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Clock based system principle

e Aninput comes from reading a sensor every tick.
Usually from a few times to a few hundred times per second.

e The information is computed.
e An output is generated.

e C(Close to the implementation
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Clock based models

e logic system
e Binary sensor (on/off)
e Easier to verify
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e Continuous system

Clock based models e Complex sensor (temperature,

gyroscope...)
e Control law with differential

equations
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Testing clock based models
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285 1 0
e Generate a value for each tick 286 1 0
e Represents a massive amount of information 287 1 0
e The underlying logic is not easily readable 288 1 1
e Example of rail signaling system 289 1 1
e The door closes after 10 seconds 290 1 1
e |f asample 10 times per second this will generate 291 1 1
100 times the same information 255 . .

e The same for the expected output to be verified
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Event driven systems

e Based on messages
e Telecommunication systems
e High abstraction level
Globally Asynchronous
Locally Synchronous
e C(Close to the high level
requirements
e Parallel processing
e Generates complexity
e \ery hard to verify
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Testing of event
driven systems

Based on messages
Stays readable

Sequence of events more
important than absolute timing

Interleaving of messages and
various parameter values create a
large number of possible scenarios

testcase simple ()
{
port.send (ml)
alt
{
[lport.receive (m2)
{
setverdict (pass) ;
}
[]port.receive (m4)
{
setverdict (fail) ;

}
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Impossible to test all possible "c"‘s
scenarios

Test SUT
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Event based testing applied to clock based system

e The logical value triggers an event

e Example
Ssync 0000OO0OO0OOO0OOO0OOI1I11 111111111

Async = - - - - - - - - - - - - On- - - - - - = = = = =
e |tis only a matter of indicating when the event occurs
e With event driven approach only the sequence of events matter
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Event based testing applied
to clock based system

e The continuous value
eventually triggers an event

An event is generated when a
threshold is reached.

The threshold might have a
margin for triggering the event.
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High level requirements

e |s often event based

e Model based

e Conformance testing is close to the requirements

e Conformance testing is most suited with an event based approach

e Links to the clock based implementation
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Cyber physical systems

e Combines event driven and clock
based approach

e Even driven testing can be used on
both parts

e Event based requirements
e Event based testing is most suited

Sensors Communications
(real world) (other systems)
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FMI

e Functional Mock-up Interface (FMI)

e Connects Functional Mock-up Units (FMU)

e I|nitially made to connect clock based models
e The clock is part of the interface

e With the same testing principles, it can be a link between event driven and
clock based approach
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4 Generation options ;'g??
mResume .,
e e ncst
m Use FMIZ i :gzzg{'ﬁ“ﬂl
Time unit | ms m:;t;f
Step size: (100
Log level: |INFO cEnv
e  Cruise control example FAAU Kind: | Model-Exctng
FAMU file: |Cru\seContr I_Cr\wseContml_FMUZU‘fmu H Browse...
e Speed and throttle are FU porametes \
. Name Variability Type Start value i
phy5|ca I mea S u res _period_ ined Real 0.100000 [mCruisespeed,
nThrottleCnd,
mCruiseState]
e  Start or stop are logical I
events S
i mSet, !
1 mQuickAccel,
2 Vs s \ mQuickDecel,
e Increase or decrease [ - | miceet
MName Causality Type Start value SDL message Trigger i 1
Speed are eve nts Accel input Real 0.000000 mAccel
Brake input Real 0.000000 mBrake
CruiseSpeed sutput Real mCruiseSpeed
CruiseState output Inteder mCruiseState cGui
Off input Boolkan Q mOff
On input Boolkan 1] mQn
QuickAccel input Boolkan 0 mQuickAccel e
[mCruisebisplay,
\ nThrottletmd,
mCruiseState0ff,
- \ j mCruiseStateOn,
ju nCruiseStatestdby,
+ - Rename... mCruiseStateInt,
¢ mSpeedDisplay]

=
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e Requirements covered by test

cases

i
i PragmaDev Studio - Text files

=|Elg

File Edit Search Preferences Windows Help =

3 TTCN_TestsAndControl.tten3

=
E PragmaDev Studio - Requirements table "MyReq.csv™

P

Regld

Table Windows Help

RegDescription

Cover

Test

CC_HLR_CCBOL

When the driver starts the car, the CC shall be off. The output CruiseState
should be set te OFF

[TTCN TestsandControl T_HLR_cca o] /

CC_HLR_CCB 02

The CC shall be set on when the driver push the on button,

CC_HLR_CCB 03

The CC shall automatically go off when the off button is pressed.

TTCN_TestsAndContrel TC_HLR_CCB_03

CC_HLR_CCE 04

Tf the car speed is in the speed limit and the accelerator pedal is not pressed,
the CC shall be on and regulate the car speed. The cutput CruiseState shall
be set to OM.

| TTCN_TestsandControl. TC_HLR_CCB_04|

CC_HLR_CCE 05

The CC system shall be automatically disabled when the accelerator pedal is
pressed, or the car speed is outside the speed limit. The output CruiseState
shall be set to STDBY.

| TTCN_TestsAndContral. TC_HLR_CCB_05|

CC_HLR_CCB 06

The system shall return to the ON state when both the accelerator pedal is
not pressed, and the car speed is inside the speed limit. The last et cruise
speed shall be re-used.

|TTCN_TestsAndControl. TC_HLR_CCB_06|

CC_HLR_CCE_07

The CC shall be immediately interrupted when the brake is pressed. The
output CruiseState shall be set to INT.

| TTCN_TestsAndControl. TC_HLR_CCB_07

CC_HLR_CCE 08

The system shall resume either to the ON or STDBY states, depending on
the Accelerator pedal and the Speed value when the resume button is
pressed. The last set cruise speed shall be re-used.

| TTCN_TestsandControl. TC_HLR_CCB_07|

CC_HLR_CDC 01

When the CC is off, the car speed shall be driven using the accelerator pedal

| TTCN_TestsandControl. TC_HLR_CCB_08|

CC_HLR_CDC 02

When the CC is on, the car speed shall be automatically regulated.

CC_HLR_CDC 03

The regulation shall be done using a propartional and integral algorithm,
with Kp and Ki factors.

CC_HLR_CDC_04

The regulatien algorithm shall be protected against the overshoot of its

m

F 0o (’)'\ K
\

testcase TC_HLR CCB_81() runs on runsOn_CruiseControl system CruiseControl
activate(RTDS fail()}:
map{selficeui, system:cGui);
alt
{
[1cGui.receive({tCruiseState0ff)
setverdict (pass):
h
[1cGui.receive
repeat;
L

¥
¥

-

estease TC_HLR CCB 82() runs on runson_CruiseControl system CruiseControl

activate(RTDS_fail()}:
map{self:c6ui, system:cGuil;
timer tSetTest:

var boolean testFinished i= falses

m

tSetTest.start(1000):
alt

[lcGui.receive(tCruiseState0ff)
{

// Get to a speed abowve 3@ to start the CC
cGui.send(tAccelon)
alt

[1cGui.receive(tSpeedAbove3d)
{

// Activate the CC

cGui.send(ton0ff)

// The CC will start when the accelerator is set to @
cGui.send(tAccele) =
alt

[1cGui.receive(tCruiseStateOn)

setverdict (pass};
testFinished i= true;

3
[leGui.receive
{

repeat;
b

¥
[1cGui.receive
{
repeat;
i
+
ki
[lcGui.receive

if { not testFinished }

t:
integral part: the integral action shall be reset when the CC is going on, and 3
frozen when the throttle output is saturated, ) i
CC_HLR_CDC 05 The throttle command shall be saturated at ThrottleSatMax when 84 ¥ o
automatically regulating, in order to limit the car acceleration for the - < »
1 m b | G:\Usersh gaudin' dev\ Test\FmuTesting\ TTCN_TestsAn | line 93 Jcal 7 3016 bytes
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6th Diagram  Edit Search View Export Windows Help
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TC_HLR_CCB_02

Example

e  Graphical view of the test cases

& PragmaDev Studio - MSC Diagrams [=[E s Lol
Diagram Edit Search View Erport Windows Help
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Trace View Windows Help Debugger Options  Windows Help =
- B ILIDF O B w4 E e PR
|| <New1s | | | ame Pid |Sig |SDL state Time: 0
TTCN TestsndCon 1 |1 |RTDS Start I Timerinfo ~ W Watchvariables  Values m
e Owner  |Name Time left
E pCruiseControl 2 1 RTDS_Start -1 &fmi2Timer |0 g
SDL system queue
Pid |Receiver Signz! vV Local variables Values i
1 TTCN_TestsAndCo | RTDS_startMessage il
ntrol
2 |pCruiseControl  |RTDS_startMessage
PragmaDev Studio shell M
=Internal communication socket opened on port 49158
=Free run off. . .
=Timers will be fired autematically.
>Unexpected messages will generate a warning.
=[INFO] [FMILIB] XML specifies FMI standard version 2.0
=[INFO][FMILIE] Loading 'win32‘ binary with ‘default' platform types
=startMscTrace
=
« v
[Debugger state: STOPPED |Active thread:
Execute TTCN testcases (=[=] = |
Modules: i
Testcase Verdict Date Hour
CN_ sAndContrgiis
TC_HLR_CCB 01
TC_HLR_CCB_02 none —-fnfen
TC_HLR_CCB_03 none —fef-
Tracing 1 r -
] n 4 »
[] Reset system before each testcase execution
!

m . M e | —e 1| == Nl — 1
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Conclusion

e Even driven testing is best suited
e Readable
e Closer to the requirements

e Can test any type of system (sync, async, and CPS)
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