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Qualitat sichert Erfolg

Modellbasiertes Testdesign in der Praxis

200 Testfalle in 20 Minuten



sepp

Qualitat sichert Erfolg

Uberblick

Motivation
Erstellung eines Testmodells
Erzeugung von Testfallen

Zusammenfassung
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Eine einfache Rechenaufgabe

Wenn man zur Erstellung von 100 Testfalle 10 Tage
braucht wie viele Tage braucht man dann fur 1000
Testfalle?

oder

Wie korreliert der Aufwand im Testdesign mit der Anzahl
der Testfalle?

linear
weniger
mehr




Big Picture: Modell — Testfall - Testumgebung sepp.mecd
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T

Manuell autom
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Wo steckt der Aufwand im Test

= Testkonzept - 6%
® Testdesign - 94 %
® Durchfuhrung - 38%
= Auswertung - 2%
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Big Picture: Modell — Testfall - Testumgebung sepp

Qualitat sichert Erfolg

Test-Design Testauswahl Automatisierung Test-Execution

Manuell automatisch auto
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Modellzentrierter Test

Autwan

TestSpec.
Testmodell =
N ! = Generator
A I E / TesCI'ipt-
= | =) a MBTsuite — [
THE TESTING FRAMEWORK

e \ TestData.

- automatisch
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MBT — was werden wir damit erreichen ?

Anforderungen richtig verstehen

Das SUT in seinem Gesamtzusammenhang beschreiben
Testfallen systematisch erzeugen

Schneller auf Anderungen reagieren

Bessere Testspezifikationen erstellen

Effektiver arbeiten
Die Komplexitat besser beherrschen



Sep p Qualitat sichert Erfolg
Testmodellierung am Beispiel Parkbremse
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Sepp
Testmodellierung am Beispiel Parkbremse

Qualitat sichert Erfolg

Anforderungen
Apply Parking Brake — Vehicle not in motion
Release Parking Brake — Vehicle not in motion
System test of all indication LEDs
Automatic brake release upon detection of intended vehicle motion
Application of brake whilst vehicle is in motion; <3s
Application of brake whilst vehicle is in motion; >3s
Detection of a hardware failure in cable loom
Transfer of system into “safe state”
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Testmodell der Parkbremse

actMBBreak /

Activitylnitial

= ]\
v

wWPe
: : e ly Parking Brake — Vehicl

"Brake Applied” LED lit; "Brake D’( Ay P P—
- - not In motion

Warning" LED unlit
| {from Requirements) -

V

ReleaseBreak

oo

Apply Parking Brake ~ Vehicle
not in motion

"Brake Applied” LED lit; "Brake
Warning" LED unlit

(from Requirements)

ReleaseBreak
oo

«VP»
“Brake Applied” LED unlit; "Brake
Warning" LED uniit

Ignition Off
oo

ActivityFinal

—— > Release Parking Brake —
Vehicle not in motion

(from Requirements)




Testmodell der Parkbremse

m MBTassist Parkbremse

Test Element |

=10l x|

-

— Basic Details
Name Script

Press switch in direction "Apply Brake"
Role

(¥ Teststep  Precondition ( None
Cwp " Posteondition

Description Depress the "Apply Brake" button.

~ Test Step Details

| Expected Result Code

"Brake State" LED should turm on print{'Apply Brake")
within 1 second. nh.pressapplyBrake()

Deactivats | Apply

Cancel |

sepp

actMBBreak /

Activitylnitial

Ignition On
oo

ApplyBreak
oo

‘Applied" LED Iit; "Brake
Warning" LED unlit

ReleaseBreak

«VP»
"Brake Applied” LED unlit; "Brake [~ ~ =~ I
Warning" LED unlit

Ignition Off

-]

ActivityFinal

Apply Parking Brake ~ Vehicle
not in motion

(from Requirements)

Release Parking Brake —

Vehicle not in motion

(from Requirements)
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Generierte Testspezifikation

Test Case
Description
Requirements

Precondition(s)
Postcondition(s)

MBBreak

System test of all indication LEDs

Display of previous brake state

Apply Parking Brake — Vehicle not in motion
Release Parking Brake — Wehicle not in motion

sepp

Qualitat sichert Erfolg

Step | Type Step Hame | Step Description | Expected Result Requirements
1 Test Step Turn Ignition Cn Switch ignition to "ON" "Brake Applied” and "Brake Warning" LEDs light
for ~1 second.
2 Verfication Point "Brake Applied” LED lit; VP: Check "Brake State” and "Brake Warning” Both LEDs should be lit (< 1 second) System test of all indication LEDs

"Brake Warning” LED lit LEDs

3 Test Step Wait 2 seconds Wait 2 seconds "Brake State” LED should return to previous state
(lit if brake is applied, unlit is brake is released).
"Brake Warning" LED should be off.
4 Verification Point "Brake Warning" LED retains VVP: Check "Brake State” LED state. "Brake State” LED should return to previous state
old status {lit if brake is applied, unlit is brake is released).
5 Verification Point "Brake Applied” LED retains VP: Check "Brake Warning" LED state. "Brake Warning” LED unlit. Display of previous brake state
old status
6  Test Step Press switch in direction Depress the "Apply Brake" button. "Brake State” LED should turn on within 1 second.
"Apply Brake"
T Verification Point "Brake Applied” LED lit; WP: Check the state of the "Brake State” and  "Brake Applied” LED should be lit; "Brake Apply Parking Brake — Vehicle not in
"Brake Warning” LED unlit  "Brake Warning" LEDs. Warning" LED should be unlit. motion
8  Test Step Press switch in direction Depress the "Release Brake" button. "Brake State” LED should tum off.
"Release Brake"
9  Verification Point "Brake Applied” LED unlit;  VP: Check the state of the "Brake State” and  "Brake Applied” LED should be unlit; "Brake Release Parking Brake — Vehicle not
"Brake Warning” LED unlit  "Brake Warning” LEDs. Warning” LED should be unlit. in mation
10 Test Step Turn Ignition OfFf Turn ignition switch to "OFF" position "Brake Applied” and "Brake Warning” LEDs turn
off, brake remains in current position
11 Verification Point "Brake Applied” LED unlit;  V/P: Check the state of the "Brake State” and  Both Brake State and Brake Warning LEDs should

"Brake Warning" LED unlit ~ "Brake Warning” LEDs.

be off. Brake should retain its current position.




sepp

Qualitat sichert Erfolg

Generiertes Testskript

ﬁbid MBBreak (void)
{

/* Switch ignition to "ON" */

print('Ignition On")

nh.turnIgnitionoOn ()

/* Expected Result: "Brake Applied" and "Brake Warning" LEDs ligl

/* VP: Check "Brake State" and "Brake Warning" LEDs */
print{('VP: Brake Applied ON - Brake Warning ON')
if nh.verifyBrakeLightOn () == False:
results[key] .append(ts.TestStatus(ts.TestStatus.STATUS FAIL,
nh.testHasFailed()
testStatus = "FATL"

if nh.verifyWarningLightOn() == False:
results[key] .append(ts.TestStatus(ts.TestStatus.STATUS FAIL,
nh.testHasFailed()
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Was haben wir erreicht?

act MBBreak /
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void MBBreak(void)

ApplyBreak
oo

i Ton s — 918 g VTA
oo

i

«P»
“Brake Applied” LED lit; "Brake

— —— > || Apply Parking Brake - vehicie
not in motion

Warning" LED unlit
(from Requirements) {
S e /* Switch ignition to "ON" */
ReleaseBreak print (' Tgr on')
| nh.turnIgnitionon ()

eease ease £ . u /* Expected Result: "Brake Applied” and "Brake Warning" LEDs lig}

aere—
S /* VP: Check "Brake State" and "Brake Warning" LEDs */

. print('VP: Brake ied 0 ce Warn )
if nh.verifyBrakeLightOn() == False:

«VP»
“Brake Applied” LED unlit; "
Warning" LED uniit

results[key] .append (ts.TestStatus (ts.TestStatus.STATUS_FAIL,
nh.testHasFailed ()
testStatus = "FAIL

Release Parking Brake -
Vehicle not in motion

(from Requirements)

—_——— >I

if nh.verifyWarningLightOn () False:
results[key].append (ts.TestStatus (ts.TestStatus.STATUS_FAIL,

nh.testHasFailed()

Ignition Off

ActivityFinal
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Parkbremse bei bewegtem Fahrzeug

Anforderungen
Apply Parking Brake — Vehicle not in motion
Release Parking Brake — Vehicle not in motion
System test of all indication LEDs
Automatic brake release upon detection of intended vehicle motion
Application of brake whilst vehicle is in motion; <3s
Application of brake whilst vehicle is in motion; >3s
Detection of a hardware failure in cable loom
Transfer of system into “safe state”
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Fahrzeug in Bewegung

actMeBreak
ActivityInitial

Activitylnitial
Ignition On
oo

ApplyBreak
oo

V

--...__(_ ApplyBreak
== oo

[ exit_testing == False]

«VPy»
“Brake Applied" LED lit; "Brake
‘Warning" LED unlit

Vehicle In Motion
Tests

[ exit_testing == False]

Vehicle In Motionw/ ( «VP»

Tests O-Cy““- “Brake Applied" LED lit; "Brake
Warning" LED unlit

——— > || Apply Parking Brake - Vehicie
not in motion

(from Requirements)

ReleaseBreak

«VPy»

“Brake Applied" LED unlt; "Brake
Warning" LED unlit

Ignition Off
oo

ActivityFinal

— ——— > || Release Parking Brake -
Vehicle not in motion

(from Requirements)

[ _exit_testing == True]

Ignition Off
oo

ActivityFinal
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Subdiagramm Fahrzeug in Bewegung

actVehicle In Motion TestsNoCable )

«TestStep» WPy

«TestStep» «TestStepn

Vehicle Starts
Moving

NOTE: Brake Applied LED is
OFF

“Brake Applied"” LED uniit;
“Brake Warning" LED unlit

@) ActivityFinal

Vehicle Comes To Standstill

«TestStep» Application of brake whilst

vehicle is in motion; >3s

Application of brake whilst
vehicleisinmotion; <3 b —————

«TestStep»

«TestStepn

Press switch direction "Apply
Brake"

Wait 1 Second

Wait4 Seconds.

(from Requirements)

(from Requirements)

«TestStep»

«TestStep»
Release switch from direction
"Apply Brake"

NOTE: Brake Applied LED is ON

Actiyiital

WPy «WP»

“Brake Applied” LED unli
Warning" LED unlit

"Brake Applied" LED lit; "Brake
Warning" LED unlit

«TestStepn

Vehice In otion
Vehicle Comes To Standstill

"Brake Appi :
Warring" LED unit

(from Requicements)

«TestStepn

Release switch from direction
"Apply Brake"

—_— D‘ Release Parking Brake —

from Requicements)

«WP»

1 it testing ==True]

"Brake Applied” LED lt; "Brake
Warning" LED unlit

AcityFinal
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tart moving Stop moving

act Vehicle In Motion TestsNd

«VP»

«TestStep»

«TestStep»

o ActivityFinal

«TestStep»

"Brake Applied" LED unlit;
“Brake Warning" LED unlit

NOTE: Brake Applied LED i
rake Applie is Vehicle Comes To Standstill

OFF

Vehicle Starts
Moving

Application of brake whilst
vehicle is in motion; >3s

«TestStep»

«TestStep»

Application of brake whilst «TestStep»

vehicle is in motion; <3s

Wait 4 Seconds

Press switch direction "Apply
Brake"

Wait 1 Second

(from Requirements)

(from Requirements)

Wait 1 sec.

«TestStep»

Wait 4 sec.

«TestStep»

Release switch from direction
"Apply Brake"

Apply
Break

«VP»

"Brake Applied" LED unlit; "Brake
Warning" LED unlit

Warning" LED unlit

Release Break T
EmergencyStop

«TestStep»

Release switch from direction
“Apply Brake"

«VP»

"Brake Applied" LED lit; "Brake
Warning" LED unlit
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Parkbremse bei Fehler im Kabelbaum

Anforderungen
Apply Parking Brake — Vehicle not in motion
Release Parking Brake — Vehicle not in motion
System test of all indication LEDs
Automatic brake release upon detection of intended vehicle motion
Application of brake whilst vehicle is in motion; <3s
Application of brake whilst vehicle is in motion; >3s
Detection of a hardware failure in cable loom
Transfer of system into “safe state”
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Erweiterung Kabelbruch

WPy

Testtep TestSep oW Testtepn TestStepy dTestStepy TestStepy
Vehie tarts NOTE:Brake Apled EDIs “Brake Apled” ED i 0) iciityfrcl Vehide Starts NOTE: Brake Applied LED s "Brake Applied” LED unlit; N . @) ActwityFinal
Woig L oFF J L Brake Warrig? unmJ Wik e Moving o "Brake Warning” LED unlit Vehiceons e BRaR
TestStepy
Testten Aopcationof brakeist - T Applcation of brake whist
ﬂ‘:ﬁﬁﬂkf:ﬂ 77777 TesSteps " Testtepr Ve’ nmotion; >3 ‘P:ff"’" Ci :;ﬂkf:;"'“ _ Teststepy Press switch directon "Apply <t — | || vehicieisinmotion; >3
icesnmoton; iy Pressichdrecton"opy il vehile s in motion; <35 e oot e
Brake”
(fom equiement (from Requirements)
(from Requiements| (from Requirements)
esteps Vesteps TestStepy TestSteps
Release switchfrom directon Release switch from direction
"Apply Brake" NOTE: Brake Applied LED s ON "Apply Brake" NOTE: Brake Applied LED is ON
\/
W . why Failure in cable loom WP
“Brake Appled” LED ol Brke . Brake Applied” LED unif; “Brake. o0 "Brake Applied” LED it; "Brake
Warring” LED it SMlaal "
= ‘Warning" LED unlit

ATestteps TestStepy
Vehice Comes ToStandsil Vehicle Comes To Standstill
ATestteps TestStepy
Releasesichfrom drection Release switch from direction
“Apoy Brake” "Apply Brake"
WPy

“h

"Brake Applied” LED lit; "Brake
‘Warning" LED unlit

“Brake Apled” LEDI;"Brake.
Wartig” LEDunk
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act Vehicle In Motion TestsNoCable /

act Failure in cable loom

«TestStep» «TestStep»

Vebhicle Starts
Moving

Activitylnitial

.—

NOTE: Brake Applied LED is
OFF

Application of brake whilst
vehicleisinmotion; <3s | ————

«TestStep» «TestStep» «TestStep»

«TestStep»

(from Requirements)
(TestStep» SIG1 Short To Vec S1G2 Short To Ve Cable Break In Vcc Cable Break In SIG2

Release switch from direction
"Apply Brake"

~

~

«VP»

rake Brake Light Retains State;
Brake Error Light On

Failure in cable loom _A

Transfer of system into
“safe state”

C}_{:} (from Requirements)

NOTE: Brake Warning LED is ON
ActivityFinal
-

«TestStep»




EPB - Testmodell in Ruhe mit Kabelbruch
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act MBBreak_02 /

ActivityInitial

Ignition On

exit_testing == False]

Vebhicle In Motion
Tests

[ exit_testing == True]

«VP»
"Brake Applied” LED lit; "Brake
Warning" LED unlit

ReleaseBreak

«VP»
“Brake Applied” LED unlit; "Brake
Warning" LED unlit

Ignition Off

ActivityFinal

Apply Parking Brak
not in motion

(from Requirement:

— — —— > || retease Parking Brake -
Vehicle not in motion

(from Requirements)

act MBBreak_04 /

TestsNoCal

Vehicle In Motion

ActivityInitial

Ignition On

_exit_testing == False ApplyBreak

«VPy»

Failure in cable loom
[ele)

“Brake Applied” LED lit; "Brake
Warning" LED unlit

ReleaseBreak

«VP»

"Brake Applied" LED unlit; "Brake
Warning" LED unlit -—

_exit_testing == True

Release Parking Brake —
Vehicle not in motion

(from Requirements)

Ignition Off
oo

ActivityFinal




EPB - Testmodell komplett

act MBBreal L

Activitylnitial

_exit_testing == False

ApplyBreak

Apply Parking Brake — Vehicle
not in motion

_- (from Requirements)

Vehicle In Motion
TestsNoCabfe 2,

«VP»
"Brake Applied" LED lit; "Brake
Warning" LED unlit

ReleaseBreak

«VP»

"Brake Applied" LED unlit; "Brake
‘Warning" LED unlit -

Failure in cable loom

sepp

actFallre in catle loom )
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Activiylnital

Fﬁ Fﬂ cresstepn

Brake Error LightOn

(from Requirements)

Tesistepn

ake Warning LED s ON

ActviyFinal

Release Parking Brake —
Vebhicle not in motion

exit_testing == True
—exit_testing Ignition OFf

(from Requirements)

5

ActivityFinal
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Nachster Schritt: Testfalle erzeugen

Wie viele Testfalle enthalt das Modell?

Welche Testabdeckung wollen wir erreichen?
100% Abdeckung
Kantenabdeckung
Anforderungsabdeckung
Pfadabdeckung

EPB - Testmodell komplett

T
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Generierungstrategien und -filter

Strategien Filter

Guided Path Node Coverage
Shortest Path Edge Coverage
Random Requirement Coverage
Usage Coverage Weigth Filter
Full Path Dynamic Tag Filter

Strategien arbeiten Filter arbeiten auf

auf dem Model dem Generat einer

Strategie



Testmanagementinformationen

Prioritaten

Risikoeinstufung (ASIL, SIL etc.)
Gewichte

Kosten

Dauer

Benutzerdefinierte Attribute

Beliebige Kombinationen von Attributen unter
Verwendung von logischen Ausdrucken

sepp

Qualitat sichert Erfolg
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Life-Demo Testfallgenerierung
e MBTsuite e x
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Nachster Schritt: Testfalle erzeugen

Wie viele Testfalle enthalt das Modell? - 1012
Welche Testabdeckung wollen wir erreichen?

Kantenabdeckung - 2
Anforderungsabdeckung - 2 oder 663

PfadabdeCkung B 1 01 2 EPB - Testmodell komplett -
zufallsfgesteuert - 200 T =
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Zusammenfassung
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Wo steckt der Aufwand im Test

Testkonzept - 6%
Testdesign - 54% Reduzierung ~25%
Durchfuhrung - 38%
Auswertung - 2%

Zusatzliche Reduzierung des Pflegeaufwands der TC:
~80% vor allem im Bereich Testautomatisierung



Big Picture: Modell — Testfall - Testumgebung sepp.mecd
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Manuell aut
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Vielen Dank

Dr. Martin Beilder
Tel.: +49 9195 931-202
eMail: martin.beisser@seppmed.de




