] =101

El
)

=] .. .
i E Srus

KA A HIIIIKIHK A A A A A AA DK K IO I A A A ALK
HHKHKXXKX HKAKAXHKAHK

X XXX | e | XXX X
XK XHRK | XXX R
XXX XXX
TR XXX

XX XX

XX XX

X
X,
HKXX

X
2
A IAH I H I K I AKX
A A HII IR I KK
A A FIIIICHKH KK A A A HAK

xxChalLenges N Model-Based Testing of
Software Product Lines

XX§
XX X
XX xxxxxx X Harsh Beohar
W %
XXXXX§X
5 98 2 Mahsa Varshosaz
K OXX XX X | XX % .
ooy X X005 | o= | 88 Mohammad Mousavi
2K XK x HXAK KK >
: 3 [xj(%%?fg%f( ] Halmstad Universi{y
e O

] ~



] =101

El
)

=] .. .
i E Srus

KA A HIIIIKIHK A A A A A AA DK K IO I A A A ALK
HHKHKXXKX HKAKAXHKAHK

X XXX | e | XXX X
XK XHRK | XXX R
XXX XXX
TR XXX

XX XX

XX XX

X
X,
HKXX

X
2
A IAH I H I K I AKX
A A HII IR I KK
A A FIIIICHKH KK A A A HAK

xxChalLenges N Model-Based Testing of
Software Product Lines

XX§
XX X
XX xxxxxx X Harsh Beohar
W %
XXXXX§X
5 98 2 Mahsa Varshosaz
K OXX XX X | XX % .
ooy X X005 | o= | 88 Mohammad Mousavi
2K XK x HXAK KK >
: 3 [xj(%%?fg%f( ] Halmstad Universi{y
e O

] ~



|
rev_pas_regl

\ |
\,.snd_pcs_resp? ™, /
{ snd_care_req'?;/
fail pass /
\

Test Case
rcv_pos_req?
AN >0 >0
hY
snd_pos_resp! |snd_core_req!
rcv_core_req? time_out?
13
. N Ousescance. Confarrnance Testirg
InpLt-OutpLl Suspersion Trace ritansionally

Labelad Transtion Systems imp bscs spec ff

p?bu p?:r. o each sin straces{spec):
ut{imgafters) - oubisper o
kit y \r. 6A|‘F"r TR :;ltww Jl:lafw?:nlmnalwm
el N _» o £ o
being quiescent futput): & e o [}
obsenving quiescent (input). d B L

strates: 5.e: e, Tt i) it frep sfer ) » (] bt out{spac e Pt [

Conformance Testing




X

MBT: Some Results and
Open Problems




Conformance for
Software Product Lines

Car
c
Transmission Cruise Control
t cc
Continuous Manual Trans Collision
Variable Trans. ' Avoidance Ctrl.
cvt mt cac




Why Bother?

A test process such that:

e The behavior of every relevant feature
1S covered, and

* testing the whole produc’r less time/effort
than testing the individual proc].uc’cs.
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Input-Output
Labeled Transition Systems

?bt

Icf T




Quiescence,
Suspension Trace

AR

being quiescent (output): &
observing quiescent (input): 6

straces: {¢,; ?bt, 7bt!cf5; ?btd°}




Conformance Testing:
Intensionally
imp ioco spec iff
for each s in straces(spec):

out(imp after s) C out(spec after s)
N.B. Implementation is assumed to be input-enabled in all states.

- K

Iof - loco? e
Icf

O

out(imp after ?bt) = {Icf,5} but out(spec after ?bt)={!cf}




Conformance Testing:
—xtensionally

?bt
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Asynchrony

refund?, coffee?
money! c
v

fail

button!

pass v fail
N.Q
pass fail
Theorem

Implementation i is delay right-closed iff

v spec: i ioco spec if and only if Q(i) ioco spec

N. Noroozi, R. Khosravi, MRM, T. Willemse, Synchrony and Asynchrony
in Conformance Testing, SoSym ], 2014.




Quotienting

forallc, (c||e)iocos iff ciocoS/e

N. Noroozi, MRM, T. Willemse, Decomposqbﬂi’[y in Input-Ou’[put
Conformance Testing, Proc. of MBT 2013,




Other Results

. Complexify hierotrchy for checking [OCO:

. checl{ing [OCO (in general) 1S
PSPACE-Complete

e« for a restricted set of specifica’cions,
[OCO becomes polynomial (’rhrough
a linear reduction to a simulation-like

pre-order)

N. Noroozi, MRM, T. Willemse, On the Complexity of
[nput-Output Conformance Testing, Proc. of FACS 2013.




Open Problem:
Compositionality

« [OCQO is not a pre-orclerl

5

?le ?2e ?2e
tea! cf! cf!
O

» [OCO is not a pre-congruence!

[M. van der Bijl, A. Rensink, ]. Tretmans: FATES'O3]
[P. Daca, T. Henzinge:r, W. Krenn and D. Nickovic ICST'M]




Other Open Problems

o Logicql characterization of IOCO
(ongoing work by Harsh Beohar)

e Semantic notion of coverage

(preserved by behavioral equivalence)

See: [M. Volpato and ). Tretmans JAMAICA13]




Other Open Problems

« [OCO for hybrid (cyber—physiecﬂ) systems
See:
(M. van Osch FATES'O6]
[H. Abbas et el. ICPS14]

« From finite tests (extensional)

to proofs (intensional)

See:
[A. de Silva Simao and A. Petrenko MBT'H]
| W -L. Huang and ]. Peleska ICST'14]
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Models for SPLs

« Various extensions of .TSs:

Modal- and Featured Transitions Systems

« Feature(d) Petri Nets
- PL-CCS

« Delta-Oriented FSMs




Featured Input-Output
Transition Systems

(Sa S, AT: F: T: A) ,Whel’e:
« S, s, A; have the same intuition as in IOLTS,

» F'is a set of propositions (features),
e TTCSXxA xB(F)xS
AC{\:F =B}

Car
&
Transmission Cruise Control
t cc
I lemrgl/cac
l ~
Continuous Manual T Collision ?normal/cac
Variable Trans, | | o 4@ trans. Avoida Ctrl
cvt mt

?20off/cc Irgl/cc




Product Derivation

WA E(v(s,a,8) Ap)
Ay (s) ﬁ*‘r(s,aﬁ')f\w A(p(s')

(1)

Brsa AE (v(s,a,8) Ap) Aa € Ao U {7}
Ap(s) 2y Ay(s)

(2)

?detobs/cac ?on/cc

lemrgl/cac

o/cc

|
?normal/cac ?Oﬁ/CC .rg UCC

?0offlcc Irgl/cc




< 0

Test-Suite Derivation

X, Y #0 a€ Ao U {0}
(X, a)!fc?:)oa) € Xg (3) (X,0) _:so (Y,o') (4)
(X,0) — (Y, 0a) (X,0) =, pass
(X, 0) 79_)sp pass (5) a € Ao U {6} 6)

X, o) 3, fail ass —, pass
(X, © p ¢ P
fail %, fail

?emrgrgl
(:L? rgl
(O)—> fal )

lon

? | 6 6
loff ;\ emgl68—v0o o
«— O

loff

Irgl

. ,y\?emrgl .....
< @, @

ldetobs

?rgl g @

Inormal




—-rom Test-Suite to
Test-Cases

(X,0) =, (Y,o')A|o'| < n
tn(X,0) =, ta(Y,0)

(7)

(X,0) =4, YA (Y =pass V)Y = fail)
tn(X,0) =, Y

?emrgrgl
7rgl

.....

lon
loff ?emrgl 6 £

< el D
Irgl
7emrgl 6
..... Lo > fail )

> i
Idetobs

?emrgl
Inorma |




Clickl

test generation

Ay(s) ? (Xsa €)
Ay (-) A ()
Apnor () (XM e) 2 AL, (X, €)

test generation

H. Bechar and M.R. Mousavi. Inpuf—Ouput Conformance Tes’ting
Based on Feature Transition Systems, ACIM SAC-SVT 2014.




Why Bother?

A test process such that:

e The behavior of every relevant feature
1S covered, and

* testing the whole produc’r less time/effort
than testing the individual proc].uc’cs.




Spinal Test Suites

?emrgrgl

lon

é’?emrgl 8.

Irgl

(%’?emrgl 8-

Idetobs

?emrglﬁ ?rgl Q @

Inormal

O

Spines: Simple paths through test

?detobs/cac

suite leqding to new behavior




Non-Exhaustiveness

?emrgrg| o
?detobs/cac

| ‘Q—t%m_/
lon
é 7on/cc lemrgl/cac

?normal/cac

Irgl ?0off/cc

é?em,»g| o) -H 2on/ce ?detobs/cac
/y\!detObS \ Irgl/cac
emrg| ?r ?off/cc ?
..... < Q) m ’normal/cac
'normal Irgl/cc




Recovering
-Xnhaustiveness

Qr’rhogoncﬂ implemen’rahons:
old features do not turn new

features on/off at will

Theorem: Spincﬂ test suites are exhaustive

for orthogoncd implemenfa’rions

H. Beohar and M.R. Mousavi. Spinal Conformance
Testing for Software Product Lines. MBT 2014.
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Making This Work

o Defining spinql test suite generation as a

reqchabihty problem

o Implemen’rq’rion

(in a model-checking frqmework)

o Applicqtion to prqcﬁcal case-studies:

Healthcare application product line (Phoniro)
AUTOSAR standard (QuviQ)




Theoretical Challenges

o Synjrac’tic criteria for orfhogoncﬂijry

. Compqrqfive expressiveness of SPL. models

See: [M. Lochau and ]. Kamischke [SoLA'12]

° Compqring test-case sizes for a given notion

Of coverage




Perfect Bedtime Read

MODELING AND ANALYSIS OF
COMMUNICATING SYSTEMS

Jan Friso Groote and Mohammad Reza Mousavi

More effective than Diazepam (Valium),
with (probably) less side-effect,

not tested on animals (only humans)
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