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Testing Domain-Specific Modelling Languages (DSML)

o Currently: Manual testing during iterative and incremental DSML
development

 Problems:
 Test applications in synch in metamodel?
e Testcoverage
« How DSML testing can be systematized and automated?
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Model-Based Testing (MBT)

« MBT is a black box testing Implementing MBT
technique
e Phases: Requirements
1. Modelling
2. Test generation Modelling
3. Test execution
 MBT is decreasing test suite Implementing
maintenance efforts and Test case
improves coverage.
{3
Application
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Application Testing

e Tests and the implementation o e
are generated from the same
model
Application
» Code generator and metamodel model Model

(from the utilized parts) are

Model

under testing
« Comprehensive test suite is

automatically generated and Test executor

Test
generator

Test suite

Code

always in synch with

implementation « restng
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Modelling Language Testing

« One application can be

DSM MBT
considered as one test case.
Multiple test cases are required! @ M"
 Metamodel describes rules of o
pplication
the language { generator
. . App\'\ca;‘:“
* We argue that applications can s Application
be generated from metamodel 3
“  agw es
d9f|n|t|0ns Code genSiy generator

Code

Application
(SUT)

Test suite
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Test executor
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Test Suite Generation in Practice

 DSM tool requirements

» Allows exporting the
metamodel and importing
the application models

« MetaEdit+ fulfils the
requirements

 MBT tool requirements

« Supports model importing
and exporting the test
cases

» Conformiqg Qtronic fulfils
the requirements

Metaedit+

Conformiq Qtronic

Metamodel

Met2QML

Code
generator

QWL

Metamodel

Application
generator

Application
model

Test generator

Application

Testing

Test suite
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Test executor
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Case Lego: Generating Application
Application model

2 Behaviourodet: iylogic, 16, tkakuu 2008, 3730 mETX])

G Gt Yeu s Eomat tob
Ba ybhR v 4@ D [ x| ecar
JZ=Do ||~
| Generated code
o> w53 ) OF
” ompiling
B Generator Output: MyLogic: BehaviourModel BEX]
Ll 18 Bricx Command Center =Jokd
e As/shB File Edit Search View Comple Tools Window Help
" ote | #include "robo_framework nxc” A —— = | =
! sn%(’ Sl B8 PGl | Bd B 00 | @e
Property_|Vab 15em #define D3_5267 1 Bk B | doBub Jg Fr] T, e
e evetodd #define 1D3_73712 ! — 2 2 < =d
uores |F oo 1l 5
e #define D3 51773 B Forctiors ¥ Generoitu.nxc
#define 1D3_43854 B Fask
#define 1D3_ 53115 ». a PES su ID3_5311 5
#define ID3_4362 6 TopaCuIes. ID3 4382 &
#define ID3_67517
=c
task MyLogic() task MyLogic() =i
% 1
< 2 2 - s e tat:
e boramben o Gitnen  Bsw Do 0] m% 6 int state = ID3_4382//Startng state int state = 1D3_4382; //Starting state ‘
intun =1 nternnie L
|
‘while(run) while (run)
) \
switch(state) switch(state) |
case ID3_5257 //Beep state case ID3_5257: //Beep state
beep(300, 440, 7). beep (300, 440, 7): =
untilfgetNoise) < 40); until (gethoise() < 40);
. . . untilgetTouch() 1= 1) until (gecTouch() != 1);
while(1){ while (1)
pplication =xecution . -
break; -
}
if (getTouch () = 1){
state = ID3_4385;
break;
}
}
break;
case ID3_7371: //End state
am )
96: 18 usBo NXT Insert
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Application Model

%2 BehaviourModel: MyLogic, 16. lokakuu 2008, 9:30 M=
Graph Edit View Types Format Help
S| ¥ MR|wv o || @D 0| x| wan
oD OR J IO ||~ —|
Al &
|
90° -“—E—r.
A
10 [
iZ457 HeadDirection
L-Right
™ Note “|
! g 60% (
Property | Value 15cm :
Graph type | BehaviourModel
Mame | MyLogic
AutoTest | F
Debug F
|
0—f @
300ms
| e
< ¥ || | 3
Active: None ” Subgraph(s): None I Grid: 10@10 Snap [ ] Show ii = | 120% vi &
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Generated Code

=] Generator Output: MyLogic: BehaviourModel
File Edit View Help

Ba DB

#include "robo_framework. nxc"; s

#define 1D3_525T 1
#define 1D3_73712
#define 1D3_517T 3
#define 1D3_43854
#define ID3_5311 4

6

7

#define |D3_4382
#define ID3_G751

task Myl ogic()

{
int state = 1D3_4382.//Starting state
int run = 1;

while{run)

{

switch{state)
{
case ID3_5257: //Beep state

beep(300, 440, 7)

untiligetMoise() < 40};

untiligetTouch() I= 1);

while{14

iffgetMoise() = 40} v
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Compiling

'@ Bricx Command Center E]
File Edit Search Wiew Compile Tools Window Help
e sl | Eebwn [P - WO | Guel

| B LB | BRI PO BN
E| :

231 Functions @Generoitunxc [;]

@0 Tasks #define 1ID3 5311 5 [
8 Procedures fdefine 1ID3 4382 & |
gdefine 1ID3 6751 7

task MyLogic()
{
int state = ID3_4382;//Starting state
int run = 1;
while (run}
{
switch (state)
{
case ID3_5257: //Beep state
beep (300, 440, 7):
until {getNoise () < 40);
until {getTouch() '= 1);
while (1) {
if (getNoise() > 40){
state = ID3_7371;
break;
i
if (getTouch{) = 1){
state = ID3_4385;
break;
}

i
break;

case ID3_7371: //End state

Fn i [nel
[ER [2]
96: 18 USBO NiT Insert
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Application Execution

12
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Case Lego: Generating Tests

Application model Model into QML format

2 BehaviourModel: MyLogic, 16. lokakuu 2008, 9:30 E‘@

Goh gat Yo Do Eomattcb
Ba ybhR v &l e D [ x| ecar
AP OR | IFD0 ||~

o

ierame
2547 Clprogan e Conformia Softwreonko
714, C:rogan FeConform sooarconfo

o 233

ot v

o<

= .
ET A 5
e = Subgraph(sy tone TN T O
Test cases
] Conformiq Qtronic Generated Test Plan - Microsoft Internet Explorer [BMEX) T e St g e n e rat I O n
Be Edt Vew Favorits Toos Hep a .
Test Cases 1 Z\e‘ vodel ;;rwp-cnnxya‘\;ﬂ Help . st =g
e - Q ©
Test Case Number 1 [MSC] Models

Lookahead Depth

Test Case Number 2 [MSC — e
Test Case Number 3 [MSC] @ A

Seript Generation Plugis.

Scripter: Him-script-generator

Test Case Number 4 [MSC
Test Case Number 5 [MSC
Test Case Number 6 [MSC

Maxmum Delay

Test Case Number 7 [MSC] § o
Test Case Number 8 [MSC] 3 o
Q@ ethonoos?
Qtronic Configuration [show] T st Opons § feonss
. @ Covered 27 (70) out of 27 (70) checpoins.
Coverage Information [show] —— i

@ Requirements

Requirement Traceability Matrix [hide] Quscs

and 76 test seps
4

nihe
@ Generatod HTML ndx pag o 'C:\rogrom Fle onformi Softwarelonforma Qo

2 scrpte al m 5
Requirements # #2 # #4 ‘ #5 |#6 #7 #8 ovo002
Close | 1x X |x
Close2 X X ‘ X X
Runback X | | |x X
< 3
& restease 20 3 My Conputer
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Application Model

%2 BehaviourModel: MyLogic, 16. lokakuu 2008, 9:30 M=
Graph Edit View Types Format Help
S| ¥ MR|wv o || @D 0| x| wan
oD OR J IO ||~ —|
Al &
|
90° -“—E—r.
A
10 [
iZ457 HeadDirection
L-Right
™ Note “|
! g 60% (
Property | Value 15cm :
Graph type | BehaviourModel
Mame | MyLogic
AutoTest | F
Debug F
|
0—f @
300ms
| e
< ¥ || | 3
Active: None ” Subgraph(s): None I Grid: 10@10 Snap [ ] Show ii = | 120% vi &
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Transform the Model into QML Format

W Generated Files 0 |=)| 3¢
Output  Edit
Directory File Type Status Size Filename
c:\Program Files\Conformiq 5o MyLogicStates X written 2347 C:\Program Files\Conformiq Software\Confo
c:\Program Files\Conformig 5S¢ MyLogicSystemBlodk .cga unchanged 714 | C:'Program Files\Conformig SoftwareiConfo
c:\Program Files\Conformig Sc| MyLogicMain .cga unchanged 73 | C:'\Program Files\Conformiq Software\Confo
c:\Program Files\Conformig So MyLogicStates .cga unchanged 711 | C:'Program Files\Conformig Software\Confo
c:\Program Files\Conformig Se| MyLogic .gml unchanged 77 | C:\Program Files\Conformiq SoftwareiConfo
|
1]

| E Generator Output: C:\Program Files\Conformiq Sofhvare\ﬁonformiq Qtronic\DSML\Mindstorm\Simppeli\My... g@ P
Select|| File Edit View Help

;-_Eﬁlesgeneg @ éé I:h ﬁ

”|<'.?me version="1.0" encoding="UTF-8" standalone="no" 7=

=n1:Project xmins:n1="http://www_conformig.com/EMF/SimpleStatechart” xmiversion="2.0"
xminszxmi="http:/fiwww_omg.org/ XM xmins:xsi="http:/fwww.w3.orgl2001/XMLSchema-instance”>
<statemachine name="MylLogicStates"=
<transitions body="/setThreadMame(&quot;MyLogic&quot:).;">
<from xmizidref="Init"/>
<to xmi:idref="3_4382"/=
<ftransitions=>
<transitions body="Environment:Touch[}/HeadDirection3_5177().">
<from xmizidref="3_4385"/>
<to xmizidref="3_5177"f>
<ftransitions= b
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Test Generation

= C:\Program Files\Conformiq Software\Conformiq Qtronic\DSML\Mi m\Sil li\Sek li.gtr - Con... g@
File Model Script Generation Help

Configuration & x| @ @

@ Script Generation

Models
Lookahead Depth

System Model:  Sekameteli.gml

' Use Case Model: (not set)
I ,' Seript Generation Plugins
|
" Scripter: html-script-generator

Maximum Delay

g sec

'state: SekameteliStates-final-6
'transition: SekameteliStates-Stop3_4559->SekameteliStates-Run3_4

: ( : 'transition: SekameteliStates-Stop3_4559->SekameteliStates-final-6-:

G- “w ~3 'transition: SekameteliStates-StartingState->SekameteliStates-Run3_

iy I\ \\:3' 'transition: SekameteliStates-Run3_4385->SekameteliStates-HeadDir+
sy ww® 'state: SekameteliStates-Stop3_4559

'transition: SekameteliStates-HeadDirection3_5177->5SekameteliState:
'transition: SekameteliStates-HeadDirection3_5177->SekameteliState
'state: SekameteliStates-Run3_4385

'transition: SekameteliStates-Run3_4385->SekameteliStates-Stop3_4
'state: SekameteliStates-Beep3_5257

'transition: SekameteliStates-Beep3_5257->SekameteliStates-Run3_4
'transition: SekameteliStates-Beep3_5257- >SekameteliStates-final-6- |
'state: SekameteliStates-HeadDirection3_5177
100% coverage reached, stop. =
Covered 17 out of 17 checkpoints.

Storing 5 test cases and 13 old assets.

Checkpoint coverage 100%.

Generated 5 test cases and 34 test steps

Test script generation finished.

Generated HTML index page to 'C:\Program Files\Conformiq Softwa

Test Suite Options
[ Only Finalized Runs

*+ QML Model Coverage

@ Requirements

@ Use Case Guidance

T PO000RERERLLEREEREEEC

A

Seripter Configuration

00:00:02

16



VTT TECHNICAL RESEARCH CENTRE OF FINLAND

Test Execution

@ Conformiq Qtronic Generated Test Plan - Microsoft Internet Explorer E]@
File Edit View Favorites Tools Help .','

Test Cases

Test Case Number 1 [MSC]
Test Case Number 2 [MSC]
Test Case Number 3 [MSC]
Test Case Number 4 [MSC]
Test Case Number 5 [MSC]
Test Case Number 6 [MSC]
Test Case Number 7 [MSC]
Test Case Number 8 [MSC]

Qtronic Configuration [show]
Coverage Information [show]

Requirement Traceability Matrix [hide]

Requirements #1 #2 #3 #4 #5 #6 #7 #8
Close X X X
Close2 X X X X
Run back X X X
el
3 EA
E] Test case #8 _J My Computer B
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Case Lego: One Generated Test Case

Test Case Number 2

The requirements covered in this test case

#1 |Close
_eft- Time diff, event number Show data] [Hide data
Zenter: Message take-over
ight: Expected data
Tester T MyLogic T
Environment : 100% 3
[+0.05g] Sond Sound [hide] Y —— Snm§ ) » 90 .0_3_’@)
#1/#9[0.0s] ; A
up
Run [hide]
speed 100
[+0.05¢g] ——
direction | Forward
Robot ;
Run distance | 30
#2 1#10 [0.05]
(005 Distance [hide] ®= Start
+UUs Environment ' ol
Distance £m 45 - 60%( y ~® End
#3/#11[0.08] »  isem N & Run
Turn [hide] @ Stop
degrees |90 & Turn
[+0.0¢g] direction | Right . J Beep
Robot fpe.e dM ;00 = L Wait
urningMove | Forwar . .
Tum g 4 527 HeadDirection
44/ #12 [0.0s] — [ fote
[+00¢ Eniien Sound [nide] ——f +—0— ?
#51#13 [0.05] 300ms
O I O
B ok

[summary] Test cases: [#1] [#2] [#3] [#4] [#5] [#6] [#7] [#8]
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Future Research

More applications model tests

Metamodel testing and make a demo of that

|dentifying the most potential domains, and possible restrictions.
Identifying effects in quality, processes...

19
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Questions?
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