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Building Test Harness from
Service-based Component Models

Models
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Context: Service-based component models

Motivation: Testing at the model level

Test Harness: Used to build and run the tests

Problematic: Issues on testing component assemblies

- ModeVVa'l3

Contribution: Test harness construction assistance

JM Mottu




Context

Model Driven Engineering

[ ]
Models

We develop Service-based Component Models

Components are rich, embedding behavior and communications
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We already apply formal verification on them

- ModeVVa'l3
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Motivation

 We would like to test at the model level:

Models

* Finding bugs as soon as possible.
* Independent from the deployment platforms.
* Limit the complexity.
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* At the code level, generated code
* is dependent from the platform,
* based on and dependent from a framework.

- ModeVVa'l3

* At the code level, tests should consider too many elements.
* At the model level, bugs can already be corrected and

JM Mottu

are not disturbed by any platform consideration.




Refactoring

Motivation

e Gaspard2

Transformation

Models

transformation chain Schedunmg
Loop Transformation
- Fusion / Collapse

|eading to seve ral - Change Paving Multi-Objective

Design Space Exploration
Performance Evaluation

Building Test Harness from

platform dependent
implementations

Equational M
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Motivation

e Gaspard2
transformation chain
leading to several
platform dependent
Implementaticns

Application :

Bl

SystemC :
CodeCodeCodeCodeCode
CodeCodeCodeCodeCode
CodeCode*deCodeCode
CodeCodeCodeCodeCode
Cod eCodeCodeCode
CodeCodeCodeCodeCode

Refactoring

ansformation

Mapping

Scheduling

Loop Transformation
- Fusion / Collapse
- Change Paving

Multi-Objective
Design Space Exploration ||
Performance Evaluation

it T
1 L

Building Test Harness from
Models
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Test Harness

e Test harnesses are used

Models

* to provide test data,
* to run the test,

=
(@)
| -
G
(%]
(%)
()
C
S
©
I
o+
O
|_
o]0)
=
o
=]
an)

* to get the verdict (fail or pass).

* Additionally they are used
* toinitialize the System Under Test,
* to configure it to be in the targeted state.

JM Mottu - ModeVVa'l3




Test Harness

* Using Eclipse, a Junit test harness is partially generated.

3 £ 'Eg Ho Somal Jul | = O 1] slarmClock.java 52

Models

e
=iy
public class LlarmClock |

= =% alarmclock
= sre
=8 (default package)
m AlarmClock, java
m AlarmClockException, java
m Calendar.java
B JRE Swstem Library [JavaSE-1.6]

. & Hew JuUnit Test Case
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Test Methods

Select methads For which kest methad .
stubs should be created, E

Awailable methods:
ERO[CR &
[]@" AlarmClackiint, int, int)
@ selectRinglink)
@ addMinfint) 0
< setickivelboolean)
[]® equalsiObject)
[]® toString(
[]e s main]Skring[ ) o

3 methods selected.,

JM Mottu - ModeVVa'l3

Create final method stubs
Create kasks for generated test methods

@ oz




Test Harness

* Using Eclipse, a Junit test harness is partially generated.

B e |SEna|Jun | T O

=ik
= =% alarmclock
= sre
=8 (default package)

m AlarmClock, java
m AlarmClockException, java
m Calendar.java

B JRE Swstem Library [JavaSE-1.6]

[J] alarmclock.java 22

public class LlarmClock |
. & Hew JuUnit Test Case

Test Methods

Select methods For which test method .
stubs should be created. E
Awailable methods:
ESCLCH A
[]@" AlarmClackiint, int, int)
@ selectRinglink)
@ addMinfint)
< setickivelboolean)
[]® equalsiObject)
[]® toString(
[]e s main]Skring[ ) A

3 methods selected.,

Create final method stubs
Create kasks for generated test methods

@ oz

m AlarmiClock, java

1]

1

15

[J] AlarmClockTest.java 52

Himport static org.junit.lssert. *:[

public class LlarmClockTest |

= HEefore
public void setUp()
B

throws Exception {

= Rifter
public void tearDowni)
B

throws Exception |

= ATe=t
public final wvoid
fzil("Not wet

teat3electRing()
implemented™): //

= ATest
public final void
fzil("Not wet

testlddMin ()
implemented™ ; //

= [ Te=t
public final void
F£3il("Not wet

test3Iethotive () |
implemented™) ; /7



Test Harness

* Using Eclipse, a Junit test harness is partially generated.

1] AlarmClock.java 52 | [J] slarmcClockTest.java 53

Himport static org.junit.lhssertc.*;[]

* Then the tester

* Instantiates public class LlarmClockTest |

the ObJeCtSl Calendar thecCal:

° “nks them’ AlarmClock theblarmClock:

* runs the tests PBefore |
public void setUp () throws Exception {
W|th test data theCal = new Calendar():
’ thebdlarmZlock = new ALlarmClock(1l, 10, 30, theCal):
* gets the verdict }
from test oracles. BTest

public final void testiddMin(] throws LlarmilockException
theldlarmclock.addMin (50) ;
FssertEguals (20, theblarmClock.min):
i FssertEguals(ll, theblarmClock.hour) ;

¥

@Te=t

public final void test3etictive (] |
i Fail("MNot wet implemented™); 7/
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Problematic

composite
variables | State space

component Component

var

Models

--—--> Read access

Assembly link

service Provided service
.............. » Service call
/ - Required service

-—-—->> Write access
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* Service-based Component Models are assembled into
complex architectures

JM Mottu - ModeVVa'l3
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Problematic

composite
component ) Composite

variables | State space

Assembly link

service Provided service
J - Required service

var

* Service-based Component Models are assembled into
complex architectures

e [Gross04] identifies issues:

* Testing in a new context

* Lack of access to the internal working of a component
* [Ghosh99] identifies problem :

* Selection of subsets of components to be tested

* Creation of testing components sequences

--—--> Read access

-—-—->> Write access

.............. » Service call

Models
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Motivating Example

* Assembly of components: platoon of vehicles

Models
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/ PlatoonSystem

JM Mottu - ModeVVa'l3

V4 V- V-
goal < compute E-—-= POS igg————s
——————— o S i speed £ —— —_ ___
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leader : Simple : Simple - ‘mid: Simple llast: Simple
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Motivating Example

* Assembly of components: platoon of vehicles

Models
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PlatoonSystem

LE = '_E =
E pem S = 3 =
V-

pos - - pos —_————a pos —_————

speed L;';f:]" speed ‘;.:‘ _______ speed E;IL'E _______
E . -
first: Simple ‘mid: Simple {last: Simple
Vehicle Vehicle i Vehicle




Motivating Example

* Assembly of components: platoon of vehicles

e A service of one Component Under Test

pos

speed

—

compute
Speed

first: Simple
Vehicle

speed

P

PlatoonSystem

I'in

V-

PO5F e 2

speed £ — — — — _ _

‘mid: Simple
i Vehicle

in

V-

POS e

speed & — — — — — —

Elast: Simple
i Vehicle
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Motivating Example

* Assembly of components: platoon of vehicles

Models

e A service of one Component Under Test
e Required services to be provided

Building Test Harness from

[
5 :
¥- — ¥-
oS Bos —— '
S,D‘E'EI:F L;mf;]c Spﬁ‘sd i _______ Sﬁ:sd compute
- : = F ------ E ) F llllll " A
first: Simple imid: Simple — : {last: Simple
Vehicle i Vehicle i Vehicle
speed speed i
pos pos




Motivating Example

Assembly of components: platoon of vehicles

[ ]
Models

A service of one Component Under Test

Required services to be provided

[ ]
Building Test Harness from

Call and request the service under test

System

v LJ L) v LJ L)

= - pos pos

L!;mf;:]b Epﬁ‘@d _______ -'- S,ﬂ‘ﬂed % _______ Cﬂlll]’,‘ll] i
I |- ------ : I F ------ - .
.mid: Simple last: Simple

Vehicle Vehicle
speed
pos pilotpos




Motivating Example

Assembly of components: platoon of vehicles

[ ]
Models

A service of one Component Under Test

Required services to be provided

[ ]
Building Test Harness from

Call and request the service under test

Internal state initialisation

System

El |s
g =
- g ..........
: a pos —_—— pos
L;mf;:jg speed L= speed e compute
) |- ------ E I F llllll - .
.mid: Simple : last: Simple
Vehicle Vehicle
speed
pos pilotpos




Motivating Example

"8

intdatal
intdata2 <é
im1 - intdata]
DoublelntegerMock
intdata2

PlatoonSystem_TH1

 mid: Simple |
Vehicle

pos

vtd : Vehicle
TestDriver

~

testcasel

4

Models
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Motivating Example

"8

intdatal
intdata2 <é

im1 - intdata

DoublelntegerMock
intdata2

PlatoonSystem_TH1

~ mid: Simple |
Vehicle

pos

vtd : Vehicle
TestDriver

~

testcasel

4

~_

VERDICTS

Models
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Contribution

* Assisting the test harness building

Models

MDD approach
* Manipulating models with model transformations
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* Process in different steps
* Automatic steps
* Semi-automatic steps: the tester makes choices

* Running the tests

- ModeVVa'l3

e Specific Platform to the test
e Automatic code generation

JM Mottu
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Assisting the test harness building -
Test Intention SUT Model g
test (TI) (PIM) ;U -
v 5 S
Test Harness 2
Construction g
v (aa)]
Operational Harness + SUT
Framework (TSM)
(PDM) i

Mappings and
transformations
Y

Data sources Code

o

Test
execution
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o
>
>
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N
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Assisting the test harness building :
) Test Intention SUT Model %
* Test harness construction test (T1) (PIM) o

Test Harness
Construction

o™
o
>
>
Q
©
®)
>
>
o
®)
>
>

N
w




Test Harness
Construction

Assisting the test harness building :
) Test Intention SUT Model %
* Test harness construction test (T1) (PIM) o
* from SUT model v % g
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Test Harness
Construction

Assisting the test harness building :
) Test Intention SUT Model %
* Test harness construction test (T1) (PIM) o
* from SUT model v % g

imid: Simple ilast: Simple —-
i Vehicle i Vehicle |

o™

Ay

©

=

>

)

©

o

Test Harness Creating Process E3]=[3] =
Harness | !

>

Select Target AltS ot

- o

Check concrete Mappings ~t-C Output Variables E

Generate abe  10sCInteger, pos o Integer]) | [speed ! Integer]
T Oracle >
quit At [speed=10] -




Test Harness
Construction

Assisting the test harness building :
) Test Intention SUT Model %
* Test harness construction test (T1) (PIM) o
* from SUT model v % g

o

Ap

©

>

=

Q

©

@)

Test Harness Creating Process E

Harness | !

>

Select Target AltS ot

Check concrete Mappings ~t-C Output Variables CED
Generate abe  10sCInteger, pos o Integer]) | [speed ! Integer]

- ! Oracle =

qu A0 [speed = 0] -




Assisting the test harness building :
_ Test Intention SUT Model o
* Test harneSS construction test (TI) (PIM) :(I_:LU %
ge)
* from SUT model v 7 2
. . =
* from a test intention Test Harness a0
- KmlZB  KmlZjava KmiZlatex Generate TH Construction é
S
© Kml PlatoonTestInkention.kep o5 o
; TEST IHNTEHTION FlatconTestIntention
E “DESCRIPTION "the -<wehicle will staop
= if it i=s too close to the previous one™
Ju INPUT VARIABLES

pos: Integer;
previous pos:Integer;
wmindistance: Integer

o™
o
>
>
Q
O
®)
>
>
o
®)
>
>

OUTPUT VARIABLES
speed: Integer

DRACLE
speed=0

N
~




Assisting the test harness building

&
o
| .
(-
A
h ] Test Intention SUT Model Q
) (%)
Test harness construction test (TI) (PIM) -
L o
v 7 2
v =
|_
A Te Arne satino P . [ (eT0]
: Test Harness c
Harness . S
= : Construction i)
Test Intention =
Input Variables Output Variables o
[mindistance : Integer, previous_paos | Integer, pos : Integer] | [speed : Integer]
Oracle
[speed = 0] ﬂ
©
Variable assignment for service mid.computeSpeed ;
Parameters %
mindistance safeDistance : Integer CED
speed Result ; Integer :
-}
Component State g
unassigned lastpos : Integer assign Setter E
: e : =
unassigned wname ; String assign Setter )
unassigned vspeed : Integer assign Setter
Required Senvices 2 8
unassigned pilotpos : Integer uselnteger Mock
unassigned pilotspeed : Integer uselnteger Mock




Assisting the test harness build

* Test harness construction

=

Harness
Test Intention

Input Variables

[mindistance : Integer, previows_pas | Integer, pos : Integer]

Variable assignment for serqCe mid.computeSpeed >

Parameters

mindistance

speed

Component State

unassigned

unassigned

unassigned

Required Senvices

unassigned

unassigned

safeDistance : Integer

Result ; Integer

lastpos : Integer

wname ; String

vspeed : Integer

pilotpos : Integer

pilotspeed : Integer

Output Variables
[speed: Integer]

Oracle
[speed=10]

V-

pos
speed

assign Setter

assign Setter

assign Setter

uselnteger Mock

uselnteger Mock

imid: Simple
i Vehicle

rrevereee

speed

pos

N



Assisting the test harness build

pPos e
| speed

imid: Simple -~
i Vehicle

* Test harness construction

B Test Harness Creating Proce X Yy €K |
Harness
Test Intention
Input Variables Output Variables
[mindistance : Integer, previous_paos | Integer, pos : Integer] | [speed : Integer]
Oracle
[speed = 0] ﬂ
©
Variable assignment for service mid.computeSpeed ;
Parameters %
mindistance safeDistance : Integer CED
speed Result ; Integer :
-}
Component State g
unassigned lastpos : Integer assign Setter E
: e : =
unassigned wname ; String assign Setter )
unassigned vspeed : Integer assign Setter
Required Senvices { 30 J
unassigned pilotpos : Integer uselnteger Mock
unassigned pilotspeed : Integer uselnteger Mock




Assisting the test harness build

* Test harness construction

mid: Simple
i Vehicle

£ Te Arne B3 o Pro
Harness
Test Intention
Input Variables Output Variables
[mindistance : Integer, previous_paos | Integer, pos : Integer] | [speed : Integer]
Oracle
[speed = 0] ﬂ
©
Variable assignment for service mid.computeSpeed ;
Parameters (]
o)
mindistance safeDistance : Integer o
=
speed Result ; Integer :
-}
Component State g
unassigned lastpos : Integer assian S~ l.er E
: e : =
unassigned wname ; String assign Setter )
unassigned vspeed : Integer assign Setter
Required Senvices 3 1
unassigned pilotpos : Integer uselnteger Mock
unassigned pilotspeed : Integer uselnteger Mock




Assisting the test harness building

* Test harness construction

Harness
Test Intention

Input Variables

Parameters

unassigned

unassigned

Component State

unassigned

unassigned

unassigned

Required Services

unassigned

unassigned

[indistance : Integer, previows_pos © Integer, pos : Integer]

Variahle assignment for service mid.computeSpeed

safeDistance : Integer

Result : Integer

vspeed : Integer

ymame : String

lastpos : Integer

pilatpos ; Integer

pilotspeed : Integer

Output Variables
[speed : Integer]

Oracle
[speed=10]

assign Setter I R r s

assign Setter ?

assign Setter

[ ]driver.pos

uselnteger Mock

OK

driver.pos

driver.speed

Models
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Assisting the test harness building :

Test h tructi Test Intention SUT Model g
* Test harness construction £ o
test (T1) (PIM) &g
* from SUT model v 7 2

¢ from a test intention Test Harness Eo

e to Harness + SUT Construction !;

(e}

v
Harness + SUT

/ conf:igura:tion PlatoonSystem_TH1 \ (TSM)

vtd : Vehicle
TestDriver

compute / A compute /

pos J

intdatal
intdata2

intdatal
DoublelntegerMock +
intdata2

A

mid: Simple
Vehicle

o™
o
>
>
Q
O
®)
>
>
o
®)
>
>

w
w




Assisting the test harness building

£
n o
Running the tests -
)
* Test harness construction o
¢ from SUT model % g
* from a test intention Eo
* to Harness + SUT =
(e}
* Mappings and transformations : v
Operational Harness + SUT
Framework (TSM)
(PDM) i

N
S
>
>

)
o

o
=

Mappings and
transformations
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Assisting the test harness building

£

Running the tests :
* Test harness construction % o
* from SUT model % g

* from a test intention Eo

* to Harness + SUT E

* Mappings and transformations v N

e from operational framework HGWFI'SSS/\;\)SUT
* Libraries used to describe the Y

N
S
>
>

)
o

o
=

behavior of different model elements Mappings and
) transformations
* costo_java_framework ‘

JM Mottu
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Assisting the test harness building

Running the tests

* Test harness construction
e from SUT model
e from a test intention
* to Harness + SUT
* Mappings and transformations
e from operational framework

* Mappings

Y

Operational Harness + SUT
Framework (TSM)
(PDM) i

-

Mappings and
transformations

J

Models
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Assisting the test harness building

£
" o
Running the tests >
(]
* Test harness construction o
I
e from SUT model 3 g
* from a test intention Eo
* to Harness + SUT =
(aa)]
* Mappings and transformations v
: Harness + SUT
 from operational framework (TSM) =
* Mappings Y %
* Transformations Mappings and S
transformations 2
* generate Java code
v =
Code =
=

37




Running the tests

e Test harness construction
 from SUT model

Models

* from a test intention
* to Harness + SUT
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* Mappings and transformations
e from operational framework
* Mappings
* Transformations
* generate Java code

* Test execution Data sources Code

JM Mottu - ModeVVa'l3

Test
execution
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Running the tests

* Test harness construction

Models

 from SUT model
* from a test intention
* to Harness + SUT

=
(@)
| -
G
(%]
(%)
()
C
S
©
I
o+
O
|_
oT0}
=
e,
=]
an)

* Mappings and transformations
e from operational framework
* Mappings
* Transformations
* generate Java code

Data sources Code

* Test execution | || testdata.txt 57

JM Mottu - ModeVVa'l3

* from Data Sources 5 1grpas=30
lastpozs=15

Test
execution

safelisztance=10
vapeed=121
pilotspeed=121

w
(o}

oracledata=130 ~ Verdict
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Running the tests :
, Test Intention SUT Model o
* Test harness construction test (T1) (PIM) L o
I
* from SUT model v b ;3
|_
¢ from a test intention Test Harness o0
e to Harness + SUT Construction %
(aa)]
¢ Mappings and transformations v
: Harness + SUT
 from operational framework (TSM) =
©
* Mappings Y %
e Transformations Mappings and S
transformations 2
° generate Java code ; 5
* Test execution Data sources Code g
=

* from Data Sources |
[/ Problems | @ Javadac @ Declaration | ] Error Log | B Consale 52

o .

tO Ve rd ICt BPPLICATION _PlatoonSyskem_ThA1 [Java Application] C:\Program Filest Javaljdk: Test
mid iz initialised at currentpos: 15 speed: 121 .

. . ] execution
comwputeipeed called with safelistance: 10

Vehicle wid has lastpos: 15 and wsEpeed: 121

Vehicle wmid gets pilotpos30 ‘ ] }

Vehicle mwmid gets pilotspeedlZl i Verd|Ct

>»>TEZT<« VehicleTester::testcaselverdict is true e

40




Assisting the test harness building
Running the tests |
Test Intention SUT Model

* Most tool and its transformations test (TI) (PIM)
have been developed v

Test Harness

Models
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« Applicability dependent on the SUT Construction

Model A
erariona

* Modeling the behavior in the model. Ffamework HGNFFSSSA;\)SUT o

(PDM) i =

°

Mappings and ks

_ transformations 2

* Developments are dedicated to ; 5

Kmelia Data sources Code §

* Could be ported to rCOS, SOFA1 =

o

Test
execution

I
(MY

,,,,,,,,,,,,,,,,,,,



Running the tests

@—P getppos2

ppos = lIpilotpos
display("Vehicle " + yname + " gets pilotpos" + ppos)

getpspeedi

= llpilotspeed

* |In Kmelia, behavior is
modelized with
automata

Models
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distance|.= ppos - lastpos

[distance > safeDistance
and vspeed <= pspeed

JM Mottu - ModeVVa'l3

[new

and ne speed >= 0]
SENDRESULT(hewspeed

@
o
A

11
3
2
)
-
D
D
O
S
N

[newspeed > maxSpeed]
SENDRESULT(maxSpeed)

[newspes
SENDRE

f < O]
ULT(0)




Conclusion

* We describe a method to integrate testing early in an MDD
process

Models

* by designing test artefacts as models
* We assist the tester in building component test harnesses
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* We are developing a prototype with Kmelia

* Alanguage with behavioral description at the model level can
support the approach.

- ModeVVa'l3

* We plan
* to finish the developments and

JM Mottu

* to experiment the approach

* We are interested in considering techniques to build and
qualify tests at the model level

S
w

* e.g. Mutation Analysis
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