches

* Comparing two radically. different approaches to give
insights to the tester [Perrouin2012]

» Alloy-based solution [Perrouin2010]
» CSP-based solution [Oster2010]

* Conflicting philosophies

» Generality for Alloy-based

» Specialization for CSP-based
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Key Differences

* FM Expressivity
it
* Scalapility

» A prior’; Flattening of the EM

| CSP-based | Alloy-based

[ —
Multiple parents | - |
.+

» A posterior”; “divide-and-compose” strategies
* Determinism

» CSP-based provides always the same suite on a given FM

» Alloy-based can produce very different test suites due to
random tuple combinations and scope influence
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EXperiments

* Ran experiments on SPLOT [Mendonca2009]
» 1=[2..3]
* Execution times (1=2)
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* Ran experiments on SPLOT [Mendonca2009]

» 1=[2..3]

* Execution times (1=2)

Features
Possible

Products

Cross-1Tree
straints (%
CSP-Dedicated
(ms)

BinarySplit (ms)

IncGrowth (ms) lﬂilﬂlﬂllllﬁﬂﬂﬂﬂnl

— MT | ES
“——
OiE7 | 33+ 10

|IIIIIIIIIIIIIIiiIIIIIIIIIIIiIIIIIIIIIIIIIIIIIII
- 32400000 » 32400000

> 32400000 ZS‘J-I‘HKKN]

33954
13847835




EXperiments
* Ran experiments on SPLOT [Mendonca2009]
» 1=[2..3]
* Execution times (1=2)

Features
Possible Products

Cross-ITree
straints (%)
CSP-Dedicated
(ms)

BinarySplit (ms) > 32400000 . 32400000
IncGrowth (ms) - :S'.?-J(H)(KN‘I

* CSP=Pedicated1000:times faster
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EXperiments cont' o

* Test Suite Size (T=2)

~  [CP[SH[AG[MT[ ES
CSP-Dedicated | 8 | 40 | 46 | 03 | 915

BinarySplit

* Test Suite Size (T=3)

~ [ CP[SH[AG[MT[ ES_
CSP-Dedicated 257

* Observed also increasing numbers of duplicates when
11s higher or tor larger FM tor Alloy-based

* There is a clear winner :)
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Also...

* Other approaches emerged

» Pacogen [Hervieu201:1]
»  SPLCATL [Johansen20:EiE2042a: 201210

» Search

-based techniques

- GA + Fitness: T-wise coverage [Ensan2012]
- GAFEitnessESimilarity:http/research:henard:net/SPL/

* Scalabili

» ~From:c

ty greatly improved

ozens:to:thotsands:of:features (linux FM)



Also...

* Other approaches emerged
» Pacogen [Hervieu201:1]
»  SPLCATL [Johansen20:EiE2042a: 201210

» Search-based technigues

- GA + Fitness: T-wise coverage [Ensan2012]
- GAFEitnessESimilarity:http/research:henard:net/SPL/

* Scalability greatly improved

» “Fromidozens: to-thousands-offeatures (linux FM)

* T-wise is “blind” => new challenges

» Prioritization;:Non-boolean feature modaels...



Beyond palrwise....

Software Product Lines:
- Going Beyond
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* Designed for Model-Checking

» Exponentially-more efficient-than:product=oy=product
verification

» Tool-support: SNIP: [Classen2012], NuSMV [Classen201 1]
» Real-time [Cordy2012al, adaptive systems [Cordy201200]
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FTS cont’d

* Designed for Model-Checking

» Exponentially-more efficient-than:product=oy=product
verification

» Jool-support: SNIP:[Classen2012], NusMV [Classen201 1]
» Real-time [Cordy2012al, adaptive systems [Cordy20120]

* SPl -dedicated

y -From:producttorset:ofproducts

y“Erom-application:to:domain:engineering

* Goal: Combination with Testing
» MG properties-as test selection criteria

» Verification of feature interactions
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L everaging F IS

* Not really an user-friendly Ianguégé

» No structuring-mechanism

» Higher-level models (fPromela, 1SMV) still requires MC
expertise

* Use of UML instead
y-Broaden:therscoperofthis-technigries:to-any-SPE engineer

y “Abstraction:=Hierarcnicakstates;-orthogonal regions

» FIS as underlying formal semantics

* Challenges

y UMLE2:-ETS = flattenings:.
» Jestable FTS: Extended Actions, test criteria, FTS-ioco...
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Conclusions
* SPL Testing was ignored for long, but...

» Gaining momentum

» Huge progress:in-applicanility-andsscalabiitysfor=wise
techniques =>:readyforinaustry 2

* T-wise is “blind”
y - priortiSation:(WeIgnts; - Ordere:SeIteS::)

» flexibility:(time/budget:constraints)



Conclusions

* SPL Testing was ignored»fc”)f--lé)ur%gu)_, but

» Gaining momentum

» Huge progress:in-applicanility andsscalability:for:=wise
technigues-=>ready:forHnaustay s

* T-wise is “blind”

» -priortisation:(Weignts;-Orderec:SeIteS::)

» flexibility:(time/budget:constraints)
SPL Testing & QA

* Move to be
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