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13
- N Ousescance. Confarrnance Testirg Conformance Testing
Input: ._._u[|.|L.. Suspersion Trace ntensionsly Extensionalty
Labalad Transtion Systems imp s spec i -
p?bu pm torsach sin stracesfspac): ;
g afler 5] oullsper ol
bt y \r. ﬁc:;f A :I!Itw-er"v :jsax:lujl‘:‘:ul':iegnalms
el N _» £ o
being quiescent futput): & e o [}
ohserving quiescent (input): i ¢ *

straces: {7,z Tht, ikl Wi ] outfirap after i) « [\cf&] hnoum.pe( afier Mot [}



Product Lines



Cyber-Physical Systems:
System Dynamics

Computation
(Behavior)

yber-Physica
Systems

Interaction Control
(Asynchrony) (Dynamics)




Cyber-Physical Systems:
System Dynamics

Computation
(Behavior)

yber-Physica
Systems

Interaction Control
(Asynchrony) (Dynamics)




X A

Ongoing Research,
Open Issues

N




l, rcy_pos_req! /‘“"\.I
\ |
}_sgd_pns_resp? S /
f snd_cnre_reqz/
\ J/

Test Case

rcv_pos_req?

M
snd_pos_resp! |snd_core_req!

rcv_core_req? time_out?
13
- N Ousescance. Confarrnance Testirg Conformance Testing
Input: ._._u[|.|L.. Suspersion Trace ntensionsly Extensionalty
Labalad Transtion Systems imp s spec i -
p?bu pm torsach sin stracesfspac): ;
g afler 5] oullsper ol
bt y \r. ﬁc:;f A :I!Itw-er"v :jsax:lujl‘:‘:ul':iegnalms
el N _» £ o
being quiescent futput): & e o [}
ohserving quiescent (input): i ¢ *

straces: {7,z Tht, ikl Wi ] outfirap after i) « [\cf&] hnoum.pe( afier Mot [}



Input-Output
Labeled Transition Systems

?bt

Icf T




Quiescence,
Suspension Trace

AR

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

straces: {¢,5; 7bt, ?btlcfs; 2bt5)




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




Product Lines



Structural Modeling:
Features

Machine = &
Coin Ringtone Beverage _ =
- r com—
1e id, _____ Cappuccino Coffee Tea =
e d | p C i

[Schobbens, Heymans, and Trigaux, RE'06]




Behavioral Models for SPLs

« Various extensions of L.TSs:

Modal- and Featured Transitions Systems

o Feature(d) Petri Nets
- PL-CCS

e Delta-Oriented FSMs




Modal Transition Systems

11e,1d
3 1d
no sugar
no sugar
‘0 cappuccing-
:te "\ tappuccino
\\ pour ’F "
‘., sugar ,’ v
o= ©
pour su T coffee
pour sugar T
pour sugar (10

take cup

) 17)<
- skip \lgbbur coffee

[Larsen and Thomsen. LICS'98]




Featured Transition
Systems

Machine
m

1e,1d \’

Coin Ringtone Beverage

0] r

_\ T O/ b
e Ca;;puccinn |C0
no sugar (€] [d] P Cc ]

cappuccin Transitions | Features

ca uccmo cgffee 1e
tea \0 " 51— 52 e

sugar s _’_‘L 5
@ % coffee
pour su 5 s

pour sugar

tea
§2 — 8¢

coffee

~ 0 O

k.

pour

< pour Transitions Features
mi

t cappuccino
ca § ———— 57 p

ring a tone
S)g —— 513 p=r

remaining transitions | m

ing atone)~~  pour coffee
skip

[Classen et al, ICSE 2010]




Product Line
Labeled Transition Systems

51 =1e.so ® 1d.s5; §7 =pour sugar.ss
s, =sugar.s3 + no sugar.s sg =pour coffee.s;
53 =coffee.ss + (tea.sg + cappuccino.s;) So =pour tea.s»

s4 =coffee.sy + (tea.sy + cappuccino.sg) s1o =pour coffee.s,

S5 =pour sugar.s S12 =ring tone.s3 + sKip.si3
S¢ =pour sugar.sy s13 =take cup.s; .
(P) = P& Nil.

(]:ED x {L’ R’ ?}I’ A, I" _))

—C (PX{L,R, D)X (AX (L, R, ) x (Px {L, R, ?}')

[Gruler, Leucker, and Scheidemann., FMOODS'08]




—Xressiveness

» SPL Formalism M= (M, D). [1: M — 2P

+ Given M=(M.TH M =M,[])
an encoding is £ : Ml — M’ |
such that [[]]=E°|[]]’

MTSs — PL-LTSs — FTSs.

|Beohar, Varshosaz, MRM, SCP'15]




Counterexamples

¥ 1 v
(P,?7) p q
a, L b,R
RN a| b
(Nil, L) (Nil, R) P’ q
P
a, f, b, f, c, fe




Featured Input-Output
Transition Systems

(S) Sy AT: F& T: A) ,Wl’lel’e:
« S,s,Ar have the same intuition as in IOLTS,

« Flis a set of propositions (features),
e TTCSxA xB(F) xS

«AC{\:F > B}

-/\D ?detobs/cac
CC

lemrgl/cac

?normal/cac




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




Clickl

test generation

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

test generation

[Beohar and MRM. SVT'4]




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:
interacting with old features

does not influence new features behavior

Theorem: Spincﬂ test suites are exhaustive

for orthogoncd implemenfa’rions

[Beohar and MRM. MBT'14]




Work in Progress

'Jsing differential program verification

to establish orfhogoncﬂify

[Logozzo, Lahiri, Fahndrich, and Blackshear. PLDI'14]




Cyber-Physical Systems:
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Our Encounter with
Asynchrony

POS - <—= (Core Banking
EFT
ATM [+ Switch
(IUT) «— >
E-Payment <—
Inter-bank Netw.
prs? O
prq! O
rrq!

[ Asadi, Khosravi, MRM, Noroozi. FSEN'1]




Test-Case Generation

State sPa°
exp\OS‘ton —
- ioco
test case
CI]]]]&(T\IIEDJD generation
@ refund! T v
® Test
execution

[ Tretmans andVerhaard. PSTV'99]




INnternal Choice IO(L)TS

[OLTS"": Inputs are only enabled when

no output action is Weqkly enabled

IOTS'!. Input—enqbled IOLTS'

| Weiglhofer and Wotawa COMPSACO9]




Testing Power

x!
a’
O
x!
O
S
x!
T
[ 4
a? a?
Y
a7 a?7C™o
f(} 8 x!
Y
a? a? a?c:O
13

[NoroozL, Khosravi, MRM, Willemse. SoSym'15]




Test-Case Generation

State sPa°
exp\OS“On —_—
- ioco
test case
CI]]]]&(T\IIEDJD generation
@ refund! T v
@ Test
execution




Test Case Generation

Chaﬂenge: selecfing test cases that

lead to sound verdicts in queue context

[nternal choice test cases: observe

quiescence before feeding input

Theorem:

for a non—divergenf spec s, internal choice 1imp. 1,

for each internal choice test case t of s,

i passes 1 if and only it Q(i) passes 1

[Noroozi, Khosravi, MRM, Willemse. SoSym'lS]




Test-Case Generation

State sPa°
exp\OS‘ton —
- ioco
test case
CI]]]]&(T\IIEDJD generation
@ refund! T v
® Test
execution




Testable Implementation

Delay righf—closed implemen’[ahons:
if txla? in straces(i) then ta?x! in straces(i)

Theorem:

If implementation i is delay right-closed,
then iioco s if and only it Q(i) ioco s

If for all test cases t, i passes t itt Q(i) passes t
then i is delqy righf—closed.

[Noroozi, Khosravi, MRM, Willemse. SoSym'15]




Cyber-Physical Systems:
System Dynamics

Computation
(Behavior)

yber-Physica
Systems

Interaction Control
(Asynchrony) (Dynamics)




Semantics Models

« Hybrid Labeled Transition System:
» LTS with continuous trajectory labels

« Metric Transition Systems:
e LTS with observation functions on states

and metrics on states and transition

» Timed State Sequences:
» Mappings of initial conditions and

discretized inputs to

discretized outputs




Models and Conformance

Hybrid Input-Output Conformance

Hybrid Labeled Transition Systems ' ;

Metric Transition Systems Hybrid-Timed State Sequence Systems

Approximate Simulation (7,€)-Conformance

[Khakpour and MRM. CONCUR'15]
[Mohageqi, MRIM, and Taha AVoCS14]




Our Wish List

A pre-congruence for a hybrid model with:
e Partial and non-deterministic specificahons,

° Explici’[ input and output discrete actions and
continuous signals,

. Sqmpling of continuous input and output,

CJ_I]C].

« A notion of proximity for comparing

sampled outputs.




Too

Input mode Output mode
- Select model file - Plot input-output data
- Select implementation file Mat'ab GU' - Plot conformance data
- Process control - Show conformance result
i i i : A
A 4 ) Y h 4 \ 4 \ 4
| INPUT \ . OUTPUT '
[ - iImplementation [ACUMEN] ———— Test{a?e » Test-cabse » Conform?nu ————p - (Test) input-output data |
' - Model [MATLAB] - generation execution analysis \.- Conformance result / data /
Load Start : Load :
Implementation ACUMEN i Madel output and |
|

|

|

|
sim, parameters | socket interface Implementation output |
—_

—_ — =

MatlabR2013b = | ————"———— S N (UL A ——— 1_ -—==

| | | |
' % 2 o al Execute Execute

Main script | Tetgeeraton | | implementation | | Contormance snahsis |
i algorithm | | [JAVACLIENT] | | s |
‘____1____-. I____l____.l ‘____1____-.
| | | | | |
| save | | save | | Save |
| Test case sequence | | Test output data | lc::nfarmance result and |
i (Model) | i (Implementation) | i conformance data |




T0OO0

About License y
E XV '5&:'@]
HALMSTAD Model-Based Testing Tool for Hybrid Systems I U / e
PLE LOAD - Conformance variables (~ CONTROL
19-Apr-2015 19:39:42 [MATLAB] PLOT-in - Variable _ .
‘ Select Matlab file l 19-Apr-2015 19:33:10 [MATLAH] PLOT-Eout |:| _ : s s
19-Apr-2015 19:38:57 [MATLAB] PLOT:fin Ein v
) 19-Apr-2015 19:38:42 [MATLAB] PLOTEout Tau
[ Select Acumen file ‘ 19-Apr-2015 19:38:37 [MATLAB] PLOT:Pin value Test execution [ACUMEN]
18-Apr-2015 19:37:46 [MATLAB] PLOTEout =
i 19-Apr-2015 19:37:44 [MATLAB] PLOT in Epsilon
l RESET ‘ 19-Apr-2015 19:37:28 [MATLAB] PLOT Eout - value. . Conformance analysis
10 Arme N1E 102725 TMATI AR DI AT-Fin
< | n b
Eout
—PLOT 45 T T T T T T T 1 )
Select variable: ! : ! : ' 5 | = Model [Matlab]
—_ - 40--44----- Possessnnes LRt T RRRhh s mmmmmmsesspennnnneeees RRREEEEEEED i Implementation [Acumen]
Select output: ;
Model and implementa... *
— Conformance RESULT E
m
>
Select plot: 15 H- -t B T S Ly LT EETPEPES R R b e e -
| E : i s | . e |
T R froeeeneeecd foeeeearees i Sttt B e S -
— TOOLING MODE 5 ----------é-----------..-----------15 ------------ e .--I--_----ﬂ ------------ ----------- —
Mode 1 : Matlab mode... - i E E E E i E i i
0 | 1 | | ] | | | |
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01
Time

| Aerts, MRM, and Reniers. ICTAC15]




50

150

140

130

Value

0.001

0.002

0.003

0.004 0.005
Time

0.006 0.007 0.008 0.009 0.01

Model [Matlab]
Implementation [Acumen]
® ((T J.(tau.epsilon))-closeness)
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Theoretical Challenges

» Compositionality and

decomposi’rional testing

see, e.g., |Benes et al. CBSE'15]
| Noroozi et al. MBT"13]

» Logical characterizations
« Zeno behavior (quiescence, Qgﬂity)
» Robustness

° COV@IO_gQ




Practical Challenges

o Configuration selection
e Feature interaction
. Sampling

e Real-time synchroniza’rion

between tester and implemen’rahon

g Rigorous models and simulations




Other Ongoing Projects

» MBTA4SPL: Delta-Oriented Testing
see [[CFEM '15]

« AUTO-CAAS: Dictgnosis of AUTOSAR-
based software

see [ WASA'5]

« EFFEMBAC: Combining Model-Based- and
Concolic Tes’ring




Collaborators

Narges Khakpour

Neda Noroozi

. Harsh Beohar | |
Wojciech Mostowski Tim Willemse

A

MOLhSCl VCtl’ShOSCiZ

3
-

Morteza Mohageqi Walid Tdho_

Ramtin Khosravi

X N g s
' Sebastian Kunze Masoumeh Taromirad

Michel Reniers Arend Aerts




Thank Youl

mM.r.Mousavi@hnh.se
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