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Different Teams working together

> System Engineering

» Definition - The interdisciplinary
approach governing the total
technical effort required to
transform a requirement into a
system solution.

Source: Thales

> User Experience

» Definition - Person's perceptions
and responses that result from the
use or anficipated use of a
product, system or service

Source: ISO 24765 et Thales
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User needs
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System
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Components
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System Requirements
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An example

Authentification Server
RJ45 : :
Network o Authentication I Database
Component Component Component
Wireless
Router
Component Operator Tablet
WiFi Network
| ||
Component
System Engineering
- UX Engineering
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A prototype to specify the User Interfaces

> Prototype
»  Preliminary type, form, or instance of a system that serves as a model for later stages or for the final, complete version of the
system.

» A prototype is used to get feedback from users for improving and specifying a complex human interface, for feasibility
studies, or for identifying requirements.

— Definition ISO 24765

THALES Prototype

Connectez vous
Nom utilisateur
[Username |

Mot de passe
| Hokok Kok ok ko |

[Se connecter |

Low Fidelity (LoFi) : WireFrames, Mock-Ups High Fidelity (HiFi) : Dynamic Prototypes
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Avoid regression on requirements

SHCORECTIERELIE The Ul must display an error message in case of an invalid login.

THALES rrototpe THALES rrototype

Welcome'! Welcome !

Welcome !
Wrong login informations or

Wrong login informations or
expired account expired account.
Username ») Username
L Test J

[ Test )

Wrong login informations or
expired account.

Username
Test
Password

Password Password

Login Login

Login

Prototype : Version 1 Prototype : Version 2 Prototype : Version 3
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Meta-model
Requirement
- verifications e .
+ title: String ] = Verification
+ description: String
+ source: Document o
steps
*
precondition y
.. step
Condition [0..1] Step <[11 Step Report
0..1 ege .
! — + preconditionlsValid: Boolean
postcondition + postconditionlsValid : Boolean
node
[1] []"*]Trepor’rs
node . .
We associate the steps with Node <€ TracingPoint
parts of the prototype code (1]
+ verifyTheConditions ()
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Link the requirements to the prototype (1/3)

SHEOLECTIERELIE The Ul must display an error message in case of an invalid login.

Requirement |1 :Requirement

+ titre: 'The Ul must display an error message in
‘ case of an invalid login.’

+ description: ‘...’

+ source: example.CAPELLA
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Link the requirements to the prototype (2/3)

THALES rrototpe

Requirement |1 :Requirement

Welcome! + titre: ‘The Ul must display an error message in
case of an invalid login.’

lsername + description: ‘...’

+ source: example.CAPELLA

Password

‘ Login

1| loginButtonAction
2
3 | simulationResult |
4 simulationResult := simulation
5 canAuthenticatelsername: self username Verification of the Iogin information
B password: self password.
7 simulationResult . . . . .
8 ifTrue: [ D | The login information is valid
9 ifFalse: [ self refuselLogin ] The Iogin information is not valid
10| |
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Link the requirements to the prototype (3/3)

THALES rrototpe

Exigence 1 :Exigence

Welcome! + titre: ‘The Ul must display an error message in
case of an invalid login.’

lsername + description: ‘...’

+ source: example.CAPELLA

Password

‘ Login

_ :Verification
1| loginButtonAction _ :Siep
2
3 | simulationResult | + node + precondition: ‘The error is not visible’
4 simulationResult := simulation + postcondition: ‘The error is visible'
5 canAuthenticatelsername: self usefname
B password: self password.
T simulationResult
8 ifTrue: [ self validatelLogin ]
9 ifFalse: [ self refuselLogin } The login information is not valid
10| |
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Create, Install and Visualize TracingPoints

» Status of Step Reports

"
v Untitled window -0 =
. Repository Report . Requirement Report = Report (1/1)
> |ns|-a"aﬁon of Pragma: ExReqToploExample (=1 Title: database shall send "error" to Authentification app = ExReqToploLoginApplication >> #loginButtonAction
: : \\L 4 Inspect Repository 7.~ Document: an ExReqCapellaDocument » Targeted node
TracingPoint N = 1 loginButtonAction v 9
Install Descripiton z /
3 Remove The component named 3 |Isimul?t'ionResult | . .
"database"[a29b6cea-341d-416a-b6c0-818273a84368] in the 4| simulationResult := simulation
Title function "Verify Identity in 5 canAuthenticateUsername: self username
> List of requirements || Person shall send "preliminary infor @ | database" [95bcl49e-bee3-42fe-8d8f-Ta4f123dea0s] transmit o _ Password: self password.
|~Tatabase shall send "error” to Authe . "error"[141c2297-10ac-4e90-82c4-83fcacTh3b14] to the 7| simulationResult _ .
Authentification app shall send "an & = component named "Input Identity 8 ifTrue: [ self validatelogin ]
UI"[300aTf2b-c0d2-48cd-854b-d9asfcbadc24] in the function ? iffalse: [ self refuselogin ]

"Authentification app"[d68548ae-T8af-44d6-85de-b5e5229541b5]

= Precondition

. ne Verifications 14| ((ExReqToploLoginApplication »>> #loginButtonAction) ast
4 Descrlpilon LA Class allchildren select: [ :each | each isBlock 1) last » Precondition
¥ verif = children first withPrecondition: [ :obj | obj card Pt
step = islLoginStatusContainerVisible not ] withPostcondition: [
iobj | obj card isLoginStatusContainerVisible ] v
= Postcondition
14| alLlChildren select: | :each | each 1sBlock |) last ”~
» Lisf of Verificqﬁons children first withPrecondition: [ :obj | obj card » POSfcondiﬁon
1 isLoginStatusContainervisible not ] withPostcondition: I |
dnd Sieps iobj | obj card isLoginStatusContainerVisible ]
13 13 !
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Demo (1/2)

b =[] x
THALES rrototpe
hd Untitled window -0 x
_ Repository Report . Requirement Report _ Step Report (1/1)
Pragma: ExRegToploExample ot Title: database shall send "error” to Authentification app = ExReqToploLoginApplication >> #loginButtonAction
£ Inspect Repository & Document: an ExRegCapellaDocument A
1| loginButtonAction
P Install Descripiton 2
|| smstioesute | Welcome !
"database"[a29b6cea-941d-416a-b6c0-818e73a84368] in the function =~ SANEALEINAESULE | = S IEwLation
Title . "Verify Identity in database"[95bc149 bce3-42fe 8d8f Ta4fl23dea0s] = > canAuthenticateUsername: self (Bt
Person shall send "preliminaryi @ | transmit "error"[141c2297-10ac-4e90-82c4-83fc9cTh3b14] to the LSS
Authentification app shall send & component named "|nput |der|tit_l'r & passwo rd: self passwo rd.
database shall send "error" toA . UI"[300a7f2b-c0d2-48cd-854b-d9asfcbadc24] in the function Pl sAsekattnaesie _ .
"Authentification app {ld68548ae-78af-44d6-85de-b5e5229541b5] 8 ifTrue: [ self validatelogin ] Password
9 ifFalse: [ self refuselogin ]
10 v
= Precondition Login
Verifications
13 withPrecondition: [ :obj |
Class 19 obj card
b Eﬂf - isLoginStatusContainervisible not ]
step & 20 withPostcondition: [ :obj |
21 nhi rard e
E: Postcondition
17 IDLUSIIIJLdLUbLU[ILBIIIC‘IVI.:-IUL\'_' nuw | A
20 withPostcondition: [ :obj |
21 obj card
isLoginStatusContainerVisible ] ];
22 yourself =
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Demo (2/2)

- =[] x
b Untitled window =0 x
_ Repository Report . Requirement Report ' Step Report (1/1)
Pragma: ExReqToploExample = Title: database shall send "error" to Authentification app =. ExReqToploLoginApplication >> #loginButtonAction
£ Inspect Repository & Document: an ExReqCapellaDocument
1| loginButtonAction
P Install Descripiton 2
o The component named 3 | . simule.lt'i onResult | . .
"database"[a29b6cea-941d-416a-b6c0-818¢73a84368] in the I i e P
Title function "Verify Identity in 5 canAuthenticateUsername: self We lco m e !
Person shall send "preliminary @ | datahase”[95bc149e-bce3-42fe-8d8f-Tadf123dea05] transmit HECENaS
Authentification app shall send @  "error"[141c2297-10ac-4e90-82c4-83fcIcTb3b14] to the component | © ~ massward: aell passwond: e
database shall send "error" to/ . named "Input Identity UI"[300a7f2b-c0d2-48cd-854b-d9agfcbadc24] = SANIE O"RES‘ilt 1 . _
in the function "Authentification 8 ifTrue: [ self validatelogin ]
- . B :
app [|d68548ae-78af-44d6-85de-b5e5229541b5] 9 ifFalse: [ * self refuselogin ]
10 Password
= Precondition
Verifications Lu| L s.TA@G | vl 19U LULR §) LAOL LIl LUl T = Lﬂgiﬂ
a 17 first
B - 18 withPrecondition: [ :obj |
v verif z
19 obj card
Slep b=t isLoginStatusContainerVisible not ]
20 withPostcondition: I :nphi | W
[ Postcondition
19| isLoginStatusContainerVisible not ] ~
20 withPostcondition: [ :0bj |
21 obj card
islLoginStatusContainerVisible ] 1;
22 yourself =
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The DebugPoint System .

Stack a1 ¥

[Bloc] BlElement>>addChild:

UndefinedObject>>Dolt

[OpalCompiler-Core] OCReceiverD icScope (OC icSc

[OpalCompiler-Core] OpalCompiler>>evaluate

[Spec2-Code] SpCodePresenter>>[ self announcer announce: (SpC i ement newCont
> X 2 > 3J C H Qq + > v

Proceed  into  Over Though Runto Restat Retm Whereis? Creste  Genifrocesd  Advanced Step

addChild: anElement
"Add anElement as my last direct child and request layout update."

1
2
Node 3
4 self addChild: anElement at: self childrenCount + 1

> a @46.. ¥ () <o [E aBlElement(BlElement@46.. ¥ ¥ () s |

:Type  Variable Valu® Ppreview = Tree UserData = Resizers Raw
implicit 5 ) self BIElen .\ iable < Value
[ 1 ] arg © anElement BIElen ® self BlElement @ 464051 |
stvar  (© spaceReference aBhu ® spaceReference a BINullSpaceReferer
r © parent nil ® parent nil
node I ok behildien aBlch ) hildren aBlChildrenArray [0
r ©bounds (000¢ | , @ bounds (0.0@0.0) corner: (50. |
r © measuredBounds (00@C |, & measuredBounds (0.0@0.0) comer: (50. |
S © boundsCache o » (© boundsCache aBlBoundsCache
r © eventDispatcher EMTOTE . @ eventDisoatcher Error printing: Messar
ar © constraints aBlLa i)
; ® layout 28iBa 1| self isvisible
D e b U P oi nt r © transformation aBIEle
g ar © taskQueue aBlTa,,

+ tag: { #before . #after }

A

JAN

TracingPoint > . Verify the postcondition (with the tag #after)

» Verify the precondition (with the tag #before)

» Produce a step report

+ verifyTheConditions ()
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Handling non-local return and unwinding exceptions (1/2)

> Nominal Case
» The precondition is executed
» The node refuselLogin is executed

» The postcondition is executed

loginButtonAction

| simulationResult |

simulationResult := simulation
canAuthenticatelUsername: self username
password: self password.

simulationResult
ifTrue: [ self validateLogin ]
ifFalse: [ self refuselogin ]

STICC

UMR 6285

Ui30

Université de Bretagne Occidentale

> Handling of non local returns
» The precondition is executed

» The node refuselLogin is executed

» The method return

»  The postcondition is not executed

loginButtonAction

| simulationResult |
simulationResult := simulation
canAuthenticatelUsername: self username
password: self password.
simulationResult
ifTrue: [ self validatelLogin ]
ifFalse: [
[
self refuselogin.
A self ] value ]

REF xxxxxxxxxxxx rev xxx — date Name of the company / Template: 87211168-COM-GRP-FR-007
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> Handling of exceptions

v

The precondition is executed
The node refuselogin is executed
The Error is signaled

The postcondition is not executed

loginButtonAction

| simulationResult |

simulationResult := simulation
canAuthenticatelsername: self username
password: self password.

simulationResult
ifTrue: [ self validatelLogin ]
ifFalse: [ self refuseLuginéL\

/_/

refuseLogin

Error signal: '"Wrong login information'
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Handling non-local return and unwinding exceptions (2/2)

Precondition Postcondition
Evaluation Evaluation

continue
Method Node Target Node // Next Node
Q early return O

O AST Node Tracing Point exception signal

Node #after
Method Node

Handler

Next Exception >

> The exceptions are currently not handled
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Conclusion

> Integrating Executable Requirements in Prototyping
> Tool to install the TracingPoint in the code

> Futur Works:
»  Testing the solution on industrial prototypes
»  Generalize to other models beyond System models

» Track the evolution of requirements over time
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