a I’g oSsim. Debug Your Requirements

SYSTEM VALIDATION

RIL: Requirements in the Loop

An End-to-End Requirement-based
System Engineering and Validation Process
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nctions, architecture... but:

Complex, no simulation
* Ignore the requirements

Language formalization: in-house
methods/tools, “boiler plates”

=  Avoid natural language ambiguities/
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Requirements definition: Natural language Formal verification: proof tools, MBSA
= Reference for safety-critical standards =  Expertise required & scalability issues

Requirements management: Doors, Reqify... Language verification: ontological tools
= Versioning & traceability features S  Very heavy to deploy



Today’s Industry Practice

W5 W%

Use Cases Requirements

c:rgomm.

L
oY

A.
&

« All transformations are manual
e 70% of the errors introduced in SW projects are introduced during the
specification phase, only 4% are detected in that phase



RIL: Requirements In the
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Use Cases Requirements

Landing
Gear

Digital Part
and GUI

Analog Electro- Pressure
Switch Valve Sensor




headLight shall be 'OFF

Use Cases Requirements

switch is stable during 3 [second]

goes up and down respectively to 75 % and 55 %

When lightintensity > 60 % and headlight was 'OFF ,




Value Propositic
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Requirements:
= All functional Requirements can be written using a set of templat

= Example:

= Natural language requirement: “When the light intensity i
second, headlight shall be set to ON”

= Equivalent template-based requirement:

condition

When lightIntensity is less then 60 % for more than 1 second
then headlight shall be ‘ON

lightintensity 7} 60 % 0|8 21 2H7 1 [second] 0|1& SAIE [,
headLight = 'ON O|HOFZHC}



----- Each template has an executable semantics:

When lightintensity is less then 60 % for more than 1 second ,
then headlight shall be ‘ON
9 'E\\Iightlntensity
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Possible Execution of the System

Benefits: Debug the Requirements as soon as your write them
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grgc}simh Use Case: a set of constraints on the inputs and
between the inputs

| (lightintensity] € [0, 1]

| Initially | lightIntensity is( 71 %)

| lightintensity goes up and down between 70 % and 55 %

| [derivative of Iightlntensity] € [-0.1 [1/second], 0.1 [1/second]]

One Use Case can be turned into
as many Test Vectors as desired

(Automatic Te

Time

20 possible Test Vectors



Use Cases Requirements

System Under Test v
Test Vectors

(stimuli) — @

Observers
(requirements)



Use Cases Requirements
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Observers
(requirements)




Theoretical and Technical Bac
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Compiler ‘

- Control graph
- Backtrack mechanism

Constraints over variables

Data constraints:

- Logico-numerical solver
processing the relationships
among data

Simulator ‘

BDD (Binary Decision Diagrams) + convex
polyhedra




Argosim Company Profile

Gr‘g;f:-rs-im_
0 Company created in 2013. STIMULUS released in early 2015.

O STIMULUS users in avionics, automotive, transportation, energy.

L International presence: USA, UK, Germany, Spain, Israel, Japan, China, Korea, India




STIMULUS Users
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Use Cases Re

Test Vectors
(stimuli)

Observers
equirements)
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STIMULUS Test Campaign

o Stmudus Editer — ! .

File Edit View Nevgate Layout Transform Insert Tools Simulation Help
h & ) B »© D X111 L[ e o0 =% 0Q T -

repects v | Libeaties v URy3 X Wordd X TestSute X | glossary X LR ¥1 X LR y2 X

- Test Campaign: set of Use Cases

System Under Test | OnRandombight X = OffRandombight X  AutoRoadBndges X = AutoQuickS§To80 X  Autoloop75ToS5 X  SmartMonke = | Interface v  Properbes v Tests v
v ()] AutomotiveHeadLight
¥ Tysrc Test Emaronment

1 v Tests +
> 2% Lbcary

¥ aa AllRequrements SUT (DLL, FMU) Name RunMax  StepMax  Time Out | CheckOnce  Observe Always i

B8 glozsary — V| Onfandomight 100 100 100

8-&;&4 / v OffRsncomlght 50 500 800
REQ_002

i} reqoos DLL_Contraler >— v AusofcadBridges 50 200 100
{7 req_ o031 V| AuzeQuickS3Ted0 10 2 200
{} req_003.2 N V| AutoloopTSTess 50 100 100
{7} reQ_003.3 v SmartMoskeyTest 200 200 200
{7} rea_oo34

v 28 Scenarics
us Lght

D GuidedRandom
D Loop73To55 Dl
{3 Roadwith8ridges
{3 Quicksio80
v 38 Switch

D ForceAuto . Test

D StableFor3seconds

AllRequirements ) . Observer (pl’OpertleS being Venﬁed)
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Name / Observers Coverage i) i Nai Error Level
v D Summary — - 83034 Lot SIMation woac ng 2F Headlight.dlil 'oonc v divecizry Di\Deviood\tditor\stim\current\examples\Automotive
e v 21 Test Envitonment — B e DLL_Con Load ng 2l Headlight.dil ifoung i directary D:\Deviood\Editor\stim\current\examples\Automotive
Y e —_— DLl _Controler dcrmation Loac ng o Headlight.dil {found in directary Di\Devivoo\Editor\stim\current\examples\Automotive
K7 ¥ Jurw — — >
. » {3 rREQ OO fe— . OLL_Controler nfzemnation Loacng 2 Headlight.dil found in dicectory D:A\DeviooodEditor\stim\current\examples\Automotive
Y » {3} rEQ 002 —— | B DiL_Controler dormation Loac g o Headlightdll found in dicectary D:\Devixood\Editor\stim\current\examples\Automotive
v REC ~
8 £0_003 —_— — s LL_Controle at 23 g 2l Headlight.dll (found in directery D:\Devioox\Editor\stim\current\examples\Automotive
» £ REQ 0031 i— a0
» {3 reQ 0032 — 3 tL Cont Loac ng ot Headlight.dil (found in divectary D:\Devioo\Editor\stim\current\examples\Automotive
v £} REQ 0033 — —— LL_Controler Loacng 2t HeadLlight.dil (found in dicectzry D:\DevioodEditor\stim\current\examples\Automotive
» BR“)-W-’-‘ — B LL_Controler oad ng ot Headlight.dlil (found in directory D:\Devioo\Editor\stim\current\examples\Automotive
» {} OnRandomlight i - 13335 3
WL _Lontroler nform n Loacng ol HeadLlight.dil found in directary D:\De Edir 1 t t: th
] DO“Randomlith — . . ) oacng eadLigl W in directar \Devisoo\Editor\stim\current\examples\Automotive
» DAutoRoadRudqﬂ — ] Lonstraint Violated Observe Cbserve shaays violated: (neadlight] = [ON) inside ¥ instially lightl Dipercent] then _ inside Regy
» DA“"’Q“;“"’”"“ [— M ’ nfcemation Load ng di Headlight.dll found in directory D:\Devixoax\Editor\stim\current\examples\Automotive
b {7} Autoloop?5ToSs J—— N ' :
L D SmartMonkeyTest un— e P . LOntroler néormation Loas ~g i Headlightdll (found i directary Di\Devioox\Editor\stim\current\examples\Automotive
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In1=1, 5, 10, -3
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4 test cases for Inl



argosim Today’s Industry Practice (4

In1 : Fixed value

In2=4, 6, 20, 0
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4 test cases for In2
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argosim What you really want to dc

Define constraints
on the inputs and
between the inputs

. Generate numerous
test vectors within
the cor
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a rg OS' m. Debug Your Requirements

SYSTEM VALIDATI ON

Refine & Validate Requirements
over a System Architecture
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.................................................... Landing Gear

Digital Part
and GUI

Level2....conccins Analog Part Gears Doors

I

Analog Electro- Pressure
Switch Valve Sensor



| [ LS.,RQ_001 JWhen LG_cmd is 'DOWN ,
gears_extended shall be true and doors_closed shall be true
once within 15 [second]

afterwards
gears_extended shall be true

. | doors_closed shall be true
[ LS_RQ_002 JWhen LG_cmd is 'UP , Do

gears_retracted shall be true and doors_closed shall be true
once within 15 [second]

afterwards
| gears_retracted shall be true

| doors_closed shall be true

Landing
Level 1 e Gear

Digital Part
Level 2 ...... and GUI

—

Analog Electro- Pressure
Switch Valve Sensor



Landing
Level 1 e Gear

Level 2 ......

—

Analog Electro- Pressure

Valve Sensor




[|AP_REQ_002|]From each LG_cmd is unstable,

Level 2 Component ”
State shall be 'closed once within 2 [second]

afterwards
° During 20[second] - period , State shall be 'closed
[ AP_REQ_003 ]When LG_cmd isstable and last State is 'closed has been true during more than 20 [second] , State shall be 'open
Re q u I re m e nts [ AP_REQ_004 ]When State is 'closed ,
When close_general_EV has been true during more than 1 [second] , pressurized shall be true

Landing
Level 1 e Gear

LG andb—

Level 2 ......

I
[

Analog Electro- Pressure

Level 3 ...... -
Switch Valve Sensor




afterwards

Level 2 Component
Requirements

close_doors shall be false

When \:pressurized is true | and
| doors_open s true |

open_doors shall be false

[ DPI_REQ_007 JWhen | retractation_sequence (s true |and ( outgoing_sequence (s false i
Before [ doors_closed is true |and | gears_retracted is true I
close_general_EV shall be true

close_general_EV shall be false

[ DPI_REQ_008 1When ([ retractation_sequence is true | and | outgoing_sequence is false |
When | pressurized is true | | Aslong as | gears_retracted (s false |

[ DPI_REQ_009 1When ([ retractation_sequence is true | and | outgoing_sequence is false |

As long as | gears_retracted s false |

open_doors shall be true

retract_gears shall be true

Landing

LEVEI 1 ettt e e e eee e eeeeeeeeeeens Gear

pressuzed

cloe. genera £

presuzed

dose genersl B A
3

Ufeendgeas

fetrct genr

41 gesrs eended|

[Gensrl cimit_pressure

g evaceed

iopen doors
(ot}

4| dose doors|

Level 2 a S S D D
[
Level 3 ...... Ana_nlog Electro- Pressure
Switch Valve Sensor

L fgoors open




Landing
Level 1 e Gear

‘l

close genera\ P mm\ou witch Req

Digital Part l
Level 2 ...... and GUI Gears
Electro- Pressure
Valve Sensor

Hinp———

tpressurized




| [ AS_REQ_001 ]When | State is 'closed | | Qut shall be In  otherwise | Out shall be false
| [ AS5_REQ 002 ]Before Handle, | State shall be 'open

Leve I 3 CO m po n e nt [ AS_REQ_003 ]From each Handle, | Do
| | State shall be ‘closed | once within 2 [second]
H afterwards
Req u I re m e nts L Ll ;)urmg [ 20[second] - period | | State shall be 'closed

| [ AS_REQ_004 Iwhen [[[not Handle | and [ last State s 'closed || has been true during more than 20 [second] |, | State shall be ‘open

Landing
Level 1 e Gear

Level 2 ...... (16_cmd

Electro- Pressure

Valve Sensor

Pressure_Detector Req || pressurized




LEVE' 3 component [ EV_REQ_001 JWhen | E has been true during more than 1 [second] | Hout shall be Hin
. [ EV_REQ_002 ]When ||not E | has been true during more than 4 [second] |, Hout shalf be zero
Requirements

Landing
Level 1 e Gear

Digital Part l D \
Level 2 ...... AT ‘ [ —

In I
dose_general BVp—) Anal Out

Hinp—————
Electro- Pressure -

Valve Sensor

tpressurized
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Landing Gear

Digital Part

and GUI Boors

Analog Part

I Analog Electro- Pressure

=B switch € Valve & scnsor P




Landing Gear

O,

Analog Part

Digital Part

and GUI Boors

I Analog Electro-

» Switch 0 Valve

Pressure

0 Sensor _’




STIMULUS - Simulink (or ¢
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Step 1:

* Test automatically an FMU containing the Simul

e STIMULUS identifies the of the specific:
* Export the test cases leading to the errors

——
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X %
Test Vectors Simulink Model v
> &

Observers
(requirements)

(stimuli)




STIMULUS - Simulink (or ¢
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Step 2:
e Use the generated test cases (csv) to debug the Si
in Simulink

Simulink Model
Test Vectors i

(-csv)




