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EAST-ADL Introduction

Requirements, Constraints and
Verification & Validation
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- Requirements introduction

Requirements express conditions or
capabillities that must be met or possessed
by a system or system component to satisfy
a contract, standard, specification or other
formally imposed properties.
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Requirements and Architecture

® The core EAS

-ADL model captures basic

structure of system

® Requirement elements annotate model to
identify mandatory aspects

® Requirement elements relate requirements
engineering information to architectural

model
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Requirements — basic relations

Formal models that specify
the requirement with more rigor

|
: <<refine>>

m componen ' <<verify>> :
System components <<satisfy>> _ verify Cases that verify
which have to — — — > Requirement €& — — — - ;
: : the requirement
satisfy the requirement

A

| <<deriveRequirement>>

New requirements derived
after a system decomposition
or system refinement
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Metamodel requirement relationships

TraceableSpecification
RequirementsRelationGroup

+relation\|/1..*

RequirementsRelationship

+derivedFrom\|/1..*

+source

/Requiren‘entsRelationship
‘\ DeriveRequirement

\’

+derived\|/1..*

RequirementSpecificationObject
Requirement

RequirementsLink

+ isBidirectional: Boolean

1.*

+target

+ formalisn: String [0..1]
+ url: String [0..1]

+refinedRequirement

equirementsRelationship
Refine

. * /| \+satisfiedRequirement

P

RequirementsRelationship
Satisfy

«instanceRef»
[}
|

|
+refinedBy\Vl..*

\\L__/

)

N

Elements::EAElement

UserAttributeableElement

+ name: String [0..1]
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«instanceRef»
|

+§atisﬁedBy\i/ 1.*

quirementsRelationship
VdrificationValidation::Verify

N

+verifiedRequirement
1.*

TraceableSpecification
UseCases::UseCase

+satisfiedUseCase

* +verifiedByProcedure
TraceableSpecification
VerificationValidation::| +concreteVVPro
VVProcedure
+abstractVVProc
+vvProcedure * {ordered}
+verifiedByCase
1.
0..1

Referrable
Identifiable::Identifiable

+vvSubject

+ uuid: String [0..1]

+ category: Identifier [0..1]

TraceableSpecification

VerificationValidation::
VVCase

1.*
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+concreteVVCase 0..*

+abstractVVCase 0..1
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c Context
: ontext
Requirement ) System
R_ABS_1 Vehicle
Use Case
Reduce break distance on — == == == == | ABS shall reduce break distance
Slippery Roads <<trace>> in all driving condition
[ i
<<deriveRequirement>p §<deriveRequirement>>
[ [ Context
. I .
Requirement . Analysis
RABS 1.1 Requirement
<<satisfy>> Ags shall detect individual RqABS e
AnalysisFunction e — > wheel acceleration — —
ABS Function Block ABS shall control break
force via wheel slippage
<<deriveRequirementb>
i
Requirement Co nt_eXt
_ : R_ABS 1.2.1 Design
Des_lgnFunctlon - o o = = = ABS shall control Slippage
ABS Slippage Controler <<satisfy>> with XXX control algorithm
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Reqguirements

Requirements are normally defined in a central repository.

Satisfy relates
requirements to
features, functions
and components.

Derive relates a
derived
requirement to its
original.
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itisfy>>
== b){&ili:‘ﬂllVIUUt:‘I
. “~\VehicleFeatureModel
Satisfy>> >
--l ‘ : _
Req Jﬂrement>$/\nalysusArch|tecture
= =
D F - functionaiAnaivgisArchitecture
o O =]
S
" <kSatsfys> | DesignArchitecture
? Functional Middleware Hardware
o ~Desgn Abstraction Design
= ~Architecture Architecture
—____C—_--—_ ~
<<Sati8fy>>  [implementationArchitecture
AUTOSAR System
. v
<<Satisfy>> _L¢
OperationalArchitecture

Data exchange over ports

Concept Presentation

Vehicle
Level

Analysis
Level

Design
Level

implementation
Level

Operational
Level
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Elements Realizing More Abstract Elements

. <<VehicleLevel>>
Vehicle level
<<technicalFeatureModel>>
<<VehicleFeature>>
7
_.-%<RealizationS>-_ _
Analysis level N
Lo <<functionalAnalysisArchitecture>>
#l fcn:Function H fd:FcnDevice EF
Design level

<<functionalDesignArchitecture>> <<hardwareDesignArchitecture>>

EF fcn:Function L1 L | Idm:LDM 43'] a:ActuatorTF
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Vehicle level

<<Requirement>>

A

Analysis level
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<<VehicleLevel>>

<<VehicleFeature>>

<<technicalFeatureModel>>

Requirements associated to elements and between abstraction levels

1
i<<DeriveRequirement>>
1

1

1

T
.--7 <<Realization>> “>~__
el <<functionalAnalysisArchitecture>>
fd:FcnDevice EF

| <<Requirement>> |<-

fcn:Function q]—f;

A

]
<<DeriveRequirement>>

Design level

<<functionalDesignArchitecture>>

<<hardwareDesignArchitecture>>

a:ActuatorTF

EF fcn:Function L1 L | Idm:LDM

| <<Requirement>> |<-
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Refining requirements with formalized constraints
<<VehicleLevel>>

<<technicalFeatureModel>>

Vehicle level
; <<Satisfy>>
<<Requirement>>  |[==----==2C YT ____________ .
| q/\ |< """ 11 <<VehicleFeature>>

1

B i

1 Pid S<

1 i S~

1 Rl ~o

; i<<DeriveRequirement>> .-°  <<Realization>> >~
Analysis level ! q . e
H _ e <<functionalAnalysisArchitecture>>
| <<Requirement>> |<- =o .<.<_S_a_1t_'s_f¥>> 2 ==
',A‘“\\ d\ fcn:Function q]—f; fd:FcnDevice /ae
i “<<Refine>> ~
<<DeriveRequirement> s port \ port

1 \\

1 N .

! N | <<EventEunctionElowPort>> | | <<EventFunctionFlowPort>>

1 . . <

| <<ReactionConstraint>> .

i jitter = 2.0 stimulus response

] nominal = 10.0 \ i

g mode = startup <<EventChain>>

! scope

1

. 1
1
DeSIQn level ! . <<functionalDesignArchitecture>> <<hardwareDesignArchitecture>>
<<Satisfy>>
[dm:LDM a:ActuatorTF

| <<Requirement>> |<-
N

A
<<Refine>>

<<ReactionConstraint>>

* fcn:Function L1 [ ]
\

inFIowPort\

<<EventChain>>

jitter = 2.0

nominal = 10.0
mode = startup
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| <<EventFunctionFIowPort»|
StlmN /sponse
> <<ExecutionTimeConstraint>>

/
ﬂtFlowPort

| <<EventFunctionFIowPort>>|

jitter = 2.0
nominal = 10.0
mode = startup
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V&V metamodel

+abstractVVCase 0..1

+vvSubject

TraceableSpecification

VVCase

Referrable
Identifiable::Identifiable

+ category: Identifier [0..1]
+ uuid: String [0..1]

o“*

MAEN/

+element

+vvTarget

TraceableSpecification
VVTarget

0.1

RequirementsRelationship

-

+concreteVVCase
0 . .*

+vvLog

’ 0.1 0.1

*

+\}erifiedByCase

+abstractVVProcedure 0..1

V|

+verifiedByProcedure

)

TraceableSpecification
+wwProcedure
* fordered} VVProcedure
1
+performedVVProcedure 0..1

+concreteVVProcedure 0..*

TraceableSpecification

VVLog

+vvintendedOutcome

date: String

-—

*
+vvActualOutcome

TraceableSpecification
VVActualOutcome

Verify

1.*

+verifiedRequirement

RequirementSpecificationObject
Requirements::Requirement

+ formalign: String [0..1]
+ url: String [0..1]

+wStimuli -,

TraceableSpecification
VVStimuli

. TraceableSpecification
VVIntendedOutcome

+intendedOutcome

0.1
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~ Verification & validation support —
basic concepts

® VVCase = a certain, overall V&V effort of varying scope and intention
O core concept of V&V support in EAST-ADL

O Safety analysis; specification, design or implementation review;
analysis or design level simulation, SIL-testing, HIL-testing, vehicle
testing

® VVVProcedure = individual task in the context of an overall V&V effort
(i.,e. a VVCase), which has to be performed in order to achieve that
effort's overall objective.

® VVVTarget = concrete testing environment in/on which a particular V&V
activity (i.e. VVProcedure) can be performed

O can be physical hardware or pure software (e.g. design level
simulations)

® VVLog = captures outcome of an actual execution of a V&V activity

2011 Q3 Concept Presentation 12
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- Requirements — Verify

<<Requirement>>

ABSActivation <€ - <_<V€rify>> <<VVCase>>
-— ase

ABS shall detect U
individual wheel ABSActivalionT abstractVVcase ABS;;;(/\;E(?;E;TdTeSt
acceleration Simulate slippage behavior <

Simulate slippage behavior
at each wheel individually on
test drive ground

at each wheel individually

abstractVVcase
<<VVVCase>> <<Node>>
L ABS ECU
ABSActivationHILTest /
Simulate slippage behavior at each wheel individually on Chassis-HIL vvTarget
<<VVLog>> > <<VVProcedure>>
<<VVActualOutcome>> <<VVIntendedOutcome>> | <<VVStimuli>>
Normal friction ————>| no activation HIL- Seriptl
Slippery road left ——>| left wheel activations HIL- Script2
Slippery road right ﬁ right wheel activations HIL- Script3
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Timing

Event
P +timingDescription EAElement
- o TimingDescription <} + isStateChange: Boolean = true
Timing 0..1 *
+stimulus/|\ 1..* +response 1.*
EAElement
+timingConstraint TimingConstraint
® EventChain
0..1
0.1 0.1
+segment * N +srana +/\ |
{ordered}
+upper |0..1 +lower(0..1
L . +mode
EAElement

EAElement
Behavior::Mode

TimeDuration

+ cseCode: CseCodeType = Time
+ cseCodeFactor: int =1 + condition: String
+ value: Float=0.0

TimingConstraint and TimeDuration are Identifiable, hence fits in the
requirement relationship Refine.
Constraints refining verified requirements are properties.
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Summary

® Requirement elements are textual (but may use a
formal notation)

® Requirements are linked to architectural elements
® Requirements are linked to derived requirements

® Constraints can be linked to requirements to
formalize

® Requirements are linked to V&V constructs

® V&V constructs represent test cases and test
results
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