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Accord|yy. : UML methodology for RT/ES

¢

I. t ® From requirements to the solution
l’"_ » Analysis Model
Requirements » Design Model

T ) Ab Prototype Model
Y =

Analysis Model

Code generation
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Model transformation & traceability

€S

- > Real-time specificities

Illt > Appear earlier in the requirements
> Have to be integrated in the models
> Have to be validated and verified

x Lacks in model-based approaches

x Several model transformations and high complexity for
coinsidering traceability of model elements & properties

x Traceability for:
= requirements,
« model elements & properties,

« transformation towards specific tools (for V&V for instance) or
code & feedbacks

< The purpose = an integrated approach for:
= Supporting requirements in the UML models
= Supporting traceability during model transformation/refinement
= Supporting V&V of model transformations
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=9 Traceability management in Accord| .

t ® From requirements to models
» A clear association between requirements and models
» To guaranty the validation of the requirements
» To help in the verification of the requirements
» To help in certification processes
® From Analysis/Design Models to Validation Models

» To clearly associate model elements in the different
modeling steps

» To help in model feedbacks when analyzing the V&V
results

» Integration in model transformation
® From transformations to verification process
» Connexion to V&V techniques
» Verification of the transformation [ Lepang-Dubois-Gérard, iFM09]

lis
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Requirement Definition & Traceability —1/

GO v

«metaclassy
UML4SysML::Class

-
Illt ® SysML: a profile for requirement modeling T
» requirements as first class concepts in UML ereopes
» Traceability concerns: N
Requirements < Requirements (e.g. Derive) SatshodByNamedEiemant
/RefinedBy:NamedElemen
Requirements +~ Model Elements (e.g. Satisfy, Verify) g;;;ﬁﬂeg;g:g}e]nﬁ]
Master: Requirement

= Not suffisant for:
> Requirements traceability in an heterogeneous context (AUTOSAR, Simulink,

etc...)

> Requirements validation & verification informations (specific tools, tests,
etc...)

> Requirements management (precise identification, classification, reports,
etc...)

> Requirement diversity (not only textual requirements)

S We adapt this standard to our needs: a Requirement meta-model
2 Consideration of heterogeneous formalisms (UML & others)
2 Requirement definition
2 Requirement traceability
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Requirement Definition =11 /1V

A classification

based on

ametaclass.

A formalism to g e [M. Glinz, RE’07]
define

description: String [1] +childRequirement
toBe'alidated: Boolean [0..1]

priotity: PrioritySort [0..1]
verificationType: WerificationSort [0..1]
author: String [0..1]

sourceReference; String [0..1]

step: StepSort [1]

Jjustification: String [0..1]

documentType: String [1]

slL_LEWVEL: ASIL_LevelSort [0..1]
validatorMame: String [0..1]

verifierMame: String [0..1]

status: StatusSort [1]

eAST-ADL2Levels: EAST_ADLLevels [1]

ametaciagss /metaclass» smetaclasss
Reg_ProcessRequirement

Req_ProjectRequirement Req_SystemRequirement

requirements

Focus on RT/ES
specificities

Iopnoononnnonmmnn

ametaclass: smetaciasss «metaclasss
Req_FunctionalRequirement Req_NonFunctionalRequirement Req_Constraints

ametaclasss wmetaclasss
Req_PerformanceRequirement Req_SpecificQualityRequirement
£} performancekind: Performancekind [0..1] E  specificGualitvkind: SnecificQualitviind 10..11
smetaclasss e e «metaclasss

«metaclazss
Req_ReutiliabilityRequirement

Req_TimingRequirement Req_SecurityRequirem... Req_VariabilityRequirement
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Requirement Traceability — Il / IV

Iil t Association to different
model elements

Traceability
m an a g em ent : i req‘u;'remenfﬂ-’!;’l:; Rﬁg:’rﬁxﬁiﬂjﬁg&fﬁ; i’raceab.fﬂ'tyD. .
satisfy

cmetaclasss

) @metaclassx. Req_RequirementSatisfy
(recuirernentVy:: Recquirernentil .. =
Req Requirement 5 result: Boolean [1]
= id String [1] {\ A
= description: String [1]
= toBeValidated: Boolean. .. ) [1.7%] smetaclasss
3} priority: PrioritySort [0..1] [.*] + satisfiedRequirernent A EEEEEn +satisfiedByModelElement | deouirement M RequirerentMetamodel: ModalFlament)
= werificationType: Werific. . R . Req ModelElement
o eq_Satisfy
= author; String [0..1]
=l ennren Dafaronen © Btrin
1.
) «metac!.ass» ) [1.7] + satisfiedTimingRequirement e e . —— nl efmetaclasss
{requare.rt?e.r.:EMM : Rer.qrwreme. . Red TimingSatis + satisfiedByTimingElement (requirementMi: - RequirementMetamodel:: Mode!. .
| Rea TiminaReauirement | Req TimingElement
emetaclasss 1.7 emetaclasss
{requirement MM -RequirementMe. . [1.7] + satisfiedvariabilityRequirernent ameteelzesy {requirement MM Requirement...
iabili i Req_VariabilitySatisfy atisfiadByvariabilityElement | Rag VariabilityE lement

Focus on RT/ES

specificities
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Requirement Traceability — IV / IV

_l. ist Hetero geneous
considerations

_

emetaclasss
Req_ModelElement

emetaclasss

«metaclazss

emetaclasss
AUTOSARTempl... OtherModels

emetaclasss

«metaclagss smetaclasss emetaclasss

MARTE::ModelElement Req TimingFlement {fromEAZ)ADL CoreConstruc...| |(fromGA)Languages::G... Req_VariabilityE lement
. : NAD N A
= FileType: File...
= URL: String [1]

smetaclasss

(fromMARTE)TimedElement
ametaclasss

{fromMARTE)AnnotatedElemen

smetackasss
(fromEAZ2)ADLFunctionType
«metaclasss
(fromMARTE)Clock pr——
(fromEA2)Trigger

[ emetaciasss |
(fromGA)Blocks
Automotive

(fromGA)Triggere dSubSystem
MARTE traceability {fromEA2)ADL ConfigurableContainer
for RT/ES

standards

emetaclasss

(fromEA2)ADLVariableElement I
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e=9 Traceability in the models with MARTE

Ii’t ® A clear connexion between requirements and models
® A specific UML profile for embedded systems: MARTE
® For RT/ES specificities:

» real-time requirements « NFP
» « Satisfy » relashionship usage

NFP_Annotation ‘

CoreElements::
Foundations:
Mode IEleme nt

owns 1

Annotated . Annotated
Element * owner Model 1.* des cription: string [0..1]

’ constrainedElement 0.1 context
" ownedRule

annotationConcern ModelingConcemn

« enumeration »

NFP_Constraint ConstraintKind

kind: ConstraintKind [0..1] required
0.1 offered
. contract
specification 1
MARTE:: VSL::
nfpWalue Value Specification relevantNfp
NFPs::
- NFP_Declaration:
nfpDeclaration NFP
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Requirement traceability — Example | / I

=0
list

Requirements « Solutions

Requirements <+ V&V

I
req [Fackage] Tral:eabiIitg,f—NFRequirements—SDlutiDn—FLJ

req [Fackage] TraceahiIity-Requirements-V&V—ALJ

«=requirements =requirements
FL-MF-P-1 FL-MF-P-2
|esatisfs |«oatisfe afeguirernents O stestCases
1 o - AL-F-12 averifys 5D_AL-F-12
wrequirement = | - :k A =

FLMF-Y-1 «Satisfys

A

=requirement:
FL-NF-£-2

woatictys

srequirement s acsatisfys
FL-MF-C-2 o e

o
i
e
FL-MF-C-5
. e 7 wsatistys f«SatiSﬁl’» |«Salisf‘y'» |«Satis1

s=requirement s s f | |

FlL-MF-C-F —
srequirements =reguirements =reguirements =regui
FL-MF-EMC-1 FL-MF-EMC-2 FL-PIF-h-1 FL-I

s St
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Non-functional requirement consideration

e -1/

——— Link between requirements structure and behavioral
List  “timed” models:

Functional and delay requirements linked to structure

(ADLFunctionType)
. : (17 . N
Temporal requirements satisfy “timed behaviors” of
ADLFunctionType
[ — o o
req [Fackage] Traceahility-FReguirements-Salution-DL ‘
[ = H |
srequirements req [Fackage] Traceahility-TemporalRequirements-Salution-DL J
DL-F-14
st CorrectionActivity b]
a5 afisfi .
sblocks Deadline
«ExtemalBehasiors Period )/ _
«ADLFunctionTypes / wsatisfys ilsahsfj,fm |
n Correction. 1 e w:
BEeSs <.<repé"f|t|onRate>> <<delayRequirement>>
Period= 180° on CRKclj deadline = 50° on CRKclk
e
S / N
~ gsatisfys ™
~ grequirements greguIrerments
graguirements DL-F-16 DL-MF-P-5
DL-F-16 E = 4
[ 4 = o

MeMVaTEXx project — www.memvatex.org
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Traceability in the models for verification support

¢S

Iln ® Verification of the models properties:
» Based on MARTE profile for RT specificities

» For instance: schedulability analysis with SymTA/S
tool

» We start from a SAM model (Schedulability Analysis Model of
MARTE).

> An automatic transformation to derive scenario-based
behavior models and annotations.

» Addressed by SymTA/S to check the correct construction of
the input model.
» traceability information is essential to facilitate the
treatment of the verification result:
- A feedback to the SAM that follows what is correctly or
incorrectly checked.

» Association to the initial requirement with respect to
the requirement traceability in the models
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Methodological aspects

€S9

Ii’t ® Application in different application domains: automotive, transport.
® Usage in the MeMVaTEXx project: automotive context
» See http://www.memvatex.org
» Requirement management
Requirement expression

& Requirement traceability
Usage of a specific profile obtained from the Requirement meta-model

» Our solution: a triptych vision towards a separation of concerns but in
the UML-based formalism

» A process that can be connected to heterogeneous formalisms for

solution modeling _

UMLCD ‘Statemate
MARTE =
MATLABR

Specif_icaﬁo? =
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Conclusion & perspectives

® Definition of a meta-model to deal with requirements and their
traceability in an heterogeneous context

® A modeling process connected to a requirement definition process to
help in solution modeling with respect to initial requirements

A traceability support into the models

A methodological approach for RT/ES systems (automotive for
instance)

® A tooled methodology: the Papyrus Eclipse environnement
» See Papyrus tool:

® Perspectives:
» Better consideration of safety & security concerns

» A connexion to different analysis tools for MARTE usage and
traceability

Traceability concerns during model transformations
Connexion to requirement tools with respect to RIF format
MDE methodology versus vertification process

Tool & method improvements to avoid usage complexity

vy v v v
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