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(@8 TSI 11 1= =1 (0] PR 244
Class FIltErParameter ........coceeeuiiiieeiiie et era s 244
Package GradientCheCK. ..o 245
Class AutosarGradientChECK. ............uieiiiiiiiie e 246
Class GradientChecCK.........cooooiiiii e 246
Class GradientChecCkDeteCtioN ..........uveiiiiiiiie e 247
Class GradientTOOHIGN...........uiiiiiee e 247
Class GradieNtTOOLOW .......cccoevuuiiiiiiiiiiee e e e e e eraa s 248
Package HealthMONItOr ... 248
Class CHROMOSOMEHealthMonitorNotification ............cccooceveieiiiieeiieeeennn.. 249
Class ChromosomeApplicationHealthMonitor...............ccceeiiiiiiiiiiiicceeee e 249
Class ChromosomeComponentModeCondition ............coocevvviiiiieeiiiin e ceiinnnnn, 250
Class ChromosomeErrorEventCondition ............cccooeevviiiiiieiiiiiiieecee e, 250
Class ChromosomeErrorHandler...........cooouieiiiiiiiiie e 251
Class ChromosomeHealthMONItOr ..............oviiiiiiiiie e, 251
Class ChromosomeNodeHealthMOoNItor............coooviiiiiiiiiic e, 252
Class HealthNMONITOT...........oiiiiiii e e e 252
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Class HealthMonitorErrorCondition.............cooeevviiiiiieieiiic e, 253
Class HealthMONITOMNG .......coovieiie e 253
Package Heartheat..............ccoooiiiiiiiiiece e 254
Class ChromosomeHeartbeatREeCEIVEr ...........ccceuviiiiiiiiiiiicciei e, 254
Class ChromosomeHeartbeatSender.........ccoooovvviiieiiiiii e, 255
Class HeartBeatDeadliNneMISSEd ...........cooviiiiiiiiiiiiie e 255
Class HeartBeatDeteCtioN..........coveiiiiiiiieeieic e e 256
Class Heartbeat ...........coouuiiiiiiii e e e 256
Class HeartbeatConfig..........cuuuiiiiiii e 257
Class HeartbeatRECEIVET ............oviiiiiii e e 257
Class HeartbeatSENAET .............uiiiiiiiiee e e 258
Package MemorySeRTeSt ... 258
Class ChromosomeMEmMOIrYTESE ......ccovviiiiiiiiiiie e e 259
Class MEMOIYREANGE .....cooeeeeee e 260
Class MemMOIYSEITESE.......ooeeeeice e 260
Class MemorySelTestCoNnfig .......oooeeeeeeeeeeeeeeeeee e 261
Class MemorySelfTeStFailed ............coovviiiiiiiiii e 262
Class MemorySeRTestiNg .....ccooeeeeeeeeee e 262
Enumeration MemoryTestAlgorithmsEnum .............ccoooeiiiiiiiiii e, 262
Package VOUING .......coooiiiiiiiiiii e 263
Class ChrOMOSOMEV OB ......ccevuieieeeeiiiee ettt e e e e e e e e eaa s 264
Class ChromosomeVoterParameter ...........covveeveiiiieeieiiie e 265
[0 2 TS 0] (= SRR 265
Enumeration VoterActivationSchemeEnumM .............ccoeiiiiiiiiiiiiiiiiiii e 266
(@8 TSI Y 0] (=1 £ 0] o1 1T PR 266
Class VOLEINOCONSENSUS .......cuuuieeiiiiiee et et e e e e e e e e e e e eaaa s 267
Class VOtEIrParamMeter.......c.uui i 267
Class VoterValueMismatCh.............cooiiiiiiiiiiii e 268

[ O8I 0] 1 T PP 268
Enumeration VotingAIgorithmENUM ..., 269
o od 1= 1o [T 1= T 1 o TP 269
ClASS AVOId. ... e e e e e e e e e e e e e a e aans 270
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ClASS DEIECT ...un it e e e e e e et e e e e e e e e aa e eens 271
Class HANAIE ... ..o e e 272
Enumeration HandliNgTYPe .....cccceiiiiiiiiie e 272
ClaSS SIUALION. ....ccuuiieeiiii e e e e e e e e e e e e e e e e e e e aaaeaeeens 273
ClASS TACHIC ..uuuiiiiiiii et e e e e e e e e e e e e st e e e e s aba s e e eesba e eeeeasaneeeeens 275
Package SafetyANAIYSIS ......oiiiiiiiiiiiiie e 276
Class SafetyAnalySISRESUIL............ccooiiiiiiiiie e 276
Class MalfunctionClasSifiCatioN...........ccooviiiiie i e 277
Enumeration MalfunctionClassificationENUM ... 278
Package _INStanCeRef ... 279
Package SOfIWAIE.........couiiiii i e 281
Package Configuration ... 281
Class BooleanConfigParameterValue .............ccooovviiiiiiiiiieeeecceccis e 281
Class CodeGenerationConfiguration ...........cooeeeeveeeeeiiiiiinneeeeeeeeeeiiiiine e e e e e eeeeeens 282
Class ConfigParamMEter .........uuueii i e e e e e eeeaaes 282
Class ConfigParameterValUe ..........coooevuiiiiiiiiiieeeieeeie e e e e eeeeees 283
Class FloatConfigParameterValue ............cccooooeiiiiiiiiiiiiiie e, 284
Class IdentifierConfigParameterValue.............ccoovvveeiiuiiiieeeeeeeeeeicie e e 284
Class IntegerConfigParameterValue ............ccooooivviiiiiiiiiiii e, 285
Class StringConfigParameterValue ..., 285
o Tod Vo LI Ao (=] o [T 285
Enumeration HSIEIemMentCategory ... 286
Class HardwareSoftwarelnterfaceElement..............oooiiiiiiiiiiiiiiiiiee e, 287
Class HardwareSoftwarelnterfaceSpecification ............cccoooveveviiiiiiiiiiiieeeeeeeeeeinns 288
B.  REIBIBNCES ... . et e et eaaae 290
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2 Introduction

This document describes the language specification of SAFE.

The meta-model is based on the integration of the results of the conceptual work of all work tasks
3.x. It defines a domain specific language for safety modeling and safety analysis on M2 level.
The meta-model provides extensions to EAST-ADL and AUTOSAR which are linked via
references.

This document describes the meta-modeling rules, technical principles and the language
specification based on an Enterprise Architect file.

Compared to D3.5.c this document is an update due to changes in the meta-model which are
improvements found during the evaluation.

The meta-model

The language specification is the core of the methods of the SAFE project. Its main objective
is to enhance existing techniques to be able to reach the 1ISO26262 process in the context of
model based development of E/E-architectures in vehicles or sub-systems of vehicles.

The target is to use model based techniques to represent the required entities capable to
support safety case evaluation and documentation of vehicle architectures (and/or the
subsystems). Results of safety assessments are recorded and documented including hazard
identification and scenario goal description, in relation to safety requirements, their
decomposition in the functional and technical architecture.

It delivers an open automotive meta-model for description of all design artefacts supporting
the engineering process. It is based on the experience from the automotive domain and other
domains and on existing techniques such as EAST-ADL for functional abstraction, AUTOSAR
for software component, and a hardware description. The hardware part is improved to
support electrical distribution systems and new hardware component descriptions either from
the EAST-ADL hardware design extension and AUTOSAR ECU resource template with
inspiration/alignment to the IP_XACT standard. This meta-model covers specific modelling
techniques to support analysis methods, to compare and manage architecture variants during
the architecture design phase and as final product variant.

For the safety evaluation, the following objectives are considered:

- Failure error modelling and propagation to be able to perform safety and cut-set
analysis thanks to model based technique, aligned with extending analysis
methods such as FTA, FMEA with improved quantified value based on system
execution context or new methods

- Hardware and software COTS evaluation methods for safety test conformity and
integration in safety systems

- Clarification of needs via explicit elicitation of safety requirements and especially
the decision tracing the safety measures

- Specification of criteria and methods for architecture safety evaluation and
comparison to support design decisions regarding functional safety

- Generation of safety case documentation with respect to safety activities and
related model based work-product

a 2011-2014 The SAFE Consortium 16
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3 Modeling Rules

This chapter collects some basic principles used in the definition of the SAFE meta-model.

To define a homogeneous meta-model and enable automatic code generation, a set of rules have
been defined.

Use of Enterprise Architect

A Rule 0: Work on a replica
I Rationale: Enables the merge function in EA, required to export a unique MM
A Rule 1: Provide documentation on
A Diagrams
A Packages
A Classes
A Attributes
A Associations.
I Rationale: Export from EA to deliverables.
A It helps partners to understand your intentions
A It can be used as javadoc in generated code
A 1t can be included in generated documention

Class relations

A Rule 2: Only 3 class relation types are allowed:

Clas=s1 ClassZ2
=
T Generalization
Clas=1 Class2
>—
i Composition (i.e. contain)
T Direct Association
+employee
Company - Employee
0.*
+ name: String + lagMName: Sfring
+ address String +employeeOfTheMonth | +  firgName: String
+ address String

1

A Rule 2.1: For Compose and Association relations, multiplicity shall be explicitly defined
T Rationale: otherwise the generator takes assumptions.
A Rule 2.2: For Compose and Association have to be named at the navigable end, not the
connector itself.
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T Rationale: otherwise relation have no mean for code generation
A Rule23:Dondét use Compose or As stypedrentme@ton rel ati on w
I Rationale:data-t ype and enumeration arendét class. (
A Rule 2.4: always start creating the composition relation from the class to be aggregated

T Rationale: Ecore generation process assumes that the source always aggregates
the target.

A Rule 2.5: All associations starting at one class have to have different names at the navigable
end.

I Rational e: in Ecore the Afeaturesfi have to

Naming convention

A Rule 3: Only use java compliant names.
T Rationale: Names used in the model will be used in generated code

I Java compliant names (see http://java.sun.com/)

I E.g.: noreserved keyword
T Advice 1: Similar concept, different meta-model
A Rationale: simplify understanding
A Similar name. Ex: ARPackage <-> SAFEPackage
A Rule 3.1: Spaces in entries of enumerations are not allowed

Basic Data types

A Rule 4: Only use basic datatypes from the CommonStructure package

T Rationale: what if a float is not a float?

o

Rule 4.1 : These types have the stereotype <<primitive>> or <<enumeration>>

o

Rule 4.2: All attributes shall have a type

™

Rule 4.3: Default value shall have the same type

Main structural principle of meta-model

SAFE uses SAFEElement as a root of the meta-model
A Rule 5.1: All classes inherit directly or indirectly from SAFEElement

SAFE uses SafetyExtension for structuring the meta-model along abstraction levels (the
abstraction levels are taken from EAST-ADL and AUTOSAR).

A Rule 5.2: All classes are directly or indirectly contained in one of the subclasses of
SafetyExtension

a 2011-2014 The SAFE Consortium 18
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References

7

Elements from foreign meta-models (e.g. Chromosome, EAST-ADL, AUTOSAR é) <can
referenced by using proxy elements. These elements are located in the package
CommonsStructure / References

A Rule 6.1: reference elements are used by containment relationship only

T Rationale: if one links them via an association, the referenced element can not be
created in a tool.

A Rule 6.2: the reference element has the same name as the name in the original meta-model.

A Rule 6.3: The meta-model is chosen by the package in which the element is located in

Abstract Classes

T Rule 7: Abstract cl asses are indicated to be
properties of the el emenltsdo.The flag is at the

Note: sometimes the stereotype <<abstract>> is used to make the status more visible. But this
setting is for diagram illustration only and does not have a meta-model meaning. Especially, the
tool platform generator uses the flag above.

a 2011-2014 The SAFE Consortium 19

(290)

a |

~—
a)



SAFE - an ITEA2 project

D3.5.d

4 |Information Model Structure

The SAFE meta-model is structured in the following packages.

CommonsStructure Technical package defining basic structures
1 AUTOSARInstanceRefs
0 Specific structure for instance refs to enable a
referencing of AUTOSAR InstanceRefs from the
SAFE meta-model.
1 DataTypes
0 Collects all used primitive data types
1 FormulaExpression
0 Enables the definition of formula language
1 References
o Enables the link and usage of external meta-models
(e.g. EAST-ADL, AUTOSAR, CHRO
1 SafetyExtensions
0 Basic structuring principle based on abstraction
levels of SAFE meta-model
1 TopLevel
o 2" structuring principle used in SAFE meta-model,
based on hierarchies
Configuration Link to variant management
ErrorModel Basic component failure description as well as result of safety
analysis
Hardware Safety extensions on hardware level.
Hazards Definition of hazard, risk, event, controllability

Requirements

Provides links to a requirements perspective and extends safety
elements enabling the requirements traceability necessary to fulfill
a safety process.

SafetyAnalysis Safety analysis helping to classify malfunctions

Software Safety extensions on software level

System Safety extensions on system level
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5. Model Documentation

Model Detail

This document provides a complete overview of all element details. For simpler and more focused reports,
simply copy this initial template and turn off the sections not required.

Package ClassModel

Package Notes:

class Class Model /
Requirements

+ AbstractQuantifiableSafetyRequirement
+ DiagnosticCoverageContextEnum
+ DiagnosticCoverageTypeEnum

+ HardwareSafetyRequirement
+ HWFaultMetricsEnum

+ QuantifiedHWProperty

+ RequirementsReleationship
+ RequirementTypeEnum

+ SafetyConcept

+ Verify

+ AbstractSafetyRequirement
+ AllocatableElement

=

+ AllocationTargets

+ RequirementsLink

+ RequirementsLinkTypeEnum
+ Satisfy

E + Softy fetyRequi 1t

+ TechnicalSafetyRequirement

5 + TraceableSpecification

D + SafetyCase

[C] + Tactic

D + SoftwareSafetyRequirements

+ QuantifiedDiagnosticCoverageProperty

+ FunctionalSafetyRequirement

D + FunctionalSafetyRequirements

Software

D + Configuration

Hazards

+ ltemFunctionDescription

+ ControllabilityClassKind
+ ControllabilityReference
+ ExposureClassKind

+ Hazard

+ HazardousEvent

+ Item

+ OperatingMode

+ Operational Situation

+ RiskDescription

+ SeverityClassKind

Softw areSafetyRequirements

CommonStructure

|=:| + ControlFlowMonitor
[_] + AlivenessMonitor
[_] + ActuatorMonitor
[_] + CRCChecksum

|=:| + Comparison

[_] + ContextRangeCheck
[C] + CpuSelfTest

[ +Filter

[C] + GradientCheck

[Z] + HealthMonitor

[C] + Heartbeat

EI + MemorySelfTest

|=:| + Voting

D + FormulaExpression

[C] + SafetyExtensions

[_] + AUTOSARInstanceRefs
D + DataTypes

[_] + References

D + TopLevel

DataTypes

= + FunctionBehaviorKind

+ ASILDecomposedEnum
+ ASILEnum

+ DevelopmentCategory

+ SafeElementType

+ Numerical

(from Requirements)

+ UrlString

(from CommonStructure)

TopLevel

+ PackageableElement
+ SAFE

+ SAFEPackage

+ Referrable

5 + SAFEElement

5| + dentifiable

m&mﬂ&nﬂm—
+ CHROMOSOMEReference
+ EastAdIReference

+ AbstractReference

+ AutosarReference

[_] + CHROMOSOMEReferences
[C] + EASTADLReferences

[C] + AUTOSARReferences

(from CommonStructure)
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Figure 1: Class Model- (Class diagram)

Diagram Notes:

Package CommonsStructure

Package Notes:

Package AUTOSARInstanceRefs

Package Notes:

class AutosarinstanceRefs /

cabstract
AutosarinstanceRef

AutosarReference
AUTOSARReferences:: +hase
SwComponentType
1 ’
¢abstracte AutosarUndefinedinstanceRef
AutosarReference +contextComponent
AUTO!
SwComponentPrototype 0.x
+targetComponent/|\\ 1 Zﬁ
AutosarC iti AutosarPort (EEREEAED gabstracte
9 AUTO!
yp
1 1

AutosarClientServ erOperationinstanceRef

’ uuuuu
+argetModeGroup\|/ 1

AutosarReference +argetOperation\|/ 1
AUTOSARReferences:: Autosarmeterance]
ModeDeclarationGroupPrototype
AUTOSARReferences::
ClientServ erOperation +targetDataElement\[/ 1
AutosarReference
AUTO!

VariableDataPrototype

Figure 2: AutosarinstanceRefs- (Class diagram)
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Diagram Notes:

Abstract AutosarAbstractComponentinstanceRef
Element Base Classes: AutosarinstanceRef

Element Notes:

Connections

Connector

Source

Target

Generalization

Source-> Destination

AutosarAbstractComponentinstar
Ref

AutosarinstanceRef

Generalization

Source-> Destination

AutosarPortinCompositioninstang
Ref

AutosarAbstractComponentinstance
f

Generalization

Source-> Destination

AutosarComponentinCompaositior
nstanceRef

AutosarAbstractComponentinstance
f

Generalization

Source-> Destination

AutosarAbstractPortinComponent
stanceRef

AutosarAbstractComponentinstance
f

Association

Source-> Destination

AutosarAbstractComponentinstar
Ref

SwComponentType

Association

Source-> Destination

AutosarAbstractComponentinstar
Ref

SwComponentPrototype

Abstract AutosarAbstractPortinComponentinstanceRef
Element Base Classes: AutosarAbstractComponentinstanceRef

Element Notes:
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Connections

Connector

Source

Target

Generalization

Source-> Destination

AutosarVariableDataPrototypelns
nceRef

AutosarAbstractPortinComponenting
nceRef

Generalization

Source-> Destination

AutosarModelnPortFromCompon
tinCompositioninstanceRef

AutosarAbstractPortinComponenting
nceRef

Association

Source-> Destination

AutosarAbstractPortinComponent
stanceRef

PortPrototype

Generalization

Source-> Destination

AutosarClientServerOperationinst
nceRef

AutosarAbstractPortinComponenting
nceRef

Generalization

Source-> Destination

AutosarAbstractPortinComponent
stanceRef

AutosarAbstractComponentinstance
f

Class AutosarClientServerOperationinstanceRef
Element Base Classes: AutosarAbstractPortinComponentinstanceRef

Element Notes:

Connections

Connector

Source

Target

Association

Source-> Destination

AutosarClientServerOperationinsi
nceRef

ClientServerOperation

Aggregation
Source-> Destination

AutosarClientServerOperationinsi
nceRef

MFPOperation

Generalization

Source-> Destination

AutosarClientServerOperationinsi
nceRef

AutosarAbstractPortinComponenting
nceRef
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Connector Source Target

Class AutosarComponentinCompositioninstanceRef
Element Base Classes: AutosarAbstractComponentinstanceRef

Element Notes:

A reference to an AUTOSAR software componeiithin a software component composition instance
which finds itself in another model / file.

Connections

Connector Source Target

Aggregation AutosarComponentinComposition EMPSwComponent
Source> Destination | "StanceRef

Aggregation AutosarComponentinCompositior] ControlFlowMonitor
Source> Destination | "StanceRef

Generalization AutosarComponentinCompositiorn AutosarAbstractComponentinstance
Source> Destination | "StanceRef f

Aggregation AutosarComponentinComposition AutosarCheckPoint
Source> Destination | "StanceRef

Association AutosarComponentinComposition SwComponentPrototype
Source> Destination | "StanceRref

Aggregation AutosarComponentinCompositior AutosarActuatorMonitor
Source-> Destination nstanceRef

Abstract AutosarinstanceRef
Element Base Classes:
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Element Notes:

A reference to an instance of an AUTOSAR element which finds itself in another model / file.

Connections

Connector Source Target
Generalization AutosarAbstractComponentinstan AutosarinstanceRef
Source-> Destination Ref

Generalization AutosarUndefinedinstanceRef AutosarinstanceRef

Source-> Destination

Class AutosarModelnPortFromComponentinCompositioninstanceRef
Element Base Classes: AutosarAbstractPortinComponentinstanceRef

Element Notes:

A reference to an AUTOSAR mode for a specific port of a specific software component within a software
component composition defined in another model / file.

Connections

Connector Source Target
Aggregation AutosarModelnPortFromCompon( AutosarContext

Source-> Destination tinCompositioninstanceRef

Generalization AutosarModelnPortFromCompon( AutosarAbstractPortinComponenting
tinCompositioninstanceRef nceRef

Source-> Destination

Association AutosarModelnPortFromCompon(ModeDeclarationGroupPrototype

Source-> Destination tinCompositioninstanceRef

Class AutosarPortinCompositioninstanceRef
Element Base Classes: AutosarAbstractComponentinstanceRef
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Element Notes:

Connections

Connector Source Target

Aggregation AutosarPortinCompositioninstang OperationBlock

Source-> Destination Ref

Generalization AutosarPortinCompositioninstang AutosarAbstractComponentinstance
Source-> Destination Ref f

Association AutosarPortinCompositioninstanc PortPrototype

Source> Destination | Ref

Class AutosarUndefinedInstanceRef
Element Base Classes: AutosarinstanceRef

Element Notes:

Class for representing AUTOSAR references which are not understabd BAFE meta model.

Connections

Connector Source Target
Aggregation AutosarUndefinedinstanceRef | AUTOSARSequenceConstraint

Source-> Destination

Generalization AutosarUndefinedinstanceRef AutosarinstanceRef

Source-> Destination

Class AutosarVariableDataPrototypelnstanceRef
Element Base Classes: AutosarAbstractPortinComponentinstanceRef
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Element Notes:

A reference to an AUTOSAR variable data prototype of a specific software component within a software

component composition which defined in another model / file.

Connections

Source-> Destination

nceRef

Connector Source Target
Aggregation AutosarVariableDataPrototypelns| AutosarEvaluationFunction

Generalization

Source-> Destination

AutosarVariableDataPrototypelns
nceRef

AutosarAbstractPortinComponenting
nceRef

Aggregation
Source-> Destination

AutosarVariableDataPrototypelns
nceRef

MFPVariable

Association

Source-> Destination

AutosarVariableDataPrototypelns
nceRef

VariableDataPrototype

Aggregation
Source-> Destination

AutosarVariableDataPrototypelns
nceRef

AutosarContextRangeCheck

Aggregation
Source-> Destination

AutosarVariableDataPrototypelns
nceRef

AutosarComparisonParam

Aggregation
Source-> Destination

AutosarVariableDataPrototypelns
nceRef

AutosarGradientCheck

Aggregation
Source-> Destination

AutosarVariableDataPrototypelns
nceRef

ComponentPrototypeCRC

Package DataTypes

Package Notes:
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class Datatypes /

cprimit|ivee cprimitlivee ¢primitlivee gprimitlivee
Numerical Boolean Date String
cpri miti ee Gprimitiviee Gpri mitlivee ¢cpri mit|i
Float Integer Identifier UriString
Gpri mitli
UrlString

cenumeratifo ; . R

ASILDecomposedEnum gAeSIrll_EnTn?r v glenumerat|one genumerat)ornecenumeratione

Dev elopmentCategory FunctionBehaviorKind SafeElementType

AL ASIL_A newltemDevelopment _
REIL AR ASIL_B modificationOfExistingltem SIMULINK =0 USonm S@
ASIL_A_B ASIL C STATEMATE =1 Goals=1
ASIL_A_C ASIL D SDL =2 Strategies = 2
ASIL_A_D oM - ASCET =3 Solutions = 3
ASIL_B SCADE =4 Contexts = 4
ASIL_B_B OTHER =5 Assumtions = 5
ASIL_B_C MARTE =6 Justifications = 6
ASIL_B_D UML =7
ASIL_C SCILAB =8
ASIL_C_C
ASIL_C_D
ASIL_D
ASIL_D_D
ASIL_QM_A
ASIL_QM_B
ASIL_QM_C
ASIL_QM_D
QM

Figure 3: Datatypes- (Class diagram)

Diagram Notes:

Enumeration ASILDecomposedEnum
Element Base Classes:

Element Notes:
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Attributes

Attribute

Notes

Default

ASIL_A

ASIL_A_A

ASIL_A B

ASIL_A C

ASIL_A D

ASIL_B

ASIL_B B

ASIL_ B_C

ASIL_B_D

ASIL_C

ASIL_ C C

ASIL_C_D

ASIL_D

ASIL_D_D

ASIL_QM_A

ASIL_QM_B
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Attribute Notes

Default

ASIL_QM_C

ASIL_QM_D

QoM

Enumeration ASILEnum
Element Base Classes:

Element Notes:
An ASIL shall be determined by using the parameters

1 severity
91 probability of exposure
91 controllability

ISO 26262 ReferencePart 3 Chapter 7.4.4

Attributes

Attribute Notes

Default

ASIL_A

ASIL_B

ASIL_C

ASIL_D

QM
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Enumeration DevelopmentCategory
Element Base Classes:

Element Notes:

This element is an enumeration for the development kind of an item.
Values:
- new

- modification

ISO 262626 Referencd?art 3 Chapter 6.4.1

Attributes

Attribute Notes Default

newltemDevelopment

modificationOfExistinglte
m

Enumeration FunctionBehaviorKind
Element Base Classes:

Element Notes:

Attributes

Attribute Notes Default
SIMULINK 0
STATEMATE 1
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Attribute Notes Default
SDL 2
ASCET 3
SCADE 4
OTHER 5
MARTE 6

UML 7
SCILAB 8
Enumeration SafeElementType

Element Base Classes:

Element Notes:
Attributes

Attribute Notes Default
Unknown 0

Goals 1
Strategies 2
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Attribute

Notes

Default

Solutions

3

Contexts

Assumtions

Justifications

DataType Boolean
Element Base Classes:

Element Notes:

DataType Date

Element Base Classes:

Element Notes:

DataType Float

Element Base Classes:

Element Notes:
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Connections
Connector Source Target

Generalization Float Numerical

Source-> Destination

DataType Identifier

Element Base Classes:

Element Notes:

An Identifier is a string with a number of constraints on its appearance, satisfying the requirements typical
programming languages define for their Identifiers.

It needs to start with a letter, may consist of letters, digits and underscore. It must rtaichemesecutive
underscores (to support subsequent name mangling based on"__").

Connections
Connector Source Target

Generalization Identifier String

Source-> Destination

DataType Integer

Element Base Classes:

Element Notes:

Connections
Connector Source Target

Generalization Integer Numerical
Source-> Destination

a 2011-2014 The SAFE Consortium 35
(290)



SAFE - an ITEA2 project

D3.5.d

DataType Numerical

Element Base Classes:

Element Notes:

Connections

Source-> Destination

Connector Source Target
Generalization Float Numerical
Source-> Destination

Generalization Integer Numerical

DataType String

Element Base Classes:

Element Notes:

Any string.

This primitive type is redefined here to solve an issue with entreprise architect ecore generation.

Connections

Source-> Destination

Connector Source Target
Generalization UriString String
Source-> Destination

Generalization Identifier String

DataType UriString

Element Base Classes:
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Element Notes:

A Uniform Resource IdentifigfURI), is a compact string of characters used to identify or name a resource.

Connections
Connector Source Target

Generalization UrlString UriString
Source-> Destination

Generalization UriString String
Source-> Destination

DataType UrlString

Element Base Classes:
Element Notes:

A Uniform Resource Location

Connections
Connector Source Target

Generalization UrlString UriString
Source-> Destination

Package FormulaExpression

Package Notes:
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class FormuIaExpression/

Identifiable

FormulaExpression

+ Formula :String

FilterExpression

¢cmi xedStri|fng
ErrorBehavior::
FailureLogicFormula

Diagram Notes:

Figure 4: FormulaExpression- (Class diagram)

Class FilterExpression
Element Base Classes: FormulaExpression

Element Notes:

Connections

Connector

Source

Target

Generalization

Source-> Destination

FilterExpression

FormulaExpression
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Connector Source Target
Aggregation FilterExpression Filter

Source-> Destination

Class FormulaExpression
Element Base Classes: Identifiable

Element Notes:

This class represents the syntax of the formula language. The class is modeled as an abstract class in order
to be specialized into particular use cases. For each use case the referable objects might be specified in the
specialization.

The stereotype "mixedString" of this class and the specializedlases indicates the usage of mixed
content model with intermed text. The grammar of the mixed content model is described in the
description field of the dedicated class.

The term "mixed content" is used as defined in XML

(http://www.w3schools.com/schema/schema_complex_mixed.asp).

Connections

Connector

Source

Target

Generalization

Source-> Destination

FormulaExpression

Identifiable

Generalization

Source-> Destination

FailureLogicFormula

FormulaExpression

Generalization

Source-> Destination

FilterExpression

FormulaExpression

Attributes

Attribute

Notes

Default

Formula

String

Package References
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Package Notes:

class References/
cabstrag¢té
AbstractReference
cabstract|é cabstralcte cabstract
AutosarReference EastAdIReference CHROMOSOMEReference

Diagram Notes:

Figure 5: References (Class diagram)

Abstract AbstractReference

Element Base Classes:

Element Notes:

Connections

Connector

Source

Target

Generalization

Source-> Destination

CHROMOSOMEReference

AbstractReference
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Connector Source Target

Generalization EastAdIReference AbstractReference

Source-> Destination

Generalization AutosarReference AbstractReference

Source-> Destination

Abstract AutosarReference
Element Base Classes: AbstractReference

Element Notes:

The base reference element which allows references to AUTOSAR elements defined outside SAFE models.

Connections
Connector Source Target

Generalization VariableDataPrototype AutosarReference

Source-> Destination

Generalization HwElementPrototype AutosarReference

Source-> Destination

Generalization SwComponentType AutosarReference
Source-> Destination

Generalization SwComponentPrototype AutosarReference

Source-> Destination

Generalization ModeDeclaration AutosarReference

Source-> Destination

Generalization HwElementType AutosarReference

Source-> Destination

Generalization ModeDeclarationGroupPrototype | AutosarReference

Source-> Destination

Generalization PortPrototype AutosarReference

Source-> Destination

Generalization ExecutableEntity AutosarReference

Source-> Destination
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Connector Source Target

Generalization CompositionSwComponentType | AutosarReference
Source-> Destination

Generalization BswModuleEntry AutosarReference
Source-> Destination

Generalization System AutosarReference
Source-> Destination

Generalization Eculnstance AutosarReference
Source-> Destination

Generalization EcuPartition AutosarReference
Source-> Destination

Generalization AutosarReference AbstractReference
Source-> Destination

Generalization BswModuleDescription AutosarReference
Source-> Destination

Generalization ClientServerOperation AutosarReference
Source-> Destination

Abstract CHROMOSOMEReference

Element Base Classes: AbstractReference

Element Notes:

Connections

Connector Source Target

Generalization Node CHROMOSOMEReference
Source-> Destination

Generalization System CHROMOSOMEReference
Source-> Destination

Generalization CHROMOSOMEReference AbstractReference
Source-> Destination
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Connector Source Target

Generalization Application CHROMOSOMEReference
Source-> Destination

Generalization Component CHROMOSOMEReference
Source-> Destination

Generalization ComponentModelnstanceRef CHROMOSOMEReference
Source-> Destination

Generalization Topic CHROMOSOMEReference
Source-> Destination

Abstract EastAdIReference

Element Base Classes: AbstractReference

Element Notes:

Connections

Connector Source Target

Generalization FunctionPort EastAdIReference
Source-> Destination

Generalization HardwarePin EastAdIReference
Source-> Destination

Generalization FeatureModel EastAdIReference
Source-> Destination

Generalization AnalysisFunctionType EastAdIReference
Source-> Destination

Generalization FunctionConnector EastAdIReference
Source-> Destination

Generalization FunctionType EastAdIReference
Source-> Destination

Generalization EastAdIReference AbstractReference
Source-> Destination
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Connector

Source

Target

Generalization

Source-> Destination

VehicleFeature

EastAdIReference

Generalization

Source-> Destination

HardwareComponentPrototype

EastAdIReference

Generalization FunctionPrototype EastAdIReference
Source-> Destination
Generalization HardwarePort EastAdIReference

Source-> Destination

Generalization

Source-> Destination

DesignFunctionPrototype

EastAdIReference

Generalization

Source-> Destination

Environment

EastAdIReference

Generalization

Source-> Destination

AnalysisFunctionPrototype

EastAdIReference

Generalization

Source-> Destination

ErrorBehavior

EastAdIReference

Generalization

Source-> Destination

Requirement

EastAdIReference

Generalization

Source-> Destination

DesignLevel

EastAdIReference

Generalization

Source-> Destination

HardwareComponentType

EastAdIReference

Generalization

Source-> Destination

DesignFunctionType

EastAdIReference

Package CHROMOSOMEReferences

Package Notes:
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class CHROMOSOMEReferences/
Figure 6: CHROMOSOMEReferences- (Class diagram)

Diagram Notes:

Class Application

Element Base Classes: CHROMOSOMEReference

Element Notes:
A reference to a specific CHROMOSOME application.

Connections

Connector Source Target

Association ChromosomeApplicationHealthM¢ Application

Source> Destination | Mt

Generalization Application CHROMOSOMEReference
Source-> Destination

Association ChromosomeApplicationSafetyEx Application

Source-> Destination | "S!ON
Class Component
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Element Base Classes: CHROMOSOMEReference

Element Notes:

A reference to a specific CHROMOSOME component instance.

Connections

Source-> Destination

Connector Source Target
Association ChromosomeHeartbeatSender | Component
Source-> Destination

Association ChromosomeHealthMonitor Component
Source-> Destination

Association ChromosomeMemoryTest Component
Source-> Destination

Association ChromosomeCpuSelfTest Component
Source-> Destination

Generalization Component CHROMOSOMEReference
Source-> Destination

Association ChromosomeHeartbeatReceiver | Component
Source-> Destination

Association ChromosomeHealthMonitor Component
Source-> Destination

Association ChromosomeVoter Component
Source-> Destination

Association ChromosomeComparison Component

Class ComponentModelnstanceRef
Element Base Classes: CHROMOSOMEReference

Element Notes:

Enables referencing of mode of a specific CHROMOSOME component instance.
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Connections
Connector Source Target

Generalization ComponentModelnstanceRef CHROMOSOMEReference
Source-> Destination

Association ChromosomeComponentModeCa ComponentModelnstanceRef
Source-> Destination | 'lon

Class Node
Element Base Classes: CHROMOSOMEReference

Element Notes:

A reference to a CHROMOSOME node. A node in CHROMOSOME is a hardware unit, which acts as a
deployment target for software components (like ECU in Autosar).

Connections
Connector Source Target

Association ChromosomeMemoryTest Node
Source-> Destination

Generalization Node CHROMOSOMEReference
Source-> Destination

Association ChromosomeCpuSelfTest Node
Source-> Destination

Association ChromosomeNodeHealthMonitor | Node
Source-> Destination

Class System
Element Base Classes: CHROMOSOMEReference

Element Notes:
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Connections

Connector

Source

Target

Association

Source-> Destination

ChromosomeSystemSafetyExten
n

System

Generalization System CHROMOSOMEReference
Source-> Destination

Class Topic

Element Base Classes: CHROMOSOMEReference

Element Notes:

A reference to a specific CHROMOSOME topic.

Connections

Connector Source Target

Association ChromosomeVoterParameter Topic

Source-> Destination

Association

Source-> Destination

ChromosomeErrorEventCondition

Topic

Association

Source-> Destination

CHROMOSOMEHealthMonitorNg
tification

Topic

Generalization Topic CHROMOSOMEReference
Source-> Destination

Association ChromosomeComparisonParame Topic

Source-> Destination

Package EASTADLReferences

Package Notes:
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class EASTADLReferences/

Q NV P

|AbstractReference A\

cabstralcte
References::
EastAdIReference

VARNANY V.

Figure 7: EASTADLReferences- (Class diagram)

Diagram Notes:

Class AnalysisFunctionPrototype
Element Base Classes: EastAdIReference

Element Notes:
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Connections

Connector Source Target

Association AllocationTargets AnalysisFunctionPrototype
Source-> Destination

Dependency EMPAnalysis AnalysisFunctionPrototype
Source-> Destination

Generalization AnalysisFunctionPrototype EastAdIReference
Source-> Destination

Association ErrorModelPrototype_analysisFur AnalysisFunctionPrototype
instanceRef.context tionTarget

Source-> Destination

Association ErrorModelPrototype_analysisFur AnalysisFunctionPrototype
instanceRef.target tionTarget

Source-> Destination

Class AnalysisFunctionType

Element Base Classes: EastAdIReference

Element Notes:

Connections

Connector Source Target

Association FunctionalSafetyExtension AnalysisFunctionType
Source-> Destination

Generalization AnalysisFunctionType EastAdIReference
Source-> Destination

Association EMTypeAnalysis AnalysisFunctionType
Source-> Destination

Class DesignFunctionPrototype

Element Base Classes: EastAdIReference
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Element Notes:

Connections

Connector Source Target

Association ErrorModelPrototype_designFung DesignFunctionPrototype
Source-> Destination onTarget

Association ErrorModelPrototype_designFung DesignFunctionPrototype
Source-> Destination onTarget

Generalization DesignFunctionPrototype EastAdIReference
Source-> Destination

Dependency EMPDesign DesignFunctionPrototype
Source-> Destination

Association AllocationTargets DesignFunctionPrototype
Source-> Destination

Class DesignFunctionType

Element Base Classes: EastAdIReference

Element Notes:

Connections

Connector Source Target

Association SoftwareSafetyExtension DesignFunctionType
Source-> Destination

Generalization DesignFunctionType EastAdIReference
Source-> Destination

Association EMTypeDesign DesignFunctionType
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Connector Source Target

Source-> Destination

Class DesignLevel
Element Base Classes: EastAdIReference

Element Notes:

Connections
Connector Source Target

Association DesignLevelSafetyExtension DesignLevel
Source-> Destination

Generalization DesignLevel EastAdIReference
Source-> Destination

Class Environment
Element Base Classes: EastAdIReference

Element Notes:

Class used to reference the EASDL Environment Element

Environmental Elements describe elements that have the potential to influence the vehicle behavior during
the analyzed operational situation.

(e.g. main road, trees next to the rdadi)dings next to the road, snow,...)

Connections
Connector Source Target

Association OperationalSituation Environment
Source-> Destination
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Connector Source Target
Generalization Environment EastAdIReference
Source-> Destination
Class ErrorBehavior
Element Base Classes: EastAdIReference
Element Notes:
Connections
Connector Source Target
Generalization ErrorBehavior EastAdIReference
Source-> Destination
Association EastADLErrorBehavior ErrorBehavior
Source-> Destination
Class FeatureModel
Element Base Classes: EastAdIReference
Element Notes:
Connections
Connector Source Target
Association HazardandRiskSafetyExtension |FeatureModel
Source-> Destination
Generalization FeatureModel EastAdIReference
Source-> Destination
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Class FunctionConnector

Element Base Classes: EastAdIReference

Element Notes:

Connections

Connector Source Target
Generalization FunctionConnector EastAdIReference
Source-> Destination

Association HardwareSoftwarelnterfaceEleme FunctionConnector
Source-> Destination

Class FunctionPort

Element Base Classes: EastAdIReference

Element Notes:

Connections

Connector Source Target
Dependency MFPFunctionPort FunctionPort
Source-> Destination

Generalization FunctionPort EastAdIReference
Source-> Destination

Association HardwareSoftwarelnterfaceEleme FunctionPort
Source-> Destination

Association FaultFailurePort_functionTarget | FunctionPort
instanceRef.target

Source-> Destination
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Class FunctionPrototype

Element Base Classes: EastAdIReference

Element Notes:

Connections

Connector Source Target
Generalization FunctionPrototype EastAdIReference
Source-> Destination

Association FaultFailurePort_functionTarget |FunctionPrototype
instanceRef.context

Source-> Destination

Class FunctionType

Element Base Classes: EastAdIReference

Element Notes:

Connections

Connector Source Target
Generalization FunctionType EastAdIReference
Source-> Destination

Class HardwareComponentPrototype

Element Base Classes: EastAdIReference

Element Notes:

Class used to reference an EASDL HardwareComponentPrototype element.
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Connections

Connector

Source

Target

Generalization

Source-> Destination

HardwareComponentPrototype

EastAdIReference

Dependency
Source-> Destination

EMPHwComponent

HardwareComponentPrototype

Association

Source-> Destination

AllocationTargets

HardwareComponentPrototype

Association

Source-> Destination

FaultFailurePort_hwPortTarget

HardwareComponentPrototype

Association
instanceRef.context

Source-> Destination

ErrorModelPrototype _hwTarget

HardwareComponentPrototype

Association
instanceRef.target

Source-> Destination

ErrorModelPrototype_hwTarget

HardwareComponentPrototype

Class HardwareComponentType
Element Base Classes: EastAdIReference

Element Notes:

Class used to reference an EASDL HardwareComponentType element.

Connections

Connector

Source

Target

Association

Source-> Destination

HardwareSafetyExtension

HardwareComponentType

Association

Source-> Destination

EMTypeHwComponent

HardwareComponentType

Generalization

Source-> Destination

HardwareComponentType

EastAdIReference
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Class HardwarePin

Element Base Classes: EastAdIReference

Element Notes:

Connections

Connector

Source

Target

Association

Source-> Destination

HardwareSoftwarelnterfaceEleme

HardwarePin

Generalization

Source-> Destination

HardwarePin

EastAdIReference

Dependency
Source-> Destination

MFPHardwarePin

HardwarePin

Association
instandeRef.target

Source-> Destination

FaultFailurePort_hwPinTarget

HardwarePin

Class HardwarePort

Element Base Classes: EastAdIReference

Element Notes:

Connections

Connector

Source

Target

Dependency
Source-> Destination

MFPHardwarePort

HardwarePort

Generalization

Source-> Destination

HardwarePort

EastAdIReference

Association

Source-> Destination

FaultFailurePort_hwPortTarget

HardwarePort
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Class Requirement

Element Base Classes: EastAdIReference

Element Notes:

Class used to reference an EABDL Requirement element.

Connections

Connector

Source

Target

Association

Source-> Destination

AbstractSafetyRequirement

Requirement

Association

Source-> Destination

Item

Requirement

Generalization

Source-> Destination

Requirement

EastAdIReference

Class VehicleFeature

Element Base Classes: EastAdIReference

Element Notes:

Class used to reference an EASDL VehicleFeature element.

Connections

Connector

Source

Target

Generalization

Source-> Destination

VehicleFeature

EastAdIReference

Association

Source-> Destination

Item

VehicleFeature

Association

Source-> Destination

AllocationTargets

VehicleFeature
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Package AUTOSARReferences

Package Notes:

class AUTOSARReferences /

cabstracte
References::AutosarReference

AbstractReference

| System |T | Hw ElementType

‘T

e S

| | ClientServ erOperationl | VariableD:
P!

A\
SwComponentType

n«l

| w || | -
Figure 8: AUTOSARReferences- (Class diagram)
Diagram Notes:
Class BswModuleDescription
Element Base Classes: AutosarReference
Element Notes:
Connections
Connector Source Target
Association EMPBswModule BswModuleDescription
Source-> Destination
Association EMTypeBswModule BswModuleDescription

Source-> Destination

Generalization

Source-> Destination

BswModuleDescription

AutosarReference

Class BswModuleEntry
Element Base Classes: AutosarReference
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Element Notes:

Connections

Connector Source Target

Association MFPBswPort BswModuleEntry
Source-> Destination

Association AllocationTargets BswModuleEntry
Source-> Destination

Generalization BswModuleEntry AutosarReference
Source-> Destination

Class ClientServerOperation
Element Base Classes: AutosarReference

Element Notes:

Connections

Connector Source Target

Association AutosarClientServerOperationinst ClientServerOperation
Source> Destination | NCeRef

Generalization ClientServerOperation AutosarReference

Source-> Destination

Class CompositionSwComponentType
Element Base Classes: AutosarReference

Element Notes:

Class used to reference instances of software component compositions in an AUTOSAR model.
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Connections

Connector Source Target

Generalization CompositionSwComponentType | AutosarReference
Source-> Destination

Class Eculnstance
Element Base Classes: AutosarReference

Element Notes:

Connections

Connector Source Target

Association EMTypeApplicationEnvironment | Eculnstance
Source-> Destination

Generalization Eculnstance AutosarReference
Source-> Destination

Class EcuPartition
Element Base Classes: AutosarReference

Element Notes:

Connections

Connector Source Target

Association EMTypeApplicationEnvironment | EcuPartition
Source-> Destination

Generalization EcuPartition AutosarReference
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Connector Source Target

Source-> Destination

Class ExecutableEntity
Element Base Classes: AutosarReference

Element Notes:

Class used to reference instances of AUTOSAR runnable entity elements.

Connections

Connector Source Target

Association AutosarCheckPoint ExecutableEntity
Source-> Destination

Generalization ExecutableEntity AutosarReference
Source-> Destination

Association RunnableEntitySequenceElement ExecutableEntity
Source-> Destination

Class HwElementPrototype
Element Base Classes: AutosarReference

Element Notes:

class used to reference an AUTOSERmMent used to model a safety hardware component

Connections

Connector Source Target
Dependency HWEIlementPrototypeScope HwElementPrototype

Source-> Destination

Generalization HwElementPrototype AutosarReference

Source-> Destination
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Connector Source Target

Association HWElementScopelnstanceRef | HwElementPrototype
Source-> Destination

Association HWElementScopelnstanceRef | HwElementPrototype
Source-> Destination

Association AllocationTargets HwElementPrototype
Source-> Destination

Class HwElementType

Element Base Classes: AutosarReference

Element Notes:

Connections

Connector Source Target

Association HWElementScopelnstanceRef |HwElementType
Source-> Destination

Generalization HwElementType AutosarReference
Source-> Destination

Association AutosarHardwareSafetyExtensiorf HwElementType
Source-> Destination

Class ModeDeclaration

Element Base Classes: AutosarReference

Element Notes:

Class used to reference an AUTOSAR mode declaration.

Connections

Connector Source Target
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Connector

Source

Target

Association

Source-> Destination

AutosarContext

ModeDeclaration

Generalization

Source-> Destination

ModeDeclaration

AutosarReference

Class ModeDeclarationGroupPrototype
Element Base Classes: AutosarReference

Element Notes:

A reference to an AUTOSAR mode for a specific port of a specific software compuitieinta software

component composition defined in another model / file.

Connections

Connector

Source

Target

Generalization

Source-> Destination

ModeDeclarationGroupPrototype

AutosarReference

Association

Source-> Destination

AutosarModelnPortFromCompon
tinCompositioninstanceRef

ModeDeclarationGroupPrototype

Class PortPrototype

Element Base Classes: AutosarReference

Element Notes:

Class used to reference AUTOSAR port prototype elements.

Connections

Connector

Source

Target

Association

Source-> Destination

AutosarAbstractPortinComponent
stanceRef

PortPrototype
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Connector Source Target

Generalization PortPrototype AutosarReference
Source-> Destination

Association AutosarPortinCompositioninstanc PortPrototype

Source> Destination | Ref

Class SwComponentPrototype

Element Base Classes: AutosarReference

Element Notes:

Connections

Connector Source Target

Association AllocationTargets SwComponentPrototype
Source-> Destination

Generalization SwComponentPrototype AutosarReference
Source-> Destination

Association AutosarAbstractComponentinstan SwComponentPrototype
Source> Destination | R€f

Association AutosarComponentinComposition SwComponentPrototype
Source> Destination | "StanceRef

Class SwComponentType

Element Base Classes: AutosarReference

Element Notes:
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Connections
Connector Source Target

Association EMTypeSwComponent SwComponentType
Source-> Destination

Generalization SwComponentType AutosarReference
Source-> Destination

Association AutosarVfbSafetyExtension SwComponentType
Source-> Destination

Association AutosarAbstractComponentinstan SwComponentType

Source> Destination | R€f

Class System
Element Base Classes: AutosarReference

Element Notes:

Class used to reference an instance of an AUTOSAR System element.

Connections
Connector Source Target

Association AutosarSystemSafetyExtension | System
Source-> Destination

Generalization System AutosarReference

Source-> Destination

Class VariableDataPrototype
Element Base Classes: AutosarReference

Element Notes:

A reference to an AUTOSAR variable data prototype gpecific software component within a software
component compaosition which is defined in another model / file.
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Connections

Connector Source Target

Generalization VariableDataPrototype AutosarReference

Source-> Destination

Association AutosarVariableDataPrototypelns VariableDataPrototype

Source-> Destination | "CeRef

Association InterfaceCRC VariableDataPrototype
Source-> Destination

Package SafetyExtensions

Package Notes:
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class SafetyExtensions /

PackageableElement

¢cabstract 4 HazardandRiskSafetyExtension::
TopLevel::SAFEElement HazardandRiskSafetyExtension

+ name :String

FunctionalSafetyExtension::
FunctionalSafetyExtension

cabstract 4
SafetyExtension

} Qabstrac_té cabstracté
SingleLevelSafetyExtension TechnicalSafetyExtension::

Q TechnicalSafetyExtension

| I

ImplementationSafetyExtension:;
ImplementationSafetyExtension

+errorModel | 0..*

Identifiable
ErrorModel::ErrorModel

TraceableSpecification
+type ErrorModelType::ErrorModel Type

0.*[ + errorModelKind :ErorModelKind
+rootErrorModelType| . genericDescription :String = NA

/0“l +errorModel /[\ 1

Identifiable
+behavior K
cabstracte
0..% ErrorBehavior::AbstractErrorBehavior
) Identifiable
‘m Malfunction::MalfunctionType
0.*
+malfunction | 0..*
+requirementsRelationship ‘
0.*
cabstract g MultiLev elSafetyExtension AbstractSafetyRequirement
_Requirements:: ‘ Requirements::SafetyConcept
RequirementsReleationship +safetyConcept
o— - emergencyOperationTimelnterval :Integer [0..1]
0.*] - faultTolerantTimelnterval :Integer [0..1]

+safetyCase 1..*

SafetyCase::SafetyCase

- elementType :SafeElementType

Figure 9: SafetyExtensions (Class diagram)

Diagram Notes:
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Class MultiLevelSafetyExtension
Element Base Classes: SafetyExtension

Element Notes:

Connections

Connector

Source

Target

Aggregation
Source-> Destination

MalfunctionType

MultiLevelSafetyExtension

Aggregation
Source-> Destination

SafetyConcept

MultiLevelSafetyExtension

Aggregation
Source-> Destination

SafetyCase

MultiLevelSafetyExtension

Generalization

Source-> Destination

MultiLevelSafetyExtension

SafetyExtension

Abstract SafetyExtension
Element Base Classes: SAFEElement

Element Notes:

The abstract parent class of the different abstrattiosl specific safety extensions.

Depending on the specific level

of abstraction (HazardRiskModel,

TechnicalSafetyExtension, ...), the following restriction apply:

- the

subtypes

of AbstractSafetyRequirement

FunctionalSafetyExtension,

(TechnicalSafetyRequirement,

FunctionalSafetyRequirement, SafetyGoal, HW/SWSafetyRequirement) shall be used in the respective
level of abstractiowia the "requirements” relation of the safety extension

- the error model associated with the safety extension via the "erroModel" relation shall only allow to
reference system model artifacts which are visibly at the level of abstraction of the safety extension (e.g. an
AUTOSAR software component is not viglih the HazardandRiskModel)

Connections

Connector

Source

Target
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Connector Source Target

Generalization SingleLevelSafetyExtension SafetyExtension

Source-> Destination

Generalization SafetyExtension SAFEElement

Source-> Destination

Aggregation RequirementsReleationship SafetyExtension

Source-> Destination

Generalization MultiLevelSafetyExtension SafetyExtension

Source-> Destination

Abstract SingleLevelSafetyExtension

Element Base Classes: SafetyExtension

Element Notes:

Connections

Connector Source Target

Aggregation ErrorModel SingleLevelSafetyExtension
Source-> Destination

Generalization SingleLevelSafetyExtension SafetyExtension

Source-> Destination

Generalization HazardandRiskSafetyExtension | SingleLevelSafetyExtension
Source-> Destination

Generalization ImplementationSafetyExtension | SingleLevelSafetyExtension
Source-> Destination

Aggregation SafetyAnalysisResult SingleLevelSafetyExtension
Source-> Destination

Generalization FunctionalSafetyExtension SingleLevelSafetyExtension
Source-> Destination

Generalization TechnicalSafetyExtension SingleLevelSafetyExtension
Source-> Destination
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Package FunctionalSafetyExtension

Package Notes:

class FunctionaISafetyExtension/

SingleLevelSafetyExtension
FunctionalSafetyExtension

+requirement| 0..*

AbstractSafetyRequirement

+scope kl Requirements::
FunctionalSafetyRequirement

EastAdIReference

EASTADLReferences::
AnalysisFunctionType

- isSafetyGoal :Boolean

Figure 10: FunctionalSafetyExtension- (Class diagram)

Diagram Notes:

Class FunctionalSafetyExtension
Element Base Classes: SingleLevelSafetyExtension

Element Notes:
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The FunctionalSafetyExtension is used as interface to the AnalysisLevel definedSIRAPA. This
extension specifies the add needed to model the functional safety concept defined in the ISO 26262 part
3 chapter 8.

Connections
Connector Source Target

Association FunctionalSafetyExtension AnalysisFunctionType
Source-> Destination

Generalization FunctionalSafetyExtension SingleLevelSafetyExtension

Source-> Destination

Adgregation FunctionalSafetyRequirement FunctionalSafetyExtension
Source-> Destination

Package HazardandRiskSafetyExtension

Package Notes:
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class HazardandRiskSafetyExtension /

SingleLevelSafetyExtension
HazardandRiskSafetyExtension

+risk 0.
= +scope\|/ 1
TraceableSpecification e
as eference
+item [0..* Hazards:: i
= RiskDescription EASTADLReferences::
ldentifiable FeatureModel
+actor| 0..*
Hazards::Item
Identifiable
+ developmentCategory :DevelopmentCategory MG T
T p s 0 +controllability
+ i :Stri il
+otherltem 0..* n orma. imng [8=Y 1.
+ formal :String
Identifiable
. — .
+operationalSituation |0.. Hazards::ControllabilityReference
TraceableSpecification -
. . . + tableOfValues :String [0..1]
Hazards::OperationalSituation + function :String
+hazard 0..*
+hazardousEvent|0..* Identifiable
\dentifiable Hazards::Hazard
Hazards::HazardousEv ent + formal :String
+ informal :String

+ consequences :String [0..1]
+ hazardClassification :ASILEnum

+ exposure :ExposureClassKind

+ severity :SeverityClassKind

+ controllability :ControllabilityClassKind

Figure 11: HazardandRiskSafetyExtension (Class diagram)

Diagram Notes:

Class HazardandRiskSafetyExtension
Element Base Classes: SingleLevelSafetyExtension

Element Notes:

The HazardAndRiskSafetyExtension is used as interface to the VehicleFeature defined WARBHAST

This extension specifies the add needed to model the hazard analysis and risk assessment defined in ISO
26262 part 3 chapter 7. Further details accordingddeling of hazards and safety goals are described in
D3.1.1.b

Connections

Connector Source Target
Aggregation FunctionalSafetyRequirement HazardandRiskSafetyExtension

Source-> Destination
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Connector Source Target

Aggregation OperationalSituation HazardandRiskSafetyExtension
Source-> Destination

Aggregation HazardousEvent HazardandRiskSafetyExtension

Source-> Destination

Association

Source-> Destination

HazardandRiskSafetyExtension

FeatureModel

Generalization

Source-> Destination

HazardandRiskSafetyExtension

SingleLevelSafetyExtension

Aggregation Item HazardandRiskSafetyExtension
Source-> Destination
Aggregation Hazard HazardandRiskSafetyExtension

Source-> Destination

Aggregation
Source-> Destination

ControllabilityReference

HazardandRiskSafetyExtension

Aggregation
Source-> Destination

Actor

HazardandRiskSafetyExtension

Aggregation
Source-> Destination

RiskDescription

HazardandRiskSafetyExtension

Package ImplementationSafetyExtension

Package Notes:
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class |mpIementauonSalelyExtensmn/

SingleLevelSafetyExtension
ImplementationSafetyExtension

AbstractQ

+hardwareSafetyRequirement Requirements::

\ 0.4 HardwareSafetyRequirerhent

+sof Requirement

~AbstractQ
0.

Requirements::
SoftwareSafetyRequirement

+codeGenerationConfiguration| 0..*

«abstract»
ChromosomeSafeExtension

cabstracte
AutosarSafetyExtension

[ ] [ T~

Chr tension Cchr icati tension AutosarVfbSafetyExtension AutosarSystemSafetyExtension AutosarHardw areSafetyExtension
+scope\|/1 +scope\|/ 1 +scopey| 1 +scope& 1 +scape\/ 1
CHROMOSOMEReference CHROMOSOMEReference AutosarReference
CHROMOSOMEReferences::System CHROMOSOMEReferences::Application AUTOSARReferences::. AUTOS ] AUTOSA B
Sw ComponentType System Hw ElementType

Figure 12: ImplementationSafetyExtension- (Class diagram)

Diagram Notes:

Class AutosarHardwareSafetyExtension
Element Base Classes: AutosarSafetyExtension

Element Notes:

This class represent ti8afety Extension point for referenced element of Hardware Element as part of a
component (respectively AUTOSAR HW Element Type) to allow the capture of hardware failure and
summary failure quantified contribution to HWComponent.

Connections

Connector Source Target

Association AutosarHardwareSafetyExtension HWPartFailureAnalysis
Unspecified

Association HWPartFailure AutosarHardwareSafetyExtension
Unspecified
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Connector Source Target

Association AutosarHardwareSafetyExtensiorf HwElementType
Source-> Destination

Generalization AutosarHardwareSafetyExtensior AutosarSafetyExtension

Source-> Destination

Abstract AutosarSafetyExtension
Element Base Classes: ImplementationSafetyExtension

Element Notes:

This element represents abstrAtiTOSAR SAFE extensions. These are extensions to AUTOSAR which
define software safety mechanisms related to AUTOSAR elements.

Connections
Connector Source Target

Generalization AutosarVfbSafetyExtension AutosarSafetyExtension

Source-> Destination

Generalization AutosarSafetyExtension ImplementationSafetyExtension

Source-> Destination

Generalization AutosarSystemSafetyExtension | AutosarSafetyExtension

Source-> Destination

Generalization AutosarHardwareSafetyExtension AutosarSafetyExtension

Source-> Destination

Class AutosarSystemSafetyExtension
Element Base Classes: AutosarSafetyExtension

Element Notes:

This metaclass defines SAFE extensions which are specified for the AUTOSAR system level.

Connections
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Connector Source Target

Association AutosarSystemSafetyExtension |System
Source-> Destination

Generalization AutosarSystemSafetyExtension | AutosarSafetyExtension

Source-> Destination

Class AutosarVfbSafetyExtension
Element Base Classes: AutosarSafetyExtension

Element Notes:

This metaclass defines the element used for specifications of SAFE extensions at VFB level on
AUTOSAR. This means elements which relate to a composition directly, not yet in a given system context.

Connections
Connector Source Target

Generalization AutosarVfbSafetyExtension AutosarSafetyExtension

Source-> Destination

Association AutosarVfbSafetyExtension SwComponentType
Source-> Destination

Class ChromosomeApplicationSafetyExtension
Element Base Classes: ChromosomeSafeExtension

Element Notes:

Connections

Connector Source Target
Association ChromosomeApplicationSafetyEx Application
nsion

Source-> Destination
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Connector

Source

Target

Generalization

Source-> Destination

ChromosomeApplicationSafetyEx
nsion

ChromosomeSafeExtension

Abstract ChromosomeSafeExtension
Element Base Classes: ImplementationSafetyExtension

Element Notes:

This element represents abstract Chromosome SAFE extensions.

Connections

Connector

Source

Target

Generalization

Source-> Destination

ChromosomeSafeExtension

ImplementationSafetyExtension

Generalization

Source-> Destination

ChromosomeSystemSafetyExten
n

ChromosomeSafeExtension

Generalization

Source-> Destination

ChromosomeApplicationSafetyEx
nsion

ChromosomeSafeExtension

Class ChromosomeSystemSafetyExtension
Element Base Classes: ChromosomeSafeExtension

Element Notes:

Connections

Connector

Source

Target

Association

Source-> Destination

ChromosomeSystemSafetyExten
n

System
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Connector

Source

Target

Generalization

Source-> Destination

ChromosomeSystemSafetyExten
n

ChromosomeSafeExtension

Class ImplementationSafetyExtension
Element Base Classes: SinglelLevelSafetyExtension

Element Notes:

Connections

Connector

Source

Target

Generalization

Source-> Destination

ChromosomeSafeExtension

ImplementationSafetyExtension

Aggregation
Source-> Destination

SoftwareSafetyRequirement

ImplementationSafetyExtension

Aggregation
Source-> Destination

CodeGenerationConfiguration

ImplementationSafetyExtension

Generalization

Source-> Destination

AutosarSafetyExtension

ImplementationSafetyExtension

Generalization

Source-> Destination

ImplementationSafetyExtension

SingleLevelSafetyExtension

Aggregation
Source-> Destination

HardwareSafetyRequirement

ImplementationSafetyExtension

Package TechnicalSafetyExtension

Package Notes:

This package describes thiechnicalSafetyExtension as defined in the SafetyExteriiagram.
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class TechnicalSafetyExtension /

SingleLevelSafetyExtension

cabstracte
TechnicalSafetyExtension

Softw areSafetyExtension

+scope\[/1

Hardw areSafetyExtension

N

+scope\[/1

DesignLev elSafetyExtension

+hSlISpecification| 1

+requirement|0..*

EastAdIReference

EASTADLReferences::
DesignFunctionType

EastAdIReference
EASTADLReferences::
HardwareComponentType

+scope'\|/ 1

EastAdIReference

EASTADLReferences::
DesignLevel

Identifiable
System::
Hardw areSoftw arelnterfaceSpecification

AbstractQuantifiableSafetyRequirement

Requirements::
TechnicalSafetyRequirement

Diagram Notes:

Figure 13: TechnicalSafetyExtension (Class diagram)

Class DesignLevelSafetyExtension
Element Base Classes: TechnicalSafetyExtension

Element Notes:

Connections

Source-> Destination

Connector Source Target
Association DesignLevelSafetyExtension DesignLevel

Generalization

Source-> Destination

DesignLevelSafetyExtension

TechnicalSafetyExtension

Class HardwareSafetyExtension

Element Base Classes: TechnicalSafetyExtension
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Element Notes:

This class represent the Safety Extension point for referenced element of Hardware Component Type
(respectively from EASFADL) to allow the capture of hardware failure and summary failure and analysis
resuts.

Connections
Connector Source Target

Association HardwareSafetyExtension HardwareComponentType
Source-> Destination

Generalization HardwareSafetyExtension TechnicalSafetyExtension

Source-> Destination

Class SoftwareSafetyExtension
Element Base Classes: TechnicalSafetyExtension

Element Notes:

The SafetySoftwareExtension is used to specify the implementation of the safety relevant
SoftwareDesignComponents that are allocated to the SafetySoftwareDesign.

Connections
Connector Source Target

Generalization SoftwareSafetyExtension TechnicalSafetyExtension

Source-> Destination

Association SoftwareSafetyExtension DesignFunctionType
Source-> Destination

Abstract TechnicalSafetyExtension
Element Base Classes: SinglelLevelSafetyExtension

Element Notes:
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The TechnicalSafetyExtension is used as interface to the DesignLevel defined irABPASThis
extension specifies the atdth needed to model a specific technical solution that is derive lmasthe
functional safety concegpit. contains the

1 technical safety concept (ISO 26262 part 4 chapter 7)
1 hardware software interface specification (ISO 26262 part 4 chapter 7.4.6)

Connections

Connector Source Target
Aggregation TechnicalSafetyRequirement TechnicalSafetyExtension

Source-> Destination

Generalization SoftwareSafetyExtension TechnicalSafetyExtension

Source-> Destination

Adgregation HardwareSoftwarelnterfaceSpecil TechnicalSafetyExtension

Source> Destination | &tion

Generalization DesignLevelSafetyExtension TechnicalSafetyExtension

Source-> Destination

Generalization TechnicalSafetyExtension SingleLevelSafetyExtension

Source-> Destination

Generalization HardwareSafetyExtension TechnicalSafetyExtension

Source-> Destination

Package TopLevel

Package Notes:
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class TopLevel /
cabstractfe csplittabl ee
Referrable
SAFE
+ shortName :ldentifier +subPackage 0..1
0.* tags
" admin.documentVersion = 2012-11-xx draft
safe.documentVersion = 0.1
+topLevelPacka =
SAFEPackage oplLevelPackage xml.globalElement = true
* ¢splittablop.1
cabstract d
Identifiable <}
0.1
+ category :ldentifier [0..1]
+ uuid :String [0..1] <}
¢csplittabl ee
cabstract d +element
Requirements:: *

TraceableSpecification |
cabstractg

+ formal :String [0..1] PackageableElement

‘F

cabstracté
SAFEElement

+ informal :String [0..1]
+ stakeholder :String [0..n]

+ name :String

Figure 14: TopLevel - (Class diagram)

Diagram Notes:

Top-Level structure is built up similar to the TopLevelStructure defined in AUTOSAR.

Abstract PackageableElement
Element Base Classes: Identifiable

Element Notes:

This metaclass specifies the ability to be a member of a SAFE package.

Connections

Connector Source Target

Generalization Restrictable PackageableElement

Source-> Destination

Aggregation PackageableElement SAFEPackage
Source-> Destination

Generalization Variant PackageableElement

Source-> Destination
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Connector Source Target

Generalization SAFEElement PackageableElement
Source-> Destination

Generalization PackageableElement Identifiable
Source-> Destination

Abstract Referrable
Element Base Classes:

Element Notes:

Instances of this class can be referred to by their identifier (while adhering to namespace borders).

Connections
Connector Source Target

Generalization Identifiable Referrable
Source-> Destination

Generalization MalfunctionClassification Referrable
Source-> Destination

Generalization HWComponentQuantifiedFMFron Referrable
Source-> Destination | Fart
Attributes
Attribute Notes Default
shortName This specifies an identifying shortName for the objec

. needs to be unique within its context and is intende
Identifier )

humans but even more for technical reference.

Class SAFE

Element Base Classes:

Element Notes:

The root element of a SAFE description, also the root element in corresponding XML documents.
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Connections

Connector Source Target
Aggregation SAFEPackage SAFE

Source-> Destination

Abstract SAFEElement
Element Base Classes: PackageableElement

Element Notes:

This class serves as a base class for all SAFE class that represent something (i.e. not technical class).

Connections
Connector Source Target

Generalization SafetyExtension SAFEElement

Source-> Destination

Generalization SAFEElement PackageableElement

Source-> Destination

Attributes
Attribute Notes Default
name Optional descriptive name of the SAFEElement, this n
Strin does not have the length restrictions fasnd for the
9 AUTOSAR Identfiable shortName.

Class SAFEPackage
Element Base Classes: Identifiable

Element Notes:

Used for organization of the packageable elements in the model.

Semantics:

SAFEPackages can be organized hierarchically, where each fheagl contain a number of
SAFEPackageableElements.
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Connections

Connector Source Target
Generalization SAFEPackage Identifiable
Source-> Destination

Aggregation PackageableElement SAFEPackage
Source-> Destination

Aggregation SAFEPackage SAFE
Source-> Destination

Adgregation SAFEPackage SAFEPackage

Source-> Destination

Abstract Identifiable

Element Base Classes: Referrable

Element Notes:

Instances of this class can be referred to by their identifier (within the namespace borders). In addition to
this, Identifiables are objects which contribute significantly to the overall structure of an AUTOSAR

descriptionIn particular, Identifiables ight contain Identifiables.

Connections

Source-> Destination

Connector Source Target
Generalization MemorySelfTestConfig Identifiable
Source-> Destination

Generalization Actor Identifiable
Source-> Destination

Generalization QuantitativeErrorModel Identifiable
Source-> Destination

Generalization MTCompositeElementPrototype |ldentifiable
Source-> Destination

Generalization VoterConfig Identifiable
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Connector Source Target
Generalization ErrorModelPrototype Identifiable
Source-> Destination

Generalization Identifiable Referrable
Source-> Destination

Generalization FormulaExpression Identifiable
Source-> Destination

Generalization MalfunctionType Identifiable
Source-> Destination

Generalization MalfunctionPrototype Identifiable
Source-> Destination

Generalization HazardousEvent Identifiable

Source-> Destination

Generalization HWComponentQuantifiedFMFron Identifiable
Source-> Destination Part

Generalization ConfigParameter Identifiable
Source-> Destination

Generalization SAFEPackage Identifiable
Source-> Destination

Generalization HardwareSoftwarelnterfaceSpecii Identifiable
Source-> Destination ation

Generalization HWPartFailureAnalysis Identifiable
Source-> Destination

Association Variant Identifiable
Source-> Destination

Generalization MalfunctionMapping ldentifiable
Source-> Destination

Generalization CpuSelfTestConfig Identifiable
Source-> Destination

Association Variant Identifiable
Source-> Destination

Generalization RunnableEntitySequenceElement Identifiable

Source-> Destination
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Connector Source Target
Generalization EvaluationFunction Identifiable
Source-> Destination

Generalization Tactic Identifiable
Source-> Destination

Association Restrictable Identifiable
Source-> Destination

Generalization Iltem Identifiable
Source-> Destination

Generalization HWQuantitativeFailureAnalysis | Identifiable
Source-> Destination

Generalization AllocationTargets Identifiable

Source-> Destination

Generalization HardwareSoftwarelnterfaceEleme Identifiable
Source-> Destination
Generalization ItemFunctionDescription Identifiable
Source-> Destination
Generalization ComparisonParameter Identifiable
Source-> Destination
Generalization FilterParameter Identifiable
Source-> Destination
Generalization TraceableSpecification Identifiable
Source-> Destination
Generalization OperatingMode Identifiable
Source-> Destination
Generalization MalfunctionClassification Identifiable
Source-> Destination
Generalization Situation Identifiable
Source-> Destination
Generalization HWHPartFailure Identifiable
Source-> Destination
Generalization CodeGenerationConfiguration ldentifiable

Source-> Destination
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Connector Source Target
Generalization ErrorBehaviorMapping Identifiable
Source-> Destination

Generalization HWPMHF Identifiable
Source-> Destination

Generalization ErrorModelMapping Identifiable
Source-> Destination

Generalization ErrorModel Identifiable
Source-> Destination

Generalization SafeState Identifiable
Source-> Destination

Generalization ContextParameter Identifiable
Source-> Destination

Generalization RangeCheckContext Identifiable
Source-> Destination

Generalization AbstractErrorBehavior Identifiable
Source-> Destination

Generalization PackageableElement Identifiable
Source-> Destination

Generalization ControllabilityReference Identifiable
Source-> Destination

Generalization HWSafetyAnalysisResult Identifiable
Source-> Destination

Generalization HWElementFailureRateClass Identifiable
Source-> Destination

Generalization VoterParameter Identifiable
Source-> Destination

Generalization HWFailureClassContainer Identifiable
Source-> Destination

Generalization ControlBlock Identifiable
Source-> Destination

Generalization MemoryRange ldentifiable

Source-> Destination
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Connector Source Target

Generalization Hazard Identifiable

Source-> Destination

Generalization CheckPoint Identifiable

Source-> Destination

Generalization FaultFailurePropagationLink Identifiable

Source-> Destination

Generalization HeartbeatConfig Identifiable

Source-> Destination

Attributes

Attribute Notes Default

category This element assigns a category to the parent elemen

. category is intended to specialize the usage and/o

Identifier . o . o0
content identifiable object. Such a specialization may
impose particular semantic constraints on téstire
substructure (not only the identifiable itself).

uuid The purpose of this attribute is to provide a globally un

String identifier for an instance of a metaclass. The values o

attribute should be globally unique strings prefixed by
type of identifier. For example, to include a

DCE UUID as defined by The Open Group, the Ul
would be preceded by "DCE:". The values of this attri
may be used to support merging of different AUTOS
models.

The form of the UUID (Universally Uniquédentifier) is
taken from a standard defined by the Open Group (was
Software Foundation). This standard is widely u
including by Microsoft for COM (GUIDs) and by ma
companies for DCE, which is based on CORBA.
method for generating these 188 IDs is published in th
standard and the effectiveness and uniqueness of the
not in practice disputed.

If the id namespace is omitted, DCE is assumed.

An example i
"DCE:2fac123431f8-11b4a22208002b34c003".

Package Configuration

Package Notes:
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class Configuration/

Referrable | fincludedElements

Variant
cabstracte]|0.x 0..*

TopLevel::ldentifiable +ExcludedElements - origin :String
descriptionMode :VariantDescriptionMode

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

0.*
+VariableElement gabstrac

TopLevel:
PackageableElement

I

Restrictable cenumerati olné
VariantDescriptionMode

includedElements
excludedElements
includedExcludedElements

+resSet [0..*

Restriction

- expression :String = true

Figure 15: Configuration - (Class diagram)

Diagram Notes:

Class Restrictable
Element Base Classes: PackageableElement

Element Notes:

A RestrictableElement allows connecting SAFE model elements with variant information.

The identifiedelement, pointed to by VariableElement of the class RestrictableElement, is part of a
variant if at least one of the defined restrictions evaluate to true.
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Connections

Connector

Source

Target

Generalization

Source-> Destination

Restrictable

PackageableElement

Association

Source-> Destination

Restrictable

Identifiable

Aggregation
Source-> Destination

Restriction

Restrictable

Class Restriction
Element Base Classes:

Element Notes:

A Restriction defines an expressithrat can be evaluated to true or false.

Connections

Connector

Source

Target

Aggregation
Source-> Destination

Restriction

Restrictable

Attributes

Attribute

Notes

Default

expression
String

true

Class Variant

Element Base Classes: PackageableElement

Element Notes:

Represents the "actual” variant.

Connections
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Connector Source Target

Association Variant Identifiable

Source-> Destination

Association Variant Identifiable
Source-> Destination

Generalization Variant PackageableElement

Source-> Destination

Attributes

Attribute Notes Default

origin
String

descriptionMode

VariantDescriptionMode

Enumeration VariantDescriptionMode
Element Base Classes:

Element Notes:

Attributes

Attribute Notes Default

includedElements

excludedElements

includedExcludedElement
S

Package ErrorModel
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Package Notes:

class ErrorModel /
Identifiable
ErrorModel
e +behavior
+rootErrorModelType \|/0..1 0.* 0.
TraceableSpecification identifiable dentifiable
ErrorModelType::ErrorModelType +errorModel + Behavi oo
¢abstracte grorsenavior Mapping:: | yemorBehaviorMapping

+ ermorModelKind :ErorModelKind 1 ErrorBehavior:: 1 ErrorBehaviorMapping| maboin

+ genericDescription :String = NA AbstractErrorBehavior rp 9

0.*

A
! N 0 0 Identifiable
+type
Mapping::
ErrorModelMapping
+internal Fault| * *| +processFault
¢cisOfTypeg +extemalFault deniiable| [
*| Malfunction::MalfunctionPrototype instanceRef i
+extemalFailure el - __cinstan entifiable
+part +faultFailureConnector + |+ genericDescription :String 0.. i
+origin ¢ i nstan i ing | ~malfunctior
+cause| [T TTTTTTTT o
Identifiable Identifiablef —— ——————— 1 +malfunction | Y-

= . ¢cinstancyp|Ref & —
ErrorModelType:: ErrorModelType:: reffect Identifiable
ErrorModelPrototype| |FaultFailurePropagationLink| _ _ _ _ _ _ _ =5 +type| Malfunction::MalfunctionType

¢cinstancyp|Ref & - -
ci sOf Typee 1

Figure 16: ErrorModel - (Class diagram)

Diagram Notes:

Class ErrorModel
Element Base Classes: Identifiable

Element Notes:

The error model is a container for all artifacts, which are needed to describe the error model of an
architectural element: malfunctions, error types and error behaviors

Connections
Connector Source Target

Aggregation ErrorModel SingleLevelSafetyExtension
Source-> Destination

Association ErrorModel ErrorModelType
Source-> Destination

Aggregation ErrorModelMapping ErrorModel
Source-> Destination
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Connector Source Target

Agdregation AbstractErrorBehavior ErrorModel
Source-> Destination

Generalization ErrorModel Identifiable

Source-> Destination

Aggregation ErrorModelType ErrorModel
Source-> Destination

Aggregation MalfunctionType ErrorModel
Source-> Destination

Package ErrorBehavior

Package Notes:

class ErrorBehavior /
TraceableSpecification Identifiable

ErrorModelType::ErrorModelType +errorModel cabstracteée
AbstractErrorBehavior

+ enorModelKind :ErrorModelKind 1
+ genericDescription :String = NA

cenumerat|li one
ErrorBehaviorKind

HIP_HOPS
ALTARICA
AADL
OTHER

+externalFailure +externalFault +internalFault  *+processFault

+external Fault
Identifiable

Nativ eErrorBehavior

Malfunction::MalfunctionPrototype

+ failureLogic :String [0..1]

+ genericDescription :String +extemalFailure + type :EmorBehaviorKind
0.1 0.1 0.1 0.1 1.
+processFault +intemalFault +external Fault +externalFailure

EastADLErrorBehavior

FormulaExpression

mi xedStringeé +formula
. ’ @

FailureLogicFormula 1

+scopel|/ 1

EastAdIReference

EASTADLReferences::
ErrorBehavior

Figure 17: ErrorBehavior - (Class diagram)

Diagram Notes:
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Diagram for ErrorBehavior.

Abstract AbstractErrorBehavior
Element Base Classes: Identifiable

Element Notes:

This class contains information about the error behavior independent of cdredratéor descriptions.

The AbstractErrorBehavior contains internalFaults, representing faults that are either propagated to
externalFailures of the ErrorModelType or masked, according to the definition of its fault propagation.

A processFault represeraidlaw introduced during design, and may lead to any of the failures represented
by the ErrorModelType. A processFault therefore has a direct propagation to all externalFailures and
cannot be masked.

Each error behavior description relates the occursentinternal faults and incoming external faults to
external failures. The faults and failures that the error behavior propagates to and from the target element
are declared through the malfunction prototypes of the error model.

Semantics:
An error behgior describes the error propagation logic of its containing ErrorModelType.

The ErrorBehavior description represents the error propagation from internal faults or external faults to
external failures. Faults are identified by the internalFault externalRasociations. The propagated
external failures are identified by the externalFailure association.

Connections
Connector Source Target

Generalization EastADLErrorBehavior AbstractErrorBehavior

Source-> Destination

Aggregation MalfunctionPrototype AbstractErrorBehavior
Source-> Destination

Generalization NativeErrorBehavior AbstractErrorBehavior

Source-> Destination

Association ErrorBehaviorMapping AbstractErrorBehavior
Source-> Destination

Association AbstractErrorBehavior ErrorModelType
Source-> Destination
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Connector

Source

Target

Aggregation
Source-> Destination

AbstractErrorBehavior

ErrorModel

Aggregation
Source-> Destination

MalfunctionPrototype

AbstractErrorBehavior

Generalization

AbstractErrorBehavior

Identifiable

Source-> Destination

Class EastADLErrorBehavior
Element Base Classes: AbstractErrorBehavior

Element Notes:

EASTADLErrorBehavior specifies a concrete failure logic description language, which describes the error
propagation through the architectural element referenced by the containing ErrorModelType (e.g. function,
hw component, sw component).

The failure logic is defined via a formula language called FailureLogicFormula (see "formula” association )

Connections
Connector Source Target

EastADLErrorBehavior AbstractErrorBehavior

Generalization

Source-> Destination

Aggregation FailureLogicFormula EastADLErrorBehavior
Source-> Destination
Association EastADLErrorBehavior ErrorBehavior

Source-> Destination

Enumeration ErrorBehaviorKind
Element Base Classes:

Element Notes:

The ErrorBehaviorKind metaclass represents an enumeration of literals describing various types of
formalisms used for specifying error behavior.

a 2011-2014 The SAFE Consortium 97
(290)



SAFE - an ITEA2 project D3.5.d

Semantics:

ErrorBehaviorKind represents different formalisms for ErrorBehavior. The semantics is defined at each
enumeration literal.

Extension:

Enumeration, no extension.

Attributes

Attribute Notes Default

HIP_HOPS A specification of errobehavior according to the exter
formalism HIRHOPS.

ALTARICA A specification of error behavior according to the exte
formalism ALTARICA.

AADL A specification of error behavior according to the exte
formalism AADL.

OTHER A specificaton of error behavior according to other
defined formalism.

Class FailureLogicFormula
Element Base Classes: FormulaExpression

Element Notes:

FailureLogicFormula is used to describe the error propagation through the architectural element associated
with the containing ErrorModelType. The grammer of the FailureLogicFormula is defined in the respective
specification document.

The failure logic formula language supports at least

1 AND operator

1 OR operator

1 NOT operator

9 local symbol or variable
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Typed forBoolean expression

Allows stratified negation (failure itself shall not be used in its negated form), e.g. failurel = fault2 or
fault3 and not(failurel) expression is forbidden

1 Permits to n:k gates. The error occurs if k out of n input faults occur.

= =4

Connections
Connector Source Target

Association FailureLogicFormula MalfunctionPrototype
Source-> Destination

Association FailureLogicFormula MalfunctionPrototype
Source-> Destination

Association FailureLogicFormula MalfunctionPrototype
Source-> Destination

Generalization FailureLogicFormula FormulaExpression

Source-> Destination

Association FailureLogicFormula MalfunctionPrototype
Source-> Destination

Aggregation FailureLogicFormula EastADLErrorBehavior
Source-> Destination

Class NativeErrorBehavior
Element Base Classes: AbstractErrorBehavior

Element Notes:

NativeErrorBehavior represents the descriptions of failure logics or semantics that the architectural element
associated by the ErrorModelType exhibits.

Semantics:

The NativeErrorBehavior is defined in the failureLogic string, either directly or akrafarencing an
external specification.

The failureLogic can be based on different formalisms, depending on the analysis techniques and tools
available. This is indicated by its type:ErrorBehaviorKind attribute. The failureLogic attribute contains the
adual failure propagation logic.
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Extension:
UML:Behavior

Connections

ErrorBehaviorKind

description.

Connector Source Target

Generalization NativeErrorBehavior AbstractErrorBehavior

Source-> Destination

Association NativeErrorBehavior MalfunctionPrototype

Source-> Destination

Association NativeErrorBehavior MalfunctionPrototype

Source-> Destination

Attributes

Attribute Notes Default

failureLogic The specification of error behavior based on an ext

String formgl_ism_ or the path to the fileontaining the extern
specification.

type The type of formalism applied for the error beha

Package ErrorModelType

Package Notes:
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class ErrorModelPrototype /

Identifiable
ErrorModelPrototype

EMPAnalysis

EMPDesign

EMPSw Component

EMPBsw Module

EMPHw Component

T
|
|
|
'
Gi nlstanceRefé
+target\l/0..1

¢cinstanceRef e
+target\l/0..1

¢

+target| 1

EASTADLReferences::
AnalysisFunctionPrototype

EastAdIReference

EASTADLReferences::
DesignFunctionPrototype

EastAdIReference

AutosarAbstractComponentinstanceRef
AUTOSARInstanceRefs::

AutosarComponentinCompositioninstanceRef

ci nlstanceRef

+target\|/ 1 +target\l/ 1
AutosarReference EastAdIReference
AUTOSARReferences:: EASTADLReferences::

BswModuleDescription

HardwareComponentPrototype

Diagram Notes:

Figure 18: ErrorModelPrototype - (Class diagram)

a 2011-2014 The SAFE Consortium

(290)

101




SAFE - an ITEA2 project

D3.5.d

class ErrorModelType /

+externalFault

Identifiable

*
+externalFailure

Malfunction::MalfunctionPrototype

¢

+part

Identifiable

+type| Malfunction::

*| + genericDescription :String

Identifiable

ErrorModelPrototype

+effectA 1

¢i sOf Typee

+type\|/1

TraceableSpecification

ErrorModelType

+ erorModelKind :ErrorModelKind
+ genericDescription :String = NA

+faultFailureConnector

1

+quantitativelnformation

+causeA 1
| |

¢i sOf T1i4p

M%IfgnctlonType

ci nlstance@iemlétanceRefé

Identifiable
FaultFailurePropagationLink

«| + immediatePropagation :Boolean = true

description :String

Identifiable
QuantitativeErrorModel::

cenumer atli
ErrorModelKind

ASSUMPTION
GUARANTEE

1 QuantitativeErrorModel
EMTypeAnalysis EMTypeDesign EMTypeHw Component | | EMTypeSw Component|| EMTypeBswModule EMTypeApplicationEnvironment
+target\[/1 +target\|[/ 1 +target\|[/ 1 +target\[/ 1 +target\|/ 1 0..1 +targetPartition
EastAdIReference EastAdIReference EastAdIReference AutosarReference AutosarReference AutosarReference
EASTADLReferences::([EASTADLReferences::|| EASTADLReferences:: | [AUTOSARReferences::| [ AUTOSARReferences:: AUTOSARReferences::
AnalysisFunctionType || DesignFunctionType |[HardwareComponentType| SwComponentType ||BswModuleDescription| EcuPartition
+targetECU\|/ 0..1

AUTOSARReferences::

AutosarReference

Eculnstance

Diagram Notes:

Figure 19: ErrorModelType - (Class diagram)

The EASTADL metaclasses for defining the error model structure.

Class EMPAnNalysis

Element Base Classes: ErrorModelPrototype

Element Notes:

Error model prototype specified for a concrete analysistion instance.

Connections

tionTarget

Connector Source Target
Aggregation ErrorModelPrototype_analysisFur EMPAnNalysis
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Connector Source Target

Source-> Destination

Dependency EMPAnNalysis AnalysisFunctionPrototype
Source-> Destination

Generalization EMPAnalysis ErrorModelPrototype
Source-> Destination

Class EMPBswModule

Element Base Classes: ErrorModelPrototype

Element Notes:

Error model prototype specified for a concrete bsw software module.

Connections

Connector Source Target

Generalization EMPBswModule ErrorModelPrototype
Source-> Destination

Association EMPBswModule BswModuleDescription
Source-> Destination

Class EMPDesign

Element Base Classes: ErrorModelPrototype

Element Notes:

Error model prototypspecified for a concrete design function instance.

Connections

Connector Source Target

Aggregation ErrorModelPrototype_designFung EMPDesign

Source> Destination | OnTarget
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Connector Source Target

Generalization EMPDesign ErrorModelPrototype

Source-> Destination

Dependency EMPDesign DesignFunctionPrototype
Source-> Destination

Class EMPHwComponent
Element Base Classes: ErrorModelPrototype

Element Notes:

Error model prototype specified for a concrete hardware component instance.

Connections

Connector Source Target
Aggregation ErrorModelPrototype _hwTarget |EMPHwComponent

Source-> Destination

Dependency EMPHwComponent HardwareComponentPrototype
Source-> Destination

Generalization EMPHwComponent ErrorModelPrototype
Source-> Destination

Class EMPReference
Element Base Classes:

Element Notes:
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Class EMPSwComponent
Element Base Classes: ErrorModelPrototype

Element Notes:

Error model prototype specified for a concrete software component instance.

Connections

Connector

Source

Target

Generalization

Source-> Destination

EMPSwComponent

ErrorModelPrototype

Aggregation AutosarComponentinCompositior EMPSwComponent
Source> Destination | NStanceRef

Class EMTypeAnalysis

Element Base Classes: ErrorModelType

Element Notes:

Error model type specified for a concrete analysis function.

Connections

Connector Source Target
Generalization EMTypeAnalysis ErrorModelType
Source-> Destination

Association EMTypeAnalysis AnalysisFunctionType

Source-> Destination

Class EMTypeApplicationEnvironment
Element Base Classes: ErrorModelType

Element Notes:
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The EMTypeApplicationEnvironment allows describing the error model for the runtime environment of
application software oAUTOSAR implementation level. The application environment can be virtual,
meaning that the modeled error model is an assumption of the environment the application software is
running on. In a real system, EMTypeApplicationEnvironment is associated waticeete ECUInstance

in the system and (optional) with a ECU partition within this ECU. In this case, the error model represents
the description of the unintended behavior originated by this runtime environment.

Connections
Connector Source Target

Generalization EMTypeApplicationEnvironment | ErrorModelType

Source-> Destination

Association EMTypeApplicationEnvironment | EcuPartition
Source-> Destination

Association EMTypeApplicationEnvironment | Eculnstance
Source-> Destination

Class EMTypeBswModule
Element Base Classes: ErrorModelType

Element Notes:

Error model type specified for a concrete basic software module.

Connections
Connector Source Target

Generalization EMTypeBswModule ErrorModelType

Source-> Destination

Association EMTypeBswModule BswModuleDescription
Source-> Destination

Class EMTypeDesign
Element Base Classes: ErrorModelType

Element Notes:
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Error model type specified for a concrete design function.

Connections

Connector Source Target

Generalization EMTypeDesign ErrorModelType

Source-> Destination

Association EMTypeDesign DesignFunctionType
Source-> Destination

Class EMTypeHwComponent

Element Base Classes: ErrorModelType

Element Notes:

Error modeltype specified for a concrete hardware component

Connections

Connector Source Target

Generalization EMTypeHwComponent ErrorModelType

Source-> Destination

Association EMTypeHwComponent HardwareComponentType
Source-> Destination

Class EMTypeSwComponent

Element Base Classes: ErrorModelType

Element Notes:

Error model type specified for a concrete software component

Connections

Connector Source Target
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Connector Source Target

Association EMTypeSwComponent SwComponentType
Source-> Destination

Generalization EMTypeSwComponent ErrorModelType

Source-> Destination

Enumeration ErrorModelKind
Element Base Classes:

Element Notes:

Attributes
Attribute Notes Default

ASSUMPTION

GUARANTEE

Class ErrorModelPrototype
Element Base Classes: Identifiable

Element Notes:

The ErrorModelPrototype is used to define hierarchical error models allowing additional detail or structure
to the error model of a particular target. A hierarchal structure can also be defined when several
ErrorModels are integrated to a larger ErrorModel representing a system integrated from several targets.

There are diffent subtypes of ErrorModelPrototype specified, allowing to add additional information
describe the context of the ErrorModelProtoype.

Sematics:
An ErrorModelPrototype represents an occurrence of the ErrorModelType that types it.
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Extension:

(See ADLFunctionPrototype)

Connections

Source-> Destination

Connector Source Target
Generalization ErrorModelPrototype Identifiable
Source-> Destination

Association ErrorModelPrototype ErrorModelType

Generalization

Source-> Destination

EMPSwComponent

ErrorModelPrototype

Association

Source-> Destination

ErrorModellnstanceRef

ErrorModelPrototype

Generalization

Source-> Destination

EMPBswModule

ErrorModelPrototype

Association

Source-> Destination

ErrorModellnstanceRef

ErrorModelPrototype

Source-> Destination

Generalization EMPHwComponent ErrorModelPrototype
Source-> Destination
Generalization EMPDesign ErrorModelPrototype

Association

Source-> Destination

MalfunctioninstanceRef

ErrorModelPrototype

Source-> Destination

Adggregation ErrorModelType ErrorModelPrototype
Source-> Destination
Generalization EMPAnalysis ErrorModelPrototype

Class ErrorModelType
Element Base Classes: TraceableSpecification

Element Notes:
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ErrorModelType and ErrorModelPrototype support the hierarchical composition of error models based on
the typeprototype pattern also adopted for the nominal architecture composition. The purpose of the error
models is to represent information relatingite anomalies of a nominal model element.

Independent of the different subtypes of ErrorModelType, this class describes the external faults affecting
the element, external failures caused by the element and fault propagations within the nominal element.

ErrorModelType inherits the abstract metaclass TraceableSpecification, allowing the ErrorModelType to
be referenced from its design context in a similar way as requirements, test cases and other specifications.

Constraints:
For An ErrorModelTypavithout part, a respective error behavior shall be defined in the safety model.

Semantics:

The ErrorModelType represents a specification of the faults and fault propagations of its target element.

Both types and prototypes may be targets, and the folfpeases are relevant:

- One nominal type:

The ErrorModelType represents the identified nominal type wherever this nominal type is instantiated.

- Several nominal types:

The ErrorModelType represents the identified nominal types individually, i.eathe error model applies
to all nominal types and is reused.

- One nominal prototype:

The ErrorModelType represents the identified nominal prototype whenever its context, i.e-létgetop
composition is instantiated.

- Several nominal prototypes withstanceref:

The ErrorModelType represents the identified set of hominal prototypes (together) whenever their context,
i.e. their toplevel composition, is instantiated.
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The fault propagation of an errorModelType is defined by its contained parts,radm&delPrototypes
and their connections. In case an error behavior is defined for this error model type, the fault propagation
information, the error behavior and the parts of the error model shall be consistent.

FaultFailurePropagationLinks define vatitcbpagation paths in the ErrorModelType. In case the contained
external faults and external failures reference nominal ports, the connectivity of the nominal model may
serve as a pattern for connecting malfunction prototypes in the ErrorModelType.

Extension:

(see ADLTraceableSpecfication)

Connections

Connector Source Target
Aggregation ErrorModelType FaultFailurePropagationLink

Source-> Destination

Generalization EMTypeApplicationEnvironment | ErrorModelType

Source-> Destination

Association ErrorModelPrototype ErrorModelType
Source-> Destination

Generalization EMTypeBswModule ErrorModelType

Source-> Destination

Generalization EMTypeAnalysis ErrorModelType

Source-> Destination

Association ErrorModel ErrorModelType
Source-> Destination

Association AbstractErrorBehavior ErrorModelType
Source-> Destination

Generalization EMTypeHwComponent ErrorModelType

Source-> Destination

Aggregation MalfunctionPrototype ErrorModelType
Source-> Destination

Generalization ErrorModelType TraceableSpecification

Source-> Destination

Aggregation MalfunctionPrototype ErrorModelType
Source-> Destination
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Connector Source Target
Agdregation QuantitativeErrorModel ErrorModelType

Source-> Destination

Generalization EMTypeSwComponent ErrorModelType

Source-> Destination

Aggregation ErrorModelType ErrorModel
Source-> Destination

Aggregation ErrorModelType ErrorModelPrototype
Source-> Destination

Generalization EMTypeDesign ErrorModelType
Source-> Destination

Attributes
Attribute Notes Default

errorModelKind
ErrorModelKind

genericDescription NA
String

Class FaultFailurePropagationLink
Element Base Classes: |dentifiable

Element Notes:

The FaultFailurePropagationLink metaclass represents the links for the propagations of faults/failures
across system elements. In particular, it defines that one error model provides the faults/failures that another
error modeleceives.

A fault/failure link can only be applied to compatible ports, either for fault/failure delegation within an error
model or for fault/failure transmission across two error models. A FaultFailurePropagationLink can only
connect fault/failures thidave compatible types.

Constraints:

[1] Only compatible causeffect pairs may be connected.

[2] Two fault/failure are compatible if the MalfunctionType of the cause represents a subset of the
MalfunctionType set represented by the MalfunctionTypthefeffect.
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Semantics:

The FaultFailurePropagationLink defines a Failure propagation path, from the cause on one error model to
the effect of another error model.

Extension:
UML::Connector

Connections

Connector Source Target
Aggregation ErrorModelType FaultFailurePropagationLink

Source-> Destination

Aggregation MalfunctioninstanceRef FaultFailurePropagationLink
Source-> Destination

Aggregation FaultFailurePropagationLink MalfunctioninstanceRef
Source-> Destination

Dependency FaultFailurePropagationLink MalfunctionPrototype
Source-> Destination

Dependency FaultFailurePropagationLink MalfunctionPrototype
Source-> Destination

Generalization FaultFailurePropagationLink Identifiable
Source-> Destination

Attributes
Attribute Notes Default

description
String

immediatePropagation true
Boolean

Package QuantitativeErrorModel

Package Notes:
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class QuantitativeErrorModel /

Identifiable
QuantitativeErrorModel

+failureRate

FailureRate

- lambda :Float

- rationalScalingFactor :String [0..1]
- scalingFactor :Float [0..1] = 1.0

- source :String [0..1]

+malfunction 1

I[dentifiable

Malfunction::
MalfunctionPrototype

+ genericDescription :String

Figure 20: QuantitativeErrorModel - (Class diagram)

Diagram Notes:

Class FailureRate
Element Base Classes:

Element Notes:

This super class provides generic information required by all the concrete distributions gaussian, gumbel,
frechet, exponential and uniform.
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Connections

Connector Source Target
Agdregation FailureRate QuantitativeErrorModel

Source-> Destination

Association FailureRate MalfunctionPrototype
Source-> Destination

Attributes

Attribute Notes Default
lambda

Float

rationalScalingFactor The rationaleScalingFactor shall provide a rationaleg

String scaling factor different to 1.0 is applied.

scalingFactor The scalingFactor allows potential scaling between diffe 1.0
Float sources of failure rates as described in ISO Part 5 Ann

source FIT rate source shall documented accordingptssible

String source as described in ISO 26262 Part 5 8.4.3.

Class QuantitativeErrorModel
Element Base Classes: Identifiable

Element Notes:

This class is the container for all quantitative information relevant for the error model associated with this
class.

Connections
Connector Source Target

Generalization QuantitativeErrorModel Identifiable

Source-> Destination

Aggregation FailureRate QuantitativeErrorModel

Source-> Destination

Adggregation QuantitativeErrorModel ErrorModelType
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Connector

Source

Target

Source-> Destination

Package Malfunction

Package Notes:

class MalfunctionPrototype /

Referrable

cabstract g
TopLevel::ldentifiable

+ category :ldentifier [0..1]

+ uuid :String [0..1]

MalfunctionPrototype

+ genericDescription :String

+ype MalfunctionType

¢i sOf Typeey

MFPFunctionPort MFPHardw arePort MFPHardw arePin MFPBswPort MFPSw cPort
v
I | |
| | |
| | |
| | |
I 1 '
¢ginstanceRefé ¢instanceRefginstanceRefe
| | |
+target\l/0..1 +target\1/0..1 +Harget \1/0..1 +target\|/ 1 MFPOperation MFPVariable
EastAd! EastA 1ce EastAdIReference AutosarReference
EASTADLReferences:: EASTADLReferences:: EASTADLReferences:: AUTOSARReferences::
FunctionPort Hardw arePort Hardw arePin BswModuleEntry
+operation /1 +variable [1

AutosarAbstractPortihComponentinstanceRef
AUTOSARInstanceRefs::
AutosarClientServ erOperationinstanceRef

AutosarAbstractPortinComponentinstanceRef

AUTOSARInstanceRefs::
AutosarVariableDataPrototypelnstanceRef

Diagram Notes:

Figure 21: MalfunctionPrototype - (Class diagram)
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class MalfunctionType/
ldentifiable
MalfunctionType +type ci sOf Typeé
1
MTPrimitiv e MTComposite ldentifiable
+element| MTCompositeElementPrototype
g
1“*

Figure 22: MalfunctionType - (Class diagram)

Diagram Notes:

Class MFPBswPort
Element Base Classes: MalfunctionPrototype

Element Notes:

The MalfunctionPrototype pointing to a basic software module entry

Connections

Connector Source Target

Generalization MFPBswPort MalfunctionPrototype

Source-> Destination

Association MFPBswPort BswModuleEntry
Source-> Destination

Class MFPFunctionPort
Element Base Classes: MalfunctionPrototype

Element Notes:
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The MalfunctionPrototype pointing to a function port instance

Connections

Source-> Destination

Connector Source Target

Dependency MFPFunctionPort FunctionPort
Source-> Destination

Generalization MFPFunctionPort MalfunctionPrototype
Source-> Destination

Aggregation FaultFailurePort_functionTarget | MFPFunctionPort

Class MFPHardwareP

in

Element Base Classes: MalfunctionPrototype

Element Notes:

The MalfunctionPrototype pointing to a HardwarPin instance

Connections

Source-> Destination

Connector Source Target

Aggregation FaultFailurePort_hwPinTarget MFPHardwarePin
Source-> Destination

Generalization MFPHardwarePin MalfunctionPrototype

Dependency
Source-> Destination

MFPHardwarePin

HardwarePin

Class MFPHardwarePort
Element Base Classes: MalfunctionPrototype

Element Notes:

The MalfunctionPrototype pointing torardwarPort instance
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Connections

Connector Source Target

Dependency MFPHardwarePort HardwarePort
Source-> Destination

Aggregation FaultFailurePort_hwPortTarget |MFPHardwarePort
Source-> Destination

Generalization MFPHardwarePort MalfunctionPrototype

Source-> Destination

Class MFPOperation

Element Base Classes: MEPSwcPort

Element Notes:

The MalfunctionPrototype pointing to an AUTOSAR operation instance

Connections

Connector

Source

Target

Generalization

Source-> Destination

MFPOperation

MFPSwcPort

Aggregation
Source-> Destination

AutosarClientServerOperationinsi
nceRef

MFPOperation

Class MFPSwcPort

Element Base Classes: MalfunctionPrototype

Element Notes:
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Connections
Connector Source Target

Generalization MFPSwcPort MalfunctionPrototype
Source-> Destination

Generalization MFPOperation MFPSwcPort
Source-> Destination
Generalization MFPVariable MFPSwcPort

Source-> Destination

Class MFPVariable
Element Base Classes: MEPSwcPort

Element Notes:

The MalfunctionPrototype pointing to an AUTOSAR variable instance

Connections

Connector Source Target
Aggregation AutosarVariableDataPrototypelns MFPVariable
nceRef

Source-> Destination

Generalization MFPVariable MFPSwcPort
Source-> Destination

Class MTComposite
Element Base Classes: MalfunctionType

Element Notes:

This composite malfunction type allows to define the different ways, how the malfunction becomes visible.
As a typical examplegg composite malfunction type could have the elements "commission” and "omission".

BrakeMalfunctionType (type: MTComposite):

- BrakePressureTooLow (type: MTPrimitive):
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Semantics="brake pressure is below 20% of requested value"

- Omission (typeMTPrimitive):

Semantics="brake pressure is below 10% of maximal brake pressure"
- Commission (type: MTPrimitive):

Semantics="brake pressure exceeds requested value with more than 10% of maximal brake pressure".

Connections
Connector Source Target

Generalization MTComposite MalfunctionType

Source-> Destination

Aggregation MTCompositeElementPrototype | MTComposite
Source-> Destination

Class MTCompositeElementPrototype
Element Base Classes: Identifiable

Element Notes:

This classs used the apply the composite pattern for the definition of MalfunctionTypes. It is contained by
the composite MalfunctionTtype and refers to the type of the elements within the composite
MalfunctionType.

Connections
Connector Source Target

Generalization MTCompositeElementPrototype |Identifiable

Source-> Destination

Aggregation MTCompositeElementPrototype | MTComposite
Source-> Destination
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Connector Source Target

Association MTCompositeElementPrototype | MalfunctionType
Source-> Destination

Class MTPrimitive
Element Base Classes: MalfunctionType

Element Notes:

This class is used for the atomic definition of a malfunction type. The description field of the derived
Identifiable class shall be used to describe the malfunction type.

Connections
Connector Source Target

Generalization MTPrimitive MalfunctionType

Source-> Destination

Class MalfunctionPrototype
Element Base Classes: Identifiable

Element Notes:

A malfunction is a failure or unintended behavior of the itel@ment of the item that has the potential to
propogate. The MalfunctionPrototype metaclass represents an error that may occur internally in an
ErrorModel or be propagated to it, or a failure that is propagated out of an Error Model. The
MalfunctionProtogype may represent different errors depending on its type (enumeration of generic
description).

Semantics:

An malfunction prototype refers to a condition that deviates from expectations based on requirements
specifications, design documents, user documesigsdards, etc., or from someone's perceptions or
experiences (1ISO26262). The set of available faults or failures represented by the MalfunctionPrototype is
defined by its type, typically an enumeration type like {omission, commission}. It is an abdasst
further specialized with metaclasses for different types of fault/failure.

Extension:
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(UML::Part)

Connections

Connector

Source

Target

Association

Source-> Destination

FailureLogicFormula

MalfunctionPrototype

Aggregation
Source-> Destination

MalfunctionPrototype

AbstractErrorBehavior

Dependency
Source-> Destination

MalfunctionClassification

MalfunctionPrototype

Dependency
Source-> Destination

MalfunctionMapping

MalfunctionPrototype

Generalization

Source-> Destination

MalfunctionPrototype

Identifiable

Association

Source-> Destination

RiskDescription

MalfunctionPrototype

Association

Source-> Destination

FailureLogicFormula

MalfunctionPrototype

Generalization

Source-> Destination

MFPFunctionPort

MalfunctionPrototype

Generalization

Source-> Destination

MFPSwcPort

MalfunctionPrototype

Generalization

Source-> Destination

MFPHardwarePin

MalfunctionPrototype

Aggregation
Source-> Destination

MalfunctionPrototype

Item

Aggregation
Source-> Destination

MalfunctionPrototype

ErrorModelType

Dependency
Source-> Destination

HWPartFailureAnalysis

MalfunctionPrototype

Generalization

Source-> Destination

MFPBswPort

MalfunctionPrototype

Aggregation

MalfunctionPrototype

ErrorModelType
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Connector

Source

Target

Source-> Destination

Association

Source-> Destination

FailureLogicFormula

MalfunctionPrototype

Association

Source-> Destination

MalfunctioninstanceRef

MalfunctionPrototype

Aggregation
Source-> Destination

MalfunctionPrototype

AbstractErrorBehavior

Association

Source-> Destination

NativeErrorBehavior

MalfunctionPrototype

Association

Source-> Destination

MalfunctionPrototype

MalfunctionType

Association

Source-> Destination

FailureRate

MalfunctionPrototype

Dependency
Source-> Destination

SafetyAnalysisResult

MalfunctionPrototype

Association

Source-> Destination

NativeErrorBehavior

MalfunctionPrototype

Association

Source-> Destination

FailureLogicFormula

MalfunctionPrototype

Association

Source-> Destination

HazardousEvent

MalfunctionPrototype

Dependency
Source-> Destination

FaultFailurePropagationLink

MalfunctionPrototype

Dependency
Source-> Destination

FaultFailurePropagationLink

MalfunctionPrototype

Dependency
Source-> Destination

MalfunctionMapping

MalfunctionPrototype

Generalization

Source-> Destination

MFPHardwarePort

MalfunctionPrototype

Attributes

Attribute

Notes

Default
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Attribute Notes Default
genericDescription A description of the MalfunctionPrototype
String

Class MalfunctionType
Element Base Classes: Identifiable

Element Notes:

A MalfunctionType describes how a malfunctibacomes visible. Currently, it can either be a primitive
description of a malfunction or defines as hierarchical composition of different "appearance" possibilities.

Connections
Connector Source Target

Generalization MalfunctionType Identifiable

Source-> Destination

Aggregation MalfunctionType MultiLevelSafetyExtension
Source-> Destination

Generalization MTComposite MalfunctionType

Source-> Destination

Generalization MTPrimitive MalfunctionType

Source-> Destination

Association MalfunctionPrototype MalfunctionType
Source-> Destination

Association MTCompositeElementPrototype | MalfunctionType
Source-> Destination

Aggregation MalfunctionType ErrorModel
Source-> Destination

Package Mapping

Package Notes:
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class ErrorBehaviorMapping/

Identifiable
ErrorModelMapping

*[ +errorBehaviorMapping

Identifiable
ErrorBehaviorMapping

+errorModel | * 1 +errorBehavior
clnstanceQRef Identifiable
_instanceRef:: cabstracth e
ErrorModellnstanceRef ErrorBehavior::

AbstractErrorBehavior

Figure 23: ErrorBehaviorMapping - (Class diagram)

Diagram Notes:

Class ErrorBehaviorMapping
Element Base Classes: Identifiable

Element Notes:

The class ErrorBehaviorMapping allows to map an error behavior tmnarete instance of an
ErrorModelType within the ErrorModel. For each instance reference referred by the association named
"errorModel", the following rule must be considered:

- The ErrorModelType of the first context element in the instanceRef of typeModellnstanceRef must
match with the attribute "rootErrorModelType" of the ErrorModel, where this ErrorBehaviorMapping is
contained
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Connections

Connector Source Target

Aggregation ErrorBehaviorMapping ErrorModelMapping
Source-> Destination

Association ErrorBehaviorMapping AbstractErrorBehavior
Source-> Destination

Generalization ErrorBehaviorMapping Identifiable
Source-> Destination

Aggregation ErrorModelinstanceRef ErrorBehaviorMapping
Source-> Destination

Class ErrorModelMapping

Element Base Classes: ldentifiable

Element Notes:

This class contains mapping information for error model.

Connections

Connector Source Target

Aggregation ErrorBehaviorMapping ErrorModelMapping
Source-> Destination

Aggregation ErrorModelMapping ErrorModel
Source-> Destination

Generalization ErrorModelMapping ldentifiable
Source-> Destination

Aggregation MalfunctionMapping ErrorModelMapping

Source-> Destination

Class MalfunctionMapping
Element Base Classes: Identifiable
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Element Notes:

Via the class MalfunctionMapping it is possible to map malfunctions of one abstraction level (e.g. EAST
ADL implementation level) to another level of abstraction (e.g. EAST ADL analysis level). Thithevay
correlation between different levels of abstraction can be made explicit.

The MalfunctionMapping shall be attached to the "lower" level of abstra&@ample:

1 a malfunction defined for a software component (implementation level) shall be reldted wit
malfunction defined on design level

1 inthis case, (at least) two instances of SafetyExtensions (TechnicalSafetyExtension,
AutosarSystemSafetyExtension) exist. In each of them an ErrorModelType is defined containing the
before mentioned malfunctions

1 inthe AutosarSystemSafetyExtension, we define an MalfunctionMapping and relate the software
malfunction (in the role of "origin") to the malfunction defined within the TechnicalSafetyExtension
(in the role "target")

Thus, the following rules shall be appulie

1 the MalfunctionPrototype referenced via the "origin” relationship shall be defined within the same
SafetyExtension as an instance of this class

1 the MalfunctionPrototype references via the "target" relationship shall be defined within a
SafetyExtension hich corresponds to a higher level of abstraction

Connections

Connector Source Target
Dependency MalfunctionMapping MalfunctionPrototype

Source-> Destination

Generalization MalfunctionMapping Identifiable
Source-> Destination

Agdregation MalfunctioninstanceRef MalfunctionMapping
Source-> Destination

Aggregation MalfunctioninstanceRef MalfunctionMapping
Source-> Destination

Dependency MalfunctionMapping MalfunctionPrototype
Source-> Destination

Aggregation MalfunctionMapping ErrorModelMapping
Source-> Destination
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Package _instanceRef

Package Notes:

class EMPAnaIysis_anaIysisFunctionTarget/

ErrorModelPrototype
ErrorModelType::EMPAnalysis

¢instanceRef e

+arget instanceRef.context

0.1

instanceRef.target

Figure 24: EMPAnNalysis analysisFunctionTarget- (Class diagram)

Diagram Notes:

Diagram for ErrorModelPrototype.

class EMPDesign_designFunctionTarget/

ErrorModelPrototype
ErrorModelType::EMPDesign

¢instanceRef e

+context

GCi nstanceg.

¢cinstance1

Figure 25: EMPDesign_designFunctionTarget (Class diagram)

Diagram Notes:
Diagram for ErrorModelPrototype.
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class EMPHw Component_tharget/

EastAdIReference

ErrorModelPrototype
ErrorModelType::EMPHw Componeny  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ o _______ * tfg EASTADLReferences::
cinstanceRef e 1| HardwareComponentPrototype

instanceRef.context *context
€

+target 0.*

*

instanceRef target *1arqet

1

Figure 26: EMPHwComponent _hwTarget - (Class diagram)

Diagram Notes:

class ErrorModeIInstance/

Identifiable

- ErrorModelType::
¢instanceRef . co.EfofMolelPrototype

e +context

+target

cinstanceRef . tafget e

Figure 27: ErrorModellnstance - (Class diagram)

Diagram Notes:
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class ErrorModelMapping /

Identifiable +origin Identifiable

Mapping::MalfunctionMapping ¢i nst anci|Ref dalfunction::MalfunctionPrototype

+target| + genericDescription :String

¢cinstancelRef &
0..*

+malfunction 1

Identifiable
ErrorModelType::
ErrorModelPrototype
¢instanceRef.targete

+errorModeIPrototype/r 0.%

¢cinstanceRef |

Figure 28: ErrorModelMapping - (Class diagram)

Diagram Notes:

class FaultFailurePropagationLink /

Identifiable +cause Identifiable

ErrorModelType::FaultFailurePropagationLink ¢i nst an qp Re fMalfunction::MalfunctionPrototype

- description :String +9ffe% + genericDescription :String

+ immediatePropagation :Boolean = true __g_i _n_s_t_a;1 eRef &

+malfunction 1

Identifiable

ErrorModelType::
ErrorModelPrototype

¢instanceRef.targeteée

+errorModeIPrototype/]\ 0..*

¢instanceRef

Figure 29: FaultFailurePropagationLink - (Class diagram)

Diagram Notes:

Diagram for FaultFailurePropagationLink.
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class MFPFunctionPort_functionTarget/

Malfunction::MFPFunctionPort

MalfunctionPrototype &
+target instanceRef.conftSQNEXt
0.1 0.*

instanceRef.target

¢instancp.1

Figure 30: MEPFunctionPort_functionTarget - (Class diagram)

Diagram Notes:

class MFPHardw arePin_hw Target/

MalfunctionPrototype
Malfunction::MFPHardw arePin

+target
*

instandeRef.target

¢cinstance
0.1

Figure 31: MEPHardwarePin _hwTarget - (Class diagram)

Diagram Notes:
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MalfunctionPrototype
Malfunction::MFPHardw arePort

class MFPHardwarePort_hw Target /

¢ci nstanceRe|f

+target| FaultFailurePort_hw PortTarget

e

+context

¢cinstanceRef

+target

EastAdIReference

EASTADLReferences::

Hardw arePort

¢cinstancog1ef €

¢cinstanceReTx

EASTADLReferences::
Hapdw greCpmppgnentPrototype

EastAdIReference

.targete

Figure 32: MEPHardwarePort hwTarget - (Class diagram)

Diagram Notes:

Class ErrorModellnstanceRef

Element Base Classes:

Element Notes:

Connections

Connector

Source

Target

Association

Source-> Destination

ErrorModellnstanceRef

ErrorModelPrototype

Association

Source-> Destination

ErrorModellnstanceRef

ErrorModelPrototype

Aggregation
Source-> Destination

ErrorModelinstanceRef

ErrorBehaviorMapping

Class ErrorModelPrototype_analysisFunctionTarget

Element Base Classes:
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Element Notes:
Connections
Connector Source Target
Aggregation ErrorModelPrototype_analysisFurf EMPAnNalysis
Source> Destination | tionTarget
Association ErrorModelPrototype_analysisFur AnalysisFunctionPrototype
instanceRef.context tionTarget
Source-> Destination
Association ErrorModelPrototype_analysisFur AnalysisFunctionPrototype
instanceRef.target tionTarget
Source-> Destination
Class ErrorModelPrototype_designFunctionTarget
Element Base Classes:
Element Notes:
Connections
Connector Source Target
Association ErrorModelPrototype_designFung DesignFunctionPrototype
Source-> Destination onTarget
Aggregation ErrorModelPrototype_designFung EMPDesign
Source-> Destination onTarget
Association ErrorModelPrototype_designFung DesignFunctionPrototype
Source> Destination | °onTarget
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Class ErrorModelPrototype _hwTarget

Element Base Classes:

Element Notes:

Connections

Source-> Destination

Connector Source Target
Aggregation ErrorModelPrototype _hwTarget |EMPHwComponent

Association
instanceRef.context

Source-> Destination

ErrorModelPrototype _hwTarget

HardwareComponentPrototype

Association
instanceRef.target

Source-> Destination

ErrorModelPrototype_hwTarget

HardwareComponentPrototype

Class FaultFailurePort_functionTarget

Element Base Classes:

Element Notes:

Connections

instanceRef.target
Source-> Destination

Connector Source Target
Agdregation FaultFailurePort_functionTarget | MFPFunctionPort
Source-> Destination

Association FaultFailurePort_functionTarget | FunctionPrototype
instanceRef.context

Source-> Destination

Association FaultFailurePort_functionTarget |FunctionPort
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Class FaultFailurePort_hwPinTarget

Element Base Classes:

Element Notes:

Connections

Source-> Destination

Connector Source Target
Aggregation FaultFailurePort_hwPinTarget MFPHardwarePin

Association
instandeRef.target

Source-> Destination

FaultFailurePort_hwPinTarget

HardwarePin

Class FaultFailurePort_hwPortTarget

Element Base Classes:

Element Notes:

Connections

Connector

Source

Target

Association

Source-> Destination

FaultFailurePort_hwPortTarget

HardwareComponentPrototype

Source-> Destination

Aggregation FaultFailurePort_hwPortTarget |MFPHardwarePort
Source-> Destination
Association FaultFailurePort_hwPortTarget |HardwarePort

Class MalfunctioninstanceRef
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Element Base Classes:

Element Notes:

Connections

Connector Source Target
Aggregation MalfunctioninstanceRef HWPartFailureAnalysis

Source-> Destination

Aggregation
Source-> Destination

MalfunctioninstanceRef

MalfunctionClassification

Aggregation
Source-> Destination

MalfunctioninstanceRef

FaultFailurePropagationLink

Aggregation
Source-> Destination

FaultFailurePropagationLink

MalfunctioninstanceRef

Aggregation
Source-> Destination

MalfunctioninstanceRef

Tactic

Aggregation
Source-> Destination

MalfunctioninstanceRef

MalfunctionMapping

Association

Source-> Destination

MalfunctioninstanceRef

MalfunctionPrototype

Aggregation
Source-> Destination

MalfunctioninstanceRef

SafetyAnalysisResult

Aggregation
Source-> Destination

MalfunctioninstanceRef

MalfunctionMapping

Association

Source-> Destination

MalfunctioninstanceRef

ErrorModelPrototype

Package Hardware

Package Notes:

This package describes the 4epel package for all meta model extension regarding hardware, developed

in WT 3.2.2.
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Package Failure

Package Notes:
This subpackage describes the failure model of the hardware as derived from the requirententSOf t

26262.

class FailureAnaIysis/

Identifiable

Malfunction::
MalfunctionPrototype

SafetyAnalysis:: i tMalfunctio
SafetyAnalysisResult| _ Erg_e_ E _urfl_ n

instanceRe1[€
¢ LG genericDescription :String

Identifiable
HWSafetyAnalysisResult

¢

+hardwareQuantitativeFailureAnalysis +hardwareComponentQuantifiedFM
0..1 0..*
Identifiable —
L Identifiable
HWQuantitativeMeasure:: Referrable
HWQuantitativ eFailureAnalysis -
HWComponentQuantifiedFMFromPart
+ lambdaFailureMode :Float

+ failureLogic :String [0..1]

Figure 33: FailureAnalysis - (Class diagram)

Diagram Notes:
This diagram shows an overview of the hardware component failure extension root information where
hardware related failure data and analysis shall be performed.
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class FaiIureCaIcuIatedFromPart/

Identifiable
Referrable

SafetyAnalysis::MalfunctionClassification

+ classification :MalfunctionClassificationEnum

+classification 0.1

Identifiable
Referrable

HWComponentQuantifiedFMFromPart

+ lambdaFailureMode :Float
+ failureLogic :String [0..1]

Figure 34: FailureCalculatedFromPart - (Class diagram)

Diagram Notes:

This diagram shows the instance reference of a failure mode of a hardware component on higher level and
its interference with hardware element part calculations.

Class HWComponentQuantifiedFMFromPart
Element Base Classes: Identifiable, Referrable

Element Notes:

This class describes the quantified failure rate of a failure mode of a HWComponent based on the
contribution of each HWPartFailureMode of the related HWPart as AUTOSAR HW Element (eadcula
with the formula and stored in the attribute lambdaFailureMode).

The attribute SafetyComponentClassName is used to identify the HWComponent Class name for further
calculation of all failure mode to the same HWComponent.

A quantified HW ComponentFaiteMode must identify the related HWFailureMode of the
HWComponent.
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During modeling a design rule must be ensured that AutosarHWElementType used as BaseHwElement
for the instanceRef relation is the same as the root hierarchy on the HwElement creation

Connections

Connector Source Target
Association HWComponentQuantifiedFMFron MalfunctionClassification
Source-> Destination Part
Generalization HWComponentQuantifiedFMFron Identifiable
Source> Destination | Fart
Adgregation HWComponentQuantifiedFMFron HWSafetyAnalysisResult
Source> Destination | Part
Association HWPartFailureAnalysis HWComponentQuantifiedFMFromP¢
Unspecified t
Generalization HWComponentQuantifiedFMFron Referrable
Source-> Destination | Fart
Attributes
Attribute Notes Default
lambdaFailureMode This attribute contains the quantified failure rate for
Float corresponding failure mode of the hardware componen
failureLogic Define the specification of HWPartFailureMa
String contributionto HWFailureMode of the above abstract
layer (Block)on an external formalism or the path to the
containing the external specification.

Class HWSafetyAnalysisResult
Element Base Classes: Identifiable, SafetyAnalysisResult

Element Notes:
This class represent the container for all Hardware Failure Analysis.

Each safety goal (as malfunction) must lead to a safety analysis, so this class contains all the information
related to the analysis as :
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- the relation to the malfunction as the malfunctiaibtype for each analysis

- the HwComponentPrototypeScope to identify all hardware component specific to the context as
HWComponentProtype inside a type composition

- the HWQuantifiedFailure Analysis performed on the level of the composition

Connections

Connector Source Target

Association HWQuantitativeFailureAnalysis | HWSafetyAnalysisResult

Unspecified

Aggregation HWComponentQuantifiedFMFron HWSafetyAnalysisResult
Part

Source-> Destination

Generalization HWSafetyAnalysisResult SafetyAnalysisResult
Source-> Destination

Generalization HWSafetyAnalysisResult Identifiable
Source-> Destination

Enumeration HWMultiplePointFaultEnum
Element Base Classes:

Element Notes:

Attributes
Attribute Notes Default

noMultiplePointFault

DualPointFault

TriplePointFault
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Attribute Notes Default
othersOrderPointFault
Package FailurePart
Package Notes:
class FaiIurePartAnaIysis/
AutosarSafetyExtension
ImplementationSafetyExtension::
AutosarHardw areSafetyExtension
+hardwarePartSafetyAnalysis | 0..*
— Identifiable
Identifiable .
Malfunction::

+hwElementScope

HWPartFailureAnalysis

0..*

HWEIlementPrototypeScope

+malfunctionPartAnalysis

MalfunctionPrototype

nstanceReql

€
+ genericDescription :String

+quantifiedHardwareFMFromPart

+ safetyRelated :Boolean

Failure::
HWComponentQuantifiedFMFromPart

Identifiable
Referrable

|
I
|
|
!
Gi
|
+scope \‘I/ 1

+ lambdaFailureMode :Float
+ failureLogic :String [0..1]

nstanceRef e

AutosarReference

AUTOSARReferences::
Hw ElementPrototype

Figure 35: FailurePartAnalysis - (Class diagram)
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Diagram Notes:

class PartFaiIure/

AutosarSafetyExtension

ImplementationSafetyExtension::
AutosarHardw areSafetyExtension

HWPartFailureRate +ramdomHardwarePartFailure (0. 1

rationaleScalingFactor :String
scalingFactor :Float=1.0

source :String P
value :Float

+hwPartFailureRate ldentifiable
HWPartFailure

+ + + +

+hwPartFailureMode | *

HWPartFailureMode

+ partFailureModeType :String
+ FailureRateDistribution :Integer
+ partPotentialCause :String

Figure 36: PartFailure - (Class diagram)

Diagram Notes:

This diagram shows the hardware part failures and its contribution to the hardware component failure on
higher level.

a 2011-2014 The SAFE Consortium 143
(290)



SAFE - an ITEA2 project D3.5.d

class Hw PartContributionToComponent/

Identifiable
Referrable

Failure::
HWComponentQuantifiedFMFromPart

+ lambdaFailureMode :Float
+ failureLogic :String [0..1]

HWPartFailureRate HWPartFailureMode
+ rationaleScalingFactor :String + partFailureModeType :String
+ scalingFactor :Float = 1.0 + FailureRateDistribution :Integer
+ source :String + partPotentialCause :String
+ value :Float

Figure 37: HwPartContributionToComponent - (Class diagram)

Diagram Notes:

This diagram shows the hardware part failures ancoisribution to the hardware component failure on
higher level.

Class HWElementPrototypeScope
Element Base Classes:

Element Notes:
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This class describes the context for the definition of a hardware Element. The attribute defines a results of
the analysigf the Hardware Component is safety related means impacted by the contribution to the
violation of the malfunction

During modeling a design rule must be ensured that HWElementType used as BaseHwComponent for the
instanceRef relation is the same as tha hierarchy on the HwElementPrototypeScope creation

Connections

Connector Source Target

Association HWElementPrototypeScope HWPartFailureAnalysis
Unspecified

Dependency HWElementPrototypeScope HwElementPrototype
Source-> Destination

Association HWElementPrototypeScope HWElementScopelnstanceRef
Unspecified
Attributes

Attribute Notes Default
safetyRelated This attribute stores the contribution of the HWElement
Boolean malfunction as a boolean information

Class HWPartFailure
Element Base Classes: Identifiable

Element Notes:

This class describes the failure data extension for all HWPart elements, including part failure rate and part
failure mode.

Connections

Connector Source Target

Aggregation HWPartFailureRate HWPartFailure

Source-> Destination

Association HWPartFailure AutosarHardwareSafetyExtension
Unspecified
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Connector Source Target
Aggregation HWPartFailureMode HWPartFailure

Source-> Destination

Generalization

Source-> Destination

HWPartFailure

Identifiable

Class HWPartFailureAnalysis
Element Base Classes: Identifiable

Element Notes:

This class represent the container for all Hardware Part Failure Analysis (Autosar HWElement) for a

malfunction.

Each malfunction (as HardwaFailure Mode) must lead to a safety part analysis, so this class contains all

the information related to

the analysis as :

- the relation to the malfunction as the malfunctionPrototype for each analysis

- the HwElementPrototypeScope to identify all hardwéutosar Element specific to the context as

HWComponentPrototype

- the HWComponentQuantifiedFMFromPart Analysis performed on the level of the composition of

inside a type composition

hardware part for contribution to the malfunction

Connections

Source-> Destination

Connecbr Source Target

Association HWElementPrototypeScope HWPartFailureAnalysis
Unspecified

Aggregation MalfunctioninstanceRef HWPartFailureAnalysis

Generalization

Source-> Destination

HWPartFailureAnalysis

Identifiable

Source-> Destination

Association AutosarHardwareSafetyExtension HWPartFailureAnalysis
Unspecified
Dependency HWPartFailureAnalysis MalfunctionPrototype

Association

Unspecified

HWHPartFailureAnalysis

HWComponentQuantifiedFMFromP¢
t
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Connecbor

Source

Target

Class HWPartFailureMode

Element Base Classes:

Element Notes:

This class describes HWPartFailureModes of a HWPart as AUTOSAR HWElement. It aso captures the
potential cause for a HWFailureMode as String (facumentation).

Each HWPartFailureMode of the Autosar HardwareElement must define a relation and contribution to a
HWFailureMode of HardwareComponent (from hardware design level).

The HWFailureMode and HWFailureRateDistribution can be derived froninelgstry Source.

Connections

Source-> Destination

Connector Source Target
Aggregation HWPartFailureMode HWPartFailure

Attributes

Attribute

Notes

Default

partFailureModeType
String

This attribute textually describes the type of a failmade
of a HWPart element (e.g. "ShortCircuit" for a resistor).

FailureRateDistribution
Integer

This attribute describes the distribution of the failure ra
the HWPart element for the specific hardware part fa
mode in percentage.

partPotentialCause

String

This attribute allows the documentation of the pote
cause of the HWPart failure mode (e.g. high temperatu

Class HWPartFailureRate

Element Base Classes:

Element Notes:
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This class captures the HWPartFailureRate of a AUTOBAREIement. Each AUTOSAR HWElement

has one single Part HWFailureRate.

The appropriate Part FailureRate can be derived from e.g. Industry Source.

Connections

Source-> Destination

Connector Source Target
Aggregation HWPartFailureRate HWPartFailure

Attributes

Attribute

Notes

Default

rationaleScalingFactor
String

The rationaleScalingFactor shall provide a rationale,
scaling factor different to 1.0 is applied.

scalingFactor

The scalingFactor allows potential scaling between diffe
sources of failure rates as described in ISO Part 5 Ann

1.0

Float
source FIT rate source shall documented according to pos
String source as described in ISO 26262 Part 5 8.4.3:
a) failure rate from industry source (IEC/TR 62380,
617009, ...)
b) sttistic based on return field or test
c) Expert judgement
value FIT rate for the hardware part element.
Float

It shall be expressed in FIT.

Package _instanceRef

Package Notes:
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class HWPartFaiIureAnaIysis/

— Identifiable
i lieniiiatle +malfunctionPartAnalysis Malfunction::
Fallu.rePart:: [T T ST _> MalfunctionPrototype
HWPartFailureAnalysis ¢cinstancegjefe
+ genericDescription :String

+ma|function/‘\ 1

cinstanceRef .targeteée

¢cinstanceRef ¢ ldentifiable
+malfunctionPartAnalysis _instanceRef:: +errorModelPrototype|  ErrorModelType::
1 MalfunctioninstanceRef cinstance R(ON*.EErngqd%IE(er(gype

Figure 38: HWPartFailureAnalysis - (Class diagram)

Diagram Notes:

class HwElementPrototypeScope /

. AutosarReference
FailurePart:: +scope AUTOSAREE » AutosarReference

HWElementPrototypeScope| _ _ _ _ _ _ _ _ = eferences:: -

yp pel Tt andrer e Hw ElementPrototype AULOS;E'-\IRRefetr_?nces..
+ safetyRelated :Boolean ¢ ’ wilementiype

0..1 1
0..1
+context +arget

+base

. instanceRef.targete
glnstanceRef.Sontexte 9
¢Ginstance

+scope
P 1

¢lnstanceRef e
HWElementScopelnstanceRef

Figure 39: HwElementPrototypeScope (Class diagram)

Diagram Notes:

This diagram shows the instance reference of a Hardware Component Quantified failure Value issued from
Hardware Part.

Class HWElementScopelnstanceRef
Element Base Classes:

Element Notes:
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This "instanceRef" metalass is the container for holding the relation of HWElementScope in context of
AutosarHWElementPrototype

Connections
Connector Source Target

Association HWElementScopelnstanceRef | HwElementPrototype
Source-> Destination

Association HWElementScopelnstanceRef |HwElementType
Source-> Destination

Association HWElementScopelnstanceRef | HwElementPrototype
Source-> Destination

Association HWElementPrototypeScope HWElementScopelnstanceRef

Unspecified

Package HWQuantitativeMeasure

Package Notes:

This subpackage contains the storage and classification of the safety evaluation. In addition it includes the
single failure mode contribution as basis for the con&edduation.
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class HWQuantitativeMeasure /

Identifiable
SafetyAnalysisResult

Failure::HWSafetyAnalysisResult

+hardwareQuantitativeFailureAnalysis| 0..1

Identifiable
HWQuantitativ eFailureAnalysis

+hwArchitecturalMetrics| 1 +hwProbalisticvalue | 1

HWArchitecturalMetrics HWProbabilisticvalue
+hwSinglePointFaultMetric| 1 1 | +hwLantentFaultMetric +hwPMHF|0..1 0.1 | +hwFailureClassContainer
HWArchitecturalMetrics:: HWArchitecturalMetrics::HWLatentFaultMetric Identifiable Identifiable
HWSinglePointFaultMetric ProbabilisticMethods::HWPMHF ProbabilisticMethods::
+ calculatedValue :Float HWEailureClassCont
+ calculatedValue :Float calculatedValue :Float ailureClassContainer

rationaleDedicatedMeasures :String + rationaleCutSet :String

exposureTime :Float . + relevantCutSet :Integer = 100
rationaleExposureTime :String

+ o+ o+ o+

Figure 40: HWQuantitativeMeasure - (Class diagram)

Diagram Notes:

This diagram gives an overview about the quantitative analysis claimed by ISO 26262 Part 5 Clause 8 and
Clause 9.

Class HWArchitecturalMetrics
Element Base Classes:

Element Notes:

This class represents an abstract definition of all quantified failure analysis required by the ISO Part 5
Clause 8. This class allows to map all meta class for the HWArchitecturalMetrics also described in the ISO
Part 5Annex C (SinglePointFault Metric,LatentFault Metric).

Each HWQuantifiedFailureAnalysis belongs to exactly one malfunction (link to violation of a SafetyGoal).
The ASIL-TargetValue (e.g. ASHD) is derived from the SafetyGoal.

Connections
Connector Source Target
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Connector Source Target
Aggregation HWSinglePointFaultMetric HWArchitecturalMetrics

Source-> Destination

Aggregation HWArchitecturalMetrics HWQuantitativeFailureAnalysis
Source-> Destination

Agdregation HWLatentFaultMetric HWArchitecturalMetrics
Source-> Destination

Class HWProbabilisticValue
Element Base Classes:

Element Notes:

This class represents an abstract definition of all failure analysis required by the ISO Part 5 Clause 9. This
class allows to map all meta class for the evaluation of safety goal violation (PMHF and Failure Rate Class).

Each HWQuantifiedFailureAnalysizelongs to exactly one malfunction (link to violation of a SafetyGoal).
The ASIL-TargetValue (e.g. ASHD) is derived from the SafetyGoal.

Connections

Connector Source Target

Aggregation HWProbabilisticValue HWQuantitativeFailureAnalysis
Source-> Destination

Aggregation HWPMHF HWProbabilisticvValue

Source-> Destination

Aggregation HWFailureClassContainer HWProbabilisticValue
Source-> Destination

Class HWQuantitativeFailureAnalysis
Element Base Classes: Identifiable

Element Notes:

This class represent the container for all quantified failure analysis required by the ISO 26262 Part 5 for a
dedicated SafetyGoal. This class allows to cluster all meta class for the HWArchitecturalMetrics
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described in théSO Part 5 Clause 8 (SingRointFault Metric, Latenfault Metric) and probabilistic
value for violation of safety goal (PMH) or Failure Class Method described in the ISO Part 5 Clause 9.

Each HWFailureAnalysis belongs to exactly one SafetyGoal. Th&-A8igetValue (e.g. ASHD) is
derived from the SafetyGoal.

Connections

Connector Source Target

Agdregation HWProbabilisticValue HWQuantitativeFailureAnalysis
Source-> Destination

Association HWQuantitativeFailureAnalysis | HWSafetyAnalysisResult
Unspecified

Generalization HWQuantitativeFailureAnalysis | Identifiable

Source-> Destination

Aggregation HWArchitecturalMetrics HWQuantitativeFailureAnalysis
Source-> Destination

Package HWArchitecturalMetrics

Package Notes:

This subpackage describes the hardware architectural metrics as claimed by ISO 26262 Part 5 Clause 8. A
detailed description of the architectural metrics can be found in ISO 26262 Part 5 Annex C.

Class HWLatentFaultMetric
Element Base Classes:

Element Notes:

This class is the representation of the latent fault metric, demanded by ISO Part 5 Clause 8. The latent fault
metric describes the robustness of the hardware architecture to cope with rpoitiplatent faults (also
see ISO Part 5 AnneR).

The calculation is included in the class HWLatentFaultMetricFormula.
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Connections

Connector Source Target
Aagdregation HWLatentFaultMetric HWArchitecturalMetrics

Source-> Destination

Attributes

Attribute Notes Default
calculatedValue The calculatedValue is the result of the calculation of

Float latent fault metric (in %).

Class HWSinglePointFaultMetric
Element Base Classes:

Element Notes:

This class is the representation of the sifgglent fault metric, demanded by ISO ParCkhuse 8. The
single-point fault metric describes the robustness of the hardware architecture to cope withdaimngead
residual faults (also see ISO Part 5 Annex C).

The calculation is included in the class HWSinglePointFaultMetricFormula.

Connections

Connector Source Target
Aggregation HWSinglePointFaultMetric HWArchitecturalMetrics

Source-> Destination

Attributes

Attribute Notes Default
calculatedValue The calculatedValue is the result of the calculation of

Float singlepointfault metric (in %).

Package ProbabilisticMethods

Package Notes:

This subpackage describes the residual risk of safety goal violation due to random hardware failures as
claimed by ISO 26262 Part 5 Clause 9. This contains the probabilistic metanflam hardware failures
(PMHF) and as an alternative the failure rate class method (FRC).
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class ProbabilisticMethods /

Identifiable
HWPMHF

calculatedValue :Float
rationaleDedicatedMeasures :String
exposureTime :Float
rationaleExposureTime :String Identifiable
HWElementFailureRateClass

+ o+ + o+

hwElementFailureClass :HWValuesFailureRateClassEnum
hwElementLatentDiagnosisCoverage :Float
hwElementResidualDiagnosisCoverage :Float
LFTargetFailureRateClass :HWLFTargetFailureRateClassEnum
rationaleDedicatedMeasures :String

rationaleFailureRateClass :String

RFTargetFailureRateClass :HWRFTargetFailureRateClassEnum
SPFTargetFailureRateClass :HWSPFTargetFailureRateClassEnum

+ o+ o+ o+ o+ o+ o+

+hwelementFailureRateClass | *

AN
Dependency from
HWFailureClassContributionFormula to
¢cenumeratione HWValuesFailureRateClassEnum (multiplicity *) Identifiable
HWValuesFailureRateClassEnum (Rolename: failureRateClassThreshold) HWFailureClassContainer

FailureRateClassl = FR_TargetValue ... Dependency from HWValuesFailureRateClassEnufn | + rationaleCutSet :String
FailureRateClass? = FailureRateClas... (multiplicity 1) to HWFailureClassContainer + relevantCutSet :Integer = 100
FailureRateClass3 = FailureRateClas... (multiplicity 1) (Rolename: relevantCutSetValue
FailureRateClass4 = FailureRateClas...
FailureRateClass5 = FailureRateClas...

cenumerati one
HWSPFTargetFailureRateClassEnum cenumerati one
HWRFTargetFailureRateClassEnum

OutOfScope = Not Relevant

ASIL_D = FRClassl + DM OutOfScope = Not relevant
ASIL_C = (FRClass2 + DM)... ASIL_D_and_RDC_GTEQ_99_dot_99pct = FRClass5
ASIL_B = FRClass2 or FRCassl ASIL_D_and_RDC_GTEQ_99_dot_9pct = FRClass4

ASIL_D_and_RDC_GTEQ_99pct = FRClass3
ASIL_D_and_RDC_GTEQ_90pct = FRClass2
ASIL_D_and_RDC_LT_90pct = FRClassl + DM
ASIL_C_and_RDC_GTEQ_99_dot_9pct = FRClass5
ASIL_C_and_RDC_GTEQ_99pct = FRClassA

cenumeratione
HWLFTargetFailureRateClassEnum

OutOfScope = Not Relevant ASIL_C_and_RDC_GTEQ_90pct = FRClass3
ASIL_D_and_LDC_GTEQ_99pct = FRClass4 ASIL_C_and_RDC_LT_90pct = FRClass2 + DM
ASIL_D_and_LDC_GTEQ_90pct = FRClass3 ASIL_B_and_RDC_GTEQ_99_dot_9pct = FRClass5
ASIL_D_and_LDC_LT_90pct = FRClass2 ASIL_B_and_RDC_GTEQ_99pct = FRClass4
ASIL_C_and_LDC_GTEQ_99pct = FRClass5 ASIL_B_and_RDC_GTEQ_90pct = FRClass3
ASIL_C_and_LDC_GTEQ_90pct = FRClass4 ASIL_B_and_RDC_LT_90pct = FRClass2

ASIL_C_and_LDC_GTEQ_80pct = FRClass3
ASIL_C_and_LDC_GT_80pct = FRClass2

Figure 41: ProbabilisticMethods - (Class diagram)

Diagram Notes:

This diagram contains the evaluation of safety goal violation according to ISO 26262ZRars® 9. This
contains the PMHF and the FRC.

Class HWElementFailureRateClass
Element Base Classes: Identifiable

Element Notes:
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This class describes for a HWComponent, the FailureRateClass element to evaluate measure for a
malfunction (link to violation ba safety goal) for a single element. This violation is based on failure rate
class according to context of evaluation such as ASIL level, list of HWFault and diagnosis coverage of the

It allows also storing the target fardaibte class, relevant or not
depending of the possible HWFault of the failure mode of the HWComponent as hardware Element.
Furthermore if dedicated measures (DM) are required due to failure class target matching and the necessary

HWComponent as HW Element.

information are capted as a textual description.

The calculation of the attribute HWElementFailureClass and HWElementDiagnosisCoverage is derived

from the Formula Expression FMSingleContributionFormula.

Connections

Connector

Source

Target

Generalization

Source-> Destination

HWElementFailureRateClass

Identifiable

Aggregation
Source-> Destination

HWElementFailureRateClass

HW(FailureClassContainer

Attributes

Attribute

Notes

Default

hwElementFailureClass

HWValuesFailureRateClas
Enum

Failure RateClass taken from HWValuesRateClassEr
based on the failure rate of the hardware component.

hwElementLatentDiagnos
isCoverage

Float

The diagnostic coverage with respect to latent fault
hardware element level, calculated with the specific fa
rateof all latent multiplepoint faults and the overall failu
rate of the hardware part element.

hwElementResidualDiagn
osisCoverage

Float

The diagnostic coverage with respect to residual faull
hardware element level, calculated with the speéiicre
rate of all singlgooint and residual faults and the ove
failure rate of the hardware part element.

LFTargetFailureRateClas
S

HWLFTargetFailureRateC
assEnum

Target Failure Rate Class for multigleint latent faults
taken from HWLFTargetFaileRateClassEnum.

rationaleDedicatedMeasu
res

String

Provides rationale for dedicated measures, if required.

According to I1ISO 26262 Part 5 9.4.2.4, examples
dedicated measures are
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Attribute Notes Default

a) design features such as hardware part over desigf
electrical or thermal stress rating) or physical separg
(e.g. spacing of contacts on a printed circuit board);

b) a special sample test of incoming material to reduc
risk of occurrence of this failure mode;

C) a burnin test;
d) a dedicated control set as part of the control plan; ar

e) assignment of safetglated special characteristics.

rationaleFailureRateClass| Rationale for matching criteria on Failure Rate Class.
String

RFTargetFailureRateClas| Target Failure Rate Class for residual faults, taken
S HWRFTargetFailureRateClassEnum.

HWRFTargetFailureRaCl
assEnum

SPFTargetFailureRateCla Target Failure Rate Class for singleint faults, taken fron
SS HWSPFTargetFailureRateClassEnum.

HWSPFTargetFailureRate
lassEnum

Class HWFailureClassContainer
Element Base Classes: Identifiable

Element Notes:

This class is container to store all HW element failure class results and associated assumptions taken
(number of cuset as typical).

Connections

Connector Source Target
Aggregation HWFailureClassContainer HWProbabilisticValue

Source-> Destination

Generalization HWFailureClassContainer Identifiable

Source-> Destination

Aggregation HWElementFailureRateClass HWFailureClassContainer
Source-> Destination
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Attributes

Attribute Notes Default
rationaleCutSet This attribute provides a textual rationale for the numb

String relevant cussets.

relevantCutSet
Integer

This attributes stores the number of relevant cut sets.

100

Enumeration HWLFTargetFailureRateClasseEnum

Element Base Classes:

Element Notes:

ISO 26262 Part 5 9.4.3.2Table 9 (Targets of failure rate class and coverage of hardware part regarding

dualpoint faults)

DM: Dedicated measures

LDC: Diagnostic coverageith respect to latent faults

Additionally, OUT-OF-SCOPE was added.

Attributes

Attribute Notes Default
OutOfScope This literal describes values which are out of scope fo Not Relevant
String analysis.

ASIL_D_and_LDC_GTE
Q_99pct

String

This literal describes a single cell with value target fai
rate class 4 in the table for ASIh and latent diagnost
coverage >= 99%.

FRClass4

ASIL_D_and LDC_GTE
Q_90pct

String

This literal describes a single cell with value target fai
rate class 3 irthe table for ASIED and latent diagnost
coverage >= 90%.

FRClass3

ASIL_D_and_LDC_LT_9
Opct

String

This literal describes a single cell with value target fai
rate class 2 in the table for ASIh and latent diagnost
coverage < 90%.

FRClass?2
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Attribute

Notes

Default

ASIL_C_and_LDC_GTE
Q_99pct

String

This literal describes a single cell with value target fai
rate class 5 in the table for ASIC and latent diagnost
coverage >= 99%.

FRClass5

ASIL_C_and_LDC_GTE
Q_90pct

String

This literal describes a single cell with valizgget failure
rate class 4 in the table for ASIC and latent diagnost
coverage >= 90%.

FRClass4

ASIL_C_and_LDC_GTE
Q_80pct

String

This literal describes a single cell with value target fai
rate class 3 in the table for ASIC and latent diagnost
coverage >= 80%.

Rationale provided by ISO 26262 Part 5 9.4.3.9.

FRClass3

ASIL_C_and_LDC_GT_8
Opct

String

This literal describes a single cell with value target fai
rate class 2 in the table for ASIC and latent diagnost
coverage < 80%.

Rationaleprovided by ISO 26262 Part 5 9.4.3.9.

FRClass2

Class HWPMHF

Element Base Classes: Identifiable

Element Notes:

This class describes the Probabilistic Metric for random Hardware Failures (PMHF) as in ISO Part 5 Clause

9.4.2.

A simplified alculation igncluded in the class HWPMHFFormula.

Connections

Connector Source Target

Aggregation HWPMHF HWProbabilisticValue

Source-> Destination

Generalization HWPMHF Identifiable

Source-> Destination

Attributes

Attribute Notes Default
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Attribute Notes Default
calculatedValue The calculatedValue is the result of the calculation of

Float PMHF (in FIT).

rationaleDedicatedMeasu | The attribute rationaleDedicatedMeasures shall allo

res define a rationale for applied dedicated measures it

String design.

exposureTime The exposure time is the duration of exposure, sha

Float expressed in h.

rationaleExposureTime | The attribute rationaleExposureTime is for Documente
of rationale for Exposure Time.

String

Enumeration HWRFTargetFailureRateClassEnum
Element Base Classes:

Element Notes:

ISO 26262 Part 5 9.4.38able 8 (Maximum failure rate classes for a given diagnostic coverage of the
hardware part residual faults).

DM: Dedicated measures

RDC: Diagnostic coverage with respect to residual $ault

This class describes the threshold for Residual Failure according to ASIL level and identifying Failure
Class Rate limit (FRClassx) and Dedicated Measure (DM) if necessary. Notice that RDC is addressing the
hwElementResidualDiagnosisCoverage paranadtdre HWElementFailureRateClass

Additionally, "OUT-OF-SCOPE" and "ASItD and RDC >=99.99%" according to ISO 26262 Part 5
9.4.3.7.

Attributes
Attribute Notes Default
OutOfScope This literal describes values which are out of scope fo Not relevant
String analysis.
ASIL_D _and RDC_GTE |This literal describes a single cell with value target fai FRClass5
Q_99 dot_99pct rate class 5 in the table for ASIL and residual fau

diagnostic coverage >= 99.99%.
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Attribute Notes Default
String

Failure Rate Class determined accordindgSO 26262 Pa

59.4.3.7.
ASIL_D_and RDC_GTE |This literal describes a single cell with value target fai FRClass4
Q_99 dot_9pct rate class 4 in the table for ASIL and residual fau
String diagnostic coverage >= 99.9%.
ASIL_D_and RDC_GTE |This literal describes a single cell with value target faj FRClass3

Q_99pct
String

rate class 3 in the table for ASID and residual fau
diagnostic coverage >= 99%.

ASIL D and RDC_GTE
Q_90pct

String

This literal describes a single cell with valiaeget failure
rate class 2 in the table for ASID and residual fau
diagnostic coverage >= 90%.

FRClass2

ASIL_D and RDC LT 9
Opct

This literal describes a single cell with value target fai
rate class 1 + dedicated measures in the table félr-RS
and residual fault diagnostic coverage < 90%.

FRClass1
DM

String
ASIL_C _and RDC_GTE |This literal describes a single cell with value target fai FRClass5
Q_99 dot_9pct rate class 5 in the table for ASIC and residual fau

. ) - 0
String diagnostic coverage >= 99.9%.
ASIL_C and RDC_GTE |This literal describes a single cell with value target fai FRClass4
Q_99pct rate class 4 in the table for ASIC and residual fau

. X — 000
String diagnostic coverage >= 99%.
ASIL_C _and_RDC_GTE |This literal describes aingle cell with value target failu| FRClass3
Q_90pct rate class 3 in the table for ASIC and residual fau

. X 0N
String diagnostic coverage >= 90%.
ASIL_C and RDC LT _9 This literal describes a single cell with value target fai FRClass2
Opct rate class 2 + dedicated me@siin the table for ASHC | DM
String and residual fault diagnostic coverage < 90%.
ASIL_ B _and_RDC_GTE |This literal describes a single cell with value target fai FRClass5
Q_99_dot_9pct rate class 5 in the table for ASB and residual fau

. ) _ 0
String diagnostt coverage >= 99.9%.
ASIL_B _and_RDC_GTE |This literal describes a single cell with value target fai FRClass4
Q_99pct rate class 4 in the table for ASB and residual fau

. X — 000
String diagnostic coverage >= 99%.
ASIL_B _and_RDC_GTE |This literal describes a single cell with value target faj FRClass3
Q_90pct rate class 3 in the table for ASB and residual fau

. X 0N
String diagnostic coverage >= 90%.
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Attribute

Notes

Default

ASIL_B _and_RDC_LT_9
Opct

String

This literal describes a single cell with value target fai
rate class 2 in the table for ASIB and residual fau
diagnostic coverage < 90%.

FRClass2

Enumeration HWSPFTargetFailureRateClassEnum

Element Base Classes:

Element Notes:

ISO 26262 Part 5 9.4.3:Fable 7 (Targets of failure rate classes of hardware pEgtsding singlgoint

faults)

DM: Dedicated measures

Additionally, OUT-OF-SCOPE was added.

Attributes

Attribute Notes Default

OutOfScope This literal describes values which are out of scope fo Not Relevant

String analysis.

ASIL_D This literal describes a single cell with value target fai| FRClassl -

String rate class 1 + dedicated measures in the table for-BSIL DM

ASIL_C This literal describes a single cell with value target fai (FRClass2 -

Strin rate class 2 + dedicated measures or failtesalass 1 in th DM) or
g table for ASIL:C. FRClass1

ASIL_B This literal describes a single cell with value target fai FRClass2 o

String rate class 2 or failure rate class 1 in the table for ARIL FRCassl

Enumeration HWTargetValuesPMHFEnum

Element Base Classes:

Element Notes:

Target values for PMHF according to ISO 26262 Part 5 9.4.2.1. The values here are described in FIT

(ppm/h) or FIT.
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ASIL-D = 1.168 h-1 = 10 ppm/h
ASIL-C = ASIL-B = 1.167 => 100 ppm/h

Attributes

Attribute Notes Default
ASIL_D This attributes stores target value for PMHF for ABIL | 10.0
Float

ASIL_C This attributes stores target value for PMHF for ASIL | 100.0
Float

ASIL_B This attributes stores target value for PMHFA&IL-B. |100.0
Float

Enumeration HWValuesFailureRateClassEnum
Element Base Classes:

Element Notes:

FailureRateClass value correspond to the maximum value applied in the Failure Rate Class X considering
that lower value is Class-X (and O for class 1). Theiliare rate class values are determined according to
ISO 26262 Part 5 9.4.3.3.

Failure Class are based on the number of relevant cutset.

Attributes
Attribute Notes Default
FailureRateClass1 This attribute contains the maximum value for failure |FR_TargetVg
Float class 1 ranking (in FIT). :’léleevantCutS/,
It is computed from the allocated FIT rate to the analysi ot
targetValue of HWTFailureClassContainer) derided by
number of relevant ctget of the analysis (as refCutSe
of HWFailureClassContainer)
FailureRateClass2 This attribute contains the maximum value for failure | FailureRateC
1 i *
Float class 2 ranking (in FIT). lassl * 10
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