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Model-Based Testing [UL07]

test model (tm) conforms?
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@ Black-box assumption for implementation under test (iut)

@ Automated derivation and application of test cases from a
behavioral specification (test model)
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Model-Based Conformance Testing [Tre99]

test model (tm) conforms?
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Test Hypothesis

observational
equivalent?

implementation model (im)

@ Test Hypothesis for test result confidence and
reproducibility [Ber91]

o Partial verification of the observable behavioral conformance [NH84]
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Testing Preorder Relations

Implementation relation — equivalent behaviors:

impl =
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Testing Preorder Relations

Implementation relation — equivalent behaviors:
impl = spec
Preorder relation — implementation conforms specification:
impl T spec
Model-based testing — test model as behavioral specification:
impl E tm
Black-box assumption — imaginary implementation model:
im C tm
Weakened implementation relation — testing equivalence:
im C¢ tm

Parameterized implementation relation — finite set of behaviors:

im EZ;C tm
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Labeled Transition Systems (LTS)

o Labeled State-Transition Graph (Proc, Act, —)

@ LTS trace semantics tr = (a1, a2,...,an) € Tr(so, Its) < Act™, iff
ai az an tr
Sp >S5 > S TS, =5 — S,

% Lochau | SPL MBT | 5



Labeled Transition Systems (LTS)

o Labeled State-Transition Graph (Proc, Act, —)

@ LTS trace semantics tr = (a1, a2,...,an) € Tr(so, Its) < Act™, iff
ai az an tr
Sp >S5 > S TS, =5 — S,

o Tr(sp, Its1) = {a, ab, ac}
S0
/
51 s
bL
s e

() S5

@ Lochau | SPL MBT | 5




Labeled Transition Systems (LTS)

o Labeled State-Transition Graph (Proc, Act, —)

@ LTS trace semantics tr = (a1, a2,...,an) € Tr(so, Its) < Act™, iff
ai az an tr
Sp >S5 > S TS, =5 — S,

o Tr(sp, Its1) = {a, ab, ac}
@ Trace Preorder as Testing Preorder Relation:

0
/[a imEt tm < Tr(sg,im) S Tr(sg, tm)
S1 S4
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Labeled Transition Systems (LTS)

o Labeled State-Transition Graph (Proc, Act, —)

@ LTS trace semantics tr = (a1, a,...,an) € Tr(so, Its) < Act™, iff
ai az an tr
Sp >S5 > S TS, =5 — S,

o Tr(sp, Its1) = {a, ab, ac}
@ Trace Preorder as Testing Preorder Relation:

0

/[a imEt tm < Tr(sg,im) S Tr(sg, tm)
S4
c

a
s1
Ib I @ Parameterized Testing Preorder Relation:
es3 @55 im=TC tm o (Tr(sp, im)n TC) < (Tr(sp, tm) " TC)

where TC < Tr(sp, im)
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Example

S0 S0 S0
a a a a a
51 S4 S1 S1 Sy
b c C b C b
S3 S5 S S3 S S3
(e) Its (f) Itsy (g) Itss

@ Itsy =71 Itsy) =71 Its3
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Example

S0 S0 S0
a a a a a
51 S4 S1 S1 Sy
b c C b C b
® S3 ® S5 52 ® S3 S ® S3
(h) ftsy (i) Itsz (j) Itss

@ Itsy =71 Itsy) =71 Its3
o But: different behaviors after composition with environment
emitting input action a.
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Decorated Trace Semantics

@ Trace equivalence is a weak equivalence

@ Stricter notions of behavioral equivalence discriminate different
decision structures within the state-transition graphs [Abr87]
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Decorated Trace Semantics

@ Trace equivalence is a weak equivalence

@ Stricter notions of behavioral equivalence discriminate different
decision structures within the state-transition graphs [Abr87]

o But: testing is limited to observable behaviors
initials(s) = {a € Act | s 2> } < Act

Example: Failures and Readies

@ A pair (tr, X) with tre Act® and X < Act is a failure of state sy if
so ~> s, for some state s, and initials(s,) N X = @.

@ A pair (tr, X) with tre Act™ and X < Act is a ready of state sy if
S0 x, s for some state s, and initials(s,) = X.
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Preorder Relation Inclusion Hierarchy [BFvG04]
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Example — Reuvisited

S0 S0 S0
a a a a a
S1 S4 S1 S1 Sy
b c C b C b
® S3 ® S5 52 ® S3 52 ® S3

(k) fts1 (D) Itsz (m) Itss

@ /ts3 has completed trace a
@ [tsy C°F Its;

@ /ts and lts; are incomparable under =g
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Model-Based SPL Testing

SPL Test Model Product Implementations
conforms?
tmsp (F) under Test

@ Reusable generic test model specification parameterized over
features F

2
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Model-Based SPL Testing

SPL Test Model conforms? Product Implementations
tmsp (F) st under Test

@ Reusable generic test model specification parameterized over
features F
@ Reuse of test cases TC' < TC of product iut for product iut’ if

/
tm EZ;C tm'
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Model-Based SPL Testing

SPL Test Model

Product Implementations
conforms?
tmsp (F)

under Test
[ i, i1
. —_>
é} Y 61102«,---,0k
T /
imy

imy X
impy

@ Extending the Test Hypothesis to SPLs under test
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Model-Based SPL Testing

SPL Test Model Product Implementations
conforms?
tmspy (F) under Test
[ i, i1
\\
&) 611 02,...,0k

\

imy

@ Extending the Test Hypothesis to SPLs under test
@ Reuse of test results TC” < TC’ of product iut for product iut’ if

. 4 .
im EZ;C im'
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Feature-Annotated LTS [CHSL11]

S0
aEQ/a (%)

51 ® S4

- -

c[-hv=fl" |b[A] iclhnf]

® 52 ® S3 155
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Feature-Annotated LTS [CHSL11]

@ LTS with transition annotations
o(s,a,s’) e B(F)

S0
aEQ/a (%)

S1 (] S4

- -

c[-hv=fl" |b[A] iclhnf]
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Feature-Annotated LTS [CHSL11]

@ LTS with transition annotations
o(s,a,s’) e B(F)

o Constraints by feature model

? <0 fme B(F)
aEﬂ/’a[fz]

S1 (] S4

- -

c[-hv=fl" |b[A] iclhnf]
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Feature-Annotated LTS [CHSL11]

@ LTS with transition annotations
o(s,a,s’) e B(F)

o Constraints by feature model

P 0 fme B(F)
"’Eg/:a (2] @ Product configuration I : F — B
A e (full, partial)
c[-hv=fl" |b[A] iclhnf]
.‘5/2 ® S3 ® S5
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Feature-Annotated LTS [CHSL11]

S0
aEQ/a (%)

) S1 :54
c[-hv=fl" |b[A] iclhnf]
0’52 ® S3 ® S5

LTS with transition annotations
o(s,a,s’) e B(F)

Constraints by feature model
fme B(F)

Product configuration I : F — B
(full, partial)

Product space
PCin={T: F > B|T = fm}
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Feature-Annotated LTS [CHSL11]

S0
aEQ/a (%)

S1 (] S4

- -

c[-hv=fl" |b[A] iclhnf]

LTS with transition annotations
o(s,a,s’) e B(F)

Constraints by feature model
fme B(F)

Product configuration I : F — B
(full, partial)

Product space
PCin={T: F > B|T = fm}
Feature model refinement

fm’ C¢, fm is product space
refinement
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Transition Modalities [LT88|

fm="f A (hvHh)
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Transition Modalities [LT88|

is fm=fiAn(hvHh)

S3 : S5

@ may-transitions — a3, S—, where
§ Hmay s M e PChp : T E0(s,a,5)
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Transition Modalities [LT88|

)
alf)” ralf]
is fm=fiAn(hvHh)
c[~hv=fl" |blf] iclhnf]
.‘5/2 S3 :S5

@ may-transitions — a3, S—, where
§ Hmay s M e PChp : T E0(s,a,5)

@ must-transitions — st S—, where
s St S = Ve PCay: T l=o0(s,a,s)

@ prohibited-transitions -» & Proc x Act x Proc, where
s s = IePChp:TEosas)
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Transition Modalities [LT88|

is fm=fiAn(hvHh)

cTh A f]
!
@ may-transitions — a3, S—, where
§ Hmay s M e PChp : T E0(s,a,5)
@ must-transitions — st S—, where
s St S = Ve PCay: T l=o0(s,a,s)
@ prohibited-transitions -» & Proc x Act x Proc, where
s s = IePChp:TEosas)

S5

@ —must & “may

°_""m_’mayzg
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F-LTS Refinement

From fm' Egp fm it follows that ltsp: ©1 Itsp
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F-LTS Refinement

From fm' Egp fm it follows that ltsp: ©1 Itsp

But: this does not hold for decorated trace semantics
@ Set of failures increases under refinement
@ Set of readies is not subset closed

= May-transitions may become failures as well as readies after
refinement
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Decorated May-Trace Semantics

o A pair (tr, X) with sy <> s and X < Act is a may-failure of state s
if for each a € Act with s 2, s it holds that a ¢ X
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Decorated May-Trace Semantics

o A pair (tr, X) with s5 =5 s and X < Act is a may-failure of state s
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Decorated May-Trace Semantics

o A pair (tr, X) with sy > s and X < Act is a may-failure of state s
if for each a € Act with s 2, s it holds that a ¢ X

@ A pair (tr, X) with sp X sand X € Actis a may-ready of state sp
if (1) for each a € Act with s 2,6t s’ it holds that a € X, and (2)
for each a € Act with s - s it holds that a ¢ X

From fm’ Epp fm it follows that /tsp/ Ste-may Itsr holds.

e But: full product configurations are incomparable under =¢e_may
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Must-Trace Semantics

e A pair (tr, X) with sp Y, s, where s; 2> must sit1, for 0 </ < n, and
X C Act is a must-failure of state sy if for each a € Act with
s 2 may S it holds that a ¢ X

e A pair (tr, X) with sp I, s, where s; 2 pmust Siy1, for 0 < i < n, and
X € Act is a must-ready of state sp if (1) for each a € Act with
s 2 st S it holds that a € X, and (2) there is no a’ € Act with

a a
d not s =
S —>may and nNot s — st
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Must-Trace Semantics

e A pair (tr, X) with sp Y, s, where s; 2> must sit1, for 0 </ < n, and
X C Act is a must-failure of state sy if for each a € Act with
s 2 may S it holds that a ¢ X

e A pair (tr, X) with sp I, s, where s; 2 must Siy1, for 0 < i < n, and
X € Act is a must-ready of state sp if (1) for each a € Act with
s 2 st S it holds that a € X, and (2) there is no a’ € Act with

a’ a’
S > may and not s =6
= From fm’ ©gp fm it follows that /tsr Tie must Itsp holds.

= From " = Jub(T,T") and TC = Trie must(so, F-Its”) it follows that
Itsr EZ;C Itsr+ holds.
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F-LTS Refinement Hierarchy

150% tm
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FM-constraint May-Trace Semantics

@ A trace 50 o, Sp is an fm-constraint may-trace if
/\1</<n o(S5i—1, a,,S,) ’: fm hOIdS

o A may-failure (tr, X) is an fm-constraint may-failure if (1) sy > s,
is an FM-constraint may-trace, and (2) A ,cx —o(sn,a,s") = fm
holds

o A may-ready (tr, X) is an fm-constraint may-ready if (1) sy ~> s, is
an FM-constraint may-trace, and (2) /\,cx o(sn, a,s’) = fm holds
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Conclusions & Future Work

@ Sample implementation for trace preorder semantics
[LSKL12, LLSG12]

o Test result reuse via test model slicing [KLB12]

Future Work
@ Variability-aware test result reuse criteria
o Feature-Unit testing
@ Testing Equivalences with 7-sensitivity — pl-ioco

@ Automated SPL test suite generation
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Thanks for Your Attention

Any Questions?
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