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Model-Based Testing (MBT)

1. Modeling 2. Generation 3. Concretization 4. Analysis

Interface

Specification Test cases

Test
Bench

Simulation
Mode
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VETESS project

» VETESS: verification of vehicle embedded system by
automatic test generation from specifications.

» Project labeled by the French competitiveness cluster
“automotive of future” (2008/2010).

» Project members:
* Smartesting: editor of tooled MBT solution (Test Designer).
* Clemessy: testing bench provider (Test In View).
* PSA Peugeot Citroén: car manufacturer.
* LIFC: Model-Based Testing expertise (MBT).
* MIPS: Model Driven Engineering expertise (MDE).

February 2nd 2011 VoTEss
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UML4MBT plug’ |

‘Q‘ Topcased Modeling - - Eclipse Platform
File Edit Mavigate Search Project  Scripts  SmartQWT  Run  Smartesting  Window Help

=)

£

B i Q- Qi - i oElcneckmodel t 5 | @ Toprased vo...
£ Topcased Mavigatar 23 = O || wk Fronty B export to =8
=
- o G | iFrontwine B scenario manager anualéutoMode, umldi _
2= —— . [} Sl ) TG RITL_G -~
L= FrontwiperManualautoMode B sirnulstor
= (& Models L GMa abe.. Lroh i RONT_WIFER_SH_EL_ i FONT_WIFEF_TW_EY_DRINERLON
= +-@| FrontWiperManualAutoMade, urnl Note rizsiveFranstiperSuf arisian(IN_yalus-FRONT_WIFER_SW_|
es ks FrontwiperManualautoMode. umldi
- B mnitislconfigt .smartsuite (= Ohijscts @ LobreliEe o aiuaFrontilipar Suf ariianlIH_walus-FRONT_WIPER_ SW_EY_DRNER:HONEL
B rnitislconfigz smartsuite (1) Region

1H_saluo-F FONT_WIPER_SW_EY_DRIER-HIGH ar IN_u. FIT_WIPEF_S%_BA_DRIW

[E scenarios.xml

roceiveFrantWiper SuF

&0 State
(e Composite Stake
(= Pseudostates roceiveFrantWiper SuP arition(IH_value-F ROHT_WFER_SW_BY_DRIVER:INTI

rocoinoF antiliporSuParitianlIi_ualJo-FRONT_WIPER_SW_EN_DRINERANT,

(= Connections @

(@ External Transition
-TRONT_WIPER_SW_E%_DRIVER:MONELY

roceiveFrantWiperSuParitianlli_val

% Local Transition
rezviveFraneWiperSuF arisianliN_valus-FRONT_WIFER_SW_EV_DRIVER: i
[~ Commant <
B Effect - Run_and_increase_speed 52 B mitialconfigr 52
—-—BREQ:HIGH_LOW_MODE_MNGT, AUTOMATIC FU_SPEED_REDUCE ~ o T . .
) = z e = Test suite "InitialConfigl' overview
———BAIM:WIPERS SPEED AUTOMATIC DECRELSE d
if (self.frontWiperSw=FRONT WIPER_SW_BY_DRIVER::LOW) then e e e ——
———BAIM:LOW CHANGES TO STOP, SEND FW_STOF_CMD
self.sentCmds. frontUipingRequest = 0 Initial model instance: FrontwipstManualAutoMode:: FrontwipstManualautoh E]
cl=e Functional test perimeter: -VEHICLEZ
——-BAIM:HIGH_CHANGES_TO LOW, SEND_FW_LOW_CHD
self.sentCmds.frontUipingRequest = 6 » Test naming
endif il
< > Overview | Test perimeter
B simulator 52 = O || Bl smatesting Consale 53 ¥ — 0O
Test stites Simulated sequence Deseription Location
=l = FrontwiperManualiutontc Madel instance ||| i 20.10.10 18:29 - Checking model FrontWiperManualautohode. .
Les InitizlConfigl Default modsd Instance =@ FrontWiper i Double click for requirsments statistics
Lgs InitislConfigz Tnitialized model instance =4 FrontwiperConfigl 0,10,10 18129 - Model chedknd Finished successtily,
S IGNITION_ON::STOR
Frontiiper: :FrontWiperConfigl.re < FrontWiperSw = NONE
¥ < ignikion =
FrontiWiper: :FrontWiperConfial.re 2 e S~ < >
N
=]
Requirements: INT_MODE_MNGT I Scenario manager &2 g
Airms: TNT_RING_SET_WITH_IGNITION_OF || Scenarios
< > < EY Narme SCenario
=l = FrontWiperManualautaMode
=-Lef InitialkConfigl Requirements
< > 5 scenario Frontwiper: :FrontwiperConfigl internalintMode\Wait Timer Expirat
Console {84 tnitislconfigz FrontWiper: :FrontWiperConfig .receivelgnition(true)
FrontiWiper: :FrontWWiperConfig .receiveVehicleRunning(true)
Description Location
E] E < >
< > Console
s B

February 2nd 2011 VoTEss



UML4AMBT plug’ in: UML4MBT

» Class Diagram:
* Static view of the system.

* Classes, associations, enumerations, class
attributes and operations.

» Object Diagram:
* Concrete objects used to compute test cases.
* Define the initial state of the system.
* Must be an instantiation of the class Diagram.
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UML4AMBT plug’ in: UML4MBT

» Dynamic view:

* One Statemachine Diagram (annotated with
OCL constraint).

parallel states
historic states
fork and join states

* OCL expressions to precise behaviors of
operations and transitions.

» Several restrictions on OCL.
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UML4MBT plug’ in: OCL editor

» OCL editor:

* Syntactic coloring.

* Auto-completion:

— Transitions guards and effects.
— Operations preconditions and postconditions.
— States onEntry and onExit.

E Effect - Run_and_increase_speed &4

-——-HREQ:HIGH LOW MODE MWGT, AUTOMATIC FW _SPEED REDUCE 4'\

-——HBALTIM:WIFPERZ SPEED AUTOMATIC DECEEASE

if (self.fronctWiper3w=FRONT WIFER 3W EY DRIVER::LOW) then
-——BALTM:LCW CHAMNGEZ TO ZTOP, ZEND FW STCOP CHD
gself.zentCmwds. frontWipingRequest a

else
--—BAIM:HIGH CHANGES TO LOW, SEND FW LOW CHD
gelf.zentCmds. frontWipingFequest ]

endif
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UML4AMBT plug’ in: verification part 1

» Syntactic verification:
* UML model satisfies UML4MBT restrictions.

* Checking syntactic errors:
— Same name for an association and a class.

— Muiltiplicities violations (object diagram).

— OCL errors...
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UML4AMBT plug’ in: verification part 2

» Functional validation:
 Simulation of the model.

* Checking the correctness of modeled
behaviors.

Esimulator bt =0
Test suites Simulated sequence
= = FrontWiperManualdutoMode Model instance ~
Lt InitialConfigl Default model instance =-{& EEPROMCanfiguration
Left InitialConfig2 Initialized model instance =% Configl
@ sensor = true
FrontWiper: :FrantWiperConfigl . receivelgnition{true) @ switchHiLaInt = true
2 @ vehide =1
FrontWiper: :FrontWiperConfigl . receiveFrontWwiper SwitchPosition{LOW) + "3 Frw = FrontWiperConfigl
= =3 FrontWwiper
FrontWiper: :FrontWiperConfigl . receiveFrontwiper SwitchPosition{HIGH) S 1) FronkwiperConfigl
. S IGNITION_OM: :HIGH_LoW _MODE: :HIGH_LOW _AND_STOP
FrontWiper: :FrontWiperConfigl receivevehiceRunningtrue) < frontWwiperSw = HIGH
2 < ignition = krue
< intRingPosition = 1
@ rainZensorFaiure = False
@ standardIntTime = &
@ standardIntTimeDecreaseSent = false =
A un_an

Requirements: MANUAL_MODE_MNGT, HIGH_LOW_MODE_MMGT
aims: OYERRIDE_HIGH_LOW _WITH_HIGH_LCW, ENTER_HIGH_LOW _MODE_WHILE
< > < >
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UML4AMBT plug’ in: scenario manager

» Scenario manager:
* Creating and checking of scenarios.
* Sequences of operation calls.
* New test cases.

E Scenario manager &4
SCenarios
= 1= FrontwiperManualdutoMode
=-Lgt InitialConfigl

Marne sSCEnario

Requirements | InkModedt120

scenariol Fronktiiper i FrontWiperConfigZ  receivelgnition]true)

=-Left InitiahConfigz Front\Wiper::FrontWiperZonfig2, receivevehicleRunningltrue)
scenatio? Fronkwiper: :FrontWiperConfig2 receivetehicleSpeed(120)
Fronkiiper i FrontWiperConfigZz  receiveFrontWiperSwikchPosition(TMT)

[2] (=]
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UML4AMBT plug’ in: test suites

» Test suites

* Splitting test targets.

B tritialConfigt £2

Test suite 'TnitialConfigl® overview

General information

Initial model instance:

Functional best perimeter:  -WEHICLEZ

Overview | Test perimeter

B3 tritialconfigz &2

FrontwipertanualdutoMode: : FrontwiperianualautoMode :: InitialConfigl

Functional test perimeter definition and information

Deefirition:

Model element

% FrontWiper:
% Frontiper:
% FrontWiper:
% FrontWiper::receivelntRingPositionByDriver()
% FrontWiper::
% Frontiper::
% FrontWiper::
% FrontWiper::
% FrontWiper:
% FrontWiper:
% Frontiper:
% FrontWiper:

rinternallntModetait TimerExpir. ..
rreceiveFrontiwiperswitchPositio. .
sreceivelgnition{)

receivelntRingPositionByDriver()
receivelntRingPositionBwDriver()

rreceivelntRingPositionByDriver()
sreceivelntRingPositionByDriver()
sreceivelntRingPositionByDriver()
rreceivelntRingPositionByDriver()
rreceivelntRingPositionByDriver()
sreceivelntRingPositionByDriver()

Owerview | Test perimeter
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UMLAMBT plug’ in: export

» Export:

() EX po rti n g m Od e I . Mavigator . % Topcased Mavigatar =h= =

= IDT- FrantWiperManualdutoMode -~

to a metamodel
based file.
(.umi4mbt)

+-[== . settings

= Models

= praoject

|=| descriptions.xml
FrontwWiperManualdutoiMode, kdrmodel

#| Front\iperfanualAukoMaode, uml
FrantyWiperManualbokoMaode, uml4mbk

i FrontWiperManualautoMode  urldi

E InitiahCorfigl. smarksuite

E InitiahZonfig2, smartsuite

|=| scenarios,=ml "

Bl smartesting Consale &2 ¥ — O

Description

i 05.01.11 16:37 - Exparting model FrontWiperManualdotoMade, |

1 Double click For requirerents statistics

i 05.01.11 16:37 - Madel checking finished successfully,

i 05.01.11 16:37 - 2 scenarios exported

i 05.01.11 16:37 - Maodel 'FrontWiperManualautoMode' exparted to D\ TheseiModelisal
< >
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SYysML4AMBT plug’ in: SysML4MB'T

» Block Definition Diagram (BDD):

* Static view of the system and its environment.

* Blocks, associations, compositions, enumerations,
blocks attributes and operations, ports and signals.

» Internal Block Diagram (IBD):
* Interconnection between blocks.
* Represents electrical or mechanical communications.
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SYysML4AMBT plug’ in: SysML4MB'T

» Dynamic view:
* One or more Statemachine Diagrams
(annotated with OCL constraints).
7 parallel states
#'- historic states
—fork and join states

* OCL expressions to precise behaviors of
operations and transitions.

* Triggers: signal reception.
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SYysML4AMBT plug’ in: SysML4MB'T

» OCL:
* Same restrictions than in UML4MBT.
* Addition of OCL * operator (signal sending).

» Requirements Diagram:
* Represents system requirements.

* Links requirements with model elements that
satisfy them.
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SysML4AMBT plug’ in

» Adapted from UML4AMBT plug’ in:
* OCL editor.
* Syntactic verification.
* Definition of test suites.

» New dedicated export:

* Exporting the model to a SysML4MBT file.

* Transforming the SysML4MBT file to a
UML4AMBT file. wsL+10;

[LBL+10] J. Lasalle, F. Bouquet, B. Legeard and F. Peureux. SysML to UML model transformation for test generation
purpose. In Proceedings of the 3rd ICFEM International workshop on UML and Formal Methods (UML&FM’10),
Shanghai, China, November 2010, ACM Press.
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Experimentations

» Wiper:
— Specification of the front wiper system of a car.

— The modeled functionalities are slow speed drying up, high
speed drying up, intermittently speed drying up and cleaning
with drying up.

* 133 behaviors covered with 115 tests.
* Tests executed with simulation mode.
» Steering:
— Representation of the steering column of a car.
— Reaction of the steering column in regard of road.

* 154 behaviors covered with 154 tests.
* Tests executed on physical test bench.
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Demonstration

» Video:

* English version:
http://lifc.univ-fcomte.fr/vetess/video en/

* French version:
http://lifc.univ-fcomte.fr/vetess/video_fr/
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http://lifc.univ-fcomte.fr/vetess/vetessvideo_en/
http://lifc.univ-fcomte.fr/vetess/vetessvideo_en/
http://lifc.univ-fcomte.fr/vetess/video_fr/

The End

Any questions?

http://lifc.univ-fcomte.fr/vetess/
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